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QUESTION 1 



, 

a) State and justify the three main advantages of using pyro metallurgical methods to extract 

metals. [8] 

b) Describe the three main branches of extractive metallurgy. 

c) Give examples of three metals which are extracted using pyro metallurgy. 

QUESTION 2 

a) A pyritic ore is reduced with hydrogen according to the following reaction: 

FeS2 (s) + 2H2 (g) H Fe {I) + 2H2S (g) 

·The ore contains 15% inert solid (gangue). 25% excess hydrogen is used, and the cinder (solid 

residue) remaining contains 5% FeS2 by weight. 

[3] 

Calculate the volume of furnace gases in m3 (at 400oC and 1 atm) per 100 kg of ore charged. [8] 

b) Differentiate between the following: 

(i) roasting and calcination. 

(ii) matte smelting and reduction smelting 

{iii) pig iron and sponge iron 

QUESTION 3 

(4] 
(4] 

[4] 

a) Limestone mixed with coke is calcined in a kiln. An average analysis of the limestone is CaC03 
85%, MgC03 12% and the rest are inerts. The coke contains 76% C, 21% ash and 3% moisture. 

The calcinations of CaC03 and MgC03 are 95% and 90% complete respectively. The C in coke is 

completely burnt to carbon dioxide. The kiln is fed with 1 kg of coke per 5kg of limestone. 

Calculate the weight percent of each product leaving the kiln. Assume that the moisture in the 

feed is completely vaporized. 

[10] 

b) An annealing furnace uses a fuel oil containing 20% H, the fuel is burnt with 20% excess air. 

Calculate the flue gas analysis, assuming complete combustion. [4] 

c) The basic oxygen furnace and the electric arc furnace are the two main furnaces used 

in modern day steel making. Compare and contrast the two processes. 
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QUESTION 4 

a) A copper ore has the following analysis {weight%); Cu2S- 20%, FeS2- 56%, Si02- 24% 

It is smelted in a flash furnace using pure limestone as flux. The slag has 36% FeO and 21% CaO. 

Assume no loss of copper to the slag phase all the Cu2S reports to the matte phase. 

Using a basis of 1000 kg of ore, calculate; 

(i) Weight of slag, limestone and matte. [5] 

(ii) Matte grade. [3] 

b) The blast furnace is essentially a continuous count~r-current reactor in which the descending 

charge is heated and reacted with ascending gases, derived from combustion of carbon at the 

tuyere. The charge consists of iron ore (hematite), coke and limestone. 

Give a detailed description of reactions and conditions occurring in the lower zone of the blast 

furnace. [12] 

QUESTION 5 

a) A copper ore contains 5% Cu and 38% S. The copper mineral is chalcopyrite CuFeS2 and S is 

also present as iron pyrite (FeS2) . The rest of the ore is gangue containing no Cu, Sand Fe. 

The ore is roasted until all the sulphur is removed; the following reactions are taking place: 

4Fe52 + 1102 B 2Fe20 3 + 8S02 

4CuFeS2 + 1302 f-7 4Cu0 + 2Fe20 3 + 8S02 

Calculate the following; 

(i) Weight of chalcopyrite and iron pyrite in 1000 kg of ore 

(ii) Air required in m3 

(iii) Weight of Fe20 3 

[4] 

[3] 

[3] 

b) In Blast Furnace lronmaking the lining life determines the duration of a non-stop campaign. 

(i) Identify the six major causes of lining failure in Blast Furnace operation. [3] 

{ii) For each zone in the blast furnace identify the appropriate lining material required to line 

the steel shell. [3] 

c) State four uses of copper. 
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