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Heat Treatment 

What is work hardening and when is it not a good thing? (2) 

Describe an annealing process (4) 

What is the main difference between normalising and annealing? (1) 

How do you normalise a metal? (2) 

How do you harden and temper steel for e.g. A knife? (3) 
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Only applicable to non ferrous metals, such as...

Aluminium, Copper, Zinc, Lead, Tin, Magnesium, Brass, Bronze 

Basically it is when a metal is cold worked i.e. Bent, hit or shaped

What do you think happens to the metal? (2 things)    

•It will become harder 

•It may then become brittle and fracture

Work hardening video
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Work Hardened Products
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When might this be a bad thing? 
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Returning the metal to its original state 
(i.e. Removing the stresses within it) 
But without deforming it again  

Done by heating the material 

Annealing Copper - the process  

•Heat until dull red 
•Remove from heat 
•Quench or cool in air 
•Place in acid bath to remove oxides (black discolouration)
•Remove from acid and wash 

This process can be repeated a number of times and may need to 
be during the manufacture of a product 

As oxides form on surface they could damage and pit (cause depressions) the 
surface if allowed to remain so a sulphuric acid bath (1:10) is required 
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Returning the metal to its original state 
(i.e. Removing the stresses within it) 
But without deforming it again  

Annealing Aluminium – the process    

•Apply soap as temperature indicator 
•Heat until soap turns black 
•Use tongs to remove from heat source 
•Cool and wash with water 

Aluminium has a low melting point so care 
must be taken to prevent melting (as it 
doesn’t change colour this causes a problem)  
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Like annealing but for.....

How do you work harden carbon steel? 

Ferrous metals – mild steel, pig iron, 
carbon steel, cast iron  

i.e. Returning work hardened ferrous 
metals to an original or unhardened state 

Heated (to critical temp) then quenched 

How do normalise it?  

Heat it then let it cool in air (to around 900 degrees) 

After it has been normalised it can be worked (i.e. Cut, drilled) much easier
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Mild steel and medium carbon steel do not have enough carbon to change 
their crystalline structure and consequently cannot be hardened and 
tempered. 

Medium carbon steel may become slightly tougher although it cannot be 
harden to the point where it cannot be filed or cut with a hacksaw (the classic 
test of whether steel has been hardened). 

Only high carbon steel can be hardened and tempered.
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Hardening – makes it hard (tough) but brittle 

Tempering – removes brittleness and makes 
it tough   

Hardening occurs by heating the metal and 
quenching it (but this makes it brittle 
by rapid cooling so it is tempered)

Tempering a knife blade 

Tempered by: cleaning it with emery cloth
reheated slowly until a layer of oxide will appear 
It will change colour – the different colours give different 
hardness qualities
Then quenched to prevent normalising (cooling in air)  

Pale Yellow 
(hardest) 

Purple  Blue 
(toughest)

Lathe tools Knives ScrewdriversJapanese Chef’s knife
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Which is which? 


