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Diagramas de Fases
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Principios de Termodinamica

J # Energia interna: U
s dU=dQ-dW (12 lei — conservacdo da energia)
s dU=dQ-pdV
# Entalpia: H

= H=U+pV

"C :(a_Hj
P\ aT ;

@ Entropia: S
s AS=AQ/T=AU+pAV/T
= Num sistema isolado AS>0 (22 lei)
= lmAS=0 (32 lei)




Principios de Termodinamica
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J # Entropia (estatistica):
O S=kB.InQ
# Energia livre de Gibbs: G
n G=H'TS

s Processos espontaneos AG<0
= Processos em equilibrio AG=0

# Potencial quimico:

Pc
i ani T,P.niy

= no equilibrio Z,Uidﬂ =0
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Transicoes de Primeira e
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O que e fase?

#Toda FASE possui trés caracteristicas
fundamentais:

= Homogeneidade estrutural
= Homogeneidade quimica
» Interfaces
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Exemplos

Quantas fases temos em cada situacao?

|| Solution

—_— e,
Saturated ;
Oil
brine :
Excess salt g Water
(d)

©2003 Brooks/Cole, a division of Thomson Learnimg,. Thomson Learningis a trademark used
herein under license.
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Exemplos

Quantas fases temos em cada situacao?

QOO0 00N
<300C§<3 00000000
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liquido (a) (b) solido
Q0000000 w

Solid solution
of Zn in Cu
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Exemplos

Quantas fases temos em cada situacao?

%éE%Q&% %é%é%é%

(a) MgO (b) / NiO

under license.
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Diagrama de fase binario e

isomorfico Composition (i N
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Gibbs energy—e

Gibbs energy—

(d)

Gibbs energy—s

(&)

Gibbs energy—s

(e)

Ty
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A Compostion B
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A Composiion B

Origem termodinamica

Gibbs energy—»
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Teamperature —
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Linha de ligacao

#®Usada em campos bifasicos

Temperature

CrL
Element A Composition (wt. % B) Element B




Linha de ligacao
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# Fornece a composicao quimica de cada fase

Para qualquer liga
Cu-Ni entre 32 e
45% de Ni a
1250°C

Liquido:
32% Ni, 68% Cu

Sélido:
45% Ni, 55% Cu

Temperature (°C)
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Regra da alavanca

e

® Fornece a guantidade (fracao) de cada fase

Temperature (°C)

L Liga Cu-Ni com 40% de
o+ L Ni a 1250°C
% N1 in alloy
% Niin L ¢ %L = 45: 40, 100% = 385%
s A % Ni1in o i
: 1250°C : : %S = 40-32 x100% = 615%
| | =
| : I 0
| : |
I I
\/ Y \/
32 4() 45

Weight percent nickel
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Exemplo (Solidificacao de uma
liga Cu-Ni)
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003 Brooks/Cole, a division

Quando nao ha tempo para difusao

“no solido (fora do equilibrio)

f

/

{ Temperature (
[

|

solidus
temperature

solidus
temperature

60 80
Weight percent nickel

Ni

Liga com 40% de Ni

Ocorre segregacao de
Cu
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Diagrama Binario Eutético
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Origem termodinamica
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Gibbs energy—»

(a)

Gibbs energy—s

A Compoation B

& | Cun‘puﬂlﬁm B

Composiion B

(bbs energy—»
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i)
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Liga rica em Pb
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N
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Weight percent tin



Liga com mais Sn (mas ainda
abaixo do limite de solubilidade)

- Precipitacdo, em equilibrio, de uma fase incoerente com a matriz. Ocorre
endurecimento por dispersao dessa fase na matriz.

19%

~Solvus

—— - s i ks el wmit .

20 40 60 80 Sn
Weight percent tin

(c)2003 Brooks/Cole, a division of Thomson Learnilng. Thomson Learningis a trademark used herein under license
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Al-Cu

Precipitacao no estado solido
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Diferenca entre fases
coerentes e Incoerentes

-
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Formagao do eutetico

400 —

4
[f:s
=

200

Temperature (°C)

Weight percent tin

mson Learnilmg. Thomson Learningis a trademark used herein under license.




Liga hipoeutética
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Weight percent tin

(c)2003 Brooks/Cole, a division of Thomson Learniimg. Thomson Learningis a trademark used herein under license.




Diagramas com compostos
intermediarios
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J
Composition (at% Pb)
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'Reagoes Eutetoides e Periteticas

\|/
|
I'-. y+ L
JOO — -
'Ii.
E :!;I' .' &+ L
s g _
: | 5 \
2 600 — O e ._
& ' 7 . N\,
= i EE0°C A RN . "-\th
E I il - H"\-_h )
j E N
g 1= H‘H_I e+ L
500 |— e ’
| | |
&0 70 =0 S0

Composition (wt% Zn)

1200

1000

Temperature (°F)




Regra das Fases de Gibbs
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#F+P=C+ 2 (2 = pressao + temp.)

= F: numero de graus de liberdade ou
variaveis independentes

= P: numero de fases
= C: numero de componentes

#Para pressao cte. ou sistemas pouco
dependentes da pressao:
sF+P=C+1




O diagrama Fe-Fe;C

Composition (at% C)
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O eutetodide Fe-Fe,C (perlita)
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Microestrutura hipoeutetoide
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Microestrutura Hipereutetoide
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Temperature (°C)

0
2300
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Diagramas ceramicos

Composition (mol% Cr503)
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Diagramas ceramicos

Compoasition (mol% Al;03)
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Diagramas ceramicos
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Diagramas ceramicos

p
N Composition (mal 3% Al,O)
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Diagramas
Ternarios

1535°  1395° 1400° 1595° 1730° ALO,
2020°

Eutectic point for Ca0, Al,0;, Si0,

(degrees are in Celsius)

Si0,
1723°

{ ALO;

This side is a line blend of calcia and alumina.

The top diagram is a birds-eye view of the three-dimensional model above. Each side
represents a line blend of the components at the corners, with the corners being 100% of
that component and 0% of the others. The entire diagram, therefore, is similar 1o a triaxial
blend. The white circles mark the lowest-melting point for calcia, alumina and silica.




