Polymers (Plastics)
Any solid substance which can be moulded into a new shape under pressure is said to be plastic.  Many synthetic (man made) materials today are generally known as plastics mainly due to the fact that they were in a plastic condition at some stage. 

When we refer to ‘plastics’ we usually mean ‘polymers’ since ‘plastic’ is a condition or state of a material.  Metals, when heated can be ‘plastic’ and certain polymers are no longer ‘plastic’ after moulding.  
Plastics can be produced in any colour.  They can be moulded into complex shapes.  Items such as household equipment, toys, sports gear, clothes, car parts, medical equipment, etc. can all be manufactured from some form of polymer.  Plastics can be transparent or opaque, hard or soft, rigid or flexible.  As a rule they are poor conductors of heat and electricity.  They can be divided into three categories:
1. Natural Plastics

2. Modified Natural Plastics

3. Synthetic Plastics

Natural Plastics

· Amber – a resin that oozes from pine trees

· Animal Horn – finger nails and hair are examples of this

· Natural Rubber – extracted from the rubber tree (natural polymer)

· Shellac – produced by parasitic insects which live on trees in India

Modified Natural Plastics – natural but modified in some way
· Cellulose – manufactured from cotton fibre and wood pulp

· Casein – obtained from cow’s milk 

Synthetic Plastics – these are produced by human controlled chemical processes

· By-products of the production of gas from coal

· By-products of the distillation of crude oil

Polymerisation
The majority of polymers that we use are compounds of carbon.  Polymer molecules are the result of the joining together of a number of basic units called monomers.  Within the polymer molecule there is a repeated unit known as a mer.  Mers are the building blocks of long-chain molecules.  The process in which monomers are joined together is known as polymerisation.  This can occur in two ways:

1. Addition Polymerisation – chain growth

2. Condensation Polymerisation – step growth

Addition Polymerisation

This is the adding together of large numbers of mers so that they form into long-chain molecules.  This is a 3 stage process.  The following is based on a polyethylene example, C2H4.
1. Initiation:  Polyethylene, C2H4, has a double bond between the carbon atoms.  One bond is strong while the other is weak.  Each bond contains 2 electrons.  The weak bond is attacked by a radical, this is like an electron eater – it has one spare electron but needs two.  After attacking the weak bond and obtaining one electron the ethylene molecule itself, behaves like a radical.  
2. Propagation:  When other ethylene molecules come close to the ethylene radical, they are attacked – a spare electron is taken from them from the weak bond.  Bonding takes place and another mer is attached.  This process is repeated and more mers are added.  A chain builds up quickly.

3. Termination:  This process could, in theory, go on indefinitely so a chain stopper is used to terminate the reaction.  A second radical from the catalyst is used for this.

Note:
This process is used to produce many Thermoplastics.
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Condensation Polymerisation
Phenol formaldehyde, as well many thermosetting polymers are formed by condensation polymerisation.  This is a step growth process.  The two phenol molecules are linked by the formaldehyde molecule during the reaction.  When this happens, the phenols each give up a hydrogen atom and the formaldehyde gives up an oxygen atom.  These combine to produce water (H2O) as a by-product.  The water is condensed out leaving the structure cross-linked.  These cross-links cannot be easily softened by heat making the thermosetting plastic high in tensile strength, low in flexibility and it has a high melting point.  This is a slow process compared to addition polymerisation.  
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Co-polymerisation
In this process mers of different kinds are linked together in the same addition chain.  This process makes it possible to produce many different polymers with a great variety of properties.  This is a similar process to alloying in metals.  

Example:  
Monomer 1 – vinyl chloride 



Monomer 2 – vinyl acetate


Monomer 1 + Monomer 2 = New Monomer (Polyvinylchloride)

Classification of Polymers
Polymers can be classified under two main headings:

1. Thermoplastic materials

2. Thermosetting materials

These two terms refer to the manner in which the materials respond to a rise in temperature.

	Thermoplastic Polymers
	Thermosetting Polymers

	Polymerisation Process - Addition 
	Polymerisation Process - Condensation 

	Bonding - Covalent bonding – secondary  
bonded by weak Van Der Waals forces.

Easily moved by heat and pressure
	Bonding - Covalent bonding – primary

bonded by strong, rigid cross-links giving a strong 3-D structure

	Structure
Linear chains
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Branched chains
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	Structure - Crosslinked chains

	Properties
Low melting point

Low tensile strength

Branched chained thermoplastics have a higher melting point and higher tensile strength than linear chains.

Easily disrupted by heat

Flexible
	Properties
High melting point

High tensile strength

Cannot be re-heated

Stiffer, less flexible

	Heat
Re-mould                                           Mould

Re-heat
	Heat
Distorts                                              Mould

Re-heat


Additives in Plastics
Additives are sometimes used to give a polymer a desired property or properties.  The following are some of the additives used:

· Fillers – improve mechanical properties; also reduce the amount of polymer present.  E.g. glass fibre

· Plasticisers – improve flexibility

· Colour pigments – used to give a desired colour

· Stabilisers & antioxidants – prevent the polymer from heat, ultraviolet light and oxidation

· Flame retardants – used where a polymer contained in furniture or clothing

· Lubricants – added to a polymer to make it easier to mould.
Composite Materials

A composite material is a combination of two or more components.  These combine to produce properties which are not found in any of the individual components. 

Terms and Definitions
Polymer

A pure material that can be made by some polymerisation process.  


Addition polymerisation – polyethylene


Condensation polymerisation – phenolformalehyde

‘Mer’ (monomer, mono = 1)

A polymer is the result of repetition of many single units known as mers.  The ‘mer’ for polyethylene is ‘ethylene’.

Co-polymer

Polymers where different mers are combined along the same chain.  This is often carried out to get a mixture of properties.

Amorphous Polymer

In this type of polymer, the chains are arranged in a random disorganised manner.  As a result the material has low tensile strength and low meting temperature.  Examples are fibreglass and acrylic.

Crystalline Polymer

In this type of polymer the chains are arranged in a geometrical pattern.  As a result the material forms strong rigid bonds with high melting point.

Glass Transition Temperature

· Below this temperature a plastic material is a rigid solid.

· Above this temperature some form of melting begins to occur – the structure of the material begin to change.

Glass Reinforced Polyester (GRP)

This is polyester with strands of glass fibre through its structure.  This is a thermosetting polymer used for boat and car body repair.  It has high strength and is very durable.

Catalyst

Helps to speed up or slow down a reaction.  Introduces a radical or radicals to polymerisation.

Inhibitors

A catalyst that slows down a reaction.

Promoters

A catalyst that speeds up a reaction.

PVC

Polyvinylchloride

Plasticisers

Added to polymers to make the product more flexible.
Fillers

Added to a polymer to increase its bulk.

Vulcanisation

Addition of sulphur to natural rubber resulting in vulcanised rubber.
Parison
Hot plastic tube used in blow moulding

Secondary Bonding

Thermoplastic material bonded by weak Van Der Waals forces.

Covalent Bonding

Strong primary bonds that exist in thermosetting materials.

Elastomeric
Dielectric

Insulator and a conductor (silicone chip)
Manufacturing with plastics (P207)
Methods of manufacturing take into consideration the type of polymer – thermoplastic or thermosetting, and the final shape of the product.  Each manufacturing process is designed to suit the polymer being processed.  Some processes use powdered polymer, some use sheet.  In general, the conversion of a raw polymer to a finished product takes place in a single-operation process.  The processing of polymers uses many techniques, some of which include:

1. Calendering
2. Extrusion

3. Moulding

4. Heat Forming

5. Foaming

6. Lamination

7. Machining

8. Welding

Calendering


Continuous lengths of sheet are made from a thermoplastic by calendering.  The material passes through heated rollers.  The sheet is produced in much the same way as steel is rolled.   This method is used to produce mats, floor coverings and cling film.
Extrusion
Fig 2 P208

Continuous lengths such as tubing or rods are extruded.  The thermoplastic material used is in granular form.  It is fed through a hopper into a heated chamber.  A screw fitted in the chamber forces the softened polymer through a die at the end.  The die gives the extrusion its final shape.  This process is mainly suited to thermoplastic materials. 

Moulding

Polymers are usually prepared for moulding as a powder, as chips or as granules.  Moulding usually takes the form of forcing the heated ‘raw material’ into a mould.  If the mould material is thermoplastic it is cooled immediately after moulding so that it retains its shape.
Common methods of moulding polymers are:

· Compression moulding

· Transfer moulding

· Injection moulding

· Blow moulding

· Rotational moulding

Compression Moulding

This is suited to thermosetting polymers.  It takes place in a split steel mould.  The cavity in the mould is desired shape of the product or finished object.  A measured amount of the power is loaded into the cavity and the mould closes.  A punch is forced by a hydraulic ram into the mould cavity.  The heater in the mould causes the powder to melt and as it sets the cross-linking (curing) takes place.  The mould is then opened and the object ejected.

Fig 3 P209

Transfer Moulding
This process is also suited to thermosetting polymers.  The powdered polymer is placed in a compartment which is separate to the mould cavity and heated.  The plunger forces the molten polymer through feed runners into the cavity.  
Fig 4 P209

Uses for transfer & compression moulding

Heat resistant products – plugs, saucepan handles, etc.
Injection Moulding
This process is used to produce objects from thermoplastic polymers.  The molten polymer is forced under pressure through a narrow opening into a cooled mould.  After the polymer has solidified (cooled) the mould is opened and the finished component ejected.  There are different types of injection moulding machines, with one being the screw type.  The rotating screw moves the polymer forward from the hopper towards the heaters.  The screw itself is then pushed forward by a hydraulic ram forcing the molten polymer into the mould.  Other types of injection moulding machines use only a piston (no screw).

Fig 5 P210

Uses for injection moulding

Golf tees, small containers, board game parts

Blow Moulding
This is used in the manufacture of bottles.  A thick wall tube is extruded into the mould at first.  This is called a ‘Parison’.  While the parison is still soft the mould closes around it and air is blown into it.  The soft parison is blown into the shape of the mould.  
Uses of blow moulding

Large bottles, drums, containers

Fig 7 P212
Rotational Moulding
This is where a measured amount of polymer is placed in a mould.  The mould is closed, heated and rotated in a very complex motion until the polymer lines the mould cavity.
Uses of rotational moulding

Plastic footballs.

Heat Forming (Vacuum forming)
This process is used on sheets of polymer, the most common process being Vacuum Forming.  A plastic sheet is clamped around the edges over a pattern made from wood, rigid foam or plaster.  It is heated uniformly, the heater removed and the pattern is raised into position.  A vacuum is applied under the pattern which results in the soft sheet to be forced down on the pattern.  
Uses of Vacuum Forming

Plastic compartments for holding biscuits, sweets, etc.  Face masks.
Foaming

Polymers which can be converted into a sponge-like material are foamed or expanded.  Both rigid and flexible foams can be manufactured.
Lamination

High strength plastics can be produced by impregnating sheets of paper or cloth with a resin.  Heat and pressure are often used in this process.  This can also be carried out by layering plastic sheets in opposite directions to give a stronger, harder structure when bonded.
Machining

This is the shaping of plastics using machine tools. E.g. milling, drilling, lathework
Welding

The joining of plastics using a hot air welder.
The catalyst provides two radicals which serve to initiate and terminate the polymerisation process
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