Aluminium Production

Aluminium: The Newest Metal

Although aluminium is, after oxygen and silicon, the third
most abundant element in the Earth's crust, it is by far the
youngest of the major industrial metals, first produced on
a commercially significant scale only just over a hundred
years ago. Like lead, tin, iron aluminium exists naturally
only in the form of compounds. Sir Humphrey Davy was
the first, in 1807, to separate it from its oxide, alumina,
though only in the form of an aluminium- iron alloy, and it
was he who gave the metal its name.

A Frenchman, Henri St. Claire Deville, developing earlier
work by the German scientist Friedrich Wohler, used a
complex thermo-chemical method to produce small
quantities of metallic aluminium in 1855. The strange new
metal enjoyed a modest vogue in jewellery and cutlery,
but, although the price dropped considerably over the
next thirty years, it remained far too expensive for

commercial use.

The breakthrough came in 1886 when, working quite independently, Paul-Toussant Heroult in France and
Charles Martin Hall in the USA published patents for the molten electrolytic process of producing metallic
aluminium from alumina. Shortly afterwards, Dr Carl Josef Bayer in Austria patented his technique for
converting bauxite ore to alumina.

The basis was laid for the methods used in aluminium production all over the world today, and still known
as the Bayer Hall-Heroult process.

The Unique Properties of Aluminum

Only a remarkable combination of useful properties could bring a new material so quickly from
nowhere to a top position with a wide range of applications.

The advantages of aluminium are so wide-ranging that they deserve to be specially listed:

Lightness: On a volume basis, aluminium is only about one-third the weight of steel. Significant
weight savings can be made in almost every type of mechanical application.

Durability: Because aluminium quickly forms an impervious oxide skin on exposed surfaces, it is
highly resistant to atmospheric corrosion, even in marine conditions. So it does not require painting
for protection.

Conductivity: The specific electrical conductivity of aluminium makes it indispensable for electronics
and electrics. Aluminium cables carry twice as much current as copper of the same weight. High
thermal conductivity makes it very suitable for heating and cooling applications.

Workability: Aluminium can be formed by all the common metal-working techniques, more easily than
most. It is easy to cast, or die-cast to precise and complex shapes. It can be forged, rolled to a
superfine foil, and extruded into intricate sections, or pressed. Superplastic alloys can be worked
almost like vacuum-formed plastics. Aluminium is also one of the easiest and fastest materials to
machine.

Versatility: Aluminium alloys can be stiff or supple, especially strong or particularly corrosion-resistant.
It is easy to tailor the metal, by alloying and heat treatment, to meet a wide range of needs.
Attractiveness: Aluminium is a "clean" material. It looks good without further finishing, but takes kindly
to a wide range of applied coatings, from paints to coloured anodising.

Recyclability: Aluminium is easily reprocessed using 5% of the energy needed for primary smelting:
almost one third of all the aluminium used today is produced from scrap, either from production
processes or from recycled products.



Production of Aluminium

Bauxite, found in parts of the world where high temperatures are combined with heavy rainfa.ll, is a
mixture, produced by weathering, of chalk and rock containing aluminium hydroxide. It has the highest
concentration of aluminium of the easily accessible compounds found in the Earth's crust, producing
about one tonne of metal from every four tonnes of ore.

The complex Bayer process uses high temperature and pressure to convert the crushed bauxite to pure
aluminium hydroxide, which is then roasted to drive off the water and convert it to aluminium oxide, or
calcined alumina, a white powder.
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The next step is the electrolytic smelting process, where the alumina is mixed with a molten cryolite
electrolyte in a pot lined with pitch and coke which acts as a cathode. A carbon anode is lowered to the
surface of the mixture from above, and a heavy direct electrical current at 4-5 V is passed between anode
and cathode.

The alumina breaks down by electrolysis, and molten aluminium falls to the bottom of the pot, where it is
regularly tapped offto be cast into ingots or slabs weighing up to 20,000 kg.
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Generally speaking, 2 tons of alumina is obtained from 4 tones of bauxite and one ton of aluminum is
obtained from 2 tones of alumina.

The elecrical energy consumption per ton of aluminum produced has decreased from 42,000 kwh to an
avarage value of 16,500 kwh today. The state-of-the-art plants consume 13,000 kwh per ton of aluminum
smelted. Aluminum obtained from the electrolysis cell is named as "primary aluminum".
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