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ADDITION POLYMERS 
 
 
Many reactions of organic compounds fall into four classes 
 
(1) Substitution: an atom or group of atoms replaces another 

e.g.  CH4  +  Cl2   ⇒  CH3Cl   +   HCl 
 

(2) Addition: two molecules react to form one 
e.g.  C2H4   +   Br2    ⇒  C2H4Br2 
 

(3) Elimination: one molecule reacts to form more than one 
e.g.  C2H5OH    ⇒   C2H4    +    H2O 
 

(4) Rearrangement: one molecule reacts to give a different molecule 
e.g.  Pentane  ⇒   2-methylbutane 

 
Addition polymers are formed when individual molecules, known as 
monomers, join to form long chains. These chains are called polymers. The 
reaction is known as an addition reaction because the monomers join together 
to form one big molecule, the polymer, without any atoms or groups of atoms 
being either eliminated or substituted. 
 
 
Monomer Polymer Common Name Uses 
Ethene 
 

Poly(ethene) Polythene Low-density:  plastic 
bags, squeezy bottles. 
High-density: buckets, 
lunch boxes. 
 

Chloroethene 
 

Poly(chloroethene) Polyvinylchloride 
(PVC) 

Garden hoses, window 
frames. 

Phenylethene 
 

Poly(phenylethene) Polystyrene Insulation, packaging 

Tetrafluoroethene 
 

Poly(tetrafluoroethene) Teflon 
(PTFE) 

Non-stick coatings, 
artificial arteries and 
veins, plumbing tape. 

Propene 
 

Poly(propene) Polypropylene Ropes, stacking chairs 
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Two types of polythene can be produced 
 
(a) Low-density polythene. 
 
When ethene is polymerised at a high temperature and pressure in the presence 
of traces of oxygen, low-density polythene is formed. This type of polythene 
has a significant degree of branching, which prevents the molecules from 
packing together closely. Thus because they take up more space the density of 
the polymer is reduced. 
Low-density polythene is very flexible and melts easily at about 85°C. 
 
(b) High-density polythene. 
 
If ethene is polymerised at a lower pressure, at a lower temperature, in a solvent 
and in the presence of a complex catalyst, high-density polythene is formed, 
which has longer chains than the low-density form. In this form there are few 
side branches, which allows the molecules to pack together more tightly. Thus 
because they take up less space the density of the polymer is increased. High-
density polythene has a higher melting point (120-130°C) and is more rigid 
than low-density polythene. 
 
 

 
        Ethene     Polythene 
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THE DISCOVERY OF POLYTHENE AND 

TEFLON. 
 
 
POLYTHENE. 
 
Polythene was discovered by accident in 1933 at an ICI plant in Cheshire. The 
effect of high pressure on chemical reactions was being investigated but many 
reactions tried during 1932 and 1933 were disappointing as none of them 
produced any interesting or valuable products. However at the end of one 
experiment involving an attempted reaction between ethene and benzaldehyde, 
which was carried out at a high temperature and high pressure, the walls of the 
reaction vessel were found to be coated with a thin layer of a white waxy solid. 
The solid was recognised to be a polymer of ethene. Eric Fawcett and Reginald 
Gibson, the chemists who had carried out the work, were unsuccessful when 
they tried to repeat the experiment. When the experiment was attempted with 
ethene alone, it exploded with great violence. The work was suspended until 
they could design and build better equipment. 
 
In December 1935 further experiments with ethene were carried out. During 
one experiment, because of a leak in the equipment, the pressure dropped so 
more ethene was pumped in. When the vessel was opened eight grams of a 
white powdery solid were discovered. Michael Perrin, who had taken charge of 
the project in 1935, discovered that polymerisation will not occur in the 
absence of oxygen. However if too much oxygen is present the reaction 
becomes violent. Success was achieved in the experiment in December 1935 
because the extra ethene, which was added to the vessel, contained by chance 
the right amount of oxygen. If the leak in the vessel had not occurred the 
experiment would not have been successful.  
 
ICI saw no use for the new material but the British Telegraphic Construction 
and Maintenance Company recognised that it might be a good insulator for 
underwater telegraph or telephone cables. Successful trials led to the 
construction of a small plant to produce the new material. Underwater cables 
insulated with polythene were laid between England and France towards the 
end of World War II. During the war polythene also played an important role 
in insulating the cables needed for ground and airborne radar equipment. In 
fact polythene played an indispensable part in bringing the war to a speedier 
conclusion. 
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Polythene was not used by the public, until after the war, when the first 
polythene bowls appeared in shops. The polythene produced at that time was of 
the low-density type.  High-density polythene was not discovered until 1953. 
Whereas the development of low-density polythene resulted from a leak in the 
reaction vessel, the discovery of high-density polythene resulted from the use of 
a vessel, which had not been properly cleaned after some previous use.  
 
In 1953 Dr. Karl Ziegler, Director of the Max Planck Institute for Coal 
Research in Muelheim, Germany, was investigating the catalytic properties of 
organometallic compounds. He was interested in finding a suitable catalyst that 
could allow the polymerisation of ethene to be carried out at lower pressures 
than used by ICI. 
The experiments carried out initially produced polymer molecules which were 
too small to be useful. However one experiment produced dimers of ethene i.e. 
only two molecules of ethene had joined together. This result puzzled Ziegler 
and he set out to find the cause. It was discovered that the reaction vessel 
contained a small amount of a nickel compound that had not been completely 
removed after an earlier experiment.  A systematic investigation of the effects of 
nickel and various other metals and their compounds on the reactions of ethene 
was carried out. This showed that some metal chlorides in combination with 
organometallic aluminium compounds served as very effective catalysts for the 
production of polythene. The best catalyst contained titanium tetrachloride and 
aluminium triethyl. The catalyst allowed lower pressures to be used, and 
produced polythene of a very high molecular weight and high melting point. 
This high-density polythene could thus be used at higher temperatures than 
before. This made it very useful for utensils that needed to be sterilised or 
washed in very hot water. 
 
Giuilo Natta, an Italian chemist, used Ziegler catalysts to polymerise propene 
in 1954. Although it has branching, it is regular and the chains can pack tightly 
together. It can be made into fibres and is used in the manufacture of ropes. 
The advantage of being non-biodegradable is that it will not rot.  
 

  Propene     Polypropene  
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TEFLON - [ POLY(TETRAFLUOROETHENE) ] 
 
In 1938 Dr. Roy Plunkett, a 27 year old chemist working at the DuPont 
research laboratories in New Jersey, was investigating chlorofluorocarbon 
compounds (CFCs) in a search for a safe refrigerant to replace the toxic 
substances such as ammonia and sulfur dioxide that were used at the time. 
 
On the 6th April 1938 Plunkett opened a cylinder of the gas tetrafluoroethene, 
which he was using to make CFCs. Though the weight of the tank indicated that 
it should be full, no gas came out of it. Instead of discarding the tank he sawed 
it open to find a waxy white powder inside. He realised that the gaseous 
molecules had combined in a polymerisation reaction. The new material had 
some remarkable properties, which were not affected by extreme temperatures. 
It was very inert and also had a very slippery feel. It was these properties that 
would lead to its enormous commercial success. Plunkett and other chemists 
soon found how to make poly(tetrafluoroethene), (PTFE) commercially. The 
new plastic was called Teflon by the DuPont company. 
  
Like polythene its initial use was to aid in a war effort. Scientists developing the 
first atomic bomb needed a material resistant to the corrosive gas, uranium 
hexafluoride, one of the materials used to produce the U-235 for the bomb. 
Teflon was ideal for this purpose. It was only after World War II was over that 
Teflon began to be used for items available to the general public. 
One of the most common uses of Teflon is as a non-stick coating on cooking 
utensils. The French company that invented the non-stick frying pan called 
itself Tefal from the words Tetra Ethene Fluorine Aluminium. Tiny pits in the 
surface of a metal like aluminium are created by treatment with hydrochloric 
acid. The polymer is then applied to the surface as an emulsion, which soaks 
into the pits. After heating the PTFE is held tightly to the surface. 
The fabric known as Gore-Tex was developed in 1969, by Dr Bob Gore who 
found a way of creating a fabric from PTFE which has millions of tiny pores, 
which are small enough to keep water droplets out but big enough to allow 

 

water from perspiration to escape.  

 luoroethene    Polytetrafluoroethene 
 
Tetraf
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RECYCLING OF PLASTICS. 

About 96% of oil is used as fuels of vari s types. The remaining 4% is used to 
make petrochemicals, some of which are then used to make plastics of different 

lection, it needs to be 
orted from other plastics to allow separate recycling of different plastics. This 

redding followed by 
ashing and drying. It is then ready to be re-extruded, i.e. forced under 

de egg boxes, hamburger boxes 
nd insulation material. 

 
ou

kinds. Many plastics may be recycled after use. However, it is important that 
recycling should not use up more energy than it saves. 
 
Polystyrene is a completely recyclable plastic. After col
s
process is aided by marking codes (see appendix 1) that distinguish 
polystyrene, indicated by number 6, from other plastics (e.g. high density 
polythene (number 2) and polypropene (number 5)). 
 
The next stage in the reprocessing of polystyrene is sh
w
pressure through a moulding device, at 250oC. 
 
The recycled plastic has many uses. These inclu
a
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