
Topic 3:  
Metals and their Extraction 

 

Ores are minerals found in rocks in the Earth’s crust that contain metal 
compounds i.e. metals bonded to other elements. Metals can be extracted 
from these ores by carrying out chemical reactions. 
 
Some metals, such as gold and silver, are so unreactive metals they can be found 
uncombined or ‘native’. These are very easy to extract. 
 
As metals become more reactive, they become more difficult to extract from their ores. 
 

 
Reactivity Series 

 
In a reactivity series, the most reactive element is placed at the top and the least reactive 
element at the bottom. More reactive metals have a greater tendency to lose electrons and 
form positive ions. 

 
It is useful to place carbon and hydrogen into the reactivity series because these 
elements can be used to extract metals. 

Here is the reactivity series including carbon and hydrogen: 
 

 

 
 

 

 
 
 
 
 
 

Metals that are more 
reactive than carbon 
are extracted using a 
process known as 
electrolysis. 

 

Metals that are less 
reactive than carbon 
can be extracted from 
their ores using carbon. 

 



Displacement and Competition Reactions 
 
The order of reactivity of metals can be shown by displacement reactions or competition 
reactions. 
 
In a competition reaction, two elements compete over oxygen. The most reactive 
element ‘wins’ and ends up being bonded to the oxygen.  
 
The element/compound that gains oxygen has been oxidised. 
The element/compound that loses oxygen has been reduced. 
 
 
Eg1 In the Thermite reaction aluminium powder is reacted with iron(III) oxide. 
  

Aluminium + iron(III) oxide   Aluminium oxide + iron 
 

This shows that aluminium is more reactive than iron 
because it is able to ‘win’ oxygen from the iron. The 
aluminium has been oxidised (gained oxygen) and the iron 
has been reduced (loss of oxygen). 
 

Eg2  When carbon is heated with iron oxide, iron metal is produced as iron is less reactive 
than carbon. The carbon is oxidised and the iron is reduced. 

 
Iron oxide + carbon  iron + carbon monoxide 

 
 
In a displacement reaction a more reactive metal will displace a less reactive metal from 
its salt solution. A salt solution will contain a metal chloride, nitrate or sulphate. When 
displacement occurs, a colour change is seen.  
  
Eg1  When magnesium is added to copper sulphate solution a brown solid appears and 

the blue solution fades. This shows a displacement reaction has taken place. 
  

Magnesium + copper sulphate  magnesium sulphate + copper 
  

This means that magnesium is more reactive than copper as the magnesium has 
displaced the copper from its solution. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



Eg2  When zinc is added to magnesium chloride solution no reaction occurs. This shows 
that zinc is less reactive than magnesium so the zinc cannot displace magnesium 
from its solution. 

 

 

Extraction of Iron 
 

Iron is extracted from its ore using carbon in a Blast 

furnace. The raw materials are iron ore, coke, hot air 

and limestone.   

The process is continuous with new raw materials 

added and products removed all the time due to the 

time and cost associated with getting the furnace up to 

temperature. 

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

The word equation for the reduction of iron oxide by carbon monoxide is; 
 

Iron (III) oxide + Carbon monoxide  Iron + Carbon dioxide 
 
You may also be asked to balance the symbol equation; 
 

Fe2O3 + 3 CO  2 Fe + 3 CO2 
 

Wales has a long history of iron extraction and iron is still 
extracted in Port Talbot in South Wales. All the raw 

materials for iron extraction can be found in Wales but the 
plant at Port Talbot imports iron ore, coal to make coke 

and limestone from other countries. 
Using raw materials from Wales is not sustainable on an 

economic (cost) or environmental (quarrying) basis. 
 

 

Raw 

Material 

Why is it needed? 

Iron Ore/ 

Iron oxide 

Source of iron 

Coke  

(form of 

carbon) 

Fuel which burns to heat 

the furnace. Also 

produced carbon 

monoxide for the 

reaction. 

Hot Air / 

Oxygen 

Needed for the coke to 

burn 

Limestone Removes impurities by 

forming slag 



Red Cat: 
Reduction at Cathode 

An Ox: 
Oxidation at Anode 

Electrolysis 
 

Electrolysis is the process by which ionic 

substances are broken down into simpler substances 

using electricity.  

Ionic substances contain charged particles called 

ions. For example, lead bromide contains positively 

charged lead ions and negatively charged bromide 

ions. For electrolysis to work, the ions must be free 

to move. Ions are free to move when an ionic 

substance is dissolved in water (in solution) or when 

melted. For example, if electricity is passed through 

molten lead bromide, the lead bromide is broken 

down to form lead and bromine. 

 

The equipment for electrolysis can be seen below: 

 
 

 

 

 

 

Oxidation can not only be explained in terms of gaining or losing electrons but also in terms 
of gaining or losing electrons. When electrons are gained the substance has been 
reduced. When electrons are lost the substance has been oxidised. Therefore, reduction 
always happens at the cathode and oxidation always happens at the anode. 

 
 
 
 
 
 
 

 
 
 
 
 
 

 

Cell or Battery 

Negative electrode. 
This is known as the 

CATHODE. 

Positive electrode. 
This is known as 

the ANODE. 

ELECTROLYTE. 
This is the substance the electricity is being passed through. 



What happens during electrolysis? 
 
1. Positively charged ions move to the cathode (negative electrode) during electrolysis.  

They gain electrons to lose their charge; reduction has occurred.  
2. Negatively charged ions move to the anode (positive electrode) during electrolysis.  

They lose electrons to lose their charge; oxidation has occurred.  
 
Electrolysis of Lead Bromide: 
 
We can use the ‘ion sheet’ to work out the formula of lead bromide = PbBr2. When lead 
bromide is melted the ions that make up the compound separate from each other and are 
free to move. Using the ‘ion sheet’ we can see that these ions are Pb2+ and Br-. 
 
During electrolysis the Pb2+ ions will be attracted to the cathode (negative electrode), 
where they will gain electrons and become reduced.  
Br- ions will be attracted to the anode (positive electrode), where they will lose electrons 
and become oxidised.  

 
 
 
 
 
 
 
 
 
 
 

We can write half equations for these reactions: 
 
 
Half Equation at the Cathode:   Pb2+  +2e-  Pb 
 
 
 
 
 
Half Equation at the Anode:     Br-  - e-  Br   
 
 
 
 

However, Br exists as a diatomic molecule so we need to factor this in and then 
balance the equation… 

 
             2Br-  - 2e-  Br2 
 
Overall Equation:                      PbBr2  Pb + Br2 

 
 
 
 
 
 

The positive ion from the electrolyte 

The atom of the positive ion 

The number of electrons the ion needs to gain to lose its charge 

The negative ion from the electrolyte The number of electrons the ion needs to lose get rid of its charge 

The atom of the negative ion 

The compound we started with What formed at the cathode  

What formed at the anode  

hHeat 



Electrolysis of Zinc Chloride: 
 
The formula of zinc chloride = ZnCl2. During electrolysis the Zn2+ ions will be attracted to 
the cathode (negative electrode), where they will gain electrons and become reduced.  
Cl- ions will be attracted to the anode (positive electrode), where they will lose electrons 
and become oxidised.  
 
Half Equation at the Cathode:   Zn2+  + 2e-  Zn 
 
Half Equation at the Anode:     Cl-  - e-  Cl   2Cl-  - 2e-  Cl2 
          However, Cl exists as a diatomic molecule so we need to factor this in  
                                           and then balance the equation. 
 

Overall Equation:                      ZnCl2  Zn + Cl2 

 
Electrolysis of Aluminum Oxide: 

 

Aluminium is the most abundant (found in large quantities) metal on Earth. However, it is 
expensive, largely because of the amount of electricity used up in the extraction process 
(electrolysis). 

Aluminium ore is called bauxite. The bauxite is purified to yield a white powder - aluminium 
oxide - from which aluminium can be extracted. The extraction is done by electrolysis - the 
aluminium oxide must be melted so that electricity can pass through it. Aluminium oxide has 
a very high melting point (over 2000°C) so it would be expensive to melt it. Instead, it is 
dissolved in cryolite – this causes the aluminium oxide to melt with a lower melting point. 
The use of cryolite reduces some of the energy costs involved in extracting aluminium. 

 

The principle of electrolysis is the same for the extraction of aluminium but the equipment 
looks slightly different:  

 

The formula of aluminium oxide = Al2O3 and 
is made from the ions Al3+ and O2- (off the 
ion sheet).  
During electrolysis the Al3+ ions will be 
attracted to the cathode (negative 
electrode), where they will gain electrons 
and become reduced.  
O2- ions will be attracted to the anode 
(positive electrode), where they will lose 
electrons and become oxidised.  
 
Half Equation at the Cathode:    Al3+  + 3e-  Al 
 

Half Equation at the Anode:      O2-  - 2e-  O   2O2-  - 4e-  O2 
               However, O exists as a diatomic molecule so we need to factor this in  
                                              and then balance the equation. 
 

Overall Equation:                       Al2O3  Al + O2     However, this equation isn’t balanced so…      

                                                 2Al2O3  2Al + 3O2 

 



Due to electrolysis needing large amounts of energy to carry out 
the process, an aluminium extraction plan should always have a 
power station close by. The energy costs associated with 
aluminium production are very high and when Wylfa Power Station 
was decommissioned, Anglesey Aluminium closed. When it was 
running the plant accounted for around 10-15% of all the electricity 
used in Wales. Without a power station close by, guaranteeing the 
direct supply of electricity, this became unsustainable and the plant 
closed.  
 
 

Recycling metals is more sustainable as it conserves the raw materials 
and uses much less energy. Recycling aluminium requires approximately 
5% of the energy used to extract the metal from bauxite. The reduction in 
energy for recycling means that less electricity is needed and so there are 
smaller associated greenhouse emissions which can help prevent 
Global Warming and Climate Change.  
 

 
The siting of plants where the extraction of metals takes place is very important. Factors 
that affect the siting of plants include: 
 A site away from built up areas; 
 A town or city within commuting distance to accommodate the workforce; 
 Good transport links for transporting the product to buyers; 
 Near to the coast for the importing of raw materials (not the export of products); 
 A direct electricity supply (a power station close by) in the case of aluminium 

 
            

Metals 
 
Properties of Important Metals 

Aluminium: 
 

  

 
 
 
Copper: 
 

Properties Example of Use 

Malleable and ductile Wires  

Very good conductor of heat and electricity Saucepans and electricity 

Attractive colour and lustre Jewellery 

 

Properties Example of Use 

Strong Aircraft/Car bodies 

Low density Overhead Power cables  

Good conductor of heat and electricity Power Cables 

Resistant to corrosion Drinks Cans 



Titanium  
 

Properties Example of Use 

Strong and Hard Hip joint replacements 

Low density Aircrafts   

High melting point. Aircraft machinery (engines) 

Resistant to corrosion Bike Frames 

 
 
 
Molten metals can be mixture together to form an alloy. This modifies the properties of the 
metals by changing the composition (see topic 2). Steel is an alloy made from mixing iron 
and carbon. 
 
 
Steel  
  

Properties Example of Use 

Strong and Hard Car bodies 

 
 
 
 

Transition Metals 
 

The transition metals are placed in the periodic table in a large block between groups 2 
and 3. Most metals (including iron, titanium and copper) are transition metals. 
 

 
 
Common Properties of the Transition Metals 
 
 Good conductors of heat and electricity 
 Malleable and Ductile 
 High Melting and Boiling Points 
 High Density 

 
Due to their properties, the transition metals are useful as construction materials. They are 
also useful for making objects that need to let electricity or heat travel through them easily. 
Many transition metals are useful catalysts (e.g. iron in the manufacture of ammonia, 
platinum in catalytic converters). They can also form more than one type of ion e.g. 
Fe2+/Fe3+ and their compounds are often coloured. 



Colour of Transition Metals 
 
Transition metals form coloured compounds with other elements. Many of these are 
soluble in water, forming coloured solutions.  
If sodium hydroxide (NaOH) solution is then added, a transition metal hydroxide is 
formed. These are insoluble. They do not dissolve but instead form solid precipitates. 
 
Higher Tier Only: 
 

Transition Metal Transition Metal Ion Colour of solutions formed or precipitate with 
Sodium Hydroxide (NaOH) 

Iron (II) Fe2+ Pale Green 

Iron (III) Fe3+ Brown 

Copper (II) Cu2+ Blue 

 
 
 
 
 
 
 


