
Glass Transition



Glass Transition Temperature
Polymers and glasses change from relatively hard or brittle
materials into a soft viscous state when their temperatures
are elevated

The temperature at which this occurs is known as the 
glass transition temperature and its symbol is Tg



Types of molecular structure

Crystalline materials have long range order. 
Crystalline materials include ceramics, some metals and 
some polymers

Polycrystalline materials have some regions of  order.
Alloys are common forms of polycrystalline material

Amorphous materials have no long range order
Glass and most plastics are amorphous



Crystalline materials
 When crystalline materials reach a high enough 

temperature the molecules within them have enough 
energy to break the bonds holding them within the 
crystalline structure. When this occurs the material  
melts i.e it turns from a solid into a liquid



Amorphous materials 
Due to the lack of long range order within

Amorphous materials there is a large amount of ‘free

volume’

This allows the molecules to move around when heated

and yet retain some bonds with neighbouring molecules

It is the ability of the amorphous materials to maintain some

of these bonds which gives them a viscous state rather than 

melt into a true liquid such as occurs in crystalline materials



Tg for common polymers



Tg for ceramics and glasses



Cooling of materials past Tg
 The rate at which glass and some ceramic materials are 

cooled determine their properties

 Glass is cooled quickly to retain an amorphous 
structure

 If cooled slowly, glass will have more crystallinity
which affects transparency due to grain boundaries 
reflecting light


