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PREFACE TO THE SIXTH EDITION

{

A number of changes have been made in the Sixth Edition of this book to improve its accuracy and utility. Since the original edition
of the Corrosion Data Survey was published some thirty years ago, new or modified alioys have been introduced and a separate
survey on nonmetallic materials was published in 1975. An effort has been made in this edition to incorporate as much new data
{current to 1980) as possible and to revise and update the data on existing metallic materials wherever data could be obtained.

The earlier editions reported the highest corrosion rates for a given environment-alloy combination in cases-where multiple
references were found for the same conditions. This was considered to be the best practice for earlier’editions where many dupli-
cate references were not found. However, where a large number of data are available, the highest reported corrosion rate may not be
representative of the expected performance of the environment-ajloy combination. Consequently, the editor of this Sixth Edition
used his engineering judgment In reporting corrosion rates from conflicting data in the literature,

A number of alloys have evolved since the earlier editions were published. For example, atloy 20, alloy B, alloy C have been
replaced, mostly by alloy 20Cb3, alloy 8-2, and alloy C-276 respectively. These newer alloys can have corrosion resistance that is dif-
ferent from their predecessors. Whenever information was found on the new alloys, it was included in this edition. When no informa-
tion was available on the newer alloys, the-data on the older alloys were retained. No effort was made to verify the data carried over
from previous editions. :

Somie format changes have also been made. Most of the data from the short tables of previous editions have been incorporated
into the main tables. New categories of ferritic stainless steels (alloy 26-1 and 430) and austenitic stainless steels {20Cr-25Ni-4.5Mo)
have been added. Since the corrosion rates of different copper base alloys were quite similar in most of the environments, these
were grouped Into fewer alloy categories. Alloys G, G-3, 20, and 825 have been grouped together into a single family where previous-
ly only data from alloy 20 and CN20 were included. A number of tables such as those for corrosion by waters, solls, atmospheric cor-
rosion, low temperature corrosion, and stress dgrrosion cracking were elirminated since these were no longer considered adequate
to cover the topic areas of interest. Finally, the footnotes for corrosives have been deleted from the tables, References concerning
hazards of corrosives can be found at the end of the introduction, ‘

It is believed that these changes improve and update the available information on corrosion of metals in various environments.
However, neither NACE nor the editor believe that corrosion performance of alioys can be specified on the basis of data presented
in this survey alone. Materials selection requires sound engineering judgment for each application. Additional information is re-
quired for making the proper choice of materials.

B. L. Graver
Editor






INTRODUCTION

In the development of new chemical processes, guestions in-
variably arise concerning the choice of materials for certain
equipment. However, since available corrosion information is
scattered widely throughout the literature, these questions fre-
quently are difficult to answer.

This survey summarizes both published and previously
unpublished data in a group of tables for ready reference in

determining suitability of materials for possible use. These .

tables should serve only as a guide, and it is to be expected
that in most cases additional information will be necessary.
The tables have been checked against actual plant conditions
and a good correlation has been found, In cases of doubt,
representatives of metal and other material suppliers often
can be helpful in supplying additional information. Also, the
services of a corrosion engineer, to aid in precise interpreta-
tion of the data, combined with supptemental information will
be most beneficial.

Much of the data In this edition are taken from the Fourth
and Fifth Editions, although numerous new data points have
been added and many data points from pravious editions have
been changed or deleted. A list of data sources and individuals
who have helped review the data from previous editions ap-
pears at the end of this introduction. Many other individuals
have contributed information and materials which was care-
fully considered. Their help was appreciated and Is gratefully
acknowledged.

How to Use the Survey

Persons using the survey are reminded that the data given
are Indicative only and are not to be interpreted as absolutes
with respect to specific applications, The primary values of the
survey are that it (1) identifies materials which are manifestly
unsuitable, (2) locates those which may have satisfactory per-
formance and are candidates for further consideration, and {3)
gives limited information other than corrosion rates concern-
ing performance which may be helpful. A list of related NACE
publications and other related references may be found at the
end of this introduction. -

Throughout this book, materials are arranged along the
horizontal axis of each page of tables. Corrosives are listed
alphabetically along the vertical axis. The data representing
average penetration per year are ploited on a matrix of variable
temperatures and concentrations in water. A key to the matrix
used in the tables, a key to the data points, footnotes to the
data tables, and a table identifying the metals and alloys are
located on the fold-out page immediately following this intro-
duction for convenient reference. For comparison of penstra-
tion rates, some typical rates are given in the Average Penetra-
tion Rate per Year Compared to Weight Loss table also
located on the fold-out page. Penetration rates are not an un-
qualified indication of performance. Materials with low
penetration rates in a given corrosive may be unsuitable, or
failure may occur by some mode irrelevant to penetration. For
example, fish liver oil may be catalyzed by some copper alloys,
thus making copper unsuitable for this corrosive. Also, nickel,
which has a low corrosion rate in mercury, may stress crack.

Locating Data _

To find data on a particular material in a particular cor-
rosive, refer to the subject index. at the back of the book.
Locate the corrosive of interest. The number following the

entry represents the page and line on which the data will be
found. Many synonyms for the corrosives have been cross
referenced in the index, although only one name will be given
in the tables. If the corrosive of interest cannot be found in the
index, locate synonyms or another similar corrosive if possi-
ble. If an alloy of interest is not among those listed, data for a
similar alloy may apply.

In reading the data tables, reference should be made to
the temperature/concentration matrix shown on the fold-out
page. This iilustrates the method by which concentration and
temperature are compared against corrosion rates. The
abscissa designation “Percent Concentration in Water” does
not necessarily mean “percent solution,” but often pertains to
slurries or mixtures above saturation percentages. Data do not
invariably conform to the actual boiling points of mixtures.
When reactions at temperatures above boiling points are
noted it is assumed that there is a pressure factor even though
this is not denoted in the matrix.

How the Data Are Posted

Data taken from the literature are adjusted to fit the incre-
ments of the temperature/concentration matrix and therefore
cannot be considered exact. For example, a posting at the in-
tersection of the 40% concentration line and the 100 F (38 C)

Jlemperature line actually represents a concentration of 35 to

45% and a temperature of 50 to 150 F (10 to 66 C).

No data are posted on zero concentration lines; therefore,
any posting on the shared line between data squares repre-
senis 100% conceniration, Postings on the 100% lines usually
refer to anhydrides but also may refer to some concentrations
in which a small percentage of water is present as may be the
case in everyday plant operations. In some instances, special
arrays of data on anhydrides are posted. Data on mixtures of
unknown proportions are posted on the 100% iine. Thus, beer
is posted as “100% beer.”

In this edition as in earlier editions, the relative impreci-
sion of the corrosives Is acknowledged. Sometimes data are
posted which are derived from exposures of materials to
reagent grade corrosives. However, many of the data come
from reports of actual operating systems where reagent grade
corrosives are rarely, if ever, encountered.

“The following comments enlarge on the means used to
present the data and emphasize the importance of many addi-
tional factors in determining the corrosion resistance of a
material, since these cannot always be expressed in simple,
graphic form. Consequently, iT 1S IMPORTANT THAT THE
FOLLOWING NUMBERED SECTIONS BE READ CAREFULLY.

1. Corrosives _ :

Although corrosives are listed alphabetically. in the main
tables, a series of other tables and graphs listed in the Table of
Contents presents additional information on special topics
and en certain generalfly encountered corrosives. Previous ex-
perience has revealed that grouping corrosion rates by similar
compounds is helpful. When information on the particular cor-
rosive under consideration is insufficient or lacking, there may
be others in the same general group which could be expested
to react with materials in a similar manner.

2. Materials of Construction ' ' a
Materials of construction available at reasonable cost

and in a wide variety of forms have been selected for general

corrosion rating. In special cases, other materials also are



plotted. Materials have been grouped under general ¢lassifica-
tion headings according to the major base metal. Within each
classification are a number of materials frequently considered
to have comparably similar corrosion resistances. For exam:-
ple: :

a. In carbon steels, carbon content up to 0.30% is not con-
sidered to aiter appreciably the corrosion rate,

b. Silicon bronze, aluminum bronze, and tin bronze are con-
sidered to have similar corrosion resistances in most
media, but it is recognized they can differ markedly in
specific envirenments,

¢. Instainless steels, Types 302, 304, 304L, 321 and 347 are ex-
pected to have similar corrosion resistance and are
grouped as 18Cr-8Ni austenitic stainless in the corrosion
tables.

d. in aluminum alloys, the following types are expected to
have equivalent corrosion resistance: 1100, 3003, 3004,
5052, 6061, 6062, and cast 43, B214, 356, and 406. No alumi-
num alloy containing- over 1.0% copper should be con-
sidered to have corrosion resistance equal to these.

Thus where data on any of the above are shown in the data
* tables, other materials in the same group usually can be ex-
pected to perform in a like manner. .

3. Concentration of Corrosives

Concentrations In all cases (except in certain sclutions
and gases, either desigcated or essentially so) are considered
to be water dilutions. of pure compounds. Although it is fully
undersfood that small quantities of contaminants may have a
profound effect on corrosion rates, this factor is not ordinarily
taken into account in the tables, often bacause the specific
contaminants are not reported in the references from which

data are taken. In instances where a metal was designated as

being unaffected by a chemical and no mention was made of
concentration or temperature, the tables show the metal as
satisfactory at the 100% line at room temperature. This In-
dicates that the metal has a possible use and could be con-
sidered.

4. Temperature

Temperature may affect the corrosion rate through its ef-
fect. on oxygen solubility and availability, As tempefature
rises, oxygen solubility in an aquegus solution decreases and
at the boiling point most oxygen is remaved. On the contrary,
the diffusion rate of oxygen increases with temperature, The
corrosion rate may increase with temperature to some maxi-
murm and then decreases to some low value at the boiling
point.

Temperature also may affect corrosion through its effect
on pH, with increasing temperature often resuiting in decreas-
ing pH. :

Temperature also may affect corrosion rates through its
effect on films. It may increase the solubility of protective cor-
rosion products, as in the case of lead.in hydrochloric acid. A
change in temperature also may bring about changes in the
physical nature or the chemical composition of corrosion
products which may make them.considerably more or less pro-
tective. The behavior of zinc in water Is an example, Another
effect of rising temperatures on films is caused by precipita-
tion of protective coatings on metallic surfaces, as in waters
containing calcium sulfate and caicium carbonate,

In solutions under pressure at temperatures above their
normal boiling points, corrosion  rates may increase quite
rapidly with temperature, possibly because many of the fac-
tors (such as diffusion, which normally acts to limit corrosion)
are no fonger controlling. The limiting effect of diffusion also
cah be overcome by rapid movement,

The effect. of heat flux on the corrosion rate must be
recognized. Maintaining a liquid at a bulk temperature of 248 F
(120 C). in a vessel can produce no corrosion, whereas the
same temperature on the heating side of a metal surface may
result in catastrophic corrosion,

Temperatures are plotted in degrees Fahrenheit from 0 to
500 (- 18 to 260 Celsius) on the vertical axis of the matrix
shown on the fold-out page. This matrix makes up the data
tables throughout the book.

5. Corrosion Rates ,

An arbitrary set of corrosion rates has been established
for this survey to meet the requirements of Instrument, design,
and maintenance engineers. (See the Key to Data Points on
fold-out page.) The ideal rating (denoted in the tables by a solid
circle} has been assigned when corrosion is less than 2 mils
(30 wm) per year. Many materials have this property and may be
used for some pieces of equipment, although they may be
ruled out for others because of other failings, such as con-
tamination of product, brititeness, temperature limitations, or
unavaitability in suitable form.

When this highest degree of corrosion cannot be in-
dicated, a secondary rating {an open circle) representing less
than 20 mils (508 um} per year corrosion rate is used. In the
development of this category, considerable difficulty has been
encountered due to the vatious methods of reporting corrosion
data. Materials reported as “recommended” or “completely
resistant” may have corrosion rates less than 2 mils per year,
but without actual figures, they have been placed in the sec-
ond category (20 mils per year} rather than the ideal one. For
the majority in this category, the corrosion rates probably will
be below 5 mils per year. The rating of 20 mils per year in-
dicates those materials which riormally would be specified
where a corrosion allowance of 60 - 120 mils is added for pro-
tection against possible mild corrosion.

A third classification (an open square) is provided to in-
dicate a corrosion rate between 20 and 50 mils (508 and 1270
pmy per year. These materials can be used only in special
cases where such a rate can be tolerated, but are not con-
sidered adequate for general plant construction.

The final rating (an X) is given where the corrosion rate is
probably too high (over 50 mils per year) to merit considera-
tion,

6. Additional Factors Influencing

Corrosion Rates

There are many factors besides concentration. and tem-
perature which influence corrosion rates and, while they are
often extremely important, it is impossible to list them all in a
survey of this type. For example, velocity, aeration, heat flux,
the presence of oxidizing agents, and other chemical con-
taminants can either increase or decrease the corrosion rate.
The effect of galvanic coupling is also important in assessing
the useful fife of a piece of equipment and should be con-
sidered. : .

Welding is another factor which may influence service
life. Astde from intergranular corrosion, which is discussed
below, there are instances where as-deposited weld metal is
attacked in preference to the base metal; conversely, there are
occasions when the weldment is more resistant, Additionally,
localized 'stresses due to welding often make zones adjacent
to welds susceptiblé. to stress corrosion cracking. For these
reasons, selection of the correct weiding material is as impor-
tant as selection of the base material.

Many alloy systerns show variations in corrosion resist.
ance as a result of being heated or cooled in a certain way, It is
important that fabrication and heat treatment are such that an
alloy’s corrosion resistance is not impaired if the fabricated
part is intended for corrosive service. Generally the solution
annealed condition is preferred, but the manufacturer of the
alloy should be consulted for his recommendations.
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7. Effect of Stress on Corrosion Rates

Two very important instances when stress and corrosion
operating simultaneously will not cause increased general at-
tack but will produce fracture are corrosion fatigue and stress
corrosion cracking. While corrosion fatigue may oceur in any
corrosive -medium, stress corrosion cracking requires a
specific combination of alloy and environment. Quite often the
stress which causes stress corrosion cracking is due not only
to operating conditions but also to locked-in stress due to
fabrication. Welding, in particular, often induces stresses suf-
ficient to cause failure. For this reason, post fabrication heat
treatments often are specified. When stress cracking is in-
dicated in the tables, the materials definitely should be stress
relieved after tabrication, or a metal not susceptible to stress
cracking should be selected. For stress relieving times and
temperatures, the manufacturer of the alloy should be con-
sulted.

Generally, stressing metals at less than their elastic limit
does not markedly increase corrosion rates, Under some cir-
cumstances this may not be true. Occasionally alternating
stresses resuit in faster corrosion rates than static stress in
one direction alone. Markedly different corresion rates have
been experienced with certain metals when they were stressed
after exposure'in an environmeni rather than before. There
also may be a differential in corrosion rates between that side
of a material under compressive stress and the one under ex-
tension.

8. Intergranular Corrosion

Intergranular corrosion attacks grain boundaries of
materials and can be particularly aggressive when certain
chemical solutions are in contact with austenitic stainless
steels which have precipitated carbides at grain boundaries
(sensitization). This precipitation is produced when the steel
has been subjected to temperatures between 800 and 1400 F
(426 and 760 C} and is often present adjacent to welded areas.
Various methods have been developed to eliminate this un-
desirable condition. Howeyér, because intergranuiar corrosion
is not produced by all corrosive media, special heat treatments
or specification of stabilized types of austenitic stainless
steels often are unnecessary.

Certain other metals and alloys are subject to inter-
granular attack when exposed to specific media under some
environmental conditions and others after an adverse heat
treatment. In such cases the manufacturer should be cop-
sulted for information relating to his product.

9. Corrosion Inhibitors

Also not considered in this survey are the electrical tech-
nigues of cathodic and anodic protection, both of which have
benefits under some conditions. Those who are interested in
investigating these techniques may get good advice from
manufacturers and consultants in these fields.

The technology of inhibition is well developed, but is not
considered in this book. Consult the reference list below for
scurces of published information on inhibition.
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Keys to Data Tables

F (0
500. (260)!

Matrix Key

400 (204)
Throughout the data tables in
this book, data points represent-
ing average penetration per year
(key below) are plotted on the
matrix enlarged here. The hor-
izontal grid represents percent
concentration in water and the
vertical grid represents temper-
ature. For more information on

300 (149)

200 (93)

100 (38)F how to use this data survey,
consult the preceding introduc-
tion.

0 (—18)
Percent Concentration in Water .
Average Penetration Rate Per Year
Code | Mils Inches mm s’
o | < | 2 0.002 50
Ol < | 20 0.020 508 Key to Data Points.
O | { | 20-50 [ 0.020-0.050 | 508-1270
X > 50 0.050 1270
Footnotes for Data Squares
1. Pitting ,
2. Stress Corrosion Cracking Key to Footnotes

3. Intergranular Attack
4, Crevice Attack







IDENTIFICATION AND NOMINAL ANALYSES
OF METALS AND ALLOYS

Mamerican Iron and Steel Institute (AISH), Washington, DC.
BLow carbon grage: ¢ = 0.03 maximuym,

ACopper Developrment Association (CDA),

Sons, NY, NY, 1971,

“Low carbon = 0,02 C, Type 201.

B oy Casting Instltute (ACH: now Steel Founders' Soclety of America),

*Maximum

Deas Plaines, I,

FERRQUS ALLOYS Nominal Analysis (Parcent
Common Name of Type | Chromirm | Mickel | Sfiicon | Tren | Garbon Manganese ] Phosphores | Sullor
Steel, Carbon, Mild <{0.6. <225 bal <175
Iron, Gray Cast 1.1-2.8 bal <3.80 0.15 0.10
Iron, High Nickel Gast 14-32 bal
STEEL, Stalnless, Martensitic and Famitic
AlS| Typel®
405 11.514.5 bal <1
410 11.513.5 <1 bal <1
STEEL, $tainless, Feritle
17Cr 17 0.5" 1 bal 0.t2* 1" 004" I 0.03*
261 2527 bal 0.005 Mo =0.75-15
Cu=0.20
N=0.015
Cu+NI<0.50
STEEL, Stainiess, Austenitic
AlS| Type
302 719 810 <1 bal <0.15 <2.0
304130419 18-20 812 <1 bal { <008 <20
321 17-19 8-12 bal <28 | Ti=C x 10
347 1719 913 bat Cb+Ta=C x )
AlS) Type
316/316L2 16-19 10-14 <1 bal <01 <2.0| Mo=2~3
7317LR 18-20 1115 <1 bal <0.9 <20 Mo=3-4
20-25-4.5 s
804l 20 25 *T « bat Mo=4.5
* Cu=15
COPPER BASE ALLOYS Nominal Analysis (Percent) —
CDA Number® Name Copper | 2In¢ | 1In | Leag | Arsenic iron Nickel | Other
100-150 Elactrolytic copper 9.9
210 Gilding metal 95.0 5
220 Bronze, commercial 90.G 10
230 Brass, red 85.0 18
502-546 Bronze, phospharus 91-99 18 Also phosphorus
249 Brass, low leaded 80 20
260 Brass, cartridge 70 an
442-445 Admiralty 70-73 28 1 Tr Also Sb,P
266 Brass, yailow 64-68 32 Tr Tr
270 Brass, yallow 63-68 32 Tr Tr
280 Muntz metal 59-63 a7 Tr
464-467 Brass, naval 59.62 38 Tr Tr Tr Al=<8
612 Brass, aluminum 928 Tr
706 Cupro-nickel 83.5 1 0.05 13 91t Ma=1
710 Cupre-nickel 7685 1 0.08 1.0 1923 Mn=1
715 Gupro-nickel 665 1 0.05 0.4.0.7 29-33 Mn=1
. NICKEL BASE ALLOYS Nominai Analysls (Percent) —_ .
Designation Chromlum Nickel Copper Molybdenum Manganease Iron Sllicon Carbon | Other
200 + 2c0L™ -~ 988 0.05 &.25 9.15 0.05 Q.06 Co trace
Maenel 400 66 315 1.4 1.1
inconel 6§00 158 76 7.2 1.0
Ni-Cr-Fe-Mo Ailoys .
Incoloy 825 2t5 bat 20 30 1.0 29.0 0.05* 0.05*] 10Ti
Hastelioy GIG-3 220 bal 20 70 185 1.0*
20 Cob-3 19.21 30-34 bal Mo=2-3; Cu=3-4;Cb1
ACI TypeP
Alloy 20 19-20 28.30 0.75" bal Mo=2, Cu=3-45
CN 20 19-20 28-30 bat Mo=3; Cu=1.75
Hastelloy 8 82 28 6.0
Hastelloy B-2 69 28 1.0
Hastelloy ¢ 16 57 16 5 0.08*] 4wW
Hastelloy C-276 16 s | | 16 5 0014} 4W
MISGELLANEDQUS ALLOYS
Designation Purity and Afloying Elements Designation Purity and Alloying Elements
Aluminum Low copper, iran Silver 0% + Cu, Au, or Sn
Gold +Ag, I, Pd, P4, In Tantalum >9959+
{at >99% , 08, Au, Cu, -
Platinym © + Nt Os, Ru, Cu, Bh Titanium +Pd, Al, Sn, or V
Lead »99.73% + Ag, Cu i | ZIrconium +Ta, Mo, Mn, or Al

New York, NY. See also The Corrosion of Copper, Tin, and Their Alloys, Henry Leldheiser, Wiley &

.
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Section 1

The following tables contain the majerity of data found in this volume. All data in this section pertain to the same
four ailoy groups {iron base, copper base, nickel base, and other) and represent'exposure to corrosives in the 0 to
500 F (-18 to 260 C) temperature range. The data are of the same kind and reliabllity and come from the same
sources as other data found in this volume,

The reader is advised to examine the following matrix upon which the tables in this section are based before
attempting to use the tables, A replica of this matrix appears on the adjacent fold-out page for ready reference
when reading the tables. A key to the data points {glving average penetration rates per year), a key to footnotes,
and a table of identifications and nominal analyses of metals and alloys are also located on the adjacent fold-out

Consutt the preceding introduction for further instructions on how to use this data Survey.

F (C)
500 (260)

400 (204).

300 (149)

200 (93)

100 (38)

0 (-18)

Percent Concentration in Water
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Section 2
Short Tables

The foltowing “short” tables contain data on additional materials not found in the main tables and are organized
separately to conserve space. Data in this section also represent exposure in the 0 to 500 F (-18 to 260 C) cor-
roslve temperature range, are of the same kind and reliability as other data found in this volume, and come from
the same sources. , '

Data are plotted in the same matrix used in the main tables {shown below). The reader is advised to examine
this matrix before attempting to use the talbes. A replica of the matrix aiso appears on the fold-out page im-
mediately following the introduction for ready reference when reading the tables. A key to the data points {giving
average penetration rates per year), a key to footnotes, and a table of identifications and nominal analyses of

metals and alloys are also located on the fold-out page.
Consult the introduction for further instructions on how to use this data survey.

F (C)
500 (260)

400 (204)

300 (149)

200 (93)

100  (38)

0 (—18

Percent Concentration in Water
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7 _ ' - :
AMMONIUM Steet Gray NIgkeT E5T NGrFoMo
BORATE iron Iren
8 i) 340 it ofo ]
IthﬂDr!ﬂDOEN UM Gsai.;itc;r,gn 316 ‘Copper
9 fatiss
AMMONIUM Gsai.srilclggn Alumingsm
LACTATE
10 =
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- CORROSIVE

MISCELLANEOUS METALS AND ALLOYS

Steel Aluminum

AMMONIUM
THIOGLYCOLATE

l L ] 7
zg;ll':)H RANILIC Steel ciiii“ﬁé’n Aluminum

‘ 2 A

QF{SENIC PENTOXIDE 04 316 % b5 | eonr
62% SULFURIC

3 . . % ¥
ARSENIC DISULFIDE . Steal ey Capper Alurmnem Silver

4 _ K
ARSENIC TRIOSULFIDE Stoal ooy | Coeper Brass Siiver

S
BEER T T
BERYLIUM OXIDE g‘g' gégg P;IS-C;%FTB Titaniom Zircontum

7 [ ,
BISMUTH "~ Stael s 04 316 NiGrFeo My

Aast Iron &

SUBCARBONATE

8 ) ) o
BISMUTH Steal Cii;ilcﬂr;n Ni-Cr-Fe-Mo
NITRATE

9 g
??OmggENZY L Staet Ay N NCy Tead

A .
IO : | : I :f Jrﬁ # h




CORROSIVE

MISCELLANEOUS METALS AND ALLOYS

304 316 NI-Cr-Fe-Mo Nl NGy Siiver -
% 6632
BROMOISOVALERYL
UREA
[ 4 y I r
l 4 4 1 p
BUTYL BENZQOIC ACID Steel Csai;ﬁflﬁn CaGs:alz"on 304 & Alumninum
1
2 L
CALCIUM CYANAMIDE 1S T S T o Sen | o
3
CALCIUM CYANIDE Steel oy T Nigkal Gold Platinem
4 L ] y ; 4
CALCIUM 304 316 Ni-Cr-Fe-Mo |~ Aluminum
HYDROSULFIDE
- - R( [}
5 H » . 050
CALCIUM PEROXIDE ST T 35 36 NiGrFato | Aluminum
Cast tron
4
. 6 X [+
CALCIUM . Steel Csaiilcl?gn Ca?.ﬁyrron
PHENOSULFATE
7 d d
CALCIUM PROPIONATE S Cgm:;ﬂ RiGrreMo | Alumimum
- 8 : 4 b
CALCIUM FYRIDINE o el i
SULFONATE
? t
CEROUS CHLORIDE “Sto C T Comer |
1 1
2 2
10 3
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MISCELLANEQOUS METALS AND ALLOYS
CORROSIVE Staal Goppar Aluminum “Lead Silvar
CEROUS FLUORIDE -
GCEROQUS SULFATE Stesl ng;c;g Lead Silver
2 ' L
CHLOROBENZENE 60% gg N | N [ N
CHLORAL 40%
3 * p L
CHLOROBENZOYL Staal 304 Copper Ngt':zr;rhgn Alurinum Tood Silvar
CHLORIDE )
4 K
CHLOROPICRIN | = T
: : 5
CINNAMIC ACID ] Steal Sillcon —Gray
Cast Iron Cast Iron
6 4 r »
m—;‘ous SULFATE Staal Cﬂcﬁgn 36 ATGmInum Tead
BRI
. 7 [ ] » (alqa}
OPPER GLUCONATE Steal Sicon Gray Nickal Alaminum
Cast lron Cast Iron Cast Iron
8 'Y 4 [} 3
COPF_’ER— Sleal Silicon Gray Nicket Afuminum
NAPHTH ENATE Castlren } Castlion Cast Iran
9 [ d [
CYANOHYDRIN Steel Sillcon Gray Nickel 304 316 Ni-Cr-Fe:Mo
Cast lron Cast Iron Cast Iron
10
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_ ' MISCELLANEOUS METALS AND ALLOYS
CORROSIVE Stegsl Silicon ﬁy_ Nickel 304 318 Ni-Cr-Fa:-Mo NI
Cast Iron Cast lron Cast fron =]
DIBUTYL SEBACATE
I ¢ ‘ 4 : ‘b b 3 :
DIBUTYL SULFATE 03 ¥ N
2 1 3
blCH LOROACETIC 304 Tantalum Tltanium Zirconlum
ACID ]
i
3 L 3 1 L
DIETHYLCARBONATE | ™ | S | ociten | ook
4 4 4
_D_"SO BUTYL Steel Ca(::ai)r‘an 304 318 Ni-Cr-Fe-Mo Ngl_\go
ALUMINUM CHLORIDE
5 ] b ] [ ] 4
DIMETHYL ' 308 316 35 rﬁiégg Ng!go Aluminum
CHLORACETO i
ACETAMIDE AN
6 b ' & ST TTT% ]
D]METHYL (UNS) Stesl 304 316 r;ié(..‘;ré!:?e Aluminym Titanium
HYDRAZINE +
HYDRAZINE 50%-50%
7 4 o y
DIMETHYL SULFATE Se T s | couton
8 y g
FERRIC IR
FERROCYANIDE
ol &
FERROUS AMMONIUN | &, | Teer | o | o
CITRATE
10 2] o o
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CORROSIVE

MISCELLANEQUS METALS AND ALLOYS

316

Ni-Cr-Fe-Mo Ni-Cr-Ma

P S N R S T |

G276
FERROUS IODIDE
I 3] B . .
SLOYNCOEESII:O RO Steet Csais"tclegn CaGs{al!:on C:;ﬁ?clm
HYDRIN
_ 2 :
GOLD CYANIDE 304 36 Ni-Cr-Fe-Mo Tantalum
PLATING SOLUTION -
3 : :
IRON SULFAMATE v | T [ TOrFeMe
4
ISOBUTYLENE S| athen | coshon | costron
CHLOROHYDRIN
5
ISOBUTYR!C Stael ngllclggn NI-Cr-Fa-Mo Aluminum
ACID
_ 6 1] [
ISOPROPYL NITRATE Siteon | Titanium
7 o]
LEAD FLUOSILICATE + | ¥ [ 3° [mcFen
B8.5% H.:Si-Fe +
6.9% PL-Si-F,
_ 8
LEAD NAPHTHENATE St | oiven | casthon | castien | COP
9 L4
LEAD PATHALATE ST e | caston | oo | O | o® [ weew
I 0 [ 3 b L
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MISCELLANEOUS METALS AND ALLOYS
CORROSIVE Steel Silicon Gray Nickel
Gast Lron Cast iron Cast iron
LEAD SALICYLATE
| 4 L 4 4
LEAD STEARATE Steal Siticon | B3y 304 316 NCrFeMa | Moo
2 -
LEAD TETRA-ACETATE Steel Csagi[cﬁgn Caﬁsﬁron 304 316 Ni-Cr-Fe-Mao Nggo
, 3 :
LINALYL ACETATE . csagltcﬁc“n 304 316 Ni-CrFe-Mo rseég; Alezminum
4 b
LITHIUM BENZOATE Steel | Gattven | castiion | casihon
5 ] [] [ b
LITHIUM BROMIDE a0e a0 K oy | WorEe
6 [ H TT TITT
LITHIUM SALICYLATE Steel [ Gatian | Gastwon | castien
7 7 L 4 y
MAGNESIUM T e | ot | e |
6 ANREEENENERNEE
MAGNESIUM Steel | eibon | costwen | casinon
GLYCEROPHOSPHATE
9 3 L L
{:1 ?F?(;L)E'?(I:)US%H ITE Steo! Csatsulclc:gn CaGs ;alfon C:sif ':fclm
l O K ‘ [ [} [
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' MISCELLANEOUS METALS AND ALLOYS
CORROSIVE CSiIitclon 304 Alumingm

MAGNESIUM
PERCHLORATE

I _ L -9 'Y
MANGANESE Csais"lclc:gn 304 318 Ni-Gr-Fe-Mo Copper
- CARBONATE

) 2 O 3o PO bo

mgfé?TEESE Steal f ttvon | cason | oo

3 y y L [
MANGANESE o Stee Silicon Gray Nickel 304 % NLCrEe Mo
NAPHTHENATE _ a N

4 [ L L » : 1
MERCURIC 04 36 Ni-CrFe Mo
ACETATE

5 F
gﬂUEFF(i\L_JrlEIC Sllicen 304 316 NiGrFaMa [ TCEFs Lead

i 1 1] L
o 4 &

6 2 2 3 5 81 ] ]

METHACRYLIC ACID sl | G | oemon | casien | ]
) 7 L : L 3 L L 4 :
METHYL ABIETATE | ™ | sl | oiter | i | @ ] o0 oo
L [ L [ [ [ X

8 L L 4 L L L
METHYL ACRYLATE T S | oo | e T > |

N s EuNAEAmaus Sasas SSSSSaEaEE
XSE?X%MYL steel Ciﬁgn CaGs:aI)rron G:siﬁ?cln Coppor

iof ' ' ' 1
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MISCELLANEQUS METALS AND ALLOYS

CORROSIVE Steel Silicon Gray ickel
: Cast iron Cast Iron Cast Iron
METHYL LACTATE
| ] 4 ] b
METHYL Steel c?;gitc’orgn 204 316 Ni-Cr-Fe-Mo Aluminum
METHACRYLATE
2 ' ] »
METHYL PROPIONATE Steel | Siieon - Gray -] Copper
]
3 :
METHYL SALICYLATE Steal C?sliicﬁ:n CaGs:?rron Coppst peqég; Aluminum Silver
4 4 L b b o
MONOMETHYL Steal and Ni-Cr-Fe-Mo | Aluminum
HYDRAZINE
5 [] [ [
NAPHTHENIC ACIDS Steal 304 316 NICy NG
6
NICKEL ACETATE Csa.is!ltcﬁgn 304 316 Ni-Cr-Fe-Mo rﬁq(lig; Aluminum
7 1 L 4 )
NICOTINE Steel 304 a6 Atuminum
oo
NITRIC ACID (25-35%) 04 e fNeerreto | Mol | Noaee
+515 ppm CHLORIDES
Q h [il
NITROXYLENE |
10 :
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MISCELLANEOUS METALS AND ALLOYS
CORROSIVE

Stee! Cast on 0 Copeer ] Nicrre
PENICILLIN
NUTRIENT
| d :
PERACETIC ACID casiiven | | A
_ 2 .
PERMANGANIC ACID | oieen | o% [ woeme
- 3 3
PHENOL + . Steel Csagjlcl?gn 304 Copper Brass Nggo
3-56% SULFURIC ACID ‘
] L
: 4
PHENYL GLYCINE ET N T
o} - -
PHOSPHOHUS Cgis”tcl?gn Lead Titanium Zirconium
. TRIBROMIDE
6 . I e T
POTASSIUM R o e A
CITRATE :
7 b 3
POTASSIUM Stoe} Siticon Gray Nickel Sitver
GLUCONATE Cast Iron Gast Iron Gast lron
8 : '
POTASS'UM . Steel Silicon 316 Ni-Cr-Fe-Mo Lead
METABISULFITE Task dron
) 9 fo © S
STAN UM ] e | oSt | ot
10 ' 11+
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CORROSIVE

MISCELLANEOUS METALS AND ALLOYS

Stesl Silicon Ni-Gr-Fe-Mo | Aluminum
Cast lron
!
RESORCINOL o
I [ 45 1
Silicon Aluminum Titanium
Cast Iron
RICINOLEIC ACID
2
Stegl ggfﬁgn Aluminum Gold Sitver
SELENIC ACID
‘ 3 x| x 3
304 36 Ni-Cr-Fe-Mo Titanium Zirconigm
SELENOUS ACID
(S RRRAE
Sg!:sokn 304 Gopper
Iron
SILICOTUNGSTIC
ACID
5
Silicon Ni-Cr-Fe-Mo
Ton
SILVER
SULFATE
é b 3 TT
304 316 Ni-Gr-Fe-Mo
SCDIUM
BORCHYDRIDE
7 9899
Steel Silicon 3o4 316 Ni-Cr-Fe-Mo Brass Aluminum
fon
SODIUM
CYANIMIDE
8 % bo . 1] px X X
Steal Gray Nicksl
fon ron
SODIUM
GLUCONATE
9 3 ; 4
304 316 - Ni-Cr-fe-Mo
SODIUM .
HYPOPHOSPHATE
10
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MISCELLANEOUS METALS AND ALLOYS
CORROS'VE Stesl Gray Nickel Ni-Cu
ran on
SODIUM
HYPOPHOSPHITE - y
|
Steer Silicon 308 316 Ni-Cr-Fe-Mo | Titanium
Cast
1]
SODIUM
OLEATE - aal T Taie ;
2 alo Istuts] Jat 1] S
Steal 304 Aluminum Titanium
SODIUM .
OXALATE .
3 xX [s] Lol L 'i
Steet 304 316 Aluminum . ] i
SODIUM
PROPIONATE
4 [ L4 1: b .
a4 316 Ni-Cr-Fa-Mo Copper Ni-Cu Aluminum Leac Silver
SODIUM _
PYROSULFITE . ]
5 3 4 [ [y . 4 ‘1
Steel Gray Nicke! 04 316 Ni-Cr-FeMa
. < Cast Iron . i
SODIUM
RESINATE ‘[
6 :
Steel 304 [30) Aluminum
30DIUM
STANNATE -
7 :
Steal Gray - :
- Cast :
SODIUM ' : :
TETRASULFIDE '
' 8 b +
Steal Gray Nickel
_ Ton. o
50DIUM
TRICHLOROACETATE
9 i
316 Ni-Cr-Fe-Mo . ’ ;J '
STANNOUS ‘
FLUORIDE T ' 4
IO 1141 14449 !
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MISCELLANEOUS METALS AND ALLOYS
CORROSIVE T T v
STREPTOMYCIN
. | [ 4
Steal Gray .Nicksl
Cast Cast
Iron ron
STRONTIUM
CARBONATE
2 3 b
Steal 304 316 Ni Ni-Cu Ni-Cr-Fea Ni-Mo
STRONTIUM 1 1
CHLORIDE
3 X X x B b3 X Bl
Steal Gray 304 316 Copper Brass Aluminum Tltanium
on :
SULFAMIC ACID
* x o o X *
4 x| x 33 M M
Gray Nickek Titanium Zirconium
Cast Cast
Iron ron
SULFANILIC
ACID
- 5 e y
Stesl Gray 304 Ni-Cr-Fe-Mo | Alumirium
G
SULFONIC
ACIDS
[} Q
. 6 HEX HEA oso OGO XEX
Gray Nickel Nickel Ni-Cu Aluminum
il
TERPINYL
ACETATE
7 , » ] L3 [
Stesl 316 Ni-Cr-Fe:Mo Ni-Gr-Ma Alurminum
c-276
THIOGLYCOLIC
ACID
8 H 3 s o
Ni-Cr-Fe-Mo Nickel Ni-Cu Lead
THIOPHOSPHORYL
CHLORIDE
9 4 3 ;
316 Ni-Cr-Fe-Mo
THIOUREA
lof* : '
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MISCELLANEQUS METALS AND ALLOYS
CORROSIVE 304 316 Ni-Cr-Fe-Mo Nickel ‘Ni-Cu Ni-Cr-Fe NEC;;:IO
ZINC ‘
DIHYDROGEN
PHOSPHATE | l ‘ i o i
Steel Gray Nickel
|
ZINC
NAPHTHENATE
2
Aluminum Silver
ZINC
OXIDE i
. 3 1 [
Steal Gray Nickel
Cast Cast
lron Iran
ZINC
PHENOLSULFONATE
4 3 [ b
5
é
7
8
%
10
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MISCELLANEOUS METALS AND ALLOYS
CORROSIVE 304 316 Aluminurn
rTHORIUM
NITRATE . -
f . e 4 1
Steei Aluminum
FRIACETIN .
2 y
Steel Gray Nickei Coppar Brass
on Ton
‘RIALLYAMINE
3 4 [ ; x
Steel Gray Coppe? Brass
fon
‘RICHLOROETHANOL
WMINE
4 p y 3
Steel g;as); Né;::;a! Copper Brass
lron lron
"RIETHYL
SHOSPHATE
5 4 4 3 3 [
Steel Copper Aluminum
FUNGSTIC
ACID T
6 . - e 0 S O
Staa! 316 Ni-Gr-Fe-Mo Aluminum
JNDECYLENIC
aCID
7 ’ |» '
304 316 Ni-Cr-Fe-Mo
JRANIUM
SHLORIDES x
8
Atuminum Zirconium
VALERIC
ACID %
9 {elieliile] y
Steel gg" ' N(';{;';?' 304 316 . Ni-Cr-.F-Mo
ron Lron
ZING
CYANIDE
IO xXE ] 4 o O op
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Section 3
“High Temperature

Tables

The following tables contain data representing exposure of materlals to corrosives in the 660 to 1560 F (350 to ) ’
850 C) temperature range which couid not easily be accommodated in the main tables, The data are of the same '
kind and reliability and come from the same sources as other data found in this volume.

The reader is advised to examine the following matrix upon which the tables in this section arg based (and
which differs from the matrix used in two preceding sections) before attempting to use the tables. A replica of the ’ . Lt
matrix appears at the bottom of each page in this section along with a key to data peints (giving average penetra- ) i
tion rates per year), footnotes, and a table of average penetration rates per year compared to weight loss.

Consult the introduction for further instructions on how to use this data survey.

850 1560
750 1380
650 1200
550 1020
450 840
350 660

C F PERCENT CONCENTRATION IN WATER




CORROSIVE MISCELLANEOUS METALS AND ALLOYS
Silicon Gast | Stainesy | S lact zocesoni] ik Ni-Cu NiCrFe
ALIPHATIC DICAR -
24
BOXYLIC ACID 1 : § :
: il Stainl Stainl
ALUM'N UM Gray Cast Iron s'h‘:‘::nca“ Mild Steet 3;2‘?325; 3";?3:’; IAC | 20C 30N Conper Brass 7080 | Brass 59-93 Nickel Ni-Cu
|EE]
- |
5
2 [T
NiCrFe Tantalum Titanium AE::'J;”"’ Golumt;ium Fostarite FeQ Cr, O, Magnesia | Molybdenum f::irl;?:e Tungsten
B3
4 &
Zircon :
Nickel NiCr¥e Platinum
AMMONIA
27
®
NiMo NiCtMa .
AMMONIUM : :
CHLORIDE
4 - . i
Stainless .
Nicrfe Platinum Titanium
BARIUM CHILORIDE 30230
L~ L’
10. a4
!
1
850 1560 700 AVERAGE PENETRATION PER YEAR
' e 4-0_ Bo &0 T tinen AVERAGE PENETRATION RATE/YR COMPARED TO WEIGHT LOSS ..
Code . MEs m Microm
750 1380 o<l 2 { 0.00 50.8 cnsl maiden’ raay I gteeiyr 1 ety msl malomicay I ofmtyr I e
o< 20 1 0.020 | 508.0 ALUMINUM LEAD
650 1200 a { - 0.620 | 508.0 & <m <138 <0.0284 o | <sas <576 <0.1178
) 50 { 0.050 1270.0 Ol oo | <o <0.284 Q| <3s0 <5760 <1178
x 1> 50 | 0.050 12790 0 3799455 | 13803450 | 028407 O | 3t 5.393.75 | 5760-14,400] 1.178.2945
§50 1020 % | >oess >3450 >0.71 X | >335 | >14400 2945
SOME CONVERSION FACTORS
Steel: mpy =Tl % 145 - COPPER, NICKEL or IROK TANTALUM _
450 840 , iy % 636 x density = mdd o] <y - <435 <0.08% ®| <306 <843 <0172
plm? /4 x 0.0144 + density = ipy f
§ rricron = 0.03937 i 0| <iee <4350 <0896 O | <204 <8430 <172
20 a0 50 g0 1000 Parts per million = 0.001 gfiler 0 | 119.02975 | 4350-10875 | 0.8962.24 0| 230.6576.5 | 8430-21,075| 17243
e 660 N‘f”“" = g equiv. liter (w1} X |>75 | > 10875 | 124 X | >5765 S21075 | >43
c F PERCENT CONCENTRATION IN WATER




MISCELLANEOUS METALS AND ALLOYS
CORROSIVE
Nicket Cast | Silicen Cast " Stainless . " .
Gray Cast lron| trom Iron Mild Steal 302347 lAC] 20Cr30N; Copper Brass 70-80 | Brass 59-93 Nickel Ni-Cu
o™
BIPHENYEL
: 1 4 b b 4
NiCrFe NiMo Goid Platinum -Zirconium
BISMUTH Mild Steel gtuazlf';? 5?5"2?(; NiCrFe * Tantakim Titanium Zirgoni Columbi Molybd: Tungstan
21 ] Ebc_/ b L
2 N
CADMIUM (Gray Cast Izon|  Mild Steel :g‘z'";i‘; ?:aé":;:;‘ Copper | Brass 7080 | Brass50.93 |  Mickel Ni-Cu Lead Tantalurm
y m g
3 3
3 y Fﬂ- 3 ¥ ?
Titanium Molybdenum
3 d L
CALCIUM wild stoat | S Siears  [act z0crzoni
4
Stainless Stainless Co . . . .
CARBON D[OXIDE 302-347 416317 pper NiCrFe Platinum Tantalum Zirconium
1&31 Pl AR
B3}~
3
CALCIUM CHLOR[DE Nickel NiCrFe A Aluminum
3 3
6 i
1. No water FOOTNOTES FOR DATA SQUARES
2. No air, oxygen 13. May pit 27.2> 538 C = nitriding
3. L_ow air, oxygen 14. May stress crack 28, Over 1000 C
4. Pits ' 15, Transgranuiar attack :,9' -
5. Stress cracks 16. Vapor 20. Agitated . PS
6. Stress corrosion 17. Aerated 21.~ 7 pH 30. Oxide
7. Discolors 18. Catalyzes 22. < 7 pH 31. When wet
8. Crevice attack 19. Static 23.>> 7 pH 32. Weight gain
1o Mmergranular attack 24.25t0100C  33. 125 psi
1 1: May discolor 25. Graphitizes
12. May catalyze 26. Embrittles

157



CORROSIVE MISCELLANEQOUS METALS AND ALLOYS
- " - P X
Gray CastIron| 7pct Gt | Silicon Gast | Stainless | SNt |ocr20caoNi|  Copper | Brass7080 | Brasssass | Micke Ni-Cu
[17 17 >10bo0 Jo 47
: CARBON
k E
: MONOXI DE 1
| NiCrFe NiMo NiCrMo Alumintum Platinum
( ookt Sucoct”
.
‘ y
Stainless " . " R
NiMo NiCriMo Gold Platinum
302-247
CARBCON ‘
; 1 17 1] 7 7
: TETRACHLORIDE
i - -
§ CHLORINE Mild Stesl | Soanes 2‘;‘;‘;‘;‘7‘ Brass70.80 |  Nickel Ni-Gu NiCrFe Nido NiCrMo Platinum | Magresium
X ] ofof [i 1 [ ih
i 3 o [i q :
’ - Stainless . ;
NiCrEe NiCrMa ;
302347 .
.CHLORINE + STEAM
. i
i
CESIUM Midsweal | ooane | g‘fs";:’; Conpar Gold Platinum Sitver Tentalum - | Titnium | Zirconium | Cotambium :
: B1slc 4 |20 hiedag 243' bishole’]2 1 [29 2] lwle 3 :
ko fady :
3 2 ]
u
5 : T |
Hafnium | Molybdenum |  Tungsten Vanadium ¥
i 2j erie | {20 iasc |t ek | 28]
3
3
. Stainless E
Mild Steal :
CQPPER SULFIDE 302-347 : L
|
i
i a0 1660 - AVERAGE PENETRATION PER YEAR
: ». 80 8 w00 Tt AVERAGE PENETRATION RATE/YR COMPARED T0 WEIGHT LOSS
H Code L1 Tw‘ Microna
! 750 1380 e |<| ? 80[]‘ 508 cnsI moidmidey | aim® tyr ! i iy cusl mgldm ey | Wi i wr iy
i ] O [<l 20 | 0.020 | 508.0 ALUMINUM , LEAD
650 3200 a { 20-| 0.020 | 508.0 o[ < <138 <0.0184 o sy <576 <0.1178
50 | 0.050 [1270.0 O s <1380 | <0.284 O wise | <60 <1178
x (> 50 | 0050 12700 O [ 37.9.0455 | 13803450 [ 0284071 [ | 31.5-393.75 | 5760.15,400| 11782545
550 1020 N >u50 | »071 % | >30375 | >1aa00 | 2045
SOME CONVERSIGN FACTORS
Steel mpy < Pt yr x 245 COPPER, KECKEL or IRON TANTALUM
450 840 ipy x 696 x density = mdd & <y <azs <0.0896 ®| <05 <843 <0172
gim*/d x 0.0144 + density = ipy
P I micron = 609977 ag 0 [<nse <4350 | <0496 O | <w06 <430 | <72
! 20 h 80 g 100 Pusts per million = 0.001 giiter 01| 119.02075 | 5010875 | 0896224 O | 230.6576.5 | 843071075 | 1723
o 660 Mormal = & g eguiv. liter (w1) % [ 2075 > 10875 | »224 % | >5765 >21075 | »aa
t F PERCENT CONCENTRATION IN WATER
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CORROSIVE MISCELEANEQUS METALS AND ALLOYS
Ni-Cu NiCrFe NiMo Silver
FATTY ACIDS
1
FLUORINE Nickel Ni-Cu HicrFe NiCrMo Gold Platinum
25 y
2 -
Stainless Platinum Silver
FORMALDEHYDE 2347 -
3 oy
Nickel Tantalum Titanium Beryllium | Malybdenum Rhkenium Tungsten
GALLIUM o
4 ! y
GLASS S ;“é“;?,‘; ACT 26Cr30NI]  Srainies
5
b
1
8
1_. No water FOOTNOTES FOR DATA SQUARES 39 With st
2. No air, oxygen 13. May pit _ 24. No sulfur 33. i § 8 claarrt]
3. pr air, oxygen 14. May stress crack 25 With sulfur . As catalys
4. Pits 15. Transgranular attack "6. No hvd Ifid 34. No solder
5. Stress cracks 16. Vapor 20. Agitated ; . No hy n?gen sulfide
6. Stress corrosion 17. Aerated 21, ~ 7 pH 27. No quartz
7. Discolors 18. Catalyzes 22, <7 pH 28. Embrittied by O, or N
8. Crevice attack 18. Static 23.>7pH 29 No nitrogen
13‘ H};ecrﬁ{gzgl(ir attack 30. Liquid or vapor
11. May discolor 31. Decarburizing
12. May catalyze '




CORROSIVE MISCELLANEOUS METALS AND ALLOYS
) i inl
Gray Cast Iron ler(:;::ast _Mid ;teel g:;]z'“;:s; ;:asm-a:&; AC1 20Cr30N; Copper Brass 70-80 | Brass 59-93 i Cupronicke| HiCrFa 1
[zl Je8] FEMET 14 i o o8] [34]iodof® ]2 i !
4 34 3
HYDROGEN ST e
it~
1 s '
NiFeCr NiMo NiCrMo Aluminum Platinum Silver Tantalum I
Tuode” 37
41
0] |
24 lagk=2 - T'
Stainless - T . . .
Mild Steet 302347 [ACI 20Cr30N; Nickef Ni-Cu NiCrFe NiMo NiCrMo Gatd Platinum Sitver
HYDROGEN
i hagice (32 _
; i
CHLORIDE e ] .
2 B
Stainless . . .
HYDPOGE N 316317 Ni-Cu Aluminum Sitver
CHLORIDE 4 !
+STEAM + AIR 3 !
} Stainfess | Srainloss
302-347 405-310
HYDROGEN + H,5 |
25
4 |
. Stainless N " . . :
HYDROGEN FLUOR ' DE Mild Steel 302.347 Capper Nicke] Ni-Cu NiCrFe Aluminum | Magnesium
[ 743 43 i
I~
k | i
lzka [i )
Mild Steel NiCrFe Platinum Rhadium
HYDROGEN SULFIDE
ot ®
850 1560 i AVERAGE PENETRATION PER YEAR
: 20 4 80 g 1 Tinen AVERAGE PENETRATION RATE/YR COMPARED TO WEIGHT LGSS
N Code Mh T.E'v" Micom .
750 1380 o< 2100077 508 CDSI ghien? iy l aimiiyr I e e ms] gt faay { wmryr I mhn iy
O <} 20 | 0070 | 508.0 ALUMING M LEAD
650 1200 0 { 20' 0629 50 H’ - <3.79 <138 <0.0284 ® | <1575 <576 <0.1178
50 0.050 f 2700 O] <3730 <380 <0.284 0| <s1s0 <5760 <1178
) x 1> 50 | 6.050 Ji270.0 Tl | 3799454 | 13803450 | 02me0m 0 | 31539375 ) s760-14,500 | 11782945
§50 1020 x | »9a55 3450 >0.71 X | >39375 | >14400 >2945
SOME CONVERSION FACTORS
Sieet: mpy = /M lyr x 245 COPPER, NICKEL or [RQN TANTALUM
450 s ipy x £96 % density = mad ® | <o <435 <0.0896 ® | <n0s <843 <0.172
e/m*{d x 0.0144 + density = ipy
I micson = 0,039 rap o3 BT <4350 <0.896 0] <2308 <§430 <1.72
) 20 40 50 80 100 :a"s pler million =0.007 giliter O | 139.0.297.5 | 4350.10875 [ 0.896.2.24 O | 230.6576.5 | 843021 075) 1.724.3
350 660 ormal =i g equiv. fiter (wi) X | 2975 >10875 | >i74 ¥ | >5765 S21075 | a3
c F PERCENT CONCENTRATION IN WATER
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MISCELLANEOUS METALS AND ALLOYS
CORROSIVE _ ,
(Gray Cast Iron|  Mild Steet g?;";’; NiCrFe HiMo NiCrMo Platinum Silver Titanium
HYDROGEN IODIDE N ,
+JODINE + WATER - ™
' 1
' ) ) N“Tii": m - Magnesia Silict:m Zircon FeQ Cr, 0, Fosterite
IRON, MOLTEN i S - b
1535C"
2
LEAD ' Gray Cast fronf MITKE G5 | g gy g‘;’zi[gj‘;’ s Shainless Copper | Brass 70-80 | Brass59-93 |  Nickel Ve
3 _f;;)‘é:r [ 3z - e .
NicrFe NiCrMo Tantakum Titanium | Zirconium A';‘J:‘ii‘;'e“m Columbium Fab Cr, 0, [ Fosterite Magnesia | Molyhdenum
pociic Je | i sbadcl e ] 3
et ; -
3 R K FZ
gﬂ:’l‘:‘?e Tunmpsten Zircon
ie
X7) g- 13z %
]
;. mg ;\;.?tzrxygen . iOOTNOTES FOR DATA SQUARES 34, Annealed_
. . . May pi .

3. Low air, oxygen  14. May stress crack 27. Embrittles 35. NO' cold work .

4, Pits 15. Transgranular attack 28. May carburize 36. Brittle 41. Weight lost

5. Stress cracks 16. Vapor 20. Agitated 29.<0.04%P + S, 37.~ Impervious

6. Stress corrosion 17. Aerated 21.~ 7 pH <0.35C 38 Nosilica 42, Loses ductility

7. Discolors 18. Catalyzes 22. < 7 pH 39. Hydrogen purges

8. Crevice attack 19. Static 23. > 7pH 30. <51;.c 22_ 40 Wiightg airI:edg > 150

9. Intergranular attack 24, + 7% H, S, 2000 psig 31. 1500 psi o g volfo

10. No chlorides 25. <7%H, 5,500 psig 2+ <60.000psi UYS 43, Anhydrous, 100%
11. May discolar 26. + Steam o 33. Low H,8 44. 50 hours
-12. May catalyze

161




CORROSIVE MISCELLANEOCUS METALS AND ALLOYS
Siticon Case | ., Steinless | Swinless ] _
on | Midsteel | 3o0 | Svgany  [ACI20C3on]  Coppor | Bram70.80 | Brassoss | ke WiCu NiCrFe
5] T8 g 5 [ 9 9% fg 1 ihede 17
"
LITHIUM 1=
(o IC (o] 200 C. C.
] I s 'y I ™, e I |
NiMo Aluminum Lead Platinum Silver Tantalumn Titanium Zirconium Hafnium Molybdenum | Tungsten
1 b 25 fiodoct” ¥ % sshel] fo7bel |
7 T
At\ 24 24
e 20dc 1 20dc
Vanadium
L
Sificon Cast g Stainless Stainless N N
. Mild Steel ACI 20Cr30N| Copper Brass 70-80 | Brass 59-93 Nickel Ni-Cu NiCrFe
bron 302.347 36-317 .
MAGNESIUM
Aluminum Lead Tantalum Titanium Alg;r;'i;\eum FeQ Cr, 0, Fosterize Magnesta g:-::e Zircon
isoie 4"
& L o
I g steel | Steibless Stainless Nickel ; Tantai M
ME RCU RY | Gray Cast Iron]  Mild Stee! 302347 205-410 kel Ni-Cu antaium olybdenum
: 3 7 ]
]
. Staintess Stainless
. : Mild Steal Mi-Cu NiCrFe
302-347 316317
NAPHTHENIC ACIDS m
b, N
4 3
.
850 1560 AVERAGE PENETRATION PER YEAR
20 40 &0 &b 100 1inch AVERAGE PENETRATION RATE/YR COMPARED YO WEIGHT LOSS
Tods Mh N 000 Mhcrons.
750 1380 e | ? 0.002 50.8 cos{ ol sy | ity l [T msl maRimY ey 1 wnrer I Bl
o|<| 20 { 0020 | 508.0 ALUMINUM LEAD
650 1200 o 20~| 0020 | 508.0 e <« <138 <0.0284 e <uss <576 <D.1178
S0 0050 12700 O <o <iase | <ozs4 0| <o <5760 <1178
x [>][ 50| 0.050 1270.0 O | 329.9455 | 13803450 | 0285071 O | 315.393.75 | 5760-14,400] 11782945
560 1020 % | >oass S50 | »0.71 x | »a0395 | >14400 | >294s
SOME CONVERSION FAGTORS
Stest: mey = IS iy x 245 COPPER, NICKEL or tRON TANTALUM
450 84D iny 696 x dersity = mdd DEIE <435 | <0.08% o | <05 <343 <0.172
g/’ 4 D014 Gensiny = ipy <1 0.4 0.6 430
1 miceon = 0,03937 i Q 19.0 <4350 <0.896 O | <2304 <5 <1.72
20 a0 50 80 100 Parls per millian = 0.001 gfliter 0| 1902975 | 435010875 | 0evs2.2 O | 230.6576.5 | 843021,075) 17243
350 G660 Notmai= | g equiv, liter {wt) X | 2975 = 10875 >2.24 X | >5763 21,075 =43
c F PERCENT CONCENTHATION LN WATER
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CORROSIVE MISCELLANEQOUS METALS AND ALLOYS
Mild Steel Nickel Ni-Cu NiCrFe
PHENOL
] 1] i
PHOS GE N E hﬁMn NiCrMo Gold Platinum
[ad] 40) a0 44)
2 2
Stainless Stainless Nickel NiCrFe Tantalum Titanium Columbium | Molybdenum
302-347 316-317
POTASSIUM 41 o Fdel] 3 [42 9] Pode] *g[c [ 32 133 kg Jiacac]t
[ | 2
2§| 24 0 3
OIOK] I g ] 25G pote,
- s"i';f;‘nca“ WiMo | Molybdenum
POTASSIUM e = ————
CARBONATE
4
MiHd Steel Platinum: Titanium Tungsten
POTASSiUM 2 - 7 =
CYANIDE
@ 51
Stainless Stainless o .
302347 - 116317 Coppar Nickef Ni-Cu Platinuri- Silver
POTASSIUM i T T
HYDROXIDE SRR
6 ZLH gl lis
P ) NiCrFe NiFeCr NiMo NiCrMo
OTASSIUM -
NITRATE
1
8
;. No water !:OOTNOTES FOR DATA SQUARES 35. Mass transfer
3. Eo air, oxygen 13. May pit 27. Stressed 36. No sulfur
- LOw air, oxygen 14, May stress crack 28. Flowin p
4. Pits 16, Transgranular attack <O . CWiNg 37. Phase boundary
5. Stress cracks 16. Vapor. 20. Agitated 29. 32-38 ppm oxygen 38, Vacuum
6. Stress corrosion 17. Aerated 21.~ 7 pH  30. Decarburization 39. 4200 psi
7. Discolors 18. Catalyzes 22. <7 pH  3]. < 50 ppm oxygen 40. 15 psig
8. Creylce attack 19. Static 23.> 7 pH 32. < 10 ppm oxygen 41. Type 347
g, Entergran_u!ar attack 24 Lithium chloride 3315 1 J
10. No chlorides ng < iOO I ps : 42 LOW Cdfbon
11. May discolor =7 Ppm GXygen 34. Stress relieved 43. Low velocity-
k2 .
12. May catalyze « Embrittled by oxygen
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MISCELLANEQUS METALS AND ALLOYS

CORROSIVE

i il
Gray Cast Iron|  Mild Steel g;’z'";:’; ;"G'";’; Copper Nickel Ni-Cu NicrFe | Atumioum | Gow Platinum
POTASSIUM  PEROXIDE
Tantalum Titanium Molybdenum
3
Silicon Cast |  Stainless Stainless _ C
POTASSIUM Iron 302:347 316217 Nickel NiCrFe
THIOSULFATE
Stainless Stainless
Nickel MNiCrFe
POTASSIUM  TITANIUM 02847 | 316w ‘ .
FLUCRIDE
SODIUM Gray Cast lron|  Mild Steel 35’2";:;’ g‘,"”;’;ﬁ ACI 20¢ra0|  Srainless Copper | Brass§9.83 |  Nickel Ni-Cu NicrFe
26l 1111 2 b o5 Bl | fe 2
4 ]
4
4 e 3
4 B ¥ bosks ™t b
Stiver Tantalum Titanium Zirconium NST:S: ™ Fed Cr, 0y | Columbium Fosterite Magnesia g::"l:::ge Vanadium
2 ondcH 25
£ ;
[ ol ] sbcta i L
Zircon
bec—~
Nickel NiCrFe Platirum Silver Molybdenum
SODIUM  ACETATE '
850 1560 AVERAGE PENETRATION PER YEAR
= 40 o 8 100 T inch AVERAGE PENETRATION RATE/YR EOMPARED TG WEIGHT LOSS
Coda 112 000 Microm
750 1380 ®|< 2 3.002 sﬂ_ﬁ cos{ gtden? feay E wimEfye I oy cos I ompidm? idey | i [ wird fyr
o{<| 20 | 0.020 | 508.0 ALUMINUM LEAD
650 1200 a { 20' 0020 508[} L] <3.79 <138 <0.0284 » <15.75 <576 <0.1178
. 50 UUSD 12 Tﬂﬂ o] <3790 <1380 <0.284 Ol <50 <5760 <LI78
x 1> 50 | 0.650 [1270.0 03] 3799455 | 13803450 | 028407 O [ 31539375 5760-14.400] 11782945
550 020 X | >9455 >350 ] >0 X | >335 { >14400 >7.945
SOME CONVERSION FACTORS
Steel: mpy = /Tt fyr x 26.5 COPPER, NICKEL or IRON TANTALUM
450 840 1py X 696 x density = mdd o] <ns <435 <0.0895 o | <o <843 <0172
g/m* /d x 0.0144 + density = ipy -
1 micton = 003937 mi ! O | <nse <4350 | <0896 O | <06 <8420 <172
20 40 60 g0 100 Paris per million = 0.007 gliter O | 119.0.297.5 | 435010875 | 0.896-2.24 3| 230.6-576.5{ 8430-21,075| 17243
350 660 Normal = | g equiv, liter {wl) X | =076 = 10875 224 X | 557835 21075 i3
c F PERCENT CONCENTRATION IN WATER _
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MISCELLANEQUS METALS AND ALLOYS
CORROSIVE
Gold Platinurn Tantalum
SODIUM  BISULFATE
I 4
SODIUM CARBONATE | "™ 3‘0‘;"3‘?,;0 Srointess NiceFo | Platioum | Tastahm | iidiom | Molybdenum | Rheniam
5 c! o hade”
. 1]
14} b
1
9 fr T [ I
SODIUM CHLO RJDE 33?:;315; NiCrFe Platinum Silver Titanium
) 4422 beded [0 3 Bl
3
SODIUM CVANIDE Gray Cast Iron|  Mild Stee) g:fz"g:‘; ;*’;'3'?; aci 20cr3oni|  Ni-Cu Ni'CrFe” “Platinun | Tomalum | Tinium
g h (g 8 1 osdlc: 11 17 17
il
4
SoDlUM HEXAMETA Mild Stesl gtgzlrgis; ACI 20Cr30Ni Nickel Ni-Cu NiCrFe NiMo NiCrMo Gold Platinum Silver
4 b § 3
PHOSPHATE
5
Tantalum Titaniurn Beryltium |} Molybdenum |  Tungsten Vanadium
d L
SODIUM  HYDROXIDE Gray Cast Iron Ni“‘l‘f:f““ Mild Steel g‘;z',";’; AGH20Cr30NI| . Copper | Cupronickel | Micker Ni-Cu NicrFe | nicrMo
Il 4 4 34 '3
2 2l g 2
o 1] 5C S
8 ’ '
Aluminum Piatinum _} Tantatum Titanium | Molybdenum | Tungsten Vanadium
3
1. No water FOOTNOTES FOR DATA SQUARES
2. No air, oxygen 13. May pit 27.~ 10 ppm oxygen
3. L_ow air, oxygen 14. May stress crack 28. Decarburizes
4, Pits 15. Transgranular attack 29> 400 ¢
5. Stress-cracks 16. Vapor 20. Agitated e ) .
6. Stress corrosion 17. Aerated 21.~7pH  30. No ammonia salts
7. Discolors 18. Catalyzes 22, < 7 pH  31. With {luorides
8. Crevice artack 19. Static 23.>7pH 32, Hydrogen embrittles
9. Intergranular attack 24. Low carbon 33, If stressed
. N i ; ’
10. No ch[ondes 25. Flowing 4. Mass trunsfer > 500 C
11. May discolor 26. < 100 X
12. May catalyze - PPM OXygen 35. 30 ft/min
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CORROSlVE MISCELLANEOUS METALS AND ALLOYS
Stainl i
MidSteal | aomam | somest | copper Nickel Ni-Cu Goid Platinum Sitver
. 20 5 |
SODIUM NITRATE j A1 o
b
. l k ]
Gold Platinum Silver Tantatum Titanium Zirconium | Molybdenum Palladium Tungsten
SODIUM PERCHLORATE - :
K
Silver Titanium
SODIUM PEROXIDE ‘
Stainless Stainless
Mitd Stea) apz3a7 6317 NiCrFe Tantalum Zirconium Beryllivm | Columbium
SoRIUM POT -
O ASS'UM 3 upulic | A M'! B 3 IAOC”
(! 'FF L EJ
' ., Stainl Srainless | .
SODIUM SILICATES Gray Cast Iron|  Mitd Steel au;"s‘:‘; aieary  |AC!R0C3ONI|  wicrFe Platinuem
| 3 oo TF [ hoded™ [ lodeA"F [ hede ¥ | oo T % sdoJiofod” | | thone+"
ACI 20Cr30Ni|  NicrFe Gold Platinum Silver Titanium | Zirconium
SODIUM SULFATE
' | | psde 17 ore 17 bode 1~ bode 7 Lo bods 7 -
g‘&"};‘;‘; Platinum Tantalum
SODIUM SULFIDE
: 9 e [gc c
-
850 1560 - v - mee—wmmy ' AVERAGE PEKETRATION PER YEAR
o s 1inch eeror AVERAGE PENETRATION RATE/YR COMPARED TO WEIGHT LDSS
Toow
750 1380 o< 7| 0.002 50.8 cnsl maidm? fday I aimtiye i batiye msl almday l racres ' Bt
C i< 20 | 0.020 ) 508.0 ALUMINUM LEAD
650 1200 a { 20-| 0.020 | 508.0 e <an <138 | <0omq o] <sis <576 <0.1178
50 1 0.050 [1270.0 O] <« <1380 | <0784 O <aso | <780 <1178
50 1020 x> 591 0.050 N270.0 7| 3799455 | 13803450 | 02sa0m O | 31.5-393.75 | 5760-14,400} £.178-2.945
SOME CONVERSION FAGTORS 3 | >vass >50 | 071 x | »39335 | m1ag00 | >a29ss
Stsel: mpy = ifyr 5 205 COFFER, NICKEL sr IRON TANTALUM
450 840 :’;:;f;;:::’_ﬂfj m{ild ) e | <y <15 <0.0896 ® | <306 <B43 <0172
3 =densi| =]
L micron= 0037 g O [<190 <4350 | <0.895 O { <2306 <8430 | <172
=0 660 20 30 60 . #0100 ;:ms per millon = 0.001 gifter O | 119.0-2075 | 4350 10875 | 0896:2.24 0O | 230.6576.5 ) 843021075 17243
ozmal = | g equiv. Nter (e X | >2075 10875 | >2.24 X | >5765 21005 | >4a
¢ F PERCENT GONCENTRATION INWATER
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MISCELLANEQUS METALS AND ALLOYS
CORROSIVE , _ ‘ ,
Gray Cast Iron ”"",‘f;nca“ Mild Steel g:;“;:‘; g;’:s'?; act 20craoni|  Sinfes: Nickel NiCu | NiGiFe NiFeCr
72 329 g g T 7
27~ 4
STEAM ! i T ]
Bl
i
NiMo NiCsio Aluminum Gold Flatinum Silver Tantalum: Zirconium | Molybdenum | TFungsten
7 ibodc-t” &[4 ol - . 00c 1
KL
[ 3 3
ickel Platinum Zirconium | Molybdenum
STRONTIUM NITRATE | " ’ !
+ TETRAHYDRATE :
2
Gray Cast Iran| 1150 Gast :Laz'";’,’ ?123':’; ACI 20Cc30Mi|  Nickel NiCu NigrFe MiCtho | Aluminum | Platinum
SULFUR hode 7
T 5
[ b ]
1 16k0 0 | g 151
% | I
Tantalum | Molybdanum
T3k,
3
Staintess Stainless . " . -
Gray Cast iron| Mitd Stesl g ACT 20Ck30Ni Nickel Mi-Cu NiCrFe NiMo Aluminum Gold
SULFUR DIOXIDE ! e L _ i
[0 ) ic 1 c 1hc P
gal 3
16 -
4 I, -4 :n I3 [ 1]
Pratinum i Titanium Iridium Molybdenum | Rhadium Tungsten
1o sdooke thage 47 lol%{’
71T
16| -
.y -
1. No water FOOTNOTES FOR DATA SQUARES ‘
2.No air, oxygen  13. May pit 27, Flowin nc 34. 125 mpy, 1204 C
3. Low air, oxygen 14. May stress crack - Flowing, no pressure
4, Pits 15. Transgranular attack  28. 4400 psig 35. H, evolved > 11.27 ¢
5. Stress cracks 16. Vapor  20. Agitated  29. 5000 psig 36. 198 C, < 200 psig
?’ gt_ressl corrosion 1’; éetfalted g; > ; pn 30. May sensitize > 1400  37. Weight gain
. Discolors . Catalyzes 22. p . . .
8. Crevice attack 19.Swic 23 >7pH o P 'tt?s- Embnttles 39, No sulfur
9. Intergr anular attack 24, Explosive 32' zﬁag em "]284 c 40. May explode if wet
],? nl\jgyct(;l_o:c:gs 25. No pressure po milmp'i(’ 1095 ¢ under pressure
. iscolor . . . 8-mil pits,
12. May catalyze 26. + Vanadium pentoxide 41. Low carbon
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MISCELLANEOUS METALS AND ALLOYS
CORROSIVE

Nickel Cast Stainless Stainlass

Mitd Steel

Iton 202-347 316317 ACI 20Cr30Ni Nickel NiCrFe NiCrMo Aluminum
"SULFUR  TRIOXIDE
1 o . - . .
TlN Gray Cast Iron]  Tantalum Titanium Columbium | Molybdenum | Tungsten
P ime 241 o -
q
S0IC
2 2l kb Y F
Mild Steel Nicke! Ni-Cu NiCrFe
URANIUM FLUORIDE ‘
1 k
Stainless Stainless I
ACH 20Cr 30N Nickel NiCrFe NiFeCr NiMo NiCrMo k
VANADIUM PENTOXIDE [ 30%34 | 316317 oo
xlr] | %61 ] 9 9 9 9 - 9
¥ 1S
1 41_41 14 114 14
4 25¢ | s EESY W7 27 21 Fal 27
VINYL . CHLORIDE Sointess  |achaocraon|  Nica Platinum
[
:
] — |
Wickel Cast . Stainless Stainless B
Gray Cast Iron Mild Steet 302- . AC| 20Cr30Ni[  Copper Nickel NiCrFe Aluminum Gold .
WATER . GAS ton 2-347 316317 ~ i !
1] 28 29| [ T a1 73 ¥ :
|
4 Fﬂ} ~
] : ‘
!
Platinum
=] :
x I i
|
I
850 1560 AVERAGE PENETRATION PER YEAR - .
@ 40 e #0100 Tinch AVERAGE PENETRATEON RATE/YR COMPARED TO WELGHT L0SS H
Code L Tooo Microra
750 1380 o< 210002 508 cosl moam’saay | aiw e | it e msl ot ey I sl I (e
o< 20| 0020 |508.0 ALUMIRUM LEAD
650 1200 o { 20| 0.020 | 508. e <«» <138 <0.0284 ® | <uszs <576 <01178
501 0.050 ]2700 Of <319 <1350 <0784 O] <150 <5760 <1.178
: x (> 50 | 0050 1270.0 O | 37.9.945.5 § 13803450 | 0284071 O [ 31539275 | s760-14,400] 1.1782.945
§50 1020 7
SOME CONVERSIOR FACTORS %] >0455 >3450 >071 x| >335 | >1a400 >2.945
] Stect: mpy = b/ fyr ¥ 24.5 COPPER, NICKEL ar IROR TANTALUM
460 B4O Ipy x 696 x density = mdd [ ] <119 <435 <0.0896 L ) <2106 <3843 <0172 i
gfm?/d x 0.0144 + density = ipy
I micron = 6:07937 il Q| <1190 <4350 <0.896 Q| <2306 <8430 <172
a0 650 20 40 60 80 100 Farts per amillian = 0.001 gltiter O [ 119.02975 | 435010875 | 0896.2.2¢ [ | 23065765 | 843020075 17243
Normat = | g equiv. Fter {wi) X | >2975 ~ 10875 224 X | >57635 21,075 w53
c F PEACENT CONCENTRATION [N WATER
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MISCELLANEOUS METALS AND ALLOYS
CORROSIVE _
Mild Steet Nickel Ni-Cu NiCrFe Tanalum | Titnium | VSO0 4 pager o | cotumbium | Fosserte Magnesia
] 23
ZINC ]
1 |
Molybdenum g::ﬁ:e Tungsten Zircon
3
1. No water FOOTNOTES FOR DATA SQUAHRES
g. No air, oxygen 13. May pit 27. With sodium sulfate 32. Stellite
. Low air, oxygen 14, May stress crack . e tmlint e 33, Diffuses into
4. Pits 15. Transgranular attack =8. Stress relieve pressure o
5. Stress cracks 16. Vapor 20, Agitated vessels
6. Stress corrosion 17. Aerated 21, ~7 pH 29. Except deoxidized
7. Discolors . 18. Catalyzes 22 < 7 pH CDA 110
8. Crevice attack 19. Static 253' >TpeH 30 1y sulfur reducing
9. intergranular attack 24, Mass transfer atm
10. No chlorides - o
11. May discolor 25. V‘_‘”"bie_ 31. No sulfur
12. May catalyze 26. With sodium







Section 4
Graphs




References and Comments for Figure 1

The data points in Figure | are labeled with the reference
numbers of their sources as listed below. The letter symbols
in the figure refer to the comments fol[owmg the references.

REFERENCES:

1. Shell Oil Company. private communication to AP Subcommittee on
Corrosion.
2. Timkin Roller Bearing Company, private communication to API Sub-
committee on Corrosion.
3. Naumann. F. K.. “Influence of Alloy Additions to Steel upon Resis-
tance to Hydrogen Under High Pressure.” Technische Miteilingen Krupp,
1938, Vol. 1. No. 12, pp. 223-34,
4. Inglis, N. P.. and Andrews, W., “'The Effect on Various Steels of
Hydrogen at High Pressure and Temperature,”” Journal of the lron and
Steel Institute. 1933, Vol. 128, No. 2. pp. 383-97.
5. Cox, J. L., "“What Steel to Use at High Pressures and Temperatures.”
Chemical & Metallurgical Engineering. 1933, Vol. 40, pp. 405-9.
6. Sarjant. R, .. und Middleham, T. H., **Steels for Autoclaves.”” World
Power Conference. Chemical Engineering Congress Transactions. Lon-
don. June 1936, Vol. 1, pp. 66-110,
7. Standard Qil Company of California. private communication o API
Subcommittee on Corrosion,
8. E. I'du Pont de Nemours & Company, private communication to API
Subcommittee on Corrosion,
9. Ammoniawerk Merseberg, private communication to APl Subcom-
mittee on Corrosion, 1938,

10. Hercules Powder Company. private communication to API Subcom-
- mittee on Corrosion,

tl. Zapffe. C. A.. " Boiter Embrittlement.” Transactions of the American
Soctery of Mechanical Engineers, 1944, Vol. 66, pp. 81126,

[2. The M. W. Kellogg Company. private communication to API Sub-
committee on Corrosion.

13. German operating cxperience. private communication o API Sub-
committee on Corrosion. 1946,

14, Vanadium Corporation of America. private communication to AP[
Subcommitice on Corrosion.

15. Tmperial Chemical Industries. Billingham, England. private commu-
nication 10 APl Subcommittee on Corrosion, .

16, Evans, T. C.. ““Hydrogen Attack on Carbon Steels.”” Mechanical
Engineering. 1948, Vol. 70, pp. 414-16.

17. Norweg Hydreelectric, Oslo, Norway. private communication to API
Subcommittee on Corrosion.

18. Union Oil Company of California, private communication to API
Subcommittee on Corrosion. 1980,

19. Ciuffreds, A. R., and Rowland. W. D.. ~Hydrogen Attack of Steel
in Reformer Service.”” APl Proceedings, Yolume 37, pp. 116-28. Amer-
ican Petroleum Institute, Washington. D.C.. 1957.
20. APl Refinery Cormrosion Commitiee Survey. 1957,
21, Air Products, Incorporated. private communication to APl Subcom-
mittee on Corrosion, March, 1960. .
22, Gardner. G. D.. and Donovan, }. T.. **Corrosion and Erosion in the
Synthetic Fuels Demonstration Plants.” Transdctions of the Amerfcan So-
ciety of Mechanical Engineers. 1953, Vol. 75, pp. 525-33.

23, Amoco Oil Company, private communication 1o APl Subcommittee
on Corrosion. 1960.
24. Comings. E. W., High Pressure Tc'(‘hm).fﬂg_\'. McGraw-Hitl, New York,
1956.
25. Hasegawa. M.. and Fujinaga. S., **Attack of Hydrogen on Qil Re-

finery Steels,” Tetsu To Hagane, 1960, Vol. 46, No. 10, pp. 1349-52.
26. Moore, K. L., and Bird, D). B., “*How to Reduce Hydrogen Plant
Corrosion,”” Hydrocarbon Processing, 1965, Vol. 44, No. 5, pp. 179-
84, ’

27. Union Qil Company of California, private communication to AP!
Subcommittee on Corrosion, 1976.

28. Amoco Oil Company, private communication to APl Subcommittee
on Corrosion, 1976.

29. Standard Oil Company of California, private communication to API
Subcommittee on Cormosion, 1976.

30. Exxon Corporation, private communication to APT Subcommittee on
Corrosion, 1976.

31. Shell Oil Company, private communication to AP1 Subcommittee on
Corrosion, 1976.

32. Cities Service Company, private communication to API Subcommittee
on Corrosion, 1976.

33. Guif Qil Corporation, private communication to AP Subcommittee
on Corrosion, 1976.

34. Kaoch Refining Company, pnvate communication to APl Subcom-
mittee on Corrosion, 1980.

COMMENTS:

A. A section made of A 106 pipe was found to be attacked to 27 percent
of its thickness after 5745 hours. Other pieces of pipe in the same line
were unaffected.

B. The attack was concentrated in the overheated section of a hot bent
stee] elbow. The unheated straight portions of the elbow were not attacked.
C. In a series of 29 steel samples, 12 were attacked while 17 were not.
D. After 2 years® exposure, five out of six pieces of carbon steel pipe
were attacked. One piece of pipe was unaffected,

E. Attack was concentrated in the weld and heat-affected sections of A
106 pipe. Metal on either side of this zone was unaffected.

E. After 11 years’ service, attack was found in the hot bend section of A
106 pipe. Unheated straight sections were not affected,

G. After 2 years™ service, alt parts of carbon steel pipe, including weld
and heat-affected zones, were satisfactory.

H. After 4 years' service, weld and heat-affected zones of A 106 pipe
showed cracks.

J. After 31 years’ service, a forging of 0.3C-1.3Cr-0.25Mo steel showed
cracks 0.007 inch (0.2 millimeter} deep.

K. Pipes of 1.25Cr-0.25Mo steel.

L. After 4 years’ service, a forging of 0.3C-1.3Cr-0. 7SM0 steel was
unaffected.

M. After 4 years’ service, a forgmg of 0.2C-1.2Cr-0.35Mo steei showed
cracks 0.032 inch (0.8 millimeter) deep.

N. After 7 years’ service, a forging of 0.3C-1.52Cr-0.50Mo steel showed
cracks 0.050 inch (I 3 millimeters) deep.

P. After 30 years® service, a forging of 0.30C-0.74Cr-0.43Ni steel was
unaffected.

Q. After 15 years in ammonia service, a pipe of 0.15C-2.25Cr-1.00Mo
steel showed no hydrogen cracks but was nitrided to a depth of 0.012.inch
(0.3 millimeter).

R. Stainless steel cladding on 0.5Mo steel. No known hydrogen attack.
S. After 8 years, carbon steel cracked.

T. After 18 years, carbon steel did not show hydrogen attack.

U. After 450 days” exposure, [.25Cr-0. 5M0 valve body was not damaged
by hydrogen.
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ROGEN SULFIDE

Hydrogen Sulfide vs Low Cr Steels
|

| I [

|
800

[
%00

Temperature, F

Lirle o]

0 1oc 1200

Predicted long-term corrasion rates (mpy) of low chromium-steels as -
‘a function of temperature and hydrogen sulfide pressure.

and

PHOSPHORIC ACID

Phosphoric Acid vs Type 316 Steel

PERCENT PHOSPHORIC ACID

Isaocorrosion of Type 316 steel in furnace grade phosphoric acid’
under mildiy agitated conditions. Miis per year averages: 1 = 0 to 1.
2=11t0 10. 3= 1010 50, 4 = 50, 5 = Boiling point curve.

Carbon Steels vs 3000 ppm Hydrogen Suifide in 5% Sodium Chloride

40

‘Fime to Failure, Hours

FTIT] T TTTTT7 T T T T
60
o \ —
123
o
g
€ ub- @0 |
o
s
100%
20— ¥_‘
. 130 %
Applied Stresses e —
. Expressed as % of Yield Deformation ]
Day Week Month Approximate correlation of
o bl Lo bt A NI ST NS PR AN Y 11| hardness, time to failure, and
K H a 1) 30 [1+5] SO0 1000 applied stress for carbon steels

{3000 ppm H;S in 5% NaCli).
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TEMPERATURE,°F
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AREA "C”

APPLICATION OF NlCKEiL ALLOYS TO BE CONSIDERED IN THIS AREA
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NICKEL ALLOY ITRIM FOR VALVES

I
IN AREAS "B" &"C"
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CONCENTRATION NAOH, % BY WEIGHT
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CODE FOR MIXED ACIDS GRAPH

Materials in shaded zones have reported corrosion rates of <20 mpy

ZONE 1 ZONE 2 ZONE 3 ZONE 4 ZONE 5
20Cr 30Ni 18Cr 8Ni 20Cr 30N 18Cr 8Ni 18Cr 8Ni
Gold 20Cr 30Ni Gold 20Cr 30N;j 20Cr 30Ni
Lead Cast Iron Platinum Gold Aluminum
Platinum Gold Silié_on Iron Platinum Gold
Silicon Iron Lead Tantalum Silicon iron Platinum
Stee] Platinum Tantalum Silicon Iron
Tantalum Silicon fron - Tantalum
Tantalum
100% H,50, 100% HNO;

CORROSION RESISTANCE OF MATERIALS TO MIXED ACIDS
AT ROOM TEMPERATURE
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CODE FOR CARBON MONOXIDE GRAPH

Materials in shaded zones have reported corrosion rate <20 | mpy

ZONE 1
5Cr 0.5Mo steel

12Cr, Types 405, 410
17Cr, Type 430

18Cr 8Ni, Types 321, 347
25 Cr 20Ni, Type 310
bMn Bronze

Carbon Steel

ZONE 2

12Cr Steel, Type 405, 410
- 17Cr Steel, Type 43;0'
© 27Cr Steel, Type 446
18Cr 8Ni, Types 321, 347
25Cr 20Ni Steel, Type 310

.b% Manganese Bronze

ZONE 3

18Cr 8Ni, Types 321, 347
25Cr 20Ni, Type 3.10
27Cr, Type 446

5Mn Bronze

1. Low pressure end only.

ZONE 4

12Cr, Types 405, 4‘.10
17Cr, Type 430

18Cr 8Ni, Types 321, 347!
25Cr, 20Ni, Type 310
27Cr, Type 446

5Mn Bronze

ZONE 5

5Cr 0.5Mo

12Cr, Types 405, 410
17Cr, Type 430

18Cr 8N, Types 321, 347!
25Cr 20Ni, Type 310
27Cr, Type 446

5Mn Bronze

Carbon Steel

2. (Ref: Technical Oil Mission—Reel 87, Bag 3979, Item 115, Pages 1846, 1860)
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CODE FOR HYDROCHLORIC ACID GRAPH

Materials in shaded zones have reported corrosion rates of <20 mpy.

ZONE 1

20Cr 30Nt

66Ni 32Cu?
62Ni 28Mo
Copper?

Nickel®

Platinum

Siticon bronze?
Silicon cast iron®
Silver

Tantalum
Titanium*
Tﬁngsten

Zirconium

ZONE 2

62Ni 32Cu

. Moaolybdenum
Piatinurﬁ

~ Silicon bronze?
Silicon cast iron?
Silver

Tantalum

Zirconium

a04

ZONE 3
62Ni 28Mo°®

Molybdenum

Platinum

Silver
Tantalum:

Zirconium

ZONE 4

66Ni 32Cu?

62Ni 28Mo°®
Platinum
Silver
Tantalum
Tungsten
Zirconium
ZONES
62Ni 28Mo*
Platinum
Silver
Tantalum
1. < 2% at 25 C
Zirconium 2. No air
3. No I'eCl5
4. <10%at25C
5. No chlorine
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CODE FOR HYDROFLUORIC ACID GRAPH

Materials in shaded zone have reported corrosion rate of <20 mpy

ZONE 1
20Cr 30 Ni

25Cr 20N Steel
70Cu 30Ni?
66Ni 32Cu*
54Ni 15Cr 16Mo
Copper!

Gold

~ Lead!

‘Nickell

Nickel cast iron
Platinum

Silver

ZONE 2

20Cr 30N

70Cu ‘.’:Ol\.li1
54Ni 15Cr 16Mo
B66Ni 32Cu’
Copper!

Gold

Lead'

Nickel’

Platinum

Silver

ZONE 3

20Cr 30Ni

70Cu 30 Njt
54Ni 15Cr 16Mo
66Ni 32Cu!
Copper!

Gold

Lead’

Platinum

Silver

 ZONE 4

70Cu 30Ni!
G66Ni 32Cu!
54Ni 15Cr 16Mo
Copper’

Gold

Lead®

Platinum

Silver

1. No air

183

ZONE S5

70Cu 30N;!
66N 32Cu!
54Ni 15Cr 16Mo
Gold |
Lead!

Platinum

Silver

ZONE 6

66Ni 32Cut
B4Ni 15Cr 16Mo
Gold

Platinum

Silver

ZONE 7

G6Ni 3ZCu1
54Ni 15Cr 16Mo
Carbon steel
Gold

Platinum -

Silver
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ZONE 1

20Cr 30Ni
66Ni 32Cu!
62Ni 28Mo
Type 3162

Al bronze 10%!
Copper!

Gold

Lead
Molybdenum
Nickel cast iron
Platinum

Silver
Tantatum

Zirconium

ZONE 2

20Cr 30N;2

B66Ni 32Cy!

62Ni 28Mo

Type 316°

- Al bronze 70%!
Copper!
Gold

Lead
Molybdenum
Nickel cast iron*

Platinum

ZONE 3
20Cr 30N;®
66Ni 32Cu!
62Ni 28Mo
Gold

Lead
Molybdenum
Platinum
Silicon iron
Tantalum

Zirconium

Silicon cast jron
Silver
Tantalum

Zirconium

1. No air

2, <{10% aerated

3.<75¢C

4, <20% at 25-C

5, <C25% aerated at 25 C

6. <<96% concentration

7. > 80% coneentration

8. <{80% aerated

9. <75C, < 96%

10. 20 to 50 mpy 185

ZONE 4
20Cr 30Ni

62Ni 28Mo

'Type 3167

Gold

Lead®

Nickel cast iron
Platinum
Silicon iron
Steel

Tantalum

Zirconium?®

ZONE 5
20Cr 30N;3
62Ni 28Mo
Gold

Lead’
Platinum
Silicon iron

Tantalum

CODE FOR SULFURIC ACID GRAPH

Materials in shaded zones have reported corrosion rate <20 mpy

ZONE 6
62Ni 28Mo! ©
Gold
Platinum
Silicon iron

Tantalum

ZONE 7

- Gold

Platinum
Silicon iron

Tantalum

ZONE 8

20Cr 30Ni
18Cr 8Ni

B4Ni 15Cr 16Mo
Gold
Platinum

Stesl

ZONE 9
20Cr 30N
18Cr 8Ni
Gold

Platinum

ZONE 10
Gold

Platinum






Acetaldehyde, 2.1
Acetamide, 2.2
Acetanalide, 2-3
Acetic acid

aerated, 2-4

non-aerated, 2-5

vapor, 2-6
Acetic anhydride, 2-7
Acetic ester (see ethyl acetate)
Acetoacetic acid, 2-8
Acetone, 2-9
Acetone cyanohydrin, 2-10
Acetonitrile, 2-11
Acetoparatoluidine, 2-12
Acetophenetidine, 2-13
Acetophenone, 2-14
Acetotoluidine, 2-15
Acetyl acetone, 2-16
Acety! chloride, 4-1
Acetylene, 4.2
Acetylene dichloride

{see dichloroethylene)
Acetylene tetrachioride, 4-3
Acetylenogen (see calcium carbide)
Acetyl formic acid (see pyruvic acid)
Acetyl oxide (see acstic anhydride)

Acetylpropionic acid (see levulinic acid)

Acetyl salicyclic acid, 4-4

2-Acetyl thiophene, 4:5

Aconitif acid, 4-6

Acridine, 4.7

Acrolein, 4-8

Acrylaldehyde (see acrolein)

Acrylic acid, 49

Acrylonitrile, 4-10

Adipic acid, 4-11

Aldehyde (see acetaldehyde)

Aliphatic alcohol sulfonates, 4-12

Alkane {see dodecyi benzene)

Alkane sulfonic acid, 4-13

Alkylaryl sulfonates, 4-14

Alkyl boranes, 4-15

Alkyl phenol, 4-16

Alkylnaphthalene sulfonic acid, 6-1

Ailyl alcohol, 8-2

Allyl aidehyde (see acrolein)

Allyl amine, 6-3

Allyl bromide, 138-1

Allyl chioride, 6-4

Allylidene diacetate, 6-5

Allyl sulfide, 6-6

Alpha hydroxytotuene (see benzyi
alcohol)

Alphapenty] cinnamaldehyde (see amyl

cinnamic aldehyde)
Aluminum

acetate, 6.7

chlorate, 6-8

chloride, 6-9

diformate, 6-10

ethylate, 6-11

fluoride, 6-12

fluorosilicate, 6-13, 138-2

SUBJECT INDEX

hydroxide, 6-14
nitrate, §-15
oxalate, 138-3
potassium sulfate, 6-16
stearate, 138-4
sulfate, 8-1
Amino- :
anthraquinone, 8-2
benzene, 8-3
benzene sulfonic acid, 8-4
benzoic acid, 8-5
ethane (see ethy! amine)
ethanol (see triethylaming)
" + carbon dioxide, 8-7
* + hydrogen sulfide, 88
"+ CO, + H3S,89
galicyclic acid, 8-12
phenols, 8-10
pyridine, 8-11
toluene (see benzy| amine)
Ammonia (anhydrous), 813
Ammonium
acetate, 8-14
arsenate, 138.5
azide, 138-6
benzoate, 13-7
bicarbonate, 8-15
bifluoride, 8-16
biphosphate, 10-1
bisulfite, 10-2
borate, 138-8
bromide, 10-3
carbamate, 10-4
carbonate, 10-5
chioride, 10-6
citrate, 10-7
dichromate, 10-8°
fluoride, 10-9
fluorosilicate, 10-10
formate, 10-11
hydroxide, 10-12
iodide, 138-8
lactate, 138-9
molybdate, 10-13
nitrate, 10-14
oxalate, 10-15
perchicrate, 10-16
persulfate, 12-1
phosphate, 12-2
picrate, 12.3
polysulfide, 12-4
salicylate, 12.5
sulfamate, 12-6
sulfate, 12-7
sulfide, 12-8
suifite, 12-9
thiccyanate, 12-10
thioglycclate, 1391
thiosulfate, 12-11
tungstate, 12-12
Amyl
acetate, 12-13
alcohol, 12-14
chloride, 12-15
cinnamic-aldehyde, 12-16

187

hydride (see pentane)

laureats, 14-1

mercaptan, 14-2

nitrate, 14-3

phenols, 14-4

prorionate, 14-5

valerate, 14-6
Aniline, 14-7 :
Aniline hydrochloride, 14-8
Anisole, 149 ' ’
Anthracene, 14-10
Anthracene chloride, 14-11
Anthraniic acid, 139-2
Anthraquinone, 14-12 :
Antraquinone disulfonic acids, 14-13

. Antichlor (see sodium thiosulfate)

Antimony
pentachloride, 14-14
pentafluoride, 14-15
sulfate, 14-16
trichloride, 16-1
trifluoride, 16-2
Aqua regia, 16-3
Arachadic acid, 16-4
Aragonite (see calcium carbonate)
Arsenic
acid, 16-5
disulfide, 138-4 ’
pentoxide & 62% sulfuric, 1393
trichloride, 16-6
triosulfide, 139-5
trioxide, 16-7
Ascorbic acid, 16-8
Aspartic acid, 16-8
AZiridine {see ethylene imine)
Azobenzene, 16-10

Barium

chiorate, 18-1

chloride, 18-2

cyanide, 18-3

hydroxide, 18-4

nitrate, 18-5

peroxide, 18-6

polysulfides, 18.7

sulfate, 18-8

sulfide, 18-9
Beer, 1306
Benzaldehyde, 18-10
Benzamide, 18-11
Benzathrone {see benzy| benzoatg)
Benzene, 18-12 ’
Benzene hexachloride, 18-13
Benzene sulfonic acid, 18-14
Benzidene, 18-15 ‘
Benzilic acid, 18-16
Benzoic acid, 20-1
Benzoic anhydride, 20-2
Benzoin, 20-3
Benzonitrile, 20-4
Benzophenone, 20-5 )
Benzotrichloride, 20-6




Benzotrifluoride, 20-7
Benzoy| benzoic acid, 20-8
Benzoyl chloride, 20.9
Benzoyl peroxide, 20-10
" Benzyl
acetate, 20-11
aleohgl, 20-12
aming, 20-13
benzoate, 20-14
bromide, 20-15
chloride, 20-16
dichloride, 22-1
phenol, 22-2
salicylate, 22-3
Berrylium chloride, 22-4
Berrylium fluoride, 22-5
Berrylium oxide, 139-7
Berrylium sulfate, 226
Betamethylacrolein (see crotonaldehyde)
Betamethacrylic acid (see crotonic acid)
Bismuth subcarbonate, 139-8
Bismuth nitrate, 139-9
Boric acid, 22-7
Bornyl acetate, 22-8
Bornyl chloride, 22-9
Bornyl formate, 22-10
Borom trichloride, 22-11
Bromic acid, 22-12
Bromine—dry, 22-13
Bromine—wet, 22-14
Bromine trifluoride, 22-15
Bromobenzene, 22-16
Bromobenzyl cyanide, 139-10
Bromochloromethane, 24-1
Bromochloropropane, 24-2
Bromoform, 24-3
Bromoisovaleryi urea, 140-1
Bromotoluene, 24-4
Butadiene, 24-5
Butane, 246
" Butanediols, 24-7
Butanol, 24-8
Butyl
acetate, 249
amine, 24-10
benzoate, 24-11
benzoic acid, 140-2
butyrate, 24-12
chloride, 24-13
lactate, 24-14
mercaptan, 24-15
methacrylate, 24-16
phenots, 26-1
stearate, 26-2
Butyraldehyde, 26-3
Butyric acid, 26-4
Butyric anhydride, 26-5
Butyrolactone, 26-6
Butyryl chioride, 26-7

c

Cadmium chloride, 28-1
Cadmium sulfate, 28-2
Cadmium suifide, 28-3
Calcium
acetate, 28-4
arsenate, 28-5
benzoate, 28-6
bisulfite, 28-7

bromide, 28-8
carbide, 28-9
carbonate, 28-10
chiorate, 28-11
chloride, 28-12
chromate, 28-13
cyanamide, 140-3
cyanide, 140-4
fluoride, 28-14
gluconate, 28-15
hydride, 28-16
hydrosulfide, 140-5
hydroxide, 30-1
hypochlorite, 30-2
lactate, 30-3
naphthenate, 30-4
nitrate, 30-5
oxalate, 30-6
oxide, 30-7
permanganate, 30-8
peroxide, 140-6
phenosulfate, 140-7
phosphate, 309
propionate, 140-8
pyridine sulfonate, 140-9
stearate, 30-10
sulfate, 30-11
sulfide, 30-12
suifite, 30-13
thiocyanate, 30-14
Camphene, 30-15
Camphor, 30-16
Camphoric acid, 32-1
Capric acid, 32.2
Caproaldehyde, 32-3
Capsicin, 32-4
Carbazoie, 32-5
Carbito! (see diethylene glyco)
Carboen disulfide, 32-6
Carbon flucrides, 32-7
Carbonic acid - carbon dioxide, 32-8
Carbon
monoxide, 329
tetrabromide, 32-10
tetrachioride, 32-11
Carnallite, 3212
Carotene, 32-13
Casein, 32-14
Cellulose
acetate, 3215
acetate butyrate, 32-16
methyl ether, 34-1
nitrate, 34-2 .
Cerous chicride, 140-10
Cerous fluoride, 1411

" Cerous sulfate, 141-2

Cesium chioride, 34-3
Cesium hydroxide, 34-4
Cetyl aicohol, 34-5
Chaulmoogric acid, 34-6
Chloral, 34-7 .
Chloramines, 34-8
Chloramphenicol, 34-9
Chioranil, 34-10
Chiordane, 34-11

Chloric acid, 34-12
Chloring, 34-13

Chlorine dioxide, 34-14
Chicrine trifluoride, 34-15
Chlcracetaldehyde, 34-16
Chloracetic acid {mono), 36-1
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Chloracetone, 36-2
Chloracetyl chioride, 36-3
Chloroalky! ethers, 36-4
Chloroamino benzoic acid, 36-5
Ghldroanilines, 36-6
Chlorobenzaldehyde, 36-7
Chlorobenzene, 36-8
Chiorobenzene 60%, chloral 40%, 141-3
Chlorobenzotrifluorides, 369
Chlorobenzoyl chloride, 141-4
Chloredifluoroethane, 36-10
Chlorodifluoromethane, 36-11
Chicroethy! benzene, 36-12
Chloroform, 36-13
Chlorohydrin, 36-14
Chloronaphthalene, 36-15
Chioronitrobenzene, 36-16
Chlorophenohydroxy acetic acid, 38-1
Chlorophenols, 38-2
Chloropicrin, 38-3, 141-5
Chloroprene, 38-4
Chloroguine, 385
Chiorosilanes, 38-6
Chleresulfonic acid, 38-7
Chlorotoluene sulfonic acid, 38-8
Chlorotoluidines, 38-9
Chlorotrifluoroethylene {CTFE), 3810
Chlorotriflucromethane, 38-11
Chioroxylenol, 38-12
Cholesterol, 38-13
Chromic

acid, 38-14

chleride, 38-15

fluoride, 38-16°

hydroxide, 40-1

nitrate, 40-2

phosphate, 40-3

sulfate, 40-4
Chromium potassium sulfate, 40-5
Chromyl chloride, 40-6
Cinnamic acid, 141-6
Cinnamic algohoi, 40-7
Cinnamic aldehyde, 40-8
Citric acid, 40-9
Coal gas, 40-10
Cobalt acetats, 40-11
Cobaltous {inoleate, 40-12
Cobaitous sulfate, 141-7
Codeine sulfate, 40-13
Cod liver oil, 40-14
Coniferin, 40-15
Copal, 40-16
Copper acetate, 42-1
Copper ammonium acetate, 42-2
Copper carbonate, 42.3
Copper gluconate, 141-8
Copper naphthenate, 141-9
Copper nitrate, 42-4
Copper sulfate, 425
Copper Sulfate & 5% H,30,, 42-6
Creosote, 42-7
Crefisol, 42-8
Crotonaldehyde, 42-9
Crotonic acid, 42-10
Cumaldehyde, 42-11
Cumene, 42-12
Cumene hydroperoxide, 42-13
Cupric chioride, 42-14
Cupric cyanide, 42-15
Cuprous chloride, 42-16
Cyanamide, 44-1




Cyanoacetic acid, 44-2
Cyanogen, 44-3
Cyanogen chloride, 44-4
Cyanchydrin, 141-10
Cyanuric chloride, 44-5
Cyciohexane, 44-6
Cyclohexanol, 44-7
Cyclohexanone, 44-8
Cyclohexene, 44-9 .
Cyclohexylamine, 44-10
Cyclopentane, 44-11
Cyclopentadiene, 44-12
Cyclopolyolefins, 4413

D

Dexirose, 46-1
Diacetone alcohol, 46-2
Diallyl phthalate, 46-3
Diamy| ether, 46-4
Dibenzo furan (see diphenylene oxice}
Dibenzyl, 46-5 -
Dibenzyl ether, 46-6
Dibutyl

amines, 46-7

ether, 46-8

phthalate, 46-9

sebacate, 142-1

sulfate, 142-2

thiourea, 46-10
Dichloroacetic acid, 142-3
Dichlorobenzene, 48-11
Dichlorobutate, 46-12
Dichlorobutene, 46-13
Dichlorodifluoromethane, 46-14
DOT, 46-15
Bichloroethylene, 46-16
Dichloroethylether, 48-1
Dichlorohydrin, 48-2
Dichlorophencl, 48-3
Dichloropropene, 48-4
Dichiorotetrafluoroethane, 48-5
Dieldrin, 48-6
Diethanolamine, 48-7
Diethanolamine + H,S, 48-8
Diethanolamine + H,S + CO,, 489
Diethylamine, 48-10
Diethy! aniline dimethyl anitine, 48-11
Diethylcarbonate, 142-4
Diethylene glycol, 48-12
Diethylene triamine, 48-13
Diethylether, 48-14
Diethylphthalate, 48-15
Diflucrocethane, 48-16
Diglycolic acid, 50-1
Diglycolic acid dibutylester, 50-2
Dihydroxy dipenyl sulfone, 50-3
Diisobutyl aluminum chloride, 142-5
Diisobutyl carbinol, 50-4
Diisobutyl kentone, 50-5
Dimethyl amine, 50-6
Dimethyl chloraceto acetamide, 142-6
Dimethyl ether, 50-7
Dimethyl formandide, 50-8
Dimethyl hexane, 50-9
Dimethyl {uns) hydrazine + hydrazine

50%-50%, 142-7

Bimethyl hydrazine unsymmetrical, 50-10

Dimethyl sulfate, 142-8
Dinitrochiorobenzene, 50-11

Dioctyl phthalate, 50-12

Dioxane, 50-13

Dioxidine, 50-14

Dipentene, 50-15

Dipenyl, 50-16

Diphenylamineg, 52-1

Diphenyleng oxice {dibenzofuran), 52-2
Dipenyl oxide, 52-3

Dipheny! propane, 52-4

Dodecyl benzene, 52-5

E
Epichiorohydrin, 54-1
Ethane, 54-2
Ethanol, 54-3
Ethyl

acetate, 54-4
acetoacetale (see acetoacelic ester)
acgtoacetate, 54.5 '
acrylate, 54-6
alcohol (see ethanol}
amine, 54-7
benzene, 54-8
benzoate, 54-9
bromide, 54-10
butyrate, 54-11
chloride anhydrous, 54-12
chloride moist, 54-13
formate, 56-13
malonate, 56-15
mercaptan, 56-16
nitrite, 58-1
pelargonite, 58-2
propicnate, 58-3
silicate, 58-4
stearate, 58-5
valerate, 58-6

Ethylene, 54-14

Ethylens
chlorohydrin, 54-15
cycnohydrin, 54-16
diamene, 56-1
diamene hydrochlorine, 56-2
dibromide, 56-3
dichloride, 56-4
dichloride & steam, 56-5
glycol, 56-6
giycol dibutyl ether, 56-7
glycol monabutyi ether, 56-8
glycol monomethylacetate ether, 56-9
glycol monoethylether, 56-10
imine, 56-11
oxide, 56-12

Ethylidene chloride, 56-14

Fats, natural, 60-1

Ferric
chloride, 60-2
ferrocyanide, 142-9
hydroxide, 80-3
nitrate, 60-4
sulfate, 60-5

Ferrous
ammonium citrate, 142-10
ammonium sulfate, 60-6
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chloride, 60-7

iodide, 143-1

sulfate, 60-8
Fiuoboric acid, 60-9
Fiuorine gas, 60-10
Fluorine liguid, 60-11
Fluosilicic acid, 80-12
Formaldehyde, 60-13
Formanide, 60-14
Formic acid, 60-15
Furfural, 60-16
Furfural alcohol, 62-1

Galiic acid, 64-1

Gelatin, 64-2

Gluconic acid, 64-3

Glutanic acid, 64-4

Glycerol, 64-5

Glycerol + NaCl, 64-6
Glycerolmonochlorohydrin, 143-2
Glycerophosphoric acid, 64-7
Glycidol, 64-8

Glyoxylic acid, 64-9

Gold cyanide plating solution, 143-3
Guanidine nitrate, 64-10

Heptachlor, 66-1
Heptaldehyde, 66-2
Heptang, 66-3
Hexachlorobutadiens, 66-4
Hexachioroethane, 66-5
Hexachloropentadieng, 66-6
Hexaethyltetraphosphate, 66-7
Hexafluoroxylens, 66-8
Hexamethylene diammonium adipate,
66-9
Hexamethylene tetramine, 66-10
Hexane, 66-11
Hexanetriol, 66-12
Hexanol, 66-13
Hexylene glycol, 66-14
Hydrazine, 66-15 :
Hydroabietyl alcohol, 66-16
Hydrobromic acid, 68-1
Hydrocarbon fluorides, 68-2
Hydrochloric acid (aerated), 68-3
Hydrochloric acid {not aerated), £8-4
Hydrocyanic acid, 68-5
Hydrofluoric acid (aerated), 68-6
Hydrofluoric acid (not aerated), 66-7
Hydrogen, 68-8 -
Hydrogen _
chloride (anhydrous), 68-9
fluoride {anhydrous), 68-10
peroxide, 68-11
sulfide (anhydrous), 68-12
sulfide, 68-13
Hydroiotic acid, 68-14
Hydroquinone, 68-15
Hydroxyacetic acid, 68-16
Hydroxycitronella, 70-1
Hypochlorous acid, 70-2

E
|




Indole, 72-1
lodine, 72-2
Idoform, 72-3
lron potassium sulfate, 72-4
Iron sulfamate, 143-4
Isoamyl, 72.5
Isoamyl butyrate, 72-6
{soborneal acetate, 72-7
Isoborneal ester, 72-8
Isobutyl

acetate, 729

chloride, 72-10

glycol, 72-11

oxide, 72-12

isolvalerate, 72-13

phosphate, 72-14
Isobutylene chlorohydrin, 143-5
Iscbutyric acid, 143-6
isochoty! chloride, 72-15
Isododecane, 72-16
Isophorone, 76-1
Isopropanal, 76-2
Isopropanyl acetate, 76-3
Isopropyl acetate, 76-4
Isopropyl 2 chloroethyl sulfite, 76-5
Isopropyl chioride, 76-6
Isopropyl amine, 76-7
Isopropyl nitrate, 143-7
Isovaleric acid, 76-8

Lactic acid, 74-1
Lauric acid, 742"
Laury] alcohol, 74-3
Lead
acetate, 74-4
arsenate, 74-5
bromide, 74-6
carbonate, 74.7
chloride, 74-8
chromate, 74-9
dioxide, 74-10

fluosilicate + 8.5% H,-Si-Fe + 6.9%

Pb-Si-F, 143-8
linoleate, 74-11
naphthenate, 143-9
nitrate, 74-12
oxide, 74-13
pathalate, 143-10
salicylate, 1441
stearate, 144-2
" sulfate, 74:14
sulfide, 74-15
tetra-acetate, 144-3
© trinitroresorcinate, 74-16
Levulinic acid, 78-2
Linalyl acetate, 144-4
Linseed oil, 78-3
Lithium
benzoate, 144-5
bromide, 144-6
carbonate, 78-4
chloride, 78-5
hydroxide, 78-6
hypochlorite, 78-7
salicylate, 144-7
sulfate, 78-8.
Lithapone, 78-9

M

Magnesium
gluconate, 144-8
glycerophosphate, 144-9
hypophosphite, 144-10
perchlorate, 145-1
Manganese
carbonate, 145-2
chicride, 80-1
dioxide, 80-2
linoleate, 145-3
naphthenate, 145-4
sulfate, 80-3
Mannitol, 80-4
Mercaptains, 80-5
Mercuric
acetate, 145.5
chloride, 80-6
- cyanide, 80-7
iodine, 80-8
nitrate, 80-9
sulfate, 145-5
sulfate, 145-6
Mercury, 80-10
Mersol sulfonic acid, 80-11
Mesityl oxide, 80-12
Metaldehyde, 80-13
Methacrylic acid, 145-7
Methallyl amine, 80-14
Methailyl chioride, 80-15
Methane, 80-16
Methyl
ahietate, 145.8
acrylate, 1459
amyl acetate, 145-10
ethy! ketong, 82-1
ethyl oleate, 82-2
formate, 82-3
iodide, 82.4
isobutyl carbinol, 82-5
isobutyl kentone, 82-6
isovalerate, 82.7
lactate, 146-1
methacrylate, 146-2

" pentadiene, 82-8

propionate, 146-3
salicylate, 146-4
sulfuric acid, 82-9
valerate, 82-10
Milk, 82-11-
Mixed acids, H,80, & HNO,, 82-12
Molasses, 82-13
Monoallyl phthalate, 82-14
Monochlorobutene, 82-15
Moncethanolamine, 82-16
Monomethyi hydrazine; 146-5
Mononitrotoivene, 84-1
Morpholine, 84-2

Naptha, 86-1

Naphthalene, 86-2
Naphthalene chioride, 86-3
Naphthalene sulfonic acid, 86-4
Naphthalene acid, 86-5
Naphthals, 86-6

Naphthenic acids, 145-5
Naphthenic acids, 145-6
Naphthoquinoline, 86-7
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Naphthylamine + sulfonic acid, 86-8

Nickel :
acetate, 1486.7
ammonium sulfate, 86-9
chloride, 86-10.
nitrate, 86-11
sulfate, 86-12

Nicotene, 146-8

Nitric acid, 86-13

25-35% + 515 ppm chlorides, 1460

red fuming, 86-14 -

white fuming, 86-15
Nitric + hydrofluoric acid, 86-16
Nitroanilines, 88-1
Nitrobenzeng, 88-2
Nitrodiphenyl! ether, 88-3
Nitroethane, 88-4
Nitrofluorobenzene, 88-5

Nitrogen tetroxide + <0.1% water, 886
Nitrogen tetroxide + >10% water, 88-7

Nitrogiycerine, 88-8
Nitroisopropyl benzenes, 88-9
Nitromethane, 88-10
Nitrophenols, 88-11
Nitropropane, 88-12
Nitrosyl chloride, 88-13
Nitrosulfuric acid, 88-14
Nitrotoluenes, 88-15
Nitrous acid, 88-16
Nitrous oxide, 90-1
Nitroxylene, 146-10

o

Octyl acetate, 82-1
Octyl alcohols, 92-2
Octyl chloride, 92-3
Oleic acid, 92-4
Orthotoluidine, 925
Oxalic acid, 92-6

P

Palamitic acid, 94-1
Paraformaldehyde, 94-2
Paraldehyde, 94-3
Parathion, 94-4
Penlgillin nutrient, 1471
Pentachloroethane, 94-5
Pentachioroethylene, 94-6
Pentachlorophenol, 94.7
Pentaerythritol, 94.8
Pentane, 94-9
Peracetic acid, 147-2
Perchloric acid, 94-10
Perchloroethylene, 94-11
Perchloryl fluoride, 94-12
Permanganic acid, 147-3
Persulfuric acid, 84-13
Phenethyl alcohol, 94-14
Phenol, 94-15
Phenol + 3-5% sulfuric acid, 147-4
Phenol-2-4 disulfonic acid, 94-16
Phenol suffonic acid, 96-1
Phenyl

acetic acid, 96-2

glycine, 147-5

hydrazine, 96-3

hydrazine hydrochloride, 96-4

mercuric acetate, 96-5




Phosgene, 96-6
Phosphating solutions, 96-7
Phosphoric acid, 96-8
Phosphoric acid (aerated), 96-9
Phosphoric acid vapors, 96-10
Phosphoric anhydride, 96-11
Phosphorous, 96-12
Phosphorous oxychloride, 86-13
Phosphorous pentachloride, 96-14
Phosphorous tribromide, 147-5
Phosphorous tribromide, 147-6
Phosphorous trichloride, 96-15
Phthalic acid, 96-16
Phthalic anhydride, 98-1
Phthalic anhydride + maleic

anhydride, 98-2
Picric acid, 98-3
Piperonal, 98-4
Polybutadiene, 98-5
Polychlorinated polyphenols, 986
Polyethylene, 98-7
Polyethylene terephthalate, 98-8
Polyglycerol, 98-9
Polyisobutyienes, 98-10
Polyisoprene, 98-11
Polymethyl methacrylate, 98-12
Polypropyiene, 98-13
Polystyrene, 98-14
Potassium

acetate, 98-15

bicarbonate, 98-16

bifluoride, 100-1

bisuifate, 100-2

bisulfite, 100-3

bitartrate, 100-4

bormide, 100-5

carbonate, 100-6

chlorate, 100-7

chloride, 100-8

chromate, 100-9

citrate, 147-7

cyanate, 100-10

cyanide, 100-11

dichromate, 100-12

ferricyanide, 100-13

ferrocyanide, 100-14

fluoride, 100-15

formate, 100-16

gluconate, 1478

hydroxide, 102-1

hypochlorite, 102-2

iodate, 102-3

iodide, 102-4

metabisulfite, 147-9

metasilicate, 102-5

nitrate, 102-6

nitrite, 102-7

oxalate, 102-8

perchlorate, 102-9

permanganate, 102-10

peroxide, 102-11

persulfate, 102-12

phosphate, 102-13

phosphate + hydrogen sulfide, 102-14

silicate, 102-15

stannate, 147-10

suifate, 102-16

suifide, 104-1

sulfite, 104-2

thiocyanate, 104-3
Propane, 104-4
1,2 Propanediol, 104-5

1,3 Propanediol, 104-6
Propionaldehyde, 104-7
Propionic acid, 104-8
N-Propyl acetate, 104-9
N-Propyl alcohol, 104-10
Propylene, 104-11
Propylene dichloride, 104-12
Propylene-oxide, 104-13
N-Propyl nitrate, 104-14
Pyridine, 104-15
Pyridine + cdrboxylic asid +
dimethylamide, 104-16
Pyridine sulfonic acid, 106-1
Pyrogallic acid, 106-2
Pyrcligneous acid, 106-3
Pyruvic acid, 106-4

G

Quinaldic acid, 108-1
Quinine, 108-2

Quinine bisulfate, 108-3
Quinine hydrochloride, 108-4
Quinine sulfate, 108-5
Quinine tartrate, 108-6
Quinizarin, 108-7

Quinoline, 108-8

Quinone, 108-9

Resorcinol, 148-1
Ricinoleic acid, 148-2
Rongalite, 110-1
Rosin, 110-2
S
Saccarin solutions, 1121
Salicyclic acid, 112-2
Selenic acid, 148-3
Selenous acid, 148-4
Silicon tetrachloride, 112-3
Silicotungstic acid, 148-5
Silver
bromide, 112-4
chloride, 112-56
cyanide, 1126
nitrate, 112-7
sulfate, 148-6
Soap, 112-8
Sodium
acetate, 112.9
alkylaaryl sulonates, 112-10
aluminate, 112-11
aluminum fluoride, 112-12
ajiuminum sulfate, 112-13
arsenate, 112-14
arsenite, 112-15
benzoate, 112-16
bicarbonate, 114-1
bichromate, 114.2
bifluoride, 114-3
bisulfate, 114-4
bisulfide, 114-5
bisulfite, 114-6
bitartrate, 114-7
borohydride, 148-7
bromate, 114-8
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bromide, 114-9
bromile, 114-10
carbonate, 114-11
chlorate, 114-12
chloride, 114-13
chiorite, 114-14
chromate, 114-15
citrate, 114-16
cyanate, 116-1
cyanide, 116-2 -
cyanimide, 148-8
diphenyl sulfate, 116-3
disilicate, 1164
dithionite, 116-5 :
dodecyi benzene sulfonate, 1166
ethylate, 116-7 ]
ethylenediamine tetracetate, 116-8
ferricyanide, 1169
fluoride, 116-10
fluoracetate, 116-11
fluorephosphate, 116-12
fiuorosilicate, 116-13
firmaldehyde sulfoxylate, 116-14 -
formate, 116-15
gluconate, 148-9
glutamate, 116-16
hydrosulfide, 118-1
hydroxide, 118-2
hypochlorite, 118-3
hypophosphate, 148-10
hypophosphite, 149-1
iodide, 118-4
metaphosphate, 1185
metasiticate, 118-6
methylate, 118-7
nitrate, 118-8
nitrite, 118-9
oleate, 149-2
oxalate, 149-3
pentachlorophenate, 118-10
perborate, 118-11
percarbonate, 118-12
perchlorate, 118-13
peroxide, 118-14
persulfate, 118-15
phenolate, 118-16
phosphate, 1201
phosphate (tribasic), 120-2
plumbite, 120-3
propionate, 149-4
polysulfides, 120-4
pyrosulfite, 148-5
resinate, 149-6
salicyiate, 120-5
sesquisilicates, 1206
silicates, 120-7
stannate, 120-8, 149-7
sulfate, 120-9
sulifide, 120410
sulfite, 120-11
tartrate, 120-12
tetrasulfide, 149-8
trichloroacetate, 1499
thiocyanate, 120-13
thioglycolate, 120-14
thiosulfate, 120-15
valerate, 120-16

Sorbitol, 122-1

Sorbase, 122-2

Stand oil, 122-3

Stannic ammonium chloride, 122-4

Stannic chloride, 122-5
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Stannous fluoride, 149-10
Stannovs bisulfate, 122.6
Stannovs chioride, 122.7

Steam, 122-8

Steam, geothermai (aerated), 122.9
Steam, geothermal (airfree), 122-10
Stearic acid, 122-11

Streptomycin, 150-1

Strontium carbonate, 150-2
Strontium chioride, 12212, 150-3
Strontium nitrate, 122.13

Styrene, 122-14

Succinic acid, 122-15

Sugar, 122-16

Sulfate black liquor, 124-1

Sulfate green liquor, 124-2

Sulfate liquor with 10% sulfur dioxide

124-3
Sulfamic acid, 150-4
Sulfalinic acid, 150-5
Sulifonated oil, 124-4
Sulfonic acid, 150-6
Sulfur, 124-5 '
aerated, 124-6
chloride, 124.7
containing oils, 124-8
dioxide, 124-9
dioxide 2.5%, plus H,0, 124-10
trioxide, 124-15
Sulfuric acid, aerated, 124.11
Suifuric acid, fuming, 124-12
Sulfuric acid, no air (static), 124-13
Sulfurous acid, 124-14
- Sulfury! chloride, 124-16

‘Tall oil, 126-1

Tannic acid, 126-2

Tartaric acid, 126-3

Terpenes, 126-4

Terpinaol, 126-5

Terpinyl-acetate, 150-7
Tetrabethyiene pentamine, 126-6
Tetrafluorethylene, 126.7
Tetrahydronaphalene, 126-8
Tetraphophoric acid, 126-9

Thioamy! alcohot, 126-10
Thioglycolic acid, 150-8
Thiony| chloride, 126-11
Thiophosphoryl chioride, 150-9
Thiorea, 150-10 ‘

Thiorium nitrate, 151-1

Tin, 126-12

Tin ammonium chloride, 126-13
Titanium sulfate, 126-14
Titanium tetrachloride, 126-15
Tolvene, 126-16

Tolvene sulfanyl chioride, 128-1
Toluguinone, 128-2
Tolylaldehyde, 128-3
Toxaphene, 128-4

Toxaphene & sulfur, 1285
Triacetin, 151-2

Triallylamine, 151-3
Tribromoethylbenzene, 128-6
Tributyl amine, 1287

Tributyl phosphate, 128-8
Trichlofo acetic acid, 128-9
Trichlorobenzene, 128-10
Trichloroethane, 128-11
Trichloroethanolamine, 151.4
Trichloroethylene, 128-12

Trichloroethylens condensate, 128-13

Trichloromonofluoroethane, 128-14
Trichioropropane, 128-15
Trichlorotrifiuoroethane, 128-16
Tricresyl phosphate, 130-1
Triethanolamine, 130-2

Triethyl phosphate, 1515
Triethylamine, 130-3 =
Triethylene glycol, 130-4
Triethylamine tetramine, 1305
Trifluoro acetfc acid, 130-6
Tri-isobutyl aluminum chloride, 130-7
Tri-isopropanol amine, 130-8
Tri-methyl benzene, 130-9
Tri-lsopropyl benzyl chioride, 130-10
Trimethy! amine, 130-11

Trimethyl pentanes, 130-12
Trimethy! phosphite, 130-13
Triphenyl phosphite, 130-14
Tungstic acid, 151-6

Turpentine, 130-15

U

Undecylenic, 151-7
Uranium chleorides, 151.8
Uranium hexafluoride, 132-1

- Uranyl carbonate, 132-2—

Urany! fluoride, 132-3
Uranyl nitrate, 132-4

Uranyl sulfate, 132-5

Urea, 132-6

Uric acid, 132-7

Vv

Valeric acid, 151-@
Vegetable oils, 134-1
Vinyl acetate, 134.2
Vinyl benzene, 134-3
Vinyl chloride, 134-4

X
Xyleng, 134-5
Xylidine, 134-6

Y
Yeast, 134-7

Z
Zing

carbonate, 136-1

chloride, 138-2

cyanide, 151-10

dihydrogen phosphate, 152-1
fluorosificate, 136-3
hydresulfite, 136-4
naphthenate, 152-2

oxide, 152-3
phenoisuifonate, 152.4
sulfate, 136-5
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