12 - Sistemas ternarios isomorfos

* Sistemas ternarios => 3 componentes
* 4 variaveis termodinéamicas independentes (P, T,X1,X2)

*X1+X2+X3=1
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Fig. 12-4. Temperature-composition space diagram of a ternary isomorphous system.

* linha liguidus => superficie liguidus
* linha solidus => superficie solidus
* area de estabilidade de fase => volume de estabilidade



12.1 - O triangulo de Gibbs

Fig. 12-1. The Gibbs triangle. Fic. 12-2
a+b+c=AB=AC=BC =1 (100%)

12.2 - As linhas de ligacéo (tie-lines)

* tie-lines => isobaricas e isotermicas A

* As tie-lines ndo estio confinadas
em uma secao TxX. Elas
ocorrem como um conjunto de
linhas de direc¢des variaveis
preenchendo o espaco bifasico
tridimensional.

* Duas tie-lines nunca
podem se cruzar. NININNINININININN

* Elas devem ser medidas B | C
experimentalmente. UGS




12.3 - Secdes isotérmicas

Fia. 12-5. Development of isotherms shown in Fig. 12-6.
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Fra. 12-6. Isotherms through the ternary isomorphous phase diagram, as derived
from Fig. 12-5.

* A forma mais comum de
representar diagramas
ternarios é atraves de secOes
Isotermicas.

* Uma sequiéncia de sec¢des
isotérmicas podem ser
sobrepostas em um plano,
dando origem a projecoes
de superficies tais como a
projecao liquidus ao lado.

Fia. 12-7. Liquidus projection of the diagram shown in Fig. 12-4.



12.4 - Sec0es verticais (isopleths)
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F1a. 12-8. Development of the isopleths shown in Fig. 12-9.
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Fig. 12-9. Isopleths through an isomorphous system, derived from Fig. 12-8.

* Linhas xB e yz => lugares geométricos de ligas com
constantes: (a) relacdo C/A; e (b) teor do componente A.

* Podem ser lidas as temperaturas liquidus e solidus de
qualquer liga, mas nao podem ser registrados 0s
equilibrio das fases uma vez que as tie-lines ndo estao
contidas no plano de corte (caso especial => secoes
quase-binarias).



12.5 - Aplicacao da regra das fases

P+F=C+1
(presséo constante)

b+T,

- regi®es monofasicas:
P=1, C=3; F=3

- reqides bifasicas:
P=2; C=3; F=2

Fi1c. 12-11



12.6 - Maximos e minimos
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12-18. Isomorphous ternary
system with a maximum melting
point in ternary space.

Figc. 12-17. Isomorphous ternary Fia.
system with a maximum melting
point in the binary system AB.

Exerciclos:

1 - Desenhe esquematicamente secOes isotérmicas
correspondentes as temperaturas dos contornos da
superficie liquidus nas figuras acima.

2 - Desenhe secdes verticais esquematicas correspondentes a
figura 12-17: (a) a partir de C passando pelo maximo no
binario AB; (b) de 50%B + 50%C até o0 maximo no
binario AB; (c) ao longo da linha de B constante e igual
a 50%; (d) ao longo da linha C/A constante e igual a 1.



12.7 - Resfriamento em equilibrio

F1g. 12-13. Path of composition change of the liquid L and solid « phase during the
freezing of a solid-solution alloy.

todas as tie-lines passam por X
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F1g. 12-14. Illustrating the progress of the ‘‘equilibrium freezing’’ of a ternary iso-
morphous alloy.



13 - Equilibrio ternario de trés fases

P+F=C+1 regides trifasicas:
(pressao constante) P=3, C=3;, F=1

13.1 - Triangulos de equilibrio (tie-triangles)

Fic. 13-1. Analysis of a tie-triangle.

* Toda mistura de trés fases resultarda em uma liga cuja
composicao global estara localizada no interior do
triangulo formado pela unido entre 0s pontos que
designam as composicdes das fases em equilibrio.

* Aplicacéo da regra da alavanca: a alavanca é o triangulo
de equilibrio e o apoio (ponto de fulcro) € o ponto P
correspondente a composicao global da liga.
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13.2 - Equilibrio de 3 fases no modelo 3D
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FiG. 13-3. Exploded model of the diagram of Fig. 13-2.



F1a. 13-6. Isotherms through the space diagram of Fig. 13-2.



13.3 - Resfriamento em equilibrio

F1a. 13-8. Illustrating the sequence of equilibria involved in the freezing of an alloy
whose gross composition is indicated by the circled cross in each isotherm.
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Fic. 13-9. Schematic representation of the progress of freezing of an alloy composed of
909, Pb + 5% Bi + 5% 8b, indicated by point z in Fig. 13-11. The first five pic-
turez of the series are idealized sketches; the sixth picture is an actual photomicrograph
of the alloy at room temperature. Magnification 100.
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Fig. 13-11. Isotherms of the system lead-bismuth-antimony (see Fig. 13-10).



13.4 - Qutro sistema envolvendo equilibrio de 3 fases
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F1c. 13-15. Isotherms through the space diagram of Fig. 13-13.
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Fic. 13-14. Exploded model of the diagram of Fig. 13-13.



EQUILIBRIO TERNARIO DE QUATRO FASES

P+F=C+1 regides de 4 fases:
(pressao constante) P=4, C=3;, F=0

14 - EQUILIBRIO DE CLASSE | (EUTETICO)

resfriamento
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Temperature —>

Fig. 14-1. Temperature-composition space diagram of a ternary eutectic system, illus-
trating class I four-phase equilibrium.
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F16. 14-1. Temperature-composition space diagram of a ternary eutectic system, illus-
trating class I four-phase equilibrium.
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Fic. 14-1. Temperature-composition space diagram of a ternary eutectic system, illus-
trating class I four-phase equilibrium.

Fig. 14-3. Isotherms through the space diagram of Fig. 14-1.



Fig. 14-10. Diagram showing by arrows
the progress of composition change of the

liquid phase during the freezing of alloys
X, Y, and Z.
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Fia. 14-12. Space diagram of an idealized ternary eutectoid system.



15 - EQUILIBRIO DE CLASSE Il
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Fia. 15-1. T ion diagram ill ing class 1T four-ph
equilibrium,

Fra. 15-2. Exploded model of the phase diagram of Fig. 15-1. The inscribed numbers
identify edges that are identical lines on different segments of the model.
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F1g. 15-3. Isotherms through the space diagram of Fig. 15-1.




16 - EQUILIBRIO DE CLASSE Il (PERITETICO)
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F1a. 16-1. Temperature-composition diagram of an ideal ternary peritectic system,

class I11.
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F1g. 16-1. Temperature-composition diagram of an ideal ternary peritectic system,

class IIT.
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F1G. 16-2. Exploded model of the phase diagram shown in Fig. 16-1.
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F1c. 16-3. Isotherms through the space diagram of Fig. 16-1.



17 - TRANSFORMACAOQO CONGRUENTE EM
SISTEMAS TERNARIOS
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Fig. 17-1. Temperature-composition diagram of a ternary alloy system displaying a
quasi-binary section in the vertical plane between the C component and the congru-
ently melting binary & phase.
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Fig. 17-2. A quasi-binary section from Fig. 17-1 has tie-lines in the plane of the section
in all two-phase regions.
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F;G. 17-3. Isotherms through the space diagram of Fig. 17-1.
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Fia. 17-10. Isotherms through the space diagram of Fig. 17-9.



18 - SISTEMAS TERNARIOS COMPLEXOS

Class |

Class I

Class 1l

F1e. 18-3



I(820°c) 8 > L+B+y
8=30%A+60%8B+ 10%C
L=35%A+30%8B + 35%C
B=12%A+83%B+ 5%C
y=45%A+50%B+ 5%C

I(700°C) L+8 >y + 7
L=42%A+ 18%8B + 40%C
L= 12%A+83%B+ 5%C
y=46%A+49%8B + 5%C
M= 5%A+25%B+70%C

IeooC)L—>a+y+7m
L=47%A+17%B + 35%C
Q=90%A+ 5%B+ 5%C
y=50%A+45%B+ 5%C
M= 5%A+ 5%B+90%C

F1c. 18-9. Liquidus projection of the space diagram of F ig. 18-2.
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