
Helping the metal 
extractors save energy 
Ever since the Bronze Age, metals have been an essential part 
of Man's culture. We still make most of our necessary tools 
of metal. But metals also form today's inessentials—such as 
drink cans and cooking foil. 

(megajoules) 

Each lump of metal we consume 
represents a considerable investment of 
energy. Of the common metals, alumin
ium is the most voracious user of energy 
(110 megajoules per kg). However, metal 
production in general takes sizeable 
quantities, as the accompanying table 
points out. Alining, concentrating and 
smelting the ore, and refining the metal 
all take their share. 

In 1973, a survey conducted by the 
United States Bureau of Alines found 
that metal production accounted for 
about 8% of the total American energy 
usage of 60 billion megajoules. In Aus
tralia, we use about 12% of our energy 
just to make iron and steel. 

According to the survey, the most 
energy-intensive process in metal manu
facture is, on average, the smelting 
stage — heating the ore to a high temper

ature to produce crude metal. Smelting 
and refining account for more than half 
of the energy consumed by the mineral 
industry. 

Research being conducted in the 
CSIRO Minerals Research Laboratories 
aims at reducing the amount of energy 
needed to extract metals from their ores. 

At the heart of a remarkable range of 
metal extraction processes is the rever-
beratory furnace, so called because heat 
supplied to it mainly reaches the batch 
of ore indirectly by 'reverberating' from 
the roof. Such furnaces have been used 
for smelting copper and tin, and for 
refining many other metals. 

Invented less than 100 years ago, the 
reverberatory furnace has smelted more 
copper than all other furnaces throughout 
the history of civilization. Yet today its 
continued existence is in question — the 
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The metal in each drink-can we throw 
away represents an investment in energy. 

In Australia, we use about 
12% of our energy just to 
make iron and steel. 
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A traditional method of smelting—this furnace is a high energy user because 
the slag layer insulates the molten ore from the heat above it. 

:sult of short energy supplies and 
lvironmental controls — because rever-
:ratory furnaces are wasteful of energy 
id spew forth copious quantities of 
diaust gases. 
The trouble is that the indirect transfer 

: heat to the batch of ore is relatively 
ow. Heat radiated from the roof has 
difficulty in reaching the 'melt' because 
ag floating on top forms an insulating 
irrier. Furthermore, the charge takes a 
ng time to react completely because 
lere is no agitation. And so the rever-
eratory furnace uses a lot of fuel. 
Alternative types of furnaces that don't 

ive these disadvantages are under study 
: two CSIRO Divisions. 

uspension smelting faster 

t the Division of Mineral Chemistry, 
ir Frank Jorgensen is investigating the 
erformance of a newer type of smelting 
rocess known as suspension smelting, 
uspension furnaces come in several 
orts — flash furnaces, cyclone furnaces, 
id so on. But in all the ore is blown in 
; a finely divided powder along with 
lel, allowing the smelting reaction to 
sppen much faster. Suspension furnaces 
rst appeared in the 1950s and, of the 
) or so now spread around the world, 
iree are installed in Australia. One at 
^algoorlie, W.A., is for smelting nickel; 
le others, at Mt Morgan, Qld, and 
'ennant Creek, N.T., are for smelting 
opper ores. 

Not very much is known about their 
hysics and chemistry, however, and for 
lis reason Dr Jorgensen is simulating in 
le laboratory the.combustion region of 

suspension furnace. His aim is to 
increase the understanding of how this 
type of furnace works so that it can be 

used most efficiently. He is working 
initially with copper ores, as these show 
most potential for energy savings, but 
other ores like nickel and tin can also be 
smelted in a suspension furnace. 

In the reverberatory furnace, smelting 
of copper concentrates produces a molten 
solution of copper and iron sulphides 
— known as the matte — and a liquid 
slag. To produce liquid copper, the matte 
must then be 'converted' — that is, 
oxidized with air. The first stage of 
conversion produces white metal, or 
copper sulphide, the second stage, copper. 

Smelting can be seen as really a 
'burning' process in which sulphur is 
burnt to sulphur dioxide, giving out large 
amounts of heat. By making efficient use 
of this heat in a suspension furnace, 
smelting can be made almost self-
sufficient in energy use. 

Another advantage is that the charge 
in a suspension furnace is directly heated: 
particles of concentrate are suspended in 
burning gas, which efficiently heats them 
by direct contact. This allows the charge 
to react quickly, speeding up the whole 
smelting process. 

Now using less fuel not only saves heat 

energy but also means that less air is 
needed to burn that fuel. Thus the 
furnace produces a lesser volume of 
exhaust gases. The end result is that 
fumes and sulphur dioxide in the exhaust, 
being more concentrated, are easier to 
collect. 

Of course, one sure way to eliminate 
the sulphur dioxide problem is not to 
produce any. This is the attraction of 
hydrometallurgy, a process by which 
copper is precipitated from water-based 
solutions using various chemicals. Heat, 
furnaces, sulphur dioxide, and fumes are 
totally avoided. The reason why very few 
such operations are under way is that 
they produce wastes — such as the 
corrosive calcium chloride — that are 
very difficult to dispose of. 

At least the suspension furnace ties up 
all its wastes in a manageable glassy slag. 

Dr Jorgensen believes that suspension 
furnaces have one other decided plus — 
they can produce a wide range of condi
tions for treating the ore concentrate. 
Temperatures and concentrations of 
reactants can be continuously controlled. 
Conditions in the furnace can be made 
more or less oxidizing or reducing by 

An increasing amount of the tin Australia produces comes 
iredging tin from one of the remaining alluvial deposits. from underground mines. 
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adding extra air or fuel. It is therefore 
possible to treat lower-grade ores and 
complex ores, making more efficient use 
of our mineral resources. 

New tin smelting method 

Tin is the prime interest of Dr John 
Floyd of the Division of Chemical Engi
neering, who has developed a new 
technique of tin smelting. Trials with 
pilot plants at the laboratory and at 
smelting works have opened the way for 
its full-scale adoption by industry. 

Called 'submerged combustion', the 
technique provides another alternative to 
the traditional reverberatory furnace. Its 
main advantage is that it allows low-grade 
tin concentrates to be easily smelted. It 
looks as though it may also be used for 
treating copper, nickel, iron, and lead. 

Today, well over half the tin produced 
in Australia is mined from low-grade 
hard rock deposits, since the rich alluvial 
deposits are running out. During rock 

Pouring copper slag into the submerged-
combustion furnace in an industrial 
t r i a l . . . 

mining, half the tin content is washed 
away in producing the high-grade con
centrate that the reverberatory furnaces 
need. 

Submerged combustion, by allowing 
low-grade concentrates to be used, 
increases the amount of tin that can be 
recovered by as much as 15%. At the 
same time, it wastes less heat and is at 
least 10 times faster than the reverberatory 
furnace. 

Smelting tin by submerged combustion 
is like heating milk with an espresso 
coffee machine. Instead of plunging a 
steam pipe into a jug of milk, however, 
this process inserts a special steel lance 

The submerged-combustion pilot 
plant—its red-hot lance is being 
withdrawn. 

This alternative to the traditional 
reverberatory furnace allows low-grade 
tin ores to be easily smelted. 

. . . after firing, crude copper sulphide is tapped off. 

into a furnace containing liquid slag. Tin 
concentrate and flux are injected or 
dropped into the turbulent slag bath (see 
the diagram). 

The lance provides both fuel and 
oxygen, which burn intensely beneath 
the surface of the melt. This submerged 
combustion thus provides heat, reduc-
tants, and agitation. Unlike the rever
beratory furnace, it has no troublesome 
slag barrier for heat to penetrate, and 
readily brings the reactants together in a 
swirling agitation. In a batch operation, 
smelting may take only about half an 
hour, compared with the 8-10 hours 
typical of the other process. 

Recycling of slag for recovery of its 
10-12% tin content also uses very much 
less energy in the new process. 

While smelting accounts for much of 
the energy needed in metal production, 
the refining (extracting unwanted im
purities) consumes quite a lot too. 

'Reflux refining' simpler 

Also at the Division of Chemical Engi
neering, Dr James Esdaile has developed 
an energy-saving metal-refining process 
called 'reflux refining', which is about to 
be tried out in industry. Broken Hill 
Associated Smelters at Port Pirie are 
installing a pilot plant that, if successful, 

15 



will be the forerunner of a full-scale 
reflux-refining plant for lead bullion. 

Reflux refining is simpler and uses less 
energy than the present Williams process 
for removing silver from lead. During the 
Williams process, zinc is added; most of 
the silver impurity dissolves by prefer
ence into the zinc, which forms a separate 
layer from the lead. The process doesn't 
remove bismuth, however. By compar
ison, reflux refining removes three-
quarters of the bismuth and leaves even 
smaller traces of silver in the lead. It also 
gets rid of any residual antimony, arsenic, 
and copper. 

Developed principally for purifying 
lead, reflux refining could also be applied 
to zinc, tin, and aluminium — metals 
that command high premiums for a very 
pure product. 

What's good about reflux refining is 
that it uses very simple equipment. The 
heart of the technique is just a tall vertical 
column, heated at the bottom and filled 
with a slurry of molten metal and metal 
crystals. From the outside, all that seems 
to happen is that lead ingots, for example, 
are lowered in at the top and purified 
molten lead flows out at the bottom. In 
addition, a small flow of the metal loaded 
with valuable materials — silver and the 
like — runs out at the top. 

Reflux refining is encountered in 
organic chemistry, where crystals are 

An energy-saving metal-
refining process called 'reflux 
refining' is about to be tried 
out in industry. 

Slabs of crude copper ready for refining. 

purified by washing them with their 
mother liquor. Doing the same thing 
with metals hadn't been done before, 
though. Dr Esdaile's accomplishment was 
to find out how to control the crucial 
initial production of crystals and to find 
a way of moving them as required. 

The result of his work is a process that 
not only saves energy, but turns out a 
purer product. 

This article has not gone into the big 
energy-user, aluminium. Extracting that 
metal can't be achieved by smelting, it's 
done electrolytically. The Division of 
Mineral Chemistry is looking at ways of 
saving energy during aluminium pro
cessing, and Ecos hopes to deal with this 
research in a later issue. 
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Saving energy or protecting the environment? 

Traditionally, copper has been smelted 
in reverberatory furnaces. But, along 
with many traditional processes, this 
particular smelting technique looks like 
passing. The reverberatory furnace wastes 
top much energy and pollutes the air 
with sulphur dioxide. 

New smelting methods have been 
developed that use far less energy when 
producing crude copper from its ore — 
flash smelting is one good example; the 
Noranda and Mitsubishi processes are 
others. 

However, as well as the energy required 
for smelting, a lot may be needed to 
remove, for environmental reasons, 
sulphur dioxide from the flue gases. 

Dr Nickolas Themelis, a research 
manager of one of America's largest 
copper-smelting companies, points out 
that the extra energy used in adhering to 
new environmental standards for sulphur 
dioxide emission is more than twice as 
much as the energy the new Noranda 

process saves. Proposed stricter American 
standards would mean that the non-
polluting Noranda process would 
consume even more energy than the 
unfettered reverberatory furnace. 

However, the old reverberatory furn
aces must also adhere to the American 
air-quality standards. Not surprisingly, 
the energy cost for achieving this is even 

greater than for the Noranda process. 
Several reverberatory furnaces in the 
United States unable to meet the stand
ards have been forced to close. 

The impact of energy and environmental 
constraints on copper smelting techno
logy. N. J. Themelis. Mining Engineer
ing, 1976, 28, 42-6. 

How emission controls increase the energy needed for smelting copper 

no emission 
controls 

current American proposed American 
clean air standards standards for new plants 

(MJ per kg of copper) 

energy needed by 
Noranda process 13 74 

energy needed by 
reverberatory furnace 
with convenor 29 more than 90 more than 90 
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