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Question 1 (3 points)

For the exchange reaction :

CaCl,(lig.) +2NaF (liq.) = 2NaCl(liq.) + CaF, (lig.)

AGexchange is very negative.

Sketch the expected form of the phase diagram (T versus composition) of the pseudobinary
system CaF, - NaCl. There is no solubility in the solid phases and there are no solid intermediate
compounds. The melting point of CaF, is higher than that of NaCl.

Question 2 (3 points)

a)

b)

Using the quasichemical model, write an expression for the configurational entropy of
mixing As“” of one mole (n ,+7, =1.0) of a binary solution A-B of components A
and B as a function of the component mole fractions X, and Xz, the bond fractions Xaa,

Xgg and Xag , the coordination number Z (assume Z, = Zz=Z = constant) and the energy

change o of the pair exchange reaction :
(A—A)pair +(B-B), . =2(A-B)

pair pair

Calculate As®”® at X, = X, =0.5 when:

i) Z=2, =0

if) 7=6, ®=0 -
iii) 7=2, ®=-00
iv) 7=6, ®=-00

Question 3 (3 points)

Liquid alloys B-C of components B and C at 1000 K are regular solutions with g%sc= @ XgXc

Dilute solutions of component A in pure liquid B at 1000 K are Henrian, with constant activity

coefficient ;-

Dilute solutions of component A in pure liquid C at 1000 K are Henrian, with constant activity

coefficient 77 ..

Write an equation for the activity coefficient of A in dilute solutions of A in binary B-C alloys at
1000 K as a function of the mole fraction ratio X¢/ (Xa+Xc).



Question 4 (4 points)

The .phase diagram of the system NaCl-CaCl, is given in Figure 1. Ali solid phase are
stoichiometric. Assume that the liquid phase is sub-regular :

Ah =Xy X cacl, (a+bX CaCl, )

s£=0

_The enthalpies of fusion (assumed independant of T) are :

Ah;’usion(MJCI) = 28000 J/mol
AN ion(cactyy = 28 400 J/mol

i) Calculate the sub-regular solution parameters « a » and « b ».
ii) . Calculate the enthalpy and entropy of fusion of the compound 4NaCle CaCl,.

Question 5 (3 points)

Aluminium is added to liquid Fe as a deoxidizer to remove dissolved oxygen by precipitating it as
solid Al,Os. Initially, as Al is added, the dissolved oxygen content decreases as expected, but
beyond a certain « deoxidation minimum », the oxygen content begins to increase again as
additional Al is added. (See Figure 2.)

Show that this behaviour is predicted by a model in which dissolved Al and Q atoms combine to
form dissolved AIO molecules in an ideal Henrian solution (with Al, O, and AIO all mixing ideally
on a single lattice) when the equilibrium constant of the reaction

[+0=Al0

is very large. (That is, the driving force to form the AIO molecules is very large). (The axes of
Figure 2 are total dissolved oxygen (as O plus AIO) and total dissolved aluminum (as Al plus
AlQ)).

NOTE : You do not have to derive an equation for the deoxidation minimum. You need only
explain in words why there is a deoxidation minimum.

Question 6 (4 points)

The system is an ordered solid alloy AB,,,5,- When the compound is completely ordered (at

OK), A atoms occupy only the « A-sublattice » and B atoms occupy only the « B-sublattice ».

At higher temperatures, the majority defects are vacancies on the A-sublattice and vacancies on
the B-sublattice. ‘



Using the Compound Energy Formalism, write an expression for the Gibbs energy of the
solution, per mole of lattice sites, as a function of the site fractions and of the end-member
Gibbs energies. (You may ignore the second-nearest-neighbour interaction terms (g°) and the
short-range-order term. Consider only the terms containing the end-member Gibbs energies

and the configurational entropy terms.)

The end-member Gibbs energies are the « formalism parameters ». What are the « model
parameters »? Express the formalism parameters in terms of the model parameters.

Show how the model parameters affect the width of the single-phase region of homogeneity of
AB(zJ_ra) in the A-B phase diagram.
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