Thermodynamics of Materials 3.00
Example Problems for Week 11

Example Problem 11.1
For a binary system at constant temperature and pressure with a molar gibbs free
energy given by G = A(Xg — Xg o)Xy, — Xpp 0%

a. Caleulate the chemical potentials of each component in terms of Xy

b. For }".‘hﬂ = Xy = 0.25 plot the molar free energy and chemical potentials against
Xy -

. Plot the equilibrinm chemical potential of component b oat this temperature and
pressure against X,

d. At this temperature and pressure ealculate the composition and if appropriate phase-
fractions for a bulk sample of composition T{E]; = [I-E,}{t = 0.4, P{?J = (1.5, }E'I}_.' = .75

Solution 11.1
a. After substituting Xy = 1 — Xy, the chemical potentials are given by:

;en=ﬁ—}(hﬁ;} ﬂndm=ﬁ—[1—}{h]£ (1}
pha = A(1=Xp, =Xy 0)" (X=X, o)~ Xp, (2401 = Xy, = X 0)(Xp, = Xy g} (1 - 2Xp, + xhﬁﬂ - Xa00)
iy = A(1=Xp =X, 0)* (Xp—Xp, 0)*+(1-Xp) (24(1 = X, — X o)X, — Xp,0)(1 - ﬂh{+}3‘1h,n -Xa0))
b. Substituting X, p = Xp, = 0.25 into the above gives: e
T = A(D.73 — X)Xy, — 0.25)? (4)

e = A(0.75 — Xp,) (X, — 0.25) — Xy, (24(0.75 — Xp,)(Xp, — 0.25)(1 - 2X3))  (5)

e = A{(LTH — }Zh}?{}ih — 0.28)% + (1 - Xp) {EAIH.TE — XpIXp — 07511 — l"{h}] {6)

The plots are given below. Notice that on the chemical potential plots there are regions

where different compositions have the same chemical potentials. This indicates that multi-
phase equilibria occur,

c. This is a system with two phase equilibrinm. Across the range of bulk compositions
0.25 = Xp, = 0.75 the equilibrium system is composed of two phases with fixed composition.
The phase fraction of the phases does change, however, in order to accomodate the bulk
composition. This 15 shown below by a constant chemical potential across this region.

d. At K!IJ.J = (1.2, the system is in a single phase region with composition Xy, = (.2,

At }{?} = (04, the system is in a two-phase region. The composition of the two phases
are Ji‘l‘., = 0.25 and X! = 0.75. The phase fractions are given by the lever rule: f* = (.70
and f% = 0,30,
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At Xob = 0.5, the system is in a two-phase region. The composition of the two phases
are X% = 0.25 and Xf) = 0.75 again. The phase fractions have changed, however, to

accomodate the bulk composition change: f® = 0.50 and f? = 0.50.
At Xob = (.75, the system is exactly at the phase boundary so is a single phase with
composition Xy, = 0.75.



