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Gibbs phase rule
 

:

 
P=(C+2)-F     For isobaric systems : P=(C+1)-F

For C=3,

①

 
f=3, trivariant

 
equil, p=1 (one phase equilibrium)

②

 
f=2, bivariant

 
equil, p=2 (two phase equilibrium)

③

 
f=1, monovaiant

 
equil, p=3 

(three phase equilibrium)

④

 
f=0, invariant equil, p=4 

(four phase equilibrium)

G=f(comp., temp.)

→

 
Ternary system : A, B, C

→ G=XA

 

GA

 

+XB

 

GB

 

+XC

 

GC

 

+aXA

 

XB

 

+bXB

 

XC

 

+cXC

 

XA

 

+RT(XA

 

lnXA

 

+XB

 

lnXB

 

+XC

 

lnXC

 

)

“Ternary Phase diagram”Contents for previous class
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“Ternary Phase diagram”Contents for previous class

2) Ternary two-phase equilibrium

 
with a saddle point

1) Two-phase equilibrium

 
between the liquid and a solid solution

3) Two-phase equilibrium

 
between solid or liquid solutions: α1

 

α2

 

or l1

 

l2  

“ Two phase equilibrium  (f = 2)”

* Tie lines are not parallel to the binary tie line.

-

 

Addition of C to a heterogeneous mixture

 

of A & B in a ratio corresponding to the distribution of C

Miscibility gap

“ Three phase equilibrium  (f =1)”

T

• Tie triangle vertex of tie triangle 
 composition of three phases

at T
A B

C




l














(o)

(o)

(x)
①

 
Coalescence of miscibility gap and two phase region

②

 
Coalescence of two two-phase region
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9.3. THREE-PHASE EQUILIBRIUM INVOLVING EUTECTIC REACTIONS

•

 
One binary eutectic : AB 
Complete solid solution : BC, AC

9.3.1. A eutectic solubility gap in one binary system
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9.3. THREE-PHASE EQUILIBRIUM INVOLVING EUTECTIC REACTIONS

• Projection The liquidus

 
surface

Eutectic curve 
(valley on the liquidus

 
surface)
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•

 
One binary eutectic : AB 
Complete solid solution : BC, AC
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9.3. THREE-PHASE EQUILIBRIUM INVOLVING EUTECTIC REACTIONS

• Projection

Solid solubility 
loop at R.T.

The solidus surface and 
the solubility surface

TA

 

s1

 

caTA

 

-

 

the solidus surface of α

 

solid solution

TB

 

s2

 

cbTB

 

-

 

the solidus surface of β

 

solid solution

Tc

 

s1

 

cs2

 

Tc

 

-

 

the solidus surface of β

 

solid solution
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One binary eutectic : AB 
Complete solid solution : BC, AC
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The solidus surface and 
the solubility surfaceThe liquidus

 
surface



10•

 
One binary eutectic : AB 
Complete solid solution : BC, AC
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The two-phase regions

L+α
 

phase region L+β
 

phase region

L+α(β) phase region
α+β

 
phase region
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9.3. THREE-PHASE EQUILIBRIUM INVOLVING EUTECTIC REACTIONS

•

 

One binary eutectic : AB 
Complete solid solution : BC, AC

• Closed solid solubility loop 



 
minimum critical point c

: ternary α

 

and β

 

phases become indistinguishable.

•

 
l 

 
α

 
+ β

 
in ternary composition range 



 
three phase region

•

 
Along ac : α

 
composition 

along bc

 
: β

 
composition 

 l along ee1

 e1

 

& c should be at same temperature

• Three phase region will start 

at binary eutectic temp.

• Three phase region will end at e1

 

e temp.

9.3.1. A eutectic solubility gap in one binary system
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•

 
One binary eutectic : AB 
Complete solid solution : BC, AC
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Degenerate tie triangle

• Projection
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•

 
One binary eutectic : AB 
Complete solid solution : BC, AC
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Degenerate tie triangle

The three-phase regions
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The ways in which three phase regions terminate in ternary systems:

(a)

Termination at a 
degenerate tie triangle

(b) Termination at a reaction isotherm

 ternary system, 3 phases are 
in a straight line as three points.
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The ways in which three phase regions terminate in ternary systems:

(c)Termination at a four-phase plane

α

β

γ

l

Ternary eutectic

α β

γ

l γ

α

β

l

Ternary peritectic

L + α

 
→

 
β

 
+ γL + α

 
+ β

 
→

 
γ
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(d)

Ternary Eutectic System
(with Solid Solubility)

Termination on the concentration triangle
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