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Thermoforming and thermosetting polymers (Plastics)

The majority of everyday plastic products that we use are likely to 
be made from thermoforming polymers . They are ideally suited to 
high volume production methods, making thermoforming polymer 
products very cost effective.

All polymers are ‘self finishing’. This means that no additional 
colouring is needed to en enhance their appearance, and no 
additional finish needs to be applied to protect the material. 
(unlike wood and metals)
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Thermoforming Plastic Examples



Thermosetting polymers

Once a thermosetting polymer has been initially shaped or 
formed by heat, it cannotbe reheated or reformed. This makes it 
an excellent thermal insulator but also means that thermosetting 
polymers cannot be recycled.
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T h e r m o s e t t i n g 
Polymers



Finishing polymers

Polymers have the advantage of being self-coloured, durable and 
waterproof and they generally come with a high gloss finish. It is 
sometimes necessary, however, to change 
the appearance or texture of a polymer.

Thermoforming and thermosett ing 
polymers

Thermoforming po lymers d iffer f rom 
thermosetting polymers in that they can be softened by heating 
many times. Once softened they can then be shaped and formed 
using a wide variety of processes.

Most polymers are obtained from 
crude oil and are known as synthetic 
polymers. Deposits of crude oil are 
distributed throughout the world, but 
by far the biggest reserves can be 
found in the Middle East and in Central and South America. 

Crude oil is a finite, non-renewablere source and we are slowly 
running out of it. It is therefore essential that, wherever possible, 
polymers are recycled and reused. 

There are a few polymers that are sourced from plants,which are 
known as natural polymers (biopolymers). Natural polymers have 
the advantage of being renewable.

Synthetic polymers

Crude oil is found deep under the 
Earth’s crust in ‘oil fields’. The oil 
fields are quite often in very remote 
locations, such as in the middle of the 
sea, in the middle of a desert or even 
in frozen wastelands. A seismic test, 

which is a controlled underground explosion, is carried out and by 
analysing the results geologists can make a prediction as to 
whether crude oil is present. 

Exploratory bore holes are then drilled into the ground to see if 
the oil is commercially accessible. If it is, the crude oil can be 
pumped to the surface and transported to an oil refinery where it 
can be made into various oil-based products. Transportation is 
normally carried out by pumping 
the crude oil across vast areas of 
land in pipelines and across 
oceans in huge oil tankers.

Crude oil in its raw state is of very little use. It consists of a 
mixture of hydrocarbons, with each hydrocarbon 
having a different weight. The lightest of the 
hydrocarbons are gases, such as liquid petroleum 
gas (LPG), which can be used to fuel cars. The 
heaviest are thick tar-like substances, such as 
bitumen, which can be used in road surfacing.
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Fractional distillation

The first part of transforming crude oil into these useful 
petrochemical products is to break it down by a process known 
as fractional distillation. During this process the crude oil is 
heated until it becomes a gas. It then vents off through a tall 
column and as it cools it condenses into different petrochemical 
products. 

Many of these products you will be familiar with, such as gas, 
petrol and oil; but it is one specific petrochemical product that is 
used to make polymers: naphtha.

Cracking

Naphtha is made up of a mixture of hydrocarbons and needs to 
undergo another process, known as ‘cracking’, before we can 
begin to use it to manufacture polymers. The naphtha is once 
again heated to break it down further into individual 
hydrocarbons, such as ethylene, propylene and butylene. These 
are the building blocks for the manufacture of the polymers that 
we are familiar with, which we refer to as ‘monomers’.

Polymerisation

The process of polymerisation takes place in a polymerisation 
reactor and involves a chemical reaction that links the monomers 
together into polymer chains. Different monomers linked together 
in different ways give each polymer its unique properties. 

The monomer ethylene is polymerised to make the polymer we 
know as polyethylene (PE), and the monomer propylene is 
polymerised to make the polymer polypropylene (PP).
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Natural polymers

Natural polymers (also known as biopolymers) differ from 
synthetic polymers in that they are manufactured from plant 
materials, such as sugar beet and corn starch. Because plant 
material can be grown, this means that the raw building block for 
producing biopolymers is renewable and biodegradable. In 
theory, therefore, we should have an endless supply of polymers 
that do not have a negative environmental impact at the end of 
their life. 

At present, however, the production of biopolymers is more 
expensive and takes longer than that of petrochemical based 
polymers. Biopolymers also do not have the same impact-
resistance as petrochemical based polymers, and they are not as 
resilient to chemicals.

Polylactic acid (PLA) is a biopolymer that is produced from corn 
starch. The corn starch 
undergoes a chemical 
fermentation process that 
changes it into a usable 
b iopo lymer that has 
s imi lar propert ies to 
acrylonitrile butadiene 
styrene (ABS). You may 
be using this in your 3D 
printer!

Thermoforming polymers

Thermoforming polymers differ from thermosetting polymers in 
that they can be softened by heating many times. Once softened, 
they can be shaped and formed using a wide variety of 
processes.

Additives

There are a number of additives than can be blended with 
polymers to enhance certain properties.

• Plasticisers are added to polymers to enhance their flexibility – 
for example, phthalate esters are added to polyvinyl chloride 
(PVC) when used for cables.

• Pigments are added to polymers to change their colour.

• Fillers are added to polymers to increase their bulk and reduce 
their cost. Calcium carbonate is a typical filler found in many 
polymers.

• Flame retardants can be added to polymers to prevent or slow 
down the rate at which they burn.
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Recyclability and waste

Polymers take a long time to break down if thrown into landfill 
rather than recycled. Many are 
still not recycled, and so much 
of the plastic used remains in 
the ground or pollutes the 
oceans, creating a dangerous 
environment for birds and 
marine life. 

Polymers can be mixed with additives that help them break 
down more quickly, or can be made from biodegradable materials 
such as corn starch. This is an important development in polymer 
manufacture as the material is not only biodegradable but also 
comes from a renewable source.

Biodegradable polymers are commonly 
used for disposable items such as plastic 
cutlery or plates, etc. Unfortunately, this 
material has also been criticised for being 
less than perfect in terms of environmental 
impact, as there is not enough land to grow 
the crops needed to make the polymer, and 

it is also argued that these polymers contaminate oil-based 
polymers in the recycling process and lead to a lower-quality 
recycled plastic.

Polymers are often burnt to get rid of them at the end of their use 
or during the manufacturing 
process. This leads to a 
release of harmful gases, 
including carbon dioxide, into 
t h e a t m o s p h e r e , w h i c h 
contributes to global warming.

Polymer Stock

Polymers are available in a more limited range of stock forms than 
other material groups. Most polymers that you encounter in 
school or college will come in sheet form, although extrusions are 
available.

Standard sheets of acrylic are usually 1200 x 500mm or 1200 x 
600mm, and are most commonly 3mm in thickness. Other 
thicknesses are available, but the choice of colour becomes more 
limited in the less common sizes. 

High-impact polystyrene (HIPS) can also be supplied in large 
sheets but is usually then processed down into smaller sizes for 
use in vacuum formers.

As with metals, polymers are readily available in extrusions of 
different shapes and profiles, including rod, tube, square and 
angle section. Extruded polymer sectionsare used in the 
construction of the frame of uPVC double glazing.
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Other stock forms of polymers include granules or pellets, which 
may be used in processes such as injection moulding, and 
powders that may be used in fluidising tanks to coat small metal 
parts in polymer.

Thermoset polymers are also generally found in powder form, but 
due to the compression moulding manufacturing process it is 
unlikely that you will come across them in a school environment.

Other forms of polymer that are readily available are films and 
foams. These vary in thickness and material depending on the 
intended application.

Foams are categorised into two groups: open cell and closed 
cell. In open cell foams,the structure of the material has gaps 
between the cells that are occupied by air.

Open cell foams are generally soft and sponge-like in texture and 
have a lower density than closed cell foams.

Plastazote. foam is an example of an open cell foam and is a 
trademark name, although the 
material itself is polyethylene foam. It 
i s a v a i l a b l e i n a v a r i e t y o f 
thicknesses and densities. It is often 
used in protective packaging, 
swimming pool floats and safety 
mattings in gyms and nurseries.

Closed cell foams have no spaces between the cells and 
therefore no spaces for air to occupy. This means that closed cell 
foams are more dense than open cell foams.

They are good insulators of heat and sound and are water-
resistant.

Polymer film is also available in 
a variety of thicknesses. PVC is a 
popular material that is supplied 
in film form and can easily be 
vacuum formed for use in food 
packaging.

More recently, one of the most 
common stock forms of polymer 
in schools is the filament used in 
3D printing, often polyl actic acid 
(PLA). This is usually supplied on a 
reel and varies in diameter 
depending on the brand of 3D 
printer being used.

In addition to the rigid stock forms of polymers available, a 
range of liquid polymers can also be found. These are rarely 
used in their liquid form, but instead harden when exposed to air 
or in some cases to a chemical catalyst. 
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Liquid silicon can used 
to create moulds for 
pewter casting as it can 
be poured around a 
shape or former and its 
resistance to heat means 
t h a t s m a l l - s c a l e 
manufacture is possible. 
Other liquid polymers 
include casting resin, 
which can be used in glass reinforced plastic (GRP) manufacture 
or for producing decorative jewellery and components. Here the 
resin is combined with a hardener or catalyst to help it set into a 
solid state.

All of these polymer stock forms are available in a wide range of 
colours, and one of the main advantages of polymers is their 
ability to be coloured by the addition of a pigment.

Key Points

• Thermoforming polymers can be easily moulded and formed 
with the use of heat.

• Thermosetting polymers are unaffected by heat.

• Synthetic polymers are sourced from crude oil.

• Crude oil must be processed by fractional distillation, cracking 
and polymerisation to produce the final polymer material.

• Natural polymers come from plant sources such as corn starch.

• Polymers are classified into two categories: thermoforming and 
thermosetting.

• The properties of polymers can be further changed with the use 
of additives.
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