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SECTION A 

ANSWER ALL QUESTIONS 

QUESTION Al 

a) Discuss the advantages of hydrometallurgical extraction of copper over its pyro metallurgical 

extraction from its ores. (5] 

b) With reference to 'multi-lift' heaps, give detail on how you would construct a heap for a low 

grade copper ore, your description should include the base, ore placement, aeration, solution 

application and pregnant solution collection. [10] 

c) Calculate the mass of Zn deposited onto an inert lead cathode in a zinc electro winn ing cell 

where the electrolytic cell is receiving a current of 25 Amps, for a duration of 10hours. [5] 

QUESTION A2 

a) Bornite can be leached with oxygen in acid solution according to the following reaction: 

4CusFeS4 {s) + lOH2S04 (aq) + 3702(g) f-7 20CuS04 {aq) + 2Fe2(S04h (aq) +lOH20 

A bornite ore contains 0.22% copper by weight and is processed at a rate of 1500tons/hr. The 

extent of copper leaching is 75%. 

{i) How much oxygen gas is needed in kg/hr. 

{ii) How much sulphuric acid is needed in kg/hr. 

[3] 

[3] 

b) A copper electrowinning tankhouse operates at a current density of 400A/m2. Assuming that 

the standard electrode potential difference is 60% of the whole cell voltage. Calculate the copper 

electrowinning energy consumption in kWh/kg when the deposition current efficiency is 96%. 

Use a basis of one hour. [5) 

c) In electrowinning cells, a voltage higher that Eceu has to be applied i.e. more energy than what 

is dictated by thermodynamics has to be supplied. Discuss overpotential in terms of the following 

three components: 

(i) activation overpotential 

(ii) ohmic polarization 

(iii) concentration overpotential 
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SECTION B 

ANSWER ANY THREE QUESTIONS 

QUESTION Bl 

a} 

Ti02 Cl2 
Coke 

r , , 

Chlorination , 
Fused salt elect rolysis 'COz ' 

treatment ncr. Mg 

, , 
Purif ication Impure 

r TiCI.c 

, 
' Reduction & Pure TICI• r MgCiz 

Vacuum distillation 

' 
Fig. 81 Kroll process for titanium extraction 

The process flowsheet for t itanium extraction is shown in Fig. Bl. Give a detailed description of 

t he processes taking place in each of the units, your description should include reactant s, process 

conditions, reactions, products etc. 

(i} Chlorination [3] 

( i i) Purification [1] 

(iii) Reduction and Vacuum distillation [10] 

(iv} Fused sa lt electrolysis [2] 

b) Halide metallurgy is used for the extraction and refining of metals, st ate four main reasons for 

employing halide metallurgy over t raditional metal extraction and refi ning technologies. [4) 

QUESTION 82 

a} Wit h t he aid of a diagram, give a detailed description of the Hall-Herault process for aluminium 

electrowinning. [10) 
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b) Identify five leaching process variables and give a brief explanation (including examples) of 

how they affect the leaching process. [10] 

QUESTION 83 

a) During the extraction stage of solvent extraction the metal ions are transferred from the 

aqueous phase to the organic phase using three basic types of solvent extractants. State the 

extractants and give a brief description of the mechanism of transfer of metal ions for each 

extractant. [6] 

b) Define solvent extraction and with the aid of a well annotated diagram, describe the major 

steps involved in the solvent extraction of a dilute copper leach pregnant solution from heap 

leaching operations. Your description should include the following information: concentration of 

copper in each stream, strength of the aqueous solution in each stream, concentration of copper 

in the organic extractant, type of organic extract used, reactions etc. [14] 

QUESTION 84 

a) The following metals and/or their compounds play an important role in the global economy 
i.e. Gold, Zinc, Nickel and Uranium. With reference to one of the metals listed sketch a generic 
process flow diagram for a typical hydrometallurgical process and discuss the various unit 
operations associated with each step. 
(i) Ore/Concentrate pre-treatment 
(ii) leaching 
(iii) Solution purification and enrichment 
(iv) Metal/Compound recovery 

b) With reference to a specific case study, discuss the negative effects of hydrometallurgy 
operations on the environment. 

(END OF PAPER) 
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