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Metals have varying properties (e.g. strength, hardness, toughness, malleability) that make them
suited for different purposes and commercial products. However, as well as considering the
properties of the product it is also important to consider cost, availability and the environment.
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Modifying the Properties of Metals

Properties of metals can be modified through heating and cooling.

Annealing is a process that softens metal to make it
more malleable and ductile so that it can be worked
on again. Itinvolves heating the metal to a specific
temperature and then allowing it to cool slowly.

The process can be carried out repeatedly whenever
the metal becomes hard and brittle again.
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Stainless steel is commonly used in
cooking utensils because it is:
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Although stainless steel is a popular choice for
utensils, it is a relatively poor conductor of heat.
To compensate for this, utensils often have a
copper or aluminium core.
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When creating a metal product, designers must consider the stock forms available because metals
can be difficult and costly to manufacture in custom-made forms. Common stock forms include:

Metal wire is measured by standard wire gauge (swg). The lower the gauge,
the bigger the size. For example, 14 swg is equivalent to 2.03 mm
and 12 swg is equivalent to 2.64 mm.
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Standard Components

There are a range of standard components that can be used with metals.

Rivets
Rivets are used to join pieces (usually sheets) of metal.

Rivets can be installed manually using a hammer. The rivet is inserted
through a pre-drilled hole in both materials so the head of the rivet
is flush against the one side. The other end of the rivet on the other
side of the material is then shaped into a head using a hammer.
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Pop Rivets

Pop rivets are useful only one side of the metal can be accessed.
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Rivet heads are available in a range of shapes and sizes

depending on their function.

Rivets are commonly used in aeroplanes and bridges.
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Machine screws are used to temporarily join parts together.

Machine screws are available with different head shapes (e.g. \
countersunk) and driving methods, and in different widths and lengths.
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A nut is a metal fastener with a threaded hole, and a bolt is a type of
screw that fits the thread in the nut. Nuts and bolts are used to join
materials together, including wood, metal and plastic.

Bolt heads are usually square or hexagonal shaped so they can be
tightened with tools such as spanners or socket wrenches.

A nyloc nut contains a nylon collar insert. When tightened on a bolt,
the nylon insert deforms elastically around the bolt. This locks the nut
in place and provides increased grip. Nyloc nuts are less prone to
leaking and loosening due to vibration.
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Metals are susceptible to damage through corrosion, which occurs as a result of chemical
reactions between the metal and the surrounding environment. Adding surface treatments and
finishes such as paint can help protect metal and improve its appearance.
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Dip coating involves covering a metal with a thin layer of plastic.

Dip coating is often used to cover tool handles and wheelchair parts.
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Powder coating involves spraying plastic powder onto a metal
part and heating it.

The use of electrostatic charge allows coatings to be applied
to even the most complex shapes and ensures a smooth,
even finish. It is commonly used for wheels, bike frames
and outdoor play equipment.
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Ivanising

\ Galvanising is a process used to protect a base metal such as iron
or steel from corrosion. This is done by coating the base metal with
a more reactive metal, such as zinc.

The zinc forms a barrier over the base metal that protects it from
moisture and oxygen, which cause corrosion. However, if the barrier is
scratched deeply enough, the base metal can become exposed.

Hot-dip galvanising involves submerging the base metal entirely
in molten zinc. Gates and metal pails are often galvanised.
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Extracting Metals

Metals can be extracted from their ores, but the extraction method used depends on the metal's properties.

Furnace Heating

Metals can be extracted from their ores in a blast furnace. The ore
is heated to such a high temperature that the metal separates from
the other substances in the ore.

‘ " \ Ml For example, iron is extracted from iron ore by heating the ore to
b P a temperature above the iron's melting point. This causes the
iron to melt and separate from the rest of the ore.
MIQK’ A\ 3 < N\
" ,ﬁ Metals can also be extracted from their ores using electrolysis. This involves passing an \6 SR
‘ electrical current through the ore to separate the metal from the other substances in the ore.

A huge amount of energy is needed, so electrolysis is very expensive. It is used to
extract aluminium from aluminium oxide, and it is also used in refining.
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Metals extracted from their ores often contain impurities. To obtain a pure metal,
any impurities must be separated from the metal through a process called refining.

\ The metal is heated to its boiling point, so it evaporates, leaving
behind any impurities with higher boiling points. The pure
metal then cools and condenses. Distillation is used with

metals with low boiling points such as zinc and mercury.

The metal is heated to its melting point and melts, while any

—- impurities with higher melting points remain solid. As the
metal melts, it runs away where it is collected in its pure state.
Liquation is used with metals such as tin and lead.
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