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Thermoplastics

Thermosetting 
plastics

Pp

HIPS

HDPE

LDPE

PET

ABS

PVC

MF

1. Selecting Materials and Components

ER

Urea Formaldehyde

Polyester Resin

PF

Polyethylene	Terephthalate
Properties:	 Stable,	easily	blow	
moulded,	 resistant	to	chemicals,	fully	
recyclable.
Common	Uses:	Bottles,	Food	Packaging

Low	Density	Polyethylene
Properties:	Very	flexible,	high	
strength	to	weight	ratio.
Common	Uses:	Plastic	bags,	
Piping,	Plastic	food	wraps,	Bottles.

High	Density	Polyethylene
Properties:	 Lightweight,	Rip	and	
Chemical	 resistant.	
Common	Uses:	Milk	bottles,	Pipes,	
Buckets,	Bins,	 Household	 Bottles.

High	Impact	Polystyrene
Properties:	 Flexible,	Impact	
resistant,	Lightweight,	Food	safe.
Common	Uses:	 Food	containers,	
Household	 Electronic	casings.

Polypropylene
Properties:	 Flexible,	Tough,	
Lightweight,	Food	safe
Common	Uses:	 Food	containers,	
Stationary	products,	Kitchen	products.

Acrylonitrile	Butadiene	 Styrene
Properties:	Hard,	Tough,	Rigid,	High	
quality,	Good	insulator.
Common	Uses:	Children’s	toys,	
Electrical	Casings,	Car	interiors.

Polyvinyl	Chloride
Properties:	 Flexible,	Tough,	
Chemical	 Resistant.
Common	Uses:	Pipes,	Electrical	wire.
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The	products	 below	are	made	from	various	plastics.	In	their	everyday	use,	these	products	are	regularly	
having	forces	applied	to	them.	These	forces	 affect	the	way	the	product	operates	and	its	overall	function	and	
safety. Designers	and	manufacturers	need	to	ensure	that	the	materials	they	select	for	their	products	are	
able	to	withstand	the	forces	and	stresses	the	product	will	be	subjected	to.	If	they	get	this	wrong	it	could	
have	serious	consequences.	

Tension forces are pulli ng forces that cause an
object to be stretched or pulled apart.

Bending forces act at an angle to an object and
make it bend.

When an object bends it is under compression and
tension at the same time. See below…

Compression forces are pushing
forces that squeeze an object.
Imagine a ‘crushing’ motion.

Shearing forces act across
a material by creating a
shearing action. Scissors
are a good example.

Torsion forces are twisting forces
that are applied to an object.

Types of Forces and stresses

Melamine	Formaldehyde
Properties:	 Lightweight,	Hard,	
Brittle,	Food	Safe.
Common	Uses:	Kitchenware,	Heat
Resistant	surfaces,	Furniture.

Epoxy	Resin/Araldite
Properties:	Good	strength	to	weight,	
Strong	resin,	Expensive,	Heat	
resistant,	Good	electrical	insulator.
Common	Uses:	Bonding	materials,	
PCB’s,	Waterproof	coatings.

Urea	Formaldehyde
Properties:	Heat	resistant,	Good	
electrical	insulator,	Hard,	Brittle.
Common	Uses:	 Electrical	fittings,	
casings,	buttons	and	handles.

Polyester	Resin
Properties:	 Strong,	Heat	resistant,	
Good	 electrical	Insulator.
Common	Uses:	Waterproof	coatings,	
Flooring,	Fibreglass	lamination

Phenol	 Formaldehyde/Bakelite
Properties:	Very	rigid,	Hard	and	Brittle.	
Common	Uses:	 Electrical	
components,	 Mechanical	parts,	
Old	clocks,	 phones	and	 radios.

Petrochemical Polymers

biopolymers
Polymerisation

Fractional Distillation

The Sustainability of plastic products

PMMA
Acrylic/Perspex
Properties:	 Tough	but	Brittle.
Common	Uses:	Commonly	 used	in	
Schools,	 Display	Stands,	Car	Lights	
and	Modern	Baths.

Thermoplastics are	the	most	common	types	of	
plastics	we	see	on	a	daily	basis.	They	are	generally	
the	most	flexible,	especially	when	heated.	This	is	
due	to	their	physical	structure.	Their	polymer	
chains	 (see	below)	are	loose	which	means	they	can	
slide	past	each	other	when	heated.	This	allows	
them	to	be	reformed	multiple	times.	
Thermoplastics	are	usually	very	easy	to	recycle	
due	to	the	fact	they	can	be	remoulded	multiple	
times.

Thermosets are	more	rigid and	once	they	have	
been	formed	and	set	once,	they	are	stuck	in	that	
shape	 forever. The	polymer	chains	in	thermosets	
have	more	‘cross	 links’	between	them	which	stops	
the	plastic	moving	when	heated.	As	a	result,	
thermosets	are	more	brittle	and	harder	than	
thermoplastics.	Thermosets	have	good	resistance	
to	heat	and	make	good	electrical	insulators.	They	
are	however	difficult	to	recycle	as	they	burn	rather	
than	melt.

Plastics are	mainly	synthetic	materials	made	from	
polymers	traditionally	derived	from	finite	
resources	such	 as	coal,	oil	and	 gas,	but	are	
increasingly	being	produced	using	sustainable	
sources	 such	 as	vegetable	starches.	There	are	also	
naturally	occurring	plastics	such	as	rubber.	Use	this	
sheet	basis	for	revision	and	further	research	into	
plastics	when	preparing	for	your	exam.

It	is	estimated	that between	4	and	12	million	
metric	tonnes	of	plastic makes	its	way	into	the	
ocean	 each	year.	This	figure	is	only	likely	to	rise,	
and a	2017	report	predicted that	by	2050	the	
amount	of	plastic	in	the	sea	will	outweigh	the	
amount	of	fish.

A	normal	plastic	bottle takes	about	450	years	to	
break	down	completely,	so	the	components	 of	a	
bottle	dropped	in	the	ocean	today	could	still	be	
polluting	the	waters	for	our	great-great-great-
great-great-great-great-great-great-great-great-
great-great-great-great-great-grandchildren.

We	need	to	talk	about	plastic.	A	landmark study	
revealed	that	billions	of	people	globally	are	drinking	
water	contaminated	by	plastic	particles.	Almost	
75%	of	tap	water	samples	tested	in	the	UK	
contained	 traces	of	plastic.	Fish	also	ingest	the	small	
plastic	pieces	which	then	contaminates	any	
seafood	we	eat.

A	million	plastic	bottles	are	bought	around	the	
world	every	minute	and	the	number	will	jump	
another	20%	by	2021,	creating	an	environmental	
crisis some saywill be	as	serious	as	climate	change.

The	demand,	 equivalent	to	about	20,000	bottles	
being	bought	every	second,	is	driven	by	a	desire	for	
bottled	water	and	the	spread	of	an	‘on	the	go’	
culture	around	 the	world.

More	than	480bn	plastic	drinking	bottles	were	sold	
in	2016	across	the	world,	up	from	about	300bn	a	
decade	 ago.	If	placed	end	to	end,	they	would	extend	
more	than	halfway	to	the	sun.	By	2021	this	will	
increase	to	583.3bn,	according	to	the	most	up-to-
date	estimates	from	Euromonitor International’s	
global	packaging	trends	report.

Most	plastic	bottles	used	for	soft	drinks	and	water	
are	made	from	Polyethylene	Terephthalate	(PET),	
which	is	highly	recyclable.	But	as	their	use	soars	
across	the	globe,	efforts	to	collect	and	recycle	the	
bottles	to	keep	them	from	polluting	the	oceans,	are	
failing	to	keep	up.

The	main	process	used	 to	produce	plastics	is	called	
polymerisationwhich	requires	specific	 catalysts.	In	
a	polymerisation reactor,	monomers	like	ethylene	
and	propylene	 are	linked	together	to	form	long	
polymers	chains (see	below).

Most	plastics	 are	created	
from	Crude	Oil.

The	production	 of	plastic	
begins	with	a	distillation	
process	 in	an	oil	refinery.	

The	distillation process	
involves	the	separation	of	
heavy	crude	oil	into	lighter	
groups called	fractions.	
Each	fraction	is	a	mixture	
of	 chemical	compounds	
made	up	 of	carbon	 and	
hydrogen	(hydrocarbons),	
which	differ	 in	terms	of	the	
size	and	structure	of	their	
molecules. One	of	these	
fractions	is	called Naphtha
which	is	the	crucial	
element	for	the	
production	 of	plastics.

Biopolymers are	natural	polymers which	can	be	
made	from	 starchy	vegetables	such	as	corn	or	
plants	containing	lots	of	fibre,	fat	or	carbohydrate.

Biopolymers	 are	fully	Biodegradable	when	put	into	
landfill.	The	natural	bacteria	in	the	soil	helps	break	
down	the	plastic	very	quickly	due	to	being	exposed	
to	moisture	and	high	temperatures.

Biopolymers	 are	non-toxic and	are	a	made	from	
renewable	resources,	 therefore	having	a	low	
environmental	impact.

The	most	common	 Bioplastics that	you	should	
research		are	PLA	(Polyactic Acid),	PCL	
(Polycaprolactone)	 and	PHB	 Polyhydroxybutyrate.

Most	plastics	are	made	from	Crude	Oil	(see	above).	Crude	Oil	is	a	Non-renewable/Finite	 resource	which	
means	that	we	will	eventually	run	out	of	it.	End	of	life	considerations	are	also	important	for	plastic	products	as	
most	plastics	take	so	long	to	decompose.

Many	responsible	companies	 produce	 a	Product	Life	Cycle Assessment	which	informs	 them	of	 the	
environmental	impact there	products	will	have.	The	information	they	gather	helps	them	decide	how	best	to	
source,	manufacture	and	 dispose	of	 their	products	to	limit	their	environmental	impact.

Extracting	Crude	Oil	uses	extremely	high	levels	of	energy	which	is	created	by	burning	fossil	fuels.	These	fossil	
fuels	 release	high	amounts	of	CO2 into	the	earths	atmosphere	which	contributes	to	Global	Warming.

The	situation	is	similar	when	manufacturing	plastic	products.	The	polymers	need	to	be	heated	to	high	
temperatures	in	order	to	mould	them.	This	is	again	achieved	by	burning	fossil	fuels,	which	releases	more	CO2,	
and	contributes	 to	Global	Warming.

At	the	end	of	a	plastic	product’s	life there	are	several	options	to	consider.	Firstly,	plastic	products	can	be	
reused	as	they’re	typically	easy	to	repair	and	maintain	which	means	they	can	survive	longer	than	wooden	or	
metal	based	products.

Most	plastics	are	also	recyclable,	this	means	the	material	can	be	melted	down	and	then	put	back	into	
production	 to	become	 a	new	product.	This	saves	the	material	from	ending	up	in	landfill and	also	prevents	us	
from	sourcing	more	plastics	from	crude	oil.	

The	final	option	is	to	throw	the	product	into	Landfill. This	causes	significant	environmental	issues	as	plastics	
take	hundreds	 of	years	to	decompose	and	since	the	material	hasn’t	been	recycled,	we	must	then	create	new	
plastic	products	using	more	crude	oil,	putting	even	more	strain	on	the	planet’s	non-renewable	resources.

Deep	Reading

Deep	Reading
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De-Forming and Reforming Plastics
Line Bending

Vacuum Forming

Blow Moulding

Injection Moulding

Rotational Moulding
Rotational	Moulding is	a	process	that	is	ideal	for	the	
manufacture	of	hollow	products.	 These	include	tanks	holding	
liquids	such	 as	rainwater	tanks	and	waste	disposal	containers,	
footballs,	road	cones,	 fenders	 and	luggage	trays.	Polyethylene	
and	Polypropylene	 are	ideal	polymers for	this	moulding
process.	 It	is	particularly	suitable	for	the	manufacture	of	
batches	 from	100	to	5000	units.
The	mould opens	and	is	filled	with	powdered	polyethylene	or	
polypropylene	and	closed. The	mould	is	heated	to	300oC.	At	
the	same	time	the	mould	rotates	so	that	the	powder	is	forced	
against	the	wall	of	the	mould.	The	mould	then	cools	slowly	and	
solidifies.

One Off Production

Mass Production Continuous Production

Batch Production

Stock Form Description Image

Sheet
Metric	is	the	standard	size	for	measuring	plastic	forms.	
Sheet	starts	at	1mm	thick. Sheet	is	commonly	used	

when	Line	Bending,	 Vacuum	Forming	and	Laser	Cutting.

Rod
Rod	 is	available	from 2mm	to	well	over	100mm	

diameter.	Rod	is	commonly	 used	in	plastic	fixings	 as	
well	as	other	plastic	components.

Tube
Tube	is	usually	available	from	5mm	to	around	1	metre

in	diameter.	You	also	need	to	decide	on	the	wall	
thickness.	Tube	is	commonly	 used	in	piping.

Powder/Granules Powders and	Granules	are	commonly	 used	for	Plastic	
Dip	Coating,	Injection	Moulding	and	Extrusion

Foam/Film Foam	and	Film	is	commonly	used in	food	 packaging.	
Foam	is	incredibly	lightweight	is	good	for	cushioning.

Extrusion

3D Printing

Addition & Joining Methods

Welding Plastics

Laminating

Name Image Description Name Image Description

Painting
Spray Primer	
and	Paint

Used	for	
aesthetics,	

UV	protection	
and	Priming	
surfaces.

Heat	Transfer	
Printing

Printed	and		
transferred	
onto	a	

surface	with	a	
heat	press.

Vinyl	Decals

Printed &	 cut	
self-adhesive	
vinyl,	used	for	
high	quality	
graphics.

Hydro	
Graphic	
Printing

Printed	on	
water	soluble	
film which	

floats.	Object	
is	submerged.

Flocking

Fluffy finish	
created	

through	static	
charge.	

Electroplating	
and	

Electroless
Plating

Plated with	
nickel,	
chrome,	

copper,	 tin	or	
gold.

Embossing	
and	

Engraving

To	raise	or
lower	the	
material	in	
order	to	

enhance	 text.

Rubberising	
Spray

Slightly	
textured	
coating	for	
grip. Has	a	
matt	finish.

Drilling, Cutting and Abrading
Drilling:

Pillar	Drill	– Drilling	a	hole	into	plastic	requires	careful	speed	and	control.	Drilling	a	pilot	
hole	before	 drilling	larger	holes	is	strongly	advised.	Too	much	pressure	can	cause	the	
plastic	to	crack.	A	pillar	drill	is	good	for	accuracy	and	is	powerful	enough	to	drill	larger	
holes	in	thicker	materials.

Cutting:

Coping	 Saw	– A	coping	saw	is	used	to	cut	curved	lines	in	thinner	materials.	The	thin	blade	
allows	the	user	to	follow	a	detailed	path	in	order	to	cut	complex	shapes.

Scroll	Saw/Band	 Saw	- The	Scroll	Saw	and	Band	Saw	are	both	powered	and	can	be	used	
for	cutting	straight	and	curved	lines.	They	can	overheat	and	melt	which	clogs	the	blade.

Vinyl	Cutter- The	computer	controls	the	movement	of	 a	sharp blade.	This	blade	is	used	
to	cut	out	shapes	and	letters	from	sheets	of	thin self-adhesive plastic (vinyl).

Abrading:

Filing– Metal	files	can	be	used	to	smooth	the	edges	of	plastics.	Different	shaped	profiles	
and	grades	of	cut	are	available	for	various	tasks.

Wet	and	Dry	Paper	– Paper	backed	abrasive	material	used	to	clean	up	and	smooth	
surfaces.	 Can	be	used	either	wet	or	dry.	Different	grades	are	available	from	150	to	2000.	
The	latter	is	so	fine	it	has	a	polishing	effect.

Abrasive	Pads– Similar	to	abrasive	paper,	removes	small	surface	scratches	ready	to	be	
polished.

Strip	heaters	are	a	good	way	to	create	a	
permanent	fold	in	Thermoplastics	such	 as	
acrylic.	You	start	by	marking	on	the	plastic	using	
a	marker.	You	place	the	marking	over	the	heated	
wire	and	wait	the	allocated	time	(depending	on	
thickness	of	material).	Once	removed,	the	plastic	
should	 be	bent	around	a	Jig	to	ensure	accuracy	
and	so	any	additional	products	are	identical.

Vacuum	Formed	products	include	plastic	egg	
boxes,	 bath	tubs,	buckets	and	yoghurt	pots.	A	sheet	
of	 Thermoplastic	is	heated	and	pressed	onto	the	
former	(mould)	by	an	atmospheric	pressure.	The	
vacuum	sucks	 the	plastic	over	the	top	of	the	
former	to	take	the	shape.	The	former	must	be	
removed	after	this	process,	therefore	the	shape	of	
the	former	must	be	tapered	to	allow	it	to	slide	back	
out.

Blow	Moulding feeds	 an	extruded	plastic	
tube	known	as	a	parison into	a	hollow	
mould such	 as	the	mould for	a	bottle.	The	
parison is	pinched	 at	the	bottom	as	the	
mould	 closes	and	filled	with	heated	
compressed	 air	until	the	parison inflates	to	
fill	the	mould. The	plastic	cools	and	is	
trimmed	once	 it	has	been	removed	from	
the	mould.

This	process	 is	ideal	for	complex	shapes.	Firstly	a	
mould is	made;	these	are	generally	constructed	
from	 steel	in	two	parts.	They	need	to	be	very	
accurate	as	any	blemishes	will	be	transferred	to	
every	item	produced.	
Injection	moulding is	used	for	intricate	plastic	
components such	 as	bottle	tops,	casings	with	clips	
and	internal	components	 of	electrical	products.
Injection	moulding works	by	melting	plastic	in	a	
chamber	 and	using	a	hydraulic	press	to	push	 the	
molten	plastic	into	the	mould.

In	one-off	 production	 a	single	
product	 is	designed	and	made	to	
a	client's	specification. Labour
and	material	costs	are	high,	and	
a	high	level	of	design	and	
manufacturing	 skills	are	needed.	
Pieces	of	 art	are	often	one-off’s.

Mass	production	 is	the	industrial	
scale	manufacture	 of large	
quantities of	 products,	usually	on	
a production	 line.	Standardised
production	methods	mean	it	is	
suitable	for	products	 that	are	not	
redesigned	very	often.

In	batch	production set	
quantities of	 a	product	are	made	
to	order.	Materials	are	cost-
effective	and	manufacturing	
costs	 are	lower.	Items	that	go	
out	of	fashion	relatively	quickly	
are	usually	Batch	produced.

Continuous	 production	 is	the	
manufacture	 of	an	item	24/7	– 365.	
The	system	is	usually	completely	
automated	using	a	production	 line.	
Due	to	the	scale	on	which	the	items	
are	manufactured,	 they	are	
extremely	cost	effective.

Extrusion is	used	to	create	a	continuous	flow	of	plastic	which	
is	pushed	 through	a	die	to	create	a	specific	shape.	Extrusion	
is	used	for	cables,	 pipes,	mouldings and	even	plastic	film.

The	extrusion	process	works	similar	to	injection	moulding
except	 extrusion	is	continuous	where	as	injection	moulding
uses	a	hydraulic	press	to	push	specific	 amounts	 of	plastic	into	
a	mould.

3D	Printing	allows	physical	objects	to	be	formed	from	 reels	of	
Thermoplastic.	3D	Printers	also	use	CAD	files	and	coordinates	the	
printer	to	follow	the	design	by	building	up	layers	.
3D	Printers	are	commonly	used	for	Rapid	Prototyping.	This	means	
that	designers	can	model	their	designs	from	the	actual	material	they	
will	be	made	from,	without	having	to	pay	lots	of	money	for	moulds to	
be	made	for	 processes	such	 as	Injection	Moulding.	3D	Printing	is	
unsuitable	 for	large	scale	production due	to	the	speed	in	which	it	
makes	products	and	 components.

Plastics	 can	be	welded	using	 either	heat	or	chemicals.	A	chemical	weld	is	the	
most	common	 in	schools	 by	using	either	Liquid	Solvent	Cement	or	Tensol 12.		
Both	substances	 dissolve	the	surface	of	 the	plastics	being	joined.
Heat	welding	plastic	involves	using	a	special	hot	air	gun	which	accurately	heats	
the	areas	being	welded	together	as	well	as	a	plastic	filler	rod	that	is	applied	to	
the	weld	joint.

Laminating	involves	bonding	strips	or	sheets	of	
material	together	in	layers.	It	can	be	done	with	thick	
materials	to	create	very	strong	structures	or	very	thin	
materials	to	create	tough	and	flexible	products.	
Plastics	are	often	laminated	with	other	materials	
such	 as	woods	and	glass	to	improve	aesthetics	and	
functionality.	
Laminated	safety	glass	is	now	used	in	car	
windscreens.	 The	sheet	of	plastic	sits	between	the	
front	and	back	layer	of	the	windscreen	preventing	it	
from	 falling	through	in	the	event	of	a	crack	or	smash.

Laser Cutter - One of the most accurate ways to cut plastics. The
laser itself can follow a design generated on a CAD (Computer
Aided Design) program to a very fine tolerance however, Laser
Cutters must be setup properly considering the following:
• Kerf Allowance
• Power and Speed Settings
• Focusing the Beam
• Clean Mirror and Lenses

Plastic Rivets
Small	plastic	rivets	which	can	be	used	as	a	quick	and	cheap	alternative	to	
screws	and	nuts	for	holding	 plastic	components	 together.	Some	rivets	come	
in	two	parts,	the	head	and	sleeve.	The	sleeve	pushes	through	holes	in	the	
items	to	be	attached,	and	the	pin	is	pushed	into	the	sleeve.	The	insertion	of	
the	pin	makes	the	sides	of	the	sleeve	splay	out,	providing	a	secure	grip.

Heat Sealing
Heat	sealers	(also	known	as	bag	sealers)	are	machines	that	are	used	to	seal	
various	thermoplastics	and	are	available	in	a	range	of	different	sizes.	The	
sealers	are	ideal	for	use	on plastic	tubing as	they	close	off	the	edges,	ensuring	
that	it	protects	the	content	inside.	Heat	sealing	is	used	to	make	packaging	air	
tight	to	help	preserve	products	for	longer.
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