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Polymers -
Shaping and Joining
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(i) How does vulcanisation (the addition of sulfur) change the structure of’ 1
natural rubber?
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(i) The oilin the cylinder i retained by a seal ited between the cylinder
and the piston.

Identify an important property that the material for this seal must
possess, and name an appropriate maerial for the seal.
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‘The diagram shows an Emergency Position Indicating Radio Beacon (EPIRB)
that needs o be protected by a weather- and impact-resistan case.

Identify a suitable material and a suitable method of manufacturing the EPIRE.
case.

A suitable material would be a thermosoftening polymer such as polypropylenc and a
matching manufacturing technigue would be fnjection moulding,

Possible materials: i
- polyethylene

— polypropylene { manufacture - injection moulded

- nylon

- fibreglass } hand lay-up on mould

_ carbon fibre composite | use lay-up gun on mould
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Outline advantages of polymer roof guttering compared to metal roof guttering.

+ Doesnot corrode
+ Can be pre coloured thus does not need painting. R
* Resist impacts as they do not deform on low impacts.
« Lower mass than metal gutters
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In the box below, name a polymer that is suitable for roof guttering. Describe the
extrusion process for the named polymer. A labelled diagram may be included.

Name of polymer.

POLYVINYL CHLORIDE (PVCO

Polymer powder or granules are fed nto a hopper
Asteel spiral screw feeds the polymer through a heated chamber.

‘The heated, highly fluid polymer is forced through a die of the shape required.

‘The extruded product is cooled at the required rate and then if necessary, cut into lengths.

Hopper fecd for polymer
“FEnlesor podir
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The telephone charger cover is to be manufuctured from & polymer. 3

Name and describe a suitable manufacturing process.
Injection Moulding

Beads of polymer are heated to iquid state and forced into a permanent metal mould by

either  ram or screw type plunger. The moulded product s cooled o rigid state before tis
elected from the mould T
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Carbon fibre was originally developed to produce aircraft bodies and high performance
vehicles. Carbon fibre is now used in a wide range of applications, including the
manufzcture of the type of bicycle frame shown.

(2) Outline the advantages of carbon fibre bicycle frames over steel bicyele frames.

* Carbon fibre epoxy composite has a higher specific strength than steel.
* Carbon fibre epoxy composite can be moulded into more Intricate shapes than steel frames.
*  Itis corrosion resistant whereas steel can corrode i the surface finish Is damaged.
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Explain how acarbon fibré bicycle frame is mannfactured.

Carbon fibre pre impregnated with epoxy resin (prepreg] is draped over a mould of the
frame of the bike and is shaped using 2 hot air blower.

Avacuum bag is placed over the praprep which has a breather/absorbtion film over and/or
placed in an autoclave.

Airis pumped out of the vacuum bag and or the autoclave and heat appiied to the
composite for curing.

After curing the moulded shape is released, trimmed and accessories are fitted in place.
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(a)  The socket of an artificial hip joint, shown below, is
manufactured from polyethylene which is a
thermoplastic polymer. Contrast the molecular
structures of thermoplastic and thermosetting

polymers.

Thermasoftening plastic structure

Heavily crosslinked thefmosetting polymer

Thermosoftening (thermoplastic) polymers are made up of many long chains of moleculés. The links
along these chains are strong primary covalent bonds while the bonds between the chains are
weaker secondary bonds. These bonds are about 1% the strength of primary bonds and can be
easily broken. At low temperatures all the molecules are held together and the material behaves as
2 solid. If the plastic is heated the weak secondary bonds are broken allowing the chains to move

and be reshaped.
Thermosetting polymers are similar to thermosoftening polymers except they have strong covalent

bonds (cross links) between the chains forming a three dimensional structure. This mearis that the
g will only cause charring and decomposition.

chains of molecules cannot move and he:
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Explain the extrusion process as a method of forming materials

Extrusion Hopper feed for plastic
granules andlor powder

« Isa continuous process for
converting plastic materials into Bxinuded product
tube, rod, sheet, film, coatings
for clectrical wiring and a wide
range of profile shapes.

Screw feed
+ The plastic in the form of Extrusion of plastic
granules or powder is fed from
a hopper onto the steel screw which feeds the polymer through the heated
2one and forces it out through the die.

+ The extruded product can be cooled at a rate to prevent crystallisation, if
necessary, after extrusion; blown film and flat sheet extrusion are two other
common types of extrusion and are used to make polyethylene shopping bags,
garbage bags and other plastic film. ’

(i} State the advantages of forming materials by extrusion.

e complexity of shapes, including tubes

— e good surface quality
_» dimepsiqnal aceuracy

e billet to final shape.

(i) State the disadvantages of forming materials by extrusion.

= dedigated tooling

~ expensive equipment.
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A tuck has a moulded canopy mounted above the cab, as shown,

Molded cancpy f_\( P—l&

() Tdenify a physical function of this canopy, and give TWO reasons why 3
Fbre-reinforced composite materials are ideal or this applicaion.
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