Engineering L2
– Metal Extraction
1 of } – Welcome
Welcome to this session on metal extraction.
By the end of this session, you will be able to:
· Understand where metal comes from
· Know the names of some key metal ores
· Be able to explain how iron, copper and aluminium are extracted from their ores
· Understand how electrolysis is used to extract and purify some metals
2 of } – Where do metals come from?
Metals are very important materials for many types of production, either as the main component or as a key part of electronics. But where do metals come from? 
Metals such as iron, aluminium and copper are found underground in rocks known as metal ores. These ores must be mined from below the ground and processed in order to extract the metal. 
Metal ores are a non-renewable resource, as there is only a finite amount of them existing in the world. The mining process is very energy intensive, so there is significant environmental impact to metal ore mining. Because of the limited resource and cost of extracting it, recycling metal when it reaches the end of its life cycle is very important.
3 of } – What are metal ores?
Metals found underground are found in the form of metal ores, where the metals are combined with rock. In some cases, such as gold, the metals are in their elemental form, however others, such as iron, will be in the form of a compound such as iron oxide. 
Metals can be found in lots of rocks; however, a metal ore is generally considered to be a rock containing the metal either as an element or compound in sufficient quantity to be extracted economically. Metals vary in their worth depending on their scarcity and demand for it, so the amount of aluminium required in a rock to be economically viable will not be the same as the amount of gold required, for example. 
4 of } – Mining for metals
Metals have been mined around the world for thousands of years. There are examples of Roman gold mines in Wales, Neolithic copper mines in Bulgaria and Ancient Egyptian copper mines. 
There are many different ways of approaching mining, but all metal mines are concerned with locating and then extracting layers or veins of metal-containing rock. In some places these will be in flat layers close to the surface, but usually the layers will be tilted at an angle, so following the seam of ore will require digging down into the Earth, sometimes at steep angles. In the past this was the main limiting factor of ore extraction, as this kind of mining was time consuming to carry out by hand. 
Modern metal mining is carried out using large mining machinery. This makes extracting the ore easier; however, it also uses more energy and produces more waste rock that is useless for processing. One of the challenges of modern metal mining is limiting the waste produced by mining more economically or finding alternative uses for any excess rock that is dug up along with the metal ore.
5 of } – Extracting iron
Iron is found as iron oxides in metal ores such as hematite, limonite and siderite. To get the iron out of the ore, a large furnace called a blast furnace is used to remove the oxygen from the iron compounds in the ore, leaving just the iron behind. Reactions like this where oxygen is removed are known as reduction reactions. 
In order to remove the oxygen from the iron oxide, carbon is introduced to the mixture. Carbon is more reactive than the iron, so when the mixture is heated in the blast furnace the carbon displaces the iron and reacts with the oxygen to form carbon dioxide. 
We can describe this as the iron oxide being reduced to iron, and the carbon being oxidised to form carbon dioxide.
This reaction is represented by the following equation:
iron oxide + carbon equals iron + carbon dioxide
6 of } – Removing impurities in the iron ore
Most iron ores do not contain pure iron oxide; they also contain a number of other minerals. These can affect the quality of the iron produced by the process, so it is ideal to remove them during this extraction process. Calcium carbonate, which is found in limestone, is key to this process. 
The calcium carbonate in the limestone reacts in high heat to become calcium oxide and carbon dioxide. The calcium oxide then reacts with the impurities in the ore to produce a material known as slag. This floats on top of the molten iron, making it easier to remove from the furnace. 
7 of } – Inside the blast furnace
Inside a blast furnace, the iron ore is broken up into smaller pieces to allow the reaction to happen more quickly. Then it is mixed with carbon and limestone and poured in through the top of the furnace. 
At the bottom of the furnace, air is introduced and in the hot central zones the oxygen from that air allows the chemical reactions take place. Waste carbon dioxide escapes through the upper vents and the iron and slag falls to the bottom to be removed. 
8 of } – Raw materials of iron production
To make iron using this process, the following raw materials are required:
· Iron ore – contains iron oxide
· Coke – a fuel derived from coal, containing carbon
· Limestone – contains calcium carbonate
· Air – contains oxygen
In the past, charcoal and coal have both been used as the source of carbon for this reaction, however coke is much more efficient.
9 of } – Extracting copper
There are many types of copper ore, but all fall into two broad categories: copper oxides and copper sulphides. 
Copper sulphides usually contain more copper than copper oxides, though they are not as abundant in nature as copper oxides are. Click on the tabs to see how copper is extracted from oxides and sulphides.
· To extract copper from copper oxide, the copper oxide is first ground to a powder then mixed with carbon. Heating the mixture in a sealed container then causes the carbon to displace the copper in the copper oxide, creating copper and carbon dioxide. This reaction is represented by this equation: 
copper oxide + carbon, equals copper + carbon dioxide
· To extract copper from copper sulphide, the copper sulphide is ground to a powder and treated with sulphuric acid. This slowly dissolves the copper to form copper sulphate. The copper is then extracted from the copper sulphate through various chemical processes. Copper sulphide processing is typically more complicated than copper oxide processing, as sulphides will often contain other minerals too, such as iron. 
10 of } – Electrolytic refining of copper	
The last stage of copper production is a refining process carried out using electrolysis, known as electrolytic refining. This process can produce 99.99% pure copper which can be used for manufacturing. 
Electrolysis requires an anode and a cathode, suspended in an electrolyte solution. The anode is made of the impure copper. When current is passed through the system, the copper atoms lose then regain ions to move through the solution from the anode to reform on the cathode. Any impurities do not reform with the copper, falling instead into the solution and leaving pure copper on the cathode. Gradually the anode will be eroded as the cathode grows. When depleted, the anode can be replaced to continue the process. 
The impurities form a sludge that collects at the bottom of the tank. This can contain precious metals such as gold, silver and platinum, so can be worth reprocessing to retrieve them. 
11 of } – Extracting aluminium
Aluminium is relatively easy to find as it is the most abundant metal on Earth. It is found in an ore called bauxite, which can be purified into a white powder called aluminium oxide for further processing to recover the aluminium. However, this process is expensive because it uses a lot of power. 
Aluminium is recovered from the aluminium oxide using the process of electrolysis. In this case, unlike in the electrolysis of copper, the aluminium oxide forms part of the solution that the electric current passes through. Aluminium melts at a very high temperature over 2000oC, so instead the powder is dissolved into molten cryolite, an aluminium compound with a lower melting point than aluminium oxide. This makes the process a little more energy efficient.
12 of } – Aluminium oxide electrolysis
The aluminium oxide electrolysis process starts when graphite anodes and cathodes are inserted into the liquid solution of aluminium oxide dissolved into molten cryolite. 
Electric current passed through the system causes aluminium ions in the solution to receive electrons at the negative electrode, reducing them to aluminium atoms. This aluminium sinks to the bottom of the cell where it is extracted. 
At the same time, the oxide ions lose electrons at the positive electrode to become oxygen gas. Graphite is a form of carbon, so the oxygen reacts with the carbon to become carbon dioxide. This means the positive electrodes will be used up over time. They need to be replaced frequently so that the process can continue, adding cost to the process.
13 of } – Question 1
What are the four raw materials used in iron ore production?
Choose all that apply.
a) Iron ore
b) Bauxite
c) Coke
d) Limestone
e) Slag
f) Air
Answer:
The four raw materials used in iron ore production are iron ore, coke, limestone and air.
14 of } – Question 2
Reactions where oxygen is removed are known as…? 
a) Explosive reactions
b) Reduction reactions
c) Reoxygenation reactions
d) Neutralisation reactions
Answer:
Reactions where oxygen is removed are known as reduction reactions.
15 of } – Question 3
What are the main two types of copper ore?
a) Copper sulphide
b) Copper sulphate
c) Copper oxide
d) Copper manganate
Answer:
The two main types of copper ore are copper oxide and copper sulphide.
16 of } – Question 4
What is aluminium ore called?
a) Siderite
b) Magnetite
c) Hematite
d) Bauxite
Answer:
Aluminium ore is called bauxite.
17 of } – End
Well done. You have completed this session on metal extraction.
You should now:
· Understand where metal comes from
· Know the names of some key metal ores
· Understand how iron, copper and aluminium are extracted from their ores
· Understand how electrolysis is used to extract and purify some metals
If you have any questions about anything covered in this session, speak to your tutor for more help.
