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Extraction of metals 

Specification references: 

 C4.3.1 The process of electrolysis 

 C4.3.3 Using electrolysis to extract metals 

 C4.3.5 Representation of reactions at electrodes as half equations  

Aims 

The aim of this task is to extend your knowledge of how metals are extracted, 
and to use oxidation numbers to analyse the redox processes that occur. You 
will already have studied the extraction of metals such as iron and aluminium. 

Learning outcomes 

After completing this activity, you should be able to: 

 describe how some metals are extracted from their ores 

 write equations for the extraction of iron, aluminium, copper, titanium, and 
tungsten 

 determine which species have been reduced and which have been oxidised 
during the extraction process. 

Setting the scene 

Because of properties such as their strength and thermal and electrical 
conductivity, metals are extremely useful materials. However, with a few 
exceptions such as gold, metals are not found in nature uncombined. They are 
usually found in ores in which the metals are combined with oxygen or sulfur. In 
order to obtain the metal, the oxygen or sulfur has to be removed. 

Task 

You are going to research how each of the metals listed in the table are extracted. 
You will then look at the reduction and oxidation reactions that occur during the 
extraction process. After carrying out your research, complete the table. The first 
element, aluminium, has been done for you
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 Aluminium Iron Copper Tungsten Titanium 

Ore  
bauxite, Al2O3     

Method of 
extraction 

Electrolysis of aluminium 
oxide. Aluminium oxide 
is mixed with molten 
cryolite to lower the 
melting point. Aluminium 
forms at the cathode 
(−ve electrode) and 
oxygen at the anode 

(ve electrode). 

    

Chemical 
equations for 
the extraction 
process 

2Al2O3 → 4Al  3O2 

At the cathode 

Al+ 3e− → Al 

At the anode 

2O2− → O2  4e− 
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 Aluminium Iron Copper Tungsten Titanium 

Oxidation 
numbers of 
reactants and 
products in 
extraction 

Reactants: 

Al2O3 Al  3, O −2 

Products: 

Al  0, O2  0 

    

Process 
described 
in terms 
of redox 
reactions 
occurring  

The oxidation number of 
aluminium has 
deceased –it has been 
reduced. 

The oxidation number of 
oxygen has increased – 
oxygen has been 
oxidised. 
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Questions 

1 What oxidation number do all metals have once they have been extracted?  

 (1 mark) 

 
2 What redox process do all metals undergo when extracted from their ores?  

 (1 mark) 

 
3 In the electrolysis of aluminium oxide to produce aluminium, the anode is 

made of carbon. This anode has to be replaced regularly. 

 a Explain why the carbon anode has to be replaced regularly.  

  (1 mark) 

 
 b Write an equation for the reaction that occurs at the anode.  

  (1 mark) 

 
 c Assign oxidation numbers to the reactants and products in this reaction 

and use these numbers to explain the process that is occurring in terms 
of the redox reactions that are occurring.  

  

  

  (6 marks) 

 
4 Iron is extracted from iron ore by reduction with coke. Explain why the 

following two metals cannot be extracted in a similar way. 

 a aluminium  

  (1 mark) 

 
 b titanium  

  (1 mark) 

 
5 Tungsten is extracted from tungsten oxide by a gas. State the name of the gas 

and give a risk that is involved in its use.  

  (2 marks) 
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