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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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1.4
Equilibrium in Heterogeneous Systems

We have dealt with the case What would happen when
where the components A and B the components A and B
have the same crystal structure. have a different crystal structure?
G = X,G, + X,G, - heterogeneous system
+ Q X, Xz +RT(X,InX, + XzInX,)
Uns’fjble Unstable
Bed A fcc B
f ' C
a b
G~ GP
A XB B




1.4
Equilibrium in Heterogeneous Systems

If G“(X2) and G”(X%) are given,
what would be G(a + f) at Xg =?

Molar free A G*
energy 1f
I
Gla+ Bt = mmmmmoa :
|
al a L
G +--i--&.: : I
| “Hhh I
a 1R _bc
A X g X g X g B

Fig. 1.26 The molar free energy of a two-phase mixture (a+)
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L ever rule

A geometric interpretation:

G Co Cr moment aquilibriu m:
R T S Vj{q =W, 5
WL Wa 1- W,

aolving gives Lewar Rula

L
Sum of weight fractions: Wi + Wq =1 i i
Conservation of mass (Ni): Co =W CL+WqCq % : ',' .
Combine above equations: g_ E : E
w CaGo S GG _R | 5 et ©
Co-C R+S Ce-G R+S 'R ' S !
T C c

L (R a
Composition



1.4

Equilibrium in Heterogeneous Systems

In XO, GoP > Gy, > G,

A3l B &Xt wet

= a+p 2 2

Chemical Equilibrium (u, a)
— multiphase and multicomponent
(Lr=pP=pr=..), (a*=af=ar=..))

(a)




Variation of activity with composition

The most stable state,

with the lowest free energy, -RTina, {

is usually defined as the  ©@ | [-RTlnag
state in which the pure | J
component has unit activity A c! B B
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Fig. 1.28 The variation of a, and ag with composition for a binary
T 422 activity 2 X| system containing two ideal solutions, o and P



Equilibrium in Heterogeneous Systems

INX%, GE>G>G, = a+B 2 EE| = FA| 35 x4 U3

a Aa:a AB aBCX:aBB
-RT Ina,® -RT Inag®




1.5 Binary phase diagrams

1) Simple Phase Diagrams

7H8: (1) completely miscible in solid and liquid.
(2) Both are ideal soln. | AL —g AHS =0
(3) Tn(A) > T, (B)

(4) Ty > Tio(A) >T,> Ty (B) >T5

Draw Gl and GS as a function
of composition Xg

at T,, T,(A), T,, Tm(B) and T,.
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1.5 Binary phase diagrams

1) Simple Phase Diagrams 7+&: (1) completely miscible in solid and liquid.
(2) Both are ideal soln.
(3) Tm(A) > Tn(B)

(4) Tl > Tm(A) >T2 > Tm(B) >T3
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1.5 Binary phase diagrams

1) Simple Phase Diagrams

The simplest type of binary phase
diagrams is the isomorphous system, in
which the two constituents form a
continuous solid solution over the
entire composition range. An example
is the MNi-Cu system.

Solidification of alloy C starts on
cooing at T |.The first solid formed has
a composition of C¢| and the liquid
Co On further cooling the solid

particles grow larger in size and change
their composition to Ccy and then Cg,

Temperature

following the sclidus whereas the liquid Cu
decrease in volume and changes its

composition from Cg to €| 3 following

Composition Ni

the liquidus. The solidification
completes at T3,




1.5 Binary phase diagrams

Cooling Curves

determination of Phase diagrams

Il
\ 1085°C
T
(thermal arrest}\

Tl




1.5 Binary phase diagrams

Example

At temperature T |, alloy Cg is in the dual phase region,
comprising the liquid phase and the o-phase. -

(i) Determine the compositions of the two phases;
(i) Determine the weight fractions of the two phases

Read from the tie line:
Liquid phase:Cu-30%Ni
o-phase:  Cu-55%Ni

Cu S0%Ni Ni



1.5 Binary phase diagrams

2) Systems with miscibility gab
AH- =0 AH> >0

mix

liguid
XE_ / \':l b c d/
T 1 T T
Kiufﬂﬂﬂfff’ N oo

(a)

(<)

congruent minima

How to characterize G mathematically s
in the region of miscibility gap between e and f ?



ldeal Solutions !

Molar
GZ - Gl + AGmiX free energy 4
Regular Solutions 0 s = :
AHmix _TASmix
G = XAGA + XBGB+ Q XAXB§+; RT (XAln XA + XB In XB)E
FanmmsEmaEsEEsEmEEEERat Fa A R e AR A EEEEEREEEEEEEER R ﬁHme ............. :
+
L\*Gmix
Reference state
0 XB —
Pure metal G, =Gp =0 ]
*T& Smix
A

AG = AH G - TAS iy () 2>0, highT (d), 2> 0 lowT




1.5 Binary phase diagrams

2) Systems with miscibility gab
AHE =0 AH> >0

mix mix

« When A and B atoms dislike each other, AH . >0

MiIx

* In this case, the free energy curve at low temperature has a region
of negative curvature, 4G
dX ;

 This results in a ‘miscibility gap’ of a” and a” in the phase diagram

-~
'

(c) @) congruent minima 25
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