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Cronograma de Atividades — 12 Semestre 2017
Proposta — 2

Aula | Data Tépico do Programa

01 ([08/03 |[Apresentacao da disciplina, critérios de avaliacao e revisao de conceitos

02 ([15/03 [Definicao dos temas de trabalho e revisao de conceitos

03 |[22/03 [Processamento de ligas metalicas (fundicao)

04 |[29/03 [Processamento de ligas metalicas (laminacao e forjamento)

05 |05/04 [Tratamento térmico de ligas metalicas (diagrama TTT)

- 12/04 [SEMANA SANTA - Nao havera aula

06 |[19/04 [Tratamento de superficies de ligas metalicas (quimico e mecanico)

07 |26/04 |Processamento de polimeros (polimerizacao, borrachas e vulcaniza¢ao)

08 [03/05 [Polimeros avancados (vitreos, piezos)

09 |10/05 [PROVA — P1 e entrega de TRABALHOS - T1

10 | 17/05 |Processamento de ceramicas (fundigao e sinterizagao)

11 | 24/05 |Processamento de ceramicas (tratamento térmico)

12 | 31/05 |Ceramicas avancadas (piezos e termo-elétricos)

13 |[07/06 |Recobrimentos ceramicos (carbonetos, nitretos, 6xidos)

14 |14/06 |Compdsitos metal/ceramicos (ferramentaria)

15 |21/06 |Compdsitos polimero/ceramicos (fibras de carbono, aramida)

16 [ 28/06 [Entrega de TRABALHOS — T2

17 [05/07 [PROVA — P2

18 [07/07 [PROVA Substitutiva
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Uso de materiais

% Ferro: 8%
» Aluminio: 8%
+*Metalicos: 63%

» Plastico: 7%

* Vidro: 3%

https://www.carkeys.co.uk/news/wrc-inspired-toyota-yaris-hot-hatch-will-get-

supercharged-1-8-litre-engine acessado em 03/2017

* Outros: 27%

http://marketrealist.com/2015/02/raw-materials-
biggest-cost-driver-auto-industry/ acessado em
03/2017
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Diagrama de fases

s Alotropia ou Polimorfismo

* Mais de um arranjo possivel para o

mesmo elemento : :
Diagrama do sistema carbono
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http://www2.uned.es/cristamine/mineral/quimica/quim
_term_diag.htm
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Diagfama de fases
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20 40 60 C-80 100
Co 20 ¢, wt% Ag

50% cobre e 50% prata o (parte escura) + 3 (parte clara)

http://www.georgesbasement.com/Microstructures/Unk
nowns/NonFerrous/Specimen03.htm
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Propriedades mecanicas
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Propriedades mecanicas

% Curva Tensao x Deformacao A/ |

Limite de
resisténcia

Limite de
escoamento \

ra

(4]
=
c
Q
o
| =
4]
Q Deformagdo plastica
T Deformac o plastica locakizade
o) homogenea
i3
W
3
-
Deformacao
elastica

Deformacgaode engenharia

PME-3430 Aula 3/17 - 9/41 newton.fukumasu@usp.br



Propriedades mecanicas
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Tipos de materiais — Limite de Resisténcia
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Curva tensdo X deformacao de metais
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 Acos
 (C <2%)

* Ferros fundidos
* (2% < C > 6.7%)

“ Tipos de
microestrutura
% Ferrita (a)
*» Austenita (y)
% Ferrita (0)
% Cementita (Fe;C)
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C)

Temperature (°

1600

Diagrama de fases — Ferro X Carbono
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Ferro

Sistema Ferro X Carbono — Acos

— 1538°C

— 1394°C

— 912°C

Temperature (°C)
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Sistema Ferro X Carbono — Acos
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Sistema Ferro X Carbono — Acos
Aco hipo-eutetdide
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Sistema Ferro X Carbono — Acos
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Fig. 13 Microstructure of pearlite colonies in plain carbon UNS G10800 steel taken in the scanning
electron microscope. The plates of cementite are clearly revealed. 4% picral etch. Original magnification
10,000

PME-3430 Aula 3/17 - 17/41

newton.fukumasu@usp.br



Sistema Ferro X Carbono — Acos

Aco hiper-eutetoide
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Nomeclatura dos acos

Numerals  Type of steel and Numerals Type of steel and Numerals Type of steel and
and digits® nominal alloy content” and digits nominal alloy content and digits nominal alloy content
Carbon Steels Nickel-Chromium-Molybdenum Steels Chromium Steels
10XX(a) Plain carbon (Mn 1.00% max) 43X X Ni 1.82: Cr 0.50 and 0.80; Mo SO0XXX Cr 0.50
11XX Resulfurized 0.25 SIXXX Cr1.02 C 1.00 min
12XX Resulfurized and rephosphorized 43BVXX ~ Ni 1.82; Cr 0.50: Mo 0.12 and 52XXX Cr1.45
15XX Plain carbon (max Mn range— 0.25; V 0.03 min
1.00 to 1.65%) 47XX Ni 1.05; Cr 0.45; Mo 0.20 and Chromium-Vanadium Steels
0.35 61XX Cr 0.60, 0.80. and 0.95; V 0.10
MnuganeseSteels 81XX Ni 0.30; Cr 0.40: Mo 0.12 and 0.15 min
13XX Mn 1.75 86X X Ni 0.55; Cr 0.50; Mo 0.20
87XX Ni 0.55; Cr 0.50; Mo 0.25 Tungsten-Chromium Steel
Nickel Steels 88XX Ni 0.55; Cr 0.50; Mo 0.35 72XX W 1.75; Cr 0.75
23XX Ni 3.50 93XX Ni 3.25; Cr 1.20; Mo 0.12
25XX Ni 5.00 94XX Ni 0.45; Cr 0.40; Mo 0.12 Silican:NMangascse Stecls
97XX Ni 0.55; Cr 0.20; Mo 0.20 92XX Si 1.40 and 2.00; Mn 0.65. 0.82,
DIEKE - CUIaRN SIEEl 98XX Ni 1.00; Cr 0.80; Mo 0.25 and 0.85; Cr 0.00 and 0.65
31XX Ni 1.25; Cr 0.65 and 0.80
32X X Ni 1.75: Cr 1.07 Nickel-Molybdenum Steels High-Strength Low-Alloy Steels
33XX Ni 3.50; Cr 1.50 and 1.57 46XX Ni 0.85 and 1.82; Mo 0.20 and 9XX Various SAE grades
34XX Ni 3.00; Cr 0.77 0.25
48XX Ni 3.50; Mo 0.25 Boren Steck

Molybdenum Steels XXBXX B denotes boron steel

40XX Mo 0.20 and 0.25 Chromium Steels
44XX Mo 0.40 and 0.52 50XX Cr 0.27, 0.40, 0.50, and 0.65 Leaded Steels
51XX Cr 0.80, 0.87, 0.92, 0.95, 1.00, XXLXX L denotes leaded steel
Chromium-Molybdenum Steels and 105
41XX Cr 0.50, 0.80, and 0.95: Mo 0.12.
0.20, 0.25, and 0.30

Source: Metals Handbook, 9th ed., Vol. 1, American Society for Metals, Metals Park, Ohio, 1978.

*XX or XXX in the last two or three digits of these designations indicates that the carbon content (in hundredths of a weight percent) is to be inserted.
" All alloy contents are expressed in weight percent.
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Limite de
resisténcia

Limite de
fuptura

Q= | imite de escoamento

Tensido de engenharia

Deformacgéo de engenharia

%C
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Propriedade Mecanica dos Acos 10XX

Grau do aco

1015
1020
1022
1030
1040
1050

Resisténcia ao
escoamento
(N/mm?)

1060
1080

Resisténcia a
tracao
(N/mm?)

Alongamento
(%)
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Usos dos Acos

Acos carbono

Baixo carbono

Médio carbono

Alto carbono

(%C<0,3) (0,3<%C<0,7) (%C>0,7)
Grande ductilidade Temperaveis Temperaveis

Bom para trabalho Boa tenacidade e Elevada dureza e
mecanico e soldagem resisténcia resisténcia

Utilizado em pontes, Utilizado em Utilizado em ferramentas,

edificios, navios,
caldeiras, pecas de
grandes dimensoes
Nao temperaveis

engrenagens, bielas e
carris

componentes agricolas,
molas e engrenagens

PME-3430 Aula 3/17 - 21/41

newton.fukumasu@usp.br




Temperature (°C)
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Composition (at% C)

Sistema Ferro X Carbono — Ferro Fundido
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Sistema Ferro X Carbono — Ferro Fundido

Liquido 4+ grafite
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Sistema Ferro X Carbono — Ferro Fundido

: Classificacao
E
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Tempo
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Sistema Ferro X Carbono — Ferro Fundido

Ferro Fundido

Metaestavel

Formacgéao de carbonetos M;C
 F.F. Branco
* F.F. Coquilhado

Formacé&o de cabonetos M,C,
 F.F. branco alto Cromo

Estavel

Formacao de grafita
Veios

Nodulos

Compacta

F.F. Cinzento

Nodular ou esferoidal

Vermiculas

Mesclado entre Carbonetos e Grafita
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Ferro Fundido — Carboneto

Carbonetos Fe;C Carbonetos (M,C;)
Ferro fundido branco Ferro fundido branco
Ferro fundido coquilhado com alto cromo
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Ferro Fundido — Grafita

i \V‘ \L, \('—\\
) :
ik | Cinzento
Rt .
% 1
/‘ -

PME-3430 Aula 3/17 - 27/41 newton.fukumasu@usp.br



Ferro Fundido — Grafita

Cinzento
Upoma = kO'longe Vermicular
Nodular

\4

Paula Pelegrino & Newton Fukumatsu - Analise da distribuicdo das tensées na
microestrutura durante o desgaste por cavitagdo em ferro fundido vermicular. ABM
2004
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Ferro Fundido — Mesclado

Grafita

\l Carboneto |

Carboneto |
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Diagrama de fases — Ferro X Carbono

GEsFraM - Grupo de Estudos sobre Fratura-de Materiais
s Willy Ank de Morais - willyank@uol.com.br
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** Fundicao

* Laminacao

* Forjamento
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Processos siderurgicos

Ingot
teeming

Forging
press

Soaking pit

Continuous
casting

Roughing mill

—=2 Rounds /

Billets

Cold-drawn bars

Bars

Seamless pipe

L Structural
shapes

\ Cold-rolled
) sheet and strip

Hot-rolled

sheet and =

strip Tin mill
—> products
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Ligas metalicas e precipitados
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** Fundicao

* Laminacao

* Forjamento
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