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Introduction to Plastics

Plastics are polymeric materials, a material built up from long repeating chains of molecules. Polymers
such as rubber occur naturally, but it wasn't until the development of synthetic polymers around 1910
that the polymers tailored fo the needs of the engineer first started to appear. One of the first
commercial plastics developed was Bakelite and was used for the casing of early radios, During the
Second World War, plastics such as nylon and polyethylene were used as a replacement material for
other materials in short supply. Because the early plastics were not completely chemically stable, they
gained a reputation for being cheap and unreliable, However, advances in plastic technology since
then, mean that plastics are a very important and reliable class of materials for product design.

The mechanical properties of plastics tend to be inferior to most metals. Because of this, careful
consideration must be given to using plastics for structural applications. Fibre reinforced plastics are
extensively used where the mechanical properties of the base plastic material are not sufficient.
However because of their relatively low weight, the ability to colour the plastics when manufacturing,
and the ability to mould complex shapes relatively easily, plastics are extensively used for product
casings and other applications where mechanical strength is not at a premium.

Plastics are not cheap materials. The cost of raw plastic materials is typically higher than steel but
less than aluminium. However, because processing costs over large production runs are lower, the use
of plastics can result in significantly cheaper products,

For applications requiring strength, the plastics can be reinforced by fibres, usually glass, which give
the material added strength.

Polymers

In metals molecules arrange themselves into crystalline lattices. Polymers have molecules arranged
inta long strings of molecules.

Carbon is contained in all organic materials and can be easily liked to other materials such as hydrogen
and oxygen because of its need to find four electrans. Carbon is the main ingredient in the long
chained polymer molecules and forms covalent bonds with other materials. This carbon chain is known
as the polymer backbone.
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ethene (CzH:) and joining it to another ethene ... Polythene

molecule the polymer poly(ethene), or
polythene as it is commonly known is formed

Other polymers can be easily produced such as polyphenylethene (polystyrene can be produced from
phenylethene (styrene). These can be formed from 1000 te 50000 linked monomers).
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To give strength, the chains can be altered. If a hydrogen atom is removed and replaced by a carbon
atom then the chain can branch out. This will form anether chain similar to the main chain. This
creates a softer plastic with a lower melting point.

A cross linked polymer can be
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Branched Chain Polymer Cross linked polymer

Unbranched chains can form

crystalline regions called spherulites. These regions are closely packed. Polythene is about 60%
crystallising, solid fillers such as silica and alumina can be added to add stiffhess to rubbers and
other elastomers which do not crystallise. These fillers attach to the polymer chains creating a
similar effect to crystallisation.

Copolymerisation is a process of combining two or more monomers forming a polymer. In this reaction
there are no by products, when combined the monomers are mixed randomly making an irregular
structure. Copolymerisation is useful allowing the original properties to be alters. For example PVC
when pure is brittle. Copolymerisation with vinyl acetate create a flexible copolymer

There are two main families of plastics, thermosetting and thermoplastics

Thermoplastics
Thermoplastics become soft when heated. They can be easily moulded and o & 3
remoulded without significant degrading. Thermoplastics consist of long Q:’a el
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Polymers

Polymer materials include plastics and rubbers whose atoms are arranged in long molecular
chains known as polymers. The use of natural rubber, obtained from the rubber tree, began
in the nineteenth century. Unfortunately natural rubber degrades or ‘perishes’ over a
relatively short period of time and is readily attacked by solvents. It is not used much in
engineering today except when mixed with synthetic rubbers. Developments over the last
hundred years have seen the introduction of many new synthetic rubbers and plastics with
many different properties. The raw materials that are used to make them come from oil
distillation, coal, and some are from animal and vegetable substances.

The name 'plastic’ is a little misleading. Plasticine, chewing gum and linseed oil putty are
examples of materials which are truly plastic. They are easily deformed by tensile,
compressive and shearing forces and retain whatever shape they are moulded info. Polymer
materials are in fact quite elastic at normal temperatures and the name ‘plastics’ refers to
their condition when they are being formed into shape. At this stage the raw material is
often a resin which can be poured or injected into a mould. Alternatively the raw material
may be a powder or granules which are heated into a liguid prior to moulding.

Polymers are made up mainly of carbon and hydrogen atoms but may also have oxygen,
chlorine, and luorine atoms attached fo them depending on the type of plastic. Each
polymer can contain several thousand atoms. If fully extended, they can be anything up fo a
millimetre long and possibly more. The polymers are intertwined and held together by
covalent bonds. The strength of the bonds affects the properties of plastic materials and
rubbers. Some are very flexible and easy to stretch whilst others are hard and brittle,
Some will melt and burn at relatively low temperatures whilst others are heat resistant. The
polymers of two common plastics, polyethylene (polythene) and polyvinyl chloride (PVC) are
shown in diagram 1 (a) & (b).

H H H Plastics can be part amorphous,
i ] . | ] | rla_é_é_ fl;_é = where the polymers are randomly
L | entangled, and part crystalline
where the polymers become
arranged in a geometric pattern.

Diagram 1(a) the polythene polymer

T H H H H H T H T These regions are called crystallites
- .Ll«,___é_tla;_fll;_.é_{;_.},_c_ (diagram 2). The relative proportion
T [ R ) A B of amorphous regions and
H © H © H ¢ © H

crystallites varies with different

Diagram 1(b) the PVC polymer plastics and the way in which they
have been processed.
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Forces of attraction are set up between the polymers as they form. They are known Van der
Woaal forces and it is these that hold plastics such as polythene and PVC together.

Plastics can be sub-

| Amorphous divided into
thermoplastics,
thermosetting plastics
and rubbers.
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Diagram 2 Crystalline and amorphous regions

Thermoplastics can be softened and remoulded by heating whereas thermosetting plastics
cannot. Rubbers are polymer materials known as elastomers which have the property of
being able to return to their original shape affer large amounts of deformation,

Thermoplastics

Some thermoplastic materials are soft and flexible at normal temperatures whilst others
are hard and brittle. When heated the hard thermoplastics will eventually soften and
become flexible. The temperature at which this occurs is known as the glass transition
temperature denoted by the symbol Tg. Further heating eventually causes the material to
reach its melting temperature which has the symbol Tm. Diagram 3 shows how the
properties of a thermoplastic change with temperature.

Glass transition Melting point
- -——%-\;\ ,=
Tensila strength : m——— '
Hard and | :
brittle | Soft and flexible Viscous liquid
| L N
T Tm

Temperature {*C)

Diagram 3 Change of thermaoplastic properties with temperature




Engineering Materials i P i 6

Polymers

Some common thermoplastic materials and their uses are listed in Table 1.
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Table 1 Common thermoplastics and uses

Thermosetting plastics
Thermosetting plastics, which are also called thermosets, undergo a chemical change during

the moulding process. Strong covalent bonds are formed befween the polymers that are
known as cross links, The cross-links may consist of a single atom or a small chain of atoms
that form in the mould during what is known as the curing process. As a result, the bonding
forces are much stronger than the Van der Waal forces and once formed the cross- links
cannot be broken. Thermosetting plastics are generally harder and more rigid than
thermoplastics and cannot be softened or melted by heating.

Filler materials are very often mixed in with the raw materials for thermosetting plastics
prior to moulding. These improve the mechanical properties and include wood flour,
shredded textiles, paper and various other fibres and powdered materials. Some common
thermosetting plastics and their uses are listed in Table 2.
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Table 2 Common thermosets and uses

Rubbers

The polymers in rubbers are known as elastomers. They are longer and fend to be more
complex than other polymers (Table 3). Elastomers can be made up of more than 40000
atoms and when the material is unloaded; they are intertwined and folded over each other in

a random fashion.
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When loads are applied o rubber, the elastomers behave rather like coiled springs which
become aligned as the material is stretched. This gives the material its elastic properties.
If the loading is excessive, the forces between the polymers may be insufficient fo prevent
them from sliding over each other. This will ultimately lead to failure, or produce permanent
deformation. In this condition the rubber is said to be both elastomeric and thermoplastic
(diagram 4).

s—  load ——

Unloaded elastomers Elastomers aligned under load

Diagram 4 Elastomer behaviour

When sulphur or certain metal oxides are added to the rubber during manufacture, cross-
links are formed between the polymers. These are similar to those formed in thermosetting
plastics and the process is known as vulcanising. The cross-links enable the rubber to retain
its elasticity and return to its original shape when loaded almost fo the point of failure. The
addition of larger quantities of sulphur causes the rubber to loose some of its elasticity. If
sufficient is added, it becomes hard and brittle and its properties are then very similar to
the hard thermosetting plastics.

Worksheet

1 What are the main constituent elements of polymers?

2 What are Van der Waals forces?
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What change takes place in thermoplastic materials at the glass transition
temperature?

Which fhe.r*mai::!asﬂc material is widely used in moulded and granular form in
packaging?

1

What is the common name for polychloroethane

What is the main behavioural difference between thermoplastics and
thermosets?

What happens during the curing process in thermosetting plastic materials?

Which kind or rubber retains its flexibility over a temperature range of
between -80°C and 300°C?

What is vulcanising and what effect does it have on the properties of
rubber?




