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276 I Chapter 10: Gibbs Frée Energy Composition and Phase Diagrams of Binary Systems

. N 7 hor. - 4_"1 w05y (fe7)
and ln) F;d KS $ )(L_ Ak, (e 4.9) Gy [
AGY (in the liquid solution) = AG¥ (in the solid solution) (10.8)

w ¢ .. . .y .
At any temperature T, these two conditions fix the solidus and liquidus compositions,

i.e., the stmon of the pomts of double tangency. From Eq. (10.5)

> Z\Q [ g 4
LIVEY) QAG(I) 0
= RT (ln XA([) =~ In XB(I)) - AGm(B)
Thus {’K XQ} <
M )
/ B) Ay aX( = RT(Xp(y In XA(I) = Xpo In X)) — XayAGus) _‘ (10 9)
From Eq. (9.33 @ R’( KA\WA & X@ (M‘ Xah) + Xg 467?\(3)/
 9AGH
M (in liquid solutlons) AG(,) + XB(,) -
XA(I)
and thus, adding Eq. \(1’—5\) and (10.9) gives
AGY (in liquid solutions) = RTIn X,g, © (10.10)

From Eq. (10.6) s
A C [N ZL'
> Th55)08GG, G

GXA(X)
and thus
dAGE,
Xps) ETNE = RT(Xp) In Xais) = Xpsy In X)) — XpyAGoay  (10.11)
A(s) . -
o= RT(Kalote ¥ %ln ) — X, 6&
Adding Egs. (10.) and%o 11) gives 5+ KE %) # ey
Mg . : M 9 Gg) ,
AGYy (in solid solutions) = AG(;, + XB(S)F = RTIn Xy;) — AGoy  (10.12) -
A(s)
Thus, from Egs. (10.7), (10.10), and (10.12)
[ RTInXyg = RTn Xy — AGS [ (10.13)

Similarly, from Egs. (10.5) and (9.33b)
M

— 0AG,
AGY (in liquid solutions) = AG(,) + Xy 3% = RTIn Xpy, + AGYp, (10.14)
B(l)

and from Egs. (10.6) and (9.33b)

—u . . o d0AG,
AGY% (in solid solutions) = AG, + XA(Y)

= RT (1n XA(S) e ln XB(S)) - AGI?!(A) e e e
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Thus, from Eqgs. (10.8), (10.14), and (10.15),

é" @ RT In XB([) + A ,?1(5) = RTIn XBX(‘-)// (1016)

The solidus and liquidus compositions are thus determined by Eqgs. (10.13) and
(10.16) as follows. Eq. (10.13) can be-writtern as

. —AGpay
qu"‘_( @ XA(',). = XA(J) ex?(T) (10.17)
and, noting that Xz = 1 — X4, Eq. (10.16) can be written as
< _AGSz(B)
@ (-xu)=q- X)) eXp (T (10.18)
Combination of Egs (10.17) and (10.18) gives
/ 1 — exp(~AGS/RT)
A Xy = 0 wf - (10.19)
exp(_AGm(A)/RD - exp(_AGm(B)/RD
and .
@/ Xe = L EXP(-AGEa/RD)] 655~ AGS 4 /RT) (1020
A0 eXP(~AG]u/RT) — exp(~AGe5/RT) oo
. o = (-4
Thus, if Cp.itsy = Cp,isy» in Which case

® |}
dﬁm‘t\ ~8 qh?)

Ty ~T] '~ ﬂl)( RT
AGhLy = AHS, % T (10.4)

it is seen that the phase diagram for a system which forms ideal solid and liquid so-
lutions is determined only by the melting temperatures and the molar heats of melt-
ing of the components.

Example

The system Ge-Si exhibits complete ranges of liquid and solid solutions. (1) Calcu-
late ¢

Raoultian in their behavior and (2) calculate the temperature at which the liquidus

(and hence solidus) composition exerts its maximum vapor pressure.
Silicon melts at 1685 K, and jts standard Gibbs free energy change on melting is

AGp si = 50,200 — 298 TJ
The saturated vapor pressure of solid Si is

23,550

log p&, (atm) = — 0.565log T+ 9.47

. Germanium melts at 1213 K and its standard Gibbs free energy change on melting is

AGR .. = 36800 — N3ITT

®c

o : [ y i -
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Fig. 12.8. (a) The phase diagram of the system A-B. (b) The integral
free energies of mixing in the system A-B at the temperature T. (¢)
The activities of B at the temperature T, and comparison between

the solid and liquid standard states of B. (d) The activities of A at

the temperature T, and comparison between the solid and liquid
standard states of A.
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