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Step 1

· Fold a piece of scrap paper in two, then open it 
up again. Collect a spatula of copper oxide and a spatula of carbon powder.


Step 2

· Mix the powders together on the paper.
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Step 3

· Slide your mixture into a test-tube.

· Place a loose plug of mineral wool in the mouth of the test-tube.
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Step 4

· Heat gently at first, with your test-tube at an 
angle. Make sure it is not pointing at anyone.


Step 5

· Now heat the mixture strongly.

· Look for any signs of reaction. When you have finished heating pour the contents of the tube 
into an evaporating dish. Can you see any pink copper metal?



Questions

1
Which is the more reactive – carbon or copper?

2
Write a word equation for the reaction.

3
Write a symbol equation for the reaction.

4
Explain what happened in the reaction.
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Blast furnace
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Reactions in the blast furnace


1.
carbon
+
carbon dioxide


2.
carbon dioxide
+
carbon


3.
+
carbon monoxide
iron
+
carbon dioxide


4.
Limestone is used to remove sandy (acidic) impurities as molten
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Turning iron into steel

Read page 76 ‘Iron into steel’ and page 78 ‘Uses of steel’, then answer the questions below:

1
a)
Why do you think that steel is a more useful metal than pig iron?

b)
Name one impurity that we remove from pig iron.

c)
In the Basic Oxygen Process, we change pig iron and which other type of iron into steel?

d)
Write a word and symbol equation for the reaction that removes carbon in the Process.

e)
Why it is important to recycle iron and steel?

f)
Pig iron contains 3.5% carbon. 
What percentage of carbon is removed when we make mild steel?

g)
How do the properties of mild steel differ from pig iron?

h)
Suggest a use for: 

i)
tungsten steel.  

ii)
stainless steel.

2
Copy and complete:

Oxygen      remove      carbon dioxide      Iron      carbon

_______ from the blast furnace is not pure.  Its main impurity is _______.  To make steel we 

have to _______ the impurities.  _______ gas is piped in to the molten mixture and much of the 

carbon forms _______ gas.

3
a)
What is an alloy?

b)
How do you think that the mixture is formed in an alloy?

c)
Which metal do we add to steel to make a very hard, tough alloy?

d)
Which metals can we add to steel to make stainless steel?

e)
Design a poster persuading people to recycle iron and steel.
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Extracting titanium

We find titanium in many alloys mixed with 
other metals. It is used to make low density 
alloys that can withstand high temperatures.

These alloys also resist corrosion.

They are used in the aircraft industry, for example, 
to make the turbines in jet engines.

Titanium is a metal of ‘medium’ reactivity 
that we could also use carbon to extract.

But like tungsten, the carbide formed spoils 
the useful properties of the metal we get.

In the case of titanium, we use a more reactive metal 

to extract the metal. In industry we use 
sodium or magnesium as the reducing agent. 

Do you think this will be cheaper or more expensive
than using carbon as a reducing agent?

Sodium and magnesium have both had to be ‘won’ 
from their own ores by electrolysis. This method 
is used for reactive metals and is expensive.

It needs large amounts of energy to melt 
and pass electricity through the ore.


The Kroll Process

This is the way we extract titanium from its ore.

Step 1

Titanium dioxide (TiO2 – rutile) is separated from the ore 
called ilmenite, which also contains iron oxide, using magnets.

Step 2

Titanium dioxide is changed into titanium(IV) chloride (TiCl4):

TiO2(s)  +  C(s)  +  2 Cl2(g)
heat
TiCl4(g)  +  CO2(g)
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rutile

Carbon is used in this step, but not in the step to 
extract the titanium metal itself. (See Step 4 below.)

Step 3

The products are cooled down and titanium(IV) chloride 

condenses to a liquid. It is purified by distilling it.

Step 4

The titanium(IV) chloride is reduced by sodium in an atmosphere of 
argon:

TiCl4(l)  +  4 Na(l)
heat
Ti(s)  +  4 NaCl(l)
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Why do we need to carry out this reaction in argon (a noble gas)?

The molten sodium chloride (or magnesium chloride) is tapped off.

This is a ‘multi-stage’ process which again contributes to the 
high cost of titanium.
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Anodising aluminium
Aluminium is quite a reactive metal, yet it resists 
corrosion. Can you remember why?

The thin oxide layer that coats aluminium protects it 
from air and water.

We can improve aluminium’s resistance to corrosion 
even further by making the oxide layer thicker.

We do this in industry by anodising the aluminium.

The first step is to remove the existing layer 
of aluminium oxide. You do this by dipping 
the aluminium into sodium hydroxide solution. 
The alkali reacts with the aluminium oxide 
on the surface, exposing aluminium metal.

Then the ‘clean’ aluminium is made the anode 
in the electrolysis of dilute sulfuric acid:
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Can you name the ions present in dilute sulfuric acid?
Which of the two negative ions will be discharged 
at the anode(+)? Which gas is formed from these 
hydroxide ions ?

The oxygen gas made reacts with the aluminium anode.

It makes a thicker, protective layer of aluminium oxide.

This oxide layer is also useful for dyeing the metal 
different colours. Dyes tend to stick to the oxide layer, 
producing attractive finishes.

Try the experiment shown above.
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