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INSTRUCTIONS TO STUDENTS:

ANSWER ALL QUESTIONS.
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QUESTION 1:

Calcium carbide is considered to be a potential fuel in a basic oxygen converter and would be

expected to burn into CaO and CO or CO,, depending upon the conditions. If the heat required
to raise steel scrap to 1600 °C (1873 K) is 1393.27 kJ/kg of scrap, calculate how many kg of
steel scrap can be charged per 1000 kg of CaC, when:

a) All CaC; is consumed to form CO. (10)
b) All CaC; is consumed to form CO,. (10)
c) 60 % of CaCx is utilized to produce CO; and the rest for CO. (5)

Assume the reaction takes place at 298 K
Given:

(1) AH®¢,CaC> = -58.99 kJ/mol

(i)  ABH®p9s,Ca0 = -635.13 kJ/mol
(1)  AH9¢,CO= -110.54 kJ/mol
(1v)  AH°9CO2= -393.50 kJ/mol

Atomic weights for Ca and C are: 40 g.mol” and 12 g.mol! respectively.

QUESTION 2:(20 marks)

Calculate the equilibrium constant for the following reaction

a) NiO(s) + Hz(g) = Ni(s) + H20(g) at 750 °C

Given:

Ni(s) + %2 Oa(g) = NiO (s); AG® =-58,450 + 23.55 T cal

Ha(g) + % (O2(g ) = H2O0(g) ; AG® =-58,900 + 13.1 T cal

b) Could pure nickel sheet be annealed at 750°C in an atmosphere containing
95% H,0 and 5% H; by volume without oxidation?

QUESTION 3:

The effect of pressure P on the equilibrium transformation of phases can be expressed through

Clausius Clayperon equation i.e. dG=VdP-SdT. Knowing that at equilibrium Gt=GS for a liquid
to solid transformation.
Show that dT/dP= AV/ AS. Say whether this is positive or negative and what does this mean if

it’s positive or negative, give example. (15)
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QUESTION 4:

Temperatura (°C)

al.%

The diagram shown here represent a binary solution that exhibits a miscibility gap at low
temperatures. The interaction parameter  can be used to predict the type of phase diagram if is
sign in the liquid phase and solid phase is known.

(1) What sign will Q have in the liquid and solid phase of the isomorphous region and in

miscibility gap region. (5)
if) Show using sketches what type of phase diagrams will come out of the following: s=solid
I=liquid a) Q'=-ve, Q*=0b) Q'=0, Q= -ve (12)
iii) State using an expression a condition that should be met for a complete isomorphous binary
solution. 3)
QUESTION 5

a) Calculate the equilibrium constant K at 600 K for the reaction:

Hg(g) ¥2 O2 = HgO(s)

Given that K203 =1.72 x 10'° and the standard enthalpy change for the reaction

AH 00 = 48,6 kJ (10)
b) The boiling point of manganese under normal conditions is 2097 °C. Calculate the vapour

pressure of manganese at 1600 °C given that its heat of vaporization is 225 kJ/mol (10)

Total 100




METALLURGICAL THERMODYNAMICS III THM32-1
-4-

FORMULAE-LIST
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