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Preface

The purpose of writing this handbook is to provide theoretical as well as practical know-
ledge of heat treatment of steels and application of steels in engineering industries to
technocrats, namely designers, planning engineers, material engineers, heat treaters and to
students of engineering.

This book deals with varieties of steels, their heat treatment and their applications.
Exhaustive descriptions on heat treatment operations, such as annealing, normalizing,
stress relieving, hardening, etc. for different types of steels are given in this book. The
different types of furnaces required for carrying out heat treatment operations are also
described. The book deals with the control of heat treatment processes, right from incom-
ing inspection of steels to be heat treated, process control during heat treainent, to quality
control of finished parts by adopting different types of testing methods such as Vickers,
Microhardness, Rockwell hardness and Brinell hardness.

The different types of case hardening methods such as gas nitriding, ion-nitriding,
nitro-carburizing, tufftriding, sursulf, sulfinuzing, different types of carburizing, cyaniding,
carbo-nitriding with their practical applications are outlinedatong with shop ploblems and
solutions. It also covers both flame and induction hardening of steels, with their practical
applications.

Separate data compilation is provided for each of the international standard grades of
engineering alloy steels, free-cutting steels, spring steels, stainless steels, differenitypes of
tool steels such as carbon tool steels, cold work alloy steels, hot work steets and hign
speed steels, details of their applications, mechanical properties, heat treatment procedures,
sequences of manufacturing operations are also given. This will be helpful to the materials
engineer or design engineer to examine both the technical and economic feasibility of
available materials while going for a new product or improving the old one since the
economics of production are determined, to a large extent by the cost of the materials, plus
the cost of converting them into the finished product.

Data sheets present the chemical composition, mechanical and physical properties,
general characteristics of steels and their corresponding international standard grades such
as ISO (International Standards Organisation), IS (Indian Standards), DIN (German
Standards), BS (British Standards), AISI (American Iron and Steel Institute), NFA (French
Standards), GOST (USSR) and JIS (Japanese Standards).

Acknowledgements are due to M/s Wolfson Heat Treatment Centre, Aston University,
Birmingham; M/s uddeholm Steel, Sweden; consarc Engineering Ltd, Scotland; Ipsen
Industries International GmbH, west Germany; Karl-Franck, west Germany; Matsuzawa
Seiki co., Japan; Henri Hauser, Switzerland; Degussa AG, west Germany; wild Bar Field
I td, England; Pergamon press, England; British Standard Institution, England; vEw,
Austria; Bethlem Steel Corporation, USA; Fabricast, India; and Wellman Incondescent
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Foreword

In the field of heat treatment of steels, this handbook is unique. It has been designed forpractical everyday use by designers, heat treaters, materiai engineers and production
engineers' Both principles and methods of application have been presented keeping inmind the soundness of e-ngineering concepts, thelr dependability fo. i.portant decisionswhere heat treatment of steels is 

"or"".r"d, 
and theirusefulness"as a source of informationfor all who are concerned with heat treatment methods and processes. In short, the aimhas been to make available a handbook on heat treatment of sfels to all those in manu-facturing, and to the stude,ts of engineering who aspire for a career in the important fieldof heat treatment of steels.

Mr Prabhudev, the author of this handbook, has succeeded in setting forth the guidingprinciples in every topic, and the details are meticulously provided to cover the full gamutof heat treatment processes, their application and control, and the selection of equipmentand its use in the manufacturing shop. The author has painstakingly screen.i u turg"amount of information for preparing and compiling data for each of the international
standard grades of steels.

Mr Prabhudev has relied heavily on his rich experience of over 17 years in HMT towrite this handbook to enrich the knowledge of practising engineers, designers and studentsof engineering.

M R NAIDU
Chairnan & Managing Director

HMT Limitcd
Bangalore





Introduction

Heat treatment of metals and alloys is one of the many wonderful processes discovered by
man to mould materials to desired properties for making implements in his ascent to
modern civilization. Heat treatment of steels alone covers u ui.y wide range of processes. It
is used in a variety of rvays ranging from stress relieving of parts for reducin! fabrication
stresses and full annealing for softening steels for easy shaping to hardening and temper-
ing for developing high strength and toughness. Even in this hardening pro""r, which
involves phase transformations, there are several refinements and tempering treatments
to develop a series of combinations of strength and toughness in steels for different
engineering applications. Again heat treatment is a process by which micro-structural refine-
ment is achieved. There are a variety of surface heat treatments to convert chemically and
physically surface material ranging in thickness from a few microns to substantial depths
of the cross-sections in order to impart enhanced hardness and wear resistance properties.

Although a large variety of published literature is available on the subject, theie are very
few comprehensive compilations on the subject. In this regard, Mr prabhudev has done
an excellent job of compiling most of the information related to heat treatment of steels.
This book deals in great detail with the principles and practices of heat treatment of steels
and associated heat treatment furnaces and other equipments and applications. It also
covers various types of steels and specific treatments adopted for each variety of steel. I
feel that this book will be very useful as a reference book on heat treatment of steels not
only for rnetallurgists and engineers engaged in heat treatment, but also for designers and
e ngineers working in industry involved with applications of steels for various erigineering
structures.

I congratulate the author for bringing out such a useful publication.

KRISHNADAS NAIR
Group Executive

Hindustan Aeronautics Ltd
Bangalore
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Principles of Heat Treatment
of Steels

1.1 Iron and Its Transformation

I ttoo is the most important of all metals. It is the primary metal used to make a variety
of steels which are the most popular engineering materials of our times. The allotropic pro-
perty of iron is responsible for obtaining different microstructures on the various forms of
steels. Iron is also an excellent solvent for many metals. l

The essence of allotropic transformation is that the atoms of a crystalline solid are con-
verted from one crystalline form to another, i.e. they form a new crystal lattice.

Iron is stable at low temperatures and this condition is designated by the Greek letter
alpha (a). A second form of the same iron stable at a higher temperature is known as the
gamma (y) stage, and at still higher temperatures prevail the delta (6) stage.

The allotropy of iron is of special practical importance. It has essentially two crystalline
forms. At ambient temperature pure iron is in a body-centered cubic system. There is an
iron atom at each of the eiglit corners of the cube with another atom at its centre. This
arrangement, shown in Fig. 1.1, is the alpha iron, metallurgically termed as ferrite. When
pure iron is heated no change takes place in the structure of alpha iron up to 910oC. Hence,

there will be no change in the arrangement of atoms up to this temperature, usually

Fig. f.l Crystal lattice of iron (body-centered cubic)
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knorvn as the transformation point Aca (Fig. 1.2). If the iron is heatcctr above 910oC, the

atonric errangernent is modified and transformed into a face-centerecl c'.rbic system, with

an atoin atthe centre of each face (Fig. 1.3). This is called the gamma (y) iron, the

metailurgical term being austenite. The austenite, thus fcrmed, has a relatively high

soLvcnt power for carbon. trf the heating is continued, the gamirra form is changed at

1392'C into a body-centered cubic structure again. It is now knorvn a.s delta (6) iron.

Further hcating causes an increase in the thermal vibration of atoms. Finaily, at 1536oC,

the crystalline cohesive forces are no longer present. Tlie metal pa.sses into tlie liquid or

molten stage. On cooling the molten iron to the ambient temperature, the transformation

occurs in the reverse order, at approximately the same temperature. Iron is ferromagnetic

at room temperature; its magnetism decreases with increase in temperature and vanishes

completely at769"C, which is called the Ac2 point (Fig. 1.2).
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Fig. 1.2 Cooling curve for pure iron

Figure 1.2 illustrates a typical time-temperature cooling curve. It has critical points at
769"C, 910"C, 1392'C and 1536'C. The temperature of 769"C corresponds to the curie point,
910"C to the Aca point and 1392"C to the Aca point. The point at 1536"C corresponds to
the melting point of pure iron. The Ac1 point, corresponding to a temperature of 723"C,

exists only when iron is alloyed with carbon or other metals, and not in its pure form.
The usage Ac for defining the points of transformation is derived from the French

expression Arreter chauffage, where I denotes arresting and c denotes heating..When iron is
cooled from its molten state, the critical points are the same in the reverse order, except
that they are denoted by the letter r instead of c (for example Ar2, Ar3 etc.). The letter r
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Fig. 1.3 Crystal lattice of iron (face-centered cubic)

denotes the first alphabet of the French word refroid, meaning cooling.
Data on the lattice structnre transformation on heating and cooling are given in Table

1'l- The table lists specific temperatures, called critical points, at which solid phases occur
in iron and its alloys.

Table 1.1

On heating On cooling

Stable

lattice
Temperature

range, oC
Stable

lattice
Temperature

range, 'C

Body-centered

cubic alpha iron

Face-centered

cubic gamma iron

Body-centered

cubic delta iron

< ero

910-1392

1392-1536

Body-centered

cubic alpha iron

Face-centered

cubic gamma iron

Body-centered

cublic delta iron

1536-1392

I 392-898

<898

Note: The difference in the structure ofalpba and delta iron is attributedonly to the
distance between the atoms, the mutual arrangement of atoms of both structures
being identical.

The addition of alloying elements to iron, especially carbon, facilitates the manufacture
of a variety of steels which, when subjected to various heat treatment methods, make the
steel suitable for a particular application.

1.2 Iron-Carbon Phase Diagram

The versatility of steel depends on its different properties, imparted through suitable
alloying and appropriate heat treatment measures. The mechanical properties of steel
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depend chiefly on its microstructure. The microstructure of steel can be advantageously

changed by heat treatment to obtain the desired mechanical properties.

Many steels owe their special properties to the presence of certain alloying elements.

Carbon is the most important element controlling the properties of all steels. When iron

is alloyed with carbon, the transformation that takes place over a temperature range is

related to the carbon content. According to the conditions under which an iron-carbon

alloy is formed, carbon is present either in solution or in the elementary form of graphite,

or in combination as iron carbide (Fe3C). The diagram which depicts the temperatures at
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whichfphase changes occur during very slow cooling or heating, and in relation to the
carbon content, is called the iron-carbon phase diagram. This diagram is the basis for a
correct understanding of all heat treatment operations. Figure 1.4 illustrates the iron-
carbon phase diagram which includes the whole range of iron-carbon alloys, namely
carbon-less iron, carbon-steel and cast irons. The carbon varies from z..o io about 6
per cent.

Figure 1.5 illustrates the various microstructures appropriate to that part of the iron-
carbon diagram which applies to the heat treatment of steels. Steels are iron alloys with

02 0I+ 06 08 '10 12 14 16 '18
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Fig. 1.5 Steel portion of iron<arbon equilibrium diagram!
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relatively low carbon (up to about 2l carbon) by weight. Alloys with carbon above this
level are generally classified as cast irons.

Carbon is an element that stabilizes austenite by
increasing the range of austenite formation in steel. The
maximum solubility of carbon in austenite is about 2.06%
(E) at 1147"C. The percentage of carbon capable of
going into solution in ferrite increases from zero at
910"C to a maximum of O.O2% at 723'C. On further
cooling, this decreases to around 0.008% at room tempe-
rature (Fig. 1.6).

As shown by the line GSin Fig. 1.5 it is evident that
as the carbon content of iron increases, the transfor-
mation of austenite into ferrite decreases. This reaches a

minimum value of 0.8/o carbon at 723' shown by the
point S.

This point is usually called the eutectoid point. The
eutectoid composition of a steel is a convenient reference
point for classifying steels. Steels containing O.8ol carbon
are called eutectoid steels. Those with less than 0.8ff
carbon are called hypoeutectoid steels. Hypereutectoid steels are those with more than
0.8f carbon. The critical points along the GS line are designated as Aca on heating and
as Ary ofl cooling. The critical points along the P,SK line are designated as Aq on heating
and as Arr ot cooling.

Thus, each point on the GS and SE lines represents the temperature at which the
transformation of austenite begins, during heating or cooling.

If eutectoid steel (0.8f carbon) is cooled from the austenitizing temperature on
reaching the points along the line, it transforms into an eutectoid mixture known as pear,
Iite. When hypoeutectoid steel is cooled (steel containing less than 0.8\ carbon) from the
austenitizing temperature, ferrites separate out along the grain boundaries following the
Iine GS. For instance, a carbon steel containing}. o(carbon, when austenitized and cooled
slowly from a temperature shown by point a (Fig. 1.7) starts transforming on reaching
the point D.

At this point, it may be seen from Fig. 1.7 that the grains of solid solution (ferrite)
nucleate at the austenite grain boundaries, and the alloy enters a two-phase field. If slow
cooling is continued to point c it leads to the growth of the ferrite grain size. At 723,C
the steel structure at point c consists of austenite (0.81 carbon) and ferrite (0.02%carbon).
Since the solubility limit of carbon in ferrite is very low and its growth is associated with
the rejection of carbon from the interphase back into austenite becomes richer in carbon.
Further cooling of this steel through the eutectoid temperature leads to the transformation
of the remaining austenite into a fine Iamellar mixture of ferrite and cementite which is
nothing but pearlite. This is indicated by point d in Fig. 1.7. Now the O.4ol carbon steel
consists of ferrite and pearlite. The ratio of ferrite to pearlite is the same as that of ferrite
to austenite at point c. Further cooling to room temperature has no effect on the micro-
structure. The reverse process holds good while the steel is heated.

The amount of pearlite present in the various structures of steel depends on the per-
centage of carbon present. For instance, a steel containing O,2T%carbon will possess 25/o

1000

800(J
o

o

i e oo
o

f roo
ts

200

0025 0.01 0,02 003
'/. Corbon

Fig. 1.6 Solubility ofcarbon in
alpha iron.

Austenite.ferrite
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0 0./* 0.8 1'2
Fe o/o of corbon

Fig. 1.7 Schematic representation of the microstructural changes which
occur during slow cooling of O.4lo C steela: (a) Formation of auste-
nite (gamma '/), (b) Formation of a grain at,y, grair. boundaries,
(c) Growth of ferrite .a' at grain boundaries.

pearlite, and steel with 0.40% carbon will possess 50ol pearlite. The microstructure of
slowly cooled hypoeutectoid steel is shown in Fig. 1.8.

When hypereutectoid steel (more than 0.8/o carbon) is cooled from the austenitizing
temperature, cementite separates out instead of ferrite along the grain boundaries following
the lines 

^SU 
(Fig. 1.9). For instance, when a steel contain ing 1.2\carbon is austenitized and

cooled slowly from an initial temperature g, cementite separates out when the temperature
reaches point ft. The carbon content of austenite is reduced by the formation of cementite
at reduced temperatures, and more and more of cementite continues to be thrown out
as the temperature approaches 723'C. At point i the structure is a mixture of austenite
(0.8/o carbon) and cementite (6.71 carbon). The latter forms an envelope around the
austenite grains. This is indicated by the point i in Fig. 1.9. Further cooling of the steel
through the eutectoid temperature transforms the remaining austenite into pearlite. This
is indicated by the pointT in Fig. 1.9. Now the l.2o/" carbon steel consists of mainly
pearlite, with cementite around the pearlite grains. Subsequent cooling of the steel to room
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(a) C :0.451o (c) C : o.2sy"

(d) c :0.60% (e) c :o.t% (f) c :0.16%

Fig' 1'8 Microstructures of hypoeutectoid steels (dark areas represent pearlite structure and white areas
ferrite structure)

temperature does not change the microstructure. The microstructure of slowly cooled
hypereutectoid steel is shown in Fig. 1.10.

These explanations help surmise that depending on the carbon content, the structure
of the slowly cooled (annealed) carbon steels at room temperature will be:

1. 0.007-0.025|l carbon, ferrite.
2. 0.025-0.8of carbon, ferrites and pearlites.
3' 0'80-2.06of carbon, pearlites and carbides precipitated from austenite.
4. 2.06-4.z%carbon, pearlite and graphite.

(b) c : 0.350/"
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With the help of the iron-carbon equilibrium diagram, it is possible to select the

temperature of heating for annealing, normalizing and hardening.

100

2.01.61.20.8

Fig. 1.9 Diagrammatic
when cooling

'/,c

representation of transformation phenomena

an iron-carbon alloY vtith 1.27. C.

(a) c: 15% 500x (b) C:1.1% 500x

Fig. 1.10 Microstructures of pearlite and cementite (dark areas are pearlite and white areas cementite)5.

The temperature at which the solid phase changes occur in iron and its alloys are called

critical points, as shown in Table 1.2.

Austen rte

Fer r rte

Peorlrte

I
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Table 1.2

Arrest points Transformation Nature of trans- Lirr* of trans-
on heating tenrr')eratLlre, 0'C formuiiou formation

t

Acr 723 Transformation of pearlite to P,Sii

austenite

't+Art 723 Tran,:frrrnration of austenlte Pi,-(
to psariite

Acz 768 l-oss of inagnetism for steels MO
containing approx. upto 5o/o

C on heating

*Arz 768 Regaining of magnetism for MO
the same steel on cooling

Act 910-723 Complete dissolution of fer- GOS
rite in austenite on heating

++Art 910-723 The beginning of separation GOS
of ferrite from austenite on
cooling

Acm '123-1147 The complete dissolution of SE
cementite in austenite on

heating

Arm 723-1147 The beginning of separation S.E

of comentite from austenite
on cooling

The beginning of melting of lE
C.I. on heating

The end of solidification of IE
steel on C

ll47 The beginning of melting of ECF
C.I. on heating

ll47 The end of solidification of ECF
C.I. on cooling

The end of melting of steel ABCD
and C.I. on heating

The beginning of solidifica- ABCD
tion of steel and C.I. on
cooling
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T.2.I EFFECT OF ALLOYING ELEMENTS ON THE IRON-
CARBON PHASE DIAGRAM

Addition of alloying elements to iron-carbon alloys influences the phase boundaries so
that the transformation range is either narrowed or expanded. Figure l.ll shows the
change in the eutectoid temperature with increasing amounts of alloying elements. The
eutectoid temperature is considerably raised by the addition of most alloying elements,
but the addition of nickel or manganese lowers the eutectoid temperatures.

Figure 1.12 shows that the addition of alloying elements lowers the percentage of
carbon in the eutectoid. For example, a steel containing 5f chromium has its eutectoid
point at O.Sf catbon The influence of chromium and manganese is depicted inFig. 1.13
and Fig. 1.14 respectively. Here, it can be seen that the eutectoid transformation tempera-
ttte Acl is lowered by the addition of manganese, whereas it is raised by the addition of
chromium.

Eutectoid temperoture Al

Fig. 1.11 Influence of alloying element on eutectoid
temperaturer

Eutectord

l.l2 Influence of alloying element addition
carbon contentr

8 l0 12 11

elenrent oddition %

Fig. on eutectoid
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1.3 Time-Temperature Transformation Diagram

The main purpose of heat treatment of steels is to obtain the most desired structure of the
steel to suit a particular application. It is possible to accurately predict the formed structure
of the steel by employing a specific heat treatment process. The obtained structure is the
result of a particular transformation from the original condition. These transformations
are read from phase diagrams. The iron-carbon phase diagram is the most useful to predict
many transformation conditions, but it does not provide much information on the non-
equilibrium state of steels. Under each condition, transformations can be best described
by Time'Temperature-Transformation diagrams, usually called the TTT diagrams. They relate
the transformation of austenite to the time and temperature conditions to which il is sub-
jected. Other names for these diagrams are S curves and C curves. These help to under-
stand clearly the behaviour of steel at various stages of heat treatment. These diagrams are
used mainly to predict the structure and mechanical properties of steels quenched from
the austenitizing region and held at a constant elevated temperature below the eutectoid
point Ac1.

The influence of cooling rate on the transformation of austenite may be illustrated by
considering the TTT diagram for a particular steel. For instance, Fig. l.l5 illustrates the
TTT curves fot al.0l carbon steel. In this diagram the ordinate is the temperature and
the abscissa is the time plotted on a logarithmic scale. This diagram is a summary of the
various microstructures obtained as a result of a series of experiments conducted on small
test pieces heated to austenitic condition and quenched in a salt bath maintained at differ-
ent temperatures below the eutectoid point Ac1, and holding it at each temperature for
various lengths of time until the decomposition of austenite is completed. The transfor-
mation of austenite in these steel pieces may be studied under a microscope.

The products formed by the transformation of austenite may be classified into three
groups. At the temperature range from Ar1 to about 550'C, pearlite is found to be formed.
However, the pearlite formed will be coarser at or near 700"C, and will be finer at tempe-
ratures nearing 550"C. Below this temperature, at around 450oC, upper bainite is formed;
and at a temperature around 250"C, just above M", the structure is that of lower bainite. The
hardness levels corresponding to the above structures can be read from a scale given on
the right side of the curve.

In the TTT diagram, the curve -B indicates the beginning of austenite transformation
and the curve E indicates the time required for the complete transformation of austenite.
The region to the left of curve .B indicates the incubation period when the transformation
of austenite has not yet commenced. It may be seen that the transformation is most rapid
at about 550'C, where it commences in less than one second and is completed after about
five seconds. This shows that the rate of cooling should be relatively fast to attain either
martensite or bainite. This may be achieved by water quenching.

Pearlite formed in the higher range is less hard than the fine pearlite. This js due to
the fact that cementite is precipitated from austenite diffusion.

Bainite, formed at a higher temperature, has a lower hardness compared to the bainite
formed at a lower temperature. The structure may have either a feathery or a circular
needle-lik.e appearance, depending on whether it was formed at a relatively high or a
relatively low temperature.

The formation of martensite differs from that of pearlite or bainite. It is practi-
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ca.lly independent of time. In this example, it starts at about 200'C (M.) and continues

as the temperature fails until at abcui 29oC u,hen it is nearly 100f martensite (M1). The

forrna,tion of martensite, in relation to tin c, is illustrated bythe horizontal line in thc graph.
At 99'C about 90[ r-nartensiic is formed. This proportion docs not change with time as

long as the temperature is kept corrstant.

Figure 1.15b iliustrates the application of iscthermal heat treatment for different types
of heat treatment, such as soft annealing, iscthermal CB-annealing, patenting, hardening,
etc.

1.3.1 ETFECT OF'ALLOYING ELEMENTS

The shape of the S and C curves is influenced by the chemical composition of steel. Almost
all the alloying elements, with the exception of cobalt, titanium and aluminium, move

the curves of the isothermal transformation ciiagram to the right, i.e. they delay the

initiation of transformation and reduce the rate at which that reaction proceeds. An increase

in carbon content upto the eutectoid percentage retards the pearlite reaction, but any

further increase in the carbon content shortens the incubation period and accelerates the
rate of reaction. Depending on the particular alloying element, there is a marked influence

on the isothermal transformation of steels. For example, nickel and manganese retard the
pearlite and bainite transformations almost uniformly at all temperatures. The presence of
molybdenum and chromium strongly retard the pearlite reaction but affect the bainite
reaction to a much smaller extent. These alloying elements also raise the temperature

range over which the pearlite reaction occurs and lowers that over which the bainite

Hours 1 2 5 1?

Fig. 1.16 Isothermal TTT curve of AISI Hl3 (Courtesy: Rochling-

Stahlexport GmbH, W. Germany)

reaction takes place. As a result, the TTT diagram of steels containing appreciable

amounts of either of these alloying elements frequently shows a stability obay' of austenite

between two reaction zones (Fig. 1.16) which is most common with the high speed, hot-

worked and cold-worked steels.
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I.3.2 TRANSFORMATION UPON CONTINUOUS COOI,ING

The information from TTT diagrams is quantitatively valid only for isothermal transforma-

tions at constant temperature. In practice, TTT diagrams are not applicable, since under

real conditions of heat treatment, the transformation occurs in most cases on continuous

cooling. Hence these diagrams can be modified to be quantitatively useful for continuous

cooling conditions. Continuous cooling diagrams are similar to the isothermal transforma-

Fig. l.17 Variation of microstructure as a function

of cooling rate of an eutectoid steel2

tion diagrams requiring longer time for completion. Figure l.l7 illustrates a modified

diagramthat includesboth isothermal and continuous cooling curves (Figs. l.l8 and 1.19).

For example, in Fig. 1 .l 7, curve B represents the steel specimen cooled at a very slow rate

as in annealing. It crosses the transformation (TTT diagrams) curves at .81 and .82. When

the steel reaches temperature .Br, the transformation of pearlite begins; and when it cools

to temperattre 82, the tiansformation to pearlite is completed. It may be noted that the

pearlite formed at point .81 will be somewhat coarser, having been formed at a slightly

higher temperature than that formed at ,Bz.

Curve C indicates a more rapid rate of cooling, as in normalizing. It also intersects the

transformation curves at Cl and G. When steel reaches temperature Cl, pearlite formation
begins and it will be somewhat finer than that formed at 8r. On reaching temperature C2,

transformation to pearlite is completed. Pearlite formed at C2 wiil be still finer, since it is
formed at a relatively low temperature.

Curve D represents a still more rapid rate of cooling. It intersects only the curve

corresponding to the beginning of the transformation at point Deand does not cross the
curve representing the end of the transformation. This means that the transformation of
pearlite begins but does not reach completion. In other words, a certain volume of auste-
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nite is first transformed to pearlite at a higher temperature, but since the time is not

sufficient to allow the transformation to be completed, the remaining volume of austenite

undergoes transformation into martensite on reaching the M, point, at point D3. Thus the

structure of the cooled steel at this rate is a partially hardened structure.

The curve G represents a very rapid rate of cooling as in a water quench. Steel cooled

at this rate does not undergo transformation until it reaches the temperature G3. At this

pointthe austenite begins to form martensite. Figures l.l8 and l.l9 illustrate the conti-

nuous cooling curves of BS 708 M40 and AISI H13'

1.4 Metallographic structure and Associated Properties

Steel can be heat treated to produce the desired micro-structure and properties. The

desired results are accomplished by heating and cooling at the specified temperatures. If
the surface of a steel specimen is properly prepared and examined under a microscope, it

will be found to possess different structures. The type of structure present mainly depends

on the chemical composition of the steel and heat treatment applied. The different struc-

tures present in steels are ferrite, pearlite, bainite, martensite, cementite, carbides.

1.4.I FERRITE

A solid solution of carbon and other alloying elements in a body-centered cubic iron is

called ferrite. This is formed on slow cooling of austenitized hypoeutectoid steel below

lr3. This is the so-called alpha (a) iron. It is soft, ductile and possesses a hardness of

70-100 BHN and has a fairly high conductivity'

Whgn austenitized steel is cooled below Ah, the carbon-free austenite gets transformed

into ferrite which is basically a pure iron (maximum percentage of carbon is 0'0211).

The ferrite present in the steel may have other elements as residual elements in addition

to the small amount of carbon in solid solutions. Figure 1.20 illustrates a pure iron. The

ferrite grains are polygonal and of regular shape and size'

I.4.2 CEMENTITE

Cementite is a compound of iron and carbon, known chemically as iron carbide having

the approximate chemical formula Fe3C (carbon percentage 6.67"1). It is characterized

by an orthorhombic crystal structure. Cementite is a hard and brittle compound possessing

a hardness of 65-68 HRC. It may be found in the round form, either in an annealed or a

hardened structure. In the annealed structur.e, the carbides embedded in a soft ferritic

matrix create chip breakers and render the steel more machinable. The presence of carbides

in hardened steels and particularly in high speed steels and cold-work steels, increases the

wear resistance of tools. Figure 1.21 shows the microstructure, consisting of spheroidized

cementite in a ferritic matrix.

I.4.3 PEARLITE

pearlite is a eutectoid mixture of cementite and ferrite possessing a hardness of RC i0-30

depending on the type of steel. For example, when a eutectoid steel (0.8fr carbon) is auste-

nitized and rapidly cooled below ,4r1 to about 700oC, and allowed totransform isothermally,

the decomporition of austenite to form pearlite occurs by nucleation and growth. The
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Fig. 1.21 Microstructure of cementite (Courtesy: VEW, Austria)
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resultant product is a mixture of ferrite and cementite, and the eutectoid structure is a

mixture olth"r" phases. This constituent is called pearlite, consisting of alternate plates of

cementite (Fe3C) and ferrite (Fig. 1.22).

The pearlite formed just teiow the eutectoid temperature possesses a lower hardness

and requires more time io form. A further decrease in temperature leads to the formation

oi u p"urtit", which takes a lesser time to form and therefore possesses increased hardness

G,ig. t.ts). An example of pearlite structure is shown in Fig. l.22.ln the case of hypo-

.utLtola,t."1, 11"r. than0.8"/,carbon), the structure consists of pearlite areas surrounded

by white ferritic areas. In the case of hypereutectoid steels (more tharr O'8'l carbon)' on

cooling from the austenite, a certain amount of proeutectoid cementite starts forming before

the pearlite, as a continuous network at the austenite grain boundaries. It may also have

an infill of lamellar pearlite. This structure may be observed in annealed or normalized

steels.

I.4,4 BAINITE

Bainite is named after its discoverer, E.C. Bain. It is a metastable aggregate of ferrite and

pearlite resulting from the austenite transformation at a temperature below which pearlite

is produced anJ above which martensite is formed. For example, when an austenitized

steel of eutectoid composition is held isothermally in the temperature range of 250-500'C

for the transformation of austenite, the resultant product will be one having a ferrite and

cementite structufe, known as bainite. Bainite, as contrasted with pearlite, has a definite

orientation relationship between ferrite and the parent austenite.

The produced hardness, after complete transformation, may vary between RC 45-55'

depending on whether it was formed at a relatively high or low temperature. Depending

on th" temperature of formation of bainite, it is classified as upper or lower bainite. The

structure may have a feathery appearance if formed in the upper part of the bainjte trans-

formation range, or a circular profile, resembling the tempered martensite, if formed in

the lower Part.

1.4.5 MARTENSITE

Martensite is named after the metallographer, A. Martens. It is the supersaturated solid

solution of carbon and other elements in alpha iron with a distorted lattice. This is a hard

constituent produced when a steel is cooled from the hardening temperature at a rate

greater than the critical cooling rate.

In iron-carbon alloys and steels, austenite is the parent phase and transforms to

martensite on cooling. ih" *urt"rrsitic transformation is diffusionless and has exactly the

same composition as its parent austenite upto 2/o carbon (Figs 1.4 and 1.5) depending

on the alloy composition. The resulting structure is an orderly change from face'centered

cubic lattice to the body-centered tetragonal lattice. The carbon atoms can be considered

to strain the lattice into atetragonalconfiguration;theextent of tetragonality which occurs

may be deduced from Fig. i.Z:. fn" ,otutitity of carbon in the bcc structure is greatly

exceeded when martensite forms; hence martensite assumes a body-centered tetragonal (bct)

unit cell in rvhich the C parameter of the unit cell is greater than the other two para-

meters pertaining to.a' axes. With a higher carbon concentration of the martensite, more

interstitial sites are filled, and the tetragonality increases. In Fig.l.24, the lattice para-

meters are plotted as a function of the carbon content in both austenite and martensite.
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In each case, the parameters vary linearly with the carbon content. In martensite, with

increasing carbon content, the C-axis parameter increases while the parameter associated

with the two o axes decreases, whereas the cubic parameters of austenite increase with the

increasing carbon content.

The formation of martensite dilTers from those of pearlite and bainite, being practically

independent of time. Frorn the transformation diagram it may be seen that the formation

of marter1site begins at M" temperature (Fig. l.l5). As cooling continues austenite begins

to transform into martensite. The lower the temperature, the more will be the martensitc

formed and at the Ms point, the formation of martensite stops. In this example, it

starts at abotrt 390"F (-200"C) (M,) and continues as the temperature falls until about 85'F,

when it isnearly 100f martcnsite My. That the formation of martensite is dependent on time

is illustrated by the horizontal line in the graph' At 210"F (-100'C) about 90fl martensite

is formed; this proportion does not change with time, as long as the temperature is kept

constant.

The beginning and end of the formation of martensite depends on the chemical composi-

tion of the steel and the condition of the austenitizing treatment. In carbon steels, the tempe-

rature of the start and flnish of martensite formation, M, and Mlrespectively, depend on

the carbon content, as shown in Fig. 1.25. The higher the percentage of carbon in steel,

the lower the temperatures of the beginning and end of martensite formation. It is clear from

700

600

500

200

100

0

-10 0

-2 00
0 0.2 0./+ 06 0.8 1.0 1.2 1.t, 1.6'

7o Iorbon
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Fig. 1.25 that the martensitic transformation in steels with carbon contents exceeding 0.5f
is completed below room temperature. This fact enables us to draw an important con-

clusion. When the carbon content in stcel exceeds 0.5%, tt contains both martensite and

retained nustenite at room temperature. The higher the carbon content in the steel, the

greater the amount of austenite. This austenite is called the residual or retained austenite.

Such steels should be subjectcd to the subzero treatment to convert the retained austenite

into martensite.
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Apart from carbon, elements such as manganese, silicon, nickel, chromium, molybde-
num and tungsten etend to lower the M" point of steels The decrease in the M" point is
proportional to the amount of the element dissolved in austenite (Fig. 1.26). Of ali ihe ele-
ments carbon has by far the greatest effect in depressing the M, point; manganese, chro-
mium and nickel follow in that order. Silicon, molybdenum and tungsten are less effective
(Fig. 1.26). Martensite has a characteristic acicular or needle like structure (Fig. 1.27). The
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Fig. 1.26 Effect of alloying elements on martensite
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degree of acicularity of martensite depends on the size of the original austenite grains. The

larger the austenite grain, the bigger the needles of martensite. Martensite formation is
accompanied by an increase in the specific volume of about 3/r. This is the main reason

why large stresses are set up during hardening. They distort the component being harden-

ed, resulting in cracks.

The cause for the extreme hardness of martensite is that the lattice is under a high

state of internal strain due to the presence of carbon atoms in the iron lattice. Hence, the

hardness obtained depends on the carbon content. The hardness ranges between 20 and 67

HRC (Fig. 1.28). The higher the carbon content in martensite, the greater isthe distortion

of the space lattice, and hence the greater will be the resulting hardness.
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Fig. 1.28 Variation of the hardness of martensite as a

function of carbon content, as measured on the

Rockwell-C Scalet

1.4,6 CARBIDES

Alloying elements such as carbon, manganese, chromium, tungsten, molybdenum and

vanadium are used in tool steels (cold work steels, hot work steels, high speed steels) to
increase wear resistance and thermal stability. The presence of these alloying elements in
steel leads to the formation of alloys of carbides, such as M3C, M23C6, MeC, M7C3 where

M represents the metal atom and C represents the carbon content. These carbides possess

very high hardness (Fig. 1.29). They increase the wear resistance of the tools in propor-

tion to the volume of carbide, depending also on the hardness of the carbide. Figure 1.29

illustrates the approximate hardness of different carbides. Table 1.3 gives the general

classification and lists the properties of carbides found in tool steels.

The quantity of carbide in a tool steel depends on the percentage of carbon and

alloying elements present and the type of carbide phases formed in the structure. They

may be present in the hardened structure,say 5-12 per cent in hypereutectoid steel. The

annealed structure will have more carbide. During austenitizing, these carbides saturate

the austenite with carbon and alloying elements. Saturation of austenite with carbide-

forming elements, such as chromium, tungsten, molybdenum or vanadium can result in a

favourable condition for the development or precipitation of carbides on hardening and

during tempering. This leads to an increase in thermal stability, and an increase in hard-

ness of 3-5 HRC.

I
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Table 1.3 General classification and properties of carbides found in tool steels

Tvpe of
cdrbiae Latrrce rype Remarks

MrC Orthorhombic This is a carbide of the cementite (FerC) type, M, maybe Fe, Mn,
Cr with a little W, Mo, V.

Mostly found in Cr alloy steels. Resistant to dissolution at higher
temperatures. Hard and abrasion resistant. Found as a product of
tempering high-speed steels.

Present in high-Cr steels and all high-speed steels. The Cr can be
replaced with Fe to yield carbides with W and Mo.

Is a W or Mo rich carbide. May contain moderate amounts of Cr,
V, Co. Present in all high-speed steels. Extremely abrasion
resistant.

W- or Mo-rich carbide of the WzC type. Appears after temper. Can
dissolve a considerable amount of Cr.

V-rich carbide. Resists dissolution. Small amount which does dis_
solve reprecipitates on secondary hardening.

MzCr Hexagonal

Mr:Cr Face-centered cubic

McC Face-centered cubic

MrC Hexagonal

MC Face-centred cubic

Cementite Carbide Iron carbide, symbolized as M3C, is present in all types of steels. Its
hardness may vary between 910 and 1050 HV depending on the condition of formation.

complex chromiam carbides Mzsca (cr, Fe, Mo, w, v)zaco, designated as M23c6, will be
present in steels containing more than 3-4fichromiumandlessthan0.8-l.0percent
carbon. Its hardness may vary between 1000 and 1100 HV. During austenitizing, in the
range of 950-1000'C, these carbides saturate the austenite with vanadium, molybdenum and
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tungsten. In high speed steels having a high hardening temperature, MztCo dissolves fully
on heating. In other steels a part of the carbide remains undissolved.

Complex Chromium Carbide M1C3 (Fe, Cr, Mo, W, V)7C3 is present in steel containing
more than 3-4\ chromium and more than 0.8-l.l% carbon. It has a hardness of 1600-

1800 HV. The M7C3 carbide saturates the austenite with chromium, vanadium and molyb-
denum and tungsten to a lesser extent in the temperature range of 950-1150"C. The
presence of M7C3 in steel increases wear resistance and thermal stability, while decreasing

the friction coefficient.

Complex Tungsten-Molybdenum Carbide (W, Mo, Cr, V)6C is the main carbide (M6C)

found in all types of high-speed steels and hot-work steels, the hardnesses of which vary
from 1200-1300 HV. It dissolves in austenite in the temperature range 1150-1300'C.

Steels containing this type of carbide have high wear resistance. On tempering at 500-

600oC, the M6C carbide is formed owing to the transformation from an intermediate

carbide phase.

Vanadium Carbide (MC) This carbide has very high hardness, around 2000 HV, and

increases the wear resistance of the steel. It dissolves in austenite in the temperature range

I 100-1 150"C and saturates the solid solution up to 1.5-2/,.

1.5 Effects of Specific Alloying Elements in Steel

The mechanical properties attained in the heat-treated steel depend mainly on its chemical

composition. Steel is a combination of iron and carbon. Apart from these, it contains vary-
ing amounts of other elements, principally Mn, P, S and Si, which are always present,

even if only in trace amounts. The steel containing carbon alone may not possess the
desired mechanical properties. Addition of alloying elements, such as Mn, Ni, Cr, Mo, V,
W, etc., individually and in various combinations, helps in attaining the ultimate properties

and characteristics of the particular steel. The effects of commonly specified chemical ele-

ments on the properties of the steel are discussed hereby, considering each element indi-
vidually.

1.5.1 CARBON

Carbon is the principal hardening element in steels. It combines with iron to form iron
carbide (Fe3C) or cementite which is hard in nature. Further addition of carbon increases

the hardness and tensile strength of steel with a corresponding reduction in impact strength.
Asthecarbon content increasesabove 0.85%, it leadstoaloweringof strength,andthe
hardness remains almost constant. Upon quenching, the maximum hardness attainable also

increases with the increasing carbon content, but above a value of 0.61, the rate of increase

is very small (see Fig. 1.28). Commonly used constructional steel has a carbon content
ranging frorn 0.1 to 0.601. The carbon content varies from 0.5 to l.4fi in plain carbon tool
steels. Case hardening steels have a carbon content varying from 0.5 to 0.025fi,

I.5.2 MANGANESE

Manganese is present in all commercial steels. It contributes significantly to increase the
strength and hardness in the same manner as carbon, but to a lesser extent. It reduces the
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critical rate of cooling, thereby increasing the hardenability of the steel, and also increases
considerably the resistance to abrasion. A steel with a higher manganese content, i.e above
0.8f, is called a manganese-alloyed steel.

Manganese-alloyed steels are sensitive as far as overheating is concerned. They tend to
become coarse-grained. The presence of manganese in steel also helps to obtain a better
surfacc quality because it combines with sulphur, thereby minimizing the formation of
sulphide which is responsible for the hot-shortness or susceptibility to cracking and tearing
at rolling temperatures. Manganese steels are used for springs, crossing rails, crusher and
dredger parts. The presence of nranganese in non-distorting steels is 12f. In rust-proof
steels manganese is in combination with chromium and nickel.

1.5.3 SILICON

Silicon and manganese are companions in steels and may be present upto 0.35ftin almost
all constructional steels. Silicon is used in greateramounts in some steels such as the silico-
manganese steels. Silicon develops hardness and elasticity in steel, but diminishes tensile
strength and ductility. When hardened and tempered, silicon steels possess high strength
combined with good ductility and shock resistance. They are used in low hyste-resis steels,
spring steels and in acid-resisting plants.

1.5.4 CHROMIUM

Chromium, after carbon, is perhaps the most important
carbides, depending on the treatment and the amount of
present in most constructional steels and in high-grade
elements in high-speed steels.

Chromium increases the austenitizing temperature. It increases the corrosion resistance
in steel considerably by creating a tenacious chromium-rich oxide film on the surface in
stainless steels and heat resisting steels.

Chromium is used primarily to increase the hardenability of steels. It increases the ten-
sile strength, toughness and resistance to abrasion.

1.5.5 NICKEL

Nickel is one of the most important alloys for increasing the strength and toughness of
steel, influencing to a great extent its structural transformation. Whenplesent in ap-preciable
amounts, it improves the mechanical properties. The presence of sufficiently large amounts
of nickel renders the steel austenitic even at room temperature.

' Nickel lowers the eutectoid temperatue of steel. Lowering of the temperature leads to
a suitable alloy for effective quenching. Nickel does not form carbides and does not have
a ma'rked effect on hardenability. It improves corrosion resistance. Nickel alloyed steels are
used for structural and engineering purposes Q-a\)in bridges, machine parts, case harden-
ing steels, etc.

1.5.5 MOLYBDENUM

Molybdenum exhibits a greater effect on hardenability per unit added than any other com-
monly specified alloying elements except manganese. As a result of this, it increases the depth
of hardening by reducing the critical cooling rate. Molybdenum, in combination with other
elements, increases toughness and creep strength as well as the hot strength of the steel. The

element in steels. It forms several
chromium present. Chromium is
tool steels. It is one of the main
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presence of molybdenum reduces the susceptibility of steel to temper brittleness as appa-

rent in nickel-chrome steels, when rapid cooling from tempering temperature is desired.

In tool steels, molybdenum like tungsten is mainly used in the hot work and high

speed steel grades. It forms carbides and improves the resistance to wear, toughness and

hot strength.

Molybdenum alloyed steels are used in constructional steels for case-hardening, in direct

hardening steels, hot-working tool and constructional steels, high speed steels, rust-proof

steels and in combination with chromium and nickel.

1.5.7 TUNGSTEN

Tungsten and molybdenum are related elements. Tungsten forms complex carbides. Tungsten

alloyed steel is distinguished by high cutting hardness, resistance to abrasion, good hot

strength and high red hardness. Tungsten renders the transformation of austenite to

martensite very sluggish. It also inhibits the grain growth. Tungsten alloy steels are insen-

sitive to overheating. In austenitic chromium nickel steels, the addition of tungsten increases

the yield point.

Tungsten alloyed steels are used in high speed steels, tool steels, hot work steels, magnet

steels, valve steels, rust-proof steels, etc.

1.5.8 VANADIUM

In constructional steels, vanadium increases the tensile strength and the yield point. It
improves the ratio between them. It is a strong carbide-former, and its carbides are very

stable. Hardenability of medium carbon steels is increased with vanadium additions up to

0.04-0.05%. Above this value, the hardenability decreases with normal quenching tempe-

rature due to the formation of insoluble carbides.

Vanadium is useful when a higher austenitizing temperature is needed. Due to its

carbide-forming properties vanadium is used in tool steel. It increases the hot hardness

and, when present in sufficient amount in tool steels, increases the wear resistance of tools.

Vanadium with chromium, nickel and molybdenum is often used in constructional steels

which are likely to be subjected to high stresses. It is also used in tool steels for punching

and blanking dies, cold working and forming dies and in high speed steels.

1.6 Hardenability

Hardenability refers to the property of steel which determines the depth of the hardened

zone induced by quenching from the austenitizing temperature. It is not concerned with
the maximum hardness achievable with a particular type of steel. Whereas the quenched

surface hardness of a steel part depends primarily on the carbon content and the cooling

rate, the depth at which a certain hardness level is maintained under a given quenching

condition is a function of hardenability. Hardenability is largely dependent on the

percentage of alloying elements, austenitic grain size, austenitizing temperature, time, and

the microstructure prior to hardening.

Hardenability required for a particular part depends on many factors such as size,

design, and service conditions. For highly stressed parts, particularly in tension, the best

combination of strength and toughness is obtained by thorough hardening to a martensite
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structure, followed by adequate tempering. Quenching such parts to a minimumof 80.7
martensite is generally considered adequate. Carbon steel can be used for thin sections,
but as the section size increases, steels of better hardenability are required. Where only
moderate stresses are involved, quenching to a minimum of S}fimartensite is sometimes
appropriate.

The difference between hardenability and hardness may be illustrated by considering
the response to hardenability of two steels I DIN 42 CrMo4 and .8. Steel I contains 0.4of
carbon andO.7'/" chromium. Steel .B is a plain carbon steel containing0.A;flcarbon.

A series of bars of different sizes of each of these steels is quenched under identical
conditions, sectioned and tested for hardness from the surface to the axis. If the hardness
of each bar is then plotted in the form of a curve of hardness against distance from the axis,
two sets of hardness curves are obtained which are shown in Fig. 1.30(a). Similarly, Fig.
1.30 (b) shows that the alloy steel A has a greater hardenability than steel .B since steel I is
fully hardened up to 40 mm diameter, whereas steel .B can be fully hardened only up to 20
mm diameter with the same quenching conditions.

. Diqmeter in mm ---- --

Fig. 1.30 (a) Hardenability curves for steel grade DIN 42 CrMo4 after quenching in water, for
different diametersro
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r.6.1 QUANTITATIVE HARDENABILITY

Hardenability is expressed quantitatively in terms of critical diameter or ruling section.

The critical diameter of steel may be defined as the maximum diameter which, when
quenched in a selected medium, will develop at the axis a specified hardness or a structure

containing a specified proportion of martensite. Usually, it will be 50\martensite and 50f
pearlite. Figure l.3l illustrates the typical hardness plot on a cross-section ofsuccessively

large diameters. As the diameter of the test bar increases, the centre hardness decreases.

But at a particular diameter, say I inch (25.4mm), it possesses 50\martensite and 50f
pearlite. Test bars of less than one inch diameter are effectively hardened throughout,
while bars bigger than one inch have a soft core containing pearlite. This diameter, viz I
inch, is the critical diameter.

The hardenability of steel can be increased by the addition of alloying elements. There
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will be a corresponding increase in the critical diameter. Apart from this, the critical dia-

meter also depends on the severity of the quench. For example, different critical diameters

are associated with the same grade of steel, of the same diameter, depending upon whe-

ther it is quenched in oil or water. It is clear from Fig. 1.32 that the critical diameter

is greater when quenched in water because of the increased severity of the quench. How-
ever, ideal size, on the other hand, is defined as the size of the bar hardened to 501marten-
site by a theoretically perfect quench in which it is assumed that the surface of the bar

cools instantly to the temperatue of the quenching medium.

The 'ideal critical diameter' will clearly be greater than the critical diameter for a
quench in, say, oil or water. The ideal size is a truemeasureof thehardenabilityassociated
with chemical composition, and it can also be used to determine the critical size of
steels quenched in media of different quench severities.

1.6,2 CRITICAL SIZE

It is possible to determine the critical size of a bar by using a diagram (Fig. 1.33) where

the ideal critical diameter D1 is plotted as the abscissa, and the critical diameter Ds is

plotted as the ordinate for various quench severities (H). A number of different curves are

plotted on this chart, each corresponding to a different rate of cooling (measured by a
number known as the ,FI value or the severity of the quench). The values of 1l are given

in Table 1.4. The straight line identified by a quench severity of infinity shows that the
critical size far equals the ideal size for a theoretically perfect quench. In practice, it is

not possible to get an ideal quench. The ideal quench is approached by quenching into
a violently agitated brine bath designated 5.

Table 1.4 Severity of quench (,i!{) for various quenching media6

oilAir Water Brine

No circulation of fluid or agitation of piece

Mild circulation (or agitrition)

Moderate circulation

Good circulation

Strong circulation

Violent circulation

0.02

0.05

0.9-1.0

1.O-1.1

1.2-1.3

1.4-1.5

1.6-2.0

4

)

2-2.2

0.25-O.30

0.30-0.35

0.3s-0.40

0.4 -0.5

0.5 -0.8

0.8 -1.1 5

Using Fig. 1.33 and knowing the diameter of bar (D1) and the severity of the quench

(Il), the critical diameter D for a particular steel may be determined. Let us consider a

typical example. Take a test bar, with a 2-inch diameter (D1 value) quenched in oil. The

I/value under this condition is 0.41 which would yield a D-value of 0.8 inch.

1.6.3 END.QUENCHING HARDENABILITY TEST

The most commonly used method of determining the hardenability is the end-quench test

developed by Jominy Boegehold of USA. This method has been introduced with certain

modifications in numerous countries as the standard end-quench hardenability test. At
present, its importance is considerable in the classification of steels.
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To conduct this test, a bar of 25 mm diameter and 100 mm length is required, with a
collar or groove for holding it in the quenching bath. It is usually machined to size from
a previously normalized stock to remove the decarburized layer. Also the end of the
specimen, which will be water-cooled, is ground to have a smooth finish.

The test piece is now held in a furnace maintained at the specified austenitizing tempe-
rature for 30-35 minutes. It is most important that the furnace atmosphere is neutral in
order to avoid scaling and decarburization. After the desired soaking time, it is dropped
into aholding fixture (Fig. 1.3a) and then quenched at its end by only usinga water jet main-
tained at 25"C. This procedure is covered in an Indian standard. The water jet should
be about 12 mm in diameter and should rise to a free height of about 65 mm above the
l2-mm orifice.
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Fig. 1.34 Schematic diagram of Jominy testr2

The time between the removal of the specimen from the hardening furnace and the

beginning of the quench should not be more than 5 seconds. Immediately after placing the

test piece, the water supply must be opened rapidly to direct the stream of water with full
force against the face of the specimen for not less than l0 minutes. As a result of this, the

test piece
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piece cools very rapidly at the quenched end, but the rate ofcooling decreases progressively

towards the opposite end. Therefore, a variety of continuous rates prevail along the

length of the bar. After this time, the cooling of the test piece shall be completed by immers-

ing it in cold water.

The hardened end is then groundto different dimensions as set out in standards (1.5,2,

2.2,2.2 mm to a total of 15 mm), checking the hardness in Rockwell C scale at each stage.

Test results should be plotted on a standard hardenability chart prepared for this pur-

pose, in which ordinates represent Rockwell C readings and the abscissa represent the

distance from the quenched end of the test piece at which the hardness determinations were

made (Fig. 1.35).
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Drstonce from quenched end of specrmen(mm)

Fig. 1.35 Diagrammatic representation of the Jominy end-quench test

Fig. 1.36 Hardenability band of DIN 40 Cr4Mo3 (Courtesy; Rochling
Stahlexport GmbH, W. Germany).
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A deep'hardening steel will give an almost horizontal end-quench curve, similar to X,
which indicates that the steel will develop a substantially martensitic structure when cooled
at any desired rate within the range covered by the end-quench test. A steel of medium
hardenability, however, will give a curve similar to f.

The hardenability of the same steel may vary over a considerable range depending upon
the chemical composition and grain size of the given grade of steel, as rto*o in figl t.36.
The upper curve shows the maximum hardness values corresponding to the upp.i"o--
position limit of the steel; and the lower curve gives the minimum hardness vuGr corres-
ponding to the lower limit of the composition range. The two curves together form what is
called the Jominy hardenability curve or the hardenability band.

1.6.4 CALCULATION O[' END-QUENCH HARDENABILITY BASED ON ANALYSIS

It is possible to predict the end-quench hardenability curve of steel without subjecting it
to testing. ln 1942 M.A. Grossman had devised a system for the mathematical prediction
of hardenability, from composition and grain size in a variety of carbon and low-alloy steels.

Grossman determined a series of multiplying factors for the major alloying elements
in steels including silicon, manganese, chromium, nickel, vanadium, molybdenum and
boron. For carbon he determined a series of factors representing the critical diameter of
plain carbon steels of a given carbon content which would just through-harden when sub-
jected to an "ideal quench". The outside of the bariis assumed to cool instantaneously to
the quenchant temperature. This diameter is then represented as the ideal critical
diameter Di.

Exanple of Calculation of Hardenability

Fmsr SrBp Consider a steel, 8640 (AISI), having grain size No. 8 at the quenching
temperature, and the following chemical composition:

CMn
0.39 0.91

0.2 0.1 0.6 0.8

'/. Corbon content

Fig. 1.37 The ideal critical dia-
meter as a function of
the carbon content and

austenite grain size for
plain carbon steellr

Si Ni Cr Mo
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From Fig. 1.37 the base value of the ideal critical diameter Di is 0.195. On multiplying this
value with the appropriate factors indicated in Fig. 1.38 the final D; value as-calcu-lated
below is obtained:

Dr:0.195 x 4.03 x t.t8 x 1.20 x 2.21x 1.60:3.93

SrcoNoSrBp From Fig. 1.39 determine the dividing factorknown as IHIDH ratio for a
given D1 (ideal critical diameter). The IHIDH ratio gives the ratio between the maximum
hardness obtainable (IH) and the hardness actually obtained (DfI).

The IHIDH ratio is based on the observation that with a D1 of 7.30, or greater, an end*
quench curve will almost be a straight line, and when the ideal critical D, ir less than 7.30,
it will produce a falling curve. The IHIDH ratio for different end-quench distances for a
calculated D; of 3.93 is given below as read from Fig. 1.39.

Distance
(in.)

Dividiog
Factor

0.00

1.03

t.21

1lt6

r14

r12

314

I

u
r+

l*
)

l.4I

l.6l
t.75

I.84

1.92

1.96

Tnmo Srep Determine the initial hardness (1Il) from Fig. 1.40. This indicatesthe hard-
ness at 1/16 inch on the end-quench specimen and is a function ofthe carbon content.

The initial hardness for 0.39 carbon is HRC 55.5. Calculate the Rockwell C hardness
for each distance by dividing the IH (55.5) by each respective dividing factor.

Distance
(in.)

Dividing
factor

Calculate
HRC

1116

r14

r12

314

I

1+

l*
1*

2

1.03

t.2t

t.4t

t.6l

r.75

1.84

1.92

1.96

55.5

54

46

39.5

34.s

32

30

29

28.5



38 Handbook of Heat Treatment of Steels

/.0

10

Inrtrol hordness ( lH )

(RC Hordness ot 'l/6 in.lrom quenched end )

20 30 t0 50

Corbon, percent (CourtesY of AlSl)

Fig. 1.40 Dependence of hardness on carbon conteDt

5o
o
o
c
't
o

=
O
t

0.4 0

0.3 6

0,32

0.2I

0.2t+

0.20

0.

10

E
E
-a

c)
L

+
o,

^^Elvd
€
E
o

!

E
E

.:
O
L
o
o,
E
d
E
E
o
1f

7

6

s

(f

oJ+
o,
E
CJ

n
E
tf

, r t t l l f -T---T-
0 0.2 0.4 0.6 0.8

7" C ar bon

(q)
7" Carbon

(b)

Fig. 1.41 Ideal diameter for base carbon content: (a) for grain sizes from 4 to 8 ASTM, (b) at four
austenitizing temperaturesr 5

(o)

5

6

7

I I r I r r r r .t I

0.6 07 0.8 0.9 1-0 1.1



Principles of Heat Trcatment of Steels 3g

Using the hardness values obtained as calculated, a plot of end-quench hardenability
curve may be got, plotting the hardness values on the 7-axis and the distances ou the
x-axis.

Recent Developments Recently, it has been found that the method of calculation using

certain multiplying factors, as given by Grossman for determining hardenability, holds,

good for carbon and low alloy steels.
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Jatczakta' ls et al. have re-examined these multiplying factors and redetermined the

values of D; for pure carbon steels (Fig. 1.41) and multiplying factors for the major alloying
elements (Fig. 1.42). Jatczak has also published multiplying factors for steels with a

carbon range of 0.60 to 1.1Ofr which also take into account the hardening temperature.

For these cases, calculations can proceed straight from the composition of the steel

without the necessity for applying any correction for such alloying elements, as they are

not in solution in the austenite.14

The factors of Grossman and Jatczak for base carbon D1 differ considerably, as do the

multiplyingfactors.Thedffirentiation baseD;dueto carbonis illustrated in (Fig. 1.40),

while the alloy multiplying factors are compared in Fig. 1.42 for different hardening

temperatures.

1.6.5 INFLUENCE OF AUSTENITE GRAIN-SIZE ON HARDENABILITY

When steel is heated for hardening into the austenite stage, its grain-size (austenite grain)

depends on the temperature adopted. The usual range of austenite grain sizes in steels lies

between No. 1 and No. 9. As the grains get smaller,. the grain-size number increases.

When the grain-size number of austenite increases (fine-grained austenite), the hardenabi-
Iity decreases. Steels heated to a lower austenitizing temperature possesses lower harden-

ability, since austenite tends to transform to pearlite more rapidly than coarse-grained.
The use of coarse austenite grain size in order to increase hardenability of steel is not
generally practised because it also results in the loss of other mechanical properties like
ductility, toughness, etc.

1.6.6 EFFECT OF CARBON CONTENT ON HARDENABILITY

The hardenability of steel is strongly influenced by its carbon co.ntent. Carbon can be

used to increase both hardness and hardenability as shown in Fig. 1.43 for an 8600 steel

(0.5% Ni, 0.5\Cr,0.2/,llif4o). This effect is substantially enhanced by the Quantity 
"dnil

type of alloying elements present. Addition of carbon, up to at least the eutectoid content;
improves hardenability, since the increase in carbon content is associated with an increase
in hardenability. It is evident that the formation of pearlite and proeutectoid constituents

becomes more difficult the higher the carbon content of the steel. The statement also holds
good for hypereutectoid steels, provided that each steel is completely transformed to
austenite before its hardenability is measured.

1.6.7 INFLUENCE OF ALLOYING ETEMENTS

The hardenability of steel can be increased by the addition of alloying elements. This
also makes possible the hardening of larger sections and the use of molten salt bath,
rather than water-quenching, minimizing the distortion and quenching cracks. Cobalt

decreases hardenability slightly. Also, cobalt in steel increases both the rate of nucleation

and the rate of growth of pearlite. Steels containing this element are more difficult to
harden than those without it. The alloying elements such as manganese, chromium
(Fig. 1.44), molybdenum, nickel (Fig. 1.45), tungsten, etc. increase hardenability, either
as single addition, or more often in combination, where the increasing alloy content

suppresses the formation of high temperature transformation products. The presence of
boron up to about 0.003% leads to a marked increase in hardenability, but further increase
leaves the hardenability unchanged.
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1.6.8 SIGNIFICANCE OF HARDENABILITY

In selecting steel for a particular component, the most important question is whether the

mechanical properties required can be obtained after suitable commercial heat treatment

with regard to the size and shape of the component in question. The answer to this

question lies in the hardenability of steel. High, medium or low hardenable steels may be

adopted, as per the requirements for a particular component.
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Elernenfs of the process

of Heat Treating

2.1 Annealing

Annealing is carried out to improve machinability and cold formability, to restore ductility,to reduce or eliminate structural non-homogeneiiy, to refine the grain size, to relieve inter-nal stresses and to prepare the structure of ihe steel foruoir.qr.nt heat treatment. Anneal-ing is not applied to improve the mechanical properfi"s- Jialtoy steels of the peatliticclass and tool steels' The mechanical properties oi structural steels are improved byhardening' followed by tempering. There are different types of annealing which are appliedfor different purposes.

2.I.1 tr'ULL ANI\EALING

Full annealing consists of austenitization of the steel followed by slow cooling in the furnace.The temperature to be-adopted depends on the carbon content of the steel (Fig.2.l). Forhypoeutectoid steels, the temperature is just above Aca temperature; for hypereutectoid
steels the temperature is above Ac1. The tritical temperature *itt ,ury somewhat, depend-ing on the alloy content of the steel; but the objective of heating into the .irlr*irr"*
austenite field for low and medium carbon steels and into austenite and cementite field forhigh-carbon steels remain the same, irrespective of the steer composition.

Full annealing of hypoeutectoid steel consistr oruurt.ritirirg ,n" steel at I0-30"c abovethe Aca line and holding it at this temperature for a desired lengitr of time, followed by slowfurnace cooling' At this ternperature the formation of austeniti destroys the structures thatexisted before heating and leads to the formation or o nnr !.ouna austenite structure.The subsequent slow cooling in the furnace enables the austeriite to decompose at lowdegrees of supercooling so as to form pearlite plus ferrite. ,;"G the steel too much above
Acalead,s to austenite grain growth which imfairs the properti.r'"iirr. ,i"

Annealirrg of hypereutectoid steel is done by heating tt. rt."r above Aclto spheroidizethe proeutec;toid cementite. If the hypereutectoid steei is heated above Acm temperature
and cooled slowly, proeutectoid cementite would form at the grain boundaries, resultingin a network of carbides on the austenite grain boundaries. ietaraea cooling facilitatesferrite precipitation as a separate cluster. The formation of separate ferrite regions in thestructure of a steel is undesirable. This may result in soft spots during hardening andrender the steel brittle to forming or service stresses. Therefore, it is the general prictice
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region for full annealing

to use spheroidized annealing.

However, full annealing may be adopted for castings of carbon and alloy steels and

hypereutectoid hot-worked steels (forging rolled stock, sheet, etc.). For larger castings,

particularly those made of alloy steels, full annealing improves machinability and also in-

creases the strength because of a fine grain structure. Full annealing can also be applied for

steels containing more than 0.5\ carbon to improve machinability. In low-carbon steels,

the effect on machinability may be the opposite, on account of excessive softening.

Full annealing is normally carried out in all types of batch furnaces.

2.I.2 SPHEROIDIZED ANNEALING

Spheroidized annealing is done by heating the steel just above or slightly below Acr critical
temperature for a prolonged time, followed by a slow cooling, in order to soften the steel

as much as possible (Ft5.2.2).

This annealing treatment is adopted to spheroidize the carbides of lamellar pearlite or

secondary cementite. This is also done to transform structures such as martensite, troosite,

sorbite, etc., that are produced by quenching. Figure 2.3 shows a typical, fully spheroidized

structure of a tool steel.

The purpose of this treatment is to improve machinability and, in some cases, to

improve cold formability. For example, the machinability of high-carbon tool steels is at its

best when the structure is globular. All alloy tool steels, including those of the carbide

class, as well as ball bearing steel should have a globular structure in suitable condition

for the best machining results. The methods that are adopted to obtain a globular struc-

ture are listed in the succeeding paragraph.
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First Method The steel is heated nearer to Acltemperature. Itshouldnot exceedthis range

to avoid formation of austenite. The steel is held at this temperature for a sufficient length
of time for the formation of coarse globular cementite. To obtain a satisfactory rate of
formation of coarse globular cementite, the temperature should be as close to Aq as

possible.

The temperature employed and the holding time for spheroidized annealing depends

on the previous structure and chemical composition of the steel.

(i) A steel containing less than 0.3/ocarbon is not suitable for spheroidizing, sincethe
structure of low-carbon steels consists of ferrite with only a small amount of pearlite.

(ii) Coarse pearlite coagulates at a slower rate in comparison to fine pearlite.
For example, plain carbon and low alloy steels are soft-annealed at about 700'C for

periods ranging from 4-6 hours. But the period increases with the increasing coarseness

of pearlite.

(iii) The temperature of soft annealing is affected by alloying elements. The presence of
nickel or manganese decreases the Ac1 temperature and, as a consequence, decreases the
soft annealing temperature. But the presence of chromium and molybdenum raises the
Ac1 temperature. Thus for steels containing 4fi nickel, the soft annealing temperature is
as low as 670'C. A lower temperature, of course, affects the process-time, extending it to
8-10 hours. On the contrary, high-speed steels, highly alloyed by tungsten, vanadium and
molybdenum and further by chromium and vanadium, have to be soft-annealed at a tempe-
rature above 800oC. The presence of strong carbide-

forming elements increases the stability of carbides in
steels. They, therefore, reduce the coagulation and

increase the time for annealing at the particular
temperature considered.

Second Mcthod The steel is heated slightly above the
critical temperature Ac1 (Fig. 2.4) and, held at this oo

temperature for a prolonged time, followed by slow 5
cooling at a rate of l0-20'C per hour up to 550-600"C. 

E

Subsequent cooling to room temperature may also be F
done in still air. During slow cooling, the carbon g

dissolved in the austenite will separate out as carbide

spheroids. This will ensure low hardness after annea-
ling the steel. If the annealing temperature is higher,
a greater amount of carbide will dissolve, and the

cementite will separate out in a lamellar form. This

method is mainly adopted for eutectoid and hyper-

eutectoid steels. For example, the annealing procedure

(Fig. 2.5) for fully spheroidizing the carbides in a

ferritic matrix, for steel DIN 100 CrMo involves

austenitization at 825/830"C, followed by holding at

7751780'C. This leads to the precipitation of carbides.
Afterwards, it is cooled slowly through the range of
740-680"C, and subsequently cooled in air to the room
temperature.
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Fig' 2'5 (b) oil-fired pusher-type annealing furnace (courtesy: Mis Wellman Incandescent India Ltd,
Calcutta)

Third Method In this method, the steel is heated slightly above the critical temperature
Acsand heldatthis temperature for a. pre-determineJtime, it is then followed byfurnace
cooling or holding just below the critical temperature Ac1 for a prolonged time, and sub-
sequently cooled to the room temperature. Hoiding should not be done at 50o more or 50"
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Fig. 2.5 (c) Electrically heated roller hearth tube annealing furnace(Courtesy: Mls Wellman Incandescent

India Ltd, Calcutta).

less than the Acl temperature. Nearer lhe Ac1 temperature,the spheroidized structure will
be coarser and softer. Further below Acl temperature, for example at about 680"C, the

resulting structure will be lamellar and harder. This method, however, has a lesser process

time compared to the other methods of spheroidizing. This method is mainly adopted for

plain carbon and low alloy steels.

Fourth Method Spheroidizing is also done by repeatedly heating and cooling just above and

below the Ac1 critical temperature. During heating above the temperattre Acy only the

small-sized grains of cementite will dissolve in the austenite, but there is insufficient time

for the larger cementite grains to dissolve. In the subsequent cooling cycles, the molecules

of cementite are deposited mainly on the cementite grains that are not dissolved in the

austenite. Hence a coagulation process occurs. This method of spheroidizing takes less

time compared to the previous methods for the formation of globular pearlite, but it is

difficult to perform.
The rate of spheroidization depends on the previous structure. The finer the carbide

in the original structure (i.e., before heating), the better will be the spheroidization. Fine
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pearlite is a better starting point than coarse pearlite; bainite is still better. Sorbite, result-
ing from tempering of martensite, is probably the best. Cold working, which breaks up the
cementite and distributes it more uniformly, also facilitates spheroidizing. 

i

Strong carbide-forming elements, particularly chrornium, tungsten, molybdenum, and
vanadium, increase the stability of carbides in steels. Therefore, they reduce the rate of
coagulation and increase the time for soft annealing at the particulai temperature con-
sidered.

The hardness obta,ined after spheroidizing depends on the chemical composition of the
steel' Steels containing low carbon show a lower hardness of 160-190 HB; alloyed and high-carbon steels show a higher hardness of about 200_230 HB.

To increase the machinability of high-carbon tool steels, highly alloyed steels, spring
steels, ball-bearing steels, wear-resisting steels, tool steels, etc., spheroi dizingis done afterthe forging operation. This is done by heating the steels abote Acltemperature and theneither by cooling very siowly in the furnace or hoiding at a temperature just below Acl fora prolonged time, followed by cooling in air to the roim temperature. It should be bornein mind that for obtaining the globular structure, the steel strouta be heated uniformly andthe temperature distribution should be maintained accurately in the furnace. Steels con-taini,g inter-granurar cementite rattice are particurarry difficuli to machine.

In this case' normal spheroidizing does not improve the conditions. First, it is necessaryto eliminate cementite by homogenizing or normalising, or by slight quencliing at a tempe-rature above Aca. After that, an ordinary spheroidizin! treaiment can follow.
Futnaces for Soft Annealing The choice of furnaces for spheroidized annealing is determinedby the following:

l' Temperature of spheroidized annealing is relatively low and has to be maintainedwithin close limits. Therefore, electric furnaces ur" .rro." suitable than gas or oil firedfurnaces. The time consumed by the process is relatively long.
2' For these reasons electrically heated batch furnac., u." 

"o**only 
used and the conti-

nuous furnaces do not offer any advantage.
3' vacuum furnaces and salt bath furnaces may be used where the charge is less. They

are more advantageous for re-annearing of hardened toors.

2.1.3 ISOTHERMAL ANNEALING
Isothermal annealing is derived from the exact knowledge of temperature-time diagrams.
This type of annealing is useful for softening steels forthe subsequent machining operations.This treatment consists of austenitizing the steel at the normal annealing temperature (full
annealing) and then cooling rapidly to the appropriate tenperature below lr1, usually
about 50-60'c below z4r1 (isothermal holding in pearlite range). ihi, t"rp.rature is held for
a predetermined time (Fig.2.4), enabling the complete austenite decornposition to takeplace for producing a structure having optimum machinability. After the transformation iscomplete' the steel is cooled in a furnace, or air-cooled, or rapidly cooled. There is no
metallurgical reason for slow cooling during the change from the austenitizing to the
transformation temperature, or after the transformation iJ compreted.

The hardness obtained after isothermal annealing dependstn holding the steel below
Art.rf the steel after austenitizing is held just below Air, it will decompose slowly. The
product then may contain relatively coarse spheroid carbides or coarse lamellar pearlite
depending on the austenitizing temperature. This product tends to be very sort. At the
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transformation temperature the austenite generaily decomposes more rapidly, and the

resultant product is harder, more lamellar, and less coarse than the product from just below

Arr. Alloy case-hardening steels are normally subjected to isothermal annealing. After

carburising the steels at 900-930'C, they are held at 630-680'C for 2-4 hours for the com-

pletion of austenite transformation and then cooled. The structure obtained consists ol
ferrite and pearlite, suitable for most machining operations. Usually, isothermal holding is

extended beyond the end of transformation for 1-2 hours. So, additional improvement

of machinability is obtained as a consequence of partial spheroidization of pearlitic

cementite,

lsothermal annealing is best suited for applications in which full advantage can be taken

of the rapid cooling to the transformation temperature. The cooling is continued from this

temperature to the room temperature.

Furnaces for Isothermal Annealing Isothermal annealing may be carried out in salt baths

or vacuum-hardening furnaces most conveniently for high loads and also for rehardening

tools, if necessary. Annealing can be carried out by austenitizing in a salt-bath maintained

at the austenitizing temperature, then transfering to the bath maintained at the isothermal

temperature. In vacuum furnaces, the tool is first heated to the austenitizing temperature,

and later quenched to the isothermal temperature. Subsequently, at the isothermal tempe-

rature, the gas is evacuated and held at this temperature to allow a complete transformation

to pearlite. Finally, it is gas-quenched. Isothermal annealing can also be carried out for

light loads in batch type or continuous type, where adequate arrarlgements are made for

cooling the load from the austenitizing temperature, Isothermal annealing facilitates large

savings in time vis-a-vis conventional cooling. It may not be advantageous for applications

such as the batch annealing of large furnace loads in which the rate of cooling atthe centre

of the load may be so slow as to preclude rapid cooling to the transformation temperature.

For loads of such type, conventional annealing is advantageous. (see Figs. 2.5(a) and (b)).

2.I.4 HOMOGENIZING

This process is carried out in the temperature range ll00-1200"C (Fig.2.6). The diffusion

Ttme +
Fig. 2,6 Diagram representing homogenizing operation
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which takes place at this temperature equalizes the composition of steels. This process is

adopted to alloy steel ingots which, when solidified after pouring, have an inhomogeneous

structure. This lack of structural homogeneity is removed to a large extent during forging

and rolling of steel ingots. Where homogeneity has not been effected completely, the struc-

tural homogeneity is to be corrected by homogenizing or diffusional annealing treatment.

In this case, the phenomenon of diffusion brings about a uniform concentration of primary
grains.

The homogenizing treatment is carried out for several hours at temperatures between

1150-1200"C. After the treatment. the charge is cooled to 800-850"C, and thenfurther
cooled in air. After this treatment, the steel may undergo either normalizing or annealing

to refine the over-heated structure. This treatment is applied only in very special cases,

since the treatment cost is very high.

2,I,5 INTERMEDIATE ANNEALING

This treatment is carried out after case-hardening in order to carry out further machining
such as turning, drilling, milling, etc. It consists of holding components below the Acr

fime *
FiS. 2.7 Diagram representing intermediateannealing

temperature, i.e., around 630-680"C, for 4-6 hours, followed by slow cooling (Fi9.2.7).

The object of this treatment is the same as that of spheroidizing, viz,, improved machin-

ability through the formation of globular cementite.

I,2.6 BRIGHT ANNEALING

This treatment is carried out to obtain a bright surface free from oxides. Protection from

oxidation during heat treatment is usually obtained by blanketing the charge with a suitable

gas atmosphere. The atmosphere gases, however, must be such as to avoid undesirable

effects on the treated metal such as sulphiding, embrittlement, decarburization, etc.

Bright annealing is done in a variety of ways on a wide range of ferrous and non-ferrous

materials. The material can be in the form of wire, strip, sheet, tube pressing, etc.
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The selection of gases used for bright annealing depends on the type of steel. The gases

employed are pure nitrogen, cracked ammonia, exothermic gas' pure hydrogen, etc. Appro-

priate gases and furnaces used for bright annealing of various workpieces is given in the

Table 2.1.

Table 2.1

Material Type of work Furnace Gas used

Carbon steel

Mild steel

Stainless steel

Strip and wire in coils

Strip and wire in coils,

sheets and strips or

tubes in lengths

Strip and wire strands,

small pressings, etc.,

straight small bore tubes

Bcll or pit type furnace

Bell or pit type furnace

roller hearth

Pusher type or mesh

belt

Dry burnt ammonia or lean

exothcrmic stripped of
carbon dioxide and HrO

Rich exothermic

Cracked NHl and purc

hydrogen

2.2 Normalizing

Normalizing is one of the most widely used heat treatmeilt processes applied on almost

all castings, over-heated forgings, very large forgings, etc. Normalizing is done to refine

the grain structure, improve machinability, relieve internal stresses and to improve mechani-

cal properties of structural carbon and lorv-alloy steels, etc.

Ngmalizing consists of heating the steel above the critical temperature Aca or Acm and

holding at this temperature for a short time depending on the type of steel (Fig. 2.8). To

achieve homogenization of austenite, hypoeutectoid steels are heated to 30-40"C above the

critical temperature Aca, and held at this temperature for 20-40 minutes depending on the

chemical composition. Exceeding the indicated temperature range might result in excessive

austenite grain growth. Holding at the normalizing temperature for a longer time may

also result in excessive grain growth or the exceeding of the tolerated limit.
After the desired holding time has elapsed, the components are cooled in air. The

resultant metallurgical structures are composed of fine pearlite with ferrite in hypoeutectoid

steels. It will be noticed that the newly formed grain boundaries do not correspond to the

old ones. If the initial structure is coarse-grained or irregular, normalizing leads to a

considerable improvement of the structure, together with improvement in mechanical

properties.

In the same way, normalizing of hypereutectoid steel is done by heating the steel to

30-40"C above the critical temperature , Acnt, holding at this temperature for a short period,

until the complete phase transformation has taken place, and subsequently cooling in air.

This operation is done not only to refine the grain size but also to dissolve the networks

of carbides that may have developed during forging, rolling, or in some instances, during

case-carburizing. At room temperature, the newly formed structure consists of fine-grained
pearlite with cementite. The normalized structure is more suitable for spheroidizing treat-

ment to obtain good machinability.
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Fig. 2.E Iron-carbon equilibrium diagram showing tempera-

ture range for normalizing

The mechanical properties obtained after normalizing depend on the rate of cooling

in air. A faster rate of cooling may result in a higher strength and greater hardne-ss than

otherwise. Hence, when increased strength and hardness are required, the cooliilg rate

may be enhanced by using fans.

Normalizing is mainly adopted on plain carbon and low-alloy steels. The hardness

resulting from this treatment depends on the dimensions and composition of the steel

and the rate of cooling. Normalizing treatment is not adopted for the air-hardening variety

of steels.

Cooling in air after austenitizing the alloy steels may result in higher hardness. In such

instances, they may be tempered at 600-650'C to render them machinable. Instead of adopt-

ting a lengthy annealing treatment, certain alloy steels may be subjected to normalizing.

followed by tempering, so that the treatment time is reduced.

ADVANTAGES

1. Normalizing is used to eliminate the coarse grain structure obtained in the previous

working operations such as rolling, forging, etc. The temperature employed for forged

components may be in the upper range of the normalizing temperature.

2. Normalizing also avoids the coarse structure that would result from slow cooling of
regular annealing.

3. Carburizing steels and carbon tool steels may be normalized to break up the conti-

nuity of the cementite network surrounding pearlite, since slow cooling would re-

establish the network.
4. Refinement of the size of ferrite and pearlite.



54 Handbook of Heat Treatment of Steeb

5. Modifying and refining of cast dendritic structure.

6. Normalizing minimizes the distortion and improves the machinability of alloyed

carburizing steels. Normalization is at a higher temperature than the carburizing

temperature (950-970"C). Normalized medium carbon, high carbon, and alloyed steels

are then tempered to lower the hardness (200 BHN) for purposes of machining.

7. Compared with annealing normalizing improves the mechanical properties.

8. In many cases, annealing with subsequent tempering may be substituted for nor-

malizing. Furnaces that are used for normalizing are of both batch type and conti-

nuous tYPe.

2.3 Stress Relieving

Stress relieving is a heat treatment operation designed to relieve the stresses induced in

the component, minimize the distortion during subsequent heat treatment and to avoid

the formation of cracks in extreme cases. This treatment consists of heating the components

to a temperature approaching the lower transformation temperatttre Ac1, and holding it
for a sufficient time at that temperature to achieve uniformity throughout the component,

and subsequently cooling it to the ambient temperature in a furnace. This treatment will

not cause any phase changes, but recrystallization may take place.

2.3.I DEVELOPMENT OF STRESSES

There are many reasons for the development of stresses in metals employed for making

engineering parts. Some of the most frequently encountered conditions for the build-up of

stresses in components are given below:

Machining When components are subjected to heavy machining operations, certain stresses

are induced in the component. The generated internal stresses can cause either cracking

during the subsequent heat treatment or result in an instability of size and shape. This is

mainly due to the change induced by machining in the equilibrium stress pattern.

Forming Operations Internal stresses are also developed during some forming operations

such as bending, coining, deep-stanrping, drawing, etc'

Heat Treatment Heat treatment is one of the causes for the development of internal stresses

in components. This is either due to uneven heating and cooling, or due to a fast rate ol

heating to the hardening temperature. On certain occasions, internal stresses are developed

during the phase transformation that occurs during cooling, since the formation of

pearlile, bainite and martensite a.re all accompanied by an increase in the specific volume.

Casting Stresses are usually present in all castings in thc as cast condition because of the

,oo-rrifortn cooling of the surface compared to its centre, and due to a difference in

cooling rates between sections of the same casting'

l{elding Stresses are also induced when a component is subjected to welding, soldering and

brazing. This happens due to the expansion and contraction in the weld-affected zone and

also at the weld itself.

Others Other notable reasons for the development of internal stresses include exposure of

the metal to severe atmospheric conditions such as marine or corrosive liquids.
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2.3.2 STRESS-RELIEVING TEMPERATURE

The residual stresses that are induced in the material by any of the conditions listed earlier
should be removed to impart the desired properties to the finished component or material.

The stress relieving operation is carried out normally by heating the component below

lc1 temperature. Heating decreases the yield strength of the material. When it is warm
and plastic, the stresses are relieved.

Stress-relieving is done by heating the steel to a temperature of 550-700'C, depending

on the type of material. At temperatures above 500-600'C, steel almost entirely ceases to
be elastic, and becomes ductile. For this reason, the internal stresses developed in the steel

at such temperatures are gradually relieved as a result of local plastic deformations caused

by them. The remaining stresses become negligible.

After heating to the desired stress-relieving temperature, the components should be

held at this temperature for a considerable time to attain a uniform temperature through-

out the section or charge. It is then cooled in a furnace, to 300'C and subsequently cooled

to the ambient temperature. Care must be taken to ensure slow, uniform cooling, to avoid

the formation of any new internal stresses. Typical stress-relieving temperatures to be

employed on some of the materials are given in-Iable 2.2.

Table 2.2

Steels Temperature

High speed steels

Hot-worked steels

Cold-worked steels

Nitriding steels

High temperature steels

Bearing steel

Free-cutting steel

650-700"c

650-670.C

650-700"c

550-600"c

600-650'c

60M50"C

@-6s0"c

If the greatest possible freedom from internal stresses is required, the stress-relieving

treatment should be carried out near the upper limit of the appropriate temperature range.

But this may lead to a superficial oxidation or excessive softening in hardened and tempered

steels. In such cases, it is necessary to employ a lower temperature range for stress-relieving.

The higher the temperature of stress-relieving, the lower the residual stresses. Figure 2.9(a)

illustrates the temperature and time required to minimize the induced stresses.

Hardened and tempered components may be relieved at a temperature of about 25'C

below the tempering temperature employed for tempering. Components to be heat-treated

should be provided with sufficient machining allowance to compensate for any distortion

resulting from stress-relieving'

Internal stresses induced by welding can be relieved by heating the components to

600-650"C, and holding at this temperature for a predetermined time. Normally, the hold-

ihg time is about 3 to 4 minutes per mm of the maximum thickness of the sheet. It is
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Fig. 2.9 (a) Stress as a function of time after stress relieving at various
temperaturesrT

subsequently cooled zt a rate of 50-100'C per hour to a temperature of 300"C. This slow

and uniform cooling is necessary to prevent the addition of new internal stresses on cooling

and to avoid the formation of cracks in stress-relieved, welded components.

Induced stresses may also develop in the hardened component due to faulty grinding.

It may lead to cracks during or after grinding. Components in such conditions can often be

salvaged by stress-relieving between 150 and 400'C at or below the tempering temperature

immediately after grinding.

Tools also develop high residual stresses during usage. It is sometimes advantageous

to relieve such stresses by heating the steel below the tempering temperature.

2.3.3 FURNACES FOR STRESS RELIEVING

Because the stress-relieving cycle is strongly temperature-dependent, it is essential to use a

proper furnace.

In most cases an electric batch type furnace is employed (Fig. 2.9 (b). Furnace cooling

is adopted to prevent new residual stresses that may arise due to rapid cooling.

2.4 Hardening

Hardening is a heat-treating operation necessary to impart hardness to any component.
This treatment consists of heating the steel to a selected hardening temperature (austenitiz-
ing temperature), and holding it at this temperature, followed by cooling or quenching
ata rate fast enough to develop the desired hardness (Fig.2.10). When the steel is auste-

2l+2016



Elements of the Process of Heat Treating 57

Fig.2.9 (b) Electrically heated stress-relieving furnace (Courtesyi Wellman Incandescent

India Ltd, Calcutta).
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Trme 

-
Fig. 2.10 Schematic representation ofheating, quenching and tempering processes oftool steelsr.

nitized, its lattice structure is a face-centered cubic. The reason for heating and holding the
steel in the austenite range is to dissolve carbides cementite into a matrix; then the steel is
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quenched. At this stage, the trapped carbon causes a shift in atoms to form a body-centered

tetragonal structure. The shift of atoms and the trapped carbon creates a stressed lattice

structure. This stressed structure, called martensite, is hard and brittle. It is responsible

for the high hardness of the steel. The hardness finally achieved depends on how much

carbon was available, how much of this was dissolved, the temperature adopted(Fig.2.ll)
and the rate of cooling. It is subsequently tempered to reduce the induced quenching stres-

ses caused by the formation of martensite.

The main object of hardening is to develop high hardness and to increase the wear life
of parts. The higher the hardness, the higher will be the wear resistance of the components.

For example, spindles, gears, shafts, tools and dies, high speed steel tools, etc., need high
hardness. It is also necessary for structural steels to have the required mechanical properties

such as tensile strength, ductility, elasticity, etc. These properties can be obtained by

hardening, followed by tempering. Hardened and tempered components possess better

mechanical properties compared to the annealed and normalized components. Since

hardening is the last operation, the component is almost close to the finished state. Hence,

it should not be attempted without proper equipment, facilities and suitably trained ope-

rators.

The hardening temperature for specific grades of steels, obtained on the basis of a

series of practical trials, is given in the manuals of most steel manufacturers. Recom-

mended practices giving ranges of hardening temperature televant to steels, listed in
international standards, may also be adopted.

2.4.I HARDENING TEMPERATURE FOR HYPOEUTECTOID ST'EELS

The hardening temperature to be employed depends on the chemical composition, carbon

content and section thickness of the steel. The temperature employed for hypoeutectoid

steel will be in the range of 20-50"C above the Aca critical temperature, and for hyper-

eutectoid steels 30-50oC above the Acl critical temperature (Fig. 2.12). If a steel containing,

for instance,0.5% carbon (ferrite and pearlite structure) is heated to a temperature below
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the lower critical temperature Aq, it will not change the original structure of the steel

containing pearlite and ferrite. Heating to a temperature above the lower critical tempe-

rature Acrbut below the upper critical temperature will change pearlite to austenite,

without affecting the free l-errite. Quenching from this temperature produces a semi-hard

steel, since the austenite is transformed to martensite, but the free ferrite remains un-

changed. The presence of ferrite in addition to brittle martensite does not give appreciable

toughness..If the steel is heated slightly above the Ac, critical temperature and held at

this temperature for a sufficient time to bring about complete diffusion and equalization,

the steel will be transformed, giving the smallest austenite grain size possible. An effective

quenching from this range will produce martensite and the maximum hardness possible.

Heating to a temperature .E (considerably above the higher range of critical temperature)

will tend to increase the grain size. Subsequent quenching will produce a martensite

structure, whose properties, even after tempering, will result in a low impact strength.

This may lead to warping and cracking during the quenching operation.

2.4.2 HARDENING OF HYPEREUTECTOID STEELS

This process consists of heating the steel to 30-50"C above the critical temperature z4c1

(Fig. 2.12) which is the austenite plus carbide region. This is followed by rapid quenching

to produce a fine-grained martensite with sufficient undissolved carbides. The quenched

Specimen for:.size chonge Q zoxtoo n*tl/tiir(t

-0,2
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Fig, 2.13 Size change, hardness and retained austenite contetrt in relation to hardening temperatute
(AISI) D3 steel (Courtesy: Bohler Bros., Austria).
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structure has a higher hardness compared to the martensite, since the hardness of carbides

is greater. If too little carbide is dissolved in austenite, the resultant hardness will be

low. The amount of carbide that can be dissolved in austenite is proportional to the

austenitizing temperature. The amount of carbide increases progressively as the tempe-

rature is raised; the grain size of the steel also increases. If too much carbide is dissolved,

grain growth may occur with a corresponding decrease in hardness as well as toughness

(Fig. 2.13). If the steel is heated above the Acm temperature, the resultant structure will
have only austenite grains. In such a case, the grain growth is larger; consequently, the

martensite becomes coarser. The resultant hardness will be low due to the presence of an

excessive amount of retained austenite in the quenched structure and also because no

more carbide will be present in the steel structure.

Hence, proper precautions may be taken to obtain a fine grained martensite with

sufficient undissolved carbides. The treatment temperature for specific grades of steels is

given in the manuals of all steel manufacturers. This information is based on a series of
practical trials. In addition, the recommended practices in international standards may

also be used. They contain a hardening temperature range to which the steel is to be

heated.

2.4,3 OPERATIONS BEFORE HARDENING

It is most important that the components to be hardened should be free from scales, grease,

oil, etc., in order to achieve the desired hardness. Hence, such components should be

cleaned thoroughly. Components having holes, particularly tool steels, may be packed

with clay, asbestos and steel inserts wherever necessary, so that no hardening can occur in

the holes. Special attention may not be required where holes are relatively large and tools

should be quenched in such a manner that the internal surfaces of the holes harden

completely.

The components should be placed in suitable fixtures before placing them in the

hardening furnace. This is done to avoid distortion. Small components may be heated in a

suitably designed basket to ensure uniform hardness.

plain carbon and low-alloy steels may be heated right up to the hardening temperature

in one step, without any pre-heating. Components of large size and complicated shapes

may be pre-heated to avoid distortion and cracking due to unevetl temperature differentials

between the core and the surfaces. This is more common, particularly in tool steels, since

the thermal conductivity of tool steels is very low. For this reason, these components are

preheated to 500-600"C. At this temperature, the internal stresses generated by uneven

heating between the core and the case are gradually relieved as a result of local plastic

deformations. The remaining internal stresses become negligible. Therefore, at tempera-

tures above 500-600"C components may be heated faster. Pre-heating is also necessary

when the hardening temperature is high, since the shortest possible time at high tempera-

tures minimizes scaling and decarburization. Complicated components or tools made of

highly alloyed steels should be pre-heated in two steps before subjecting them to the

austenitizing temPerature.

It is also very important that components should have a homogeneous and fine-grained

structure before hardening. For instance, if the component has a coarse-grained structure

before hardening, it may lead to a non-uniform hardness, a greater degree of distortion,

and quenching cracks may also develop during hardening. Prior to hardening, the

a
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components possessing a coarse-grained structure should be normalized for a short period.

Normalizing refines the grain structure of steels, and helps to avoid the previously

mentioned defects. To ensure the development of a high and uniform hardness in tool

steels in the as-hardened condition, the steel, prior to hardening should have a lamellar-

pearlite structure instead of a globular structLlre. The reason for this preference is that the

transformation of globular structure into austenite occurs at a considerably slower rate

than the lamellar pearlite. Yet another reason is that steels of this type may not possess a

higher depth of hardness. If it is necessary to harden a tool steel to a greater depth, it is

then necessary to have a lamellar pearlite structure. For this, a normalizing operation may

be done in the temperature of 780-800"C.

Before hardening, the component should also be free from the cementite network

because that leads to a further increase in brittleness of the hardened steel. Such a steel

should be subjected to the normalizing operation to overcome this defect.

2.4.4 HOLDING TIME IN HARDENING BATH

The time taken to reach the hardening temperature depends on several factors such as the

heating equipment and the hardening bath. The rate of heating in a salt bath is consider-

rably faster than it is possible in a furnace with atmosphere because the heat transfor

from a liquid to a solid body occurs at a faster rate. When the desired hardening tempe-

rature is reached, sufficient soaking time should be given. A visual inspection may be

done through a small hole in front of the furnace to assess whether the component has

reached the desired hardening temperature in relation to the walls of the furnace. If the

surface of the component is darker, its temperature is lower, and it should be allowed to

remain in the furnace for some more time. When the component attains the furnace

temperature throughout, the colour of the component will be indistinguishable from that

of the furnace wall. When the surface of the component has reached the required tempe-

rature, the holding time should be counted. The same principle applies to salt bath

heating. If the salt bath is maintained properly, it should be possible to match easily the

colour of the component to the colour of the transparent liquid salt.

After the component has reached a uniform temperature, it should be held at this

temperature and subsequently quenched to get the martensite structure.

The time of holding at the hardening temperature depends on the type of steel and the

selected temperature within the prescribed range for plain shaped parts. In most cases, the

upper limit of the hardening temperature is selected. However, if the cross-section shows

large differences, the lower temperature range is preferred. Holding times are, therefore,

longer in the first instance than in the latter. To offset the risk of overheating worsening

of grain, unalloyed and low-alloy steels must be kept for a far shorter period at the harden-

ing temperature than, for instance, for high-alloy, special hot working of steels containing
carbides which require more time for the dissolution of carbides essential for the optimum
retention of hardness.

The diagram in Fig. 2.14 can serve as a guide to determine the holding time to be applied

to construction and tool steels after reaching the hardening temperature, or the immersion

period (period from start of immersion until removal) in the salt bath.

2.4.5 HARDENING FURNACES

The hardening treatment requires a suitable furnace which serves as a heating equipment.

,

t
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The furnaces used for hardening should have accurate temperature control and a suitable
atmosphere to assure an accurate treatment. It is important that the atmosphere used

should be neutral during the hardening operation; it should not cause decarburization or
carburization on the surface of the component. A decarburized layer gives a lower hardness
which may result in the choice of an incorrect tempering temperature. Decarburization
may lead to cracking in tool steels. In certain cases, the decarburized layer may be removed
by grinding, if the component displays adequate tolerance. However, many tools are usually
finished to size and hence the same should be maintained throughout the hardening ope-
ration. Scaling and decarburization cannot be tolerated in such instances. To obtain an
optimum hardening on components, it is necessary to select the best furnace with suitable

heating media.

The types of heat treatment furnaces available for hardening are: (i) Salt bath furnace,
(ii) Muffie furnace, (iii) Vacuum furnace and (iv) Fluidized bed furnace. These furnaces
derive their names because of the particular heating medium used. For instance, various
salts are used as a heating media in a salt bath furnace, whereas a vacuum or a fluid bed

is used in the case of the vacuum furnace and the fluidized bed furnace respectively. In
all these furnaces, heating is normally done with electrical energy using electrodes, coils,
or heating elements hou'sed in a suitable container, depending on the particular heating
media, namely salt, gas, etc.

40 80 120 160 200 240 280
!\btt thickness in mm( Hordness cross section

Fig.2.l4 Soaking period in salt bath after reaching hardening temperature on the surface

. ofthe workpiece, as a function of wall thicknesss

Since thehardening process depends very much on the correct preparation ofthe harden-

ing media, a brief description of the different media employed is given in the following
paragraphs.

Salt Baths Neutral salts are used for hardening steels.le'20'21'22'23'24 These salts are required
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to heat the steel without causing either carburization or decarburization. Salts are available

in the market as proptietary salts. They can be used for the medium temperature and high

temperature range of hardening.

Mnoruu TpMpsRnruRp Salr Blrns Salts used for hardening different types of steel at

medium temperature are chlorides of sodium, potassium, barium and calcium. They vary

widely in composition. There is no single mixture that can cover the whole range of tem-

peratures required for all types of steels. Three or four combinations of salts, usually sold

under trade names, will cover the entire heating range required for all steels. Salt manu-

facturers of heat treatment salts do not specify the composition of salts; on the other hand,

they give detailed information on properties and applications. Typical compositions,

suitable for various operating temperatures, are listed in Table 2.3.

Although chloride salts are inert to steel, they provide the best protection to steel when

first melted. In the course of operation, molten salts gradually react with air and form

oxychlorides and oxides, resulting in decarburi zation on the workpiece. Decarburization

will be aggravatedin the higher temperature range, if held for a longer time in the bath.

Satt baths must, therefore, be periodically rectifled, the frequency being determined by the

cleanliness of the work being treated. Rectification may be done in several ways; for ins-

tance, by the addition of boric acid (2.4\), which will convert the oxychlorides into a

sludge that can be periodically removed.20'2t'22

Decarburization may be detected by surface hardness tests, by the use of test flles or by

microscopic examination. The degree of rectification can be checked by heating and quen-

ching high-carbon test-pieces. Any sign of low surface hardness indicates the need for

rectification. Since the salts used for the medium temperature bath are available commer-

cially, it is advisable to follow the recommendations given by the salt manufacturers for the

addition of rectifiers.

It is important that the bath be covered by a layer of pure graphite powder to prevent

heat losses, insuring thereby a reducing atmosphere.

A salt containing a mixture of 20-30lsodium chloride and 70-80/obarfumchloride, with

a melting point of 640"C, may be employed at temperature ranges between 750 and 950"C.

This salt rnixture can be used for treatment of carbon and low-alloy steels, hardening of
precision tools, dies, gauges and other parts which are flnished to size prior to hardening,

and not subjected to further operations. It is recommended to cover the bath with pure

graphite powder to increase the pot life and reduce the amount of rectifiers to be added.

To maintain the salt bath in the original condition it is necessary to remove scales or rust

present on the component. Presence of rust or scales on workleadsto an excessiveamount

of oxides in the melt, necessitating an increased addition of the rectifying agent. However,

it may be de-oxidized by the addition of borax.

Activated carbon is also used as a cover to form an insulating blanket, to reduce heat

losses and to prevent decarburization.

Asaltcontaininga mixture otS0lbariumchloride and20l(sodium chloride,witha
melting point of 750'C, is used in the temperature range of 815-1095"C for hardening high

alloy steels. Rectification or deoxidation of the bath is done by adding 4-5f botax.

A salt mixture of 5O'l barium chloride and 50\ sodium chloride, having a melting

point of 660'C, can be used in the working range of 700-1000'C for hardening of tool

steels and constructional steels. This salt can also be used as a pre-heating salt for hot-work

steels and high-speed steels. De-oxidation of the bath is done by adding borax.



Elements of the Process of Heat Treating 65

Salt mixtures of 50-60% barium chloride, 15-25% sodium chloride and20-30'l potas-

sium chloride with a melting point of 620"C, are used in the temperature range of 650-

1000"C. Such mixtures may be used for hardening, high temperature tempering, normali-

zing and also along with a carburizing salt for the preparation of the bath. Carburized

components can be annealed for machining purposes using this salt bath'

Table 2.31'

NaCl BaCl:

Chemical composition % Temperature oC

KCI Approx. melting Operating range

20-30

l0-20

50

30

30

t5-2s

70-80

80-90

50

68

40

50-60

(Ms,F,)

22

20-30

700

750

670

7to

660

600

760-930

810-1090

700-1000

780-950

7n-960

650-1000

HrcH TsupsRAruRE S^r.r,r Berss (1000-1300"C) Barium chloride salts with a melting

point of 960oC are usually used in the temperature range of 1000-1300'C; barium chloride

ind 3-5\ magnesium fluoride having a melting point of 950oC, can be used in the tempe-

rature range of 1050-1300"C. The details of composition are given in Table2.4. The recti-

fiers used for de-oxidation are borax, ferrosilicon, and magnesium fluoride. In the first

6-8 hours of operation, there will not be a tendency towards oxidation of the molten salt.

Sometimes these salts are mixed with a sufficient quantity of rectifiers; however, for

rectification of bath the salts in the course of the operation, it is necessary to add 0'6-0.8%

borax, l-2f ferrosilicon or 0.6-0.8% magnesium fluoride per shift 6f $ hsu15'2r'22'23

The addition of magnesium fluoride provides full protection to the bath, the electrodes

and also to the bath-lining. In fact, ferrosilicon can cause erosion of bath-lining and

electrodes. For this reason it is better to add both ferrosilicon and borax in identical

proportion. ^Iable 2.4 indicates salts used for high-speed steels. They can also be used for

ireatment of hot-work steels. The decarburizing tendency of the bath is aggravated by high

temperatures. Decarburizing can be checked by treating a test piece, quenching it in oil

and examining it with afile. Af,le sof surface indicates the need for more rectification'

T able 2.4 (After Smolinikov)t t

Types Chemical composition Approx melting 'C Operating range

l.
,)

3.

4.

5.

6.

100% BaClr

95!6BaClz 1 5o/o MgFr

97o/s BaClz -P. 3/o MgFr
94o/sBaClz + 5% NarB

407+l%SiVr

96Y"BaCb + 6% NarB4oT
gOlBaClz*lOolo NaCl

960

940

950

9s0

1050-1300'c

1200-1300'c

10s0-1300'c
1050-1300'c

1050-1300'c

950-1000'c
950

850
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Advantages and Disadvantages of Satt Baths

Aov^q,NrA.cns The initial investment cost of a salt bath furnace is low compared with the

other heating methods.

Salt bath provides uniform heating for all the workpiece in the furnace, whereas in at-

mospheric furnaces, the parts in the centre of the charge lag considerably behind those on

hearth or on the outer edges of the charge in reaching the desired temperature.

The heat-transfer rate from salt to metal is much higher than that obtainable by heat

radiation in atmospheric furnaces.

When the charge is withdrawn, it is coated with a thin fllm of liquid salt to protect the

metal oxidation while being transferred to the quench.

Conduction heating in salt bath is more rapid and uniform than radiation heating. Yet,

no thermal shock is encountered

Work handling in salt bath is especially well supported because of the high density of
the medium. It lowers the apparent weight of the workpiece; therefore, the tendency

towards bending distortion is reduced.

Long, slender components can be hung and quenched vertically; this helps to prevent

distortion.
Due to the stirring action of the salt bath, the temperature throughout the bath is

uniform. The salt-bath temperature can be controlled accurately2a.

Salt baths are ideal for the hardening of die steels and high-speed steel, since they are

capable of being quenched very rapidly below the pearlitic nose, thus assuring high

hardness.

DrsnoveNrncns The disadvantage in salt baths is the disposal of dross and effiuent

containing barium waste.

A separate room has to be provided for storing the salts.

Salt baths are very corrosive. Corrosion leads to the deterioration of the plant, since

the salts are hygroscopic. Salt fumes condensed on the equipment produce thin films

which, when cooled, rapidly hydrate and cause accelerated rusting.

Salt baths call for a good ventilation system. Furnaces should be provided with a

separate exhaust system to suck the fumes from the bath during operation.

Operating personnel should be subjected to periodical medical examination.

An electrically heated preheating furnace is necessary to preheat the work in air to

remove the water which may be present, and to eliminate the risk of salt spitting.

Endothermic Atmospheres Mufle furnaces and sealed quench furnaces mainly employ

either an endothermic or exothermic atmosphere. An endothermic atmosphere is produc-

ed through a suitable generator using an appropriate gas and air. The product obtained

consists of mainly nitrogen, hydrogen, and carbon-monoxide, with small quantities of
carbon-dioxide and methane.

The gas normally used is propane which is mixed carefully in a balanced proportion
with air, and passed into a chamber that is filled with a nickel-bearing catalyst. The

chamber is heated externally to a temperature of around 1040'C. The reaction takes place

in an endothermic atmosphere which is also called the carrier gas. The carrier gas has a

carbon potential of 0.4/"; hence a majority of constructional steels can be heated in direct

contact with this gas, without any risk of change in the carbon content on their surface.

Steels containing a higher percentage of carbon, such as carbon tool steels and high-specd
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steels, may be hardened by increasing the carbon potential by the addition of propane

directly into the furnace. The required potential of the carrier gas should be the same as

that of the carbon dissolved in the steel at the hardening temperature. It is very impor-

tant to carefully control the carbon potential in the furnace, using either the dew point or

infra-red radiation method to avoid decarburization or carburization.

Exothermic Gss The exothermic atmosphere is produced by combining a fuel gas

(natural gas, LPG, etc.) with varying amounts of air in a suitable generator to obtain a

range of gas mixtures.

Heat is developed due to the reaction of the gases and hence it is called exothermic.

The resultant gas contains a mixture of hydrogen and carbon monoxide (accounting for

25%), 5-12% carbon dioxide, and the balance is made up by nitrogen plus water vapour.

In cases where carbon dioxide and water vapour are detrimental, it is necessary to

remove them, usually either by absorption or through molecular sieves. The resultant gas

is chiefly dry nitrogen, with or rvithout controlled residues of hydrogen and carbon

monoxide.

Nrrnocns Nitrogen is generated mainly from air by liquefaction. It can also be prepared

in an exothermic generator by burning a mixture of air and fuel gas. This gas can be used

as a neutral atmosphere in mulfle furnace, sealed-quench furnace, fluidized furnace, etc.

Ftaidized Beds Fluidized bed furnaces can also be used for the hardening operatisn.2s'26'2t

The parts to be treated are heated in a fluidized bed. The furnace consists of a

refractory-lined sheet-shell carrying a retort, which is usually filled with particles of fine-

grained aluminium oxide. Aluminium oxide particles are fluidized by a controlled flow of

gas blown uprvards through the base of the retort. The controlled flow of gas blown up-

wards through a porous bottom of the retort creates a fluidizing effect such that the bed

acts like a fluid. When heat is applied the bed provides a rapid heat transfer medium,

almost similar to that of molten salt. The fluidized gas performs two tasks simultaneously:

it creates the operating conditions of the fluidized bed, and also determines the furnace

atmosphere.

Heating of the furnace can be external or internal, by electricity or gas. The heating

medium used for hardening is neutral gas (nitrogen). Use of nitrogen provides a bright

surface which does not require decarburization. Fluidized furnaces are more idea"l for

production situations such as those needed in tool rooms.

Vacuum Hardening Hardening, using a vacuurlr medium, is gaining importance, particularly

for hardening tool steels and super-alloys because the vacuum medium confers better

hardening properties on components, together with less distortion and a brilliant surface

aP Pe ar an c e. 
28'2e'3o'3 t

The essential difference between vacuum hardening and other hardening methods is

that it provides absolute neutral conditions lvith little effort, and prevents the occurrence

of surface reactions such as oxidation, decarburization, carburization, etc. during harden-

ing. A vacuum pressure range of 1 to 500 microns is required for the hardening treatment.

2.4.6 METHODS OF QUENCHTNG

After the component is held at the hardening temperature for a desired length of time, it
is taken out for cooling, or quenching, in order to obtain a hard martensite structure. The
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rate of cooling must be controlled, so that the formation of soft pearlite or bainite is
prevented.

The medium used for quenching depends upon the chemical composition of the steel,

the hardness required, permissible degree of distortion and the complexity of the compo-

nent. Water, oil, brine, molten salt and polymer quenchants are some of the quenching

media in use.

The grade of steel, section thickness, distortion allowed and the properties to be impar-
ted to the component govern the method to be adopted. The various quenching methods

are:

1. Direct quenching

2. Martempering
3. Austempering
4. Delay quenching

5. Time quenching

6. Die quenching

Direct Qaenching In this method, components held at the hardening temperature for
the required length of time are directly quenched in water or oil, to get the hard
martensite structure (Fig. 2.15).

The disadvantages of this method are, firstly, the higher distortion and, secondly, the
presence of cracks due to the very high rate of cooling in the martensite range. However,

Ti me 1 Z I th

2.15 TTT diagram showing, in principle, the temperature
conditions on the surface and in the core ofa speci-
men subjected to direct quenching (Corrresy: Uddeholm
Steel Corporation, Sweden)
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this method is deemed suitable for mild steels, low-carbon and medium-carbon steels.

Martempering The main object of martempering is to minimize distortion and to
eliminate cracking during hardening.32'::'s+ It should be noted that martempering
cannot prevent volume changes which are inevitable in any hardening treatment.
However, it can help to reduce erratic changes to a minimum, so that the minimum flnishing
allowances can be maintained on the components. In this method, the component is heated
to the hardening temperature in the usual manner, and quenched in a molten salt-bath,
instead of employing water or oil. The temperature of martempering bath is kept a little
above the martensitic starting point of steel being treated (Fig.2.16). The component is
soaked in the bath until its temperature is uniform throughout; but the component is not
kept long enough for transformation into softer bainite. The component is then taken out
of the bath and allowed to cool in air.

Hqrdness HRC

11

18

51

58

2'.1 Z 4 8'.rs306q2
Time

15 30 60 min

1 ? 1 8h

Fig. 2.16 TTT diagram showing, in principle, the temperature conditions
on the surface and in the core of a specimen subjected to mar-
tcmpering (Courtesy: Uddeholm Steel Corporation, Sweden)

Figures 2.15 and 2.16 illustrate the difference in temperature distribution on the
component during quenching in water or oil and in molten salt-bath maintained a little
above the M, temperature of steel.

It is clear from Fig. 2,15 that in direct quenching, the surface of the component gets

hardened before the onset of transformation in the centre. The martensite structure

commences to form at the outside of the component when its temperature falls below the

M" poirt. As cooling continues, martensite forms and continues inside, until the tempera-

bout 95% Mo.rtensite
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ture of the quenching oil pervades the section. The formation of martensite, first on the

outside and later inside a aomponent, causes an increase in volume and a loss of ductility'

This sets up stresses which cause distortion and, sometimes' cracking'

As compared to the transformation process discussed above, the effect of martemper-

ing can be seen in Fig. 2.16. The temperature across the section reaches a uniform value

of that of the martempJring bath ArBt Lefore the martensite transformation begins' The

internal stresses wlti devetop during martensite transformation, and proceed almost

simultaneously in both the core ancl the case (thick and thin section) of the component

being hardened. As a result, there is less residual stress, minimum distortion and less

danger of quenching cracks appearing in the component'

ih" *rit"-pering method may be further modified in order to harden a greater range

of steels. In this method the components are quenched 10-20"C below the M" temperature'

This will accelerate the working speed of the component. Hence a lower hardenability of

steel can be adopted for hardening.

Srpsls ron M,q.RrrrvrpERrNG Steels subjected to martempering must be judged on the

basis of hardenability and section size. To form the martensite for a given section size, the

carbon content or alloy content or both, must be somewhat higher than for eonvention a

quenching. Therefore, this heat treattnent process is adopted mainly for oil hardening and

air hardening steels. It requires a suitable salt bath, the capacity of which should be large

enough to take up the heat from the steel without appreciably raising the temperature of

the bath. Altliough the M, temperature of steel varies with composition, the most impor-

tant factor affecting the M, temperature is the carbon content. In practice, a quenching

temperature of about 250'C is satisfactory for hotwork steels. For carburized, hardened

steels it is about 180-200'C, and for alloy steels

(structural steels) it can be from 200"C to 250'C.

Hororuc TItrtr IN rsn Ba,rs The holding time in
the martempering bath depends on chemical com-

position, section thickness, temperature and degree of

agitation of the quenching medium. Agitation of the

bath increases the obtainable hardness considerably.

To utilize fully the advantages of martempering, the

quenching in the hot bath must be continued until

the whole component attains practically the same

temperature as the bath. Figure 2. 17 gives an idea

of the tirne required for this. Within the mentioned

limits this equilization time is rather independent of

the hardening as well as the bath ternperatttre.

Excessive holding time lowers the final hardness due

to the formation of bainite.

The martempering time for temperature equaliza'

tion in oil is about four to five times that required in

an anhydrous salt at the same temperature.

The addition of I to 2'f water to the molten salt results

capacity of the bath.

M,q.nrnuprnrNc Mrorul,r Martempering is carried out either

E2
E

.22
o
E';l

Fig.

Dimension in inch

2.17 Minimum holding time

required for the equaliza-

tion of temPeratures in

cylindrical steel sPecimens

of dilTerent diameters (Coar-

/esy: Uddeholm Steel Cor-

poration, Sweden)

in accelerating the cooling

in a hot oil bath (at a maxi-
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Fig.2.lsTTTdiagramshowing,in.principle,thetemperatureconditionsonthesurface
andinthecoreofaspecimen.ouj""..atoaustempering(Courtesy:Uddeholm
Steel CorPoration' Sweden)

curveshiftstotherightbecauseofgraincoarsening.Consequently,moretimeisneeded
before transformation begins. 1.ne nardne* oibuinite ls influenced by the chemical

composition of the steel uno ty the temperature of the bath ancl can, therefore, be govern-

ed to some extent by temperature. The time-temperature diagram indicates (Fig' 2'18)

usually the right ,i4", irr. hardness that can be expected aftet l00l transformation into

bainite. The method of cooling after the heat treatrnent has no influence; the one usually

adopted is air-cooling. Tempering is also not required'

AusrgupenlNGMEDlUMAustemperingiscarriedoutinamoltensaltbath,sincq.it
permitsmoreaccuratetemperaturecontrol,therebyproducingauniformdegreeof
hardness. The tower ,t 

" 
,.-p.ruture of the salt bath, the higher is the cooling capacity'

Addition of l-2/,*ui..-in"r.uses the 
"oofirg 

*pacity of the mtlten salt bath at 400oC' and

is approximately four times higher than ihat 
^ 

with water. A salt mixture of 45-55\

sodium nitrate and 45-55/" potassium nitrate is used' These salts are completely soluble

in water, hence it is easy to wash ttte comfo.rents. These salts can be effectively used in

the temperature range of 200-500"C'

Appl,lc.r.uoNs Applications of austempering are limited to small-sized' low-alloy steel

components and medium sizes of alloy stee'is restricted to components of small sizes' For

high-alloy steels the length of time necessary for complete transformation to bainite is

toI tong,'tnus rendering the process uneconomical'

ou't 95'2. Morten{ite
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"j*::"flTring 

reduces the distortion due to the srow transformation of austenite to

*xhil;.#J,;'::"iJ,l.illii*:Hr'::l{i,,#il":,:.fi111.,,*"l,rm
, Austempering is applied to small cred with r.uroribt" r,"rar.*."'rrr."o^1lo,"rts 
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ljli:::t_:i

Deray Quenching Delay quenching is thg term appried to a quenching process in which
the components, after .;-;";i';;; tt" r,u.o'.i,r; ;;, are quenched in a suitabre

v:' i:H F1 
.1:{ 

{Lr fi l 
rr; ; *";,,x, ;; ::ni *ri#il,r,, . rrr 
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^, ^1 
e ra, i ve, vhigh speed steers, hot-wo.tlo ri.irlno 

"ur"-t 
uroened steers. 

is method may be appried to

Time or Interrupted Quenching This method is mainly adopted for steels of low harden-
ability which require water-quenching, ura ro. tt orl"inrrn.in"rdenab,ity 

when the toors
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Components treated Uy tfri, ,-"tf,l'd are quenched frorrature in a suitabre quenching m.aru,," unt, the ,.;;;r',# 
rl%iTfff#f iff ;-,fi l','#:il' . ilTH1 J :' T,TJ,; :*;u. I I 

*, ; ;. 
"#;;; 

i;. y atta i n t h e b a t h t e m p er at u reinitial quench produces 
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Thismethodisversatileandcanbeadoptedwithalargevarietyofsteels.Typical
applications are given below:

l. Tools made of carbon steels'

2. Simple shape of ball-bearing steels'

3. Steels of low hardenabilitY'

4. Crankshafts made of fairly high-alloyed steels' , -

5. Connectin, ,Ji ,tr.ir combiiation tr tigttt and heavy sections are frequently time-

quenched to prevent breakage' 
.-o oo-o^cirre mrffem. g be-

6. It may ue adlpied in place 
-of 

,nor. expensive martempering or austempertn

cause the Process is simPle'

Die euenching This method may be employed for thin disks,, gears, flats, long slender rods

and other delicate parts that got excessively distorted *h""-:l:I are quenched in a conven-

tional liquid .o.ai.,In' it'" p'I"t" is best adopted for symmetrical objects'

Generally,incomponentshavingi,,"gutarsections,thetransformationtomartensite
in quenching tends io'proar". *u.ping. Iigoo,J contact can be made between the hot auste-

nite steel and anything else that will abstract heat rapidly, quenching may be accomplished'

By pressing the austenitized component between ciosely fitting dies some of the warpage

can be mechanically removed' 
^-,r +La r ' '

There are two principal types of quenching machines; the gear press, and the pinton

and shaft machines. In the case of the former, ihe correction is accomplished by means of

properly designed dies; and in the case of the latter, by means of the action of spinning

the shaft between rollers. In both types, a suitable die surface should be available as in the

component. The pressure used for straight;;ing ,t. hot piece is low and it is so applied as

not to restrain the normal contraction once the quench has begun' It isthenormal practice

to allow a short interval of time between mechanical contact tf tn" Oit with the gear and

commencement of the heating cycle. once the part is trued by assembly, it acts as a guide

for the flow of oil, the greateit flow being directed to the heaviest section and vice-versa'

Die quenching is *iinty adopted for lears, thin disks, delicate parts and similar compo-

nents. Even though this method increases the cost of the actual quenching operation' the

overall cost is reduced, since it avoids the straightening operation, and minimizes the ex-

pensive grinding and scraping operation'

Hqrdness Obtained after Quenching Hardness obtained alter quenching depends mainly

on the carbon conteit and alloying elements in the steel. It mainly depends on:

1. The grade of seel used'

2. The hardening temperature used'

3. Holding time at hardening temperature'

4. Quenching media used' --.,- t^-
The hardnes uit", quenching can be seen in the steel manufacturer's tempertng

diagrams, or stanclard sheets in which typical hardening temperatures are given'

2.4.7 QUENCHING MEDIA

The primary objective of hardening is to obtain a hard martensite structure' at least on

the surface layers of the steel. This can only be achieved by using an effective quenching

medium, so that the steel is cooled at a rate that prevents the formation of a softer

product like pearlite, sorbite or.bainite. Since the majority of components are already in
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a finished stage and finish-machined to size, the quality of the quenching medium usedshould assure Iesser distortion on the component after quenching. This may be achievedby using different quenching media, depending on the type of steel, section thickness,and allowabre distoriion. Fo-r prain ;;;,, steers the rnedium used is water; for aloyedsteels the preferred,;nedium is oir, porymer quenchant or sart bath, and for highry-alloyed steels the medium mainly pr.f..r.j is the salt bath.
Mechanism of Qaenching Selection of a cooling medium for hardening the steel dependson the rate of cooling required for the desired hardness. In o.d.. to understand the rateof cooling of any cooling or quenching medium, it is necessary to examine a typicalcooling curve of the type shown in Fig. 2.1 9. This 

"u.u. 
,.f..rJnts the changes in tempe-rature of a component being cooled tr quenched from the hardening temperature .3s, 40,41cooling occurs in three different stages marked A, B andc, .u.r, of which has differentcooling rate characteristics.
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Fig. 2.19 Three stages of the normal cooling curvele

when a component is quenched in a cooling medium, the liquicl layer immediatelysurrounding it will be almost instantaneously heated up to the boiling point and vaporiz-ed' At this stage (stage A), the component is surrounaeo uy a itantet of vapour formedby the liquid' This prevents further access of the cooling liquid to the surface of thecomponent' The surface layers of the component will be coJea very intensively beforethe formation of vapour coating. This slows down the cooling rate, since the vapourenvelope acts as an insulator, and cooling occurs principally by radiation through thevapour film.
The vapour-coating formed is continuously washed cff by the surrounding layers ofIiquid. The more pronounced is this effect, the less is the viscosity of the liquid.when the component is cooled further, and the heat evolved is not sufficient tomaintain a continuous 

-branket 
of vapour, the second ,tug" B; begins. During this stage,the liquid has access to the surface of ihe component, and a stream of bubble rises anddisperses the vapour film, giving rise to a very fast cooling rate.
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The third stage 'C'begins when the boiling ceases and the quenching liquid is in

contact with all parts of the surface. Cooling, during this stage of the operation, is by

convection; the rate therefore is slow. The cooling rate decreases as the temperature of

the metal falls.

To obtain a hard martensite structure of carbon steels and alloy steels, conditions

should be created which enable the cooling rate to exceed the critical cooling rate of the

component being quenched. Where the stability of austenite is at its lowest value (650-

550.C), the transformation of austenite into pearlite and bainite is prevented, resulting in

the formation of martensite.

The ideal fluid for quenching steels to get a completely martensitic structure should:

l. Romove heat fast enough in the high temperature zone to prevent pearlite

formation.

2. Cool more slowly in the lower temperature range, i,e. below 350oC, to prevent

distortion or cracking.

The occurrence of thermal cracking or distortion can be attributed to the fact that the

exterior of a component during quenching is cooler than the centre, and the surface

is the first to reach a fully quenched state, while the interior cools more slowly. Sub'

sequent volume changes in the interior as a result of cooling results in thermal stresses

or cracks in the outer layers. The component should, therefore, not pass through the

martensite transition zone too quickly; time must be allowed for the release of stresses.

In practice, in order to disperse the vapour film and to shorten lhe duration of the

uupori blanket stage, components are agitated and the quenching medium is circulated.

This promotes more uniform cooling rates. The differential cooling rate curve (Fig.2.20),

illustrates what happens during each of the quenching stages and the eflect of factors

such as agitation and quenchant temperature'

Fig. 2.20

Differential cooling rate curve (Courtesy of

Edgar Voughan and Co. Ltd., Birmingham,
u.K.'2
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The cooling media used for hardening components depend on the chemical compo-
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Fig' 2'21 cooling cttrves at surface and centre of steel cylinder, comparing quenches in water,
oil, hot salt and air (After Houghton, USA).

Qaenching Water is used as the quenching medium for many applications. It is
I mainly used for hardening steels of low hardenability, such as plain carbon steels, certainlow-alloy steels, non-ferrous metals, stainless steels, etc. The chief merit of water is that it
is cheap, readily available, easy to handle without problems of storage and has a high
cooling power in the vapour transport or boiling itage, making it very useful for shallow
hardening steels, plain carbo, steers, mird steers after carburizing, etc.

By virtue of its high specific heat and high thermal conductivity, water has a high
cooling power and, consequently, gives a fast rate of quench.a,5,8 This can be seen
from Fig' 2.22. Water, however, has a pronounced ,opou. blanket that Ieads to soft
spots in the component. It cools the components so rapidly that in the third stage, the
rate of cooling is doubled throughout the lower temperature range where the steel is
undergoing transformation, (i.e., between M, and M) which may lead to distortion or
cracks' Consequently, water is usually restricted to the quenching of simple, symmetrical
parts made of shallower hardening steel. Another disaclvantage oi using plain water isthat, due to the sharp reduction of cooling capacity at hilher temperature ranges, the
duration of vapour blanket increases with the water temp.roi.r." and naturally becomes
very prolonged as boiling point is approached. This results in uneven hardening (depend-
ing on the complexity of the component), and may lead to unfavourable distribution of
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9 !5 2l ?7

Distonce from quenched endrmm

Fig, Z,2Z Variation in cooling capacity with Fig.2.23 Effect of water temperature on harden-

temperature, for various quenching ability of steel with llc and l.5l
media (After Gttlf) Cr (end-quench test)'!

stresses. This may cause distortion, cracking or soft spots. Figure 2.23 illustrates the rapid

fall in cooling capacity as the temperature of water rises above 60"C. The best results may

be obtained when thetemperature of the bath is between 15 and 30'C. The great draw-

back in water quenching, as mentioned earlier, is that the rate ol cooling is high in the

temperature range of martensite formation. This may lead to heavy distortion or cracks.

The danger of cracking may be reduced, if the steel is removed from water rvhen it has

cooled to about 200*300"c and is rapidly transferred to an oil-bath.

Agitation is especially important in water quenching because it disperses vapour

bubblis from the component and directs the cooler water towards it. To obtain repro-

ducible resuits in water quenching, temperature, agitation and contamination must be

controlled.
The cooling rate of water can be increased by the addition of caustic soda, common salt,

sulplruric acid, etc. (Fig. 2.22). It is believed that the movement of quenching crystals of

the dissolved salts are precipitated round the component and these tend to dissipate the

vapour blanket, thus shortening the stage 'A' (vapour blanket) and boosting the stage'B'

(Uoitiug stage). For an effective cooling rate of these solutions it is necessary to maintain a

lgf NaCl (common salt) in the brine quenchant and a 5-10% NaOH (caustic soda) in

aqueous quenchants.

Temperoture 
oC



Elements of the process of Heat Treating 79

In actual practice, brine and caustic soda quenchants are used only when oil or waterquenchants do not provide the desired results. They provide a low cooiing rate in themartensitic transformation temperature range due to tieir high boiling point (Fig. 2.22).Hence' the distortion is less than in water-quenching. The disadvantage of caustic sodasolution quenchants is their high alkalinity which is harmful to the skin. Figure 2.22 ilhts-tratesthecoolingcapacityof (l)purewaterat 2o'c,(2)Hzo*10f NaCr, (r) H2o+50%NaOH, (4) oil.
The demands for ever-increasing mechanical properties in components and the associateddevelop-ment of sophisticated higi-alloy steels have rendered water-quenching of limitedapplicability' consequently, quenching techniques involving the use of products with amineral oil base predominate

oil Quenching oil quenching is most widery adopted now. A wide range of quenchingcharacteristics can be obtained with oil-based products through careful formulation andblending' The advantage of oil cooling is that the cooling rate ir the initial vapour blanket
stage can be controlled to give uniform quenching charaiteristics. The cooling rate for the
steel quenched in oil is relatively low due to its high boiling point. The cooling efficiencyof mineral oil is many times lower than that of water be.uur" the speciflc heat, Iatent heatof vaporization and thermal conductivity are lower than that of water.

warming of the oil (up to 40 to 100'c) prior to quenching increases the cooling rate(Fig' 2'2q' This increase in temperature makes the oil more fluid ancl hence increases its
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Fig.2.24 Effect of oil tcmperahtrs on quenching speed.t
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cooling capacity. The cooling capacity of oil may be further enhanced by agitation because

it breaks the vapour blanket formed in the first stage of cooling, and directs the cooler oil

against the comPonent.

The factors governing the dissipation of heatfromthe component or charge are specific

heat, thermal conductivity, latent heatofevaporation and the viscosity ofoil used' In general,

the lower the viscosity the faster is the quenching rate (Fig. 2.25). There is a wide range of

viscosities from which to choose and, as a rule, the lower viscosity oils are more volatile.

This factor must be taken into consideration. High volatility can prolong the vapour blanket

stage in quenching and, in addition, the loss of volatile matter brings about an increase in

theviscosity of oils,thusreducing therateofcooling afterashortperiodofuse.Onthe
other hand, oils of higher viscosity and lower volatility can shorten the vapour blanket

Fig.2.25 Effect of oil viscosity on quenching speed (oil

at 55'C, silver ball sPecimen)'a
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stage and provide a faster quench. The maximum
should be 25"C below the flash point of oil.
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temperature of the employed working oil

. Based on its composition, quenching effect and temperature, quenching oil is catego-
rized as conventional, fast, martempering or hot-quenching oil.

CoNvpNrtoNaL QurNcutNc OIrs Conventional quenching oils are mineral oils, some-
times containing antoxidants. However, these are free from additives that alter their
quenching effects. The typical viscosity of conventional quenching oils is 100 to ll0 SSU
at 40"C but can occasionally reach about 200 SSU.

Fasr QunNcnlNc Olrs Fast quenching oils are blended mineral oils, usually with a
viscosity between 50 and 100 SSU at 40'C, but for the majority of applications, it is
between 85 and 105 SSU at 40"C. They contain specially developed proprietary additives
that provide faster quenching effects (Fig.2.26). In addition, they can be compounded
further with antioxidants, wetting agents and other additives. Certain additives in mineral
oils suppress the formation of a vapour blanket around the component. When these
additives are incorporated into mineral-based oils of low viscosity, very fast quenching
rates can be obtained. This effect can be seen by comparing the cooling rates of a plain
quenching oil and an accelerated oil (Figs. 2.26 and.2.27). Wetting agents are aOaeO to

Fig' 2'26 Effect of additives on silver ball Fig. 2.27 cooling curves (steel cylinder) for various
cooling curvesa. mediara

oils to increase their wetting auitity. These oils may be suitable where the distortion of
component is not a problem.

ManrsuprnlNc oR Hor QurNcstNc ou, Martempering or hot quenching oils are solvent-
refined paraffin-type mineral oils. They provide uniforin quenching characteristics withhigh oxidation resistance, together withihermal stability during prolonged use at elevated
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temperatures. They are used at temperatures between 100-200"C for modified and actual

martempering of ferrous materials. Since these oils are mixed with special additives, they
minimize the slow-cooling, vapour-blanket stage, to give a quenching speed intermediate
between the accelerated and slow speeds. The cooling rate increases with oil temperature
up to 150oC, but above this temperature, there is a slight decrease (Fi5.2.28). Martempe-
ring oils may contain antioxidants to improve their aging stability. Martempering oils are
available with fast, normal and slow quenching speeds to suit specific requirements eyen
at higher temperatures. Components of complex shapes, varying sections. etc., and preci-
sion components on which the distortion should be minimum are all subjected to hot oil
quenching at a temperature of 150-200'C.

Fig. 2.28 Typical cooling curves showing the effect of marternpering

oil temperatures on quenching speed.r. (Courtesy: Edgar

Vaughon & Co., Birmingham)

QunscHtNc Sysrrnas Quenching fluids cannot be considered in isolation, since the

furnace and the quench tank also play a major role. The size of the tank used must be

capable of accepting the largest component, and it should contain sufficient fluid to quench

out the load without an excessive rise in the temperature of 
' the quenching fluid. In an

un-cooled tank, the quantity of oil required for a single quench is about l0 litres of oil for
each kilogram of steel. This will give an acceptable rise in oil ternperature. However, with
successive quenches, some form of cooling is necessary to prevent the oil from over-

heating.

Itemperoture
'1. 2o "c
2.500C
3. loooc
4. I 500C

600 500 1 00 300

Probe temperotureroC



Elenrcnts of the process of Heat Treating E3

Coor'lNc Svsrnlts Th^e size range of equipment used in oil quenching can vary consider-
ably from tanks of a few gallont 

"upu"ity-rsing 
static oils, to installations holding several

thousand gallons of oil and equipped with pumps, etc., for the circulation of oil through
a cooler to control the temperature. Tanks with static oil cooled by rvater jackets or internal
water cooling coils are adequate for small hardening shops, but where the throughput
of work is considerable and work places are larger, it may be desirable to pum"p ttre
quenching oil round an external circuit containing a cooling equipment, This may be
either an ordinary tubular heat exchanger using water ai the cooling medium, or an
atmospheric cooler in which oil passes through pipes cooled by an air-blast. In additio,to the cooler, the external circuit will include a pump ani a strainer to remove large
solid contaminants, such as scale, from the oil. It maybe advisabte on certain occasions
to provide a scum tank to serve as a reservior for cooling oil, to facilitate cleaning of the
system and to help recover lost components. ln order to obtain maximum efficienJy from
tlre cooler, the direction of circulation should be such that hot oil is removed fiorn the
top of the tank, reither by direct outlet or over weir, then passed through the heat.exchan-
ger and returned via the bottom of the tank. Circulation of the quenchant is necessary in
order to disperse the vapour blanket, to ensure that hot oil at the surface of the tank is
replaced by cold oil, and to maintain a uniform temperature of the quenchant throughout
lhe tank. Circulation can be by a pump or an impeller. Compressed air is not recom-
mended, since this can reduce the life of oil by promoting oxidation. Agitation of the
component is also very effective in dispersing the vapour blanket. It replenishes the
surface of the component with oil, and helps to maintain a uniform ternperature of the
<luenchant.

Salt Bath Mixtures of nitrates and nitrites are mainly used for components quenched at
a low temperature. These salts are available as proprietary iterns, properly balanced for
applications at different temperatures (Table 2.5). They may be used in the temperature
range of 150-500'C. At tempera.tures above 500'C, strong oxidation may cause pitting on
the surface of the steel, apart from causing an explosion. Hence, great care should be
taken not to exceed the recommended safe working temperature.

Table 2.5 Quenching Salts

Composition
Temperature

approx.
melting

Operating
range

40-50% NaNOr *50-60f NaNOr

40-50% NaNO: * 50-60o/q K NO:

100fo KNo:

1000/ NaNOr

50% BaCl * 2-O% N acl * 3O% KCI

80f NaoH420%KOrl+6%H,O

4V 50o/o KOH f 5t)-55f NaOH

45-55o/o CaClz* 25-38.1BaCIz * 15-25% NaCl

143'c

225'C

337'C

370.C

540.C

140'c

400"c

530"C

160-500

230-5s0

350-500

400-600

570-900

160-200

300+00

550-650
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Tempering salts contain nitrates and should never therefore be mixed with cyanide,

since they react violently if heated together. For the same reason any combustible material

like oil or wood should not be brought into contact with the molten salt.

These salts can be used for martempering, austempering, isothermal treatment and

also for tempering. The bath may be prepared by melting the salts in a pot type furnace.

The pot may be heated with gas or electricity. A salt mixture containing 40-50% sodium

nitrite ar.d 50-60\ sodium nitrate, and having a melting point of l45oc, may be used for

tempering and quenching in the range of 150-500'C. It also used to produce a blue or

black finish on steel parts. The salt will not adhere to the parts after quenching because

there is no precipitation. It can be used over and ovef again, adding only enough fresh

material to take care of the drag-out losses.

A mixture of 4O-50\ sodium nitrate and 50-60/, potassium nitrate salts with a melting

point of 225'Cis intended foruse where a low melting point is not required. This mixture,

with a higher melting point, does not have the same liquidity as the previous mixture,

even-though it is heated to a higher temperature. However, it is found to yield satisfactory

results in the working temperature range of 260-600"C.

These salts are mainly used for tempering after hardening and also in quenching baths

used for martemperinga5 and austempering. Ihey can also be used for annealing of non-

ferrous metals and to produce a blue oxidized layer on steel. Moreover, these salts, being

water-solubleo can be stripped off freely, leaving the surfaces clean.

Potassium nitrate, having a melting point of 337"C, can also be used for salt baths in

the temperature range of 350-500'C. It is used for martempering of hot-work steels and

high-speed steels.

Sodium nitrate, having a melting point of 370'C, can be employed in the temperature

range 400-600"C to martemper and temper hot-work steels and HSS.

A mixture of 80/" sodium hydroxide and 20"1 potassium hydroxide with 6f water

having a melting point of 140"C, can be used in the temperature range of 160-280'C for

bright hardening, to obtain a bright surface of the metal upon quenching. This will help

avoid subsequent cleaning operations.

A mixture of 40-50\ potassium hydroxide and 50-55\ sodium hydroxide can be

used for working temperatures frorn 300-400'C for bright hardening.

AcrrarroN The quenching speed rvill be accelerated by agitating the salt bath. The

quenching speed is lowered if the molten salt-bath ternperature increases; therefore, there

is an advantage in using a salt which will be fluid at the lower range o1'temperature, say

around 150-180"C. In addition, if the bath is properly agitated the coolingcapacity of the

bath will increase.46'a7. This is illustrated in Fig. 2-29. The parts took 48 seconds to cool to

350'C in an agitated bath at 300"C, but took 37 seconds in an agitated bath at 200"C.

AoorrroN or Wa.rrn ro Sa.lr Ba.rs This increases the rate of cooling.as Addition of appro-

ximately lf water enhances the rate of cooling in the pearlitic transformation range, and

helps to increase the hardenability and hardness of the component. (see Fig. 2.30). With

1-21 addilion of water, the rate of cooling at 600-450"C increases 4-5 times, and at

300'C by a factor of two, as compared to the normal quenching bath at 170'C. The

addition of more than 2-3fi water has a lower cooling effect (see Fig. 2.30). It is also clear

from Fig, 2.30 that the cooling capacity of the bath rvith l-2/o watw will be very high

compared to an oil bath maintained at 50oC.
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These properties of the salt bath (to which water is added) may be used for austempering

of small springs and special dies.

It is difficultto maintain more than 7\water in a 150-200'C bath, since the added

water gradually evaporates. It must be made up with periodic addition through a special

device; alternatively, water should be fed through a pipe into a baffie. This forms a fan-
like jet flowing into the surface of the melt. There should also.be a supply of compressed

air at the bottom of this bath for proper agitation. Sometimes, certain mechanical agita-

tors can also be used. The presence of water may be detected by the characteristic sizzling
sound caused by the production of steam when the charge is lowered into the salt. This
steam also sets up a stirring action at the surface of the bath; hence agitation may not be

necessary.

Salts adhering to the components in the hardening bath will dissolve and contaminate

the quenching bath. This will reduce the cooling capacity of this bath. Foreign particles

are kept in suspension in the molten salt bath. Therefore, they should be removed by

using a salt separator. The effect of contaminants on decreasing the cooling efficiency of
the bath is shown in Fig. 2.32.

0 t0 20 30 10 50 50 70 80 90 too
Sec onds

Fig.2.32 The effect of contaminating a quenching bath with a neutral bath
(varying from nil to l2%) on the rates of cooling of a specimen

of stainless steel, 1.9 cm diameter x 10 cn-r length, heated to

830"C then quenched in the bath

A salt mixture containing 50f barium chloride, 20fr sodium chloride and

potassium chloride, having a melting point of 540'C, may be used in the range of
700'C. This mixture may be used for quenching hot-work steels, high-speed steels
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austenitizing, and for the secondary hardening of high speed steels. This can also be usedfor tempering of other types of steels.

Gas Quenching The media used for gas quenching are hydrogen, herium and nitrogen inthe decreasing order of quench emcierrcy. The danger inhlrent in the use of hydrogenand the high cost of helium make their application rire. Nitrogen is more co*monlyused as a quenching medium for harde,ing various grades orhor*ork steets anJhign-speed steels' Gas quenching is commonly used to harden large forgings for obtaining amore uniform cooling of heavy sections, to prevent crackinl and to assure thermal stabi-lity' Gas quenching also provides uniform mechanical p.op"iti., in large parts of intricateshape and in those of varying section thickness. cu* 
'qu"n"t,.a 

components reveal lessdistortion. In gas quenching, the austenitired component is ptaceA directly into the gaszone or chamber' and heat is rapidly extracted from the metal by a fast-moving stream ofgas. The cooling rate of the metar is related to surface area, mass, type of metar andvelocity of cooling.

Polymer Qaenchant Polymer quenchants are organic chemicals of high molecular weightknown as polyalkalene glycols.as-54 They dissolve in water at room temperature. whenthe solution temperature rises above 77"c during rrrr."rrion of the hot component, itbecomes insoluble' when the solution is cooled, ttre-poryme. go;, uu.t into solution andis fully miscible.

These polymer quenchants are available as proprietary items and are incorporated witha corrosion inhibitor' when the hot component is immersed in the quenchant, the solu-tion in immediate contact with the metal is heated above 77"C, The porymer becomes
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insoluble in water. Depending on the type of quenchant, the polymer either forms a
sedimentary layer or a thin layer is deposited on the surface of the component. This is a

period of slow cooling analogoris to the vapour blanket stage in oil quenching. The

polymer layer thus formed on the surface in the vapour blanket stage slows down the

cooling rate in the lower temperature range (martensitic range). When the temperature

falls below the inversion temperature of the polymer, the layer redissolves and heat is

taken away by the liquid phase (analogous to liquid cooling).

The cooling rate of the polymer quenchant depends on the percentage of additives

such as polyalkalene glycol present in water. They can be made to span the quenching

severity range from oil to water (Fig. 2.33).

The lower the percentage of concentration in water, the higher will be the cooling

capacity (Fig.23q. The ideal cooling rate for different purposes can be obtained to suit
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individual requirements by changing the concentration of the solution. Solutions with
3-4\ concentration possess the same cooling capacity of brine or nitrate solution without
any soft spots.

12to l5/" solutions achieve quenching rates better than those obtainable with fast

quenching oils, and are, therefore, suitable for low hardenability applications.

15 to 30/, solutions are suitable for case-hardening and through-hardening steels.
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solutions makes possible the selections of the most appropriate cooling rate for specific
requirements' This offers a means of developing -.rh*i.ul properties in low-alloy steelsand Iarger sections of high-alloy steels which fast-quenching oil* ur" unable to athieve,
avoiding thereby the unnecessary use of expensive steels.

- Quenching in polymer quenchants helps to avoid cleaning before tempering becausethe residual films of polymer will not adhere, as with oili, but will volatilize fully and
decompose at high temperatures to form lvater vapour and oxides of carbon.
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Fig. 2.35 The effect of temperature upon the quenching speed

of 25)( Aquaquench 1250{2

The recommended working temperature for polyglycol quenchants is 35 to 50oC,
although a range as wide as l5'C can be adopted to suit specific requirements (Fig. 2.35).

The cooling rate of polyglycol quenchants can be accelerated by agitation. Variable
rates of agitation provide the needed flexibility, where parts of different sizes, mass, geo-
metry, etc. are processed. Further, the rate of agitation alone is not the total answer.
Direction and uniformity are equally critical, particularly in the case of induction harden-
ing.

Fluidized Bed A fluidized bed can also be used as a quenching medium for many appli-
cations. It is mainly used for quenching highly alloyed cold-work steel, hot-work steel,
high speed steel, air-hardening steel, etc. The cooling rate in fluidized beds is faster compa-
red to air cooling, and about 10f slower than molten salts quenching. It is also possible
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to increase the severity of the cooling rate compared to molten salts, since the fluidized bed
can operate at any lower temperature without solidifying.

The fluidized bed consists of fine-grained aluminium oxide particles in a retort which
may be heated externally or internally. The aluminium oxide particles are fluidized by a
continuous stream of gas blown upwards through the base of the retort. They move about
in a liquid-like manner. Nitrogen can be used to form the fluidized bed to obtain an inert
protective atmosphere for quenching.

A comparison of various quenching media for 5" diameter steel bars quenched from
about 780'C to room temperature, given in Fig. 2.36. lt is clear from Fig. 2.36thatthe fluidi-
zed bed quench is slower than water or oil, but significantly faster than air. These beds are
suitable for low temperature quenching of air hardening steels, high temperature quenching,
patenting, etc. The main advantage is that when the parts are removed from a fluidized
bed, they contain no salt residues and require no post-treatment. In addition, there are no
fumes and no hazards associated with the introduction of oil or water into the medium.

r00 120 110

Time, min
180 200 220

Fig. 2.36 Comparison of cooling rates in various quenching media

Qaenching Eqaipment The hardness obtained after quenching the steel depends on the
cooling medium employed, the temperature of the bath and the degree of agitation. Hence,
it is very important that the selected quenching equipment should maintain the desired
temperature; it must be provided with a suitable impeller or pump for the agitation of the
quenching medium. The different types of quenching equipment are described below:

Barcu QunNcHtNc SYsreN,I wltn Puup Figure 2.37 illustrates the quenching equipment
used for conventional quenching. It has a built-in pumping system for agitating. When the 
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components are quenched, the surface of the component is surrounded by heated oil. Thisoil is replaced by continuously pumping cold oii from the storage tank to the bottom ofthe quench tank, leading to the flow of ilquid upward through it 
" "o*ponent. 

The heatedoil is passed from the top of the tank to the storage tank through the cooler. The quenchtank is normally fitted with a heating coil to maintain the mininium operating temperatureof oil (60-80"c). This type of qu.r.hing equipment is used ror batctr type quenching.
INrncnnr QurNcu FuRNacr This type of quenching equipment is used in a searedquench furnace' Figure 2'38 shows a schematic drawing^oia propeller-agitated sealedquench system with shroud tubes and directional baffies. cooling is accomplished by

0uench grovity return

Fig.2.31 Batch quenching with pump agitation
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the circulating oil. The impeller directs the oil upwards through the charge, so that the

heated oil is replaced by fresh oil. The tanks are normally fitted with immersed electric

heaters and heavy gauge cooling coils, so that the cooling oil is maintained at the desired

temperature.

Plr QurNcH Tenx This type of quenching tank can be used for high volume production.

Figure 2.39 shows a pit quench tank using a propeller for agitation. This system ensures a

continuous upward movement of the fluid stream, unlike some pulllped manifold system

which induces a tangential flow pattern at intermediate levels. These quench furnaces are

fitted with a heating coil to maintain the minimum operating temperature and a cooling

system to bring down the temperature during quenching of the component.

Drof t tube qnd

di rec t ionql
llow monifold

Fig. 2.39 Pit quench tank with propeller agitation

CoNrrNuous QunwcHrNc EeulpusNr This type of quenching tank can be adopted for

continuous type furnaces. It is used for those quenching components that can be dropped

into the quenching liquid. The continuous quench tank shown in Fig. 2.40, has built-in
baffies and an impeller to assure vigorous circulation during the quenching of components.

A weir above the oil level inside the quench chute prevents the oil from splashing into
the heating chamber. Components that are dropped from the heating chamber to the

quenching tank fall on the conveyor belt through a quenching medium. This belt carries

the cooled components to the unloading platform or on to the belt of the next process

operation. Such quench tanks are normally limited to components having simple shapes

because a fiee fall of the component into the tank can result in distortion.

L iquid level

Weir overllow
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2.5 Tempering

when steel is hardened it acquires the structure of tetragonar 
rmartensite and a certainamount of retained austenite. steer in this condition is harj, t;;,h;'il;i; "r,].JrJo' 

"ro
Iiable to develop quench cracks, particularly in tool steels. Thus steels in the ,as-hardened,
condition are of limited usefulness. To overcome this, the hardened steel should haye apotential terrdency to pass into a stable condition. But this equilibrium or stable statecannot be achieved at room temperature because of the low mobility of atoms. As thetemperature rises, the mobility of atoms increases due to the accelerated diffusion rate,and this results in a structural change of the hardened steel to give rise to a stable state.This, in effect, is the ptocess of tempering. By tempering, ductiity can be increased, andhardness and strength decreased. 

^tn 
ti" majority ofltructural steels, the purpose is toobtain a combination.of high strength, ductiriiy, uno ,orgtness. Thus, the temperingprocess, after hardening, makes the steel more usefur by providirg a stable structure.

2.5.I STRUCTURAL CHANGES ON TEMPERING

Tempering consists of heating the steel to some temperature below the critical range(Ac)' and holding it for the desired length of time and subsequently cooling it in air.investigations by various physical methods have established thai as the temperature isincreased, the hardened carbon steel passes through f"r; ,t;;.;'iiig. 2.+t;.s5-orl' At a temperature between 80 and 2o0"c,acarbon-riJ transitionproduct known ascarbide is precipitated from the tetragonal martensite (Fig. 2.42a) reducing thelattice to cubic ferrite (Fig. 2.a29. This reaction is calleJ the drst *ug. oi-","-rip"r-ing' During this period, due to the release of carbon, the martensite lattice contracts

o o o o o o o 6'-o
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in volume. The carbide that forms in martensite during the first stage or tempering

is designated as epsilon (e) carbide.

2. At a temperature between 200 and 300'C, the retained austenite is decomposed into a

bainite-like product, a state of aggregation similar to tempered martensite; and this

Forrnotion of cubic mortensita
.trom tetrogonot mortensite

Formotion of
epsilon corbide

FormotionotFcrC from
epsilon corbrde

200 100 600 800 1000 1200 1100

(93.30'to) (201.15o) (315.6o) (126.1"1 (532.8o) (668q1 (760o)

Tempering te mperotureroF(eC

Ble.2.4l Change in hardness and structure during tempering ofeutectoid steels

Fig.2.42 (a) Body-centered tetragonal structure (b) Body-centered cubic

structure
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ffiH[:T'l;: [,T,*ii:,JJ: 
second stase of tempering. At this stage, there is an

3. At a temperature between 300 and 400oc, there is the formation and growth ofcementite from the carbide precipitated during the first and second stages. This con-version is regarded as the third stage of tempJring.-iijr*.u.t.d by a considerable

Lt"t;.:tt 
in volume and overlaps th'e austeni; de;o;p;sition reacti"r"iirr"i""oro

4' (a) At a temperature between 400 and 700"c the growth continues and spheroid izationof cementite takes place.
5' At still higher temperatures, the formation of more complex carbides takes place

l[:'i: ll"i:lif[:g.carbide 
rorming 

'r"*"rt, ur" p-ris.nt. rhis process is iesig-
It may be mentioned that the temperature ranges specified in each of the above stagesof transformation are typical. In p.aciice, they vary to a certail

:lJiHll,."jJfi i:,,"[H,:i::rux;ll.y{;;.;"#;;llTil'H,iH'-,1"fi:}
Effect of Alloying Elements on 

_Tempering when steels are alloyed, the interval betweentempering stages shifts towards higher"temperatures which means that the martensite be-comes more resistant to tempering.6z,o: The. carbide f;l;;:rements, especialy chro-mium, molybdenum, tungsten, tiLnium and vanadir.,-i.i?ra the ross of hardness andstrength with increasing tempering temperatures. with certain types ano amounts of theseelements, it is possible that this drop in^hardness may 
";;;;.en 400 and 600"c, andin certain instances, an increase in'taraness also tai<es place. 

-Figure 

2.43 illustrates the
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Fig. 2.43 Effect of tempering on alloyed steels

above phenomenon' The effect ofalloying elements on the reduction of hardness is explainedby the fact that they retard precipitatiol of carbon rro* .*t.nsite at higher temperingtemperatures. on the other hand, the increase in hardness, il;; tempering temperatures,

r00
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in steels containing large amounts of tungsten, molybdenum and vanadium' may be due to

the transformation of retained austenite into martensite'63'64

For highly alloyed tool steels, such as hot-work steel and high-speed steels, a sluggish

austenite is encountered which does not undergo transformation in the 200-300'c range.

By tempering at 450-600oC, however, the austenite is conditioned and as a result, a second-

aiy martensite is formed on cooling. As the co-existing martensite in such steels does not

soften too much at the tempering temperatures, a method of decomposing of the retained

austenite is thus made available. The conditioning of austenite depends on time and tempe-

rature. It is the precipitationof carbidesthatreducesthecarbonandalloycontentsof auste-

nite, thereby raising ihe martensitic temperature range. The formation of martensite from

the retained austenite and the precipitation of carbides together create an increase in

hardness, rvhich is a characteristic feature of highly alloyed steels and high speed steels.

In high speed steels and in high-alloyed chrome steels, the retained austenite is transformed

to martensite during cooling from the tempeling temperature of about 500'C. Therefore,

such steels should be tempered again for the purpose of toughening the secondary marten-

site that forms during the tempering treatment.

The increase in hardness, as a result of the austenite decomposition, is common to all

steels, but it is scarcely noticed in carbon steels and low-alloy steels because the amount of

retained austenite is small. On the other hand, the amountof retainedausteniteis5 to 30/o

more in highly alloYed steels.

2.5.2 MECHANICAL PROPERTY CHANGES

Tempering accomplishes its purpose through a combination of temperature and time. It is

not sufficient to merely heat a hardened steel to some definite temperature. It must be

soaked for a clefinite length of tirne. Since it is associated with diffusion processes, the tem-

pering cycle consists of heating to a temperature well below ,4c1 and holding for a period,

usually around 2-4 hours, to bring about the desired changes in properties. As the tempe-

rature en'rployed is reiatively low, the l.reat transfer is very poor, and the diffusion process

is slow.

Carbon steels, medium alloy steels and high carbon steels, upon heating up to 200oC,

may lower the hardness by 1-3 HRC on tempering owing to the martensite decomposition

of tetragonal martensite into an aggregate consisting of ferrite and epsilon carbide. A

further increase in tempering temperatures lowers the hardness, tensile strength and the

yield point, while the relative elongation and reduction of area are increased.Figure2.44

illustrates the change in mechanical properties of hardened steels in accordance with the

tempering temperature. Impact strength varies in a somewhat different manner. Tempering

between 250 and 300'C is not advisable as tempering within this range will seriously reduce

the impact strength. As steels are subjected to this tempering to a certain extent embrittle-

ment of the first order is prevented by rushing through the dangerous temperature regions

or by quenching from the tempering temperature.

In general, the higher the tempering temperature, the greater is the reduction in

hardness and strength, and greater the increase in ductility and toughness. The as'

quenched hardness and the mechanical properties of 817 M 40 (BS) steel for selected

tempering treatments as a function of bar size are listed in Table 2.6. The strength

properties for a given treatment decreases with increasing bar diameter.
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Fig.2,44Typicalcurvesshowingeffectoftemperingonmechanical
properties of steels 817 M4055

2.5.3 TEMPERING PROCEDURE

Tempering may be carried out in forced air circulation furnaces, oil baths, salt baths (salts

with low melting point) and vacuum furnaces. If a forced-air circulation or muffie furnace

is used, components hardened by using salt-baths must be cleaned, preferably in boiling

water or steam. If a component having salt on its surface is put into the furnace, both the

furnace coil and the steel may be easily attacked by corrosion. These problems can be

avoided by tempering in salt baths. The salt-bath furnace used for martempering may

also be used for tempering. Tempering furnaces should be equipped with automatic

temperature control within +5"C. Accurate control of the tempering operation is

essential. Tempering is essential to assure the successful working of a tool.

It is necessary to refer to the appropriate tempering curve for guidance in selecting
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the temperlng temperature' The curves show.average results, but in practice, there maybe a slight deviation from the inAicai.A-values due to:I. Variation in the as-qr.renched condition.
2' Mass effect and the need to extend soaking times to allow for the extra mass.3. Slight variations in chemical analysis of tfr-. ste.i.4' Inaccuracies in temperature measurement, considering the above reasons it is

li:lT}r: 
to use a rower range of tr-p.rirg-i.-p.iurr.. to obtain the desired

To obtai, a uniform distribution of temperature within the component and to preventthe non-uniform rarief of hardening ,t..rr., that could cause cracking or warping, heatingto the tempering temperature should be slow. satistacto.y 
-r"rrrr, 

may be obtained bycharging the components into a freely circurating ,"air. at the desired temperingtemperature' A faster rate of heating to the, ten-pering temperature may result in thecracking of tools due to an increase in iolume of the surface rayer. Hence, a fast rate ofheating should be avoided' The rate of heating ,runrr., iJ most rapid in molten leadbaths, less in salt baths a-nd oil baths, anJ th" srowlst i, ,ii[ ;;r. For instance, to attain atempering temperature of 200"c on a hardened component measurin g 6 4omm by g0 mmIength will require one hour in a hot ui, ouer; 40 minutes in a circulating atmospherefurnace; 30 minutes in a hot oil bath. It will be still faster in teaa oattis. Table 2.|gives theapproximate time needed to heat various si,es of tools to 400.F (200"c). It is necessary thatenough time be allowed- during tempering for the temperature to oe aistriuuted uniformlythroughout the tools before-measu.ing"the temperiig time.-rii, tro*, from experiencethat the full effect of tempering can be brought out onr| if the iording time is sufficienry

liJ"i;. ""r 
this reason, it is not advisabre to use read baths for tempering highry ailoyed

Table 2'7 (courtesy of the carpenter steer Division of carpenter Technology ofCorporation, Reading, pennsylvania, UiA;

Time required to heat
Size of piece ln quiet

hot-air
oven

In hot
oil bath

In circulatingi
atmosphere

furnace

t' Rdx2" Lg

1['x3'Ls

3'x6 Lg

6'4x12'Lg

At Ieast

*h
lh
2h

5h

At least

+h

*h
lh

2ih

20'

40'

70'

3h

The time for tempering varies frorn half an hour to two hours for every l0mm thick-ness' Since tempering 
^is 

a precipitation process, the tirne at constant temperature is in theorder of minutes at a fairly high temperature, and may produce the same effect in anhour or so at lower temperatures. However, a minimum oi trulr an hour to one hour at anytemperature is usuaily required. Longer periods ur" ,o_."tir., Jpecified for large parts toensure- that all areas of the parts are aciually exposed to the required temperature for the
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required time. After the tempering time is elapsed, the tools should be allowed to cool

slowly in air. A faster rate of cooling or quenching from the tempering temperature will

prodrr"e stresses of a value close to that produced by hardening'
' 

In many shops it is customary to check the Rockwell hardness on quenched tools

before deciding the tempering temperature to attain the required hardness' There are

many instances on record of oi-qurrihrd tools having cracked during handling' Tools

strouid be tempered immediately for safety, using a low temperature so that the hardness

is not reduced below the desired point. The hardness is to be determined, and a tempera-

ture selected for retempering to the desired hardness. If, for any reason, it is not possible

to temper tools immediately after quenching, a holding furnace shouid be used to keep

them warm until tempering can be carried out. The furnace temperature should be below

the ternpering temperature, normally in the range of 100-150'c. If the as-quenched tools

are held at the ambient shop temperature for extended periods of time, they may crack'

2.5.4 TEMPERING AT DIFFERENT TEMPERATURES

The tempering procedure adopted depends on the required hardness and other mechanical

properties. The temperature, and the time adopted, depend on the chemical composition

of steel.

Low temperature tempering is performed in the range of 150-200'C for about l-2

hours. The main prrpor. is to relieve the induced stresses that are developed during

hardening, and to inciease the toughness without any loss in hardness' Tempering in the

range 100-130.C may be applied when high hardness values are assigned for tools to operate

under heavy wear and praciicatty no dynamic loads. The duration of tempering will be

2-4 hours. This type of tempering is mainly adopted in the case of carburized, induction-

hardened, flame-hardened components, cutting tools of high-hardness steels, measuring

tools, ball bearing steels, razors, etc.

Medium temperature tempering (350-450"C) is adopted only when the steel is to have

better elastic properties, or if it is to operate under dynamic loads. It is mainly adopted

for spring steels and wood cutting tools, surgical tools and hammer dies.

High temperature tempering (500-650"C) is mainly adopted to eliminate internal stres-

ses and to provide the desired ratio of strength to toughness for structural steels. High

tempering temperature is also adopted to improve machinability'

2,5.5 SELF TEMPERING

Temperipg, according to this method, takes place by the residual heat in the interior of the

comfonent, when cooling has not been allowed to proceed to the ambient temperature.

Aftei austen itizing at the desired temperature, components are cooled in the normal manner

in the quenching bath until the M,temperature, or a temperature alittle below it is reached'

The component is then withdrawn from the bath and cooled in air' Thus no tempering

process is used; instead the heat left in the interior portion of the components will gradually

re-heat the quenched surface and temper the martensite in the quenching stage. O_bviously

the stored heat will vary with the mass of thecomponent,making thctemperingeffect very

sensitive to mass. In order to obtain identical results under varying conditions, the number

of seconds required for the imnrersion of a component of a given size in oil or rvater must be

determined by experiment, ancl strictly adhered to. To avoid quenching cracks, it is some-

times necessary that the component, after it being quenched nearer to the M" temperature

I
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is withdrawn and placed in the tempering furnace. The net result of this procedure is toreduce the ratio of cooling through tt. *u.t.rrite range. This results in reduced internalstresses in martensite and allows for the production of 

-tempered 
martensite by the storedheat as it raisei the temperature of the outside tuy... fni, will avoid cracks in thecomponent.

This process may be applied to small syrnmetrical components and to large forgingsof uniform sections such as heavy axles. They are heated ur'uruut for hardening and thenquenched for a specifled number of seconds, iolo*.a uy-ai, Jooting. Forgings treated bythis process have a characteristically soft orannealed core, with a progressively toughenedouter part' Even though the process is strictly 
"orrt.ott"a,lnelesutts may be erractic; how_ever, this process may be used where more precise resulis are not required.

2.5.6 SELECTIVE TEMPERING

Selective tempering techniques are employed in fully hardened parts for tempering theselectively hardened areas. The purpose is to obtain diff r.nt degrees of hardness in thesame part with a consequent improvement in quality, or to meet a design requirement, as,for instance' an increase in toughness in the shank portion oi toot, by reducing the hard-ness' or an increase in hardness of the spring portion or 
"ott.tr, 

or to carry out machiningoperations like tapping, drilling or thread 
"uttirg 

r" u purii"rlur area.selective tempering is done by reheating tnJ narain.l-f"r,i"" of the selective area,followed by a slow cooling of the section required to be soft. Reheating may be done byinduction' with flame, or possibly in molten lead or sart. The temperature "chosen 
fortempering should be in the higher range.

2,5.7 SUPER-HEATED STEAM TEMPERING

This treatment consists of tempering the steel in super-heated steam, adopted as an additio-nal treatment for conventionally hardened and tempered tools. steam-treated componentsyield a higher hardness and exhibit higher resistance to mechanical abrasion compared tothe non-steam treated components.
The parts to be treate.d are thoroughly cleaned before treatment in the furnace. Steamtempering is carried out in an electrica[y heated, gas-tight, 

"iurr.t-type furnace. The fur_nace is closed by a tightly fitting cover on to which a-fan is installed, so that all parts ofthe charge can be quickly heated to a uniform temperatuie.-ii" ,"*perature adopted fortreatment may vary between 350 and 600'c, depeniing on the chernical composition of thesteel' The holding time is between 30 and 60 minutes. ih" .."o-.ended pressure for steamtempering is 100 mm water column.
At the operating temperature the following reaction takes place (above 300,c)

rhe brue iron oxide 
T,.":1i*,81:;ff:?:1i*""11,X:,ent during the steam treat_ment is a hard porous oxide which is usually about 0.005 mm thick and is very receptiveto coolants. It possesses a satisfactory corrosion resistance.

The treatment outlined above may be adopted for steels, cast irons and sintered productsbecause it increases the life of components. Life of cuttingioot, l, increased by 5oto l0o,/,by the oxide film' It is believed thai this is because tr," 
"u-ttirf 

oil is absorbed and retained

]|"tl:#..r 
of the oxide laver, thus reducing the frictio, ;;;" chip against the edge of
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2.5.8 FLUIDIZED BED FURNACES FOR TEMPERING TREATMENT

Fluidized bed furnaces can also be used for the tempering opefation' In this treatment' the

components to be treated are thoroughly cleaned before loading to the furnaces. During

tempering the furnace is fluidized with nitrogen in order to maintain the bright surface'

on-completion oftemperingthetotal charge cools downina fluidizedbed.The heat-

treated parts are made available immediately after the tempering process.

Fluidized bed furnaces are mainly used for tempering of tool steels in conjunction with

vacuum furnaces, since the surface brightness is maintained even after tempering' There

is no need for Post-treatment.

2.5,9 TEMPER BRITTLENESS

when the hardened steel is tempered, it passes through a series of transformations that

affect not only its hardness but also its toughness. When the steel is tempered at a parti'

cular temperutr,.", it suffers a marked reduction in impact strength. This phenomenon is

called tempered brittleness.

In practice, this loss occurs most frequently when a susceptible steel is slowly cooled

after tempering at a high temperature. It can also happen on heating it in the embrittling

range. According to popular opinion,66'67'68'6e'70 this may be due to the precipitation of

co-lpounds containing tiace elements such as phosphorus, arsenic and tin along with

chromium or manganese. The inter-granular nature of the fracture suggests that the

embrittlement occurs at the austenite grain boundaries. However, temper brittleness depends

on tempering conditions and the chemical composition of the steel, even though the exact

mechanism of occurrence still remains to be discovered'

Temper brittleness occurs when the steel is heated or cooled through the critical tempe-

rature iange of 375-675"C. The embrittling kinetics follow a C-curve behaviour with

tempering time and temperature. It takes a minimum time for embrittlement around 550'C

and, as the temperature decreases, more and more time is required. Temper embrittlement

is reversible; and de-embrittlement may occur on heating to about 575"C after holding for

only a few minutes at that temperature. Hence temper embrittlement can be eliminated

or prevented by suitable heat treatment with the addition of certain alloying elements.

it is predominantly the presence of specific impurities that causes temper embrittlernent,

and they are antimony, phosphorus, tin, arsenic, etc. The presence of silicon and manganese

in steels, avoids temper brittleness as long as their content is low. However, if they are

present in large amounts, it leads to detrimental effects. The presence of Mn should not

"x""ed 
0.51. Steels containing chromium-nickel ale more susceptible to temper brittleness.

Temper bilitleness may be eliminated by the addition of molybdenum. Addition of tungsten

also avoids temper embrittlement to a lesser extent. Cr-Ni-Mo and Cr-Mn-Mo steels

sharply differ frtm Cr-Ni and Cr-Mn steels in that they are completely free from the defect

of temper brittleness.

2.6 Retained Austenite

In steels austenite is stable at temperatures above the Aca and Acm phase boundaries. On

cooling from these temperatures, it becomes unstable and gets decomposed into some new
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products' The new constituents formed are related to the rate of cooling and the chemicalcomposition of the steel' If the rate of cooling is slow, the transformation results in theformation of pearlite or bainite or sorbite. As a result oi thir, austerite will not be formed.If' on the other hand, the steel is cooled in such a way that ttre intermediate transformationsare avoided' the structure may consist of martensite and untransformed austenite.During quenching from the austenitizing tenrperature, martensite begins to form at theM,temperature and ends at the M7 temperature (Fig.2.ar.This temperature depends onthe presence of carbon-and on the alloycontent in steel. It is clear from Fig. 2.45thatthesteel containing more tltan 0.5o1carbon, contains retained austenite along with martensiteat room temperature' The.higher the proportionof carboncontent in the steel, the greateris the amount of retained austenit.;J lower is the temperature of rhe start and finishof the martensite transformation. In tool steels, martensiteiegins toform in the tempera-ture range of 200-300"c, and martensite transformation ends irithe range of -70 to l)o,c,depending on the carbon and alloying elements in steel. This fact enables us to drawsome important conclusions' If the steel is not cooled below room temperature, it containsboth martensite and some amount of austenite. The austenite present is called the retainedaustenite. For instance, in tool steels, it will be in the range of 5_30,1.
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If the steel is kept after hardening for a long time at the arnbient temperature, it willresult in the stabilization of retained austenite. This leads to the presence of more retainedaustenite after sub-zero treatment than wourd otherwise be the case.
cohen6a has illustrated the effect of arresting the hardening quench of r.0%carbon and l51 chromium steel for 30 minutes at various temperatures (within themartensite range) before cooling to room temperature (Fig. 2.46). rt will be noted thatwhen the arrestingtakes place'at 53"c (130'Fi, the steel 

"IrLi", 5l per cent martensite.After holding for 30 min, the cooling transformation is completely inhibited to about46'c, where transformation recommencJs and follows parallei io ,t 
" 
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after transformation is completely inhibite<J, on further cooling until a temperature of46'c(ll5"F) is reached, it seti in und follo*, parallel to the normal curve. During thecooling between 53'c (?l-holding temperature) and 46.c (M,,) approximately 6 per centaustenite would have been transformed to martensite, were ii not for the stabilizationduring the arrest at temperature n.
cooling below the martensite point (M,) also affects the amount of retained austenite.The lower the cooling rate, the more austenite will be retained in the hardened structure.It is clear from Fig' 2'47(a) and Fig. 2.47(b) that decreasing the cooling rate by quenchingin different media leads to an incre-ase irihe p.oportion oiretained austenite and reduc-tion in hardness of the steel by as much as 50 Hv. This result appears to confirm the factthat a faster rate of coolinj promotes martensite forrnation and a harder structure. TheIowering of the hardness levei is most probably due to the staiilization of the untrans_formed austenite which is both time and temperature dependent.
The amount of retained austenite present in the harier.a ,i..r also depends on theaustenitizing temperature (Fig. 2.a8). A higher austenitirirg i.rri".utur" results in a higherpercentage of retained austenite in the hardened structur"."Thi; is due to the effect oflowering the M, temperature, and depres sing My below room temperature in the hardened
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Rig.2. \ Percentage of retainecl austenite v. percentage of carbon in plain carbon steels,

for austenitizing temperatures from 1400 to 1800"F.

steel. Figure 2.49 illustrates the amount of retained austenite in the steel depending on thL)

austenitizing temperature. It will be in the range 10 to 34/, from 800 to 982"C. A higher
percentage of retained austenite is due to the presence of high carbon and alloying
elemenls in the austenite at a higher austenitizing temperature which is responsible for
lowering the M, temperature.

The presence of an undesirable amount of austenite in the hardened steel has a detri-
mental effect on its mechanical properties.Tl'72 For one thing, it reduces the hardness. There
is also a tendency tolvards grinding cracks uneven cutting properties and an inherent
dimensional instability due to the austenite transformation during use and storage.

Hence it is desirable to transform retained austenite to martensite.Ta To obtain the marten-

sitic structure, steel has to be cooled tothe Ml temperature. This may be achieved by

sub-zero treatment of the hardened steel containing retained austenite at ambient tempe-

rature. In highly alloyed, hardened steel (HSS), retained austenite may be reduced to the
desired level by repeated tempering. In the case of high carbon steels, ball bearing steels,
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carburized steels, etc., tempering results in a lower hardness. Retained austenite maylowered by hardening from the iower range of the austenitizing temperature.

t07

be

2.7 Subzero Treatment

This treatment consists of cooling the hardened component to the subzero temperature totransform the retained austenite into martensite. The mechanical properties of steels, suchas hardness, wear resistance and strength , are a function of composition and heat treat-ment' In order to produce very high hardness and wearuesistonce as required in tools,dies, gears, gauges, etc., the subzero treatment may be employed. Figure 2.50 illustratesthe typical heat treatment curve that may be adopted for subzero treatment.

o

o
3
o
o
a
E

P

100

Fig.2.50 Schematic representation of a conventional
hardening and tempering treatment and a sub_
zero treatment superimposed on the isothermal
transformation diagrarn for an M2_type high_
speed tool steel?s

The method consists of cooling the steel to the subzero temperature. The temperature
required to transform the retained austenite to martensite depends on the chemical
composition' It is usually conducted in the temperature range of -30 to -140"C. Holdingtime at the Ms temperature is from l to 1.5 hours. Cooling below this temperature resultsin no additional transformation of the retained austenite. Subzero ,;;;;;;;; i'to."
effective' If it is carried out soon after the quenching operation, before the phenomenon
known as stabilization occurs, it makes the retained austenite resistant to further trans-formation.

Subzero treatment is effective on any steel which is susceptible to retained austenite,eitherasaremedialsteporasanintegril partoftheheattreatmentcycle.Thetreatment
may be applied to ball-bearing steels, carburized steels, cold work steels, high speed steels,etc' After this treatment, there will be an increase in hardness by 2-4 RC. Except highlyalloyed steels for which the subzero treatment temperature is -l40oC, the remaining
steels are treated in the range of _g0 to _90"C.

Subzero treatment must be followed by a tempering cycle to ensure that there is no

Austenit iz ing temperoture

Austenite Te mper

1.0

Time in hours
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brittle, untempered martensite when the component is put into service. It also helps to

increase abrasion resistance, induces better fatigue, and eliminates the possibility of grinding

cracks during subsequent grinding. Besides it produces a highly ductile and more stable

structure. Tempering for a long time and refrigeration cycles rnay be applied either in the

as-quenched condition or martempered condition which will result in equivalent dimensional

stability,along with higher hardness and increased wear resistance as compared to the

straight quenching-tempering treatment.

The transformation of austenite does not proceed to completion and is practically
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stopped on attaining the Mv temperature; the steel will, therefore, retain a certain amount
of austenite even on being cooled to the subzero temperature. Hence, it is necessary torepeat the treatment at subzero temperature to effect an additional irunsformrii", 

"raustenite.

For complicated components, it is advisable
diately after quenching to avoid microcracking.
carried out.

to temper around 150"C to l60oC irnme-
Subsequently subzero treatment may be

Subzero cooling is valuable in salvaging tools that have become soft due to excessive retain-
ed austenite, resulting from the use of high austenitizing temperature or due to the higher
range of carbon potential in the carburized component. Figure 2.51 (a) and Fig. 2.52(a)
show the decrease in hardness due to retained ausienite; Figirres 2.51 (b) and 2.51,(b) show
the increase in hardness after the subzero treatment. In salvage work, subzero cooling is
more positive than multiple tempering of alloyed tool steels b."urr. it is difficult to select
the optimum tempering temperature to produce the desired transformation. In the case of
carburized steel and ball bearing steel, tempering alone does not help transform theretained
austenite to martensite, unless it is also followecl by a subzero treatment. Some of the impor.
tant methods of subzero treatment are mentioned in the succeeding paragraphs.

2.7.I SOLID CARBON DIOXIDE METHOD
In this method, the oldest in practice, the component may be cooled to -g0.C. Carbon
dioxide is used to Iower the temperature of the organic liquid mixture, such as trichloro-
ethylene or alcohol, contained in an insulated tank. The achievable temperature is only
-80"C and may not be sufficient for some applications. Also, there is alack of control of
the cooling rate and temperature.

2.7.2 MECHANICAL REFRIGERATION

This method may be capable of cooling to about -100"C. The most commonly used con-
vection fluids are: methylchloride (-97'C), feron (-lll"C), methylalcohol oi methanol
(-97"C) and pentane (-129'C). These fluids facilitate goodiemperature control; and the
cooling rates can also be regulated. Besides, running costs are lorv. However, the capital
cost and maintenance costs may be high.

2.7.3 LTQUTD NITROGENSYSTEM

In this method, components can be cooled to around - 196"C. Liquid nitrogen system com-
pared to other methods is more advantageous since it can be adopted for awider tempera-
ture range. In this method, components can be cooled to a desired temperature at a con-
trolled rate. This method was developed by the British Oxygen Company. There are two
techniques for utilizing liquid nitrogen in a controlled manner:

l. The "Ellenite" gas-cooled system (Fig. 2.53) which cools the components by forced
convection of cold nitrogen gas through the rvorkpiece (-196"c).

2. The "Elleuite" liquid-cooled system (Fig. 2.54) which cools the components
indirectly by immersion in a bath of alcohol or trichloroethylene which is cooled
by a submerged liquid nitrogen spray (-150.c'), temperature and cooling rate
controls are possible. The equipment is relatively inexpensive compared to other
systems.
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2.8 Shop Problems and Remedies

The basic heat treatment of steels involves simply heating and cooling at a rate fastenough to develop the desired properties. Despite the fact th-at professional heat treatersare highly competent, there are countless *uy, in which component failure may tak.. place.
This may be due to improper heat treatment, faulty design or steel, improper machining,improper grinding, etc.

2.8.T DISTORTION

No steel is totally free from distortion during hardening. Distortion may be defined as apermanent and generally unpredictable change in the shape or size of a component duringprocessing' It is probably the biggest problem in the heat treatment operation; as such, itdeserves careful attention. Distortion can occur both before and during heat treatment;
hence it is not advisable to carry out the machining operations directly to the final finished
dimensions. No matter how the heat treater is instiucted to ,,avoid distortion,,, he cannot
meet this request, since heat treatment of steel may produce a variety of structures, the
specific volume of which are different because of the varying lattice of components. It isfor this reason that the majority of components or tools are machined with an allowance
to take into account the possible changes in dimensions during heat treatment. The desiredfinal dimensions are then produced normally by grinding.

lilhen the component is quenched in such a way r.om the austenitizing temperature asto form martensite, it undergoes basic dimensional changes. First, there is the normal
thermal contraction during cooling, but superimposed on tirls is the expansion of steel asit gets transformed from austenite to martensite. Since austenite has the smallest and
martensite the largest specific volumes, volumetric changes can produce very high internal
stresses. If these stresses become large enough and exceed the y;ld point oisteei, tt.y 

"unproduce plastic deformation. This will result in distortion or warping. Ttre setiing up of
internal stresses during hardening cannot be fully avoided. They can be olly miigated.For this reason' various methods of quenching have been evolved, depenjing on the
chemical composition of the steel.

. Distortion arising during heat treatment can be of the following forms: (l) size distor-tion or movement, (2) shape distortion or warping during heating or quenching. The
factors that influence the amount of distortion in heat treatri-rent are the sizi and the shape
of the tool itself. It is very difficult to accurately predict in advance the changes that take
place.

Yolume Change tlae to Transformation of Structure The component undergoes expansions
and contractions during hardening due to thermal expansions and contractions during
heating and cooling. The structural changes in steel during heat treatment produce a
volume change on the conponent. Hardening of the component results in greater volume
than is the case in the soft condition.

Volume change depends on the chemical composition of steel, hardening temperature
employed, soaking time and quenching rate. The volumetric expansion of the metal
increases with an increase in the carbon content. Figure 2.55 illustrates the change in
specific volume of carbon steels when heat-treated. Figure 2.55 gives the increase in
volume for different types of steels. It is clear that the volume change in respect of water-
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hardening carbon steel is about 0.55-1.0fl; 0.3-

O.5l in the case of medium alloy harden-

ing steel, and about 0.14.3% in the case of
higher carbon, high-chromium, dimensionally
stable steel.

It must be noted that the volume increase

in the hardened component depends on the

depth of hardness. This is explained by the
fact that with increasing dimensions of the

component, the degree of penetration of hard-

,ness is reduced. So, the volume change that
takes place in the component is confined to the

hardened zone. Therefore, volume changes of
the whole piece are much less than what is

shown in Fig. 2.56 (which applies to the shallow

and fully-hardened condition). Volume increase

in tool steels of different dimensions is conse-

quently dependent to a great extent on harden-

ability. This, however, varies depending on

the chemical composition of tool steels. In
the case of surface hardening, volumetric

changes are practically nil.

Deformation due to Thermal Srresses Deformation resulting from thermal stresses is fairly

regular in symmetrical bodies of uniform thickness. When the steel is heated or cooled,

compressive stresses as well as torsional stresses are developed in it due to the differences

in temperature between the core and the case. These stresses mainly induce a change in

size, and it must be said that they seldom receive attention in the evaluation of dimen-

sional stability. A distinction must be made between heat stresses that are relieved during

cooling in the plastic stage (which are responsible for deformation), and stresses that

remain in the material but are of secondary importance for the occurring size change.

The general rule is that all spherical bodies tend towards a shape of a sphere due to

the stresses which develop on cooling. A cube of a carbon steel wrth O.l0% carbon will,

after repeated heating and sudden cooling, lead to a spherical shape. Even bodies deform

in the same direction; the more violent the cooling, the greater is the depth of deforma-

tion. The degree of thermal stresses (and deformation) are not only dependent on the

cooling rate, but also on the temperature difference between the steel and the cooling

medium. Increase in the hardening temperature, from which the steel is cooled, results in

an increase in thermal stresses and, therefore, in greater deformation.

Figure 2.57 illustrates the change in length caused by the heating and rapid cooling of a

eutectoid carbon steel. It can be seen how the steel expands during heating. At the austenite

transition point of about 750"C the steel shrinks, leading to the conclusion that austenite

has a smaller volume than ferrite. But, as the temperature increases due to the expansion

of grain growth, there will be a further increase in length. During cooling, the austenite

size remains the same up to about 250oC, when the martensite begins to form, resulting

in expansion. After the formation of :martensite is complete or nearly so, the volume is
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greater than that before hardening.
If a tool being hardened undergoes a volume change only due to martensite formation,then all dimensions would have to increase by the ,u*. p"r..ntage according to the depth'of hardening' However, upon hardening, cylindrical 

"ra 
prlr-utic bodies grow more inthickness than in surface dimension. only cubes show a ,rifo.- growth in each direction.This shows that the bodies tend to attain spherical shape and deform under heat stressesprevious to hardening. Upon the formation of martensite, the resulting increase in volumeis superimposed on the form affected by the action of ihe aforementioned heat stresses.The volume increases by the same perceniage in each direction, but not in comparison withthe original size ofthe annealed stage.

In some high alloy steels, for example (AISD D3, in which the amount of retained'austenite after hardening is rather big, it can be reduced to some extent by adjusting the

1z(r32) z40W ,4ao5u6oe2r64)

in mm (,)

3602/J;
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Fig.2.57 Change in length during heating and rapid

cooling of a carbon steelTT

hardening temperature. F'or these steels there is a hardenillg temperature which will theo-

retically give no ch.rnge in volume, i.e., the increase in volume caused by the formation of

martensite is balanced by the decrcase in volume caused by the retained austenite (harden-

ing from 1020'C followed by oil quench).

Remedies for Distortior The distortion may be observed as a change in dimensions (size

distortionj or a change in conflguration or contour. Several fa.ctors contribute to the

total distortion during hardening, such as, residual stresses that may be present as a

result of heavy machining or cold working operations, method of placing component in

the furnace, rate of heating, non-uniform heating or the normai volumetric changes that

occur with phase transformation. uneven cooiing during quenching and also the geometry

of the component are responsiblc for distortion. Hence it is necessary that the parts to be

hardened be stress-relieved, after heavy machining. There should always be proper

loading, since the strength of all steels diminishes rapidly as the tenperature rises, and the

parts are likely to def<rrm undet' the ir own weight.

The thermal conductivity depends on the chemical composition of steel, and it

decreases as the alloying elernents increase. Hence it is necessary to preheat the compo-

nent around 500'C to 600"C to avoid therrnal stresses. It is also important that the compo-

nent be placed in a suitable fixture to avoid distortion. Apart from these precautions,

suitable quenching media will also play a greater role in reducing the distortion.
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since it is not possible to meet the desired norms of accuracy in finished components
during.hardening, a conventional procedure is to provide an allowance for finish grinding
which is large enough to compensate for the disto;tion.

2.8.2 CRACKS

Quench cracks are developed in a component due to stresses produced during the struc-tural transformation frorn austenite to martensite with its accompanying increase in
volume' In the as-q'uenched condition, the steel is hard, brittle and exhibits virtually noductility. )

When the steel is hardened it undergoes two basic dimensional changes: firstly, therrnal
stresses develop in the rapidly cooled steel as a result of unequal 

"oolirg 
on the cross

section of the cooled part. This causes a non-uniform volumetric change whcre tl.re surface
layers of the article contract more rapidly than its internal surface. secondiy, expansionsof the steel occur due to the transformation to a martensitic structure. These volumetric
changes result in the generation of high interual stresses. lf these inter,al stressos exceed
the tensile strength of steel, it will then result in cracks.

For instance, when the component is quenched in such a way as to form the marten-
site structure throughout the section, the transformation o..r., first at the surface when
its temperature falls below the M,point. As cooling proceeds and the material near the
centre reaches the Ml point, the expansion accompanying the newly formed nrartensite
is restricted by the outer layer of martensite formed earlier. This results in an internal
stress and places the surface in tension inducing loss of ductility. Cracking occurs when
the martensite formed sets up internal stresses sufficient to exceei the ultimite strength of
the as-quenched martensite at the outer surface. Quench cracks start from the surface,
moving towards the centre of the component in a relatively linear fashion. It may be
noted that during quenching, austenite does not get completely transformed to martensite
at room temperature, but occurs over a range of temperatures starting at the M, tempe-
rature. The martensite from the higher austenitizing range of temperature will cause less
expansion. Steels containing higher carbon ancl higher alloying elements have a tendency
to form quench cracks, apart from lowering the M, temper;tu;.

some of the most common causes lbr quench cracks are as follows:
l. Trme delay between quenching and tempering.
2. Over-heating and burning.
3. Improper selection of quenchants.
4. Cracks due to faulty design.
5. lmproper selection of steel.

liml Delay between Quenching It is a common practice on the shop floor to check the
hardness of the tool in the as-quenched conCition. This is done to decide the tempering
temperature according to design requirements. Checking the hardness immediately after
hardening is not advisable. A common misconception is that quench cracks occur only
while the work is in quenchant' Actually quench craclcs c{rn occur. particularly in tool steels,
even after an hour, a day, or a week after the quenching, if the tool is allowed to stand
after hardening without tempering. Figure 2.SS ittustrates the cracks developed at the
corners due to the delay in tempering. Figure 2.59 illustrates the cracks developed as the
tool is not tempered afterhardening. This is mainly due to the isothermal transformation of
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Fig. 2.58 This die, madc of type 0l tool steel, cracked in sharp corners

because it was not tetnpet'ed immediately after quenching.

Identical corners in the lower half did not crackT!

I

ffiW
ffiry]*
tuffi

m]mi'$i*.l$l 
ri; I'i t1 ti 

H 
rlrt:ll'1$' r$ffiU

*u

H

W

ilt ffi

il

,rf



r'

Elements of thc process of Heat Treoting llj

--l

Fig. 2.59 These coining dies were made of Type D2 tool steel andcracked during 
.use .after a stori"pe.LO of.Jiri"".-A-iaboratory invistigation 

-it.*i,j 
tir,ijril oi". had notbeen tempered, thus explaini.,g i'rr.i.'uiittfe Oifrario,iiin serviceT,

I

I

l

t
)l

1. ., "J

"*_ .J

i

L

'. 
,:..., ;f" iffi

, i tt: ,.!. , i!, .tlii,

{1



ll8 Handbook of Heat Treatment of Steels

retained austenitc to martensite. 'fhe formation of isothermal martensite adds an additional

volumetric strain to an already baclly qr'renched tool, thereby increasing the probability of

crack formation.
Hence it is important that the hardened parts should be tempered as soon as possible

to release the internal stresses formed during quenching. A good rule-ofl-the-thumb is to

draw the parts from the quenchant while it is still rvarm (60 to 80'C) and transferring it to

a tempering furnace. The teniperature adopted for tempering should not reduce the hard-

ness below the required point. The hardness is then checked and the temperature selected

on the basis of the hardness requirecl. Il, for any reason, it is not possible to temper parts

immediately after quenching, a holding furnace should be used to keep them warm around

100"C until tempering can be carried out.

FiS. 2.60 This die insert made of type 0l tool steel is.of relatively simple-design" 
and should not be troublesome in hardening if the holes are packed, as

there were. Cracking occurred in the quench due to the use of an exces-

sively high quenchin-t tcrnperature of 1020'C.

I
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Tools and dies made of high carbon steels, high chromium steels, air-hardening steels
and high-speed steels contain an excessive amount of retained austenite in the as-qulnched
condition, because of the high quenching temperature. Since these steels are sluggish in
their hardening transforntation, it is important to temper them two to three times to con-
vert the retained austenite to martensite. In particulrar, tempering should be applied on
these steels when they attain a temperature of around 60'C during cooling because the
transformation of austenite to tnartensite at or near the room temperature may induce

Overheated structure x500

Overheated stlucture x1000

Fig.2.6f Overheated structure shows reprecipitated carbide-
eutectic and grain bounclary carbide in a matrix of coarse

high-speed sleel (Courtesy: VEW, Austria)
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cracking. Between tempering operations tools should be air-cooled to room temperature.

Carburized parts (highly alloyed nickel steels), medium and high alloy steels are sus-

ceptible to retention of excess austenite after quenching. It is helpful to use subzero cooling

as an aid for transforming the retained austenite.

Subzero treatment should be followed immediately after quenching. However, compli-
cated parts should be tempered before subzero treatment to avoid cracking. This treatment

is also considered to be essential for stabilizing tools, such as gauges, templates, master

gauges, etc., where dimensional stability is of utmost importance.

Overheating and Burning Hardening of components at a very high temperature causes

overheating of the steel. This may happen either due to a wrong selection of temperatures

or due to the failure of the thermocouple which gives a wrong temperature indication.

Overheating of steel causes grain growth, formation of coarse martensite and excessive

amounts of retained austenite, all of which cause brittleness in components. Heat treatment

operations to harden parts normally produce a refining effect upon the grain size of the
component. That is why fractures of a properly hardened tool show a fine grain, whereas

the parts overheated during hardening display a coarsening of grains that is readily visible
on a fractured surface. The microstructure of overheated steel can provide a conclusive
proof for an excessively high quenching temperature.

Overheating of highly alloyed steels may result in cracks or very low hardness after
quenching. Figure 2.60 illustrates the cracks developed in a simple die due to a very high
hardening temperature. When high speed steel is overheated. its structure will become

coarse-grained, with massive austenite at the grain boundaries and with an evidence ol
eutectic reformed (Fig. 2.61) from the liquid; whereas the normal structure has a random
distribution of globular carbides. The steel may crack during heat treatment if overheated.
If it survives the heat treatment operations, it will easily develop grinding cracks, and, in
all likelihood, be brittle in service. Burnt high speed steel tools cannot be reworked: they
are scrapped. The overheated structure of carbon and low alloy steels may be corrected
by annealing at or just above the Aca or Acnt tempetatures to refine the grain-size, followed
by a spheroidized annealing, in an attempt to globularize some of the less refractory car-

bides. In the case of highly alloyed tool steels, it is not advisable to rework, since it is
impossible to restorethe mechanical properties of burnt steel by further heat treatment.

Improper Selection of Quenchants It is most important that a suitable quenching medium

is used in order to avoid cracks, depending on the chemical composition of the steel and

the geometry of the job. It is more common in parts that are subjected to water or brine
solutions for quenching. For instance, in high speed or air hardening steels quenched

directly in oil from the austenitizing temperature, it may lead to cracks if allowed to cool

to the oil temperature of around 60"C (Figs. 2.62 and 2.63). ln such a case, it is advisable to
remove the tool when it attains the temperature of around 500'C, and then cool in air.
Another alternative to overcome the quench crack on high speed steel and other highly
alloyed tool steels may be to subject them to martempering.

Cyacks Due to Faulty Design Most of the failures of hardened components are due to over-

load or internal stresses, set up by non-uniform cooling of the parts during the hardening

process. This may be due to the unflavourable shape or dimensions. The ideal shape evolved

by a rational design is a well-balanced distribution of mass within the component, in such

a way that each surface point should receive and give back the same quantity of heat, and,
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Ri9.2.62 (a) Air-hardening tool steels are also subject to cracking in sharp corners in the quench-

when they ar€ quenched in oil. The thread roll shown above was made of Type A2 tool steel

and was hardened to Rockwell C63 by oil quenching and tempering at 350'F. The crack

initiated at sharp corner in the keyway. If this part had been air quenched it would not have

cracked in the sharp corner or, if the keyway had been half-round, the part would not have

cracked during oil quenching. (b) This tool holder, made of Type A2 tool steel, was found to

have cracked after heat treatment. The cracks are exaggerated by the magnetic particle test

and were found to originate in the sharp corners of the dovetails. The type of cracking indicates

that liquid quenching was involved although the exact treatment practice was not available.

Air-hardening tool steels that are actually air hardened do not crack in this manner. Parts such

as this one should be air hardened or redesigned to make them suitable for liquid quenchingTs

at the same rate, on heating and on cooling. Of course, such a shape does not exist in

reality, but it is the designer's task to come as near it as possible.

There are many empirical design rules in handbooks covering procedures for the

development of tool geometry.

The importance of good design cannot be over-emphasized. Inadequate design affects

the service life of the component in two ways. Improperly designed tools may crack in heat

treatment or may fail prematurely in service.

The most common design faults which cause cracking in heat treatment are:

(1) heavy sections adjacent to a thin section,

(2) sharp corners and transition$ between sections (Fi5.2.6q.
When hardening the components in liquid quenching media, thin cross sections are

cooled more quickly than the heavy sections. Therefore, the Iatter are still red hot, where-

as the thin sections are hardened fully. The resulting stresses between the thin and heavy
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Fig.2.63 Two V-dies made ofType 01 tool steel cracked in the quench because

they were quenched too cold and not tempered irnmediately after the

quench. Each crack originated at the bottom of the V, inspite ofthe
presence ofa radius. The photograph of the fracture face ofeacl-r die

indicates the origin of the crack at the bottom of the V and shows that

the crack was open during the temper (oil residue and temper colour).

The circular gray are on each piece indicates the fresh fracture needed

to break the die pieces apart?E

sections readily cause dimensional changes or cracks, if these stresses become higher than

the tensile strength of the steel employed'

One way of overcoming these difficulties is to design the tool , if possible, in separate

parts of relatively uniform section. If this is not possible, it is advisable to use a hardening

steel that may be successfully hardened by step-hardening (salt bath quenching). This
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Fig.2.64 This die insert made of Type Sl tool steel cracked ata

sectionchange througha sharp internal corner during

heat tratment. The crack was broken open and the

fracture is illustrated (bottom). The light portiorl repre-

sents a fresh fracture while the darker portion shorvs

temper colour from exposure to tl'!e tempering furnace

atmosphere. Sharp corners greatly increase the cracking

hazatd. Extreme care must be used to remove the tool

frorn the quench while warm, and to temper immediately

to avoid cracking through the corners?8
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hardening process starts the transformation to martensitic structure simultaneously through-
out the section of the tool. The risk of cracks and deformation is thereby reduced.

Figure 2.21 illustrated the effect of different quenching media on the temperature distri-
bution in the core and surface areas of the steel during the hardening process when the
tool of the same size rvas quenched. It is ciear that the difference in temperature within the
martensite transformation zone is the smallest when the part is quenched in air or in a
salt bath. In this case, the core and surface areas transform to martensite structure almost
simultaneously, whereas with water quenching, the core retains a relatively high tempera-
ture when the transformation in the surface layer begins, resulting in high internal stresses.

Compared to this, water quenching or oil quenching shows a much smaller temperature
difference. It is, therefore, clear that the cracks that may increase due to the quenching

Wrong: uneven sectioi
if teeth are opposite.

Betterr Staggered
teeth give more
cven section.

Wrong: groove on one

side only, and with
sharp corners.

Wrong: sharp corners
and big differences in
section,

(Contd.)tt

Wrong: wall section too
thin and internal
corners too sharp.

Wrong: big differences
rn section and no

radius in fillet.

Right: thicker
sectiou and

rcunded corners.

Right: more even

section and radius
in fillet.

Better: grooves on
either side. and

with radius.

Right: radius in corners
and more even section

Fig.2.65
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media may be controlled by (l) using the most suitable quenching media, (2) using an
appropriate type of steel.

Sharp internal corners, sharp edges and angles should be avoided because they show
differences in the cooling rate at different portions of the workpiece, and these become the
focal points of concentration of stresses. Therefore, it is nesessary to avoid sharp corners,
inadequate radii, etc. In those places where it is not possible to avoid sharp corners because

Wrong: sharp corners
lnd l-tig differences in
section.

Right: radius in cornerc
and more even seciion.

Wrong: big differences Right: tool made in
in section. two parts of more

even section.

Right: Ke).slot moved

half a pitch
.Wrong: big differences
in section (in some

cases unavoidable)

Right: tool made in

t$'o parts of more
.even s ect ion .

ooo
ooo

Right: progressive

die plates can be

divided into two.

Wrong: deep blind hole (ight' hole con-
hinders quenching tinues right through.

Wrong. keyslot opposite
gap between teeth.

ooo
ooo

\tr'rong: big differences
in sect ion

Fig. 2.65 Illustrates right and wrong approaches to component designsrt
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the function of the component demands them, relief notches in the corners corresponding

to the sharp edges are to be provided. Figure 2.65 lists the right and wrong approaches of

component design involving hardened steels.

2.8.3 GRINDING CRACKS

Many parts or tools are clesigned to have smooth, hard surfaces for resistance to wear in

servite and to increase the life of the conponent; for example, dies, high speed steel tools,

journals in crankshafts, piston pins, bearing surfaces, etc. Before bringing the components

to this stage, they are maohined, hardened (by heat treatment), and ground to an extremely

close finish tolerance. At this stage, if for any reason the grinding process of hardened

parts are not done carefully, they are likely to lesult in undesirable end results'

Although all grinding operatior.rs produce some changes in sulface structure, hardness

and residual stresses, these changes are usually within the tolerance limit.

Grindilg cracks are the inevitable result of excessively localized heating. This is due to

unsatisfactory grinding practrce (Fig.2.66). Cotnmon grinding faults are: (1) grinding with

a wheel of grit size tt1at is too fine or of too high hardness, (2) grinding with a dull or

loaded wheel, (3) too rapid removal of nletal due to excessive feed or wheel speed, and

(4) insufficient cooling duiing grinding due to lack of adequate supply of cciolant' It may also

result sometimes in a tempcrature rise in the hardened steelto cause a rehardening of a sur'

face layer, accompaniecl by softening of the immediately adjacent material (Fig. 2.67).7e'80'81

Research work indicates ihat the euergy required for grinding is 30 times as much as the

other machining processes to remove a given volume of steel' The surface temperature

reaches from 1100"C to 1650"C durilg grinding. The development of high temperature

during grinding will lead to (l) changes in irardness and metallurgical structure, and

(2) dwelopment of high internal stresses to a level where surface cracks can be formed'

During hardeninglhe austenite is transformed to martensite and there is a sizable in-

crease in the lattice parameter. Heating themartensite to the temperingtemperature reduces

the hardness and results in a corrcsponcling decrease in the lattice parameter until the

martensite is tempered coffrpletely to a tlicrostructure of finely dispersed carbides in a

matrix of ferrite. The contraction iiccotnpanying tempering of martensite is a natural

phenomenon and nTust be taken into account when dealing with hardened parts'

For instance, during grinding, the surface temperature ofthe hardened parts is increased

and will resuli in lowering the hardness of the steel, apart from a shrinkage in its structure'

But this contraction is reitricted by the surrounding hardened, Stronger martensite which

has not been heated during grinding since it is not plastic. Shrinkage of an area whose

pararneter is rigid, sets up tensile stresses in that area. Cracking occurs when the stress

generated by grinding, togethcr with other existing residual stresses, reaches the ultimate

strength of the material. Grinding cracks are usually shallow, ranging from a few thousands

to fifteen thousands of an inch.sr

Retained austenite in the harciened part is exceedingly sensitive to grinding operations'

If the surface temperature rises and is sufficient to allow the transformation of retained

austenite to alpha maftensite, crlcks may develop at the surface' lf cracks do not occur

. .. a

dunng gnndlng oue to the newly formed structure, they nay tend to crack under additional

stresses encountered in service. The presence of retained austenite may be reduced before

grinding by adopting double tempering or subzero treatment'

If th; giinaing is done rvith heavy feeds, it is sometimes possible to generate the heat
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re

Fig. 2.66 (Left) Visual surface appearance of shear

blade made of Type Sl tool steel after grind-

ing operation. Note the network-type cracks

and spalled areas.

(Right) Surface appearance after magnetic

particle test. Note the severe grinding

cracks and spalled areas.

(Micro l00X) The heat generated in grind-

ing this tool was so intense that a rehar-

dened martensitic zone about 0 007 inch

deep was formed. The grinding practice

used on this part would not be satisfactory

on anY tYPe of hardened tool?8
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probable hardness distribution near the surface when the. steel hardness
gradient made values inaccuratel

at the surface above the hardening temperature. This results in rehardening of the surface
layer which will then comprise of a mixture of untempered and tempered martensite
together with some retained austenite. As a result of encountering heavy stresses, grinding
cracks will develop, and it may even lead to flanking or fragmenting the steel.

It is also possible that when grinding is severe th. t.*p..uture on the surface of the
metal rises to the hardening temperature. The cooler metal b;low the surface extracts heat
from the hot surface at an extremely rapid rate, leading to quenched martensite. The next
pass of the grinding wheel will meet a structure specially prone to cracks. parts containing
as-quenched martensite on the surface are prone to failure in service in a relatively short
time' Improper grinding is not always the sole cause of grinding cracks; heat treatment
deviations can also produce extreme sensitivity towards g.ioOirg cracks, no matter how

Peok temperoture vs dePth

below the ground surloce
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carefully the grinding is done. The deviations are:(l) leaving the tool for a longtimewith-
out temperin C, Q) overheated steel, (3) case having a carbide network during carburizing,

and (4) an improper tempering procedure.

Grinding cracks are usually superficial at the time they are produced. Components

having this type of cracks may be salvaged by removing the metal with utmost care. But

earlier to the removal of material, it is advisable to temper the component for 4-6 hours

in the temperature range of 150 to 200'C depending on the chemical composition of the

steel.

The detection of cracks may be done by using a magnetic flaw detector or by the fluore-

scent powder testing method, or by the ultrasonic method.

Considering the drawbacks, mentioned earlier, it is important that grinding is carried

out with great care, especially in the case of hardened tools or components. A summary

of essential points to bear in mind in this connection are listed below:

I. Make sure that there are no vibrations on the grinding machine and that the

workpiece is firmly fixed.

Grind the tool only in the tempered condition.

Rough grinding should be carried out with a heavy feed (0.01-0.05 mm per revo-

lution), and the finishing operation with a small feed. A carefully sharpened wheel

should be used. Avoid too many soft cuts.

Use only sharp, tapered diamonds for sharperting the wheels.

To ensure a free-cutting grinding, use wheels that are at least one grade softer

than normally used for tool grinding. For correct choice of wheel, consult the

manufacturer's handbooks or his local agents.

2.8.4 SOFT SPOTS

Soft spots on the surface of the component will result in lower hardness. This may be due

to the following reasons:

l. By quenching too many parts at a time or due to an insufficient quenching

medium.

2. If the quenching temperature is above the specified range or if it is too warm.

3. Vapour accumulation on the surface of the quenched parts reducing the cooling

rate on the area.

4. Oil of high viscosity may also cause soft spots by giving too slow a quench. Any

scale adhering to the parts being treated will also delay the quench and may

cause local softness.

The following measures may avoid soft spots:

1. Use of a sufficient quantity of water or oil (oil should be 8-10 litres/kg) and a

suitable quenching equipment.

2. The temperature of water should be around 25'C. In the case of oil, it should be

as per the specification.

3. Quenching tank should be provided with a good agitation system together with

the use of effective quenching medium.

4. Suitable oil should be used as per standards.

5. Components should be free from scale or decarburization before they are

hardened.

L

2.

3.

4.

5.
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2.8.5 PITTING, SCALING AND CORROSION

A salt bath free from cyanide, but containing carbonate in which cyanide is exhausted,

will decarbu rize and deposit a thin coating of oxide layer on the steel surface. The parts

treated in salt bath and cooled slowly in air from the hardening temperature will also reveal

pitting. Hence it is necessary to cool the parts in a closed chamber with a neutral atmos-

phere or by quenching the parts immediately after the treatment. Parts containing nitrate
salts and treated in a neutral salt bath are prone to pitting. To avoid this, parts should be

thoroughly cleaned before further heat treatment.

Parts containing salts heated in a muffie furnace exhibit a heavy scale compared to
similar components free from salt. Treatment of such parts in a salt bath would avoid this
trouble, or the components should be thoroughly cleaned.

Component coated with neutral salts, on tempering in a muffie furnace, will tend to
suffer from surface corrosion. To avoid this, parts may be tempered in a salt bath or
subjected to thorough cleaning hefore treating in muffie furnace.

Scale may be produced by preheating in a muffie furnace or air-preheater to a tempe-

rature in excess of 550'C before immersing in a salt bath.

A thick layer of scale may form on the surface of the component if the components
are treated in a muffie furnace without a neutral or reducing atmosphere. This may be

avoided by using an endothermic atmosphere, or nitrogen as a heating medium, or by

treating in a molten salt bath.

2.8.6 LOW HARDNESS

This may be due to the following reasons.

Too Low a Hardening Temperature If the hardening temperature chosen is very much
below the suggested temperature, it will result in low hardness after quenching. It may
also be due to a faulty measuring device.

To avoid this, the selected hardening temperature should be accurate, and the tempe-
rature measuring instruments should be checked regularly.

Too Short a Holding Time A short holding time in the hardening temperature will lead
to insufficient dissolution of carbides in the austenite which will result in low hardness
after quenching. To avoid this defect, the holding time in the bath should be of the
correct duration.

Too High a Temperature or Too Long a Holding Time Treating the component in high
hardening temperature or holding the parts for a very long time will result in low hard-
ness due to the presence of excess retained austenite. By using the correct temperature
and the specified holding time for hardening this defect may be avoided.

Decarbarization A decarburized layer will also lead to low hardness. Treating parts in a
muffe furnace without a neutral atmosphere, or the nondeoxidation of parts during
treatment in a molten salt bath, leads to surface decarburization. The decarburized layer
will have a lower carbon compared to the inside layer. This will result in low hardness
and a reduced tool life. Hence it is advisable to use a controlled atmosphere furnace. The
molten salt baths should be deoxidized with borox or ferrosilicon, etc., regularly.

Slow Qaenching Speed If the components are cooled slowly, it results in an unwanted
transfornration into pearlite or bainite-both softer than the desired hard martensite
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structure' This may be due to the wrong choice of quenching medium, contaminated bath,insufficient agitation, or a very high bath temperature
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Heat Treatment Furnaces

Furnaccs used for. different heat treating operations depend on the temperature emp-

loyed, which in turn depends on the amount of components to be treated. Furnaces avail-

able to suit the heat treatment reqr.rirements may be classified as follows:

l. 150-700"c-used for nitriding, tempering, stress relieving, annealing, etc.

2. 650-1o00oC-used for hardenin-u, normalizing, carburizing, annealing, etc.

3. Over 1000'C-used for hardening of hot work steel, high speed steel, sinter-

ing, etc.

Furnaces that are used lbr different types of heat trcatment processes may be divided

into batch-type and continuous type furnaces.

3.1 ContinuousFurnaces

Continuous furnaces are suitable for thc productiorr of a large volume of similar parts,

made of the same grade of steel and subjectcd to the satne treatment. In continuous fur-

noces; the parts to be treated are charged at onc cnd of the furnace and discharged at the

other end after the treatment is over. Since the continuous furnaces operate on mass

production, it is essential to deterrnine well aheacl the working parameters such aslthe

desired temperature, the conveyor reqnired and its speed, etc., to obtain uniformity of
heating. Quencliing and cooling are done in a lixed fashion.

In particular, these furnaces are designed for a specific treatment and operate at a pre-

determined temperature. They may be operated with or without atmosphericcontrol. These

furnaces may be designed to carry out annealing, normalizing, hardening, carburizing and

similar treatments.

Capital and installation costs of continuous furnaces are very high compared to batch-

type furnaces, although running costs are usually considerably lower due to the efficiency

of work flow and the reduced amount of Jabour. To be more econornical, continuous fur-
naces should be operated 24 hours, for otherwise the interest on idle capital employed

would be high.

By definition, continuous furnaces incorporate a method of moving the charge from the
charging end, through the furnace, to the discharge end, in a controlled manner. The
type of mechanism employed decides the basic design and gives the furnaces its generic

name, such as shaker hearth, pusher type, rotary retort, belt conveyor, rotary hearth, and
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so forth. Furnaces most commonly used are explained below.

3.I.1 SHAKER HEARTH FURNACES

This furnace is used for direct hardening with atmosphere control, tempering, carbonitrid-ing and case-hardening (smaller case iepth). The 
-hearth 

aerign incorporates a serratedcast hearth. The serrations are at right u,gt", to the directi";;iflow (Fig.3.l).In a typical automated installation, the components are fed on to the hearth by fireansof a hopper or a vibrating feed. They are moved along the hearth by means of a reciprocatingshaker motion at a predetermined and adjustable rate until the quenching chute is reached.components are austenitized or carburize"d before tlr.y ,eu.t, tiJ quenching chute, avoidingthereby all exposure to atmosphere which may cause scaling. The quenching media areusually oil or water-based quenchants. It can also be provideJ with a molten salt bath inorder to carry out austempering treatment. After qu.nthing, the parts are conveyed auto-matically through the quenching bath to a washing and drying set_up.

Fig. 3.1t'ig' 3'l shaker hearth 'furnace with forced circulation and searing of the charging end to improve

ilItrXl;i" 
circulation and controllab ilitv (courtesy, lpr"n l:nJu.tries Internatiorut, c-ii, w.

This type of furnace is more suitable lbr handling small components. The process ismainly used for the production of components such as borts, springs, screws, clips, bearingraces, sew.ing needles, etc. A protective atmosphere ensures a tright finish.

3.I.2 ROTARY DRUM FURNACE

This furnace can be used for controlled atmosphere hardening, carburizing, and carbo-nitriding of small parts such as fasteners and bearings. The drum is made of cast nickel-chrome and may be heated by erectricar resistance eleients or gas-fired.
The furnace drum is mounted horizontally, rotating around ihe horizontal axis or aninclined axis' usuaily, such furnaces are charged through a hopper. A steady flow of thecharge through the drum is mai4tained by a spiral thread on the inside wall of the drumthroughout its length. The spiral rib can 

'*ou" 
the charge in a forward or backwarddirection' 

- 
The frequency and duration of the forwardlr reverse motion can be variedover any desired range' Since the charge is advanced at a controlled rate and exposed
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uniformly to the furnace atmosphere, uniformity of charge temperature is possible. The

load is heated and flnally discharged into a liquid quench via a chute at the far end of the

furnace. Special provisions may be made in the quenching chute and tank to allow for the

use of water-based quenchants and thc treatment of a wide variety of part sizes and

configurations.

3.1.3 PUSHER-TYPE CONTINUOUS FURNACE

On the basis of tonnage, pusher-type furnaces are by far the most widely used of conti-

nuous furnaces (Fig. 3.2to3.4). They may be used for hardening, tempering, normalizing

Fig.3.2 Continuous pusher-type furnace (Courtesy: Ipsen Industries

lnternational CmbH. W. Cerrnany.l

l.ig. 3.3 Return pusher furnace (Courtesy; Ipsen Industries International,
GmbH, W. Cermany)
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/,

65

Pushertype .on,inuoul fu nace (Courtes : Ipsen Industries
International GmbH, W. Germany).

or carburizing' In this method' parts are placed on the robust heat-resisting trays whichare pushed through the working charnber at pre-determinecl time intervals by means of apusher operated by a hydraulic or mechanical drive. After completion of the treatment,the discharge end may be equipped for quenching or slow cooling, as required. Heatingor pusher furnaces are mostly heated by gas. when controlled atmospheres are used, gaslock chanrbers may be used to minimize ui. ing."rr.

3.1.4 ROTARY HEARTH FURNACE
It comprises essentially of a ring-like bottom rotating around the vertical axis. Rotaryhearth furnaces are heated electrically. These furna=ces are employed to heat for forging,end-stamping and for hardening.

3.2 Batch-type Furnaces

Batch-type furnaces are mainly used for the treatment of low volumes of parts. They aredesigned to carry out different types of treatment in the same furnace. They may be usedfor different grades of steel and for different types of components. some furnaces are ofthe universal type, 
-suitable 

for many types of heat tieatment. For instance, the samefurnace can be used for carburizing, hardening, annealing, normal;z;ng, stress-relievingand similar treatments. In a batch-type operation, a batch # or* ";;;g;; i;;;-;;il;"""are heated to the desired temperature, soaked for the aesireo length of time and with-drawn from the furnace as a whole batch. Subsequently, the next batch is treated in thesame way' The batch may differ from one anotherin size, grade of steel or ttre type ofheat treatment required' consequently, different heat treating d-,rations and temperaturesare to be employed' The initial cost of investment for batir type firrnaces is lower com-pared to continuous furnaces. They may be operated with" o. without a controlledatmosphere.

Batch-type furnaces are better for long cycres required to produce a deep case.

Fig.3.4
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Batch-type furnaces are available as horizontal or vertical furnaces. They may be used

for annealing, hardening; carburizing, nitriding, nitrocarburizing, etc. The most impor-

tant furnaces include the sealed quench, rotary drum, salt bath and vacuum furnaces,

bell-type furnace, bogie hearth furnace, etc.

3.2.I BOGIE HEARTH FURNACE

This is a modification of the horizontal type furnace with a moveable hearth mounted on

heels to facilitate loading and unloading of components (Fig. 3.5). Before loading the

bogie, the hearth is removed from the furnace and the components are placed in it by

means of an overhead crane. The bogie is then pushed into the furnace, keeping the

furnace atmosphere airtight when required. After the treatment, the discharging of the

charge is done through the entrance only. These furnaces may also be provided with
loading and unloading at opposite ends to carry out quenching operations in the case of
hardening.

The bogie hearth furnace is mainly used for hardening large components and for

annealing alloy steel forgings, stress relieving, etc.

Fig. 3.5 Gas-fired high-temperature bogiehearth furnace (Courtesy: Mls
Wellman Incandescent India Ltd, Calcutta)

3.2.2 MUFFLE FURNACE

This is a horizontal-type batch furnace, the simplest and cheapest for carrying out
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many of the heat treatment operations. This furnace can be used for the treatment ofstress relieving, annealing, pack carburizing and for hardening of Iow alroy steels. Thestandard muffie furnace consists of a furnace chamber *t i"t., is rectangular in section(Fig' 3'6)' The charging and discharging is done through hinged doors. The furnace ofthe chamber is made olhigh alurnina,efractory b.ftr;it'i;rooves for supportingthe
heating elements' Heating is effected by rneans of a resistan.. ,iir" made out in coil formand placed inside the refractory groove. The temperature of the heating chamber iscontrolled by a thermocouple, usually entering through the rear wall of the ch-amber which,in turn, is connected to the py'o,reter for automatic temperature contror.

Thistype of furnace is used lor the treatment of sma[ and medium sized components.Loading and unloading is done nra,ually, and for heavier .o*fon.n,r, a zig_crane or anoverhead crane may be used.

i,#iiiiii:,it!:

Fig. 3.6 Muffle furnace (Cottrtesy: Dcgussa, W. Gcrmany)

3.2.3 SEALED QUENCHTURNACE

This type of furnace can be used for various types of componcnts and for divcrse heat
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I

i

I

I
k..

Fig. 3.7 Ipsen sealed-quench, twin-chamber, multipnrpose atmosphere furnace (Courtesy: Ipsen Industries
International GmbH, W. Germany)

treatments (Fig. 3.7). It can be employed for bright hardening, bright normalizing,
carbonitriding, and carburizing. These furnaces are of a well-known design-electrically
heated, arranged horizontally, and incorporating an integral tank and an atmosphere

lock. Furnaces rnay be provided with fans for the purpose of heating by conduction and

also for distributing the atmosphere around the work to ensure uniformity of heat treat-

ment during the treatment of the parts. After the charge has been at the given tempera-

ture for the required length of time, it is passed to the quenching chamber. The desired

atmosphere is maintained during the process with the help of the atmosphere panel,

comprising of a flow nreter and valves for butane or propane, ammonia and endogas, etc.

The quench tank is provided with a suitable cooling system in which a pump circulates

the oil through an external cooler.
Tempcraturc control is effected by an automatic temperature control systen.
Although it operates as a batch type furnace trom the work handling point of view, it

is a continuous furnace atmosphere-wise. Under working conditions its furnace and ante-

chamber doors operate alternatively so that the atmospheric condition in the treatment

chamber remains constant and control is possible. Since quenching is carried out under
sealed atmosphere conditions, the charge is produced completely free from scale.

The sealed quench furnace is an expensive equipment, the principal merit of which
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is that by quenching under atmosphere completely scale-free finish is achieved. So, a
sealed quench furnace is necessary when the foremost requirement is freedom from scale.

.However, it is not suitable for long slender parts, such as camshafts, drilling spindles, long
main spindles and similarcomponents, since the components are to be quenched indivldualty
which takes time, apart from the tendency to warp.'The 

sealed quench furnace system comprises:
l. Loading and unloading table
2. Sealed quench furnace
3. Power-operated charging machine
4. Endogas generator or suitable gas

5. Atmosphere control and distribution panel
6. Gas analyser

7. Cleaning machine.

3,2.4 PIT.TYPE FURNACE (VERTICAL TYPE FURNACE)

This type of furnace may be used for hardening, bright normalizing, bright annealing,
carburizing, nitriding, etc. The main advantage of using a pit-type furnace is that it reduces
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Fig. 3.8 A battery of electrically heated pit-type nitriding furnaces (Courtesy: Mis Wellman Incandescent
India Ltd, Calcutta)
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Gas-carburizing, pit-mounted, 3-zone furnace designed for gas carburizing

shafts in a suspended retort (Courtesy: Wild Barfield Ltd, England)

I
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Fig. 3.9 rock-drill extension
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distortion in the case of long, slender parts like spirrdles and cam shafts, as they can be
hung vertically in a suitable fixture and can be removed from the hearth without the need
for taking out each component separately, as is the case with horizontal type furnaces. This
also avoids the need for individual quenching of components and likely heat losses <lue to
repeated opening and closing of the furnace door, as is usually done on any horizontal
type furnaces. The pit-type furnace enables feeding of the complete charge of components
suspended in a suitably designed heat-resistant alloy fixture. Quenching can be effectively
done by lowering this entire fixture in the quenching bath. Loading and unloading of the
charge can usually be done by an overhead crane.

The standard pit-type furnace consists of a chamber that is cylindrical in shape (Figs.
3.8, 3.9). The outer casing is made of mild steel sheets. The casing is supported by a mild
steel channel framework. The steel casing encloses the refractory chamber which can with-
stand the desired temperature and also the insulation brick in between. Suitable refractories
are used for the heating chamber; and the innermost lining will have special grooved
refractories to carry the heating coils. The hearth of the furnace is made of heavy duty
refractory brick-work suitable to carry the load.

Heating is effected through coil-type resistance heaters, suitably designed and supported
in the refractory grooves, which in turn are connected to the electrical control equipment
of the furnace. The furnace can be sealed with suitable doors so that a controlled atmos-
phere is obtained within it. The furnace door is equipped with a switch which acts as a
protective device, cutting off supply to the element when the door is opened.

Pit-type furnaces may also incorporate a retort for charging the components. The use

of metallic retorts allows a high degree of control over the process atmosphere operating
under batch conditions, where rapid restoration of the correct composition is essential
after each loading of the furnace. Fans are often incorporated to promote both uniformity
of temperature and gas circulation.

For hardening and case-hardening treatments, either a sealed quench or a pit-type
furnace can be used. A choice of atmosphere between endogas and drip-feed liquids can
be made with the pit-type furnace. Also, the pit-furnace is cheaper and will give a better
payload-cost ratio. In cases where complete freedom from scale is required, a sealed quench

furnace is necessary, but in many cases, a pit type furnace may well be the better all-round
choice. For long components a pit type furnace has necessarily to be used.

3.2,5 BELL FURNACE

The bell furnace (Fig. 3.10) is a vertical batch furnace used for bright annealing, stress

relieving, nitriding, bright normalizing and ion nitriding. It consists of a bell-shaped heat-
ing furnace with electrical heating elements. This is used to serve several insulated hearths
in which the charge is held. When one hearth has been heated, the furnace can be moved
to a fresh hearth and the first hearth is left to cool in its protective atmosphere. Cenerally,
the hearths are either circular or rectangular in section. They are surrounded by sealing
troughs which are filled with a suitable sealing medium, such as sand, low-melting
metal, etc.

Bell furnaces offer many advantages. They enable the transfer of the heating furnace
from one hearth to another immediately on the completion of the heating cycle. This
results in an economical heating procedure, as the furnace body is not continuously cooled
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and reheated. However, this requires more

sufficient capacity to deal with the bell and

floor space aud needs an overhead crane of

the particular charge being processed.

Fig. 3.10 Electrically heated strip-coil bell-type annealing furnace (Courtesy: M/s Wellman

Incandescent India Ltd, Calcutta)

3.2.6 IMMERSE ELECTRODE SALT BATH FURNACE

This furnace is suitable for hardening, carburizing, annealing and similar treatments.

Heat efficiency of the bath is more cornpared to the other conventional furnaces. This

type of grnace is suitable for mass production of medium and small-size components

(Fie. 3.1 I).

In this method, a compollent to be heat-treated is irnn-rersed in a molten salt contained

in a steel or refractory pot and is heated by conduction. The salt is melted by passing an

A.C. supply through the irnmersed electrodes. As a result of the re sistance built up by the

passage of current through the salt, heat is generated within the salt itself, and this

iesults in molten salt. The molten salt is electrodynamically stirred because of the magnetic

field induced around the electrodes, giving a high thermal uniformity in the bath. It
prevents overheating of the salt near the electrodes (Fig. 3.12).

The furnace consists of a casing, which is fabricated with a mild steel sheet of suitable



Heat Treatment Furnaces 745

thickness. The steel casing will have sumcient strength and structural rigidity. It encloses
a refractory chamber which can withstand the high temperature and the resistivity to
chemical bath, and also the insulation brick in between. A pot is provided inside the
chamber. Three electrodes are immersed in the pot. The cross-section of the electrodes is

Fig. 3.11 Electrode metal pot salt-bath furnace (courtesy: Degussa, w. Germany)

square or rectangular, because flat, opposing surfaces afford a better concentration of the
magnetic flux than that offered by curved surfaces. The electrodes will be of a suitable
cross-section and made of mild steel. They are connected to the secondary of the trans-
former bymeans of copper or aluminium bus bars of adequate capacity (Fig. 3.12).

For heating the salt, current is supplied by the transformer which converts the line
voltage to furnace voltage (10-15 volts), together with a necessary tap to adjust the rate
of input' In view of the large cross-section of the salt, low voltages and high currents are
required.

A fume hood is mounted on to the furnace and connected to an exhaust for suction
of all fumes produced during operation.

The temperature of the bath is automatically controlled by means of a system consist-
ing of a thermocouple, pyrometer, relay and a magnetic contactor.

Refractory pots are preferred for use with neutral salts, free from cyanide or carbonate.
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Steel pots are suitable both for hardening and carburizing. The shape of the pot may be

oval or rectangular.

It is most important that the room in which the furnace is installed should have a

high roof, be well-ventilated, and used only as a hardeningshop.

Compared to the other conventional furnaces, the initial investment for the salt bath fur-

nace is very low. The floor space and maintenance is minimum. The worn-out electrodes

can be replaced while the furnace is in operation and do not necessitate costly shutdowns.

INSPECTION WINDOW SWCC (EWOI 7Ol70/9O

t

I

SWITCH

Fig. 3.12 Sectional view of electrode salt-bath furnace (courtesy: Degussa, w. Germany)

The main disadvantage is the removal of the worn out pot which requires considerable

force and may damage the surrounding area.

Starting of the Bath Solid salt is so good an electric insulator that it does not carry signi-

ficant amtunts of current subjected to the normal operating voltage of the furnace. Due

to the above reason, salt has to be melted first by means of an auxiliary device or blow

torch, until there is enough melt betwecn the electrodes.

The heating-up device consists of an U-shaped steel frame equipped with copper

connection pieces. This device is put into the preliminary heating chamber provided on

the electrodes, and the other end is immersed in the bath. The electrical connection is

then given. Salt is now added to the bath and the furnace is started at low taps ofthe

transformer. After sufficient melting, the heating device is taken out as the resistance path

for the current is now through the molten salt.

Before shut down of the furnace the heating device should be again placed inside the

electrode chamber and the same procedure given above should be followed when starting

the furnaces again. It is necessary to ensure that the device should be dry before inserting

as otherwise spurting may take place. While the above procedure employs electrodes for

initial melting, the salt may also be melted by using an oxyacetylene blow torch.

The torch should be of sulficient capacity and melting should start near the electrodes

to permit the electrodes to assume the energy supply as early as possible through the liquid

medium. A liquid pool may surround and connect all electrodes over their entire length,

but the salt at the far end from the electrode may still be solid. Then the voltage must be

cut down to avoid overheating of the salt.
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3.2.7 HIGH TEMPERATURE SALT BATH FURNACE

The furnace can be used for hardening of high speed steels and hot work steels. The
hardening furnaces are refractory lined and resistance heated using the salt as the resistor
current being fed from three massive electrodes set into the furnace walls (Fig.3.13). The
bath is electrodynamically stirred by the magnetic fleld induced around the electrodes,
giving a high degree of thermal uniformity within the bath. The temperature of the bath
may be maintained within plus or rninus 5oC and this leads to uniformity of hardness
on quenching.

The casing of the equipment is of mild steel fabrication with suitable thickness. It has
the requisite strength and structural rigidity. It will be usually placed on suitable channels

Fig. 3.13 High-temperature salt-bath furnace (Courtesy: Degussa, W. Germany)

for a convenient working height. The steel casing encloses a refractory chamber, and

insulation brick work in between, which can withstand the high temperature and display

resistivity to chemical salts. A high alumina-content silimanite pot, the inside of which is

in the form of segments, will form the actual working area. Necessary grooves are provided

around the diameter of the pot for inserting the three electrodes.
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Heating is effected through three electrodes provided inside the bath. The electrodes are

of a suitable cross-section and made of low carbon steel or steel containing 28yo chromium

and2\ nickel. These electrodes areconnected, by means of copper or aluminium bus bars

of adequate capacity, to the secondary of the transformer to enable the furnace to be

heated rapidly to the working temperature. The transformer is equipped with a range of

tappings and a tap changing switch, enabling accurate manual control of the bath tempe'

rature. Alternatively, an automatic control can also be fitted. A fume hood is provided at

the rear of the bath to suck the fumes and expel them through the exhaust system.

It is most important that the temperature control system should be in the range of

f 5'C to avoid the ruining of costly tools.

Starting of the Bath Salt in the cold condition does not carry current. It has to be melted

by an auxiliary device until there is enough melt between the electrodes. The necessary

heating device or auxiliary electrodes are supplied with the furnace itself.

Three auxiliary electrodes supplied with the plant are bolted to the legs prepared for

them on three of the main electrodes, the ends of which are dipping into the bottom

of the pot. A small amount of salt is spread at the bottom. A graphite disc is placed between

the three electrodes and pressed against the ends ofthe auxiliary electrodes. Now the

transformer is switched on and the maximum voltage supplied. The graphite disc becomes

incandescent and melts the adjacent salt forming a pool through which the electric current
now flows. Small quantities of salt are periodically added to the pool. After sufficient melt

is prepared, the auxiliary electrodes are removed. The temperature may now be raised;

the transformer tapping can be adjusted to increase the flow of current for a faster rate of
heating to the desired temperature.

3.2.8 TEMPERING FURNACES

Tempering may be carried out in a molten salt bath, air furnace or oil bath.

Oil Bath Tempering The furnace is suitable for tempering up to 250'C. It consists of a

steel tank surrounded by a suitable sturdy casing and refractory lining. The bottom of the

casing is provided with a suitable grooved refractory brickwork in which coiled wire hea-

ting elements are placed. The furnace should be provided with a suitable temperature

control system. It is also provided with a section hood if the bath is operated above 150"C.

SaIt Bath Tempering Furnace Such furnaces are widely used for tempering steels of all
types. They are employed for temperatures above 150oC. Since molten salt surrounds the
parts, it promotes a faster rate of heating compared to conventional tempering furnaces
(Fie. 3.la).

Components to be treated should be free from oil or grease and free from moisture to
avoid spurting of the salt, because molten salt reacts violently with moisture. The salt
mixture that is used for tempering is mentioned in Table 2.5. These salts are commercially
available. To avoid violent explosions it is most important that the part treated in the
cyanide bath should not be placed directly in it.

The furnace consists of a fused salt in a steel pot or cast iron pot. The pot is surrounded
by a suitable sturdy sheet casing. The pot is provided with a refractory brickwork in which
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coiled wire heating elements are placed. Th-ese are backed by suitable layers of insulating
media' The furnace is heated by means of heating coils and provided rilth u, auiomatic
temperature control system. The temperature range that can be used is about 150 to
600"c.

This furnace can be used to temper all types of steels and for stress relieving.

Fig. 3.14 Sart-bath tempering furnace (courtesyi Degussa, w. Germany)

Convection Furnace Tempering may be carried out with the help of forced air circulation
in a furnace (Fig. 3.15). The advantage ofa forced air circulation furnace is the penetration
of the heat transfer medium (air, etc.) into the interior spaces of the charg., lf th. lutt.,
is composed of many small parts. It is known that, at low temperatures, heat transfer is
mainly dependent on the circulation of air in the form of convection currents. Hence, it is
necessary to have forced air circulation at lower temperatures,

The furnace essentially comprises a heat-insulated chamber of cylindrical dimensions
with an inner, concentric metal liner of baffie which serves to prevent direct radiation
from the elements on to the charge and confines the air to a definite path. Specially desig-
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ned heating elements are mounted in the annular space formed by the chamber walls and the

liner. The inner liner is supported in the chamber by thethroatwhichin turn is carried on

pillars secured to the baseplate.
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Fig. 3.15 General amangenent of vertical forced-air-circulation furnace

While in operation, the centrifugal fan ilt the basc of the chamber beneath the throat

creates a vigorous and high velocityair circulation. Due to the design of the furnace

interior, this circulation is restricted to a definite and closcd circuit in which the only

material resistance to air florv is offered by the charge itself. It will be clear that the

circulating air first passes upwards over the heating elements from which it absorbs heat,

and then down through the charge to which the heat is imparted. The components to be

tempercd are placed in a rvork basket provided with a perforated base which, when charged

into the furnace, rests inside the inner lines upon the throat.

3.2.9 VACUUM F'URNACES

The developmentand application of vacuum heat treating of metalshas been going on for
the last 30 years. Vacuum furnaces can be used for heat treating steels and non-ferrous

alloys as lvell as super alloys in the place of conventional methods such as controlled atmo-
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Fig. 3.16 Ipseir single-chamber
quenching (Courtesy:

W. Germany)

vacuum furnace with high-pressure gas
Ipsen Industries International, GmbH,

sphere or molten salt bath (Fig. 3. l6). vacuum furnaces provide the necessary conditions
for clean atmosphere without which the heat treatmeni of various sophisticated air-
craft. engine components would not be possible. Vacuum heat treating is gaining more
application since it ensures consistent metallurgical characteristics on the components
together with less deformation and brilliant surflace. Vacuum furnaces are now available in
a modern design which has eliminated the limitations of the previous models.

Unlike conventional atmosphere heat treatment, vacuum heat treatment does not
require control of the carbon potential of prepared atmosphere and related furnace-condi-
tioning rcquirements. In atmosphere heat treating, the waier vapour content or dew point
of a protective gas atmosphere is often the most critically contiolled variable in addition
to the temperature and time of processing during heat treating.

fuMffi M
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The essential difference between vacuum heat treating and other heat treating methods

is the evacuation of the heating chamber during heating-up and holding. Subsequently,

the components are cooled dr quenched depending on the specific process requirement.

The evacuation of active gases provides an absolute neutral condition and prevents the

occurrence during heat treating of surface reactions such as oxidation, decarburization, etc.

The term vacuum as applied to vacuull heat treatment, is a misnomer if interpreted in

its literal sense, because the process is usuall-v carried out within a pressure range of l0-

ffi

Fig.3.17 TopJoading cold-wall vacuum
Industries International, GmbH,

furnace (Courtesy: Ipsen
W. Germany;
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500 microns and hence can be designated as partial pressure treatment. I{owever, at thislevel of vacuum' chemical. activity iI negligible and, for all practical purposes, the atmo-sphere may be considered inert.
Absolute vacuum is technically neither attainable nor necessary. vacuum conditionstherefore always represent a certain gas pressure which is usually expressed in either'torr','micron'or'pascal'.. one torrco-rresponds to r mm of mercury atrlT61atmosphereor l.3x 10-3 bar, I mrcron corresponds to 1.3 x l0_6 bar.

Types of Yacuum Futnace'r vacuum furnaces are usually cylindrical and may be constructedhorizontally or vertically' The size and shape of the component usually determines thetype of furnace best suited for the heat treatment applicaiion. They may be grouped intothree basic designs.

(i) Prr Tvpn Funuecr These furnaces are used for processing Iong srender 
"o*oon"n,,as well as light comp{nents' The components to be treated ire suspended vertically in asuitable alloy fixture (Fig. 3.t7).

Fig. 3.t8 Bottom-loading cold-wall vacuum furnace
(Courtesy: Ipsen Industries International
GmbH, W. Germany)
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(ii) Brll Typr FunNlcn The furnaces are suitable for handling large heavy components.

Here the work to be treated is loaded in a suitable fixture or trays and are placed on the

hearth rvhen the bottom is in the lowered position (Fig.3.l8).

(iii) HonrzoNrer, Typr FunNacr Horizontal type furnaces are more commonly used. They

are available both as batch type and continuous type vacuum furnaces with several zones

for loading, high temperature processing and cooling by gas or liquid (Fig. 3.19).
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Fig. 3.f9 Horizontal-type cold-wall vacuum furnace (Courtesy: Ipsen lndustries International, GmbH,

W. Germany)

These furnaces are particularly suitable for difficult loading conditions for heat treating

of heavier loads and brazing operations. Figure 3.19 illustrates the type of horizontal

multi-chamber vacuum furnace that may be used for different types of heat treatment.

These furnaces are advantageous particularly in those cases where single-chamber furnaces

do not ensure a sufficient quenching speed. Use of a separate gas quench chamber to in-

crease the quenching speed to such an extent that many high-alloyed, oil-hardening steels

can now be vacuum-treated. An additional oil quench tank renders possible vacuum-

treating of all oil-hardening steels. These furnaces are applied for the treatment of bright'

hardening, annealing, sintering, degassing, btazing, stress relieving and carburizing.

Heating System Eventhough heat treating furnaces are available in many configurations

(horizontal, vertical, bottom load, etc.), vacuum furnaces fall into two categories, hot wall

and cold wall.
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Hot wall vacuum furnaces are those that are heated frorn outside the vacuum vessel
and may be used up to 900"c. They are suitable for annealing, tempering, stress relieving,
etc. They are usually constructed with stainless steel or inconel wall and the heating ele-
ments are of nichrome. The outer furuace lining is an insulating refractory brick riith a
mild steel casing.

Cold wall type furnaces may be used for all types of heat treatment. In the cold wall
vacuum furnace, the heating elements are placed inside the retort (Fig. 3.20), and these are
backed up by radiation shields and refractory metal heat baffies to provicle insulation and
radiant reflection. The charge to be treated is placed on the refractory metal stand in the
centre of furnace, and is surrounded by heating elemelts and a radiation shield. placed
behind this is a graphite felt for insulation. The outer furlace casing consists of an inner
wall, normally of stainless steels, which supports the element, the radiation shield ancl the
baffie assembly. An outer shell is constructed around this, providing a water jacket. Most
furnaces make use of the cooled walls to cool the lecirculated quenching gas, although
provision can be made for external cooling of the gas througlr a scparate heai exchanger.

l'ig.3.20 Single-chamber vacuum furnace with high_pressure gas
quenching system (Crtrresy: Ipsen Industries Internat-
ional, GmbH, W. Germany)

Heatiag Elements Several types of heating elements are commonly being used. Table 3.1
gives the type of heaters used for different ternpcratures.

Table 3.1

Heater type IVIaximum temperature

CrNi

Mo

Ta

w

Graphite

I 100.c

1800'c

2500.c

2800"c

2200"c
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For treatment of steels normal temperatures do not exceed 1300"C. For this purpose'

furnaces may be built with molybdenum, tungsten, tantalum and graphite. Using Mo, W,

and Ta as a heating element will result in high cost and higher power consumption com-

pared to graphite. But they are mainly useful for treating materials such as titanium and

other super alloys. The shape of heating elements from these metals is either a rod or a

ribbon.

Now-a-days most of the steel heattreatment furnaces are provided with graphite heaters

available in the form of tubes or flat bars, and capable of being arranged in many configu-

rations. Graphite in the form of cloth is also available. It has the advantage that it can

be cut with scissors and arranged in the work zone to give large surface areas for heating

at extremely low watt densities. Graphite is also less expensive compared to other elements.

Cooling Media As the materials heat-treated in vacuum fuinaces require cooling at differ'

ent rates, these are built with gas cooling facility, gas cum oil quenching facility and multi'

ple quenching facility in gas, oil or water and salt.

Gas cooling facilities are designed for different pressures, depending on the cooling

rate required for a particular heat treatment. The pressure may vary between l-6 bar

depending on the type of materials.

The gas quenching media used are hydrogen, helium and nitrogen. Nitrogen is more

commonly used since hydrogen and helium are costlier. The grade of nitrogen is important

if oxidation of furnace parts and work is to be avoided.

Vacuum ranges Depending on the requirements of materials to be treated and the heat

treatment process, vacuum furnaces are provided with a medium vacuum pump set consist'

ing of rotary plus Root pump to give an ultimate vacuum of l0-2 m bar or a high vacuum

pump set consisting of Rotary plus diffusion pump to give an ultimate vacuum of

10-5 m bar.

When high degassing rate is invoived, Roots pump is additionally provided. Table 3.2

outlines the types of pumps available, their approximate pressure range' and how they

might be used.

Table 3.2 Vacuum PumP TYPes

Pump Type Pump Fluid iT"'*"li:'.'f Use

Mechanical Oil

Booster Roots type None

(Mech) ejector Oil

Diffusion Oil

Molecular None

ION Electrodes and

getter chemicals

Work horse, roughing and

backup for booster pump

To increase efficiency in

l0-2-10-{ range

High speed in high vacuum

range

Specialized; used when oil
must be excluded

To maintain the high vacuum

level for long periods

ATM-10-3

50-10-1

l-10-.

l0-3-10-t

l0-2-10-e

l0-3_10-t0
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Yacuam Heat Tteating Applications Applications of the vacuum furnace in the metalprocessing industry include l' hardening, tempering or annealing of steel, stainless steel,alloy and other metal products, 2. braziirg,_ 3. degassing particularly titanium, 4. diffusionbonding' 5' sintering, 6. carburizing, and 7. nitriJng lrbN nitriarngy.
Some of the vacuum heat treating processes ,hi"h ,.qrire special consideration arediscussed below:

Alncnerr Arlovs of concern here are the special alloys containing titanium andaluminium' These alloys are usually processed at a high temperature (l0g5"c-l260oc forsolution treating) a,d thus are highly susceptible to oxidation. rli, means maintaining atight vacuum system and utirizing rrlgt-ru"uum pumping to operate below r x r0_a torr(.1 micron).

The aircraft alloys most often heat treated are the titanium-based alloys. These alloysare so prone to contamination, particularly hydrogen pick-up, that they -rrt u" p.o..rr"din vacuum of argon' while soluiion-treating many of these alloys, it is necessary to dropthe temperatures below l0"c to achieve complete transformation. vacuum offers distinctadvantages in that the material can be cooled without 
"^porrr"-ro 

atmospheric conditions.By chiuing the fluid in the heat exchanger within the vacuum vessel, the requisite tempera-ture decrease can be brought about. aging of these alloys can take place in the samesystem, again without exposing the alloy io atmospheric contamination.
Toor' SrrErs Tool steel heat-treating is simplified in the vacuum furnace. The toolmaker can finish the tool to very close-tolerance since subsequent grinding to remove scale,etc' would not be required. Heating of the tools can bectosety 

"on,rolt.d 
by varying crosssection to avoid distortion' cooling rates can be very fast for some tool steel grades;distortion problems .11 g" avoided Ly p.op.. pracement of the work in the gas flow.when heating the high speed gradei for hardening, it is necessary to prevent vapori-zation of surface constituents, particuJarly chromium. f. a"g", ,rre surface, the parts canbe raised to preheat temperature under high vacuum. rr,.i, *rr"n heating to hardeningtemperature' the furnace chamber may be backfilled to zoo-+oo microns with nitrogen.This higher pressure level is maintained until the furnace is backfllled for cooling. Thepartial backfilr forms a blanket of gas morecures which retains th";;"il; 

""rr."r",n"it does not come in contact with the coorer surface where it can condense.

Advantages of Yacuum Heat Treotment

1' It is possible to obtain aclean bright finish surface thus reducing polishi,g timeconsiderably.

2, Negligible carburization or decarburization.
3' Distortion is minimum, thus eliminating the costs and risk of subsequent flnish-ing operations.

4. constant reproducible quarity of products due to automation of process para-meters; eliminates expensive unexpected failures.
5. Idear Iabour conditions, no heat 

"*poru.", 
no ecological probrems, no cooringwater contaminations.

6' Programmed, automatic cycle, instant availability for operation and the flexibleheat-treating cycles arow considerable savings iriru",ii 
".r,r.
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7. Almost instant starting and shut down, unlike in the case of the salt bath and

atmosphere control furnaces where in addition to heat treatment cycle time,

considerble time, power, labour and salt or gas are spent in preparing and

shutting down the furnace'
g. The slightly higher heat treatment costs compared to other methods are amply

compensated for by indirect savings and by the improvement of the quality of

the products.

Disadvantages

l. Higher initial investment cost.

2. Th; power input to maintain the temperature of the hot zone is lost in every

quench cYcle.

3. The hot zone and internal construction undergo several thermal shocks during

the gas quench cycle with resultant higher replacement of expensive material.

4. The longer time cycle due to slorv rate of heating since heat transfer is by

radiation.

3.2.10 FLUIDIZED BED FURNACES

Fluidized bed furnaces are used for neutral hardening,

nitriding, nitriding, ferritec nitrocarburizing, tempe'

ring, patenting, mar-quenching, etc.

Figure 3.21 illustrates the basic arrangements

usually employed for fluidized bed furnaces. The

furnace consists of an outer shell lined with a heavy

ceramic-fibre blanket insulation rvhich surrounds the

electrically heated or gas-fired heating chamber' The

heating chamber encloses a retort and diffusion plate

constructed of heat-resistant alloys which is welded

into the bottom of the retort. This plate is termed as

the distributor plate and uniformly distributes the gas

phase from the plenum chamber below the distributor

plate. Above the porous plate, the bed of fine particles

such as sand, aluminium oxide, zircotrium oxide or

other similar material is held. Pre-mixed air and gas

is blown upward into the furnace at a certain velocity,

through the distributor plate. This fluidizes the bed of

sand or alumina particles and makes it behave re-

markably like a liquid.

The standard range of fluidized bed furnaces now

commercially available can be externally heated by gas

annealing, carburizing, carbo-

or electricity, internal combustion or submerged combustion.

Externql Electric-heating Figure 3.21 illustrates an electrically heated furnace. The furnace

is heated indirectly by electric elements located outside the retort containing the bed. Thus,

any desired gas mixture can be passed through the bed. Typically, air is used for fluidi-

,uiion during heating with a rapid change-over to a neutral or active atmosphere for the

heat treatment process, for which the desired gas rnust be supplied separately. The main

Fig. 3.21 Typical externally heated,

fluidized-bed, electric

furnace
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advantage of this type of heating is the tightly controlled atmospheres and stable fluidizationduring heating and processing. a further tenefit is the wideiange oroperating tempera-tures, from ambient up to the maximum design temperature.

Extemally Heated Gas This is similar to an electric unit except that gas burners replace

HTTfl. 
elements' In addition, recuperators are used to preheat the incoming combus-

ffi

Spe-cial Features of Fiuittized Bed Furnqce.r A fluidized
bed can be fluidized by air, any gas or a mixture of
gases. Depending on the requirement of the process,
any desired gas or combinati,on of gases can be used.
For neutral hardening or tempering, N. i, used. For

Submerged Combustioa Here, the gas burner is placed
directly in the fluidized bed. The combustion products
heat up the bed and are re-routed via a compressor
to fluidize the bed itself.

Ilt:maUyGos Fired(Active Atmosphere) (Fig. 3.22). In
this type of unit, the air-gas mixtirre flows througtr the
bed to maintain the desired fluidization for the opera-
ting temperature. Additional air or air_gas mixture
(submerged combustion) is added at the top of the
bed to complete combustion and maintain the bed
temperature. The advantage of thistype of unit is that
the active atmospheres of carburizini/carbonitriding,
etc. can be generated in the bed by controlling the air-
gas ratio to suit the operating temperature.

carburizing, a mixture of methanal, Nz and propane Fig.3.22 rnternal-combustion,fluidi-
or a mixture of propane and air, is used. By adopting zed-bed furnace
the externally heated type furnace, different types of
heat treatment such as carburizing, carbonitriding, nitriding, nitro_carburizing with asuitable gaseous medium in the fluidized bed, can be used.Heat transfer in the fluidized bed is 8-25 times greater than forced convectionfurnaces.

Because of the inherent temperature uniformity and high thermal conductivity of flui-dized beds, it is possible to quench -rry p""r that are normally air cooled in a fluidizedbed with lower distortion and no 
".u"tiog.These furnaces can be operated at ani temperarure between ambient and 1000.C.capital costs are considerably lower fir attitre svrtei, 

"*".t the salt bath.



Control of Heat Treating Process

Any component, after final heat treatment, should conform to the specified standards for

the particular type ofheattreatment. These standards are often stringent and any deviation

would result in components not conforming to the desired specifications, resulting in rejec-

tion. Hence, it is of the utmost importance to follow the established standard procedures.

For instance, adopting an excessive hardening temperature results in overheating of the

steel, whereas too low a hardening temperature results in low hardness. In some instances,

maintaining a wrong dissociation rate during nitriding may lead to an insufficient case

depth and, conversely, a higher nitriding temperature may lower the hardness of the

component.

Apart from these, the steel used for a particular component may not be the correct

type. Moreover, even when the steel iscorrect in composition, it may not possess the desired

structure.

To overcome these and similar defects, and to obtain the best results, adequate control
of the process is required. The following are hence important in any heat treatment

process.

l. Incoming steel inspection.

2. Process control during heat treatment.

3. Quality control of finished product.

4.1 Incoming Steel Inspection

In order to avoid use of the wroug grade of steel for components subjected to heat treat-

ment, it is necessary to inspect the incoming steel to check the following:
l. Chemical composition of the steel.

2. Microstructure (to ascertain conformity to standard).

Normally the checking is done by the steel manufacturers themselves and a test certificate
issued at the time of supply of the steel. In the absence of such information a test is

essential.

When different types of steel are procured they should be stored with proper identi-
fication in order to avoid mixing up. It is advisable to paint the steels in different colours.

A board should be displayed in front of each grade.

Despite these precautions, a mixing up may occur; or sometimes the paint applied may
fade. It is then necessary to carry out a chemical analysis. In such cases, complete chemical
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analysis is not necessary but a check need be made to determine the
and chief alloying elements. This will establish the characteristics of the
or spectroscope testing can be employed for this purpose.

content of carbon

steel. Either spark

4,2 Control of Manufacturing process

In order to maintain quality and to avoid rejection of components in any heat treating
process, the most important factor is the temperature, and its control. For instance, a close
control of the gas supply, dissociation r.ate, and proper use of equipment for gas suppty is
the most essential requirement in case hardening.

Also, the thermocouple used for a particular temperature range should be the correct
one. The most commonly used thermocouples in heat treating shops are:

(a) Chromel-alumel (up to 1000"C)

(b) Ferri-constant (up to 600"C)

(c) Platinum-rhodium-platinum (up to 1300"C)

When the thermocouple is used for measuring the temperature, it is desirable that its
hot junction touch the surface of the heated components or at least be placed as near
them as possible; otherwise the thermocouple will give wrong readings. Apart from this,
it is necessaryto counter-checkthe temperature every day with the help of a standard thermo-
couple or by using a voltmeter.

Apart from the above process controls, the importance of the ,human, element in heat
treatment operations should not be neglected. The man at the furnace is the ultimate key
to the situation and at the same time the weakest Iink in the chain. He isthe one who
controls the final metallurgical property of the components under treatment. It is his skill,
experience and judgement that may frequently determine the nature of the quality.
Hence it is necessary to impart proper training and an understanding of the principles
governing heat treatment.

4.3 Quality Control of Heat Treated Components

Quality control of heat-treated components is accomplished by measuring the dimensions,
properties or other characteristics and comparing the measurements with predetermined
standards. Thus, quality control determines whether the heat-treated components conform
to established specifications and standards. In abtual practice, it consists of determining
whether the given components are within the specifled limits of variability.

Various methods have been developed for accurate and reliable quality control of heat-
treated components. Many of these are indirect methods. Nevertheiess, they have gained
acceptance both by the management and by the production personnel as a means of reduc-
ing cost and improving product quality.

Specifications are developed on the basis of the following sources:
l. Standards for typical components.
2. Plant technical requirements, i.e., for non-typical components for which no standards

have been developed.

3. Drawings.
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To conform to the technical requirements formulated in the standards, specifications

and drawings, the components should be tested for:

l. Hardness.

2. Mechanical ProPerties'
3. physical properties (e.g. magnetic properties for steel, corrosion resistance of nitride

comPonents, etc.)

4. Depth of case of case hardening steels.

Inspection standards should be established so that decisions to accept or reject the

component depend on certain conditions. It is advantageous to have the inspection imme-

diately after every operation rather than having it at the end of the final process because

in many instances, it is the easier, more reliable and tnore economical option.

It is most important that the heat-treated components be visually inspected to see whe-

ther the components are free from surface defects, distortion, warpage, scales, etc.

The chief methods adopted for inspection are complete screening and sampling inspec-

tion methods. In complete screening inspection, each manufactured component is subjected

to inspection individually. Sampling inspection is performed on samples taken at random

(3 to 5) from lots of small and similar types of components made of the same material.

These samples may be considered as a representative of the lot when it is not practical to

inspect each comPonent.

Hardness testing is the most commonly applied method in inspection since it is most

easily obtained. The details of the process and equipments are given in the following

section.

4.3.I SPARK TEST

This method consists of visual observation of the spark thrown off when the steel is held

against a high speed grinding wheel. This method is one of the quickest for identifying

different types of steels (Fig. 4.1). This test is found accurate if done by an experienced

person.

Test
spec

Grinder

Wheet
- spork

Centre
oreo

Toi t

spqr k-

Fig. 4.1 (a) Form of characteristic spark

Instructions for Spark Testing (a) The steel to be identified should be free from decarburi-

zation, since the decarburized layer may result in sparks different from thosewhich are the

characteristics of that particular steel.

(b) The grinding machine used should be driven either electrically or pneumatically.

(c) The test should be carried out in a suitably darkened room.
(d) Only that amount of pressure should be applied as will maintain a steady contact

between the steel and the grinding wheel. A 500 mm long spark isthe standard ona0.2l
carbon steel.
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(e) The spark must be directed horizontally or in a slightly upward direction. The
observation should be made in the receding direction of tile spark or from the direction
at right angles to the stream.

(f) Observation should be made on each section of the wheel spark-the centre area and
the tail of the spark, taking particular care to note on the following charactelistics:

1. Streamline (colour, number, brightness and length)
2. Bursting (colour, number, shape and size)
3. Resistance to grinding felt by hand.
The specimen may be identified on the basis of its stream, carrier Iines, spark burst and

the characteristics of spark. The carrier Iines will vary in length, breadth, coltur, shape and
distance from the wheel encl. The presence of alloying elements in steel influence the nature
ofthesparks. Figure 4.1 (b) illustrates the different types ofsparks produced bydifferent types
of carbon steels and Fig. 4. I (c) by different types of alloy steels. The effects of some attoying
elements on the spark are given below:

CAnsoN This causes bursts. The greater the amount of carbon, the more plentiful and
complicated the bursts.

Approxrmotety 0.03"/-C
steet

ARproximotety 0l"L C steel

R=.--r
\.\.,

Approximotely 0.2'L C steet Approx i motety O :"l"C rt")f

Approxrn'ro tety O 5 
./"C 

steet

0.5-0.8'L C steel
@
0.9*l 2'loC steel

Fig. 4.I (b) Illustration of carbon steel sparks

+_ :_

ffi
Approximotety 0 4./oC steel
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Fig. 4.1 (c) Illustration ofdifferent types of alloy steel sparks

The plain carbon steels produce long and large yellow carrier Iines with easily discern-

ible springs. With steels of higher hardness forks may also form at the ends of the carrier

lines. With medium carbon steels the carrier lines usually end in a star. The colour of

sparks is golden yellow. The spark stream produced from higher-carbon steels consists o[

groups of short bursts. The harder the steel the shorter the spark stream. The colour of

these sparks is less red and these are more brilliant than lower carbon steels.

M4Nc.c,Nasr In steels where manganese forms the main alloying element, it tends to

brighten the sparks and increase the spread of the sparks around the grinding wheel' With

increasing amounts of other alloying elements the effect of manganese on the spark

characteristics becomes less visible.

Srr,rcoN Significant amount of silicon suppresses the carbon sparks. Steels with low carbon

content and high silicon content (lf) produces a dense, condensed and luminous spark

stream without bursts. The spark stream has long, pointed carrier lines that have no

oxidation parts.
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CHnoutuu At the grinding wheel chromium produces carrier lines which are finer and
more spaced than those from carbon steels. Relatively higher amounts of this metal retard
the spark stream. It imparts an orange-red colour to the stream.

Ntcxrr' Presence of nickel produces characteristic tiny blocks of white Iight in the spark
stream. Forked tongues in the sparks are noticed. It also retards bursts but to a much
lower extent compared to chromium.

TuNcstEN The presence of tungsten can be easily detected since it tends to suppress the
effect of all the other alloying elements on the spark. The spark stream produced is red
in colour' when tungsten contentishigh (between iand 15)() single bright-orange tongues
are produced at the end of carrier lines. In higher tungsten steels the bursts are Juppressed
altogether.

vlNenrult The spark testing for vanadium steels can be only applied for its detection.
The estimation of vanadium content by this test is not at all accurate. Generally vanadium
tends to brighten the spark stream.

MorYsorNuL'I In molybdenum-dominated steels, there is a characteristic spear point
at the end of the carrier lines. Presence of other alloying elements mark the spear points.

4.3.2 THE FILE TEST

This is one of the oldest methods of testing the hardness of components and it is still one
of the most useful methods practiced on the shop floor. An experienced heat treater can
tell almost as much with a file as a laboratory man can tell with a hardness testing
machine. Usually all that the file treater has in his memory is a ,feel' which has obvious
limitations.

Standard test files are heat treated to a 'file hardness' of about 67-70 HRC. For testing,
the edge of the file is pressed firmly against and dlawn across the surface to be tested. If
the file does not bite, the material is said to be file hard. The personal skill of the man
handling the file, the angle at which it is held, the force applied, etc. are the variables. By
frequently checking for himself by filing standard blocks anO olscarAing test flles as soon
as they wear out, the tester can make accurate comparisons about the hardness of the steel.

The testing file will not 'touch' quenched steel of 64-68 HRC, but will bite quenched
and tempered steel of 64-66 HRC. The result obtained will be fairly accurate only at the
highest hardness levels.

Advantages and Disadvantages The results may be obtained very fast and this method is
readily adaptable for all types of odd shape and size which are difficult to test by other
methods' The decarburized layer or soft spots on the surface can be easily identified.

Thin hard surface layers produced by special surface treatments, such as tuftriding,
carbonitriding, nitriding, cyaniding, etc., also require file testing if other hardness testers
tend to penetrate through the case.

The disadvantage is that its ability to give reproducible hardness values is rather
limited. Also, it requires highly skilled personnel and the resuits obtained for low hardness
may not be accurate.

4.3,3 BRINELL HARDNESS TEST

The Brinell hardness tester is employed for determining the hardness of comparatively soft
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components rvhich have been subjected to annealing, normaliz-

ing, hardened and tempered components, etc.

This method consists of pressing a hardened standard steel

ball or sintered carbide under a constant load into the surface

of the specimen to be tested. After removing the load, an

indentation remains on the surface of the specimen. The Brinell

number BHN is the ratio of the load applied to the ball during

the test to the area of indentation produced by pressing the

ball into the specimen.

The Brinell Number, BHN,

BHN :
Big.4.2 Indentation after

Brinell hardness testwhere P : applied load in kg

X : area of indentation in mm2

If the indented area Xis expressed by ball diameter d,the Brinell Hardness Number

may be determined from the following formula:

BHN : 2P
kg/mm2

rD(D-lF-az1
where BHN : Brinell Hardness Number kg/mm2

P: applied load in kg

D : diameter of ball in mm

d : diameter of indent in mm

The test load applied varies in magnitude and time of application as indicated in

Table 4.1.

Table 4.1 Brinell Test Conditions

will be:

P.
x kg/mm'

Standard Test Conditions

Minimum

Metar and thickness 'ot},jrl1!?' L"eo
requlremenl, lt any (mm) (Kg,

Full load
hold time

Distance from:

Nextto8! markxd xcl

Thickness
of test
piece
xh

For any other penetralor
size, adjustthe loadap-
plied so that F/D'equals:

Steel

Grey cast iron

Greater than l5 mm

Between 5 and 15 mm

Lesi than 5 mm

Light metals and

alloys

10 3000 10-15

l0 3000 15-20

5 750 15-20

2 120 15-20

10 mm preferred 30*2;
and I mm mini- for

mum magne-

sium

alloYs

120t2

2.s

2.5

2.5

2.5

3.0

410
4-

4-
68

30

10 (for l/B less than 140)

30 (between HBI4O and

flB s00)

5 (for HB less than 55)

5-15 (between II.B 55 and

fla 80)

l5 (for more than ^EIB 80)

Note: D : diameter of penetrator; d: diameter of indentation;

ft : depth of indentation; F: applied force

rFq
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When testing the specimen for hardness, the following conditions are to be met.
l. The specimen should be free from pit, scale orgreasebeforetesting. A satisfactory

surface finish may be obtained by grinding or flling with a smooth file.
2. The test surface of the specimen should be plain.
3. Rounded surfaces should be so machined as to present a plane to the indentor.
4. The specimen to be tested should have a thickness of at least 8 times the depth of

impression or as per the Table 4.1.

5' The minimum distance between the centre of two adjacent impressions or from
any edge should be 4 to 2$ times the impression diameter respectively.

6. The load should be applied perpendicular to the test surface. The specimen should
be brought into solid contact with the penetrator before applying the load.

7. The load should be slowly increased without impact to reach the specified
magnitude.

8. The time duration maintained for the specified magnitude of load shall be as per
the Table 4.1.

The diameter of the impression is read by a special microscope usually available along
with the testing machine. It has a magnification of 20X and an eyepiece scale graduation
in millimetres from0 to 7 with a resolution of 0.05mm. Anumberof measurements should
be taken across different diameters of the indentation.

o 1 ,rfr".1i1r4 5 6 7

; 
r r r r I r r r r 

I 
r r r r I r r r r(.ir,i,,ffi r r r r 

I 
r r r r 

I 
r r r r I r u r 

I 
r r r r I 

r r r r 
I

(q) (b)

Fig. 4.3 (a) Brinell Microscope, (b) Eyepiece scale

The average diameter is then calculated and the Brinell Hardness Number determined.

Table 4.2 is used to read the Brinell Hardness Number directly from the diameter of inden-
tation under normal test conditions, thus avoiding the calculations of the spherical area of
indentation and then the hardness number. In the event the table fails to serve the purpose,

it is necessary to calculate the hardness by the fundamental principle relationship pre-

viously given.
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Limitarions It is not advisable to apply the test for materials having hardness greater

than 450 BHN, as otherwise the ball may be deformed and will result in wrong readings.

For materials rvith a BHN exceeding 450, a tungsten carbide penetrator should be used.

It may be used up to about 650 BHN. The Brinell test cannot be applied in the case ol

small or thin parts.

Table 4.2 Brinell hardness determination from impression size

Diameter of steel ball l0 mm

Diameter
of ball

impression
d #?,.s*B ,:ii;*il:

. Diameterflaroness of ball

Jfl3.3ii impression

, DiameterHardness "#'dlri' Hardness

j?!S.31i im"p',J$tn jF',SJBX',

2.00

2.05

2.to

2.15

2.20

2.25

2.30

2.35

2.40

2.45

2.50

2.55

2.60

2.65

2.70

2.75

2.80

2.85

2.90

2.95

3.00

3.05

3.10

3. l5

3.20

945

899

856

817

780

745

7t2

682

653

627

601

578

s55

534

514

, 495

477

46t

444

429

415

401

388

375

363

3.25

3.30

3.35

3.40

3.45

3.50

3.55

3.60

3.65

3.70

3.75

3.80

3.85

3.90

3.95

4.00

4.05

4.r0

4.15

4.20

4.2s

4.30

4.35

4,Q

4.45

352

34t

331

321

311

302

293

285

277

269

262

2s5

248

24t

235

229

223

217

212

207

201

197

192

187

183

4.50

4.s5

4.60

4.6s

4.70

4.7s

4.80

4.85

4.90

4.9s

5.00

5.05

5.10

5" r5

5.20

5.25

5.30

5.35

5.40

5.45

5.50

5.55

5.60

5.65

5.70

179

174

t70

t67

163

t59

156

152

149

146

143

140

137

134

l3l

128

126

123

t2L

118

116

114

1ll

109

107

s.7 5

5.80

5.85

5.90

5.95

6.00

6.05

6. l0

6.15

6.20

6.25

6.30

6.35

6.40

6.45

6,50

6.55

6.60

6.65

6.70

6.75

6.80

6.85

6.90

6.95

105

r03

l0l

99.2

97.3

95.5

93.7

92.0

90.3

88.7

87. l

85.5

84.0

82.s

81.0

79.6

'18.2

76.8

75,4

74.1

72.8

71.6

70.4

69.2

68.0
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4.3,4 ROCKWELL HARDNESS TESTING

The Rockwell hardness test measures the property of the material interms of its resistance

to penetration. Hardness is determined by impressing a penetrator of known geometry,

and placed under a known static load, into the component resting on a rigid platform.
It employs a minor load which is applied first on the surface of the component being tested.

Following this the ruajor load is applied, and the actual depth measured is that which results

from this load (Table 4.3). After removing the major load, hardness is read directly from
the dial; the softer the material, the more is the penetration and lower the hardness.

Table 4.3 Rockwell Test Methods and Field of Application

Symbol Penetrator
Minor load Remaining

KP load KP
Majoiload Fierd of application

HRC

HRA

Brale (cone)

Brale (cone) 60

140l0

l0

90l0

10

150 Hard steel, deeply case

hardened steels, tools

Tungsten carbide, parts

with thin hardened layers

> 0,4 DD, cemented

carbides, ceramics and

cermets

100 Soft steel, copper alloys,

aluminium alloys

60 Brass, annealed copper

alloys, soft sheet metal

l5 
I rnin hardened layers,

30 )thickness ) 0.12 mm, thin

45 j hardened steel sheets

15 .,1

I Deep drawing steel sheet
JU 

f thicknes ) 0.2 mm

4s)

HRB

HRF

HRN 15

HRN 30

HRN 45

HRN 15

HRN 30

HRN 45

1.5875 mm ball

1.5875 mm ball

Brale (cone)

Brale (cone)

Brale (cone)

1.5875 mm ball

1.5875 mm ball

1.5875 mm ball

J

3

3

J

3

3

50

l2

27

42

l2

27

42

There are several Rockwell tests, the most commonly used being the Rockwell hardness

test (HRC), Rockwell 'N' superficial hardness test (HR 30N), Rockwell 'B' hardness test

(HRB) and Rockwell 'A' hardness test (HRA). Table 4.3 indicates the field of applicatign

of different Rockwell testing machines.

Rockwell Machines There are two types of Rockwell testing machines: normal and super-

ficial hardness testing machines. They are operated manually. Most modern machines are

now equipped with digital displays and also, the load application is motorized to obtain

the most accurate results. Hence the tntire operation is carried out automatically by the

simple activation of a push button. The measured values are indicated on a large lumin-

ous figure 1Fig. 4.4;.

50
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l'ig. 4.4 Rockwell hardness tester, motorized (Courtesy: Fig. 4.5 Rockwell hardness tester, digital
Matsuzawa Seiki Co., Japan) type (Courtesy: Henri Hauser,

Switzerland)

Of the two, the normal Rockwell hardnesstesting machine uses heavier loads of 60, 100,

150 kg. These loads are normally stored in the same machine. Depending on the type of
material, and the method of heat treatment, a particular load rnay be applied. These

machines have a wide variety of applications.

The superficial Rockwell hardness testing machine uses lower test loads of 15,30 and
45 kg. This machine is used for special applications, e.g. for testing the hardness on
shallow case depth of nitrided and carbonitrided steels etc., and also for testing thin
materials.

In both the machines two types of penetrators are used. A diamond cone known as a

bralefor hard materials and a hardened steel ball for testing the soft materials. In either

case a variety of different loadings can be used, each.designated by a letter.

Rockwell Scales The most commonly used scales are the Rockwell A, B and C on the
normal hardness tester. A single letter, used as the scale symbol, denotes the size of the
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major penetrating load on the normal Rockwell testing machine, whereas the superficial
machine indicates the scale with a letter and a number equal to the size of the major load.
When a Rockwell hardness measurement is recorded it should show the letter R for Rock-
well and the scale symbol to indicate the major load applied.

Usually, specifications for a material will indicate which of the scales to use on a give,
material' If such specifications are not available, the initial choice depends on wh-ether
the material is hard or soft. The different types of Rockwell hardness tests adopted are:
Rockwell Hatdness Test HRC This test is somewhat similar to the Brinell Test and is
based on the indentation of a Brale indentor with an apex angle of I20.C (the apex being
somewhat rounded, r:0.2 mm). This indentor is first seated o, u 

"ornponent 
by a minor

load of 10 kg (10{0.2) KP which can be read on a dial and then the dial graduaied on the
hardness scale is set to zero. After this the major load of 140 kg (140 Kp) is applied for a
specified period of about 3 seconds. The hardness is then read directly after reiieving the
major load on the hardness dial (C scale) without counting the minor load. Figure +.0 ilus-
trates the mechanism of the Rockwell hardness test.

Sphero-conicol
diqmond penetrotor

-Surfqce of
spec r men

Fig. 4.6 Diagram of mechanism of the Rockwell hardness test:
(a) Depth of penetration with minor load, (b) Remain_
ing depth of penetration, with major load, that forms
the basis fol the Rockwell hardness tester reading

AovaNrecrs oF rHE HRC Mrrnon Rockwell tests are widely applied in industry due to
the rapid rate of operation and the facility of direct reacJings on the machine. This method
is most suitable for testing hardened and tempered metals, and also flarne and induction-
hardened components whose hardness normally lies in the range of 30-70 HRC.

LtuttAtIoN oF rHE HRC Mprsou The HRC testing method is not suitable for soft materials
and also components which are having case depths less than 0.5 mm. This is because all
standard machines are designed with high load capacities in the range of 140 kg. Horvever
for testing components with lesser case depths special machines with a load rating of l-30
kg are available.

Rockwell Hardness Test HRB This method employs a hardened steel ball l/16" diameter
instead of the Brale indentor. The total test load applied will be 100 kg (10 + 0.2+g0 Kp)
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Itconsistsof a minororinitialloadof l0kgand amajor loadof90kg.Thistestcanbe
used to measure hardness in the range of 35-ll0 HRB.

This method may be adopted for checking hardness of annealed steel, brass, bronze

and magnesium hard alloys as well as hardened and tempered components. However, it
is not suitable for hard metals and is not as accurate as the Brinell or the Vickers hardness

tests. 
!

Rockwell Hardness Test HRA This is similar to the Rockwell hardness test HRC and the

same indentor is used. The only difference is that the method employs loads of 60 kg

(10 + 0.2 +50 KP) only. The hardness is read directly on the dial in I scale after releas-

ing the major load recorded as HRA.

Rockwell'N' Test This test employs the same diamond cone indentor as Rockwell'C'.
The load applied for testing the components will be 5, 30 and 45 kg (3 kg minor load),

depending on the type of material, thickness and the case depth. This machine is used

mainly for special applications, e.g. for testing thin materials on nitrided and carbonitrided

steels etc., where the superficial Iayer is less than 0.5 mm. The decarburized layer can also

be tested.

PneceurtoNs BEFoRE TrsrrNc The following precautions should be taken before testing
the hardness of any material:

(a) The component to be tested should be free from scale, grease, or traces of machin-

ing. A difference of 1 HRC during testing corresponds to a difference of 0.002 mm

in penetration depth. Hence a high degree of surface finish is necessary and also

the opposite surface should be smooth and parallel.

(b) Every hardness tester should have a set of standard test blocks, and these should
be used regularly and properly to indicate whether the testing machine is in
calibration. Test blocks should be tested only on their top surfaces. They should
be kept free from rust and dirt. The test on the test blocks should be done 4-5
times before calibrating the machine.

(c) As for the location and spacing of the Rockwell test-impression, the distance
between the centre of the indentor and the edge of the component should be at
least two times the diameter of the indentor, and at least four times the diameter
from a previous indentation made if any.

(d) Corrections need be made for surface curvature, as curved small parts will give a
different reading for hardness compared to the reacling on a flat surface of the
same material. Similarly hardness test made on convex surfaces will read lower
and those made on concave surfaces higher than the true hardness. For surfaces
whose curvatures are known, such as cylindrical surfaces, correction Tables 4.4
and 4.5 can be used to convert the direct readings into the corrected values. As
the diameter of curvature increases, the correction factor decreases. For diameter
measurements above 25 mm, the correction is negligible.

4.3.5 VICKERS HARDNESS TEST

This is a highly accurate testing machine used for testing both soft and hard steels. The
test measures resistance to penetration and is similar to the Brinell test which is based on
the principle of geometrical similarity of impression.

The indenter usedis a square based diamond pyramid with an apex angle of 136"C.
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Table 4.4 Correction Values for Cylindrical Surfaces

HRC
Bending radius of tested surfaces, mm

6.5
12.5I1

n
25

30

35

40

45

50

55

60

65

70

3.0

2.5

2.0

1.5

1.5

1.0

3.0

2.s

2.0

2.0

1.5

1.0

1.0

1.0

3.0

2.5

2.O

2.o

1.5

1.5

1.0

1.0

1.0

0.5

2.5

,<

2.0

1,5

I.5

1.0

1.0

1.0

0.5

0.5

0.5

2.0

2.0

1.5

1.5

t.0

1.0

1.0

0.5

0.5

0.5

0.5

1.5

1.5

1.5

1.0

1.0

1.0

0.5

0.5

0.5

0.5

0.5

1.5

1.0

1.0

I.0

I.0

0,5

0.5

0.5

0.5

0.5

0.5

1.0

1.0

1.0

0.5

0.5

0.5

0.5

0.5

0

0

0

1.0

1.0

0.5

0.5

0.5

0.5

0.5

0

0

0

0

Table 4.5 Curvature connections with 1.5g75 mm ball penetrator

B.F.G.
scales

Specimen Diameter (mm)

13 t6 19

0t)

!
o
!

o

o
3
o

100 3.s

90 4.O

80 5.0

70 6.0

60 7.0

50 8.0

40 9.0

30 I0.0

20 11.0

10 12.0

0 12.5

2.5

3.0

3.5

4.O

5.0

5.5

6.0

6.5

1\

8.0

8.5

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

I.5

1.5

2.0

2.5

3.0

3.5

4.0

4.5

4.5

5.0

5.5

1.0

1.5

I.5

2.O

2.5

3.0

3.0

3.5

4.O

4.O

4.5

1.0

1.5

1.5

2.0

2.0

2.5

2.5

3.0

3.5

3.5

3.5

0.5

1.0

1.5

t.5

2.0

2.0

2.5

2.s

3.0

3.0

3.0

Note: Corrections greater than 5 points of Rockwell hardness are not generally acceptable. They should
be considered for approximations only.

The hardness value obtained when using this indenter is frcquently referred to as the
diamond pyramid hardness, DPH. The correct terminology now used is Hardness
Vickers, HV.

9.5

10
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11 general the applied load varies between l0 and 60 kg, but both higher and lower

loads may be used. After applying the desired load, the average length of the diagonals of

the irnpression is measured and the Vickers pyramid number read off from the table like HV.

Vickers hardness is defined as the coefficient of dividing the load by the pyramid area

of the impression, kgimm2, and may be calculated from the following formula:

uv:ryfft:A#l
where HV : Vickers hardness in kg/mm2

b'ig.4.7 Vickers hardness tester (Courtesy: Karl'Frank,
W. GermanY)

ffi
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P: Load in kg
d - Lverag_e diagonal length of the impression in mm [(dr *d)12]a : Angle between the opposite faces of the pyramid (a: 136.)

Prccautions The following precautions should be taken before testing the specimen: (a) Thesurface to be tested should be free frotn scales, decarburization layer and rough traces ofmachining. The surface finish is to be achieved up to u, u""uracy of 0.0002 mm. (b) Theminimum sectidn thickness of the specimen shouldbe not less than 1.5 times the diagonallength of the indentation. In any case the imprint rrtr,. r"a.riutron rrrourd not appear atthe back of the specimen. (o) The minimum distance between the centres of adjacentimpressions or between the centre and edge must be 2$ tirnes the length of the diagonalsof the impression' (d) The components to-be tested should be firmly clamped horizontally,usually in the vice placed on the anvil of the machine.

Method of ?esting The load is selected in accordance with the size and hardness of thespecimen' Thinner the specimen lesser is the load required. rouas or 100 kg and above arehowever liable to fracture the diamond if used on ha.a materiars.
For maximum accuracy, the largest load consistent with the diameter of the test sampleshould be used. The road is to be applied rr^o^*ry una p.og..rri"J, ," the test specimen.The time duration of roading strouto be 30 secondr';;;;;;;; to specified standards.The diagonal length of the indentation should be measu.e'a urt", removing the load

Fig.4.8 (a) Vickers hardness
(courtesy: Matsuzawa
Co. Ltd., Japan)

Fig. 4.8 (b) Schematic illustration of
the Vickers indenter and
the impression formed on
the test surface

tester

Seiki
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completely and the average value of the two diagonals should be taken as the final diagonal

length, with the help of the microscope provided on the machine (Fig. 4.8 fril (4*). fn.

ayerage values are converted to the Vickers hardness number HV (kgimm2) by the use of

charts supplied along with the machine.

Advantages The advantage ol'the Vicker's hardness method is that, by varying the loads,

hardness determinations of the softest and hardest alloys can be undertaken' Also, the

results are expressed on a single scale without the necessity of shifting from one scale to

another, as in most other methods.

Due to the small depth of indentation, this test is particularly well-suited for testing the

hardness ofsuperflcial layers. Even small parts and thin pieces can be subjected to this test.

It is also possible to determine whether a steel surface has been unintentionally carburized

or decarburized during the course of heat treatment. If the hardness indicated at a lesser

load is lower than that obtained at a higher load, it indicates that the surface is

decarburized.

Limitations of the Methotl This test cannot be applied for the testing of cast iron and

sintered metals. Also, direct rcading is not possible as in the Rockwell testing method. It
is tiresome to work with a measuring microscope over a long period. It calls for a ground

and polished surface for testing the specimen.

The Vickers hardness number corresponds closely to the Brinell hardness number up

to values of about 450 BHN. Beyond this, the values are not comparable as the Vickers

number increases rapidly.

4.3.6 MICROHARDNESS TESTER

This method is based on the same principle as the Vickers hardness testing method. It
involves the pressing of a square-based diamond pyramid with an included angle of 136"

into the rvell-polished surface to be tested. The load applied will be l0-1000 g, depending

on the type of specimen. The microhardness is determined from the formula

H : 1.8544 Pld2 g/mm2

where P: load in g
d: length of diagonal in microns.

Advantages The microhardness testing (Figs. 4.9 and 4.10) method is widely used for

testing materials and parts which require close hardness characteristics. These include

items used in aircrafts, research laboratories and various types of precision machine tool

components. It is suitable for testing

l. Ferrous materials, ranging from the extremely soft to the extremely hard.

2. Non-ferrous metals.

3. Non-metallic materials such as ceramics, plastics, jewels and glass.

4. Hardness and hardness gradients across the deeper surface treatments of induction-

hardened, carburized and nitrided and very thin layers.

5. Hardness of surface treatment in electroplating and paint coatings.

6. Depth of decarburized layers.

7. Hardness by phases in the structure of metals.

8. Hardness of items which cannot be measured by Rockwell type machines which use

heavier loads.
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Fig. 4.9 Micro hardness tester (Corrresy: Matsuzawa Seiki
Co. Ltd., Japan)

These items include small parts, minute parts, thin
wires, etc.

Disodvantages

l. It calls for alhighly polished surface.
2. It needs skilled persons to operate the machine.
3. It is not suitable for use on the shop floor.

4.3.7 SHORES SCELEROSCOPE TEST

:ii::, rl

Fig. 4.10 Vicker hardness tester, 50
to 100 g (Courtesy; Henri
Hauser Ltd., Switzerland)

plates, metal foils, fine ldrawn

This test does not depend on the resistance to indentation to the same extent as the other

ffi
ffiw

Rtr
ffi

r'lis

iixil

,iiil$

&**
ffi
ffi

ffi

ffiw

E ffi
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hardness testing methods. The shores sceleroscope test consists of dropping a diamond-

tipped hammer from a definite height upon the surface to be tested' The height of rebound

oi ifr" lulnrner is taken as a measure of the specimen's l.rardness'

The maximum rebound height in this test, obtained in quenched high carbon tool steel'

is set as the standard. This height is divided into a suitable number of equal divisions'

The number of divisions -uy uury according to the manufacturer (100 or 120 divs)' The

sceleroscope number is accordingly defined. Quenched high carbon tool steel therefore

shows values near to 100 or 120'

Precautions When testing the specimen for hardness the following conditions are to be

adhered to:

1. The specimen surface to be tested should be plain'

2. It should be free from scale and dirt and the surface should be well polished to get

the correct hardness.

3. This test is more suitable for large castings. heavy axles, ingots, massive dies, etc'

4. The thickness of the specimen should be minimum l0 mm'

5. Four to five ,ruaiog, shoutd be taken and the average reported as the hardness value'

unless otherwise sPecified.

6. The hardness tesi should be performed at a position on the surface of a specimen

not less than 4 mm away from the edge of the specimen' The centre-to-centre dis-

tance should be more than twice the diameter of the dent made.

Procedure The shores sceleroscope must be held firmly in a horizontal position' and the

hammer must fall exactly verticaifrom a fixed height on the test specimen' The height to

which the hammer rebounds is read off from the graduated scale.

Advantages

t. liis specially suitable for testing huge components. This instrument can be trans-

ported to the w'ork sPot.

Z. itre depth of penetraiion is very small, so that the instrument can be used on case

hardened comPonents.

Limitations
l. It requires a fine surface finish for testing'

2. It is only suitable for testing large components'

3. This test cannot be applied for very accurate hardness measurements'

4.3.8 POLDI HARDNESS TESTER

Poldihardness(Fig.4.1l)testmaybeemployedfortesting the hardnessofiarge casting

as well as annealed and normalized components.

Principle of Operation In this test, impressions are obtained simultaneously on a standard

specimen of kno*, hardness and the test piece using a steel ball indentor. By measuring

the diameter of the two impressions, the hardness of the test piece can be obtained by the

rule of proPortion.

The hardness of the specimen is calculated from the foilowing formula:

Uo : U, (*\'
\da I
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where Ha : llt6ress of specirnen
f/s : plar6ress of standard specimen
da : Diameter of indentation on specimen
ds : pluro.ter of indentation on standard specimen.

Fig.4.1l Poldi hardness tester (Courtesy: Karl.Frank,
W. Cermany).

Procedare Therelevant.portion ofthepieceto bgtestedis ground,filedorpolishedsoas to.produce a plain and smooth surface on a small area.The apparatus fitted with the ,tu;;;;li"rt piece is praced on the component whosehardness is to be tested' A short blow is then given with a hammer. The diameter ofindentations on the component and the standard specimen ur" *.urrr"d as accuratery aspossible with the enclosed adjustabl,e magnirying glass having graduations of tenth of amillimeter' The hardness is then read off from the standard 
"nJ.ts 

supplied along with thetester using the diameter readings.

Precautions

1. Il" apparatus must be held vertically over rhe surface.2' The blow rendered should noi'u"'ito heavy and should be as vertical as possible.

ffi3;:,,i:;r1..rr:,:11and 
thus a doubre ur"* ,"r,i"ii,ly au*uge trre srrarp eage

I"i.,1;
r,.t

.I

i"^',"
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3. The diameter of the impression on the standard specimen should not exceed 4.2 mm.

If a larger impression is obtained, then the standard rod is liable to give away late-

rally thereby indicating wrong results.

4. If small pieces are to be tested, they should be placed flrmly on Iarger pieces.

Advantages

l. The test can be performed on the shop floor on components which are too big to

be taken to the material testing section.

2. High surface polish is not essential. Medium surface conditions prove sufficient.

3. Usually for testing the hardness of component a sample has to be cut off from it and

then tested. When the cutting of the component is not permitted, this test can be

easily applied to measure the hardness.

Limitations
l. In measuring hardness with this tester, errors upto 5l may occur. But on the

actual shop floor, this degree of accuracy is considered sufficient for large articles.

2. This test is suitable for testing of large materials only.

3. Very hard materials cannot be tested accurately.

4.3.9 LTQUTD PENETRANT METHOD

In this method the parts to be tested are treated with a dye solution in which the solvent

has a high degree of penetrating powder. The dye is drawn into the cracks or fissures by

capillary action. The excess penetrant is then rentoved from the surface by washing or

wiping. After this, the part is usually treated with another fluid which, after drying,

tends to draw the dye solution out of the cracks. The surface is then visually examined for

indications of penetrant bleed back from surface opening.

To make the dye more visible, it may be coloured red to contrast against the white

dried second coating.

The liquid penetrants are available commercially in three main systems and they are

designated by the type of penetrant used (1) water washable, (2) post emulsifiable, (3) sol-

vent removal.

Water washable visible dye system is the fastest and simplest of all the penetrant techni-

ques. It is more useful in those applications where shallow and relatively wide flaws are

not significant.

Past emulsifiable visible dye system is more sensitive but is costlier than the first type-

Solvent removal visible system can be adopted for a wide range of applications both

in the shop and in the field. This method is generally confined to spot inspection or for

inspection under circumstances that prohibit the use of the first two methods.

4.3.10 MAGNETIC PARTICLE FLAW DETECTION

Magnetic particle flaw detection is a non-destructive method of detecting cracks or other

discontinuities at or near the surface in ferro-magnetic materials.

The magnetic particle flaw detection is based on the principle that if a ferro-magnetic

object is magnetized, the discontinuities in the material, such as cracks and inclusions,

lying at an angle to the magnetic lines of force, cause an abrupt change in the path of

magnetic flux flowing through the object. This results in a local flux leakage at the surface

over the discontinuity. If at this stage, fine particles of ferro-magnetic material, either dry
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or suspended in a liqlid, are applied over the surface, some of these particles attracted
towards the leakage field, will pile up and bridge the discontinuity, setting .p-" *ugr.ti-
cally held pattern outlining the discontinuity.

This method may be adopted for detecting the cracks and other discontinuities at or
near the surface in ferro-magnetic materials. It is mainly adopted for final ipspection,
receiving inspection, process inspection and quality control. lt may also be uied for
examination of castings, forging, welding defects, etc. The only limitation is that beyond
a depth of 2 mm from the surface are not detectable. It is also comparatively expensive.
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Gas Nitriding

Development of sophisticated equipment and machine tools with high operating parameters

warrants the use of highly reliable and durable components that go to make the products.

The durability of a machine part in general depends on its fatigue strength, wear resistance

and corrosion resistance. These can be increased considerably in components through
special heat treatment processes. Nitriding is one such process which is being widely used

at present.

.' The earliest information on nitriding dates back to the days of the iron pillar at Qutab
I 

1+tS e.n.). The higher corrosion resistance of this iron pillar can be explained by the
formation of a nitride film on its surface. It is believed that a high concentration of ammonia

in the atmosphele in combination with the subtropical climate of India produced a protec-

tive layer of iron nitrides on the surface of the column.l
The nitriding process rvas first used around 1920, and since then its application has

continuously widened. The process has been further developed and it can now be applied

to a rnuch larger nurnber of steels than was originally thought possible.

Nitriding is a process of case-hardening in which steel is heated in an atmosphere of
. ammonia gas at a temperature of 490"-550'C usualiy (500-520"C), for a prolonged period.
At this. temperature range, ammonia gas dissociates to produce atomic nitrogen. The atomic
nitrogen diffuses into the steel forming nitrides, thus producing a hard wear resistant sur-
face free from scale containing the minimurn of disiortion.

Steels containing any of the nitride forming elements such as A1, Cr, Mo, V, Ti, W,
etc., can be nitrided. The atomic nitrogen combines with these alloying elements and
produces nitride s like Cr2N, Mo2N, AlN, VN, W2N, etc. Highly dispersed particles of these

nitrides interlock the slip planes on the material and thus increase the hardness of the
nitrided layer. The obtained hardness depends on the amount of alloying elements
present. The highest hardness obtained by the nitriding process ranges from VH l00O

to 1300.

5.1 Mechanism of Nitriding

Wlren ammonia is heated to the nitriding temperature between 500 and 52OoC, very little
dissociation occurs on the surfaces capable of catalyzing its decomposition. Since steel
has such a surface, the foliowing reactions will occur at the gas-solid interface during
nitriding.2
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2NH3 -+ 2N + 3H2
It is assumed that the atomic hydrogen thus formed passes immediately into the mole-

cular state. A part of the atomic nitrogen is absorbed by the steel and the rest reacts to
form molecular nitrogen which is inert.

Since the life of atomic nitrogen is short, it is necessary to replenish it continuously by
supplying fresh ammonia to the steel surface. It is thus necessary to circulate ammonia in
such a way that the atomic nitrogen produced through dissociation is continuously made
available to the whole area of the part to be nitrided.

It is important to maintain a predetermined rate of dissociation of ammonia as it in-
fluences the mechanical properties of the treated components. Normally a 20 to 5012 dis-
sociation rate would suffice.

The hardness of the nitrided case develops primarily during cooling, after the completion
of the nitriding process. The high hardness of the nitrided case on steels, alloyed with
nitride forming elements (Al, Mo, W, V, etc.) is the result of the overall hardening effect
of:3'a

(a) Formation of nitrides of alloying elements in the process of nitriding.
(b) Precipitation and pre-precipitation of dispersed nitrides of alloying elements in the

process of intermediate gamma to aipha transformation.
(c) Precipitation or pre-precipitation of nitrides of alloying elements due to the lower

solubility at decreasing temperature.

5.2 Operations Before Nitriding

The following sequence of operations may be applied for nitriding of nitroalloys as well as

other steels.

5,2.I ROUGH MACHINING

The components are rough-machined in the as annealed condition, keepiilg sufficient
machining allorvance for further machining operations.

5.2.2 TIARDENING AND TEMPERING

Since the nitrided case is extremely thin and very hard, it should bc supported by the core

which is strong and tough. Further, tl-re properties of the nitrided case depends on the
prior microstructure. As nitriding is carried out below the firstcritical temperature thecore

n-r*oO9-r!ies should be developed prior to nitriding. In order to ensure optimum results, it is
necessary to see that the metallographic structure of the steel being treated is suitable. It
has been established that a uniformly distributed sorbite structure in steel is best for nitrid-
ing.5 This is the type of structure produced by oil or water quenching followed by a suitable

tempering treatment.

lf the steel is having an annealed or normalized structure the possibility is that the
nitrided case obtained wiil be excessively brittle and not particularly hard. Large nitride
particles are also formed in any decarburized layer that may be present on the surface of
the steel. The outer decarburized layer may flake off while still in the nitriding furnace.

The hardness and depth of case obtained is low in the annealeC and normalized steels

with a ferrite-pearlite structure than for quenched and tempered steels with a sorbite struc-
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ture. The temperature chosen for austenitizing should be in the lower range of hardening

temperature, capable of inducing satisfactory core properties with a flne-grained sorbite

structure. If the temperature is too high grain coarsening takes place, which is detrimental

not only to the core properties but also to the quality of the case. If the grain size is too
large, coarse filaments of nitride form at these grain boundaries during nitriding. The

alloying elements used in nitriding steels have a profound effect on these properties. The
core properties of any one steel may be varied by adjusting the tempering temperature,

but the case hardness of any particular steel will suffer if an excessively high tempering

temperature is used. Thetempering temperature should be higher than the nitriding tempe-

rature and preferably not below 550'C.

The test piece used for nitriding should be hardened and tempered to check the hard-
ness, depth of case, and the microstructure of the charge loaded to the furnace.

5.2.3 FINAL MACHINING

The hardened and tempered components are then machined, keeping a close tolerance of
0.3 mm to 0.5 mm on all areas. All corners or edges should be rounded to avoid the effects

of c-umulative growth during nitriding. The components are subsequently stabilized.

Caution When designing components for nitriding sharp corners or edges should be avoi-
ded whenever possible; because the projections formed at the sharp corners as a result of
the growth that takes place are high in nitrogen content and are susceptible to chipping.
Similarly sharp edges are nitrided throughout the section and have no supporting core.
When sharp corners are unavoidable, brittleness may be reduced by nitriding one side only,
if the other side is not a wearing surface.

5.2.4 STABTLTZING (STRESS RELIEYTNG)

If freedom from distortion is of paramount importance, the internal stresses produced by
machining or heat treating should be removed before nitriding. This is achieved by heating
the part to a temperature of 550-570"C soaking it for at least 2 to 4 hours thoroughly and
allowing it to cool in air. As the stabilizing temperature is below the tempering temperature,
this will not affect the final mechanical properties of the core and the microstructure; but
it is above the nitriding temperature, and will ensure the removal of stresses imposed
during the machining cycle. Stress relieving may not be necessary for short components.

5.2.5 FINISH MACHINING

After the stabilizing treatment the components may be finish machined, taking utmost
care to see that no stresses are imposed during machining. During the nitriding process
the formation of nitrides produces a growth on the surface of the component to an extent
of 0.02 to 0.05 mm.5 This growth is purely a surface phenomenon and has no marked effect
on the overall dimensions of the part.

The growth will be somewhat greater if the steel is not fully hardened. With hollow
cylinders, the growth increases as the wall thickness decreases. However, if no subsequent
machining is involved after nitriding, allowances must be maintained for this growth on
the surface in components which have to retain the highest accuracy after nitriding.

5.2.6 PROTECTION AGAINST NITRIDING

On nitriding a component, the entire surface becomes hard unless precautions are taken.
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It is often desirable that screw threads, keyways, etc. are kept soft. This can be done byany of the following methods:
Electrolytic deposition using not more than 0.01 mm to 0.02 mm of suitable metal suchas tin, nickel, etc. are very effective but are generally costl;. H;;"" a thin coating of copperplating is done as a stop-off for nitriding.
During the prefinal machining operation, extra allowance may be provided to removethe nitrided case after nitriding (normally 0.8-1 mm). This may be economical for somecomponents that are finish machined after nitriding.
Soluble glass paste of sufficient thickness may be appried and ailowed to dry at atemperature of 100 to 120"c. However, the water gtass coating is likely to deliquesce onthe surface of the component during nitriding and carinot be ,reJ where an exact separationline between the nitrided and non-nitrided ar.eas ur" ..qri.ed.-
In many cases, fine threads and brind holes may be irotected by plugging them tightrywith copper plugs.

5.3 Nitriding Operations

The surface of the steel prior-to nitriding should have a fine machined and ground finishsince the nitriding process is based on the affinity of nascent nitrogen for iron and certainother metallic elements. At the nitriding temperature of 500-550"c nascent nitrogen isproduced by the dissociation of gaseous uiln oriu in contact with the hot steel parts. Thenascent nitrogen thus formed produces a nitrided case. The nitriding of parts is carried outin a gastight retort placed in an automatic temperature control furnace. The followingopera-tions are carried out during nitriding process.

5.3.1 SURFACE PREPARATION

It is most important that the surface preparation of the components to be nitrided is doneproperly' Especially some of the finish machining processes su.h as buffing, finish-grinding,
lapping and burnishing may produce surfaces that will retard nitriding, thus resulting i,uneven nitriding and distortion. In such a case the following methoJs are employed toprepare the surface for nitriding.

1' The components to be nitrided are de-greased in a de-greasing tank or by cleaningthe surface with trichloroethylene. Altliough this removes the oil and dirt present on thesurface, it does not facilitate removal oflny oxide la,ver that may be formed during thegrinding operation.
2. Vapour de-greasing can also be used for surface preparation.

5,3.2 LOADING

Nitriding is usually done in an electric furnace equipped with precise temperature control.The cleaned and dried components are properly placed in the furnace with the help ofsuitable fixtures in such a way that the ammonia gas envelops all the surfaces of the
component (Fig' 5. 1). Care should be taken to avoid distortion of thecomponent duringsupporting and holding in the fixture. Since the tensile strength of the component at thenitriding temperature is relatively low, an incorrect supporti; and holding will result in
sagging and twisting of the component.
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It is the usual practice to keep a test piece of the same material as the components to

be nitrided along with the charge. The entire charge of the group of components carried

in the fixture is placed inside an airtight retort having an inlet and an outlet for the supply

of ammonia. The retort is then placed inside the electric furnace. The inlet tube of

ammonia supply is connected through a flow-meter and the outlet tube is taken to

atmosphere through a dissociation apparatus (Fig. 5.2)'

5.3.3 PURGING

After the retort is placed in the furnace, ammonia gas is let in quickly until the air present

in the retort is completely expelled. The furnace is then switched on and set to the

required nitriding temperature around 500-550"C depending on the type of material and the

hardness required. The composition of exhaust gas is regularly checked using the dissocia-

tion apparatus connected to the outlet. For the first 5 to 10 hours it is kept at 15 to 20\
dissociation (after the nitriding temperature). If the indicated percentage of dissociation

is lower than this, the gas flow rate must be reduced. If the converse is the case, the gas

flow rate should be increased. For the remaining reaching nitriding period the dissociation

may vary between 20 and 600]00 $or details see text on dissociation rate.

5.3.4 FURNACE COOLING

After completion of the nitriding period, the furnace is switched off and the retort is

removed from the furnace without disturbing the flow of ammonia. The retort is now kept

in a suitable atmosphere to cool to a temperature of 100'C. During cooling a continuous

supply of ammonia should be maintained to prevent any air getting into the retort. Under

no circumstances should air or oxygen be admitted into the retort for cooling purposes, as

mixing them with the hydrogen present inside will lead to an explosion. After the retort

is cooled to l00oC, the ammonia supply is cut off and compressed air is employed to expel

the residual ammonia gas before the retort is opened.

5.4 Methods of Nitritling

The temperature adopted for nitriding plays a vital role in attaining the desired hardness

and case depth, apart from the percentage of ammonia dissociation to be maintained.

The usual temperature adopted to attain the maximum hardness is 500-510'C. Raising the

temperature (above 500"C) increases the case depth. Depending on the type of compo-

nent the following methods may be adopted to attain the desired hardness and case depth.

5.4.I SINGLE-STAGE METHOD

Nitriding is carried out in this method at 500-530"C for the required length of time.

The degree of dissociation has to be maintained between 20 and 50/.. Nitriding at 500-

530'C results in optimal antifriction properties and peak hardness consistent with a good

case depth.s'6 A nitriding temperature range of 500-510'C may be used for complex shaped

thin-walled components of structural steel to avoid distortion. Figure 5.3 illustrates the

depth of case that may be attained by this method.
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Fig. 5.3 Depth of case depending on nitriding time

5.4.2 TWO-STAGE METHOD

In this method nitriding is carried out at about 500-510"C for the first 15 to 20 hours,
and then the temperature is raised to 550"C for the remaining period of the nitriding
cycle. The degree of dissociation is maintained between 20 and 50\ duringboth the stages.

At 550'C a high nitrogen content is built up at the surface and the rate of diffusion
into the material ,is accelerated. This results in an increased case depth o,z,t,r but at the same
time, the case becomes toughened. The advantage of this method is that it considerably
reduces the total time required for the process, because a higher case depth associated
with a higher temperature is made possible, even while the high hardness obtained at
the lower temperature at the first stage is retained. Figure 5.4 illustrates the variation in case
depth attained by single stage and the two stage method.
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5.4.3 THREE-STAGE METHOD

Nitriding is first carried out in this method at 500'C for l0 to 15 hours; the temperature

is then raised to 550-570'C and held in that range for 10 to 15 hours. Thereafter, the

temperature is reduced to 500'C and held at this level for l0 to 15 hours. At this temperature

the rate of saturation of outer layers with the nitrogen is slower than the rate of diffusion;

hence this reduces the concentration gradient and the brittleness of the surface. Compo-

nents treated by this method show a gradual decrease in hardness from the surface to the

core and possess tougher surface. A significant advantage of this method is that the total
process time in reduced to $ the time required with other methods.l0

Note Reversing the cycle, that is nitriding first at high temperature (550-570"C) and soaking at 500-

510'C, gives the same case depth, but the surface hardness will betoo low.

5.5 Effect of Nitriiling Temperature

The temperature at which gas nitriding is performed ranges from 490-550oC depending
on the type of steel used. Contrary to the results obtained in regular case hardening, the
hardness of the nitrided case does not increase with the nitridingtemperature. Figure 5.5

r200

r 000

800

480 500 520 540 560 580 600

Temperoture oC

Fig. 5.5 Variation in hardness with nitriding tempera-
ture for steel-40Cr2All Mol 8 (En41B)

indicates that the hardness of the case decreases with an increase in temperature and also
the depth of penetration is greater. At a lower temperature surface hardness is higher, but
at the same time, the case depth is smaller. Figure 5.6 illustrates the variation in case
depth and hardness.a'rr The best temperature for nitriding treatment is determined by

600
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Fig.5.6 Influence of temperature on hardness and
depth of nitridingrt

the interaction of ammonia dissociation, diffusion rate and the precipitate size. Below
450oc' diffusion is so slow that it will take an inordinately long time to form a case. Above540'c the dissociation of ammonia increases, and the nitroten potential concentration
gradient becomes low; moreover, the alloy nitride particles grow coarser, red,cing thedispersion hardening effect.r3 Higher temperatures yield a smaller white zone, u lo*",
surface hardness, and a greater diffusion zone. The commonly used nitriding temperature of
500-530'C for structural steels is a compromise between good hardness ur,t o *tirfu"to.y
ca$e depth.s,l2

5.6 Dissociation Rate

Rate of dissociation is an important process parameter in nitriding. The rate of dissociation
has to be monitored throughout the process because it determines the supply of a sufficient
amount of atomic nitrogen. This is achieved by regulating the flow rate of ammonia gas
into the retort so as to maintain the required concentration ratio of ammonia to give the

:reeded atomic nitrogen. Though the rate of dissociation required in the process may be
in the range of 20-65fi, it is advisable that a rate of 20-25\ is maintained for several hours
(10 to l5 hours) at the start of the cycle, keeping the tenr"perature at 500 to 520,c. After-
wards the rate of dissociation may be raised iurther.

It can be noted that it is possible to use different levels of dissociation at a particular
nitriding temperature. The nitriding meciia needs only sufficient active nitrogen and
beyond this point, it will only serve to increase the depth of white layer and will not
affect the depth of the useful nitridecl case.

The relationship between hardness and case depth remains uncha-nged for dissociation
rates from 15 to 65fl, and it gets altered only beyond 65.1,2 (Fig. 5.7).rtisto be noted that
the formation of white layer increases at decreaseA dissociatio-n rates. This effect is morepredominant at dissociation rates below 15fo. Though the formation of the white layer is acommon phenomenon in nitriding it is noted that the white layer disappears when

Nitroofioy steet

Nitrided 24 h

0
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Fig. 5.7 Hardness characteristics of samples nitrided for 60 h at the shown dissociation of
ammonia2

dissociation rates are above 85/o;butabovethispoint de-nitriding takesplace.2 It istherefore

generally recommended that the dissociation rate be kept at about 20 to 251at the start for

15 to 20 hours, afte r which the rate is to be raised to 55 to 60fito reduce the formation of

a rvhite layer and also to cut down ammonia consumption.

If a higher degree of dissociation (60-80f) is used, it is essential to have furnaces with

fans to provide a turbulant atmosphere. Only a low dissociation can be treated even with-

out fans. In actual practice it has proved feasible to operature with a degree of dissociation

of roughly 50 to 601even in furnaces without fans. Ammonia consumption can be reduced

by 25/, by raising the degree of dissociation from 30\to 501.4

Iimc -->
Fig. 5.8 Nitriding cycle to produce a nitrided case with a

controlled white layert3
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Adopting the higher degree of dissociation helps to reduce the white layer, but thecorrosion resistance ofthe produced case is notas good as that obtained with a lower degreeof dissociation' At higher values of dissociation, especially at more than gso/o, the de-nitriding action starts due to the higher concentration of hydrogen and hardness alsoreduces' The lower percentage of dissociation of 25 to 3o;/,may be used jf maximumresistance to corrosion is desired. If the components are subjected to grinding afternitriding, higher dissociation rates may be used. Fo, ,o*. applications where it is impracti-cable to grind or lap the parts after nitriding, it is desirabl. io d."r"are the depth of white
?rtt-u: much as possible. This can be done by first adopting 25 to 30,1 dissociation for5 to 6 hours in order to establish the white layer follow.o' uy i, increased dissociation of80\ for the remaining periods,z @ig. 5.g).

5.6.1 MEASUREMENT OF DIIGREE OF DISSOCIATION
The percentage of ammonia dissociation in the container is measured with a dissociationmeter' This instrument consists of a dissociation pipette with a scale graduated in 100divisions and a water container at the top (Fig. 5.9).

This instrument is connected io the exhaust pipe of the retort. During nitriding thevalves r and o are opened and as the exhaust gas passes through them the degree of dis-sociation is measured. After a brief interval of time valves rind o are closed and sub-sequently valve 7, is opened to admit water. water thus introduced into the dissociationpipette, absorbs all the ammonia that has not been decomposed, whereas hydrogen andnitrogen do not dissolve in it. The amount of water suckedlnto the pipette is equal to theamount of non-decomposed ammonia. The remaining amount lnalcates the percentage ofammonia dissociated in the container.

Fu nne I

W-Water lnlet

Glass Vessel

Outlet O

Fig. 5.9 Dissociation pipette for nitriding
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5.7 Effect of Tempering Temperature

Thetemperingtemperatureisalsoanimportantfactorintheattainment ofpeakhardness

of nitrided components, although it is not the case with all nitriding steels. For example,

steels containing aluminium do not show an appreciable change in peak hardness. On the

other hand the hardness of steels containing chromium and molybdenum are quite markedly

affected by the tempering temperature. It may be seen from Fig. 5.10 that the tempering
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after hardening should be at a lower range in order to get the peak hardness. This peak

hardness is obtained because, at a low attempering temperature, a smaller amount of the

alloy is locked up in carbides leaving more alloys for nitride formation. With a higher

tempering temperature, a greater amount of alloying elements in the steel are precipitated

as carbides; there is thus a reduction in the amount of carbide that should be available

for nitride formation.la'ls'16 The aluminium in the aluminium bearing steels remains in

solid solution in the iron and does not precipitate as carbide.

5.8 Nitrirled Case

In general, a nitrided case is made up of two separate and distinct zones. The outer zone

represents the region in which all nitride forming elements, including iron, have been con-

verted to nitrides. This zone is called the white layer since it appears white under the

microscope, after a nital etching.

The second zone beneath the white layer represents the region in which most of the

special elements are hardened by the precipitation of chromium, molybdenum, aluminium,
vanadium, etc., into nitride particles. These precipitates give rise to compressive stresses in
the surface layer which give good fatigue resistance to the nitrided component. Under
normal nitriding conditions the second zone is at-least ten times as deep as the first.

The outer zone or white layer is very brittle and is, therefore, usually removed by
grinding before a nitride case is put into service. Sometimes the white layer is not removed
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when corrossion resistance is of primary importance, since nitrogen ferrite, as well as
nitrides, possess a relatively high corrossion resistance. This fact determines the application
of the nitriding process to protect steel against corrosion. The constitution of the nitrided
layer consists of a series of phases of progressively decreasing nitrogen content from the
outside towards the core ur 1o11o*r; a,t7

l. Fe2N/Fe3N-epsilon nitride (e)

2. FeaN-7 nitride
3. a (N)-nitrogen-rich ferrite.
4. a ferrite.

Note It should be noted that a thick case is not required to obtain the best properties. A
thick case will not only reduce the fatigue limit but will also increase the deformation of the
components.

5.9 Hardness of the Nitrided Case

Hardness of the nitrided case depends on the structure, chemical compositiorl of the steel
and the temperature employed for nitriding.

The hardness of the case decreases with increasing nitricling temperature, as illustrated
by Fig. 5.5. The maximum hardness consistent with a goodcase depth is obtained in most of
the constructional steels by operating at 490-500'C. Much softer cases, but considerably
deeper for a given nitriding cycle, may be obtained by nitriding at 550-560.C. The com-
moniy used temperature of 520'C is a compromise between a good hardness and a satis-
factory case depth. However, for parts requiring extreme hardness with some sacrif,ce in
case depth, a temperature of 500"C is recommended.

It may be seen from Table 5.1 that higher hardnesses are obtained in constructional
steels containing prirnarily aluminium and chromium.

Table 5.1

IS AISI Nitriding temp, oC. Hardness HRC Case depth, mm Time, h

4OCr2AllMol8 135-M

40Cr3Mo1V20

25Cr3Mo55

4ONi2CrlMo28 4340

40CrlMo28

c45

525"C

520'C

500"c

525.C

525'c

500"c

515 & 550

525 & 550

525 & 550

530 & 550

65-70

60-62

65-67

50-55

55-60

30-32

70-:75

70-75

70-75

65-75

0.5-0.6

0.5-0.65

0.6-0.7

0.tu.7

0.4-0.5

0.3

o.1,5-0.2

0.03-0.07

48

48

48

484140

1045

T35Cr5MolV30* Hll

T35CrMoVl* Hl3

T83MoW6Cr4Y2* M2

Stainless Steel* 300 Series

15+55

60

2+35

16+20

*Data refers to a two-stage cycle of nitriding.
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The hardest and toughest nitrided case is obtained only if the steel is in sorbite condi-

tion, i.e. the carbide phase is uniformly distributed through the ferrite. Preliminary heat

treatment affects the properties of the nitrided case on aluminium-free steels containing

carbide forming elements. For annealed and normalized steels with a ferrite-pearlite

structure the depth and hardness ofthe nitrided caseare lower thanfor quenched and

tempered steels with a sorbite structure.

5.9.1 DEPTH OF CASE

The case depth obtained depends on duration of nitriding, temperature adopted, composi-

tion of the steel, microstructure, availability of active nitrogen and the method of nitriding.
Nitrogen from the nitriding reagent diffuses into the steel, forms nitrides with the special

alloying elements at the treatment temperatures and are precipitated along the crystal planes

of the iron. These precipitates of alloy nitrides harden the case. Hence the depth of case

depends on how far beneath the steel surface nitrogen has been able to diffuse during the
nitriding period. The depth of case produced in a given time will therefore depend upon
the amount of alloying elements that must be precipitated in a given time before the
nitrogen can diffuse further.

The higher the nitriding temperature the greater will be the case depth attained in a

given time. Similarly, the lower the alloy content the greater the case depth produced in
a given time. Higher alloying elements reduce the case depth. This is due to the higher-
solubility of nitrogen in the alloyed alpha phase. Apart from this the presence of nickel and
silicon further decreases the diffusion rate of nitrogen. Also steels in the annealed and nor-
malized structures have a lower case depth.

The depth of the nitrided case specified in practice varies with the application. Major
factors that determine case depth are as follows:

l. Maximum amount of allowable wear.

2. Amount of distortion, which governs the maximum amount of case that must be
removed after nitriding.

3. Size and shape of the section.

5.10 Testing of Nitrirled Case

Testing of the nitrided case includes the examination of the surface hardness and the
determination of its appearance.

The hardness test can be carried out by the Vickers hardness method, applying a load
of 1,5, l0 or 15 kg or by using super-Rockwell l5N. Ductility and brittleness may be
judged according to the appearance of the impression caused by the Vickers hardness test.
If the impression is sharp edged, it is a sign of non-brittleness. If, however, cracks occur in
the surrounding area of the impression and the impression itself is not very pronounced,
it is a sure sign of brittleness.

5.11 Furnaces

Furnaces used for gas nitriding are pit type or conventional muffie type furnaces. pit type
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furnaces are used for large-scale nitriding. Muffie type furnaces are used for small scale
nitriding.

The containers used for nitriding should be made of materials such as Inconel, or heat
resisting steels with 25ol chromium and 2O'l nickel which do not react with the gases.

Although special nitriding furnaces are desirable such an equipment is not-absolutely
necessary in many instances. These special furnaces are constructed in such a manner that
they can be used for general heat treating purposes when not used for nitriding. The most
essential point is that the furnace must be well equipped for precise control of tJmperature.
This is needed to prevent uneven heating so that distortion of components and variation
in hardness are avoided. The components are finish machined prior to nitriding. In addition,
nitriding containers should be provided with fans for a uniform circulation of nitriding gases.

5,12 Shop Problems, Causes and Remedies

The common problems encountered on the shop floor are as follows.

5.I2.I. DISTORTION

Since the nitriding process is carried out at a relatively low temperature on finished or
. nearly finished components, it is often presumed that the distortion is minimum. But this
assumption, however, is only true if all the conditions during nitriding and cooling are
favourable.

Distortion is mainly caused by the release of residual stresses imposed during machin-
ing, straightening and also by the nitriding process itself.r8,re,20

l. Distortion may be negligible in short components machined from a heattreated bar,
but items such as shafts, spindles and leadscrews of appreciable length should always
be hardened and tempered with sufficient machining allowance to machine them
without straightening. Before nitriding, distortion can be corrected by straightening
but this does not prevent distortion during nitriding because the internal stresJes gene-
rated during straightening are not removed. Straightening and subsequent removal of
residual stresses by stabilization at 550'C helps to reduce djstortion to a minimum
during nitriding. The higher the temperature and longer the tempering time, the
greater is the reduction of distortion after nitriding.

2' It is known that residual stresses occur during any machining operation. It may be
due to heavy machining or improper machining. This can normally be avoided by
applying a stabilizing treatment prior to finish-machining or grinding, and then
nitriding. This consists of heating to 550oC, through soaking (2-4 hours) and cool-
ing in air.

3. Distortion caus.ed by the nitriding process itself is difficult to correct.rs For example,
in dealing with thin-walled cylinders, this can be a problem, because there is only
a general increase in diameter, but due to the greater freedom of movement at the
ends of the cylinder, there can also be considerable 'bell-mouthing'. This can be
usually avoided by leaving the cylinder considerably thicker urJ finirhirg the
outside after nitriding. Alternatively collars can be left on the ends of the 

"yiird.,for subsequent removal. Stabilizing for a longer time is essential to avoid disiortion
or bell-mouthing.
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Sometimes, when hollow cylinders, bushes, spacers and rings are nitrided, the

dimensional changes affect both internal and external surfaces.20

Figure 5.1 I demonstrates that up to a certain cylinder thickness during nitriding,

there will be an increase in the outside as well as the inside diameter. When a certain

definite relationship between the outer and the inner diameter is reached only the
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inner diameter will shrink further. It is advisable to use a lower nitriding tempera-

ture of 500 to 510'C for thin-walled, complex form cylinders, spacers, rings, etc.

As the nitrided case forms, it expands in an attempt to stretch the core. After nitriding
and cooling, compressive stresses will be present in the case, and tensile stresses

persist in the core. If the component and nitrided case are not symmetrical, sone
distortion is inevitable, particularly in slender components like racks, wheel spindles

with different cross section, etc. For this reason nitriding is considered suitable

only for parts which are rigid or symmetrical such as shafts, cylinders, gears, etc.

Sometimes distortion is caused by the part geometry itself. This can be overcome

by straightening them either in hot (500'C) or coid condition, and then grinding or
lapping to the finish size. Hence in such cases, it is necessary to provide an allowance

for grinding or lapping after nitriding.
Keyways in shafts, screws, etc, can be a source of trouble, and wherever possible,

it is recommended that they be duplicated at diametrically opposite positions on the

component.

When components are ground, local distortion occurs because of a slow buildup of
residual stresses in the core. If extremely close dimensional stability is required, it

30
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is advisable to reheat to the nitriding temperature for a minimum of one hour,
depending on the section and finishing to size by lapping.

7. Uneven case depth: The most exclusivecause of distortion, however, has been traced
to uneven case depth caused by an inadequate surface preparation. Certain flnishes

such as those produced by buffing, finish-grinding or lapping develop irregular cases

when nitrided. When this occurs in thin cylindrical or delicate sections, they will get

severely distorted because ofunbalanced stresses in the case. This can be usually pre-

vented either by phosphating or vapour degreasing prior to nitriding or, by a careful
preparation of the surface of the components.

8. To avoid distortion or warping, it is also of utmost importance that a uniform heat-

ing and cooling of parts in the furnace during nitriding be adopted.

5.12.2 NETWORK AND MINIMUM DEPTHS

The presence of iron nitride around grain boundaries can result in spalling.re'20 Since this
condition occurs specially at the sharp corners, such components should be chamfered
before nitriding. This undesirable grain boundary condition can be traced to a higher
nitriding temperature which was employed during the 2nd stage of the process to get a

higher case depth and to reduce the white layer. Use of a lower temperature during the

2nd stage will eliminate or minimize the grain boundary condition, and at the same time,

it will also increase the hardness.

5,12.3 WHITE LAYER

White layer is the common term given to the iron nitride skin that forms up to a depth of
0.05 mm on the surface of the nitrided part5.tr'zo This layer is not as hard as the case imme-

diately underneath it, but it develops brittleness and spalling in service. This layer can be

removed most economically by careful grinding, lapping, buffing, polishing, shot blasting,

alkali treatments, sulphuric acid, etching, etc.

The white layer can also be removed by soaking the nitrided parts for about 8 hours in
a hot cyanide solution consisting of one pound of sodium cyanide in a gallon of water and

heated up to 75 to 80'C. Removal of the white layer can be speeded up by a shorter soaking

followed by cleaning with 220 mesh aluminium oxide grit of 80. Tests have shown that the

process does not affect the fatigue life or the impact resistance of the component and also

the grain boundaries are not attacked.2r

A white layer deeper than the permitted limit may be caused due to very lorv tempera-

tures or, alternatively, due to a very low percentage of dissociation (15/,) coupled with fast

purging with raw ammonia instead of cracked ammonia above 480'C during cooling. Proper

control of dissociation by adjusting the flow of ammonia gas to the chamber, nitriding at

a correct temperature and avoiding fast purging with ammonia will reduce the formation

of whitg layer.

5.12.4 VARIATION IN PERCENTAGE OF AMMONIA DISSOCIATION

This may be caused by a change in gas flow due to a pressure build-up in the furnace, or
the charge supplied in the furnace may be too small for the furnace area. IJse of good

pipe fittings and suitable materials for the valves will avoid the building up of pressure in

the furnace.
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5.12.5 LOW CASE HARDNESS OR SHALLOW CASE

This is mainly due to a faulty processing or due to the characteristics of the nitrided

material. Low hardness is caused if the material isnot suitablefor nitriding or if the nitrid-

ing is done on a low core-strength material. Low hardness or a shallow case may be caused

if the nitriding is done at too high or too low a temperature, or by a non-uniformity in

the furnace temperature. This can be prevented by a close control of the temperature and

by checking the temperature control system periodically during nitriding.

Insufficient ammonia gas and insufficient nitriding time also cause a low hardness or

shallow case. Maintenance of an adequate supply of ammonia, proper dissociation rate

and nitriding tirne will avoid the defects of low case hardness or a shallow case.

5.12.6 DISCOLORATION OF TI{E COMPONENT

Discoloration of the component occurs mainly due to an improper surface preparation

before nitriding or by the presence of moisture in the retort due to the seepage of water

into the retort from the cooling chamber. Presence of air in the retort is due to improper

sealing of the lid or Ieakage due to inadequate sealing around the pipes. Discoloration of

the workpiece can be avoided by proper surface cleaning by using exceptionally good

quality pipe fittings and also by the proper sealing of the lid. However, discoloration of

the component in no way affects its hardness'

5.13 Precautions for Nitrided Parts

l. Maximum resirstance to corrosion is exhibited in those steels which are put into service

in the asnitrided condition, that is, without the removal of the outer layer. If this

Iayer is removed there will be an appreciable fall in the corrosion resistance of the

steel.

2. If maximum hardness and toughness is required and resistancetocorrosion is not of

major importance then it is advisable to remove the thin brittle white layer on the

surface, which is undesirable on the surface. Removal of this layer normally calls for

grinding or lapping to a depth of 0.025 mm to 0.05 mm from the surface after nitrid-

ing. In no instance should more than 0.12 mm of surface layer be removed in final

grinding, and it is preferable to specify a maximum removal of 0.08 mm.

3. Even though the hardness of the nitrided steel is considerably high and greatly

improves the usefulness of the steel, it cannot withstand the abrasive action of solid

particles such as sand or grit. Therefore nitriding should not be applied for compo-

nents such as sand and shot-blasting nozzles.

4. During nitriding a surface growth is likely to take place, which is primarily de-

pendent upon the size of the section, depth of the case and the shape of the compo-

nent. The amount of this growth is constant for a given nitriding cycle and must be

determined fo,r each component by experiment. Based on this, proper allowances

can be introduced during finish machining. The amount of growth on the surface of

the componerrt usually ranges between 0.02 and 0.05 mm.

5. It is not pract.icable to nitride a component already nitrided. Renitriding may lead

to brittleness in the case and spalling. However, if the first nitriding attempt has
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been unsuccessful the case may be ground off and the component then renitrided.

5.14 Special Features and Advantages of Gas Nitriding

1' Nitriding offers an extremely valuable combination of properties which justify thecost of treatment for components exposed to severe service conditions.2r2' Nitriding provides a very hard surface on a component with a tough core.3' since nitriding is carried out at a comparatively low temperature, distortion is reducedto an absolute minimum. and excepi in paris of a very thin section or intricatedesign, it is practically eliminated.
4' In a majority of cases, the nitrided parts can be put straight to work after treatment,thus eliminating^the straightening and final grinding procedures necessary in theother methods of hardening components; this hetps save valuabre time.5' No quenching is necessa.y as in tt e ordinary methods of case hardening and,consequently, the probrem of quenching cracks is obviated by this process.6' Nitriding is less sensitive to st.ess ,aise.s caused by a poor surface finish, sharpchanges in cross_section holes etc.
7' Greater hardness obtained by nitriding compared with the methods of other casehardening (Table 5.2).

Table 5.2 Hardness of nitrided and case_hardened steels

Steel IS Case hardness VHN Treatment

c10

I5Ni4Cr1

15Cr55

l5Cr3Mo55

25Cr3Mo55

4OCr2All Mo18

800

7s0

710

850

900

I000

Carburized

Carburized

Carburized

Nitrided

Nitrided

Nitrided

8' one of the most valuable functional properties of the nitrided case is its high wear
resistance. wear resistance of the nitrided caseis of theorder of 10 times -Jr.,tu,the carburized case.ll'2r rhe big advantage of high wear resistance as 

"o.for"ntslies in the fact that frequent replacement of the machine elements can be .rrio"a
thus bringing down the maintenance cost.

Table 5'3 illustrates the wearing properties oflnitrided steels in response to tests carried
out with an Amsler Machine. It can be seen that whereas in the case of different case
hardened steels the loss in weight for loadings between 20 and g0 kg is considerable,
nitrided steels showed no loss in weight even when loaded with g0 kg. It may b" see, from
Fig.5.l2 that the wear resistance of the nitrided case after the shot-blasting test is very
low, the least abrasion being taken compared to the case hardened and unnitrided steels.
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Table 5.3 Relative wear on nitrided and carburized steelsrr'

Amsler Test

Carburized steel loss in weight (centigrams)
Nitrided

case
Load

kg
cr-v steel Cr-Ni-NIo steel Nitroalloy

Cr steel Ni-Mo steel

20

30

40

50

60

70

80

200

0.48

1.55

2.24

2.35

2.43

2.62

,:,

0.19

0.60

1.15

1.49

1.98

2.58

2.47

0.I6
0.4
r.l5
1.60

2.06

2.00

'j'

0.16

0.38

I .11

t.7t
2.35

2.40

2.79

Nil
Nil
Nil
Nil
Nil
Nil
Nil
0.26

I
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Fig.5.12 Abrasion loss occurring during blasting with steel grit on un-

nitrided, case hardened and nitrided test specimens20

Fig. 5.13 Effect oftemperature on the hardoess ofcarburized and nitrided steels
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Fig. 5.14 Hardness at elevated temperaturesl

9' The nitrided case retains its hardness even if it is heated to the nitriding temperature,and in sQme cases to-an even higher temperature revealing no loss of hardness atroom tempelsfglg.lr'22 This is the greater advantage over the other methods of casehardening such as carburized, induction hardening-ara nam" t urdening cases whichsoften above 200'c..Hence nitriding is desirable ro. 
"o.rpon"rt, *t.." lubricationis critical or non-existent. At the same time nitriding p.oviaes excellent wear resis-tance to components operating at high temperatures. Figure 5. 13 illustrates the effectof temperature on case hardened and nitrided case. carburized steels begin to losetheir hardness at a comparativery low temperature with an appreciabre drop inhardness at 300"c' Figure 5.i4 shows that the hardness at elevated temperatures isalso relatively high compared with 1.2% carbon steer. It can atso be observed thatat 5000c, the nitrided steel has a hardness above g00 vH while the hardness ofcarbon steel is only 300 vH- This softening is only ternporary in the case of nitrided

:H,::1,::"I:r,ililr.,rriginal 
hardness on cooring. on trre other hand, carbon steelwill not regain its hardness after cooling.

l0' Lubrication failurf, 
:r 

other,.,factors.wlich read to high surface temperature, willnot result in softenjneas readiry-as.wirh other,rethods of ,r;;; l;;';;l;;."' 
*"'

,,. 
fjl::,1*:1,.:.,1i"i:.^:i: 

.::T:_g.1ncl;roea ;, tr," ,tuinr.,, ,,..r catesory, they are,nevertheless, extreineir resistant to the corrosive acrion orr..rrr-*u]i.]r#rJ"lll,

:1*: T1,":llli}..i,i:,If 
i: 

]s_,ascr;ued 
to the ro.*ution;f';; high nitrogen Etaphase in a continudus rayer on the surface of a compon"nt. co..or"io, H;il#::

:i::::1l 
t 
: l"l,:|..t. ,uifu""r. uo*.*.,-uy grinding offa layer of about 0.03 mmthickness, the white iayer is removed ara co.iosio,, ;.ri;;;#; ;;.*J. iiljil;

*"-'I^"1T.:1 
th",fu,i*:e srre.ngth.under corrosive mecria. High corrosion resistancemay be obtained by raising the nitriding temperature from 520-5g0.c.4,s This ismainly due to improvement in the nitrided layer.

l2' Nitrided surface can be porished to acquire a handsome metallic lustre.
13' The formation of the high nitrogen phase on the surface of the nitrided component

is associated with iarge vorume changes which read to the appearance of compres_sive stresses in the hardened layer. These stresses substantialiy increase tne raiiguelimit of the component as a whole.lT

Nitrided nitroolto

% Corbon steet

l4' Nitriding is also an effective means of increasing resistance to fatigue strength. The
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increase in fatigue strength is highest in plain carbon and low alloy steels (see Table

5.4), and this generally increases with nitriding time. The important parameter for

improving fatigue strength is the case depth which is reported to be effective up to

0.30 mm depending on the material thickness and the shape. This is illustrated in

Fig. 5.15 which shows the torsional fatigue strength as a function of nitriding depth

Nitrided toyer

0 0.1 0.2 0.3 0.t, 0.5 0.6

Depth o{ nitriding

Fig. 5.15 Torsional fatigue strength as a function of depth ofnitriding of
a smooth test specimen and a drilled test specimen, respectively,

made from a Cr-Mo-V steel of the following composition:

C-O.3%, Cr-2.5o/", Il[o-g.27zo V-0.25 OB 110 Kp/mml

after the gas nitriding of test bars of 6.5 mm diameter. One test bar has a traversed

hole of I mm diameter, which reducesthe fatigue strength. With this bar the maximum

fatigue strength is obtained with a nitriding depth of 0.30 mm. For undrilled bars

it is at a depth of 0.40 mm. Normally the fatigue properties of the component increase

after nitriding between 30 and 40%. If the components have stress raisers (sharp

notchers) the fatigue limit will be 2 or 3 times more than in un-nitrided compo-
nents.

Table 5.4 Improvement in fatigue strength in nitriding steel

Fatigue strength

Material Tensile
strength

Original Improvement in l(
Plain Notched Plain Notched
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CrMoV
1.7o/o Cr + 1.3oio Al
CrMoV
CrMoV
CrMoV
Stainless Steel 18.7olo

Cr + 9.3% Ni
Stainless Steel 12.3/. Cr

90

62

68

85

90

40

40

27.9

38.2

47.5

41.5

t5

28

10.5

12.5

17.7

18.7

5

-5
+2
+36
+20
+'24
+30

+15

142

+ 300

+ 189

*11

+ 750

15. High dimensional stability due to absence of retained austenite.
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5.15 Disadvantages of Gas Nitriding

1' The process time reqlired is very long (typically 20to g0 hours) and this makesnitriding expensive. The followirg tuUf. provides the details:
Table 5.5 Time required Jo produce a comparable case depthin Gas Carburizing and Nit.i;i;;. 

--"'-

Method Time in hours for different case depths

0.010 (in) 0.021in) 0.03 (in)
Carburizing En 32 at 925.C

Nitriding En 40 B at 575"C

0.25 h

20h
0.75 h

40h

1.5 h

80h
2. A brittle white layer is formed orF

bearing surfaces. 
er ts fbrmed on the surfaces *t l"r, -uy .*rotiui" Irra damage

3' special steels have to be used in nitriding and this adds to the cost.4' standard nitriding steers are zic.:^,rossls ;;;;e2A,Mo28. The aluminium
,"""Ji:'li1'Jfi:?;" 

40cr2AllMo28 should u" urola"a-ror sears because orrow resis-
5' The fatigue strength of the nitrided case decreases when the case depth exceeds 0.3 mm.under more severe loading conditions the fatigue life olnitrided components wilr beeven shorter than that of riardened uno t.rp.i.J co-m"ponents.6' Nitrided steels cannot be used for highly 

"on".ntu,.a I*a, ura shock loads.7' Gas nitriding takes nore time io attain *re .equrreo lase depth compared to salt^ 
bath nitriding and ion_nitriding.

8' compared to ion nitriding, corisumption of ammonia gas is greater.

5.16 Steels for Nitriding

,Tl]I:d;:'J'.:H;:,'-:-T"T1l, 
i1te1d:d ror use where componenrs require maximum resis-

n e s s t h a n c a n b e ; r,T,lli? T_f ,fr :ru; 
rr:ild;ff 

1m *i:rl, ln: ffi liit
ffi.'"1"'"#il:,ffi ;l','#,Trj:"',[.*,:l',',lr,T*h:li:"il"lltf1,;;il;;il;,'ji,"tur,

since nitriding itself 
lqnrecr3ury-i;;;"", fatigue resistance, nirrided steers are parti-cularly useful for parts subjected ,"iigflufr.rnating stresses.since nitriding is applied prir;.il;;lr"r"ur" the surface hardness for the purpose ofminimizing the wear' special steelslnitriding steers) r,uu. 

-u""o 
deveroped whichcontainelements enabring the highesi o;;;;;i""r;rru"" t,uran"r, i" u" 

"tr"ined. Aruminium is themost important element in 
"o-*on "r"' 

1r," conventioJ ,l,iioir* steers contain about0'8 to 1.20% arumi.nium. arrrj-urrl";"; 
" 

very pronounced tendency to form nitridesresulting in peak hardness. orh.;;;i.i;forming' .1";;;;;;r" chromium, morybdenum,vanadium, titanium' tungsten, etc. Chromium and molybdenum in particular, apart fromforming nitrides, arso improv"' hu.d;;;ii,,r. ,n,, in iurn ravourabry influences the core
properties and the condiiions ro. .t 

"'iJ-ltion of , ,ou;;^;;;iea rayer.Nitriding can be usefulry applied ,o u'-rr-u"r of other ,r".il r". special applications,and it is possible to obtain 
" 

rr.g" ."rg"*of both 
"ur" 

h;;;n;r'.- uoo 
"o." properties. For
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example, the 3/,chromium-molybdenum and the 3/o chromium-molybdenum-vanadium

steels develop softer cases than nitro alloy, and have theadvantage ofhigher hardenability

and resistance to tempering. Certain nickel containing steels are useful because nickel

improves the properti"r of if," core, which therefore gives better support to the case' Al-

though nickel reduces the case it increases its toughness'

T-ypical applications are aircraft, automobile and machine tool components such as

crankshafts, gudgeon pins, shackle pins, pistons, cylinder liners, shafts and thrust collars

and precision gears, particularly where the development of play cannot be tolerated' Table

5.6 indicates the different types of steels that are mainly used for nitriding'

Data Sheet 5.1-TYPe-1 (ISO)

CHARACTERISTICS

possesses excellent hardenability and may be used to develop wide range of tensile strength

combinedwithexcellentductilityandresistancetoshock.

APPLICATIONS

Components requiring medium to high tensile properties in the nitriding condition. Crank'

shafts increase the fatigue strength ancl wear resistance, cylinder liners, valves, slides, inter-

nal combustion engine cylinders, as well as superheated steam fittings, etc. Table 5.7 indi-

cates the equivalent steels of International Standards'

PROCESS CHART

RoughMachine_-+HardenBg0-91O.C-+Temper570-650.C------rMachine-,

Finish Machine<.Nitriding 500-520"C+-Final Machine<'stress relieve 550"C<-l

Refer Fig. 5.16 for typical hardness depth curve'

I 000

0 .00s .CIo .015 .020.02s .030.035 .040

Depr-h in inches

Fig. 5.16 Nitriding of steel-25Cr3Mo55 (BS 722M24)

for 80 h at 500'C (gas nitriding)
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Table 5.7r

oo
a

Standard ISO IS DIN AISI BS NFA GOST JIS

Designation Type-l 25Cr3Mo55 3lCrMol2 722M24 30cD12

o

o
o.

o
Q
d
o

E
o

U

o

o

o
0r

o

o
o
z

C "/"

si%

Mn%

(P9lo

<s9,6

Cr "/u

Mo o/o

Ni%

Others

Dimensions

0.27o Proof
Stress N/mm2 min

Tensile Strength
N/mm2

Elongation
7o min.

Reduction of
area o/o min

0.28-0.3s

0. t5-0.40

0.40-0.70

0.03

0.035

2.8-3.3

0.3-0.5

0.30

0.28-0.35

0.40-0.70

2.8-3.3

, r:9.,

0.28-0.35

0. l5-0.40

0.40-0.70

0.03

0.035

2.8-3.3

0.3-0.5

:'_

ll
t2

0,20-0.28

0.1-0.035

0.45-0.70

o.025

0.025

3.0-3.50

0.45-0.65

0.28-0.35

0.10-0.40

0.40-0.70

0.035

0.03s

2.8-3.3

0.3-O.5

40-100
101-160

785
735

980-1 180

930-1 r 30

1l
l2

40-100
101-160

785
735

980-1 180
930-1 130

40-100l)r max l0l_160

74s 113

e2o-ro8o ;3L-ll!3

11

12

II
12

Data Sheet 5.2-Type-2 (ISO) 40Cr3Mo1V20 (IS)

CHARACTERISTICS

A high tensile strength nitriding steel of excellent hardenability which can be heat-treated

to give high core strength 140 kg/mm2; on nitriding it develops a hard wear-resistance

case. Exhibits hardness around 800 HV after nitriding.

APPLICATION

Used for components requiring high tensile properties and subjected to severe wear after

nitriding. Table 5.8 indicates the equivalent steels of International Standards.

PROCESS CHART

Rough Machine+Harden 930-950"C+Temper 570-650oC+Machine-
Q-Oil

Finish Machine+-Nitride+-Final Machinee--Stress relieve+
500-520.C 550"C

(a) ReferFig. 5.17 fortypicalcurves showing effect of tempering onmechanicalproperties.
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Standard

c%

si%

MnYo

<P96

<8%

crTo

Mo9,5

v%

Others

Dimensions

O.21, Proof
stress N/mm2 min

Tensile strength

N/mm'z

Elongation
Tomin

Reduction of
area/o min

rso
R683/X-75

0.3s4.42

0. I 5-0.40

o.4-0.7

0.03

0.035

3.0-3.50

0.8-1.1

0. r 5-0.25

0.3s-o.45

0.4-0.7

0

3-3.5

0.9-1.1

0.15-0.2s

0.3s-0.42

0.15-0.40

0.44.7

0.03

0.035

3.0-3.50

0.8-1.1

0.15-0.25

70 max

1080

1270-1470

0.35-0.43

0.10-0.35

0.45-0.70

0.025

o.o2s

3.00-3.50

0.8-1.1

0.15-0.25

Table 5.8

IS DIN AISI BS NFA GOST JIS

Designation Type-2 40Cr3MolV20 39CrMoVl35

o

q

o
o

o
E
o

Q

c)

oo
'o
.d()

.B

oo
2

70 max

r080

1270-1470

64 max

ll10

l310 min

(\
E
E

qr
I

c
orr
c
aJ

o
q

u)
c
P

0 100 200 3m 400 500 600 700 8m
Temperrng temp. of

Fig.S.l7 Typical curve showing effect of tempe-
ring on tensile strength. Bar diametei_
1'8", oil quenched from 970"C.

(b) Refer Fig. 5.18 for typical hardness depth curve.

6

897M39
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700

600

0 .00s .01 .015 -02 .02503 .035

Depth in inches

Fig. 5.18 Gas nitriding of 40Cr3MolV2O (BS

897M39) for 80 h at 500'C

Data Sheet 5.3-Type-3 (ISO), 34CrAlMos (DIN)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel, after nitriding, produces an extremely hard, wear resistant case. It develops a

core strength of the order of 80-90 kgirnm2, with very good ductility and resistance to shock

in medium-sized sections.

Used for components requiring extremely high surface hardness, of nitrided case,

combined with medium tensile core strength, such as lead screws, spacers, spindles,

racks, etc. Table 5.9 indicates the equivalent steels of Intenational Standards.

HOT WORKING AND METAL TREATMENT

Forging-Commence- 1050'C Max.

Finish-850oC Min.
Annealing-650-700'C, followed by furnace cooling.

Hardening-900-930'C, followed by water quenching.

910-940"C, oil quenching.

Tempering-570-650"C.
Figure l5.lgshowsatypicalcurveof theeffectof tempering on tensile strength,and

Fig. 15.20 shows the typical hardness-depth curve of 905M31 (Type 3).
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Fig.5.19 Typical curve showing effect of tempe-
ring on tensile strength of steel-905M31
(Type 3)
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(Type 3)
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Table 5.9

Standard ISrso DIN AISI BS NFA GOST JIS
oo
a Designation Type-3 34CrAlMo5 Class 0 905M31 30CAD5I2 -

o

o

oo
6
o

C)

O

c%

si 9'"

Mn%

<P%

<s%
cr Yo

MoYo

At%

Others

0.3-0.37

0.2-o.5

0.5-0.8

0.03

0.035

1.0-1.3

0.15-O.2s

0.8-r.2

0.34.37

0.2-o.5

0.5-o.8

0.03

0.035

1.0-1.3

0.15-0.25

0.8-1.2

0.33-O.38

o.2-0.4

0.5-0.7

0.035

0.04

1.0-1.3

0.15-o.25

0.95-1.30

0.27-0.35

0.10-o.45

0.4-0.65

0.025

0.025

1.4-1.8

0.15-0.25

0.9-1.3

0.28-0.35

0.24.4

0.5-0.6

0.035

0.035

1.5-1.8

0.254.40

1.0-1.3

o

o
o.
o
o

o

(d

oo
z

Dimensions

0.2/. Proof stress
N/mm2 min

Tensile strength
N/mm'

Elongation
% min

Reduction of area

/o min

70 max

590

780-930

t4

70 max

590

780-980

14

64 max i!_13.

slo g3;

77us2o ?i3_3!3

1515

Data Sheet 5.4-TYPe-4 (ISO)

CHARACTERISTICS

An alloyed steel which after nitriding produces an extremely hard wear-resistant case. It
develops a core strength of the order of 80 to 90 kg/mm2 in medium sized sections com-

bined with very good ductility and resistance to shock. Exhibits hardness around 950 to

1150 HV.

APPLICATIONS

Spindles, wormshaft, cutter spindles, wheel spindles, small bolts, bushes, gauges, and pre-

cision measuring tools, as well as superheated steam yalve parts, etc. Table 5.10 indicates

the equivalent steels of International Standards.

PROCESS CHART

Rough machine+Harden 900-930'C+Temper 550-650'C+Machine

Finish machine<-Nitride 500-520"C<-Final Machine<-Stress relieve 550"C<-i
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(a) Figure 5.21 for typical hardness depth curve.

5t0t520
Dcpth betow surfocerin x 103

Fig.S.2r rypicar hardness-depth curve of gas nitrided steer_
905M39 (Type 4)

(b) Figure 5.22 for typical curves showing effect of tempering on tensile strength.

Bors t j"dio- oiI hordened gOOoC

r00 200 300 400 soo 600 700 800
Tempering temp. of

Fig. 5.22 Typical curve showing effect of tempering
on rensile strength, steel 905M39(BS)
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Data Sheet 5.5-34CrAtNiZ (DIN)

CHARACTERISTIC AND APPLICATION
This steel possesses a very high core strength, of the order of g0-l00kg/mm2. It is usedmainly for higher section thi&ness requiring high or urir*rr]gr, tensile properties in thenitrided conditions, 

_e.g. components such 
. 
u, oit ."t ,*.rilr, hobber spindres, cutterspindles, etc. Table 5.ll indicates the equivalent steels of international Standards.

HOT WORKING AND METAL TREATMENT

Forgin g-Commence- I 050.C_Max.
Finish_950o_Min.

Annealing 
-650-700'C, followed by furnace cooling.

Hardening 
-850-900"C, followed by oil quenching.

Tempering 
-580-660.CNitriding 
-500-520"CHardening 
-950 HV (nitrided condition).

Table 5.11

Standard IS AISI BS NFA GOST JIS

Designation

o

o
o

o

o

o
E
O

o

oo
o
Eq

.g
o

o
q)

c%

si%

Mn%

<P 7"

cr%

Mo7"

Ni%

At%

0.22-0.27

0.20-0.40

0.50-0.70

0.035

1.0-r .35

0.20-0,30

3.25-3.7s

0.95-1.30

Dimensions

0.2\Proof
stress N/mm2 min

Tensile strength
N/mm,

Elongation f min

Reduction of
area )( min

0.3_0.37

0. l5_0.40

0.4H.70

0.03

1.5_1.8

0.15-0.25

0.85_1.I5

o.8_1.2

700-250

590

780-980

l3

34CrAlNi7 Class C 40cAD612

0.38_0.45

0.2_0.4

0.5_0.8

0.035

1.5-1.8

0.254.4

1.0-1.30

100-160

670

850-1000

t4

. Data Sheet 5.6 constructionar sreers-Type-3, R6s3/vIII-70 (ISo),
34CrNiMo6 (DII\{)

CHARACTERISTICS

This may be used in the range of 100'-135 kg/mm2 tensile strength after heat treatment.
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After nitriding it possesses a high wear resistance and

Exhibits surface hardness of about 650-700 HV after

equivalent steels of International Standards.

APPLICATIONS

Used for high tensile strength machine parts, spindles, screws, pinion axle, shafts, crank-

shafts, connecting rods, etc. Table 5.12 indicates the equivalent steels of International

Standards.

PROCESS CHART

Rough machine+Harden 830-850'C+Temper 550-650oQq'\d36hlns-,

Finishmachine<-Nitriding 500-520"C<-Final machine+Stress relieve SSO'C+l

Refer Fig. 5.23 for a typical hardness depth curve.

0 0.1 0.2 0.3 0.1 0.5 0.6 0.7 0.8

Depth below surfoce in mm
Fig. 5.23 Nitriding of steel-40Ni2Crl Mo28 (817M4OBS)-for 60 h at 510"C

(gas nitriding)

Data Sheet 5.7-Type-3 (ISO), 42CIMo4(DIN)

CHARACTERISTICS

This may be used in the range from 70 to 1 l0 kg/mm2 tensile strength after heat treatment.
After nitriding it possesses a good wear resistance even though hardness is low. Apart from
this it develops a higher fatigue strength after nitriding. Exhibits hardness of about 650HV
after nitriding. Table 5.13 indicates the equivalent steels of International Standards

APPLICATIONS

Face plates, screws, connecting rods, gears, propeller shaft joints, hydraulic parts, crank-
shafts.

PROCESS CHART

Rough machine+Harden 850-870"C+Temper 550-650oc+Machine .-l

Finish Machine+Nitriding 500-520'c<-Final machine<-Stress relieve 550-570"C<-l

develops a higher fatigue strength.

nitriding. Table 5.12 indicates the
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Refer Fig. 5.24 for a typical curve.

5.17 Other Structural Steels

unalloyed case hardening steels, plain carbon steers, (cK_45 cK_40, cK_30) and alroyedcase hardening steels are nitrided at 500 to 510'c to increase the fatigue limit and corro-

ifffiJt:il1'ce' 
The approximate hardness values for some of these steels are given in

Depth betow;urloceln mm
Fig.5.24 Gas nitriding of steel_ul0CrtMo28 (AfSI_4140) at 500.Cfor 70 h

Table 5.14

VH

CK-45

CK-30

CK-35

CK_l5

En 3s2-(637 M1t)

20MnCr5

300-350

300-350

300-350

350-400

650-700

700-750

5.18 Stainless Steels

Nitriding is widely used to improve the wear resistance of stainress steel machine parts.In some cases abrasive wear isieduced by a factor 
"r:oo-"it.. nitriding. This treatmentincreases the hardness and by changing rriction 

"rruru"i.rirti"l, rr.u.n,, galling and scoring.Stainless steel parts should u" urr.-ot"i and stress-relieved prior to nitriding with the ex-ception of the hardenable grades.

,rrlf#illensite 
grade can be hardened and tempered at a temperature above the nitrid-

Surface preparation prior to nitriding should include the removal of oil, grease, etc.This is accomplished by removire 
"ry 

-"_ia; 
ffi"ffi;;; 'il;;rr" 

this creates a passive

hardness depth

0 01 o.z 03 0r 05 o.s #-litio

#l

;l

;l,
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condition preventing the nitrogen penetration. Mechanical methods (wet blasting) or acid

pickling are acceptable procedures. The acid pickling is done as follows:
' t. iictcti ng in 50/, by volume with hydrochloric acid at 70"C and subsequent thorough

rinsing in water.

2. pickling inl/,by volumewith orthophosphoric acid containing0.Ty.primaryzinc

phosphate at 70"C without subsequent washing.

In both cases nitriding must be carried out directly after the pre-treatment.

5.18.1 NITRIDING

This is accomplished at a temperature of 530-550'C for martensite steels and for the auste-

nitic steels at 570-620'C. The increase in hardness and improvement in wear resistance

is obtained at the expense of corrosion resistance. The precipitation of the finally dispersed

chromium nitrides which are responsible for the wear properties tends to deplete the sur-

rounding matrix of dissolved chromium, affecting a lowering of overall corrosion resistance.

Hardness attainable after nitriding depends on the type of stainless steel. Normally the

hardness ranges from 900 to 1150 HN.

Data Sheet 5.8-Hot Work Steels-40CrMoV5(ISO)

CHARACTERISTICS

Nitriding of hot work steels will help to prevent the metal from sticking and improves wear

resistance especially on dies. It will also reduce the ill effects due to rubbing in certain

cases. For example piston and cylinders in die casting machines, dies with thin sections

which are more rapidly attached due to their high working temperature, etc. Table 5.15

indicates the equivalent steels of International Standards.

APPLICATIONS

Nitriding can have beneficial effects on certain parts of die casting dies, such as spreaders,

fixed inverts, covers, sprue parts, nozzle, ejector pins plungers, shot sleeves, etc.

PROCESS CHART

Rough machine+Harden 1000-1040"C+Temper 520-600oC-l

Polish<-Nitriding 520-540"C<-Finish machine+Stress relieve 550"C<-l

Nore Nitriding is done in ammonia gas at 520 to 540'C. Length of time depends on the case depth required.

Nitriding at higher temperature say 540"C is advisable to avoid brittleness even though hardness obtained

may be little low (1000 HV). Wear resistance mainly depends on the nitride forming elements. The depth of
case obtained for different treatment time is given below.

Nitriding time Depth of case, mm

o.125

0.180

0.2s0

0.300

10

20

N

60
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Other hot work steels that are nitrided are Hll, Hl2, etc.

Data Sheet 5.9-Cold Work Steels-T160Cr12(IS)

CHARACTERISTICS

High chromium steels such as Az,Dz, D3 and D6 can also be nitrided to increase the wear

and corrosion resistance. After hardening the tempering should be done at a lower tempe-

rature of 200'C if they are to be nitrided for a lesser period of time, e.g' l0 hrs or less'

Nitriding will reduce their core hardness to a tempering temperature of about 550"C'

APPLICATIONS

Mainly applied for dies in plastic industries since the hardness formed by nitriding

significantly increases the wear resistance compared to the martensite structure formed

by hardening. Table 5.16 indicates the equivalent steels of International Standards'

PROCESS CHART

Rough machine--+Stress relieve 550"C----+Machining ----+Hardening 1020-1040"C-l

polishe-Nitriding 510-520'Ce- Final machiningr--Tempering I 80-250"C+-l

Refer Fig. 5.25 for a typical hardness depth curve,

1

Ir00

r000

0.1 0.2 0.3 O.t 0.5

Depth betow surfoce tJi mm--->

Fig.5.25 Nitriding of steel-Tl60Cr12 (DIN Xl55

CrVMol2l) for 80 h at 520'C (gas nitriding)
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Table 5.16

Standard norm ISO IS DIN AISI BS NFA35-551_75 cosT Jrs
Designation Tl60CrtZ Xl55CrMot2l D2 BD2 C SKDll
o

o.

oo

o
E
o

O

c
si

Mn

Cr

Mo

v

1.55-1.70

0.1-0.4

0.3-0.5

11-13

0.8

0.8

1 .5-I.6

0.1-0.4

0.1-0.4

11.5-12.s

0.6-0.8

0.9-t. t

1.4-1.6

0.3-0.5

0.3-0.5

11-13

0.7-1.2

0.8

1.4-1.6

0.6

0.6

11.5-12.5

0.7-1.2

0.25-1.0

1.45-1.70

0.1-0.4

0.15-0.45

11-13

0.7-1.1

0.7_1.1

Data Sheet 5.10-High Speed Steel_HS 6_5_2(150)

CHARACTERISTICS AND APPLICATIONS

Nitriding of HSS tools increases the wear resistance and the service Iife substantiary.Although gas nitricring of toor steers has ,gj b::n a, *ia.rf used as sart bath nitriding,considerable success has been achieved .e"entlv. The best ."rrl,, have been obtained withhigh speed steer mandrers and arawrng aie; 
:r-r_.d 

for cord d.";;;; or cord pressing of brassand aluminium' Hardness values auore t 3oo HV are obtainable aiier nitriding. These may betoo high for many purposes; in such cases*the tools are tempered at 350 to 400.c afternitriding' the'rebY increasing the toughness. For cutting tools thi- case should consist onry

14

t
I

r
.s
U)
U)
o
c
!
or

13 00

1200

1 100

1000

0.1 0.2 03 01, 0.5

Depth in mm ---r

Fig.5.26 Gas nitridinlg of Steel_T83MoW6Cr4V2
(AISI_M2) for 35 h at 530.C
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of the diffusional layer without brittle nitrided phases on the surface, since they impair the

cutting properties of the tool. For tools that will operate under dynamic loads, the case

depthshoulaU.O.Ot toO.02mm. Nitriding increases thedurability of cuttingandknurl-

ini tools by 50 to 100f. The duration of nitriding for cutting tools will be 15 to 60 minutes

at 510 to 520"C or 10 to 12 minutes at 560"C.

Other types of high speed steels that are normally nitrided are Tl, T7,M42, etc. Table

5.17 indicates the equivalent steels of International Standards'

PROCESS CHART

Rotrgh machine+Stress relieve 660'-650"C+Machine+Hardening 1200-1230"C-l

Temper 350-4O0"C+Nitriding 520-560"C+Finish machining<-Temper 550-570'C+t

Refer Fig. 5.26 for a typical hardness depth curve.

Table 5.17

Standard ISO
norm 4957-80 ,Blfo_ro ArsrIS 854659-71 NFA35-5e0-?8 . .GOST 

aa[llos

Designation HS6-5-2 XT8TW6 5Gs-2 M2 BM2 ,troY_roflrou- R6M5 SKH9

o

oa
oo
cg
o

o

Q

c 0.824.92

Co

Cr 3.54.5

Mo 4.6-5.3

v 1.7-2.2

w 5.7-6.7

0.82-0.92

3.754.50

3.75-5.50

1.75-2.05

5.75-6.75

0.86-0.94

3.8-4.5

4.7-5.2

t.7-2.0

6.0-6.7

0.78-0.88

3.75-4.50

4.50-5.50

1.6u2.20

5.5-6.75

0.8-0.9

<0.6

3.7s4.50

4.7 5-5.50

1.75-2.05

6.0-6.75

0.8-o.87

<1.0

3.54.s

4.6-s.3

1.7-2.2

5.7-.6.7

0.8-0.88 0.8-O.9

3.8-4.4 3.8-4.5

5.0-5.5 4.5-5.5

1.2-2.10 1.6-2.2

5.5-6.5 s.5-6.7

*Stahlschlissel
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Ion Nitriding

The nitriding process is a well known method of improving the surface properties of engine-

ering components; for this reason it plays a vital role in engineering industry' The process

-ry U. cairied out in solid, liquid or gaseous media. Apart from these three states of

-utt"r, there is a much more active state of matter known as the piasma state, and the

development of modern techniques has facilitated its use for nitriding. This method is

called ion nitriding or called as plasma nitriding (the term being coined in accordance with

other nitriding processes).

Ion nitridiri is carried out in a low pressure container in which a mixture of hydrogen

and nitrogen gases becomes ionized. When the parts to be treated are subjected to this

ionized discharge, the nitrogen ions formed bombard the surfaces of the parts, which be-

come heated and allow diffusion of nascent nitrogen inwards to form nitrides. The diffusion

layer thus formed has a ductile compound layer and a high wear resistance, apart from

possessing a higher hardness and a higher resistance to point loads, impact, etc', compared

io other methods of nitriding. Apart from this the compound layer formed is very less.

Hence components can be directly used without any refinishing or cleaning operation. Also

the improvement in properties brought about by ion-nitriding frequently allows cheaper,

lower alloyed materials to be used.

Ion nitriding offers many control advantages over other forms of nitriding. The great

number of treatment parameters which can be arbitrarily selected and precisely preset

within wide limits, make it possible to produce speciflc structures with properties not found

in normal nitrided steels. For this reason ion nitriding is, in many cases, superior to the

conventional nitriding processes.l'2

Ion nitriding is suitable for the complete range of ferrous materials from cast irons and

plain carbon steels to the high alloy content materials such as tool steels and stainless steels-

the nitrided steels now dominate the range of steel currently being introduced.

6.1 Glow Discharge Process

The ion nitriding process is carried out in an evacuated chamber containing low pressure

gas in which two electrodes are immersed. If a sufficiently high DC voltage is applied be-

tween the two electrodes, a current will flow between them. This current consists of two

factors: negatively charged electrons moving towards the positive electrode (anode) and
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positively'charged ions moving towards the negative.electrode (cathode) (Fig. 6.r). TheseIons are gas atoms from which one or more electrons have been detached and they bombard

the cathode with considerable energy' Part of this energy is converted into heat, therebyraising the temperature of the cathJie *t it" tt 
" 

remainin'g part is used for displacing thesecondary electrons from the cathode surface. These seconiury 
"i""t.ons 

gain energy fromthe applied voltage (potential). The gas atoms then gain sufficient force to cause either:1' The detachment of further ereJtrons-(th" pro..r, of ionization), or

Townsond lBreokdown ronsi
tion

Normol labnormot I rronri_
.. glow t glow I tim
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Fig.6.2 Voltage-current characteristic of the electric dischargsz
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2. Changes in the energy states of electrons within each gas atom (excitation) which

leads to the emission of light.

Because of the light emitted by the excited gas atoms, this electrical phenomena is known

as a glow discharge.

Figure 6.2 shows the typical voltage-current characteristic ofdifferent types of discharge.

As current increases and the transition from the dark Townsend discharge to the glow

discharge occurs, the glow initially will not completely cover the cathode surface. Thus,

although current density is uniform within the area covered by the flow, it is non-uniform

over the whole cathode. When the current density is non-uniform, heating of the cathode

by the ion current will also be non-uniform. As more current is drawn, the voltage across

the discharge stays almost constant and the area covered by the glow increases. This is

the so-called ,normal' glow region-a historical nomenclature with somewhat misleading

implications, since it is no more normal in its behaviour than other regions of the discharge.

The cathode fall in the normal region is a characteristic of the gas and cathode material.

For nitrogen on iron it is 215 volts; the product of cathode fall length and gas pressure is

0.17"-torr (0.4 cm-torr); and the current density within the glow-covered portion of the

cathode is 2.6 mA/in2-torr (0.4 milliamps/cm2-torr2; I torr : 1 mm Hg:133 Pa).

The discharge properties are controlled by current density rather than by total current.

After the current has increased until the glow completely covers the cathode, any further

increase must be accompanied by an increase in current density, and now the discharge

voltage begins to rise. This is the abnormal glow region, and is characterised by a uniform

current density everywhere on the cathode. It is the region used for glow-discharge nitrid-

ing, in order to achieve uniform heating and case development.

Transition from the normal to abnormal glow can occur at quite high currents; for the

traditional laboratory discharge experiments the electrode area may be only a few square

centimetres, but a nitriding cathode might be several square metres in area. For a reasonable

working calculation a figure of 0.4 amps/ftz can be used. It is easy to note the achievement

of the abnormal region by increasing the voltage until current increases (see Fig. 6.2).

Care shoulcl be taken as the glow can rapidly change in the region of very high voltage

and current density. This calls for a greater control and command of the unstable abnormal

glow discharge. There is also a possibility that the abnormal, unstable glow discharge may

turn into stable arc-discharge, which is a serious obstacle to the large-scale application of

the ion nitriding in industry.

Two other general discharge propertie s are important for nitriding discharges: the hollow-

cathode effect and sputtering. A hollow-cathode discharge exists when opposed cathode

surfaces are so close that the negative glows coalesce as shown schematically in Fig. 6.3.

Under those conditions, the current density can increase markedly; for nitriding this can

result in localized non-uniformity of case depth, or even overheating above transition

temperatures.

For nitrogen, the hollow-cathode effect becomes appreciable as the product of cavity

width and pressure drops below about 0.8 inch-torr (3 cm-torr), and the current density

continues to increase until the width becomes comparable withthethickness of the normal

cathode fall, when the glow no longer enters the cavity. This last condition allows the

possibility of simple mechanical masking to prevent nitriding action. The hollow-cathode

effect can often be avoided by choice of gas pressure.

Sputtering is the ejection of cathode atoms from the surface by the ion bombardment
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of the discharge. The rate of ejection increases with ion energy (starting at some threshold
energy, typically below 100 volts), ion mass (though early eiements in each group of theperiodic table have exceptionally low yield), and more approximately with the number of
electrons in the outermost 'd' shell of the target atoms. very rew experiments have been
conducted using nitrogen; for I KEV(kiloelectron-volt) ions ayield of o.zs iron atoms/ion
has been reported, so that yields at typical glow discharge voltages will be much less.
Furthermore the eflective loss of cathode material at low fr.rru.., and large electrode
distances is greatly reduced by back diffusion. Some surface modification takJs place on a
micro-inch scale, and there may be slight differences between sputtering yields for attoying
elements, but the effects are minor as far as nitriding is concerned.

To obtain this glow discharge phenomena in the nitriding process, the components to
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be treated are placed in the discharge vessel and

400 to 1000 V, with respect to the wall of the vessel

cathodically charged to a potential of
which acts as the anode of the circuit.

Fig. 6.4 View from a sight glass during the nitriding process, where the plasma can'be observed evenly
distributed over the surface of helical gears (Courtesy: Consare Engineering Ltd, Scotland.)

ffi
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At the working pressure of 0.1 to I0 t_orr(13.3 to 1333 N/mr) plasma discharge of thereaction gases (H and N) is effected. Nearly all the potential drop across the vacuumoccurs within a few millimetres from th e surface of the workpiece and this region appearsas a luminous glow fringe (Fig. 6.4) and. is uniform all over the surface of the component,irrespective of the distance from the chamber. The positive nitrogen ions so produced areattracted by the cathode (component) and hit its surface with tremendous kinetic energy.The release of this energy heats the work-piece up to the desired nitriding temperatures,while some of the nitrogen ions diffuse into the metal and combine with the nitride-form-
ing elements, as in conventional ammonia gas nitriding. Ion nitriding is carried out usingeither pure nitrogen or mixtures of nitrogen with hydr:ogen or suitable hydrocarbons.in thetemperature between 350 and 600"c depending on irr. t"yf. or materrat.

6.2 Operations before Ion Nitriding

Ion nitriding is done after all the machining operations are carried out. prior to finishmachining, tool steels and ailoy steers are 
!l^rq*.d una t..p.r.d to the required tough_ness' They are then stress relieved at 10 to 20"c above trre nitrioing temperature for I to 2hours to avoid distortion' After this treatment, components are finish machined. In the caseof carbon steels they are normalized and cast irons are stress relieved at 550.c prior tofinish machining oleration.

Areas where nitriding is not required may be masked with mild steel sheets or stainlesssteel foil' For an outer diameter, protection is done by means of a bush and the internalsurface atea by means of a plug' Cavities to be protected are filled with 
"ordr"tir" ptugsand so on. Masks are fixed on surfaces not to be nitrided with a smail gap upto 0.g mm.The state of the component surface is of decisive importance to the success of ionnitriding' It must be free from oil, oxide, rust and other foreign materials. The presence

of high vapour pressure materials will make it more difficult to-obtain the desired 
'uu.rurr,

but of more concern is the influence of hydrocarbon oils or greases in modifying the processto give uncontrolled carbo-nitriding. Aiso of concern is tlie presence of metallic contami-nants such as copper, which can get redistributed over the ,uifu"" of the work uy ,frtt..-ing action, Ieading to a non-uniform case development, or in extreme cases, to a completeblocking of the nitriding action. vapour degreasing is generaly used to remove oils orsometimes chemical cleaning may also be employed to remove rust.

6.3 Fixtures

where a large number of smaller parts are required to be nitrided and fixturing is used,certain precautidns have to be taken. care must be taken to see that the supports do notpass near other parts and mask them nor cause the hollow cathode effect.
To enable a uniform temperature to be achieved, it is irnpo.iurt that sufficient distancebe left between the parts._A distance of approximately 25 to 75 mm is usually appropriate:In addition to making the spacing largiinough to avoid the hollow cathode effect, thepossible differences in temperature caused by radiant heat transfe, .nur, ,rrc O" ,"f."" ,*,account' Thus in a concentric arrangement of small parts, where those at the centre will
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to get a little hotter than those at the edge, sufficient gaps between the outer parts

minimize this difference.

dffifemeE*es*ffi:

Fig. 6.5 Ion nitriding furnace loaded with gears, with the bell chamber about to be lowered to complete
the vessel (Courtesy: Consare Engineering Ltd, Scotland.)
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Fig. 6.6 A charge of six helical gears in position on the furnace hearth
external chamber (Courtesy: Consare Engioeering t tO, ScottanJ.)
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6.4 Applications of Ion Nitriding

The glow-discharge nitriding chamber consists of a stainless steel, double-walled water

cooled bell chamber (Fig. 6.5) with a viewing window and supported by a structural steel

base (Fig. 6.6). The vacuum pumping equipment, the control and the necessary power

supply are mounted separately. Access is provided to the base of the chamber for easy

maintenance.

After thorough cleaning, the components to be treated are mounted on a steel table

supported by the base of the vacuum chamber. This forms the cathode for the glow dis-

charge. The walls of the chamber are ground and form the anode. After sealing, the work-

ing chamber is evacuated to a pressure of about 100 microns. Then the working gas mixture

of nitrogen and hydrogen is allowed to enter the chamber through a flow control valve

until a pressure of 0.2 torr is recorded. As the working gas passes to the chamber, moisture
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Fig. 6.7 Schematic diagram of the ion-nitriding process (Courtesy: Consare

Engineering Ltd., Scotland.)
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and oxygen are removed by means of a filter. Power is fed from a DC supply source, whichincrease$ smoothly to 1000 volts, on the components, which serve as the cathode. A glowdischarge is ignited at a pressure of 200 microns between the components and the internalsurface of the working chamber which ionizes the gaseous medium.
The positive nitrogen ions, produced in the glow discharge, are accelerated towards thenegatively connected component and hit the suriace with a rrlgh kinetic energy. This energyis transferred to the component which results in a heating of tie component to the nitridingtemperature, and removes the possible contaminants and oxides. with a smoothly in-creasing gas pressure and current strength, the surface of the component is saturated withnitrogen. The working voltage in the chamber is normally between 300 and 550 volts. Atthe end ofthe assigned holding time, cooling gas is admitted until the chamber pressure

reaches atmospheric pressure-at which polrt tt e entire system closes down. The whole
system is completely automatic, with the instruments displaying atall times what part ofthe cycle the furnace is in, plus the time elapsed, temperature,and pressurein thechamber.
The control system is shown schematically in Fig. 6.i.

The temperature in the setup is measured by means of a thermocouple introduced into
the vacuum chamber and electrically insulated from the sheath; it is recorded automatically
by an electronic potentiometer with an accuracy of {3.C.

6.5 ProcessConsideration

In order to obtain the desired hardness and case depth, the following process consideration
may be adopted.

6.5.I GAS MIXTURE

The gas mixture used for ion nitriding will be usually a 25Tnitrogen with Tlfthydrogen.
Raising the nitrogen concentrationto 5O'l during processing will increase tfre iate of case
development. Using higher range of nitrogen concentration (above 50/,) will result in the
formation of an excessive white layer. If too low a percentage of nitrogen is used, case
development rates are reduced.

6.5.2 PRESSURE

Gas pressure can be chosen to optimize the penetration of the glow into cavities (to give
a uniform case development on gear teeth, tbr example). While avoiding the hollow cathode
effect, a low pressure enhances glow uniformity, but this becomes a consideration only if
the discharge conditions are approaching 'normal'that is if there are signs of the glow
contracting away from portions of the work load surface.

Ignition of the discharge at 0.2 torr (0.2 mm Hg) or less will normally give a good
uniformity. This is maintained as the computer controller brings the pressuie up to the
full process value, with increasing temperature at the same time. A pressure of 2 torr is
suggested as a typical value for most applications though pressures of up to 5 torr are
frequently used' Only in special cases is pressures above this value recommended.

6.5.3 ION NITRIDING TEMPERATURE

The temperature adopted for ion nitriding will be in the range of 350-580"C depending
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on the type of material used. The temperature adopted for carbon steels is between 550

and 580'C and for cast iron it is between 540 and 550oC. For alloy steels it will be in the

range of 400-550"C depending on the grade of steel and the desired hardness.
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on the hardness

The higher hardness attained depends on the type of steel, the temperature and the

time duration. For example, Figs. 6.8 and 6.9 show the maximum hardness for quenched
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and tempered alloy steel 32crM oy12 (0.32ft c, 3% cr, 1l Mo,0.3"1v) is 450"c. Further
increase in the temperature reduces the hardness. Figure 6.10 shows both case and core
hardness of AISI 4340 steel plotted against temperature. From these two curves, it is clear
that the optimum condition for a 0.02 in (0.5 mm) case can be obtained by ion nitriding at
500'C for l6 hours without any loss of corehardness. Further increase in duration of ion
nitriding leads to a decrease in hardness.

Figure 6.ll illustrates the relationship between the treatment time and thickness of the
diffusion layer for the steel DlN42CrMo4 ion nitrided at 450.C, 530"C and 570"C. As the
temperature increases case depth also increases; but hardness decreases at higher tempera-
tures. When a higher case depth and a higher hardness are both required it i, ,.".rru.y
to carry out the treatment for a longer time at the optimum temperature adoptable for
higher hardness. Adopting a higher temperature also results in greater thickness of the
compound layer and an increase in the volume per surface depending on the chemical
composition of the steel.

Temperatures above 580oC are not used because of a structural change which occurs at
592oC, the eutectoid temperature of the binary Iron-Nitrogen system. In particular, the

t20o 1400
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brittleness of the structure called bainite, the eutectoid mixture of ion nitride Fe4 and

ferrite, is often formed which is not advisable.

Note The thermocouple sheath should not normally be exposed to the glow or it will tend to measure its

own temperature rather than that of the load. If the thermocouple is internal to the part, it senses the

temperature by conduction or radiation. If the part is solid, the thermocouple can sometimes be

located within the masking or placed in a dummy part of roughly similar size.

6.5,4 QUALTTY CONTROL

Each charge to be nitrided should be accompanied by a test piece and be the same grade

of steel as the load. It should also be hardened and tempered to the desired toughness

adopted for the charge. After treatment, the test piece can be sectioned and metallographi-

cally examined for the case depth, and the extent of white layer. Hardness measurements

of the case and also core should be made using Vickers hardness testingmachine by apply-

ing a low load of 0.2 to 0.5 kgimm2.

6.6 Ion Nitriding Case

The mian advantage of ion-nitriding has led to the application of producing specific struc-

tures with properties not found in normal nitriding processes. For this reason, ion nitriding
is in many cases, superior to conventional nitriding processes. The desired case depth with
specific structure may be attained by adopting the specifled atmospheric pressure and tempe-

rature. The nitrided case thus produced consists of two zones, i.e., the compound layer and

the diffusion zone, the details of which are as follows:

6.6.1 COMPOUND LAYER

The ion-nitrided surfaces usually are made up of two layers: a very thin and compact
compound zone (white layer) and a continuous diffusion zone. The structure and thickness

of the two layers can be varied according to the treatment parameters chosen.

The ion nitriding process can produce different structures of compound zones which are
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completely homogeneous. They are either a single-phased FeaN Crr y,-phase structureor the single-phasedre2-3c*N, (e-phase) structure. Also a mixture of the two structures issometimes desired' The compound zone formed depends on the composition of the wor-king gas, i.e., nitrogen or carbon content in the plasma.
The thickness of the compound zone obtained depends on the temperature and thetreatment time. It increases with increasing temperature and time (Fig. o.tz;. However itsthickness does not exceed a value of 10 prm even for very long treatment times. This isprobably due to the small sorubirity range of nitrogen in this phase.:,+,s.0
These mono-phase compound zones are the main reason ftr the excellent properties ofion-nitrided surfaces. The y compound layer combined with a brittle nitride suppresseddiffusion zone is very wear-resistant and exhibits good ductility. The € compound zone isextremely resistant to weer and corrosion.

6.6.2 DIFFUSION ZONES

The depth of the diffusion zone obtained depends on the ion nitriding temperature. It isclear from Fig' 6'10 that as the temperature increases the thickness of the diffusion layeralso increases.

The hardness of the diffusion zone depends on the chemical composition of the steel.It also depends on the temperature employed for ion nitriding. From Fig, 6.7 it can be seenthat at 450'c, the hardness obtained is the highest (1000 Hv"o.zl for the steei 32CrMovl2(DIN)' The hardness obtained will be low either below or above this temperature. Hencethe hardness and the depth of diffusion zone depend on the uitoy .ont.nt and the nitriding
temperature.

6.7 Special Features and Advantages of Ion Nitriding

Ion nitriding offers many advantages over other types of nitriding because of the possibility
of close control not only of the temperature, but aGo of the gas ctmposition, pressure, hea-ting rate and process time.

l' The white Iayer formed is much slower even after a longer processing time and it
rernains almost constant at 6 pm (Fig.6.l2). It is also posiuti u, .^p[ir.d eariier
the degree of control of the process allows full exploitation of the non-brittle Iayer.In gas nitriding the compound layer formed o, th" ,r.r*" ;i,1,,";;;;"r.r, i,typically 0'02 mm thick-such a Iayer is very brittle and must be removed before the
component is put to use. In the case of intricately shaped components of a surfacewith fine details, the removal of the white layer formed by gas nitriding is a very
tedious and expensive operation. By applyingthe plasma process to such intricately
shaped components, it is possible to control the formation of the compound layer
within the tolerance limit. However, the compound layer formed in low-nitriding isvery ductile and it provides good lubricating characteristics to the rr.r^"., rr.r"" i,
should not be removed from the components if itdoes not affect the functioning.

2' one of the advantages of ion nitriding is the extremely sn-rall changes in the dimen-
sions of the components resulting from saturation wiiii nitrogen. The reason for this
is that the sputtering effect which detaches atoms from the surface tends to reducethe volume of a component which compensates the natural growth in diameter of
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Fie. 6.13 Fatigue strength of steel-(AISI)
4340 subjected to dissociated-

ammonia nitriding and glow-

discharge nitridingt

the part during ion nitriding. Thus, the change in dimension of experimentally

nitrided components did not exceed 8 to 10 p. Measurement of the profile deviation

of seven worms showed (Table 6.1) thatthe distortions arising in ion nitriding are

significant and are within the field of allowances of the technical requirements of the

drawing for finish machining of the components. Moreover the surface finish after

ion nitriding is retained at the same level as before. This clearly indicates that the

components can be directly used without any further machining operation.
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0.003/0.003
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nitriding.

in the third turns and

the denominator after

AlSl 1110otter 52soc treotment



Ion Nitiding 241

3' The fatigue properties of the ion-nitrided components are markedly increased byion nitriding' Some results measured on smooth krouse fatigue bars of AISI4340 steelare shown in Fig' 6'13. It can be seen that the ion-nitrided-components have improv-ed fatigue strength as compared to gas-nitrided ones. rrnpror.rn"rt in fatiguestrengthof quenched and tempered steel is 80'l in the case of 30crMovl steel, whereas incase of plai, carbon.steel a greater percentage of about iB},[ wasobserved.4' The power required is very low, because the work is maintained at temperatures bya glow discharge at a low pressure. Heat ross to the furnace wails is mainly byradiation and small losses may be further reduced by radiation shields, which in-creases the heating efficiency without impairing the niiriding action. As a result thetotal power requirement is very low,

7.

and the accessible furnace walls may be
kept at a comfortable temperature by
water cooling.

5. Low gas consumption and cost is
another advantage associated with ion
nitriding.

6. Shorter process time because of the
more rapid formation of the nitrided
layer in ion-nitriding which in turn is
due to the higher nitrogen concentra_
tion produced on the surface. Figure
6.14 illustrates the speed of the case
development in ion nitriding using AISI
4340 steel compared with other nitriding
processes.

Mechanical masking is a feature of the Fig. 6.14 case depth obtained for different
ion nitriding process. Such a mask can types of nitriding processesr
be made of mild steel sheet, which
would be fitted at a distance of approximately 0.5 mm from the area to be masked.
These masks have almost indefinite life and can be fittea easity. Accordingly thereis no need to apply and_ then remove protective electro-deposited coatings as inconventionar nitriding. In the case of a single component, it is possible to maskwith a stainless steel foil or may be with cerimics. st"p-"n points containing iin
should be avoided to prevent contamination of the tank.

8' work pieces made from carbon steels, low alloy steels, tool steels, nitridi,g steels,
heat resistant steels, high speed steels, and stainless steels can be ion nitrided.
Different types of cast iron and sintered materiars can also be ion nitrided.9' Ion nitriding lends itself to total process automation, ensuring repetitive metallurgi-
cal results.

l0' Since ion-nitriding can be carried out at lower temperatures, cold work steels canbe successfully ion nitrided to get high absolute w-ear resistance. Such steels are
subjected to high loads or high punching stresses as such a high core strength is
essential to support the nitrided layer. A prerequisite for retaining a high core strJngth
is that the nitriding temperature is set well below the tempering ternperature. ior
example extruder dies are hardened and tempered at 500"C to a hardness of 5g HRC.

-i- -

0L
0
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Ion nitriding may be carried out at 450'C; as a result there will not be any effect on

core strength. Hence higher hardness may be attained'

As against this, ion nitriding has the following disadvantages:

l. Complexity of nitriding deep surfaces.

2. The relative complexity of equipment'

3. The necessity of strictly following the parameters of the process.

4. The case depth attainment will be slow compared to salt bath nitriding.

5. Highly skilled labour is required.

6. High initial investment cost.

7. The difficulty of combining parts in one load that are greatly different in shape and

weight.

8. No quenching facility (to attain better fatigue strength) for component madelout of

unalloyed steels.

6.8 TYPicaI Data
\

Because of the wide range of conditions of temperature, pressure gas mixtures available,

it is common to use a fixed gas pressure and mixture varying the time and temperature.

The standards initially recommended are:

During warm up Processing

Gas mixture

Gas pressure

75)i Hydrogen
25ol Nitrogen
2Torr

50% Hydrogen
50olo Nitrogen

Typical times and temperatures are as follows:

Case depth required Material Time Tepmerature'C

0.008-0.012 525

510

510

0.015" min

t,
510

Nitralloys 10

4140 steel 3

4340 steel
NI-CH-MO-V steel I

Nitralloys 30

4140 steels 10

4340 steel
NI-QR-MO-V steel 1z

Nitralloys
4140 steel 30

43q0 steel
NI-CR-MO-V steel ru

525

510

510

0.025'min
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6.9 TypicalApplications

The variety of components which can be ion nitrided is almost unlimited and vary insize between very Iarge gears to bails in ua,-ryin!.n.rr. 
-Higiiv 

comprex shaped parts, aswell as simple' present no problems. Table 6.2 indicates trre-outalnaule hardness after ionnitriding.

Table 6.2 Ion Nitriding Dala for Steels and Cast Irons

British
standard

BS

Core
hardness Surface

hardness
(HVsd-pl)*

White Iayer
thickness

(in)

Results of the most commonly produced ionnitrided casesType of iron material
DIN

case depth
(in)t

White layer
phase$

Cortstructional and
carbon steels

st60 (1.0540)

c45 (1.0503)

c60 (1.060r)

Cast irons

GG25

GGG42

GGG60

E;
En9

lamellar
nodular

nodular

En2E

En368

-170 HB

-150 HB

-180 HB

-250 HB

-250 HB

-300 HB

250-400

250*400

250*400

350-500

400-600

450-650

0.015-0.030

0.015-0.030

0.015-0.030

0.005

0.005-0.010

0.005-0.010

0.0004-0.0006

0.0004-0.0006

ooTagg*

0.000+0.0006

0.0004-0.0006

0.000€.0006

€

€

€

c

€

€

Carburizing steels

cl5 (1.0401)

l6MnCr5 (l.713l)
l4NiCrl4 (t.57s2)

-140 HB 25C-4OO

-180 HB 600_700

-200 HB 550_7@

0.015-O.030 0.0004_0.0006
0,015-o.025 0.0003_0.0004

0.012-0.015 0.0003_0.0004

€

yl

yr
Heat-ffeatable steels

34Cr4 (1.7933)

42CrMo4 (1.7225)

37MnSi5 (l.st22)
32CrMol2 (1.7361)

34CrNiMo6 (1.6582)

i-rriiiis 
'tr"t'

34CrAlNi7 (1.8550)

34CrAlMo5 (1.8507)

3lCrMol2 (1.8515)

39CrMoV13 9 (1.8523)

Enl8C
Enl9

623 Grade 47

En24

fn+fe

-En40B
En40C

240-300 HC
24U320 HB
240-300 HB
240-300 HB
250-350 HB

260-330 HB
260-330 HB
300-380 HB
330-420 HB

0.0t5-0.025

0.015-0.025

0.015{.025
0.0I2-o.015

0-015-o:0:5

0.015-0.020

0.015-o.020

0.012-o.015

0.012-0.0Is

0.0002-0.0003

0.0002-0.0003

0.0002-0.0003

0.0002-0.0003

0.0002-.0.0003

0.0002-0.0004

0.0002{.0004

0.0002{.0003
0.0002-0.0003

500-600

550-650

400-500

800-900

550-650

900-1 100

900-1100

780-880

800-900

yr

yr

yl
yl
yl

v'
v'
yr

yr

Hot working steels

X4OCrMoV5 I (1.2344)

X37CrMoW5 I (1-2606)
X30WCrV9 3 (1.2581)

56NiCrMoVT (1.2714)

30-50 HR. 900-1150
30-50 HR. 900_il50
35-53 HR, 900-1150

3G40 HR, 600_700

0.010-o.015 0.0001_o.0002
0.01H.015 0.0001_o.0002
0.005-0.010 0.0001-o.o0o2

0.0IH.020 0.0002_0.0003

Hl3
H12

v'

I
v

v'
yr

yr

(Contd.)
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Table 6.2 Ion Nitriding Data for Steels and Cast Irons (contd')

Cold working tool steels

Xl55CrVMol2 l(1.2379)

Xl65CrMoVl2 (1.2601)

X2loCrl} (1.2080)

90MuV8 (1.2842)

55-60 HR" 950-1200

-58 HR. 950-1200

-50 HR" 850-1100

-40 HR" 450-600

0.005-0.010

0.00s-o.007

0.003-o.007

0.0r0-0.02s 0.0002-0.0003

D2

D3

02

High speed steels

s6-5-2 (1.3343)

sl2-1-4-5 (r.3202)

s18-0-l (1.33s5)

M2
T15

TI

63-66 HR. 900-1200 0.001-0.004

64-66 HR. 900-1200 0.001-0.004

64-66 HR" 900-=1200 0.001-0.004

Maraging steels

X2NiCoMo l8 85

(1.635e)

N2iCoMo 18 2 4

(1.6356)

-ull0 52-55 HR. 800-950

59-62 HR" 800-1000

0.0001-o.0002

0.0001-0.0002

0.005

0.005

I
v

yr

Stainless steels

Xl5Cr 13 (1.4024)

X35CrMol7 (1.4122)

Xl2CrNil8 8 (1.4300)

Xl0CrNiNb 18 9

(1.4550)

250-300 HB 900-1100 0.005-0.010

280-340 HB 9s0-1150 0.005-0.010

-170 HB 950-1200 0.003-0.005

-170 HB 950-1200 0.003-0.005

En56Al

En58A

305519

Heat resisting steels

Xl5CrNiSi25 20

(r.4841)

X5OCrMnNi22 9

(1.4871)

310s24

349S54

-170 HB 900-1500 0.002-0.004

250-400 HB 700-1000 0.001-0.002

*Measured with a load of 5 kg (11 lb).

tOeptt, where the hardness has declined to a value which is equat to core hardness plus 50 dph. Larger

case depths can be produced if necessary'

{The mentioned white layer phases are most suitable for the normal applications of tbese steels. For special

cases other white layer phases are also produced'

Dffirent types of materials that can be ion nitrided successfully ate given below:

Al-Containing low alloY steels

Cr-Containing medium-carbon low alloy steels

Tool and die steels

High speed tool steels

Austenitic stainless steels

Ferritic and martensitic stainless steels

Constructional steels

Precipitation-hardening stainless steels

Plain carbon steels

Heat resisting steels

Carbon nitriding steels

Carburizing steels

Maraging steels.
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fron nitriding has been achieyed with the following
Grey cast iron
Malleable iron
Ductile iron
Alloy iron

In the non-ferrous field:
Titanium and titanium alloys
Tantalum

Molybdenum

Sintered alloys

Examples for Applicat ion:

Food industry in general

Sausage machines-housin g

Bakery maclrines

Machine construction in general
Gearwheels

Primary shafts

Guide bead

Machine basin

Driving gears

Machine construction for textiie industry
Thread 

-euide roller
Hydraulic cylinder
Internal toothed ring
Car industry
Percussion tools

Press tools

Crankshafts

Distance rings for gears

Cam disks

Secondary shafts

Axle guide bar
Pump industry
Rotors

Stators

Housings

Links
Tool

Drill of HSS

Reamer of HSS

Milling cutter of HSS

Screw tap of HSS

Lathe chuck
Injection moulded tools
Barrel extruder
Injection nozzle

cast irons:
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Nitempering (Gaseous

Nitrocarburizing)

Nitempering is the widely used heat treatment process for the purpose of increasing the
service life, wear resistance and scuffing properties of steel. It is carried out in a sealed
quench furnace in an atmosphere of endothermic gas and ammonia at a temperature of
about 560 to 580"C. This process results in the transfer of both carbon and nitiogen to the
surface of the steel so that a compound layer is formed on the surface of the component
supported by a nitrogen-rich ferrite surface diffusion zone. The compound layer thus formed
has excellent tribological properties, whilethe nitrogen in the diffusion zone, when retained
in solid solution in the ferrite, provides a considerable increase in fatigue.t, 2 These improve-
ments are maximized when the treatment is applied to non-alloy steel components. Of late
nitempering is more widely used in general engineering and automobile industries.

7.1 Method of Operating and Control

The nitempering process is normally performed in a standard sealed-quench furnace (Fig.

Atmosphere
Circulaling Almosphere

Circulatrng Fans
Fan

Motors /l oitronat

,/l nCeramrc Radiant
Tub€s

Fadrant Tube

i Sealed Mountino

Front Ooor

Rear Ooot

"Cold Chain" Dlve

Shrouded
Ouenching
Propellors

Fig. 7.1 Cross and longitudinal section through the Ipsen single-chamber, atmosphere-sealed quench
furnace, type TQ (Courtes?: Ipsen Industries International, GmbH, W. Germany)
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7.1)3. Before the process starts, the furnace is heated to a temperature of 750'C before

being filled with the mixture of endogas and ammonia.3' a The furnace temperature can now

be lowered, preferably to about 600oC, and then purged with the said gas until a degree

ofammonia dissociation reaches about 35-40/o,which is measured in the sample gas taken

from the furnace chamber. Purging will be done for 3-5 hours depending on the furnace

walls. After the desired degree of dissociation is reached, first the charge is introduced after

preheating the parts to about 350'C in air; the actual process begins when the temperature

is held at 550 to 580'C depending on the type ol material (Fig. 7,2). The process time varies

Trme, minutas --+
Fig. 1.2 Nitempering process cycle

between I and 4 hours, depending on the desired depth ofcase and the compound layer.

After the elapse of the process time the components are quenched to raise fatigue strength.

Quenching in oil increases the fatigue strength by about 25'l as compared to air cooling.

Tool steel components are quenched in forced gas cooling. Finally the parts are washed to

remove any remaining oil.

Control of the process is done by means ofchecking the ammonia content in the furnace

atmosphere (degree of dissociation of ammonia). The dew point of the carbon dioxide

content of endogas should be monitored with a suitable, continuous measuring, recording

and controlling device.

However, when working at 570"C, some extra safety devices must be employed, such

as a flame curtain at the charging door, nitrogen purge, and ignition safeguarding system.

It is also necessary to provide a temperature control system, so as to guarantee an adequate

temperature control during the process.

Components which for any reason have not produced a nitempered layer of adequate

thickness can be retreated without any difficulty so as to obtain better results. However it

is not possible in those cases where, for example, a breakdown of the temperature control-

ling device has caused the load to be treated at too high a temperature. In this case a

subsequent second treatment would not be successful.

7.I.I SAFETY PRECAUTIONS

To avoid explosion hazards when using endothermic gas below 750oC, it is necessary that

the furnace doors of the nitempering plant be equipped with flame curtains, which, when

the door is opened, ignite the gas air mixture to maintain the flame front.3'a The pilots which

o
onl

2
o
oa
E
o
F
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light the flame curtains also heat a safety device, interlocked with the door operating
mechanism, to prevent any door being opened without the presence of a flame curtain. The
safety of the operation is therefore comparable to that when operating at higher tempera-
tures, as for instance when gas carburizing or carbonitriding are being carried out.

7.2 Furnaces

The nitriding processis normallyperformed in a standard sealedquench furnace (Fig.7. l).
Here quenching is possible without the load coming into contact with air. Such units are
also. suitable for gas carburizing, carbonitriding and bright hardening, and therefore
additional investment can be avoided if such a plant is already available.

7.3 Nitempered Structure

The gaseous mixture used in nitempering will be about S}olammonia and S}/"endothermic
gas. At the opera'ting temperature the following reactions occur.

2NH3+2Nu1 f3H2
2CO+CO2{Cug

The atomic nitrogen and carbon formed saturate the surface of the steel. This results
in the formation of epsilon carbonitride phase on the surface, which contains approx. Sl
nitrogen, carbon and oxygen (Fig. 7.3).s Underneath this there is a diffusion ,oni in which
the ferritic structure is retained and enriched in nitrogen. The nitrogen produces a strain
in the ferritic structure. This strain increases both the hardness and the fatigue strength of
the material.

Fig. 7.3 Electron microprobe traces of nitrogen, carbon and
oxygen in the compound layer formed by three hours
of gaseous nitrocarburizing treatment in an
ammonia/endothermic gas rnixtures

3h 6oseous nitrocor
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Improvement in wear and scumng resistance is due to the presence of epsilon compound

(e-carbonitride) layer on the surface.s,6 The thickness of the compound layer increases with
time and is temperature dependent. A temperature difference of lOoC can cause a l0 to l5l
improvement or reduction in the thickness of the compound layer. At the same time the

variation in ammonia percentage in the furnace can also affect the formation of a compound

layer. It is possible to substitute up to 50/" of the ammonia by an endothermic gas with-
out adversely affecting the atmosphere of nitriding and the formation of the compound

layer.

Since the formation of the compound layer is very thin and if the wear resistance is

the principal criteria, then the component should be finish machined before nitempering or
at the most subjected to only light operation after heat treatment. The outer thin layer
will have a hardness of 600 to 1200 HV depending on the alloy content of the steel

(Fig. 7.4).s

Depth betow surfoce(mm)

Fig.7.4 Microhardness profiles of the diffusion zone

for a series of steels after nitemper treatments

7,4 Prior Treatment

The components must be stress-free before treatment and if necessary they should be stress-
relieved. The stress relieving is done at 600'C and subsequently cooled in the furnace.

It is most important that the components should be completely clean and free from
Srease, oil, rust and surface decarburization for successful nitempering as in the case of
gas nitriding. These can inhibit the nitrogen diffusion and hence washing in trichloro-
ethane is preferable. Passive surfaces can be reactivated by anodizing them lightly before
treatmelt.

As in the case of gas nitriding there will be a slight growth on the surface of the treated
components and this in most cases can be compensated by 'prediction' during the final
machining operation.
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Before charging the components to the
to 350 to 400'C in air.

7.5 Post Treatment

Nitempering (Gaseous Nitrocarburizing) 2S1-

nitempering furnace, they should be pre-heated

Components made of unalloyed steels and alloyed steels are quenche6 in oil to improve
the fatigue strength of the components, so that the nitrogen ls treto in solution.

Hot work steels do not require oil quenching and they are cooled by forced gas
cooling.

7.6 Quality Control

Random testing of the nitempered components from a given batch is effected by means of
surface hardness measurements with appropriate graduated loading of 10, 0.5 and 0.03
kg and hardness distribution measurements on an edge Iayer (HV-0.3) of a cut polished
specimen. An additional random check by microscopy for determination of the thickness
of the compound layer is recommended. It is most important that the polished section be
carefully prepared.

7.7 Properties of the Nitempering Components

Nitempered components possess a very high resistance to wear under friction with similar
or other metals, even with dry-running.r'2's'7 This effect is mainly produced by the com-
pound layer on the work piece surface, which consists of epsilon carbonitride phase. Figure
7.5 illustrates the improvement in wear resistance under dry running conditions relative to

Number of revolutrons

Fig. 7.5 Dry-running wear measurements using .four_ball'

wear test on 1S-steelt: A-Untreated, B_Nitempered
3 h and air cooled, C-Nitempered 3 h and oil-
quenched, D-Nitempered 8 h and oil-quenched,
tested dry load l0 kp.
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untreated material and shows the results of modified four ball wear tests on gaseous nitro-

carburized En-32 steel after various treatments.

A comparison of scuffing resistance of 080M40 (DIN C45) steel after different surface

treatments is presented in Fig. 7.6. \t can be seen thatthewear rate is improved compared

to an untreated steel after adopting tufftriding, nitempering, salt bath nitriding or case

05 R

Revotutions x 10"

Fig. 7.6 Lubricated scuffing wear results8
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hardening.8 Among the above processes the nitempered or tufftrided components show
better results.

Nitempered components are Iess prone to scuffing or seizure and possess excellent
tribological properties. Figure 7.7 illustrates the resistance to scuffing as indicated by a test
using Faville-Levally testing machine on low carbon non-alloyed steel air-cooled after
nitempering' The test is conducted in dry condition. It can be seen that the untreated non-
alloy steel did not show any significant scuffing resistance and seized at an applied load of
2000 N, whereas the nitempered component had no sign of scuffing.

With respect to the thickness of the compound layer, Fig. 7.7 shows that a 9 mm thick
compound layer failed to develop maximum anti-scuffing resistance compared to that of a 2l
mm thick compound layer. Hence it may be concluded that a 15 mm thick compound Iayer
is ideal for developing maximum anti-scuffing resistance on low carbon non-alioy steels.

7,7.I FATIGUE STRENGTH

Nitempered components possess an improvement in fatigue strength due to the nitrogen
being held in solid solution, producing a strain on the ferritic lattice structure. This strain
increases the hardness and fatigue strength of ferrous materials.s

Figure 7.8 illustrates the improvement in fatigue strength for different types of steels
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after 90 minutes, treatment time. Quenching the components in oil produces an optimum
fatigue strength, because the nitrogen in the diffusion zone remains in solid solution com-pared to the air or gas cooled. However, the components that are subjected to higher
temperatures in internal combustion engines are not oil quenched.

The improvement in the fatigue strength is achieved only becauseof thediffusion zone,
and remains, therefore, even if the compound layer is removed.

^ 
Nitempering improves the corrosion resistance of ferrous materials with the exception

of stainless steel. A series of corrosion tests including the salt spray test, exposure to indus-
trial atmosphere and exposure to tropical conditions indicated that ,ite-pe.ing enhanced
the corrosion resistance ofmild steel, cast iron, carbon steel, etc. Better results are obtained
compared to phosphated and oiled, chromium plated, nickel plated and zinc plated samptes.

7.7.2 DIMENSIONAL CHANGES

There will be a gradual growth in the dimensions of the components after nitempering
treatment. This depends on the nitempering time and temperature. Figure 7.9 illustrates
that at 570"C there is a direct relationship between total compound depth and dimensionalgrowth' This is caused by the atomic lattice volume expansion and has proved to be very
consistent. Hence it is necessary that, before final machining, allowances should be made
to avoid further machining operation. However, with this practice the dimensional changes
are negligible.

7.8 Applications

Nitempering has a wide and vastly differentiated range of applications covering the whole
process industry.

1

-i - t,--llr*.-,-., l:1,,,".rr -.--.;:;. -"_)el:r,i - -

Fig. 7.9 (c) Nitrided parts
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1. The process is amenable to single or mass production items made of carbon steel

and cast iron. It leads to the possibility of replacing alloyed steels with carbon steels,

hence saving both material and finished costs.

2. Since the dimensional changes after treatment are negligible the components may

be treated after finish machining.

3. Nitempering yields outstanding improvements in wear and fatigue resistance com-

pared to conventional surface hardening methods. The process is free from some of

the adverse effects associated with carburizing, where it is often difficult to eliminate

the occurrence of retained austenite especially when high alloy steels are used.

4. The applicability of the process in the case of high-quality precision components

such as tools and machine components, is of particular importance because the

improvement in wear characteristics and fatigue strength is achieved with a minimum

ofdistortion and dimelsional changes thus avoiding expensive re-finishing operations

and the risk of scrap.

However, the fact that carbon ancl low alloy steels treated at a temperature of 570oC

have reducedcore strengths should be taken into consideration. Hence the application

of this process in the case of components subjected to high, local surface loading or

substantial mechanical stresses (as for example in the case of gear wheels subjected

to high stress), is less advantageous.

5. Nitempering may be employed as a substitute to tufftriding and sursulf treatment.

This makes it possible to avoid the use of salts containing cyanide and helps solve

the environmental problems connected with their use.

This process may be employed for unalloyed steels, alioyed steels, tool steels, steel

castings, spheroidal/malleable castings and grey cast iron'

6. The nitempering furnace may be used for hardening, carbonitriding,

annealing, etc.

7.8.1 NITEMPERING CYCLES FOR DIFFERENT TYPES OF STEELS

l. Non-Altoy Steels First the non-alloy steels are normalised, then rough machined. They

are then subjected to stress relieving treatment at 580 to 600'C for 2 to 3 hours and sub-

sequently cooled in the furnace. lthis treatment is done to relieve the heavy stresses that

ari developed during machining, and to avoid the distortion after nitempering.
' Normalizing---'+Flough machining---+Stress relieving 600'-l

Oil quenchinge--Nitempering 570"C<-Cleaning<--t
2. Alloyeil Structural Steels Alloyed structural steels used for nitempering should be

hardened and tempered to the desired toughness after rough machining, keeping 3 to 4 mm

allowances. The parts are then stress relieved at 580 to 600"C for 2 to 3 hours in order to

relieve the machining stresses and to avoid distortion after the nitempering treatment.

After this treatment, farts are machined to the final dimensions, considering the growth of

the compound layer. The finished components are then subjected to the nitempering treat-

ment for 1 to 2 hours depending ,on the required case depth (Fig' 7'9 a)'

Rough machining+Hardening and tempering+Machining---l

Quenching+'Nitempering 570"C+"Finish n.rachining+-Stress relieving+-'

3. Tool Steels and Dies Tool and die steels used for nitempering are rough machined by

keeping the 2 to 3 mm allowance in mind. Therefore, in order to relieve the stresses that

are developed during heavy machining, the components are subjected to stress relieving

carburizing,
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treatment at 600 to 620'C for 2 to 3 hours. The parts then are machined almost to the finish
machining or to the final dimensions depending on the type and size of tools. The tools
are then hardened and tempered to the desired hardness. iinally the tools are finished to
the requisite dimensions and then nitempered (Fig. 7.9b).

Rough machining -----rStress relieving 600-620'C-rPrefinal machining-,

Nitempering 570"C+-Final machining<--Tempering<-Uardeninge-l

7.8,2 PRODUCT APPLICATIONS

Drive Transmission Assembty For reasons of corrosion resistance the drive transmission

Fig. 7.10 Drive transmission assembly: (a) Modified design made
entirely from non-alloy steel and nitrided, (b) Original
design with 13\ Cr iron shaft, aluminium bearing sleeve
and zinc-plated cover plate (Courtesy: Ipsen Iniiustries
International GmbH, W. Germany)
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assembly shown in Fig. 7.10t was made originally with a stainless steel shaft running in

an aluminium bearing sleeve (Fig. 7.10b). The redesigned unit (Fig. 7.10a) consists entirely

of nitrided low-carbon non-alloy steel. The components are welded to form two subassemb-

lies and then heat treated. It has been possible to eliminate the stainless steel shaft and the

aluminium bearing sleeve, and to remove the need to line the gear cover plate with zinc.

Bearing Bush The pinion illustrated in Fig. 7. I ll was specified originally to operate in

conjunction with an expensive bronze bearing bush. Provingtests showed that it was possible

to replace the bronze bearing bush with a thinner nitrided low-cat'bon non-alloy steel

bush. This allowed the root section of the pinion to be increased, thereby improving its

performance.

Fig. 7.11 Drive pinion and bearing bush assembly (Courtesy:

Ipsen Industries International GmbH, W. Germany)

Bearing Shoft andsleeve The bearing shaft and sleeve shown in Fig.7.l2r illustrate the

advantages which may be obtained when nitriding is considered at the design stage of a

new product. The shaft and sleeve are manufactured in low carbon non-alloy steel, and

then nitrided and assembled without any bearings. In addition, manufacturing schedules

do not specify any corrective machining or sizing after heat treatment to conpensate for

distortion, although the assembly is 7 cm long.

Helicsl Drive Pinion Figure 7.13t illustrates a constant-mesh helical drive pinion which

requires a very close tolerance tooth profile to operate with minimum noise. Nitriding
enables these very close tolerances to be maintained during heat treatment. In addition, fati-
gue strength and wear resistance are improved, thereby enabling the engineering perfor-
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Fig.7.l2 Nitrided, non-alloy shaft and bearing sleeve (Courtesy:
Ipsen Industries International GmbH, W. Germany)

mance to be achieved with an inexpensive medium carbon non-alloy steel.

".'*"1 . .*effi

Fig. 7.13 Nitrided, medium-carbon, non-alloy, helical-drive pinion
(Courtesy: Ipsen Industries International GmbH, W.
Germany)

Output Shaft Assembly Figure 7.14t illustrates an output shaft assembly which is required

to transmit a torque of 50 Nm minimum at the spline end of the shaft. The shaft was

originally designed in low carbon non-alloy steel, but it failed during product proving

owing to:
l. Corrosion attack

2. Slip at low torque values of 34-47 Nm caused by collapse of the splines as illustrated

in Fig. 7.15a.
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Fig.7,l4 Nitrided, non-alloy, transmission-shaft assembly
(Courtesy; Ipsen Industries International G mbH, W.
Germany)

ffi
ffi
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Fig. 7.15

Low-carbon, non-alloy steel shaft
(a) Unnitrided, showing collapse of
spl ines during assembly, (b) Nitrided,
showing undamaged spline profile
after driving on to transmission link
(Courtesy: Ipsen Industries Inter-
national GmbH, W. Germany)
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Fig. 7.16 Nitrided, non-alloy eccentric-drive assembly (Courtesy:
Ipsen Industries International GmbH, W. Germany)

Nitriding the shaft provides ferrite strengthening of the splines, which prevents their
collapse when driven into thetransmission link as illustrated in Fig. 7.15b. Thus, nitriding
enables the specified torque to be transmitted and, in addition, provides resistance to
corrosion.

Drive Assembly Figure 7.16r illustrates a con-rod which is actuated by an eccentric pin
located on a shaft and plate assembly; eight wearing surfaces are involved. Nitriding has

allowed this assembly to be manufactured without the need for any bearing bushes.

Fig. 7.17 Nitrided non-alloy, steel-actuator assembly (C o ur t e s y : lpsen

Industries International GmbH, W. Germany)

Actuator Unit Figure 7.171 illustrates an actuator unit designed specifically to utilize the
advantages associated with nitriding, in this case the elimination of distortionandthe need

for zinc plating, stainless steel shafts, and sintered bearings. All the components are made

in low carbon non-alloy steel, and are welded and Taumel riveted into two subassemblies

before being heat treated. If this product had been constructed using traditional design
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methods, it would not have been a commercial proposition.

Apart from the above listed applications, it has been successfully used in the following

applications (Table 7.1).

Table 7.1

Application Requirement

Precision gear wheels up to 650 mm Wear resistance, distortion free

Hydraulic elements Wear resistance, distortion free

Precision components (camera, sewing machines) Wear resistance, non-fretting, distortion free

Internal combustion engine crank shafts and com- Higher fatigue strength, avoid refinishing
pressor componetrts. Drive shafts, tractor equip-
ment.

Spindles for friction welding machines High fatigue strerigth

Ball bearing cages, sliding plates for conveyor To avoid resistance, to wear with no distortion
systems

Components for domestic applications Wear and rust resistant 
:.

Gear lever templates Wear resistaot at the unfinished cutting edge, no fret-
ting ofthe gear lever

Door hinges Wear resistant, rust resistant

Valve rocker shafts Wear resistant, no distortion

Moulds for moulding compound Wear resistant, extension of useful life several times.

over
Continuous casting tools and hot extrusion dies for Wear resistant, extension of useful lifc several timeg

aluminium over

silicon-iron cores of solenoid contactors wear resistant on contact surface
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Tufftride-TFl

This is a cyanide free salt bath process developed by the Degussa Company (Germany)

as an alternative to a tufftride process involving cyanide. The process differs from the con-

ventional tufftriding process inasmuch as only 3to 4% cyanide is present in the work-

ing bath.

Tufftride TFI is a molten salt nitrocarburizing process carried out at 580oC, in which

nitrogen and a small amount of carbon are liberated in the presence of a steel surface.

Nitrogen thus produced diffuses deep into the surface of the component and along with

carbon fonns a rich compound layer on the surface of thecomponent. Thecompoundzone

consists mainly of a ductile carbon bearing epsilon iron nitride and is responsible for the

wear and galling resistance of tufftride treated components. The thickness of the layer

formed will be in the range of 8-20 microns depending on'the material treated and the

process time. The compound zone has a rnicrohardness ranging from 400 to 1200 HV,

depending on the base material.

Components after the treatrnent are cooled in an oxidizing bath ABI maintained at

350 to 400'C. This results in a combination of high corrosion resistance and a cosmetic

black finish. This eliminates the additional surface treatment process such as blueing etc.

The tufftriding treatment can be applied successfully to most ferrous materials and is

now more widely used by the automotive and general engineering industries. Tufftriding

TFI is also known as Melonite in U.S.A. and as carbonitriding in U.S.S.R.

8.1 ProcessRequirements

The equipment required for the process are as follows (Fig.8.1):

l. A degreasing plant for cleaning the components.

2. Heating chamber for preheating the components to 350 to 450'C.

3. Electrically heated furnace for heating the tufftride TFI salt with automatic tempe-

rature control system rvith a tolerance of -f5'C.
4. The nitriding pot made of titanium and pipes for airinlet into themeltmade of the

same material.

5. ABI salt bath cooling furnace.

6. Cold water tank.

7 . Hot water tank.
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8. Dewatering fluid.
9. Manometer.

10. Air gauge.

11. Compressor.

12. Suitable jigs and fixtures for handling the components and to avoid distortion.
13. First aid treatment kit.

Note: It is most important that the tufftride bath, ABI quenching bath and cold water tank should be
equipped with good exhaust systems. The room should be well ventilated

l. Preheal rurnacewith lorcgd air
circulation 6ystm

2. Nilriding turna@
3. AB I c@ling balh
4. coldwatgrquanch tank. healable
5. Holwalerri.slanks. heatabte

6. Oewateringtluid
7 Compre$or

8. Air llowmeler

9. Manomgter
10. Aeralim plp€ (spargeilng)

11. Hoist

12 Fumeexlraclors

13 Runway

14 Loading and unloadmgslalion

Fig. 8.1 Schematic diagram of an automatic salt-bath plant (Courtesy: Degussa,

W. Germany).

8,2 Special Precautions

Since most of the components after treatment can be sent readily to the assembly, it is
necessary that prior to tufftriding all the machining operations must be carried out. Compli-
cated components which are liable to detbrm must be stress relieved at or above 570'C for
one to two hours. Alloy steels should be properly tempered after hardening. The tempering
temperature should be greater than 550'C.

It is of the utmost importance that the components should be free from any oxide film,
decarburization, grease, etc.

Components after stress relieving should be finish machined.

8.3 OperatingProcedure

The desired properties attained by the tufftrided components depend mainly on the ope-
rating procedure employed. Hence, the following procedure may be followed:
is often quite sufficient, whereas big gears and parts of cast iron may require 3 to 5 hours.
After the treatment time has elapsed, the components are transferred directly into a bath
containing ABI salt at 350 to 400'C and immersed for l0 to 20 minutes. Subsequently the
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8.3.1 PREPARATION OF THE BATH

A new tufftride bath is prepared by melting out the single base salt (containing sodium
and potassium cyanate and carbonate salts) in a titanium lined pot. Salt is added for melt-
ing only after the furnace is on and the thermocouple is inserted in the pot. The bath is
thereafter heated to a temperature of 58d"C. After melting completely to liquid, the aera-
tion of the bath is started using a dry flow of air through the salt to maintain a uniform
temperature and to get consistent results.

Once the bath is completely melted down and has reached the temperature 580oC, a
sample is taken out with the help of an iron spoon and poured on a dry, cold aluminium
sheet, on which the sample will immediately solidify. This uniform sample shouid be imme-
diately subjected to a chemical analysis or kept in an air-tight glass jar. After the analysis
the regenerator (REGI) is added if necessary to bring the cyanate content up to the requir-
ed concentration of 34 to 36'1.

During the process, the cyanate content reduces and the carbonate content increases.

Addition of a small amount of cation-free (cyanide-free) regenerator (REGI), upon reaction
with the carbonate, forms fresh cyanate. Addition of the regenerator does not increase the
bath level.

The addition of base salt depends on the throughput of the work and the amount of
dragout which varies according to the shape and nature of the components being treated;
but it is normally found to be in the range of 2'l of the weight of the parts treated in
24 hours.

Although the base salt and regenerator are free from cyanide, a small amount, typically
between I ar,d 3f, develops in the bath during the tr'eatment of components. In contrast
to the current tufftride process no iron complex, for instance Naa[Fe(CN)u], is formed at
the normal operating temperature. Hence it eliminates the need for a high temperature

desludging. The only material that needs to be removed is iron oxide (Fe3Oa), which can

be done at the operating temperature.

Note l, Local overheating of the pot or the bath must be prevented. The tempcrature of the bath should not
exceed more than 650"C, since it reduces the life ofthe pot. Hence the bath temperature has to be

continuously controlled by a thermocouple. Overheating can occur if an appreciable amount ofsludge
has accumulated at the bottom of the pot. Regular and careful removal of all sludge is therefore
imperative.

2.Thebailedout sludge containsa small amount of cyanide andmust therefore betreated ascya-
nide containing waste salts according to the local regulations.

8,3,2 PRE-TREATMENT

The components to be treated should be free from oxide, grease, oil, etc., before being

inserted into the bath. Degreasing is imperative on parts thickly coated with grease, while
thin grease films evaporate either during preheating or within a few minutes after insertion

of the parts into the bath. The presence of sulphurized machining oil on the component

is undesirable since sulphur has a detrimental effect on the bath properties. The compo-
nents should therefore be held in suitable fixtures or hung vertically by wiring in order to
avoid distortion. After this the components are preheated in a pre-heating furnace to about
400 to 450'C in air, both to ensure they are dry and to limit the temperature fall in the

tufftride bath to less than 540"C. (This ensures the formation of a ductile epsilon carbo-

nitride compound zone and not the brittle y' layer produced in conventional gas nitriding.)
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In particular, massive tools should be preheated up to 45G500"C depending on the

grade of steel, especially when the nitriding treatment is short and a large temperature

difference between the profiles on the component is likely.

E.3.3 NITRIDING TREATMENT

After preheating the components are charged into the tufftride bath maintained at 580"C

(Fig. 8.2). The treating time depends on the size of the components and the material,

usually in the range l0-180 minutes. With very thin parts, a treating time of l0-30 minutes
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Fig. 8.2 (a) Treating cycle.

Fig. E.2 (b) Loading jig for automated tufftride plant

(Courtesy: Degussa, W. GermanY).
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components are quenched in cold water and then washed in hot water. Quenching in salt
bath completely destroys all forms of cyanide and cyanate generated by the nitriding
process.

8.3.4 QUENCHING

Components after treatment may be cooled or quenched in water, oil, air or salt bath ABI
maintained at 350 to 400oC, depending on the type of material and the properties required.
Subsequently the components are quenched in cold water and then washed in hot water.

Cooling in hydroxide bath ABI reduces the distortion compared to the effect of quench-
ing in oil or water. All types of materials may be cooled (Fig. 8.2). Apart from ihis the
detoxification of waste water is not necessary, since the nitriding sali adhering to the
components is oxidized to carbonate in the salt bath ABI, which means that the rinsing
water remains free of cyanide. The temperature of the ABI bath must however be at
least 330'C.

Figure 8.3 illustrates the neutralization of cyanide and cyanate in relation to the bath
temperature and duration of reaction. It is clear from the curve that the destruction of
cyanide and cyanate is actually a time reaction, i.e. a combination of hydrolysis and oxi-
dation of bath constituents takes place. With short immersion times, a minimum working

250 300 350

lemperature of ABt Both

Fig. 8.3 Decomposition of cyanide and cyanate in ABI bath (Courtesy: Degussa,
W. Germany).

temperature of 300'C is recommended. The decomposition of cyanide and cyanate leads
to the formation of carbonate which is partly dissolved in the bath and which after reaching
the limit of solubility, turns to sludge. Components quenched in ABI salt bath possess a
cosmetic black finish. Sludge taken out of the tufftride bath can be disposed of quite easily
on approved dumps.
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polishing properties, the compound layer should be free of pores as far as possible. The

ihi"kn"rr and porosity of the compound layer may be checked by metallographic or X-ray

diffraction, spot test, etc.

Depending on the chemical composition of the steel on the treatment, nitriding results

in a considerable increase in hardness. Because of the relatively thin case and the fact that

the found hardness is an average value resulting from the higher hardness of the compound

layer and the lower hardness of a part of the diffusion zone, this checking can only be

carried out with small loads of HVI-HVI0 (KP/rnm2). Certain requirements such as

cleanly ground surface etc., must also be met by tufftride treated parts. Smaller test loads

result in a higher hardness value, since, in that case, only the outer nitrogen-enriched zone

is covered. Table 8.1 indicates the hardness attained after tufftrided treatment for different

types of steels.

Table 8.1

Material
(DIN)

Strength after tempering
drawing temPerature
600'C: drawing time
(KP/mm') 90 minutes

Approx. values for surface hardness
after 90 minutes tufftride treatment

at 580'C
HVI HVIO HV 30

ckl5

c45W3

ck60

20MnCr5

53MnSi4

90MnV8

42CrMo4

Xl9NiCrMo4

55NiCrMoV6

56NiCrMoVT

50NiCrl3

X20Crl3

X35CrMol7

X2lOCr12

X2l0CrWl2

Xl65CrMoVl2

45CrMoW58

X32CrMoV33

X3SCrMoV5l

X3TCrMoW5l

X30WCrV53

X3OWCrV93

600

750-850

750-900

800-950

850-950

1000-1200

900-1200

900-1 100

1200-1400

I 300-1500

1200-1350

r000-1200

1000-1200

1500-1700

1500-1800

1400-1900

1500-r800

1700-1800

1700-1900

1700-1900

1700-1900

1500-1800

350

4s0

450

600

450

550

650

600

650

650

600

900

900

800

800

800

800

900

900

900

900

900

300

350

350

450

400

450

500

500

550

550

500

600

700

600

600

650

700

850

850

800

850

850

200

zso

?50

400

350

400

450

450

500

500

450

450

550

450

500

500

600

700

700

700

750

800



8.5 Characteristics of Tufftrided Case

The higher hardness, increase in wear resistance and corrosion resistance depend
on the tufftrided case. The case consists of an
outer layer called the compound layer, under-
neath which is the diffusion zone, the details of
which are as follows.

8.5.1 COMPOUND LAYER

Tufftriding process liberates specific quantities
of carbon and nitrogen in the presence of fer-
rous materials. Most of the nitrogen diffuses
into the metal, creating a deep diffusion zone.
About l0l of the nitrogen remains at the
surface and combines with carbon and iron to
form a tough compound zone (Fig. 8.a) 10-20
mm thick, of carbon bearing epsilon iron
nitride, which is having good tribological
properties (Fig. 8.5).

Fig. 8.4 Melonite compound zones, SAE 1015
90'-+SW (Courtesy: Degussa, W.
Germany)
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0.5 1 2 3

Trcoting time in h

Fig. 8.6 Nitration depth (German Standard DIN
50 l9O) on various materials after salt-

bath nitriding in TFl

The composition, structure and properties of the compound layer are influenced by the

material. The presence of carbon and alloy in the material have an influence on the thick-

ness of layer foimed. The higher the contents the thinner the layer formed. Figure 8.6 shows

data established on parts treated in a tufftride bath containing 36*38'/, CNO run at 580'C.

The condition of a new bath also influences the quality of the compound zone. Therefore

the bath must be well maintained and desludged. On cast iron parts the compound layer

is slightly more porous than on steel ones. The compound zone more than 0'02 mm is not

advisable since it causes very porous layer. This material simply sluffs offto cause handling,

dimensional and appearance problems.

The compound zone formed on the surface has good sliding and high antifriction pro-

perties. Due to the structure of the compound zone it is not inclined to seize or weld with

a metallic surface, as is possible with, for example, case hardened or surface hardened

components. This factor is particularly important on tools where a welding of the cold and

hot flowing material is to be avoided.

The tufftrided case is not as hard as that which results from conventional nitriding.

The hardness of the compound layer depends on the type of material which has a hard-

ness varying from 400 to 1200 HV. The hardness attained in alloy steel will be higher

compared to plain carbon steel after treatment (Table 8.1).

8.5.2 DIFFUSION ZONE

Whilst structure and properties of the com-

pound layer are not influenced by the material

and these properties, unlike hardened surfaces,

are retained up to high temperatures, the

hardness and depth of the material are in-

fluenced by the material. The depth of the

diffusion zone decreases as the level of nitride
forming elements in the material increases,

due to the decrease in the rate of diffusion of
nitrogen in the parent lattice. At the same

time, however, the hardness of the diffusion
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Fig.8.7 Total nitriding depth on various
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zone increases as the alloy content increases, due to the sub-microscopic precipitation of
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alloy nitrides in a manner identical to conventional gas nitriding. With unalloyed steels,
the diffusion layer structure is influenced by the rate of cooling after nitriding. If cooling
is done slowly in the case of unalloyed steels some of the nitrogen could precipitate into
iron nitride needles in the outer region of the diffusion layer. The nitrogen pickup is
approximately twice as deep as the needle depth.

The nitride depths of various materials in relation to the treating time given in Fig. 8.7
are average values at a treating temperature of 580"C (bath containing 34 to 381zCNO).

8.5.3 FATIGUE STRENGTH

Tufftride components yield an improvement in the fatigue strength. During treatment, only
nitrogen diffuses inwards from the carbonitride compound layer because the ferrite is in
equilibrium concentration with respect to carbon. The nitrogen in deeper diffusion zone is
present both as iron and alloy nitride needles and also as inter.stitial solid solution, which
generates favourable surface compressive stresses. As a result of this an increased hardness
and higher fatigue resistance are obtained. Figure 8.8 illustrates that an improvement of

ps Aros aos f,llos&loslo6 2-lo6

Lood cycles

Fig. 8.E Fatigue strength of crankshafts

55to 60lcan be achieved by quenching inABl 
160salt bath and about 909- after quenching in

water compared to the untreated crankshaft. 
120

8.5.4 WEAR RESISTANCE

Tufftrided components yield outstanding im-
provement in wear resistance. This effect is

mainly due to the presence of a ductile com-
pound layer of 5 to 20 micron thickness. Figure
8.9 illustrates the higher wear resistance of the
tufftrided component compared to the case

hardened component.

42 Cr Mo 1V Tufftr

) 20 /.0 60 AO

Work tronsmitted in hp h(metnc)x.103

Fig. 8.9 Wear on case-hardened and tufftrided
gears
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The oompound layer formed on the surface of the component possesses superior wear

properties compared to the hard chromium plated layer.

8.5.5 CORROSION RESISTANCE

(i) The corrosion resistance of the steels and ferrous casting materials is remarkably in-

creased by the structure of the compound layer formed on the surface of the material. The

compound layer should be of adequate depth and as homogeneous as possible.

Components quenched in salt bath (ABl) possess improved corrosion properties

compared to the conventional tufftride treatment. Figure 8.l0illustrates a salt spray test on

l0l5 (AISI) and 4140 (AISI) steel.

X lOCr NiMoTi188 cr5 t,2CrM.ot,

Fig. 8.10 Salt-water spray test shows the improved

corrosion resistance achieved by melanizing

with salt quench. A jagged line signifies that no

corrosion occurred during the entire duration

of the test, which was terminated after 220h

Table 8.2 Results of Extended Immersion Tests (to DIN 50905 part 4) on a Medium

3;o( NaCl, 0.1% (present) HzO:, 0.45%C Steel with a Variety of Surface

Finishes

Treatment Weight Ioss
glm'124h

l. 90 m TF1/10 m ABl/water quench/lap 20 m ABl/water
quench/(approximately 16 M)

Single hard chrome plate 12 prm thick

Double chrome plate, 20 Fm soft, 25 pm hard

Kanigen nickel coating 20 p.m

Triplex plate: 37 pm copper, 45 pm nickel, 1.3 pm chromium

2.

J.

4.

5.

0.3

7.t

7.2

2.9

0.4
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Table 8.3 Results of Extended Immersion Tests (to DIN 50905 part 4)

on aO.45\ C Steel

273

Treatment
Weight loss
glm'zl24 h

l. 90 m TFI at 58O'C/water quench

2. 90 m TFI at 580'C/10 m ABI at 350"C/water quench

3. 90 m TFI at 580'C/20 m AB1 at 400"C/water quench/lap

4. 90 m TFI at 580'C/30 m ABI at 35O"C/water quench/lap/20 m ABI
at 4O0'C/water quench

5. 90 m competitive salt at 565"C/water quench

6. Untreated

12.3

0.5

8.6

0.3

36.3

39.3
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Fig. 8.11 N and O distribution curves in the compound layer

It can be seen from the Tables 8.2 and 8.3 that the components quenched in salt bath

(ABl) maintained at 350'C shows the highest corrosion resistance compared to water

quenching.

Components also possess higher corrosion resistance compared to hard chrome, nickel,

etc. Areas may be examined for the possibility of replacing hard chrome plate by TFl/ABl
both.

Superiority in corrosion resistance is due to the oxygen absorption of the compound

zone when quenched in a salt bath. Figure 8.ll shows a typical trace for a0.451carbon
steel given the optimum treatment. The major difference between this sample and a directly

water quenched one is the high level of oxygen present in the outermost layers of the

compound zone. This is over 6 times greater than that in a water quenched sample and

extends well into thg compound zone. It is believed that the oxygen dissolved in the lattice

of the iron carbonitride and serves to make the layer passive, increasing corrosion resistance.
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8.6 Advantages of Tufftriding

l. The case is not as hard as that whichresults fromconventionalgas nitriding,there-
fore drawing, rolling, rivetting etc. may be performed on tufftrided components.

2. Compared togas nitriding the time required to produce the same case depth is much
lesser.

3. Tufftriding yields outstanding improvements in wear and fatigue resistance compared
to conventional surface hardening methods.

4. Replacement of plain carbon steel for more expensive alloy steels with consequent

further appreciable saving. This together with the simplification of manufacturing
procedures made possible by tufftriding due to absence of distortion helps to lower
production cost considerably.

5. The process may be employed for unalloyed steels, alloy steels, tool steels, steel

castings, grey cast iron, spheroidal cast iron, etc.

6. Tufftrided components make possible a remarkable improvement in corrosion resis-
tance. This is frequently of great importance for precision components and pumps.

In many cases plating can be avoided.

7. Tufftriding increases the service life of high speed steel tools, such as reamers,
broaches, twist drills, etc. from 50 to 2001.

8. Other basic differences between this process and the more common nitriding and

l1min 580T fFla.HW

Sint Dl0

Fig. 8.12 (a) Dimensional changes in sliding
sleeves (Courtesy: Degussa, W.
Germany)

Eulgrness of ter

HW - guench .12 pm
Apl-guench ,5 pm

Fig. 8.12 (b) Change io dimensions

in oil-pump gear



Tffiride-TF[ 275

heat treating processes are the characteristic low temperatures and cycle time
involved. This provides greater economy in processing and enables the automation

of the process.

9. Dimensional changes caused by this treatment are negligible due to the low ope-
rating temperatures. Quenching in ABI bath further reduces the distortion. Hence
components treated by this method are within the tolerance limit and may be directly
assembled (Fig. 8.12). This is an added advantage to many applications.

10. Considerable savings are effected because grinding operations are not required after
treatment.

ll. Avoidance of crack of sensitive components or tools is almost eliminated.
12. Additional surface treatment such as blue annealing etc., is eliminated due to the

dark surface produced after quenching in oxidizing bath. This is an added advantage

for decorative purposes (Fig. 8.13).

Fig.8.13 Effect ofquenching on colour ofcomponent

Disposal of cyanide is almost eliminated compared to the conventional salt bath

cyaniding or cyanide process, since quenching in the ABI oxidizing bath destroys

the harmful substances and, also, complicated post treatment of the waste water is
eliminated.

Tufftriding may also be applied to cast irons for the purpose of improving wear
properties and in some cases for the purpose of achieving higher fatigue resistance.

When two form fitting surfaces move under power transmission fretting corrosion
is bound to occur on both dry and lubricated running contact surfaces. This corro-
sion can have very many impairing effects. The compound layer of tufftride treated

components helps prevent this corrosion.

Examples of Application

13.

14.

15.

8.7

The tufftriding process may be employed for a wider range of applications, to reduce the
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product cost considerably by introducing Iess expensive components to eliminate the costly

electroplating. Apartfrom this, the wear resistance, corrosion resistance and fatigue strength

may be increased to increase the life of the component. The different types of applications

considering the above facts are as follows:

8.7.1 CRANKSHAFTS

Crankshafts for high working stresses are mostly made of chromium or chromium/molyb-

denum alloyed steels 37Cr4 or 42CrMo4 (SAE 4137 or 5120).In specialcases crankshafts

are made of chromium/nickel low carbon steel and carburized on the running surfaces,

while the radii must be protected because of the need to preserve a certain straightenability

of the crankshafts (Fig' 8.14).

ffi
::::ll:

ff*-'
Fig. 8.14 Crankshafts (Courtesy: Degussa, W. Germany)

In a specific instance, a total saving of 4 per cent per crankshaft could be obtained by

changing over from a chromium nickel alloy low carbon steel to a chromium alloyed

medium carbon steel 37Cr4 (SAE 4137). A further saving of about 50f would be possible

by the use of a plain medium carbon steel C45 (SAE 1045).

Finally, another cost reduction could be achieved by employing steel in the normalized

condition, sparing the hardening and tempering operation. With a view to the fatigue

strength, there would be no objection to such an alteration.

As is well known the essential factor for crankshafts is a substantially increased fatigue

strength which enables the motor power to be raised without having to resort to a com-

plete redesign.

8.7.2 CAMSHAFTS

Camshafts are usually carburized and hardened, or induction or flame hardened. Tufftride

makes it possible to use a plain carbon steel in the normalized condition for the manufac-

ture of camshafts with savings on the material cost. However, more essential is the feature

that camshafts suffer no distortion by a tufftride treatment and, therefore, need not be

straightened prior to mounting whereas straightening has always been necessary for induc-

tion hardened camshafts.

8.7.3 JOURNALS AND STEERING LEYERS

These components are tufftrided for the purpose of an increased fatigue life. At least ste-

W
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ering levers might be manufactured from a plain material and in fact this is already done
in many cases.

8.7.4 CYLINDER LINERS, CYLINDER BLOCKS AND CYLINDER HEADS

Cylinder liners for diesel engines are currently tufftride treated in order to prevent any
seizure that may occur on cold starts or during the run-in period of an engine. Improved
corrosion resistance is another advantage of tufftriding and particularly valuable for wet
cylinder sleeves. Whole cylinder blocks for sport car engines have been tufftride treated
resulting in an increase of the motor performance because of possible mounting with closer
tolerances. Heavy-stressed cylinder heads of diesel engines are tufftride treated to eliminate
the cracking of the bridges. In these instances the tufftride treatment means an additional
expense, but this is justified in the light of the resultant technical improvement.

8.7.5 CONNECTING RODS

Tufftride treatment is also beneflcial on connecting rods of big engines to prevent fretting
corrosion between bearing shell and end holes. Also in this case the application of the
tufftride process is not a question of reduced costs but of greater safety.

8.7.6 WATER-PUMP GEARS, LIDS AND SHAFTS

These parts are mainly tufftride treated for improved corrosion resistance. The tufftride
treatment is substantially simpler and cheaper than a protective electro-plating and is quite
sufficient. The impeller wheels are made of grey cast iron, while the shafts and lids are of
plain steel carbon.

8.7.7 DIFFERENTIAL CASES OF HIGH SPEED SPORT CARS

Differential cases usually made of cast iron were subjected to high stresses after compara-
tively short running times (on test stand after app. 30000 km). The abrasion occurred in
the area where the gears were in pressure contact with the case and amounted to 4 mm.
Tufftride treatment of the differential cases was an answer to this problem, namely, that
the machining grooves were still visible after the same running time.

8.7.8 DIFFERENTIAL CASE COVERS

This part is tufftride treated for better wear resistance.

8.7.9 ROCKER ARMS, ROCKER ARMSHAFTS AND ROCKER ARMLINKS

Tufftriding enabled the production cost of rocker arms to be substantially reduced, while
the fatigue strength was greatly increased. In connection therewith, bearing shells usually
made of expensive non-ferrous metals are no longer required since tufftride treated rocker
arms do not seize on the rocker armshafts. Fatigue fractures which occasionally occurred
on the transition area from the bearing to the rocker arm neck are also prevented by tuff-
triding. The surface of the rocker arm after tufftriding is induction hardened as usual. The
tufftride treatment helps to reduce wear and tear on the rocker armshaft. The clearance of
the bearings is thereby preserved for a longer time, which means that the bearings take
that much longer to wear out.lcood running properties in the case of deficient lubrication
are ensured by tufftride on rocker arm shafts as well as on rocker arm links.
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3.7.10 OIL PUMP AND INJECTION PUMP SPINDLES

These were so far mounted in either untreated or tempered condition. The benefits derived

from a tufftride treatment consist in improved wear and running properties as well as in

an increased corrosion resistance. If oil pump spindles had been carburized this may be

replaced by tufftride treatment at a lower cost.

8.7.11 STARTER RINGS

Starter rings are subjected to a very severe wear and have usually been carburized' Yery

often subsequent grinding becomes necessary because of the distortion caused by the carbu-

rizing operation. The tufftride treatment which is a distortion-free treatment, not only helps

lower the production cost, but also improves the wear properties substantially.

83.12 CARRIER WHEEL PINS

These pins were mostly hardened and tempered. To a considerable extent they are now

tufftride treated for better wear and running properties'

8.7.13 VALVE STEM GUIDES

Here it is for good running properties that the tufftrjde treatment is used on these parts.

8.7.14 SLIDEVALVES AND TRANSMISSION GEAR SYNCHROMESHES

These parts were usually hardened and tempered, but are now tufftride treated in the

normalized condition. Tufftride synchromeshes have a better wear resistance and the hard-

ening and tempering costs are saved at the same time'

8.7.15 UNIVERSAL JOINTS

Universal joints formerly made of case hardening steel are now made of medium carbon

steel and are tufftride treated. Good running properties are essential because lubrication is

difficu1t.

8.7.16 DIFFERENTIAL CASE BEARING SHELLS

These parts often failed in service by galling or seizure because of inadequate lubrication.

phosphate coating, chromium plating or any other galvanizing method could not eliminate

the seizure problem. Tufftriding, however, proved a quick and efficient remedy.

8.7.17 GEARS

So far only less stressed gears are tufftride treated, such as:

-Crankshaft 
gears

-Camshaft 
gears

-Injection 
gears

-Intermediate 
gears

-Oil 
pumP gears

-speedometer 
drive Pinions

-Satellite 
gears

Up to this day most of these gears have been carburized and hardened. It was customary

touse alloysteels becauseofthe possibilityof martemperingtoholdthedistortiontoa
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minimum. The adoption of the tufftride treatment has made it possible to change over to
the use of plain medium carbon steels, such as C22 and C35 (SAE 1022 or 1035) (Fig.
8.15). The gears prior to the tufftride treatment are only normalized. No hardening or
tempering operation is carried out. As a result, the tufflride treatment has brought about a

Fig. 8.15 Steering gears of a V-8 disel engine (Courtesy: Degussa, W. Germany)

reduction in the costs of material and also in the heat treatment operation. The distortion,
it may be emphasized, is practically nil in all these cases.

So far only the differential satellite gears are tufftride treated in rnass production. They
are particularly heavystressed gears for trucks and the tufftride treatment is carried out in
addition to case hardening. In this specific instance, the tufftride treatment constitutes an
additional cost factor, but the increased expenses are justified by the fact that the gears do
not seize even when overloaded, since the compound zone possesses good sliding proper-
ties and high resistance to lvear. Tests have also been carried out on transmission and
differential gears; the results have been so good that tufftride treatment has recently been

approved for mass production of 3rd speed gears. In this casethe savings are considerable,
since it has been possible to replace the formerly used chromium/manganese alloy low
carbon steel by a plain medium carbon steel C35 (SAE 1035) (normalized). In this case

the tufftride treatment also results in a sirbstantially lower treatment cost and an appreci-
able gain in production time.

Up to what extent it will be possible to apply the tufftride treatment to further the types
of gears used in the automotive industry, remains a subject for further investigation.

8.7.18 TREATMENT OF TOOLS

Va.rious types of tool steels can also be tufftrided to increase the service life of tools.

Tools of High Speed Steel One of the oldest fields of application for salt bath nitriding is

the treatment of high speed steel machining tools (Fig. 8.17). In order to avoid brittleness

of the cutting edge because of the high proportion of nitride-forming alloying elements in
these steels, the nitriding times are kept short. These depend on the cutting edge shape

ffi*ffirl
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and are generally between I and 10 minutes at 570 or 580"C. The tool should be well

pre-heated (up to 500"C) so that the holding time in the bath is not longer than the actual

nitriding time.

After this treatment, such tools are often subjected to tempering, at temperatures between

350 to 540'C. Such tempering is intended to increase the toughness, particularly at the cut-

ting edge. The tempering is carried out in salt baths or in steam tempering furnaces. Figure

8.17 shows a number of cutting tools after tufftride treatment.

Fig. 8.16 Steering gears Fig. 8.17 Tufftride-treated HSS cutting tools

In order to achieve a better appearance of such parts, the tools can also be cooled at

temperatures between 350 and 420'C in the AB1 bath. Such tools have a brownish to black-

ish appearance depending on the quality of the material and the surface qualities.

The nitriding effect achieved on such tools is most simply checked by testing the surface

hardness with HVl. It was found that, after treatment in the TFI bath, about 100 to 150

HV surface hardnesses are achieved. Therefore the treatment times for such tools can also

be reduced.

Tyeatment of Moulds for Thermoplastic Masses These tools are still case hardened in many

instances but in the case of large and complicated moulds, the unavoidable distortion during

case hardening is often too great. Injection moulds, either of alloyed case hardening steel

(20MnCr5) or of pretempered alloyed steels (34Cr4,42CrMo4), can be treated successfully

with the tufftride process. Should high standards of dimensional stability be necessary, a

stress-relief annealing can be carried out at about 620"C before the last machining opera-

tion. Such tools are then pre-heated up to 350'C and tufftride treated for 90 to 120 minutes.

Cold Working Tools Tools for the working of metal, such as drawing, bending and rolling,

have also given extremely satisfactory service in the tufftride treated condition. Normally

1

l

;:;T ]
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during the stage of formation, the material slides or pas.es over the surface of the tool,causing wear and welding together. The high abrasion resistance and the good sliding pro-perties of the compound layer not only ,ed-uce the wear but also eliminate adhesion to thetool and bonding of the material being drawn. Particurarly good results can be obtainedwhen soft materials such as aluminiuni brass or austenitic sheets or tubes have to beprocessed.

Ptessute-die castings, Extrus-i11and Forging Dies (Fig. g.1g) Due to the great resistanceof the.compound layer at high tempeituies, the lifetime of such tools is considerably im-proved. Even when, as a resurt of a long working rife, layer has been removed by thermal

Fig. 8.I8 Forging dies

decomposition or mechanical wear, the diffusion zone with a hardness of over 900 Hv,still shows a noticeably better abrasion resistance than in the non-nitrided condition. Ex-trusion dies for example are removed after a certain service life, freed from adherent metal-lic residues, post machined and renitrided. Pressing plates can still be used even after ten-fold retreatment' The slight increase in volun,e 
"ursed 

by the absorption of nitrogen isadvantageous during re-nitriding since it compensates for the profile loss due to wear.
The treatment time in the TFI tufftride bath is usualy 2 i,or.s for such tools. Herealso the cooling in the new cooling bath at a higher temperature (approx. 330-400.C) hasproved particularly advantageous.
The following list of applications of tufftride in the automotive industry is far frombeing complete' Many other parts are actually under test and it may be expected that inthe course of time the tufftride treatment will be used for more and more mass producedparts.

Table 8.4

Industrial field Components

AutomobileindustryCrankshafts,universaljoints,cylinderline,,,.u.,huffi

:i*:*:T-.^yl,r;^11i,:,,lil uI,:,,, tappets, distributor pinil,., uuru" *rrij.,,oil pump plungers, tappet adapters, tachomiter g.u.r, ti-loJg"u.r;il;;ril;;
slides, cylinder heads, change speed forks, connecting rods.

Valves, sleeves, crankshafts, pistons, pump bodies, bearings, gears and pinions,
seals, distributor plates, universal joints, guides and guide -ai g"_ tvp"-pr_pr.

Hydraulio machine
components

(Contd.)

ffi
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Table 8.4 (Contd.)

Industrial field Components

Machine tool

components

High speed steel

tools

Diecasting industry

Forging and

extrusion industry

Textile industry

Domestic appliances

Railways

Miscellaneous

Lead screws, bending machines, drilling spindles, lead screw nuts, clutch plates,

indexing gears, boring bars, slideways, spline shafts, worm wheels and worms,

spindle bearings, cams, racks, operating forks.

Drills, milling cutters, extrusion punches, taps, hobs, threading dies, reamers,

broaches, cold forming punches, slitting saws. I

Bolsters, ejector pins, plungers, moving cores, sleeves.

Drop hammer slides, forging press slides, extrusion dies for aluminium alloys.

Spinning spindles, loom spindles, stenter clips, winding machine spindles, loom

gears.

Sewing machine parts, lawn mower parts, typewriter parts, shirt ironer actuating

racks, vacuum cleaner parts, cash register parts.

Hydraulic buffers, brake pins, valve guides for locomotives, dampers, bogie pins,

valve spindles,

Glass and plastic moulds, stainless steel valve spindles, plastic mouldiog machine

parts, plasticiser rolls for plastic extrusion, ships propeller retaining nuts, marine

engine cylinder head nuts, stainless steel nuts and bolts, overhead conveyor rails'
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Sursulf

The conventional sulphur-bearing and sulphur-free baths based on cyanide compoundshave been used for many years for nitrocarburizing. However, the toxicity of their sludgesand effiuents and the-ever-increasing cost of toxification and disposal has led to the useof cyanide-free salts.for. nitrocarburlzing. sursulf is one ,u"h pro..r, which uses cyanidefree salts for nitrocarburizing. It is a pateit process deveroped by a French company (hydro_mecanique et Frottement).
Sursulf process is a low polluting nitriding salt bath treatment, accelerated by sulphuradditions. It is operated at a temperature of 5653[5.c (ro5o+10"F), in which nitrogenand carbon are liberated in the preience of steel surface. Tire nitrogen thus liberated alongwith carbon forms a compound rayer on the surface 

"f 
,h. ;;;;;;#;;ffi#.i, ,0,,layer it forms a deep diffusion zone tf ,itrid.r. rne pr.s"o"" tr sutpnu. in the bath pro-duces sulphur compounds in the surface layers of the treated parts which have knownlubricating properties 

lnd-ar1 especially useful where the envjronment makes the use ofconventional lubricants ineffective or impracticable. The case thus formed provides aneffective solution to problems of wear, fatigue, scuffing unJ.or.orion encountered withferrous components used in the engineering industry.r,z 
"

9.1 Mechanism of Sursulf Bath

The essential ingredients of sursulf bath are cyanates and carbonates of lithium, sodiumand potassium arong with small amounts of potassium ,rrpr,io" i"rr). In order to provideagitation and to stimulate chemical activity, dry air is introduced into the bath. The cyanateis the source for nitrogen and sulphid. rrirsl is the source for sulphur. cyanatecatalytic-ally decomposes at the surface of the iteel-components u.irg ir.uted, to liberate carbonmonoxide and nascent nitrogen. The carbon monoxide dissociaies to liberate carbon whichin conjunction with the nascent nitrogen diffuses into the -ui.riur being treated to formthe compound layer as follows.

(l)
(2)

The sulphides in the bath react with the components being treated to form iron sur-phide on the extreme outer surface Iayer of the treat.a 
"o*pon.nt. The compound layer

4CNO- + CO:2- + CO * 2N _p 261.I_
2CNO- * oz -> co3- + co + 2N
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thus formed improves the antiscuffing, seizure resistance and wear resistant properties of

the surface of the components. The carbonates produced in the bath, instead of being al-

lowed to build up as a wasteful product, are constantly converted into cyanate by the

addition of a regenerator salt, designated as organic compounds belonging to the amides-

amines groui (designated as CR2).

Cyaniae produced in the bath is partly oxidized into cyanate in the presence of atmos'

pheric oxygen according to the following reaction'

2CN- + Oz + 2CNO- (3)

The potassium sulphide added to the bath becomes partially oxidized as sulphite,

suphate and thiosulPhate"

so3-+3cN-+3CNO-+52- (4)

As a result of the above reaction (4) the cyanides are oxidized into cyanate, thus remov-

ing the cyanides in the bath to a very low figure of the order of O.l'l ot even only 0.05%

by weight.
Th; inclusion of lithium acts as a catalyst, accelerating the nitrocarburizing reaction. It

stabilises the cyanate reducing the natural transformation to carbonate at the operating

temperature. It also lowers the melting point of the bath (400-410"C), whilst sodium and

potassium are added to maintain the fluidity of the bath'

Table 9.1 indicates the chemical composition of a standard sursulf bath.

Tabte 9.1 Chemical Composition of a Standard

Sursulf Bath

CN-

CNOt

coi-

K+

Na+

9.2 Equipment for Sursulf Process

l. Degreasing Plant

2. Preheating furnace

3. Pot

4. Furnaces

5. Stainless steel PiPe

6. Cold water tank

7. IJot water tank

8. Suitable jigs and fixtures

< 0.8%

36+2%

t9+2%

24.s+2%

20+2%

t.25+0.20h

2 to l0 PPM

To clean the components from grease, oil, scale oxides, etc.

For preheating the components to 300-500"C before

placing in the treatment bath.

Pots used are made of mild steel or titanium lines.

Heated by gas or electricitY.

To pass the compressed air to the bath with a flow meter

to measure the air blown into the bath'

For quenching the components after treatment.

For washing the comPonents.

For loading and unloading the components.

Li+

s2-
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9.3 Prior Treatment

Sursulf bath treatment must always be carried out after all machining operations have beencompleted' complicated workpieces which are liable to deform must, under all circumstances,be stress relieved at or above 570'c before final ,"u"hi;ir;'operation. Alloyed steels arenormally hardened and tempered beforethe,fi.na-l mactrlnrnioperation. Grey cast iron maybe stress relieved after rough machining and before nrat m"a"iiring operation.

9.4 Bath Preparation

sursulf bath is prep-ared by melting commercially avairable salt (designated as cR4) alka-Iine cyanateand carbonate of Iithjrim, rodiu- uni poturriurl, u 
"t"un 

dry mil6 steer pot.The heat may be gas or electricity. After 
^the 

..quirit" qrun,iry of salt has been rleltedout' the bath temperature is raisei to 570"c. Regenerator- ,"iii, then added anc! the bathis preferably aged for 2 days to allow the cyanates productio, necessary for the nitridingreaction to proceed' Potassium sulphide is aclded .egula.ry rn o.a.. to maintain a constantchemical composition of the batl and to control the metallurgical properties of thetreated components. Addition of surphur depends on th; ,"u. uro scuffing propertiesrequired' For a higher wear resistance the bath should contain between 2 and 5ppm of52- which allows a compact compound zone to be obtained. For higher scuffing propertiesthe bath should contain between 2b and 30 ppm of active sulphur, which gives rise to a thickercompound zone' The cyanate maintained in the bath ,o 
"'u.ry 

o* the process is normallyin the range of 25-37\' Table 9.1 inaicaies the chemical composition of a standard bathfor the process.

After the new bath has settled down, the cyanate content is maintaine d at apredeter-mined amount by a regular addition of regenerator salts. The composition of the bath iscontrolled through necessary chemical analysis carried out periodically. The dry compressedair is introduced into the bath at a controlled rate. This serves to maintain the uniiormityof chemical composition by agitation, and to produce oxides of sulphur which are able toremove any traces of free cyanide developed in the bath.

9.5 Operating Conditions

Before placing the components in the bath they should be free from moisture, dirt, scales,etc' This is accomplished by vapour degreasing or possibly washing in an alkaline deter-gent' After this, the components are properly wir.a o, plu..a in suitable fixtures or basketsso that the working faces of .o.pon.ot, are not touched. physical contact of parts resultsin less efficient treatment and hence this should be avoided.
Before placing in the bath the components are preheated to about 450.c. This accom-plishes two things' First, it ensures thai trre components are dry and therefore prevents ablow'out of molten salt' Secondly, it reduces the amount by which the temperature of thebath falls and when components are introduced reduces the thermal shock. This pre-heatingis done in air, in a furnace heated by any convenient means.
After this the components are placed in a treating bath maintained at 570+5.c. Holding
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time in the bath may vary between 5 minutes and

nents being treated and the properties required'

after the requisite soaking time. They are then

the type of material (Fig. 9.1).

2 hours, depending on the type of compo-

Components are withdrawn from the bath

cooled in air, oil or water depending on

Fig. 9.1 Treatment Sequence-sursulf process

Components made out of unalloyed steels, which are treated only for improvement in

fatigue strength, are to be quenched in cold water so that nitrogen is held in the solid

solution. To avoid distortion, complicated and thin components may be cooled in air to

400'C and then quenched.

Components made out of alloyed steels and tool steels may be air cooled. Silvery finish

is obtained after washing in hot water. Although treated surfaces have a natural resistance

to corrosion, further protection during storage is given by dipping in one of the various

rust-inhibiting mediums such as water-repellent oil'

9.6 Properties of the Treated Components

The surface of the sursulf treated component consists of two different zones: the compound

zone on the surface and the diffusion zone beneath this layer. The manophase compound

layer consists of epsilon nitrides only, having a thickness of l0 to 20 rnicrons and possessing

good tribological properties. The formation of compound zone depends on the carbon

and alloy content of the substrate. The more compact the compound zone, the higher will

be the hardness and the less the thickness. Depending on the active sulphur in the bath it

is possible to obtain surface layers having different microstructures. This means that baths

"un 
b. adapted individually to produce good resistance to scuffing and fatigue or to give

a good wear resistance as well as a good fatigue resistance'
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The presence of active sulphur stabilizes the epsilon (e) phase, this effect being moremarked when the substrate 
"iri"i"r'-"oaitionar .j.r"n,l-'r'*h as nicker, molybdenum,

;H:T'Jfl ,:J:;.f,:lT,*"#,f *;i**1, ;:,ff:l ""ti 
on or n i tro ge n i n both 

"o*po 
un o

Figure 9'2 illustrates the comparison of the average concentration in the surface layersof 0'38/" carbon steer, steer ,urpr., ,r*,.a in sursutiiuii, *i,rr'"ro without surphur, that
;[lJ?:1T:il'Jl,*:,::Ji:-i:',m::Fates the kinetics or rormation or thr eps,on

Fig,9.2 Relation between nitros,
;:,, r"; ;; il " il il;",i:il :':?jT: il SlHii["H",:the bath with and without sulphur

9.6.1 wEAR nrprsr.lNcr
wear resistur.. Jf treated components wilr be increased when the compound rayersobtained are com/act, that is, n 

" 
rro- porosity. rrr" 

"o*f*rj'iuy., consisting of epsilon
:ilf::,:l'l;.i..t l,iliL?.::::;**fi".::*::11;[ffi"^w zone containing su,phurcompounds confer[ simultaneousrv er"ctiue";;;;;J;; #;;;:""T;#J:i1iH:]gl;:;parts resist adhesiJe wear becaus, tt 

" 
pt 

"rromena 
of scuffing anJ,picking up, are suppres-

;.,*;:,,H,,,"i1" ::*"""r::X":""jl,li.:: u."",,.-ir,i;.; , reduction or the r,oss orparticles from the surface u, 
"o'npr..J 

*irr, ,rr. amount r"r, *irt"llffiilt:Hlr:Tr:jlayers containing both epsilon G);;;;ma dash (7,) nitrides.The higher wear resista'"" 
"un 

u. Jutairea orly'wh"n the sulphur content in the bathis maintained at I to 5 ppm (S2-).

9.6.2 FATIGUE RESISTANCE

sursulf treated components possess an improvement in fatigue strength, since the highnitriding potentiar of the bath^ 
"nrr."r^u 

gr.rt". depth of diFusron zone compared tocyanide content baths. The depth ortrreiirusi",.rir.;;;;;, on the pr.r.r"" of a,oycontents' rt reduces as the alloy content incrgasgl'.l rne improvement in fatigue strengthdepends on the depth/hardn.tt gruol.it oi rrr" diffusion ,oi..-ri" improvement in fatigue
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strength are due to nitrogen being held in solid solution, an effect that produces strain on

the ferritic lattice structure. This strain increases both the hardness and the fatigue strength

of the material.

Figure 9.3 illustrates the

chromium alloy steel and a

improvement in surface fatigue resistance of a one per cent

flake graphite Pearlite cast iron'

zo 25 30 35

Number ol cyctes

Fig. 9.3 Comparative surface fatigue tests on steel-3scD4 (AISI4137)'

quenched and tempered, and on lamellar grey cast iroDr

9.6.3 SURFACE HARDNESS

The hardness obtained depends on the presence of alloying elements in the component'

Distonce ttorn tu71q6e (mm)

Fig.9.4 Depth-hardness curves for three

sursulf-treated materialsr
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Fig. 9.5 Hardness of sursulf-treated alloy

steel just beneath comPound

layer, as a function of time and

temPeraturer
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The higher the carbon and alloy contents, the higher wil be the surface hardness obtained.on the contrary, the totar deptrr of ttre nitrioea ,or" i, ,.or;;; ,, the ailoy content is in_creased (Fig' 9'a)' The hardnett outuir.a-ulso depends 

"r-,1r".*. hardness and the tempe_rature adopted. The best resurts may u" oiruir"o *r,.n ir,. iJiro.ru,r." is 570 f .5.c andit shourd not be berow 550"C, as this w,i resutt in rower rruror.r. (Fig. g.5).
9.q.4 SCUFFTNG (SETZURE) RESTSTANCE
The presence of a slight amount of porosity.at the surface of the compound layer resultingfrom treatment increise";;;;;;; 

"ro'rrr,11. 
r.esistance properties. It increases the roadcarrying capacitv of the lubricant u],;;;g rhe limiting rJuJi.yono which, durins run-ning' there is a change in the trurirution rrtm or even complete breakdown of the oiifltm.The sulphur compounds present i, ;i; superficiar poror, ,on. or the surface rayer actas inhibitors of werding, ,r,u. r*iritutini ,unriog-in, adhe;;n of the Iubricant to thesurface' delaying the limiting 

"orJirio^'uJyooo which moaincation of lubricant occurs.

oorl" 
achieve this the uutlirtrorrJ-r.*Jrorpnu. io trre-nig;J. rurg" of about 52-: r00

9.6.5 RESISTANCE TO CORROSION
In the case of comDonents treated in a low sulphur bathby micropolishing, it is possible t;;r;;; ;;ffi;vlll' .and 

subsequently surface finished
navrng a good compactness which

t00,a-
15

-
€
q,r

a

'.s

o
J

lr0
Time in min -- 8060

comparative tests of the resistance to cavitation erosion of a r3rchromiumsteel before and after sursulf treatm.ni 
--"'*.,",,'

exhibits excellent corrosion resistance. The

::X.il:',H:*io"iuii'i-p'ou,-.,i;,'il""':TL":::3,jJ,,."T'"ff ['*,li1""::XH?ff :

9.1 Advantages

l' Sursulf treated-components possess 

-high, 
wear and fatigue strength resistance. rnaddition, sursulf simultaneousty improves their resista;;" scuffing and seizure.

Fig. 9.6
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2. Since the process is carried out at a low temperature, the dimensional changes are

negligible.

3. Th; tro".r, is non-toxic, therefore there is no disposal problem'

4.Sursulftreatedcomponentsshowgreaterresistancetocorrosionandcavitation-
erosion.

5. All types of ferrous materials can be treated'

6. The pots used to contain molten salts need not be titanium; even a mild steel pot

"unb.used.Thiswiltbringdowntheinitialinvestment.

9.8 ExamPles of APPlication

9.8.1 GEARS

Since the compound layer has a good wear resistance, it may be applied for gears of various

types such as:

(i) Distributor gears

(ii) Transmission gears

(iii) Reduction gears

(iv) Gear box and engine gears

g,8,2 SELECTOR FORKS

Steel selector forks, lubricated by oil splash, suffered from scuffing during use even after

treatmentinasulphur-freecyanidebath.scuffingcommencedafterl20hoursofoperation.
After sursulf treatment, tests showed the surface still to be in excellent condition after 850

hours of oPeration.

9.8.3 PUNCHES AND DIES

The life of the punches and dies used for hot forming machines may be increased by sur-

.ufit*utirg. Dies made of 0.3l/"carbon, lolchromittm and 0'3/.molybdenum produce 500

forgings. After sursulf treatment, there was no evidence of deterioration of either tool until

2000 forgings had been Produced'

9.8.4 HOT WORK DIES

The life of the dies made out of hot work steel may be increased due to the presence of

*.p"., compound layer on surface after sursulf treatment' This prevents the sticking or

welding of hot material to the surface'

9.8.5 S.G. rRoN

Component parts made from pearlitic S.G. iron were subjected, in use, to a load of 12

;;Nr;;r, a sliding speed of 0.it4 m7s, and were immersed in oil containing.3/o.sea water'

In the untreated condition, seizure occurred and the parts were worn to a depth of 2 mm

after only 3000 operations. After sursulf treatment, the parts withstood 240'000 operations

and merlly became polished, the wear being limited to about 5 microns'

9.3.6 S.G. IRON WORM

The worm was made from case-hardened steel, its mating wheel from pearlitic s'G'
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iron' and lubrication was by Mobil reduction gear oil no.629. The speed of rotation was450 r'p'm' and the torque 30 Nm. wtren usinj the cast i-o-*or,, wheel in the untreatedcondition' seizure took place urt.. orry a few hours or use. After treatment, the combi-
lflffi i'#:;*;::: :fl 

j,;:* :'[ ;sru;i ** *l t #'*,1., ru n c,i o n e d *,i,i* * i r y

e'8'7 
iffI "roN 

oF scu,tr'rNc otr HyDRAULrc puMp DrsrRrBUroR

The plates were of quenched and tempered steel and in use were running against bronzetn hydraulic o,. The r^oad varied u.ri".*,0 u:1_45N/-rr,"in" speed of rotation was1500 r'p'm' and the surface nnirr, oiir,. pru,"r 0.05 micron;a;;. It was found that whenusing untreated or even hard chrom"-priu-,"a prut., *iii^u ,ri.r_nrirrr"d surface, scuffingoccurred after 20 hours working, whereas sursulf treatment oiir,. prut". maintained bothplates and bronze followers in good condition for 200 hours.

Annexure I

Area of
application Typical examples

Automobile
components

Hydraulic
componeDts

Machine tool
components

Mining
industry
components

Crankshafts

Camshafts
Spline shafts
Stub axles

Valves

Needle Valves

Pistons

Seals

Gudgeon

Pump bodies

Connecting rods

Pinions

Worm and worm wheels
Lead screws

Splined shafts
Threaded bushes

Bearings

Spindle bearings

Guides

Slides

Adjustment wedges

Screw stops

Distributor slides
Control screws

Brake components

Differentials
Universal joints
Valves

Cams

Sleeves

Bearings

Distributor plates
Distributor discs
Cuides

Guide rods

Crank shafts

Tool holders

Slides

Housings

Guide rods

Guides

Racks

Operating forks

Control rods
Universal joints
Chain links
Chain pin bushes

Chain pinions
Jack screws

Pulleys

Cylinder .liners

Rockers
Tappets

Distributor pinions

Regulator arms
Universal arms
Adjusting screws
Pinions

Gears

Operating screws

Sleeves

Pivots

Bushes

Cams

Pivot pins

Cutters

Saw blades

Pump con-rods
Pistons

Valves

Hydraulic pistons
Drill parts

Punches

Pressure testing bolts

(Contd,)
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Annexure 1 (Contd.)

Area of
apPlication

Typical examPles

Miscellaneous

components

Textile winding

machine Parts
Loom parts

Loom gears

Flying shear rockers

Turbine shafts

Thrust bearings

Axles
Toothed quadrants

Brake parts

Punches and dies

Glass and plastic moulds

Injectors and ejectors of
plastic moulding mach-

ines
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Sulfinuzing

The sulfinuzing Process is employed primarily to introduce sulphur into the surface of atreated component' The components to be treated ,r" tr.rJl; 
"a 

specially prepared cyanidebath' sodium sulphide (Nazs) is an additional constituent in tt. bath and the bath is main-tained usually at 570"c' The combination of the cyanide bath with sulphides provides notonly a means of carrying the sulphur to the surfa". or trr. ,i"el but also produces a caserich in carbon and nitrogen.Immersion time in the bath ,u.i., from 5 minutes to 3 hoursdepending on the chemical composition 
:f the steel. This fro".r, produces a compoundIayer about 10 to l5 microns thick in which the iron has been converted into iron nitridestogether with some iron carbides and sulphides, the r"ri"r-i.irg the infilling element in theslightly porous surface.

It is being accepted that these pores, which readily absorb oil, assist the anti-scuffingproperties of sulfinuz treated components under lubricated conditions.
The compound layer thus formed has good antiscuffing ;;;;.u. properties.

10.1 Mechanism of Sulfinuzing

The sulfinuzing bath consists basically of sodium cyanide, chloride, carbonate and sulphitewhen first made up' But atmospheric oxidation of ihe 
"yuoia" 

wn"n melted at 570oc, andreduction of the sulphite by the cyanide, result in u *oikirg bath of cyanide consisting ofchlorides, cyanate, carbonate and sulphides.r-s
The chemical reactions in the bath are as follows:

2NaCN * Oz + 2NaCNO (l)
sodium cyanate thus formed catalytically decomposes at the surface of the component toliberate carbon monoxide and nascent nitrogen as follows:

4NaCNO+ Na2CO3 + CO + 2N e)
The carbon monoxide formed subsequently dissociates to liberate active carbon which inconjunction with nascent nitrogen diffuses into the material being treated to form the com-pound layer.

The sulphur present originally in sodium sulphite reacts with the sodium cyanide toform sodium sulphide and sodium cyanate as follows:
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NazSOs * 3NaCN+ Na2S * 3NaCNO

The sodium sulphide then reacts with the iron to form iron sulphide.

NazS * Fe -> FeS * 2Na

10.2 Pre-Treatment

The components after rough machining should be stress relieved before the sulfinuz treat-

ment. Especially complicated work pieces which are liable to deform must under all circum-

stances be stress relieved at or above 570"C.

Components should be free from decarburization, dirt, grease, etc.

Usually the components are preheated to a temperature of 350 to 400'C to avoid

damage by heat shock and also to prevent the temperature from dropping unduly in the

bath. After the through heating, components are placed in the sulfinuz bath. The composi-

tion of the bath should be continuously checked.

10.3 Operation of the Bath

The bath is prepared by melting a commercially available salt mixture in a mild steel pot.

The heating may be by gas or by electricity. After the requisite quantity of suitable salts

have been melted, the bath is maintained at 570"C ;f l0"C for a certain length of time, say

more than l2 hours. The bath consists basically of alkali metal cyanide, chloride, carbonate

and sulphite when first made up, but atmospheric oxidation of the cyanide when aged at

550 to 600'C, and reduction of the sulphite by the cyanide, result in a working bath of

cyanide, chloride, carbonate, cyanate and sulphide. One composition of a sulfinuz chemical

composition bath may be for instance:

(3)

(4)

Cyanide as NaCN
Cyanate NaCNO

e.4%

tt.7%
Active sulphur (i.e., present as Na2S) 0.18%

Chloride and carbonate Remainder

It is necessary that the bath should be aerated to ensure uniformity of the composition

and hence uniform efficiency of treatment of parts when placed in any position in the

bath.

Finally the bath should be covered using the proper material so that excessive oxidation

on the surface is prevented and radiation is minimized.

10.4 Operating Temperature and Time

After the sulfinuz melt is prepared in a mild steel pot, the operating temperature is main-

tained between 540 and 600"C depending on the type of steel used. For austenite stainless

steels and the nimonic series of alloys the operating temperature is generally about 600"C.

For tool steels, alloy steels etc., the operating temperature employed is 540oC * 5'C.

High speed cutting tools are normally treated only for about 5 to 15 minutes to avoid



the brittleness. Cast iron and
In general the penetration

function of treatment time.

alloy steel are treated for
of sulphur into the surface

f0.5 Quenching and Washing

components after treatment are quenched in air or oil or water depending on the type ofsteel and the properties required. For example to increase the fatigue resistance, unalloyedsteels should be water quenched, whereas tool steels are air cooled or oil quenched.After cooling, all parts should be washed in wate*t g0;;;;"c and subsequently sub.

fiflHJjief 
pickling treatment to rernove anv iron surphide deposir sti, remaining on

10.6 Dimensional Changes

Generally no dimensional changes occur 
.wh9n the sulphur level in the bath is low. Amedium level of sulphur results in a dimensional loss io ii'"Ta". of 0.0001 inches and witha high sulphur level in the bath, a noticeable surface il;;;. Arso, dimensionar changesmay take place if the components are not stress relieved urt.i t.urry machining operations.This is because of the rerease of machining stresses during the treatment.

10.7 Advantages

Sulfinuzing, which gives a deep, porous layer without a superficial hardness, is recom_mended to resist friction, and has ih. foilo*iog udrartag.r: 
.'

l. Economy in choice of steel and cast iron.
2. Eliminates case hardening or nitriding in certain cases.3. Less wear on rubbing ,uifu".r.
4. Lower cost.

-r.'; ;l: 
surface accepts and retains lubricants excellently and resists seizure even

10.8 Disadvantages

l. Disposal of cyanide waste
2. Toxic nature of the salt
3. Salts should be stored in a separate room.

I0.9 Materials Suitable for Sulfinuzing

All ferrous materials are suitable for treatment, besides special alloys such as the nimonic

Sulfinuzing 295

I to 3 hours at 570" + 10"C.
under optimum conditions is a
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series, and monel metal. Titanium and titanium alloys can also be treated. while consi-

d"rirrg the suitability of the components for treatment the effect of the temperature of

op..ution on the core hardness of the parts should be borne in mind'

Thepartsthatareregularlysulfinuztreatedareasfollows:

10.9.1 MILD STEEL AND LOW-ALLOY STEELS

Large and small parts, including large retaining nuts for ship's propellers and cylinder

head nuts for marine engines, as well as flexible couplings and coupling claws, are treated

io pr.v.rrt scuffing o. *iu.. Clutch plates are found to give better anti-scuffing properties

whln treated mild steel plates rather than alternatic mild steel and bronze plates are used'

Stentor pins and clips are used in textile industry'

Tecometer gears, diesel engine pumps, plungers, rotors, etc. are sulfinuzed to prevent

scuffing.

IO.g.2 CAST IRON PARTS

Treatment of automobile tappets in chilled iron has eliminated the problem of fatigue

finiog, and a considerable imfrovement has been obtained on treated-glass bottle'making

mach"ine parts, bitumen pump and shaving machine parts, cylinder liner parts, etc'

The process can also be applied for high speed steel tools as well as nut forming

purch"s, bearing rings, etc. Aiart from the above type of materials, this process may be

lppfi.A io hot-work steels, stainless steels and heat resisting steels,

parts which have previously been ammonia nitrided and ground can, with advantage, be

subsequently sulfinuz treated and where parts in certain areas require plating after treat-

ment this can be done if the surface is carefully prepared'
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Carburizing

carburizing is 'a heat treatment process to increase the surface hardness and wear resist-ance of components which are ,equi.ed to possess a fairrf 
- 

good impact strength andresistance to wear in service' Carburizing is most wioery 
''usea 

as a surface haldeningprocess in general engineering and has been practis.o io, -ury years. In fact, as earlyas the ninth century, the Beneiictine mont, Theophiru, n."ruyt.r, gave a precise methodror hardening ,o.turi" fires. A .j;;;;;;i ih*;;;;;r;;# mear and one part or sart

ff#t"Tin 
the surface of a heated file which was ,rCr.qu.rrry reheated and water

carburizing inoreases the surface carbon content of a rowcarbon steer (01._0.2\c)by0'7-1% in a carbon medium' rrrit m.Jiu- can be soria lcnarloal), molten salt (cyanide), agaseous or plasma medium' At low temperatures carbon will not diffuse into steel. Both thesteelandcarburizing material must be neateo during.ururriringlo an elevated temperature.rn practice, carburizing ,r g:n:.q, 1"-p.rr,ur"s between g00 
-and 

g50"c. Trre components,after carburizing' are usually directly iu.n"n.a or cooled, ..rr.ut"a, and then quenched inoil or in a warm bath, depending on ti" uttoy content oitt 
"-rt..t, 

to get the martensiticwater structure' The hardness obiained after carburizing depends on the type of steel used.The hardness value obtained uy 
"u.uurirrng 

usuatty ranges from 700-900 vHN.In general, case hardeni.rg by 
"urir.iring iesuttl i,. u--tigt wear resistant case.However' the best results are obtalned wtr., tlr. case consists of a crystalline martensitehaving small amounts of cementite. In addition to increasing the hardness and wearresistance of steel, carburizing, rorio*Ia"iy hardening and tempering increases the resis_tance to alternating loads' This is due to the appearar". or 

"o,npressive 
residual stressesin the carburized laver' The residual stresses greatly increase the fatigue strength of case-hardened parts' Typical componenrr-iiuiu.. subjected to this treatment are gears, spin-dles' shafts, cams, ratchet.wheels, t.u..r,-rt.".ing parts, orrtriurti.o gears, etc.Recent developments in carburlrirg ln"iuO. ru.ru* 

"".Urririrg2,3 
and pla.sma carbu_tizing't's The use of nitrogen ,, u 

"u"rri*gas, 
instead of an endothermic gas, is anothernotable recent deveropment6,T. rti, 

"rui-.d that the ,u"rr* and plasma carburizingprocesses impart better mechanical properties and higher rrurar.., to components thanconventional carburizing' Another u.ty'r*.rt developirent in carburizing is fluidized bedfurnace'8'e Thisprocess is claimed,o p.Ji" a much fast.. ru," of carburizing comparedwith the conventional carburizing p-r.rr. 
'
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11.1 TheorY of Carburizing

Carburizing is usually done at an elevated temperature with a chemical agent such as solid

or molten salt, gaseous medium, etc., which can supply an adequate quantity of atomic

carbon for absorption and diffusion into the steel. This is achieved by heating both the

component and the carburizing medium to a pre-determined temperature, usually in the

.ung. or g00-g50"c. The diffusion of carbon on to the surface layer of steel takes place

in its atomic state.

During carburizing, three important changes take place. First, the atomic carbon is

liberated irom the 
"uiboru".ors 

medium. This takes place due to the decomposition of

"u.bon 
monoxide into carbon dioxide and atomic carbon as given below:

2CO --> co2 + cat

Secondly, the carbon atom from the carburizing agent is transferredto the surface ofthe

steel. Thirdly, the carbon so absorbed by the surface of steel is diffused deep into it'

The steel changes its structure from a body-centred cubic lattice (ferrite) to a face-

centred cubic lattice (austenite) at about 720"C. Austenite is capable of dissolving carbon'

The longer the time or the higher the temperature, the deeper is the carbon diffusion' At

ui.*p.i*o rc of 1zo"c the diffusion of carbon in ferrite (Alpha iron) will be 0.02/, and

in austenite (gamma iron) it is about 0.8%. with a further rise.in temperature to 1130'c'

the solubility of carbon will be 2'l'
In practice, steel is carburized at 900-950"C, and it is held for several hours to diffuse

thecarbonintosteel.Thecarbonconcentrationonthesurfacelayerdoesnotexceed0.Sto
li. in"carburized steel consists of three structural zones: (i) Hypereutectoid zone,

ilii eutectoid zone, and (iii) Hypoeutectoid zone'

ll.2 Carbon Potential

Carbon potential may be defined as that carbon content acquired bY a carburized comPo-

o 0.5 1.0 1,5 2.0 0 0.s

DePth betow the surtoce in mnl

Fig.ll.lCarbonprofiIeofcarburizedcase(1022steel)v.carbonpotentialaaddurationofcarbwiza.
tion of a plain carbon steel carburized at 920'Ct0
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nent when potential equilibrium conditions have been reached between the steel and thecarburizing medium. Thus, for exampre, if a carburizrr;;;;;; has a carbon potentiar ofl'l at a given temperature, an unall,oyed steel .orrlpor.-nt i"itt t.r, than rlcarbon w,lbe carburized up to lof, wherea, an alloy.d steel with a higher carbon content of morethan l/" carbon will be decarburized to lof carbon rrre hider the carbon potential, thehigher the carbon concentration at the ,r.ru.. of the steel un? in" deeper is the case whenequilibrium has been established.
The desired carbon potential for carburizing is maintained in the range between 0.g andlf catbon depending on the type of steel. Typical influence oi tn" 

"uruurizing 
time andcarbon potential on the depth of carburizing ii shown in Fig ii.r.,o It can be seen, there_fore' that the percentage of carbon on the case is directly proportional to the carbonpotential of the carburizing media.

11.3 Case Depth

The depth of the carburized layer depends 
?l-th" carburizing temperature, and time. Thehigher the temperature, the greater is ttre diffusion rate of Jarbon atoms in the austenitelattice' The carbon content in the carbu rized layer decreases gradually from the surface tothe core (Fig' l r.2). rt is usually higher at the surface (0.g to r)o, and decreases towardsthe core' The depth at which the orlginal carbon content of the'material (usually less than0'2/o carbon) is reached is called the total case depth. Hence the total case depth is morethan the effective case depth. For purposes ofdefinition the effective case depth produced bycase hardening is defined as that oirtan." in millimetres from the surface where the hard-ness specified in Rockwell c is lower by l5'l than the hardness specified for the surface
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Fig. 1f.2 Typical hardness pattern in a carburized
part
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Cose depth in mm

Fig. lf.3 Illustrates how tolerances for
surface hardness and case d.epth
are specified in practice

of the part' For example, if the specifled surface hardness is Rockwell c 60 plus or minus 2and the case depth is r tor.2mm, then the hardness value shourd be 60 _ 0.15 x 60:5rHRC at a distance of I to r.2 mm as given by the distribution curve (Fig. ,.3).The difference between the effective case depth and the total case depth is shown in
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Fig. 11.2. Since both these specifications require considerabletimeand skill to check, more

simple methods of estimating the case depth have been developed for shop use. They are:

fracturing a notched test bar and measuring the 'Case' as it appears on the low-power

microscope. Such methods are suitable for control purposes provided they have been

standardised and calibrated by metallographic examination.

11.4 Pre-Process Requirements

The only finishing operation possible after carburizing and hardening is grinding or lapping,

since the surface will be too hard to machine. So, all components to be carburized should

be machined to the size, leaving sufficient allowance for grinding or lapping.

It is recommended that the following sequence of operations may be adopted for the

majority of case-hardening steels.

11.4.1 NORMALISING OR ANNEALING

In the as-rolled or as-forged condition, the structure of steel may vary considerably depend-

ing on the finishing temperature and the rate of cooling. If the steel is used in this condi

tion, there will be no consistency either in machinability or in the behaviour of hardening.

In order to get a refined grain structure and a satisf'actory condition of machinability, it

is necessary that the components are normalized or annealed isothermally, depending upon

the type of steel.

Normalizing is done by heating the component to 880-910"C and holding at that

temperature for about I hour, and subsequently cooling it in air. For highly alloyed steels,

it is necessary that they are annealed isothermally. This is done by heating the steel to a

temperature of about 850'C and cooling it rapidly to 650'C, and holding it at this

temperature until the transformation is complete. Thereafter the components can be air-

cooled.

11.4.2 ROUGH MACHINING

After annealing or normalizing the components are rough machined, keeping a sufficient

machining allowance to carry out other machining operations.

11.4.3 HARDENING AND TEMPERING (TOUGHENING)

To improve machinability, especially in the case of deep drilling, broaching, key-way milling

and tooth-shaving of gears, it is necessary that these components are hardened and, at the

same time, tempered to 70 to 80 kg/mm2.

II.4.4 MACHINING

The toughened components are then machined after providing sufficient allowance to carry

out further operations.

11.4.5 STRESSRELIEVING

If freedom from distortion is of paramount importance, the internal stresses that are

produced by machining should be removed before carburizing. This is done by heating

the components to 550-600"C, soaking them for 2 to 3 hours in that temperature and sub-

sequently cooling them in air.

,,, 
-
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11.4.6 MACHINING ALLOWANCE BEFORE CARBURIZING

Before carburizing the component, it should be machined to the nearest final dimension
keeping only the necessary grinding allowance, as otherwise the most effective case depth
will be ground off after carburizing. A certain amount of additional allowance is also
necessary to allow for dimensional changes that occur during the carburizing and harden-
ing process itself. The quantum of this dimensional change depends on the method of
machining before carburizing, the quenching method, the amount of case depth, the size

of the section and also the grade of steel.

Providing a greater allowance to compensate for distortion due to carburizing is not
advisable, as this would require a bigger case depth to be obtained by carburizing, and
hence would result in heavy grinding to attain the final size. Grinding of the case should
be kept to a minimum because of the high cost of both producing the case and grinding
it off. There is also the serious danger of damaging the case by grinding burns or cracks,

besides losing the case that has the best resistance to wear. Grinding also reduces the

compressive stresses in the case, by the removal of the stressed layer and also by thermal
stresses incidental to localized heating.

II.4.7 SELECTIVE CARBURIZING

For various reasons it may be necessary to perform machining operations like broaching,

drilling, thread cutting, etc., after case hardening or hardening.

Such areas of the components to be protected from carburizing may be carried out by
some of the methods outlined below:

Positive Allowance In this method, an extra material allowance to the extent of 2-3 times

the desired case depth is provided. The general practice is to keep an allowance of at least

3 mm at those places where no case hardening is required. After carburizing, the parts

are subjected to isothermal annealing below the sub-critical temperature at 650-670'C.

Sometimes, cooling the parts in the retort itself, up to 500"C, will lead to annealing. The

extramaterial allowance can now be machined offbefore the partsaresubjected to harden-

ing. The parts can be hardened after machining by any of the hardening methods des-

cribed.

Partial carburizing can also be accomplished by carburizing and hardening the part

completely, then reheating and cooling slowly the areas that are to be soft. Or, the parts

can be carburized and slow-cooled from the carburizing temperature, and then reheated

and rapidly cooled in areas where hardness is required. In either case, reheating can be

done by a flame or an induction coil.

Copper Plating Electrolytic copper ptating is employed to protect the surfaces from case-

hardening. The plating should be non-porous and the plating thickness should be around
0.04 mm for I mm carburizing 6ase depths and 0.07 mm for case depths of more than
I mm.

It is important that the parts are carefully cleaned before copper plating. An alkaline

bath or an acid wetting will give better results.

Pores in the copper deposit may be detected by means of a reagent consisting of l0
parts KaFe(CN)6 plus 10 parts NaCl plus 20 parts gelatine dissolved in distilled water. A
filter paper is moistened with the solution and placed in the copper deposit. It there are
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any pores in the copper deposit blue spots will appear on the paper in 5 minutes.

Protective Paste The surface to be protected from carburizing can also be coated with a

protective paste. These are proprietory items. Howeyer, protective pastes are not suitable

for salt bath carburizing.

Handling of Components While parts are being transferred from the machine shop to the

carburizing furnace, they should be handled carefully to avoid nicks and surface damages

that are costly to correct after hardening.

11.5 Methods of Carburizing

By far the most important methods of carburizing fall broadly into three categories: pack

carburizing, liquid carburizing, and gas carburizing. The first method uses solid carburizing

compounds as the medium for the carbon supply. Liquid carburizing employs molten cya-

nide for carbon enrichment of the case. The last method, namely gas carburizing, uses

hydrocarbon gases as the source of the carburizing medium,

11.5.1 PACK CARBURIZING

As the name implies, this process consists of packing the component in a'solid carburizing

compound in a suitable box and heating it slowly in a furnace to attain a temperature of
about 900 to 950'C. At this temperature, the oxygen in the air reacts with the carbon

present in the carburizing compound to produce carbon monoxide. In the presence of iron,

the carbon monoxide dissociates as given in the following equation:

2CO -> COz * C (atomic)

The atomic carbon thus formed diffuses into the steel and forms the tequired case. In
order to keep the gas generated by the compound in contact with the steel, it is necessary

to pack the parts and the compound in gas:tight containers.

Theory of Pack Carburizing At lower temperatures, the atmospheric oxygen combines

with the carbon in the carburizing box and produces carbon dioxide as given below:

(1)coz*c+2co

As the temperature is increased, the equilibrium of the reaction is displaced to the

right, resulting in a progressive enrichment of the carbon monoxide.

Carbon monoxide breaks at the surface of the steel to produce carbon-dioxlde and atomic

carbon as follows:

2CO->CO2+C (2)

The atomic carbon, thus produced, readily dissolves in the austenitic phase of steel,

and diffuses into the body of the steel. The carbon dioxide formed, in addition to the

atomic carbon, reacts again with the carburizing compound. This cycle of reaction is

repeated.

In a carburizing box, the amount of atmospheric oxygen can vary, and may be insuffi-

cient to produce the carburizing gas. Therefore, in practice, barium carbonate, sodium

carbonate and calcium carbonate are added as energizers.
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The addition of sodium carbonate as a catalyst to the carburizing compound accelerates

the rate of carburization as follows.rr When the carburizing compound is heated up and
held at the carburizing temperature, sodium carbonate reacts with carbon although the

temperature may be below the minimum temperature at which direct dissociation into
sodium oxide and carbon dioxide can occur.

NazCOr * 2C -+ 2Na * 3CO (3)

The sodium vapour generated by the reaction also exerts an important influence because

of the marked affinity for carbon dioxide:

COz*2Na+NazO*CO (4)

The sodium oxide thus formed will also tend to absorb carbon dioxide because of the

low dissociation pressure of sodium carbonate in relation to the equilibrium pressure of
carbon dioxide at the gas-steel interface.

NazO * COz+ NazCOr (5)

Na2CO3, thus formed, is free to react with carbon, and the cycle will be repeated

indefinitely.

Addition of barium carbonate will lead to:

' BaCO3fC+BaO+2CO (6)

The carbon monoxide thus formed speeds up the carburization for the same reason as

mentioned for sodium carbonate.

The carbon-dioxide released during carburization is removed ata faster rate mainly

because of the low dissociation pressure of barium carbonate when it reacts with carbon

dioxide.

BaO * COz + BaCOr Q)

The foregoing cycle can be maintained indefinitely. Again, after the carburization

temperature has been maintained for a short period of time, a condition of dynamic

balance will be established with the reactions 1,2,6 and 7 occurring simultaneouslyand

continuously '
The action of a catalyst such as barium carbonate is due to its dissociation into metallic

oxide and carbon dioxide according to the following reaction:

The carbon dioxide, thus released, reacts with the nascent carbon to form carbon
monoxide.

c + co2 ->2co

The carbon monoxide formed by the foregoing reaction will react with the steel, result-

ing in the absorption of carbon by austenite, and by forming carbon dioxide as a by-

product.'

2CO -> COz * C (in austenite)

Cafiurizing Compounds Carburizing compounds used for pack carburizing should be in
the form of solids. These compounds are mixtures of materials which, when heated, will
gene.rate a gas to give its carbon to the steel. The process of carbon transfer from the

EEe{a,
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carburizing compound to the steel surface takes place at different speeds depending on the

composition and structure of the carburizing compound. The compounds usually consist

of aiarboncarrier (carburizers), an energizer or activator, and a binding agent. The popular

carburizers used are activated charcoal, eoal, semicoke and peat coke. Powdered coke may

be added to the charcoal to the extent of about 2O\ of the total volume. The advantages

of using a coke-based compound are its higher heat conductivity and. low dusting losses as

compared to a pure charcoal-based compound. Energizers used in carburizing compounds

consist either uniquely of a carbonate or admixtures of various carbonates. Carbonates of

barium, sodium and calcium are used in a definite proportion. Barium carbonate, for

example, is usually compounded with carbon by mixing the whole mass with a suitable

binder, whereas sodium carbonate may be applied to carbon as an aqueous solution follow-

ed by drying. Compounds made using tar or molasses as energizers to bind energizers

are more effective.12
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pelletized compounds, made of charcoal powder as energizer and a binder, are more

effective than compounds using larger pieces of charcoal. Such pelletized compounds are

suitable for direct quenching as the energizers are held intimately in contact with charcoal.

Figure 1 1.4 illustrates the effect of various energizers (carbonates) on the increase in case

depth. It is clear from the figurethat theaddition of barium carbonate as acatalystincreas-

es the case depth. A still higher case depth can be obtained with the addition of sodium

carbonate as a second catalyst, within the same carburizing time.

Various opinions have been expressed as to what proportion of energizers should be

used in pack carburizing. A value, of the order of lOf, is about the average concentration

but some compounds contain as much as twice this amount. Some claim that as little as 3l
is all that is necessary to produce the optimum effect, while others have put the minimum at

7 or 8"/".It is certainly necessary to have a little more energizer than the absolute minimum,

since a proportion of it seems to combine with carbon ash and get lost in that way. The
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effective percentage of energizers is smaller where the compound is re-used. Increase in
the percentage of energizer does not, in fact, have any influence on the rate of transfer of
carbon, case depth and carbon content. Alloy steels of high chromium, for example
665H17, 835ivl15, 82OMl7, etc. suffer from the drawback that with normal carburizing
compounds they tend to form an excessive amount of carbides. These carbides built up at
grain boundaries cause cracking, both on cooling down to room temperature and in
subsequent grinding operations. E. Mitchellr3 found that this trouble could be eliminated
by using some weak carburizing compounds containing only 2.5/" of barium carbonate in
equal quantity with sodium carbonate.

Sodium carbonate or barium carbonate, when used as catalyst, forms its respective
oxide (sodium oxide, barium oxide) during the process. It is found that sodium oxide can
attack the carburizing box or even pit the steel parts. For this reason, barium and calcium
carbonates are preferred as energizers than sodium carbonate. However, a small quantity
of sodium carbonate is sometimes added because it decomposes at a lower temperature
than the other carbonates. Table l1.l shows the compositions of some carburizing com-
pounds that are being used.

Table 11.1 Composition ol Some Solid Case Hardening Compoundsl4'ls

Case Hardening Ingredients Parts by weight

Compoundnos. I and 2

Compound no. 3

Charcoal

Sodium carbonate

90

10

Barium carbonate*charcoal

(NazCOr+binder or BaCO:)

r0+90

4%

Charcoal

Coke

Barium carbonate

Sodium carbonate

Calcium carbonate

Binder

50

30

12%

3

J

2

It is also necessary that the size of the compound should provide an adequate support
for the components to be carburized. Otherwise the components will separate out from the

compound when packing, and will settle at the bottom of the container during handling.

The richness of the compound is maintained with small additions of the fresh

compound.

Rslcrrva,rloN When an old compound is used, it is necessary to leave the carburizing

compound for several hours in air to permit reactivation.

Car burizing O p erations

P,c.cgNc The components subjected to pack carburizing should be free from rust, grease,

etc., before packing into the boxes. Packing is done first by covering the bottom of the box

with a 20-30 mm layer of carburizer. This layer keeps the components from coming into
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contact with the bottom of the box and avoids deformation during the process.

The components are stacked side by side in this box in a regular fashion, properly

supported and surrounded by the carburizing compound in such a way that there is suffi-

cient space above the top surface to pack a 50 mm layer of the carburizing compound be-

fore closing the lid. The lid is then closed and made airtight using a clay lining or any

other sealing material to prevent air ingress.

The packing operation requires care. It should be ensured that the amount of carburizing

compound used is sufficient to provide the required supply of carbon. It is the usual prac-

tice to mix the used carburizing compound to the new courpound during carburizing.

Recommendations on the proportion of the quantities of new and used compound to be

employed in pack carburizing can usually be obtained from the supplier, but the proportion

rarely exceeds more than one part of new to two parts of the used, and sometimes as little

as one to seven parts.

CuaRcrNc In practice, the boxes are first placed in the furnace maintained at 650-700"C

and then gradually heated up to a temperature of around 750"C. It is held at this stage

until the temperature is uniform throughout the containers so as to have a close control

over the process and to allow more uniform depth at the carburizing temperature. After

this, the temperature is raised to 900-950"C.

The length of the carburizing time depends upon the required case depth and tempe-

rature. After the carburizing time has elapsed the containers are taken out and cooled in

air to obtain a faster rate of cooling and to avoid the possibility of a reversed reaction at

lorv temperatures in tightly sealed boxes; this may result in decarburization and prevent

the development of a hard surface in the subsequent heat-treatment operation.

In order to control and determine the case depth attained, test pieces of the same

material as the carburized parts are inserted in the container. As soon as the specifled

carburizing time has elapsed one test piece is withdrawn from the container, and it is

broken to determine the case depth through necessary tests.

ErpBcr or TrupnneruRE AND CesB Dapru The penetration of carbon into the component
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starts at 750oC when the components are heated to the carburizing temperature. A further
rise in temperature, beyond 75OoC, increases the rate of carbon penetration. An abrupt
transition from case to core occurs in the steel when the carburizing temperature is below
880"C.12 Figure ll.5 shows some curves which illustrate the carbon distribution in a steel
carburized at different temperatures, and the time durations required to produce particular
case depths. It is clear from ihe curves that at the two lower temperatures used, the rate

of diffusion olcarbon was slow and this enabled the build-up of a high carbon concent-
ration at the extreme edge of the component. With a higher temperature no such extreme

concentration of carbon was found. In practice, the best temperature for pack carburizing
is 900'Crs although temperatures between 880 and 930oC can be used.

A rise in the carburizing temperature to 950"C increases the penetration of carbon,

resulting in a higher case depth in a short time. But at this temperature, pronounced

carbide networks will form on the case. Hence it is important to maintain the carburizing
temperature between 880 and 900'C.rs The required holding times necessary during carbu-

rizing for obtaining various case depths are given in Fig. 11.6.

-02168101?1415
f ime in hours

Fig. 1I.6 Case depth penetration curve for pack carburizing

If a thick or deep case is required, a longer carburizing period is preferable with the

furnace temperature being in excess of 900"C. The reason for this is that, when an excessive

temperature is used, the outer layer of metal will absorb carbon at a greater rate than that

at which diffusion into the interior occurs. Consequently, upon cooling, the outer areas of

the case will consist of free cementite in the network formation.ls This is known as a super-

saturated case, and will almost certainly result in the formation of cracks during quenching

or grinding. If the transition is abrupt, from a case containing a high percentage of carbon

to a core of the low carbon, the outer areas of the metal become hard and brittle on

quenching, whilst the core will remain tough and capable of easy deformation.

The fundametal requirement for obtaining a uniform case depth is a uniform tempe-

rature throughout the furnace.

Even with the best of furnaces, it is difficult to obtain a case depth that has a total vari-
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ation of less than 0.15 mm from maximum to minimum in any given furnace load. A case

depth of less than 0.5 mm should not be specified for pack carburizing.

Carburizing Containers Containers used for pack carburiztng are made of heat resistant

steel or plain structural carbon or aluminium-coated carbon steels (Fig. 11.7). It is now a

Fig.11.7 Containers for pack carburizing

general practice to employ such alloys either in the cast form or as welded pressings with

suitable ribs. The containers made of heat resisting materials are most economical in the

long run for a large number of parts having similar shapes. The containers made of carbon

steels will develop scales during carburizing and will have a shorter life, but they are more

economical for processing odd lots and unusual shapes.

Carburizing compounds have relatively poor heat conductivity. Hence the use of large

carburizing boxes results in unevenly carburized parts. Components packed in the middle

of the box are considerably less carburized than those lying near the sidbs. Therefore, the

use of smaller containers is generally preferred for a uniform carburizing effect on the

components. Alternatively, the containers should be narrow at least in one dimension to

permit the heat to penetrate rapidly and reach all the components at about the same time.

Containers should not be placed very close to one another in the furnace as it will impede

heat conduction.

The container should preferably have a wall thickness'of about 4 to 6 mm for a faster

rate of heat transfer. From the point of view of economy and accuracy of treatment,

optimum results are obtained if the width of the box is about 150 mm to 250 mm. The

boxes should have well-fitting lids to prevent the entry of too much air, but should allow

the spent gas to escape. Many containers are equipped with a provision to insert test pieces

to check the carburizing results.

Furnaces The furnaces used for pack carburizing can be either batch type furnaces

(muffie furnace) or continuous type furnaces. The continuous type furnaces may have a

pre-heating, carburizing and a post-carburizing zone. The post-carburizing zone permits

the carbon to diffuse in the case and the temperature of the parts to be reduced before

flnal treatment.

The most essential requirement of pack carburizing furnaces is their ability to supply a

steady and uniform temperature.

Advantages

1. As compared with salt bath carburizing equipment, pack carburizing boxes are

inexpensive. For this reason pack carburizing is justified at present as an economi-

cal process, especially for low volume applications.
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2. Although gas carburizing is, to a large extent, Iikely to replace pack carburizing

in large heat treatment shops, there will still remain a large number of components

which by virtue of their shape or quantities required, will still be carburized most

economically by pack carburizing.

3. Pack carburizing can be done in a large variety of furnaces, the principal require-

ment being uniformity of temperature'

4. As compared to a salt bath, no cyanide disposal is necessary.

5. As compared to both gas carburizing and salt bath, its capital investment is less.

6. There is no necessity of a separate room for storing the carburizing compound;

but in the case of liquid carburizing, the salts necessary for the process should be

stored under strict suPervision.

7. Carburizing compounds give good support to parts, helping to prevent sagging at

high temperatures.

8. Special boxes can be made for large, massive parts which are too large for gas or

liquid carbutizing.

9. It does not require a controlled atmosphere furnace.

10. The same furnace can be used for normalizing, annealing and stress relieving.

Disadvantages

1. The overall carburizing tirne is excessively long. Apart from heating the components

to be carburized, it is also necessary to heat the pots and the carburizing com-

pound which usually weighs more than the components to be carburized;

2. No accurate control of the surface carbon and carbon gradient can be obtained.

3. It is not well suited for direct quenching.

4. It is not suitable for producing light case work with close limits on case depth.

5. Handling of compounds is dirty and dusty.

6. Loading and unloading operations require considerable floor space.

11.5.2 LIQUTD CARBURIZING

Liquid carburizing is a method of case-hardening the surfaceof the steelto ensure higher

wear resistance. This is done by hotding the component in a temperature range of 880-

930"C in a molten cyanide bath, so that the atomic carbon diffuses into the surface of the

metal along with a small amount of nitrogen.

This molten cyanide bath consists of sodium cyanide and alkaline earth chlorides such

as barium chloride, calcium chloride and strontium chloride which function as catalysts

to increase the rate ofcarbon absorption.

What sets the liquid carburizing bath apart from a plain sodium cyanide bath is the

mixture of cyanide and chloride which goes towards producing a deep case of high carbon

with low nitrogen content.

Chemical Reactions The chemical reaction which takes place during liquid carburizing is

explained below:

During carburizing, sodium cyanide in the presence of atmospheric oxygen forms

sodium cyanate (NaCNO) which, in turn, decomposes into sodium carbonate (Na2CO3),

carbon monoxide (CO) and active nitrogen (N):

2NaCN*Oz+2NaCNO
4NaCNO+ 2NaCN * NazCOg + CO + 2N

2CO->C+CO2
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The sodium cyanide thus reformed from the cyanate is available for further reactions'

but the sodium carbonate is the end product. The atomic nitrogen combines directly with

iron, while carbon monoxide yields atomic carbon when it comes in contact with the steei

immersed in the bath. This atomic carbon is absorbed by the steel, entering at the carburiz-

ing temperature directly in the gamma iron lattice. As nitrogen interferes with the carbon

absorption, plain cyanide baths without any catalyzers are suitable for producing a shallow,

high nitrogen-low carbon case.

To produce a deeper case depth and to inhibit the formation of sodium cyanate which

may block carbon penetration by the formation of nitrogen, catalysts such as barium

chloride, strontium chloride, etc., are added.16'17'18 The presence of chlorides hinders the

takeup of nitrogen, and favours the absorption of carbon into the steel.

On the other hand, the bath should have a suffficiently high melting point, since carbu-

rizing is done at 900 to 950'C. The increased activity of the bath is attributed to the follow-

ing reaction:

2NaCN * BaClz+ 2NaCl * Ba(CN)z

The barium cyanide Ba(CN)2 formed is unstable and decomposes at high temperatures

as follows:

Ba(CN)z -+ BaCNz * Cut

This becomes increasingly prominent with an increase in temperature, thus liberating a

Iarger amount of active carbon with the diminishing amount of active nitrogen. The amount

of nitrogen absorbed by the steel at a given temperature is proportional to the cyanate

content of the bath.

The presence of nitrogen produced in larger amounts by the liquid carburizing bath to

act on the surface of steel is only beneflcial as it improves the wear properties of the case.

Salts llsed Salts used for the liquid carburizing bath are sodium cyanide as a source of

carbon carrier and alkaline earth chlorides as activators. Barium chloride and strontium

chloride are mainly used as activators to increase the cabon content of the skin layer on

the component and to decrease the melting point and viscosity of the molten bath.16'u't8

Salts for the liquid carburizing bath are available either as a single mixture consisting

of all the necessary ingredients (sodium cyanide and alkaline earth catalysts), or separately

as sodium cyanide and activators.

The percentage of sodium cyanide to be maintained in the working bath depends on

the required case depth and the type of materials to be treated.

To produce a shallow case depth of 0.2 to 0.7 mm, a working bath containing 17 to
20f sodium cyanide is more suitable. This type of bath will give a surface carbon content

of 1 to l.2of carbon This is unnecessary and sometimes too high for the higher range of
alloyed case-hardening steels because it forms a larger amount of retained austenite.

These steels can be satisfactorily carburized to a surface carbon content of about 0.7
to 0.8'l carbon by treating them in a I0 to l2"l sodium cyanide bath which shows a lower
tendency towards the formation of retained austenite at the surface of the carburized and
hardened parts.

To produce a deep case depth of 0.5 to 2 mm, a working bath containing 7 to l2l
sodium cyanide is used.

Control of carburizing performance depends entirely on whether the required concentra-
tion of cyanide within the proper cyanide-catalyst ratio is maintained. Hence, replenishment
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may be done not only by adding concentrated cyanide or cyanide-chloride mixture but

also by adding a proper mixture of cyanide and catalytic salts. For economical reasons,

the cyanide and the activators should be added separately. By suitable additional supply of
both salts, it is possible to adjust the carbon-potential level of the bath within the limits

of 0.8 to 1.0/,

It is recommended that, as a routine procedure, the cyanide content of the bath be

determined each morning and the bath be regenerated with an appropriate amount of
cyanide and chlorides. Carburizing baths alter their carbon potential very slowly. However,

it is;possible to determine the C-value by means of the so-called foil probe, and adjust the

carbon potential of the bath. It is rnost important it is maintained between 0.8 and 1/o to

avoid the formation of retained austenite and to get a higher hardness.

Table 11.2 Composition of Liquid Carburizing (in percentages)

Salt Light case (850-900"C) Deep case (900-950"C)

Sodium cyanide

Barium chloride

Other alkaline earths

Potassium chloride

Sodium chloride

Sodium carbonate

Sodium cyanate

17 to 23

15 to 40

0to3|

20 to 30

30 max

I max

8to12

45 to 55

2tol0

6to2O

0to15

30 max

0.30 max

If the carbon potential of the bath is less than 0.6f, hardness obtained will be a little

low. A further decrease in carbon potential of the bath will decrease the hardness still

further. On the other hand, if the carbon potential of the bath increases to more than |ft,
then also the hardness obtained will be a tittle low due to the presence of retained

austenite. Salts are now available in the market that will build up a definite surface carbon

concentration, say 0.8f, and a tolerable content of retained austenite.

Free access of air to the bath results in wastage of carbon, since oxygen causes the

cyanide to decompose and also generates carbon at a rate in excess of that possible for the

steel to absorb. To avoid this, a carbonaceous cover (usually called as Economiser) is usually

used to cover the bath. The use of a cover alss reduces losses due to radiation.

Operating Temperature For economical reasons, the operating temperature used for liquid

carburizing is 880 to 930'C. Below this temperature range, what is produced is a shallow,

high nitrogen-low carbon case comparable to that obtained in a plain cyanide bath. As the

temperature rises, the concentration of carbon increases, and that of nitrogen decreases.

Cases produced with a high temperature bath consist essentially of carbon dissolved in iron.

Sufficient nascent nitrogen is available to produce a superficial skin containing nitride which

aids in resisting and also in tempering if the part is reheated'

To produce a shallow case depth of 0.1 mm to 0.8 mm, the operating temperature should

be around 850 to 900"C and the cyanide percentage maintained should be in the region of

t6-20% (Table l l.2). A higher carburizing temperature of around 900-950"C is employed to
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produce a case depth of more than 0.5 mm, and the cyanide percentage in the bath is

maintained between 8 and 12\. The remaining percentage will be made up of catalysts,

usually alkaline earth chlorides. Cperating within the range of 900-950'C is more economi-

cal to produce a deeper case depth. Operating above 950"C is not economical due to the

rapid rise in costs, including the maintenance of equipment required for preheating the

work and the critical selection of steel.

The carbon content on the surface of the component may increase as the temperature

rises; if the treatment is further continued, it may result in a lower hardness after quench-

ing due to the presence of more retained austenite. Therefore, when components are to be

quenched directly from the carburizing bath, a moderate carburizing temperature should

be chosen. Typical time-penetration curves for l5Ni4Crl (En 39A) steel are shown in Figs.

11.8 and 11.9. The depth of hardness curves pertain to parts carburized for 2, 4 and 6
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hours respectively at 900"C and 950"C and subsequently hardened. From these curves, it
can be seen how the thickness of the soft zone increases as the treatment time increases due
to the retention of austenite. Higher hardness may be obtained by subjecting the steel to
the subzero treatment (-80'C) for l5 to 30 minutesle which is sufficient to convert the
retained austenite to martensite. The increase in case hardness of steel can be seen by
comparing Fig.' I 1.8 with Fig. I 1.10, and Fig. I 1.9 with Fig. I 1.1 1.

700

.005 .01 .015 .02 42s .03 .035 .04 .045.05 0.055
Depth below sur{oce in inches

Fig. 11.10 Depth ofcase hardness after carburizing at 950"C for
2,4 arLd 6 h, followed by hardening at77O.C and sub-
zero treatment at -80'C

Fig. f1.11 Depth of case hardness after carburizing at 900'C,

followed by oil-hardening at 770' C and sub-zero treat-

ment at -80'C

Figure 11.12 illustrates the obtainable total case depths at different temperatures in
one of these activated baths. The temperature chosen depends on the alloy steels used, the
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case depth required and the permissible amount of distortion. Parts likely to get distorted

are carburized at the lower end of the carburizing range.
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Fig. 11.12 Time-penetration curve for salt-bath carburizing
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Failure to obtain a proper depth of case in an established carburizing cycle can be

attributed to:

1. Insufficient cyanide content to generate the required amount of carbon within
the time and temperature limits of the cycle.

2. Stratiflcation of the bath due to sludging and presence of sodium carbonate in
excessiYe amounts.

3. Excessive sodium cyanate, either due to improper cyanide-catalyst ratio, or inter-
ference with the catalytic action by contamination with silica, metal oxides and
other impurities.

Starting a Bath

1. The pots must be perfectly clean and free from other salts, moisture and scale. If
they are dirty, they should be cleaned.
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2. Melting in an externally hea.ted furnace must be done gradually to prevent local
overheating.

3. In an immersed electrode method, the heat input rate is to be controlled by manual
setting of the transformer taps, so as not to exceed the rated capacity of trans-
former.

4, To obtain and follow the advice of furnace and salt manufacturers.
In preparing the bath, it is recommended to fill the pot to half its capacity with the

neutral base salt and then heat it gradually to reach the operating temperature. When
the salt is completely melted down, then the required quantity of cyanide base salt is
introduced gradually to obtain the desired concentration of cyanide. After the melt has

been prepared, the bath should be stabilized for several hours at the operating temperature
before starting the carburization of components.

Operational Hiats
1. Fixture and components used should be completely dry before charging them into

the bath.
2. Face masks must always be worn by the operator when charging the work in and

out of the furnace, and also while handling molten salts. Asbestos gloves should also
be provided to protect the hands.

3. On no account should a wet or damp component be lowered into the cyanide bath.
The rapid steam produced will eject the molten salt from the bath which can cause

serious burn injuries.
4. Formation of carbonaceous layer is inherent in a liquid carburizing bath. If this

layer is insufficient, a higher purity neutral flake or graphite (maximum silica
content lfi) or artificial graphite (not over 2fl silica) should be used. It also per-
forms the valuable function of reducing radiation losses.

5. Sludge should be removed periodically by scraping the bottom of the pot.

6. The pot should be closed with a lid during cooling and remelting to avoid the risk
of spurting.

Furnaces The furnaces used for carburizing may be heated either externally with oil, gas

etc., or internally by means of heat resisting or mild steel electrodes. Whatever be the type

of furnace used, the pot for holding the molten salt must be made of metal, either of mild
steel or a heat resisting nickel-chromium alloy steel. Pots lined with flre bricks are un-
suitable.

For deep carburizing, an immersed electrode furnace has been found preferable because

of the uniformity of temperature throughout the pot (Fig. I 1.13). The volume of salt should
be large enough to heat the charge of steel to working range without resulting in too great

a drop in the temperature of the salt bath upon immersion. An average of 4 to 5 kg of liquid
heat to I kg of steel is often used, although proportions depend on the type of furnace and
the surface area of work.

In this type of furnace, the molten salt is contained in a welded rectangular or oval
shaped pot made of l5 to 25 mm thick mild steel or heat-resisting steel.

The pot is surrounded by an extelior mild steel case for structural support and is

separated by a suitable insulating material. The molten salt is heated by passing alternative
current through the immersed electrode. As a result of the resistance built up by the
passage of current through the salt, heat is generated within the salt itself. The heat is
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Iffiiir#ffiij#iii iiii

Fig. 11.13 Electrode-metal pot salt-bath furnace

quickly dissociated by a downward stirring action created by the electrode.

The current is supplied from the secondary circuit of a transformer, having l0 to l5 V

output, through necessary taps to adjust the rate of heat input.

Temperature control is accomplished by means of thermocouple pyrometers, which

actuate the magnetic switch in the primary circuit of the transformer.

pyrometers should be checked frequently and regularly. The accuracy of thermocouples

"u.r 
b. determined by placing a new calibrated thermocouple alongside the old one in a

salt bath at a steady temperature and connecting each in turn to a voltmeter.

Iron constant thermocouples with mild steel sheets or chromel-alumel thermocouples

are used in liquid carburizing baths.

Handling of Work Ladles made of mild steel or heat-resistant steel are used for handling

very small components.Larger quantities of small parts can be handled in baskets which

are Iifted by a hoist.

Gears are best suspended one above the other on tackles made of mild steel'

Spindles and shafis are suspended from a specially designed fixture. Delicate parts for

case hardening are hung by wires made of mild steel of suitable thickness.
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Quenchiag Quenching may be done in water, oil or salt bath. The choice of the quenching
medium depends on (a) material used, (b) hardness required, and (c) allowable degree of
distortion.

Wlrrn QurNcHrNc Mild steel, after liquid carburizing, is usually quenched in water to
obtain a higher hardness than that which is possible with oil quenching. Delicate parts
must be quenched from a lower range of hardening temperature to avoid distortion and

cracks. Alloy case hardening steels should not be quenched in water, as they are likely to
result in heavy distortion and cracks.

Sometimes, it may be difficult even with water quenching to harden mild steel which
inherently has a fine grain. This is due to the nature of steel, and it is overcome by quench-

ing in a 9fi brine solution. Brine solution is made by dissolving sodium chloride
(common salt) in a proportion of 1 kg of salt to 30 litres of water. The temperature of
water should not exceed 25'C.

OIr, on Ser,r B^r.rn QunuculNc All types of case hardening steels can be quenched in oil
bath. The temperature of oil should, normally, be between 60 and 70"C before quenching.

Quenching in salt bath should be done after the part is soaked thoroughly in a neutral

bath maintained at 800 to 850"C. Quenching directly in nitrate salt should never be done

because of the risk of an explosive reaction between heating and quenching of salts.

The main advantage of quenching in salt bath is that it avoids heavy distortion and cracks.

Testing of Sodium Cyanide

Appan^l,rus Rreurneo

Steel rod-l cm diameter and I m long

Pestle and mortar

Small balance with I gm weight

Steel spatula

Beaker-350 ml

Lead carbonate-100 gm

Glass filter funnel
Filter papers-No. 40 Whatman

Burette-100 ml

Silver nitrate-1 litre decinormal (17 gms/litre)

Liquid ammonia-S cc

Potassium iodide (10%)-5 drops.

Pnocnounn Open the lid of the bath, and immerse the dry steel rod momentarily in the

cyanide bath to be tested. Withdraw the rod immediateiy and collect the salt adhering

to the rod as sample.

Grind the sample in a dry rnortar. Dissolve 1 gnr of this in 100 ml distilled water in a

250 cc beaker. Add a pinch of lead acetate or lead carbonate to remove the sulphide.

Filter the solution through No. 40 Whatman filter paper followed by three doses of hot

water to wash the paper free of all traces of the solution. Collect the flltrate in a 350 cc

conical flask. To this filtrate, add 5 cc of liquid ammonia and 10 drops of l0/o potassium

iodide solution. Titrate this against 0.1 N silver nitrate solution until the solution becomes

faint but permanently yellow turbid. (Add the silver nitrate slowly, all the while shaking

the flask vigorously.)
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Clr,cullrroN Percentage of sodium cyanide : 0.98 x volume of silver nitrate solution

added when titrated.

Cleaning the Work Treated in Cyanide When the components are directly quenched in

water, most of the adhering salt is removed by water. Components quenched in oil will

retain an appreciable amount of salt on the surface, and these should be removed by wash-

ing with hot water. Components having blind holes must be washed in boiling water.

Although parts appear to be free from cyanide after quenching in water, they must be

washed to remove even microscopic traces of cyanide which, if left, will act as nuclei for

rusting.

After washing the parts should be applied with a suitable rust preventive.

Sofrty Precautions

Fon Soorur"r Cvet.llos nNo Ser,rs ConteININc CvlNloe
Sodium cyanide is very poisonous. Poisoning may result from:

l. Swallowing solid cyanide or a solution of cyanide.

2. Inhaling the poisonous hydrogen cyanide gas that emanates when solid cyanide or

solution comes in contact with an acid.

3. Burns due to molten cyanide, if not properly treated.

4. Absorption of solid cyanide or solution through the skin, particularly if broken.

Cyanides are hygroscopic, and hydrogen cyanide is given off in small quantities when

solid cyanide is exposed to damp air.

Cyanides should be stored in steel drums in a warm, dry room away from acids and

foodstuffs. When drums have been opened for removal of salt it is important to close

them properly by replacing the lid and seeingthat it flts securely so as to avoid any absorp-

tion of moisture by the salt. The room in which the salt is stored should be locked and

should be in the charge of a responsible person.

Dry gloves should always be worn when handling cyanide. The hands should be

thoroughly washed in running water after every handling and at the end of the day's

work.

The information given above can be found in the card entitled "Safety Precautions-

Sodium Cyanide and Salts containing Cyanide" issued by Imperial Chemical Industries

Limited and a copy may be displayed wherever cyanide is stored or used.

Frnsr Alp
Supplies of the following should be kept ready for immediate use:

l. Cyanide antidote (see below).

2. Saturated solution of sodium bicarbonate and sterile dressings, for the treatment

of burns.

3. Capsules of amyl.nitrate for inhalation.

4. Oxygen and face mask for administering oxygen.

The use of these materials is described below and should be explained to workers,

who should also be trained in the Holger-Nielson or Schiifer method of artificial respi-

ration.
The following should be available for use by a doctor only:

l. Ampules of nikethamide.

2. Ampules of sodium nitrate, each containing 0.3 gm and ampules of 10 cc sterile

distilled water.
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3. Ampules of sodium thiosulphate, each containing 25 gm in 50 cc sterile distilled
water.

4. l0 cc syringe, two intravenous needles.

CveNIoB AnrlDorr Keep ready for immediate use the following solutions (obtainable
from any pharmacist).

1. 158 gm B.P. ferrous sulphate crystals (FeSOa.7H2O) and 3 gm B.P. citric acid crystals
dissolved in a litre of cold distilled water.

2. 60 gm anhydrous sodium carbonate (Na2CO3) dissolved in a litre of distilled water.

Dose Mix equal quantities of (1) and (2) to make a tumblerful and swallow the mixture.
The above solutions will keep indefinitely, provided the ferrous sulphate solution is

stored away from direct sunlight.
If a worker suspects that he may have had cyanide in his mouth, he must at once

swallow a dose of the antidote. At the first sign of poisoning by inhalation of hydrogen
cyanide gas, he must leave the dangerous atmosphere. The cyanide antidote must not be
used for gas poisoning.

The early symptoms of poisoning by hydrogen cyanide gas are:
1. A sensation of irritation in the throat.
2. Increasing difficulty in breathing, and
3. Watering of the eyes.

Speed is essential. A doctor must be summoned at once.
l. If the patient has swallowed cyanide and is conscious, give one tumblerful of the

antidote.

2. Give nothing by mouth to an unconscious patient.

3. Remove any clothing splashed with molten cyanide or cyanide solution.
4. Keep the patient warm and do not, under any circumstance, allow him to walk about.
If he is breathing, break a capsule of amyl nitrite and allow the patient to inhale the

vapour. Administer oxygen through a face mask.

If not breathing, start artificial respiration (Holger-Nielson's or Sch6fer's method) at
once, and continue until breathing is restored or a doctor has pronounced life extinct. A
capsule of amyl nitrite may be crushed and held close to the patient's nose while artificial
respiration is being performed.

Mnnrc.er- TnperivlrNr (non rHn Gurolscn or Mrorce.r, Onrrcrns)
1. Continue inhalations of amylnitritefor 15 to 30 secondsata time, at shortintervals,

over a period of 3 to 5 minutes.

2. Inject intravenously 0.3 gm sodium nitrite in l0 cc sterile water at the rate of 2.5 to
5 cc per minute. This rate must not be exceeded.

3. Immediately following this, and through the same needle, inject intravenously
sodium thiosulphate 25 gm in 50 cc sterile water at the same rate.

4. An intramuscular or intravenous injection of I to 3 cc nikethamide may be given.
5. Keep the patient under observation for 24 to 48 hours.
6. If there is any return o1' symptoms, the above treatment should be repeated

immediately.

TnBnrrrrBNr or BURNs rnorrl Salrs CoNurNrNc CyeNror
l. Flood the affected area with a large volume of water or sodium bicarbonate solution.
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2. Soak the affected area in sodium bicarbonate solution for a prolonged period.

3. Apply a sterile dressing and report to a doctor or the medical department.

4. If a crust develops or has formed on the burned area before the above treatment

can be applied, it should not be removed. Cover with a sterile dressing.

5. If signs of cyanide poisoning supervene, e.g. dizziness, headache or loss of con-

sciousness, give the appropriate first aid and medical treatment.

Advantages of Liquid Bath Carburizing The following are the most important advantages

of liquid carburizing:
l. Uniformity in casedepth and carbon content, since the circulation of the molten

salt provides a constant temperature control and uniform result.

2. High output even from a relatively small furnace due to the rapid rate of heat

transfer.

3. Labour costs are reduced, since the operation of the process is simple.

4. The capital cost of equipment is lower than for other competitive methods of

handling the same amount of work.

5. Surface decarburizing is eliminated.

6. Time for carburizing is much reduced, when liquid carburizing is substituted for

pack carburizing. This is especially true when several hours are necessary to bring

the pack carburizing containers to the required temperature depending upon the

parts and size of the charge.

7. Distortion is kept to a minimum with liquid carbuizing.

8. Adaptable for mechanization and mass production.

Disadvantages The major disadvantages of liquid carburizing are:

l. Great care is required in the disposal of cyanide bearing salts.

2. Difficulty in keeping the installation and its surroundings clean.

3. Necessity of removing the salt from the work by special means, such as hot water

spray washing, acid dip, etc.

4. Compressing in hardening is not mechanized.

5. Need for careful handling because of the salts.

6. There is a danger of explosion if moisture is introduced into the salt.

7. Separate storage is required for keeping the salts under lock and key.

8. Preheating is necessary.

9. Exhaust system is a must.

10. Periodic medical check-up of operator is essential.

11.5.3 GAS CARBURIZING

Gas carburizing is a process in which the surface of the component is saturated with

carbon in a gaseous atmosphere containing carbon. To accomplish this, first the compo-

nents are heated in a gas-tight furnace in a neutral atmosphere to a predetermined tempe-

rature in the range of 900-950"C. Then the furnace is flooded with a suitable gas such as

propane, butane, kerosene, benzene, etc. Finally, the components are held at this tempe-

rature to allow diffusion of carbon into the case. After the carburizing treatment is over,

the components are quenched to get the required hardness, wear resistance and fatigue

resistance on the surface, supported by a tougher core.

Carburizing Media The most important requirement of any medium used for gas carbu-
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rizing is that it should supply an adequate quantity of nascent carbon for absorption and
diffusion into the steel. First, it should contain an adequate proportion of hydrocarbons
such as methane or propane to provide the carburizlng powe.. Secondly, oxidizing and de-
carburizing impurities such as free oxygen, carbon dioxide and water vapour should be held
to a minimum. Lastly, the constituents present should be in proper proportions, as other-
rvise it will not only upset the carburizing reaction, but wili also promote the formation
of excessive soot. The sources of carbon mainly come from gases, hydrocarbon liquids or
artificial liquids. However, for large continuous furnaces, th. gu, is combined with a
neutral diluent or carrier gases.

HYoRocensoN Geses The gases that are used for carburizing are natural gas (methane,
propane, butane, etc') Natural gas and propane are preferable when available with high
purity. All these hydrocarbon gases are richer in elementary carbon than is necessary and
hence form heavy deposits of soot on the furnace walls and the work. This interferes with
the carburizing process, since the austenite does not absorb carbon at the temperature
ordinarily employed. For example, the reaction leading to the carbon transfer with propane
as the gas medium may be represented as follows.

2C3H8 -> 2C { 4CHa

C+oz+2Co
C+H2O+CO+H2

2CH4+ 2CO2+ 4CO+4}Jz

2CH4+ 2HzO+ 2CO+ 6H2

6Co+3(C)+3Co,

3CO+3Hz*3(C)+3H2

Sum 2C3H8+6C{8H2

As shown by equation (1), propane which is the primary carburizing medium dissociates
into carbon and methane. The carbon thus produced combines with oxygen and water to
form carbon monoxide as given by equations (2) and (3).

Some of the carbon also combines with carbon dioxide and water vapour as shown by
equations (3) and (4). The dissociation of propane and the subsequent reactions of methane
produce largely carbon. Though carbon is mainly absorbed by the steel, in practice, it is
found that the amount of carbon available is more than what is required foi absorption.
This excessive carbon, on further reaction, precipitates as a heavy soot and deposits on the
component as well as on the walls of the furnace. Hence, in gas carburizing, iiis necessary
that the hydrocarbon gases used are diluted with a carrier gas to avoid the formation of
heavy soot. Equation (5) gives the final chemical reaction that occurs in the carburizing
process.

A more common commercial practice is to use an endothermic gas or a purified
exothermic gas as a carrier gas with the hydrocarbon gases. The ratio of gases used
depends on the type of carrier and hydrocarbon gases, the furnace size and condition,
amount of circulation and the work surface.

Even though carrier gases may help in avoiding the soot formation apart from better

(l)

(2)

(3)

(4)

(5)

(6) (3x)

(7) (3x)

(8)
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circulation of gases, it is essential to provide powerful circulating fans to ensure a uniform

carbon penetration.

Lreuros FoR CARBURTZTNc Liquids are also extensively used as carburizing media in gas

carburizing; these are mixtures based on methyl, ethyl or isopropyl alcohols with additions

of benzene or other liquid hydrocarbons such as kerosene, acetone, propane, etc. The

organic liquids or their mixtures are introduced into the furnace in the form of drops, and

at the carburizing temperature, they are dispersed and vaporized almost instantaneously.

The vapours dissociate thermally to provide a carburizing atmosphere containing carbon

monoxide (CO), carbon dioxide (COr), methane (CHa) and water vapour (H2O). For

example, when isopropanol is used for gas carburizing, the following dissociation takes

place at the carburizing temperature.

C3H7OH+CO+2CH4

2CO -+ CO2(C)

The CO2 obtained reacts with methane (CHa)

COz * CHa+ 2CO + 2H2

The COz gives rise to a water content via the water equilibrium.

COzfHz+CO*HzO
Through this methane can also react with water.

C&*H2o+Co+3H2
co + Hz + (c) +Hro

The sum of the above equations (l), (2), (3), (4), and (5) will be given in an idealized

carburizing reaction:

c3H7oH ->2(C) * 3Hz + CO

With a correct rate of supply of isopropanol or other carburizing liquids, carburization

takes place exclusively over carbon monoxide. The supply of liquid to the carburizing

chamber is usually adjusted manually or automatically to obtain the desired carbon

potential.

When carburizing liquids are used, forced fan circulation is necessary in the furnace

for an even distribution of the carburizing gas within the chamber to ensure uniform carbu-

rization and to prevent excessive soot deposition.

Corrier Gases Carrier gas is mainly used as a diluent in a continuous gas carburizing and

sealed quench furnace along with hydrocarbons.20'23 The carrier gas is generated from

town gas, natural gas or propane in an 'endothermic type' atmosphere generator. The

products consist of mainly nitrogen, hydrogen, carbon monoxide and controllable pro-
portions of carbon dioxide, water vapour and methane. This type of atmosphere is

produced by passing a carefully controlled mixture of hydrocarbons and air, over a heated

nickel catalyst in a pressure-tight retort heated externally. The temperature of the catalyst

is maintained at 1000 to 1200"C to obtain a completely reacted gas and to obtain consistent

results. After the gas passes over the catalyst it is cooled by chilling it to 300'C in a water
jacket. This prevents the formation of carbon and carbon dioxide from carbon monoxide

as is the case with slow cooling.

For example, if a propane and air mixture (1 part propane and7.5 parts air) is used,

the resultant reaction will be:

(l)

(2)

(3)

(4)

(5)
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2CgHe * Air (3Oz * l2N2) + 6CO + 8H2 + l2N2
gases produced by propane and naturar gas are listed in the forowing table:

Table ll.4 Carrier Gases Used in Gas Carburizingur

Analysis F'ndothermic gas
trom natural gas

E{rdothermic gas
Irom propane

Nitrogen
methane ..endo-mix',

%co

%H,

/s COz

16 CHt

Dew point

19.8

40.4

0.3

0.5

0.c

23.8

31.2

0.3

0.1

00c

ts-20

3s-45

0.4

0.3

00c

Gas carbarizing Furnaces The furnaces used for gas carburizing are generaly classifiedinto continuous type and batch type furnaces.2r,zz
CoNuNuous Tvpn FunNecrs continuous type furnaces are more suitable for long runsof similar components requiring rhe sarne case depth. Th. ditr;;;;';;r';;.;;lirro*
i:,Hffi::. 

I. pusher tvpe Jontinuous furna"" z. stut.r hearth furnace3. Rotary

In a continuous type furnace, the component to be carburized is charged at one endand passed through the preheating, purging , carburiz:ingurJ' oirorion zones. It is thendischarged at the other end for 
"ootlni 

or quenching and other subsequent operations.The furnace should be constructeJ in such u *uy thut air infiltration and contamina-tion of the carburizing atmosphere by the quenching medium is kept to a minimum.Rotary 
'"1sr121'22 

and shaker 1'1iar11'rzt'zz furna-ces u.. ,r"o for rower case depths of0'2 mm to 0.3 mm for sma, components. 
.Jh. types of comfo,ents suitabre are pins,washers,bushes'smallshafts,g.u.,andsimilar,*ull"o-po,.it,.

Pusher type furnaces2t'22 are used most widely for continuous carburizing of heavierloads' with this method the compon.rri, u." piaced on robust heat-resisting trays whichare pushed through the furnace at pre-determined time intervals. After the completion ofthe carburizing cycle the compon"ri, *uy be quencheo o, siowty coored. This type offurnace is normary equipped *;tt u quenching, washing urrd t".rp..ing facility.continuous type furnac.r ur. ,uiuble for mass piodu.tior. rn. running costs areconsiderably lower due to the greater efficiency of work flow and the reduced amount oflabour required as a result of automatior. Ho*Lu"r, *urr-u, ."onomy in production canbe achieved only if the continuous furnace ru^ns continuously. The initial capital invest-ment costs are higher compared to batch type furnaces.

BarcH Tvpr FuRNn'crs Batch type furnaces are suitable for small batches of componentshaving varying case depths. t'here are ,*,o ,yp., of furnaces mainly used for batch carbu-rizing' They are horizontal- or vertical type of furnaces. Horizontar furnaces are scaredquench furnaces; the vertical type is the pit type furnace.

".##iiff*rJffi::::?.I;:',J::ll3i: 
for carburizing and quenching. components
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Pit type furnaces are mainly suitable for long, slender components and also for other

types of components. The pit type furnace

is cheaper comfared to the sealed quench

furnace.

In the batch type furnace, the components

to be carburized ate loaded into the furnace

using heat-resisting fixtures or trays' They are

first preheated, then carburized at the required

temperature, and finally cooled or quenched'

Csencr Ca.nurns In a pit-type furnace, the

components should be 'loaded on a suitable

flxture, to ensure minimum distortion and to

provide a proper circulating atmosphere. It is

important that the components are supported

properly on this fixture, avoiding excessive

unsupported lengths which may cause serious

distortion problems. ,,. :

The fixtures normally used in pit-type il..
furnaces are shown in Fig' 11.14.

Methods of Gas Carbutizing Gas carburizing i;'.,,

may be done either by using liquid hydro- 
i,:

carbons or hydrocarbon gases along with a ' '

carrier gas. Fig. rl.l4 Loaded charging frame for

Liquid carburizing is mainly adopted in carburizing

pit type of furnaces, whereas carburizing by using hydrocarbon gases and carrier gas may

be carried out in continuous type furnaces or batch type of furnaces.

Lrquro Mrrnoos There are two types of liquid methods, the single liquid method and

the two-liquid method. Both methods are carried out in a pit type furnace.

Before the furnace is used for carburizing, it is necessary to burn the charge-fixtures,

retort and inner-furnace components under a carburizing atmosphere for a sufficient length

of time, so that a state of equilibrium is reached between the carburizing atmosphere and

the components. During the operation of the furnace it is the normal pracfice for the

furnace to be first heated to around 860 to 900"C after which the charge is loaded, the

flow rate of carburizing being adjusted after the charge attains 750"C. It is preferable to

remove the charge, upon completion of the carburizing time, only rvhen the temperature

of the furnace has been reduced to about 800 to 840"C. This procedure will ensure a longer

life of the retort, while at the same time proving safer and easier for the operating personnel.

SrNcr.n-Lreuro MBrnop In this method, gas carburizing is carried out with the help of

organic liquids, either in their pure form or in the form of mixtures.

In most of the pit type furnaces,23'z+ ,n. drip feed method of carburizing is employed.

The components to be carburized should be free from rust, oil or grease before loading them

on fixtures. The component should be properly placed in the fixture, ensuring free circu-

lation of gases. The fixture is placed in a retort and the lid is closed to make it air-tight.

This loaded retort is placed in the furnace.

The furnace is then closed, and power is turned on. After the furnace temperature
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reaches about 750'C, the liquid is introduced into the retort. This liquid burns with air
and oxygen; all the free oxygen is consumed shortly. Further introduction of liquid during
heating produces a controlled atmosphere protecting the compon.il;"il;,nl r*-"ii""
of scale' The amount of Iiquid consumed for a considerable carburizing eflect to take place
depends mainly on the size of the furnace.

when the furnace attains d temperatu re of 925'C, the charge is uniformly heated,

Fig. 11.15 (a) Retort for gas-carbu-

rizing furnace

Woter jocket

Thermoc ou p le

inlet

Wote r co o led loc ket

L id bung

lmpe lle r

Fon shroud

Bot f te

Fixturi

Bottom ring

Fig. 11.15 (b) Retort assembly for gas-carburizing
furnace (Courtesy: Fabricast
Bombay, India).
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allowing full flow of the liquid. This temperature is maintained for the required period of

time.
During the first period, known as the active carburizing period, the carburizing

medium is supplied in excess to keep it sufficient even for large surfaces. This is necessary

because the demand for carbon by steel surfaces is the greatest, when work first reaches

the carburizing temperature. The excess of dissociated carburizer leaves the furnace in the

form of methane (CH+), i.e. in a gaseous form, but a part of it is precipitated within the

furnace as soot and a part of it contributes to overcarburizing in the form of a layer

with a high carbon coutent. To minimize sooting, the liquid flow may be decreased progres-

sively in accordance with the decreased demand.

If the carburizing period is about four hours or longer, a dffision period is usually

desirable, in order to control the surface carbon content on the case. With this technique

at the end of the active carburizing period, tlie atmosphere flow is reduced to a low vaiue,

or cut off, and the charge is allowed to soak at the carburizingtemperature. This allows the

high surface carbon content developed during the active carburizing period to decrease to

0.80 to 1.0/".

The required ratio of active to diffusion periods depends on a number of factors, includ-

ing the type of steel, temperature, the geometrical shape of components and the desired

final carbon content. As a rough guide, however, when operating at a temperature of

925.C, a diffusion period equal to half the active carburizing period is foundto produce a

surface with 0.8f carbon content.

After the diffusion period, the furnace is opened and the retort transferred to a cooling

chamber. It is desirable to reduce the furnace temperature to about 100'C below the

carburizing temperature to minimise decarburization and oxidation during transfer.

In a typical gas carburizing of a 400 kg net charge to a case depth of I mm in an electri-

cally heated retort furnace, having dimensions of 500 mm diam x 1000 mm, a drip feed

atmosphere generation was used. The total cycle time of 7t hours was made up as follows:

Curve A' Cqrbon grodient ot
end of cor burizi ng
cyc[e rn high corbon
potentiot otmosphere

Curve B' Finol corbon qrodient
ofter dif f usio-n cycte
to reduce surfoce
corbon content to 0 80"L

0.6

0.t

0.

0.0

c
o
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c
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Surfoce -> core

Fig. 11.16 Effect of diffusion treatment on

in carburized case

carbon gradient
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Heating up

Carburizing
Diffusion

Load and unload

2*h
3fh
1*h

*h
Furnace heating: 270 kW and carburizing fluid 6 litres.

Two-Lleuro Mnrnoos The two-liquid method, arso known as the carbomag process, isbased on the use of two different organic liquids which are introduced into the furnacesimultaneously and separately to carburize the parts.25,zo
The first liquid introduced into the furnace generates a carrier gas which only has thefunction of scavenging the furnace and providing the desired positive pressure during thecarburizing process' The liquid is supplied continuously in drops at such a rate that evenwhen the carburizer gas is let in or cut off, a positiv. pi.rrr." will prevail in the furnace.The second liquid cracks to produce the gas n"..rrury tbr setting the desired carbonpotential.

Thus, the carbomag process works like the well-known carrier gas process on the basisof gassification of liquid directry in the carburization furnace.
The advantage of this process is that the carbon potential can be controlled; the needfor an endothermic gas generator is eliminated.

Liquids The liquids used for the carbomag process are mainly methanol as carrier gas andethyl acetate or acetone as carburizer.
During carburizing, methanol splits at high temperature into carbon monoxide andhydrogen as follows:

CH3OH + CO ]-2Hz
The resultant gases formed in the furnace create a positive pressure with a mild carbu-rizing effect.

The liquids used for carburizing dissociate at the carburizing temperature as follows:
Ethylacetate, CH3COC2H5 + 2(C) + 2CO * 4Hz

Acetone, CH3COCI{3 -> 2(C) + CO * 3Hz
operating Procedure In practice, the operation is similar to the drip feed method.

Methanol is introduced into the furnace after the loaded furnace reaches 750.C toprevent scale formation and to act as a carrier gas by maintaining a positive pressure. After
a uniform carburizing temperature is attained (900--930'c), the carburizingiiquid is auto-matically metered into the furnace through a dew point device controlled by a solenoid
lullt.. The operating temperature normally used in the carbomag process is about 930.c.A higher temperature, say 950-1000'c, can also be used dependirg ortheratedcapacity ofthe furnace.

Advantages

1. There is no need for an endothermic gas generator.

J' The carbon potentiar can be controiled bythe dew point device.
3' A higher carbon availability per unit volume prJmotes a uniform carburizing ofblind holes, hard to carburize areas, and carburizing of high density work-loads.
4. Reduced amount of combustible gases.

Disadvantages The disadvantages of this carbomag process are the same as those of thepit type furnace.
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Ce.nnrnn Gls Mnrnoo on CannuRrzrNc Gas carburizing takes place in a gas medium con-

sisting of a carrier gas generated from an endogas generator and a hydrocarbon gas. The

standard procedure is to use a low dew point (12 to 6"C) endothermic carrier gas and to

enrich the atmosphere with lO-15% natural gas, or 3-8fi ptopane gas, or l-3\ butane.

The exact amount of the enriching hydrocarbon gas depends on the surface area to be

carburized, case depth and other factors. Usually., a few trials will establish the exact per-

centage that will produce the correct carburization without sooting.

This method can be carried out in:

1. Sealed quench furnace

2. Continuous tYPe of furnace

3. Shaker hearth furnace

4. RotarY hearth furnace

Sealed Quench Furnace Method The sealed quench furnace is a horizontal type furnace

incorporating an integral quench tank and atmosphere lock (Fig. 11.17). The components

'ilMrifl

Fig. 11.17 Horizontal sealed-quench furnace (Courlesy: Ipsen Industries International

GmbH, W. GermanY)

to be treated are loaded onto the furnace in a container, or in a suitable fixture, after the

furnace attains the operating temperature. Then the furnace is sealed and the flame curtain

is opened to allow the additive to burn out fully and also to avoid ingression of oxygen.

The heating is continued with a florv of carrier gas until the operating temperature reaches

925'C. After the carburizing temperature is attained in the furnace and the charge is uni-

formly heated, the calculated amount of enriching gas is introduced.

The amount of enriching gas introduced into the furnace, in proportion to the carrier

gas, should be 10 to 15fi of natural gas or 3 to 8ol of propane gas, or t to 3l of butane

gas. The exact amount of enriching gas depends on the surface area to be carburized, case

depth and other factors. Usually, the exact percentage that will produce the most rapid

ffi
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rate of carburization without sooting can be established by trial and error.
In the beginning of the carburizing cycle, the enriching gas flow may be increased,

since the demand for carbon by the steel is the greatest wi'en" the work first reaches the
carburizing temperature.2T Therefore, the operator can set the carbon potential as high asl'3ol carbon, without worrying about whether the surface will reach this carbon content.
As time progresses and the case gets deeper, the surface begins to approach a high carbon
potential set in the furnace.

At the end of the process, the enriching gas supply to the furnace is stopped and the
charge is held in the carrier gas.

If the carburizing time is three hours or longer (case depth of I mm or more), a diffu-
sion period is usually desirable,2T in order to control the surfacecarbon content ofthe case
to 0'8 to 0.9'f carbon After the conclusion of the active carburizing period, the enriching
gas is stopped and the charge is allowed to soak at the carburizing temperature in the
carrier atmosphere. During this period, the carbon content on the surfice is reduced to
0.8 to 0.9\ carbon.

As a rough guide, the time required for the diffusion period is equal to half of the
active carburizing period to produce a surface of about 0.81 cafuon content. After the
carburizing or diffusion period, parts are quenched in the integral tank, air cooled for
subsequent reheat operations, or individually removed through slot doors for fixture
quenching.
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Fig. 11.18 Typical continuous gas-carburizing furnace
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Continuous Furnace Method A continuous type furnace, typically a pusher type furnace,28,2e
consists of a heating zone, a carburizing zole, a diffusion zone, and a hardening zone
along with quenching facilities. Besides aquenching zone,it is also equipped with washing
and tempering facilities (Fig. 11.18).

In this method, the components to be carburized are placed in a suitable fixture or
tray. They are heated to 900'C in a carrier gas atrnosphere supplied from the endothermic
generator maintained at a different carbon potential. After the charge is heated, the com-
ponents are moved to the carburizing zone, and held at a temperature of 925oC. Here,
along with the carrier gas an enriching gas is added at a different carbon potential to
enrich the surface of the steel with carbon. The holding time in the carburizing zone
depends on the required case depth. The components subjected to carburizing in a conti-
nuous type furnace contain about 1.2 to 1.3/" carbon on the case. The percentage of enrich-
ing gas used is about 3 to l0\ of the carrier gas.

After the carburizing time has elapsed, the charge is moved to the diffusion zone and
held in the same temperature to reduce the carbon in the case to 0.8-O.g%carbon. This
occurs in the presence of a carrier gas in the diffusion zone.

After the diffusion cycle the charge is moved to a reducing temperature zone, normally
maintained at 840-850'C. After attaining this temperature, the charge is subjected to quen-
ching and subsequent operations.

The cycle can best be duplicated in modern

separations. The method of separation is a

matter of individual preference. Doors and

other devices can be equally effective.

furnaces having definite zone-to-zone

Usually, inlets for the carrier gas and

active gases are provided at a number of
places on the sides of the furnace to obtain a

uniform and better distribution of gases inside

the furnace.

The real value of furnaces with various

zones is in the control of the carbon gradient

and in the possibility of obtaining consistent

case depths. With a precise control in each

zone, the variations in part geometry, mass,

surface area, and fixturing have little effect

on the carbon gradient and case depth for a
given cycle. Typical carbon control levels in

a continuous zone furnace are given in Fig.

1 1. 19.30

Shaker hearth and rotary retort furnaces are also used for carburizing. In such furnaces,

components are charged at one end and discharged at the other end. They are used only

for small components with shallow case depths of 0.1 to 0.17 mm. The carburizing gas is

admitted in a metered quantity into the furnace. These furnaces may be completely mecha-

nized with automatic feeders, quench extractors, washing machines, and tempering units.

Figure I l 20 illustrates a typical installation of such a shaker hearth furnace.

Control of Furnace Atmosphere

TnsoRy In furnaces, the carburizing atmosphere is controlled to obtain an equilibrium

s
C
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L
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Fig.1f.19 Carbon gradient obtained in a

4-zone continuous furnace with
40-minute push cycle

2.0

After 35mm ot
corburizing zone-2

Af ter 35 min



Carburizing 331

(l)
(2)

(3)

Fig. 11.20 Completely mechanised and automatically controlled hearth furnace (Courtesy: lpsenIndustries International GmbH, W. Germany)

with the desired carbon potential. This may be illustratcd by the following reactions thattake place in the furnace atmosphere2a.

Fe f CHa =: 2Hz a Fe(C)

Fe{2CO+Fe(C)+CO2

Therefore carburizing notential ffi
and CH4l(H2)z 

@)
According to equation (1), carbon can be added or subtracted from iron in the austenitestate, represented by Fe(c), by controlling the cHa/H 2 ratio. ro. a parti"ular carrier gas theconcentration of carbon monoxide and hydroge"'ir-.ougtrty constant for a wide range ofcarbon potential' In practice, addition of methane (cHa) ir other trydrocarbons, or reduc-ing the carbon dioxide constant, will increase the carbon potential during carburizing.carbon dioxide in the furnace atmosphere wilr react wittr hya'rogen as follows:

COz * Hz+CO * HzO (5)
Thus, the carbon dioxide constant and water constant, or the dew point, are inter_dependent' A high dew point will promote the formation ol.arbon dioxide and, therefore,

XJlrli*:: 
the carburising potential. Methane and other hydrocarbons will react with water

CH+ * HzO + CO * 3Hz (6)
be added to reduce the dew point and increase the carbon

Therefore, hydrocarbons may
potential.

From this it can be seen that the carbon potential can be determined by the measure-ment of carbon dioxide or dew point.

'i

i
I 1talll!!

h$elffi
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pnacucu, CoNsmnn^q,rroNs The atmosphere required for carburizing is primarily an ade-

quate quantity of nascent carbon. Controlling of the carburizing atmosphere is accomplished

by using the dew point analyzer or similar such instruments.24'28 The desired carbon poten-

tial can be maintained with the aid of an 21

equilibriumdiagram shown in Fig. 11.21which

shows the relationships beween the dew point, l5'5

carbon potential and temperature. r o

The gases supplied to the carburizing

furnace consist of a carrier gas and an enrich-

ing gas. To maintain the neutral atmosphere

in the furnace, the carrier gas is supplied with
a carbon potential of 0.6/, carbon from the

endothermic generator which is maintained

at a dew point of 4'C. This may be varied

depending on the type of furnace. The desired

carbon percentage in the case is 0.8f carbon.

To attain 0.8f carbon in the case at 930'C,

the dew point of the furnace is adjusted to

-3"C with the aid of an equilibrium diagram.

To increase the carbon potential to 0,8/. carbon in the furnace, an enriching gas is added.

In practice, at the beginning of the cycle, the enriching gas flow is increased to main-

tain the carbon potential to 1.2 to 1.31. To attain this carbon potential, the dew point is

0 0.2 0.1 0 6 0.8 lo 1.2 r.1 1,6

Corbon potentiolr'4

Fig.ll.22 The carbon potential ofanendo-
thermic gasof fixed composition,

as a function of temperature
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adjusted to -8 to--10"C. In the beginning of the carburizing cycle, the diffusion ofcarbon into steel at this temperature is niore. As time progresses and the case gets deeper,the surface begins to approach the high carbon potenti-at, set in the furnace. After the
carburizing period is over, the flow of the enriching gas is stopped. The dew point in the
furnace is adjusted to. ;3'c to attain 0.8of carbonin it e case. during this period no enrich-
ing gas is added, and the furnace is held at the same temperature to start the diffusion
period' The high carbon diffuses into the metal, accompanieo Uy u, interaction of the sur-
face of the charge with the carrier gas.

As a rough guide, the time required for the diflusion period will be half of the active
carburizing period. This diffusion period is essential if the case depth is I mm or more.
For case depths below I mm the diffusion period is not necessary. Although the furnace
atmosphere potential may be set to I to 1.2\carbon (as would be indicated by a test piece
placed in the furnace), the surface carbon of a relativeiy larger cross section would not ex-
ceed the desired 0.8/o carbon.

If the charge is to be quenched for hardening, the furnace temperature may be lowered
to 850"C and the dew point suitably adjusted, because the carbon potential increases for
the same composition of the atmosphere and dew point2s as the temperature decreases3l
(Fig. tt.22).

The other equipment used for controlling the carburizing potential are: infrarecl ana-
lyzer, carbon resistance method, oxygen probe method and mici-oanalysis method.

Effect of Tempetature Since carburization is primarily a diffusion process, the higher the
temperature, the greater will be the rate of carbon penetration and case depth. Ga-s carbu-
tizing may be carried out in the temperature range of 880-980"C. In practice, the tempe-
rature most commonly employed is 920 to 930'C. Below this temperature range, cracking
of the hydrocarbon may not be complete an<l the carbon dioxide content oril b. high.z+
Essentially, this range represents a compromise between the speed of carburizing which
increases with temperature, and the furnace life which becomes shorter as the oplrating
temperature is increased. For shallow case carburizing, where the case depth must be
within a narrow specified range, Iower temperatures are frequently used, iince the case
depth can be more accurately controlled with a slower rate of carburizing. It is most
important that the temperature must be uniform in the furnace for consistent results in
carburization. The relationships between the case depth, temperature and time are given
in Table 11.5.

Table 11.5 Case Depth in Relation to Temperature and Total Time
of Treatment (After Hours)

Time at
Temp'C

70 "c

Case depth in mm

980950900 925

I
2

J

4

5

6

8

l0

0.45

0.55

0.65

0.75

0.85

1.1

1.25

1.4

0.55

0.7s

0.95

t.l
1.2

1.3

.- Jr.s
1.7

0.65

0.9

I.1
1.25

1.4

1.55

1.8

2.O

o.75

1.05

L3
1.5

1.7

1.85

2.1

2.35

0.85

1.2

1.5

1.75

1.9s

2.15

2,45

2.75

Horns, P.E., "Case depth: An attempt at practical diffusion',, Mp,lg43, pi ZAS_ZIZ.
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Advantages of Gas Carburizing

1. Time-temperature cycles can be determined accurately for close control of the case

depth. Composition of the carburizing gas can be varied to provide a close control

of the carbon content of the case.

2. The whole charge is heated to a carburizing temperature before carburizing com-

mences. It is hence possible to obtain a uniform degree of case depth that is not

obtainable by any other method.

3. Part handling is clean and relatively efficient.

4. The process is readily adaptable for continuous operation, and requires minimum

floor space.

5. Less time is required to attain the carburizing temperature, since there is no need

to heat the boxes as in pack carburizing.

6. Direct quenching of the charge from the carburizing temperature reduces the heat

treatment cost and also results in minimum distortion.

Disadvantages of Gas Carburizing

1. High capital investment for the furnaces.

2. A generutor is required to produce the endogas used as carrier for the carburizing

mixture.

3. Baskets and fixtures are expensive.

4. It calls for a greater degree of skill on the part of the operator and requires an

understanding of at least the fundamental reactions.

5. A partial carburizing cannot be done, as is possible in salt bath carburizing.

ll.6 Heat Treatment After Carburizing

Irrespective ofthe method of carburizing, the carburizing parts should undergo a certain

heat treatment for the following reasons:

1. To produce a hard surface to resist wear and possess higher impact strength.

2. As a result of being held for a long time at elevated temperature during carburiz-

ing, the internal portion of parts made of plain carbon steel will also acquire a

coarse-grained structure, and this has to be reflned after carburizing.
3. The carburized case may contain excess cementite as a network, thus inducing

brittleness which will result in cracks during grinding.

The subsequent heat treatment of the carburized component will vary according to the

type of component and severity of the condition to be encountered in service. To obtain

maximum refinement of both core and case, two forms of heat treatment are required.

The first involves heating to a speciflc temperature so as to refine the core, and the second,

reheating to a lower temperature suitable for hardening the case. Sometimes a single heat

treatment is adopted, either to harden the case or refine the core, or to obtain both at a

suitable temperature.

Two fine grain steels may be single-quenched satisfactorily. Sometiines, they are quen-

ched even directly from the hardening temperature.

Quenching media used at different stages in*he har0ening treatment depend mainly

on the composition of the steel and on the size of the component. For steels with high
alloy contents, oil quenching or salt bath quenching (150-180"C) is usually sufficientto



produce a hard case and to reduce distortion and cracking. Forbrine or.poly-mer quenchunt, *ov ullo*"0
Details of heat treatment metiods uaJpt.O after carburizing

1I.6.1 DIRECT HARDENING
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unalloyed steels, water or

are'given below:

rn direct hardening method, the components are hardened directly from the carburizingtemperature. This methoa .u, u. ;;;G;.,r,.n tr,. .o;;r;;, are carburized by usingmolten liquid or 
" 

*":.,::: medium. 
'quercrring 

can be f,;'1" water, oir, or in a mar_
tempering bath, depending on the type oisieerused. r,o. rini'rrmdistortion, quenching in
a martempering bathmav ut uaopt.iii"r"i.o by air coorinf i".',,,,r reason direct harden-
rng generally results in the smalliriil,,,rrri"nal changes of the cshows the direct hardening ,orttroo. 

---'--",onal changes of the components. Figure 11.23

Fig. 11.23 Carburizing cycte for direct case hardening

Quenching directly from the carburizing temperature results i, the hardening of bothcase and core' However, quenching directry rro.r, tt. .*;;;;;;;, temperature may leaveretained austenite, w^n.e1 irisn ;i& ;;;;;rt. steers are treated-'to minimize the retainedaustenite. In steers rl-nfn ,rr"v 
"",u.ii, n ,, ,h; ;;;ri;;u.i..,o contror the carbon of
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;TjT:T:in a furnace. The amount of retained austenite *uV O. iurifrer reduced by the subzero

:i:ilffJj. " -80'c'33 corrpor.rt, q,i*"r,.a rro- u rl*",.ro.rature revear less

-#*ff:l:$;:. -"t' suitable for fine-grained steels. rt is economicar and may be used

1I.6.2 SINGLE HARDENING WITHOUT CORE REFINEMENT
Parts which
temperature
(750-780.c),

are pack-carburized, are first arowed to cool in the box, and then heated to anecessary for hardeni.lg:-A11., h";; them jusr above Aclremperaturethey are quenched in water, oil or salt t"irr. ro quenching from such a tempe-
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rature, the outer zone will be hardened and the core will be partially refined. This avoids

overheating of the surface layer and results in reduced distortion. Therefore, this method

is more suitable for treatment of intricately shaped parts'

This rnethod can also be adopted for parts that are carburized in a salt bath, whose

case depth exceeds 0.5 mm with 0.8 to l.Oficarbon potential. If the parts are quenched

dircctly irom the carburizing bath, it may lead to lower surface hardness due to the presence

of retained austenite resulting from higher surface carbon. Quenching from a low tempe-

rature, after air cooling, r"rrit, in a higher hardness (Fig. 11.24). The amount of retained

austenite may be reduced further by subzero treatment'

Poch-corburizing
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Big.ll.z4 carburizing cycle without core refinement, and for core refinement

and hardening

11.6.3 SINGLE HARDENING WITH CORE REFINEMENT

In this method, after carburizing, the components are cooled slowly to room temperature.

They are then reheated to a higher temperature (880-900'C) for core refinement. Parts

quenched from this temperature possess a higher impact and tensile strength. This method

is widely used for automobile gears, and the resulting product has a case which secures

more support from the hardened core, specially required for heavy duty services' A further

advantage is the minimized distortion, since only one quenching treatment is used. The

treatment is best adopted forfine-grained steels. If used on steels possessing marked hard-

ening tendencies, the high quenching temperature favours the retention of austenite due

to the presence of a relaiiveiy high proportion of alloying elements. This may result in

some reduction in case harclness. Retention of austenite is undesirable, and it can be reduced

by a suitable subzero treatment.

Single hardening with core refinement is being increasingly preferred over other

methods. It is true that the grain of the surface layer is somewhat coarse, but this is quite

often accepted in view of the fact that the mechanical properties of the core are equal to

those produced by a double-hardening operation'

II.6.4 SINGLE HARDENING WITH INTERMEDIATE ANNEALING

In this method, after carburizing the parts are annealed at 650 to 670'C' After annealing'
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the carburized layer is machined off in areas where further operations like broaching, dril-ling etc'' are to be performed after hardening- The_annealed parts are then heated to therequired hardening temperature to get the desired hardness io- ,n. carburized zone andthe required toughness on the 
"o.". 

io*, the operations such as broaching and drilling canbe easily performed on the core (Fig. ll25).
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Fig' 11'25 carburizing .r.,. all:*;;;;ith intermediate annearing andhardening

11.6.5 SINGLE HARDENING WITH ISOTTTERMAL ANNEALING
This method may be applied in salt bath carburizing when the case depth exceeds 0.g mm.By employing this method, a higher case-hardness can be ouirir.a compared to the directquenching method (Fig. 11.26).
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II.6.6 DOUBLE HARDENING

parts requiring high mechanical properties are subjected to double hardening after cooling

from the carburizing temperature. In this method' both case and core are refined'

parts are finished, reheated to above Aca point (880-900'C) to refine the core and to

eliminate the cementite network, and subsequently quenched. Thereafter, the articles are

again heated to above Acl temperuture (750-780'C) to refine the case, eliminate the effects

oi overheating and to impart high hardness to the case. They are then quenched (Fig.ll.27).
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Fig, 11.21 Carburiziog cycle for double hardening

This method should be restricted to such parts as are required to have a fine-grained case

of superior quality. The disadvantage of this process is that it leads to a greater dimensional

change than in the case of simple hardening. For these reasons double hardening is not of

much practical value.

11.6.7 SUBZERO TREATMENT

Subzero treatment is applied to those carburized cases which are susceptible to austenite

retention and also to intiease hardness and wear resistance of components.33

Precision parts, highest accuracy gears and spindles made of alloy case-hardening steels

may contain retained austenite during case hardening'

The presence of retained austenite in the case reduces the maximum attainable hardness

and gradually effects dimensional changes on the parts, as the retained austenite continues

to trinsform slowly into martensite at room temperature a long time after the hardening

process. In order to avoid subsequent dimensional changes and to obtain peak hardness,

the components are subjected to a subzero treatment.

Subzero treatment should be carried out immediately after hardening the components'

prolonged holding at room temperature,'after hardening, will stabilize the austenite.

Theiefore, the following heat treatment procedure should be adopted in the given order

(Fig. 11.28):
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(-70t0

Fig' 11'29 surface hardness after quenching directly from a carburizing

2. Harden 
tem,erature of 930'c

3. Sub-zero treatment ( -g0 to _100.C)
4. Tempering (150 td tg0"C).

Table 11.6 gives results obtained by subzero treatment of various steers.32

Table 11.6 Effect of Sub_zero Treatment on Case Hardness

Austeniz rng

\Subzero trcotment

Steel Pack carburized at 900.C case hardness

Specification Type IIeat treatmeot oC 
euenched

After 40

minutes

at -80'C
659M15 (En39A)

EN 37

66sM23 (EN35)

4t% Ni

s% Ni

2olo Ni-Mo

oQ 870, OQ 780

oQ 780

oQ 820

oQ 830, OQ 760

oQ 760

oQ 700

876

854

7m

672

786

756

892

882

732

945

909

900

722

786

8r0

938

9ll
959

oQ 870, oQ 780

oQ 780

oQ 820

oQ-oil Quench

1T.6.8 TEMPERING

case-hardened steels should be tempered to relieve the quenching stresses that are inducedduring hardening' This is particularly so when the haidened surrace is to be ground andthe brittleness of the martensite formed to be reduced. Resistance to cracking during grind-ing operations is improved by stress'relieving- the hardened ;;; in the temperature rangeof 120-180"c' This does not reduce appreciably the hardness urj h.n." the wear resistanceof the case. such stress-relieving treatment, however, does not help to overcome thegrinding cracks associated with undissolved carbide in the network form.
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The soaking time is preferably about one hour per inch (25 minutes per centimetre) of

the section, and the parts are subsequently cooled in air. Tempering will decrease the hard-

ness by 1 to 3 HRC- In some instances, where shock loading occurs in service, it is desirable

to promote a somewhat better toughness in the case. This can be achieved by tempering

at a higher temperature, for example at 200'C, although some sacrifice in hardness must be

accepted, as shown in Table 11.'l .32

Table 11.7 Influence of Tempering Temperature on Case Hardness (Oil Quenched)

Steel Hardoess HV

Specification Type Untempered 100'C 150'C 200"C

EN 33 3% Ni

EN 35 2f Ni-Mo 665M23

800

850

825

780

800

800

850

825

775

745 670

790 720

760 690

7to 660

EN 36

EN 37138

EN 39A

3f Ni-Cr 655M13

5% Ni & S/5% Ni-Mo

t4*%Ni4r 659M15

{+z *""r-*o 835M13

11.7 Flame Hardening after Carburization

Carburized components may also be flame-hardened to attain a hard, wear-resistant case'

The depth of thi hardened case may vary in relation to the depth of carburization' The

flame hardening procedure is applied to heat the carburized case to its full depth for hard-

ening. Parts to be subjected to flame hardening are first carburized and then air cooled

slowly to obtain a low Lardness. After this treatment, flame hardening is done on a certain

portion of the part, or fully, depending on the requirement. The flame hardening tempe-

rature will be in the range of g5b-SgO"C. To attain uniform results, the speed of travel of

the flame head or the duration of heating should be held constant. Since the cores of low-

carbon steels, so treated, do not harden substantially, the method provides a means of

accurately controlling the case depth of the hardened case.

The advantag. oiflu-. hardening is that selective hardening of some portions of the

part is possible. Differential hardness may also be obtained. Since the unhardened portion

is soft, machining operations such as drilling, tapping, etc., may be done during assembly'

Since the components, after carburizing, are cooled slowly from the carburizing temperature,

the distortion will be less.

11.8 Induction Hardening after Carburizing

Components, after carburizing and air cooling or annealing, may be adopted for induction

hardening. This process helps develop better dimensional characteristics. In components

like gears, it incriases the bending fatigue, and in the case of rear axles and power shafts,

there is a considerable improvement in torsional properties.

By adopting this hardening method after carburizing, a low cost material can be used
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for most of the components' rt also reduces the heat treatment cost. Differential and partialhardness can be achieved^in shafts and pinion shafts. ror exampte, in the case of a pinion,a hardness of 58 to 60 RC can be obtained at the tooth poriion while the ,..-uiiirg por_tion has a hardness of 40 to 45 RC. This can be achieved by varying the power suppryduring induction hardening which controls ,fr" ,._p*riri..",
Since dimensional variation and distortion will be t.r, uii., carburizing and air cooling,components Iike gears can be subjected to machining op"rutiorm such as drilling and broach_ing prior to induction hardening, so that onry the teeth are hardened.

11.9 Recent Trends in Carburizing

11.9.1 VACUUM CARBURIZING

carburizing at higher temperatures (I000-ll00"c) is unusual in conventional furnaces, forit may cause an excessive grain growth in the steel. However, in the last A..uA., frigttemperature carburizing has been carried out effectivety uy using vacuum furnaces. Thismethod has shown significant savings both in processing time and the vorume oilur, i,addition to obtaining improved mechanicar properties.3a,""Th;;";;;;;r;;r]#l 
i"rrrt,chiefly from the higher, permissible temperature, and the savings in natural gas or methanerepresent a considerable saving of energy. Information on th"is process first appeared in

ll.,"H,J.lr;::X*.r: 
specialists from uiyes company fusairrr,i.r"d vacuum 

".r.rir.,rire
The components to be carburized are first placed in the heating chamber kept in a tray,and the furnace is then evacuated. The wori is thereafte. 

-ilur"o 
in the furnace to thecarburizing temperature' The temperature is usually in ttr. ,urg" of 1000-1050.c. At thisstage, a controlled amount of hydrocarbon gas (methane, butane, propane, etc.) is intro_duced into the furnace with a suppry pressure, in the range or lo_zoo m bar. The amountused is based on the size of the load, area of the surfaces 

"to 
ie 

"aruurized, 
the depth andconcentration' At the carburizing temperature, the maximum carbon potential of theatmosphere makes it possibre to achieve u rrign", concentrati,on-of carbon (1.5 to r.g\) onthe surface. At the end of the saturation pe.riod, th" fl"; ;;;; i, ,t rt off, and th. ,u.rr_pump evacuates the excess gas. After this, the diffusion clyJe sets in, during which thedesired effective case depth and carbon concentration are achieved. After the carburizingtreatment the components are quenched to attain the desired hardness.

11.9.2 PLASMA CARBURIZING

In plasma carburizing, carbon is imparted to the surface of the steel by the impingementof carbon ions escaplng rro; ;;l;;;gas or prasma.a,s The workpiece to be treated isheated to a carburizing temperature, i.e, to+o to 1050"c i, vacuum, with a subsequentintroduction of a small volume of carbon bearing gas. The workpiece being the cathode,it is ptaced near the anode of a DC circuit. i t;o il ;;r;;r. impressed between theworkpiece in the anode ionises the gas into a gtowing plasma.'A thin plasma enveropesthe workpiece completely, reaching all its surfaces. orie io ionization, this thin plasmadissociates the carburiziDg gas and a high carbon potential l. .riuumn"d on the surface ofthe steel' Since carbon bearing gas in ti" fu.ou"" is dissociated by the plasma principallyat the electrode region, a high carbon potential exists only in sucn areas. In other areas
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of the surface, i.e. outside the inter-electrode space, the carbon potential is quite low'

Thus, the tendency to form free carbon in areas remote from the work load is diminished'

The total cycle time for plasma carburizing is only half that required to achieve similar

results with vacuum carburizing. Compared to the conventional gas carburizing, a total

energy usage ratio of 1.0 : 0.08 is claimed in favour of plasma carburizing.

Plasma carburizing is extremely quick. For example, a 2 mm thick effective case depth

can be attained in a sample AISI l0l8 steel at 1050"C in 52 minutes. This is attributed to

a Combination of high temperature, higher effective Carbon potential and the increased rate

at which carbon enters the surface due to the action of plasma. Such a single stage treat-

ment yields an elongated plateau of over-high carbon in the case. Hence a boost/diffuse

procedure is adopted, involving typically l0 minutes carburizing at 1050'C and followed

ty 30 minutes of diffusion at the same temperature to achieve a normal case depth of

I mm.

11.9.3 CARBURIZING, USING NITROGEN/METHONAL AS CARRIER GAS

In recent years, considerable interest is being taken to find alternative carrier gases to be

used with the endothermic gas for controlled atmosphere carburizing. Ono such method

uses the nitrogen/methonal endomix gas for carburizin9.6'7'36

If methonal is fed directly into the furnace, it readily cracks at the carburizing tempe-

rature to produce carbon monoxide and hydrogen in the same ratio as obtained in using

an endothermic gas. The typical reaction that occurs is:

CH3OH+CO *2Hz

By adding an appropriate amount of nitrogen, the endothermic gas can be synthesized

readily in the furnace as follows:

N2+CH3OH+CO*2Hz*Nz

The atmosphere so produced can be regarded as a synthetic endothermic gas, similar

to that produced from a natural gas. The typical composition of an endothermic gas derived

from propane and natural gas, and the composition of endomix gas are given in Table

11.8. It is clear from the table that the composition of the atmosphere in the furnace is

similar to that when an endothermic gas is used.

Table 11.8 Typical Composition of the Nitrogen/Methonal Atmosphere in
the Furnace Compared with Endothermic Gas

Endothermic gas
Analysis

%co

7.H,
7. Coz
o/o C}{a

7.N,

Nitrogen/Methonal
Endomix

t5-20

3545

0.4

0.3

Balance

From oatural gas

19.8

40.4

0.3

0.5

Balance

From propane

23.8

31.2

0.3

0.1

Balance

The components to be carburjzed are heated to the carburizing temperature of about

925"C in a sealed quench furnace. A base atmosphere of 509fmethonal and 50"1nitrogen

of natural gas were made in order to regulate the carbon potential. The hardness and the

case obtained for different time periods is given in Table 11.9.
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Table 1I.9 Results of Short_cycle Carburizing Triats

Furnace time,
hours

Endomix gas effec-
tive case depth, mm

Gas surface Endothermic Gas surface
hardness effective, case depth taraness-

mm

8

7

5

3

1.19

1.09

0.91

0.61

766

798

780

786

773

775

775

780

t.t7

1.09

0.91

0.61

The most important advantages claimed for this process are clearness of the atmosphere,good' soot-free surface appearance of components, and the elimination of an endothermicgas generator' Further, the process does not represent a crose monitoring of the gas systemand is extremely rapid to start.

11.10 Shop problems and Remedies

There are a number of shop problems usually encountered in the carbu rizingprocess. Thenature of the problem encountered will depend upon ilre practical situation that prevails;nevertheless the most commonly encountered probi.*, ur"il. Low hardness

2. Uneven case depth
3. Insufficient case depth
4. Non-uniform carburizing
5. Sooting
6. Distortion
7. Soft spots

8. Cracking exfoliation
9. Grinding cracks
The shop problems listed above are discussed in greater level in the following pages.

11.10.1 LOW HARDNESS

It is found that the commonly caused problem of low hardness is mainly due to a highercase depth, presence of retained austenites and decarburization.

Higher case Depth ro get more than 0.g to 1.4 mm case depth by sart bath or packcarburizing, the surface of the steel wil be_enriched uy a trigiei;;r;;r-;;rr*r'"e.rrro
l'44'/o catbon), since quenching from the carburizing t".p.rut"ur. at 925"Cresults in alowerhardness (Fig. I1.29). This is due to the presence of retained austenite.32,33 This problem maybe overcome by subjecting the compor.rt, to a single quench treatment. Thus, after coolingto room temperature (from the carburizing temperature) the components are subjected toheating above the criticar temperature (g00-g30;c), followed by quenching.

It may be seen from Fig. 11.30 that there is an increase in hardness after the singlequench treatment. At this low temperature the dissolution of ca.bon content will be 0.g tol 'oft into austenite. This reduces the risk of formation of retained austenite after quenching.
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Fig. 11.30 Surface hardening after carburizing and single-quench treat-

ment. Hardening temperature 830oC

Retained, Austenite In the hardened condition, a low case hardness is sometimes encounter'

ed, even when the case hardenability of the steel is adequate. This is mainly due to retain-

ed austenite.32,33 Retaifled austenite occurs mostly in high alloy steels.37 This is due to the

presence of carbon in austenite; along with the alloying elements it will tend to stabilize

at the carburizing temperature and resist the transformation into martensite on quenching.

If this combination is quenched from high carburizing temperature, some of the austenite

does not change into martensite during cooling and remains as a part of the structure. This

is called the retained austenite. It is soft, and hence contributes towards lowering the over-

all hardness of the components.

1.61.20,2

Soiid ( 6 h)
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The amount of austenite is increased by a slower cooring rate, a higher hardeningtemperature' and an increase in the alloying elementg.4r ThI retained austenite may betransformed into martent-itt-lv cooling toabolt 50 to 100"c, with an increase in hardnessof about 15 to 16 rockwell cra lTablei.roy. rn. amount orrltaiieo austenite can be mini-mized by hardening the component from a lower range of rruro.riog temperature and afaster rate of quenching.

Fig' ,'31 Effect of austenitizing temperature oD the amount of
austenite retaincd at room temperature

Figure ll'31 illustrates the effect of hardening temperature on the amount of retainedaustenite' It is clear that in the case of AISI 9300 sieel, ut u t u.a.oing temperature of 930oc,there is 50Io austenite upon quenching. 
-- ---"' s9 B rtsruw'

The presence of retained austenite can be minimized by limiting the absorption of carbonduring carburizing.

Figure 1l'32 shows the relationship between the carbon content, the hardness as quench-ed and the amount of retained austenite in the case of trr.".ilgrrrv alloyed steels, directlyquenched after carburizing. A maximum case hardne* r,aving 6.0 b 0.7% carbon was ob-tained with an austenite level below 20 per cent. To attain this range of carbon percentagein the case' it is necessary to hold ttre caruon potential at 0.6 to 0.71 duringgas carburizingor by the diffusion process at the end of the carburizing cycle.
Another method of controlling retention of austenitl in iigh-ca.uon cases is to adopt asubcritical annearing after the_carburizing and quenching ;;o;;;.r, to precipitate the excesscarbon in the form of fine, spheroidized-carbides. srb;A;;;;l;;ting at a rower hardeningtemperature for a short wh,e may lead to the desired rrirar"rr.-
Subcritical annealing is done at 600 to 610'c for g to l2 hours, followed by austenitizingjust above the Acs temperature for a minimr_-f.rgri. 

"f;-;;.""'

t,

{
c,

.E

o&
(n
f,
o
1'
o,

.E
o
OJ

E

1:99 lgog rzoo-liloo rgoo-6-o
.(816) 

(87r (s?7) (s82) rioiat i,6;t
Austenit izing temperotureof (oC )



346 Handbook of Heat Treatment of Steels

(J
o
l^
o,
c
o
o
-
CJ

3
U
o
E
c,
.E

(,
ul
:,

3.5%Ni.0..25 Mo

/

SAE 5% Ni.0.25tt

I

/

0.6 1.0 0.2 0.6 10

Cqr bon o/o

Fig. 11.32 Effect of carbon on maximum attainable hardness and amount of
retained' austenite in 3 steels direct quenched after carburizitg at
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Table 11.10 Results of low-temperature treatment on the surface hardness

of a high-carbon case of 3316 nickel-chromium steel

r.00.60.20.2

4 Ni'1:5 Cr.0.l0

Treatment as quenched Rockwell l5N hardness Rockwell C hardness

As quenched

Quenched and tempered at 150"C

Quenched and treated at -84"C

Quenched, treated 3 h at -84"C
and tempered at 150"C

Quenched, tempered 3 h at 150'C
and treated at -84'C

83

83

9l

91.5

90

45

45

62

63

60

Decarbarization In pack-carburizing, the phenomenon of decarburization may occur

during cooling if the rate of cooling is too slow, since at lower temperatures, the atmos-

phere in the box may become one of decarburizing rather than carburizing. The decarbu-

iized layer of steel will have a low hardness due to the presence of lower carbon.3e To

attain the required carbon content on the surface, carburizing should be repeated at a

normal temperature for a short time, followed by cooling of the container in air at a

faster rate.

11.10.3 UNEVEN CASE DEPTH

The variation in the case depth, which occurs on pack carburizing, may be due to an im'
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proper packing or an unevenheating of the container. An excessively fine carburizing com-pound may also cause soft spots by preventing contact between some portions of the steelsurface and the carburizer.

Ptevention Thorough mixing of the carburizer; use of a solution of carbonate and molas-ses as a binder in the manufacture of the carburizer; uniform heat soaking of the container.In gas carburizing, if the free flow of gas all around the surface isprevented, some partsof the components will not be in contact with the gas roog- .;oogh to be carburized. Thismay result in an uneven case depth, and it is necelsary ,i rruu" a uniform distribution ofthe gas around the charge. This can be achieved uy *"un, of a powerful circulating fantogether with a suitable baffie system.

11.10.4 INSUFF'ICIENT CASE DEPTH

rnsufficient case depth may be due to the low temperature employed during carburizing.To attain the required case depth, carburizing shciuld u. ..p"ut"o with the usual carburizerat a normal temperature between 900 and 930.C.
Insufficient case depth may be due to a weak solid carbur izer or an insufficient gas feedin gas carburizing' use of a strong carburizer and sufficienf r""alrg of gas may assure therequired case depth.

11.10.5 NON-UNIFORM CARBURIZING

This is due to improper cleaning of components before carburizing. If the components aredirty, with a greasy work surface or an oxidized surface, it will lead to non-uniform carburiz-ing' To avoid this, it is most essential that the components are thoroughly cleaned beforecarburizing, either by degreasing, or sand blasting, or acid 
"i.unirg.

11.10.6 SOOTING

Sooting in gas carburizing not only spoils the appearance of the work but also interferes
with carburizing. sooting is due to an excessive amount of gas being fed into the furnace,resulting in a free-carbon deposit on the components and in the furnace.32 This may beminimized, or prevented, by giving proper attention to the gas carburizing atmosphere,
so that the rate of carbon supply to the steel surface does noi exceed the rate at which itcan be absorbed' various methods can be adopted, but the use of either a diluted hydro-carbon mixture under controlled flow conditions, or a mixture of gaseswhichwill muiuallyreact to give an atmosphere in equilibrium, is generalty satisiaciory.

II.IO.7 DISTORTION

A certain amount of dimensional alteration usually takes place due to the alteration inmicrostructure when a part is quenched. Generally, in case hardened parts this takes placein the form of expansion or contraction in bores ofg.u.r, t"y, in spindles, etc., and itdepends somewhat on the composition of the steel and tne microstructure. such alterationsare unavoidable but uniform, and can be allowed in machining. Too rapid a rate of heatingand a higher case depth will also increase distortion. The distortion may occur duringhardening due to the following reasons:

Release of lfiernal ,srresses Stresses can be caused in steel by carrying out rolling, forging
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or machining operations before hardening. It is these stresses that will be released during

heating to the hardening temperature and cause heavy distortion after hardening. It is best

to release stresses due to rolling or forging by annealing or normalizing before machining.

When heavy machining has to be done and minimum distortion is essential, it is advisable

to give a stress-relieving treatment at 550 to 600'C for 1 to 2 hours, between roughing and

finishing operations. After stress-relieving, the finishing operation should be done with light

cuts at the lowest allowable speed.

Drastic Quenchiag Distortion may.take place due to drastic quenching; the extent depends

on the shape of components. Long, slender parts or parts with abrupt and considerable

changes of section will always warp to a certain extent after the steel is quenched from the

hardening bath. Distortion will be more if the components are water-quenched, and

may be reduced by quenching in oil (60"C). Further, it may be reduced by quenching in

a warm bath maintained at 180 to 200"C, and subsequently cooling in air.

High Tempetatute Hardening Distortion may be reduced by hardcning from a low (780"C)

or a medium hardening temperature (800-830'C).

However, when case-hardened mild steel parts of fair size, with only a superficial case,

are water-quenched from approximately 900"C, there is a decided tendency for warpage

and expansion. This may be obviated by conferring a deeper case on the parts, and by

oil quenching from a carburizing temperature of 900"C followed by reheating to 730"C and

quenching in water.

Rehardening It is important to select an initial suitable hardening temperature, so as to

avoid repeated hardening to get the final hardness. Sometimes, repeated hardening will

lead to abnormal dimensional changes in the component, leading to rejection of the compo'

nent itself. Hence, it is also necessary to counter-check the furnace temperature before

hardening.

[Jneven Heating lJneven heating is a cause of distortion. It is more common in the'box'

carburizing process, where the portion of the component nearest to the wall of the box

gets heated well before the central parts get heated. Also, long shafts which have to be

laid horizontally, undergo distortion as the carburizing compound underneath them gets

consolidated, resulting in unevenness. Such parts can be hung vertically by using a proper

fixture. The carburizing treatment of such components should be done either by liquid

carburizing or gas carburizing to reduce distortion to a minimum.

Soft Spots The presence of dirt patches or scale on the surface will also hinder, or entirely

prevent, the penetration of carbon. This may result in soft spots. Hence it is necessary to

clean the components thoroughly before carburizing.

IJnevenness of carburizing may be another cause for soft spots. This is more common

in pack carburizing, if the compounds are not properly mixed before packing. Soft spots

may also result because of the insufficient time allowed for the centre of the pack to attain

and remain at the required temperature for a sufficiently long time during carburizing.

Even though carburization may have taken place, it may be very thin in some places, and

a subsequent grinding may expose the soft core.

Another cause for softness may be the development of an excessiyely high temperature

under the grinding wheel.

Use of an insufficient quenching media, too warm a condition of quenching media, or



Carburizing g4g

:::::::*itation 
of the quenchant mav arso cause soft spots in the case of a heavy charge.

rreventrcn

I. Proper mixing and packing of compounds.
2. Avoiding repeated use of used compounds.
3. Using proper coolant during grinding.
4. control of temperature of quenching media (oil: 60-70"c, water: 2s"c).

1I.IO.8 GRINDING CRACKS

Normally, case'hardened alloy steels possess good grinding properties. But the super-saturated case has a greater tendency to crack *t it. grlrairg it u, a eutectoid case. Even aperfect case can.'crack if an unsuitabie wheel, without propeidressing, is used. The processof grinding heavy cuts or insufficient coolant may alro .urr. 
"ru"k,Prevention

I. Correct choice of the grinding wheel.
2. Proper dressing.
3. Sufficient coolant, especially with high velocity jets.

11.10.9 CRACKING AND EXFOLIATION

Ifthin sections are deep carburized during the carburizing cycle and the parts are quenchedin water or brine, hardening cracks usually occur, o, 
"tr"in. "ur., 

*uy become brittle. Theremedy, is to avoid deep carburizing, or recommend design arterations.
Cracking and exfoliation occur on tn" carburized complonents due to the supersaturationof the case with carbon, leading to the formation of u 

"urbid" ".*;; ;l;il;;;.r""
takes place because of too-slowheating to the carburizing temperature (mainly in packcarburizing) with a high carbon potentlal. This conditio, t"upf.rx when the loaied chargeis large in volume and the carbon potential of the unboost.d .urri.r gas is high at a lowertemperature.

In pack carburizing, if the concentratio_n of the carburizing compound is higher, theausteniteis supersaturated with carbon, leading to precipitatiorui the austenite grain bound-aries' when the components are subjected to slow cooling from the carburizing temperature.This structure causes brittleness uoa ir responsible roi the development of cracking andexfoliation.

Prevention

I' Maintain appropriate carbon potential in the carrier gas during heating.
2. In pack-carburizing, a low activator may be preferredl
3. A faster rate of cooling may be adopted afteicarburizing.
4' Single or double hardening with case refinement -uy u. adopted during heattreatment.

1I.10.10 CASE HARDENING STEELS

Case hardening or carburizing steels are primarily intended for components requiring asurface with high resistance to wear or indentation, and a core having an adequate strengthto withstand structural- Ioading, but tough enough to ensure that the component has agood resistance to shock. Apart from this, an enhanced fatigue strength is also of primaryimportance' The marked improvement oi tne fatigue limit, simultaneously associated with
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the case hardening process, is basically due to the internal strain which counteracts the

local high impact strain.

Low carbon steels, containing from 0.1 to 0.2/" of carbon, may be subjected to carbu-

rizing. Steels with higher carbon, say 0.2 lo0.3l, may be employed for large components,

since they possess a higher hardenability. As tempering is not essential for case-hardening

steels since the hardness decreases from the surface of the core, the tensile strength of the

core can generaliy be influenced only by the addition of alloying elements such as manga-

nese, chromium, nickel, molybdenum, etc. The presence of alloying elements increases

hardenability. The use of alloy steels reduces distortion while quenching, since oil or salt

bath may be used instead of water as the quenching medium. This enables complex machine

parts to be successfully carburized and subsequently heat treated.

It should be borne in mind that a low carbon alloy steel should be selected for compo-

nents such as, spindles, shafts and gears, which undergo broaching, drilling,tapping, keyway,

etc. A maximum of 0.1 to O.l2% carbon content steels should be selected to make sure

that even small cross sections do not attain a high core hardness, say around RC 30. In

practice, if it is more than RC 30, broaching, drilling or tapping becomes difficult after

hardening.

The hardness of the case varies according to the type ofsteel and the treatment applied'

For example, the hardness of water-quenched carbon steels is about 950 VHN, and in the

case of highly alloyed steels, particularly those with nickel as the major alloying element,

the hardness may be as low as 700 VHN (HRC 58). A factor contributing to this lower

hardness may be that, after quenching, the case of the highly alloyed steel is completely

transformed to martensite, and the presence of retained austenite, which is a soft consti-

tuent, will influence the final overall hardness. The presence of retained austenite is not

advisable for applications where maintenance of extreme accuracy is essential. In the long

run, at room temperature, the transformation of the retained austenite could lead to very

marked dimensional changes. In such instances, stability can be ensured by applying a

subzero treatment (- 80'C) after hardening to transform the retained austenite to martensite.

The recommended case hardness (after final quenching and tempering) should be RC 54-58

for worm gearsr RC 59-64 for steel mill gears; and for other gears RC 57-63 (or RC 58-62,

if tighter limits are needed). In cast-face gearing, or other uses where tooth chipping may be

a problem, a more ductile surface is needed with a hardness of about RC 53-57.

It is recommended that gears with contact stress values of 180,000 psi, should be hard-

ened to at least RC 55. If stresses reach 225,000 psi the hardness should be RC 59-64. And

when the stresses reach 300,000 psi, the gear should be hardened to RC 63-a level diffi-

cult to reach in production.

The case depth desired for a component depends to a large extent on the design and

service requirements of the components. Where high local loading is involved, such as in

pinions with a high tooth curvature, ball and roller rods, tappets, etc., the case should be

of such depth that the Hertzian stresses developed at any point below the surface are well

below the fatigue limit of the material at that point. A deep case may be desirable for parts

subjected to wear and this can be allowed to reach an appreciable depth before the parts

become unserviceable. For applications such as worrn shafts and journal surfaces on which

the local surface pressure is comparatively low but high resistance to frictional wear is

essential, a much shallower case may be adequate. Table 11.11 indicates the different types

of international steels that are used for case hardening.
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11.10.11 RECOMMENDED PR.OCESSING SEQUENCE tr,OR CARBURIZED
COMPONENTS

Depending onthe type of component to be manufactured, the following processing sequenc-es may be adopted;

L Small and medium size components
i. Forge

2. Normalize
3. Anneal
4. Pre-machine

5. Carburize and harden
6. Temper

7. Finish machine
II' Small and medium size components. with machining operations, such as drilling,broaching, tapping, etc., after hardening

l. Forge

2. Normalize
3. Anneal
4. pre-machine

5. Carburize and anneal
6. Machine
7. Harden and temper
8. Finish machine

III. Big_and complicated shape components
1. Forge
2. Normalize
3. Anneal
4. Rough machine
5. Stress relieve
6. Pre-machine
7. Carburize and harden
8. Temper
9. Finish machine

IV. Big and complica.ted shape components
tapping, etc., after hardening
I. Forge

2. Normalize
3. Anneal
4. Rough machine
5. Stress relieve
6. Pre-machine

7. Carburize and anneal
8. Machine
9. Harden

10. Temper
11. Finish machine

with machining operations such as drilling,
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Data Sheet lt.2-Type 1 (ISO)

CHARACTERISTICS AND APPLICATIONS
A non'alloy case hardening steel which can be carburized and water-hardened to produce

il.'fin' J.f :*; iJ;,il #','f ffff 
e, w i th 

" 
;";;.,; o,,,," .,;;i ;; ; i;i;,,

used for making cam shafts, light duty,g."uIr_, 
rvorms, gudgeon pins, serect orforks,

ffi:iH:T,Tl';,"i,1,:lili:.r",,,,jj:,:?ix'.f ,t.,;il.:',i:".r,".i."i.".,,,iii"" ",0

HEAT TREATMENT

Forging commence

Finish

Carburizing
Core hardening
Case hardening
Tempering

I200'C max
900"C min
900-920"c

900'C (Oil or water)
7.60-7 80' C (Water qu ench)
150-180'C (To relieve stresses)

Table t1.12

C)o
a

Standard

Designation

*urrlt*%-ro on!i.-u,

Type-I CIO

DIN
17210-69

CKlO

AISI

I0t0

0.88-0. I 3

0,I0 max

0.3-0.06

o.a4

:,

BS
97011-83

045Mr0

NFA
35-55I-83

xcl0

GOST
1.050-14

10

JIS
G40st--79

s10c

0.08-0.13

0.15-0.3s

0.3-0.6

0.030

q
o

oa
o
a

o

o

Q

c%

si 96

Mn 9'o

<P%

<s%
cr%

Moo/"

Ni%

Others

0.07-0. r 3

0. t5-0.40

0.30-0.60

0.035

oo:

0.15 max

0.05-0.35

0.3-0.6

0.05

0.035

0.07-0. I 3

0.15-0.35

0.3-0.6

0.035

,T

0.07-0.13 0.06_0.12

0.1H.40 0.05_0.30

0.3-0.6 0.3_0.5

0.035 0.035

0.035 0.035

<0.3

<0.4

0.07-o.14

o.174j7

0.35-0.65

0.035

0.035

<0.15

<0.2s

Dimensions

O.2/o proof
stress N/mm2
mIn

Tensile streneth
N/mry1r

Elongation
9/q min

Reduction of
area /o min

1t
30

29s
24s

15l; 19 16

34s

430 min 540-830

18 t6

o

o
a
oro
Cd()
tr

oo

390
295

490-840
39H90

l3
t5

640-790
490-6&

l3
16

40
50
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Data Sheet 11.3-Type 2 (ISO)

CHARACTERISTICS AND APPLICATIONS

A general purpose case hardening steel develops a core strength of the order of 50 kgl

mm2, used for low stressed parts, such as small gear wheels, hubs, journals, pins, axle drums,

pressed and stamped parts, shafts, levers, etc., used in vehicle construction and general

engineering work, bolt levers, pawles, ratchets, chain wheels. Table 11.13 gives the

chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Forging commence

Forging finish
Carburizing

Core hardening

Case hardening

Tempering

1200'C max

900oC min
900-920"c

900"c
760-780'C (Water quench)

150-180"C (To relieve stresses)

Figure 11.33 illustrates the end-quench hardenability and case hardened gradient.

o 5 10152025 3035404550556065
Distonce from quenched end of specimen in mm -

11.33 End-quench hardenability curve and case-hardened gradient for

steel-Cl4 (AISI-1018) carburized at 925'C for t h and case-

hardened at 925'C for 20 min.
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Data Sheet 11.4-TYPe 3 (ISO)

CHARACTERISTICS AND APPLICATIONS

Used for small parts with medium core strength (60-85 kg/mm2) and good wear resistance,

such as piston pins, bushes, drilling machine spindles, roller bearings and measuring instru-

ments, distribution gear parts, transmission parts, etc. Table ll.14 gives the chemical

composition and mechanical properties of International Standard steels.

.

HEAT TREATMENT

Forging commence

Forging finish

Normalizing
Soft annealing

Carburizing
Core-hardening

Intermediate annealin g

Case-hardening

Tempering

1150'C max

850"C min

870-900'C (Air cool)

650-700"C (Air cool)

900-930'c

850-880"C (Water quench)

650-680'C

770-800'C (Oil/salt quench)

150-200'C (To relieve stresses and to avoid grinding

cracks)

Figure 11.34 illustrates the end-quench hardenability and case hardened gradient.

Distonce trom
25 30

quenched specrmen rn mm

11.34 End-quench hardenability curve and case-hardening gradient for

Steel-15Cr65 carburized at925"C for t h and case-hardened at

925"C for 20 min
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Data Sheet 11.5-Type 5 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

Wear resistance parts requiring a core strength of up to 80-110 kg/mm2 depending on the

section thickness used for gear wheels, shafts, spindles, cam shafts, Ievers, steering parts,,

components in motor vehicles and general engineering distribution gears, etc. Table 11.15

gives the chemical compositio.n and mechanical properties of International Standard steels-

HEAT TREATMENT

Forging commence

Forging finish

Normalizing

Soft annealing

Carburizing
Core hardening

Intermediate annealin g

Case hardening

Tempering

Figure 11.35 illustrates the

1100"C max

900'c
840-870'C

650-700'C (Cool in air)

870-900'c
840-870'C (Oil/salt quench)

650-700"c

8l 0-840"C (Oil/salt quench)

150-200"C (To relieve stresses and to avoid grinding
cracks)

end-quench hardenability and case hardness gradient.

t
o
(,

x
U
o
E.
o
o
OJ

c.IJ

o
I

0 5 10 15 20 25 30 35 40 t5 50 55 60 65

Distonce f rom quenched end ol sfcimen in mm

Fig. 11.35 End-quench hardenability curve and case-hardening gradient

for steel-l7MnCr95 carburized at925'C for t h and case-

hardened at925'C
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Data Sheet 11.6-Type-7 (ISO)

CHARACTERISTICS AND APPLICATIONS

Due to their favourable composition and higher wear resistance, they rank under the most

economical case hardening steels. Their applications include parts subjected to medium

stresses but with a high surface hardness with a core strength of up to 100-130 kg/mm2

depending on the section thickness such as gear lvheels, steering parts, shafts, cam shafts,

spindles, etc., for construction of vehicles and for general engineering work. Table I l.l6
gives the chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Forging commence

Forging finish

Normalizing
Soft annealing

Carburizing

Core hardening

Intermediate annealin g

Case-hardening

Tempering

1l00oC max

850"C min
850-880'C (Cool in air)
650-700"C (Cool in air)
900-930'c

840-870'C (Oil/salt quench)

650-700"c
810-840"C (Quenching in oil/salt)

150-200'C (To relieve stressesand to avoid grinding
cracks)

Figure I 1.36 illustrates the end-quench hardenability curve and case hardness gradient.

Fig.11.36 End-quench hardenability curve and case-hardness gradient for
steel-2OVnCrl (DIN 20MnCr5) carburized at 925'C for t h
and case hardened at 925'C for 20 min

t
(J

c,
i

J
(,
'o
E.
o
o
c,c
E
o
I

0 5 10 15 20 25 30 35 A0 t5 50

Distqnce fromquenched end o{ specimen in mm

t-.1
L

\

L t4y,

t ,c

'/,c si Mn Cr

).16 0.21 1.11 r.0c



Carburizing 361

8qe I
i3*s::

.E

hO

983
oraorl(>
*o

9 -lr
Io-OO

\O <>1.6 e{h
t\€ Eo

fiie Ioo.i:r
JJJnnf I

-:oq905OoOoo'J

Aqq g
oai
JdJSnr I

oo-ioE:

lllltltt

llllitlt

o
aO
o6
HN
l-6r

hh 60
-c) c.l€ 06E- ai\o =6 r.oo 33

. @Clmo
HH
I-

.,o S.l
=8 €3 9E _9

NQS 3

EEisnI I

od-o5:

S[s g
v v

**dBEd I

AA

9, - EE
6

a d \6

e trc E i' E
h 6'E! 5 c

.E LH 6 .= a

H it st B Eo
.E N€ H€ 5 E'EA oz\z fr ix

iqE :s
aoo-.:x

*+d33dI I

oooocjcjc;

\6 \ A
\oo\o\-roa){)it'i;N*xEoa>ururtEZE

selUedord lecluBqcol/{
uopJsoduroc IecrruegC

\9x
3*8
d;

tba\.c6g

lf
Qh

<rLi
Bn>A\O

ch

O\h
\o _!

|2. A :z

EFE;x

NE\PU
sss

!+x

r
^J r'-

;{A
-6=

€F

CI
o

E5
Ed.u6!6tr
5'E
AA

c)o\ k1

\o

o
€
I.r

l-
a
O\6



362 Handbook of Heat Trcatment of Steels

Data Sheet ll.7-l6Ni1Cr80 (IS)

CHARACTERISTICS AND APPI,ICATIONS

Used for gear box and transmission components, axles, driver shafts, cam shafts, etc. It

develops a core strength of the order of 85 kg/mm2 (29 mm) with moderate resistance to

shock. Table ll.l7 gives thechemical composition and mechanical properties of Inter-

national Standard steels.

HEAT TREATMENT

Forging commence

Forging finish
Normalizing
Soft annealing

Carburizing

Core hardening

Intermediate annealing

Case-hardening

Tempering

I150'C max

900"c
850-880'C (Cool in air)
650-670"C (Cool in air)

900-930"c
850-880"C (Oil/salt quench)

650"C

780-820"C (Oil/salt quench)

150-200"C (To relieve stresses and to avoid grinding

cracks)

Table 11.17

JIS

tr
o

oa
E
oo

o

()
E
o

Standard

Designation

c%

si%

Mn%

<P%

<s%
cr%

Mo%

Ni%

Others

0.12-0.18

0.15-0.40

0.6H.90

0.035

0.035

0.8-t. I

1.3-1.7

0J24.20

0.1M.35

0.60-1.00

0.035

0.050

0.G1.0

0.8-1.2

0.174.22

0.20-0.3s

0.6H.80

0.04

0.04

0.55-O.75

l.l-t.4

0.1,1-0.20

0.035

0.tu.9

0.M

0.05

0.60-1.0

0.85-1.25

0.1G0.21

0.1-0.4

0.G0.9

0.03s

0.035

0.90-1.20

t.Lt.5

o.174.23

o.t7-0.37

0.44.7

0.035

0.045

0.45-O.75

1.0-1.4

ISO IS
nosJp<*r-zo uizrct DIN AISI

Type-9 t6NilCr80 - A3I30

BS NFA
stdi-s:. rsiiirls+ Gosr

637Mt7 20NC6 20ChN

Dimensions

0.2f proof stress
N/mm'1min

Tensile strength
N/mm'

Elongation f min

Reduction of area

lmirt

ll
30

630
540

98t-1324
83+n28

8

l0

@im le l6
1ilo
850
700

1200-r550
950-1300

8

9

785
736

o
a,)

()
a
o
o
s,
.c
C,

o
'u

930
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Data Sheet 1I.8-t6Ni80Cr60 (IS)

CHARACTERISTICS AND APPIICATIONS
widely used in automobile industry for lightly loaded gear box and transmission compo-nents' also in the aircraft industry ro. .u.nJ etc. It develop, u 

"o." 
strength of the order of70 kgippz (29 mm) with good ..rir,uo."io sho.ck raure ll.l;;;r", the chemicar composi-tion and mechanical properties of International Standard steels.

-I

HEAT TREATMENT

Forging commence
Forging finish
Normalizing
Soft annealing
Carburizing
Core hardening
Intermediate annealing
Case-hardening

Tempering

Standard

Designation

ll50'C max
900"C min
850-880"C (Cool in air)
650-680"C (Cool in air)
900-930.c
850-880"C (OilTsalt quench)
650'c

l_80-820"C 
(Oitisalt quench)

150-200"C (To relieve stresses and to avoid grinding
cracks)

Table tt.lE

o
o

v2
u\lrct DIN

I6Ni8OCr60

AISI szoTf-a: NFA

A3115 635M15 2oNc2

GOST JIS

687

l5

o

o
o.

oo
(u
o

q)

U

o

o
D.
o

(B
o

(d

oo
2

cy"

si%

Mn%

<P%
<s%
Cr%

Mo%

Ni%

Others

Dinrensions

0.2t proof stress
N/mm: min

Tensile strensth
N/mrn2

Elongation f min

Reduction of area
"Zmin

0.124.20

0.10-0.35

0.Gl.0

0.035

0.05

0.4-0.8

0.6-1.0

0.13-0. I 8

0.2-0.35

0.44.6

0.04

0.04

0.55-0.75

0.12-0.18 0.8_0.23

0.035 0.1_0.4

0.6-0.9 0.4_0.7

0.04 0.04

0.05 0.035

0.G0.8 0.5_0.7

1.1-1.4 0.7_1.1 0.5_0.7
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Figures 1 1.37 (a) and (b) show the effect of tempering temperature on case hardness and

the end-quench (Jominy) hardenability band, respectively'

Tem Per in g temPerotureoC

Pig. 11.37 (a) Effect of tempering temperature on case

hardness for steel-16Ni80Cr60 (En 351)'

carburized 900"C, oil-refined 860'C, oil-

hardened 800"C

5

5

I,C,

40

3

3r

t6810121t,16
Distcnce from quenched end

z
c
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o
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C,
c
o
o
T.

z
o-

>
o
o
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c
!
o
s,
(n

o,
.Y

.9

250

Fig. II.37 (b) End-quench (Jominy) hardenabilitv band

C lln Ni Cr

0.15 0.5 0,8 0.6
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HEAT TREATMENT

Forging commence
Forging finish
Nornralizing
Soft annealing
Carburizing

Core hardening
Intermediate annealing
Case hardening
Tempering

Carburizing 365

CHARACTERISTICS AND APPLICATIONS
Highly stressed parts of high toughness and a core strength of ufor automotive and transmlssion;p;ii;r;;;, 

;uch. 
as b.r.; ;";;rlrr[,i::]flT*r:r.rTril]

:,1'51X*:;fJ,1;l'i;Iii'i.:';,i.i"J; il chemicar ;;;;;;; and mechanica, proper-

Data Sheer il.9-l3Ni3Cr80 (IS)

ll00"C max
900"C min

9:^0-960'C (Cool in air)
620-650.C (Cool in air)
900-930.c

9:9-!!0.c (oil/sart quench)
630-650.c
790-810"C (Oit/satt quench)
I50-200"C (To relieve hardening stresses andrtoavoidgrinding cracks)

, . Iiqy* I 1.38 (a) shows rhe eflect of remrI r'38 (b) demonstrate',r,. .,alq,;il ffi1ffi;l-r:'.Tffi;ffi;:#'" 
hardness, whire Fig.

-

200 I OO
Temper ing temperoture oC

(a) Effect of tempering temperature on casehardness for steel_l3Nl:CrS0 (En ;;,carburized 900.C, oit_refi*i soorc, .iilhardened 760.C
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HEAT TREATMENT

Forging commence

Forging finish
Normalizing
Soft annealing

Carburizing

Core hardening
Intermediate annealing
Case hardening

Tempering

Carbarizing 367

l0 12 11 16
from gucnched end

1100'C max
900'C min
830-860'C (Air cool)
650-640"C (Coot in air)
900-930"c
850-880"C (Oil/salt quench)
600-630"c
780-810"C (Oil/salt quench)
150-200'C (To relieve stresses and to avoid cracks
during grinding)

z
a
t
o
u
o
c
E
o
E
o
3
I

;

20

uhtt

Fig.1l.38 (b) End-quench (Jominy) hardenability band

Data Sheet 11.10-15Ni4Cr1 (IS)

CHARACTERISTICS AND APPLICATIONS

Highly stressed parts with toughness and a core strength of up to 135 kg/mmz (14 mm) withgood resistance to shock. carburizes and hardens to froducJa hard wear resistance.
Used mainly for components such as gear wheels, steering parts, crank shafts, pins,counter shafts. Also us.ed for aero-engine gears and super charglr gears. Table 11.20 gives

the chemical composition and mechanicaiproperties of tnternitional Standard steels.

58
Distonce
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Data Sheet il.11-20Ni2Mo25 (IS)
CHARACTERISTICS AND APPLICATIONS
Parts requiring core strength of the order of g5-r20 kglmrnz Qg mm)with very good resis-::ffiii; i:T ; I|:H fi il:t *:l 

;'"0. 
",, 

u,,i?l, 
",,.'J,,", 

i.p;;" ;;;i,-#n"..
Applications include 

"u, rt uitr, 
"u-r, 

g.u., in the automotive industry for differentialpinions, differentiar pinion th"f;;, 
-i;;.ti"tpirr, 

pirrr" pirrl ,;rr. shafts, differential andtransmission gears and bearings. I" ;j;;;tf, *gir.r'ii'i;';r:; 
.for 

cam shafrs, bearing
llflffiLllrj|o,:;::,i1"", ,r,.'.r,.",i*ilo,poriiion u,a _."r,unical properties of rnter-

HEAT TREATMENT

Forging commence l2oo.C mxa
Forging finish 900"C minNormalizing g50_gg0.C (Cool in air)Soft annealing 650_670.C (Cool in air)Carburizing gg0_920"C
Core hardening g50_g80"C (Oil/salt quench)
Intermediate annealing 650_670.a
Case hardening 7g0_g20"C (Oil/salt quench)Tempering I50-200"c (To relievr rt."rr", and avoid grinding cracks)Figure tt'3e i[us]t:slrhe1d'q,"n.i iardenabirity uuoJuoa case hardness gradient.

()

o;
J
o
(t
,lol
cl
El
6l
-l

",>rqnce rrom quenched end of sFecimen in mm
Fig. 11.39 End_quench harrlenahiti+. u,-r l'-

fo, .t.ur 
-m,.?,1'SlTPt 

t'^Y- j*-0 
.uo 9 :3:g-!ardness gradi ent

[:l;"'::l,t;,';Xi?F?:+';".;t{"1#d'H;ff 
t8%"';Tfi:'#I,i

o 
n1.r^',,0.- 

rs^-zo zs 
5Distonce from quencned end ot

hardened at szs;Cioi'2dmin
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Data Sheet tt.t2-}0Ni 55Cr50Mo20 (IS)
.CHARACTERISTICS 

AND TYPE OF' APPLICATIONS

ffiffi'"ffi;?#il::'"11"*n"ess, 
with a core strength or up to 80-130 kglmm2(2e mm).

*,"3:o 1:1 
gears'. pili:, rl{,1, steering mechanisms, automobile gear box and trans-mrssron components, differentiar ring gears, aircraft engines, cam shafts, spline shafts, etc.,

,ltj:Jl?ind.icates 
the chemical ciriposition uno *J"iuriJiror.rties of rnternationar

HEAT TREATMENT

Forging commence

Forging finish
Normalizing
Soft annealing

Carburizing

Core hardening

Intermediate annealin g

lI50'C max
900"C min
850-880"C (Cool in air)
650-700"C (Cool in air)
880-930.c
850-880'C (Oil/salt quench)
630-650"C

Case hardening g00_g30"C (Oil/salt quench)

ITi::r",ilustrates,n".,nll?,-"lY?13*"]f,l:-'*"Jsa'atoavoidgrindingcracks)Figure 11.40 ilustrates the end-quench hardenablity band 
";J#.-ilr';:$iffii""ff,

A

lso
(J

=o
i

I

3 40
G,

o
c

E:o-

5 l0 15.

. Distonce
25 30 35

quenched end

10 15 50 55 60
of specimen in mm

20

lrom

ll.rl0 End-quench hardenability band and, case_hardness gradient
for steel-2lNiCrMo2 carburized at 925C for 9 h and case_
hardened at925.C for 2O min

Fig.
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Carburizing 371

Data Sheet 11.I3-Type l0 (ISO)

CIIARACTERISTICS AND APPLICATIONS

A medium-grade case-hardeningsteel. It develops a core strength of the order of 95-130kg/mm2 (29 mm) (depending on the cross section) with good ,.rir,uo". to shock, carburizedand hardened to produce a hard wear resistance.
Used for heavy-duty gears' heavy-vehicle and automobile transmission components,aircraft engine bearings and gears. Table 11.23 gives the chemical composition andmechanical properties of International standard steers.

}IEAT TREATMENT

Forging commence

Forging finish
Normalizing
Soft annealing

Carburizing

Core hardening

Intermediate annealing
Case-hardening

Tempering

Figure ll.4l illustrates the effect

1l50oC max
900'C min
860-880'C (Cool in air)
650'C (Cool in air)
875-930"C

830-860"C (Oit/salt quench)
650"C

780-820'C (Oit/satt quench)
150-200'C (To relieve stresses and reduce the danger
of grinding cracks)

of tempering temperature on case hardness.

z
o'
t
q
o
o
c

'c,

o
I

900

850

800

750

700 |

200 300
Tem pe ring temperoture oC

Fig. ff.4ll(a) Effect of tempering temperature on case_
hardness for steel-l5Ni2CrIMol5 (En 354)
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Distonce uo#or-l'n.o J"to 
16 l8 20 o/tsai

Fig. ll.4t (b) End quencb (Jominy) hardenability band

Data Sheet 11.14-Type t4 (ISO)

CHARACTERISTICS AND APPLICATIONS

Suitable for heavy and highly stressed gearing components requiring high toughness, with
a core strength of the order of 100-140 kg/mm2 (29 mm) (70-85 tsi) and good resistance to
shock. It may be carburized and hardened to produce a hard wear-resistance case.

used for shafts, pinions, differential pinions, heavy duty gears, main spindles, heavy
vehicle and transmission components etc. Table 11.24 gives the chemical composition and
mechanical properties of International Standard steels.

z
C
j
o
o
o
ct
o

I
I

HEAT TREATMENT

Forging commence

Forging finish
Normalizing

Soft annealing

Carburizing

Core hardening
Intermediate annealing

Case-hardening

Tempering

1150"C max
900'C min
850-880"C (Cool in air)
650-700"C (Cool in air)
880-930"c

830-860'C (Oil quench)

630-650"C

760-800"C (Quench in oil)
150-200"C (Recommended to relieve stresses and to
reduce grinding cracks)

0t
0 68101211

Distonce from quenched end

d"
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Figure I 1.42 shows the effect of tempering temperature on case hardness.

I 00 200 300

Temper i ng temperoturcoC

Fig.11.42 (a) Effect oftempering temperature on case hardness

for steel-16NiCr2Mo20 (B9-En 355), carburiz-
ed 900"C, oil-refned 860"C, oil-hardened 800"C

L

350

300

1681012
Distqnce from quenched end

z
d;
14
u
o
c
!
oI

z
I
j

o
Ep
os

o
I
.:

2

Fig. 11.42 (b) End-quench (Jominy) hardenability band

18 20
( i/16"y
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c Mn Ni Cr Mo
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Cyaniding

Cyaniding, also called liquid carbonitriding, is used to impart carbon and nitrogen to the

surface of components, especially on small parts. This is carried out in a molten salt bath

composed of sodium cyanide (20-50%), sodium cyanate and sodium carbonate, with or
without sodium chloride as a diluent. Cyaniding time varies approximately between 5 and 90

minutes depending on the depth of the case required. The resulting case contains about

0.6 to 0.8f carbon and 03 b A.5/" nitrogen. The presence of nitrogen increases the harden-

ability of the steel.l

The main object.of cyaniding is to increase the hardness and wear resistance under

small specific loads. The carbonitrided layer increases the endurance limit and thus the

fatigue strength, particularly in the case of medium and small components. Cyaniding may
be applied for carbon and all types of constructional steels. It is normally applied for bolts,
screws, nuts, small gears, and other machine parts of low and medium carbon steels.

l2.l Chemical Phenomena Related to Cyanirling

The cyaniding bath consists of a mixture of sodium cyanide (2W50%), and sodium cyanates,

carbonates, alkaline chlorides and alkaline earth chlorides. At an operating temperature of
about 760 to 950'C the percentage of sodium cyanate does not normally exceed 3f . Sodium

carbonate is the end product finally formed when the molten cyanide main chemical reac-

tions occurs during the process.

The sodium cyanide in the bath gets oxidized due to the presence of oxygen in the air

as follows:

2NaCN*Oz+2NaCNO

Sodium cyanate decomposes thermally to give sodium cyanide, sodium carbonate, carbon

monoxide and nitrogen as follows:

4NaCNO -> Na2CO3 * 2NaCN + CO + 2N

The cyanide reformed from the cyanate is available for further reaction, the sodium

carbonate being the end product.

Carbon monoxide, formed by the decomposition of sodium cyanate (NaCNO), forms

atomic carbon when it comes into contact with the iron. This atomic carbon directly enters

nto the gamma iron lattice at the operating temperature.
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3Fe*2CO+Fe3CfCO2
At the same time nitrogen produced by the dissociation of the sodium cyanate is alsointroduced into the gamma iron.
since sodium carbonate is the end product of the carburizing reaction, it tends to buildup in the cyanide bath to as much as 80'/ of the comp.*iiio" or the bath. The presence ofalkali earth chlorates activates the salt uait. rne compositioi ola working cyanide/carbona-te bath is usually as followsl'2:

Sodium cyanide _> 20_5A"1

Sodium cyanate -> 0.5_31
Sodium carbonate -> Balance

12,2 Cyanide Carbonate Baths

cyaniding is carried out in a bath containing zo-50%cyanide. To prepare a bath for cya-niding, first neutral salts are melted in a cleai o.v poi. rrr. ..qri*d amount or roai.r- 
"yu-nide isthen added' The salts should be free from moistur" u.r*" placing in the pot. Neutralsalts' anhydrous sodium carbonate and sodium chloride ur"oaaio to provide fluidity and tocontrol the melting point of the mixture. After thorouch ;;ltirg the bath temperature israised to the specified case-hardening temperature. Also, the surface of the bath is coveredwith a fine grade graphite powder to conserve the bath strength, prevent fume, reduce fuelconsumption and to increase the pot life.

It is also necessary to check the bath composition daily to maintain the desired per-centage of sodium cyanide after treating the components in the bath. To maintain the bathstrength, sodium cyanide (96-99%) alone may te added. It may be necessary to removesome of the mert from the pot to accommodate ihe fresh 
"t";; 

going in and yet maintainthe correct level.

The composition of the bath prepared mainly depends on the required case depth andthematerialused. Foralowercasedepth-of025mmor less,tt" percentageofcyanide
maintained in the bath shourd be around 2o-25%u"Jr* 

" 
tigr,.. case depth of 0.6 mmor more, the cyanide percentage in the bath should be aroundi o_50%.In generar, a pre-ferred composition for normal applications on different materials is roughly 30f sodiumcyanide, 40f sodium carbonate and 30"1sodium chloride.

A cyanide bath containing 10-301 sodium cyanide can be used for reheating the carbu-rized components for hardening (after removingthe 
"ururrtJ-iayer). A 2to r1lsodiumcyanide bath can be used for clean hardening or carbon restoration of medium carbonsteels.

12,3 Surface Hardening in Cyanid

cyaniding is carried out in the temperature range of about g00-900"c. The components to
be treated should be free from moisture, scale, dirt, oil, etc., and should be immersed in thebath by using some suitable fixture or basket or suspenders o"pe.roirg on the type and
size of the component. Before placing them into the bath, compo.rents are preheated to
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200-500'C, to remove the moisture. Introduction of the charge into the bath results in a

fall of the temperature of the bath and hence it is again heated until the required tempe-

rature of 850-900"C is reached. The charge is then allowed to soak for about 10 to 60

minutes, depending on the required case depth. Holding for more than one hour may also

be adopted, but normally in such cases liquid carburizing is preferred. Afterthe soaking time

is over, the components are quenched in water or oil depending on the type of material

used, the hardness required and the degree of distortion allowed.
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components made from mild steels are 
.normally water quenched to achieve a higherhardness' Thin components are sometimes oilquenched. wher'th..e is a distortion problem;the components may be first quenched in oil, reheateJ-ro-zgo"c and then quenched inwater' Figures l2'l and 12.2 illustrate higher hardness 

"i "lr.o 
in the case of componentsquenched in water' The temperature of water before quenching should be around 25"c.oil hardening steers such as ailoy steels and high ;;;;; toor steers are quenched in

:i:#Hli;sed 
should be a pure mlneral oil and in.1".p.r"ture of the ol shourd not

12.4 
. 

Equipment for Cyaniding

Pots used for cyaniding are made of plain mild steel or a nickel-chromium heat-resist-ing alloy.

Furnaces used for the cyaniding process employ either gas, oil or electricity for heating.Electrical heating using immersed liectrod.s ar" ,suulrf ffir..d. Generaly this equip-ment used for liquid carburizing can also be used fo. 
";ur:;;;;.Since the immersion time is short, the temperature control system employed in the fur-nace must be accurate. It is necessary to checkihe pyromete, ura ,h"r_ocoupres dairy. Theaccuracy of the thermocouples can be determined ty u ,r* caliurated thermocouple withthe old one in the sali bath at a steady temperature, and connecting each in turn to theinstrument. If the ord thermocoupre reads row it should be removed.

Handring of smalr components may be done by using fixtures. The gears are suspendedone above the other using tackles; for delicate purt, 
"wi.., 

ul. ,r.o for suspension. The

f:fil'"' 
used for fixtures, tackles and baskets is either mild steel or Ni-cr heat resisting

12.5 Selective Hardening

Selective hardening is employed for hardening an end-portion of the component by immers-ing it only to the depth required. Both ends of long spindles 
"u, 

u. hardened, Ieaving thecentre soft' However the Iine betrveen the hard and sofi areas cannot be precisely controlled.Areas where softness is required can arso be obtained uv u o.oJ--m thick copper platingaround the portion. However, if the cyanide percentage in the bath exceeds ;6i,;;po*plating is not advisable since the copper dissolves un'a ..o"fosits on to the work piece.Another alternative is to provide some extra allowance before the final machining; afterthe treatment, the components may be ground.

12'6 Effect of remperature on Bath Strength and case

cyaniding is done in the temperature range of about 800 to 950"c. A rower temperatureis preferred when it is aimed to reduce theiistortion after qr"r.t irg, a highertemperaturemay be preferred for robust parts. Increasing the temperature will enable a greater casedepth in a given time. At higher temperatures more of carbon goes into the case than
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nitrogen. But as the temperature of the bath is lowered the ratio of nitrogen to carbon in

the case increases. Figure 12.3 illustrates the effect of temperature on the cyanide case.
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Fig. 12.3 The effect of temperature of carburiz- Fig.12.4 Surface concentrations of carbon and nitro-

ing on the composition of a case gen as functions of the NaCN content,

produced in a cyanide carbonate bath when carburizing unalloyed case-hardening

containing 50% NaCN, cyanided for steel for 25 h at 950"C in a liquid carburiz-

2| h at the temperature stated ing bath under a protective coverofgraphite.

The C and N estimations were carried out

on a 0.075 mm thick surface layer on 6

specimen.

As the temperature is lowered to 800oC, the

carbon content diminishes but the nitrogen

percentage increasesl.

The amount of carbon and nitrogen

picked up by the steel depends mainly on

its temperature. Figure 12.4 shows that the

carbon concentration increases whereas

the nitrogen decreases, as the cyanide con-

tent increases from lO to 50fl. Hence it is

most important to maintain the correct

strength in a cyanide bath in order to obtain

the desired case. The effcct of the bath

strength on the hard zone in a case may be

seen from Fig. 12.5 which compares the

results obtained on test bars carburized for

the same time and temperature in 3 baths

of different strengths. The bath containing a

higher cyanide leads to a higher harden-
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Fig. 12.5 Depth-hardness curves with varying-

strength cyanide baths. All bars

carburized for 2{ h at 950'C and oil'
quenched, reheated to 780"C and water
quenched. Bars ground in stePs.

c,r
I

o

o
c
E
o
,c

o
o

j

;

0.1

0.3

0.2

o.l

10%iloCN
30% tloc N

Thickness of cose obove

800 v. P. N.

50 % NoCN 0.017 in.

10% NoCN 0.013 in.

30% NqCN 0.009 in-

0.020



Cyaniding 3gS

ability compared to the lower one. Hence it is necessary to know the correct strength toattain the required case depth on the component by holding it for the required time.

72.7 Properties and Advantages

l' The choice of using either alloyed or unalloyed steel in the process is available,
^ 

depending upon the desired prtperties.
2' Even though cyaniding is done above the Acl temperature, the distortion and warp-ing of the component are still less compared to liquid bath carburizing.3' The presence of nitrogen in the casing increases wear resistance, in addition toimproved sliding and friction on the treated surface.
Cyanide cases contain a. certain proportion of nitrogen in solution in hard martensite.Hence resistance to softening is increaiedon heating. Io.-"ru-ple, a part (or at least itssurface portion) on being subjected to heavy rubbinjloads tends to get heated due to thefriction' and this may result in softening and hence sloring oi u ,or*ut nitrogen free case.However the case containing nitrogen"will-not score, owing to the nitrogen rich marten-site, which has the ability to resist Jpp.."iuUt, softening.
cyaniding is superior to pack curburrzlrrg where huid, shallow cases are required, sincea hypereutectoid case can build up in a relatively short time *rr"r"u, such cases are not soeasy to obtain with pack carburizing.
The process is used for surface hardening many articles which cannot be hardenedeconomically by any.other process. This applies particuhrryio small parts which are ideallysuited for treatment by this method.

12.8 Disadvantages

l. The disposal of cyanide waste.
2. Salts must be stored in a separate room.
3. The toxic nature of the salt.
4' The difficulty of maintaining a constant bath composition due to dissociation of the

cyanide.

5' Deterioration of plant occurs due to corrosion because the salts are hygroscopic andsalt fumes which have densed on to the equipment produce thin films-which, when
cold, rapidly hydrate, causing accelerated rusting. This also applied to other ferrous
equipment in the vicinity.

REFERENCES

l' waterfall, E' D', "Case Hardening Steels in Cyanide Containing salt Baths,,, Metallurgia, p.29,May 1949.
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Carbonitriding

Carbonitriding is one of the case hardening processes in which carbon and nitrogen are

diffused into the surface of the component simultaneously at a predetermined temperature

followed bY quenching.

The process is caried out in a controlled atmosphere so that both carbon and nitrogen

are absorbed simultaneously by the heated component. The concentration of hardening

elements is more at the outei surface of the steel and decreases progressively towards the

core. The carbonitrided components may be subsequently heat treated so as to form a hard

wear-resistant case of the type normally obtained by treatment in a cyanide salt bath'

The process is used in the production of shallow cases on carbon and alloy steels'l'2

The treatment is usually do,1e ai 850-900'C using a carburizing gas with low additions of

ammonia.

Ammonia dissociates into hydrogen and nitrogen, the latter reacting with the surface

of the steel to form nitrides. In addition, however, a small amount of nitrogen goes into

solution increasing the hardenability to some extent. The subsequent quenching ensures

the final full skin hardness. Carbonitriding results in a higher hardenability of the surface

layer as compared to carburizing and allows steel with a lower content of alloying elements

to be used.

The primary object of carbonitriding is to impart a hard case to the steel in order to

provide iesistance to metallic and abrassive wear. The process competes with liquid cyanid-

ing, carburizing and to a lesser extent with nitriding'

13.1 Carbonitrirling Atmosphere

The gaseous atmosphere used for carbonitriding consists of a carrier gas' an enriching gas

and the ammonia gas.

13.1.1 CARRIER GAS

Gases such as cooking gas, endothermic gas or exothermic gas can be used as carrier gas

to reduce the soot foimation and to obtain uniform results. The carrier gas also provide

a scavenging effect within the furnace by sweeping the gases from the surflace of the react'

ing eleminti and thus facilitates the control of the process. The endothermic carrier gas

is produced by passing air with natural gas or other hydrocarbon gases in a fixed propor-



tion over a heated catalyst. The composition of agenerally a typical composition would A" O.+_0.5.tr
H2O;40-450/ N2 and O.t_0.2% CfL. 

- -- "
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carrier gas varies to some extent but
CO2; 20-25,/ CO; 35_aO% Hr;i.;i,

I3.I.2 ENRICHING GAS

A gas supplying the necessary carbon for the process is called the enriching gas. such gases

,.*}: n llJl xl,iiT ;i:r : H: 3, lTffi l? :f;;;; 
;;;;"., wh i ch iaf, o r i ze s 

_ 

a, h i gh

13.1.3 AMMONIA GAS

iffi,:'.til;t.i,T,i,'r'"'r',H;X'gen ror the process such as anhydrous ammonia is

13.2 Process

Carbonitriding may be carried out in a batch type or continuous type furnace. The majorityof carbonitriding is done in u, oit qu.*tr uur"ir ryp"io.rullir.ur"o quench furnace). Thecomponents to be treated shourd be free from diri, g.";;;;;j"*ro" ruy.r, i.lor"l;rgingthem to the furnace. To obtain th" maximu, .r"t"touJ ;;;; 
"r, be carbonitrided andquenched uniformly, the method of supporting the work in ifr" fu.ru"e i.e. whether to usetrays or fixtures, shourd be worked oui careiutty. contaci 

-t",*".n 
the components is

ffi:t?""Jrf] 
to obtaining a uniform case depth 

", ,r,.,,. o*rl rouo, result in u, ,n"u"r,
carbonitriding is done in the temperature range of g00-900"c. 

since the active carbo-nitriding period is relatively short, it is importanlth;;th" 
"-h;e is heated uniformryupto the desired temperature, as otherwise it will ..rrttl, 
-uJrrurion 

of case depth onthecharge. First the carrier gas is suppli"a Ju.irg th. h.;;i;;-"r"L *fr.n the desired tempe_rature is reached, the gas is enriched with ammonia and enrich.the actual carbonitriding cycle. 
--- sr,ruv,rd 

'il.r(r 
enrlcnlng gaS (propane 2-3t/r) for

Further, since the steel wiil take up carbon ,nd nitrogen from the atmosphere morerapidly during short treatments, it is important that the upplop.iur" gaseous atmosphere ismaintained wirha constant composition of grr.s 
"i.rutuiii* "l"rro 

the charge. Forced aircirculation wiil improve the degree or gas ura temperature ,iriior.ity depending upon the
;::::1.:il1*,]11",r":::;*:i,, ,.il.i whenthe 

"hu.;;';; crosery stockeiin baskets

After the carbonitriding time elapses the components are quenched in a sealed quenchfurnace. If discororation oithe 
"orp*.ni "an 

be torerated, the charge may be exposed toair when it is being transferred from furnace to quench tank.

13.3 Carbonitriding Temperature

The choice of the carbonitriding temperature depends on a number of factors, namery, thecomposition of material, dimensionat tolerances, wear resistance, fatigue limit and thedesired hardness level' The temperature ,r."a ro, 
"uruoiitriainf ,u.i., from 650 to 950"c.
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With increasing temperature the amount of nitrogen

approaches carburizing. The case depth in- 
8(

"i*r", 
,t the ternperature increases (Fig'

1 3. r).
At low temperature carbonitrided cases

consist largely of a high-nitrogen compound

layer. These cases do not have as many desir-

able characteristics as those found in cases

formed at high temperatures and can be used

to avoid distortion of the components.

Most carbonitriding is done at 800 to

900'C which is the lowest temperature at

which the formation o[ a nitrogen bearing

compound layer can be suppressed. At higher

temperature the penetration is rapid and, as

illustrated by Fig. 13.1, the case depths produ'

ced will be fast and uniform. Figure 13'2 on

the other hand illustratesthatby increasing the

carbonitriding temperature the hardness also

decreases with the amount of nitrogen content

absorbed decreases and the proces$

01234
Durotion of corbonitriding(h)

Fig.13.1 Case depth v' duration of carbo-

nitriding

increases but the hardenability of the case

in the case. Figure 13.3 shows the effects of
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treatment temperatures and the amount of ammonia supplied. The nitrogen content in-

creases with an increasing quantity of ammonia and decreases with increasing temperature-

Carbonitriding of mild steels in the temperature range of 900-930'Ce produces the

most favourable combination of hardne ss, microstructure, wear and fatigue properties. At

this temperature the nitrogen content was held at a lower level (0.2-0.25f) resulting in

less retained austenite and increased hardness (Fig' 13.4).

Since carbonitriding can be carried out under a wide variety of operating conditions a

close control of the case properties, however, depends on the proper control oftemperature,.

time, gas composition, quenching rate and the type of steel'
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13.4 Effect of Ammonia Addition

Ammonia additions are made to the process.atmosphere according tothetype of caserequir-ed and the particular gas used. The ammonia content ir;;;iil kept betwee n 3 and, g,l.sThe normal value of the nitrogen 
"ort"ri 

oitt e surface tuy". r, uio, t 3 to 4l.The presence
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of nitrogen content in the case lowers progressively the critical temperature of the case,

thus permitting a lower case-hardening temperature which in turn reduces progressively

the critical cooling velocity.

An increase in the addition of ammonia in the furnace atmosphere for a given tempe*

rature causes an increase in the percentage of nitrogen absorbed and a decrease in the

amount of carbon absorbed. The effect of increased ammonia on hardness is illustrated in
Table 13. l, for mild steel treated in an industrial furnace for I hour at 860oC, and water
quenched from 760'c' 

Table 13.1

NHr

5 kg load 854 927 891 874

V.D.N.
15 kg load 820 894 820 854

13.5 Heat-Treatment of Carbonitrided Cases

The presence of nitrogen in the austenite lowers the critical temperature and retards the

transformation rate of cooling. To reduce distortion, as well as cracking, less severe quench-

ing rates are necessary than those needed for carburizing steels. The relatively soft surface

of carbonitrided and quenched steels results due to the presence of retained austenite. This
retained austenite is undesirable because it affects the dimensional tolerances of the work
piece, especially when close tolerances are specified. Compared to plain carbon steels, the

presence of retained austenite will be greater in alloyed steels. The quenching media applied

will also affect this amount.

The presence of retained austenite in the case can be reduced by adopting an adequate

heat treatment temperature and a corresponding quenching procedure. Tempering ol
components will also reduce the retained austenite. Another effective method is to subject

the components to subzero treatment followed by tempering. Since subzero treatment is
expensive it is usually avoided whenever possible. Because the amount of retained austenite

is normally at a maximum near the steel surface, it can be removed by machining after

treatment (as for instance by grinding or lapping).

The presence of retained austenite can also be reduced by adopting a higher tempera-

ture and a minimum level of ammonia in the atmosphere to obtain the desired harden-

ability. Shutting off the ammonia towards the end of the carbonitriding period greatly

reduces the amount of retained austenite. Adoption of this procedure may be attractive

in industrial practice. The slight loss in case depth would be well worth the gain in surface'

hardness.

13.6 Quenching

Carbonitrided parts are quenched in oil or water or cooled in air. The ideal cooling ratc

is one which will harden the case, result in the desired core structure and keep the distor-

tion due to quenching within tolerable limits.

10
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use of water quenching is usually restricted to those furnaces on which the work istransferred from the furnace into theair prior to quenching. Thisavoids the possible conta-mination of the furnace atmosphere by water vapour.,

13.7 Method of Checking the Case

It is recommended that the vickers or the Rockwell 15 or 30 kg hardness testing methodbe adopted to check the case hardness. The depth of the harderr".d 
"ur" 

can be determinedfrom the fractured structure of a test piece or from a traversed polished section. uringRockwell C or B scale for testing *uy giu" erroneous results.

13.8 Properties of the Carbonitrided Case

1' Since carbonitriding is done at a temperature lower than that used in carburizing,
distortion of the components is reduced.

2' Lower quenching rates are possible, since the presence ofnitrogen in the case reduces
the critical cooling velocity and permits the use of milder quenching. Therefore dis-tortion and cracks resulting from quenching are reduced.l

3. Both carbon and alloy steels respond to the process.
4' Carbonitrided cases are more uniform than the carburized cases, because the carbon

dioxide and water vapour in the atmosphere are less detrimental in the presence
of ammonia.

5' Cases produced by carbonitriding are more resistant to tempering than the carbu-
rized case.2 This is due to the presence of nitrogen in the carbonitrided case which
increases the resistance to tempering. To a large extent the nitrogen content on the
case determines the amount of softening that-occurs during tempering. Increased
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resistance to tempering may be desirable where the temperatures at service are

abnormally high. Figures 13.5 and 13.6 present the surface hardness of a case as a

function of the tempering temperature of steels 1020 and 5120 (AISI).

6. While distortion, warping or dimensional changes of the components are more

likely in carbonitriding at higher temperatures (above the critical line lc1) than

below, they are still less serious than

those resulting from the cementation

process.

7. Better working conditions are assured

as the process is not dangerous to

operating personnel (as is the case with

cyanide baths). The major advan-

tage of carbonitriding is that the nitro-
gen absorbed during processing lowers

the critical cooling rate of the compo-

nent. That is, the hardenability of the

case is significantly greater when nitro-

gen is added by carbonitriding than

when the same steel is only carburized

(Fig. 13.7). This advantage allows a

cheaper steel, with a lower content of

alloying elements to be used. Plain

carbon steels may be substituted for

alloy steels.

8. The presence of nitrogen in the transformation range increases the hardness of the

component above that obtained by cementation. The case containing nitrogen is

extremely wear resistant and superior in quality to those obtained by cementation.

The presence of free compound of nitrogen in the case ensures superior wear resis-

ting properties in addition to improved sliding. The presence of nitrogen reduces

greatly the tendency of ferrous materials to stick or weld to other metal surfaces,

9. Since the carbonitriding process is done at a lower temperature compared to gas

carburizing, the service life of the furnace and its accessories increases with a con*

siderable reduction in fuel consumption.

10. The carbonitrided layer increases the endurance limit and the fatigue strengthcom-

pared to gas carburizing. Figure 13.7 illustrates that the resistance to rolling contact

fatigue is.more in the case of the carbonitriding than the carburizing method.

13.9 Disadvantages of Carbonitriding

l. Carbonitriding is not used where a thick case is desired.

2. Carbonitriding requires the use of costly gaseous atmosphere and a slower case

hardening rate. However, if the volume is large, carbonitriding gives lower unit costs.

3. Carbonitrided parts possess a relatively poor impact strength compared to carbu-

rized components. This limitation normally precludes the application of carbonitrid-
ing to parts subjected to heavy impact loading such as gear and ratchet teeth.

o 5 .lo 15 .,,.-?0- JominY distonce,units ot t/16 in-

Fig. 13.7 Jominy hardenability curves for
mild steel after carburizing and

carbonitriding treatments for 4 h at
925"C
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Flame Hardening

Flame hardening consists of hardening the surface of the component by heating it above

the transformation temperature using a high temperature flame or high velocity combustion

products and then quenching it in water or oil. The depth of the hardened layer ranges

from I to 7 mm deep.

Flame hardening is similar to induction hardening in terms of the materials processed

and their applications. Flame hardening plants tend to be cheaper than induction harden-

ing plants but the operation costs are higher. The process cannot be as readily automated

as induction hardening and is more suitable for hardening different types of uneven compo-

nents. The skill of the operator is of paramount importance in carrying out this process.

In a number of engineering applications stress distribution is not uniform throughout

a component's section, the surface being heavily stressed while the interior is stressed to a

much smaller extent. In order to prevent failure at the surface it becomes necessary to

provide additional strength at the surface. This not only increases the resistance to wear

and indentation, but also increases the fatigue strength. Flame and induction hardening are

employed to achieve this by altering the structure at the surface by local hardening. While

normatized plain carbon steels are used for a number of applications, steels in the hard-

ened and tempered conditions are used when high core strength and good impact proper-

ties are required.

14.1 Gases Used

The gases used for heating are a mixture of air or oxygen with natural gas, propane or

acetylene. They are mixed in a burner unit which has a shape to suit the component to be

hardened. The fuel gases are mixed with air or oxygen to produce a flame of varying

temperature. The heating capacity of the oxy-acetylene flame is high (3100"C) compared

to the air-fuel gas or an oxynon acetylene gas flame. Oxy-acetylene flame at 2500'C may

be used mainly to heat the surface of large components and flames based on other gases

are more useful for heating relatively small cross sections'

L4.2 Burners

The design of the burners is an important factor in the process of flame hardening' In



Flame Hardening 39S

TrqveI

{nner llome
of cone

l1.
Surloce of the
/gut dewoy

IFig.14. Flame head with integral quenching

Fig, 14.2 Hardening of different cross-sections of guide-
ways: (a) Burner heads fed from one Lrch,
(b) Each head fed from a different torch

l '/_
Heoted toyer



396 Handbook of Heat Treatment of Steels

general the burners are made of copper or copper alloys. They are shaped to conform to

the curvature of the part being tieated, with drilled parts or inserted tips directing the

flames on the localized areas to be hardened. The burner heads may be fitted with remov-

able oriflces of screw-in or inserted types through which the fuel gases issue and are burned'

This type of flame heads may be used for a wider range of applications by opening or

plugging parts in the burn heads. All parts in any one burner are of the same diameter'
- 

ff,"t.tign and positioning of the'quenching jet may also affect the flame hardening'

In a majority of burners, it is possible to incorporate the quenching jet in the heating tip

itself (Fig. t+.t; so that there is no need for a separate installation. In certain instances, for

example, welder's torch used for flame hardening are generally not rvater-cooled. Hence

it is necessary to ensure that an adequate volume of water is brought into contact with the

hot work piece to ensure drastic quenching. The arrangements of the quenching jets should

be such that it should not interfere with the heating operation. This is usually controlled

through the pressure regulator valves connected to the water pipes'

A wide range of burner heads of different designs suitable for a particular application is

available (Fig. la.l). Some are designed for flame hardening of teeth, the continuous

hardening lathe bed guide ways (Fie. 14.2 (a) and (b), shafts, and for internal hardening of

cylinders of different kinds.

14.3 Methorls of Flame Hardening

The generally accepted techniques of flame hardening may be divided as follows:

14.3.1 SPOT OR STATIONARY

In this method both the component and the flame are held stationary. In general, the work

is heated by hand with a welding torch or some other burner to the hardening temperature

and then quenched immediately in water or oil depending on the chemical composition of

the steel. This method is usualty employed only for limited hardening areas and where

the amount of work involved does not justify the installation'of several jigs andother equip-

ment. This is mainly aclopted for components like bolt heads, top of the screw, etc. When

hardening a large number of parts it is custornary to keep the burner stationary and hold

the part by hand or in a fixture.

14.3.2 SPINNING METHOD

ln this method the component is spun between stationary heating jets until the whole

surface is heated to the desired hardening temperature; it is quenched by immersion or

by spraying water directly on to the component.

This method is suitable for gears which are less than 4 inches in diameter, hubs, shafts

and similar such components.

14.3.3 PROGRESSIVE SPINNINGMETHODS

This method is carried out on cylindrical objects. The hardening is achieved by progres-

sively heating along the axis of the object which itself is spinning. The heating is followed

closely by a quenching jet. The rate of spinning is of the order of 3 to 12 inches per minute.
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The heating and quenching jet are both fixed to a carriage which can be steadily traversed
along the work.

This method can be adapted to a broad range of diameters and rengths.

T4.3.4 PROGRESSIVE METHOD

This method is used for even surfaces. This method of hardening employs a flame head,usually of the multiple-orifice type, with or without integrated qu.n"t ini facilities thattraverse the surface to be hardened. As the surface is heated progressively, it is followed bya quenching medium (Fig. la.2). The rate of movement is relatively low (50-200 mm/min)
and it depends on the desired case depth.

The equipment used for this method consists of a flame head mounted on a movable
carriage running on a channel or track at a regulated speed. fhis metfroJ lr*"*l"i 

"Uf"for the hardening of lathe beds and guide ways. This method can also be adopted for curv-
ed parts such as cams by the use of the tracer_template method.

14.4 Treatment Prior to Flame Hardening

It is essential that the components after heavy machining should be stress relieved in the
temperature range of 550-600'C for I to 2 hours followed by air cooling. The stress reliev-
ing operation releases stresses that are developed during machining, avoids cracking and
reduces the distortion during flame hardening. Small components need not be stress
relieved.

Sometimes it is essential to heat treat the part prior to flame hardening in order to
develop the optimum properties at the core. This may be achieved by hirdening and
tempering. Sometimes an annealed structure may be desired. A fine grained metal is pre-
ferred to a coarse grained one for flame hardening.

Pre-heating of components prior to flame hardening will increase the depth of hardness
and avoid cracking, especially in the case of some alloy steels.

Prior to flame hardening the component should be free from scale, rust, dirt, decar-
burization, laps, seam folds and fins. otherwise, it may result in a soft surface skin and
cause localized overheating leading to cracking even after proper heating and quenching.

14,5 Quenching Liquids

Quenching media used in flame hardening consist of mainly water or a dilute soluble oil
solution' compressed air, passed through the quench blocks, is used u, u q.r.r"trlrg
medium in some applications. In certain instances it is necessary to quench the parts in
caustic or brine solutions, or else in a large variety of oils.

Components heated by the progressive spinning method are usually quenched by a
spray integrated into the flame heads. Quenching liquids at a constant pressure and tempe-
rature are pumped through a number of small openings in a ring into the heated surface
as it revolves. The quench emerges as a circumferentiai rp.uy und progressively quenches
a narrow band of heated surface as the work revolves. As only a small area is being
quenched with a constant supply of fresh liquid, uniformity of quench is assured.
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The components heated by the progressive method are usually quenched by a spray

integrated into the flame head and provide for a full coverage of the heated zone. Uni-
form heating and spray-quenching of proper volume produces a flame hardened surface

free of soft spots.

14.6 Case Depth

The depth of hardness obtained depends mainly on the chemical composition of the steel,

the hardening temperature, andthe rate of cooling. For instance, the presence, of appreci-

able quantities of alloying elements such as nickel or chromium promote the depth of
hardening. The depth of hardness obtained also depends on the rate of movementofthe

flame head (Fig. 14.3).

0.12 0.21 0.36

Depth in inches ----;

Fig. 14.3 Hardening v. depth curves, for AISI 1050

steel hardness, by flame travelling at in-
dicated speedsr

Flame hardened components possess the maximum possible.surface hardness compared
to other hardening processes.

14.7 Steel Suitable lor Flame Hardening

Theoretically all steels hardenable by the conventional method can be flame hardened. But
in practice however there are certain restrictions to the type of steel that can be treated,

since some steels may tend to crack. The carbon steels containing 0.30 to 0.57'l are

most widely applied. Carbon steel containing 0.351carbon is mainly used for machine

elements requiring high fatigue strength but exposed to little wear. Steels containing 0.45%
carbon are extensively used for all kinds of parts requiring flame hardening. In the auto-
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mobile and motor vehicle industry small crankshafts, rocker arms, spindles, spline shafts,and other items are made using this steel. [n certain applications a 0.6"lcarbon steel deve-lops cracks but steels containing O.ss%carbon can be ,r.a u, replacements on such occa-sions' Here, the carbon cortent is higli enough to reach the desired hardness of 60 Rc onlathe spindles and tailstock sleeves ula ,irnitu, 
"orpor.n* ..quir.a for heavy duty. Steerscontaining 0'6o/o carbon may be used for parts with smooth surfaces uninterrupted by oilholes, bores, taps, etc,, without the danger of cracks developing. where a maximum hard-ness of 6l RC is required, steers with.uibo, content highei tian0.rr can arso be flamehardened; they require greater skill and care in handling.

Alloy steels are also used for parts subjected to heav] oscillating of impact loads. Evenvery heavy cross sections can be heat treated for sufficient strength. For this type of appli-cation' the more commonly used steels are those wjth 0.35 to 0.62lcarbon along witho'l2too'20%vanadiumand I to l.2olchromium. Thepresence of ailoying erementsinsteels has no effect on the hardness of ihe steel. Apart frot this, steels containing Mo, Niare also used in special cases.
Parts requiring higher case depths, asfor instance straightening rolls for sheet steel andgears with small teeth, are normally spin hardened.
Apart from the above materials, siainless 

_steels, 
cast steels, grey cast iron, spheroidalcast iron and malleable cast iron can also be flame hardened. 

-'

Table l5'5 illustrates the different types of steels used for induction hardening as wellas flame hardening.

14.8 Tempering

After flame hardening it is necessary that the components should be tempered. self-temper-ing of the component by heat diffused from the neatea zone is not desirable for the majorityof the components. But on 
. 
large components, flame hardened to a greater depth about5 to 7 mm or more' the residual heat present after quenching may be sufficient to relievehardening stresses. Thus subsequent tempering may be unnecessary.

In the majoritv of cases the simurtan"om tiu.a*irg ;;;;pering is of great value intreating the larger parts' This treament may be done in a conventional way, either in anoil bath or forced air circulation or salt bath. The main object of this treatment is the reliefof stresses produced by flame hardening, and for this purpose a t"mp".irg temperature of175 to 200'C is sufficient.

14.9 Advantages of Flame Hardening

l. A wide selection of steels may be used.
2' May be applied to parts more or less without restriction on the size and shape.3' compared to carburizing and nitriding the flame hardening method is more rapid.4' Selective surface hardening of area is possible without h"uiirg the whole mass.5' wide depth of hardness may be obtained with contror.
6' May be adopte<l for large components where conventional furnace heating andquenching is impracticable or uneconomical (e.g. extremetf ta.g" gears, rathe beds,guide ways, rolle:rs and dies).
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7. In certain cases, it is possible to substitute case by plain carbon steels instead of

adopting carburizing by using an expensive alloyed steel; thus it works out

economical.

14.10 Disadvantages

l. It is difficult to measure the exact temperature on the component during the process.

Estimation of this temperature has in many cases to be left to the skill of the ope-

rator, and to determine it in the light of flame is not easy.

2. To standardize the process for a particular component, it is necessary to carry out

a trial run, inorder to be reasonably certain that the temperature to which the steel

is being heated is the optimum temperature.

3. The exact case depth control is difficult compared to the induction hardening method.

4. Fuel gases used are explosive, hence utmost care is required while operating the

process or during the handling of gas cylinders.
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Induction Hardening

I

I When surface hardening is done by means of induction heating, the method is known as

induction hardening. This method involves heating the component by an induced current
to temperatures at which the rate of formation of austenite is very rapid, and then quench-
ing it to transform the austenite to martensite. The hardness thus formed is somewhat
higher than that obtained by conventional methods of hardening; the fatigue strength
obtained is also higher.l For the purpose of induction hardening it is usual to employ an alter-
nating current at a frequency ranging from 50 c/s to 1000 kc/s.'1 The advantage of induction
hardening over the conventional methods is mainly the rapid 'heating of the surface of the

component without an appreciable rise in the temperature of the core. This condition makes
it possible to case harden components in a few seconds with very little distortion and with-
out the formation of an oxide layer or a decarburized zone. The use of steels of inferior
quality for the same practical applications is also made possible.r The rapid heating
method employed in induction heating enables the heat treatment to be performed directly
in the machining production line without interrupting the technological sequences of opera-
tions thus reducing the overall cycle time to a minimum. As a result of these and other
advantages, applications of induction hardening is mainly used for gears, cam shafts, auto-

mobile parts, lathe beds, axles, etc.

15.1 Equipment for Induction Hardening

I ffigf, frequency motor-generators and valve-generators are used as sources ofpower supply\ " " 
,araan

'ffi

Fig. 15.1 Illustrates the depth of induction-hardened case depending on lhe frequency (l) 50

cps (2) 2500 cps (3) 250000 cps
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for induction hardening. The motor-generator sets are employed in cases where the fre-

quencies required do not exceed 10,000 cps and valve-generators in those cases where still

higher frequencies are needed. The depth of heat penetration diminishes; as the frequency

increases. Figure 15.1 presents a diagram showing the effect offrequency on heat pene-

tration.
Surface heating by high frequency electric current is determined on the basis of the

following main factors, namely, the frequency and the time of heating.3'2 The frequency is

usually selected to give the optimum range of case depthl Table 15.1 illustrates the frequen-

cies most widely applied in practice to obtain different case depths for various diameters of
the component. As shown in this tabulation the lower frequencies are used in cold rolling

Table 15.1 Selection of Frequency for Induction Heating (in the case of steel)

Frequency

Hardened Dimensioos
depth mm mm Commercial

frequency
50-60 cps

Motor generator

1000c 3000c 10,000c

Gap Vacuum tube
20-100 kc 200 kc or higher

o.+1.25

1.25-2.s

2.5-5.0

Through

hardening

6*25

8-16

t6-25

25*50

25-50

19-50

50-r00

l@

3-6

G12

t2-25

25-50

55-100

100-200

200

A

A

A

B

B

A

BA
AA

AA
AB
BC

A

A

A

A

B

C

B

A

A

B

A

A

B

A

A

B

A

A

A

B

A

B

A

A

B

(a),4. Optimum frequency B. Suitable frequency C. Passable.

(b) Hardened depth means the depth of the layer hardened to the minimum of HRC 50 measured from

the surface.

(c) Megacycle frequency is necessary for a depth smaller than 0.4 mm.

and are suitable for depths of 7 mm and above. The high frequency induction heating

installations are used for 1.5 to 2 mm case depth suitable for small components and for

parts subjected to wear in service. Many localized heating applications can be achieved

only by radio high frequencies, because accurate localization is obtained at these frequen-

cies. Medium frequency induction heating installations are used in automobile and machine

tool industries to attain case depths of 4 to 6 mm and for parts whose surface should be

hardened to withstand crushing.
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The primary considerations for induction hardening are the depth of heating and thesize of the component- As,the 

f.er.r"y 
-t"".rr 

11. 
dJpthoipeo.t.ution, the equipmentshould be selected mainty keepingthis in ii.* (Table 15.2).

Table 15.2 Effect of Frequency on Depth of case Hardness2
Power inout

Wmm' Frequency
k}{z Depth of hardening

I 5-I9

8-12

15-25

1523

15-22

23-26

))_)<

15-22

450

450

l0

IO

10

3

3

3

0.5-1. t
1.1-2.3

1.5-2.3

2.3-3.0

3.0+.0

2.3-3.O

3.0-4.0

4.0-5.0

on the basis of the required depth of hardened part and the size of the component,Table l5.l indicates the powe*ou."., and the fr.qo.i"i"rl.-qr,r.O.
As it is desirable to use the available electricar"upu"iiy,o rie_full, it is a good practice,when deciding the plant' to select a frequency which wil work satisfactorily taking theminimum time for inductio_n rraroening. icu g..ute, J;p;t;il".dening is desired, then a

i,r:;:;[tff:];i " 
selected, and to pridu." a thin case o, ruy"r, of hardness the highest

15.2 Heating Inductors

IThe heating effect attained with the aid of a generator is not only dependent upon thegenerator output and heating time, but also on the manner in which the component isheated depending on the shape of ttre inauctor and its position with respect to the workpiece' The depth and configuration of the heated ruy.. odtuir"i on the surface of a compo-nent depends upon the shape of the inductor, the distance between the inductor and thezones to be heated, and also upon the magnitude of the power-input into the inductor andthe frequency of the supply cuirent. Hence the design or tue inouctor or work coil shouldbe such as to direct the cddy currents onty in,o it or" ,."tors or the component whichrequire heat treatment' The distance required for a statior".y;;.p"nent should be about2 to 3 mm, for rotating parts it should be 2 to + -,, uno i- "u 
i.ogr"rrire shape it will beabout 2 toi mm depending on the type of component. l 

-- r
The tighter (gap) the coupling beiween the componLnt and inductor, the higher is thedegree of efficiency' The cleararr". b.t*.., the component and the inductor should remainwithin 2 to 6 mm' rua'lequate spacing may cause a contact between the work and theinductor' or puncture the air gup u"ti..r, them, and overh"at the external Iayer parti-cularly when vacuum-tube oscillators are used. Larger 

"r"u.ur"., -ay be chosen for deeper
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Fig. 15.2 Different types of inductors (Courtesy: HMT Ltd, Machine Tools Division, Bangalore)

Fig. 15.3 Different types of inductors (courtesy: HMT Ltd., Machine Tools Division, Bangalore)
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hardening' The spacing of turns in a multi-turn inductor should be minimum so as toensure uniform heating. Normalry it wi, be about 2 a + --lro roughly the same spacing
;: tiT:ii:'l' :T;:T;T.'J,"# :l; U *.Xt: 

;; iilff g, h i s i i s,a... l,'i, o 
",,i 

ur.

. The different types of induc-tors ifr"irl
shown i, Fig;.-i;1; and I5.3. 

re used for hardeninggears, spindles,shafts, etc.are

15.3 Selection of prior Structure

The steel structure prior to induction hardening 
.is 

of great importance, particurarry in thecase of very trrin r.r:li:lr requiring ,.ry ,rrort heatin-g ;;;.'The heating up process ininduction hardening jt Y:t, rapid (at the most it does not last more than a few seconds)and therefore there is littie ti;" 
";il;le for the 

"".iia" ,.irtion necessary for the pro-duction of martensite. It is undesirabre th".efo." ,rrur, iiirr""'ir.r"rrr" is not favourablyresolved' no proper transformation will take place. ro-ro*.-"*tent the higher temperaturesthat are possible with^ furnact t'oto.niof can compensate for the very short heating timewithout the danger of g.rain rir"..rru.g?ment.r,4 it i, rro*"r.r usual to obtain a suitablestructure for induction hardening by a prerimi,ary treatment or by norm alizing.wherepossible'as cast' or spheroidat rtir"iu."r-rhourd be avoided.
The initial microstructure of steel exerts considerable influence on the process of auste-nite formation' The smaller the size of the p-earrite particres, ii. rrrgt". the rate of forma-tion of the austenite nucrei and 

"f 
th; g.;;;h."f 

th.r 
uur;;;. grair. rn"refore in inductionhardening of medium carbon steel, a ririir" initial structure ischaracterized bv a smarer g.uin' ,rr"'und u ,,or" ";ii;; ;t,fiiflTfft:fi;.:lIl i;cementite' The diffusion path of carbon in-the proce* or ii.-u*tenite formation in steerpossessing a sorbite structure is shorter;";ir";;;";;##steer 

whose structure con-sists of free ferrite 
1:!-l:riri,:. r, -", u" seen from Fig. r5.a that asorbite structure isthe ideal structure prior to induction hardening ro. ."iir-'carbon steers, which resurts

;ffi1'i:::[T:il:] ii:;":T:::ii,:,d;i hardlning, *,,"."", ,r," ,t""r, no.,,rii"J 
",0

n
I
€.Gt

e
oo
C
Y

Fig.15.4 Effect of prior
steel_4.AU" C.
(1470.p;r

. u.uuo 0.lZO
tnches-rrom surfoce

structure on the hardness penetration ofAll samples were induction heated to g00oC

0.160

0.17'Ac
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It is not always feasible to heat treat the components to produce the desired structure-

such cases a double induction hardening treatment will yield satisfactory results.a This

illustratedinFigs. 15.5(a)and(b)inwhichtwo steels aregiven adouble treatmentat

o.o2 0.01 0.05

Distonce f rom surfoce --->( inches)
(b)

Fig. 15.5 (a), (b) Effect l?touur.-nu.oening treatment on the hardness penetration of steels D and E. The

samples were induction-hardened to 750'C6

750,C.The double treatment could be varied in many ways; for example, the first treatment

could involve a high temperature hardening, followed by a second low temperature hardening.

The purpose of the first treatment is to obtain a satisfactory carbon distribution generally

by triating to a high temperature quenching. The second treatment is to produce the desired

hardened layer at the surface.a

Steels containing more than 0.5fl carbon are frequently spheroidized for improved

machinability, bttt this structure has the poorest response to induction-hardening, and

hence requires higher hardening temperatures. It is about 150 to 160"C more than the

normal hardening temperature. But this will result in coarsening the austenite grain size

and may lead to quenching cracks.

L5,4 Induction Hardening Temperature

I The heating temperature is the most important variable in induction hardening. To obtain

satisfactory properties it is necessary to heat the steel to a temperature higher than the

normal hardening temperature, so that the carbon diflusion is sufficiently rapid. For instance

with0.45lcarbon steel it requires atemperature of about 900 to g50"Cforinduction hard-

ening, If the steel is having carbide forming elements it may be necessary to raise the

hardening temperature by 70'C to 150"C above the conventional hardening temperature

to take full advantage of the alloying elements.l The exact heating temperature depends on

600t
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the length of the heating cycle, the alloying elements present, the specific effects desiredfor the alloying elements and the surface rr-ar"* ..q"ir"iiil"* higher temperatures atthe surface are used to obtain un uo.qrut" r"rui,", ;H 
";H',i ana attoying erements in

Distonce f rom quench 
"na 

ly'e

Fig. 15.6 Effect of austenitizing temperature
on the degree of carbide solution.

Fig. 15.7 Hardness-penetration curves of specimens
induction hardened to the O.rig"ui"O
remperature (AISI I050)6

the austenite with a very. short heating cycle. Figure 15.6 illustrates the effect of austenitiz-ing temperature on the degree of .urU]a" ,ofu_ Hp.
ru6 .vtupsrarure en tlre degree of carbide solu_ HRction. The higher the austenitizing temperature b'ri,r6usr Lus aus[ent[Iztng temperature
the greater is the case depth ot,ulr"J 1fig. u1s.7). 

=The temperature r.equired also depends on :
the rate of heating. As the heating ,",; ; E
greater, higher hardening ternperaiures are S
required ro obtain the inaximu, ho;;,,;;; € rrH-_]+_J
vaIue'Forexample,atarateof5o.C7seconJIlU
the minimum hardening temperarure'f".;;r I l--f-T-f-T-
:.:lT i'lj;,1'x;:,Yo^F'J'^:ja1::r4oo'cf ffioc.second a temper€.ture_of 920oC is required; ,.rnj"orl,orr""al2m 

1300"c

and at a rate of 700oC/sec_o.nd heatingup to Fig. l5.B variation in surface hardnesse60to 1000.c is required (Fig. rs.8). 
e -r -- 

;|:f##[[Cr"HH#x.,,idoi[e::
ent heating ratcs

The heating conditions at which the maximum hardness is obtained are generally calledthe 'optimum hardness conditio,s'. This condition can ut ,.r."t.a in accordance with thetype of steel' the shape of the component, the required thickness of the hardness layer andthe frequency of the supply .r.r.ri.
I when heating castings of grey iron for surface hardening it is recommended that tempe-ratures of 1050 to 1l5Q'c be employed, for, at these temferatures the graphite dissolvesparticularly rapidly' For syface hardening of spheroidal gr;p;;i; cast iron the temperaturerequired is 950 to I000.C.J
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CMnCrMo
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15.5 Methods of Induction Hardening

Induction hardening may be accomplished by various methods'

15.5.1 HARDENING WITH STATIC COIL

This method is used mainly for small parts which can be either manually or mechanically

loaded into the coil. The area to be hardened should be small enough so that the power

-]tput can achieve the required hardness in a single step. This kind of hardening for

example is most useful for hardening the heads of bolts, nuts and similar such small

components.

In case of circular components like gears etc., normally the part to be hardened is

rotated within the inductor, the width of which is equal to the breadth of the surface area

to be hardened. The part is rotated during hardening in order to obtain the greatest pos-

sible degree of uniformity in the width and depth of the hardened zone. By turning the

work piece during the heating up period, the effect of irregularities in the induced magnetic

freld is smoothed out. The turning of the job keeps the distortion at a minimum. When

the time of heating given for the process has elapsed, the part descends by means of a

Fig. 15.9 Gear hardening with static coil (Courtesy: HMT Ltd, Machine Tools Division, Bangalore)

hydraulic device into the quenching bath to ensure that the whole of the heated portion is

immersed in the bath (Fig. 15.9).
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An additional sprinkler installed at this point ensures sufficient agitation of the waterto avoid the danger of soft spots being io.med. In many 
-cases 

,otating the work pieceduring quenching herps the rtr-ution-oi rort ,pot, &;"";;;;rg rhe generation of steampockets on the hot surface which leads to the formatior'or sort'spots.

15.5.2 PROGRESSIVE HARDENING
In progressive hardening only a part of the surface to be hardened is exposed to heatingat any one moment. whire the remaind.. ,ruy, cord. During t uia.nrog the component tobe hardened performs two movements simultaneousl.v. er-ii.oiut.r, it arso moves alongthe axis' while the inductor t"*uin, ,iutionur, (in some ,n.tr,oo, the reverse is true_the

Sproy quench

Fig' l5'10 External appearance of a cyrindricar inductor with quenching attach-ment. 6, l_Rotating centre for hardening machine, 2_Work piece,3-Extension, 4_rnductor, s-_a;;;l;c attachment

Heoted zone
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component is stationary and the inductor moves along it). In such cases the heat is applied

projressively while cooling is effected by means of a quench being fixed at the outgoing

siae of the coil. The principie of progressive hardening is shown schematically in Fig. 15'10'

The shaft to be hardened is slowly moved through a coil, which rapidly raises the surface

layer to the hardening temperature. This hot zone then moves through a quenching ring

situated below the coil. The generator power and the speed at which the work passes

through the coil determines the surface tempel'ature. Increasing the generator power or

Fig. 15.11 Progressive induction hardening

i!!!

lm,
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slowing down the speed of the component both serve to raise the surface temperature andvrce versa' If both the generato, pL*., and.compon; ;;;;re increased, penetrationwill be less, whilst conversery the combination of ,"; ,;;; and row work speed wi,
fiffr" 

a deep penetration. rigu..ll.ij"'rrai.u,.,,t" plog."rrir. induction hardening
In many cases during pro-

ffii:nflT1:ffii*;:iii:i An

fiH#'ffi qeeh

,'l-3-,rofsma,aiu-.t..ur. 
U 

@heated in an annular inductor,
similar in form to that of a gear.
The teeth of large diameter
gears (module exceeding g) are
heated individually, i.e. one at tnductor 

----lir 
1..,

;:F:i##iT.-""- Whardening, the depth of the
hardened layer may be varied Hordened zone
considerably even in similar f teeth-- -

jobsof the same material heated 
F-ig' I5'I2 Relative positions of the inductor and the tooth ofa

by currents of the same fre- 
spxr gear wheel, with successive treatment ,iiroi"ior"l

quency. The depth of hardness is influenced
by the time factor, and with lr.r.urlrg-ti-" 70t---

il::n:t;;,r':;EX1*r,:ffiff 
sdepth of case (Fig. 15.13). In statif nu.a.r-ing, E .ol_ _ I lit is. possible, by choosing 

" f"* 
-,rr"in. 

I I I

flffi'- ;l1,ilLT::if:,:r,,#;:::L{;,};' :offiE
to be heated througho,t. The depth.f frrlj.r_ E 

,r@

il::i:"!j?J: ,TTtiffi,J3",*Lx.,["lili 
E 'f]-l r f--r--r

l:::,:r,:,::.,,^i*i:,,uy,r,",,ir,"irin. .i#t 
32active length of the inductor coit anJ'tte Distonce ,r",,, ir"ro'n'.ni'rlilu 
3

travelling speed of the job. In this 
"ur" 

ut.o
lowering of the specific dlnsity, tog.,r,.;r;iir, 

"t.*. 
I5.r3 Effect ortime and temperaturereduction in the rate of travel orii. 

-*o.t 
n the degree of carbide solution

causes an increase in the depth orharoenirg.' flliJ|;:ffi1.i?;1;.;"t**t.'-
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15.6 Quenching

[n" oro".rs of hardening is criticallv. controlled bv-the ti:t :l:::']lt;Illl11 :t:]." 
tt

not fast enough to attain the martensite structure. Hence the fast rate of cooling is effected

by forced quenching using water, oil, water emulsion or forced air depending on the type

oi .ut.rlutlThe appropr[te choice of the cooling medium is essential since an application

of a wrong liquid will either result in an insufficient hardness or in a hardened layer with

material crack. Water is suitable for plain carbon steel, low alloy steels and cast irons' Oil

is the preferred choice for materials requiring a very mild quench, whether spray or immer-

sion, and is used for highly alloyed steels, high carbon steels and for parts with abrupt

sections. Water emulsion is also used in case where the quench rate must be between the

water and oil. Soluble oil in concentration varying from 0'5 to lO% present have been used'

Polymer solutions have also been used.

The different methods of quenching adopted are:

l. Agitated quench

2. Progressive quench

3. Static quench.

15.6.1 AGTTATED QUENCH

One of the most common methods of quenching after induction heating is the agitated

tank quench. The component is heated in an induction coil and indexed manually or

automatically into u qu.rrh bath (Fig. 15.14). Agitation for the quenchant can be provided

Submerged

Hordened zone

Fig. f5.14 Gear hardening and quenching unit

in a variety of ways, from simple air agitation to a spray quenching using a pump' Great

care should be taken to maintain sufficient pressure at all points around the surface of the

quench face to ensure an even quenching'

15.6.2 PROGRESSIVE HEAT AND QUENCH

ln progressive heating the quenching method adopted is shown in Fig. 15.15 (for flat



surface) and
continuously
dence is very

Sproy
que nchi ng
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in Fig' I5'16 (for circu.rar shapes). A part is heated_by either passing the partinto the inductor o' by passint,r,.irir.ior on the part. The angre of inci-important and experience has ,Io*, trr"t <o to 50o must be used. This a,ows

Fig. 15.f5 progressive hardening of rectangular b.lock

sprays to wash the surface with an e ven film of water or oil, resulting in an even depth orhardness and eliminating the ro.ut or..iardened spots. Iiir-nl".rru.y that not only anadequate flow should be maintain.d to lowe, the part ,.-p.*rrr" sufficientry to ensurecomplete transformation to martensite but also a suitabt" f."'rrrr" of flow should be main-

I

i

Fig. 15.16 Continuous successive heating and hardening

Itltt

H
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tained to prevent self-tempering of the section to be hardened' In certain applications'

the heat treated Parts maY not be

cooled comPletelY to the room tem-

perature, thus aiding subsequent

iempering applications. To attain

this, the flow of quenchant maY be

adjusted.

15.6.3 STATIC QUENCH

In this method the comPonent after

being heated in the coil remains

there and is quenched bY the spray-

ing device located beside the induc-

tor (see Fig. 1 5.17). Fig.15.17 Inductor for internal surface

hardening (3-turn cYlindrical

inductor)

15.7 TemPering

f Tempering of induction-hardened components is not recommended for parts in which the

maximum wear resistance or fatigue properties are desired' A low-temperature anneal

reduces internal 
"on1pr.rriu" 

stresses which contribute towards a higher hardness and

endurance limitf The components to be ground after induction hardening should be tem-

pered at 150-160"c to avoid cracks during grinding. A higher tempering temperaturemay

Le adopted to reduce hardness to the specified value of HRC'

15.8 InductionTemPering

Induction tempering may be applied to reduce the hardness of the components' in parti'

cular on previously induction hardened parts. This is more suitable for symmetrical

shaped components (rounds, hexagonals). These components may be heat treated to uni-

form desired properties. With this method differential hardness may be attained in a compo-

nent, with a consequent improvement in quality

Great care must be taken during heating since the objective of induction tempering ts

to produce uniform hardness throughout the cross section'

15.9 Advantages of Induction Hardening

I. The special advantage accrues due to the rapid heating

nents without an appreciable rise in the temperature

makes it possible to surface harden the component in

2. It enables the time requirecl for heat treatment to be

creasing labour ProductivitY.
3. [t makes it possible to use a steel of inferior quality '

as will be obtained with a much higher class of steel.

of the surface of the comPo-

' of the core. This condition

a few seconds.

; sharply reduced, therebY in-

with the same Practical effect
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4' Accurate electricar contror of heat transmission and a high rate of temperatureincrease can be extended to obtain a completery urto.u;;;;;tronic contror, whichcan be fitted directly on to the production line.
5. Deformation rlue t1 11!u.ction ti"rd.;;;; is considerably reduced.6' It.enables the components to be heated 70-

without the formation of an o*id. i;;;;
or surface decarburization so ttat itre 6(

allowance for sut
may be reduced. 

rsequent machining 
t u'

7. In compariro, *ltf, ordinary hardened g ,o
steels, induction hardened stiels porr.r, : 30
a higher hardness (Fig. l5.lg) Ar" to o

1i1."_Tll.rsive 
stresses in the 

.marten_ 
Esite zone of the surface hil;;;; i rsamples, and (b) a finer martensite struc_ d

ture with less retained austenite which

senizatiln auring;;i;;."'" 
or nomo- 

Fig. r5.r8 :.ffi;::rXl;:lln8' using a cheaper variety Lf steel, induc- characteristicsof steel-Alsl 1050tion hardening can obtain ilre *"a. as deveroped by end-quenihed
resistance that is normally obtainea in specimens which are i;;;ffi;
the case of carburized 

_ 

st..tr. fuUf" and flame hardenedr,v u4Dtr c,l carourtzed steels. Table
l5'3 indicates the results of wear i.r,rrg of carburized and surface hardenedsteels. The wear resistance of aninduction harfeled 

"o,nporr.ni 
is armost the samecompared to the carburized and hardeneJsteel (Table 15.3).

is usually obtained due to lack of homo_
o 1 I 12 rs loTE-jz

Tabre 15.3 Resurts of wear Testing carburized and surface Hardened

Type of steel Heat treatment

Vickers
surface

hardness
(load
l0 kg)

Wear (mg)
steel .5fonzc

sPecimen DushlDg

IEKhNVA

,TOKhNMA

IS 35NilCr6O

t0

45

_C^arburizing 
1.5 mm, quench hardening

780oC, tempering lgQ.C
675

748

782

748

4.5

4.0

3.0

3.5

0.5

4.s

4.0

7.0

Quench hardening g60.C.
550"C, Surface hardening
tempering I80"C

C^atturizing 1.5 mm, quench hardening
780oC, temper ine l70ic

9::i.h hardening 860.C, rempering

150.!iyrru." hardening t -rn, t.-p.i
ing I80oC

Components induction 
-hardened 

generally possessstrength compared to other hu.d"ni;;;;;lods (Table

tempering

I mm,

9.

a higher
r5.4).

fatigue and impact

\tst l 0s(

+

Fu r noid
heoted,,

I

lnducti on
,I-

rordened
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Table r5.4 Results of Fatigue Testing (in Transverse Bend) Specimens of steel 50Kh, 18 mm dia, After

Surface Hardening and Other Forms of Treatment (15Kh,0.51% C,O.l$%Si,O'67'AMt,

0.90% Cr, 55Crr)

Heat treatment of sPecimens
Type of
speclmen

Fatigue
kg/cm'2

Limit
/o

Normalized

Normalized with subsequent surface hardening to a

depth of about I mm

Quenched and temPered

Quenched and tempered with subseguent surface

hardening to a depth of about I mm

Normalized with subsequent surface trardening to a

depth of about I mm, with heating to 450'

Smooth

Same

Same

Same

Same

35.6

46.2

40.7

57.8

48.0

100

130

tl4
162

135

10.

ll.

Induction hardening can also be applied for annealing, normalizing, brazing etc',

apart from surface hardening.

Energy utilization is less.

15.10 Disadvantages of Induction Hardening

l. The use of this method is limited only by the complexity of the

to be manufactured.

2. High capital investment necessitates high degree of equipment

3. It is not suitable for all types of steel.

15.11 Steels for Induction Hardening

The basis of selection of induction hardening steels

choosing steels hardened by other methods.

The steels with carbon content of about 0.30% I
and above are rnainly used for induction 'l

hardening. Steels having less than O'3% !

inductors which have

utilization.

is similar but not identical to that of

o 1 I 12 ',16 2021 28 32

Distonce from quench enalfrt-->

Fig. 15.19. Comparison of transformation

characteristics of steel-AISI
4340, as develoPed bY end-

quenched sPecimens that are

induction and flame hardened

carbon are not generally induction hardened ! ,o

since the hardness produced will be too low. 'E

For instance a 0.2"1carbon steel will harden :
only to Rockwell 40C but a 0.451steel will :
result in Rockwell 60C. In practice, surface E

hardening of a component is seldom done on 
E

a steel containing more than 05fi carbon

since the higher the carbon the greater the

risk of cracking. The addition of special

alloying elements does not greatly influence

the degree of hardness (Fig. 15.19). Sometimes

in order to obtain a greater depth of harden-

ed zone addition of alloying elements is car-

ried out more with a view of improving the

lndr.iction hordened
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strength of the steel in terms of tensile, yield, impact and fatigue properties. This improv-
ed strength enables the desired hardness to be obtained.a,s

The property of surface heating by induction influences to a great extent the choice
of steel. The problem of incomplete transformation below the surface does not occur as
only the surface layers have been heated. Also, the fast rate of heating of the surface means
that a fast quench can be used without the risk of distortion due to internal stresses. The
core ofthe piece therefore retains itsinitial strength,as it has notbeenheated or hardened
at all. These two effects mean that a plain carbon steel can often be substituted for a more
expensive alloy steel previously hardened by heating methods.r Another reason for
preferring plain carbon steels for induction hardening is that in general they go into
solution faster at a lower temperature than alloy steels. This means that a shorter heating
time can be used, with less loss of heat to the centre and with increased pioduction rates.
A further reason is that a water quench, which is more economical than an oil quench, can
often be used. The only reason for using an alloy steel is to produce a hardened piece with
an usually high core strength. Different types of steels that are used for induction and
flame hardening are listed in data sheets. If the heat treatment is well controlled, tool steels
and stainiess steels can also be induction hardened.

The steel, prior to induction hardening, should be in the hardened and tempered or
normalized state2 and the hardness would be such as is acceptable for the unhardened
sections. In the case of full annealed or spheroidized steel similar pre-treatment should al-
ways be avoided since the dissolution of the carbides is longer than the normal heating up
time. Apart from the above steels, cast iron can also be successfully induction hardened.

Steels that are rnainly used are given in Table 15.5. Their chemical compositions and
mechanical properties are given in Tables 15.6 to 15.13.

Table 15.5 lnduction and Flame Hardening Steels

Country
Standard

India
IS

DEU
DIN

USA
AISI

GBR
BS 970

FRA
NFA 35

USSR

GOST

ISO

ISO
JPN

JIS

Type-1

Type*3

Type-5

35C8

45C8

Type-7

Type-8 40Cr4

Type-I3 5OCr4Y2

Type-10

38Cr4 5135

42Cr4 5140

50CrV4 6150

8640

cf35

cf45

cf53

1035

1045

1050

O6DA35 XC38TS

060A47 XC42TS

060A52 XC48TS

530H36 38ChA SCr3

580M40 42CHTS 40Ch SCr4

735A50 50CV4 5OKHGFA SUPIO

s35C

s45C

550C

35

45

4

5

6

7

8

Type-9 40Cr4Mo3 41CrMo4 4l4A 708M40 42CD4TS 4OChFA SCM4

40NCD2TS
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Data Sheet 15.1_Type f (ISO)

TYPICAL APPLICATIONS

This steel is.mainly used for machine parts requiring high fatigue strength but exposed to
little wear. It is used for highly stressed components of motor vehicles and machines. Table

15.6 gives the mechanical properties and chemical composition of International Standard

steels that are mainlY used.

HOT WORKING AND HEAT TREATMENT

Hot working ll00-850"C

Normalizing 860-890"C

Hardening 840-880"C (Water quench)

860-880'C (Oil quench)

Tempering 550-650"C

The flame or induction hardening temperature will be 30-50"C higher.than hardening

temperature followed by water quenching.

Stress relieving 150-l80oc min., I h
Surface hardness HRC 5l-55

Data Sheet 15.2-Type 3 (ISO)

TYPICAL APPLICATIONS

This steel is extensively used for all kinds of components used in machine tool as well
as automobile industries such as gears, spindles, pinions, guideways, cam shafts, tilting
levers, gudgeon pins and similar parts of machinery. Table 15.7 gives the mechanical pro-
perties and chemical composition of International Standard steels that are mainly used.

HOT WORKING AND HEAT TREATMENT

Forging ll00-850'C
Normalizing 850-870'C
Hardening 820-850'C (Water quench)

830-860'C (Oil quench)

Tempering 550-650'C
Flame or induction hardening temperature wili be 40-50"C higher than hardening

followed by water quenching.

Stress relieving 150-180"C min., I h
Surface hardness HRC 55-60

Data Sheet 15.3-Type 5 (ISO)

TYPICAL APPLICATIONS

This steel is used mainly for lathe spindles, guideways,, tailstock sleeves, tie bars and simi-
lar components required for heavy duty without the danger of crack formation, even for
shapes difficult to harden. It is also used for gear change, gudgeon pins, worm shafts, gear
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shafts, etc. Table 15.8 gives the mechanical properties and chemical composition of Inter-

HOT WORKING AND HEAT TREATMENT

Forging 1050-850'C

Annealing 650-700"C

Annealed BHN 220

Hardening 805-835"C (Water quench)

815-845"C (Oil quench)

Tempering 550-660"C

Flame or induction hardening is done at 30-50'C above the hardening temperature,

followed by water quenching. Proper care should be taken while hardening, since the carbon

content is higher, to avoid the formation of cracks.

Stress relieving 150-180'C min., t h

Data Sheet 15.4-Type 7 (ISO) ,

TYPICAL APPLICATIONS

- This steel is used mainly for highly stressed components of motor vehicles and machine
.- 

parts such as gears, engine shafts, pins, etc. It is used for case depth in the range of 4
to 7 mm. Table 15.9 gives the mechanical properties and chemical composition of Inter-

national Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging 1050-850"C

Annealing , 680-710"C

Annealed BHN 210-220

Hardening 830-850'C (Water quench)

830-860"C (Oil quench)

Tempering 560-680'C

Flame or induction hardening temperature will be 40-50"Chigher than hardening tempe-

rature followed by water quenching. Due care has to be taken while hardening the surface

to avoid cracks, since the steel is alloyed.

Stress relieving 150-180'C min', t h

Surface hardness HRC 53-54

Data Sheet 15.5=.Type 8 (ISO)

TYPICAL APPLICATIONS

Used for highly stressed parts of motor vehicles, engines, shafts, crankshafts of vehicles,

parts for machinery, etc. Mainly used when case depth required is in the range of

4-8 mm. Table l5.t-0 gives the mechanical properties and chemical composition of Inter-

national Standard steels.
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HOT WORKING AND HEAT TREATMENT

Forging 1050-850"C

Annealing 680-720'C

Hardening 830-850'C (Water quench)

840-860"C (Oil quench)

Tempering 580-670'C

The flame or induction hardening temperature will be 40-50'C higher than the harden-
ing temperature followed by water quenching. Due care has to be taken while surface
hardening since it is an alloyed steel.

Stress relieving 150-180'C min., th
Surface hardness HRC 54-55

Data Sheet 15.6-Type 9 (ISO)

TYPICAL APPLICATIONS

Used for highly stressed components of vehicles and machines where a high wear resistance

of the surface and very good core properties are required. Pinions, crankshafts, gear shafts,

etc. Used whenthe case depth requiredis in the range of 4-8 mm. Table 15.11 givesthe

-,, mechanical properties and chemical composition of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging 1050-850'C

Annealing 670-720'C

Annealed BHN 210-220

Hardening 820-840'C (Water quench)

840-860"C (Oil quench)

Tempering 670-720"C

The flame or induction hardening temperature will be 40-50'C higher than the harden-
ipg temperature followed by water quenching. Due care has to be taken since the steel is
alloyed.

Stress relieving 150-180"C min., I h

Surface hardness HRC 53-55

Data Sheet 15.7-Type 13 (ISO)

TYPICAL APPLICATIONS

Used for parts subjected to heavy loads with oscillating or impact forces acting on them.
Even very small cross sections can be heat treated for sufficient strength. Used for vehicles,

engines, and machines such as gears, drilling rods for drilling towers, dredger pins, etc.

Table 15.12 gives the mechanical properties and chemical composition of International
Standard steels.
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HOT WORKING AND HEAT TREATMENT

Forging 1050-850'C

Annealing 650-680"C

Annealed BHN 220-230"C

Hardening 820-840'C (Water quench)

860-880"C (Oil quench)

Tempering 680-720"C

The flame or induction hardening temperature will be 40-50"C higher than the harden-
ing temperature followed by water quenching. Due care has to be taken since the steel is
alloyed.

Data Sheet 15.8-Type 10 (ISO)

TYPICAL APPLICATIONS

This steel may be used for very highly stressed components, medium- and large-sized parts

requiring a high degree of strength and toughness. Mainly used for automotive and air-

craft parts, gear shafts, gears andpinions, etc. Table 15.13 gives the mechanical proper-

ties and chemical composition of International Standard steels.

HEAT TREATMENT

Stress relieving

Surface hardness

Forging

Annealing

Hardening
Tempering

150-180"C min., I h

HRC 58-62

1050-850'c

650-700'c

830-800'C (Oil quench)

540-600'c

The flame or induction hardening temperature will be 40-50'C higher than the harden-

ing temperature followed by water quenching. Due care has to be taken while surface

hardening since it is an alloyed steel.

Stress-relieving

Surface hardness
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General Engineering Steels
(Quenc{red and Tempered Steels)

Carbon steels are (Carbon 0'25-0.60 per cent 'and manganese 1,0 per cent max.),extensively
used in the"form of bars, general engineering forgings and drop forgings after a simple
normalizing treatment. The optimum combination of properties for-a liven materjal is
available only for components not biggerthan a certain size which, for.carbon steels,.is
quite small (low limiting ruling sections).

The superior combination of tensile strength, yield strength and ductility, and shock
resistance may be obtained from these carbon steels after hardening and tempering. For
any one steel there is a.minimum speed at which that steel should be cooled 

-to 
pr.-oduce

effective hardening. Also, the rate at which heat may be absorbed by a quenching medium
is affected by ruling sections. While it may be possible to harden satisfactorily small sec-
tions of a particular steel by quenching, it may not be possible to harden large sections of
the same steel. This effect of mass or size profoundly influences the choice of steel for
hardening and tempering. For carbon steels the rate of cooling necessary to give satisfactory
hardening is so high that the size of the section in which these steels can be satisfactorily
heat-treated is limited. Moreover, the parameters of transformation taking place in the
metal are such that uniform properties cannot be imparted to work greater than certain
"thickness, owi,ng to the difference in the cooling rate between the centre and surface of
section thickness. Furthermore, high tensile strength in plain carbon steels is generally
associated with a comparatively low yield point and a reduction in ductility and toughness.
Hence it is only possible to obtain medium tensile strength levels combined with reasonable
ductility and toughness in carbon steels.

Therefore, for larger sizes and for higher tensile strength, it is necessary to use a steel
which hardens effectively even when the rate of heat abstraction in quenching is low. These
difficulties are overcome by resorting to alloy steels.

By the addition of alloying elements such as manganese, nickel, chromium, molybdenum
and vanadium, the minimum rate at which cooling should be carried out to obtain effective
hardening is decreased, depending on the amount of element or combination of elements
added. Apart from this, it reduces distortion and cracks in the components.

A combination of more than one alloy element is used more often than any single one.
This is because the efficiency of any given section is greater where several cooperative ele-
ments are present than when an equivalent proportion of just one of them is used. In
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addition, some elements possess disadvantages that counterbalance their beneficial action and

it is desirable to limit their content in the metal. Combinations can also be found, in which

the respective disadvantages of elements are cancelled by their respective advantages, while

other advantages of the two act cooperatively. For example, chromium alone can cause

grain coarsening whereas nickel can cause graphitization in high carbon steels on prolonged

heating. Chromium stabilizes any carbide present, whereas nickel aids grain refinement.

Thus, a combination of the two renders a steel safe from both points of view. Moreover,

chromium and nickel help in strengthening the metal, improving hardenability and increas-

ing toughness.

By a suitable choice of alloying elements and with appropriate heat treatment, a very

wide range of tens:le strengths combined with high yield ratios, excellent ductility and

toughness, improved wear resistance and many other special properties can be achieved.

The maximum hardness obtainable in any particular steel is a function of the carbon

content,buttherateofcoolingforhardeningnecessarytoprodlrcethis hardnessis govern-

ed by the alloy content. As the cross-section at the time of quenching increases, the cool-

ing rate in the interior of the mass is necessarily reduced, and it follows, therefore, that the

heavier the section the higher the alloy content necessary to produce any given set of
properties. Thus, the application of the steel is governed not only by the mechanical pro-

perties required in the heat treated part, but also on the ruling section at the time of heat

treatment.

The number of alloy steels available makes the choice of steel for any particular appli-

cation extremely difficult and, in fact, in most cases, there are a number of steels which will
perform the same function equally well. Application of steel mainly depends on the relative

merits, cost and availability of the various qualities having similar ranges of properties,

apart from the hardenability of the steeJ. Table l6.l gives the diflerent types of International

Standard steels and the Data sheets give the applications.

16.1 Heat Treatment

Steels containing low alloys may be machined in the as-forged condition. In the case of
higher alloy steels, it is difficult to machine in the as-forged condition. Hence they may be

softened either by annealing or normalizing, followed by tempering.

16.1.1 ANNEALING

Components such as gears, spindles, shafts, spline shafts, etc., are normally made out of
alloy steels. To manufacture these components the steel used should be in the soft
condition. The alloy steels are usually received from steel mills in the annealed condition.
However, if they are subjected to hot or cold forming, often they must be annealed again

before subsequent operations, even though it is possible to manufacture in the as-forged
condition.

Steel in the as-forged condition will be having a coarse-grained structure due to a
long holding time temperature during forging. Components that are manufactured in the
as-forged condition may reveal heavy distortion or cracks during the hardening process.

Sometimes it is difficult to machine the components in the forged condition. Manufacturing
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the components in the forged condition may not be acceptable. To oyercome this problemduring the manufacture of gears, spindles, wheel spindres etc., it is essential to carry outannealing' Annealing imparts the best condition for working, machining, and offers themost favourable grain-structure for hardening. -r

Depending on the type of furnace and type of steel either full-annealing or sub-criticalannealing may be adopted' Sometimes Isothermal annealing -ay u" adopted. Details of theannealing application are mentioned in the data sheets rJ.1in ."rrt types of steels. Forpurposes of annealing the components are heated slowly and uniformly to the specifiedannealing temperature, so that tie heat penetrates throughout the section. They are heldin that temperature for several hours. Sulsequently, ,rr.v 
"* ,lowly cooled in the furnaceup to 500"c' Then they are air-cooled to th; roo-'t.*i.ru,u... r, is very important thatduring annearing precautions against decarburizatio, ard ,"uiing are taken.Furnaces used for annealing should be equipped with an accurate temperature control.To protect the surface from decarburization, scaling etc., annealing may be carried out ina controlled atmosphere, using furnace non-oxidizing sali baths or an insert pack materialsuch as spent or pitchcoke.

16.I.2 STRESS RELIEYING

Intricately shaped and slender components should be stress relieved before bringing to thefinal dimensions in order to avoiJ the po.ssibility of heavy distortion or cracks that maydevelop during the hardening process. ttri, t."ut*ent is done after rough-machining, orbefore final machining, in order to rerieve the stresses ird;;;J in the 
";-p;;.*'ou.iogmachining or straightening which may give rise to cracks or distortion during hardening.stress-relieving consists of heating ih" 

"o-ponents 
slowly to the temperature of 550-650"c and holding in that temperature for about 1-2 hours. Subsequently, the componentsare cooled in the furnace up to 400'c to prevent the introduction of new stresses. There-after' they are cooled in air. This operaiion is most 

"o.n*oorv 
performed in air-furnacesor salt baths used for tempering. After stre.ss-relieving, it may be necessary to correctthe dimensions before hardening because the relief oi-rt..ss"J causes some dimensionalcharges.

16.1.3 HARDENING

The components to be hardened are heated- slowly to the specified hardening temperaturementioned in the data sheet for the particulu. typ" or rt"et.'ti i, a normal practice to pre-heat the component to around 600-650'c arlo trota in that ,.Inp..u,ur. for equalization oftemperature throughout the cross-section (30 seconds p..rnrn;.-i.eheating is normally emp-Ioyed for heavy, intricate and slender cornponents as a safeguard against cracking or heavydistortion' For small components preheatin^g is not necesruiy. art". preheating, the compo-nents may be heated quickly to the specified haraening t.-i.rutur" and maintained atthat temperature for a period depending on the cross-sectlon. Th. lo*", limits of thestatedtemperature range for hardening are selected for the smaller dimensions and intricateshapes' and the upper limit for larger dimensions. After the steel is held for the desiredlength of time, quenching in water or oil is done, depenairgrrirr" type of steer (Fig. l6.l).when the components are in the quenching uattr, uoirr-"o-pon.rt, and quenchingmedium shall be kept in motion to increase the cooling .r.., 
"ra 

to prevent soft parts.while quenching in water, the temperature of watei should ie 30-40"c, and for oil, it
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Fig. 16.1 Heat treatment sequence for constructional steel (hardened and tempered)

should be 60-80"C. The oil should be free from water and shall be maintained in a free

condition.
After the components are removed from the quenching bath, they should be tempered

immediately when they attain the hand-warm temperature. Allowing for too long a time

after hardening may lead to cracks forming on the components. Since the components in

the fully hardened condition are not only brittle but even highly stressed, it may lead to

cracks.

The furnaces employed for hardening shall be designed so as to ensure a uniform tempe-

rature throughout the heating space. They should be equipped with a good temperature

control system. Both, controlled atmosphere furnace and salt bath have proved satisfactory

for service over the entire specified hardening temperature range mentioned in the data

sheets.The attainable depth of hardness is illustrated inthe data sheets(hardenability bands).

It isalsoadvisable to checkthe success of heat treatment by measuring the hardness obtained.

It is also highly important to adopt all possible precautionary methods against surface

decarburization in order to avoid a corresponding reduction of fatigue strength and wear

resistance.

16.I.4 MARTEMPERING

Martempering is often employed to minimize the distortion without sacrificing the hard-

ness. Martempering consists of quenching the components from the austenitizing bath in

oil or salt bath maintained near the Ms temperature of the steel which does not permit

the formation of martensite. The holding time in the quenching bath is selected in such a

E
J
g
o
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E
o
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I

I
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manner that the temperature equalization occurs without any structural change (see iso-thermal diagram)' Thereafter, t'r'," 
"orporents 

are cooled in air. In this. process,-hardeningtakes place through the entire section or}," .o-p**i orliig ui. cooring, thus preventingundue distortion which is liable to occur in the compor.ri.---Tn. hardness, after martem_pering' is occasionally somewhat lower than that obtained by the ordinary hardeningmethod. Figure l6.l illustrates the sequence of hardening.

16.T.5 TEMPERING

After quenching' the hardened components should be immediately tempered in order torelieve the developed stresses uv 
"ooiirg, 

und to produ.. 
" --" desirable combination or.strength, hardness and toughness.

Tempering may be carried out in salt bath. o1 i1 a circurating air type furnace. Tempe-rature control by means of a pyrometer is_advisable. Temp.iirg 
"onrists 

of heating thecomponents to the desired temperature, depending on the' type or steel, and holding arthat temperature for a definite period. sulsequent cooling to room temperature should beslow and uniform to preYent the non-uniform relief of hardening stresses that could causewarping' Holding time is normally a minimum of I hour. The tempering diagram for din'er*ent grades of steels, given in the data sheets, will serve as a guide to judge the obtainablehardness' Depending on the holding time and temperaturJin the tempering bath, therewill be a certain variation in the obtainable hardness which iuy uury within a range o1plus or minus of Rockwell c units. with the increasing section thickness of the componenl.the as-quenched hardness,will drop somewhat. This, in conjunction with thelongertempering time customary for the heavier sections, necessitates a slightly lower temperingtemperature.

16.1.6 SURFACE TREATMENTS

The surface treatments such as carbonitriding, tufftriding, nitriding, ion-nitriding, flamcand induction hardening, etc. may be applied for steels to'irr"r"ur" wearresistance andlileof the component.

16.r.7 RECOMMENDED pRocEssING SEQUENCE

l. Forge

2. Normalize
3. Anneal
4. Rough machine
5. Stress relieve
6. Pre-final machine
7. Austenitize

8. Quench
9. Temper

10. Finish machine
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Table 16.1 General Engineering Steels

Country ISO

Standard ISO

India

IS

DEU

DIN

USA GBR FRA USSR

AISI BS97O NFA35 GOST

JPN

JIS

333" 3oc8

33;" 3sc8

3fl" 4oc8

3Xi" 45c8

!!3. socs

!!;" 55c8

c60

Type-l 27C15

Type-2 37C15

35Mn6Mo3

Type-1

Type-3 ,{0Cr4

Type-2

55Cr3

Type-l3

40Ni4

35Ni5Cr2

Type-5 30Nil3Cr5

5a, 5b

Type-l

Type-Z

Type-3 40CrMo3

Type-l 25Cr13Mo6

la, lb

s45C

c40

c45

c30

c35

c50

c5s

c60

28Mn6

36Mn5

34Cr4

4lCr4

37Cr4

50CrV4

3lNiCr4

36NiCr6

35NiCrl8

1030 080M30 xc32 30

1035 080H36 XC638HI 35

1040 080M40 xc4zHl 40

1045 080M46 XC48HI 45

1050 080M50 xc48H2 50

10s5 070M55 XC55HI 55

1060 060462 60

1330 150M28 35M5 36G2

1340 150M36 40M6 40G2

605M36

5132 530432 32C4 35Ch

5140 s30M40 42C4 45Ch

5135 530436 38C4 40Ch

515s 527A60

6150 50CV4 50ch

2340 30NCl2

3135 640H35 35NC6

EN30A 40NCl7

1340

826M40

s30c

s35C

S4OC

s50c

s55C

SMnl

SMn2H

_-

SCr2

SCr4

SCr3

-_

SUPIO

sNc3

SNCI

scM2

SCM3

SCM4

5

6

7

8

9

t0

11

t2

l3

14

l5

16

t7

l8

t9

20

2t

22

23

25CrMo4 4130 708A25 25CD4 30ChM

34CrMo4 4137 708A37 35CD4 35ChM

40CrMo4 4140 708M40 42CD4

32CrMol2 722M24 30CDl2

Type-2 40Ni6Cr4Mo2 36CrNiMo4 - 816M40 40NCD3 40ChNMA
2a,2b

24 Tvpe-3 40Ni6cr4Mo3 34crNiMo6 - 8lzM40 35NCD6 36ch2N2MFA sNcMS
3a, 3b

Type-4

40Ni10

Cr3Mo6

Type-5

Type-6

25

26

27

28

,10NiMo

Cr105

3ocrNiMo8 - 823M30 

ffXL 
30ch2NvA SNCM5

I
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Data Sheet t6.l-C30 (ISO)

HOT WORKING AND HEAT TREATMENT
Forging

Normalizing

Softening

Hardening

Tempering

Data Sheet 16.2*C3S (ISO)

HOT WORKING AND HEAT TREATMENT

I200"C Max. (Commence)
850"C Min. (Finish)
860-890'C (Coot in air)
650-700.c

860-900"c (euench in water or brine, oil quench section below6 mm)

550-650"c

CHARACTERISTICS AND TYPICAL APPLICATIONS
This is a water-hardening medium-carbon co-nstructional steel, mainly used for producingforgings and parts machined from hot-rolled and 

"old-drawn 
bars. AIso available forfabrication processes involving cold heading or cold extrusion. rt rnay be used formachinery parts such as sprockets, gears, steam boiler .planks,, flanges, studs and nuts.Table 16'2 gives the chemical comfosition and mechanicar properties of InternationalStandard steels that are mainly usecl.

Forging 1200"C (Commence)

850'C (Finish)
Normalizing 850-8g0.C (Air cool)
Annealing 870'c (Furnace cool at a rate of 28'c per hour to 650"c, follow-

ed by air cool to room temperature)
Hardening 850_gg0.C (euench in oil)

830-850'C (euench in water)
Tempering 550_670.C

Figure 16.2 illustrates the hardenability band.

CHARACTERISTICS AND TYPICAL APPLICATIONS

General purpose steel, which may be heat treated to produce a tensile strength of theorder of 600-750 Nr/T* (limiting ruling section 63 mm). This steel is available in bars orbillets for forgings. It may be used for cold heading, .oro ioigirg, and cold extrusion; itpossesses good machinability. It can be flame and induction 
-haidenea 

to attair-iigner
wear resistance.

used for general engineering purpose such as gear shafts, large crankshafts for combus-tion and steam engines, crane hooks, railway axles, spindres, etc. Tabre I6.3 gives thechemical composition and mechanical properties of International Standard steels that aremainly used.
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Data Sheet 16.3-C40 (ISO)

HOT WORKING AND HEAT TREATMENT

Forging

Normalizing
Annealing

1200"C (Commence)
850"C (Finish)
830-860"C (Cool in air)
845"C (Furnace cool 

.at a rate of 2l.Cper hour to 650.C sub_sequently cooled in air)

9]!_9q0"C 
(euench in water or oil)

550-660"c.

Hardening
Tempering

Figure 16.3(a)
band.

illustrates the tempering response and Fig. 16.3(b) the hardenabirity

o
E.r
Ul
Ul
o
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E
oc
E
o
L
o
o.
E
oF

,,.-. ,i_or"1r.^"o ansoronujl 

rr. 
uu 60 65

Fig. 16.3 (a) Tempering ,.rpor." of riil C+o
CHARACTERISTICS AND TYPICAL APPLICATIONS
This is a medium-c"1g:i,r,:.r...rt 

d_evelops a tensile strength of 700_g50 N/mrnz and iswidely used for forgings that will u. t.uiii"uted. Higher ran-ge ormanganese provides in-creased hardenability. Mainry ,s"a ror -otor vehicles, 
"oglr., and pins, borts, screws,

Siill['lif,,i'li; Xl]Jitl,l 
to'4 gives ttre crremicat 

"ompositi", ",a -."r,uni.ui p,op"*i.,

Data Sheet 16.4-C45 (ISO) [^y
HOT WORKING AND HEAT TREATMENT

1150'C Max. (Commence)
850'C Min. (Finish)
Heat to 845"C (Cool in furnace at a rate of not exceeding 2goCper hour up to 650.C)
830-860'C (Air cool)
830-860'C (Quench in water/oil)
530-670"c

Forging

Annealing

Normalizing
Hardening
Tempering

o'c

6C

l

,ota

65 &
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t6.a@) iltustrates the eflect of [tempering
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and Fig. 16.4(b) the hardenability
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,v .rr 50 55As-quenched hordness HRC
Fig' 16'4 (a) Tempering response. of steer c45 (courtesv: worfson HeatTreatment centre, England). - '- \vv4r isJ-

CHARACTERISTIC AND TYPICAL APPLICATIONS
It develops a tensile strength of the order o f 

.620-720 N/mm2 (in a medium size section)and possesses a moderate wear resistance. This steeas ;;i;i; u*r.a ror flame and inductionhardening and it can produce surface hardness ,op;;;il";"ry Rc 55_61 to a depth of2 mm. Available in a vaiiety of produciforms, 
"x".lGnt 

fo.g.;Uitity, .erpondr_r.ujlly toheat treatment. used.extensively io. pinr, 
'".ankshafts, 

g.urr,'rpinares, bolts, screws. kindpins' push-rods, punchingr, r,uur, .ur;-rirurrr, gear shafts, ctutcu oists and other componentsfor motor vehicres, railway 
""rr, 

l;;;,,';;i.. u*r"r, unj i, f-ti.rru. for gears in machinetools to bring down the cost una in"."ur" the proalcii"riv.'r"ilr" r6.5 gives the chemicarcomposition and mechanical properties of International Standard steels that are mainly used.

Data Sheet 16.5-C50 (ISO)

HOT WORKING AND IIEAT TREATMENT

Forging

Normalizing

Annealing

Hardening
Tempering

CHARACTERISTICS AND TYPICAL APPLICATIONS

It develops a tens,e strength of the oder .li,g to 950 N/mm2 (tnedium size section).Mainly used for small and medium forgings. used for n"-.' 
"-ro 

induction hardening to

l1:9:c Max. (commence)
850'C Min. (Finish)
810-840'C (Air coot)
830"C (Cool in furnace at a ratenot exceeding 25_2g.C perhour to 650.C. Subsequently cool in air)

550-660"c
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attain high surface hardness and wear resistance (58 to 60 HRC)' Possess a good machina'

bility. Used for piston pins, boring bars, gear shafts, wheels, transmission parts, etc' Table

l6.6gives the chemical composition and mechanical properties of International Standard

steels that are mainlY used'

HOT WORKING AND HEAT TREATMENT

CHARACTERISTICS AND TYPICAL APPLICATIONS

It develops a tensile strength of the order of 700-850 N/mm2 (medium size section) and

porr"rr., a moderate wear resistance. It possesses a good characteristic, it is mainly used

ior flame and induction hardening to attain high surface hardness with superior wear

resistance properties. Used for medium stressed shafts or road motor vehicles, motor

cylinders, spindles, screws, bolts, heavy machinery parts, wrenches, hammers, pliers, screw

diiver, knifi plates, parts of agricultural components. Table 16.7 gives the chemical com-

position and mechanical properties of International Standard steels that are mainly used.

Data Sheet 16.7-C60 (ISO)

HOT WORKING AND HEAT TREATMENT

Forging

Annealing
Normalizing

Hardening

Tempering

Forging

Normalizing
Annealing

Hardening

Tempering

1150"C Max. (Commence)

850'C Min. (Finish)

830"C (Cool in furnace at a rate of 25'C per hour up to 650'C)

830'C (Air cool)

810-840'C (Quench in oil or water depending on the cross

section of the comPonent)

550-650'c

1050"C Max. (Commence)

850'C Min. (Finish)

820-850"C (Cool in air)

650-700"c

810-840'C (Quench in oil)

800-830'C (Quench in water)

550-660"C (According to the mechanical properties required)

CHARACTERISTICS AND TYPICAL APPLICATIONS

lt possesses high tensile strength, ranging from 920 to 925 N/mm2 in small sections 740 to

aOb N7mm2 in medium sized sections, and good wear resistance. It maybe flamed and induc-

tion hardened to produce a high surface hardness with superior wear resistance'

used for gears, cylinders, crankshafts, cams, machine parts requiring moderate wear

resistance, and general engineering such as axles, shafts, pressed and punched parts, piston

rods and gear racks. TablJ 16.8 gives the chemical composition and mechanical properties

of steels that are mainlY used.
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Data Sheet 16.g-Type I (ISO)

HOT WORKING AND HEAT TREATMENT
Forging

Annealing

Softening

Normalizing

Hardening

Tempering

4m
Temperin g t emperql;;X6

l?99_C 
Max. (Commence)

850'C Min. (Finish)

ffiU?"t"-i;?,,tT,ii'" 
cool at a rate or I roc per hour up to

f :9-l^09^.c 
(Furn ace cooli n g)

^850-880"C 
(Air cooling)

820-850"C (euench in rvater)

9_6^0-?00.C 
(euench in oil)

550-650'c (Tempering temperature adopted according to therequired mechanical properties)
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Fig. 16.5 (a) Effect ot,"T!::rl .n mcchanical properties of steel IS 27CI5(Courtesy: pergamon pr.r., frgtrnOl' '^'
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Fig. 16.5 (b) Hardenabilitv bands of steel IS 27C15

Figurel6.5(a)illustratestheeffectoftemperingtemperatureonmechanicalproperties,
anJfjg. 16.5(b) illustrates the hardenability band'

CHARACTERISTICS AND TYPICAL APPLICATIONS

Manganese heat treatment Steel, which may be heat treated to produce a tensile strength

oftheorderof6g0_840insmallsectionsand640_Tg0inmediumsize'Thissteelis
usually oil quenched, atthor.gh large sections may have to be water quenched to develop

maximum hardness. Forgeability is very good. It possesses good ductility and excellent

resistance to shock. used for welded stru-cture, shafting, spindles' various levers' gear

parts,couplingbars,screwschain-links'etc'Tablel6'ggivesthechemicalcomposition
andmechanicalpropertiesoflnternationalstandardsteelsthataremainlyused.

Data Sheet 16.9-TYPe 2 (ISO)

HOT WORKING AND HEAT TRBATMENT

1200"C Max. (Commence)

850'C Min. (Finish)

Heatto800oC(FurnacecooledatalateoflloC(20"F)to600"C
and cooled in air)

Normalizing 850-880"C (Air cooling)

Hardening820-850.C(Quenchinwaterforheavysection)
840-870"C (Quench in oil)

Tempering 500-650"C (Water/oil)

Figure 16.6(a) illustrates the effect of tempering on mechanical properties and Fig' 16'6(b)

illustrates the hardenability band'

Forging

Annealing
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HOT WORKING AND

Forging

Softening

456 Handbook of Heat Treatment of Steels

CHARACTERISTICS AND TYPICAL APPLICATIONS

N{anganese heat treatable steel with a tensile strength of 590-785 Nimm2 in small size

and 590-740 N/mm2 medium size and combined with good ductility and resistance to shock'

Available as hot rolled and finished bar for constructional applications. Also available as

cold heading quality wire. These steels are used for axles, shafts, connecting rods' screws"

gear parts, high strength bolts, etc'

Data Sheet 16.10-35Mn6Mo3 (IS)

HEAT TREATMENT

1200"C Max. (Commence)

900'C Min. (Finish)

650-670'C (Cool in air)

Hardening 830-860"C (Quench in oil/water)

Tempering 550-600'c (According to mechanical properties required)

figure16.Z1a) illustrates the tempering response, Fig. 16'7(b) the effect of tempering

tempe-rature on mechanical properties, and Fig. 16.7(c) the hardenability band.

As - quenched hordnessrHRC

Fig. 16.7 (a) Tempering response of steel IS 35Mn6Mo3 (courtesy: Wolfson Heat

Treatment Centre, England)

CHARACTERISTICS AND TYPICAL APPLICATIONS

A low alloy steel with a tensile strength of the order of 1000-l 150 N/mm2 in small section

and g00-9i0 N/mm2 in medium size. It possesses a good ductility and resistance to shock.

It is suitable for low temperature applications. Used for general engineering components

such as levers, bolts, crankshafts, wheel studs, connecting rods, etc' Table 16'11 gives the

chemical composition and mechanical properties of International Standard steels that are

mainly used.
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Data Sheer 16.11-Type I (ISO)

HOT WORKING AND HEAT TREATMENT
Forging 1050.C Max. (Commence)

Normarizing 
i!ffi#Sil:,;,:1,",.,Annealing 6g0-720"C

Hardening g40_g70"C (euench in oil)

rempering iiB_l[B"E [::ff:il: ffl mechanicar properties required)
CHARACTERISTICS AND TYPICAL APPLICATIONS
This is a chromium content steel, which may be heat-treated in medium-sized sections to
fi'"'!fi:,[T3:iT::fl11r''r'" 

'"'a"''"io'o-s:' 
Nr"''.i.tin"o witl eooa;;:i:,",."

used for components sucrr as front axres, steering knuckres, shafts, highry stressedcomponents of motor vehicles and machines. This stJel may be flamed and inductionhardened to increase wear resistan"". ruur" iu.r"r*.r'l'#"nemrcar composition andmechanical properties of Internationui siunau.d steels ,rru, ur" mainly used.

Data Sheet 16.12-Type 3 (ISO)

HOT WORKING AND HEAT TREATMENT
Forging

Normalizing
Annealing

Hardening

Tempering

Stress-relieving 120_200"C
Figure l6'8(a) illustrates the effect of tempering temperature on mechanical propertiesFig' 16.8(b) the hardenab,ity band and nig. ro.a(") the guide io t".p.rirg response.

CHARACTERISTICS AND TYPICAL APPLICATIONS
chromium heat treatment steel, may be heat. treated to produce a tensile strength of 7g0to 930 N/mm2 (in medium siz";-ana combined with g""a ar"rility. It is suitable for flameand induction hardening to deverop wea. ,erirtao." ,Irrfu... ur.a for making gears, gearshafts' wear resistance prates for earth moving and concret" rr*iriog equipments, crank_shafts, pistons. For highly stressed parts of motor vehicres, piston rods, kind pins, bushes,bolts' crankshafts etc' rt develops a hardness of the ordei of 5r to 5g HRC. Table 16.13gives the mechanical properties and chemical compositio, or tri".nutional Standard steelsthat are mainly used.

1?99"C 
Max (Commence)

850'C Min (Finish)
850-880"C (Air coot)
(l) Heatto 750'c forowed by_rapid cooring to 690oc, hordfor g hours.(2) For pearrite strucrure-H"ui to s:occ"forowed by rapid cooringto 74,oC,then cool at a ra.te not exceeding r locper r,"ir, ,-p't" oz"o"c.850-880"C (euench in oil)
550-700.c
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As- quenched hordness HRC

Fig. 16.8 (c) Tempering response of steer IS40cr4 (courtesy: worfson Heat
Treatment Centre, England)

Data Sheet 16.13-Type-2 (rSO)

HOT WORKING AND HEAT TREATMENT

1050'C Max (Commence)

850'C Min (Finish)
845-885'C (Cool in air)
680-720"C

835-865"C (Quench in oil)
825-855'C (Quench in water)
540-680'C (According to the mechanical properties required)

CHI{RACTERISTICS AND TYPICAL APPLICATIONS

This steel may be heat treated to produce a tensile strength of the order of 740-g90 N/mm2
in medium sized specimens. It possesses good ductility ana resistance to shock. It may be
flamed and induction hardened to produce a surface with high wear resistar;;. 

- *-

Ilsed for components such as steering knuckles, shafts, front axles, highly stressed
components of motor vehicles and machines. Table 16.14 gives the chemical 

"composition

and mechanical properties of International Standard steels that are mainly used.

Data Sheet 16.14-55Cr 3 (IS)

HOT WORKING AND HEAT TREATMENT

o
E,r
o
o
c
'o
o

E
o
o
o
E
oF

Forging

Normalizing
Annealing
Hardening

Tempering

Forging

Annealing

Hardening
Tempering

1200"C Max. (Commence)

850"C Min. (Finish)
l. Heat to 750'C (Soak for 30 min.) followed by rapid cooling to
700oC, then cool to 650"C at a rate not exceeding 6.C pe. nJu..
2. Heat to 750"C (Soak for 30 min) followed by rapid cooling
to 675'C and held at this temperature for l0 hours.
800-850'C (Quench in oil)
500-700"c
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CHARACTERISTICS,TI'{O TYPTCAL APPLICATIONS

This steel may be heat treated to produce a tensile strength of the order of 1000-1150

N/mm2 (ruling section 6p mm). Hardness attained in the as-quenched condition 57 to 63

HRC. Because of the hipher carbon content and high hardenability, this grade does not

have a good weldability. Table 16.15 gives the chemical composition and mechanical

properties of Internation{t Standard steels that are mainly used.

Data Sheet 16.15-iype 13 (ISO)

HOT WORKING AND +IEAT TREATMENT

Forging 1050'C Max. (Commence)

CHARACTERISTICS AND TYPICAL APPLICATIONS

Used for parts of medium and large cross-sections requiring high tensile strength and

toughness, such as motor vehicles, engines, machines such as gears, shafts, crankshafts,

connecting rods, gear shafts, pumps and intermediate' gears, etc. It possesses tensile

strength of the order of 1100-1300 Nlmm2 in medium-sized sections and good weat'

resistance. Table 16.16 gives the chemical composition andmechanical properties of

International Standard steels that are mainly used.

Data Sheet 16.16-40Ni4 (IS)

HOT WORKING AND HEAT TREATMENT

Normalizing
Softening

Hardening

Tempering

Forging

Normalizing

Soft annealing

Hardening

Tempering

850'C Min. (Finish)

840-880'C (Cool in air)

680-720'C

830-860"C (Quench in oil)

820-850'C (Quench in water)

540-650"C (Min I h)

1200"C Max. (Commence)

850'C Min. (Finish)

830-860'C (Cool in air)

Heat to 7l5oC, followed by sudden cooling to 605oC, hold for
10 h cool in air to room temperature.

850-860"C (Quench in oil)

550-650'C

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel possesses a toughness of the order of 900-1050 N/mm2 in medium size and 800-

950 N/mm2 bigger section. It may be used for heavy forgings, turbine blades, severally

stressed screws, bolts, etc. It is also used for components working at low temperatures (in

refrigeration, compressors, Iocomotives and aircraft), Table 16.17 gives the chemical

composition and mechanical properties of lnternational Standard steels that are mainly
used.
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Data Sheet 16.17-35Ni5Cr2 (IS)

HOT WORKING AND HEAT TRXATMENT

J200"C Max. (Commence)
900"C Min. (Finish)
620-650.c
850-880"c
820*850"C (euench in oil)
500-560"C

Figure 16'9(a) illustrates the effect of tempering temperature ol tensile strength, Fig.l6'9(b) the hardenability curve and Fig. ii.q@ the guide to tempering response.

Forging

Softening

Normalizing
Hardening
Tempering

General Engineering Steels 469

38 (RC )

30.( RC )

23 (RC)

Fig. 16.9 (a) Effect of tempering on tensile strength of steel IS35Ni5cr2
(Courtesy: Rochling Stahlexport GmbH, W. Germany)
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Fig. 16.9 (b) Hardenability bonds of steel IS35Ni5Cr2
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Fig. 16.9 (c) Tempering response of steel IS 35Ni5Cr2 (Courtesy: Wolfson Heat

Treatment Centre, England)

CHARACTERISTICS AND TYPICAL APPLICATIONS

NiCr alioy steel, which may be heat treated to produce a tensile strength of the order of
780 to 930 in n-redium size and 700 to 850 N/mm2 in bigger section combines good ductility

with resistance to shock. It develops a hardness of 50-55 HRC in the as-quenched condition.

Used in the construction of aircraft, highly stressed automobile and engine parts such as

bolts, connecting rods, steering knuckles, chain parts, drill collars, etc. Water quenching is

adopted in hardening of sections greater than 40 mm in diameter and simpler parts. Table

16.18 gives the chemical composition and mechanical properties of International Standard

steels that are mainly used.

Data Sheet 16.18*Type 5 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel possesses high hardenability and can be heat treated to a tensile strength of

1080-1275 N/mm2 in medium-sized specimens. It can also be air hardened. The advantage

of air hardening is that distortion can be kept to a minimum so that parts can be almost

fi nish-machined before heat treatment.

This steel can be used for highly stressed gears and components requiring a steel possess-

ing atensile strengthof the orderof 160kg/mm2 (1570N/mm2). Table 16.19gives the

chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Annealing Heat slowly to a temperature of 630-650"C, and hold in that tempera-

ture for a required length of time and subsequently cool in air.

Hardening Heat slowly in a neutral atmosphere to a temperature of 810-830"C.
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Adopt lower range of temperature for small and light components and
higher limit for large and heavy sections. Holdin! time aepends on
the section thickness. subsequentry que,ch in Lit or ai.. remper
immediately and cool to hand warm.
620-530'C for the required mechanical properties.

Data Sheet 16.19-Type-t (ISO)

AND HEAT TREATMENT

I100'C max. (Commence)
850"C min. (Finish)
680-7 2O"C (Furnace cooling)
860-890'C (Air cooling)
820-850'C (euench in water)
830-860'C (euench in oil)
480-650"C (According to mechanical properties required)

Tempering

HOT WORKING

Forging

Annealing
Normalizing
Hardening

Tempering

HOT WORKING

Forging

Annealing

Hardening
Tempering

CHARACTERISTICS AND TYPICAL APPLICATIONS
This steel may be heat treated to produce a tensile strength of the order of g00-950 N/mm2in small sections and 700-850 N/mm2 in medium sectiois. It possesses good ductility audresistance to shock' It may be flame and induction hardenei to increase wear resistance.It may also be nitrided to increase the life of the component. It is used mainly for gears,
axle shafts, pinion shafts, king pins, steering levers, etc. Table 16.20 gives the chemicalcomposition and mechanical properties of International Standard steels.

Data Sheet 16.20-Type-2 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS
A steel of high specific strength under
shafts, pins, king pins, connecting rods,
sating levers, etc. Table 16.21 gives the
for International Standard steels.

static and dynamic stresses, suitable for pinion
gears, crankshafts, back gearing shafts, compen_
chemical composition and mechanical properties

AND HEAT TREATMENT

Commence 1050.C max.
Finish 850"C min.
Heat to 840.C followed by rapid cooling to
5-6 hours, followed by furnace cooling (pearlite
to 75A"C, cool rapidly to 675"C and hold for 10
Annealed BHN_215_220.
830-850"C (Oil quenching)

670"C. Hold for
, structure) Heat
t hours.

530-670"C (according to mechanical properties required).
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476 Handbook of Heat Treatment of Steels

Data Sheet 16.21-Type-3 (ISO) t-,,^ I "l

HOT WORKING AND HEAT TREATMENT

Forging

Normalizing
Annealing

Hardening 850-880'C (Quench in oil)

Tempering 550-720"C.

1200'C max. (Commence)

850'C min. (Finish)

850-880"C (Cool in air)

Heat to 750'C (soak for 30 min), followed by rapid cooling to 675'C

and hold for t hours, followed by air cool to room temperature.

For predominantly pearlite structure, heat to 845"C, followed by

rapid cooling to 750'C, then cool slowly at a rate not exceeding

14'C per hour to 665"C, subsequently cooled in air.
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Figure 16.10 illustrates the effect of tempering temperature on mechanical properties.

CHARACTERISTICS AND TYPICAL APPLICATIONS

Chromium molybdenum heat treatment steel, which may be heat treated to produce tensile

strengths oftheorder of 980-1180 N/mm2in small sections and 880-1080 N/mm2in

medium section, has good ductility and resistance to shock. It develops a hardness of 54-59

HRC in the quenched condition. These steels may be successfully nitrided for maximum

wear resistance. When fully hardened, they possess the outstanding property of relatively

high impact strength at high hardness and tensile strength. Used for making automobile

"o-ponirtt, 
aircraft parts such as steering knuckles, connecting rods and high tensile

bolts, and also for trailer axle shafts. Also used in the oil industry for making bits, core

drills, reamer bodies, drill collars, piston rods, pump parts, etc. Table 16'22 gives the

chemical composition and mechanical properties of International Standard steels.

Data Sheet 16.22-Type-1 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel possesses excellent hardenability and may be heat treated to develop a wide

range of tensile strengths combined with excellent ductility and resistance to shock. It also

possesses a good resistance to embrittlement at an elevated temperature. This steel may be

used as a mechanical alloy. Nitriding steels are an alternative to nickel-chrome-molybdenum

steels.

Components requiring medium to high tensile properties such as crank shafts, gears,

cylinder liners for automobile engines and machine parts requiring high surface hardness

and wear resistance. Table 16.23 gives the chemical composition and mechanical properties

of International Standard steels.

HEAT TREATMENT

Soft annealing Heat slowly to 700-750"C, hold in that temperature for requir-

ed length of time and followed by furnace cooling up to 550'C

thereafter in air.

Hardening

Tempering

Heat slowly in a neutral media to 890-910"C, hold in that

temperature for a required length of time, depending on the

section thickness followed by quench in oil'

Up to 750oC according to mechanical properties required.

Data Sheet 16.23-Type-2 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

These steels possess good ductility and resistance to shock. They may be heat treated to

a ten$ile strength of the order of 880-980 N/mm2 in medium section and 800-950 N/mm2

in bigger section.

For highly stressed components such as connecting rods, shafts, king pins, steering gear

parts, crankshafts. The steel is also suitable for larger components because even parts of
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large cross'sections 

"T_?.,.:tr.tivery heat-treated and they are very tough. Table 16.24
gives the chemicar composirion 

"rd 
;r;;;;r.at prope.tier'"ir*.*"rionar 

Standard steers.

HOT WORKING AND HEAT TREATMENT
ForginC 1050.C max. (Commence)

Annearing 
"ry.!11i';r"J_illii!_r. 

by rapid cooring to 700.c, then coorat a rate of 3.C per hour. Heat to 750"C. After the desiredsoaking, cool rapidly to O.OO.CanA tior. m, 12_13 h,followed
Hardening 

ilfiffiE,a:,lilXii,,uTempering 550-670'c lerco.aing to mechanicar properties required)

Data Sheet 16.24_Type_3 (ISO)

HOT WORKING AND HEAT TREATMENT
Forging I200"C max. (Commence)

Annearing i:';:# ,!1:t'11,,"*.0 by rapid cooring to 650.c and hordfor t2_13 h.
2. Heat to 750"C,^cool rapidly to 705.C, followed by cooling at

Hardening ,rffi;:Ji3-56s"c'
Tempering 

t 50_200.C

Figure 16'11(a),r*our.i',oiJ3$.?r r,"r,pering on mechanich.rproperties, Fig. l6.rr(b)the guide to tempering response and Fig. I6.l 1(c) the hardenability band.

CHARACTERISTICS AND APPLICATTONS
crNiMo steelcan be heat treated to produce a tensle strength of the order of 9g0_ltg0N/mrpz in medium size and e00-r00 ri6;t;; ;i,i"; r.",iii'ro"uness. rt arso possessesgood ductirity and resistance to stroct. tt t ur. gooo rrura*uuiiity enabling it to be used formedium tensile strength, in fairly a.* ,..rtrns, and ,"rr.rrl, good resistance wear. Itcan also be used for flame una ino*tiii t u.a"riog, ni,rior*, ul.9 

ry. high tensire strengthmachine parts, leads. screw.s, 
.spindres, colrets,_borirg u".r, 

"irn't 
st arts, gears, high tensirestrength borrs. Ir may-be 

"i,i.io'Ji" ir#r". rr,rr, ,r.a..'rr".on"r, una to increase fatigue;ffilil|iJ1H"l.fi,ii:i: th' "f;i;t compositio; ;;;-;."hanicar properties or
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General Engineering Steels 4Bs

Data Sheetl6.25-Type-4 (ISO) E "^. LY

HOT WORKING AND HEAT TREATMENT

1200"C max. (Commence)

1050'C min. (Finish)
680-720.C

850-880'C (Air coot)
820-860"C (Quench in oil)
500-650"C (According to the mechanical properties required)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel can be heat treated to a
medium-sized sections. It has good
tance to fatigue under ail conditions
excellently.

Forging

Annealing
Normalizing

Hardening

Tempering

tensile strength of the order of 9g0_l lg0 N/mm2 inductility and resistance to shock. It offers great resis-
of fluctuating stress, simple or complex, and machines

used for Iarger parts in general mechanical, automotive and vehicle engineering,such as axles, shafts, crankshafts, connecting rods, driving shafts, air frames, under-carriages' etc' Table l6'26 gives the chemical compositio., uro mechanical properties ofInternational Standard steels.

Data Sheet 16.26-40Ni10Cr3Mo6 (IS)

HOT WORKING AND HEAT TREATMENT

Forging

Softening

Hardening
Tempering

1200"C max. (Commence)

850"C min. (Finish)
650'C (Cool in air)
820-850"C (Cool in oil)
up to 660"C

As- quemhed hordness, HRC
Fig. 16.12 (a) Tempering response of steel 426M40

Figure r6.12(a) is aguide to tempering response, Fig. 16.12(b) is a typicar curve show_ingthe effect of tempering rernperature on m."hanic"i p;p;;;i;i and Fig. r6.r2(c)ilustra-tes the hardenability band.
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100 200 300 400 500 600
Temperrng temperoture 

oC
700 80

Fig. 16.12 (b) Effect of tempering on mechanical properties of steel

IS,{0 Nil0Cr3Mo6 (Courtesy: Pergamon Press, England)

2 1 6 I 10 12 11 16 18 20222126
Distonce from quenched end -sixteenths -of on rnch

Fig. 16.12 (c) Hardenability band of 82bM40
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CHARACTERISTICS AND TYPICAL APPLICATIONS

CrNiMo is a high-strength alloy steel which can be heat treated to produce a tensile

strengthof 1000-1150 N/mmz inthe rulingsection of 150 mm.Duetoitshighmolyb'

denum content, this steel is free frorn temper brittleness and is used to make high stressed

bolts and studs, shafts, crankshafts, connecting rods, gears, axles, components for all types

of aircraft, power units, air fratnes, undercarriages, etc. Table 16.27 gives the chemical

composition and mechanical properties of International Standard steels that are mainly

used.

Data Sheet t6.27*-TYPe-5 (ISO)

HOT WORKING AND IIEAT TREATMENT

Forging 1050"C max. (Commence)

850'C min. (Finish)

850-880'C (Cool in air)

650-700"c

830-860'C (Quench in oil)

540-680'C (According to the mechanical properties required)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a high-strength alloy steel of high hardenability which may be treated even in fairly

large sections to produce tensile strengths ranging from 1080-1275 N/mm2. It has good

ductility and resistance to shock, and due to its high molybdenum content it is free from

temper-brittleness. It offers great resistance to fatigue under all conditions of fluctuating

stress,

Used for highly stressed components of large cross-section of aircraft, automotive and

general-engineering applications such as propeller shafts, gear shafts, crankshafts, highly

stressed gears, die blocks, mandrel bars, etc. Table 16.28 gives the chemical composition

and mechanical properties of International Standard steels that are mainly used.

Data Sheet 16.28-Type-6 (ISO)

HOT WORKING AND HEAT TREATMENT

Normalizing
Annealing
Hardening

Tempering

Forging

Annealing

Hardening

Tempering

1200"C max. (Commence)

850"C min. (Finish)

630-"C (Cool in air)

810-830"C (Cool in air or

250"C max.

quench in oil)

is recommended.For ruling sections over 65 mm, quenching is oil

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an air hardening steel for diameters up to 65 mm and attains tensile strengths of the

order of 1131_1220 N/mm2, in fairly large sections. It has goorl ductility and resistance to
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wear and shock. The advantage of this steel is that distortion can be minimized so that
parts can be machined to, or nearer to, finished size before heat-treatment. The presence
of higher molybdenurn results in higher impact values.

This steel can be used for highly stressed gears and other components requiring a steel
processing a tensile strength of the above-mentioned range. Table 16.29 gives the chemical
composition and mechanical properties of International Standard steels that are mainly
used.

REFERENCES

l. ISO/R 683/l-March 1968, Quenched and Tempered lJnalloyed Sreels.
2. ISO/R 683/11-March 1968, Wrought, Quenched. and Tentpered Steels with 1lo Chromium ancl 0.2/"

Molybdenum.

3. ISO/R683/V-Ja", 1970, Wroughr, euenched and Tempereel Manganese Steels.

.4. ISO/R683/VI-April 1970, ?[/rought, Quenched and Tempered Steels with 3!o Chromium and 0.5o/n
Molybdenum.

5. ISO/R683/VII-Oct. 1970, Wrought, Quenched ond Tempered Chromiunt Steels.
6. ISO/R683/VIII-oct. 1970, Wrought, Quenched and Temperetl Chromium-Nickel-Molybdenum Steels.
7. IS/557I-1978, Steels for Hardening and Tempering.
8. 17200-Nov. 1984, Quenched and Tempered Steels.
9. ASM, USA-I982, Engineering Properties of Steels.

10. BS970/2-1983, Direct Hardening Alloy Steels, Including Steels Capable of Surface Hardening by
N i t r i d i ng. (8597 0 | 2-7 O)

ll. NFA 35-551' 1984, and NFA 35-552, April 1984, Iron antl Steel Special Purpose Unallol'ecl and Alloy
Structural Steels for Heat Treatment Grades.

12. GOST 1050-74, Normal Quality Structural Carbon Steels.
13. GOST 4543-71, Alloyed Constructional Steels.

14. JISG 4051-79, Carbon Steels for Machine Structural t/se.

15. JISG 4103-79, Nickel Chromium Molybdenum Steels.

16. JISG 4102-79, Nickel Chromium Steels.

17. JISG4t04-79, Chromium Steels.

18. JISG 4105-79, Chromium Molybdenum Steels.

19. JISG 4106-79, Molybdenum Steels ond Manganese Chromium Steels for Machine Structure.
20. Stahlschlusel-|986, West Germany.
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Free Cutting Steels

It has Iong been recognjsed that these steels, by virtue of their inherent free machining
properties, not only increase productivity significantly but also permit the production of
irregular and highly intricate components with a good surface finish and dimensional
accuracy.

Although cold drawing of low-carbon steel improves its surface flnish on machining by
reducing the tendency to drag and tear, the addition of sulphur and lead, sometimes indi-
vidually and in combination, improves its machinability markedly, and makes the steel
free-cutting. Apart from these additions, further improvement in machinability of the steel
can be achieved by the addition of selenium, tellurium and bismuth in small quantities.

Addition of sulphur to steels results in some sacrifice of cold forming properties,
rveldability and forging characteristics. Applications of these steels are similar to
those of carbon. steels with carbon manganese contents, and low alloy contents, but
they are specially intended where easy machining is the primary requirement. These
steels are successfully used in all industries, particularly in automobiles, auto-ancillaries,
textiles, etc.

Sulphur is added to steel with the main objective of reducing the cost of manufacture.
It may be noted that the presence of sulphur is more effective in reducing friction during
machining. Sulphur combines mostly with manganese in the steel to form manganese
sulphide, and precipitates as sulphur inclusions. The inclusion may remain globular or
become stretched out in the direction of rolling. These inclusions are responsible for the
low co-efficient of friction in the steel. These inclusions have a low melting point compared
to that of steel; at temperatures prevailing at the chip-tool interface during cutting they
should be fairly soft and should tend to "smear" over the tool face. This action would
provide a "sandwich filling" of low shear strength material between the chip and tool face.
This results in increasing the machinability of steel because of the tight curling of chips
produced mainly due to a low coefficient of friction.

The amount of sulphur in resulphurized steels varies from 0.08 to 0.4ol.The increase
in sulphur content in steel leads to a good breaking of chips in actual practice. The reduced
coefficient of friction of high-sulphur steels is the main reason for improved machinability
of such steels, as characterised by the lower tool forces, lower power consumption and
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reduced tool wear.

Sulphur is more effective in reducing the friction when added to plain carbon steels
than when added to low alloy steels and stainless steels.

The presence of sulphide inclusions in steel affects the mechanical properties. Ductility,
impact, fatigue and transverse properties of sulphurized steels u.., in fact, considerably
inferior to those of the corresponding untreated steels. Improvement in the machining
behaviour on the addition of sulphur is generally restricted to producing components sub-
jected to Iow stresses.

Lead is also added to the steel to improve the machinability of plain carbon steels. The
main benefit again is the large reduction in the co-efficient of friction. The reason for
reduced friction is due to the smearing of the insoluble lead inclusions over the face of the
tool, allowing free sliding of the chip. This results in improved machinability without
impairing the mechanical properties as sulphur does. Lead may be added to the sulphurized
steels to further enhancethe machinability. Percentage of lead added to steel varies between
0.15 and 0.35%.

In general, the reduced cost of machining with the use of free cutting steels can be
attributed to the following reasons:

l. Long tool life due to low friction,

2. High cutting speeds,

3. Low power requirement,

4. Accuracy of machined parts,

5. Smooth surface flnish of components avoids additional operation, and

6. Minimum dressing of tool due to very low wear.

t7.l Availability of Free Cutting Steels

Free cutting steels are available either in cold-drawn or hot-rolled condition. Cold-drawn
steels give a better flnish and eliminate the need for overall machining. Cold-drawn steel
bars are also available in close tolerances and are suitable for use in automatic machines.
Hot rolled steels may be normalized to obtain uniform properties.

Normalized or cold drawn steel may also be used for parts which are finally required
in the case-hardened or hardened and tempered condition. Steels 10cg sl0, ltcl0 s25,
l4cl4 S14 may be case-hardened. Table 17.1 indicates the machinability ratings for various
steels in the cold-drawn condition. These ratings are based on a value of 100 per cent for
steel llCl0 S25 in the cold-drawn condition. This value involves turning at a cutting
speed of 54'9 surface meters (or 180 surface feet) per minute for feeds up to O.t7ZS mm (or
0.007 inch) per revolution, and depths of cut of up to 6.35 mm (or 0.250 inch) using
appropriate cutting fluids with high speed steel toois (lg-4-l) (DIN).
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Table 17.1 Machinability Ratings for Various Steels in the Cold Drawn Condition

Sl. No. IS Steel Type of processing
Average machinability rating

(Cold drawn 11C10 S25,

100 %)

l. 101

12t

121

137

179

197

t2t
137

287

212

)

3.

10c8 sl0
(DrN r0s20)

r4c14 S14

(lll8 Arsr)

40c10 s18

(2r2M368S-970)

llclo s25

(BS 970 230 M07)

40c15 Sl2
(1141 Arsl)

Hot rolled
Cold rolled

Hot rolled

Cold rolled

Hot rolled

Hot rolled
Cold rolled

Hot rolled

Cold rolled

;

70

90

100

70

17.2 Heat Treatment

1. S/ress Relieving Thistreatment is carried out in the temperature range of 550-600"C.
The components are heated slowly and held at this temperature for 1 to 2 hours and
cooled slowly in the furnace. There will not be any significant modification of other proper-
ties of the component after treatment.

2. Normalizing Heat slowly and thoroughly until the entire cross section of the part is
at the normalizing temperature of 860-900'C, depending on the chemical composition.
These are subsequently cooled in air.

3. Annealing Parts are annealed to impart spheroidal cementite for better machinability.
The parts to be annealed should be heated slowly to a temperature of 650-700"C and held
at this temperature for one hour or more depending on the size of the part and cooled
slowly, preferably in a furnace.

4. Case Hardening Free-cutting steels of case-hardening grades can be carburized by any
conventional ntethod (solid or liquid or gas carburizing). Parts are carburized in the tempe-
rature range of 880-900"C and subsequently lowered to 800 to 820'C temperature for case-

hardening, and quenched from this temperature in water, oil or warm bath. If necessary,
tempering may be done at 150 to 180"C.

5. Hardening The parts to be hardened are heated slowly to the austenitizing temperature
and held for a definite Iength of time at this temperature depending on the cross section.
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th" l[!.litizing temperature depends on the chemical composition, and it varies between
820-880rc. After austenitizing the parts may be quenched in water or oil, depending on
the geometry and size of the part.

Tempering is to be done immediately after quenching. The tempering temperature
and duration are governed by the desired mechanical properties. The temperature varies
from 540-680"C.

17.3 Applications

The different types of free machining steels that are mainly used are given in Table 17.1.
Applications, mechanical properties and chemical composiiions are given in detail in the
data sheets.

Table 17.2 Free Cutting Steel

Country ISO INDIA DEU USA GBR FRA USSR JPN

Standard IS DIN AISI NFA35- GOST JIS

I

2

3

4

5

6

7

8

9

10

tl

t2

Type I

Type 2

Type 2Pb

. Type 3

Type 3Pb

Type 4

Type 4Pb

Type 6

Type 7 
.

Type 8

Type 9

Type 10

t 3s25

4OMn25l2

9520

25Mn2B

95MnPb28

95Mn36

95MnPb36

10s20

l0sPb20

35S20

45S20

1212

1213

12L13

1215

12L14

I 108

11208

l1 16

I 139

1 138

1137

1146

220Mo7

230Mo7 S2s0 (250)

s250Pb

240Mo7 5300

s300Pb

2l0Mt5 t0F1

ccloPb

210A15

212M36

216M36

35MPb

216M44 45MF4

SUM 2I

SUM 22

ASI4 SUM 22L

SUM 23

SUM 24L

Ail SUM 12

SUM 23L

SUM 32

A35

SUM 4T

SUM 42

ISO 8S970
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Data Sheet 17.1-Type-1 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an easy machining steel suitable for case hardening. When used in automatic
machine tools, Iathes or turret lathes, etc., high cutting speeds and a mirror finish can be
assured. This excellent finish gives a case that requires a minimum of dressing. Because of
excellent machining qualities, this grade may be used even when case hardening is required.
The mechanical properties appear satisfactory in the supplied condition. Table 17.3 shows
the chemical composition and mechanical properties of International Standard Steels that
are mainly used.

HEAT TREATMENT

Normalizing
Annealing

Carburizing

Hardening
Tempering

Standard

Designation

c%
si%

Mn 
-olo

<P%
<s9'"
cr o/o

Mo%

Ni%

Others

ISO IS
R683/rX-.70 443t-67

Type 1 13525

900-930"c

650-700'c

900-930"c

820"C (Oil or water quench)

I 50-l 75"C

Table 17.3

DIN
1651-:70

9S20

AIsr "fiJrq rs\!f_zs cosr c4i5l7r
l2l2 220Mo7 SUM 21

o

o
o.

o

o

C)

Q

0.13 max.

0.05

o.6-1.2

0.11

0.18-0.25

0.08-0.18

0.10

0.8-1.2

0.06

o.2-0.3

0.13 max.

0.05

0.6-1.2

0.10

0.1 8-0.25

0.13 max.

0.08

0.7-1.0

0.07-0.12

0.16-0.23

0.15 max.

0.9-1.3

0.07

0.2-0.3

0.13

0.08

0.7-1.0

o.o7-0.12

0.16-0.23

o

o
.o.

o
o.

o

o
o
z

Dimensions

0.2o/n proof stress
N/mm'?min

Tensile strength
N/mm'

Elongation o/o min

Reduction of area

Y" min

t6-40

355

44V740 490

98

20 t6-40

355

480-710

9

1G40

300

430 min

8
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Data Sheet 17.2-Type-2 (ISO)

TYPICAL APPLICATIONS AND CHARACTERISTICS

Free cutting steels are suited for case hardening and where machinability is more impor-
tant than mechanical properties. Used for light-duty unstressed parts in j.r..ui.rglo..r-
ing. Most suitable for rapid procluction of fine-finished components and automatic machines.
Example: light duty studs, nuts, cycle components and parts for textile uno p.irtirg
machinery, scooter parts or fuel injection equipment parts such as threaded banjo bolt,
reducing nipple, part of hand priming pump, etc.

Note rn general, the steel is delivered ready for use from steel manufacturers. For case hardening, theabove process may be adopted.

HEAT TREATMENT

Normalizing

Hardening
Carburizing

Standard

Designation

c%

si%

Mrt o/o

<P%
<s%
Cr "/o

Mo To

Ni%

Others

850-880'C (Cool in air)
840-870"C (Quench in water/oil)
900-930'C (Warer/oit)

ISO
R683/IX-70 rr

TYPe 2

DIN
1651-70

95Mn28

0.14 max.

0.05

0.9-1.3

0. r0

0.2m.32

AISI

1213

0.13 max,

0.08

0.70-1.0

0.12

0.14-0.33

BS
970t1-83

230Mo7

NFA
35-561-85

s250

Gosr ca{H-zr

SUM 22

0.14 max.

0.05

0.9-1.3

0.11

o.24-{32

0.15 max.

0.06

0.9-1.3

0.07

0254.32

0.14 max.

0.08

o.9-1.4

0.1I

0.254.32

0.13 max.

0.7-t.0

0.12

_ 
0.244.33

oo
o
o

o

o

U

o

o

o

o

d

oo
z

Dimensions 16-40

0.2o/. proof stress
N/mm2 min Jdu

l.,rrll: strength 455_760
r\/mm"

Elongation o/o min 8

Reduction of area
7" min

- 1G40

- 380

- 460_710

-8

40-63

240

390 min 380 min

924

Table 17.4

50
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Data Sheet 17.3-Type-2Pb (ISO)

CHARACTERISTICS AND APPLICATIONS

This is a lead-content-free machining-grade steel. The presence of lead serves an internal
lubricant and reduces the built-up heat between the cutting edges ofthe tool. This steel is

most commonly used when a lot of machining is necessary to produce the finished parts.

These grades are supplied ready for machining and assembly and no further heat-treatment

is required. Table 17.5 gives the chemical composition and mechanical properties of
International Standard steels.

Table 17.5

oo
v)

oo
E
o
o

.E

o
E
o

o

o
o
o
L
o.

6o

oo
a

Standard

Designation

c%
si%

Mn%

<P%

<s%
Pb

Others

Dimensions

0.21 proofstress
N/mm2 min

Tensile strength
N/mm'z

Elongation % min

0.14 nrax.

0.05

0.9-1.3

0.10

0.24-0.32

0.15-0.30

0.13 max.

0.08

0.70-1.0

o.o7-0.12

0,2+0.33

0.15-O.35

0.14 max.

0.05

0.9-1.5

0.1

0.25-0.32

0.20-0.30

0.1-0.17 max.

0.10

1.0-1.3

0.1

0.15-0.3

0.15-O.30

ISO
R683/rx-70

Type 2Pb

0.14 max.

0.05

0.9- 1.3

0.ll

0.24-0.32

0. t5-0.35

lG40

375

46(J-.760

8

DINrD 165r-io

95MnPb28

BS
97Olt-83

tzLt3

:s}ftss cosr

S25OPb ASI4

JIS
G480+7t

SUM22L

0.13 max.

0.7-1.0

o.074.12

0.24-0.33

0. l0-0.35

t6-40

- 375

- 460-705

-8

380 min

8
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Data Sheet l7.44ype-3 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This free-cutting steel possesses an optimum machinability that ensures maximum economy
in the mass production of turned parts. In general, the steel is delivered ready for use from'
the manufacturers. Table 17.6 gives the chemical composition and mechanical properties of
International Standard steels.

HEAT TREATMENT

Normalizing
Carburizing

Hardening
Tempering

Standard

Designation

880-910'C (Air cool)
910-930'c

820-860"C (Quench in oil)
150-200"c

Table 17.6

DIN
1,6s1-70

95Mn36

cosr 
c4J8Io:_71

SUM 23t2t5

BS
97011-83

24OMo7

NFA
35-561-85

s300

o

A

o()
(g
o

a
o
E
O

c%
si%

N,{nTo

<P%

< S9/"

cr 7o

Mo 9'"

Ni%

Others

ISO
R683irX-70

Type 3

0. l5

0.05

1.0-1.5

0.11

0.30-0.40

t6-40

390

490-790

8

0.15

0.05

1.0-1.5

0. r0

0.32-0.40

0.09

0.75-1.0s

0.04-0.09

0.26-0.35

0.15

1.10-1.50

0.07

0.3-0.6

0.15

0.06

1.0-1.5

0.10

n:'o

0.09

0.75-1.0s

0.04-{.09

0.2G0.35

o

o
o.

d
o

o
q)

a

Dimensions

0.2% proofstress
N/mm2 min

Tensile strength
N/mm'z

Elongation/. min

Reduction of
area l( min

1ilo

- 390

- 460-7tO

-8

t6-40 50

400 min 400 min
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Data Sheet 17.5-Type-3Pb (ISO)

This is a lead-content-free machining steel. It is most commonly used when a 1ot of
machining is necessary to produce the finish parts. In general, the steel is delivered ready
for use from the manufacturers. Table 17.7 gives the chemical composition and mechanical
properties of International Standard steels.

Table 17.7

Standard

Designation

ISO
R683/rX-70

Type 3Pb

0.r5

0.05

1.0-1.5

0.11

0.3-0.4

0.15_0.35

IG4O

390

490190

8

NFA
35/561-85

s300Pb

0.14

0.05

1.0-1.5

0. l0

0.324/0

o r:0,

50

400 min

23

JIS
G4804-71

SUM 24L

0.15

0.85-1.15

0.04-0.09

0.26-0.35

0.lH.35

rs ,Pu',10 Arsr

95MnPb36 12L14

o

oa
tr
oo
6
o

o

o

t0

o

o
a
o
o.
(d
o

oq
z

C "/;

si 96

Mn 96

<P96

<s96
Pb',',

Mo ?{,

Ni 9;

Others

0.ls

0.05

1.0-1.5

0.11

0.324.40

0. I 5-0.30

0.15

0.85-1. I 5

0.04-0.09

0.26-0.35

0.15-O.35

Dimensions

0.2)i proof stress
N/mm'zmin

Tensile strength
Nimm'z

Elongation/. min

Reduction of
area li, min

1G40 t9-32

390 415

490-74A 540 min

8

;trhl
I
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Data Sheet 17.6-Type-4 (ISO)

TYPICAL APPLICATIONS AND CHARACTERISTICS

A general-purpose case hardening, carbonitriding steel with a modest level of sulphur to
give easy machining. Components may be water or oil quenched to obtain higher hardness
after case hardening. The tough core is more resistant to shock and the steel can be em-
ployed for all lightly stressed components which require a good wear-resistant surface. Used
for cam shafts, gudgeon pins, light-duty gears, bushes, etc., where fairly good machinability
and surface finish are desired. Table 17.8 gives the chemical composition and mechanical
properties of International Standard steels.

HEAT TREATMENT

Forging
Normalizing

Hardening
Carburizing
Rehardening

900--1200"c

850-880"C (Cool in air)
840-870'C (Quench in oil)
900-930"c
760-780'C (Oil/water)

Table 17.E

Standard

Designation

c%

si%

Mn%

<P%

<s%
CrYo

Mo%

Ni%

Others

Dimensions

0.2f proof stress
N/mm2 min

Tinsile strength
N/mm'z

Elongationfo min

Reduction of
area of min

ISO
R683/rX-70

Type 4

0.07-0.r3

0.15-0.40

0.s0-0.90

0.06

0. I 5-0.25

tG4o

355

440-740

9

,t ,*I,1, Arsr

10s20 ll08 2l0Ml5

BS
97011-72

NFA
351s62-81

10F1

JIS
G480+71

SUM 12

0.08-0.13

0.60-0.90

o.04

0.08-0.13

o

o
o.

o
(.)

(3
(J

Eo

O

16

22s

340-.440

28

t9

215

460

16

q

oa
o
o
.d
o
g
(g

oo
2

0.07-0.13

0.10-0.40

0.50-0.90

0.060

0.15-0.25

0.08-.0.13

0.50-0.80

0.04

0.08-0.13

0.12-0. I 8

0. r0-0.40

0.90-1.30

0.05

0.10-0.18

0.07-0.13

0.10-0.40

0.60-0.90

0.04

0.09-0.13

0.07-o.15

0.10

0.80-1.12

0.10

0.15-o.25

16-40 19-32

355 320

460-710 390 min

-9
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Data Sheet 17.7-Type-4Pb (ISO)

CHARACTERISTICS AND APPLICATIONS

The presence of lead in this free-machining steel improves the production rate by 20 to

25/,as it lubricates the cutting edge of the tool and permits an increase in cutting speed

and feed. No further heat treatment is necessary, since this grade is supplied ready for

machining and assembly. Mainly used for mass production of machined shapes and compo-

nents of all kinds, on high-speed automatic lathes. Table 17.9 gives the chemical composi-

tion and mechanical properties of International Standard steels.

Table 17.9

Standard

Designation

ISO
R683/IX-70

Type 4Pb

,BIlo Arsr

10sPb20 llL08

NFA
35 | ssl-7 5

CCIOPb

GOST JISBSIS
(.)
o
a

o

og

o
o

o

o
(,

o

o
o

o
cd
o

oa
2

c%
si 96

Mn%

<P96

< S "/';

ct o/o

Mol"
Ni%

Others

Dimensions

0.2o/ proof stress
N/mm2 min

Tensile strength
N/mm'2

Elongationli min

Reduction of
area f min

0.07-0.13

0.15-0.40

0.50-0.90

0.06

0.15-0.25

0.15-0.35

16.,40

355

440-740

9

0.07*0.13

0. r0-0.40

0.60-0.90

0.06

0.15-0.25

0.15-o.30

0.08-0.13

0.60-0.80

0.04

0.08-0. l3

0.15-0.35

0.05-0. I 5

0.30

0.3-0.5

0.04

0.04

0.15-0.25

340-440

1640 19-32

355 320

460-710 390 min

16

225

3020
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Data Sheet 17.8-Type-6 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

A semi free-cutting carbo-manganese steel designed for case hardening. Used for parts
where fairly good machinability and finish are necessary, with tensile strength higherihan
l0C8Sl0. Presence of relatively lower sulphur range serves as a compromise between
machining and mechanical properties. The parts may be case hardened. Typical compo-
nents produced from this grade are screw, slotted plug, locking screw, etc. The durability
and impact strength of this steel are as good as any results obtainable. Table 17.10 gives
the chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Normalizing
Hardening

Carburizing

880-930"C (Cool in air)
880-930"C

900-930"C (Quench in oil/water)

Table 17.10

o
o

U)

Standard

Designation

c%

si%

Mn'%

<P%

<s%
cr%

Mo%

Ni%

Others

ISO
R683iIx-70

Type 6

0.144.20

0. l5-0.40

0.50-0.90

0.06

0.15-0.25

AISI

1116

0.1+0.20

1.10-1.40

0.04

0.16-0.23

0. I 3-0.18

0.10-0.40

0.90-I.20

0.05

0.10-0.18

szo?f+l NFA Gosr

210A15

JIS

SUM 32

0.12-0.20

0.60-1.10

0.04

0.10-0.20

o

ou

o
E
o

o

o

o
o.
o
o.

do

d
oo
z

Dimensions 16-40

0.2f proof stress 1?<
N/mm2 min J tJ

Tensile strength 440-735
N/mm,

Elongationo/o min 9

Reduction of
area o/o min

530

t7

l9

650

IS DIN
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Data Sheet 1f.9-Type-7 (ISO)

CHARACTERI$TICS AND TYPICAL APPLICATIONS

Widely used grade of free-cutting steel of high strength. It is also heat treatable. Suitable
for parts in machine tools, motor cars, motors and general engineering that require a
large amount of machining in their manufacture. Table 17.1 I gives the chemical composition
and mechanical properties of Internalional Standard steels.

HEAT TREATMENT

oo
a

Normalizing
Hardening
Tempering

Standard

Designation

c%
si%

MnYo

<P%

-<s%
Cr "/o

Mo o/o

Ni%

Others

Dimensions

0.2/n proof stress
Nimm'min

Tensile strength
N/mm'z

Elongationo/o min

Reduction of
area )'o min

ISO
R683/rX-70

Type 7

0.32-0.39

0.15-0.40

0.50-0.90

0.06

0.15-0.25

l6+0

335

540-740

t6

o.32-0.39

0.10-o.40

0.50-0.90

0.06

0.15-0.25

0.35-0.43

1.35-1.65

0.04

0.13-0.20

860-880'C (Air cool)

840-860'C (Water or oil quench)

540-680"C

Table 17.11

IS ,BIlo Arsr

35S20 1139

Bs :slfier cosr us

212M36 35MF6

0.32-0$ 0.32-0.39

0.25 0.1{.4

1.00-1.40 1.3-1.7

0.06 0.04

0.124.20 0.09-0.13

625175 880*1080 _

18 9 _

63 16

370 735

o

oo
o()
(d
(,)

()

Q

C)

C)
o,
o
k
o.
(!
o

oo
z

t6-40

360

580_725

t6
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Data Sheet 17.10-Type-8 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

These are preferred to their plain carbon varieties where a large amount of machining is
necessary or where threads, splines or other dilf,cult machining operations pose tooling
problems. Normally used for heat-treated bolts, engine shafts, connecting ,odr, dyru*o
and motor shafts. Not recommended for large parts. Components can be flame or induc-
tion hardened. Table 17.12 gives the chemical composition and mechanical properties of
International Standard steels.

HEAT TREATMENT

Normalizing
Hardening
Tempering

850-880"C (Air cool)
840-870'C (Oil/water)
530-650.c

Table 17.12

Standard

Designation

c%
si g'"

Mn 9i,

< Pg'"

<s96
cr j'o

Mo 9'o

Ni 96

Others

ISO
R683/rx-70

Type 8

0.32-0.39

0.1s-0.40

0.90-1.20

0.06

0.15-0.25

0.34 0.40

0.70-1.00

0.04

0.08-o.13

0.32-0.40

0.2s

1.30-1.70

0.06

0.10-0.20

DIN Arsr ezoTf_st NFA

Ir38 zt6M36

JIS

A35

tr
o

oa
E
o
o
Eo
t
o

Q

0.32-O.40

0. I 5-0.25

0.70-1.00

0.06

0.08-0. l5

o
L
o
o.

o
d
o
c

oo
z

Dimensions

0.2_o./o proof stress
N/mm2 min

Tensile strength
N/mm'z

Elongation
o/o min

Reduction of
area o/o min

1640
4t-63

370
340

590-785
540-740

16
17

63
100

370
310

625-775
550-700

18
20



506 Handbook of Heat Treatment of Steels

Data Sheet 17.ll-Type-g (ISO)

TYPICAL APPLICATIONS AND CHARACTERISTICS

This is an Mn-alloyed free-cutting steel having characteristics comparable to carbon steels

of the same carbon level. It is preferred where a large amount of machining is necessary,

or where threads, splines or other operations offer tooling problems. Used for axles, crank-
shafts, connecting rods, spindles, heat-treated gun parts, cylinder head studs of scooters,

stems, pins, adjusting screws, slotted plugs, locking screws, hexagonal nuts, etc. of truck
parts. It can be flame or induction hardened. Table 17. 13 gives the chemical composition
and mechanical properties of International Standard steels.

HEAT TREATMENT

Normalizing

Hardening

Tempering

840-870'C (Cool in air)
840-870"C (Quench in oiliwater)
550-650'C

Table 17.13

Standard

Designation

c%

si%

Mn%

<P%
<s%
cr Y,

Mo'%

Ni%

Others

0.32-0.39

0.15-0.41

1.30-1.65

0.06

0.15-0.25

0.35-0.45

0.25

1.30-1.70

0.06

0.08-0.15

tt37

0.324.39

1.35-1.65

0.04

0.08-0.I3

NFA
3sls62-81

35MF6

0.33-0.39

0.10-0.40

r.30-I.70

0.04

0.09-0.13

JIS
G4804-:ll

SUM 4I

0.324.39

1.35-1.65

0.04

0.08-o.13

Iso qqll_et DrN
R683/rX-70

Type 9 40Mn2St2

o

o

oo
(d
o
E
o

O

o

oq
o
q

o

oo
z

Dimensions lil:,
0.2f proofstress 380
N/mm'zmin 345

Tensilestrength 610-810
N/mmr 570-:770

Elongation 13

\mh t4

Reduction of
area I mirt

60 25
30 50

745
724

2t
23

690-840
785-930

18

16

1640
4t-100

370
345

630-760
610-740

t4
t4
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Data Sheet 17.12-Type-10 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel is preferred to the plain carbon varieties where a lot of machining is necessary.
It is suited to higher stressed parts. Mainly used in general engineering and motor manu-
facture in constructional and turned parts requiring high strength characteristics such as
axles, shafts, smallcrank-shafts, etc. Table 17.14 gives the chemical composition and
mechanical properties of International Standard steels.

HEAT TREATMENT

Normalizing

Hardening
Tempering

Table 17.14

840-870'C (Cool in air)
840-870'C (Quench in oil or water)
540-680'C

Standard

Designation

c%

si 96

Mn%

<P%

<s%
cr%

Mo%

Ni%

Others

ISO
R683/rX-70

Type 10

0.42*O.50

0.15-0.40

0.50-0.90

0.06

0. l5-0.25

DIN
165 l-70

45S20

0.42-0.50

0.10-0 40

0.50-0.90

0.06

0.15-0.25

Arsr ,o?f_r,

lt46 216M44

NFA
351562-81

45MF4

0.42-0.49

0.10-0.40

0.80-1. l0

0.04

0.09-0.13

JIS
G4804-7t

SUM 42

0.37-0.45

1.35-l .65

0.04

0.08-o.13

IS
o
o
O

o

o.

oo

o
F
ot
O

0.42-0.49

0.70-l.00

0.04

0.08-0.13

0.40-0.48

0.25

l 20-1.50

0.06

0.12-o.20

o

o
o.
o
o

o
ci

oo
z

Dimensions

0.2o/o proof stress
N/mm2 min

Tensile strength
N/mm2

Elongation
to min

Reduction of
area o,/o min

t6-40

380

610-810

t3

16-40

- 410

- 660-810 650 min 700-850

13

100 t6

415 78s

930-l 130

8
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18

Spring Steels

Depending on the 
.type of application, springs are made of carbon steels, silicon andmanganese containing steels, silicon-manganese steels, alloyed steels, stainless steels.Springs must be capable of storing ana .ete-usirg ,rr" 

"r".gy.'irr.. repeated application ofload, they must retain theirorigin"ar rr,rp" and dimensiorl'thi, property may be attainedby the use of a highly elastic iaterial ind-by proper design because the allowabre stressvalues determine the choice of material and design.
Major requirements of spring steels are:
(i) Should have a high yieid srrength (of the order of 21000kg/mm2) or more accu-

lll;J'r;fl 
high proportional limri, so that it will not show any appreciabre perma-

(ii) A high fatigue strength under alternating and fluctuating stresses with a reservefor occasional or more frequent overloaJs (e.g. vehicle springs when stressed intheir resonance range);
(iii) Should have an adequate prastic range for the forming (winding) of the springs.These desirable properties of springs can be achieved firstly by a higher carbon contentor with suitable alloying elements, uri s.ronaly by heat treatment. The actual springinessof steel is determined by its ,r,oarim or"tasticity *hi"h i, about 2r000 kg/mm2, the modurusof rigidity being about 8000 kg/mm'' ii Ir porriure to influen"" it,. ,,oarri of erasticity and

*:f,.,:r_:"ffi:,;:f"LTITirHatments. Spring ru,,,. i, ar_tst invariabry from aiig,.,
steel springs are used in hard, high strength condition. To attain these propertiessprings are hardened and t.-p"i"o.'in the hlrdenea 

"onaition, 
the steel should have100'l martensite to attain the ma*imum yield strengtr, to avoia excessive set in service.

;hfl::'l::rTJ:t::i.'o 
austenite ;' ir,.'t u.a.ned coirdition rowers the yierd strength and

use of carbon steel for smaller sectio,s results in martensite as against larger sectionsin which hardness will be t",, wtr.n 
"J.ion 

steel is used. However, hardenability of thesteel may be increased by the addition oiuloying elements.io get high yield strength ontempering martensite 
.need.1-to 

be high in carbon. The combination of high carbon alongwith alloying elements will possess iire iesirea hardenability in different sections. Hencethe desired properties. of springs 
""r-u.-""rrleved firstry iviigt., carbon content or byaddition of suitabre ailoying .r.;;;;;'";i, secondry, uy 

-u 
,rtuut. heat treatment. Fatiguefailure may occur if the harderirg ,"-p"ritu." i, too high or too low.
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For many applications, where the working stresses are low, carbon spring steels are

quite satisfactory for smaller cross-sections. But, for higher cross-sections or high duty

springs, steels of higher hardenability are used. Hence, in addition to carbon spring steel,

mainly alloy steels having principal alloying elements such as manganese-silicon, chromium,

vanadium, molybdenum, etc., are used for the production of springs. Spring steels that are

commercially available are carbon spring steel, silico-manganese steel, manganese alloyed

steel, silicon alloyed steel, chrome-vanadium steel, etc.

Springs pf small dimensions are also usually made from patented drawn spring wires

coiled in the cold state. They possess a very high tensile strength and elastic properties com-

pared to the normally drawn rvire. They also possess good ductility and toughness.

Springs made out of patented wire do not require hardening. They are only subjected to

tempering at 200 to 250"C.

Drawn spring steels used for high-duty valve springs in the automotive and aircraft

industries are coiled in the annealed condition, and finally hardened and oil-tempered, as

this treatment imparts to them an improved fatigue strength.

For springs subjected to elevated temperatures special alloy steels with high resistance

to temperature are used. These steels are normally alloyed with molybdenum, nickel,

tungsten or vanadium, and they are used for valve springs of engines, packing springs

and bypass valve springs in locomotives and springs for super-heated steam slide valves in

locomotives.

18.1 Heat Treatment

It is most important that the spring should be heat treated with the utmost care, since this

determines the quality of the springs. The temperature is checked by suitable measuring

instruments during the heat treatment process. It is also advisable to check the success of

heat treatment by means of a suitable fracture test and by testing the Vicker hardness of

the product after hardening and tempering. It is important to adopt all possible precaution-

ary measures against surface decarburization during heat treatment in order to avoid

unnecessary reduction of the fatigue strength of the product. Usually applied heat treat-

ment processes are soft annealing, normaliZing, hardening and tempering.

18.1.1 HOT SHAPING OF STEEL PARTS TO SPRINGS

The parts are thoroughly heated in a neutral atmosphere to the maximum temperature

limit of hot working operations (900-920"C), depending on the chemical composition of

the steel, followed by cambering or coiling. The temperature limit for hot working ranges

between 920 and 830"C depending on the chemical composition'

18.1.2 SOFT ANNEALING

Soft annealing may be necessary in the case of difficuit shaping operations, which involve

cold working of the steel such as cold coiling, cutting and stamping by milling or turning,

etc. The treatment is carried out in the temperature range of 640-680"C in a neutral atmos-

phere to protect against decarburization. Steels alloyed with silicon are particularly sen-

ritir" to surface decarburization, and they should, therefore, be annealed for a shorttime

only at the lower limit of the temperature range. Holding time at this temperature range
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extends to several hours, depending on the cross section. It is then cooled slowly down to
the room temperature in the furnace.

18.1.3 NORMALIZING

Normalizing may be necessary if the spring is exposed to high stresses and in such cases
where they cause difficulties when shaped. The adopted temperature range is between g30

and 860"C. Normalizing is not necessary if the correct temperature is maintained during
hot shaping.

18.1.4 HARDENING

The springs are uniformly and thoroughly heated to the hardening temperature. Special
care has to be taken to prevent them from changing their dimension and rhup.. To achieve
this the springs should be first of all heated in a horizontal position, for a spring being
placed vertically for heating may deflect under the action of its own weighi in ihe hot
condition. To prevent springs from becoming distorted the bottom of the furnace on which
the springs are placed must be smooth and even. To prevent long springs from warping
during heating they may be fitted on suitable mandrels made of a thin-wall section. Very
small springs may be heated after placing them in a pan.

Holding at the hardening temperature depends on the cross section which can be calcu-
Iated on the basis of one minute for each one millimetre wire diameter. The lower limits
of the hardening temperature range are selected for smaller dimensions, and the upper
limits for longer dimensions.

If the hardening temperature is too low, the desired hardness will not be obtained; if
excessive hardening temperatures are used, grain coarsening, brittleness and excessive de-
carburization will occur. Fatigue failure may occur if the hardening temperature is too
low or too high.

Steels alloyed with silicon are particularly sensitive to surface decarburization; hence
holding time at the hardening temperature should be as short as possible to avoid decar-
burization.

In the manufacture of heavy coil springs, it is a common praotice to quench drrectly
on the mandrel, as the optimum temperature of steel is too low after coiling. This means
tltat a directly quenched spring has inevitably been hardened from an excessive tempe-
rature when making springs from alloy steel, unless a Iow coiling temperature can be used.
All springs should be allowed to cool after coiling, and re-heated to the optimum tempe-
rature for final hardening. High hardenability steels, after coiling, are allowed to cool to
about 100'C and immediately taken up for hardening. Cooling highly alloyed steels to the
room temperature, after coiling, may develop surface cracks. It is most important that the
furnace atmosphere should be neutral to avoid decarburization. Fatigue life of the spring
steel may be increased by carburizing and nitriding.

18.1.s QUENCHTNG

After holding for the desired length of time in the hardening temperature, springs are
taken out for cooling in oil or water, depending on the chemical composition oittre steet.
The temperature of the quenching water must be between 30.C and 40oC, and it should
never be below 20'C. The water in the bath should be kept in motion by a suitable deli-
very of water in order to remove steam bubbles forming in the water.
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The temperature of the quenching oil should be around 60"C. The oil should have a
good fluidity. It must, therefore, have a sufficiently low grade viscocity. The oil as well
as the parts quenched should be kept in motion during cooling. The oil should be free
from water.

Steels of high hardenability should be withdrawn from the oil at a temperature bet-
ween 100 and 200"C, and charged immediately into a tempering furnace to avoid the risk
of cracking.

18.1.6 TEMPERING

The springs are tempered in the temperature range of 470-540"C. The temperature adopted
depends on the desired properties. Tempering should be carried out directly after the
hardening treatment in order to avoid cracking on hardening. The practice of tempering
springs for a very short time at a somewhat higher temperature than the normal level is
not recommended for alloy steels. A soaking time for alloy steels should be at least one
and half minutes for each millimetre of the wire diameter, but not less than half an hour
in any case.

18.1.7 PATENTING

This process consists of heating the steel above the Aca point to 1000-1050"C. At this
temperature the austenite is coarsened. It is then cooled either in air blast, die block, oil
or lead alloy depending on the application. After austenitizing the parts are quenched in
a bath of molten lead held at a desired temperature, not far below the critical temperature
in order to facilitate the formation of a sorbitic structure. Since this structure is stronger
than a coarse one, the final product has a better strength for working than the cold-
worked wire.

In practice, the process consists of heating the wire to a temperature above Ac1 by
passing continuously through a long tube furnace and then cooled by drawing into a bath
maintained at a temperature of around 450'C, i.e., the wire is subjected to an isothermal
hardening. As a result of patenting, the structure of the wire is transformed into sorbite,
representing a step in the transformation from austenite to pearlite in which the grains
are very small and the iron carbide is distributed in a very finely divided form in the ferrite.
The patented wire is then subjected to cold working.

18.2 Hardening and Tempering Equipment

Hardening furnaces employed for this purpose are to be constructed so as to ensure uni-
form temperature control. In order to avoid surface decarburization, salt-bath hardening
furnaces may be employed which give very good results. They also prevent oxidation of
the material being hardened. Controlled atmosphere furnaces may also be employed. The
furnaces should be equipped with an accurate temperature control system.

The tempering may be carried out in a salt or lead bath and also forced air circulation
furnace may be used.
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18.3 Decarburi zation

Springs must be free from surface decarburization in order to avoid early faiiure of springsin service' The endurance of a spring with a decarburized rough surface is so reduced thatits life is far below what it shouli no-rmally be.
The surface of the rolled bar is always decarburized to some extent due to the heatingdon^e for rolling' Springs made after haroening will not attain full hardness on the extremesurface' This results 

,in 
a lack of strength, particularly under fatigue conditions. Further,the rolled bar is liableto contain -iroir*iuce defects. rrr.y r.t as stress raisers in helicalsprings or torsion bars, where the material is subjected to torsional stress; and may leadto early failure' Decarburization may also take place during .oirirg, or due to the furnaceatmosphere, and due to the temperature emproyed. Hence proper attention may be givento the use of a correct atmospheie. It is necessary to employ the shortest possible heatingtime to reach the coiling temperature. Decarburization maf iut. ptu"" during austenitizing,especially in silicon-manganese steers which u.. p.on" i;;;; decarburjzation. Hence,during hardening, the shortest time may be empioyed. Ttel.esence of a decarburizedlayer from the rolled condition further entrances the decarburization during hardening.This may be avoided by lightry shot-brasting between coiling and hardening.

The effect of very sright decarburjzation can be ,".ou"i by shot-peening the springsafter heat-treatment.

18.4 Application

The different types of spring steels that are mainly used are given in Table 1g.1. Appli-cation, mechanical properties and chemical composition are given in data sheets.
Tabte t8.l

Country ISO

Standard ISO

INDIA DEU USA GBR FRA
IS DIN AISI BS97O NFA35

USSR JPN

GOST JIS

I

2

3

4

5

6

7

8

9

10

ll
12

l3

c70

Type I C7S

Type 2 C85

Type 3

Type 4

Type 5 55Si2Mn90

Type 6

Type 7

Type 8

Type 9

Type lI
Type 13 50CrtV23

Type 14

CK67

CK75

CK85

465i7

5l si7

55Si7

605iCr7

55Cr4

50CrV4

5lCrMoV4

1065

lo74

r084

9255

9255

9260

9260

5155

5160

6150

080A67

Eu42C

250A53

250A53

250A58

250A61

527 A60

527A60

735A50

61SC7

55C3

xc68

xc75

4557

5ls7 50s2

5557 60scA suP6

75

SUPT

6052 SUPT

5oKHGA 

:*
45CD6

5OCV4 5OKHGFA SUPIO

5ICDV4
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Data Sheet 18.1-C70 (IS)

CHARACTERISTICS AND APPLICATIONS

This is an oil quenching steel, used for parts requiring high wear resistance making baffie

springs, shock absorbers, spring for seat cushions for road vehicles. It is also used for

making rail tyres, unhardened gears and worms, clips, etc. Table 18.2 gives the mechanical

properties and chemical composition of lnternational Standard steels.

HEAT TREATMENT

Soft annealing

Hardening
Tempering

600-650"c

800-830"C (Oil quench)

420-500'c

Table 18.2

Hardened and tempered to HRC 36-47.

Country

Standard norm

Designation

INDIA DEU

DINrr fizz2Jg

c70 cK67

ISO

rso

USSR JPN

AISI BS 97015-72

1065 080467

NFA35 GOST

xc68 65GA

C

si

Mn

P

S

Dimensions

0.2% proof stress
N/mm2 min,

Tensile strength
N/mm'z

Elongation
9(min,

Reduction of area

lmin.

0.65-0.75 0.654.72 0.60-0.70

0.10-0,35 0.15-0.35 0.35 max.

0.50-0.80 0.60-0.90 0.60.0.90

0.6s-o.70 0.65-0.73 0.6s-0.70

0.10-0.35 0.15-0.35 0.15-0.30

0.70-0.90 0.40-0.70 0.70-1.00

0.035

0.035

0.035

0.035

0.040

0.050

0.050

0.050

0.035

0.035

0.025

0.025

o
koo
o
a

o
a
(d

oo

2.5 min.

1275

1175-1580 1230-1770

Data Sheet 18.2-Type-1 (ISO)

CHARACTERISTICS AND APPLICATIONS

This is a steel for making light, flat springs from annealed stock. Because of good wear
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properties when properly heat treated, it is used to make plough-shares, rake teeth, scrap-
pers and shovels. Table 18'3 gives the mechanical propertils and chemical composition of
International Standard steels.

HEAT TREATMENT

Soft annealing

Hardening

Tempering

Hardened and tempered to

600-650"c

780-810"C (Oil quench)

420-500"c

HRC 36-47.

Data Sheet 18.3-Type-2 (ISO)

CHARACTERISTICS AND APPLICATIONS

These steels are used for making flat and coil springs for automobiles and railway vehicles.
Valve springs, wires and musical wires are special applications of this steel. After suitable
heat treatment, these steels are also used to make scrapper blades, disc and spring tooth
harrows. Table 18.4 gives the mechanical properties and chemical compositio, Jf Intrr-
national Standard steels.

Data Sheet 18.4-Type-3 (ISO)

CHARACTERISTICS AND APPLICATIONS

This is a water hardening spring steel used for lock washers and spring plates for screw
locking device, and springs for cultivators. Also used for spirai springs, railway, car
springs and springs for agricultural machines. Flat sizes up to l4 mm thi;kn;s may be used
lbr applications. Table 18.5 gives the mechanical properties and chemical composition of
International Standard steels.

HEAT TREATMENT

Soft annealing

Hardening
Tempering

HEAT TREATMENT

Normalizing

Soft annealing

Hardening
Tempering

Cambering or coiling

600-650"c

780-810'C (Oil quenching)

600-650"c

530-870"C

640-680'C

830-860'C ( Water quenching)

470-540'C
900-850'c
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Table 18.5

Country

Standard norm

Designation

ISO INDIA

rso
R683/XIV-73 rs

Type 3

DEU USA GBR

rz?illss AISI "fl:t
465i7

FRA

NFA35-
552-84

45S7

USSR JPN

GOST JIS

o

o
o.q
oo

o
E
o

U

c%

si%

Mn

P

S

0.43-0.50

1.5-2.0

0.50-0.80

0.040

uol

0.42-o.5

t .5-1.8

0.50-0.80

0.05

0.05

0.42-0.50

1.60-2.00

0.50-0.80

0.035

0.035

0.30

o

()
a
o
o
do
c

o
o
z

Dimensions

0.2o/o proof stress
N/mm2 min.

Tensile strength
N/mm'z

Elongationfomin.

Reduction of area
o7i min.

10

1080

1270 min.

6

t4

1080

1270-1475

6

10

1 300

1450*1700

Data Sheet 18.5-Type-4 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel is used for laminated springs for rail vehicles, bumper springs and conical and
cup springs for use in mechanical engineering and vehicle construction. It possesses tensile
strengths of 1300-1570 N/MM2 (10 mm thick). Flat sizes up to 18 mm thickness and
round sizes up to 25 mm diameter may be used for applications. Table 18.6 gives the
mechanical properties and chemical composition of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging Commence 1050"C-max., 850oC-min.
Hot forming 900-820"C
Annealing

Hardening

Tempering

640-680'C (Furnace cool)

820-850'C (Followed by water quenching)

470-540'C

Data Sheet 18.6-Type-5 (ISO)

CHARACTERISTICS AND APPLICATIONS

This is a manganese-silicon spring steel capable of taking up a good hardness and an in-
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Table 1E.6

Country

Standard norm

Designation

ISO INDIA DEU

ISO DIN
R683/XIV-73 rr fi221-72

Type4 5lsi7

USA GBR FRA USSR

ASTM BS97o/ NFA35- GOST
A322-76 t-72 s7t-84 2052-53

92s5 2s0A53 5lS7 5052

JPN

JIS

o

a
o
o

o

a

oq
o

o

(E

oo
a

c%
si%

Mn

P

s

o.474.55

1.50-2.00

0.50-0.80

0.04

0.04

0.51-0.59

1.80-2.20

0.70-0.95

0.035

0.04

0.50-0.57

1.70-2.10

0.70-1.00

0,05

0.05

0.48-0.54

1.60-2.00

0.50-0.80

0.035

0.035

0.47-0.55

1.50-2.00

0.60-0.90

0.04

0.04

0.47-0.55

1.50-1.80

0.50-0.80

0.045

0.045

Dimensions l0

ft'/##IH#o*' r13o

Tensile strength
N/mm'z rrlu

Elongation%min 6

Reduction of area

70 mrn

10

1 130

1320-157s

6

l0

l 350

1500-1750

6.5

creased stability in tempering. It is suitable for application of 14 mrn thickness for flat

size and 20 mm diameter for round sizes. It is suitable for leaf springs. Helical, conical and

cup springs in general mechanical engineering and vehicle construction are some other

typical applications. Table 18.7 gives the mechanical properties and chemical composition

of International Standard steels.

HEAT TREATMENT

Cambering or coiling

Normalizing

Soft annealing

Hardening

Tempering

900-850'c

850-880'C

640-680'C

820-850"C (Water)

840-870'C (Oil)
470-340"C

Data Sheet 18.7-Type-6

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an oil hardening spring steel used for leaf springs for automotive and general

engineering, helical, conical springs for use in general mechanical engineering and vehicle
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industries. This steel may be used up to 20 mm thickness for flat sizes and 28 mm diameter

for round sizes. Table 18.8 gives the mechanical properties and chemical composition of

International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging

Hot forming

Subcritical annealin g 640-700'C

Annealed hardness 255 HB

Normalizing
Hardening
Tempering

1050"C max. (Commence)

850"C min. (Finish)

900-820'c

850-880"C

830-860"C (Quench in oil)
400-550'c

Table I8.8

Country

Standard norm

Designation

ISO

ISO
R683/XrV-73

Type 6

INDIA DEU

IS DIN

GBR FRA

85970/ NFA35-
t:72 551-75

250A58

USSR JPN

cosr c/J8r-r,

SUPT

USA

AISI

9260

o

oa
E

()

o

oo
o
o

()

(,

o
o
z

c%

Si "/6

Mn

P

S

Dimensions

0.2f proofstress
N/mm'lmin,

Tensile strength
N/mm'z

Elongationf min.

Reduction of
area /o min.

o.57-0.64

1,70-2.20

0.70-1.00

0.040

0.040

l0

1180

1370

5

0.55-0.65

1.80-2.20

0.70-1.00

0.04

0.04

0.55-0.62

1.70-2.10

0.70-1.00

0.05

0.05

0.55-0.65

1.80-2.00

0.70-1.00

0.035

0.035

l3

r080

1230 min.

9

13.5

Data Sheet 18.8-TYPe-7 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an oil hardening steel used for torsion bar springs, stabilizers and spring washers

for road vehicles, valve springs and springs subjected to high impact stresses. This steel

1400
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may be used up to 25 mm thickness for flat sizes and 35 mm diameter for round sizes.
Table 18.9 gives the mechanical properties and chemical composition of International
Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging

Hot forming
Sub-critical annealing

Annealed hardness

Normalizing
Hardening
Tempering

1050"C max. (Commence)

850"C min. (Finish)

900-820"c
640-700'c
255 HB
850-880'C

830-860"C (Quench in oil)
400-550"C (Depending on the mechanical properties required)

Data Sheet 18.9-Type-8 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an oil-hardening steel used for high-duty leaf springs, torsion bar springs and
stabilizers for road vehicles, helical and cup springs for general mechanical engineering
and vehicle construction. Dimensions up to l8 mm for flat sizes and 28 mm diameter for
round sizes may be applied. Table 18.10 gives the mechanical properties and chemical
composition of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging

Hot forming
Sub.critical annealin g

Annealed hardness

Normalizing
Hardening
Tempering

1100"C max. (Commence)

850'C min. (Finish)
900-820'c
640-700"c
255 HB
850-880"C

830-860'C (Quench in oil)
400-550"c

Data Sheet 18.10-Type-9 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an oil-hardening alloy spring steel of good hardenability, suitable for the manu-
facture of any type of spring where working conditions are severe. Used for highly stressed
automotive, locomotive and tank-car springs. Table 18. 1l gives the mechanical properties
and chemical composition of International Standard steels.
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HOT WORKING AND HEAT TRBATMENT

Forging

Hot forming

Annealing

Annealed hardness

Normalizing

Hardening
Tempering

I100"C max. (Commence)

850"C min. (Finish)
900-800'c

640-680"C

255 HB
850-gg0"c

845-860"C (Quench in oil)
350-550"C (According to the hardness level required)

Table 18.11

Country

Standard norm

Designation

ISO INDIA DEU USA

notf;xorv-z: Is DIN AISI

Type 9 5160

GBR FRA

BSsTotl-72 :5,9;-
s27A60

USSR JPN

GOST JIS

o

a
o
o

o
Eo

o

q

o

!
o.

o

oo
z

c%

si%

Mn

P

S

Cr

Dimensions

0.21 proof stress
N/mmz min

Tensile strength
N/mm,

Elongation I min

Reduction ofarea
I min

0.5G0.64

0.15-0.40

0.70-1.00

0.035

0.035

0.60-0.90

10

1180

1370

5

0.55-0.65

0.20-0.35

0.75-1.00

0.04

0.04

0.70-0.90

0.55-0.65

0.10-0.35

0.70-1.00

0.04

0.05

0.60-0.90

Data Sheet 18.11-Type-11 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

An oil-hardening alloy spring steel of higher hardenability due to the addition of Cr and
Mo may be used for the manufacture of springs of large sections. Used for very high stressed
automotive springs. Table 18.12 gives the mechanical properties and chemical composition
of International Standard steels.
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HOT WORKING AND HEAT TREATMENT

Forging

Hot forming
Sub-critical annealin g

Annealed hardness

Normalizing
Hardening

Tempering

Table 18.12

ll00"C max. (Commence)

850"C min. (Finish)

920-830'C

640-700'c
255 HB
850-880'C

830-860"C (Quench in oil)
450-550"C

Country

Standard norm

Designation

ISO INDIA

ISO
R683/XtV-73 rs

Type ll

DEU USA

DIN AISI

GBR FRA

Bsslol-Z2 ii,lil-

USSR JPN

GOST JIS

o

oo
E
o
(B
o

o

Q

o

o
a
o
!o
do

d

o
o
a

c%

si%

Mn

P

s

Cr

Ni

0.42-0.50

1.30-1.70

0.50-0.60

0.035

0.035

0.50-0.75

0 15-0.30

45SCD6

0.42-0.50

1.30-r.70

0.5G0.80

0.035

0.035

0.50-0.75

0.r5-0.30

Dimensions l0

0.2f proofstress
N/mm, min rrou

litr*: 
strength 

u,,,o

Elongation f min 6

Reduction of area
I min

Data Sheet 18.12-Type-13 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel is used for the most highly stressed springs. It possesses tensile strength of
1370-1670 N/mm2 (10 mm thick). Used for leaf, helical and torsion bar springs, stabilizers
for rolled vehicles, springs for use in general mechanical engineering, cup springs, spring
washers and laminated springs. Dimensions up to 30 mm thickness for flat sizes and 40 mm
diameter for round sizes may be applied. Table 18.13 gives the mechanical properties and
chemical composition of International Standard steels.
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HOT WORKING AND HEAT TREATMENT

Forging

Hot forming to springs

Annealing
Hardening

Tempering

1050'C max. (Commence)

850"C min. (Finish)

920-830"C

640-680'C (Furnace cool)

Heat slowly to 830-860"C in a neutral atmosphere followed
by oil quenching

430-500'c

Data Sheet 18.13-Type-14 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel possesses a higher hardenability due to the addition of Cr, Mo and V. It is recom-
mended for the manufacture of springs of large section. It may be used for large-diameter
helical and torsional bar spring stabilizers for road vehicles. Table 18.14 gives the mechani-
cal properties and chemical composition of International Standard steels.

Table 18.14

Country

Standard norm

Designation

rso

ISO
R683/XrV-73

Type 14

INDIA DEU USA

Is ,Pr)l-r, AIsI

5lCrMoV4

GBR FRA

85970/ NFA35-
t-72 571-84

5lcDv4

USSR JPN

GOST JIS

o

o

oo

o

o

U

c%

si%

Mn

P

S

Cr

Mo

v

0.48-0.56

0.15-o.40

0.70-1.00

0.035

0.035

0.90-1.20

0.15-o.25

0.07-0. r 2

0.48-0.56

0.15-0.40

0.70-1.10

o.o25

0.020

0.90-1.20

0.15-0.25

0.07-0.12

0.48-0.56

0.15-0.40

0.70-1.00

0.035

0.03s

0.90-1.20

0.15-0.2s

0.07-0.t2

o

oa
o
o
d
o

c!

o
o
z

Dimensions

0.2f proof stress
N/mm2 min.

Tensile strength
N/mm2

Elongationf min.

Reduction of area

/.min.

10

I 180

1370 min.

6

t0

1180

1370-1675

6

10

1300

r450-1780

8
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HOT WORKING AND HEAT TREATMENT

Forging

Hot forming
Sub-critical annealin g

Annealed hardness

Normalizing

Hardening
Tempering

REtr'ERENCES

I100'C max. (Commence)
850"C min. (Finish)
920-830.C

640-700.c

255 HB
850-880"c

850-880"C (Quench in oil)
400-550"c

l.
,,

3.

4.

5.

6.

7.

8.

9.

10.

ISO 683/XIV, June 1973, Steels Ior Hot Formed and Heat Treated Springs.
IS 2507-1982, Cold Rolled Steel Strips for Springs.
DIN 17221, December 1972, Hot aoiua x"its yir euenched and rempered springs.
ASTM 4322-82, Hot Roiled Alloy Steel Bars.
8970, Part 5, 1972, Carbon and Alloy Spring Steels.
NFA 35-571-70, oct. 1984, Iron and-steit Alloy structural sreels for Hot Formed spring Manu-
facture.
GOST 2052-1953, Hot Rolled Spring Steels.
JIS G480I-1977, Spring Steels.
ASM, USA, 7982, Engineering properties of Steels.
High Grade carbon and Allov ,Sreels, English steel Rolling Mill Corporation Ltd., Riverdon works,Sheffield.
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Carbon Tool Steels

In spite of the ever increasing demand for alloy tool steels, carbon tool steels find a wide

range of applications because of their property of resistance to dynamic stresses and wear

resistance.

Carbon tool steels possess a carbon content of about 0.35 to 1.5'l,The properties of
these steels are manipulated by the addition of carbon alone, and the manganese content

is maintained below 0.35%. In the 0.85 to 1.4/o carbon range, an increase in carbon in-
creases the wear resistance at the expense of toughness. This increase of wear resistance is
due to the presence of undissolved hard carbides in the hardened matrix. Where toughness

is required, the lower carbon grades are chosen. An increase in the hardening temperature,

within the range recommended for each grade, produces a higher carbon martensite with
corresponding increase in hardness and wear resistance.

These steels possess poor hardenability; hence it is necessary to quench them in water
to get the desired properties. This in itself is an advantage since the quenched tool will
have a hard skin backed by a tough core. Low cost and simplified heat treatment are the
additional advantages offered by these steels.

The broad range of applications for plain carbon steels is restricted to such cases where
no excessive demands are placed on tempering, strength, hot strength and red hardness;
that is where tools are not overly heated, or when the wear resistance need not be

excessively high. Moreover, consideration must be given to the required hardening depth
or to the question whether through-hardening of tools is required. If through-hardening is
necessary, the cross section of the tool is limited by the hardening depth of the steel. In
other cases the obtainable hardening depth may be sufficient to impart the desired proper-
ties of the tool in question.

Table 19.1 Carbon Tool Steels

Data sheet $o IS DIN AISI B5-970 NFA 35-551 GOST JIS

19. r

19.2

19.3

t9.4

l9. s

t9.6

,*
TCSO

TCl05

TCI20

50T8

60T6

70T6

80T3

103T3

155T3

c45W

c60w

c67W

c80wl
cl05wl
cl25w

Yr48

Ys65

Y70

Yr80

Yl05

Yrl20

*t :
wlo BwlB
wl12 BW1C

U7A SK7

U8A SK6

UIOA SK3

UI3A SK2
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Sometimes the usability of tool steels may be restricted also by a tendency towards dis-tortion and dimensional change.
Steels containing low carbon may be used for maximum toughness. Steels with highercarbon contents will possess good wear resistance and edge-holding properties. Tools sub-jected to impact and shock must be made from low caibon steels where toughness andhardness are just sufficiently counter-balanced.
Table 19'1 gives the International standard steels. Data Sheets l9.l to 19.6 gives thechemical composition, apprication and heat treatment details.

HEAT TREATMENT OF CARBON TOOLS

Normalizing If hot working is completed at a temperature appreciably higher than thelower working temperature limit, giain coarsening occurr. itri, is refined by using thenormalizing process. This is effected by heating slowly to 870'c and holding for l-2hours,followed by cooling in air. If the overheating has been excessive, particularly with highcarbon steels, oil quenching foilowed by annealing is advisable.

Annealing carbon tool steels are normally obtained in the annealed condition. The bestcondition for working and machining, and also the most favourable grain structure pre-paratory to hardening, is achieved by annealing. Annealing is carried out in a neutralatnrosphere in order to avoid scaling and decarburization. ihe steel is packed in tightlyclosed annealing boxes filled with cast iron. It is heated slowly to 6g0-720.c and hold atthis temperature for the desired length of time, for about 4-8 hours. It is cooled slowly inthe furnace. This results in an average Brinel hardness of about 190.

I
t
I

o
)
6
o
o
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o
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Fig. f9.1 Heat treatment sequence for carbon tool steel

St re ss
retieving

600-65ooc

Furnoce
c oot ing

Hor den ing

t Hordeni n o
\ remperolure

Worm u400o C

woter _
quenching

Temperin g

la
I E-
I oC| -':
I Lo
i oo
I ccL9b
I r-

I f-r
/\
/\
/\

im\
r :F \\

::\

a

.5
c
o
E

o
c

FI
Pre-heoting
r/\ 650oc

o
Ec

o)
tr,:
ltr
El@
o

1



532 Handbook of Heat Treatment of Steels

Srress Relieving This is carried out in the temperature range of 600-650"C for 1-2 hrs'

followed by slow furnace cooling. This is done to remove the induced internal stresses.

which are aggravated by hardening and may lead to the risk of cracking or distortion in

intricate shaped tools or severly hot worked parts. Stress-relieving should be done prior to

finish machining.

Hardening Hardening may be carried out in a muffie furnace with a controlled atmosphere

or in a neutral salt bath. The austenitizing temperature for carbon tool steels varies from

760 to 840"C (Fig. 19.1).

The tools should be uniformly and thoroughly pre-heated up to about 400eC, then at

650"C and then heated more quickly up to the specified temperature and soaked for 15

minutes to 5 minutes depending on the cross section.

Quenching Quenching may be done in water or brine or oil depending on the geometry

of component. In order to attain a high hardness, quenching may be done in a 5 to lly"
brine down to about 90oC and then tempered immediately. Fresh water should be used

for flush quenching, and oil quench if the section is small and the maximum hardness is not

desired.

Tempering In order to lessen hardening stresses, the tools should be tempered immediately

after hardening. It is important that the tool should be removed from the quenching bath

whilst still the tool is hand warm. They should be tempered immediately before they reach

the room temperature. Tempering may be carried out in oil bath or salt bath or forced air

circulation furnace.

The tempering is done between 150 and 300"C. The choice of the tempering temperature

is a matter of experience; and to a large extent it depends on the type, shape and purpose

of the tool under treatment.

The lower temperature range may be used for relieving quenching strains and the.higher

to increase toughness. Holding time in the tempering furnace is one hour. Additional hold-

ing time may decrease the hardness.

Data Sheet 19.1-50T8 (IS)

TYPICAL APPLICATIONS AND PROPERTIES

All sorts of gimlets, round and flat tongs, screw drivers, net wrenches, hammers, axes and

jack planes, smith tools, hot working dies, wood angers of all types and hand vices, beet

knives, blades for meat mining machines, pocket knives, covers and tin opener, stone

working and brick laying tools, parts for agricultural machines such as plough shares,

ploughs, etc. Chisels for deep drilling. Table 19.2 gives the chemical composition of Inter-

national Standard steels.

HEAT TREATMENT

Normalizing 820-840'C (Cool in air)
Annealing 680-710"C (Hold for 4-6 h and cool slowly in the furnace) Annealed

hardness-I70-180 BHN.

Stress relieving 600-650"C (Hold for l-2 h. then slow cooling in the furnace)

Hardening Heat slowly to 790-840'C, choose limit of temperature for small and



Tempering

Carbon Tool Steels S3S

high sections and upper for large and heavier loads. Holding time
10-50min' depending on the section thickness rotroweiiv'*ur.,
quenching. Temper immediately when cooled to hand warm.
Sections less than 5 min. quench in oil.
Obtainable hardness-58-60 RC.
I00-300'C (According to the hardness required).

porcelain moulding
gives the chemical

Data Sheet t9.Z-60T6 (IS)

TYPICAL APPLICATIONS

Bending dies, cold shrinking dies, stone mason,s tools, plough shares,
tools, blacksmiths tools, rong wearing machinery paits. iable 19.3
composition of International Standard steels.

IIEAT TREATMENT

Annealing

Stress relieving

Hardening

Tempering

Table 19.2

680-710"c (Holding time 4-g h depending on the cross section and
charges. Followed by furnace cooling)
Annealed hardness-l g0-200 BHN
600-650"c (soak for r-2 h at the recommended temperature and
cool slowly in the furnace)
Heat slowly to 790-g40"C. Adopt lower limit of temperature for
light sections and upper Iimit of ihi.ker sections. Hording time r0-
50 min. depending on the section thickness, followed by water
quenching. Temper immediatery when cooled to hand warm.
Obtainable hardness-5g-62 HRC
100-300'C (According to the required hardness_Fig. 19.2).

Country

Standard norm

Designation

INDIA DEU

IS DIN
3749-78 17350_80

50T8 C45W

rso

rso

USA GBR FRA

Arsr BssTott-lz ,!m;;-

yr48

USSR JPN

GOST JIS

C

si

Mn

P

S

oa
E
oo
a!
o

o

U

0.45-0.55

0.10-0.35

0.60-0.90

0.035

0.03s

0.42-0.50

0.1H.40

0.@{.80

0.035

0.035

0.45-O.51

0.10-0.40

0.5H.80

0.035

0.035
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Fig. 19.2 Tempering curve of steel-IS 60T6

Table 19.3

I
L2

Country

Standard norm

Designation

ISO INDIA

rso :zif_zr

60T6

DIN
17350-7t

c60w

DEU USA GBR FRA USSR JPN

Arsr BssTott-i2 tlmt3t cosr

Yr65

JIS

c
si

Mn

P

S

0.55-0.65

0.19-0.35

0.50-0.80

0.035

0.035

0.55-O.65

0. r5-o.40

0.60-0.80

0.035

0.035

0.60-0.69

0.10-0.40

0.50-0.80

0.03s

0.035

Data Sheet 19.3-TC70 (ISO)

TYPICAL APPLICATIONS

Blacksmith dies and tools for hot working, trimming tools, cold and hot dressing chisels,
punches and shear blades for soft sheet metal, choppers, tongs and spades, hammers and
mallets for stone working, chuff cutter knives and punches, unhardened dies with acces-

sories for extrusion, casting of lead, zinc and tin, spindles for spinning machines, vice jaws

and gripping jaws. Table 19.4 gives the chemical composition of International Standard

steels.

HEAT TREATMENT

Annealing 680-710"C (Hold for 4-8 h and cool slowly in the furnace)

Annealed hardness-200-205 BHN



Stress relieving

Hardening

Tempering

Carbon Tool Steels 535

600-650"c (Hold for r-2 h forowed by furnace cooring up to 560.c,
thereafter in air)
750-840"c (Holding time I0-50 min. depending on the section
thickness followed by quenching in water)
Approx. 750-780"C, thin work pieces.
Approx. 770-800"C, thicker work pieces

fgnrox. 800-840"C, thinner work pieces quench in oil.
Obtainable hardness-60-63 (Water)

56_s8 (oir)
100-300"C (According to the hardness required_Fig. 19.3).

7A

62

Hs4
=
6

P16
!
c,x38 Steet:l

Heot treotment
8oo 

oc/w

200 400 600 800
Temper ing te mperoture oC

Tempering curve of steel-ISO TCZ0

Table 19.4

30
0

Fig. 19.3

o

oo
oo
d
I

Eo

O

0.6s4.74

0.035

0.035

0.030

0.030

INDIA

IS
3749-78

70.r6

0.65-0.75

0.10-0.35

0.50-0.80

0.03s

0.035

0.65-0.74

0. l5-0.30

0.I-O.35

0.03

0.030

0,66-0.74

0. l0-0.25

0.10-0.30

0.02

0.02

Country ISO

Standard norm orl?9r,

Designation TCTO

,Brfro Arsr BssTott-l2

c67W

tlmil- cosr rrs

YITO U7A SK7

DEU USA GBR FRA USSR JPN
4401-72

C

Si

Ir{n

<P
<S

0.65-0.74 0.A.7

0.15-0.35 0.035

0.15-O.30 0.05

0.03 0.03

o.o2 0.03
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Data Sheet 19.4-TC80 (ISO)

CHARACTERISTICS

This steel possesses greater toughness than high carbon steel. It has a deep hardened case

with good cutting conditions.

TYPICAL APPLICATIONS

Power moves knives, frame saws, straw slitters, cement scrapers, wood cutting circular saws,

coarse files, trimmers, tool bodies for compound tools, large simple blanking dies, dies for
soft material, hammer faces and anvil faces for smith tools, large hot forging dies for shear,

tongs, etc., vice jaws, mandrels and milling arbours, tailor's scissors, paper scissors, etc.

Table 19.5 gives the chemical composition of International Standard steels.

HEAT TREATMENT

Forging 1000"C max. (Commence)

800'C min. (Finish)

Annealing 680-710"C (Soak for 4-8 h then slow cool in furnace)

Annealed hardness-2O0 HB.
Stress relieving 600-650"C (Soak for l-2 h at the recommended temperature and

cool slowly in the furnace)

Hardening 800-830'C (Followed by quenching oil for thinner pieces)

770-810'C (For thicker component followed by water quench)

Hardness obtained-62-63 HRC.
Tempering Temper immediately when cooled to hand warm (Fig. l9.a). 100-

300'C (According to type, shape and purpose of tools. Tempering
time I h. Additional soaking time will further lower hardness.

30
0 200 /.00 600 800

Temperin g t e mperot ureroC

Fig. 19.4 Tempering curve of steel-Iso TC80

70
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tr5
l,
(n
oc
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o
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3
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Steet:2

Heot treot ment

7so "c/w
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Table 19.5

Country ISO

Standard norm 
+#z9go

Designation TCSO

INDIA DEU

IS DIN
3749-78 17350_80

80T3 C80Wr

USA GBR FRA USSR

Arsr -,lt }ftif cosr

wl08 Y,80 u8A

JPN

JIS
Mt-l2

sK6

C

si

Mn

P

s

o

oq
E
o
a
Cg
a

0.75-0.84

0.35

0.35

0.03

0.03

0.75-0.85

0.1H.30

0.40 Max

0.035

0.035

0.75-O.85

0.1H.25

0.I-o.25

0.02

o.o2

0.70-0.85

0.1H.40

0.10-0.40

0.02t

0.02s

0.75-0.84

0.I0-o.25

0.10-0.30

o.o2

0.02

0.75-o.84 0.7_0.8

0.15-0.35 0.035

0.15-0.30 0.5

0.03 0.03

o.o2 0.03

Data Sheer 19.5*TCI05 (ISO)

CHARAClERISTICS

This is a general-purpose tool steel with an excellent combination of hardness and tough-ness' It will retain its cutting edges for a long time. The steel also has a higher wearresistance.

TYPICAL APPLICATIONS

Blanking dies and punches, twist drills, reamers, broaches, etc. small shear blades, knivesof all kinds, wood shapers, hobs, spinning tools, bending and marking tools, rock workingtools for medium hard rock, 
"mbossing 

dies, pneumatic ana stone chisers, gauges andwedges, cold forging, drawing, needle, uld pup.. dies, hand and pneumatic chisels, angerbits' axes and plane irons. Table ts.o gives the chemical composition of InternationalStandard steels.

HEAT TREATMENT

1000'C max. (Commence)

800"C min. (Finish)
680-710'C (Soak for 4-g h followed by slow cooling in furnace)
740-760'C (Thinner pieces in oil)
750-780"C (Thicker pieces in water)
770-800'C (Work pieces thinner than 3 mm in oil)
Hardn ess attained-64-66 HRC.
150-300"C (Depending on the type ofcomponent, shape and pur_
poseof_tool-tempering time I h, additional soaking time mayfurther lower the hardness fig. te.t.

Forging

Annealing

Hardening

Tempering
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Fig. 19.5 Tempering curve of steel-ISO TCl05

Table 19.6

200 100 500

Tempsring tcnperoture 
oC

Country ISO INDIA

Standard norm +#fso lzj|_zr

Designation TCl05 103T3

DEU USA

rfl]ilao Arsr

c105wl w10

GBR FRA

Bs4659- NFA35-
7t 590-78

BWIB Yl05

USSR

GOST

UlOA

JPN

JIS
4401-'t2

sK3

o
o.

o
o
(,
o

o

U

C

si

Mn

P

s

0.95-1.09

0.35

0.35

0.03

0.03

0.95-1. 10

0.10-0.30

0.40 Max

0.035

0.035

1.0-1.10

0.10-0.25

0.10-0.25

o.02

0.02

0.95-r. t0 0.95-1.10

< 0.03

< 0.035

0.03

0.03

0.95-1.09

0. l0-0.2s

0.10-0.30

0.02

0.02

0.05-0. l5

0.95-1.04 1.0-l.l

0.15-0.35 0.35

0.15-0.30 0.50

0.03 0.03

o.o2 0.03

Data Sheet 19.6-TC120 (ISO)

CHARACTERISTICS

This steel possesses a very high abrasion resistance, compared to other carbon tool steels,

and has a higher wear resistance.

TYPICAL APPLICATIONS AND PROPERTIES

Knives for plastics, engraving tools, watch makers tools, chasing tools, drawing dies and

punches, hand saw, hack saw, rock rvorking tools, precision cutting surgical instruments,

metal chaser's tools, file cutting chisels, porcelain moulding tools, knife sharpners, small

boring aud milling tools, natural hard press plates for the manufacture of artificial stone.

mandrels and bars for cold drawing tubes of non-ferrous metals. Table 19.7 givesthe

chemical composition of International Standard steels.

Hoot treotment
780 "clYr



HEAT TREATMENT

Forging

Annealing

Tempering

Annealed hardness-20O HB.
Stress relieving 600-650'C (Soak for 1-2 h with slow furnace cooling)
Hardening 760-790"C (Quench in water)

790-820'C (Quench in oil)

Carbon Tool Steels 539

ll00"C max. (Commence)

800"C min. (Finish)
680-710"C (Soak for 4-8 h then slow cool in furnace)

Obtainable hardness-64-65 HRC.

150-250"C (Depending on type of component, shape and purpose
of tools. Tenaper I h, additional soaking time may further lower
hardness-Fig. 19.6).

0 200 100 600 800
Tempering t emperoture !C

Fig. 19.6 Tempering curve of steel-Iso TCI20

Table 19.7

(J
E.
I
h'
(,n

(1,

c
!

o
-

Heo t treotment
tTo"cfw

Country ISO INDIA

Standard norm rcH%o lzjss_7s

Designation TCI20 155T3

DEU USA GBR

,BI[ao Arsr BS465e-7r

c125W Wl12 BWI-C

FRA USSR JPN

I#fi- Gosr

Y272O Ul3A

JIS
mt72

sK2

E
o
o

.9
E
o

Q

C

Si

Mn

P

S

1.10-1.29

0,035

0.035

0.030

0.03c

t.2s-1.40

0.1H.30

0.40,Max

0.03

0.30

1.20-1.30

0.10-0.30

0.10-0.35

0.03

0.03

1.10-1.30

0.30

0.35

0.03

0.03

r.10-1.30 t.t0-1.29

< 0.03 0.rH.30

0.035 0.10-0.40

o.o25

0.025

1.25-t.3s r.10-1.30

0.15-0.35 0.35

0.1s-0.30 0.50

0.03

0.02
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are finish machined. This will avoid distortion and in certain cases cracking. This is accom-
plished by heating the tools to 650-700oC and soaking for I to 2 hours followed by slow

r cooling in the furnace. After this, final machining is done.

Hardening Before hardening, the tools should be finished with a smooth surface. Sharp
corners, edges and tool marks should be reduced to a minimum so as to avoid the risk of
cracking.

To obtain the benefits of low dimensional changes inherent in these steels, it is essential
that parts are slowly and uniformly heated to the hardening temperature. Improved results
can be obtained by having two furnaces for hardening, one of thise being at a much lower
temperature than the other. The tools are first preheated slowly to 650.C in a low tempe-
rature furnace; ifnecessary second preheating may be adopted at 900"C. Then it is transfer-
red to the furnace, maintained at the hardening temperaturi (Fig. 20.1(a) and 20.1(b)). Soak-

Trme

Fig. 20.1(b) Heat treatment sequence for high alloy cold working tool steels

ing times at hardening temperatures depends on the section thickness. Soaking time
should commence from the moment the exterior of the tool is judged to have aitained
specified hardening temperature. Steels in the high carbon high chromium groups require
longer period to obtain the desired carbide dissolution, if the steel has to attain the maxi-
mum hardness, whereas in other steels 20 minutes per inch of ruling section will suffice.
For small parts or intricate shapes, the lower hardening temperature should be selected.
Too high an austenitizing temperature results in a drop oi hardness. After the desired
soaking period, tools are quenched in oil, or salt bath and sometimes air cooled depending
on the type of steels.
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The quenching in salt bath reduces the risk of cracking and distortion and is recommend-
ed for tools of intricate design. The salt bath temperature is maintained at around 300"C,
.and the tool is held at this temperature to equalize the temperature. Afterwards it is allowed
to cool freely in air and then transferred to the tempering furnace.

Furnaces for Eardening Hardening may be carried out in salt bath, contrdlled atmosphere
furnace, vacuum furnace or muffie furnace. The best result may be obtained by treating in
vacuum furnace. Components treated by this method will be absolutelyfree from decarburi-
zation. Heat treating the tools in salt bath and under a controlled atmosphere gives
good results.

Muffe furnace may used where the above said furnaces are not available. It takes a
longer time, and to protect the tools against decarburization, tools should be packed in a
medium which emits gas when heated, such as charcoal, coke grit or cast iron chips, etc.

Tempering Irrespective of the method of quenching used, tempering should take place
before the steel has cooled around 50"C to remove the hardening stresses. If the steel is
allowed to cool to room temperature before it is tempered, hardening cracks may develop.
This treatment may be carried out in an oil bath, forced air circulation furnace or salt bath.

Tools treated in a salt bath should be cleaned thoroughly before tempering in forced
air circulation furnace, in order to avoid corrosion. The choice of the tempering tempera-
ture is largely a matter of experience, and is dependent on the type of tool and its use.
Heating to tempering tempsrature should be slow and uniform to prevent non:uniform
hardening stresses which could cause cracking or working. Soaking should be calculated at
one hour per inch of section with a minimum of 2 hours. After tempering the tools should
be cooled slowly in air.

Srress Relieving laduced by lhork Removal of stresses induced by work is advisable frorn
time to time for tools in use. This occasional stress relieving is effected at about 50oC below
the original tempering temperatures by prolonged heating in a water or oil bath.

Data Sheet 20.1*TCV105 (ISO)

CHARACTERISTICS

This is a water hardening steel which develops a fine-grained structure with greater ability
to retain sharp edges than plain carbon steels. It is a low-cost tool steel with fair-to-good
wear resistance as carbon content increases. Table 20.2 gives the chemical composition of
International Standard steels.

TYPICAL APPLICATIONS

Dies for cold heading, dies for embossing and engraving, wood working and circular shear

knives, cold blanking dies, stamping, drawing and forming dies, small press tools, blanking
punches, shear blades, dies for cold pressing of screws and rivets, chick and vicejaws, lathe
centre, straw slitting cutters.

HEAT TREATMENT

Forging 1000'C max. (Commence)

800"C min. (Finish)
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Annealing Heat slowly to 750-780"C, adopt lower limit for small sections and

higher limit for larger sections. Holding time varies from 30 minutes.

to 2$ hours depending on the section thickness and size of the

furnace. Subsequently cooled at a rale of 25"C per hour. After cool-

ing to 550'C, cool in air.
Annealed hardness BHN-200-21 5

Stress relieving 600-650'C (Holding time I h per 25 mm of section thickness,

followed by furnace cooling up to 500"C, further cooled in air).
Hardening Heat slowly to 750 to 850'C, lower limit of temperature for small

sections and higher limit of temperature for large sections. Holding
time at the hardening temperature 10 to 35 minutes depending on
the cross section. Subsequently cooled in agitated water or brine-
Temper immediately when cooled to hand warm.

Obtainable hardness-64-67 HRC.

Tempering 150-300'C (Depending on the type of component. Temper I h ad*

ditional holding time may lower the hardness-Fi9.20.2).

100 200 300 400 500 600
Grnperoture oC

Fig.20.2 Tempering curve of steel-Iso TCVIOS (Courtesy: Rochling

Stahlexport GmbH, W. Germany)

Table 20.2
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o
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Country ISO

Standard norm +#fso
Designation TCVIO5

IND1A DEU

IS DIN
374918 173s0-80

T90V2 l00vr

GBR FRA

BS465e-71 ,lmfi-

BW2 Y,105V

USA

AISI

w2

USSR

GOST

JPN

JIS
4404-72

sKs43

o

oo
tr
oa

o
E
o

(-)

c%

si%

Mn

<P
<S
V

0.95-1.10

< 0.35

< 0.35

0.030

0.030

0.10-0.30

0.85-0.95

0.10-0.30

0.4 max

0.03s

0.035

0.15-0.30

0.95-1.05

0.15-0.25

0. I 5-0.30

0.02s

0.025

0.12-0.15

0.95-1.09

0.1-o.25

0.1-0.3

0.02

0.02

0.05-o.15

1.00-1.10

< 0.02s

< 0.30

0,03

0.03

0.10-o.25

0.95-1.10 0.95-1.10

< 0.3

_ 
n:'

0.15-0.35 0.15-0.35
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Data Sheet 20.2-Ttt8Cr2 (IS)

CHARACTERISTICS

This steel will retain its cutting edge for a long time. It is very tough and easily machinable.Table 20.3 gives the chemical composition of International Standard steels.

TYPICAL APPLICATIONS

Twist drills' counter sinks, threading tools, centre drills and drifts, driving chisels, draw-ing mandrels, cupping tools, punches in nut manufacture, ejector in nut and boltpresses etc.

HEAT TREATMENT

Annealing 760-790"c (Soak well at this temperature for l-l$ h depending on
the section thickness, then furnace cool at a rate of 25"c per h up to
550'C and then in air)
Annealed hardness_l 70_210"C HB.

Hardening 780-810"C (After adequate soakingtime at
in water for 10_30 min. depending on the
shapes).

this temperature, quench
section thickness. Simple

800-830'c (euench in oir. Temper immediatery when cooled to
hand warm. Hardness attained_Rc63_65).

Tempering 100-300'c (According to the hardness required hold for r h per
25 mm of section thickness_Fig. 20.3).
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Tempering curve of steel-Is Tll8Cr2 (Courtesy: Rochling
Stahlexport GmbH, W. Germany)
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Table 20.3

Country

Standard norm

Designation

INDIA DEU

IS DIN
3749-78 17350-80

Tll8Cr2 1l5CrV3

ISO

ISO

USA

AISI

L2

GBR

BS970/
l-:72

FRA

NFA35/
551-75

USSR

GOST

llchF

JPN

JIS

o

oo
E

o

(.)

o

O

c%

si%

Mn

P

s

Cr

v

1.10-1.25

0.10-0.30

0.40 max.

0.30-0.60

0.30 max.

1.10-1.25

0.15-O.30

0.2H.40

0.5M.80

0.074.t2

0.s0-1.10

0.20-0.,10

0.20-o.40

1.0

0.2

1.05-1.15

1.ls-0.35

o.+0.7

0.40-0.70

0.15-O.30

Data Sheet 20.3-100Cr2 (ISO)

CHARACTERISTICS

This steel possesses high hardness and greater resistance to abrasion than equivalent plain

carbon steels. This steel may be used for applications where freedom from distortion in

treatment is not the primary consideration. Table 20.4 gives the chemical composition of
International Standard steels.

TYPICAL APPLICATIONS

Gauges, taps, reamers, rollers, halls and raceS, Screwing dies, ejector pins, shear blades,

dies and press tools for cold work, guide ways for lathe beds, thread cutting tools, press

and bending tools, wood working tools, slip gauges.

HEAT TREATMENT

Annealing Heat slowly to 790-800"C and cool rapidly to 750'C, then continue

cooling to 675"C at a rate not exceeding 6"C per hour or heat

slowly to 790'C cool rapidly to 690'C and hold for 16 hours, there-

after cool in air.
Annealed hardness-210-225 HB.

Stress relieving 600-650"C (Soak in this temperature for I h per 25 mm of sec-

tion thickness (minm I h) followed by furnace cool up to 500"C and

then in air)

Hardening 820-850"C (Held at this temperature depending on the section thick-
ness, followed by quenching in oil)

If the section thickness is greater than 25 mm, should be hardened

by quenching in water or brine from 800-820"C. Hardening in
water should be applied only if the tools are of simple design.

Temper immediately when the tools cool to hand warm.
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Obtainable hardness-62-64 HRC.
Temper between 150 and 200"C (Holding time t h per 25 mm of
section thickness-minm I h (Fig. 20.a)).
Tempered hardness-62-58 HRC.
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100 200 300 400 5oo
Tempering temperotureroC

Fig. 20.4 Tempering curve of steel-ISO l00Cr2 (Courtesy: VEW, Austria)

Table 20.4

Country

Standard norm

Designation

ISO INDIA DEU USA

+#&o rz+f;-zs rz?slilso AISI

I00Cr2 T105Cr5 l00Cr6

GBR FRA

BS970/ NFA35-
t-72 590-78

Yl00c6

USSR

GOST

JPN

JIS
G4805

SUJ2

o
':
oq
E
oo
E
.9
E

U

c%

si%

Mn

P

S

Cr

0.95-1.t0

0.1H.,t0

0.15-0.45

1.35-1.65

0.90-1,20

0.10-o.35

0.20-0.40

1.10-1.60

0.95-1. l0

0.15-o.35

0.25-0.50

1.35-t .6s

0.95-1.10

0.15-o.35

0.2H.40

1.35-1.60

0.95-1.10

0.15-0.35

1',

1.30-1.60

Data Sheet 20.4-90MnV2 (ISO)

CHARACTERISTICS AND APPLICATIONS

This is a carbon-manganese alloyed grade oil hardening steel having good retention of
cutting edges together with high dimensional stability. Excellent dimensional stability during
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hardening and high resistance to wear. Table 20.5 gives the chemical composition of Inter-
national Standard steels.

TYPICAL APPLICATIONS

Punches, dies, coining tools, die sinkers, hand reamers, moulds for plastics, taps, threading

dies, milling cutter for wood, plug gauges, ring gauges, gauges blades, angle blocks, mark-
ing tools for mint, dies medallion dies, thread milling cutters, thread chasers.

HEAT TREATMENT

Forging 1050"C max. (Commence)

Annealing

850'C min. (Finish)

745-770'C (Adopt lower limit of temperature for smaller tools and

higher range for heavier tools. Holding time varies from about 1$

h for light tools and small furnace charges to about 4 h for heavy

tools and large charges cooled slowly at a rate of 20'C per hour up

to 500'C in a furnace. Thereafter cool in air)
Obtainable annealed hardness-I90-215 HB (Fig. 20.5(a)).

Stress relieving 600-650"C (Holding time I h per 2O mm thickness followed by slow

cooling in a furnace up to 500"C and then in air).

Hardening Heat slowly to 770-800'C then soak for l0 to 30 minutes depending

on the section thickness of the tool. Subsequently cool in oil. Temper

immediately when cooled to "hand warm" (Fig. 20.5(b))

Obtainable hardness-63-65 HRC.

100-300"C (Holding time I h per 20 mm thickness).

Approximate tempered hardness-62-58 HRC (Fig. 20,5 (c) and (d))
Tempering

annealed x 500

Fig. 20.5(a) Annealed steel-ISO 90MnV2. The structure consists of
spheroidal carbides in a matrix of ferrite
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haldened x 500

Fig. 20.5(b) Hardened steel-lSO 90MnV2. The structure consists of
spheroidal carbide (white dots) in a matrix of untem-

pered nrartensite

hardened and tempered

Fie. 20.5(c) Hardened and tempered steel-ISO 90MnV2. The
. structure consists of spheroidal carbide (white dots)

in a matrix of tempered martensite

ffiffi

s:$,$ffi
x 500

ft.r$
..i"\
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Fig. 20.5(d) Tempering curve of steel-ISO 90MnV2

(Co ur t esy: VEW, Austria)

Table 20.5

Country ISO

Standard norm +rlffeo

Designation 90MnV2

c%

si%

Mn

Cr

S

v
Mo

DEU USA GBR

rBslilao Arsr Bs465e-zr

90MnCrV8 02 802

INDIA

IS

FRA

NFA35-
590-78

90MV8

0.80-0.95

0.10-o.40

1.80-2.20

0.05-0.20

USSR

GOST

JPN

JIS

o

og

o

o
c
o

Q

0.85-O.95

0.1-0.4

1.7-2.2

0.1-0.30

0.85-0.95

0.10-0.40

1.90-2.t0

0.20-o.s0

0.05-0.1s

0.85-O.95 0.85-0.95

0.20-0.40 < 0.40

1.40-1.80 1.50-1.80

0.35

< 0.25

0.30

Data Sheet 20.5-95MnCrW1 (ISO)

CHARACTERISTICS

This is an oil-hardening steel with high dimensional stability during heat treatment. Pos-
sesses good toughness and wear resistance.

TYPICAL APPLICATIONS

Gauges and precision tools, taps, milling cutters, reamers and form tools, die plates and
punches, shear blades, press blanking tools, cold stamping tools, engraving tool, forming
dies, small moulds and inserts for plastics, beading, engraving and forming rolls, deep
drawing dies, marking tools, blanking dies. Table 20.6 gives the chemical composition of
International Standard steels.
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Forging

Annealing
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1050"C max. (Commence)

850'C min. (Finish)

Heat slowly to 760-780oC in a neutral atmosphere. Apply lower

limit for smaller sections and higher limit of temperature for heavier

sections. Holding time I hour for smaller sections and large charges

about 4 hours. Cool slowly in the furnace at a rate of 20'C per hour

up to 550"C, afterwards cool in air (Fig. 20.6(a)).

annealed x 500

Fig. 20.6(a) Annealed steel-ISo 95MnCrWt. The structure consists of a
dispension of spheroidal particles of carbide in a matrix of
ferrite

hardened

Fig. 20.6(b) Hardened steel-ISO 95MnCrW1.
spheroidal carbide particles in
martensite

x 500

The structure coosists of
a matrix of uotempered
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Annealed hardness-190-2 I 5 HB.
Stress relieving (Optional) 600-650'C (Holding time I hour per 20 mm section thick-

ness, followed by slow cooling in furnace up to 500'C and then
in air).

Hardening Heat slowly 780-820"C. Adopt lower range of hardening tempera-
ture for smaller section and higher limit for heavier sections. Hold-
ing tirne 10 to 30 minutes; depends on the section thickness, follow-
ed by quenching in oil. Temper immediately when cooled to hand
warm (Fig. 20.6(b)).

Hardness obtained-63-65 HRC.
Tempering 150-300'C (Soaking time I hour per 25 mm section thickness-

Fig. 20.6 (c) and (d)).

hardened and tempered x 500

Fig.20.6(c) Hardened and tempered steel-ISO 95MnCrWl. The
structure consists of spheroidal particles of carbide
(white dots) in a matrix of tempered martensite

Tempering temperoture oC

Fig. 20.6(d) Tempering diagram of steel-Iso g5MnCrWl

I,gC l!, section of specimen 20 mm (Courtesy:
VEW, Austria)

(-)

g)

Ix
U
o
tr
s
o
t
o
I



Cold llork Alloy Tool,Sreals 55S

Table 20.6

Country ISO INDIA

standard norm +sf79ao t|fi_ta

Designation g5MnCrWl 
T?,flU;

DEU USA

rz?slilso AIsr

33Yi o,

GBR

B54659-71

B01

USSR JPN

Gosr offr,
9ChW6 SKS21

FRA

NFA35-
551-75

o
o.

()

o

o
E
O

c96

si%

Mn

P

s

Cr

w

0.90-1.00

0. r0-0.40

1.05-r.35

0.35-0.65

0.05-0.25

0.40-0.70

0.85,O.95

0. l0-0.35

1.25-t.7s

0.30-0.60

0.25 max.

0.40-0.60

0.90-1.05

0. l5-0.35

1.0-1.20

0.50-0.70

0.05-0. l5

0.s0-0.70

0.85-0.95

0.20-0.40

1.0-1.30

0.40-0.60

< 0.20

0.40-0.60

0.85-1.00

< 0.40

l. l0-1.35

0.40-0.60

< 0.25

0.40-0.60

0.85-0.95 1.0-1.1

0.1s-0.35 < 0.3s

0.9-t.2 < 0.5

::
0.5-0.8 0.2-0.5

0. l0-0.25

0.s-0.8 0.5-1.0

Data Sheet 20.6-105WCr1 (ISO)

CHARACTERISTICS

This is an oil hardening heavy-duty steel with a good retention of cutting edges. It is dimen-
sionally stable during hardening and has a good wear resistance together with good tough-
ness. Table 20.7 gives the chemical composition of International Standard steels.

TYPICAL APPLICATIONS

Blanking tools, cutting dies and punches, roller dies and polishing dies, precision end
gauges, reference plug gauges, thread calliper gauges, check plugs, gauge blades, angle
blocks, milling cutters, reamers, precision shaping knives, good working tools, high produc-
tion threading dies and taps, small plastic moulding dies.

HEAT TREATMENT

Forging 1050'C max. (Commence)

850"C min. (Finish)
Annealing 790-810"C (Adopt lower range of temperature for small tools and

upper range for large tools Holding time 1$ h for small tools and
small furnaces charges to about 4 h for heavy charges of large
tools. Furnace cool at a rate of 20"C per hour up to about 550'C.
Thereafter air cool).
Typical annealed hardness-195-215 HB.

Stress relieving (Optional) Heat to 600-650'C, hold I h per 20 mm of cross section
(minm I h) cool in air.

flardening Heat slowly to 780-820"C, and hold for l0 to 30 min. depending on



556 Handbook of Heat Treatment of Steels

Tempering

the cross section. Followed by quench in oilor salt bath 150-180'C.

Temper immediately when cooled to hand warm.

Obtainable hardness-63-66 HRC.

100-300'C (Holding time I h per 25 mm thickness (minimum soak-

ing time I h) Temper hardness 63-58 HRC. (Fig. 20.7 illustrates

the tempering graph.)

20 100 200 300 400 s00
(rc) (210) (390) (s70) (7s0) (930)

Tempering temperoture,n oa,o tr---
Fig.20.7 Tempering curve of steel-ISO l05WCr1.

Section of specimen 20 mm, time I h (Courtesyi

VEW, Austria)

Table 20.7

U

6,

]
I
(J
o

G.

o
(,
q,
ap
o
E

Country

Standard norm

Designation

rso

rso
4957-80

105WCrl

INDIA

IS
3749-78

Tll0WCr4

DEU USA

rz}Io\o Arsr

l05WCr6

GBR FRA

BS970/ NFA35
t-72 590-78

105WCl3

USSR

GOST

ChWG

JPN

JIS
41104-72

SKS3I

tr
.9

o
o.
E
o()

Eo
E
o

o

c%

si%

Mn

P

S

Cr

w

1.00-1.15

0.10-0.40

0.70-1.00

0.80-1.10

1.0-1.60

1.0-1.2

0.10-0.35

0.25-.0.50

0.90-I.30

1.25-1 .75

1.0-1.10

0.lM.40

0.80-1.10

t.0-1.30

1.0-1. 15

0.10-0.40

0.70-1.00

- o.ro-r.ro

1.0-1.60

0.9-1.05

0. I 5-0.35

0.80-1.r0

0.9-1.2

1.2-1.6

0.95-1.05

< 0.35

0.90-1.20

o.s-l.zo

1.0-1.5

Data Sheet 20.7-Tl40W15Cr2 (IS)

CHARACTERISTICS

This steel may be quenched in water. It possesses high hardness and wear resistance with
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high toughness. It will keep its cutting edge for a long time, and an axcellent choice for
tools working on hard material with low cutting speeds. Table 20.8 gives the chemical
composition of International Standard steels.

APPLICATIONS

Precision tools for engineering industry, cold heading tools, punches and dies, scraping
tools, shaper tools and form cutters, relieving tools for lathes.

TIEAT TREATMENT

Annealing Heat to 810-840"C. Use lower limit for small sections, upper limit
for large sections. Holding time 2-4 h depending on the cross
section. Followed by slow cooling at a rate of 20.C per h. Typical
annealed hardness 20&280 HB.

Stress relieving Heat to 600-650'C and hold for I h per 20 mm section thickness
followed by furnace cooling up to 500'C, thereafter in air.

Hardening Heat slowly to 800-820"C, hold for 10-50 min. depending on the sec-
tion thickness. Followed by quenching in water. Temper immediately
when cooled to "hand warm". Obtainable hardness 65-67 HRC.

Tempering 100-200'C, depending on the hardness required. Holding time t h
per 20 mm section thickness.

Table 20.8

Country

Standard norm

Designation

INDIA

IS
3479-78

Tl40Wl5Cr2

rso

ISO

DEU

DIN

USA GBR FRA USSR

Arsr "?:llt 
,l|l]!- cosr

F2

JPN

JIS

tr
o

oa
oo
d
o
Eo

Q

c%

si%

Mn

P

s

Cr

w

1.30-1.50

0.10-0.35

0.25-O.50

0.3M.70

3.504.20

1.20-1.,1O

< 0.50

< 0.50

o.zo+.ao

3.0-4.50

Data Sheet 20.8-T105W6CrV2 (IS)

CHARACTERISTICS

This steel possesses very good retention of cutting edges and high resistance to wear.
Table 20.9 gives the chemical composition of International Standard steels.

TYPICAL APPLICATIONS

Blades and knives for cutting paper, circular and stear blades, wood working tools such
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as planing, wood milling cutters turning and milling. Files, profile cutters and forming

tools for brass, plastic, etc.

HEAT TREATMENT

Annealing 700-740'C, soak for 4-8 h at the recommended temperature, then

cool slowly in the furnace.

Annealed hardness-250 BHN max.

Stress relieving 650-670"C. Soak for I h per 25 mm of cross section, followed by

furnace cooling up to 500"C, thereafter in air.

Hardening Heat slowly to 800-840'C, hold at that temperature for l0 to 50 min.,

depending on the cross section. Followed by quenching in oil or
780-800"C, followed by quenching in water. Temper immediately

when cooled to hand warm. Obtainable hardness-63-65 HRC.

Tempering 150-250'C (Depending on the hardness).

Table 20.9

Country

Standard norm

Designation

c%

si%

Mn

P

s

Cr

w

INDIA

IS
3749-78

Tl05W6CrV2

0.90-1.20

0.lH.35

0.40 max.

0.40-0.80

1.25-1.75

0.20-0.30

DEU USA

r?:H+o AIsI

llOWCrV5

GBR FRA

BS970/ NFA35-
1-72 551-75

USSR JPN

cosr oi#tz

SKS2

ISO

ISO

o

o
A

o
o
do
E
o

O

1.05*1.15

0. t5-0.30

0.20-0.40

l. l0-1.30

1.20-t.40

0.15-0.25

1.0-1.10

< 0.3s

< 0.8

0.50-1.00

1.0-1.50

< 0.20

Data Sheet 209-5lCrMnV1 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is tough wear resistant steel, may be used for the manufacture of plastic moulds, injec-

tion moulds, collets, springs, jaws, etc. This is also used for the manufacturing of carbide
tipped monoblock rock drills as well as drill rods for use of removable carbide tipped bits.
Table 20.10 gives the chemical composition of International Standard steels.

HEAT TREATMENT

Annealing l. Heat slowly to 760'C followed by rapid cooling to 650"C and
hold for l0 h.
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Stress relieving

Hardening

Tempering
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Heat slowly to 760'c followed by slow cooling to 675"c at a rate
of 5-6'C per h. Thereafter cool in air. Annealed BHN 190_210.

600-650'C, hold at that temperature I h per 25 mm of section
thickness followed by air cooling.

Heat slowly to 850-870"c. Hold at that temperature forl0 to 30
min. followed by quenching in oil. Temper immediately when cooled
to hand warm.

Obtainable hardness-59-62 HRC
400-600'C depending on the hardness required. Holding time I h
per 25 mm of section thickness (Fig. 20.8).

Fig. 20.8 Tempering curve of steel-ISO 5lCrMnVl

Table 20.10

16

38

(,
Gx
u!
t^
o
c
a,
o

I

400 600 800
te mpero turer"C

Steet: 12

Heqt trestment
85 s 

oc/o

Country ISO

Standard norm +slfao

Designation 5lCrMnVl

INDIA DEU USA

IS DIN
stii-ts rzlsri-so AISI

T50Cr4V2 5lCrV4

GBR FRA

85970/ NFA35-
t-12 551-75

USSR

GOST

JPN

JIS
4401 72

SKT 2

o

oa
E
oo
60o
Eo

U

c%

si%

Mn

<P
<s
Cr

v

0.48-0.55

0.1-0.4

0.7-1.0

0.03

0.03

0.9-1.2

0.05-0.25

0.45-0.55

0.4

0.5-o.8

0.03

0.03

0.9-1.2

0.15-o.30

0.47-0.55

0. l5-0.35

0.8-1.10

0.03

0.03

0.9-1.2

0.07-o.12

0.5-0.6

0.35

0.8-1.20

0.03

0.03

0.8-1.2

<0.2
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Data Sheet 20.10-T55Cr3V2 (IS)

CHARACTERISTICS

Special high grade vanadium alloy steel possesses a greater depth of hardening than that of

ordinary carbon tool steels for water hardening.

TYPICAL APPLICATIONS

Deep drawing tools, pneumatic pistons, measuring instruments (gauges, callipers, etc.)chisels

and other wood working tools, cutting tools such as large milling cutters, thread cutters,

embossing tools, small shearing blades, blanking tools, numbering stamps and lettering

stamps, drift punches, cold forging dies, upsetters,etc. Table 20.11 gives the chemical com-

position of International Standard steels.

HEAT TREATMENT

Annealing 7OO-720"C, holding time 3-5 h followed by furnace cooling up to

550oC, thereafter in air.

Annealed hardness-190-200 HB.

Stress relieving 600-650'C, holding time I h per 20 mm of cross section. Followed

by furnace cooling up to 550"C, thereafter in air.

Hardening Heat slowly to 780-820'C, adopt lower range of hardening tempe-

rature for smaller sections andhigher limit for heavier sections. Hold-
ing time 10-40 min. depends on the section thickness. Followed

by quenching in water, temper immediately when cooled to hand

warm.

Hardness att ained-64-65 HRC.

Tempering 150-300"C, soaking time t h per 25 mm of cross section.

Table 20.11

Country

Standard norm

Designation

rso

rso

INDIA DEU USA GBR

:zi|_zs sfjfio ArsI "il]t
T55Cr3V2 59CrV4

FRA USSR JPN

Ufrt cosr JIS
4404-72

o
.:
oq
E
o
o
aE
o

Eo
,tr
Q

c%

si%

Mn

<P
<s
Cr

v

0.5-o.6 0.55-0.62

0. I 5-0.35

0.ffi.8 0.8-1.10

0.03 0.035

0.035 0.035

0.6-0.8 0.9-1.20

0.1-0.2 0.07-0.12

SKT 2

0.5-0.6

< 0.035

0.8-1.20

0.03

0.03

0.8-1.20

< 0.2
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Data Sheet 20.11*60SiMn2 (ISO)

CHARACTERISTICS

Silicon-Manganese steel used for all types of ancillary tools. Hollow boring bars for high
speed pneumatic and high efficient air or scoving hammer tools for coal mines and stone
working. Table 20.12 gives the chemical composition of International Standard steels.

TYPICAL APPLICATIONS

Spring collets, clamping jaws, screw drivers, pressure plates, mounting supports, shrink
liners, etc.

HEAT TREATMENT

Normalizing 840-860"C,aircooled.
Annealing Heat slowly 700-730'C, in a neutral atmosphere. Hold in that tempe-

rature for at least 4 h and slow furnace cooling.
Annealed hardness-22O BHN

stress relieving 650-670"c, furnace cooled up to 500'c, thereafter in air.
Hardening Heat slowly to 840-880'C. Soaking time 10-45 min. at this tempe-

rature depending on the section thickness, followed by quenching
in oil. Temper immediately as soon as tools attain hand warmth.

Tempering
Hardness attained-5 G57 HRC
I50-350'C, holding time I h per 20 mm of cross section (Fig. 20.9).

0 200 400 600 8oo
Te mperi ng te mpero tureroC

Fig. 20.9 Tempering curve of steel-ISO 60SiMn2
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Table 20.12

Country ISO

Standard norm +#&o

DEU USA GBR

DrN Arsr "ilit

INDIA

IS
3749-:78

T55Si7

FRA

NFA35-
551-:15

USSR

GOST

JPN

JIS
480r-67

SUP 6Designation 605iMn2

o

oo
(o
o

o

L)

c%

si%

Mn

P

S

0.5-0.6

r.5-2.0

0.8-1.0

0.03

0.03

0.52-0.60

1.5-2.O

0.6-0.9

0.03

0.03

0.55-0.65

1.5-1.8

0.7-1.0

0.035

0.035

Data Sheet 20.12-T55Si7Mo3 (IS)

CHARACTERISTICS

This is a water hardening shock resistant steel with a wide hardening temperature range,
It possesses extreme toughness combined with high hardness and wear resistance. Table
20.13 gives the chemical composition of International Standard steels.

TYPICAL APPLICATIONS

Air hammer tools, caulking tools, chisels for hand and pneumatic, heavy duty punches, air
hammer tools, piercing dies, swaging dies and tools, shear blades, slitting cutters, rivet
shaps, boiler makers and blacksmith's tools.

HEAT TREATMENT

Annealing Heat slowly at 790-820"C and hold in that temperature for I to 4
hours depending on section thickness, followed by slow cooling at a
rate of 10-14'C per hour. Choose lower range of temperature for
smaller sections and higher for heavy sections. Typical annealed
hardness 190-225 HB.
Heat slowly to 600-650"C and hold in for I hour per 20 mm thick-
ness followed by furnace cooling up to 500'C, thereafter in air.
Heat slowly to 6500C, then increase rapidly to 840-900.C. Hold in
that temperature for 15 min. to 50 minutes depending on the cross-
section, then quench in water. Distortion may be reduced in small
sections by oil quenching from 900-920"C. When cooled to hand
warmth temper immediately. Asquenched hardness-60-63 HRC.
150-230'C, where maximum toughness is required temper within the
range 300-480'C (Fig. 20.10).

Stress relieving

Hardening

Tempering
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Tempering curve of steel-IS T55SiZMo3 quenched from 900.C/oil

Table 20.13
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371,1 /-26.ZoC

Fig. 20.10

Country

Standard norm

Designation

c%

si%

Mn

P

S

Mo

V

INDIA

IS
3749-78

T55Si7Mo3

0.50-0.60

1.50-2.00

0.80-1.00

-
0.25-O.40

0.12-0.20 (oPT)

DEU USA GBR

DIN AISI 854659-7I

s5 BS5

FRA USSR JPN

15f?'i cosr Jrs

rso

ISO

o

oq

oo

do
F
o

O

0.50-o.60

1.8u2.20

0.60-o.80

0.30-0.50

0.2s

0.5H.60

1.60-2.10

0.5H.80

0.30-0.60

0.1M.30

Data Sheet 20.13-45WCrV2 (ISO)

CHARACTERISTICS

This is a Cr-W-Si water hardening shock-resisting steel. This is a tough and hard steel of
high compressive strength and wear resistance. This steel is suitable foicontinuous loading
and for work at high temperatures. Table 20.14gives the chemical composition of Inter-
national Standard steels.

TYPICAL APPLICATIONS

Cold shear for large and heavy sections under heavy cutting loads, pneumatic tools such as

(J
E.r
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o
0,
L

E
o
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chisels, rivet heads, driving chisels, bending tools, piercing dies and piercing punches, cold

and hot dressingchisels, wood choppers, etc. Figure 20.11(a) illustrates the application of

steel45WCrV2 for blanking die, etc.

HEAT TREATMENT

Annealing Heat to 720-760'C. Apply lower limit of temperature for small

sections and upper limit for large sections. Soaking time at least 4

h followed by slow cooling in furnace up to 600'C, air cooling to

follow.

Fig.20.ff(a) Blankingdiefordished tractorwheel blanks made ofsteel-ISO 45WCrV2
(C ou r t e sy: VEW, Austria)

m
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Annealed hardness-l 90-220 HB.
Heat slowlyto 600-650'c and hold I h per 20 mm thickness, followed
by furnace cooling up to 500"C, thereafter in air.
Heat slowly to 880-920"c. Holding time depends on the section
thickness (5-50 min.) followed by quenching in water, when cooled
to hand warmth temper immediately.
Asquenched hardness-52-53 HRC.
150-400"C. Holding time I h per 20 mm thickness (Fig. 20.11(b)).

2000t loorQto) 200(3so) 3oo(s70)4oo(750) 5oo(e3o)
Tempering temperoture in 

oCff 
)

['ig.20.lf(b) Tempering curve of steet-ISO 45WCrV2

Table 20.14

U

Ol

3
I
I
o

0a

l,
(n
o

1J

d
I

Country ISO

Standard norm ,ffro
Designation 45WCrV2

INDIA DEU

IS DIN
3749-78 17350_80

T40W8Cr5V2 45WCrV7

USA GBR USSR

AISI 854659-7I GOST

BSI 4ChW25

JPN

JIS

c%

si%

Mn

Cr

v
w

0.40-0.50

0.80-1.r0

0.15-o.45

0.90-1.20

0.rH.30

1.70-2.30

0.35-O.45

0.50-1.00

0.20-0.40

1.Gl.5

0.1M.25

1.75-2.25

0.4H.50

0.80-1.10

0.20{.40

0.90-1.20

0.15-o.20

1.80-2.10

0.45-O.55

0.7-1.0

0.3-0.7

t.2-1.7

0.1-0.3

2.0-2.5

0.35-O.45

0.6-0.9

0.15-0.40

1.0-1.3

2.0-2.25

Data Sheet 20.14-S0WCry2 (ISO)

CHARACTERISTICS

This is a shock resisting steel. It possesses high
tance with a high degree of safety in hardening.
of International Standard steels.

fatigue strength and a good abrasion resis-
Table 20.15 gives the chemical composition

o

o

oo
cd
o
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APPLICATIONS

Pneumatic hammers, all kinds of chisels and caulking tools, rivet snaps, and flanging tools,,

heavy punches and tough blanking dies, high performance of shear blades, wood work

knives, such as barking blades, cutters, and other tools for wood and leather working where

toughness is essential.

Hot work tools which must have resistance to repeated temperature changes, tools such

as hot piercing mandrels, hot blanking dies, upsetting tools, trimming tools, shear blades,

water cooled mandrels in rod and extrusion presses for zinc or lead alloys.

HEAT TREATMENT

Annealing

Stress relieving

Hardening

Tempering

Heat to 720-760"C. Apply lower limit of temperature for small sec-

tion, upper limit for large; soaking time at least 4 h followed by slow

cooling to 600"C subsequently air cooled.

Annealed bardness 190-230 HB.

Heat to 600-650"C and hold for t h per 20 mm thickness. Cool in
furnace to approx. 500"C, thereafter in air.

Heat slowly to 890-920"C. Soaking time, depends on the section

thickness followed by quenching in oil when cooled to hand warmth,
temper immediately.

Hardness obtainable-55-59 HRC.
150-400'C, depending on the required hardness, soaking time I h
per 20 mm thickness. Temper twice. Figure 20.12 illustrates the

tempering graph.

(J
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200 100 600
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800

Fig. 20.12 Ternpering curve of steel-ISO 50WCrV2
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Hardening
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Cold lilork Alloy Tool Steels 577

Heat slowly to 1020-r040oc a.d hord in that temperature for I5-45
min. depending on the section thickness and ihe charge. Adopt
lower range of hardening temperature for small components. Sub_
sequentry quench in air or oil or. salt bath. Temper immediately when
cooled to hand warm.
Attainable hardness 63-65 HRC. Figure 20.r7(b) ilustrates the
isothermal TTT curve.
Tempering is done in the temperature range of 200-250.c to obtain
maximum hardness. Higher toughness can be obtained if the steel is
tempered in the temperature range of 350-400"c. The tempering time
depends on the type of work, steel and the required final proplrties.
Holding time I h per 20 mm section thickness 1fig. ZO.f ilc)y.

oc

o

c

Trmprring lempe rat ue 
c 

C

Fig. 20.f7(c) Tempering curve, Hardening temperature :
1030"C, time : I h, specimen size : 20 mm

?0 t00 200 100 400 500 600

Table 20.20

65

\---
\ \

\

Country ISO

Standard norm ,#r9rg

Designation 160CrMoVl2

DEU

DIN
1 7350_80

Xl55CrVMot2l

GBR FRA USSR

Bs465e-7r !fff!- cosr

BD2 Zt60cDYt2

INDIA

IS
3479-78

ST160Crl l2

USA

AISI

D2

JPN

JIS

C

Si

Mn

Cr

Mo

Co

tr

o
(B
o

i)

Q

1.45-1.7 5

0.1-O.4

0. I 5-0.45

I1.0-13.0

0.7-1.0

0.5-o.8

1.5-1 .7

l1-I3

0.8 (opt)

0.8 (opQ

1.5-1.6

0.1-o.4

0.1-0.4

tt.5-12.5

0.6-0.8

0.9-1.1

1.+1.6

0.3-0.5

0.3-o.5

1 1-13

0.7-1.2

0.8 (opt)

0.6 (opt)

1.4-1.6

0.6

0.6

11.5-12.5

0.7-1.2

0.25-1.00

1.45-1.70

0.I-0.4

0.15-O.45

I l-t3

o.7-l.l

0.7-t.t
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Cold llork Alloy Tool Steels 579

I)ata Sheet 20.20-2l0Ctt2 (ISO)

CHARACTERISTICS

This is a tool steel of high dimensional stability during heat treatment. It possesses high
hardness and extreme wear resistance, particularly under conditions of metallic abrasion. Its
high abrasion resistance after hardening causes generation ofexcessive heat during grind-
ing unless special precautions are taken. Table 20.21 gives the chemical composition of
International Standard steels.

Compared to steel D2 it possesses highest wear resistance but has a lower toughness.

TYPICAL APPLICATIONS

Heavy duty cutting and stamping tools, heavy duty and complicated punches, progressive
and integral cutting dies, thread rolling dies, punches and dies for cold nut manufacture,
dies for moulding abrasive powder, brick press liners, hobbing dies, small moulds and in-
serts for plastic, deep drawing and wire drawing dies. Burnishing tools and rolls, rolls for
cold forming, saw teeth cutting dies, watch casing dies, scrapping and timing tools. Figure
20.18(a) illustrates the application of D3 steel.

HEAT TREATMENT

Forging

Annealing

annealed x500
Fig.20.18(b) The structure consists of small and medium sizes spheroidal

carbides in a matrix of pearlite and cementite

1050"C max. (Commence)

850"C min. (Finish)
870-900'C. Adopt Iower range of temperature for smaller compo-
nents and higher range for heavy components. Holding time lf6 h,
for small charges and small furnaces l*-4 h and for heavier charges
and large furnaces 6 h Followed by slow cooling in the furnace at
a rate of 210"C per hour up to 540oC, thereafter in air.
Annealed hardness 220-250 HB. (Figure 20.18(b) illustrates the
annealed structure.)
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Stress relieving 650-700'C, holding time t h per 20 mm thickness followed by

furnace cooling up to 500'C, thereafter cool in air.

Hardening 930-980"C, adopt lower limit for smaller components and higher

limit of temperature for heavy components. Holding time 15-5O

minutes depending on'the section thickness. Followed by quenching

in oil or salt bath maintained at 450-500'C. Quenching in salt bath

reduces distortion compared to oil quenching. When cooled to hand

warm temper immediately.

hardened
Fig.20.18(c) Thestructure consists

small alloy sPheroidal
pered martensite

x 500

ofmassive alloy carbides and
carbides in a matrix of untem-

hardened and tempered x500
Fig. 20.18(d) The structure consists ofchromium carbide particles

(white) in a matrix of tempered marteDsite



Tempering

Cold llork Alloy Tool Stecls Sgt

obtainable hardness 63-65 HRC. Figure 20.1g(c) illustrates the
hardened structure and Fig. 20.18(e) the isothermal TTT curve.
Tempering is done in the temperature range of 2oo-250"c to obtain
maximum hardness. Higher toughness can be obtained if the steel is
tempered in the temp. range of 350-400"C. The tempering time
depends on the type of work steel and the required final properties.
Holding time for tempering I h per 20 mm thickness. Figure 20.1g(d)
illustrates the tempered structure and Fig. 20.18(f) the tempering
curve.

101

Seconds

Hours i

Fig. 20.18(e) Isothermal TTT curve (Courtesy: VEW, Austria)

::--
\-

=;
(\

20 t00 200 300 400 s00 600

Tempering tc mpcroturc "C

Fig. 20.18(f) Tempering curve. Hardening tempera-

ture : 950oC, time I : ] h, specimen

size : 20 mm
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Table 20.21

Country

Standard norm

Designation 2l0Crl2

INDIA DEU

IS DIN
3479-78 17350-80

XT2lSCrl2 X2l0Crl2

ISO

rso
4957-80

USA GBR FRA USSR JPN

Arsr Bs465e-7r iffl?tt Gosr cilLz
D3 BD3 Z200ct2 chl2 SKDI

o

oo
oo
Cn
o

6)

O

c
si

Mn

P

S

Cr

v

t.9-2.2

0.1-0.4

0.15-0.45

0.03

0.03

11.0-13.0

2.00-2.30

0.10-o.40

0.15-O.45

0.030

0.030

I 1-13

1.90-2.20

0.10-0.40

0.15-0.45

0.030

0.030

1t-tz

2.00-2.35

0.25-O.4s

o.u4.4s

I 1-13

r.90-2.30

0.60

t2-13

0.50

1.90-2.20

0.10-o.40

0.15-0.45

0.025

0.025

ll-13

2.@-2.20

0. l s-0.35

0.15-0.40

0.030

0.030

I1.5-13.0

l.8G-2.40

0.40

0.60

t2-t5

Data Sheet 20.21-XT215Cr12 (IS)

CHARACTERISTICS

This is similar to D3 steel. It possesses deeper hardening properties due to the presence of

ll molybdenum and as a result of this, air hardening may be adopted. Distortion is almost

negligible during heat treatment and high resistance to softening at elevated temperatures.

Uiaium resistance to decarburization Table 2A.22 gives the chemical-composition of Inter-

national Standard steels.

TYPICAL APPLICATIONS

Deep drawing tools, high speed wood-working machine tools, piercing punches, dies for

nut manufacture, reducing dies for several making, blanking tools for frame and circular

saws, sheet and roll shearing blades, high performance thread-rolling dies and heavily

loaded punches, die casting dies, and dies for tube manufacturing, mandrels for tube and

bar drawing, air hardening metal saws, high performance blanking tools for the sheet.

HEAT TREATMENT

Annealing Heat slowly in a neutral atmosphere to 870-900"C. Adopt lower

limit for smaller sections and upper limit for larger sections. Holding

time l{ h for light sections to 6 h for heavy sections and large

charges. Followed by slow cooling in a furnace at a rate of 20"C per

hour up to 550oC, thereafter in air.

Attainable hardness-21 5-250" HB.

Stress relieving Heat slowly to 650-700"C and hold in that temperature I h per

20 mm of section thickness. Followed by furnace cooling up to 500oC,

thereafter air cool.
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Tempering
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Heat slowly to 970-1010"C. Hold at temperature l5 min. for small

tools and up to 45 min. for large tools. Followed by quenching in a
salt bath 620-640'C, subsequently air cooled. Temper immediately

when cooled to hand warmth (60"C).

Hardness attained-64-66 HRC.

200-500"C, depending on the mechanical properties. Holding time

t h per 20 mm cross-section. Double temper, cool to room tempe-

rature before first tempering.

Table 20,22

Country

Standard norm

Designation

INDIA DEU

s+rl|-za DIN

Xl21SCr12

USA GBR

Arsr 'l?lt
D4

FRA USSR

'!11;;- Gosr

rso

ISO

JPN

JIS

o

oq

o
o
d
o
E
o

L)

C

si

Mn

Cr

Mo

2.00-230

0.10-0.35

0.25-O.50

ll-13

0.80 max.

0.8O max.

2.25

0.20-0.40

0.20-0.40

t2

I

Data Sheet 20.22*210CrW 12

CHARACTERISTICS AND APPLICATIONS

This is a high carbon and high chromium tool steel with addition of tungsten, possessing

superior wear resistance and retention of cutting edges. The additional alloy of tungsten

gives superior performance and enhanced resistance to wear and distortion, compared to

steel 2lOCrl2 (ISO).

This steel is mainly used for tools with drastic differences in cross section, as well as

intricately shaped tools which tend to distort and crack on water hardening.

Blanking Tools Heayy duty blanking dies, canned food industry, watch industry, cutters for

saw teeth, severely stretched punches for bending dies, rolling and forming dies, trimming

tools and cutters for wire main manufacture.

Tools for Machining Reamers, heavily stressed wood working tools, cutters for steel wool

manufacture. Various types of gauge rnanufacture.

Wear-resistant tools and parts, such as press tools for highly abrasive ceramic materials,

cone pulleys for drawing wires, dies, drawing machines, sand blasting nozzles, etc.

Used for hot work tools such as drawing rings for hot works, highly stressed hammer

cores for the manufacture of scythes and sickles, as well as rapid'action hammers for forg-

ing hard or high alloY steels.
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Annealing
Annealed hardness

Stress relieving

Hardening
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Used for tools for non-cutting shaping, such as master hobs for plastic moulds, knurling

tools, wire drawing dies, thread rolling dies, flanging and beading dies, etc. Table 20,23

gives the chemical composition of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Tempering

1050"C max. (Commence)

850'C min. (Finish)
870-900"c
210-230 BHN.
Heat pieces slorvly to 650-700oC and hold at that temperature for

I h per 2-5 mm cross-section, followed by furnace cooling. Relieves

stresses due to machining and straightening operations.

Heat slowly to 930-980'C in a neutral atmosphere and hold at that

temperature for 15-50 min. depending on the section thickness.

Adopt lower limit for smaller parts and higher limit of temperature

for heavy parts. Followed by quenching in oil or salt bath maintained

at 400-450"C. Quenching in salt bath reduces distortion compared

to oil quenching. When cooled to hand warmth 50-60"C, temper

immediately.

Obtainable hardness-63-65 HRC

Tempering is done in the temperature range of 230-250'C, to obtain

maximum hardness. Higher toughness can be obtained by tempering

at 350-400'C. Holding time for tempering is I h per 20 mm thickness.

Table 20.23

Country ISO INDIA DEU

standard norm ojfS* ts rz?sf\o
Designation 2l0CrWl2 X2lOCrWl2

USA GBR FRA USSR JPN

Arsr BSeTo- :i,1;;- Gosr Jrs

o

oo
E
oo
(g
o

o
(_)

C

Si

Mn

Cr

w

2.0-2.30

0.10-0.40

0. r 5-0.45

ll.0-13.0

0.80-1.10

2.0-2.50

0.10-0.40

0. l5-0.45

11.0-12.0

0.60-0.80
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Hot Work Tool Steels

Hot work steels form a special group of steels intended mainly for industrial applications
used in high temperature metal forming operations. The term hot work is intended to
cover all applications except cutting tools where the operating temperature is above 200'C.
The steel should possess a high degree of hardness, red hardness hot wear resistance and
toughness at elevated temperatures besides having a good thermal conductivity. Only tools
made from such steels permit economical forming of ferrous and non-ferrous metals at
high temperatures. Dies made of hot work tool steels are mainly used for diecasting and
extrusion of aluminium and copper alloys. They are also used for tools for hot pressing of
copper alloys and steel forging. The working tool is thus exposed to both severe thermal
and mechanical stresses which require several special properties of the tool material. From
practical experience it has been found that the hot work steels are exposed to temperature

ranging from room temperature to around 800oC, since in hot work operations tools are

not maintained at a constant temperature but are exposed to considerable thermal fluctu-

ations. This may give rise to what are known as heat checks.

Heat checks appear on the tool surface owing to the repeated contact with the hot
metal and the resulting temperature fluctuations inflicted to the tool. The tool face or sur-

face which comes into contact with the hot metal being processed is subject to thermal
shock. As a result, the volume of the heated layer increases. The varying dilatations of the

hot surface and the less heated layer below create compressive strains which are inverted

by subsequent cooling. Thus a cycle of constantly alternating stresses is produced. As soon

as the permissible tension is exceeded, this cyclic stress brings about plastic deformations

and even rapture of the material. Thermal cracks which appear in hot work tools are defin:

ed as heat checks usually in a network "alligator" pattern, which is the most common for-
mation of thermal cracks, hence it is essential that the hot work steel should possess good

heat checking resistance in order to delay the formation of chill cracks appearing on the

surface as a consequence of frequent temperature changes in the surface region. To avoid

cracks that may develop in edges, and in deep cavities, it should have a good hot strength.

Tools subjected to high impact, or tensile stresses at elevated temperature, should possess

a high hot strength and high red hardness. Apart from the above demands, it should also

possess low tendency to adhere to parts being processed, high resistance to erosion, high

temperature corrosion and oxidation, dimensional stability, etc.

A proper hot work tool steel should therefore be characterised by hot yield strength,
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high temperature resistance and good ductility and toughness. The above properties are

achieved by the addition of alloying elements such as tungsten, molybdenum, chromium,

cobalt, vanadium, etc., and to maintain the desired toughness, the carbon content in these

grades of steel is maintained around 0.3-0.4%. Since these steels are highly alloyed they

possess adequate hardenability and the selection of the quenching medium depends on the

size of the tool.
The steels containing high tungsten possess high red hardness, combined with exceilent

resistance to heat checking and high resistance to abrasive wear. Hence they are recom-

mended for toois demanding maximum life at high operating temperatures, such as ex-

trusion dies, hot forging dies, die casting dies, etc., where the tools are in constant contact

with the hot metal. They are, however, least resistant to thermal and mechanical shock

and are not recommended for tools subject to intermittent water cooling during forming or

where severe impact shock is encountered. For such conditions the choice would lie bet-

ween the molybdenum and chromium steel or a lower tungsten steel. Hot work steels

containing molybdenum possess higher toughness and thermal fatigue resistance

The steels containing 5/o chromilum are readily air hardened and possess excellent resis-

tance to heat checking and have a high degree of toughness. They are recommended for

all types of tools where the operating temperatures are not excessively high or where water

cooling or the working surfaces is desirable. These steels may be air hardened from lower

temperature than that required for the l0f tungsten and molybdenum steels, consequently

distortion and risk of cracking, resulting from heat treatment, are held at a minimum.

Table 21.1 gives the International Standard steels and Data Sheets 2l.l to 21.9 gives the

chemical composition, application and heat treatment for different types of International

Standard steels.

21.1. Operations Before Hardening

These steels are normally received in annealed condition with hardness of 220 BHN. These

steels are machined almost to the final size of the dimensions of the tools. The stresses

that are induced due to the heavy machining operation must be reduced to avoid distortion
and cracking during subsequent heat treatment. With this in view, they should be so far
machined that they may be completed by a finishing cut only after stress relieving. After
stress relieving, tools are flnished to the final dimensions or with little allowance. The only

machining operation possible after hardening is grinding.

2I.I.I STRESS RELIEVING
This is an important aspect of heat treatment of die s which is often overlooked. This ope-

ration is to be carried out after rough machining, i.e., after heavy stock removal. During
heavy stock removal, especially in case of dies of intricate shape with abrupt changes in
cross-section, residual stresses are developed after machining. These stresses have to be

relieved before the die is taken up for hardening. Ifstress-relieving operation is not carried
out, the residual stresses will add to the thermal stresses during hardening and may cause

the die either to distort or crack. Stress-relieving is not intended to modify the structure

in any way. Its purpose is only to relieve the stresses.
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The stress-relieving operation is normally carried out in a temperature range of 650 to
700"C. This operation is carried out either in forced air calculation furnace or in muffie
furnace. Dies are slowly heated to the desired temperature and held at that temperature

for about one hour per 20 mm thickness. After soaking time is over the dies are cooled
in the furnace itself at a very slow rate so as to ensure that no additional stresses are

introduced by non-uniform temperature gradient due to variations in cross sections. After
the stress relieving operation the dies aie taken up for pre-final machining.

2I.I.2 HARDENING

Preparation of Dies for Hardening In some cases, the heating of dies for hardening should

be preceded by a certain preparatory operations. Foreign matters present on the surface

of the dies, such as impurities, scale, etc., may drastically decrease the hardening effect,

particularly in those cases where high surface hardness have to be obtained. In such cases,

it is necessary to clean the surface before heating.

Holes of small diameter in massive portions of the die being treated must be stopped
by wet asbestos in order to prevent the entrapment of the salts. Proper fixtures are to be

used for the handling of dies during hardening.

Since comparatively high temperatures in the range of 1000-ll00oc, are used during
the hardening of dies, it is very essential that great care has to be exercised to avoid acci-

dental carburization or decarburization. Either will increase the tendency to heat checking,

and apart from this, variation of carbon percentage on the surface of the die after harden-
ing will give misleading surface hardness leading to selection of wrong tempering tempe-

ratures. If the depth of the oxidized layer is greater than the allowance provided for finish

machining, such as grinding, tapping or polishing, then the die will.be considered as irrevo-

cably damaged. The changes in carbon content of the surface layers of dies can also cause

cracks during hardening. The measures which must be taken up to protect the surface of the

die depends upon the type offurnace used.

Selection of Furnace Depending upon the availability, any of the following furnaces may
be used for hardening of dies.

l. Vacuum furnace

2. Controlled atmosphere furnace

3. Muffie furnace

4. Salt bath.

Vlcuuu FunNncs A recent development in the control of surface analysis is the use of
vacuum heat treatment furnaces. Here, the furnace is evacuated during heating and pro-
visions are made for quenching the tools without contact with air. Vacuum treating pro-

duces tools without surface scale or decarburization (or carburization) and should be used

wherever possible. Another advantage of vacuum heat treating is the uniformity of heating

and cooling which insure uniformity of the structure. Mechanical properties attained are

superior to other methods of hardening.

The high cost of vacuum heat treating has tended to limit its use but it is becoming more
and more popular.

Contnor,lno AttrlospHens FunNecs The most common method is the control of furnace

atmosphere by introducing gases that are inert to the steel at the quenching temperature.

Here the endothermic atmosphere shall be used to prevent decarburizing or carburizing
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within normal treatment times by effective techniques that measure either dew point, CO2

or 02 potential.

Munrr,n FunNecs In electric muffie furnaces, in the absence of protective atmosphere, the

steel should be protected from air by packing in a box filled with some media which should

be as neutral as possible

The cast iron chips can also be used, at about 1000"C but should not exceed 1050"C to

avoid the risk of sintering of the chips. Ifthetool isfirstwrapped inathin layer of packing

in the cast iron chips, the surface will be protected from mechanical damage. Cast iron
chips have a slight carburizing effect. Whenever dies are pack hardened in a container, a

thermocouple should be inserted in the pack, for proper controlling of heating time. Pack

hardening method may not be so reliable as the other methods described above as they

depend very much on the craftsmanship of the operation.

Slrr Beru Salt baths are generally used for heat treatment of dies, because they offer a

better method of heat treatment which gives a scale-free finish, minimum distortion, and

accurate temperature control coupled with low operating costs and higher output provided

the baths are carefully operated by maintaining the neutrality of the baths as laid down by

the salt manufactures. The heat treatment cycle for dies using salt bath is discussed.

When manufacturing dies the heat treatment cycle is of vital importance if the dies are to

perform well in service. The heat treatment cycle for hardening of dies can be divided into

the following steps (Fig. 2l.l).
(a) Preheating

(b) Final heating

(c) Soaking

(d) Quenching
(e) Tempering

PREHEATING

If dies are heated directly to the hardening temperature in one step, the temperature gradi-

ent that sets itself between the surface and the core will give rise to internal stresses due to

uneven expansion. If these internal stresses exceed the yield point of the die, it is distorted

and if the internal stresses exceed the tensile strength of the metal, then the cracks will be

inevitably developed in the die. This can be avoided by preheating the die in two or three

steps, kept there until the temperature is even throughout the die before continuing the

heating to the hardening temperature. The other advantage of preheating is that the die

is exposed to the very high hardening temperature to a lesser time, consequently, decarburi-

zation and grain growth brought to the minimum.

Dies that are of simple shape and small sizes can be directly heated to hardening tempe-

rature, however, a pre-heat at about 200 to 300"C is normally preferred to drive away the

moisture on the die. Die steel have a poor thermal conductivity and as a result, the dies of
massive size, intricate shapes and dies with abrupt changes in cross section are to be pre-

heated in two or three stages. The flrst preheating is done ordinarily in a forced air circu-

lation furnace maintained at 250 to 400'C. After the die has been properly heated, it is
transformed to a bath maintained at 600 to 650'C. This step in preheating is very impor-
tant as the internal stresses developed are gradually relieved as a relieved of plastic defor-

mation, caused by them in this temperature range. Therefore a proper soaking time is given
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so as to ensure that the die is uniformly heated to the bath temperature throughout the
cross section. A third step preheating can be done ifrequired around 900'C. From this bath
the die is transformed to the high temperature hardening bath maintained at required
hardening temperature of the die (Fig. 2l.l).

FINAL HEATING AND SOAKING

The choice of hardening temperature, within the limits applicable to the steel in question,
should be carefully made, so that overheating and consequent loss of toughness is avoided.
The selections of hardening temperature and soaking time are best determined by heat
treaters by their experience. After the die has reached the hardening temperature through-
out the cross-sections it is soaked at this temperature for a sufficient time to allow enough
of the carbides to be dissolved to ensure the desired hardness. Too short a holding time
(soaking) will give lower hardness due to insufficient carbide dissolution. Too long u tota-
ing time will give insufficient hardness, as the matrix has become too enriched by excessive
carbides solution and fails to transform to martensite after quenching. The untransformed
matrix i.e., retained austenite will cause lower hardness. Another disadvantage is that ex-
cessive grain growth lowers the toughness of the die. The time to be kept at the hardening
temperature will depend on the size of the die and the hardening temperature used. It is
always advisable to use the middle of the hardening temperature range.

Since the salt baths tend to be slightly oxidizing at a higher temperature the baths
should be made neutral by adding a regenerator. For this purpose of regeneration (deoxi-
dization) a small amount of finally crushed ferrosilicon or magnesium fluoride (l-l.5lby
weight to the total amount of salt in the bath) is added intensively to the heated bath.
Then the bath is agitated. After the agitation is over the bath is allowed to settle for half
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an hour before taking the die for treatment. This periodic deoxidization of the bath is

carried out once or twice during a shift. Salt baths, when operated and regenerated within

the recommended limits will neither carburize nor decarburize the surface of the tools.

QUENCHING

After the soaking time is over, the dies are taken out of the hardening bath and quenched

in media which can cool the die at a rate faster than the critical cooling rate, so that mar-

tensite transformation takes place. Critical cooling rates for die steels can be determined

with the help of isothermal curves. Quenching media normally used for dies are air, oil or

fused salt bath (martempering bath). Cooling of dies of intricate shape and with abrupt

changes in cross section in air or oil may lead to unacceptable distortion because of differen-

tial cooling rates of the surface and the core. In addition, cooling in air or oil will pose the

problem of cleaning the die after heat treatment, since hardening salts will get entrapped

in the blind and threaded holes. While quenching in oil, it is to be ensured that oil is warm

(50-60"C). The dies air cooled from the hardening bath have the advantage of having less

retained austenite, but the surfaces have a less satisfactory appearance since they have time

to oxidize during the slow cooling.

Therefore, the better cooling method is to use the fused salt bath (martempering) main-

tained at a temperature, 450-550'C that is above the martensite transformation temperature.

The die is held at this temperature for sufficient time to enable a uniform temperature to

be reached throughout the cross section but not long enough to cause austenite decomposi-

tion. After this the die is cooled in air so that austenite is transformed to martensite. Since

the die is held just above the martensite range, the thermal stresses produced as a result of
cooling will be neutralized by plastic deformation because of the very high plasticity of the

austenite. Thus, at the time the martensite transformation starts the die treated will be

almost completely freed from internal stresses and strains. It is true that in the course of
the martensitic transformation itself internal stresses will develop but their magnitude will
be fairly moderate because the martensite transformation will proceed simultaneously in
both the outer layers and centre portion of the piece being hardened. As a result of this
there will be less distortion and less danger of quenching cracks appearing in the die.

However, the quantity of retained austenite is greater with martempering operation
than with air or oil cooling due to the stabilization of austenite in the steel. To avoid further
stabilization of austenite, the dies are washed in boiling water after the die cools down to
50-60"C and taken up for tempering immediately. If tempering cannot be taken up imme-
diately after the die is cooled to 50-60"C it may be kept in a holding furnace maintained
at 200-250"C

HARDNESS TESTING

Hardness testing immediately after quenching is not absolutely necessary. With highly
alloyed steels, hardness testing after quenching often gives no indication as to whether the
hardening has been properly carried through as in some cases the desired hardness is first
found after tempering.

TEMPERING

The hardened die steel contains martensite, retained austenite and carbides. In this condi-
tion the die is hard, highly stressed, brittle and dimensionally unstable. It is the function of



Hot Work Tool Steels 591

the tempering to render the die useful by eliminating internal stresses, brittleness and to

increase the desired toughness.

The tempering temperature is chosen to give the proper hardness for the metal to be

cast. Considering the varying sensitivity to heat checking at different operating tempera-

tures, the hardness normally used for die casting aluminium and magnesium is in the range

40-48 RC and for copper alloys 37-45 RC. It is recommended to temper the dies twice or
more if necessary.

If the die is allowed to cool to room temperature after hardening i.e., before tempering,

hardening cracks may develop. To avoid this, the dies are taken up for tempering imme-

diately after the die cools to 50-60"C. This first tempering is done normally at 500-540"C

and it is carried out in martempering bath or in an air circulation furnace. The dies are

preheated to 200-250'C before loading for tempering to avoid cracking due to rapid heat-

ing (intricate shape dies are particularly liable to crack from this cause). After the preheat-

ing the die is charged to tempering bath or furnace maintained at the desired tempering

temperature. After the die attains the tempering temperature, it it soaked for 2 to 3 hours

depending on the section thickness. After the soaking time is over, the die is allowed to

cool to room temperature so that the retained austenite is transformed to martensite and

the precipitation of carbides from the martensite is effected. After first tempering the hard-

ness is checked and recorded. Before hardness checking the die is polished to remove any

scale that may be present on the die.

If the first tempering gives the satisfactory hardness, the Second tempering temperature

is chosen from the graph, to give the required hardness to the die considering the varying

sensitivity of heat checking at different operating temperatures. After the second tempering

at the required temperature (preheating to be done before loading to the tempering), the

die is allowed to cool down to room temperature. The hardness is now checked and recor-

ded. If necessary a third tempering may be carried out.

It may be noted that the tempering of die steels in the temperature range of 600-650'C

often causes trouble in hardening shops. Such tools are usually tempered several times.

However, repeated tempering treatment above 500"C lowers the degree of hardness so that

even a small increase in temperature during the second tempering, can considerably affect

the desired hardness.

SPECIAL SURFACE TREATMENT

Tools in the as hardened and tempered condition possess sufficient hardness to perform

the task for which they were designed. In order to enhance the tool life further surface

treatments are done. Adopting the surface treatment increases the we.ar resistance and

reduces the heat checking.

The oxide layer formed on the surface in the as hardened and tempered condition

provides protection against the thermal shock produced by the molten metal at the moment

of injection. If this layer is scratched or partially removed, heat cracks are more likely to

develop than if the oxide layer is intact. To further improve the surface properties, the

following treatments of the diffusion type have been tried with good results.

Nitriding This method is carried out after hardening and tempering in the usual manner.

Nitriding is carried out in the temperature range of 520-540'C for l0 hours and above in an

atmosphere of ammonia gas. At this temperature nitrogen diffuses into the surface resulting
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in the increase of surface hardness and improves considerably the tensile properties at high
temperature. Nitriding aiso offers the advantage of preventing the castings from sticking to
the die cavity, and improves the resistance to sealing and erosion.

It is important to note that with increase in the penetration of nitriding theie is a reduc-

tion in resistance to thermal shock and an increase in embrittlement. Since the nitriding is the
last operation, proper precautions may be taken to accommodate the growth of surface
(0.02-0.25 mm) before flnishing operations.

Nitriding is recommended for die casting of zinc, tin and lead with low melting points
and a narrow range of operating temperature. The risk of heat checking in this case is non-
existent. When casting aluminium and magnesium alloys nitriding may be helpful if the
cavity has thin sections which are rapidiy attacked due to their high working temperature.

Dies of copper alloys should not be nitrided because, in this case, nitriding favours heat
checking.

Tufftriding (fFl) A new process called tufftriding TFl introduces both carbon and
nitrogen in the surface to give a tough, wear resistant case. The treatment consists of hol-
ding the die for I to 2 hours in a bath of controlled proportions of operating at a tempera-
ture of 540-560'C.

Tufltriding improves the resistance to thermal fatigue as well as soldering, erosion and
pitting apart fiom hard wear resistant layer, the life of the tool may be doubled.

Oxidation This process is carried out in the temperature range of 520-540'C in an atmos-
phere of steam, in a sealed furnace. The process imparts a blue oxide finish of good
appearance. The oxide coating enhances the resistance to scoring of moving parts, hence
it increases wear resistance. A slight oxidation ofthe surface is generally beneficial for
delaying heat checks. Since iron oxide has a lower thermal conductivity than steel, a thin
layer of scale retards heat transfer to the die surface, thus lowering the minimum tempera-
ture attained by the die. This decrease in temperature reduces thermal stresses and thereby
improves thermal fatigue resistance. This oxide Iayer prevents contact between the molten
rnetal and the steel and therefore reduces heat checks. This treatment is applied by tempe-
ring the dies in a steam atmosphere. The effect of steam tempering is to form a tough, hard
porous film of oxide (Fe3Oa) of about 0.0025 in thickness.

Sarsulf Process This is a relatively new diffusion process which enriches the surface layer
with sulphur and nitrogen fi'om a cyanide free special salt bath. It is said to have been used
to advantage up to about 700'C. It improves the hot hardness and reduces the tendency of
the rnaterial to stick to the cavity. This treatment may be carried out in the range of 550-
570"C for a period of I to 2 hours.

Data Sheet 21.1-30CrMoV3 (ISO)

PROPERTIES

This'is a hot work steel with high hardness, hardness retention and abrasion resistance at
elev#ted temperatures combined with sufficient toughness at service temperatures. It also
exhibits good thermal conductivity due to its low total content of alloying element and,
therefore, an excellent resistance to heat checking. Table 21.2 gives the chemical composi-
tion of International Standard steels.
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Table 2I.1

Country ISO
Standard ISO

INDIA
IS

DEU
DIN

USA GBR FRA
AISI BS97O NFA35

USSR JPN

GOST JIS

I 30CrMoV3 -
2 35CrMoV5 XT35Cr5Mo1V30

3 - XT35Cr5MoWlV30

4 40CrMoV5 XT35CrMoVl

5 30WCrV9 XT33W9Cr3V38

6-
7 30WCrV5 

-

55NiCrMoV2

X32CrMoV33 H10

X38CrMoV5l H11

X3TCrMoW5l H12

X4OCrMoV51 H13

X30WCrV93 H2l

BlOA

X3OWCrV53

55NiCrMoV6

56NiCrMoVT L6

BH1O 32DCV28 3Ch3M3F SKDT

BHII Z38CDV5 4Ch5MFS SKD6

BH12 Z35CWDV5 SKD12

BH13 Z4OCDYS 4Ch5MFIS SKD61

,:, z3owcve 3ch2w8F sKD5

z32WCY5
53KV

55NCDV7 5ChWM

SKD4

SKT4
8

9

APPLICATIONS

Mainly used for tools for the hot manufacture of screws, rivets, nuts and bolts, dies, heading
dies, snaps, hammers, piercing mandrels, etc.

It is also used for tube and rod extrusion presses, especially water-cooled piercing
mandrels, and die casting tools for heavy alloys with high melting points.

Tools for the production of hollow bodies, e.g. piercer heads, ejictors, etc. pressing dies
for heavy alloys, etc. Tools and dies made of this steel may be subjected to nitriaing anO
nitrocarburiziDEto enhance their lives. Figure 21.2 illustrates the application.

HOT WORKING AND HEAT TR,EATMENT

Forging

Annealing
Annealed hardness

Stress relieving

Hardening

I 100-850'c
740-780"C

210-235 BHN
After rough-machining, heat the tool to 650-670"C and soak for t h
per 25 mm thickness followed by furnace cooling up to 450.C and
thereafter in air.
Heat the tools slowly to 1000-1050'C in a neutral atmosphere. Hold
at that temperature for l5-45 min. Shorter holding time for small
cross-sections and longer time for larger cross-sections may be adopted.
Followed by quenching in oil or compressed air or salt bath main-
tained at 500-550"C. Tools quenched in oil should be taken out when
they are around 500"C, and air cooled. Tools quenched in salt baths
should be taken out when they attain the bath temperature and air
cooled. Distortion is much less in tools quenched in salt bath as

compared to oil baths.

Temper immediately when the tool attains a temperature of
50-60"c.
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Temper between 600 and 700'c, depending on the required hardness.
Soaking time I h per 20 mm cross-section.

First tempering is done at 600'C. After the holding time elapses, the tools are cooled
to room temperature and the hardness checked.

Obtainable hardness-HRC 50-54.
The second tempering is done to attain the working hardness. The temperature adopted

depends on the desired working hardness. The tools are cooled in air after the desired
soaking time.

The third tempering is done at 30-50"C below the second tempering temperature, to
relieve stresses further and to enhance the life of the tools.

PROCESSING SEQUENCE

Rough machine -->Stress Relieve---+Final machining--rP_reheating--rFinal preireating--,
650-670'C - 400-650.4 s46:87tr----- 

-l
Grinding+- Second and thi4-tempering+First tempering+--euenching<-Austenitizine*__li50-600.c 550"c - sbo_ozo"i iind:t il'o.'C'

Table 21.2

Country ISO

Standard norm +#r%o

Designation 30CrMoV3

INDIA DEU USA

IS DIN AISI

X32CrMoV33 Hl0

GBR FRA USSR JPN

Bs465e-7r i![if Gosr Jrs

BHIO 32DCV28 3Ch3M3F SKDT

o
o

o
F
o

Q

c%

si%

Mn

Cr

Mo

v

0.25-0.35

0.1-0.4

0.15-0.45

2.50-3.50

2.50-3.00

0.40-0.70

0.28-O.35

0.tG{.40

0.15-0.45

2.70-3.20

2.60-3.00

0.4H.70

0.40

0.20-0.40

0.20-0.40

3.25

2.50

0.40

0.30-0.40

l.l0

0.40

2.80-3.20

2.65-2.95

0.30-0.50

0.28-0.35

0. I 0-0.40

0.20-0.s0

2.6U3.30

2.50-3.00

0.40-0.70

0.274.34

0.20-0.40

0.30-0.50

2.80-3.50

2.50-3.00

0.40-o.60

0.28-0.38

0.50

0.60

2.50-3.50

2.50-3.00

0.40-o.70

Data Sheet 21.2-35CrMoV5 (ISO)

CHARACTERISTICS

This is a chrome-vanadium-molybdenum steel with good resistance to repeated changes in
temperature. Resists softening when used at temperatures up to 550'C and has considerable
resistance toheat checking. Compared to other chrome-molybdenum hot work steels (Hl2
and Hl3) it possesses higher toughness. However it has a low hot wear resistance. This
steel may be nitrided to increase the wear resistance and life of the tool. Table 21.3 gives
the chemical composition of International Standard steels.

TYPICAL APPLICATIONS

Stamping and bending dies for steel and copper alloys, where excessive surface temperatures
are not reached. Extrusion dies, mandrels, liners and die holders for aluminium alloys.
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Cores and ejector pins for pressure of casting of tin, lead and zinc base alloys. Gravity die

casting dies, injuction rams for pressure die casting machines, hot blanking dies, small

moulds and inserts for plastic moulding.

HOT WORKING AND HEAT TREATMENT

Forging

Annealing

Stress relieving

Hardening

1000'C max. (Commence)

900"C min. (Finish)

Heat the steel to 845-900"C in a neutral atmosphere, lower range of

temperature for smaller section and higher range for heavier section.

Hold in that temperature for about one hour for light sections and

small furnace charges to about 4 h for heavy sections and large

charges.

F-or pack annealing hold one hour per inch of cross-section' Cool

slowly in the furnace at a rate of 25'C per hour up to 550'C and sub-

sequently cool in air. Typical annealed hardness-200-225 BHN-

Figure 21.3(a) illustrates the annealed structure.

annealed x5oo

Fig. 21.3(a) The structure consists of a fine dispersion of small spheroi-

dal carbide particles in a matrix of ferrite (white) 35CrMoV5

steel

After rough machining, heat the tool to 650-670'C and soak for I h

per 25 mm section thickness and cool slorvly in the furnace Llp to

500"C; further cool in air.

Heat slowly to 1000-1040'C in a neutral attnosphere and hold at that

temperature for 15-40 min. depending on the cross-section. Adopt

shorter times for heavicr sections, followed by quenching in air, oil

or salt bath. When quenched in oil, the tool shoulcl be removed from

the oil when it attains around 500"C, foliowed by air coolirlg' Quench-

ing in salt bath maintained at 500-620"C is more ideal. Remove the

tool when it attains the bath temperature and subsequently cool in



air. Temper immediately

Figure 21.3(b) illustrates
isothermal TTT curve.

Hot llork Tool Steels 597

when the steel cools to hand warmth-60'C.
the hardened structure and Fig. 21.3(d) the

Tempering

x 500

[ig. 2f 3(b) The structure is mainly untempered martensite with very
small spheroidal particles ofcarbide and some retained
austenite

Temper between 550 and 650'C depending on the hardness required.
Holding time I h per 20 mm cross-section. First tempering at 550.C
should be done to attain the maximum hardness. After the tempering
time is over the tool is cooled in air to room temperature.

hardened and tempered

Fig. 21.3(c) The structure

few spheroidal

x 500

is coarse, tempered martensite with a
i particles of alloy carbides.
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Second tempering is done to attain the working hardness. Choose'

the tempering temperature from the tempering graph Fig. 21.3(e).

After the desired tempering time, cool in air to room temperature

obtainable hardness 52-54 HRC.

Third tempering is done in the range of 30-50"C below the second

tempering temperature. This is beneficial for increasing the service

life and relieve the stresses further. Figure 21.3(c) illustrates the tem-

pered structure, and Fig. 21.3(e) the tempering curve.

PROCESSING SEQUENCE

Rough mach'"..-.+tl!"0..'-urd33.u.----->o,nal machininc----'fifl;i;iry---u,.t,od6;3".3,,.*.---+l

I

Grindins+-S*""u 
1?3_,*j6uempering<--First 

tempering.-3dr:t"jlrlt--i8d8litldld 
-'

id
Second s I 2 a 8 15 3069___

Mrnutes iT Z ii6-?!--
HOUrSllSl0

Doys

Fig. 21.3(d) Isothermal TTT curves of steel-(ISO) 35CrMoV5.
Austenitizing temperature:1030"C, time:15 min.
(Coufi esy: VEW, Austria)

20 300 400 500 600 700
Temperrng temp.oC

Fig. 21.3(e) Tempering curve. Hardening

temperature : 1020"c, time: 2h,

specimen size:50 mm
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Table 2I.3

Country ISO

Standard norm +#r%o

Designation 35CrMoV5

0.324.42

0.90-1.20

0.25-0.55

0.030

0.030

4.5-5.5

1.2-1.7

0.3-0.5

0.30-0.40

0.80-1.20

0.20-0.50

0.03

0.03

4.8-5.5

1,.1-1.4

0.25-O.50

0.3G0.42

0.9-1.2

0.3-0.5

0.03

0.03

4.8-5.5

t.t-1.4

0.25-0.50

0.3-0.4

0.8-1.2

0.24.4

4.75-5.50

1.25-1.7s

0.30-o.50

0.32-0.42

0.85-1.15

0.4

4.75-5.25

1.25-1.75

0.30-0.50

0.3+0.42

0.80-1.20

0.2M.50

0.025

o.025

4.8-5.5

1.2-1.5

0.3-0.5

0.32-0.40

0.80-r.20

0.15-0.40

0.030

0.030

4.50-5.50

1.2-1.5

0.30-0.50

JPN

JIS

0324.42

0.80-1.20

< 0.50

< 0.03

< 0.03

4.50-5.50

1.0-1.5

0.30-0.50

INDIA DEU

IS DIN
3479-78 17350-80

T35Cr5 X38Cr
MolV3O MoV5l

USA GBR FRA USSR

Arsr Bs465e-7r Tmfi- cosr

Hll BHll Z38CDV5 4ch5MFS o?ffi,,

tr
o

oq

oo
.d
o
tr
o

O

C

si

Mn

P

s

Cr

Mo

v

Data Sheet 21.3-T35CrMoWlV30 (IS)

CHARACTERISTICS

This is a tungsten-chrome-molybdenum hot work steel usually air or oil hardened. It
has a combination of toughness, red hardness resistance to heat checking and can withstand
intermittent water cooling in service. Resists softening when used at temperatures up to
570'C.

Compared to other chrome-molybdenum hot work steels, this steel possesses a higher
hot hardness and resistant to softening on heating to elevated temperatures. Hence, it is
generally selected for extrusion and hot working operations as opposed to die casting appli-
cations. To increase the wear resistance and life of the tool it may be surface treated, such

as gas nitriding, sursulf, tufftride, ion nitrided, etc. Table 21.4 gives the chemical composi-
tion of International Standard steels.

TYPICAL APPLICATIONS

Extrusion dies, hot working punches, shell piercing tools and forging mandrels, hot plank-
ing, stamping and forging dies and inserts for copper stud, gripper and hot forming dies,

ejector pins and nozzles for pressure die, casting of tin, Iead, or zinc base alloys, dies for
gravity die-casting of copper base, dies for aluminium and manganese alloys. Figure 21.4(a)

illustrates the application.

HOT WORKING AND HEAT TREATMENT

Forging

Annealing

1100"C max. (Commence)

900"C min. (Finish)

Heat to 820-870"C (use lower temperature range for smaller sections

and higher range for larger sections) and hold at this temperature

for I h for light section and small furnace charges. For pack anneal-
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Stress relieving

Hardening

Aluminium extrusion dies made from steel (IS)T35crMowlv30 hotwork tool steel
(Co urtesyi VEW, Austria)

ing I h per inch cross-section. Cool slowly in a furnace, not exceeding
28oC per hour until temperature 550"C is reached. Further it may be
cooled in air. Typical annealed hardness-210-230 HB.
Heat to 650-670"C and hold in the furnace I hour per inch of cross-
section, then cool slowly in the furnace.
Heat slowly to 1000-l040oc in a neutral atmosphere and hold in that
temperature for 15 to 40 min. Adopt shorter time for smaller sec-
tions and longer time for larger sections. subsequently quench in air
or oil or salt bath. when quenched in oil, the tool should be taken
out when it attains 500'c and air cooled. compared to salt bath it

Fig. 21.4(a)

M

ffi
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results in more distortion. Salt quenching at 500-620"C is more ideal.

It will lessen the distortion. After the tool attains the bath tempe-

rature, it should be subsequently cooled in air. Temper immediately

when the tool cools to 60'C Figure 21.4(b) illustrates the isothermal

TTT curve.

Temper between 500 and 650'C depending on the required hardness.

Soaking time I hour per 20 mm cross-section.

Secr:nds l2 46rsr.o
1,,linutes

Fig. 2f.4@) Isothermal TTT curve.

1030"C, time: 15 min.
Stahlexport, W. Germany)

itours i-i^-i;
v'iys

Austenitizing curve -
(Courtesy: Rochling

o

,
J
o(r

o

E
c,

20

Fig. 21.4(c)

300 400 500 600 700

Temperrng temperoture rnoC

Tempering curve. Quenched from 1020"C/oil,
diameter of specimen : I x 2 inch(Courtesy:

Rochling Stahlexport, W. Germany)
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First tempering at 500"C should be carried out immediately after

the tool attains hand warm 50-60'C. After the tempering time elapsed,

it is cooled to room temperature.

. Obtainable hardness-52-54 HRC.

Second tempering is done to attain the working hardness. Tempe-

rature is chosen from the tempering graph, (Fig. 21.a(b)), when the

tempering time over, the tools are cooled in the air.

Third tempering is done at 30-50'C below the second tempering
to further relieve the stresses and it is beneficial to increase the service

life. Figure 21.4(c) illustrates the tempering curve.

PROCESSTNG SEQUENCE (Hl2)

Rough machine+Stress relieve-+Final machine+Preheating+Final preheating-+Austenitize-r
650-670'C 400-650"c 800-850"C 1000-1040"C 

I

Finish grinding to size+2nd and 3rd tempering<-First tempering+Quenching+-t
500-650"c 500"c

Table 21.4

500-620'c

Country

Standard norm

Designation

rso

ISO

INDIA

ts
3479-78

DEU

DIN
17350-80

USA GBR FRA USSR JPN

cosr c4iLILz2

ti;i.}S" X3TcrMow5l :ntz BHr2 z3icwDv5 sKD 62

Arsr Bs465e-7r tlm?tt

tr
o

o
o.
E
oo
d
o
E
o

Q

C

Si

Mn

w

Cr

Mo

v

0.3-0.4

0.8-1.2

0.25-O.50

1.2-1.6

4.75-5.25

1.2-1.6

0.24.4

0.32-0.40

0.9-1.2

0.3-0.6

1.2-1.4

5.0-5.6

1.3-1.6

0.r5-0.40

0.3-0.4

0.8-1.2

0.2-0.4

1.0-1.7

4.75-5.50

1.25-1.75

0.1-0.5

0.3-0.4

0.85-1. l 5

0.4

1.25-1.75

4.75-5.25

1.25-1.75

0.5

0.3-0.4

0.8-1.2

0.2-0.5

l. t-I.6

4.8-5.s

t.L7.s

0.3-0.5

0.324.42

0.8-1.2

0.05

1.0-1.5

4.5-5.5

1.0-1.5

0.24.6

Data Sheet 21.4-40CrMoV5 (ISO)

CHARACTERISTICS

This is a highly alloyed hot work steel, alloyed with Cr-Mo-V. It has a good combination
of toughness, red hardness, and tenacity. Its resistance to heat checking makes it suitable

for applications requiring intermittent water cooling. Resists softening when used at tempe-

ratures up to 550'C. Compared to H2l, it possesses higher toughness and better machin-

ability. Compared to Hll its wear resistance and hot hardness are high. This steel may be
gas nitrided or tufftrided or ion nitrided to increase the wear resistance and life of the tool.
Table 21.5 gives the chemical composition of International Standard steels.
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TYPICAL APPLICATIONS

Extrusion dies, mandrels, ejector dies, hot working punches, shell piercing tools, forging

mandrels, ejector pins, shot sleeves, dies for aluminium alloys, die holders, etc. Figure

21.5(a) illustrates the application for aluminium die.

Table 21.5

Country ISO INDIA

Standard norm +#&o y/i-ze

Designation 40CrMoV5 #;tJ

GBR FR.A USSR JPN

Bs46se-21 i|flit" Gosr +ql,j|qz

BHl3 Z40CDV5 4Ch5MF1S SKD6I

DEU USA

rz?Jilso AISr

ill$',i Hr3

c
Si

Mn

P

S

Cr

Mo

V

e
o.
E
oo

o

o

O

0.35-0.45 0.3-0.4

0.90-1.20 0.8-1.2

0.25-0.55 0.25-{.50

0.030 0.03

0.030 0.03

4.5-5.5 4.75-5.25

1.2-1.7 1.2-1.6

0.85-1.15 1.0-1.2

0.37-0.43

0.9-1.2

0.3-0.5

0.030

0.03

5.0-5.s0

1.2-1.5

0.9-1 .l

0.30-o.40

0.80-1.20

0.20-0.40

0.03

0.03

4.70-5.50

1.25-1.7 5

0.80-1.20

0.32-O.42

0.85-1 . l5

0.4

0.03

0.03

4.7s-5.25

I .25-1.75

0.9-l.l

0.364.44

0.8-1.2

0.2-1.5

0.02s

0.025

4.8-5.5

1.2-1.5

0.85-1. l5

0.37-0.44 0.32-0.42

0.80-1.20 0.80-1.20

0.15-0.40 0.50

0.030 0.03

0.030 0.03

4.50-5.50 4.s0-5.50

1.20-1.50 1.00-1.50

0.80-1.10 1.80-1.20

HOT WORKING AND HEAT TREATMENT

Forging ll00'C max. (Commence)

Annealing

annealed

Fig. 2l.s(b)

900"C min. (Finish)

Heat slowly to 840-860"C (use lower temperature range for small

sections, and higher range for large sections) and hold at this tempe-

rature for about t hour for light sections and small furnace charges

x 500

The structure consists of fine spheroidal particles ot'

carbide in a matrix of ferrite
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to about 4 h for heavy sections and large charges. For pack anneal-
ing, hold I h per 25 mm of cross-section. Cool slowly in the furnace
at a rate 28"C per hour until 540'C is reached, further it may be
cooled fast. Typical annealed hardness 200-230 BHN. Figure 21.5(b)
illustrates the annealed structure.
Heat to 650-675'c and hold for I hour per inch of cross-section then
cool slowly in the furnace.

hardened

Fig.21.5(c) The structure consists of fine
particles (principally chromium
untempered martensite

x 500

spheroidal alloy carbide
carbidc) in a matrix of

hardened and tempered x500

Fig. 2t.5(d) The structure consists of a matrix of tempered marten-
site with a few spheroidal particles of alloy carbide
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Hardening

IL

Heat slowly to 1020-1060"C. Holding time in the temperature depends

on the section thickness. It may vary between 20 and 45 minutes. Use

shorter time for small sections and longer time for large sections

followed by quenching in air (dry) or oil or salt bath. Oil quench may

produce more distortion. The procedure best carried out by quenching

into a salt bath held at 500-620"C, and soaking in the quench until
the article reaches the temperature of the bath, subsequently cooled

in air. Temper immediately when cooled to hand warm 50-60'C.

Figure 21.5(c) illustrates the hardened structure, and Fig. 21.5(e) the

isothermal TTT curve.
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l2 5t0
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Fig. 2f.5(e) Isothermal TTT curves of steel-(ISO) 40CrMoV5.
Austenitizing temperature:1020"C, holding time :
l5 min.

o55ro
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Tempering tepperotprreroC

Fig. 21.5(f) Tempering curve of steel-(ISO)
40CrMoV5. Hardening temperature
: 1050"C, time : 2 h, specimen size
:50 mm
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Temper between 550 and 650"C depending on the hardness required.
Soaking time I h per 20 mm cross section.

First tempering done at 550"C to attain the maximum hardness.
After holding for the desired length of time, parts are cooled to room
temperature.

Obtainable hardness-52-54 HRC second tempering is done to attain
the working hardness. Depending on the desired hardness, the tempe-
rature is chosen from the tempering curve (Fig.2l.5(f)). parts are
cooled, after holding at the desired tempering temperature, to ambient
temperature.

Third tempering at 50-60"C below the second tempering tempe-
rature may be adopted for further relieving the stresses and to increase
the lives of the parts. Figure 21.5(d) illustrates the tempered structure
and Fig. 21.5(f) the tempering curve.

PROCESSTNG SEQUENCE (Hl 3)

Rough machining+S"?rrro;?jA.+Final machining+PreheatiPg- 
","tfo_treheating-

Grinding+Second an4 thiqd tempering+First tempering<-Quenching<-Austenitizing<--
550-650"C 550.C 500-620"c 1020_1060.C

Data Sheet 21.5-30WCrV9 (ISO)

CHARACTERISTICS

This steel possesses high red hardness with toughness. Their resistance to softening and
abrasion makes it suitable for applications where tools are in prolonged contact with hot
metal, besides possessing an excellent resistance to deformation and surface heat cracking
at high operating temperature. Compared to chrome-molybdenum hot work steel, this has

a higher red hardness and higher wear resistance. But toughness of this steel is low.
This steel is not suitable for applications requiring intermittent water cooling, since

resistance to thermal shock is only moderate. Thus, the tungsten die steel is employed
where maximum hot strength and resistance to softening at elevated temperatures are the
principal requirement. Table 21.6 gives the chemical composition of International Standard
steels.

TYPICAL APPLICATIONS

Hot forging and blanking dies for making bolts, nuts, rivets, etc., where tools reach a high
temperature, pegs and inserts for forging and stamping dies for steel, hot forging dies

for copper alloys, extrusion dies, mandrels, Backer blocks, die holders, ejector discs for
extrusion of copper and aluminium alloys, cores, ejector pins and nozzles for pressure die
casting of copper base alloys, nozzles for pressure die casting of non-ferrous metals and
alloys, dies for gravity die casting of copper base alloys.

HOT WORKING AND HEAT TREATMENT

Forging 1065"C max. (Commence)

900"C min. (Finish)
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Annealing

Stress relieving

Hardening

400

2

870-900'C. Adopt lower range for smaller sections and higher range

for longer sections. Atmosphere in the furnace should be neutral.

Holding time may vary from I h for light sections and small furnace

charges to about 4 hours for heavy sections and large charges. Follow-

ed by cooling at a rate not exceeding 25'C per h up to 600"C and

subsequently cooled in air. Typical annealed hardness 210-248 BHN

max.

After rough machiniug the tool should be heated to 650-670"C, hold

for one hour per 25 mm cross-section, cool slowly in air up to 400

BHN and then freely in air.

Heat slowly to l100-1150'C in a neutral atmosphere and hold for

20 to 50 minutes depending on the section thickness, the shorter time

should be used for small sections and the longer time for large sec-

tions. Quenching may be done in air, gas, oil or salt bath. When

quenched in oil remove the tool when the temperature attains around

500'C and cool in air. Best method is to salt quench maintained at

550-640'C after attaining the bath temperature cool in air. Temper

imrnediateiy when the toolcools to hand warm 50-60'C. Figure2l.6(a)

illustrates the isothermal TTT curve.

ou
o

o
o
o.
E
0,

m6
ffi
I 2 1 E1530 ffi

Minutes I ? 4 t16-
HOUrSl25l0

Doys

Fig. 21.6(a) Isothermal TTT curves of Steel-(ISO)30CrWV9. Austeniti-

zing temperature : 1l20oC (Courtesy: Rochling Stahlexport,

W. Germany)

Tempering between 600 and 700oC, to get the desired hardness. Hold-
ing time I hour per 20 mm cross-section.

First tempering at 600'C should be carried out to attain maximum

hardness and cool to room temperature in air after the tempering

time lapsed. Obtainable hardness 52-54 HRC.
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Tempering
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Tempring t e mperot ure,oC

Fig. 21.6 (b) Tempering curve. Hardening tempera-

ture: 1ll00c, time :2h, specimen

size : 50 mm (Courteiy: Rochling

Stahlexport, W. Cermany)

Second tempering is done to attain the working hardness. Choose

li:.':ffi i:ii,J;1'i.?,#:,ff Li,t':n'irff J:x,l.rif ,30'u,0,
The third tempering may be done at 30-50"C below the second

tempering to relieve the stresses further and to increase the life of
the tool.

PROCESSTNG SEQUENCE (H2 l)

Rough machine+Stress relieve+Final machining+Preheating-+Final preheating-,
650-670'C 400-650"C 840-870"C 

I

l

Grinding<-Second and third tempering+.First tempering+Quenching+Austenitizing6-l
600-700'c 600"c 500-620'c il00-il50"c

Table 21.6

300 400 500 600

Country ISO

Standard norm ISO

Designation 30WCrV9

INDIA DEU

IS DIN

"E:iyr? X3owcrve3

GBR FRA USSR

Y| iliii Gosr

USA

AISI

H2t

JPN

JIS

BH2l Z30WCV9 3Ch2W8F SKD 5

o

o
o.
tr

u
(E

0
tr
o

U

C

Si

Mn

P

s

Cr

w

0.25-0.35

0.1-o.4

0.1 5-0.45

0.030

0.030

2.5-3.5

0.3-0.5

8.5-9.s

0.25-0.40

0. t0-0.35

0.2-0.4

2.8-3.3

0.2s-0.50

8.0-10.0

0.25-0.35

0. I 5-0.30

0.2-0.4

0.035

0.035

2.5-2.8

0.3-0.4

8.0-9.0

0.3-0.4

0.15-0.30

0,2-0.4

3.O-3.7s

0.3-0.5

8.75-10.0

0.25-O.35

0.4

0.4

2.25-3.25

0.6

8.5-10.0

0.254.32

0.I0-0.40

0.15-0.45

0.025

o.025

2.5-3.5,

0.3-0.5

8.5-9.5

0.3-0.4 0.25-0.35

0.15-0.40 0.4

0.15-0.40 0.6

0.03

0.03

2.2-2.7 2.0-3.0

0.24.s 0.3-0.5

7.5-8.5 9.0-10.0
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Data Sheet 21.6-BH1OA (BS)

CHARACTERISTICS

This is a chromium-molybdenum-cobalt alloyed hot work tool steel. It has a high degree of

toughness, very good strength and wear resistance at elevated temperature apart from fine

heat checking resistance. It has good heat conductivity, stands up well against temperature

shocks and admits water cooling. This may be used in place of H21 steel (AISI). Hot

strength and hot wear resistance are low compared to H2t. This also has a better hot wear

resistance than Hl3 steel.

TYPICAL APPLICATIONS

Dies For hot pressing and forging of steel clies, dies for making bolts and nuts, hot shearing

blades, moulds for die-casting and hot pressing brass, mandrels and dies for extrusion ol
brass and steel, tools and dies for the manufacture of hollow bodies.

HEAT TREATMENT

Heat to 650-670'C, after rough machining, hold I hour per 20 mm

thickness and cool in the furnace up to 500oC, followed by air

cooling.

Heat slowly to 1000-1050'C and hold in that temperature for 5-45

min. depending on the cross-section. For lighter sections adopt smaller

time and longer time for heavier sections followed by quenching in

oil or salt bath. Quenching in salt bath maintained at 500-620'C

Iessens the distortion, compared to oil quenching. In the process of oil

quenching, the tool should be removed when it attains a temperature

on the surface of around 500oC, follou ed by air cooling. Figure 21.7(a)

illustrates the isothermal curve.

Dovs
Fig. 2f .7(a) Isothermal TTT curves of steel-(BS)BHIOA. Auste-

nitizing temperature : 1040"C, holding time: 20 min.
(Courtesy: VEW, Austria)
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PROCESSING SEQUENCE (BH IOA)

Rough machine*t?!iT;,0,:J"+Final machinine+Preheab,lg*u,"$ld_t?;.t'nc-l

I

Grinding<-se.*ori69u$.t temperingeFirst temperins+'$&t"rt"t*f&.fl,ii6l6*-'

Table 21.7

Hot Work Tool Steels 6ll

TJ 30C /.O0 500 600 7A0
'Iemperi 

n g ternperol ure,oc

Fig. 21.7(b) Tempering curve. Hardening
temperature : 1050"c, time :
2 h, specimen size : 20 mm
(Courtesyi VEW, Austria)

Temper between 550 and 600"C to get the desired hardness. Holding
time I hour per 20 mm thickness.

First tempering at 550'C should be done immediately when the tool
cools to 50 to 60"C. After holding time over, cool to room temperature
in air.

Secoud tempering is done to attain the working hardness. Choose
the tempering temperature from the tempering graph.

Third tempering is done at 30 to 50'C below the second tempering
to relieve the stresses further and it is beneficial to increase the life
of the tool. Figure 21.7 (b) illustrates the tempering curve.

Country

Standard norm

Designation

ISO INDIA

ISO IS

GBR FRA

Bs465e-7r Iliii
BHIOA

USSR JPN

GOST JIS

DEU

DIN

USA

AISI

a
o

o
o.
E

o
6
o

o

O

C

si

Mn

Co

Mo

V

Cr

0.3-0.4

1.10

0.4

2.8-3.2

2.65-2.95

0.3-r.l

2.8-3.2
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Data Sheet 21.7 *30WCrV5 (ISO)

PROPERTIES

This steel possesses high red hardness and heat retention, good thermal conductivity and

excellent resistance to heat checking. Table 21.8 gives the chemical composition of Inter-

national Standard steels.

APPLICATIONS

This steel is mainly used for setting tools that are subject to shock, such as dies for screws,

nuts and rivets, heading dies, jaws and dies for forging machine, etc.

It is also suitable for pressure pads for oil and air cooling, die holders for metal tube

and rod extrusion presses, mandrels and dies for lead cable presses, rolling mandrels, die

casting tools, etc.

Tools and dies made from this steel may be subjected to nitriding and nitrocarburizing

to enhance their lives.

HOT WORKING

Forging
Annealing
Annealed hardness

Stress relieving

Hardening

Tempering

AND HEAT TREATMENT

900-1 100"c

740-780"C

210-235 BHN
After rough machining, the tools are heated to 650-670'C, soaked for
I h per 25 mm thickness and cooled slowly in the furnace up to 400"C.

They are further cooled in air.
Heat the parts slowly to 1060-ll00"C in a neutral atmosphere and

hold at that temperature for 15-40 min. Adopt shorter times for parts

with small sections and higher times for larger section thicknesses.

This is followed by quenching in oil, compressed air, or a salt bath.

When quenched in oil, the tool should be taken out when it attains

around 500'C and cooled in air. Compared to salt baths, distortion is

more in oil quenching. Salt bath quenching at 500-600'C is more

ideal. After attaining the bath temperature, the tool should be air
cooled. Temper immediately after the tool attains hand warmth, i.e.,

60"c.
Temper between 600 and 680'C, depending on the hardness required.

Soaking time is I h per 20 mm cross-section.

First tempering is done at 600"C to attain the maximum hardness.

After the soaking time, the tool is cooled to room temperature and

the hardness checked.

Obtainable hardness-50-54 HRC.

Second tempering is done to attain the working hardness. The
temperature adopted depends on the working hardness. After the
tempering time has elapsed, the tool is cooled to room temperature.

The third tempering may be done at 30-50'C below the second
tempering, to relieve stresses further and to increase the life of the
tool.
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Table 21.8

Country ISO

Standard norm 
+Sf79SO

Designation 30WCrV5

INDIA DEU USA

IS DIN AISI

X30WCrV53

CBR FRA

BS970i NFA35-
t-72 590-78

z32WCY5

USSR JPN

Gosr c#q_tz
SKD 4

c%

si 9,'o

Mn

Cr

w

v

oq
tr
oo
Go
E
o

Q

0.25-0.35

0. t0-0.40

0.15-0.45

2.0-3.0

4.50-5.10

0.40-0.70

0.25*0.35

0. I 5-0.30

0.20-0.40

2.2U2.50

4.00-4.50

0.50-0.70

0.28-0.35

0.10-0.40

0. l5-0.4s

2.00-3.00

4.50-5. l0

0.40-0.70

0.25-0.35

0.40

0.60

2.00-3.00

5.00-6.00

0.30-0.50

Data Sheet 21.8-55NiCrMoV6 (DIN)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an oil hardening steel with great depth of hardening and extreme resistance to wear
at elevated temperatures, for high surface pressure and resistance to heat checking. Table
21.9 gives the chemical composition of International Standard steels.

Preferred for all sizes and imprcssions, for the forging of hard steel as well as for jaws
in forging machines, hammers and press anvils, jaw dies and rams for the manufacture of
screws, nuts, rivets and bath. Hot hobbing rams and hot shear blades, pressing and tube
extrusion stems for the processing of Iight and heavy metals, die holders, etc.

HOT WORKING AND HEAT TREATMENT

Forging 1050"C max. (Commence)

850'C min. (Finish)
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Fig. 21.8 Tempering curve of steel-(DlN) 55NiCrMoV6
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Annealing

Stress relieving

Hardening

Tempering

710-680"C soaking time 4-6 hours, followed furnace cool.

Annealed BHN-230.
Heat slowly to 650'C, soaking time I hour per 20 mm thickness follow-

ed by furnace cool.

Heat slowly to 830-850"C, followed by oil quenching; when cooled to

hand warmth temper immediately.

Hardness-54-58 RC.

Depending on the hardness required, choose the temperature from

the tempering curve. Soaking time is I h per 20 mm thickness. Figure

21.8 illustrates the tempering curve.

Table 21.9

Country

Standard norm

Designation

ISO INDIA

ISO IS

DEU USA

rz?slilso Arsr

55NiCrMoV6

GBR FRA

BS970/ NFA35-
t-72 590-78

55NCDV7

USSR

GOST

5ChNM

JPN

JIS
6un+72

SKT 4

o

o
A
E
o
o

o
Eo

o

C

si

Mn

Pis

Cr

Mo

Ni

0.5-0.6

0.1-0.4

0.65-0.95

0.03/0.03

0.6-0.8

0.25-0.35

1.5-1.8

0.07-0.12

0.5-o.6

0.1-o.4

0.5-o.8

0.03/0.03

0.7-1.0

0.3-o.5

1.5-2.0

0.05-o.15

0.5-0.6

0. l5-0.35

0.5-0.8

0.03/0.03

0.5-0.8

0.15-0.30

1.4-t.8

0.05

0,s-0.6

0.35

0.6-1.0

0.03/0.03

0.7-1.0

0.2-0.5

1.3-2.0

< 0.20

Data Sheet 21.9-56NiCrMoV7 (DIN)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel is an oil hardening die steel. It possesses a greater depth of hardening, extreme

wear resistance at elevated temperatures, extraordinary hot strength and thermal shock resis-
tance. Table 21.10 gives the chemical composition of International Standard steels.

This steel is recommended for maximum production irrespective of die block size and
type of impression or cavity preferred for the forging of hard steels as well as for jaws in
forging machines, hammer and press anvils, jaw dies and rams for the manufacture of
screws, bending and coining tools, die holders, carriers, etc.

HEAT TREATMENT

Forging 1050'C max. (Start)

850'C min. (Finish)

Annealing Heat to 680-700'C, hold for 5-6 h, then furnace cooling.
Annealed hardness-230-250 BHN. Figure 21.9 (a) illustrates the
annealed structure.
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After rough machining heat slowly to 650oc, hold for 2-3 h followed
by furnace cooling up to 500"C, thereafter in air.
Heat slowly to 840-870'C, followed by oil quenching. Temper imme-
diately when cooled to hand warmth.
obtainable hardness-60-61 RC. Figure 21.9(b) illustrates the hard-
ened structure.

According to the hardness desired, temper between 450 and 600"c.
Figure 21.9 (c) illustrates the tempered structure, and Fig. 21.9 (d) the
tempering curve.

annealed x500
Fig. 21.9 (a) Structure consists of spheroidal cementite particles in

matrix of ferrite

Table 21.10

Country ISO INDIA

Standard norm +#3go Is

Designation 55NiCrMoV2

DEU USA GBR FRA USSR JPN

DIN
I 7350-80

56NiCrMoVT

Arsr Y:t 1!f# cosr rrs

L6

c%

si%

Mn

P

S

Cr

Mo

Ni

v

0.5-0.6

0.1-0.4

0.65-0.95

0.03

0.03

0.95-1.25

0.3-0.5

1.50-2.00

0.05-0.25

0.5-o.6

0.1-0.4

0.65-0.95

0.03

0.03

1.0-1.20

0.45-0.55

r.50-1.80

o.074.12

0.65-0.75

o.24.4

0.s5-0.85

0.65-0.85

0.025

1.25-1.75

0.025
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hardened x500

Fig. 21.9 (b) Structure is mainly fine untempered martensite with

few spheroids of cementite

hardened and tempered x 500

Fig.2f.9 (c) Structure is tempered martensite with a few spheroids

of cementite

*M
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High Speed Steels

High speed steel is a highly alloyed tool steel. High speed steels owe their name to the
fact that they were originally developed for high speed metal cutting. The properties of
high resistance to wear and heat, high initial hardness of about 60 to 65 RC at service
temperatures of 600 to 650"C and the economical price of high speed steels have made them
a logical choice of many cutting industries.

There are many different types of high speed steels. Originally the principal alloying
elements in high speed steel were tungsten, chromium and vanadium in an approximate
proportion of l8-4-1. To obtain special features and still higher cutting capacity steels
alloyed with cobalt were brought out in 1912 by Mr Becker. Later in 1927, high speed
steels were brought out with an increased content of carbon and vanadium. However very
few fundamental changes took place in the composition of high speed steels until 1937. In
the mean time, between the first and second worid wars, experimentation was started at
several sources on the use of molybdenum to replace tungsten entirely or to some extent.
Several "Moly" high speed steels were in successful use in production tools before the rvar
started, so that when war actually did break out the switch to moiybdenum-bearing high
speed steels was quite rapid due to the shortage of tungsten and its higher cost.

In the mean time, carbide tools also came into wide use and in some cases exhibited
grcat merits. Nevertheless, the trend seems to be that the importance of high speed steel
will not diminish. It is likely that the use of high speed steel will increase once the propar-
ties and usefuiness of the modern varieties become generally known by industrier. Th.r"
are many appiications for which high speed steel is not only more economical but actually
more suitable than tungsten carbides. Today a wide variety of high speed steels are
available.

For example, when brittleness is to be avoided, vibration is present, and the cutting
edge is subjected to shock, high speed steels are the obvious choice over the other cutting
tool materials. High speed steels are now available in a wide variety to cover a large range
of machining applications.
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22,1 Influence of Alloying Elements on the Properties of High
Speed Steel

The desired high hardness, hot strength, red hardness, toughness and wear resistance of the
tools depends mainly on the presence of alloying elements present in the high speed steel.

The effects of these alloying elements are given below.

TUNGSTEN AND MOLYBDENUM

Molybdenum and tungsten form M6C carbides in high speed steels, where M represents

the metal atom and C the carbon atom. These carbides ihcrease the wear resistance and

red hardness of the tools. The M6C carbides have a hardness of about 73-77 RC.r,2 These

carbides partially dissolve at higher temperatures (ll-50-1300'C;z,r'+ during hardening and

result in maximum secondary hardness after tempering.

High speed steels containing large amounts of molybdenum are usually more sensitive

with regard to grain growth during hardening and thus require more precise temperature
control. Moreover, they must be hardened from a lower temperature than tungsten high
speed steel. Molybdenum high speed steels have a decarburization tendency at the auste-

nitizing temperature.

COBALT

The main effect of cobalt in high speed steels is to increase the hot hardness, which can

permit higher cutting speeds. The cobalt does not form carbides, but dissolves in the matrix.
Cobalt increases the thermal conductivity and the coercive force while the red hardness

remains unchanged. The durability of cobalt content high speed steel is 2 to 3 times more

due to higher secondary hardness, wear resistance and thermal conductivity. Cobalt steels

are therefore used for planing hard materials and for turning chrome nickel steels and
other materials of high hardness, austenite stainless steel including castings and highly
alloyed steels. Cobalt content steels give exceptionally good results in high cutting speeds

particularly on automatic machines.

The melting point of HSS is raised by the presence of cobalt. As a rule this enables a

higher hardening temperature to be used without the risk of grain growth. Higher harden-
ing temperatures permit more of the alloying elements to go into solution, thus improving
the hot hardness.

CHROMIUM

A chromium content of about 4f is used in all high speed steels mainly to promote the

depth of hardenability. The chromium forms M23C6 carbides, which are fully dissolved

(950-1000'C)2'3'a during hardening and have become the primary source of martensite. In
tempering MzrCo carbide forms at higher temperature 400-500"C and plays an important
role with regard to secondary hardness. MztCo carbide have a hardness of approximately
1000-1100 HV.t'2

VANADIUM

Vanadium in high speed steels largely forms MC carbide of high hardness (RC 84-85). Duc

to this the wear resistance increases. MC carbides start dissolve at higher temperature

I 100-l l50oC2'4'5 during hardening. Precipitation of MC carbides takes place during temper-



620 Handbook of Heat Treatment of Steels

ing at about 500-600"C resulting in higher secondary hardness. When the vanadium

content is at higher level, the grindability will be poor.

22.2 Soft Annealing

After forging and rotiing, the steel is subjected to annealing treatment in order to soften

it and increase its machinability. It also imparts to the steel a suitable structure for harden-

ing. This treatment is normally done at the rnanufacturer's works.

The annealing temperature for high speed steel will be in the range of 880-890'C for

soft annealing. During annealing the steel must be slowly heated to the annealing tempe-

rature. The annealing time depends on the size of the tool and the quantity of steel in the

furnace at one time and usually ranges from 4 to 6 hours. Annealing for a longer period

Big.22.l (AISI) M2 steel, annealed. The microstructure

consists of a matrix of ferrite containing small to

extremely small spheroidal particles (white dots) of
alloy carbides,
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may lead to coagulation of the carbides which influence hardenability unfavourably. Cool-
ing from the annealing temperature should proceed at a very slow rate (15-20"Cihour) to
reach about 650'C in the furnace. The material may then be cooled to room temperature
in air. As high speed steel tends to decarburize during heat treatment, special aitention
should be given to this soft annealing. Decarburization can be avoided by box annealing,
e,9., by packing in burnt coke grits, or using controlled atmosphere or vacuum.

The hardness of properly annealed steel for better machinability will be in the range
240-300 HB. An average structure of properly annealed steel is shown in Fig.22.l.

22.3 Stress Relieving

In the manufacture of stable, accurate tools, it is desirable to stress relieve the tools before
hardening them. This is particularly appropriate for complicated tools that have been
highly stressed by rough machining. If these residual stresses from such operations are not
removed, they get added to the thermal stresses during hardening, and may even cause the
tool to distort or crack.

Stress relieving is carried out after enough machining allowance is removed by rough
machining, keeping the finish machining allowance for removal after heat treatment. Stress
relieving is not intended to modify the structure and it is only to relieve the induced stress-
es. This is carried out in a temperature range of 650-700"C, either in a forced air circu-
Iation furnace or in a muffie furnace. In the stress relieving operation the tools are heated
slowly to the desired temperature and held at that temperature for I hour per 20 mm
thickness. After the soaking time is over, the tools are cooled slowly at a uniform rate,
usually in a furnace.

After stress relieving, it is important that the tools be remeasured and any variation in
dimensions due to stress relieving be corrected before hardening. If dimensional changes
caused by stress relief are not important, the cooling operation may be omitted; and heat-
ing can be continued to the quenching temperature (hardening temperature) because stress
relieving is considered as a preheating operation.

22.4 Special Heat Treatment for Better Surface Finish

When high surface finish is required, for example in tools like gear hobbing cutters, milling
cutters, etc., they should have a smooth surface finish after machining but steels in the normally
annealed condition do not give a fine surface finish. It is, therefore, a common practice for
the rough machining tools to be prehardened to produce a smooth surface finish on
machining.

Prehardening is carried out at 880 to 930"C (1620 to l7l0'F) with oil quenching and
subsequent tempering at 630 to 650"C (1170 to 1200"F) for one hour to get a hardness of
35 to 40 HRC. This treatment not only improves the surface finish but also acts as a stress
relieving treatment after rough machining, thus reducing distortion, lowering size growth
and improving the consistency of cutting properties in final hardening by a factor of two
or three.6,7

Hardening steel from this relatively low temperature avoids intercrystalline fracture,
and reduces the holding time during flnal hardening to the quenching temperature.
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22.5 Mechanism of Hardening (Theory of Hardening)

The structure of high speed steel in the annealed condition consists of 3 main types of

carbides MzeCo, M6C and MC carbides in a matrix of ferrite (where M represents a metal

atom and C a carbon atom). For the most part, MzrCo is a chromium carbide, M6C a

molybdenum/tungsten carbide and MC a vanadium carbide. The three different carbides

go into solution at different temperatures during hardening. These carbides play an impor-

tant role in the hardened and tempered structure. If we examine a section of annealed

high speed steels underthe microscope, wefind that it has a structure similar toFig.22.1.

Here the round white particles are principally tungsten/molybdenum carbides and these

are imbedded in a soft matrix or background of iron containing certain other elements

in solution.

During heating to hardening temperature no change takes place in this structure until

the critical temperature is reached at about 800"C. Certain important changes take place at

this stage. First, the structure changes from ferrite to austenite and becomes non-magnetic.

Secondly, the carbides begin to go into solution. Upon heating further the M23C6 carbides

clearly dissolve in the austenite as the temperature is raised. The amount present decreases

rapidly as the temperature reaches above 900'C and by the time, 1100"C is reached, this

M^C

vo
Mzf e

\
*a\

900 1 000 1100 i200 t80c
Austeni tizing temperotureoC

Fig.22.2 Effect of austenitizing tenrperature on the

amounts of individual carbides irt 6-5-4-2

steel (MrCr, MoC, MC)'

phase is almost entirely in the solution3'4's'8 (Fig. 22.2). The dissolution of MzsCo carbides

causes the saturation of austenite with chromium, and thus increases the hardness. At this

lower ternperature range the M6C carbide dissolves only to a limited extent; the MC carbide

does not dissolve at all. Upon further heating to higher temperatures, the M6C carbide

dissolves more gradually although the rate increases somewhat above I150"C,4's'E while
the vanadium rich carbide MC hardly dissolves at all below 1200"C. The continued increase

in tungsten, molybdenum, vanadium and chromium content in austenite seems to confirm
the presence in M6C. The dissolution of MC carbide takes place above l200oC. On heat-

ing to a still higher temperature, the dissolution of carbides in the austenite is further
enhanced.

The desired hardening temperature is one at which the maximum amount of carbide
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is taken into solution with the minimum amount of grain growth. At this point we have a
matrix of austenite holding in solution a large quantity of carbides, and also imbedded in
a matrix a considerable quantity of undissolved carbides. Hardening temperature employed
for molybdenum series will be about 1170 to 7240'C, and for tungsten series will beabout
1250 to 1300"C. During commercial hardening MuC and MC carbides get dissolved parti-
ally. Since all of the chromium rich M23Cu carbide is dissolved at the commercial haiden-
ing temperature, the excess phase consists of the tungsten or molybdenum rich carbide
MuC and the vanadium rich carbide MC. It may be seen from Fig.22.2 that the quantities
of each carbide phase dissolved during commercial hardening will be in the range of 7 to
la%}u6c,9 ro fil M23c6, and I to 3'l MC carbide and all types of high speed steels
retain 7 to 12\ volume undissolved carbides.

After holding at hardening temperature for the requisite length of time,the steel isthen
cooled at a rate sufficient to ensure transformation of martensite. Normal practice is to
quench them in oil (60 to 100"C) or in warm bath maintained at 580 to 600"C. At a lower
temperature the austenite is very stable, particularly between 600 and 400.C. On further
cooling no appreciable change takes place until it reaches about 220"C. At this point the
austenite matrix begins to chan-{e or transform rapidly into martensite with a hard needle-

I 000 1200 1300

Ouenching temperoture

Fig. 22.3 Effect of austenitizing temperature of begin-
ning and end of martensite formation on conti-
nuous coolingoflS-4-1 steel (the percentage of
austenite retained at room temperature and
at 120'CP

like constituent. The transformation continues as the temperature falls and is accompanied
by an expansion of the steel. When the steel reaches room temperature, about 70 to 8O\
of the austenite is transformed to martensite, so that if cooling is stopped at that point, as

it usually is, there will still be present about 20 to 3O\ of retained austenite depending on
the austenitizing temperature (Fig. 22.3). The resulting hardness will be about RC 65 and
the structure will be similar to Figs 22.4 (a and b).
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177271

Fig 22.4 (a)

x 1000

Spheroidal carbide particles in a matrix of untempered maftensite. Austeniti-

zing temperature 1220'C, not tempered, grain size : l2-1 intercept (Courlesyi

Speed Steel, Sweden)

lAi ii

177270 x 1000

Fig. 22.4 (b) Spheroidal carbide particles in a matrix of untempered martensite with higher

hardening temperature 1240'C, not tempered, grain size: ll intercept

(Courtesy: SPeed Steel, Sweden)
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177269 x 1000

Big,22.4(c) Overheated structure showing reprecipitated carbide eutectic and grain bound,ary
carbide in a matrix of coarse martensite. Austenitizing temperature 1260"C, not
tempered, grain size: 5.8 intercept (Courtesy: Speed Steel, Sweden)

177268 x 1000

Fig. 22,4(d) Overheated structure shows more reprecipitated carbide eutectic. Austenitizing
temperature l280oc, not tempered, grain size : 5-4 intercept (Courtesy: Speed

Steel, Sweden)
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l773ll x 1000

Fi9.22.4(e) Hardened microstructure in a M2 bar (13 mm square). Austenitizing temperature
ll40'C, not tempered, grain size : 16 intersect (Courtesy: Speed Steel, Sweden)

177308 1000X
Big. 22.4(f) Spheroidal carbide particles in a matrix of untempered martensite. Austenitiziog

temperature 1180"C, grain size : 17.3 intercept (Courtesy: Speed Steel, Sweden)
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Heating to very high austenitizing temperature, a reaction occurs between the complex
carbides and the adjacent austenite to form certain amounts of liquid. The liquid when
cooled to room temperature will again solidify as a eutectic exactly similar to thai found in
the cast high speed steel. This structureas shown in Figs 22.4(c) and 22.4(d) is characteristic
of high speed steels that have been overheated and is generally associated with a very large
grain size. For this reason molybdenum content high speed steel should not be heated to
above 1250 to 1260'C, and the tungsten content steel above l310 to 1325"C. The overheated
steel is very brittle. Heating the steel below the derived hardening temperature will lead to a
lower hardness after tempering or hardening. This is due to insufficient carbide dissolution
in the austenite. Figures 22.a @) and22.4 (f) illustrate the structure of under-heated steels.

22.6 Transformation During Cooling

When high speed steel consisting of highly alloyed austenite and undissolved carbides is
cooled from the hardening temperature, there is an immediate tendency towards the pre-
cipitation of carbides frorn austenite, since the solubility of Mo, W, Cr, V and C decreases
with decreasing temperature. Carbide precipitation from austenite takes place if there is a
delay in cooling to the temperature of 650'c. It can be seen from th; TTT (Fig. 22.5)
diagram that between 760 and 650'C the transformation of austenite is relatively fast being

'/'&o'/,.

- /.00
0,01 0.1 1.0 l0 ]00

T ime.h

Fig.2:2.5 Transformation (TTT) curves for type AlSt,Tl high-speed
steel. Austenitizing temperature 2350'F (1288'C) (Gordon,
Cohea and Rose)
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more rapid at 750.c. (1382"F) The decomposition at this temperature leads to the formation

of very ine spheroidite, accompanied by a precipitation of carbide. The precipitated carbides

concentrate mainly at grain boundaries and thus lower the strength of steel' For this reason'

air hardening cannot b. .."o*rr.nded for high speed steels. The grain boundary precipita-

tion will be minimised below 650'C.

At a lower temperature austenite is vety stable, particularly between 620 and 400'c'

and even holding for a long time can cause no noticeable transformation' This is made use

of in salt bath quenching between 500 and 600"C'

As the temperature is lowered, bainite transformation takes place in the temperaturc

range of 400-r00.Cro. The maximum amount of bainite that can be formed isothermally is

55 io 6T/,after holding for more than 6 hours and the remaining 35 to 40\ tetaited auste*

nite is veiy stable and no further decomposition takes place on subsequent cooling to the

room temperature.

A longer holding time in the bainite region results in a lower hardness with a higher

strength. Subsequent tempering gives the hardness and structure obtained by the other

quenching methods.

The temperature at the beginning and end of the martensite transformation depend on

the hardening temperature chosen and cooling conditions. In the majority of high speed

steels the martensite transformation begins at2OO to 150"C and does not come to the end

even at room temperature. On cooling further, the transformation restarts and proceeds

intensively on cooling down to -70 to -80"C (158"F to 176"F) and even then 5 to 6/"

retained austenite will be there. By cooling still further to -ll0'C, only 1f of additional

austenite undergoes transformation.

22.7 Mechanism of Tempering (Theory of Tempering)

The structure of high speed steel in the as hardened condition consists of 70 to 80/o tetra-

22.6(a) Spheroidal carbide particles in a matrix of untempered

martensite with higher hardening temperature, The ASTM
grain size increases from 14 to 9, (Courtesy: VEW, Austria)
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22.6(b) The same steel at higher magnification (Courtesy: VEW, Austria)

gonal martensite, l5 to 30fl highly alloyed untransformed austenite and undissolved M6C

and MC carbide (9-12%) (Fig, 22.6 (a) and (b)). If we now re-heat this hardness structure
the following changes will take place according to Cohen and Kho and documented by many
others as follows.l2,13,14

During heating we find a slight drop in hardness as the temperature reaches about
320oC, this is due to the tempering of martensite (Fig. 22.7). Martensite loses its tetragonal
form in this stage and gets decomposed to cubic martensite with the rejection of carbon
as epsilon carbide. The epsilon carbide subsequently disappears with the appearance of
cementite Fe3C on tempering at somewhat higher temperatures up to about 400'C.

Upon further heating between 400 and 560'C thereis a partial resolution of the cementite
and precipitation of the alloyed carbides of tungsten carbide W2C or molybdenum carbide
Mo2C in addition vanadium carbide VaC3 may be formed. Accompanied by a pronounced
hardening when the secondary carbides precipitate (Table 22.1).

Ienpering tQmperotur? r *

Big.22.1 Typical curves illustrate the effect of
tempering of high-speed steel
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When the secondary carbides precipitate the retained austenite is deprived of its alloying

elements and its alloying content drops (carbon and alloying elements partially separate

from the austenite during heating at 500 to 600'C). When the high speed steel cools after

tempering, the retained austenite which now has a lower alloy content, is less resistant to
transformation and can be partially transformed into martensite, a process earlier inhibited

during quenching by a higher alloy content. Martensite does not form until the steel cools

below about 200'C from the tempering temperature. In order to transform the retained

austenite to martensite it is necessary to cool back to room temperature. Because of the
new transformation of martensite from the retained austenite the proportion of martensite

increases while that of retarined austenite diminrshes. This in turn makes a contribution to
the hardness of the rnaterial; indeed the most significant contribution. After first tempering
at 550"C the structure will look like Fig. 22.8.

Fie.22,E Spheroidal carbide particles in a matrix of tempered
martensite. Some snrall areas of retained austenite are
evident. 56-5-2 steel (Courtesy: VEW, Austria).

After first tempering, the tool will be having still a considerable quantity of retained
austenite and with some untempered martensite. Therefore it is necessary to repeat the
tempering operation to transform this retained austenite to martensite and to temper the
newly borne martensite. After the second ternpering at 550'C the structure of the steel will
be as in Fig. 22.9. The third tempering will temper the new martensite.

There will be further improvement in the toughness of the steels after the fourth tem-
pering.16 Table 22.1 indicates the carbides that are precipitated after tempering.

To attain the maximum secondary hardness molybdenum steels should be tempered at
540 to 560'C and tungsten steels at 560 to S7O"C.

During subsequent tempering the percentage of carbon in the martensite decreases as.
a result of which the strength and toughness of the steel increases somewhat. Moreover,
the thermal conductivity is also irnproved.

With a tempering temperature between about 620'C and 650'C, resolution of M2C, and

ffi

ffi
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Fig.22.9 Large and small alloy carbide (white) in tempered
martensite (C our t esy: VEW Austria).

Table 22.1

Steel
grade

Hardening tap
tempering temp

580'C

Total carbide volume o/o

Annealed Hardened Tempered

l8-4-1-5
0.8%c

l8-4-l-5
1.02%c

t2-4-2-s
t.ot%c

1270

I 190

1220

26.64

30.6

22.65

15.42

19.01

9.35

17.36

20.09

I l.5l

final disappearance of Fe3C are observed in addition to precipitation of M23C6 and M6C.
Hardness falls rapidly, and apart from this toughness will reduce.

22,8 Hardening Procedure

Hardening of high speed steel tools is an exacting procedure by means of which the high
working temperature and longer tool life can be obtained. The important properties of
high red hardness, high wear resistance and higher toughness are actually builtlnto high
speed steel by a correct choice of heat treatment parameters. Hardening of high speed steel
tools consists of heating, holding, quenching and tempering (Fig. 22.10).

22.8.I HEATING

Since high speed steel has a low thermal conductivity, the tools made out of H.S.S. should
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be hardened by heating in stages. If large and complicated tools are heated directly to the
hardening temperature in one step, the great difference in temperature between the surface
and the core will cause such an uneven expansion that the tool may distort heavily or
even crack. Therefore, tools made out of high speed steel should be preheated in stages as

follows.

FtRsr PnEnnATING Normally, the tools are first preheated in an air circulation furnace to
300 to 400'C and held there until the tool temperature is even throughout the tool.

SscoNo PneupltlNc It is then further heated in a salt bath maintained at 840 to 860"C.
The holding time at this temperature is 8 to 9 minutes per centimeter (Fig.22.10).

TstRo PnnHslrtNc This is done if necessary. The third preheating at 1050 to I100"C may
be found advantageous because it reduces the time of treatment at hardening temperature
which, in turn, improves the toughness and cracking resistance of the finished tools. If the
third preheating is adopted, the holding time at this temperature is equal to that of final
heating.

After the tools are preheated, they are subjected to the final heating in a salt bath as

outlined below.

22.E.2 HOLDING TIME

Holding time at hardening temperature will depend upon steel composition, size of the
tool, purpose of tools and the hardening temperature employed (Figs.22.l1 (a) and (b)).

The hardening temperature for molybdenum steels lies between 1170'C and 1250'C and
for tungsten steels between 1250 and 1300'C.

After the tools attain a uniform hardening temperature, they should be held at this

350

300

26

22

18

11

Fig.22.f1(a) Soaking-time curves for hardening

HSS tools with round or nearly round

cross-sectioos (derived from draft DIN
17350)

40

210
(^
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010 20 30 _. 40 sc
Urqmeter in mm

Fig. 22.11(b) Soaking-time curves for hardening of HSS

. tools with round or nearly round cross-

sections (derived from draft DIN 17350)

temperature to allow enough of the carbides to dissolve for ensuring the desired hardness.

Too short a holding time will result in insufficient hardness due to low alloy in the austenite.
Too Iong a holding time will give an insufficient hardness to the matrix, which becomes

too enriched by excessive carbide dissolution and fails to get transformed into martensite
at the normal temperature. It may also cause grain growth with consequent loss of
toughness and there is also the danger of development of hardening cracks.

The hardening temperature for S l8-0-l high speed steel ranges between l250and
1280"C. The exact temperature greatly influences the hardness, toughness, red hardness
and grain size. In practice, the correctly selected temperature is the one which gives the
most favourable condition of these properties for any particular tool. Because of this fact,
it is quite necessary to study the effect of the hardening temperature on various properties.

Table 22.2 shows the effects of hardening temperature (quenching condition) on the
properties of different high speed steels at the high side of the recommended range and
also at low temperature.

By increasing the hardening temperature, more and more carbides dissolve in the
material that surround it. So dissolved, they communicate to the steel their own hardness,
resistance to wear and the ability to withstand the machining temperature without soften-
ing. At the same time, as shown in Table 22.3,the size of the grainincreases.Figs 22.4(e),
(f), (a), (b), (c), (d) shown the photographs of structures taken at 1000 magnification of
S6-5-2 high speed steels hardened at different temperatures from 1140-1220"C. An increase
in time is associated with a decrease in toughness (Table 22.2).

Increased hardening temperature therefore lead to:
(a) Increase in tool hardness after temperhg (Table 22.2).
(b) Increase in permissible tempering temperature.
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Table 22.2

Steel Ouenchine Condition

te- oeraturl ..holorng' Itme s/mm

HRC after
,"TB""E'* *t"",?T013'* Bend 4 h/

kg/mmr' kg m/cmr

R-I8

(s18-O-1)

R6M3

(s6-5-3)

R8M3K6S

1220

t2@

1280

tmo

t220

1240

1160

1200

1220

45

8

8

60

8

8

90

8

8

62.5-63

62-63

63.5-64

62-63.5

62.s-63.s

63.5-64.5

65.5-66.5

66-66.5

66.5-67.s

58.5-59.0

60-60.5

60.5*61

s I.5-s8.7

58.5-59

59.5-60.5

62-62.s

62.s-63

63-63.5

352-380

360-370

22U295

433-501

306-450

274-341

300-317

260-316

210-252

4.24.5

3.5-4.3

1.6-2.5

4.8-5.5

4.H.6

1.8-3. I

1.7-1.9

1.0-r.6

0.@.9

R8M3K6S tempered 4 times at 560oc, R-I8 and R6M3 tempered.3 times at 5;0"c.

Table 22.3

Steel Temperature "C Time s/mm Retained
austenite Grain Size

R18

(s18-0-r)

R8M3K6S

1200

1220

1240

t260

1280

I160

I 160

I180

1200

t220

60

45

30

8

8

90

30

75

8

E

l6

l5

17

20

25

&
38

42

48

52

t2

lt-12

il
l0-l l
IO

tl-12

t2

1t-12

10-t I

l0-9

R8M3K6S 1.13 % C, 8.7 %W, 4.35 "lCr,t.53 9/o V, 3.7 \Mo, 6.t\Co, t.t6%Si

(c) Increase in red-hardness or resistance to heat generated in cutting (Table 22,2).
(d) Increase in wear.

Table 22.4 shows that hardening from 1240'C increases the wear resistance of the tool.
But any appreciable grain growth will decrease its toughness, and decrease the resistance
of the tool to crumbling of the cutting edge.

Thus, formultipointtools, when toughness and keenness of the cutting edge are essential,
the temperature which will preserve fine grained structure is desirable.

If maximum toughness and fine grain size are the main considerations, the lower limit
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of the hardening temperature may be used. It may be seen from Table 22.3 that by using

the lower temperature range i.e., 2W4O"C below the lower range of hardening temperature,

and with longer holding times, it is possible to increase the strength and toughness of the

material. But lowering the hardening temperature will decrease the red-hardness by l-2

HRC and the hardness bY 2-3 HRC.

Simple shaped tools and milling cutters should be hardened from higher temperature

to attain higher hardness for maximum abrasion resistance.

Tools of thin edges or those subjected to high dynamic loads with interrupted machin-

ing conditions have a low resistance to chipping of the cutting edges which is explained by

inadequate strength and ductility. Such tools should be hardened from a lower range of

hardening temperature, 2O-40"C below the minimum with a longer holding time (see

Table 22.4) to increase the strength and especially the toughness.

Table 22.4 (After Adaskin et al.)

Drill
number
s6-5-2

l
)

3.

4.

5.

1200

137

246

ut
283

136

1220

452

351

378

25t

1240

32t

s27

551

386

588

1250

234

223

273

Drilling life at hardening temperature oC

Quenching temperature'C

Grain size, Points

Hardness, HRC

Red hardness, HRC

Bending strength, kgf/mm'z

Torsional impact strength, kgf /mm

1200

t2

64.s

58

330

4750

1220

l0-l I

6s

59.5

320

4600

1240

9-10

65

@.2

270

5000

t250

8-9

66

61.5

220

2800

Intricate shaped tools and very large tools of diameter more than 75 to 80 mm should

be hardened from the lower limit of the hardening temperature. Tools with fine cutting

edges should be taken out several times from the hardening bath to protect the teeth or

the fine cutting edges. After the desired length of holding time, the tools are quenched in

quenching media.

22.9 Quenching

After the tool is held at the hardening temperature for a correct time, it is taken out and

quenched at a rate sufficient to ensure the transformation of austenite to martensite. Quen-

ching of H.S.S. can be done in three different ways:
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1. Air cooling

2. Oil quenching

3. Salt bath quenching or martempering.

22.9.I AIR COOLING

Cooling of tools in air may be recommended for thin sections of uniform size, and more
than 20 mm thickness it is not advisable to air cool, as it results in inadequate hardness
due to very slow cooling. Air cooled tools show less distortion, but the surface of the tools
have a Iess satisfactory appearance, since they have time to oxidize during slow cooling.

22.9.2 OIL QUENCHTNG

Small and simple shaped tools are directly quenched in oil. The temperature of the oil
should be maintained at 60'C or more to prevent any possible breaking of tools. Intricately
shaped tools are precooled from 1000 to 900"C before quenching in oil to avoid quenching
cracks that may develop due to the fast rate of cooling. Tools quenched in oil are taken
out after they attain 150"C (at this temperature oil is slightly fuming at the tool surface)
and further cooled in air.

In larger tools with junctions of heavy and thin sections, quenching cracks may some-
times develop even when hardened with interrupted quenching. In such a case, it may be
advisable to quench the tools in hot oil maintained at a temperature between 160 and 180"C
and cooled further in the bath itself at a rate of 2o-40'C to a temperature 50-60"c.

22.9.3 INTERRUPTED HARDENING

Intricately shaped tools, such as milling cutters with sharp corner junctions of heavy and
thin sections and very large tools susceptible to cracking and distortion in other oil quench-
ing methods, are quenched in oil maintained at 90oC, at which temperature austenite is
partially transformed to martensite.

After the tools attain the temperature of the bath over the whole cross-section, they are
transformed directly to the tempering furnace without allowing them to cool further in air.
The tools that are subjected to this treatment should be tempered 3 to 4 times for complete
transformation of austenite to martensite, since the amount of retained austenite at this
stage of tempering treatment will be 501to 60f instead of 2O-251.

22.9.4 SALT BATH QUENCHTNG

Incomplete Isothermal Hardening This is done by quenching the tools at a temperature of
300"C to 250"C (slightly above M,) and holding at this temperature for 10 to 20 minutes
before cooling in air.le It can be seen from Fig. 22.12that by holding the tools at this
temperature the structure of steel will have more retained austenite.

The presence of more retained austenite gives lower stress, higher strength, lower value
of volume changes and deformation and susceptibility to cracking, compared to step quench-
ing (450-550oC) or oil quenching. Subsequent tempering transforms the retained austenite
into martensite at a higher rate. According to Geller and Brimond the tools that are sub-
jected to this treatment show reduced elongation of the order of 20-25% (see Fig. 22.13)
and much less distortion compared to those step quenched at 500 to 550.C.1

This method of hardening can be recommended, particularly for large tools, to prevent
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Fig.22.l2 Effect of isothermal holding
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M2 and its resistance to
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Fig.22.13 Effect of isothermal holding

temperature, durin g quenching

on relative increase in lengthte

cracking. Tools having large length to diameter ratio such as drills and reamers are quench-

ed in salt bath to diminish their deformation. Besides, this method can improve to a certain
extent the thermal stability and strength of large tools.

High Tempetaturc Martemperiag Martempering consists of quenching the tools in a salt
bath maintained at 630 to 650"C. After the tool attains the bath temperature, it is further

Sec onds Time*

Fig,22.l4 TTT diagram showing a quenched specimen subjected to
high-temperature martempering
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cooled in air to effect the martensite reaction (Fig. 22Ja). The amount of retained austenitein the tools is 25 to 29'l $ee Figs.22.15,22.16). when ih. ,u-. tool is quenched in a saltbath at 600-650"C for 30 minutes 25-26% of retained austenite will remain. If the sametools are quenched in an oil or salt battr i+oo-s50"c), the presence of retained austenitewill be 25-26% in an oil bath anil 26-29% in a salt bath. Hence srructure of the tool doesnot differ from that quenched in oil or step quenching.20,zr

Mort empering lemperoture oC

Fig. 22.15 Effect of high-temperature quenching Fig.22,16 Effect of high_temperature quenching
on the properties of HSS l g_0_1 ,o on the properties of HSS (Si_S_:;,

The above method can be recommended for all types of tools and, in particular, forgear cutting tools like worm cutters and shayers.
But it is relevant to mention here that the following are the advantages by quenching

the tool at high temperature (630 to 650"c) compared to the other types of quenching.2o,2r
l. Increase the toughness

2. Retains precise dimensions
3. Lessens distortion (see Table 22.5)
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Table 22.520

Steel tool Size oftool
length mm

Diameter
mm Average

R6M5

R6M5 Endmill
cutter

s6-5-2

120 0.16/0.08

12150

sG5-2
reamer

150 12

0.25l0.09

0.1210.03

0.1210.01

0.2s1 -

0.1s/ -
o.tl

Nore: Numerators refer to the tool quenched in oil. Denominators
refer to tools quenched in salt bath (630_650.C).
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4. Increases wear resistance and tool life by 20-30/. (see Table 22.6)

5. Increases secondary hardness and red hardness'

Table 22.620

Tool H.B.
No of shafts Cutting speed
machined m/min

Endmill cutters
5 mm dia of
steel Rl8
(sl8-0-l)

Endmill cutters
5 mm dia of
steel R6M5
(sG5-2)

I

2

J

4

5

I

2

J

4

5

6

t69l20l

2i71196

2t4l2O7

2O7lz0t

t79lt96

2O7l2t7

2t7l20t

2291217

2nl2o7

t89l2O7

1891229

4els3

4sls8

40l40

48/s5

44158

30132

36/50

32146

30l40

60/60

58/60

9.5

9.0

9.6

9.8

9.0

5.6

5.6

9.5

5.6

9.6

9.6

Note: Numerators refers to cutters quenched in oil before tempe-

ring. Denominators refer to cutters quenched in salt at 630-

650"C.

Step Quenching The general practice is to step quench because it avoids hardening stresses

and cracks, and effectively minimises distortion. At step quenching temperatures long

Seconds

Fig.22.11 TTT diagram showing a quenched specimen subjected to

step quenching

Austenite +corbides

Mortensite +oustenite
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tools can also be straightened. Step quenching is performed by transferring the tools from
the hardening bath into a salt bath of about 450-550'C for a time sufficienito equalise the
temperature (Fig. 22.17). The tool is subsequently cooled in air. At this temperiture even
by holding for a long time no noticeable change takes place in the austenite. The structure
of the tool quenched in a salt bath at this temperature in no way differs from that obtained
y quenching in oil.

22.9.5 SUB-ZERO TREATMENT

By this treatment a large part of the retained austenite can be transformed to martensite.
This happens immediately after quenching the H.S.S. from the hardening temperature. The
tools are cooled to - 70"C (- 158'F) for complete transformation of the retained austenite. If
the holding time at room temperature is long, the sub-zero treatment has to be done up to
-155'C (-311'F) for austenite transformation (Fig. 22.18). In some instances, how-
ever' a different procedure has to be adopted; that is, the hardening is followed by temper-
ing after which the sub-zero treatment is done. Finally, a secondary tempering Lperation
is done. Such procedures have to be applied for intricately shaped tools that arJvulnerable
to high internal quenching stresses. If such tools are sub-zero-treated immediately after
hardening, the quenching cracks may develop.

-2 00
0 I

Time, h
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Fig.22.f8 Schematic representation of conventional hardening and
tempering treatment and sub-zero treatment superimposed on
the isothermal transformation diagram for an M2_type HSS

Auste nitizing temp.

Subzero treotma nt
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The above mentioned treatment is convenient to employ in any instance for correction

of overheating, since the residual austenite is more (lO-20%) in overheated steel, which in

practice cannot be avoided in production conditions. The sub-zero treatment is also adopt-

ed for the stabilization of size.

22.10 High Speed Steel Tempering

Tempering is an essential and most critical operation of the hardening treatment. The final

hardness, strength, toughness and stability of the tools treated depends on the quality of

tempering. .

Since the structure of the as quenched high speed steel consists of undissolved carbide

(6-12%), untransformed austenite (15-ZO71v'zs and untempered martensite (60-801), it is

inherently brittle and dimensionally unstable.2a The tempering operation renders the steel

useful by elevating the internal stresses and by reducing the brittleness and instability

without imparing the hardness.

In order to bring about the complete transformation of all the austenite during the first

tempering cycle, a definite minimum holding time is required at particular temperatures

depending on the type of steel and the temperature used. Therefore all the initial tempering

treatments are time-temperature dependent. The lower the temperingtemperature longer is

the time required. This is clearly shown in the Fig.22.19. Normallytempering is accomp*

lished by heating the tools to a temperature ol' 540-580'C, depending on the composition

of the steel.

The curve in the Fig. 22.20 shows the influence of temperature on the hardness of the

quenched steel. The drop in hardness in the temperature range from 150-400"C is mainly

due to the decomposition of martensite and coagulation of carbides of the cementite type

which precipitate from martensite.
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1.0 l0 100

Relation between tempering time
and tempering lemperature required

to produced maximum hardness

and to complete the transformation
of retained austenite on cooling
from tempering temperature2t

AS0 95 205 315 t25 540 650

Tempering temDerot ure (oC)

Fig.22.20 Effect of temperiDg temperature on the

hardness of I8-0-l HSS steel after
quenching from I 3 I 5-l 260-1 205"C
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I'he increase in hardness at higher tempering temperature (known as the secondary
hardness) is due to the transformation of the retained austenite into martensite and to the
precipitation of carbides from martensite (precipitation hardening of martensite). The high
hardness obtained by tempering in the range of 550-580'C is retained when the steel is
subsequently heated to 600 to 620"C. This constitutes the high red hardness of the high
speed steel tools.

Figure 22.20 shows the effect oftempering on the hardness of high speed steel quenched

from different hardening temperatures. It will be noted that the initial hardness develops
on quenching. The higher initial hardness obtained by quenching from 1260"C (2300'F)
over that obtained by quenching from 1205'C (2201"F) appears to persist at all tempering
temperatures. The general feature of these tempering curves, which are similar for all type
of high speed steels include an initial drop in the hardness on tempering to approximately
320"C. Above this temperature, the hardness gradually increases to a maximum at a tempe-
rature between 510 and 565"C.

The first tempering cycle consists of heating to a preselected temperature and holding
for a definite time which will temper and stress relieve the original martensite and condition
the retained austenite so most of it will transform.

The tempering and stress relieving of this original martensite is accomplished while
heating and holding at the tempering temperature.

Holding at the tempering temperature conditions the retained austenite, so that most
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of it will transform to new martensite on continuous cooling to room temperature. The

formation of new martensite is accomplished by a volume change and new internal stresses

are set up which should be relieved by a second tempering.

The effects of temperature after one hour tempering treatment on the bending strength

and yield strength are shownin Fig. 22.21.In the quenched condition, both the properties

are relatively low, and start increasing in the temperature range of 260-320'C, and above

this temperature range between 510 and 540'C the drop in bending and yield strength takes

place due to the secondary hardening. At 550'C both the yield strength and bending

strength are maximum. The curve shows an improvement in the strength after one hour

of tempering, but the steel will still have untempered martensite and a small percentage of
retained austenite to martensite and relieves the stresses formed during the first temper-

ing. A third tempering removes completely the stresses that are formed during second

tempering.

For this reason an increase in strength and toughness are mainly found in tools after a

second and third tempering.
Figure 22.22 illushates that short tempering times yield low impact values, which can

resume to a maximum after about two and half hours. Further rise in impact strength may

be observed after double tempering. Repeated tempering will not result in low hardness of
the tool.

Figure 22.23 gives the stress-strain curves determined from static torsion tests on M2
(6-5-2) high speed steel hardened from 2200'F followed by quenching in oil. ln the graph

nf t t r , r r I-0 l0 20 30 t0 50 6c 70
Degrees ol twist or ductititv

Fig.22.23 Degree of twist or ductility v. torsional strength28

a lower ductility or degree of twist and an increased strength is seen when the specimen is

tempered at 1050'F as compared to a large degree of twist or ductility and lower strength

of the specimen when tempered at 700'F (370'C).

The rate of cooling from the tempering temperature is important for the reason that it
is only while heating to the tempering tempelature the austenite transforms to martensite,

the actual change itself occurs during cooling. Consequently rapid cooling from the temper-
ing temperature should be avoided since it tends not only to prevent some of the transfor-
rnation, but helps to set up stresses as well. While the air cooling is not too fast, furnace
cooling is preferred. Tools should never be quenched from the tempering temperature.

Specimen frqctured

Oi[ quench 1205t temPered

(2)Etostic iimit
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Tempering time is taken into account after the tool attains the furnace temperature
throughout the section of the tool. Time is an important factor in controlling the changes
as discussed earlier and for safety a tempering time of at least two hours is always recom-
mended. Large tools are sometimes tempered for about four hours.

22.10.I HEATING AND COOLING CONDITIONS FOR TEMPERING

High speed steel should be tempered immediately after quenching, preferably in a forced
air circulating furnace or salt bath. If an air circulation furnace is used, all traces of salt
must be first removed from tools, otherwise severe pitting-type corrosion will occur at the
temperin g temperature.

It must be stressed that rapid heating of tools to the tempering temperature often leads
to failure. In general, the work should be placed in a chamber at a temperature not over
200-250"C, and should be heated slowly in the chamber. If salt baths are used, the tools
should be preheated to 200-250oC before placing in the chamber.

After every tempering operation, the tools are cooled to the room temperature to ensure
the maximum martensite transformation of the residual austenite. The rate of cooling has
almost no effect on the transflormation of austenite, but a fast rate of cooling can cause
cracking. For this reason water cooling and washing of the still hot tools is not allorved.
They should be cooled by compressed air.

22.10,2 METHODS OF TEMPERING

Low Temperature Tempering After the steels are cooled to the room temperature or if
necessary cooled to 40-60"C to avoid cracks for complicated tools, they are tempered.
The first tempering is done at 350-360'C for I hour, instead of tempering of 560-570'C.2e
At this temperature, the transformation is associated with the precipitation of carbides of
cementite. The cemehtite carbide precipitated in the first tempering promotes a more uni-
form distribution of carbides over the grain boundaries during the subsequent tempering
operation at 560 to 570'C.

The tools are then cooled to room temperature. Subsequent tempering is carried out in
a regular tempering temperature of 550-570'C for l-2 h. Between each tempering the tools
are cooled to the room temperature.

Table 22.72e

Steel Beyond
kg/mm, HRC HRC after tempering

at 640"C

R6M5 (SG5-2)

R12F3 (Sl2-l-27)

Rl8 (Sr8-O-1)

63

a+as

64

6)

64

65

337

3s6

317

Ti4

2to
TtS

59

59J-60

62

63

59

oo-at

Notei Data in numerator refers to samples triple tempered at
560'C/h; denominator tempered at 350'C/h and double
tenrpered at 560"Cih.
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The advantage of the first tempering art 350'C is that it improves the secondary hardness,

heat resistance and toughness (see Table 22.7). If also increases the durability of tools by

40"1@ee Table 22.8) compared to the triple tempering at 550-570'C.

It should be noted that the first tempering at 350'C favours the stabilization of austenite,

because of which the number of temperirrg stages at 550 to 570'C is increased to three for
\i/-Mo steels, and to four for W steels wiLth high carbon, including cobalt content.

Table 22.8 (After Yu. A. Geller)

Steel
Tempering temperature oC

lst tempg. 2nd tempg. 3rd ternpg.

-o^ Breaking No of holes Yorr^v torque drilled durability
Time
(min)

63.8

63.8

64.2

64.8

2.83

2.75

2.43

3.10

327

230

162

324

142

100

70

143

60

60

l0

61

350 360 560

s60 560

580 580

530 600 600

R18 (S18-0-l)

Double Tempering3u'31 The first tempering is carried

after austenite is fairly transformed (Fie.22.24).This
out by raising the temperature

is due to the lower stability of

(J
E.r

o')
o

ll
6
!
QI
Cl
o
o
E

560 570 580 590 600
First tempering temp oC

Fig. 22.24 Eflect of first tempering on the hard-
ness and amount of retained austenite

of HSS"

the retained austenite, resulting from more intensive precipitation of carbon and alloying

elements from it during tempering. The second and the third stages (for tungsten steels

and of elevated thermal stabilizing) the tempering is done at 550-560'C depending onlthe

type of the steel.
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This method of tempering assures a more complete transformation of the residual auste-

nite, and may be recommended for large tools which have retained a big amount of auste-

nite in the core on hardening and also for tungsten-molybdenum steels with an increased

content of carbon, which avoids the fourth stage of tempering. The tempering shouldbe
for l-3 h, depending on the size of the tool and the batch.

This method of tempering increases the strength (Table 22.9) and durability of steels

without changing the red hardness.

Table 22.9 (after Zablotskii)

Steel Quenching
tempering

Tempering condn. HRC Bend kg/mm, kg m/cmr Red hardness

R18

(sl8-o-1)

R6M3

(sG5-3)

R9

(s9-l-2)

1280"C

1240"c

t240"c

264-301

28+359

29t330

353-375

375-394

3754t7

2.0-2.8

2.5-3.8

2.8-3.2

3.3-3.7

2.U2.7

3.4-3.5

Triple-560-560'C

Double, 580 & 560'C

Triple-560"C

Double, 580 & 560"C

Triple-560"C

Double;580'C

64.5

@.5

63. I

63. I

65.0

64.8

62.8

62.7

62.3

62.O

63.0

63.0

Table 22.10

Quencbing Per cent Per cent D-r ^^-.,";*ffi "ni-i.Joi".o i5gtf #H,?,:
Per cent Per cent

un-atisorla timpiiio Per cent

carbide martensite alrstenite

Per cent
tempered
martensite

80

125

175

225

275

375

500

7

7

7

7

68

7t

l

3

5

l0

l6

2t

22

70

62

52

40

28

4

0

7

7

7

7

7

7

7

70

62

52

40

28

4

0

23

3l

4t

53

65

89

7

1

7

22

28

36

43

49

Notet The structure of high speed steel. after quenching to the indicated temperature and after temper-
ing directly for 2-21 hours at 1050"F (565"C) percentage on volume basis.

Tempering at Equal Temperature Tools are tempered with equal temperature at each

stage 550-560'C for tungsten-molybdenum steels, including those containing cobalt, and
at 560 to 570"C for tungsten and tungsten-cobalt steels. After hardening or step quen-
ching, double tempering is employed for W-Mo steels and molybdenum steels. Triple
tempering is done for tungsten steels and most cobalt steels, and quadruple tempering for
all steels after incomplete isothermal hardening.

A third, or sometimes fourth, tempering is mainly needed for better stress relieving and
for additional improvement of mechanical properties.32

The time for tempering may either be long or short depending on the tool size and the
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number of tools in the process (1! to 2 hours). The tools are cooled to room temperature
between temperin g operations.

Tempering After Arrested Quenching If the tools are cooled to room temperature after
hardening, the amount of retained austenite in the tools will be 20 to25/r. To avoid
distortion and cracks of complicated tools, the tools are not allowed to cool to the room
temperature. If the tools are cooled to only 121'C before taking for tempering, then the
tools will have 50 to 60\ retained austenite (see Table 22.10 and Fie. 22.25).

If the tools are cooled to the room temperature before tempering, the 20-25\ austenite
at the beginning of tempering virtually undergoes complete transformation.

It may be seen from Fig. 22.26that tools tempered for more than 10 hours and cooled
to 105'C still contain 8 to lO\ retained austenite.

Raising the tempering temperature, on the other hand, rapidly decreases the amount
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of austenite, but it is accompanied by a large drop in hardness (Fig. 22.27). It also reduces
the toughness instead of increasing it, and to a lower extent it reduces the strength.

To overcome this condition in instances of arrested cooling during tempering, double
tempering is needed to accomplish complete decomposition of the retained austenite. A
third tempering results in further improvement of strength properties.

Hence, whenever arrested cooling is adopted, or if the tools are not allowed to cool to
the room temperature, it is of utmost importance that the tools are tempered thrice.

22.10.3 TEMPERING AFTER GRINDING

Grinding produces tensile surface stresses on hardened tool steels. The mechanism involved
is known as hot upsetting. Heat from grinding generated on the surface causes expansion
of the steel; expansion in the plane of the grinding is restrained by cold metal. So it takes
place unopposed in a direction perpendicular to the surface by plastic flow. When cooling
occurs, the metal tries to shrink back to its original location, but it cannot, because it is no
longer plastic. Shrinkage of an area whose perimeter is rigid sets up tensile stresses in

Fig.22.26 Effect of tempering time on percentage of
retained austenite in G51HSS, quenched

from l2l5 to 105"C and tempered directly at
5650Ca3
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the area. The heat generated during grinding and sharpening is sufficient to produce changes
in the surface structure.3s Hence the tools after grinding should be tempered at 400-450"C
for 30-60 min. to reduce the grinding stresses and to transform retained austenite that was
developed during grinding to martensite.

For high precision tools and instruments should be tempered at 150-lg0.C for 2-3 h.j6
According to Nikonorora and Buzina, the wear resistance of the tool increase s 50ol after
tempering at 400-450'C.

s65 595 620 650 675 705
Tempering tcmp oc

Eig. 22.27 Percentage of austenite and hard-
ness after quenching 6_5_2 type
HSS from l2l5 to 105.C and
tempering directly at indicated
temperatures for 2; 6rr

The above treatment should be employed as and when the tools are subjected to regrind-
ing and resharpening. Dimensional changes after this treatment are negligible.

22.11 ImportantGuidelines

l. Thick sections and complicated tools are preheated before heating them to the
hardening temperature since they possess low thermal conductivity.

2. Hardening temperature should be selected with regard to the ruitubl. austenite
grain size and carbide solution. Low hardening temperatures provide fine grained
material having good tougbness but less satisfactory hot hardness. High harlening
temperature results in coarse grained material having poorer toughness but better
hot bardness.

3. Complex shaped tool and extremely heavy sections should be hardened at the
lower hardening temperature.

4. Tools with fine cutting edges should be taken out several times from hardening
bath to protect the teeth or the cutting edges from superheating.

5. with high temperature, there is a greater risk of decarburization.
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6. A prolonged holding time at the hardening temperature results in an excessive

grain growth and may cause hardening cracks.

7. Quenching of high speed steel at 630 to 650'C gives higher secondary hardness,

red hardness and effectively reduces distortion compared to the other methods of

normal quenching.

8. Quenching of high speed steel can be done at 250 to 300"C for higher toughness,

higher hardness and to reduce distortion.

9. Thick and complicated tools should not be cooled to room temperature. Quenching
should be stopped at 80'C.

10. Hardened tools are never put into a temperiug furnace that is at full temperature.

The furnace temperature should not exceed 250 to 300'C before placing the

tools.

I l. The material must be allowed to cool down to room temperature between temper-

ing operations.

12. Molybdenum and tungsten molybdenum content tools should be tempered thrice

for better mechanical properties.

13. Tungsten content tools and cobalt content tools should be tenrpered 4 times for

better mechanical properties.

14. One extra tempering is done for arrested quenching tools.

15. After grinding and resharpening, temper the tools for one hour at 400 to 450"C

to relieve grinding stresses and to increase tool life. For precision tools, temper-

ing is done at 150 to 160"C for 2 to 5 h to increase tool life.

22,12 Shop Problems and Remedies

22.I2.I LOW HARDNESS DUE TO OVERHEATING

The value of hardness for a properly hardened tool will be usually in the range of 62-64

RC. If the tool possesses a hardness value below 60 RC after hardening, it is an indi-

cation that the tool is overheated. The overheating produces a more highly alloyed auste-

nite, which is very stable due to the dissolution of larger amount of carbides at higher

temperatures in the austenite. The presence of a more highly alloyed austenite in the

hardened condition lowers the hardness since this highly alloyed austenite does not trans-

form to martensite. Therefore, overheated tool has a decreased hardness. When overheat-

ing is not drastic, such tools will possess the desired hardness after repeated tempering or

by subjecting the tools to sub-zero treatment followed by tempering.

If the overheating is very drastic, a reaction occurs between the carbide and the adja-

cent austenite to form certain amounts of liquid. This liquid when cooled to room tempe-

rature will solidify as an eutectic. This structure, shown in Fig. 22.2 (c), (d) is characteristic

of high speed steels that have been overheated and is generally associated with a large

grain size. In addition, the steel becomes very brittle.3T The carbides which remain undis-

solved are orientated Iargely along the grain boundaries.

A high speed steel tool which has acquired this structure due to overheating cannot

have its normal properties restored by heat treatment. Tools made of high speed steels

which have been damaged by overheating will easily develop grinding cracks and it fails

in service very fast due to brittleness.
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22,12,2 LOW HARDNESS DUE TO UNDERHEATING

Value of hardness in the proper hardened tool will be in the range of 62-64 RC. If the
tools attain a value more than this after hardening, it is an indication that the tools are
underheated and such tools will result in lower hardness after tempering.3s This is due to
too low a hardening temperature employed or a too little holding time at the hardening
temperature.

Underheated structure x 500

Underheated structure x 1000

Fig.22,2E (a), (b) M2 high-speed steel. The structure consists of
carbide particles in a matrix of tempered martensite.
The excess of small particles is caused by underheating.
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The degree of dissolution of carbides in the austenite will be lower in the underheated

tool, compared to the proper hardened tool at a higher temperature. This fact explains

that there is somewhat an increase in the hardness of tools which has been underheated

since less alloyed austenite will result in less retained austenite rvith a correspondingly

greater amount of martensite after hardening. The martensite obtained from the less alloy-

ed austenite is also less alloyed and its resistance against tempering is decreased. This is

the underlying cause for the decreased hardness of a tool after tempering which has been

underheated. The structure, shown in Fig. 22.28 (a), (b) is characteristic of high speed steels

that have been underheated.

The tools that have been underheated in hardening can be rehardened again after

annealing. A complete soft annealing must be carried out before rehardening either in a

muffie furnace or in a salt bath.

22.12.3 REHARDENING

If the hardening of high speed steel has failed for some reason, the material can be rehard-

ened with good results provided it was not overheated at the first attempt. A complete

soft annealing must be carried out before rehardening either in a muffe furnace or in a

salt bath.

This is done by heating the tools in a salt bath maintained at 750"C for 15-20min

and fgrther heating to the same bath at 800-820"C for about 45 minutes to reach the tempe-

rature and holding that temperature for 15-20 min. The tools are then transferred to a

bath maintained at a temperature of about 600-620'C, held for 30 min and subsequently

cooled. This will result in a hardness value of 35-37 RC on components whichcan be easily

machined.
In a muffe furnace, the tools are annealed by packing in a box. As a safety measure

against decarburization which produces a soft skin after hardening, the steel should be

packed in sheet metal containers using cast iron chips. Charcoal cannot be used for packing

as it would produce a more highly carburized skin.

The tools are heated slowly until the temperature of about 850'C is reached (maximum

heating rate 25'C per h) and soaked in that temperature for about 2-3 h and sub-

sequently cooled. The cooling should be done slowly in the furnace not more than l5"C

per hour down to 600"C. It can thereafter be allowed to cool freely while still packed in

cast iron chips.

If this precaution is not observed or if the tools are merely tempered at a high tempe-

rature the re-hardening will lead to what is known as "fish scale", i.e. a structure having

occasional very large grains.

22.12.4 LOW HARDNESS DUE TO FAULTY GRINDING

During grinding the surface temperature of the tools may rise above the tempering tempe-

rature either due to insufficient cooling or due to a heavy cut in one pass.3r'ao This

will lead to the lowering of the surface hardness of the tool (Fig.22.29). Sometimes the

extreme outer layer of the tool may even rise to the hardening temperature and cause

rehardening. This is the cause for varying results obtained from grinding. To avoid this

proper grinding procedures should be adopted using a suitable grinding wheel.
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22.12.5 COMMON CAUSES FOR CRACKING OF TOOLS

Cracks may develop in high speed steels for the following reasons:

1. Rapid Heating Rapid heating of moderate and intricate shaped tools to the hardened
temperature without preheating or insufficient preheating will lead to cracks. Due to the
low thermal conductivity at high speeds this will lead to a difference in temperature bet-
ween the surface and the core which may cause uneven expansion leading to development
of cracks. Hence preheating of high speed steel tools is a must to avoid cracking.

2. Dae to Overheating If the high speed steel tools are overheated during hardening, the
matrix becomes coarse-grained and a large amount of carbide goes into solution. In ad-
dition, the steel becomes very brittle and it may crack during treatment. If they survive
the treatment operations, they will easily develop grinding cracks. Hence it is essential
that the correct quenching temperature be used.

3. Tool Rapid Quenching Quenching of tools after austenitizing in the region of marten-
site transformation, in particular cooling of Iarge and intricate shaped tools in oil at 20-
25'C will result in cracks.

This may be avoided by salt bath quenching at 550-600"C or quenching in oil main-
tained at 180-200'C.
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4. Cracks Due to Grinding Cracks produced in grinding are usually due to the use

unsuitable grinding wheels, either too hard or glazed or perhaps due to too deep a cut

grinding or else due to the omission of tempe ring treatment after hardening.
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Fig.22.30 Hardness distribution in the surface layer of atool that has

been ground too much. The surflace hardness is high due to the

effect of hardening. The hardness is low in a layer under the

surface as the temperature approaches the annealing tempera-

ture. Further in the material there is the varying effect of
tempering,t

Grinding cracks may also appear with a deep cut during grinding in one pass.3e'40'41 1f

the surface temperature during grinding exceeds the hardening temperature, re-hardening

occurs in the surface layer (Fig. 22.30), which will then comprise a mixture of tempered

and untempered martensite together with some retained austenite. As a result heavy stresses

are encountered which may result in grinding cracks. Sometimes fragments of steel may

flake off. In such a case the grinding cracks are usually much deeper than those encountered

if the tempering was limited to the surface layer. Grinding stresses can be reduced by

tempering at a low temperature of about 400"C for l-2h.

5. Cracks Due to Faalty Heat Treatmsnl3l'4o Improper tempering procedures will leave

either untempered martensite or excessive amount of retained austenite which may trans-

form during grinding. If the tools are ground in this condition grinding cracks may deve-

lop especially if heavy stock is removed in one pass. Also the heat generated during grind-

ing on the surface of the tool, may induce heavy stresses resulting in grinding cracks.

Grinding cracks are usually shallow ranging from 0.01 mm to 0.1 mm. Hence they can be

salvaged by tempering at low temperature followed by a very careful grinding to remove

only a small amount of metal.

6. Cracks Due to ^Srress Raisers3T Deep indentations made with markers and abrupt
surface configurations will always lead to stress concentration during hardening and can

cause cracks. Typical examples are sharp edges in tooth roots, key ways, etc. Hence the
sharp corners on components should be avoided.
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7. Cracks Due to Decarburization31'3e'4} A certain amount of decarburization takes place
in high speed steel after heat treatment. Hardening entails an increase in volume. After
hardening the decarburized surface Iayer of the tool will not harden at all or it will be
hardened only partially to a very small extent. This will result in a very small increase in
the volume whereas the rest of the tool will expand fully due to the formation of marten-
site. This causes severe stresses in the surface layer resulting in surface cracks which may
even affect the underlying material.

This trouble can be avoided by protecting it from decarburization during the heat
treatment.

8. Distortionsl' 0 High speed steel tools are not entirely free from distortion during
hardening. There are many factors that affect the distortion of the tools during heat treat-
ment. During hardening the change in volume that takes place due to the structural changes
and distortion are result of the difference in coefficient of the thermal expansion between
the carbides and the matrix. The amount of distortion may increase due to overheating,
poor quenching practice, shape and size of the tool or due to improper handling. This is
more common in long drills, reamers, thin flat tools etc. This distortion aspect must be
considered as early as at the heating stage.

Long tools should preferably be suspended vertically or positioned horizontally in bas-
kets and holders. Because of the sharp reduction in strength at high temperatures they will
have a tendency to bend.

Simple shaped thin and flat components can be pressed together in a holder to prevent
their warpage. After quenching in salt bath at about 600'C these can be cooled under the
press.

Straightening of long tools can be done in a press after hardening. Before tenpering
the material has to be cooled to room temperature, but this should be done before complete
martensite transformation has occurred.

Round components such as drills can often be rolled between two flat surfaces as

they cool.

Regardless of how straightening is carried out during hardening, stresses will be induced
in the material which can be relieved by tempering. Again the component may bend during
tempering.

Straightening of hardened and tempered components can be done when they are cold,
although this is a difficult operation requiring a special technique with a sharp straighten-
ing tool usually made of sintered carbide tips.

Careful heating by flame below the tempering temperatures can aiso facilitate straighten-
ing of components.

22.13 Furnaces

The type of furnaces used for heat treating of high speed steels are mainly salt bath furnaces,
controlled atmosphere furnaces or vacuum furnaces. At present the majority of HSS are
being heat treated in salt bath furnaces. The remainder are being heat treated in controlled
atmosphere furnaces and vacuum furnaces.
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22.I3.I SALT BATH FURNACES

Electrically heated immersion electrode type salt bath furnaces have been found most

suitable forheat treating of high speed steel, due to the precise control of temperature time,

control and protection of surface from any scaling or decarburization. They function better

under continuous operation and may be used where there is a steady flow of high-speed

steel tools being hardened.

The normal procedure is to use three different baths and air circulation furnace for heat

treatment of high speed steels.

The tools are first preheated, in an air circulation furnace, up to 500-650oC, then transferred

to the first salt bath maintained at 800-850"C for further preheating. After thorough soaking,

the tools are transferred to the second bath (hardening bath) maintained at the desired auste-

nitizing temperature (hardening temperature) in the range 1200-1280'C. After this the tools

are held for the desired length of time, followed by quenching in the third salt bath main-

tained at 500-630'C. In cases where the production rate is higher, it is advantageous to
employ two preheating salt baths as it considerably reduces the required cycle time.

The salt used in this bath is 9llbarium chloride and the rest rectifiers. It is important
that this bath should be kept neutral, that is inert to the surface of the tools.

In this bath, decarburization takes place due to the formation of oxide after about 6 to
8 h. Oxide formation takes place due to the interaction between the salts and metal, and

with the electrodes and the atmosphere, oxide formation will increase when the time in-
crease. Decarburization may be avoided by the periodic addition of rectifier such as borax
(0.6-8%) and ferrosilicon (0.35-0.5o/,) twice during shift and 0.6-0.8% magnesium fluoride
once during the shift.a2

22.13.2 VACUUM FURNACE

Vacuum furnaces (Fig.22.31) are also found to be most suitable for hardening of high speed
steels.Tools treated in vacuum furnaces possess improved toughness, ductility and fatigue
limit. It also avoids post-treatment finishing operation.a3'a+

First the tools are loaded into the heating chamber of the furnace and the door is closed.
The automatic sequence is then energized and the furnace begins to pump down. When a
vacuum of 500 microns is created, the furnace heati.ng elements are switched on. The comp-
Iete heating sequence is then controlled by a pre-programmed microprocessor-based tempe-
rature and sequence controller. The vacuum pump continues to work throughout the cycle,
but the vacuum can be controlled when it attains a present level.

When the furnace temperature reaches 900"C (1650'F) the addition heat is controlled
to maintain it at this temperature for the duration of the intermediate soak period. At the
end of the soaking period, the furnace temperature is raised to the desired hardening
temperature. After the final soak period, the furnace is back filled with dry nitrogen to a
vacuum of 500 torr. The work moves out of the hot zone and it is partially cooled below
1040'C (1900"F) under a nitrogen atmosphere. After a specific time has elapsed the work
is oil quenched. If the quench delay is zero and quenched directly after quenching, the
furnace is cooled to a preset temperature.

Alternatively, the work can also be gas quenched. Instead of being lowered into thc oil
quench, it is retracted into the cooling chamber and the furnace back filled with nitrogen.

The advantages of vacuum hardening are:
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1. Perfect surface protection and minimum tendency for distortion.

2. Eliminates or greatly reduces the costs and risks of subsequent finishing operations.

3. There is no hazardous atmosphere or salts to prepare and control.

4. Due to simple and accurate control of the critical factors, this provides reproduci-

ble properties with predictable life of tools and eliminates expensive unexpected

failures.

5. It is not dependent upon the operator's skill.

6. Power consumption is very little.
The main disadvantage, compared to salt bath hardening, is the longer time required

for heating and the large holding time under vacuum hardening.

22,13.3 SURFACE TREATMENT OF HIGH-SPEED STEEL

The service life of HSS tools is of utmost significance in the present day machining

requirements. lt is assuming more importance especially when high speed machining is

involved.

The service life of tools can be improved by suitable surface treatment. The various

methods that are usually adopted are as follows:

1. Nitriding
2. Tufftriding
3. Sulfinuizing

4. Steam tempering.

Nitridingas Nitriding consists of saturating the surface layer of the finish hardened tools

with nitrogen, which diffuses into the material, forming hard nitrides. This results in higher

wear resistance, a low coefficient of friction and scoring resistance thus improving the
efficiency of certain types of tools.

Nitriding is performed in a nitrogenous atmosphere or in a bath of liquid cyanides.

Salt baths are mainly used for high speed steels and it is performed in a molten bath con-

taining sodium cyanide NaCN, and potassium cyanide at about 580"C. The sodium cyanide
reacts with atmospheric oxygen and forms sodium cyanate NaCNO, which diffuses deeper

into the bath. The subsequent dissociation of NaCNO liberates atomic nitrogen which
penetrates into the metal forming nitrides. This creates a hard zone on the surface of the
steel.

The depth of the layer depends upon the amount of nitrogen, the temperature and the
time of exposure. The depth of the nitrided layer for tools should not exceed 0.1 mm. The
hardness obtained after nitriding will be in the range of 1000-1 100 HV.

Nitriding increases the surface hardness of the tool but reduces its toughness. To pre-
vent the tool edges from crumbling, only a short nitriding duration should be used. To
improve toughness after nitriding the tool should be tempered at 300-350"C.

Nitriding is recommended in such cases where either thc true rake or back rake of the
tool has to be reground, but not both rakes, as for example, machine relieved tools of all
types. It yields best results on drills, reamers, broaches, countersinks, milling cutters, etc-
In certain cases the life of the tool has doubled or eyen more. It is, of course, impossible to,

make a general statement as to how much the cutting performance can be improved; many
factors are involved such as the type of steel, the shape of the tool and the type of machin-
ing. Experiments are being carried out to determine suitable nitriding times for different
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types of tool and machining operations. Nitriding may also be applied for high speed
steel dies.

Nitriding by the ammonia gas process is not recommended for cutting tools. They
should be treated by a liquid bath method to avoid brittleness from too heavy concentration
of nitrogen. The gas nitriding may be satisfactory for mandrels and drawing dies used for
cold drawing or cold pressing of brass and aluminium. The nitrided caselepth for dies
should not be in the range 0.01-0.3 mm but lower range always should be pieferred for
case depth.

Tufftridingas In this process the surface ofthe hardened and tempered tools are saturated
with carbon and nitrogen. Tufftriding is carried out in a molten salt bath containing
potassium cyanide (KCN) and potassium cyanate (KCNO). The temperature is normally
570"C. When the tools are immersed in the salt bath, there occurs the diffusion of carbon
and nitrogen' Carbon and nitrogen are derived from the decomposition of the cyanate,
which in turn is obtained by the oxidation of the cyanide salt. Nitiiding time varies widely
for different types and size of tools. The time required for heating thick tools to full nitrid-
ing temperature is considerably longer than is needed for thin tools and thin cutting edges.
Normally it varies between 5 minutes and 60 minutes for example it is about 5 to t5 minutes
for cutting tools and 30 to 60 minutes in the case of dies.

Tufftrided tools possess high wear resistance with reduced susceptibility to sticking. It
also results in lower coefficient of friction, scoring resistance, improved fatigue resistance
and heat resistance.

Sulfinuzinga6'47 In this process the surface of the hardened and tempered tools are satu-
rated with nitrogen, carbon and sulphur. Sulfinuzing is carried out in a molten salt
bath containing cyanide and sulphur compounds. The temperature is normally 570.C. The
holding time depends on the chemical composition and the case depth required. Sulfinuzing
improves the hot hardness, wear resistance, resistance to scuffing and reduces tendency to
sticking. The hardness will be same as that obtained by nitriding.

22.13.4 STEAM TEMPERTNG (OXTDATION;+a
This method involves an additional treatment of conventionally hardened and tempered or
nitrided tools. The hardened and the nitrided tools are placed in a hermetically sealed
furnace when the temperature is raised to 300-350'C, steam is supplied under a pressure
of 0.1-0'3 atm for about 20 to 30 minutes in order to displace the air. The temperature is
then raised further to 500-550'C. Upon holding for $ to I hour, the tools are cooled in
the steam atmosphere down to 300 to 350'C. Then they are either cooled in air or in the
furnace itself. Tools are oiled immediately. This results in a very bluish oxide (Fe3Oa) skin
of high hardness and wear resistance and is found to be very receptive to coolants.

This property reduces slightly the sticking of metal and lowers the coefficient of friction.
Since the tools are heated to 500 to 550'C, it is also found to relieve the grinding stresses
and promote the transformation of austenite formed during grinding. This may be one of
the methods to increase the durability of the tools.

Steam tempering imparts an attractive grey-blue finish to tools due to the oxide film,
although its chief advantage is improved corrosion resistance.
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22.13.5 OTHER TYPES OF SURFACE TREATMENT

Recent development for the surface treatment of high speed steels are tufftriding,ae'so

sursulfsl,s2 and nitemper.s3 They are rapidly becoming popular since they are almost free

from cyanides (for details see the concerned chapters).

22.13.6 GENERAL HINTS FOR GRINDING

l. The use of glazed grinding wheels should be avoided.

2. Avoid excessive pressure when grinding by hand.

3. For machine grinding high feed is recommended.

4. Apply coolant in the correct manner.

Recommendations of makers of grinding wheels with respect to the composition of
grinding wheels used for grinding tools made from high speed steel should be correctly

observed during the various grinding phases (pre-grinding, sharpening, etc.).

After grinding, the cutting edges should be resharpened by means of an oil stone which

will enhance the service life. In the case of turning chisels it is important that the points

are properly rounded off.

22.13.7 SELECTION OF HIGH SPEED STEELS

The number of available high speed steel compositions has increased considerably during

recent years largely due to widespread efforts to keep pace with demands for increased

cutting performance in the use of high output complex alloys. They must meet the increas-

ed demands of cutting properties for long periods without decrease of cutting quality.

These properties are based on their ability to retain hardness at elevated temperature,

on the red hardness of the matrix in the hardened conditions and on the presence of ex-

tremely hard carbides as they are formed by a chemical composition of chromium, molyb-

denum and tungsten with carbon. The carbides increase the tool life and edge wear resis-

tance. High speed steels are therefore characterised by two prominent properties of red

hardness and high wear resistance at elevated temperature along with high toughness.

Red hardness of the high speed steel increases with the additions of cobalt and the wear

resistance of the tool increases by a higher vanadium content with an approximately balanc-

ed carbon content, as vanadium carbides are much harder than other types of carbides.

High speed steels of this composition will give best results for work in automatic machines.

and for finishing.

Figure 22.32 illustrates the comparative properties of different high speed steels. The

high speed steels that are mainly used are given in Table 22.11. Applications and chemical

compositions are given in Data Sheets 22.1-22.11.
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Data Sheet 22.1-HS 18-0-1 (ISO)

PROPERTIES AND APPLICATIONS

This steel is a conventional steel for general use. It possesses a higher red hardness com-
pared to HS 6-5-2, low susceptibility to over heating in hardening and good grindability.
It is an all round steel that can be used for a large range of applications, as, for example,
hot work drawing, shearing, piercing, pressing tools for mild steel or non-ferrous metals.
Cold work,lathe and planing tools, threading tools, twist drills and reamers, also for cutting
knives in nail manufacturing. Table 22.12 gives the chemical composition of International
Standard steels.

Table 22,12

Country ISO

Standard norm 4JS%o

INDIA DEU USA GBR FRA USSR JPN

rs rz?sflso Arsr Bs465e-7r \!flii cosr noill,
Designation Hsl8-.0-l "#;rX,t s-ts-o-l rr Brr fr%YSY R18 sKH2

C

Co

Cr

Mo

w

tr
o

o
o.

oo
d
o
E
q)

Q

0.73-0.83 0.65-0.80

3.5-4.5 3.75-4.50

o.g-t.z r.oo-r:s

17.2-18.7 17.5-18.5

0.70-0.78 0.65-0.75

3.80-4.50 3.75-4.50

r.oo-r-zo o.os{.to

17.50-18.50 t7.2s-18.7 5

0.75-0.83 0.70-0.80 0.7-0.85

1.00

3.54.5 3.8-4.4 3.8-4.5

< 1,00 < 1.00

1.00-1.30 1.00-1.40 0.80-1.20

t7.2V18.70 17.0-18.5 17.0-19.0

0.70-0.80

< 0.60

3.754.s0

< 0.70

l.00-1.25

17.50-18.50

HEAT TREATMENT

Stress relieving

Hardening

650-700"C, soak for I hr per 20'mm thickness with slow furnace
cooling.

1250-1290"C, soaking time depends on the cross-section (Figs
22.11 (a), (b) subsequently quenched in hot oil bath or molten salt bath
(530-630'C) when the tool is cooled to 60-80'C temperature, temper
immediately. Fig. 22.33 (a) illustrates the isothermal TTT curve.

For tools requiring a high toughness, great care should be taken
towards minimum distortion and when red hardness is not much

important, harden from 1200-1250'C.

550-570"C, temper twice to obtain best results with thorough cooling

to room temperature between tempering operation. Soaking time

Tempering

tl-z h.

Figure 22.33 (b) illustrates the tempering curye.
Obtainable hardness 63-65 HRC.
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Data Sheet 22.2-HS 1-8-1 (ISO)

PROPERTIES AND APPLICATIONS

Molybdenum is the principal alloying element in this steel. It is the least expensive steel.
It possesses very high resistance to softening at elevated temperature and wear resistance.
Compared to tungsten content high speed steel (Tl), its toughness is very high. It is thus
mainly used for the production of twist drills, thread cutting tools, reamers and cutters.
Table 22.13 gives the chemical composition of International Standard steels.

Table 22,13

Country

Standard norm

Designation HS l-8-1

ISO INDIA DEU USA

,Jf&o rs ,fl![,, arsr

GBR FRA USSR

Bs465e-7r t!#;;- cosr

BMI *13iYfJ, P2M8

JPN

JIS

s2-9-1 Ml

c
Co

Cr

Mo

v

w

tr
o

o
A

()

o
E
o

o

0.774.87

3s4.5

8.0-9.0

0.9-1.4

1.4-2.0

0.78-0.86 0.75-0.85 0.75-0.85 0.8-0.88 0.80

< 0.6 < 1.0

3.54.2 3.754.50 3.754.50 3,54.5 4.0

8.U9.2 7.75-9.25 8.00-9.00 8.00-9.00 8.5

1.0-I.3 0.9-1.3 L0-1.25 1.00-I.50 1.0

1.5-2.0 1.15-1.85 1.0-2.0 t.+2.o 1.5

HEAT TREATMENT

Stress relieving jj3;i?l'" Soak for I hour per 20 mm thickness, followed by furnace

Hardening

Tempering

gives the tempering curve.

Obtainable hardness 64-66 HRC.

ll80-1220'C; soaking time (Fig. 22.11(a\, (b)) depends on the cross-
section of the tools, followed by quenching in hot oil or hot bath.
When cooled to hand warm 60-80oC, temper immediately.
540-560'C. To obtain best results, the tools should be tempered two
times with thorough cooling between each tempering; soaking time is
2 hours.

Figure 223a @) gives the Isothermal TTT curve and Fig. 22.34 (b)

+Ternper twice 5zlo-S70oC+Finish grinding-rTempering 200-250.C
(2 hr+2 hr) or 400:450'C

s 2-9-l (AISI M I )+Rough machi ne* tr66jr"J6:"1,ing+ F i nat mach i ne-1

I

1-Qgpn-c-hi-ng+-Hardening temp+Second preheating<-First preheating<-l
| 550-630"C tl90-7220.c 840-870"c 400-600"c -
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Data Sheet 22.3-HS GS-2 (ISO)

PROPERTIES AND APPLICATIONS

This is a molybdenum base high speed steel. It possesses a high cutting performance with
high toughness. Compared to all other high speed steels it possesses high toughness. This
steel is mainly preferred for tools used for applications in which high resistance to shock
and impact strength are of particular importance as well as for high rotating stresses. The
thermal stability of this steel is lower than that of S 18-0-l steel. It is suscepiible to decar-
burization during austenitizing.

Increase of carbon content of this steel from 0.85y" to 0.95-1.05/o increases the thermal
stability slightly and improves wear resistance. Because of this, auraUitity of cutting speeds
increases by a factor of 1.5-1.8. Table 22.14 gives the chemical composition of International
Standard steels.

Table 22.14

Designation HSG5-2

Country

Standard

Tempering

Hardness

rso

rso
4957-80

0.824.92 0.824.92

3.s-4.5 3.754.50

4.G5.3 4.75-5.50

1.7-2.2 t.75-2.05

5.7-6.7 5.75-6.7s

INDIA DEU

Is ,irr'ilro
xT87W6-
Mo5Cr4V2 5o-)-z

USA GBR FRA USSR

GOST

JPN

JIS
4,m3-68

SKH9

Arsr Bs465e-7r TH;-
M2 BM2 ,?5y3S, R6M5

tr
o

o
A
tr
o
o
(6
o
E
o

U

c
Co

Cr

Mo

v
w

0.8G0.94

3.8-4.5

4.7-5.2

1.7-2.O

6.0-6.7

0.78-O.88

3.75-4.5

4.5-5.5

1.6-2.2

5.5-6.75

0.8-0.9 0.8-0.87 0.8-0.88 0.8_0.9

< 0.6 < 1.0

3.754.5 3.54.5 3.84.4 3.8_4.5

4.75-5.5 4.Gs.3 5.0-s.5 4.5_5.5

1.75-2.05 t.7-2.2 1.2-2.t0 1.6-2.5

6.0-6.75 5.7-6.7 5.s-6.5 5.5-4.7

IIEAT TREATMENT

Stress relieving 650-700'C, soak for I hr per 20 mm thickness, followed by furnace
cooling.

Hardening ll90-1230"C, soaking time depends on the cross-section of the tools,
followed by quenching in hot oil or hot bath (500-600"C). When
cooled to hand warm 60-80oC, ternper immediately. Where high
speed steel is used for cold working, wear resistance and toughness
are important properties and hot hardness is of less significance.
Hardening may be done from I 170-l 180"C. Figure 22.35 (a) illustrates
the isothermal TTT curve.

540-570"C. To obtain best results the tool should be tempered 2

times with thorough cooling to room temperature between tempering.
Soaking time is 2 hr Figure 22.35 (b) illustrates the tempering curve.
64-66 HRC.

e*E
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I s50-620'c lr90-1230'c 840-870'c 40o-600'c
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Data Shee t 22.4-HS G5-3 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

Compare to M2 high speed steel, the presence of carbon and vanadium is more. This
enhances the effect of precipitation hardening in tempering, resulting in higher secondary
hardness and higher thermal stability. It possesses a higher hardness compared to M2 steel
but toughness will be correspondingly lower. Mainly recommended for heavy duty cutters
and reamers as well as for cutting and scraping wheels. Table 22.15 gives the chemical
composition of International Standard Steels.

Table 22.15

Country ISO

Standard norm ,Jir9ao

Designation HSG5-3

DEU USA

rz?slilso Arsr

56-5-3 M3(Class 2)

USSR JPN

Gosr *dllu,

6r3#3Y R6MsF3 sKH53

INDIA

IS

FRA

NFA35_
s90-78

1.2

4.0

5.0

3.0

6.0

C

Co

Cr

Mo

V

w

o

oa
E

o

a

o
()

r.r5-1.30

3.5-4.5

4.6-5.3

2.7-3.2

5.7-6.7

1.17-1.27

3.8-4.5

4.7-s.2

2.7-3.2

6.0-6.7

1.15-1.25

< 1.0

3.54.5

4.6-5.3

2.7-3.2

5.7-6.7

0.9-1.05 I.10-1.25

3.8+.3 3.8-4.5

5.5-6.5 4.G6.2

2.2-2.7 2.8-3.3

s.7-6.7 5.fr.7

HEAT TREATMENT

Stress relieving

Hardening

Tempering

Hardness

650-700"C, holding time I hr per 20 mm of cross-section. Cool slowly
in the furnace up to 500"C, thereafter in air.
Heat slowly to 1200 to 1240"C. Adopting lower range of hardening
temperature results in greater toughness-whereas higher range
results in higher hardness and higher hot hardness results in higher
wear resistance. Holding time depends on the section thickness,
(Fig.22.ll (a), (b); subsequently quenched in (preferably) salt bath
maintained at 550-630"C; thereafter cool in air. Temper immediately
when cooled to hand warm (60-80"C).

Temper at 540-570'C for at least 2 hr. Temper 3 times to obtain best
results with thorough cooling to room temperature between
tempering.

64-66 HRC.
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Data Sheet 22.5-HS 6-5-2-5 (ISO)

PROPERTIES AND APPLICATIONS

Molybdenum-tungsten base cobalt high speed steel of high cutting power, high resistance

to tempering and good toughness. This can be used as a substitute for S18-l-2-5 steel.

Its wear resistance is Iower compared to Sl2-1-4-5 but the mechanical properties of thirs

steelare 20to 30Yo higher.

Used for turning, planing and slotted tools for roughing work at high cutting speeds

and coarse feed also for high duty twist drills and taps, moulding knives, etc. Especially well

suited for heavy duty milling cutters and profile tools of any shape, and for twist drills

that must meet highest requirements. Table 22.16 gives the chemical composition of Inter-

national Standard steels.

"Iable 22.16

Country ISO INDIA

Standard norm +fz9so Is

Designation Hs6-5-2-5 1l33y.i$;-

DEU USA GBR

rz?s[\o AIsI Bs

s6-5-2-5 M35

FRA USSR JPN

cosr ooSllo,

.ffi:Y?-53[, R6M5Ks sKH55

NFA35-
590-78

0.8

8.0

4.0

5.0

2.0

6.0

tr
o

oo
E
oo
(n
o

o

Q

c
Co

Cr

Mo

v
w

0.85-0.95

4.7-5.2

3.5*4.5

4.6-5.3

1.7-2.2

5.7-6.7

0.85-0.95

4.75-5.25

3.75-4.50

4.75-5.50

1.7-2.2

5.75-6.75

0.88-0.96

4.5-5.0

3.8-4.s

4.7-5.2

t.7-2.0

6.0-6.7

0.8-o.87

4.5-5.2

3.5-4.5

4.6-5.3

1.7-2.2

5.7-6.7

0.82-0.90 0.8-o.9

4.8-5.3 4.5-5.5

3.8-4.3 3.8-4.5

4.8-5.3 4.V6.2

1.7-2.2 t.7-2.3

6.0-7.0 s.5-6.7

HEAT TREATMENT

Stress relieving

Hardening

Tempering

Hardness

650-700"C, Soaking time 1 hr per 20 mm thickness followed by cool-

ing in furnace.

1190-1230"C holding time depends on the tool section thickness (Fig.

22.11 (a) (b)). Subsequently cool in hot oil or warm bath 550-630"C.

When the steel cools to 60 -80'C temper immediately' Figure 22.36 (a)

illustrates the isothermal TTT curve.

550-570'C. To obtain best results, the tools should be tempered three

times with thorough cooling between each operation. Holding time

is 2 hours. Figure 22.36 (b) illustrates the tempering curve.

63-64 HRC.
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Table 22.17

Country ISO

Standard norm +#fso

Designation H57-'1-2-5

INDIA DEU

Is rz?sHso

s7-4-2-5

1.05-1.15

4.8-s.2

3.E-4.5

3.6-4.0

1.7-1.9

6.6-7.1

USA GBR

M4l

USSR JPN

1.10

5.0

4.1

3.8

1.8

6.8

Arsr "l:l|t l|fitt cosr JIs

frt-'rt$tP*lt roPT M4K5

FRA

1.05-1.15

4.7-5.2

3.5-4.5

3.54.2

1.7-2.2

6.4-:l .4

tr
.9

o
o.
E
oo
6
o

Eo

U

c
Co

Cr

Mo

v
w

1.05-l.20

4.7-5.2

3.5-4.5

3.54.2

1.7-2.2

6.4-7.4

l.l

5.0

4.25

3.75

2.0

6.75

Data Sheet 22.6-HS 7-4-2-5 (ISO)

PROPERTIES AND APPLICATIONS

This is a high carbon and cobalt alloyed steel of the modern carbide tool type, and imparts

super-high speed properties. It possesses a greater hardness of 6G68 HRC. Along with
other high speed cobalt grades, it ranks highest in resistance to softening at elevated

temperature.

Mainly used for chip-forming tools, principally multi-edge tools such as milling cutters

and similar types of tools. Table 22.17 gives the chemical composition of International

Standard steels.

HEAT TREATMENT

Stress relieving

Hardening

Tempering

Hardness

650-700"C, soak for I hr per 20 mm thickness, followed by furnace

cooling.

1190-1230"C, soaking time depends on the cross-section of the tools,

(Fig. 22.11 (a), (b)) followed by quenching in hot oil or hot bath (500-
630'C). When cooled to hand warm 60-80"C, temper immediately.

Figure 22.37 (a) illustrates the isothermal TTT curves.

560-580"C. To obtain best results, the tools should be tempered
three times with thorough cooling between each tempering soaking
time l}-2 hours. Figure 22.37 (b) illustrates the tempering curve.
65-67 HRC.
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PROCESSING SEQUENCE
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Fig.22.37(a) Isothermal TTT curve of (ISO) HS 7-4-2-5 steel (Courtesy:
. Sarstahl Export GmbH, W. Germany)
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Table 22.18

Country ISO

. ISO
stanoaro norm 

4957_gO

Designation HS2-9-l-8

INDIA DEU USA

rs rzfll\o AISr

tt'3}ffi,'|- s2-ro-r-8 M42

Bs465e-zr Trt;J Jrs

BM42 .,r1t%is\ _x,

GBR FRA USSR JPN

C

Co

Cr

Mo

v
w

H
o

oa
tr
oo

o

o

o

1.05-1.20 1.05-1.1s

7.5-8.s 7.75-8.75

3.s-4.5 3.s4.s

9.0-10.0 9.0-10.0

0.9-1.4 0.9s-1.35

1.3-1.9 1.15-1.8s

1.05-1.12

7.5-8.5

3.6-4.4

9.0-10.0

1.0-I.3

1.2-l .8

1.10

8.0

3.75

9.5

l.l5

1.5

1.00-1.r0 1.05-1.15

7.5-8.5 7.5-8.5

3.5-4.25 3.5-4.5

9.0-10.0 9.0-10.0

1.0-1.3 1.0-1.3

1.0-2.0 1.3-1.9

Data Sheet 22"7-HS 2*9-1-8 (ISO)

PROPERTIES AND APPLICATIONS

A special purpose high speed steel combining the excellent wear resistance properties
compared to conventional Mo-W-V high speed steels with enhanced red hardness induced

by the high cobalt content. Its wear resistance is higher than 56-5-2-5 and Sl2-l-4-5
with a better toughness.

Recommended for machining of materials of high tensile strength, manganese steels,

heat resistant steels, work hardening alloys, etc.

Suitable for lathes, planer and shaping tools, milling cutters, tool bits, drills, reamers,

broaches and inserted blades for cutters, etc. Table 22.18 gives the chemical composition
of International Standard steels.

I{EAT TREATMENT

Stress relieving

Hardening

Tempering

Hardness

650-700"C; soaking time I hr per 20 mm thickness, followed by
furnace cooling.

1170-1200"C; soaking time depends on the section thickness (Fig.
22.11 (a) (b)); subsequently cool in hot oil or warm bath,550-630"C;
when the steel has reached the temperature 60-80.C temper imme-
diately. Figure 22.38 (a) illustrates the isothermal TTT curve.
530-560'C. Temper three times to obtain best results with thorough
cooling between each operation. Holding time is 2 hr. Figure 22.39 (b,)

illustrates the tempering curve.

64-68 HRC.
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Table 22.19

Country ISO

Standard norm a#z9so

Designation HS10-4-3-10

INDIA DEU

DINrr r735o-8o

XTl25WCo- Sl0-4-
lOCrMo4V3 3-10

USA GBR FRA USSR JPN

Arsr Bs465e-7r i'fl?t" *cosr 
oolof_u,

Br42 ,fli3}ffiP[, '-""1?3 sKH57

c
o

o
o.
E
oo

o

o
t)

C

Co

Cr

Mo

w

1.20-1.35

9.5-10.5

3.5-4.5

3.2-3.9

3.0-3.3

9.0-10.1

1.2-1.3

8.8-10.7

3.75-4.50

3.0-4.0

2.8-3.s

8.8-10.7

1..2-t.35

9.5-1.05

3.8-4.5

3.2-3.9

3.00-3.50

9.00-10.0

1.25-1,.4

9.0-10.0

3.754.s

2.75-3.5

2.75-3.25

8.5-9.5

r.15-1.3

9.0-ll 0

3.8-4.5

3.0-4.0

3.00-3.70

9.0-11.0

I .2-t.35 1 .17-1.27

9.5-10.5 9.5-10.5

3.5-4.5 3.75-4.25

3.2-3.9 3.7-4.7

3.0-3.5 3.2s*3.75

9.0-10.0 10.0-11.0

'Stahlshussel

Data Sheet 22.8-HS 10-4-3-10 (ISO)

PROPERTIES AND APPLICATIONS

High grade tungsten-molybdenum high speed steel with highly alloyed cobalt and
vanadium. This steel possesses highest values of hardness upto about 70 HRC and thermal
stability (630-650'C). The increase in hardness is due to an increased concentration of'
carbon in the martensite, apart from higher thermal stability. The presence of cobalt im-
proves the heat conductivity and highest effect in increasing the tools durability. Compared

to all other high speed steels e.g. 52-10-1-8, Sl8-l-2-10, its wear resistance and thermal
stability is more.

This steel may be used for highly stressed tools for machining of materials possessing

a high tensile strength. In particular austenitic steels at high cutting speeds, as well as

turning tools and forming tools for roughing and finishing work in automatic machines

and turret lathes, gear cutting tools, planing tools, thread cutting tools, etc. This steel

has shown excellent results and longest life if used in automatic machines and in mass
production. Table 22.19 gives the chemical composition of International Standard steels.

HEAT TREATMENT

Stress relieving

Hardening

650-700'C, soak for 1-2 h per 20 mm thickness, followed by furnace
cooling.

1200-1240'C. Soak time depends on the cross section of the tool
(Fig. 22.11(a) (b)). Subsequently it is cooled in hor oil or hot bath
(550-630"C). When the tool cools to 60-80"C, temper immediately-
When thissteel is used for cold working, wearresistance andtoughness.

are important properties and hot hardness is of less significance,
hardening may be done from I170-1180'C. Figure 22.39a illustrates,
the isothermal TTT curve and Fig. 22.39(c) the hardened structure.



Tempering

Hardness
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550-570"c. Temper 3 times to obtain best result with thorough cool-
ing to room temperature between tempering. Holding time is 2 hour.
Figure 22.39(b) illustratesthe tempering curve, Fig.22.39 (d) the
structure after the first tempering, Fig. 22.3g (e) the structure after the
second tempering, and Fig. 22.39 (t) after the third tempering.
65-68 HRC.
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Fig.22.39(c) Microstructure of (ISO) HS l0 4-3-10 high-speed steel austenitized at 1230"C.

It consists of spheroidal angular alloy carbides in a matrix of untempered
martensite (Courtesy: Speed Steel, Sweden)

Fig. 22.39(d) Same steel tempered at 550'C for I h. Structure consists of long and small
alloy carbide particles (rvhite) in a matrix of tempered martensite. Small
amountofretained austenite still evident (Courtesy: Speed Steel, Sweden)
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Fig.22.39(e) Same steel tempered again at 550"C for I h. The structure consists of large
and small alloy carbide particles in a matrix of tempered martensite. Very
small amount of retained austenite still evident (Courtesy: Speed Steel,
Sweden)

Fig. 22.39(Q Same steel tempered agaio at 550pC for I h. The structure consists of large
and small alloy carbide particles in a matrix of tempercd marteosite
(Courtesy: Speed Steel, Sweden)
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Table 29.20

Country

Standard norm +#fso

Designation HS18-1-l-5

INDIA DEU

DINrJ lz35o-80

XT75Wl8Co- Sl8-
5Cr4MoVl 1-2-5

0.75-0.83

4.5-5.0

3.8-4,5

0.5-0.8

t.t4-1.t7

17.5-18.5

USA CBR FRA

Arsr Bs465e-7' t!m?;-

14 Br4 ,?:3m%u,

USSR JPN

.Gosr 
a+loliar

<!l!fj,[f) sru:

ISO

oo
E
o(J

a
F
(,

O

C

Co

Cr

Mo

w

0.75-0.85 0.7-0.8

4.7-5.2 4.5-5.5

3.5-4.5 3.754.50

0.7-1.0 0.G1.0

l.l-1.6 1.0-1.2s

17.2-18.7 17.5-19.0

0.7-0.8

4.25-s.7s

3.754.5

0.7-1.0

0.8-1.2

17.25-18.75

0.7-0.8

4.5-5.5

3.754.5

1.0

t.o-1.2s

17.5-18.5

0.77-0.85

4.5-5.2

3.5-4.5

0.7-1.0

l.l-1.6

17.2-18.7

0.85-o.95

5.0-6.0

3.8-4.4

1.0

t.8-2.4

17.0-18.5

0.7-o.85

4.5-5.5

3.8-4.5

0.8-1.2

17.0-19.o

*Stahlshussel

Data Sheet 22.9-HS 18-1-1-5 (ISO)

PROPERTIES AND APPLICATIONS

Cobalt alloyed high speed steel with great ability to withstand over stressing, with high
red hardness and satisfactory toughness. It is far more efficient than high speed steels which

are free from cobalt. Safe to be heat treated. This steel may be used for heavy roughing

work, for dry cutting when heavy cuts are required as well as for intermittent cuts. Preferred

for the machining of hard and austenitic steels and grey iron castings. This steel is recom-

mended for the manufacture of turning, slotting and planing tools, tool-bits for automatic

lathes, milling cutters and drills, gear planing tools, threading dies, screwing dies. Various

machining tools for machining hard cast steel, grey cast iron etc. Can also make use of
this steel. Table 22.20 gives the chemical composition of International Standard steels.

HEAT TREATMENT

Stress relieving

Hardening

Tempering

Hardness

650-700"C, soak for I h per 20 mm thickness at the recommended
temperature and cool slowly in the furnace.

1250-1300"C, soaking time depends on the cross-section of the tools,
(Fig.22.ll(a) (b)), followed by quenching in hot oil or molten salt

(550-620'C). \$y'hen the tool attains 60-80'C, temper immediately.
Milling cutters, twist drills and tools with fine cutting edge should

be hardened 1250-1280oC. Figure 22.40 (a) illustrates the isothermal
TTT curves.

560-580'C, to obtain best results, tools should be tempered three
times with thorough cooling between each tempering soaking time
1$-2 hours. Figure 22.40 (b) illustrates the tempering curves.
64-66 HRC.
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Table 22.21

Country ISO INDIA DEU USA GBR

1ffi3s alsl Bs465e-71

USSR JPN

cosr 4jJf_68

SKH4A

FRA

NFA35_
590-78Standard norm +#fso Is

Designation HS18-o-r-10 fltXV?flr";i sl8-l-2-10 15 BT5

tr
o

o
o.
E
oo
ac
o

Eo

O

C

Co

Cr

Mo

v
w

0.75-0.8s

9.5-r0.5

3.5-4.5

I .3-1 .8

17.2-18.7

0.75-0.85

I I .0-12.5

4.04.7s

0.4-1.0

1.25-1.7s

19.5-21.0

0.72-0.80

9.0-10.0

3.8+.5

0.5-0.8

1.4-1.7

17.5-1 8.5

0.75-0.85

7.0-9.0

3.75-4.50

0.70-1.00

1.8-2.4

17.5-19.0

0.75-O.85

9.0- 10.0

3.75-4.50

< 1.0

1.75-2.45

1 8.5-19.5

0.7-0.85

9.0-11.0

3.8-4.5

0.8-1.2

17.0-19.0

Data Sheet 22.10-H.S 18-0-1-10 (ISO)

PROPERTIES AND APPLICATIONS

High alloy cobalt high speed steel with highest cutting power and excellent toughness. This
steel can be used for heaviest roughing work and with high cutting speeds. Mainly it can
be used for machining hard materials, austenitic steels as well as grey iron castings.

Suitable for the manufacture of tuning and planing tools subjected to extreme machin-
ing conditions. Table 22.21 gives the chemical composition of International Standard
steels.

HEAT TREATMENT

Stress relieving Heat to 650-670"C, holding time I h per 20 mm of cross-section.

Followed by furnace cooling upto 500"C. Thereafter in air.
Hardening Heat slowly to 1260-1300oC, holding time depends on the cross-sec-

tion of the tool (Fig.22.ll(a) (b)). Tools hardened from lower range of
hardening temperature wjll have greater toughness compared to those
hardened from upper range of hardening temperature. Hardened
from upper range will possess higher hardness and hot strength.
Figure 22.41 (a) illustrates the isothermal TTT curve.
Heat slowly to 560-580'c. Minimum holding time 2 hours. Temper
3 times for best results with thorough cooling to room temperature
between tempering. Figure 22.4r (b) illustrates the temperinj"rrur.
64-66 HRC.

Tempering

Hardness
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Table 22.22

Country ISO INDIA DEU USA GBR FRA USSR JPN

'!ft;;- cosr rrs

Pl264Ks

1.25-t.N

5-6

3.5-4.00

3.2-3.8

12.5-14.00

Standard norm +slf7gm Is

Designation HSl2-l-5-5

rz?sf\o Arsr Bs465e-7r

sl2-l-4-5 T15 BTIS

c
o

oo
E
oo
(B
o

Eo

o

c
Co

Cr

Mo

v
w

r.45-1.60

4.7-s.2

3.54.5

0.7-1.0

4.',t5-5.55

I 1.5-l 3.5

1.30-1.45

4.5-5.5

3.8-4.5

0.7-1.0

3.5-4.0

l 1.5-12.5

1.50 1.40-1.60

5.00 4.5-5.5

4.00 4.25-5.00

< 1.00

5.00 4.7s-5.25

12.00 12.00-13.00

Data Sheet 22.11-HS 12-1-5-5 (ISO)

PROPERTTES AND APPLICATIONS

Vanadium-cobalt base steel. This steel is used for applications requiring highest wear

resistance and high red hardness. The steel has a greater wear resistance as compared with

other steels of the group (which contain less vanadium). The durability of this steel is

3.5-4.0 times higher than that of steels, Sl8-0-1, 56-5-2 (DIN). Due to the presence of
higher vanadium carbides (MC) hardness of this steel is more compared to 56-5-2-5,

S2-10-l-8. It is intended for finishing work when a long tool life isrequired andfor
heavy rough turning. This steel can also be used for hard cutting as well as fine cutting
purposes.

This steel is used for turning tools for precision cutting automatic lathes, tool bits,

heat resistant and stainless steels with moderate dynamic loads, etc. Table 22.22 gives the

chemical composition of International Standard steels.

HEAT TREATMENT

Stress relieving

Hardening

Tempering

Obtainable hardness

650-700"C, soak for I h per 20 mrn thickness, followed by furnace
cooling.
1210-1250"C, soaking time depends on tlre cross-section of the tools
subsequently quenched in hot oil or hot bath (550-630"C). After the
tool cooled to 60-80'C temper immediately. Figure 22.a2 @) illustrates
isothermal TTT curve.

550-560'C, for best results temper the tool three times with thorough
cooling to room temperature between tempering, soaking time l-|- to
2 hour. Figure 22.42 (b) illustrates the tempering curve.
65-67 HRC.
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Stainless Steels

Stainless steels is the range of alloy steels that resists corrosion (rust). These steels contain

more than l2l chromium, with or without alloying elements. As the name suggests,

stainless steels are more resistant to rusting than carbon and low alloy steels. This

superior corrosion resistance is attributed to the effect of chromium as an alloying element

in iron, which results in the formation of a thin oxide film (Cr2O3) on the surface of the

steel. It also increases the resistance to oxidation at elevated temperature, generally in

proportion to the amount used in the alloy. They show remarkable strength and ductility.

Generally one or more of the following elements are added to the steels, molybdenum,

nickel, titanium, columbium, aluminium, phosphorous, sulphur and selenium. Such ele-

ments modify stainless steel so it can be used for a specific purpose. According to the

chemical composition and response to heat treatment these steels may be grouped as

follows: l. Martensitic stainless steel.2. Ferritic stainless steel.3. Austenitic stainless steel.

23.1 Martensitic Stainless Steels

The chief characteristics of martensitic stainless steels is that they are hardenable. They

develop a high hardness and strength, but are not generally suitable for welding. Their

corrosion is lowest when compared to other stainless steels.

The hardness obtained depends on the carbon content. It uray vary between 0.1)d to a

maximum of 0.8/rcarbon.Anincreaseinthecarboncontentinthesteelresultsinalower-
ing of corrosion resistance. This is due to the formation of carbides associated with the

depletion of chromium from solid solution.

Where formability softness etc. are required in fabrication and the part is not highly
stressed in service, steels having O.l2% maximum carbon is often used. Further increases

in carbon content, together with hardening and tempering results in a tensile strength in
the range of 60-90 kgf/mm2 combined with reasonable toughness and ductility. In this
condition, steels find many useful general applications where mild corrosion resistance is
required. Also, with higher carbon range in the hardened and lightly tempered condition,
tensile strength of about 160 kgf/mm2 may be obtained with lower ductility.

When superior machining or free cutting properties are required, steels containing
high sulphur in conjunction with zirconium or molybdenum are availed of. These steels

may be hardened and tempered. T.welve to fourteen per cent chromium steels may be used

where corrosion conditions are not too severe, for example in hydraulic, steam and oil
pumps, valves and other engineering components.
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These steels are not suitable for welding because of their air hardening tendency and
for shafts and parts working in contact with non-ferrous metals (brass, bronze or gunmetal
bearing) and with graphite packings. Tempering these steels in the temperature range of
400-500"C is not advisable since they suffer loss of impact strength and there is a maiked
reduction in general corrosion resistance.

23.2 Ferritic Stainless Steels

These steels contain 17-20% chromium and are somewhat more corrosion resistant than
the martensitic steels. Generally these steels are not available for hardening by heat
treatment. However in the softened condition they possess good corrosion resistance and
good ductility. They are mainly used as cold rolled sheet and strip for subsequent press or
roll forming. They may be cold or hot worked and are ferromagnetic. They can be welded,
but in some of them, the weld zone becomes brittle. These steels have lower strength
at elevated temperatures than martensitic steels. However resistance to scaling and corro-
sion at elevated temperatures are usually better.

The ferritic stainless steels are not suitable for operations at subzero temperatures since
they are susceptible to brittle failure under such conditions.

23.3 Austenite Stainless Steels

As their name implies, these steels have an austenitic microstructure (F.C.C.) at room
temperature and cannot be hardened to any great extent by heat treatment, although they
can be appreciably strengthened by cold-work. They can be softened by rapid cooling from
about 1000'C. They are wholly or largely non-magnetic and in addition to possessing

outstanding properties of resistance to corrosion and scaling have good mechanical pro-
perties at elevated temperatures. They also possess good weldability especially low carbon
variants.

There are many variations in chemical composition but the general purpose steel

contains about 18ft chromium and 8fi nickel with a carbon content as low as possible.

Such steel may be readily cold worked so that the hardness and tensile strength are
markedly increased.

Owing to the high ductility the steel lends itself readily to manipulation and fabrication,
and is extensively used for the production of pressings.

These steels are readily weldable, and they develop a corrosive attack in an area
adjacent to the weld, although the weld itself and the body of the part are immune to
attack. This may be avoided by heating to about ll00"C followed by rapid cooling. If
this method is not possible, steels of stabilized type with niobium titanium may be used.

All the chromium nickel steels exhibit excellent resistance to oxidation in oxidising
'atmospheres up to 800'C. In addition the steels retain greater strength at higher tempera-
tures than martensitic and ferritic steels. For applications involving thermal cycling to
temperatures above 450oC, together with corrosive conditions, the stabilized or very low
carbon steel should be used.

When maximum ductility to "weld decay" is associated with the carbon content it is
necessary to use low carbon steels for such purposes. When maximum ductility is important
tbr deep drawing or cold spinning, or when maximum corrosion resistance after welding
is required, low carbon is desirable. When high tensile strength after cold drawing is

required, higher range of carbon is necessary.
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Stainless Steels 691

23.4 Application

The different types of stainless steels mainly used are given in Table 23.1. Different types
-of applications, ntechanical properties and chemical compositions are given in Data Sheets23.1to 23.3.

Data Sheet 23.1-Type-l (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a ferritic grade stainless steel. It is resistant to the corrosive action of the atmos-
phere, fresh water and steam, milder acids and alkalis.It is resistant to s"ating rpiJso"c
in continuous service. Mainly used for gas turbine blades, furnace parts, valve parts, steam
turbine blades and parts, etc' Table 23.2 gives the chemical composition and mechanical
properties of International Standard steels.

HEAT TREATMENT

Annealing 750-g00"C; followed by air or furnace cooling
Annealed hardness HB Zl92

Table 23.2

Standard

Designation

Iso$
R683/XIII-74 1570-72

Type 1

,rfl[\, arsr

X7Crl3

NFA GOST JIS
574-81 5632-:72 c4303_81

z6ct3 08ch13 sUS 403

BS
97011-83

403S17

o

oo

o

o

o

<c%
<si%
I Mnl
<P%
<s%
cr "t(

Mo%

Ni%

Others

0.08

1.0

1.0

0.04

0.03

1 1.5-14.0

0.50

0.08

0.80

1.0

0.040

0.030

t2-14

0.50

0.08 0.08

1.0 0.80

r.0 1.80

0.040 0.030

0.03 0.025

lt.s-13.5 t2_14

0.15

0.50

1.0

0.040

0.030

I 1.50-13.0

0.08

1.0

t.0

0.045

0.030

t2-14

0.60

o

oq
o
o
do

oo
z

Dimensions

0.21 proof stress
N/mm2 min

Tensile strensth
N/mm,

Elongationl( min

Reduction of
area to min

5-25

2l,0

440-640

20

<2s

250

450-650

20

<2s

245 22s

42O min 420-620

<75

392

588 min

2520
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Data Sheet 23.2-TYPe-2 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a non-hardening steel with 12% chromium. It can be welded easily. It provides

good corrosion resistance up to about 650"C and is resistant to the corrosive action of

ihe atmosphere, mild acids, fresh waters and various alkalis. It can be easily formed, bent,

spun, roll fbrm, etc. and is mainly used for vessel linings, quenching rocks, annealing

Uo*.r, steam turbine parts, etc. Table 23.3 gives the chemical composition and mechanical

properties of International Standard steels'

HEAT TREATMENT

I 095-t 205'C (Commence)

760'C (Finish)

750-800'C (Air or water cooled)

r87 (BHN)

Table 23.3

Forging temPerature

Annealing
Annealed hardness

Standard

Designation

ISO IS DIN
R683/XIII-74 157lU-^72 17400-85

Type 2 04Cr13 X6CrAll3

Arsr szfifi_zz slalfr cosr

405 z36CAl3

JIS
c4303-81

sus 405

c
o

oo
F
oo

o
Eo

o

c%

si%

Mn%

<P%
<s%
cr o/o

Mo%

Ni%

Others Al

0.08

1.0

1.0

0.040

0.030

11.5-14.0

< 0.50

0.1-0.3

0.08

1.0

1.0

0.04

0.030

11.5-14.0

0.1-0.3

0.1-0.3

< 0.08

< 1,0

1.0

0.045

0.030

t2-14

0.r-0.3

< 0.08

1.0

1.0

0.04

0.03

I 1.5-14.5

o.r-o.l

0.08

1.0

1.0

0.04

0.03

ll.5-13.5 -

*., -

< 0.08

1.0

1.0

0.04

0.03

ll.5-14.5

or+.1

o

q)
o.
o
ko
do

oo
A

Dimensions

0.2% proof stress
N/mm'zmin

Tensile strength
N/mm'z

Elongation o/o min

Reduction of area
o/o min

5-25

250

5-25

250

<2s

250

<25

225

<75

177

412 min

20

410-610 440-64A 400-600 207 HB 420-620

20 20 20 20
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Data Sheet 23.3-Type-8 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a ferritic grade stainless steel. It possesses excellent corrosion and heat resistance.

It has a higher resistance to corrosion than the l3/o chromium steels and is resistant to

stronger oxidizing acids, caustic solutions, gasoline, banging and soap solutions.

It is primarily used in the form of precision-ground, polished-strip or sheetsforcutlery,

table-ware and household ware.

It is also used for door handles, window catches, bumpers and sub-caps, as well as in

certain chemical industries, especially nitric acid, acetic acid, etc. Table 23.4 gives the chemi-

cal composition and mechanical properties of International Standard steels.

HEAT TREATMENT

750-850'C, follorved by air or water cooling
130-170 BHN

Table 23.4

Annealing
Annealed

Standard
ISO IS DIN A rAr BS NFA GOST JIS

R6837XIII-74 l57O-72 17440-8s 
n'o' 9701+70 31374-81 5632-72 G4303-81

Type 8 05Cr17 X8Cr17 430 430515 z8ct7 l2cht7 sus430

tr
o

o
o.

o
cd
o
E
o

o

l6

c)

!o
a.

A

o
d
6

oo
z

<c%
<si%
(Mn%

<P%
< S9/"

cr "/o

Mo%

Ni%

Others

0.10

1.0

1.0

0.04

0.03

16-1 8

0.5

0.10 max.

1.0 max.

1.0 max.

0.045 max.

0.03

1Gl8

0.50

0.10

0.8

1.0

0.04

0.03

16-18

0.5

0.10 0.12

1.0 1.0

1.0 1.0

0.045 0.04

0.03 0.03

15.5{7.5 r6-18

0.08 0.12 0.12

1.0 0.8 0.75

1.0 0.8 1.0

0.04 0.035 0.04

0.03 0.03 0.03

rG18 16-18 1Gl8

Dimensions 5-25

0.2/o proofstress ?<o
N/mm'. mln

Tensile strength 41p.-640
N/mm'z

Elongation o/o min l8

Reduction of
area /o min

s-25

250

440-640

<25

270 2i7

< 63 <2s

245 Z4s

450-600 415 min 430 min 44A-ffi

20 ?n 20 18
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Data Sheet 23.4-Type-8a (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This stainless steel may be used to resist corrosion from the atmosphere, fresh water, dairy
products, petroleum products, organic materials and nitric acid. The scale-forming tempe-
rature in continuous service is about 820'C, and for intermittent service up to 860'C.

This steel may be used for the manufacture of studs, nuts, bolts and for the production
of parts in automatic screw machines, spindles, gear wheels, etc. Table 23.5 gives the chemi-
cal composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Forging temp

Annealing temp

Hardening
Hardness

Tempering

BHN

Standard

Designation

1070-t I 50"C (Commence)

820'C (Finish)

725-825"C (Air or water cooled)
1025-1050"C (Oil quenching)

100 kp/mm2

550-600 (Cooling in air)
190-235

Table 23.5

ISO
R683/XrrI-74

Type 8a

IS ,,?0H,, AISI

Xl2CrMoSlT 430F

NFA GOST
BS

97Olt-72
JIS

G4303-8r

sus430F

oo
V)

o

oo
E
oo

o
tr
o

Q

o
koo
o
o
(g
o

d
oo
4

c%
si%

Mt o/o

<P%
<s%
cr o/o

Mo o/o

Ni%

Others

Dimensions

0.2/o proof stress
N/mm2 min

Tensile strength
N/mm'z

Elongationo/o min

Reduction of
area 0/6 min

o.l2

1.0

1.5

0.06

0.I5-0.35

I6.0-18.0

< 0.6

< 0.5

5-25

250

440-640

t5

0.1-0.17

1.0

1.5

0.045

0.15-0.35

15.5-17.50

0.2-0.3

< 100

450

640-840

1l

285 HB

t-

o.t2

1.0

1.25

0.06

0.15

t4-18

0.6

< 0.12

1.0

1.2

0.06

0.I5

16-18

<75

206

< 451

.),
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Data Sheet 23.5-Type-8b (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a ferritic stainless chromium steel with enhanced resistance to oxidising acids and
to intercrystalline corrosion. It may be used for welded parts in the dairy, food and
brewery industries, as well as for the manufacture and processing of products of acetic acid,
nitric acid and the soap industries. This steel has been developed as a welding steel and
heat treatment is not required to prevent intergranular corrosion. Table 23.6 gives the
chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Forging temp

Annealing temp

Annealed HB

Table 23.6

1050-750"c

750-850.C

192

I
o

oq

o
Q

.g
o

o

U

Standard

Designation

c%
si%

MnY"

< P%

<s%
ct o/"

MoY"

Ni%

Others

ISO
683/XIII-74 rr

Type 8b

< 0.r

1.0

1.0

0.04

0.03

rGlS

< 0.s

Ti ) Sxo/sC

<0.8

rfij}ss Arsr

X6CrTilT

NFA 5?g% Irs

08chl7T

< 0.08

t.0

1.0

0.040

0.03

l6-lS

Ti7.. 5x"/"C
< 0.8

< 0.08

1.0

1.0

0.045

0.03

tGt8

Ti)1x%C
<1.2

o

{)o

do
c(!
g
oo
z

Dimensions

0.2o/o proof stress
N/mm2 min

Tensile strength
N/mm'1

Elongation
o/o min

Reduction of
area o/o min

5-25

250

44o-.6&

l8

<2s

270

45M00

20

BS
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Data Sheet 23.6-Type-9c (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a non-hardening stainless steel containing molybdenum along with chromium. The

presence ofmolybdenum increases the corrosion resistance, and the resistance to pitting by

various dyeing chemicals. Mainly used for cold headed fasteners, television cones, nitric

acid storage tanks, etc. Table 23.7 gives the chemical composition and mechanical proper-

ties of International Standard steels.

HEAT TREATMENT

oo
u)

Forging temp

Annealing temp

Annealed HB

Standard

Designation

c%

si%

Mn'/,

<P%
<s%
cr%

Mo%'

Ni%

Others

1040-820"c

750-850'C

20r

rso
R683/Xrrr-74

Type 9c

0.10

1.0

1.0

0.040

0.030

1Gl8

0.9-1.3

Table 23.7

- <0.12

1.0

1.0

- 0.04

- 0.03

- 16-18

- 0.75-1.25

rs DrN Arsr gtftf_tz :sil#sr
434 Z8Ct7

tr
o

oat
oo
do
lio

U

< 0.08

1.0

1.0

0.04

0.03

1Gt8

0.9-1.3

a
C)

oo
o
o
(B
o
c
.B

o
o
z

Dimensions

0.2f proof stress
N/mm'zmin

Tensile strength
N1mm2

Elongation
\min
Reduction of
arca of mirr

5-25

250

440-@0

18

50

- 517 min

-25

<25

245

440-640
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Data Sheet 23.74ype-3 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a martensitic type stainless steel. It can be heat treated for the desired mechanical
properties. It possesses a good corrosion resistance, both in the annealed and hardened
conditions and does not form scales up to 650'C. It will take on a high polish. Table 23.8
gives the chemical composition and mechanical properties of International Standard steels.

This steel is used mainly for gas turbine blades, jet engine parts, valve parts, furnace
parts, etc.

HOT WORKING AND HEAT TREATMENT

Forging 700-780'C (Air cool)

Annealing 770-870"C (Furnace cool)

Annealed hardness up to 180 HB
Hardening

Tempering

Annealed HB

950-1000"C (Oil or air cool)

700-750"c

212

Table 23.8

()
c)

a

Standard

Designation

c%
si%
Mn o/o

<P%

<s%
ct Yo

Mo"l

Ni "/6

Others

Dimensions

0.2/o proofstress
N/mm, min

Tensile strength
N/mm2

Elongation
7o mirr

Reduction of
area o/o min

0.09-0.15

l0

10

0.04

0.03

1l.s-I4.0

1.0

0.09-o.15

I max.

I max.

0.04

0.03

11.5-14.0

1.0 max.

0.08-0.12

1.0

1.0

0.045

0.03

t2-14

0.15

1.0

1.0

0.04

0.03

1l.5-13.5

0.08-o.15

I.0

1.0

0.04

0.030

I 1.5-13.5

0.08-0.15

1.0

1.0

0.04

0.03

I 1.5-1.35

ISO IS DIN
583/XIII-74 t57o-82 1744V85 ArDr

Type 3 l2Crl3 Xl0Crl3 410

BS NFA GOST JIS
970/l-83 3s-374-8t s632-12 G4303-El

4l0s2r zt2ct3 12ch13 sus410

o

o
o.

oo
CBo

o

U

o

oo
o
q

(6
o
E
(n

o
C)

z

15-63 s-100 60-160

4lo 4to 420

s90-780 590-780 600-800

63-152 <25

550 335 4q

690 min 540-700 630-830

0.09{.15 0.r5

0.80 1.0

0.80 1.0

0.03 0.040

o.ozs 0.030

t2-14 u.5-13.5

<7s

343

539 min

,(

0.60

16 t6 18 l5 20 16



698 Handbook of Heat Treatment of Steels

Data Sheet 23.8-Type-7 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This grade possesses good resistance to the corrosive action of the atmosphere, various
alkalis and mild acids. It is most suitable for parts of automatic screw machines, such as

screws, bolts and automobile trim, and also for shafts, valve parts, etc. Compared to Type 3,

it has greater resistance to corrosion due to the presence of molybdenum. Table 23.9 gives

the chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Forging temp 1160-820"C
Annealing temp 770-780'C
Annealed HB 223

Table 23.9

Standard

Designation

c%

si%

Mn'/"

<P%

<s%
cr 7"

Mo o/o

Ni%

Others

Dimensions

0.2f proofstress
N/mml mio

Tensile strength
N/mmr

Elongation f min

Reduction ofarea
"lmio.

$o
683lxrll-74

Type 7

0.08-o.15

1.0

1.5

0.060

0.15-0.35

12-14

0.60 max.

< 1.0

5-100

440

640-830

t2

0.09-0.15

< r.0
1.5

0.04

0. l5-0.3

r 1.5-13.5

0.60

< 1.0

0.08-o.15

< 1.0

1.5

0.06

0.15

l2-t4

0.15-0.6

< 0.s

DIN Arsr sTBoir_s: :slfAsr Gosr

41652l Zt2CFt3

JIS

tr
o

oq
E
oo
(B
o

o
.tr
(-)

o

o
A
o
Ho

o
tr
.d

o
q)

z

63

49s

700-850

l5

q)
o
th
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Data Sheet 23.9-Type-4 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS
This is a martensitic grade steel. It can be hardened to increase wear resistance andstrength' It develops the maximum corrosion resistance when hardened and polished. Itpossesses good scaling resistance up to 650"c in continuous service.

This steel is used mainly for piston rods, shafts, pump parts, varve seats and varve
cones, water plungers, connecting rods, gun barrels ura *igi"rl instruments. It is alsoused in general mechanical engineering *h.r" parts are *pIr.o to humidity of the pir,
water and steam' Table 23.10 gives the chemical composition and mechanical properties
of International Standard steels.

HEAT TREATMENT
Annealing

Annealed

Hardening
Maximum hardness
Tempering

Hardened and tempered

770-870'C, followed by furnace cooling
700-780"C (Air cooting).
229 BHN
980-1030"C (Air or oil quenching)
14RC33

(a) 650-700'C
(b) 700-750.c
(a) 240-285 BHN
(b) 195-200 BHN

Table 23.10

o
q)

(/)

Standard

Designation

ISO IS
683txrir-74 rszilaz DIN AISI eTdi-81 351!!fl7, cosr rrs

Tvpe4 20crr3 X20crl3 4zos37 zzocr3 20chl3 sus420Jl

o

oa
E

o
(B
o
F
o
(J

o

o
o
o
d
q)

c
(u

oo
e

c%

Si 9/.

Mn7"

<P%
<s%
cr%

Mo'l
Ni ?6

Others

Dimensions

0.2f proofstress
N/mm2 min.

Tensile strength
N/mm,

Elongationfomin.

Reduction of
area f min.

5-100 60-160

490 4s0

690-880 6s0-800

14 t4

- 0.20-0.28

- 0.8

- 1.0

- 0.040

- 0.030

- t2-14

- <ls2

- 560

- 770-920

l3

o.1GO.25 0.16{.25 0.174.22

1.0 1.0 l.o

1.0 r.0 I.O

0.040 0.040 0.045

0.030 0.03 0.030

12-14 t2-t4 72_t4

o.ts-o.u 0.1G0.25

1.0 0.80

I.0 0.80

0.04 0.03

0.03 0.025

t2-t4 12-t4

<25

540

730-930

t4

0.t64.2s

1.0

I.0

0.04

0.030

t2-14

'l',
<75

441

637 min

20

5-100

490

690-880

t4
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Data Sheet 23.10-TYPe-9 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a martensitic grade steel, a higher-chromium version of the nickel-bearing stainless

steel. It may be hardened to increase wear resistance and toughness. It also has good

oxidation resistance up to about 820'C in continuous service, and good corrosion resis-

tance grade.

Mainly used for shafts, pump parts, water plungers, turbine blades, ship propellers,

non-cutting surgical instruments such as forceps, clamps, beater knives in the paper industry

etc. Table 23.11 gives the chemical composition and mechanical properties of International

Standard steels.

HEAT TREATMENT

Annealing 750-800"C (Air cooling)

620-67 0' C (Air cooling)

Annealed BHN 262

Hardening 980-1030"C (Oil quenching)

Maximumhardness HRC-32
Tempering 590-610'C

o

o
oo
.d
o

o
.d
Q

Standard

Designation

c%
si%

Mn%

<P9lo

<s%
Cr'l
Mo Yo

Ni 9/,

Others

$O IS DIN
683/Xrrr-74 t57(J-.72 17440-85

Type 9 l5Cr16Ni2 X22CrNi17

0.10-0.20 0.1H.20 0.15-0.23

1.0 1.0 max. 1.0

1.0 1.0 max. 1.0

0.04 0.04 0.045

0.03 0.03 0.030

r5-r8 15-18 16-18

1.5-2.5

gzo?i-ss NFA

431529

GOST JIS
5632:72 G4303-81

14Chr7N2 SUS43l

0.lH.17 0.20

0.8 t.0

0.8 1.0

0.03 0.04

0.025 0.03

1Gt8 15-17

1.5-2.5 1.25-2.50

o.124.20

0.08

1.0

0.040

0.030

l5-l 8

2.0-3.0

Table 23.11

q)

oo
o
o
(n
o
a

o
0)

A

Dimensions 15-63

0.2f( proofstress z)^
N/mmr min. u+v

LjH*:strensth 83G-ro3o

Elongationo/omin. 16

Reduction of area

70 mln.

5-100 60-160

640 600

830-1030 800-950

l0 t4

63-152

635

850-1000

l1

<7s

588

785 min

l5



Stainless Steels 7Ol

Data Sheet 23.11-Type-9b (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This grade is better resistant to the corrosive atmosphere, mild acids, alkalis, and marine
atmospheres and has better resistance to stress corrosion as compared to other martensitic
steels. This grade may be hardened to increase wear resistance and possesses good strength
and excellenttoughness. It possesses a good oxidation resistance up to about 820'C. It is used

for axles, shafts, pump parts, valve seats, nozzle needles, water plungers, connecting rods,

turbine blades, surgical instruments such as forceps, clamps, tweezers and beater knives
in the paper industry. Table 23.12 gives the chemical composition and mechanical pro-
perties of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging
Annealing

Annealed BHN
Hardening
Maximum hardness HRC 32

Tempering 630-700"C

Tempered BHN 225-275

Table 23.12

I 150-750"C

750-800"c

650-720"C

269

980-1030'C (Oil quench)

oo
v,

Standard

Designatioo

c%

si%

Mn%

<P%
<s%
cr o/o

MoYo

Ni%

Othcrs

$o
683lxrrr-74

Type 9b

0.174.25

1.0

1.0

0.040

0.030

lGl8

1.5-2.s

0.2

1.0

1.0

0.04

0.03

t5-17

t.25-2.5

DIN AISI

43t

NFA GOST JIS

tr
o

o
E
oo
do

o

O

50

860

20

o

oo
o
a
ado

6

oo
a

Dimensions 5-100

0.201 oroof stress
N/nirnt mln. 690

Tensile strensth
N/mm'? - 880-1130

Elongationf min. g

Reduction of area

lrlrin.
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Data Sheet 23.12*Type-5 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This steel can be hardened to increase wear resistance and to attain excellent toughness.

It develops corrosion resistance when hardened and polished. It has a resistance to oxida-
tion up to 650'C in continuous service, intermittent up to 750'C. Mainly used for dental and
surgical instruments, cutlery, hand tools, plastic mould steels, pump parts, valve seats and
valve cones, parts exposed to humidity of the air, water and steam, etc. Parts should be

pre-heated to 400'C before welding. Table 23.13 gives the chemical composition and
mechanical properties of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging
Annealing
Annealed BHN
Hardening
Maximum hardness 50-52 RC

Tempering 100-200"C

Tempered hardness 46-50 HRC

Table 23.13

I 150-750'C

750-780"C

235

950-1000"C (Oil quench)

E I 
stuoou,a

A 
I 

oesisnation

ISO
683/Xrrr-74

Type 5

IS ,#oH* Arsr

X30Cr13 420

cosr c+llf;i_ar

sus420J2

BS
97O14-70

420545

NFA
35-574-81

z30ct3

oa
oo
(B
o

o
()

c,/o

si%

Mr:.%

<P%
<s%
cr'/"

MoY"

Ni%

Others

0.26-0.35

1.0

1.0

0.04

0.03

t2-14

*:

0.28-0.36

0.8

1.0

0.04

0.03

12-14

0.254.34

1.0

1.0

0.04

0.03

t2-14

0.28-0.35 ) 0.15

1.0 r.0

1.0 1.0

0.044 0.04

0.030 0.03

12-14 12-14

o.26-0.4

1.0

1.0

0.04

0.03

t2-14

.9

o
o"
o
q

<d
o

.n

o
o
z

Dimensions

0.2o/. proof stress
N/mm, min

Tensile strength
N/mm2

Elongation)(min.

Reduction of
area I min.

5-25

590

780-980

1l

< r00

600

800-1000 24tIlB

75

539560

73s

t2l111

<25

635

830-1030

ll

78U920



Staialess Steels 703

Data Sheet 23.13-Type-6

CHARACTERISTICS AND TYPICAL APPLICATIONS

This grade can be hardened to increase the hardness and toughness. It is used mainly
with a mirror finish, in the hardened and polished condition, for cutting tools such as table,
kitchen and machine vices, surgical instruments , razor blades, ice axes, saw bladcs and
machine parts with high wear resistance such as valve sheets, plungers, measuring tools
such as plug gauge, slide caliphers, etc. Table23.14 gives the 

"nemicat-compositfi' 
and

mechanical properties of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging
Annealing

Annealed HB
Hardening
Tempering

Tempered hardness

I 100-800"c
770-870.C

255

1000-1050'C (Oil quench)

100-250"c

50 RC

oo
U)

Standard

Designation

c%
si%

Mn%

P%

s%

Cr 7"

MoY,

Ni%

Others

ISO
683/XrIr-74

Type 6

0.36--0.45

I.0

1.0

0.04

0.03

12.5-14.s

DIN
17440-85

X36Cr13

0.354.42

1.0

1.0

0.04

0.03

12.5-14.5

25OHB

GOST
5632:72

40chl3

0.354.&

0.8

0.8

0.03

0.025

12.0-14.0

AISI BS NFA

tr
o

oq
tr
o()
do
d
o

o

o

()
o.
o

o
tr
(g

C)
o

z

Dimensions

0.2f proofstress
N/mm, min

I"rlrt*: 
strensth 

2s5HB

Elongation o/o min

Reduction of area
/" min

Table 23.14
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Data Sheet 23.14-TYPe-6a (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a martensitic type stainless steel containing carbon in the range of 0'42-0'50. This

grade may be hardened to increase the wear resistance, compare to type-6 higher hardness

may be aitained 54 RC. After heat treatment component should be pickled, polished or

ground to remove all scale followed by baking at 120-1 50'C to remove acid brittleness.

This steel resist scales appreciably at temperatures above 750"C and has corrosion

resistance similar to (AISI 410) Type 3.

Mainly used in dental and surgical instruments, cutlery, tool steels for cutting tools,

piston rods, valve parts, etc., Table 23.15 gives the chemical composition and mechanical

properties of International Standard steels.

HEAT TREATMENT

Annealing
Annealed hardness

Hardening
Maximum hardness RC 55-57

Tempering 100-250'C

Tempered hardness 50-54 RC

700-870'C, followed by furnace cooling

269

1000-1050'C, followed by quenching in oil or air

Table 23.15

t)o
rr7

Standard

Designation

ISO lS DIN a rqr
683lxtil-:l4 t57O-72 17440-85

Type 6a 40Crl3 X40Cr13

Bs NFA f8:L c+jJi_sr

40chl3 sus420J2

a
o

oa
tr
o
o
(0
o
E
o

(,)

C)

o
A
o
A
(d
o
a
d
oo
z

c%

si%

Ml7"

<P%
<s%
cr 7,

Mo7.

Ni%

Others

Dimensions

0.2% proof stress
N/mm3 min.

Tensile strength
N/mm2

Elongationf min.

Reduction of
areaf min

0.42-0.s0

1.0

1.0

0.04

0.03

12.5-14.5

RC
54/min

0.36-0.45

1.0

1.0

0.04

0.03

12.5-t4.s

0.40-0.50

1.0

1.0

0.045

0.03

12.5-14.5

0.3s-o.44 0.264.40

0.08 1.0

0.08 1.0

0.03 0.04

0.25 0.03

12-t4 12-14

<ls

RC RCroiT ro/T

<75

539

735 min

t2



Stainless Steels 705

Data Sheet 23.15-A-16 (ISO)

CHARACTERISTICS AND TYPICAL APPUCATIONS

This is a high carbon, high chromium steel. It may be hardened and tempered to increase
wear resistance and also to acquire optimum corrosion resistance.It is used for wear resistant
textile machine components, ball-bearings and races, valve seats, pump parts and cutlery.
Table 23.16 gives the chemical composition and mechanical properties of International
Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging I 100-925'C
Full annealing 845-900"C
Process annealing 730-790"C
Annealed BHN 285
Hardening ll00-1050.C (Oil quench or air)
Maximum hardness 58 HRC
Tempering 100-250"C

Table 23.16

Standard

Desigoation

c%

si%

Mn%

<P%
<s%
Cr Y.

Mo%

Ni%

Others

Dimensions

0.21 proof stress
N/mm'?min.

Tensile strength
N/mmr

Elongationlmin.

Reduction of
area)( min.

0.95-1.2 0.90-t.2 0.9l-t.2

1.0 I max. I

1.0 I max. I
0.04 0.04 0.045

0.03 0.03 0.03

lGtS t6-tg 16-18

< 0.75 0.75 max. 0.4-0.8

Ua" 0.5max. 
_

os:tfl?H+ rszlolzz r#Iilss AIsI

.4.-16 105Crl8Mo50 X105CrMoI7 440C

Bs :slhsr cosr c+lld+r
zt00cDt7 sus440c

c
o

oa
o()

aB
o

E
q)

O

c)

k
o
o.
o

do
a
(d

o
C)

z

0.95-1.2 -
l-
l-
0.M

0.03

IGI8

0.75 max. -

o.9-1.2

1.5-2.5

< 0.8

0.04

0.03

lGlS

0.35-0.75

0.95-1.2

1.0

,a_

16-18

< 0.75

< 0.6

58 RC 58 RC 55RC 
- 58RC
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Data Sheet 23.16:lype-10 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic stainless steel. Compare to Type-l l (AISI-304), it has superior

resistance to intergranular corrosion after welding or stress relieving. It can be easily cold-

worked and cold formed since it is very ductile. It has scaling resistance up to 900"C in

continuous usage.

Mainly used in chemical handling equipment (nitric acid plants), nuclear power plants;

winery tanks, oil refinery tubes, textile drying equipment, vacuum pump parts, etc. Table

23.17 gives the chemical composition andthe mechanical properties of International

Standard steels.

HEAT TREATMENT

Annealing

Annealed BHN
1000-1100oC, followed by water or air cooling

t92

Table 23.17

o
o
V'

Standard

Designation

ISO IS
683/XIII-74 1530-:72

Type l0 02Crl8Ni11

,#o'ol3, arsr effi-70

X2CrNil89 304L 3045-12

NFA GOST JIS
35-574-84 3632-:72 4303-81

z2cNl8-10 04ch18Nl0 SUS304L

tr

oq

o
o
(,
o
tr
c)

o

c%

si%

Lln%

<P%
<s%
cr%

Mo%

Ni%

Others

0.030 0,03 max.

1.0 1.0 max.

2.O 2.0 max.

0.045 0.045

0.03 0.03

17-19 17-20

9-t2 9-13

0.030 0.03 0.03

L0 1.0 0.2-1.0

2.0 2.0 0.5-2.0

0.045 0.04s 0.045

0.030 0.03 0.03

t7-20 18-20 17.5-19.0

tt-12.5 8.0-12.0 9.0-12.0

0.04 0.03

0.80 t.0

2.O 2.0

0.035 0.04

0.020 0.03

t7-19 18-20

9-l I 9-13

0.03

1.0

2.0

0.04

0.03

t7-19

9-12

o
H
oo
o
e
do
trs
o
c)

Dimensions 5-100

0.2f proof stress tRo
N/mm2 min.

Ir;li*:strensth 440-640

5-100

180

440-650

40

175 205 165

450-7C0 515min.460 min.

50 40 40

25
26-100

185

175

460-650

40

< r80

177

481 min.

40Elongationf min.

Reduction of area

o/"min,

40



Stainless Steels 707

Data Sheet 23.17-Type-15 (IS0)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic stainless steel containing titanium along with high chromium-nickel
content steel. Titanium combines with carbon and forms harmless titanium carbide and
leaves the chromium in solution to maintain full corrosion resistance. It has excellent scale

resistance up to 900oC for continuous application.
Due to its corrosion resistance when exposed to the humidity ofthe air, steam, water, food

acids, as well as inorganic and organic acids, and its good deformability, this steel is especially
suitable for all kinds of hollow ware, such as household appliances, sink hardware, equip-
ment for food industry, e.g.in dairies, breweries, textile industry, aircraft collector rings,
exhaust manifolds, high temperature chemical handling equipment, etc. Table 23.18 gives

the chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Annealing 1000-ll00"C followed by water or air cooling

Annealed hardness 192 BHN

Data Sheet 23.18*Type-16 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic stainless steel containing chromium-nickel along with niobium and
titanium. Addition of niobium and titanium stabilizes the stainless steel. As a result of this
it resists intergranular corrosion. It is resistant to scaling up to about 900oC and, for inter-
mittent service, to a temper of about 800'C.

Mainly used in tubes for superheaters, heat exchangers, aircraft exhaust manifolds and
chemical handling equipment. Table 23.19 gives the chemical composition and mechanical

properties of International Standard steels.

HEAT TREATMENT

Annealing 1000-1100'C, followed by quenching in water or air
Annealed HB 192
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110 Handbook ol Heat Treatment of Steels

Data Sheet 23.19-Type-11 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a highly alloyed chrome-nickel stainless steel of the austenitic type. It possesses high

ductility and excellent strength, performs well in roll forming, cold forming, deep drawing,

is particularly well suited where welded construction is required and resists most severe

forms of corrosion. lt resists nitric acid well, sulfuric acid moderately and has good scaling

resistance up to 860'C in continuous service.

Mainly used for valves and accessories for chemical handling equipment, dairy equip-

ment, spindles, nuts, bolts, valves and accessories for chemical handling equipments' Table

23,20 gives the chemical composition and mechanical properties of International Standard

steels.

HEAT TREATMENT

Annealing 1000-ll00oc, followed by quenching in air or water

Annealed HB 192

Table 23.20

c)o
IA

ISO IS DIN A ICT BS NFA GOST JIS
stanoard 68;'xuL-:14 15,70_72 17440_85 ^rrr 97V4_70 35-57't-81 5632J2 G4303-81

Designation Type l1 04Crl8Nil0 X5CrNil8 9 304 304515 Z6CNI8-09 0Khl8Nl0 SUS 304

tr
o

oo
E
o()
all
o
tr
o

U

165205185

a
o
!o
a
o
A

o
tr
d
Eo
q)

c%

si%

Mn7(

<P%

<s%
Cr Y'

Mo7,

Ni 96

Others

Dimensions

0.2f proof stress
N/mm'?min.

Tensile strength
N/mm'1

Elongation
i(min.
Reduction of
areaf min.

0.07

L0

2.0

0.045

0.03

t7-t9

8-l I

5-100

200

49M90

40

0.08

1.0

2.0

0.045

0.03

t7-20

8-12

0.07

1.0

2.0

0.04

0.03

t7-t9

8-10

5-100

200

490-690

40

0.07 0.08 0.06

1.0 1.0 0.2-1.0

2.O 2.0 0.5-2.0

0.045 0.045 0.045

0.03 0.03 0.03

t7-20 18-20 17.5-19.0

8.s-10.0 8-10.5 8-ll

500-700 5l5min. 460

0.08 0.08

0.8 1.0

t-2 2.O

0.035 0.04

0.02 0.03

t7-19 18-20

9-ll 8-10

25
26-100

195

185

510-710

< 180

206

520min-

40
45
4250 40 40



Stainless Steels 7ll

Data Sheet 23.20-Type-12 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic chromium-nickel stainless steel. It has good resistance to acidic environ-
ments, atmospheric corrosion, a wide variety of chemicals sterilizing zinc solutions and all
food stuffs. Mainly used for household appliances, hospital equipment, food processing
machinery, camera parts, nitric acid vessels, wire ropes, etc. Table 23.21 gives thi chemical
composition and mechanical properties of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging 1250-930"C

Annealing I020-l120"C (Water or air quench)
Annealed HB 192

Table 23.21

oo
a

Standard

Designation

ISO IS
aati*tlt-tq rii-tz DIN

Type 12 07Crl8Ni9

Arsr szfi_s: ssl:#zs Gosr

3A2 302531 ZI0CNI8.09

o.t2

1.0

2.0

0.040

0.03

t7-19

7.5-9.5

JIS
G4303-81

sus302

0.r5

t.0

2.O

0.045

0.030

t7-19

8-10

tr

oo
E
o
o

d
o

o
E
U

q)

oq
o
!
a

o
tr
d

o
!)

<c%
<si%
( Mn l./o

<P%
<s%
cr%

Mo%

Ni%

Others

o.t2

I.0

2.0

0.045

0.030

t7-19

8-10

5-100

2to

o.t2

1.0

2.0

0.045

0.03

t7-19

8-10

5-100

2to

0.15 0.12

1.0 1.0

2.0 2.0

0.045 0.045

0.03 0.03

t7-19 t7-19

8.0-t0 8-10

< 160

190

510

40

Dimensions

0.2f prool stress
Nimm'zmin.

Tensile strength
N/mm'z

Elongation o/o min.

Reduction of
area\ min.

490-690 490-690

40 40

<25

215

530-730

45
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Data Sheet 23.21-Type-17 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic stainless steel containing molybdenum along with a high chromium-

nickel content. Addition of molybdenum and sulphur improves machining and non-seizing

characteristics. This grade may be easily machined, has scale resistance up to 900"C for

continuous exposure and is used to minimize seizing and galling. It will withstand only

moderate cold working, is not adoptable for cold-finishing and welding is not recommended

because of the high sulphur. Machining of this steel calls for a rigid macbine set up and

positive cutting action to prevent work hardening of the surface. Finished machine parts

should be passivated for optimum corrosion resistance.

Mainly used for valves and accessories for chemical handling equipment, machined

shafts, fishline guides, equipment for the food industry, e.g. in dairies and breweries, the
photographic industry, paper and textile industries, in the manufacture of explosives and

synthetic fibres, etc. Table 23.22 gives the chemical composition and mechanical properties

of International Standard steels.

HEAT TREATMENT

Annealing 1020-1120'C (water or air cooling)
Annealed HB 192

Table 23.22

Standard

Designation

ISO IS DIN BS
683/XIII-74 t57012 17440-85 ^rD, 97074-70

Type 17 07crl8Ni9 xlr2rc{Ni m m: 3o3s2l

GOST JIS

^rA 5632-?2 G4303-8r

,r:|lt* sus3o3

tr
o

oo
E
oo
ql
o
d
o
E
(.)

<c%
<si%
(Mn%

<P%
<s%
Ct o/o

Ni%

Mo%

Others

0.12 0.12 max.

1.0 1.0

2.0 2.0 max.

0.20 0.045

0.ls-0.35 0.030

t7-19 t7-19

8-10 8-10

< 0,60

0.15 0.15

t.0 1.0

2.0 2.O

0.045 0.20

0.ls-o.35 < 0.15

t7-r9 t7-19

8-10 8-10

< 0.60

0.12

0.20-I.0

l.0-2.0

0.045

0. I 5-0.30

t7-19

8-ll

205

510 min.

40

0,12 0.l5

0.80 1.0

2.0 2.0

0.035 0.20

0.020 0.15

17-19 t7-t9

9-ll 8-10

sc-r8-35 < 0.60

o
k
oo
o
k
o.

do
tr
.B

o
o
a

Dimensions

0.2o/o proof stress
N/mm2 min.

Tensile streogth
N/mm2

Elongationo/omin.

Reduction of
arcalmin.

5-100

2to

490-690

35

5-100

zto

490-690

40

215

500-700

50

< r80

206

520 min.

N
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Data Sheet 23.22-Type-13 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a high chromium-nickel ( I 8-l 8) austenitic stainless steel. The presence of high alloy-
ing elements provides increased corrosion and heat resistance. Mainly used in the form
of welding rods, industrial furnaces, equipment for handling sulphite liquor at elevated
temperatures, etc. Table 23.23 gives the chemical composition and mechanical properties
of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging

Annealing
Annealed HB

1200-930"c

1020-1120"C (Air or water quench)

192

Table 23.2J

o
o
rh

Standard

Designation

rso
683/Xrrr-74

Type 13

0.1

1.0

2.0

0.045

0.03

l7-t9

I 1-13

5-100

180

490-690

40

rs rz?+L\s Arsr

X5CrNil8 12 308

0.07

1.0

2.0

0.045

0.03

l7-19

I l-13

0.08

1.0

2.O

0.045

0.03

t9-21

10-12

<60

I85 n5

49H90 5l5min.

4sN

Bs NFA ffNJ, Jrs

06chl8Nl I

0.06

0.8

2.0

0.035

0.02

t7-19

to-12

205

tr
o

oa
E
o
o
(g
o

E
oE
Q

o

q)

a
o
o
.n()

cC

()
o
z

<c%
<si%
(Mn%

<P%
<s%
ct Yo

Mo o/o

Ni%

Others

Dimcnsions

0.2f proof stress
N/mm2 min.

Tensile strength
N/mm2

Elongationftmin.

Reduction of
arca o/o min,
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Data Sheet 23.23-:lype-14 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic chromium-nickel stainless steel. It possesses good ductility and high

tensile strength due to severe cold working. Mainly used in the cold rolled or cold drawn

condition in the form of sheets, strips or wires. Best resistance to corrosion is obtained in
the annealed or cold working condition. lt resists scaling up to 900'C with continuous

exposure. This steel is used mainly in automobile wheel covers, kitchen utensils, aircraft and

missile structures, transportation equipments, etc. Table 23.24 gives the chemical composi-

tion and mechanical properties of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging
Annealing

Annealed HB

1250-930'C

1020-ll20"C (Water or air quench)

212

Table 23.24

oo
(n

Standard

Designation

ISO IS
6s3/flil-74 rid-tz DIN AISI

Type 14 10Crl7Ni7 301

rslff_ar cosr

zt2cN-17.07

BS
97012-83

30152r

JIS
4303-81

sus30l

tr
o
.:
oo
oo
aB
o
cl
o

U

<c%
<si%
(Mn%

<P%

<s%
cr "/o

MoYo

Ni%

Others

0.15

1.0

2.0

0.045

0.030

1Gl8

6-8

0. t5

1.0

2.0

0.045

0.030

l6-18

0.15 o.ls

1.0 1.0

2.0 2.O

0.045 0.045

0,30 0.03

16-18 16-18

0.08-0.15 0.15

1.0 1.0

2.O 2.0

0.04 0.045

0.03 0,030

16-18 16_18

6-86-8 6-8 6-86-8

o

o
a
o
Fo

o

()
o
z

Dimensions

0.2f proof stress
N/mm2 min.

Tensile strength
N/mm2

Elongation /o min.

Reduction of
areaft min.

<20

490

830 40 RC

20

25

245

3.3

490

830

25

590-780

40
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Data Sheet 23.24*Types-19, 19a (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

These are austenitic low carbon chromium-nickel-molybdenum stainless steels. Their
wclding properties are similar to those of AISI-316 steel and the low carbon content does
not cause intercrystalline corrosion. These steels may be deep drawn, stamped, headed and
upset without difficulty. The presence of higher molybdenum in Type-l9a enhances the
corrosion resistance as compared to Type-19.

Mainly used for processing equipment for producing photographic chemicals, inks,
rayon, dyestuffs, rubber and high-temperature equipment. Tables 23.25 and 23.26 give the
chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Annealing
Annealed HB

Table 23.25

1020-ll2O"C, followed by air or water quench
192

oo
o

Standard

Designation

osrli?I- ,rl3-r, ,,"flrelf,;,* Arsr szo?i-a:

rype re 0,19'#J' il3ii!6 3r6L 3r6sl

NFA
35-57,s- cosT 6a3fi31g1

'?iiP sus3r6l

tr
o

oa
E
o
o
a!
.9
tr
o

U

40 40 
x1

o

oo
o
o.

d
o

(6

o
o
2

<c%
<si%
4Mn%
<P%
<s%
cr Y"

MoYo

Ni%

Others

0.030

1.0

2.0

0.045

0.030

lGl8.s

2.0-2.5

I1.0-14.0

0.03 max.

1.0 max.

2.0 max.

0.045

0.030

rGl8.5

2.0-3.0

10-14

0.03

1.0

2.O

0.045

0.030

16.5-18.5

2.0-2.5

1t-I4

0.03

1.0

2.O

0.045

0.030

lG18

2.0-3.0

l0-14

0.03

1.0

2.O

0.045

0.030

lGl8

2.0-3.0

,,:

< 180

177

481 min.

0.03 0.03

1.0 1.0

2.0 2.0

0.045 0.040

0.030 0.030

15.5-18.5 16.0-18.0

2.0-2.50 2.O-2.s

ll.0-14.0 10.5-13.0

Dimensions

0.2/o proof stress
N/mm2 min.

Tensile strength
N/mm'?

Elongation
lmirt.
Reduction of
area /omin.

440-640 440-640

50
5l-100

205 165 l3;

515 min. 460 min. 480-680

5-100

200

5-100

200

160 min.

190

490-690

3s40 40 40
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Table 23.26

Country ISO

Standard oo.- oetlffl-z+

Designation Type 19a

INDIA

$

DEU USA

DIN AISI
17440-85 4276-82a

X2CrNiMo
tg 14 3 rroL

GBR FRA

BS970/ NFA35-
+70 57+81

3r6sr2 
'?f_Tr"

USSR

GOST

JPN

JIS
G4303-81

sus3l6L

q
o

6
oa
E
oo
(n
()

E
G)
.q
U

c%

si%

Mn

P

s

Cr

Mo

Ni

0.03

1.0

2.0

0.045

0.03

16.0-18.5

2.50-3.00

t 1.5-14.5

0.03

1.0

2.O

0.045

0.03

16.0-18.0

2.00-3.00

10.0-14.0

0.03

0.2

0.5-0.2

0.045

0.03

16.5-18.5

2.50-3.00

11.0-14.0

0.03

1.0

2,0

0.04

0.03

r6.0-18.0

2.50-3.00

I1.5-14.5

0.03

1.0

2.O

0.045

0.030

16.0-18.0

2.00-3.00

12.0-15.0

0.03

1.0

2.O

0.045

0.025

17.0-18.50

2.50-3.00

12.5-15.0

Data Sheet 23.8-Types-20, 20a (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

These are austenitic steels containing molybdenum along with high chromium and nickel.
They exhibit excellent ductility and may be readily cold worked using methods'such as dcep
drawing, bending, roll-forming and upsetting. They are superior in corrosion resistance
over other chromium nickel steels when exposed to many types of chemical corrodents and
marine atmosphere. The presence of higher molybdenum in Type*20a further enhances the
corrosion resistance compared to Type-20.

These steel are mainly used for food processing equipment, textile dyeing equipment,
nuclear fuel cladding and heat exchangers, oil refining equipment, household appliances,
etc. Tables 23.27 and 23.28 give the chemical composition and mechanical properties of
International Standard steels.

HEAT TREATMENT

Annealing

Annealed hardness

1020-ll20"C (Oil or water quench)

r92
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Tablc 23.27

oo
(A

Standard

Desigoation

<c%
<si%
(Mn%

<P%
<s%
cr%

Mo%

Ni%

Others

uurliifl-to rszT-zz ,r'*'ilr, o,t, gif-tzss\!fler cosr c4il!-8r
rype 2o ofr"#Jr*, 

ff.5ffi! lo Z6CND
17-tt sus3r6

0.08

1.0

2.0

0.04

0.03

1G18

2.0-3.0

,:,

< 180

n6

520 min.

40

tr
o

oa
E
o
o
d
o
Eo

Q

45
42

40

o
koq
o
o
d
o
tr
cB

o()

0.07 0.08 0.07 o.o8

1.0 t.0 t.0 l.o

2.0 2.O 2.0

0.045 0.045 0.045

0.03 0.03 0.03

tG18.5 16-18.5 tcl8.5 1Gt8

2.U2.5 2.0-3.0 2_2.s 2.0_3.0

r0J-14.0 
:-ro 

10.s-13.5 ro_r4

2.O

0.04s

0.03

0.07

I.0

2.O

0.04

0.03

1Gl8

2-2.5

10J2.5

Dimensions 5-100 5-100 < 160

2to 205 205

25
2G100

20s
195

0.2/o proof stress
N/mm, min. ztv

liil'*:strength 4eo-6eo

7i"Jff't' 40

Reduction of
area fimin.

490-690 5I0-7I0 515 min. 460 min. 530-Z3O

Table 23.28

Country

?nld* o#[P-'rr" 'Hlt '!ffii- cosi ooili_r,
standard norm eatlirYr-z+ rcidqz rzf,+1ils, afifl_'sz" 'H|t ,]ffii

Designation rype 20a t1til3)t 
"r,?I:,y" 316 3r6sr6 ,f.,.Ip

ISO INDIA DEU U.SA GBR FRA USSR JPN
IS

sus3l6

o

oa
o
o
.d
o

c)

(J

c%

si%

Mn

P

s

Cr

Mo

Ni

0.07

1.0

2.O

0.045

0.030

16.0-r8.5

2.5-3.0

11.00-14.50

0.07 0.08 0.07 0.07 0.08

1.0 1.0 0.2_1 .0 l.o 1.0 
,

2.0 2.0 0.5_2.0 2.0 2.0

0.045 0.045 0.045 0.040 0.045

0.025 0.030 0.03 0.030 0.030

16.5-18.5 16-18 16.5_18.5 16_18 16_18

2.5-3.0 2-3 2.25_3.00 2.50_3.00 2_3

il.s0-14.00 10.00-14.00 10,00_13.00 11.00_l3.oo _ 10_14
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Data Sheet 23.26-Types-21' 21a (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

These are highly alloyed chromiurn-nickel, along with molybdenum and titanium content,

stainless steels. The presence of molybdenum leads to a higher resistance to non-oxidizing

acids and to chloride-bearing media than l8-8CrNi steels. The carbon in these steels

combines with titanium to form a harmless titanium carbide and leaves the chromium in

solution to maintain full corrosive resistance. These steels are extremely tough and ductile,

and respond to deep drawing, bending, forming and upsetting. They are resistant to sealing

up to 850.C for continuous service, 800"C for intermittent source. The presence of a higher

range of molybdenum in Type-2la further enhances the corrosion resistance compared to

Type-21.

These steels are preferably used in sulphite, rayon and textile industries, in dye-works,

photographic, paint, synthetic resin and rubber industries, etc. Tables 23,29 and 23.30

give the chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Annealing 1020-1070'C, (Cooling in air or water)

Annealed hardness 192

Table 23.29

oq)

a

osrrfr?-z+ rsJ8-zz ,ff[r, aIsI

rype2t o4crl7Nil2 
rff'rii)i, ",

BS NFA GOST
97011-E3 35-574-81 5632-72

320s31 ,fili '?i,['Ji

JISStandard

Designation

o

oa
E
oo
cU
o

E
o

O

o

o
o.
ka
(,
o
tI
.qo
o
z

<c%
<si%
(Mn%

<P%
< s%

Cr 7"

Mo%

Ni%

Others Ti

0.08

1.0

2.0

0.045

0.030

16.5-18.s

2.0-2.5

10.5-14.0

) Sxo/oC
< 0.8

0.8 max.

1.0 max.

2.0 max.

0.045

0.030

t 6.0-18.5

2.0-3.0

10.5-14.0

5C 0.8

0.08

1.0

2.0

0.045

0.030

r 6.5-18.5

2.U2.5

10.5-13.5

) 5x/"C
< 0.8

0.08

1.0

2.0

0.04s

0.03

I 6.5-18.5

2.0-2.5

tt-14

Tisc-90

0.08

1.0

2.0

0.04

0.03

16-18

2.0-2.5

r0.5-13.0

)- 5xftC
< 0.6

0.10

0.80

2.0

0.035

o.o2

l6-18

3.0-4.0

12.0-14.0

2 Sx%C
< 0.7

Dimensions

0.2f proof stress
N/mm'?min.

Tensile strength
N/mm'?

Elongation
/"m;m'

Reduction of
areaf rnin.

5-100

220

490-690

35

5-100

220

490-690

35

160-450

210

500-735

35

25
2GtOO

216
206

490-68s

40
37
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Table 23.30

Country ISO

Standardnorm 
noa:|i?r-z+

Designation Type 2la

USA GBR FRA

Arsr ,t:Jro/ .:!f;-
316 320533

INDIA

IS

DEU

DIN

USSR

GOST

JPN

JIS

o

C)

o
tr
o

U

C

s

Mn

<P
<S
Cr

Mo

Ni

0.08

1.0

2.0

0.045

0.030

1G18.5

2.5-3.0

I l-14.5

5 x o/ C<Ti <0.8

< 0.08 < 0.08

< 1.0 < 1.0

< 2.0 < 2.0

0.045 0.04s

0.03 0.03

t6-18 r6.5-18.5

2-3 2.5-3

l0-I4 ll.5-14.s

Ti 5x/"C
< 0.8

Data Sheet 23.27-Type 23 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a molybdenum-chromium-nickel content, heat resistant, stainless steel. It possesses

super corrosion resistance cornpared to other chromium-nickel steels. In the annealed
condition, it possesses excellent ductility and good cold working properties. It is mainly used

for transportation tanks, chemical storage tanks, textile dyeing equipment, oil refining
equipment, nuclear fuel cladding and heat exchangers, etc. Table 23.31 gives the chemical
composition and mechanical properties of International Standard steels.

HOT WORKING AND HEAT TREATMENT

Forging
Annealing
Annealed HB

1250-930'C

1000-1100'C (Water or air quench)

192
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Table 23.31

JISBSAISI

tr
o.5

oo
tr
oo
ql
o

Eo
E
O

o
ko
a.
o
ka
CI
o
tr
ql

oo

Standard

Designation

ISO
683lxrll-:l4

Type 23

IS

04Cr17Ni
l2Mo2

5-100

2to

490-690

40

DIN
17440-85

X6CrNiMo
Nb 17122

NFA
3sls74-81

Z6CNDNb
t712

GOST
5632-72

08chl6N
I3M28

<c%
( Si o7o

( Mni{

<P%
<s%
cr o/o

Mo%

Ni%

Others

Dimensions

0.2f proof stress
N/mm, min.

Tensile strength
N/mm'

Elongationf min.

Reduction of
area ft min.

0.08

1.0

2.O

0.045

0.03

16-18.5

2-2.5

10.5-14.0

0.08

1.0

2.O

0.045

0.03

l 6-1 8.5

2-3

10.5-14.0

0.08

1.0

2.0

0.04

0.03

l5-18.5

2.0-2.5

10.5-13.5

0.08

1.0

2.0

0.04

0.03

t6-t8

2-2.5

10.5-13.0

0.06-0.12

0.08

1.0

0.03s

0.02

t5-t7

2.25

12.5-t4.5

5-100

220

490-690

35

25

215

160

215

510-740

35

530-730

40

Data Sheet 23.28-Type-24 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a high chromium-nickel airstenitic stainless steel with 3-4/, molybdenum, which
exhibits excellent resistance to corrosion. This steel can be cold worked by deep drawing,
heading, stamping and upsetting without difficulty. In the annealed condition it possesses

excellent intergranular corrosionresistance. It will not form scales up to 900'C in continuous
service. It is mainly used on sulfite pulp mills to resist corrosion of sulfurous acid com-
pounds more effectively. It is also used for paper pulp handling equipment, high tempe-
rature equipment, process equipment for producing photographic chemicals, inks, rubber,
etc. Table 23.32 gives the chemical composition and mechanical properties of International
Standard steels.

HEAT TREATMENT

Annealing
Annealed HB

1020-l l2OoC, followed by water or air quench
192
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Table 23.32

q)
o
(n

Standard

Desigoation

ISO
683lXtil-74

Type 24

DIN AISI
17440-85 A2lG82a

X2CrNiMo
lg 16 4 'tt

BS NFA
97014-70 3s-s7+69

3t7512 Z2CI\[D19-15

cosr c4j6!_sr

SUS3ITL

<c%
(si7
( Mn o/.

<Py,

<s%
cr%

Mo%

Ni%

Others

0.030

1.0

2.0

0.045

0.030

17.5-1e.i

34

1+17

0.03

0.2-1.0

0.5-2.0

0.045

0.030

17.5-19.5

34

l4-17

0.030

1.0

2.O

0.040

0.030

t7.5-19.5

3-4

t+16

0.030

1.0

2.0

0.045

0.030

18-20

34

:,,

< 180

177

481min.

4A

0.03 0.08

1.0 1.0

2.0 2.0

0.045 0.045

0.025 0.030

17.5-19.5 18-20

34 34

t4-17 ll-15

tr
o

oet
oo
(!
o
E
q)
5
U

,r040

o
!
c)a
o
A
(,
()
E(l
oo
2

Dimensions

0.2f proof stress
N/mm, min.

Tensile strength
N/mm'z

Elongation
9(min.

Reduction of
area f min..

5-100

2N

490-690

35

< 160

195

490-690

35

25
25-100

205 165 

"31515 min 460 min 480-680

40
37

Data Sheet 23.29-Type-A2 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic chromium-nickel-manganese stainless steel. It resists corrosion attack

over relatively long periods of exposure in both industrial and marine atmospheres. It can

be subjected to forming methods such as drawing, press brake forming, stretch bending,

bending, end forming, etc. It is scale resistant up to 845"C for continuous service, 790"C

for intermittent service. It should not be subjected to severe deep drawing to avoid work
hardening. It is used mainly for railroad, sub-way cars, automotive trim, architectural

applications, shallow drawn cooling wear such as pans, lids, etc, Table 23.33 gives the

chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Annealing 1000-1100'C (Oil or water quenching)

Annealed hardness 217
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Table 23.33

Standard

Designation

ISO
683lxtIt-74 rs

TypeA2 l0Crl7Mn6Ni4N20

DrN Arsr st}fi_tz NFA GOST Jrs

201 35 SLIS20I

o

q

oo

o

q)

O

o
!
oa
o
o.

.g
o

rd

oo
A

c%

si%

Mn%

<P%
<s%
Cr'%

Mo%

Ni%

Others N

0.15

1.0

5.5-7.5

0.060

0.030

1Gl8

3.5-5.5

0.05-o.25

5-100

300

640-830

40

0.15

1.0

5.5-8.5

0.06

0.03

I 6-18

3.5-5.5

< 0.25

5-100

300

640-830

38

0. l5

1.0

5.5-:7.5

0.06

0.03

l6-t 8

3.5-5.5

0.25

0.15

1.0

5.5-:l .5

0.60

0.03

t6-18

3.s-5.5

< 0.25

Dimensions

0.2f proof stress
N/mm2 min.

Tensile strength
N/mm2

Elongationo/e min.

Reduction of
areaf min.

- 4I HRC

Data Sheet 23.30-Type-A3 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic chromium-nickel-manganese content steel which was developed to
conserve nickel. It resists corrosion in moderate corrosive environments, marine atmos-
pheres, strongly oxidizing acids, etc. It is also used in food stuff industries, dairy equip-
ment, washing machine tubes, architectural trim, etc. This steel was designed as an alter-
native to (AISI 302) for good forming characteristics. Table 23.34 gives the chemical
composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Annealing 1000-ll00"C (Oil or water quenching)

Annealed hardness 217



o
o

(n

Standard

Designatioo

ISO
683/Xrrr-74

Type A3

0. 15

1.0

7.5-10.5

0.060

0.03

t7-19

4-6

0.05-0.25

5-100

300

640-830

40

Table 23.34

DIN AISI

202

BS NFA

Stainless Steels 723

GOST JIS

sus202

tr
o

oa
E
oo
do
Eo
(J

q)

oo
o
o
(d
o
tr
(d

o
o

c%

si%

MnYo

<P%
<s%
cr%

Mo%

Ni%

Others N

0.15

1.0

7.5-t0.5

0.060

0.03

t7-t9

4-6

0.25

0.15

1.0

7.5-10.5

0.06

0.03

t7-19

4-6

0.25

Dimensions

0.2f proof stress
N/mmr min.

Tensilc stretrgth
N/mm2

Elongationlmin.

Reduction of
area I min.

<50

655

40

0.25

600 min.

40 min.
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Heat Resisting Steels

Heat resisting steels are used where good resistance against heating in particular against

gaseous products of combustion is required. The significance of heat resisting steels lies in

their high resistance to scaling in temperature ranges above 600oC, at which their mechanical

properties should still be adequate. Since these steels possess longer service life and greater

durability of the steel stoppages and repair periods can be shortened so that productivity

of the equipment is increased.

Heat resistance depends upon the strength of the inter atomic bands and the structure

of an alloy. The presence of alloying increases the heat resistance of steels by increasing the

intensity of inter atomic attraction and raising the recrystallisation temperature. These

changes impede the development of plastic deformation at elevatedtemperatures. The heat

rcsistance of steels may be improved by addition of alloying elements that will increase the

tendency to age as well as they are hardened by precipitation of microscopic particles that

impede plastic deformation at high temperatures.

Heat resisting steels based on an alloy of iron with chromium. Apart from this, the most

importantelementsnickel, aluminium,silicon, titanium are added.Thepresence of chromium,

alumiriium and silicon, which upon heating forms dense oxids films, such 4s (Cr, Fe)2O3

(Al,FegO)zO3 and others, that protect the base metal against oxidation. The band and

density of the protective layers depends on the alloying properties or the element in

question. If a heat resisting steel is continuously heated beyond its service temperature, the

rate of diffusion or the oxygen penetrating to the steel becomes so Iarge that protective

elements (Cr, Si, AI) will no longer be adequate to form a protective skin on the surface of
the workpiece. The presence of oxygen continuously diffuse inward. While iron diffuses

outward. This process does not stop, so that the oxide layer becomes gradually stronger

and finally flakes off.

Steels containing 5-8 per cent Cr resist scale formation up to 700-750'C, increasing the

content to l5-17 per cent will prevent scaling up to 950-1000'C, and 25 per cent chromium

will prevent scaling up to I100"C. Apart from this the carbide phase formed Crzr Co in these

steels is associated with high heat resistance. If the steel is also intended to have a higher

strength at elevated temperatures apart from its resistance to scaling, lOf nickel or more

is added to alloy in addition to high chromium content. Nickel base alloys acquire their

high heat resistance due to the precipitation hardening associated with the formation of
intermetallic phases (Ni3 (Al, Ti, Cr) Nir Ti, Ni3 Al). These steels are purely austenite ones"

they cannot be magnetized; however austenitic chromium nickel steels are not resistant to
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sulphur compounds because sulphur forms with nickel a eutectic of low melting point
(700"c).

Heat resistance steels may be subjected to annealing operation in order to avoid
embrittlement in ferritic steels. This may be due to the segregation of an FeCr compound
on the grain boundaries. In the temperature range 400-500"C. This embrittlement may be
removed by annealing around 600"C. Only steels with a chromium content of over t5,l are
subjected to this type of embrittlement, steels with chromium content over 20/o are sub-
jected to embrittlement in the temperature range 650-800'C due to the segregation of
sigma phase when the stecl remains for longer periods within this temperature range. This
embrittlement may be removed by annealing over 850'C.

The austenitic steels tend to sigma phase embrittlement only between 600'C and 850"C.
This is due to the segregation of carbides at the grain boundaries and form continuous
parts for corrosion. This embrittlement may be obviated by quenching from 1050'C in
water. At this high temperature the excess phases are put into the solid solution. Rapid
cooling (quenching) fixes the supersaturated solid solution. This results in an increased
resistance in the plastic deformation.

Heat resistance steels should be used in principle only at the specified temperature range
to avoid embrittlement.

The different types of heat resistance steels that are mainly used are given in Table
24.1 . The application, mechanical propertie s, chemical composition and heat treatments are
given in Data Sheets 24.1-24.10.

Table 24.1

Country

Standard

INDIA DEU

$ DIN

rso

rso

USA GBR FRA

AISI BS97O NFA35

USSR

GOST

JPN

JIS

I

2

3

4

Type-Hl

Type-H3

Type-H5

Type-H6

Type-Hl I

Type-H13

Type-Hl4

Type-H15

Type-Hl6

Type-Hl7

XSCrTil2

XlOCrAll3

X1OCrAll8

X10CrAl24

Xl2CrNiTi
I 8-9

Xl5CrNiSi
20-12

XTCrNi
23-t4

Xl2CrNi
25-21

Xl5CrNiSi
25-20

Xl2NiCrSi
36-16

l0chl3sJLJ

12Cht8Nl07

20ch20Nl4s2

SUH,{09

sus405

sus430

suH446

sus321

suH309

suH309

sus310s

suH3l0

suH330

409

405

430

4095t9 Z6CT|2

zl0c13

z1ocAs18

ztocAS24

32lSl2 Z6CNTI8-12

zl5NCS20-12

zt5cN2+13

3t0s24 zt2cN25-20

446

321

309

309S

310S

314 ZI2CNS25-20

330 ZI2NCS35-16l0
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Data Sheet 24.1-Type-H1 (ISO)

PROPERTIES AND TYPICAL APPLICATIONS

This is a general-purpose heat resisting steel. It starts exhibiting destructive scaling in air
at about 700'C. This tempcrature is considered the general maximum service temperature
for continuous service in air. This steel can be welded by any method, will not air harden

and is not prone to cracking during cooling. Consequently, preheating and post heating

are not necessary. This steel has good fabricating characteristics and can be stamped and

formed without difficulty.
Mainly used for industrial heater parts, furnace linings, automotive exhaust systems,

bolts, nuts, studs, constructional-parts subjected to the action of steam or water, etc. Table

24.2 gives the chemical composition and mechanical properties of International Standard

steels.

HEAT TREATMENT

Annealing
Annealed BHN

750-850'C (Air cooling)
I 30-1 80

Table2,/,.2

ISO/DIS DIN
4gistli tr sEw47o-76

Type Hl X5CrTil2

,r)fflr, cosr

z6cTt2

AISI

409

BS
t44912-83

409519

JIS
G4312-81

suH409

o

oo
o
o
(d
(.)

C)
E
U

<c%
< si%

1 Mn%

<P%
<s%
cr%

Mo !i Ti

Ni%

Others

- 0.08

- 1.0

- 1.0

- 0.04

- 0.03

0.08

1.0

I.0

0.04

0.03

10.50-l 1.75

> 6x%C
< 0.75

0.08

1.0

1.0

0.04

0.03

10.5-12.5

7 6xo/oC
< 1.0

0.08

1.0

1.0

0.04

0.03

10.5-12.5

2 6x%C
< 1.0

0.08

1.0

1.0

0.04

0.03

10.5-11.75

<6x%C
to 0.75

0.08

1.0

1.0

0.04

0.03

10.50-12.50 - 10.50-12.50

>6x%C _ )6x\C
< 1.0 < 1.0

o

q
o.
o
Ho
.d
o

.!
oo
z

Dimensions 5-15

0.2o/o proof stress . , ^N/mm, min. LLv

I'/HISstrensth 400-600

Elongationf min.25

Reduction of
arca /o mir..

- 5-15

- 210

- 400-600

-25

450

25

16

180 min.

380 min.

))

177

363

22

Designation
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Data Sheet 24.2-Type-H3 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a heat-resisting, non-scaling steel with a ferritic structure. Addition of a small
amount of aluminium restricts the formation of austenite at high temperatures so that
hardening does not occur upon quenching. Hence it is more suitable for welding and suitable
to service in air up to 950'C. It also has very good resistance to sulphur-containing oxidiz-
ing gases and nitrogen-containing gases and medium for carburizing and sulphur-contain-
ing reducing gases.

Welding can be carried out by any method. However, electric welding is preferable.
Preheat the parts to about 200'C before welding.

It is used for applications with moderate mechanical loading, for hardening boxes,
annealing boxes, annealing pots, retorts, carriers, conveyor parts, burner grates, super
heaters, etc. Table 24.3 gives the chemical composition and mechanical properties of
International Standard steels.

HEAT rnrirunNr
800-850"C (Cooling in air or water)
160-210

Table 24.3

Annealing
Annealed BHN

o
o

u)

Standard

Designation

T8/i/'f Is

Type-H3

DIN
sEw470-76

X10CrAl13

Arsr gt,f_tz :slTflsz cosr

405 Ztoct3 10ch13sJu

JIS
4303/81

sus405

o
o.
E
oo
d
o
Eq)

O

<c%
<si%
(Mn%
<P%
<s%
cr%

At%

Ni%

Others

o.t2

0.70-1.40

1.0

0.04

0.03

t2-14

0.70-1.20

o.12

0.70-1.40

1.0

0.04

0.03

t2-14

0.70-1.20

0.08

1.0

1.0

0.04

0.03

tt.5-14.5

0. t0-0.30

o.t2

1.0

1.0

0.04

0.03

r2-14

0.07-0.12

1.2-2.0

0.80

0.03

o.25

1.0-1.8

1.0-l .8

0.08

1.0

1.0

0.04

0.03

I1.5-14.5

0. t0-0.30

448

o
Ho
o
o.

(d
o

d

oo

Dimensions 5-15

O.2o/" proof stress 
^r^N/mm, min. Lrv

IiH*: 
strength 

450-650

Elongation
"l mir^. | )

Reduction of
area /o min.

5-15

250

450-650

410

590 min

16

177

412 min

20

l5 30
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Data Sheet 24.3-Type-H5 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a ferritic chromium steel of non-hardening stainless steel with superior heat resis-

tance and corrosion resistance. Addition of aluminium restricts the formation of austenite

at high temperatures so that hardening does not occur upon quenching. This steel is non-

scaling in air at temperatures up to 1050"C. It is also highly resistant to sulphur-bearing,

reducing and carburizing gases. The given temperature is reduced, however, when the steel

is exposed to combustion gases with high steam or sulphur contents or other aggressive

media. Due to the growth of the ferrite grain, cold embrittlement occurs at temperatures

above 950'C. Since the stress limit values are low, the steel can only be subjected to
moderate mechanical stresses.

Mainly used for furnace fittings, bolts, annealing tubes, annealing pots, carburizing
boxes, transport equipment, etc.

This steel has only limited weldability. Electric welding is to be preferred. Annealing
is necessary after welding. Table 24.4 gives the chemical composition and mechanical
properties of International Standard steels.

HEAT TREATMENT

Annealing 800-850"C (Air or water cool)
Obtainable hardness BHN 160-210

Table 24.4

oo
a

Standard

Designation

rso/Drs
49ssl83

Type H5

0.12

0.70-1.,{0

1.0

0.04

0.03

t7-19

o.70-1.20

5-1 5

270

500-700

t5

BS
97014-70

NFA
35-578-82

zl0cASl8

GOST
JIS

4303-81

SUS43O

IS ,"Drn|lr-ru arsr

XlOCrAlZ 430

a
o

oa
oo
6
o

Eo

ao
Hoq
o
ko
(d
Q
6
aB

oo

<c%
<si%
(Mn%

<P%
<s%
cr%

At%

Ni%

Others

o.12

0.70-1.48

1.0

0.04

0.03

t7-19

0.70-1.20

o.t2

1.0

1.0

0.04

0.03

l6-18

o.l2

0.50-1.50

1.0

0.04

0.03

t7-19

0.70-1.20

490 min.

18

o.t2

0.75

1.0

0.04

0.03

16-18

l6

290207

Dimensions

0.2f proof strcss
N/mm2 min.

Tensile strength
N/mm2

Elongationlmin.

Rcduction of
area/omin.

500-700 415 min.

12 20

206

22
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Data Sheet 24.4-Type-H6 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a high-chromium non-hardenable ferritic stainless steel. It is resistant to scaling in
oxidizing atmospheres upto 1200"C. It has good resistance to carburization and combustion
gases and also sulphur-containing gases. It may be used where high strength and toughness
are not prime factors. When welding, the parts should be preheated to l5G-200.C and after
welding, should be annealed at7l0-790"C, followed by air cooling. To avoid embrittlement,
annealing may be done at 900oC, or prolonged periods of exposure at 400-550"C and 600-
850'C, should be avoided.

Mainly used for baffie plates for steam super heaters, super heater suspensions, metal
to glass seal, heaters, annealing boxes, etc. Table 24.5 gives the chemical composition and
mechanical properties of International Standard steels.

HEAT TREATMENT

Annealing

Annealed hardness BHN
800-850'C (Air or water cool)
145-190

Table 24.5

Standard

Dcsignation

rso/Drs
49ssl83

Type H6

DIN
sEw470-76

XI0CrAll8

AISI BS

46

NFA
35-578-82

zt0cAS24

JIS
G431r-81

suH446

IS

o

o

E
oo

o

o

O

<c%
<si%
( Mn o/o

<P%
<s%
cr%

Mo o/o Al

Ni%

Others

0.12

0.70-1.40

1.0

0.04

0.03

2316

1.n-1.70

o.t2

0.70-1.40

1.0

0.04

0.03

23-26

1.2u1.70

0.20

I.0

1.5

0.04

0.03

23-27

Y'

o.t2

0.50-1.50

1.0

0.04

0.03

23-26

1.2(J--1.70

0.20

I.0

1.50

0.04

0.03

23-27

< 0.25 N

t6

290275

o
koo
o
tr
(d
o

(6

oo
a

Dimensions 5-15

0.2/" proofstress aon
N/mm2 min. 'ov

liff*: 
strength 

szo-720

Elongationf min. l0

Reduction of
area /o mia.

5-15

280

520-720

10

480 mio.- 490 min.

20 t2

275

510 min.

20
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Data Sheet 24.5-Type-H11 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a heat-resisting non-scaling steel with austenitic structure. This grade is stabilized

against carbide precipitation and designed for operation within the temperature range

where carbide precipitation develops. It is suitable for service in air, up to 800'C. Its

resistance is medium to sulphur-containing oxidizing gases and low to sulphur-containing

reducing gases and carburizing.

This steel can be welded with all electrical welding processes; preheating and after-

treatment are not required.

This material responds to drawing, forming, bending and upsetting.

Mainly used for higher mechanical loadings for hardening and annealing gases, pots,

pipes, retorts, conveyor parts, super heaters, burner points, etc. Table 24.6 gives the chemical

composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Annealing 1000-1050"C (Cooling in water)

Annealed hardness BHN 130

Table 24-6

tr
o

oa
E
o()
(B
o
E()
.d
U

520 min.

40

o
!oq
o
o
d
o
d
.n

oo
A

Standard

Designation

<c%
<si%
(Mn%

<P%
<s%
cr%

Mo%

Ni%

Others Ti

Dimensions

0.2f proof stress
N/mm2 min.

Tensile strength
N/mm,

Elongation o/o min.

Reduction of
area /o min,

ISO/DIS
495i5ls3 rr

Type HII

o.t2

1.0

2.0

0.045

0.03

:'n
9-12

>sx%c
<0.8

snBllore AISI

Xl2CrNi
Ti I g-g 5zl

BS NFA
97014-70 35-578-82

32tS-12 ,rr"9r)

cosr c+l[!_sr

'i,:31. sus32r

o.tz 0.08

1.0 1.0

2.0 2.0

0.045 0.045

0.03 0.03

n-: n-te

9-12 9-12

?65*" )sx/.c

0.08

1.0

2.O

0.045

0.03

t7-19

9-12

).5x\C
<0.70

0.08

1.0

2.0

0.04

0.03

17-19

I l-13

2sx%C
<0.60

o.t2 0.08

0.8 1.0

2.0 2.0

0.035 0.04

0.02 0.03

:" 
n:'

9-11 9-13

tir/nf 5x'tc

< 100

2to

500-700

35

5-160 13 min.

2ro 205 195

500-750 515 min. 490 min.

40 30 40

l6

20s

510 min.

40

< 180

206
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Data Sheet ll.64ype-H13 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic, chromium-nickel steel with high heat-resisting characteristics. It has
scaling resistance up to 1050"C. It shows good resistance to oxidising and nitrogen-bearing
gases as well as those poor in oxygen. The presence of sulphur in gases, however, affects
its use. It is practically free from embrittlement in the temperature range 600-g50"C.

Welding may be carried out by any method; subsequent treatment is not necessary.
This type of steel can-be deep-drawn, stamped and upsei without any difficulty.

Mainly used for plates, girders and pipes in furnace building, and the manufacture of
apparatus for air heaters, annealing muffes, super heaters, suspensions, annealing covers,
hardening, boxes, covering plates, pyrameter protecting tubes, etc. Table 24.7 gives the
chemical composition and mechanical properties of Inteinational Standard steels.

HEAT TREATMENT

Annealing 1050-ll00.C (Water or air cool)
Annealed hardness BHN 145-200

Table 24.7

oo
(A

Standard

Designation

ISO/DIS
4955-83 rs

Type Hl3

DIN
sEW470-76

Xl5CrNiSi
20-12

,rJ!ffr, cost

zIsNCS 20Ch20
20-t2 N-I4S2

AISI

309

BS JIS
G4312-81

suH309

a
o

o
o.
E
o
o
d
o
E
o
E
o

<c%
< si%

(Mn%

<P%
<s%
Cr 7.

Mo%

Ni%

Others

o.20

1.5-2.5

2.0

0.045

0.030

l9-2t

1 l-13

0.20

1.s-2.5

2.0

0.045

0.030

t9-2t

I l-13

0.20

1.0

2.O

0.045

0.03

22-24

l2-1s

0.20 0.20

t.5-2.5 2.0-3.0

2.0 1.5

0.04 0.035

0.03 0.025

t9-21 19-22

1l-13 t2-1s

TI<0.2

0.20

1.0

2.0

0.04

0.03

22-24

l2-15

o

o
o.
o
q
(€
o
tr
6
o
o
a

Dimensions

0.2o/o proof stress
N/mm, min.

Tensile streDgth
N/mm2

Elongationf min.

Reduction of
area 0/6 min.

< 100

230

s50-750

30

s-160

230

500-750

30

> 12.7

205

515 min.

30

206 min.

559 min.

fi
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Data Sheet 24.7'Type-H14 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic, chromium-nickel steel with high heat-resisting characteristics. It is

resistantto scaling up to 1000"C in continuous service. Itcan be deep drawn,stamped and

upset without difficulty. Welding and brazing can be carried out by any method. However,

efuctric welding is preferable. Further treatment is not required.

This steel may be used for hardening and annealing boxes, retorts, burner tips, seg-

ments and components of rotary and level kilns, grates and taps, etc. Table 24.8 gives the

chemical composition and mechanical properties of International Standard steels.

HEAT TREATMENT

Annealing
Annealed BHN

1040-l 120"C (Water quench)

170

Table 2'l.E

Standard

Designation

<c%
<si%
(Mn%

<P%

<sz"
cr%

MoY.

Ni%

Others

Dimensions

0.2f proof stress
N/mm'?min.

Tensile strength
N/mm'?

Elongationf min.

Reduction of
arca\min.

rso/DIs
4e5sl83

Type Hl4

NFA
35-5sl-75

zl5cN2+13

0.2

1.0

2.0

0.04

0.03

22-25

l r-14

540 min.

30

JIS
G43r2-81

SUH3O9

rs sB#I[lzo AISI Bs

X7CrNi23-14 3095

tr
o

o
o.
E
oo
(,
o

o

U

40

16

2N20s

o
E
q)
q
o
o
q,
o
tr

Oo
z

0.08

1.0

2.0

0.045

0.03

22-24

t2-15

0.08

1.0

2.O

0.045

0.03

))_)7

12-1,5

0.08

1.0

2.0

0.045

0.03

,)_)L

12-15

0.08

1.0

2.O

0.045

0.03

22-24

12-15

< 100

zto

500-700

35

5-16

2lo

500-750

35

206 min.

520 min.515 min. -
30
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Data Sheet 24.8-Type-H15 (ISO)

PROPERTIES AND TYPICAL APPLICATIONS

This is a heat-resisting non-scaling steel with an austenitic structure, suitable for service in
air up to 1 150"C. It has good resistance to nitrogen containing gases, medium resistance to
sulphur'containing oxidizing gases and low resistance to carburizing and sulphur-contain-
ing reducing gases.

This steel can be deep drawn, stamped and leaded without any difficulty. Welding can
be carried out by any methods. No preheating or after-treatment is necessary. It also has
good resistance to molten salts such as tempering, neutral cyaniding and high-speed salts.

Mainly used for oil-burner parts, annealing and hardening boxes, uro.uliog potr,
annealing hoods, carrier and conveyor parts, recuperators, super heaters, ,orp*riorrr,
cementation boxes, pyrometer protecting tubes, heating conductors and many other
conrponents of steam installation and other equipment. Table 24.9 gives the chemical
composition and mechanical properties of International standard steels.

HEAT TREATMENT

Annealing
Annealed BHN

Table 24.9

1050-1100'C (Cooled in water)
r40-190

oo
V)

Standard

Designation

ISO/DIS
4955183 rD

Type Hl5

0.08

1.50

2.0

0.045

0.03

24-26

19-22

DIN
sEw 470-76

Xl2CrNi25-21

AISI stflto sslfAaz Gosr c4iJ:-82

3105 310524 ZL2CN25-20 SUH3I0

o

o
A
E
oo
(d

.9
E
q)

&
U

C)

!
otI
o
o
(d
0

c!

oo
z

<c%
< si%

(Mn%

< P%

<s%
Cr o/o

Mo 9'o

Ni%

Others

0.15

0.75

2.O

0.045

0.03

24-26

t9-22

0.08

1.50

2.0

0.045

0.03

a-26

l9-22

0.15 0.I5

0.20 1.0

0.50-2.0 2.0

0.045 0.045

0.03 0.03

23-26 23-26

19-22 19-22

0.08

1,5

2.O

0.045

0.03

24-26

t9-22

Dimensions

0.2f proof stress
N/mm, min-

Tensile strength
N/mm2

Elongation f min.

Reduction of
area\min.

< 100

210

s00-700

35

5-160 t6

210 205 215 240

500-750 515 min. 540 min. 540 min.

35 30 40 30
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Data Sheet A.94yPe-H16 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is an austenitic grade, high chromium-nickel, heat-resistant steel with the highest

heat-resisting properties of any chromium-nickel steel. It has very good resistance to

oxidizing gases as well as nitrogen bearing gases at temperatures up to 1200"C. It is also used

when the maximum resistance to carburization is desired. It has good high-temperature

strength, should be used at temperatures of 900-1200'C. It should not be used in the

temperature range 600-850'C since embrittlement may occur. Welding may be carried out

by any method; subsequent heat treatment is not necessary.

Mainly used for plates and pipes in furnace building and the manufacture of apparatus

where the steel must meet higher requirements, e.g. in air heaters, super heaters, suspensions,

annealing covers, cementation boxes, baffie plates, heating conductors, annealing and hard-

ening boxes, etc. Table 24.10 gives the chemical composition of International Standard

steels.

HEAT TREATMENT

Annealing 1050-ll00"C (Water or air cool)

Annealed hardness BHN 145-200

Table 24.10

o
q)

a

Standard

Designation

ISO/DrS
4essl83

Type Hl6

IS sB#l[-zr AISI

Xl5CrNiSi25-20 314

BS ,rllffr, cos, c+il?-sr

Z12CNS25-20 suH3lo

tr
o

oa
E
o
o
(g

.9
Eo
E
Q

<c%
< si%

(Mn%

<P%

< s 9,,,

cr%

MoY,

Ni%

Others

0.2

1.5-2.5

2.0

0.045

0.03

2+26

,n:

0.2

r.5-2.5

2.0

0.045

0.03

24-26

*:,

0.25

1.5-3.0

2.0

0.046

0.03

23-26

19-22

0.ls

1.5-2.5

2.0

0.04

0.03

23-26

t8-21

0.25

1.5

2.0

0,04

0.03

24-26

19-22

206 min.205

o

o
o
o
o
(g
o
tr

oo
z

Dimensions

0.2f proofstress
N/mmr min.

Tensile strength
N/mmr

Elongationf min.

Reduction of
area /o min

< 100

250

550-750

30

5-160

230

5s0-800

30

16

2N

515 min. - 540 min.
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Data Sheet 24.10-Type-H17 (ISO)

CHARACTERISTICS AND TYPICAL APPLICATIONS

This is a heat-resisting, austenitic, highly alloyed steel with good high-temperature strength.
It is specially suited for application at temperatures from 815'c to about l2oo.C.It is not
susceptible to embrittlement in the temperature range 600-850'C and can be used at all
temperatures up to 1200"c. Due to its high nickel content, it is susceptible to attack by
sulphur-bearing furnace gases.

This steel is resistant to carburizing and carbonitriding atmospheres in the g70-950"C
range, and up to I170"C in reducing and neutral atmospheres. Weldability is good and
worn areas and friction marks can be repaired by arc or gas welding. Subsequlnt treat-
ment after welding is not necessary.

Mainly used for furnace parts, annealing and hardening fixtures, carburizing boxes,
etc' Table 24.11 gives the chemical composition and mechanicil properties of International
Standard steels.

HEAT TREATMENT

Annealing 1050_1100.C (Air or water cool)
Annealed hardness BHN 150-200

Table 24.11

o
o

V)

Standard

Designation

ISO/DIS
495slB3 rD

Type Hl7 'E\P#L?6 
AIsI

Xl2NiCrSi36-16 330

Bs ,rl#r, cosr c4jii_8r
Z12NCS35-16 suH330

c
o

o
o.
tr
oo
a!
o
Eo

O

<c%
€ Si o7"

(Mn%

<P%
<s%
cr%

Mo "l Al

Ni%

Others Ti

0.15

1.0-2.0

2.O

0.045

0.03

l5-17

0.15-0.60 -
33-37

0.15-0.60 -

0.15 0.08

1.0-2.0 0.75-1.5

2.0 2.o

0.03 0.04

o.o2 0.03

ts-17 t7-20

o.r5-0.6 foo#i,*.
33-n 34-37

o.15-0.6 ff"*Jil,".

0.15

1.0-2.0

2.0

0.04

0.03

14-t7

0.15-0.60

33-36

0.15-0.60

0.1s

1,5

2.0

0.04

0.03

t4-17

33-37

559 min.

40

o

o
a.
o
!

(!
o

6

oo
z

Dimensions

0.2/" proof stress
N/mm2min.

Tensile strength
N/mm'?

Elongation 70 min.

Reduction of
area of min.

< 100

230

550-750

30

5-160

230

550-800

30

t6

240

590 min.

30

0-I80

206
)
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Table 3 Hardness conversion

J:#X,",, (#'${i:i, hL'fi:r,!, t::H":l ,1""11"i, ,gx'i.!h #,11311, ff.'f#:I

HB HRB HRCHVHB HRB HRC N/mm'zN/mm2 HV

85.5
86
86.5

87

88

63 60
65 62
69 66

70 67
72 68
75 7t

79 't5

80 76
82 78

r63
166
169

t7t
172
175

176
178

181

184
t85
187

r90
193
195

198

199
201

204
208
209

2fi
2t4
216

219
221
223

22s
228
231

233
23s
238

240
242
245

247
249
252

25s
2s7
258

261
264
266

180
l8t
184

185
187
190

193

195
197

200
203
205

208
210
212

21s
2t9
220

'r))
225
228

230
233
23s

237
240
243

245
247
250

253
255
258

2@
262
265

268
270
272

275
278
280

550
s60
570

s75
580
590

59s
600
610

620
625
630

640
650
660

670
675
680

690
700
705

710
720
730

740
750
755

760
770
780

785
790
800

8t0
820
E30

835
840
850

860
86s
870

880
890
900

172
175
178

2bo
2to
220

225
230
2N

250
2s5
260

270
280
285

290
300
305

310
320
330

335
340
350

94

95

96.5
97

4t
45
48

49
51
52

54
56
58

59
60
62

63.5
64.5
66

67
67.5
69

23

24

25

26

8t
81.5
82.5

83
84.s
85

89
89.5

90

9l

91.5
92
92.5

93
93.5

8l
84
86

87
89
90

92
95
98

100
to2
105

lo7
109
1r3

tt4
116
il9

122
t24
t25

128
l3l
133

136
138
140

143
145
147

149
152
155

157
160
162

85
88
90

9t
94
95

97
100
103

105
to7
110

ll3
ll5
It9

1n
122
t25

128
130
132

135
138
140

143
145
147

157

I60
163

l6s
168
170

95.5
96

360
370
380

38s
390
400

4to
4t5
420

430
440
450

460
46s
470

480
490
49s

500
5t0
s20

530
540
545

97.5
98

2t

99
99.s 27

70
7t
12

t)
74
75

76.5
77
77.5

78.5
79.5
80

r5o'
t53
155

27
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Table 3 (contd.)

.ftHli,,i:lq"i$, n*iffill,
Rockwell
hardness

Tensite Ji*_.^l Brineil Rockwell
strength 

fF 9lliil traroniii, 'h;-r;;;;;'

N/mm, HV HB HRB HRC
HB HRB HRC

269
271
273

276
278
280

284
285
287

290
293
295

296
299
301

304
307
311

314
3i6
319

322
323
325

328
332
JJJ

334
337

340

342
343
346

349
3s2
3s4

357

361

363

366
369
371

372
374
377

28

29

910 283
915 285
920 287

930 290
940 293
9s0 295

96C 299
965 300
970 302

305
308
310

311

314
317

320
323
327

330
333
336

339
340
342

345
349
350

352
355
358

360
361

364

367

370
373

376
380
382

385
388
390

392
394
397

N/mm2 HV

4t

42

43

44

45

400 380
403 383
407 387

410 390
413 393
417 396

420 399
423 402
426 405

429 408
430 409
431 410

1320
I 330
I 340

1380
I 385
1390

980
990
995

1000
1010
1020

1030
1040
1050

1060
1070
1080

r 090
1095

ll00

lll0
l 120
tt25

I 130
I t40
I 150

l 155
I 160
1 170

1180
I 190
1200

l2to
1220
1230

t24o
1250
1255

1260
1270
1280

1290
1300
l3l0

I 350
I 360
1370

1455
1460
1,470

1480
1485
1490

1500
l510
1,520

I 555
1560
l 570

1580
1590
I 595

I 600
l6t0
1,620

r660
1665
t670

413
415
418

1400 434
l4l0 437
1420 440

46

47

48

42t
424
427

428
429
432

43s
437
438

441
444
447

449
4s2
4s5

(47s)
(478)
(481)

(483)
(485)
(486)

443
446
449

450
452
455

4s8
460
46t

464
467
470

473
476
479

480
481
484

486
489
490

491
494
497

500
503
s06

509
510
5lt

(456)
(4s7)
(460)

(462)
(465)
(466)

(467)
(470)
(472)

1430
1440
1450

I 530
1540
I550

I630
1ilO
1650

49
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Table 3 (Contd.

"ltl'J,'fi ,$]"i$iit, n"'.'il:l",

., Vickers

,T..:l'Jli,$te*it, n"'.iffi','.' H:II"'.I
Rockwell
hardness

N/mm2 HBHV HRB HRC N/mm2 HV HB HRB HRC

56

57

58
59

60
6l
62

63
64
65

66
67
68

(572)
(s75)
(577)

(580)
(5821
(584)

(587)
(s89)
(se2)

(60i)
(608)
(60e)

(612\
(615)
(618)

(620)
(622)

602
60s
607

626
629
630

631

634
636

639
640
641

644
647
650

653
655
675

698
720
745

773
800
829

864
900
940

2000
2010
zo20

2030
2040
2050

2060
2070
2080

2090
2100
2l0s

50(488)
(491)
(4e4)

(s25)
(528)
(53 1)

(s32)
(533)
(536)

(53e)
(s42)
(543)

(s46)
(54e)
(s5l)

(ss4)
(5s7)
(560)

(56r)
(562)
(564)

514
517
s20

522
525
527

530
533
s36

539
s40
541

s44
547
550

553

556
s59

560
561
564

567
570
572

575
s78
580

583
s86
589

590
591
594

596
599
600

1680
1690
1700

17l0
1720
1730

1770
t775
1780

1870
1880
1890

1930
1940
1950

1955
1960
1970

1980
1990
1995

21tO
2t20
2130

(5e5)
(598 )
(5ee)

(600)
(602)
(604)

1740
1750
r760

1790
1800
l8l0

1820
1830
1840

1845
I 850
1860

(4e6)
(4ee)
(501)

(504)
(506)
(50e)

(512)
(sl3)
(514)

(517)
(s20)
(s23)

610
6t3
615

618
620
623

2140
2145
2t50

2160
2170
2180

2t90
2200

1900
l9l0
t920

(567)
(56e)
(570)

tCalculated from : HB:0.95 HV.
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-27i.t5 -459.67
-268 -450
-262 -4q
-257 -430
-25t -420

-246 -410
-2N -400
-234 -390
-229 -380
-223 -370

-218 -360
-212 -350
-n7 -340
-?tt -330
-196 -3?fi

- 190 -310
-184 -300
-179 -290
-t73 -280
-169 -273.1s

- 168 -270
-t62 -260
-157 -250
-l5l -240
-146 -230

-1,t0 -22O
-t34 -zto
-t29 -200
-123 - 190

-ll8 -r80

-tt2 -170
-107 -160
-l0l -150
- 95.6 -140
- 90.0 -130

-84.4 -t20
-78.9 -lto
-73.3 -100
-67.8 -90
-62,2 -80

-56.7 -70
-51.1 -60
-45.6 -50
-40.0 -40
-34.4 -30

- 459.67

-454
-436
-418
-400
-382

-364
-346
-328
-310
-292

-274_256

-236
-220
-202

- 184

- 166

- 148

- 130

-ttz
-94
-76
-58
-40
-))

Appendix 745

Table 4 Centigrades-Degrees Fahrenheit-Centigrades

Basic formulai "F: ("C.915) ! 32; .C: (.F - 3.2).Slg
The values in the middle column are either degrees Fahrenheit or centigrades, depending on the direction
ofconversion.For conversion from "C,the'Fvalue istobe found intheright-hand columnand-for
conversion from oF, the "C value is to be found in the left-hand column, e.g. 4.C:39.2"f, a"f : _ 1Si"C.
The Kelvin scale starts at absolute zero -273.15.C
Conversion: K:'C +273.15 Unit: lK: l.C: l.g"F

OFOC

-28.9
-23.3
- 17.8

-17.2
-16.7
- 16.1

- 15.6

- 15.0

-14.4
- 13.9

- 13.3

- 12.8

-1) 
)

- 11.7

-11.1
- 10.6

- 10.0

-9,44
- 8.89

- 8.33

-7.78
-7.22

-6.67
- 6.11

-5.56
-5.00
-4.44

- 3.89

- 3.33

-2.781an

- 1.67

-l.u_0.56
0.00
0.56
l.ll

1.67.t ,)

2.78
3.33
3.89

33.8
35.6
37.4
39.2

4r.0
42.8
44.6
46.4
48.2

50.0
51.8
53.6
s5.4
57.2

59.0
60.8
62.2
@.4
66.2

68.0
69.8
71.6
73.4
75.2

77.0
78.8
80.6
82.4
84.2

86.0
87.8
89.6
91,4
93.2

95.0
96.8
98.6

100.4
102.2

-20
-10
-0

4.44
5.00
5.56
6.1I
6.67

1))
7.78
8.33
8.89
9.44

r0.0
10.6
u.r
tt.7
12.2

12.8
r 3.3
13.9
14.4
r5.0

15.6
I6.l
16.7
17.2
17.8

t 8.3
18.9
19.4
20.0
20.6

2l.t
2t.7
22.2
22.8
23.3

23.9
24.4
25.O
25.6
26.1

26.7
27.2
27.8
28.3
2E.9

40
4t
42
43
44

45
46
47
48
49

50
5l
52
53
54

55

56
57
58
59

60
6l
62
63
64

65
66
67
68
69

70
7t
72
73

74

75
76
77
78
79

80
8t
82
83
84

104.0
105.8
107.6
109.4
111.2

113.0
1I4.8
116.6
r 18.4
tm.2

122.O
123.8
125.6
127.4
129,2

r31.0
t32.8
134.6
136.4
138.2

140.0
r41.8
143.6
145.4
147.2

149.0
150.8
152.6
t54.4
156.2

r58.0
159.8
16t.6
163.4
165.2

167.0
168.8
170.6
172.4
174.2

176.o
177.8
179.6
lEl.4
183.2

-4
t4
32

I
2
3

4

5
6
7
8

9

l0
ll
t2
13
t4

15
16
t7
t8
19

20
2l
22
23
24

25
26
27
28
29

30
3l
32
33
34

35
36
37
38
39

.F
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Table 4 (Contd.)

OF.C"FocOFoc

538
s43
549
554
560

566
511
577
582
588

s93
599
604
610
6t6

621
627
632
638
643

649
654
660
666
671

677
682
688
693
699

704
710
7t6
721
727

732
738
743
749
754

760
766
771
777
782

788
793
799
804
810

1000
t0l0
1020
1030
1040

1050
1060
1070
t080
1090

il00
1110
tt20
1130
il40

1 832
1850
1868
I 886
1904

1922
1940
1958
t916
1994

2012
2030
2048
2066
2084

1150 2lo2
1160 2120
1170 2138
1180 2156
il90 2174

1200 2192
1210 2210
1220 2228
1230 2246
1240 2264

1250 2282
1260 2300
1270 2318
1280 2336
1290 2354

1300
1310
1320
l 330
I 340

I 350
I 360
1370
1380
r390

1400
l4t0
1420
1430
1440

2372
2390
240&
2426
2444

2462
2480
2498
2516
2534

255L
2570
2588
2606
262+

816
82t
827
832
838

1450 2642
1460 266/J.

1470 2678
1480 2696
1490 27t+

1500
lsl0
1520
1530
1540

2732
2150
2',168

n86
2804

9t4
932
950
968
986

1004
to22
1040
1058
1076

490
500
510
520
530

540
550
560
570
580

590
600
610
620
630

640 .

650
660
610
680

690
700
7to
720
730

740
750
760
770
780

790
800
810
820
830

840
850
860
870
880

890
900
910
920
930

940
950
960
970
980

254
260
266
27t
277

282
288
293
299
304

310
316
32r
327
332

338
343
349
354
360

366
371
377
382
388

42t
427
432
438
443

449
454
460
466
47t

477
482
488
493
499

504
510
516
521
527

532

393

3e9
404
410
416

1094
t1t2
I 130
I 148
ll66

1184
1202
t220
1238
1256

1274
1292
l3l0
I 328
1146

1364
I 382
1400
14l8
1436

1454
1472
1490
1508
1526

1544
ts62
1580
1 598
1616

1634
1652
1670
I 688
1706

1724
1742
t760
1778
7796

l814990

29.4
30.0
30.6
31.1
31.7

32.2
32.8
33.3
33.9
34.4

35.0
35.6
36.1
36.7
37.2

37.8
43
49
54
60

66
7l
77
82
88

93
99

100
l@
110

116
lzt
tn
t32
138

143
149
154
160
166

t7t
177
182
188
t93

185.0
186.8
188.6
190.4
192.2

194.0
195.8
197.6
199.4
20t.2

203.0
204.8
206.6
208.4
21o.2

85

86
87
88
89

90
91

92
93
94

95
96
97
98
99

2t2.0
230
248
266
284

302
320
338
356
374

392
410
4t3
428
446

464
482
500
518
536

554
572
s90
608
626

@4
662
680
698
7t6

734
7s2
770
788
806

824
842
860
878
896

200
2to
2t2
220
230

240
250
260
270
280

290
300
310
320
330

340
3s0
360
370
380

390
400
410
420
430

440
450
460
470
480

199
204
zto
216
221

227
232
238
243
249

100
110

120
130
140

150
160
170
180
190
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20-(0
2060
2070
2080
2090

oc"F
.C

843

849
8s4
860
866

871

877
882
888
893

899
904
910
916
921

927
932
938
943
949

954
960
966
971
977

OF

982
988
993
999

1004

l0l0
1016
1021
to27
1032

1038
1043
t049
1054
1060

1066
1071
1077
1082
1088

1093

1099
I 104
1l l0
I116

I550
I560
1570
1580
1590

1600
1610
1620
1630
1640

I 650
1660
1670
1680
1690

1700
1710
1720
1730
1740

1750
1760
1't70
1780
1790

l 800
1810
1 820
I 830
1840

1850
I 860
I 870
l 880
I 890

I 900
1910
1920
1930
1940

1950
1960
1970
1980
r990

2000
2010
2020
2030
2040

2822
2840
28s8
2876
2894

2912
2930
2948
2966
2984

3002
3020
3038
3066
3074

3092
3l l0
3128
3156
3164

3182
3200
3218
3236
3254

3272
3290
3308
3326
3344

3362
3380
3398
3416
3434

3452
3470
3488
3s06
3524

3542
3560
3578
3596
3614

3632
3650
3668
3686
3704

lt2t
1127
1132
I 138
1143

tt49
1154
lt60
1166
117 I

tt77
1182
I 188
1 193

1199

1204
12tO
1216
1221
1227

1232
I 238
1243
1249
1254

1260
1266
1271
1277
1282

I 288
1293
1299
1304
1310

I 316
1321
1327
1332
I 338

1343
1349
1354
I 360
1366

1371
1377
1382
1 388
r 393

2100
2l l0
2t20
2i 30
2140

2i50
2t60
2170
2180
2190

2200
22tO
2220
2230
2240

2250
2260
2270
2280
2290

2300
2310
2320
2330
2340

2350
2360
2370
2380
2390

2400
2410
2420
2430
2440

2450
2460
2470
2480
2490

2500
2510
2520
2530
2540

3722
3740
37s8
3776
3794

3812
3830
3848
3866
3884

3902
3920
3938
3956
3974

3992
4010
4028
4046
4064

4082
4100
4l 18
4136
4154

4172
4190
4208
4226
4244

4262
4280
4298
4316
4334

4352
4370
4388
4406
4424

4442
4460
4478
4496
1514

4512
4550
4568
4586
4604

.FOC

1399
1404
1410
1416
t42t

1.427

1432
r438
1443
1449

1454
1460
1466
1471
1477

1482
1488

1493
1499
I s04

1510
1516
1521
1527
1532

l s38
1543
1549
1554
1560

1566
1571
1577
1582
I 588

1 593
I 599
r604
I 610
16t6

1621
1627
1,632

1 638
1643

1649

2550
2560
2570
2580
2590

2600
2610
2620
2630
2640

2650
2660
2670
2680
2690

2700
2710
2120
2730
2740

2750
2760
2770
2780
2790

2800
2810
2820
2830
2840

2850
2860
2870
2880
2890

2900
29lO
2920
2930
2940

4712
4730
4748
4766
4784

4802
4820
4838
4856
4874

4E92
4910
4928
4946
4964

4982
5000
50I 8

5036
5054

5072
5090
5108
5126
5144

5162
51 80
5198
5216
5234

5252
5270
5288
5306
5324

5342
5360
5378
5396
5414

5432

4622
4640
4658
4676
4694

2950
2960
2970
2980
2990

3000





Abrasive wear 586

Acid pickling 220

Allotropy I
Alloying elements, eflect 26-28,509, 530,688, 724
Alpha iron I
Ammonia gas 387

Annealed structure

90MnCrV2 550

90MnCrWl 553

2l0Cr12 580

Annealing 432,433,510, 531, 542, 621

Annealing methods

full annealing 43

homogenising 50, 5I
intermediate 5l
isothermal 49, 50

spheroidising 44-49
Antifriction 274

Antiscuffing 284

Austempering 71, 72

Austenite 689

Austenite stainless steel 689

Bainite 13,20,71,628
Body centred cubic I
Body centred telragonal 20,27

Bright annealing 51

Brinell test

indentation measurements 167

limitations 168

testconditions 165-167

Carbide forming elements 24

Carbide precipitation 24,730
Carbides 18,24, 530,622, 688, 72A

Carbo-nitriding
atmosphere 386-387

disadvantages 392

effect of ammonia 389-390

heat treatment 390

method ofchecking the case 391

process 387

properties of the case 391-392

quenching 390

temperature 387-389

Index

Carbon tool steels

annealing 531

data sheets

application, properties, heat treatment, chemical
composition 532-539

hardening 532

normalizing 531

quenching 532

stress relieving 532

tempering 532

Carburizing

carbon potential 298,332
case depth 299

flame and induction hardening 340

heat treatment 33G338

machiningallowance 301

methods 302
pre-process requirement 300-302
process sequence 351

rough machining 300

selectivecarburizing 301

shop problems and remedies 343-349
stress relieving 300

subzero treatment 338

tempering 339

theory of carburizing 298
usingnitrogenmethonol 342

Carburizing, gas

advantages and disadvantages 334

carrier gases 322-323
carrier gas methods 328-330
control of furnace atmosphere 330-333
effect of temperature 333

hydrocarbon gases 321

liquids 322

media 320-323

practical consideration 332
single liquid method 325-327

two liquids method 327

Carburizing, liquids (salt bath)
case depth 312-314

chemical reactions 309

furnaces 315

operating temperature 3ll-314
operational hints 315



150 Index

queoching 317

safety precautions 318-320

salts used 310

testing of sodium cyanide 317

Carburizing, pack

advantages and disadvantages 308, 309

carburizing compounds 303-305

containers 308

effect of temperature, case depth 306-308

operations 305

theory 302-303

Case hardening steel, data sheets

applications, properties, heat treatment, chemical

composition, mechanical properties, 353-377

Cem€ntite 18

Centigrade-Degree Fahrenheit-Centigrade 745

Chromium carbides 25, 26

Cobalt 619

Cold work alloy tool steels

annealing 542

data sheets (l-22)
applications, characteristics, heat treatment,

chemical composition 545-584

furnaces 545

hardening 543

high carbon high chromium 541

special wear resistant 542

stress relieving 542

tempering 545

Compound zone 247, 263, 268, 269, 286

Compressivestrains 585

Continuous cooling curves 16, 17

Continuousfurnaces 330

Controlled atmosphere furnaces 587, 588

Control of manufacturing process l6l
Cooling curve of pure iron 2

Copper plating 301,302

Corrosion 130,585

Corrosion resistance 203, 254, 272, 680

Cracks 68, 69, ll5-129, 349, 653-655

Cracks due to
faulty design l2O
grinding 126

improper quenchants l2O

over heating 120

Critical points 9

Curie point 2

Cyanide, cyarate 267

Cyaniding
advantages and disadvantages 385

chemical reactions 380

cyanide carbonate bath 381

effect of temperature, case depth 383-385

equipments 383

selectivehardening 383

surface hardening 381

Decarburization 63, 346,513, 655

Delayed quenching 73

Delta iron l,2
Die quenching 74

Diffusion zone 247, 267, 27O, 283, 724

Dimensional changes 254, 585

Distortion 68, 111-115, 197, 347, 348

Due point 331

Effect of alloying elements

carbon 12,26,53O
chromium 12,27, 619, 688

lead 492,493

manganese 12,26,27
molybdenum 27,28

nickel 27

selenium 492,

sulphur 492,493

tellurium 492

tungsten 28

vanadium 28

Effect of alloying elements on TTT diagram

Embrittlement 725, 729,731

Endothermic atmosphere 66

End quench hardenability 3l
Enriching gas 38?

Eutectoid point 6

Eutectoid steels 6

Exothermic gas 67

Face centred cubic 2,3
Fatigue failure 509

Fatigue stresses 271, 392

Ferrite 1, l8
Ferritic stainless steels 689

Ferromagnetic 689

File test 165

Flame hardening
advantages and disadvantages 399, 400

burners 394,396

case depth 398

gases used 394

methods 396,397
prior treatment 397

progressive method 397

quenching liquids, 397

spinning methods 396

spot or stationary methods 396

steels 398,399

tempering 399

Fluidized bed furnace

cooling curve 90

special features 159

l5
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