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e \What I1s the most stable state

of the system at an average
composition of X,?

Suppose the o-phase was
somehow prevented from
forming (i.e., consider the
equilibrium under the

constraint that the a-phase Is
absent). In this case, what
would be the equilibrium state
of the system with average
composition X,?
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Ternary Diagrams

Degrees of freedom available in the system (F):

F=C-P+1

F: the number of system variables that we may freely vary, or arbitrarily fix

C: components
P:. phase

C=3 [P=1F=3
P2, F =2
P =3, F=1
P —4,F =0

Binary 2D
Ternary 3D
Quaternary

SJTU Thermodynamics of Materials Spring 2008  © X. J. Jin Lecture 18 Phase Diagram IV

Page 10/34



Ternary Diagrams

S.J.T.U.
Phase Transformation and Applications Page 11/34

Ternary 3D

A series of isothermal sections, stacked up vertically

Gibbs triangle
Lines of constant A content are parallel to the line connecting the

points representing pure B and pure C
All the combinations of D and E fall on the line between two

The lever rule applied to these system
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Gibbs triangle

Lines of constant A content are parallel to the line connecting the points representing

pure B and pure C
All the combinations of D and E fall on the line between two

The lever rule applied to these system
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*B E Figure 9.20 Example of the Gibbs triangle.

Figure 9.19 Ternary diagram axes: dilute

solutions.
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Figure 9.20 Example of the Gibbs triangle.
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Figure 9.20 Example of the Gibbs triangle.
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In an isothermal section
Three-phase field may exist: no degrees of freedom, and the composition of those phases
will be fixed

F=C-P+1 :

d

F=C-P

Overall
compaosition, O

Xy = FaxA’a + FﬂxA’ﬂ + FyxA,y

Xg = F, X5, + FﬂxB’ﬂ + FyxB,y

Xc = Faxcia + F,BXC,,B + Fyxw \ ;

Figure 9.21 Three-phase equilibrium.
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Overall
composition, O

Figure 9.22 The lever rule.

Spring 2008  © X. J. Jin Lecture 18 Phase Diagram IV

Page 16/34



Ternary Diagrams

S.J.T.U.
Phase Transformation and Applications Page 17/34

Three components is completely miscible in the others in both solid and liquid states

Temperature —=

B
Figure 9.23 A completely miscible system.
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Tie-lines: join the compositions of the solid and liquid that are in equilibrium

A C

WG e 2k
=T, itk

Tie-lines
/ Solidus trace

Liquid +
solid

= ' Liquidus trace
b /
!
Solid B

i L e 9.24 Isothermal section of Figure 9.23.
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Ternary eutectic phase die Ternary
1\ eutectic point
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Figure 9.25 Ternary diagram for a eutectic

system with no solid solubility.
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Solidification path of material
A projection of the liquidus surface

Ternary
eutectic point

Temperature —=

=

C
Figure 9.26 Solidification path of material from Figure 9.25.

C

Figure 9.25 Ternary diagram for a eutectic
system with no solid solubility.
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Isothermal section of a ternary system
Phase diagram rule

A + B + liquid

Ternary

X . B + liquid
eutectic point

A+ C + liquid C + liquid B+ C + liquid

c

Figure 9.27 Isothermal section of a ternary system (Figure 9.25) at a
temperature above the ternary eutectic temperature, but below binary

antartic temnaratiirac

C

Figure 9.25 Ternary diagram for a eutectic
system with no solid solubility.
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A ternary eutectic system with solid solubility

B

Figure 9.28 Diagram of a ternary eutectic
system with solid solubility.
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Figure 9.28 Diagram of a ternary eutectic
system with solid solubility. @
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Q

a+ B+ liquid

Figure 9.28 Diagram of a ternary eutectic
system with solid solubility.
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(c)
system with solid solubility. Figure 9.29 (continued)

Figure 9.28 Diagram of a ternary eutectic
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*Exercises in Chap 6
P 240, 9.10, 9.15, 9,18
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