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Ouestion 1 (3 points)

For Caz8Si0a4,

h=-2309371 + 243.66027-153790687 % — 4068.87°° J/mol

0
Sy08.15 = 119.660 J/mol K

Calculate the molar entropy, Sgoo , at 600 K.

Question 2 (Z points)

The phase diagram of the NaNO3-KNOj3 system is shown in Figure 1.

Assume that Raoult’s Law and Henry’s Law are obeyed by the o and p solutions. Calculate the
activity coefficient 712»103 of KNOj in the o solution and the activity coefficient Q/IOWO] of NaNOs

in the B solution when the two solutions are at equilibrium at the eutectic temperature of 494 K.

Question 3 (3 points)

The boiling point of pure H2O (temperature where the vapour pressure = 1.00 atm) is
100.0 °C.

The standard entropy of vaporization of H,O at 100.0 °C is

As®  =109.39 J/mol ‘K

vap

In a 3.0 mol% solution of NaCl in H>O at 100 °C, the activity of H2O (relative to the pure
liquid standard state) is Oy,0 = 0.9418

Assume that H,O (gas) is ideal.

Calculate the boiling point of a 3.0 mol% solution of NaCl in H,O (that is, the
temperature where the vapour pressure is 1.00 atm.)

Question 4 (3 points)

The nitrogen content of liquid Fe in equilibrium at 1600 °C with a gas phase in which



P, =1.0 bar is 0.045 weight %.

Calculate the nitrogen content of liquid Fe in equilibrium at 1600 °C with a gas phase in which
PNZ =10.0 bar, assuming that nitrogen dissolves in the liquid as monatomic N atoms, and that

the liquid is a Henrian solution (that is, that y,, is independent of composition).

Question 5 (3 points)

In a binary solution A-B,

hE = 0XaXs

sE =nXaXp

where o and n are constants and Xa and Xp are the mole fractions.

Write an expression for the activity of component A, as, as a function of Xa, Xp and T.

Question 6 (3 points)

In the phase diagram in Figure 2, the y-axis gives the equilibrium oxygen partial pressure, p, -
The diagram applies at a constant pg, = 1.0 atm. The phase fields indicate the regions of po,

and T where various solid oxides or sulphides are the stable phase. The lines indicate the
conditions where two solid phases are stable.

1) Taking the required data from the diagram, calculate AG® of the following reaction at

900 K and at 1100 K:
FeS + SO, =FeS2 + Oy

(i)  Calculate AH® and AS° of this reaction.

PUT YOUR NAME ON THE DIAGRAM AND HAND IT IN WITH YOUR ANSWER
BOOKLET.



Ouestion 7 (3 points)

The liquidus projection of the system
T1hSO4 — LizSO4 — PbSO4 is shown in Figure 3.
All solid phases are stoichiometric (no solid solubility).

A liquid solution consists of 20 moles T12SO4, 40 moles LizSO4 and 40 moles PbSOsa.
The solution is cooled very slowly from the liquid state to 25 °C.

(a) Indicate (by putting arrows on the diagram) the crystallization path followed by the liquid
during cooling.

(b) What is the temperature at which a solid phase first appear?

(c) What is the temperature at which the liquid phase completely disappears?

(d) Calculate, at 25 °C, the number of moles of each of the following constituents. Show
clearly how you performed the calculations.
(1) the primary constituent.
(ii)  the ternary eutectic constituent.
(iii)  the binary eutectic constituent.

PUT YOUR NAME ON THE DIAGRAM AND HAND IT IN WITH YOUR ANSWER
BOOKLET.
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