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PART ONE EXTRACTION OF METALS

Locating metal ores and mining them is the job of the geologist
and the mining engineer. The metal content of an ore may vary
greatly, With iron, it may be over 60 per cent and it rarely pays
to use ores containing much less than 25 per cent. With more
costly metals, the ores may be far poorer. A copper ore con-
taining 4 per cent copper is regarded as rich, although it
consists mainly of ‘gangue’ (useless earthy matter) intimately
mixed with the copper compound, generally the sulphide,
Similarly, the sulphides of lead and zinc are mixed with a
large proportion of gangue in ores of these metals,

O the processes for separating the metal compound from
the gangue, flotation is one of the more widely used. In this
method the crude ore is finely crushed and is then agitated in
water containing chemical frothing agents. The wetted gangue
sinks to the bottom but the particles of sulphide or other metal
compounds are held at the surface in a froth of small air
bubbles, The froth is then skimmed off and dried.

Other separating processes are employed to enrich ‘lean’
ores (containing a high proportion of earthy matter) and con-
vert them into rich concentrates ready for smelting, Magnetic
iron ores are commonly rich enough to be smelted direct but,
if not, they can be concentrated by magnetic separation.

As most ores consist of the metal in combinaton with oxy-
gen or sulphur, most processes for getting the metal from the
ore involve reduction. The method used depends upon the
nature of the ore. For example, zinc and iron ores are fairly
easily reduced ; these metals can be extracted by heating their
ores with carbon, Aluminium and magnesium ores are less
simple to reduce; it is more convenient to extract the metals by
electrolysis.

We shall now look at the ways in which some of the more
important metals are extracted from their ores.
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Aleminiem — Nearly all the vast quantity of aluminium in the
Earth’s crust is combined with silicon and oxygen in rocks from
which the metal can only be extracted at a high cost. Bauxite,
which is found in extensive surface deposits in France, the
Americas, Jamaica, and West Africa, is an exception. In
bauxite, the aluminium is present as its oxide (alumina), mixed
with iron oxide and gangue. The bauxite is crushed and is
heated under pressure with hot sodium hydroxide, The sodium
hydroxide dissolves the alumina, leaving the iron oxide and
gangue as a solid residue which is filtered off. On cooling, the
solution deposits aluminium hydroxide from which the water
is evaporated by heating. Approximately four tons of bauxite
yields two tons of alumina, and this, in turn, yields one ton of
aluminium. How aluminium is obtained from its oxide empha-
sizes the significance of the electrochemical series in the ex-
traction of metals. Aluminium, and also magnesium, are
strongly electropositive and have a powerful affinity for oxy-
gen ; therefore their oxides are difficult to reduce. Iron, lower
in the series, is more easily reduced from its oxides and, sall
lower in the series, come nickel, tin, lead, and copper, the
oxides of which readily part with their oxygen. Carbon, in the
form of coke or coal, is by far the cheapest reducing agent and,
at suitable temperatures, reduces iron oxide and many other
oxides. Aluminium oxide cannot be reduced by carbon, or
even by hydrogen, by any practical process. For this reason, it
has been possible to extract aluminium on a commercial scale
only within the last hundred years. The method, as outlined
below, was developed in 1886.

Alumina dissolves in amineral called *cryolite’. This mineral,
sodium-aluminium fluoride, is found in Greenland, but most
of it is now produced synthetically, starting with the more
abundant fluorspar, calcium fluoride. The cryolite is melted
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in a shallow bath lined with carbon, and alumina is dissolved
in it at a temperature above 1,000°C. A direct electric current
which may exceed 100,000 amperes, and which maintains the
bath at the necessary temperature, is passed through the fused
mixture by large carbon anodes; the cathode is formed by the
carbon lining of the bath, As the aluminium oxide is decom-
posed, liguid aluminium collects at the bottom of the bath,
where it is drawn off at intervals. The carbon anodes, which
are steadily burnt away by reaction with liberated oxygen, are
continuously renewed from the top, and fresh alumina is fed
periodically into the bath. The process is thus continuous.
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This electrolytic process consumes about seven kilowatt-
hours of electricity, and three-guarters of a pound of anode
carbon, for each pound of aluminium made. Therefore, for the
large-scale production of aluminium, cheap supplies of elec-
tricity are necessary, For many years, hydroelectric installa-
tions provided the main source of power, but coal and natural
gas are now coming into favour.

The cost of the chemical purification of the bauxite ore, and
of the electricity and anode carbon consumed in extraction,
makes the price of aluminium roughly six times that of mild
steel, weight for weighr,
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Copper — In a typical method of extracting copper, the ore
(containing, say, about 2 per cent of copper and 90 per cent
gangue) is concentrated by the flotation process already de-
scribed. The concentrate - generally copper sulphide with
some residual gangue and minerals containing iron, arsenic,
etc. — melts in a furnace to a mixture of copper sulphide and
iron sulphide. The molten mixture is then transferred to a
converter through which air is blown to oxidize the sulphur
and the iron. The oxidized iron separates off as a slag above the
liquid copper. At this stage, the impurities in the copper have
been reduced to about 2 per cent. The copper is then ‘fire-
refined’ in a furnace in which most of the remaining impurities
are removed by oxidation. Fire-refined copper is suitable for
many uses, but most of it still contains at least 05 per cent of
impurities. To purify it further, it is cast into slabs which
become the anodes for the wet electrolysis which follows. The
electrolyte starts as dilute sulphuric geid and the cathode as a
thin sheet of pure copper. A large direct current passes through
the bath from the positive anode, which is progressively dis-
solved, to the negative cathode, on which pure copper is
deposited. Some of the impurities remain in solution ; others
collect as a sludge at the bottom of the tank. The sludge often
contains small amounts of precious metals (for example gold,
silver, or platinum) which help to pay for the cost of the
electrolytic refining,

This elaborate sequence of processes by which pure copper
is obtained from its ores is necessary not because of its affinity
for oxygen or sulphur but because the copper content of the
ore is low and the copper is not easily separated from the
lmpurities.
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Iron and steel — The production of cast iron and steel from iron
ore — essentially the reduction of iron oxide by carbon - is
simple in principle, but highly complex in its practical details.

Iron accounts for at least nine-tenths of the weight of all the
metals used in the world today. Indeed it is common to lump
all the other metals together under the heading *non-ferrous’.
As haematite (Fe,0;) or magnetic oxide (Fe,0,), iron occurs
in very large masses at or near the surface in many regions of
the earth. In Sweden, Russia, India, and elsewhere, there are
mountains consisting almost entirely of these iron compounds.
Sedimentary ores containing less iron are also an important
source of supply —for example, in Lincolnshire, Northampton-
shire, and Lorraine. The ore is quarried or mined and taken
to blast furnaces ; with lean ores, it only pays to use them when
the blast furnaces are near at hand, but with rich ores the
furnace may be thousands of miles away and then the ores have
to be transported by ship.

The most modern plant for the conversion of iron ore into
finished steel is known as an integrated iron and steel works.
The blast furnaces, towerlike circular structures, provide the
first stage, A blast furnace today may be 100 feet high and
30 feet in diameter at the base. In the furnace, the iron oxides
are reduced to metallic iron, using coke as the reducing agent.
The carbon of the coke is oxidized to carbon monexide and
carbon dioxide, the carbon monoxide causing further reduc-
tion in the upper, cooler zones of the furnace, Limestone is also
fed into the furnace to form a fusible slag with the silica and
alumina which are present as impurities in the ore and the coke.
This slag also carries off nearly all the sulphur in the coke.

A modern blast furnace, which may produce up to 2,000
tons of iron every twenty-four hours, operates continuously
for months at 4 time — sometimes even years. At the top of the
furnace the ore, limestone, and coke are fed in regularly, and
the gases are drawn off through ducts, Above the hearth at the
base hot compressed air is blown in through a ring of water-
cooled nozzles arranged round the circumference of the fur-
nace. The temperature at the hottest part of the furnace, above
the blast nozzles, approaches 1,800°C and falls to about 250°C
at the top. The melted iron and slag trickle down into the
hearth, where the lighter slag floats above the iron ; at intervals,
they are ‘tapped” off separately into large ladles.

The reduction of iron oxide by carbon is accompanied by a
whaole series of chemical changes in the raw materials entering
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