
Did	you	know?
Only	5%	of	the	energy	
needed	in	primary	
production	of	metals	is	
needed	to	recycle.

Metals	
Lifecycle
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Non-Ferrous 
Metals

Ferrous Metals
Copper

Aluminium

Brass

Zinc

TIN

Bronze

Gold

Cast Iron

1. Selecting Materials and Components

Wrought Iron

Mild Steel

Tool Steel

Stainless Steel

Properties:	Malleable,	Ductile,	Soft	
and	Good	 Electrical	Insulator.
Common	Uses:	Cans,	Solder,	Food	
storage,	Foil.

Properties:	Malleable,	Ductile,	
Good	 Electrical	Conductor.
Common	Uses:	Galvanising	
ferrous	metals	to	prevent	rusting.

Mixture:		Copper	65%
Zinc	35%

Properties:	Malleable	and	easy	to	cast.	Easy	to	
machine	 and	Polishes	well
Common	Uses:	 Instruments,	Plumbing,	
Ornaments,	Fixtures	and	Fittings.

Properties:	 Excellent	Strength	to	
Weight,	Light,	Ductile.
Common	Uses:	Bike	frames,	
Sports	equipment,	Cans,	Foil.

Properties:	 Flexible,	Ductile,	
Malleable,	Electrical	Conductor.
Common	Uses:	Plumbing,	Pipes,	
Wiring,	Railway	lines.

Properties:	 Tough,	Hardwearing,	
Corrosion	 resistant.
Common	Uses:	Bearings,	Coins,	
Air/Water/Steam	Valves.

Properties:	Very	malleable	and	
ductile.	Highly	resistant	to	corrosion.
Common	Uses:	 Jewellery,	
Ornaments,	Bullion
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The products below are made from various metals. In their everyday use, these products are regularly
having forces applied to them. These forces a ffect 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

Properties:	Hard,	Brittle,	Easy	
to	Cast.
Common	Uses:	Kitchen	pots	and	
utensils,	Machine	casings,	Post	boxes.

Properties:	 Soft,	ductile,	magnetic,	
good	tensile	strength.
Common	Uses:	Gates,	Fences,	Posts,	
Heavy	duty	chains.

Properties:	 Strong,	tough	and	
durable.	Easily	machined.
Common	Uses:	Construction,	
Standard	Components,	 Car	bodies.

Properties:	Hard,	Strong,	Low	
Ductility
Common	Uses:	Garden	Equipment,	
Workshop	tools,	Blades,	 Scissors.

Properties:	Hard,	Very	smooth,	
Shiny,	Difficult	to	weld.
Common	Uses:	Cutlery,	
Kitchenware,	Surgical	equipment.

Non-Ferrous metals are metals which do not
contain iron, are not magnetic and do not rust.
Non- Ferrous metals are commonly used for their
aesthetic appeal. Metals such as silver, gold and
platinum are common in jewellery whereas copper
is used in wiring due to it’s excellent conductivity.

All ferrous metals contain iron. As a result, most
ferrous metals will rust when they come in contact
with moisture unless they are treated. Ferrous
metals are also mostly magnetic which is a useful
trait when separating them from non-ferrous
metals during the recycling process. Most ferrous
metals are types of Steel. Steel is produced by
mixing iron with other small compounds and
metals to improve their working properties. For
example, carbon is added to iron to improve it’s
hardness.

Metals are important materials in our society.
Found below the ground in the Earth’s crust, they
are commonly mined and then used in millions of
products and structures that we use daily. Metals
are generally materials with a good strength to
weight ratio. They are split into 3 groups; Ferrous,
Non-Ferrous and Alloys. Use this Learning Mate for
revision and further research when completing
your NEA and when preparing for your exam.

One	of	 the	growing	concerns	right	now	is	the	
increasingly	worsening	condition	of	our	environment.	
If	you	read	and	listen	to environment	news,	you	will	
not	just	worry	but	also	be	scared	of	all	the	things	that	
could	 potentially	go	wrong	once	we’ve	exhausted	all	
of	 our natural	resources.	One	natural	resource	that	is	
in	high	demand	 is	metal.	The	increasing	need	for	this	
material	has	made	companies	extract	more	to	meet	
the	demand.	If	 they	continue	to	this	way,	we	will	soon	
deplete	and	eradicate	this	natural	resource	forever.

Environmental	Impact:
When	metal	is	extracted	from	the	ground,	it	has	a	
huge	impact	on	the	environment.	Look	at what’s	
happening	 in	Brazil,	the	country	that’s	fast	becoming	
the	world’s	primary	supplier	of	gold.	It	is	estimated	
that	more	than	2,000	tonnes of	mercury	has	been	
released	into	the	environment	as	a	result	of	the	
modern	 Brazilian	gold	rush.	What	people	don’t	know	
is	that	mercury	is	needed	in	the	extraction	of	gold	and	
other	metals.	An abundance	of	mercury	in	the	soil	and	
water	has	led	to	an increased	level	of	the	substance	in	
fish,	which	is	very	toxic	to	both	animals	and	humans.

The	same	is said	of	metal	extraction	itself.	Metal	
extraction	can	drastically	affect air	quality in	the	
surrounding	 areas,	with	high	levels	of	dust	and	gas.	
There’s	also noise	pollution which	is	affecting	 local	
communities	 and	the	natural	habitats	of	animals.	

Lastly,	metal	extraction	disfigures	the	landscape.	If	
companies	 continue	 to	extract	metal,	the	land	will	
forever	be	disfigured,	causing	flooding	 and	soil	
erosion	in	the	area.	It	also	causes	large-scale	natural	
habitat	destruction,	causing	many	species	to	be	
uprooted.	

Economic	 Impact
It	is	a	fact	that	mining,	extracting,	refining,	and	
purifying	metal	costs	a	lot	of	money.	There	are	
different	 types	of	metal,	and	they	need	different	
methods	 of	extraction.	The	methods	 of	extracting	
metal	do	not	come	cheap,	 nor	does	refining	and	
purifying	it.	Not	only	do	you	need	 a	range	of	specialist	
equipment	 for	the	extraction,	but	you	also	need	other	
elements	such	 as	copper,	zinc,	mercury,	among	
others,	for	the	purification	and	refinement	 processes.	
Some	of	 these	elements	are	very	harmful	and	toxic	
not	only	to	humans	and	animals	but	to	nature	as	well,	
worsening	the	environmental	impact	of	metal	
extraction.	Aside	from	this,	you	also	have	to	think	of	
the	transportation	costs	of	the	extracted	metal, and	
the	associated	environmental	impacts	of	transport.	
There’s	also	the	production	and	manufacturing	 to	
consider	which	releases	high	amounts	of	CO2 into	the	
Earth’s	atmosphere,	contributing	to	Global	Warming.

Social	Impact
Communities	 that	thrive	near	quarries	and	mining	
sites	also	suffer	from	 noise,	air,	land,	and	even	water	
pollution.	In	the	long	run,	and	most	especially	if	the	
mining	companies	 are	not	following	safety	and	
security	protocols,	it	will	pose	detrimental	and	
hazardous	 risks	to	the	health	of	the	people	living	in	
local	communities.	 Yes,	there	are	added	jobs	and	
increased	salaries	for	the	people	as	well	as	increased	
revenue	to	the	community,	but	is	it	worth	it	to	
sacrifice	 their	health?	To	reduce	all	these	negative	
impacts,	people	 are	being	urged	to recycle	metal.	

Not	only	will	this	keep	production	costs	down	since	
there’s	no	longer	the	need	to	refine	and	purify	them,	
but	this	also	prevents	land	devastation	and	natural	
habitat	loss.	In	the	end,	it	will	be	healthier	for	all.	

Manufacturers,	too,	are	now	more	aware	of	the	
negative	impact	of	metal	extraction.	To	help	the	
environment,	they	make	use	of	recycled	metal	in	their	
products.	 Through	their	efforts,	the	negative	impacts	
of	metal	extraction	are	being	reduced.

Mining is the process of obtaining metals from the Earth’s crust. There are two main
types of mining for metals and ore; Surface Mining and Underground Mining.
Both of the methods above have a detrimental impact on the environment and
surrounding landscape. Surface Mining leaves huge scars in the landscape, ruining
areas of natural beauty and sometimes animal habitats.

Underground Mining requires more energy and therefore more pollution is caused as a result. Large
machinery is needed to Mine deep underground releasing CO2 and contributing to Global Warming.

Deep	Reading

Alloys Alloys	are	a	mixture	of	2	or	more	metals.	One	of	the	metals	mixed	must	be	a	pure	
metal	for	it	to	be	classed	as	an	alloy.	Alloys	allow	us	to	combine	metals	in	order	to	
improve	their	working	properties	and	aesthetic	appeal.	

Pewter

Mixture:		Tin	90%
Copper	5%
Antimony	5%

Properties:	 Low	melting	point,	Malleable,	Easy	
to	Cast,	Polishes	well.
Common	Uses:	 Schools,	Jewellery	making.

The Metal Extraction Process
Once the ores and raw materials have been
mined they need to be separated from
waste materials. This is typically done in a
furnace however, other methods are used
depending on the metal.

Blast Furnaces are commonly used when
extracting Iron from Iron Ore. The furna ce
reaches approximately 1700°C. Iron melts at
1500°C and therefore becomes a liquid at
this temperature. The pure metal runs free
at the bottom of the furnace whilst the
waste product known as Slag sits on top of
the molten Iron and runs off in a different
direction to prevent contamination.

Minerals	Legend

Locations around the globe

Silver

Properties:	Best	thermal	and	
electrical	conductor.	 Very	
malleable	and	ductile.
Common	Uses:	 Jewellery.

Mining and Extraction
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1. Selecting Materials and Components5. Using and Working with Metals

6. Stock forms and Sizes

8. Specialist Techniques and Processes

Milling
Milling	machines	can	come	 in	traditional	and	CNC	(Computer	Numerical	
Control)	versions.	

Traditional	versions	allow	a	cutting	tool	(similar	to	a	large	drill	bit)	make	
passes	across	 a	material.	The	machine	is	controlled	manually	where	an	
operator	will	set	the	depth,	width	and	length	of	the	cuts	it	makes	in	the	
material.	

CNC	versions	allow	an	operator	to	load	a	CAD	file	directly	into	the	milling	
machine	which	will	then	process	the	CAD	drawing	and	make	passes	based	
on	the	measurements	in	the	file.	This	method	is	extremely	accurate.

Video:	https://www.youtube.com/watch?v=Iu84S4QbMos

Common Fixings

Nuts Nyloc Nut Bolt Washer Pop	 Rivet Grub	Screw

9. Surface Treatments and Finishes

Name Image Description Name Image Description

Painting
Spray Primer	
and	Paint

Used	for	
aesthetics,	
Priming	

surfaces	 and	
Protection.

Hot	
Blackening

Dipped	in	
chemicals	 and	
oil.	Corrosion	
Resistance.

Powder
Coating

Electrostatic	
powder is	

applied	with	
heat	&	bonds	
to	metal.

Polishing and	
Brushing

Buffed or	
uniformly	

scratched	for	
an	aesthetic	

finish.

Plastic	Dip	
Coating

Hot	metal	
dipped	 into	
plastic	
powder.

Sand	Blasting

Sand	fired
under	

pressure	for	
aesthetic	
patterns.

Anodising

Used	on	
Aluminium.
Decorative,	
durable	and	
protects.

Electroplating

Adds	another	
metal layer	to	
surface	 using	
electrical	
current.

Galvanising

Zinc	coating	
of	 ferrous	

metals. Helps	
to	prevent	
rusting.

Metal	Laquer

Sprayed onto	
the	metal.	
Varnish	like	
finish	which	
creates	sheen.

Stock Form Description Image

Sheet
Metric	is	the	standard	size	for	measuring	metal	stock	

forms.	 Sheet	starts	at	1mm	thick	and	goes	up	to	approx.	
6mm.

Rod
Rod	 is	available	from 3mm	to	well	over	100mm	

diameter.	Some	rod	can	come	 already	threaded,	ready	
for	components	 such	 as	nuts	to	be	attached.

Bar
Flat	bar	sections	normally	start	at	3mm	thick	going	up	to	

20mm	 thick.	Some sections	can	come	in	very	long	
lengths	if	needed.

Tube
Tubes require	you	to	select	an	inner	and	outer	

diameter.	Walls	that	are	thin	can	lead	to	weak	products.	
Too	thick	can	lead	to	added	weight	and	cost.

Drilling:

Pillar	Drill	– Drilling	a	hole	into	metal	requires	careful	speed	and	control.	Drilling	a	pilot	
hole	before	 drilling	larger	holes	is	strongly	advised.	Too	much	pressure	can	cause	the	
metal	to	warp	or	even	shatter	in	some	instances.	A	pillar	drill	is	good	for	accuracy	and	is	
powerful	enough	 to	drill	larger	holes	in	thicker	materials.	The	pillar	drill	allows	you	to	set	
drill	depth	as	a	quality	control	measure.

Cutting:

Hacksaw/Junior	 Hacksaw	– The	hacksaw	and	Junior	Hacksaw	are	common	metal	cutting	
hand	tools	that	are	used	to	cut	straight	lines.	The	hacksaw	has	a	robust	blade	and	can	be	
used	for	 thicker	materials.	Junior	Hacksaws	are	used	for	lighter	work.

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.

Mechanical	 Hacksaw- Powered	saw	for	cutting	thicker	pieces	of	metal.	Lubricant	is	
added	to	the	cut	to	cool	the	blade	and	to	allow	a	smooth	cutting	motion.	Less	effort	is	
required	than	a	traditional	saw.

Abrading:

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

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.

Polishing	Mop	– Used	with	a	fine	abrasive	to	buff	metals	to	a	high	shine.

Drilling, Cutting and Abrading

7. Scales of Production

One Off Production

Mass Production Continuous Production

Batch Production
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	have	
a	tendency	to	change 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	made,	they	
are	extremely	cost	effective.

Shaping

Casting

Joining

Turning
The	most	common	 way	of	turning	metal	is	using	a	Centre	Lathe.	
The	lathe	is	capable	of	loading	a	range	of	tools	which	cut	in	
various	ways.

The	material	is	held	in	the	chuck	which	is	attached	to	the	
headstock.	If	using	a	longer	piece	of	material	a	tailstock	is	
required	to	hold	the	material	centre while	it	is	being	turned.

As	the	material	turns	at	a	rapid	speed,	the	tool	moves	in	and	
begins	to	cut	the	material.	Both	Traditional	and	CNC	versions	of	a	
Centre	Lathe	are	available.

Video:	https://www.youtube.com/watch?v=bckCL0HXPdk

Die Casting
Casting	involves	heating	metal	into	a	molten	state	
and	pouring	it	into	a	mould.	

Die	Casting	is	the	most	common	form	 of	casting	
as	it	allows	a	manufacturer	to	cast	multiple	
identical	products	at	a	rapid	rate.	

In	this	machine	driven	process,	 the	molten	metal	
is	pushed	 into	a	set	of	metal	moulds where	it	
takes	shape.	The	moulds are	then	cooled	rapidly	
and	the	item	is	ejected.

Hot Forging
Hot	Forging	is	the	process	of	heating	a	metal	until	it	is	
in	a	malleable	state.	

In	old	times	a	blacksmith	would	heat	the	metal	and	
then	use	a	hammer	to	smash	the	material	into	shape	
over	an	anvil.	

Modern	versions	of	this	common	 process	involve	
heavy	duty	machinery	pressing	the	malleable	material	
into	a	range	of	moulds and	dies	to	achieve	the	
required	shape.	

Brazing
Brazing	is	used	to	permanently	join	2	or	more	
pieces	of	metal	together.	

The	metal	is	cleaned	using	emery	cloth	and	flux	
is	added	to	the	metals	to	stop	oxidation	during	
the	process.	The	metals	are	heated	using	a	blow	
torch	on	a	brazing	hearth	while	a	filler	material	
called	spelter is	added.	

The	joint	is	then	quenched	 and	cleaned	leaving	a	
joint	in	the	material.

Welding
There	are	various	methods	of	welding	however,	they	
all	involve	heating	metal	and	fusing	it	together.

Welding	is	different	from	 brazing	as	the	materials	
actually	fuse	during	welding.	A	filler	material	is	still	
needed	 to	form	the	joint	however,	the	materials	are	
heated	to	such	high	temperatures	that	they	bond.

In	MIG	and	TIG	welding,	an	electric	current	is	used	to	
produce	 the	heat	needed	for	the	process.	

Sand Casting
Sand	Casting	offers	the	most	flexibility	of	the	casting	
options.	It	enables	complex	 shapes	 such	as	car	
engines,	man	holes	 and	post	boxes	 to	be	
manufactured.	

Firstly,	a	pattern	is	made	which	resembles	the	
finished	 product.	It	is	placed	in	the	bottom	of	2	
flasks	that	contain	a	sand	called	delft	clay.	A	parting	
powder	is	added	to	help	remove	the	pattern	once	
the	sand	has	formed	 around	it.	

The	top	flask	is	then	added	and	the	pattern	is	
removed	leaving	a	cavity	ready	for	the	molten	metal	
to	be	poured	into	via	a	runner.	Hot	air	escapes	
through	a	riser.

Measuring and Marking Out
Equipment Image Description Equipment Image Description

Steel	Rule
Used	to	measure.	
‘0’	is	at	the	very	
end	of	 the	rule

Engineers	
Square

Used	for	marking
out	at	right	

angles

Vernier
Calliper

Extremely	
accurate	

measuring device
Micrometer

Extremely	
accurate	

measuring device

Centre	
Punch

Marks	dots	on	
metal.	Usually	for	

drilling
Scriber

Very	thin	and	
accurate	marking	

implement

Spring	
Divider

Used	to	mark	
very	accurate	
circles and	arcs

Odd-leg	
Callipers

Used	to	mark	
parallel lines	on	

metals

Video:	https://www.youtube.com/watch?v=dMt1tqDI1nM

Video:	https://www.youtube.com/watch?v=Pj_mjjUQad8

Video:	https://www.youtube.com/watch?v=K8SYhISGxN4	
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