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Contents for previous class

- Binary System

Ideal solution

Regular solution

mixture/ solution / compound

(∆Hmix=0)

Δ = ε ε = ε − ε + εmix AB AB AA BB
1H P where ( )
2

0≈ε

Real solution

ε > 0,  ΔHmix > 0ε < 0,  ΔHmix< 0

Ordered alloys                 Clustering
PAB 내부 E PAA, PBB

strain effect
Interstitial solution

ΔHmix > 0  or ΔHmix < 0

Random distribution

Ordered structure
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Contents for previous class
ε > 0,  ΔHmix> 0 /ΔHmix~ +26 kJ/mol
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Contents for previous class
ε > 0,  ΔHmix> 0 / ΔHmix~ +5 kJ/mol



5

Contents for previous class
ε >> 0,  ΔHmix>> 0 /ΔHmix~ +60 kJ/mol
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L1 + L2βTi + L
L + αY

Contents for previous class
ε >> 0,  ΔHmix>> 0 /ΔHmix~ +58 kJ/mol
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ε < 0,  ΔHmix< 0 / ΔHmix~ -20 kJ/mol

(fcc)(fcc)

(tetragonal)

(cubic)

(cubic)

(complete solid solution)

Contents for previous class
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Contents for previous class
ε < 0,  ΔHmix< 0 / ΔHmix~ -21 kJ/mol
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Contents for previous class
ε < 0,  ΔHmix< 0 / ΔHmix~ -38 kJ/mol
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ε << 0,  ΔHmix<< 0 / ΔHmix~ -142 kJ/mol
Contents for previous class
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Contents for today’s class

- Equilibrium in Heterogeneous Systems

- Binary phase diagrams

1) Simple Phase Diagrams

2)  Systems with miscibility gap

4) Simple Eutectic Systems

3)  Ordered Alloys

5) Phase diagrams containing intermediate phases
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Equilibrium in Heterogeneous Systems

We have dealt with the case 
where the components A and B
have the same crystal structure.

What would happen when
the components A and B
have a different crystal structure? 
→ heterogeneous system

)lnln( BBAABA

BBAA

XXXXRTXX
GXGXG

++Ω+
+=

1.4

Ex (fcc) Ex (bcc)

Unstable
fcc B

Unstable
bcc A
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Equilibrium in Heterogeneous Systems
α α β β

α β+ =
B B

o
B

G (X ) and G (X ) are given,
would be ( )  X ?

If
what G at

1.4
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Lever rule
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Chemical Equilibrium (μ, a) 
→ multiphase and multicomponent
(μi

α = μi
β = μi

γ = …), (ai
α = ai

β = ai
γ = …)

=α β
A Aμ μ =α β

B Bμ μ

Equilibrium in Heterogeneous Systems

In X0,             G0
β > G0

α > G1

α + β 로 분리

두상의 화학 포텐셜 일치

1.4

A 및 B 원자 교환
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Variation of activity with composition

α β

α β

=

=
A A

B B

a a
a a

The most stable state,
with the lowest free energy,
is usually defined as the
state in which the pure
component has unit activity
of A in pure α.

α= → =1 1A Awhen X a
β= → =1 1B Bwhen X a

α βwhen  and  in equil.

두 성분의 activity 일치
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Equilibrium in Heterogeneous Systems

In X0,  G0
β > G0

α > G1 α + β 로 분리 두상의 화학 포텐셜 일치

α1 β1α4 β4

-RT lnaB
β

-RT lnaB
α-RT lnaA

α

-RT lnaA
β

aA
α=aA

β aB
α=aB

β

Ge
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1.5 Binary phase diagrams

1) Simple Phase Diagrams

(4) T1 > Tm(A) >T2 > Tm(B) >T3

가정: (1) completely miscible in solid and liquid.
(2) Both are ideal soln.
(3) Tm(A) > Tm(B) 

Draw GL and GS as a function 
of composition XB
at  T1, Tm(A), T2, Tm(B), and T3. 

0=Δ S
mixH0=Δ L

mixH
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1) Simple Phase Diagrams 가정: (1) completely miscible in solid and liquid.
(2) Both are ideal soln.
(3) Tm(A) > Tm(B) 
(4) T1 > Tm(A) >T2 > Tm(B) >T3

1.5 Binary phase diagrams



20

1) Simple Phase Diagrams

1.5 Binary phase diagrams
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1.5 Binary phase diagrams
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1.5 Binary phase diagrams
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2)  Systems with miscibility gab
0=Δ L

mixH

congruent minima

0>Δ S
mixH

1.5 Binary phase diagrams

How to characterize Gs mathematically
in the region of miscibility gap between e and f ?
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Regular Solutions

Reference state

Pure metal 000 == BA GG

)lnln( BBAABABBAA XXXXRTXXGXGXG ++Ω++=

G2 = G1 + ΔGmix

∆Gmix = ∆Hmix - T∆Smix

∆Hmix -T∆Smix

Ideal Solutions
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2)  Systems with miscibility gab
0=Δ L

mixH

congruent minima

0>Δ S
mixH

• When A and B atoms dislike each other,

• In this case, the free energy curve at low temperature has a region 
of negative curvature,

• This results in a ‘miscibility gap’ of α′ and α″ in the phase diagram

1.5 Binary phase diagrams
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