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TREATMENT OF METAL SULPHIDE CONCENTRATES

BACKGROUND OF THE INVENTION

This invention relates to the treatment of metal sulphide concentrates.

PRIOR ART

Roasting for sulphur removal

Oxidative roasting of pyrite (FeS;) is a standard way of producing sulphuric acid. Roasting is
used on an industrial scale, e.g. for the production of zinc, copper, and nickel, even tin,
molybdenum, and antimony and, in many cases, takes place in conjunction with one or more

leaching or smelting operations. Sulphide roasting is used to oxidize some (or all) of the

sulphur. The resulting SO; is treated further, most commonly producing sulphuric acid. Other .

options for recovery of sulphur include the production of elemental sulphur, or liquid SO..

Modern roasting processes usually use fluidized-bed reactors, which are energy-efficient, and
have a high productivity because of their favourable kinetic reaction conditions. The SO,

content in the off-gas is typically 8 to 15% by volume.

For pyrometaliurgical processing, the usual purpose of roasting is to decrease the sulphur
content to an optimum level for smelting to a matte. Partial (oxidizing) roasting is accomplished
by controlling the access of air to the concentrate; a predetermined amount of sulphur is
removed and, for example in the recovery of copper, only part of the iron sulphide is oxidized,
leaving the copper sulphide (for example) relatively unchanged. Total, or dead, roasting

involves the complete oxidation of all sulphides, usually for a subsequent reduction process.

There are many modern pyrometallurgical processes in which roasting is not a separate step,
but is combined with matte smelting. Flash furnaces employ sulphide concentrate burners that
both oxidize and melt the feed, and are used extensively in the copper industry. Autogenous
bath smelting is another alternative. Here a lance blows air or oxygen, together with
concentrates and reductant, into a molten bath, and the energy released by the oxidation of the

sulphur provides much of the required energy for the smelting process.

The roasting process has several effects:

a) Drying the concentrates

A
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bj) Oxidizing a part ¢f the iron presen:

c) Decreasing the sulphur content by ¢xidation

d) Partially removing volatile impurities, for example arsenic

e) Preheating the caicined feed with added fluxes (for example, siiica or limastone), in order to

lower the energy requirement of the downstream process

Environmenial concerns have highlighted the need to lower the emissions of suiphur from
smelters treating sulphidic raw materials. These emissions emanate primarily from the furnaces
and converters, either as fugitive emissions or as process gases vented up & stack. It should
be noted that the typicai 1to 2% SO- in the off-gas from reverberatory furnaces (for example) is

too low for efiective acid production.

The generai trend in recent years has been to eliminate as much as possible of the iron
sulphides (usually pyrrhotite) during the milling and flotation stages, in ordar to minimize the
sulphur input to smelters.

Dead roasting, i.e. close to 100% suiphur removal, has the benefit of removing essentially all
the sulphur at the beginning of a smelting process. Furthermore, in comparison with the

intermittent nature of SO, produced in a converting operation, a steady and almost optimum

SO, content of off-gas from a roaster requires a smaller and less expensive acid plant.
Copper
Various roasting techniques in the recovery of copper are described in the literature. ''®

Copper - Brixiegg

In the Brixiegg process, copper was produced by electric smelting of dead-roasted chaicopyrite
concentrate in a circular AC (alternating current) submerged-arc furnace, using coal as a
reductant.

Brixlegg reports a 95% recovery of copper to blister, and levels of copper in the slag of less than
1% have been claimed. The crude copper averaged only 95% copper, and the operation has
been discontinued® Disadvantages of this process are the relatively high copper losses in slag,

and the high electrical energy consumption.

AP~ 00/0178Y
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An undesirable aspect of the Brixlegg process is the fact that lead passes into the final copper
anodes and makes them fragile if the concentration is too high. On the other hand, the
exceptionally high recovery of other metals related to copper makes the process of particular
interest for treating ores which contain nickel and noble metals. (The nickel can be separated

from the anode mud.)

A submerged-arc furnace has been used for treating dead-roasted calcine in a process
developed by the US Bureau of Mines', as was also used in the Brixlegg process. it was found
that in order to produce a high-purity blister (2.2% total impurities) and low-copper-content slag
in a submerged-arc furnace, a two-cycle procedure was required. Using this rather
inconvenient and non-continuous procedure, recoveries as high as 98% were attained.

Nicke/

In the nickel industry, Falconbridge'* and Inco?®? have worked on processes involving the
smelting of roasted sulphide concentrates. These processes use six-in-line fumaces,
commonly employed in that industry, which generally operate at temperatures around 1400°C.
The reduction reactions needed to provide the appropriate conditions for recovering metals from
the oxides tend to raise the operating temperature of these fumaces. Consequently, large
volumes of air are drawn into the furnace to cool the freeboard space of the furnace. This tends
to result in high losses of the feed materials as dust. Dust losses of up to 25% of the feed have

been mentioned?®.

Nickel production has however been accompanied by a level of SO, generation which is
environmentally unacceptable. It has been recognised that a major means to reduce SO,
emissions is to increase the degree of sulphur elimination in the fluidized-bed roasters.
However, the existing furnace technology is limited in the degree to which highly roasted
concentrates can be handled. The higher degree of roast demands more strongly reducing
conditions in the furnace to smelt more oxidized calcine feed, and to counteract slag losses.
Higher coke addition rates are needed. Extra energy is generated by the additional coke
combustion products, resulting in a higher- temperature in the furnace freeboard. This requires
greater amounts of cooling air to control the temperature. The furnace off-gas handling system
capacity would have to be expanded to handle the greater quantities of gas. Also, the more
metallized matte melts at higher temperatures, demanding superheated slags to control matte
temperatures and bottom build-up. Refractory erosion in the slag zone with higher temperature

slags must be controlled by cooling the refractory with copper coolers.

. 3
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About 25% of the calcine escapes the six-in-line furnace; as much as possibie of this is recycied

back te the furnace™

inco’s roast-reduction smelting process®? involves deep roasting of nickel concentrate in
fluidized-bed roaste's. The roaster off-gas is treated in a sulphuric acid piart. The low-sulphur
calcine is reductior smelted with coke in an electric fumace to yield a suiphur-deficient matte.
This sulphur-deficient matte is converted to Bessemer matte in Peirce-Smith converters, with
minimal evolution of suiphur dioxide /because of its sulphur-deficient nature}, and the converter
siag is returned to the electric fumace Excellent recoveries of nickel were obtained, and the
process was developed up to commercial-scale testing at the Thompson smieiter during 1981 to
1982, Flash smelting of bulk copper-nickel concentrates was consideres superior at Inco’s
Copper Cliff smelter. but it was seen that in other circumstances the roast-reduction process
could be an attractva option.

Sulphur is eliminatec from the concernirate mainly in the roasters, running at 830 to 850°C. The @&

high temperatures promoted high oxygen efficiency, of approximately 85%. Siurry feeding

permitted excellent control of the air to concentrate ratio in the roaster, and good control of

sulphur elimination (approximately 80%). The process resuited in higher fumace temperatures,
as well as higher ircr: levels to be oxidized in the converters.

US patent 43447927 describes the possibility of smelting either a partially roasted concentrate
or a blend of aead-roasted concentrate and green concentrate, together with a carbonaceous
reductant and siiica lux. The feed is 1o contain only sufficient sulphur to produce a matte, in
which the iron is present as metallic irori, and which has a sulphur deficiency of up to 25% with
respect to the stoichiometric base meta! sulphides Ni3S;, Cu,S, and CoeSs. The iron is later
converted, to produce a low-iron matte by blowing and slagging the iron with silica flux, with
very little release of suiphur dioxide during this stage of the process.

A process for the treatment of pyrrhotite, based on roasting to eliminate all or part of the

sulphur, and hydrometaliurgical treatment of the calcine to recover nickel, is described in
Kerfoot *°.

Platinum group metais

Sulphide ore zoncenirates containing piatinum group metais (PGMs) have peen roasted for
various leaching processes. ‘

AP/ 00/0175
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The US Bureau of Mines devised a procedure for selectively extracting PGMs and gold from
Stillwater Complex flotation concentrate. The concentrate was roasted at 1050°C to convert
base-metal sulphides to oxides, and the PGMs from sulphide minerals to their elemental states.
The roasted concentrate was then treated in a two-stage leaching process. Up to 97% of the
platinum, 92% of the palladium, and 99% of the gold were extracted from the roasted

concentrate®'.

Other techniques are described in References 32 and 33.
Zinc

Dead roasting of zinc concentrates is practised at industrial scale at Zincor, in Springs, South
Africa. The calcine from this operation is treated by leaching and electrowinning.

A sulphide concentrate comprising 15% copper, 17% zinc. and 10% lead was roasted in a
laboratory-scale fluidized bed in China, with the intention of using the product for further

hydrometallurgical or direct smelting processing®.

Prime Western grade zinc has been produced from lead blast-furnace slags (and other zinc-
containing waste materials) at large pilot-plant scale at Mintek in Randburg, South Africa, using
the Enviroplas process®. Feed materials are smeited in a DC arc furnace, and the zinc is
fumed off as a vapour, leaving behind a slag containing only small quantities of zinc oxide. The
zinc vapour is subsequently treated in a lead splash condenser, resulting in the production of

Prime Western grade zinc.

SUMMARY OF INVENTION

The invention provides a process for treating a metal sulphide concentrate which includes the

steps of:

a) roasting the concentrate to reduce the sulphide content of the concentrate, and

b) smelting the concentrate, under reducing conditions, in an electrically stabilized open-arc
furnace.

As used herein the phrase “an electrically stabilized open-arc furnace” means a DC arc fumace

or an electrically stabilized single electrode open-arc AC fumace (SOA furnace).

00/01753
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Preferably the roasting reduces the suiphide content to less than 10% suiphur by mass and,
more preferanly, to less than 1% of the nitial amount present, the objective being to reduce the
sulphide content tc 2 negligible or ctherwise acceptable value. The material produced by this

step is referrad to rerein as “highly-roasted” or “dead-roasted”.

Preferably the roasting is done in a way which produces a steady stream of SO,-bearing gas.
This gas may be used as a feedstock in a sulphuric acid plant. This step may be impiemented
in any appropriate way and for exampie the roasting may be performed i an enclosed vessel

such as a fiuidized hed reactor, to provide a high-concentration of SO, in the gas.

Alternatively the SCo-bearing gas whicr is released in the roasting process may be subjected to

gas scrubbing and neutralization.

The elimination of sulphur results in the valuable metais being collected i an alloy or from a
vapour rather than as a matte, during the following smelting stage. This is believed to be

advantageous as ailoys have a greater collection efficiency than mattes. a1
- 85y
"wﬂ\

The term “alioy” is used here to dencte a mixture of metals which may or may not contain some g

sulphur, as distinct from “matte” which is a mixture of metal sulphide.

The aforementioned process may be varied according to requirement and, more particularly, -

according to the nature of the metal sulphide or metal sulphide which are being treated.

AP/~700/70

When used for the freatment of zinc sulphide the calcine from the fluidized bed reactor may,
optionaily, be agglomerated before being fed to the arc fumace.

The reductan: used i1 the fumace may be of any suitable kind and may for example be coke.

Zinc in the caicine s reduced to metal vapour and may be fumed off in @ gas stream for
recovery in any suitable way, for example in a lead splash condenser.

The aforementioned process as used for the treatment of zinc sulphide is particuiarly suitable
for the treatment of zinc concentrates and zinc ore whicn contain relatively high levels of
manganese, for example as encounterad in the Gamsberg deposit in South Africa which has a
manganese content which is higher by a factor of about 10 than the manganese content
normally encountered in zinc concentrates. '
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The process may also be used for the treatment of nickel, copper and cobalt sulphide
concentrates, whether existing as separate or combined sulphide, and PGM concentrates. The
PGM concentrates may also be in the form of green furnace matte which is produced in any

appropriate way, for example by making use of a six-in-line electric furnace.

The smelting of the dead-roasted concentrate, in the arc fumace, produces a slag which is
depleted in metal values and an alloy. Iron in the alloy may optionally be removed, in oxide
form, from the alloy using any suitable technique, such as by making use of a Peirce-Smith
converter or a Top Blown Rotary Converter (TBRC).

Other undesirable elements such as carbon, silicon, or chromium, may be removed from the
alloy using any suitable technique such as converting, or refining in a ladle fumace for example.

If the converter is used then alloy from the converter or, otherwise, alloy drawn directly from the
arc fumace, if the converter is not used, is atomized so that it is in a form which is suitable for
subsequent hydrometallurgical recovery of metal values, e.g. using a suitable leaching process.

[d m

2
Atomization of the alloy solves the problem of having to crush and mill an extremely tough alloy. v

The green furnace matte may be granulated and milled, or water atomized, prior to the roasting
step.

The smelting step may be a two-stage reduction smelting process, particularly when treating

concentrates containing appreciable quantities of nicke! and copper.

AP/TI00/0 19

In the first stage, use could optionally be made of an arc furnace which is operated under
slightly reducing conditions. This stage allows for the settling of some of the copper and nickel
in an alloy, and a large fraction of the PGMs which partitions to the alloy.

In the second stage, which may be carried out in an arc furnace which is operated under highly
reducing conditions, substantially all of the. remaining nickel, the remaining PGMs, and most of

the cobalt, are removed in an iron-based alloy which may also contain some copper.

The iron-based alloy may be atomized in preparation for hydrometallurgical treatment, e.g. for
treatment in a leaching step.
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The coppernicke! alioy from the first stage may be prepared for hydrometaliurgical recovery by

being water or gas atomized. granuiated, or crushed and milled.

In carrying out the process of the invention use is made of a stabilised oper arc furnace. A
5 suitable furnace of this type is a OC arc furnace. The invention is however riot limited in this
regard for it may bz possible to stabilise the arc or arcs of an AC arc furnace, using suitable
control technigues, 1o achieve characteristics which are similar to those of a DC arc furnace in
that the arc, or each arc, extends vertically from an overhead electrode to the charge, is

confined, and does not deflect to side walls of the furnace.

Smeilting in a DC arc furnace

A stabilized open arc furnace offers a number of advantages in the smelting of roasted sulphide
concentrates and s seen as the enabiing technology to make possible the process of the

-

L)

invention.

A DC arc furnace is roughly cylindrical in shape, often having a conical roof. A singie vertical
graphite electrode is used as the cathode, and the anode is embedded in the bottom of the
furnace, in contact with the molten bath  The usual configuration involves operation with an
20 open transferred plasma-arc above z molten bath with a surface substantiaily uncovered by
feed materiais (ie. an ‘open bath” Cperation). However, work has also beer: done using a two-
electrode configuration (a twin-cathode is sometimes used for steel scrap or DRI (direct reduced
iron) melting, and a two-electrode cathode-anode arrangement has also been used on a pilot
scale.) Feed materiais are either fed through the centre of the electrode, or through a feed port

IS5 fairly close to the electrode. Fewer feed ports are required with this configuration of furnace
than are normally recuired for an AC six-in-line or a three phase three electrode AC fumace.
The powerful concentrated plasma arc jet provides a very efficient form of energy transfer to the
molten bath of the furnace. This enables reactions to take place fairly rapidiy, and good mixing

30 is established in the bath, leading to a fairly uniform temperature distribution  The DC arc is

relatively stable, not too easily extinguished, and is directed downwards towards the molten
bath, with little fiare towards the furnace walls. The arc jet ‘pulls’, via the Maecker effect, the
furnace gases towarcs it, thereby attracting fine feed materials downwards into the bath. in so

doing minimizing dust losses from the furnace. The low gas volumes from an electric furnace

(]
e

(Compared 0 a furnace where energy s provided by combustion) also help in minimizing dust
iosses. The DC arc furnace can handie fine feed materials, typically sized below 3mm, which

makes it well suited for coupling to a fluidized-bed roaster.

A
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The simple configuration of the DC arc furnace allows the freeboard to be well sealed,

maintaining the CO atmosphere intemally, and minimizing the ingress of air.

Very high operating temperatures (much higher than those usually encountered in conventional
base metals smelting) can be attained in the fumace, if required by the process, as power is
supplied by the open arc; not merely by resistance heating in the slag. The furnace roof and
walls are cooled (for example, by water-cooled copper panels) to retain the integrity of the
furnace, even under conditions of high-intensity smelting. High freeboard temperatures are
easily accommodated. The possibility of strongly reducing conditions in the furnace (together
with the high operating temperature) avoids the common difficulties with the build-up of high-

melting magnetite leading to operational problems in the furnace.

The processes described herein have high recoveries of the desired metals, and produce very
clean slags. The DC arc fumace works well using iron alloy collection of valuable metals, or

fuming off volatile metals. The processes result in low levels of impurities in the desired

products. Baid
- 5

. 3

The application of a DC or SOA arc furnace provides unique advantages particularly for feeds e
that contain high amounts of iron oxide which requires lots of reduction and for feeds that €
L
contain, for example, nickel and cobalt which require low oxygen potentials to achieve low slag =y
losses. o
A comparison of the characteristics of conventional furnaces and stabilised open arc fumaces ﬁ:
<

highlights the advantages of using stabilised open arc furnaces in the process of the invention.

Conventional Furnaces

* A conventional fumace has limitations in handling CO gas in the freeboard. Sealing the
furnace is very difficult with multiple electrodes and feed points and a large cavity for the
off-gas system. Rather than attempting to seal the furnace, the standard design involves
the addition of air to combust the CO in the furnace freeboard and the addition of even
more air to temper the combustion product gases. This results in large off-gas volumes,
large quantities of dust make and the need to operate fans in a dirty gas environment.

e In reduction smelting, reductants such as coke are mixed into the calcine. The reduction
reaction is relatively slow in a conventional smelting configuration where the calcined
material is smelted on a slag bath surface. The power density of the fumace which

corresponds to the smelting rate cannot exceed the reduction reaction rate. This limitation
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becomes more important as the degree of roast increases and as the amount of reduction
increases,

* A caicine bed resting on the siag, ¢r material banked up on the side waiis. can roll over into
the siag bath ard cause unwanted slag foaming.

* A conventional fumace (a rectangular six-in-line furnace, for exampig) requires good
distribution of feed over the surface of the slag bath. This requires numerous feed points
and a complex feed system above the furnace.

»  The reduction reaction is dependent on the reductant type. Generally, ine need is for fine
coke to maximize the reducticr reaction rate. Otherwise, coke accumuiates a: the slag-
calcine interface and redirects the furnace power, undesirably.

¢« The metalized matte or metal that results from reduction smelting has a higher liquidus
temperature. This necessitates z higher matte or metal temperature. A conventional
furnace has pocr capability to transfer energy in the vertical direction between the slag and
matie phases.

Stabilised Open Arc Furnace

A DC or SOA arc furnace:

(@) is smali and intense;

{b) has no obvious limit on coke reduction kinetics. The ultimate case of dead roasting and
back reduction to alloy is easily possible;

©) can use a wice range of reductants eg. coal or coke of various size ranges;

(d) is easy to seal to contain a CO atmosphere, has little offgas, little dust, and few feed
points: and

(e) producas hot metal

Recent developments in electrical power supply equipment have resulted in the possibility of
using a three phase AC system to provide electrical energy via a single (graphite) electrode.
This can be achieved by the switching of the three phase supply, possibly using pulse width
modulation techniques, to generate s high frequency synchronized ~AC output.  This
development implies that a furnace configured in a similar manner to a DC arc fumace can be
designed and used for similar process applications. Robicon of the USA have a power system
{The Harmony Series} that can provide 40 power as described above as weil as the usual DC

power output.

The stability of the A high frequency arc is claimed to be better than a DC arc. There are a

few possible disadvantages of the AC system:

AP/ 00/01755
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» the graphite electrode current capability may be less (skin effect);

* the electrode wear may Well be somewhat higher than with a DC fumace;

» the arc jet and hence heat transfer to the bath may be slightly lower than for a DC arc
furnace; and

» the high frequency may generate harmonics although with suitable solid state switching

techniques the harmonics may be reduced.
Potential benefits of an AC single eiectrode high frequency arc furnace include:

* an improved arc stability (the arc is less likely to extinguish under certain circumstances);
and

» the arc may be less susceptible to loss of vertical directionality (e.g. sideways defiection)
due to magnetic effects (deflection of the arc can damage the furnace sidewall and increase

the energy losses).

Thus a suitably controlled power system can generate a high frequency waveform derived from
a 3 phase alternating power supply which can be directly impressed across a single graphite
electrode and a charge in a furnace, to produce a single open arc which is analogous to an arc
in a DC furnace. This arrangement can offer similar and, in some regards improved,
characteristics compared to a DC furnace and the scope of the invention therefore extends to
the use of a DC arc furnace or a stabilised open arc AC furnace in the reduction smelting step.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further described by way of examples with reference to the accompanying
drawings in which:

Figure 1 is a generalised flow chart of process steps according to the invention for the treatment
of various metal sulphide concentrates,

Figure 2 illustrates a variation of the generalised process of Figure 1 suitable for the treatment
of zinc concentrates,

Figure 3 illustrates a variation of the generalised process of Figure 1 suitable for the treatment
of PGM and nickel and copper sulphide concentrates,

Figure 4 is a general flowsheet of high roast-reduction,

Figure 5 is a particular example of the process of Figure 1 for the treatment of PGM matte

concentrates, and

APITT/00/01755
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Figures & 1 10 depict hydrometaliurgical treatment procedures which can be used in the
process of ine mnvention. the choice of 2 particular procedure depending on the elements of

interest i the alloys which are produced in a preceding pyrometallurgical phase of the process.

DESCRIPTION OF FREFERRED EMBEODIMENTS

Zinc concentrates of the kind encouniered in the Gamsberg deposit have a2 manganese leve!
which s up 1o 10 times nigner than normal. This high manganese level causes probiems and
additional costs when recovering the zinc, after leaching, in a conventionai eiectrowinning plant.
For the electrowinning route much research has been carried out on means of removing the
manganese from the electrolyte, or on eiectrolytic processes which enhance the production of
MnO:; at the anode in a zinc cell. The former technique is expensive, and ihe latter approach,
which is airectad to the production of high quality electrolytic manganese oxide, appears to be

problematical

-

-

it is advantageous to remove suiphur from metal sulphide concentrates before smelting. For

*

example existing PGM and base masiai pyrometallurgical processes have a number of
limitations, particulzriy in the converting stage. It is difficult to achieve environmentally
acceptable levels of suipnur capture, especially in view of the problem of fugitive emissions from
Peirce-Smith converters. Converting is a batch process which has inherent scheduling

problems. losses and spiliages from the crane transport of ladles, and high labour costs.

Ancther consideration with conventionai furnaces is that there is a limit to the amount of PGM-
containing UGZ concentrate that can be treated. A problem with chromite in LiG2 concentrate is
that it cannot easily be solubiiised in slag during normal smelting. A spine! forms, builds up in

the fumace, and needs to be dug out frequently.

The invention is described hereinafter firstly with reference to a generalized treatment process,
as exempiified in Figure 1, and thereafter with reference to three particular forms of the process
shown respectively ir Figures 2, 3 ang 5

Figure 1 of the accompanying drawings iilustrates a generalized process fur the treatment of
metal sulphide wherein a concentrate 10 of the metal sulphide or metals suiphide is fed to a
fluidized bed rcaster 12 which, preferably, produces a steady stream of nigh strength SO;
bearing gas 14 which can be used as feedstock for example in a sulphuric acid plant. This is
not essential o the pracess though, for gas from the reactor could alternativeiy be subjected to
gas scrubbing and ne Jtralization.

AP™ 00 /01755
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The calcined product from the roaster is fed to a DC arc furnace 16 together with a reductant 18

which, for example, is in a form of coke.

In the fluidized bed reactor 12 the sulphur content of the concentrate is reduced substantially, to
approximately 10% by mass in the case of high roasting, or to approximately less than 1% of
the initial value, or even lower, in the case of dead-roasting. The elimination of sulphur from the
concentrate results in the valuable metals being collected in an alloy 20 which is produced by
the fumace 16, rather than as a matte. Alloys have a much greater PGM collection efficiency

than matte.
The furnace also produces a slag 22 which is depleted in metal values.

The nature of the process thereafter depends on the nature of the concentrate which is being
treated. If the concentrate is a zinc-bearing concentrate such as zinc sulphide then the zinc is
reduced to metal in the DC arc furnace and fumed off in a gas stream or vapour 24 which is
mainly zinc and carbon monoxide. The gases are led directly to a lead-splash condenser 26 for

absorption, or condensing, and subsequent recovery as a product 28.

For the treatment of copper, nickel or cobalt sulphide, or PGM sulphide, the alloy produced by
the DC arc furnace may be atomized (step 30) and then subjected to a hydrometallurgical
recovery process 32 to produce a product 34. Altematively the alloy is first fed to a converter 36
such as a Peirce-Smith converter and then to the atomizer 30 and through to the
hydrometallurgical process 32.

The converter slag 37 may be returned to the DC arc furnace 186.

The process 32 may be of any appropriate type and a particularly suitable process 32, which is
intended to fall within the scope of the invention, is described hereinafter with reference to

Figure 5.

Figure 2 is a particular example of the process of Figure 1 for the recovery of zinc from a high
manganese ore such as for example the Gamsberg lead-zinc deposit.

It is assumed that the mining of ore from the Gamsberg deposit, followed by grinding and
flotation, yields a concentrate 10 which contains about 48% zinc, 29% sulphur, from 4% to 5%
manganese as oxide, and 5% moisture. The concentrate 10 is fed from a suitable store to
fluidized bed roasters 12 where the sulphur content of the concentrate is reduced to

AP/ 0004788
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approximatsiy 0.75%. The gases 70 the roasters are cooled in a waste heat boiler cleaned in
cyciones, supjected to electrostatic prac ipitation, and are then passed to @ suiphuric acid plant
14. It is assumed that the final exnaust gases can be cischarged to atmosphere without the
need for scrubbing out the last traces of sulphur dioxide.

The caicine which contains about 58% zinc as oxide is fed with dry coke 18 and a small amount
of lime to the DC arc fumace 18, with a sealed freeboard. The calcine may optionally be
agglomerated in a step 38 before peing fed to the DC arc furnace. This step does however

involve additionai capital and operat NG costs.

In the DT arc furnzce the zinc oxide is reduced to metal and fumed in 2 gas stream 40 which
principaily contains zinc and carbor: monoxide. These gases are led directly to the iead splash
condenser 2 where the zinc and any lead are removed from the gas stream by absorbing or
condensing these metals in a curiain of iead droplets. The gases 42 exiting the condenser are

burnt in a combustion chamber, cooied in a waste heat boiler and are cleaned in a bag filter 44

before being exhausted to atmosphere. The maximum concentration of sulphur dioxide in the
exhaust gases is estimated to be iess than 100 parts per million which does not pose an
environmenial problem. The dust collected in the bag filter, which consists mainly of zinc oxide,
is washed with water to remove any halides before being returned to the roasters.

Slag 46 which is produced by the furnace is granulated before being removad to a waste
storage dump. A small amount of metal 48 produced in the furnace is periodically tapped from

the fumace and is run into rough mouids.

Dross 50 from tne lead splash condenser 26 is collected and batch treated i a smaii furnace to

separate out lead. The dry dross is e recycled to the DC arc furnace.

Impure zinc 52 from the lead splasn condenser is transferred by ladle to a zinc distiliation plant
holding fumace. A plant of this type requires a constant feed and conseque ently provision is
made for casting ingots or reheat ting ingots to balance the flow from the condenser so that the
requirements of a ziric distiliation plant 54 are met. The distillation plant procuces SHG (Special

righ Grade) zinc 56 an impure lead and cadmium-zinc alloy 58 which is trsated according to

3

requirement, and a small amount of hard zinc 60, in the form of a Zn-Pb-F=-u alioy, which is
recycied to the DC arc fu

Figure 3 illustrates tre steps of a parucuiar form of the process shown in Figure 1 used for the

treatment of #GM ard base metal cone entrates 10.

X,
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The feed material 10 is dead-roasted in a fluidized bed roaster 12 which effectively reduces the
sulphur content of the concentrate to zero. This limits later sulphur emissions from the
concentrate. The reactor 12 produces a steady stream of SO.-bearing gas which is used as
feedstock for a sulphuric acid plant 14. It is to be noted though that the SO,-bearing gas may
alternatively be subjected to gas scrubbing and neutralization instead of being used as
feedstock.

The concentrate, after being roasted, is fed to a DC arc furnace 16 to produce an alloy 20, and

a slag 22 which is depleted in metal values and which is discardable.

It may possibly be beneficial to add a base metal collector 62, as is indicated in Figures 1 and 3
in dotted outline, to the fluidized bed reactor 12. For example by adding nickel (e.g. in the form
of nickel sulphate) or copper (e.g. in the form of copper sulphate) to the fluidized-bed roaster,
along with the concentrate, a greater quantity of nickel or copper (as oxide) is established in the
furnace feed, and this decreases the requirement to reduce a large quantity of iron which would

otherwise be required to produce sufficient alloy for effective collection of the valuable metals.

Any base metal oxide, sulphate or sulphide, which is compatible with the process and which is

in a fine form which can react with the feed, could be used as a collector.

The alloy 20 may directly be passed to an atomizer 64 which makes the alloy suitable for
subsequent leaching in a hydrometallurgical step 32, for the recovery of metal values.
Alternatively the alloy is fed to a converter 36 which removes most of the iron from the alloy in
oxide form. The resulting slag 37 may be returned to the DC arc fumace 16. Thereafter the
alloy is atomized and subjected to the aforementioned leaching step to enable the metal values

to be recovered.

Disadvantages or problems which are overcome or reduced are the difficulty of hot ladle
transportation from the furnaces to the converters which create scheduling problems in the
converter aisle, losses due to spillages, skull formation in the ladles, high labour and
maintenance costs as well as pollution-problems. Advantages inciude the elimination or
reduction of the Cr-spinel problem in the furnace, the tolerance for higher Cr-levels in the feed,
with resulting higher PGM recoveries, the avoidance of the matte breakout problem, a lowering

of energy consumption and, in one variation of the process, the elimination of the converter.

AP/P/ 00 /01755
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The process 1s aisc able to accommodate 2 wide range of feed materials. up (o 100% UG2 (in
the case of PGM concentrates), with a higher chromite content. This orovides significant

advantages with respect tc PGM recovery in the mining and concentrating operations.

Figure 4 iliustates & general flowsheer of nigh roast-reduction smelting of base-metai sulphide
concentrate which ircorporates a DC arc fumace. It is understood that thers are a number of
variations of this flowshest,

Concentrate siurry 63 is continuously fed to fluid bed roasters 68. The degree of concentrate
sulphur elimination (degree of roast) may vary from 70% all the way to 100% {i.e. dead-roast).
Roaster off-gas 70 is cooled, cleaned, and directed to an acid plant for SC; fixation. Caicine 72
premixed with flux and coal 74 is smelted in a DC arc furnace 76. The smeiting furnace would
produce discard quaity slag 78. The grade, iron and sulphur content of the alloy or matte 80
produced will depenc on the degree of roast and the ratio of reductant to caicine. The furnace
off-gas 82 wouid be of a low volume ang high CO concentration. A high grade, low suiphur,
hughly metallized matie from the furnace would require minimal treatment in & pyrometallurgical
converting process 84,

The following 's a list of variations of the general flowsheet in Figure 4:
pre-reduction (solid state) of the calcine in an external vessel,
pra-heating of the calcine in an external vessel;
reuse of the DC furnace off-gas for either of the above;
direct hydrometaliurgical refining of the DC furnace alloy/matte; and

cieaning of the converter slag in a suitable slag cleaning process.

The DC arc furnace can easily accommodate the high degree of oxide reduction required. The
DC arc fumace also allows for the produstion of more alloy as more reductart is added to the
furnace.

Figure 5 illustrates a particular form of the technique of Figure 1 wherein. in a continuous
process, sulphur is removed by the dead-roasting of PGM-containing matte followed by a
srmelting stage under racucing conditions.

A six-in-line or a thres-electrode furnace is used for the production of PGM-containing matte
from concentraie. The green furnace mzatie is then granulated and milled, or water atomized, to
produce a teed 10 which is fed to the fiuidized bed roaster 12. A steady stream of gas
containing SO, i3 fed t a sulphuric acid piant 14.

AP/ 00701755
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The roasted material is then subjected to a two-stage reduction smelting process which makes

use of a first fumace 86 and a second furnace 16, which is a DC arc furnace.

The first furnace may be of any appropriate type and may for example be a DC arc furnace.

The first furnace allows for the settling, under slightly reducing conditions, of some of the copper
5 and nickel as an alloy 88. A large fraction of the PGMs partitions to this alloy which is then

treated in an atomizer 90 before being directed to a hydrometallurgical process 32.

Slag 92 from the furnace 86, and a reductant 18 are fed to the second furnace 16 which
operates under highly reducing conditions in order to remove virtually all of the nickel and PGMs

10 contained in the slag, along with most of the cobalt, to produce an iron- based alloy 94 which
may also contain some copper. This alloy passes to a converter 95 and is then atomized in a
step 96 in preparation for leaching in a hydrometallurgical process 32. Slag from the converter
may be returned to the furnace 16.

15 Slag 98 produced by the DC arc furnace is discardable and is sufficiently devoid of valuable
metals that it can either be discarded or used in applications such as road construction or shot

blasting.

Again it should be noted that a base metal collector 62 could be used, as has been described
20 hereinbefore, to decrease the capability which would otherwise be called for, of the furnace to
reduce a large quantity of iron.

A simpler and potentially more cost effective process to the aforementioned two-furnace
process involves the single-stage smelting of the roasted furnace matte in a DC arc furnace.
'.:?525 This is essentially the technique which is shown in Figure 3, where the feed material 10 is a

green furnace matte. The Simpler process requires fewer process units but it has the

disadvantage of capturing all base metals and some iron together with the PGM:s.

A number of examples of the invention have been described hereinbefore. In each case the

30 concentrate, which optionally is in green fumace matte form, is dead-roasted and thereafter is
smelted under reducing conditions. The .essentially complete removal of sulphur means that
later sulphur emissions are limited. The spinel problem (in the smelting of high chromite
containing PGM concentrates) is reduced and discardable slags are produced.

The feed to the DC arc fumace is pre-heated in the fluidized bed reactor. It is to be noted that a
DC arc fumace is well suited to handling fines. The alloy which is produced by the DC arc

(O3]
N

furnace can be water atomized (step 64).

AP/ 00017538



Ly

10

o
L

(VS
L

18

o APL (284

Although it is possible to make use of a converter it is also possible to eliminate the need for a
converter and in tris way the likelinood of spillages is reduced and screduiing probiems are

aiso reduced

The nature of the hydrometailurgical process 32 depends on the major eiements of interest in
the alloys which are produced by mearns of any of the aforegoing pyrometaliurgical technigues.
Typically these elernents are iron, nickel, copper, cobalt and PGMs. The hydrometallurgicai
orocessing of these alloys depends on case-specific factors. The unit operations that could be
applied in the treatment of the alioy include ambient-pressure leaching, pressure leaching,
precipitation, solvent extraction, electrowinning and crystallisation. The gzrinciples of the
individual unit operations are generally known in the industry. They may be used in a wide
variety of combinations, and a person skilled in the practise of hydrometaliurgy will be able to

devise an appropriate circuit for any specific case.

Each of the Exampies shown in Figures 6 to 10 embodies a general approach, and is not meant
to limit the aopiicable hydrometaliurgical option for processing the alioy in guestion. Process
steps for the remova: of impurity elements such as selenium are omitted for tre sake of brevity,
but it should be uncerstood that they would be incorporated as necessary. as known to those
skilled in hydrometaiurgy. Where acid addition is shown, it may be either fresh acid or acid

recycled from a metzl recovery stage such as electrowinning.

The copper soivent axtraction and glectrowinning stages are as conventionzily practised in the
industry.

The iron precipitatior can be done at elevated pressure and temperature, such that hematite is
precipitated and acid is regenerated for recycle. It could also be done by means of
neutralisation with ar appropriate alkali (an example is limestone, but a number of others exist)

such that goethite, jarosite, basic ferric sulphate or other similar compound is precipitated.

The solutions cortaining cobalt and/or nickel (shown as proceeding to Ni/Co separation and
recovery) would be traated in the same way as is done in conventional base metal refining, for
the recovery of the cobalt and/or nickei This could entail the precipiiation of cobalt(ill)
hydroxide or the soivent extraction of cobalt, and the electrowinning of nickel and/or cobalt.
Alternatively, it couid 2ntail the crystaliisation of mixed or separate cobalt anc'or nicke! salts, or
the precipitation of hydroxides, suiphide or carbonates. lon exchange could also be used in
some cases.
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The examples in Figures 1 to 5 have been described with reference to the use of z DC arc
furnace. This is non-limitihg for, as has been indicated hereinbefore, a DC arc furnace is a
particular form of a stabilised open arc furnace. Although use of a DC arc fumace is creferred
and the operation of a furnace of this type is well established it is possible to make use of an AC
open arc furnace which has been stabilised, using suitable control techniques, to confine the arc
in the furnace so that it extends vertically from an overhead electrode and does not diverge to

side walls of the furnace.

Example 1 - Fiqure 6

This Example applies to those situations in which the alloy contains PGMs and valuable base
metals. In the first step, the iron and base metals are dissolved, leaving a residue that
comprises a PGM concentrate that can proceed to a PGM refinery. Oxidative leaching would
normally be used, but non-oxidative leaching may also be used (in which case the air/oxygen
supply to the leach would be omitted). Elevated temperature and pressure may be used, either
alone or in combination with ambient-pressure leaching. In some cases, elevated pressure may
not be necessary. The resulting solution could be passed directly to a copper solvent extraction
and electrowinning sequence for copper recovery, or it could be passed to an iron-precipitation
stage and then to the copper solvent extraction and electrowinning stage. The raffinate from
copper solvent extraction would be neutralised and any remaining iron precipitated, to produce
a solution containing mainly nicke! and/or cobalt, from which these metals can be recovered.

Example 2 - Fiqure 7

This Example applies when PGMs are not present in the alloy, for example when the alloy
comes from the reduction of converter slag, for the recovery of base metals. Often, this will
entail cobalt as the major metal value. In this case, the oxidative leach would be operated so as
to solubilise the copper, nickel and cobalt while rejecting all or most of the iron as a hematite or
goethite residue. After copper solvent extraction and electrowinning, the cobalt/nickel solution
would proceed to conventional treatment for the recovery of nickel and/or cobalt,

Example 3 - Figure 8

In this Example an atomised alloy from a smelting plant is fed to an atmospheric leach, where
the bulk of the iron and nickel is leached in the presence of oxygen and sulphuric acid, at a
temperature between 30°C and 95°C. The copper from the electrowinning spent recycle is
cemented in the atmospheric leach and assists in the leaching of the iron and nickel.
Conditions for the atmospheric leach were optimised during a laboratory scale test programme.
A pilot-scale (100L) batch atmospheric leach, based on the optimised conditions, was

AP/TI00/01758
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performed on 5.5:g of atomised alioy. The performance of the pilot-scale batch leach is

summarised below

Elemeant Feed, g/l Fiitrate, g/l . Alloy, % ; Residue. % = % Leached
Fe 565 4360 | 585 412 89
N TTqos2 | 1484 | 282 453 476
Co o224 osez | o8 007 | 82
Cu 2200 3660 ! 129 716 16.4
S0 ez Az | - - -

i

The leach residencs time is set according to the material to limit the leaching of copper while
stili maintaining high iron and nicke! recoveries. Leach residence times of between 5 and 10
hours are required.  The optimum leach residence time was exceeded in the test above, such

that some copper leaching was observed.

10 The residue from the atmospheric ieach is then subjected to a two-stacium pressure leach to

58

remove alil the copper and the residua! iron and nickel in the presence of suiphuric acid. The -~
pressure feach was tested in laboratory-scale batch autoclaves. The pressure leach operates

at temperatures between 110°C and 170°C with no oxygen in the first stadium and 0.1 to 6 bar

oxygen in the second stadium. Residence times of 60 to 180 minutes are required in the first

—t
s

stadium and 5 to 6C minutes in the second stadium. The pressure leach residue contains high
levels of PGIMs and is suitable for further processing. PGM loss to the ieach liguor can be

minimised to iess than 5% while achieving a PGM concentrate of greater than 60% precious

AP’ 0017019

metals. The composition (mass %) of the PGM concentrate produced from prassure leaching of
the atmospheric leach residue is shown below.

-~
Y

PGM+AL Pt T TRd T RR ] R kT TR
- 814 348 | 127 43 | | 0.51

~I
-J
P
%3

Si Cr Se | Te | § T C T as

i
H ! H
! ‘, ‘ ! : : i
‘ - v
i

175 25 10016 | 0007 | 20 692 | 048

The composition of the pressure ieach iiguor is shown below.

PO 0 RPd 0 Rh T Ru | r 1 Au Fe | Ni | Cu |

' | ; % i : ] ! ‘ i
| . | N | ; ! . : : i

Pom | pemo 0 ppm |oPDRT L ppm | ppm gt g/ QL
T 2 A R B Y- R B T T
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The solution from the atmospheric and pressure leach is treated in pressure vessels to oxidise
the iron and precipitate it as hematite. Acid is produced during the hematite precipitation. and
the bulk of the solution following the hematite precipitation from the atmospheric leach liquor is
recycled back to the leach. Batch hematite precipitation tests were performed on a laboratory
scale to test the removal of iron from the atmospheric leach liquor. The pressure oxidation
operates at temperatures between 140°C and 200°C, with oxygen overpressures of 1 to 10 bar.
The performance of the laboratory-scale batch pressure oxidation is summarised below.

Feed Composition, g/L Fe removal Ni Loss [Fe}in [H2SO4] in
Fe* Ni (solid basis) | (solid basis) | Filtrate g/L Filtrate g/L
% %
24 100 88.9 0.38 2.6 35.9
35 95 80.5 0.41 6.67 47 4
A bleed stream is taken from the solution following hematite precipitation. This bleed is

neutralised with lime and any residual iron is precipitated as goethite. The neutral solution is

then crystallised to produce nickel sulphate. The gypsum/goethite residue is disposed of.

The copper sulphate solution from the pressure leach is also treated in a pressure vessel to
remove iron as hematite. Selenium is removed in an additional unit operation to produce a
purified solution from which copper is electrowon. The spent copper electrolyte is recycled back
to the atmosphere and pressure leaches to utilise the acid generated during electrowinning.
The copper in the solution is cemented as copper metal and aids in the leaching of the iron and
nickel.

Example 4 - Fiqure 9

In this variation the first leach (at ambient and/or elevated pressure) is operated so as to
dissolve only nickel and cobalt. The iron and copper are dissolved and then re-precipitated as
goethite and antlerite, respectively. This requires an alloy that is reactive enough to raise the
pH of the leach solution sufficiently for the copper to hydrolyse and precipitate as antlerite. The
solution proceeds to nickel/cobalt recovery. The goethite/antlerite is re-leached to selectively
dissolve the antlerite without co-dissolving more than a small part of the goethite. The copper-
rich solution is passed to copper electrowinning, and the spent electrolyte returned to dissolve
more antlerite. The remaining goethite is then re-dissolved under more aggressive conditions,
leaving the PGMs as a concentrate that is sent to a PGM refinery. The solution leaving the
goethite dissolution stage is passed to a high-temperature autoclave to precipitate the iron as

hematite and regenerate acid for recycle to the goethite dissolution stage.

AP/™' 00 Q17 RHK
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Example 5 - Figqure 10

This is similar to Example 4, bur in this case no PGMs are present, therefcre the goethite re-

dissolution stage is omitted because 1 is not needed.
> Test Results

Nickef

Using a DC arc fumace with an iniermnal diameter of 1.0 m, connected ¢ a 5.6 MVA power
10 supply, approximately 26 tons of calcine (‘dead-roasted’ concentrate) was processed over a
period of 9 days, during which time 33 slag taps were carried out. The metaliurgical data
presented here is a weighted-averaged summary of the operation during 22 taps under the
preferrec conditions for producing good metallurgical performance, i.e. just cver a quarter of the
campaign. These :aps cover a wide range of operating conditions, but the overail average is

15 considered representative of the steady operation of the fumace during this campaign.

The anthracite addition was approximately 12% based on the mass of caicine fed. (Actuai
additions were 12.7%, 11.6%, and 12.0% during the three periods summarised here.) Metal

was preduced at a rate of 250 kg per ton of calcine fed.

Typical cperating conditions included feedrates of around 220 kg/h of calcine, power levels
around 300 kW (incuding losses of anout 150 kW), voltages between 175 zand 250 V. and total
power fluxes arounc 400 to 500 kWim*  The energy requirement of the process was 760 kWh /

t of caicine, exciuding losses from the fumace.

)
Y

Slag composition curing taps of good metallurgical operation (mass %]

Taps | Temp °C | Al,O; | CaO | Co Cr,0; | Cu FeO MgO | Ni  'SiO, | Fe/

SiO;

;

:
|
],
;

40-48 | 1481 6.50 1285 (011 | 1.23 0.46 | 4733 852 |0.26 13278 | 112
49-56 | 1483 [ 9.18 ‘ 258 1013 | 123 0.51 | 4829 | 622 33 3157 1119
63-69 | 1505 779 1242 1013 r 1.51 0.48 | 4714 | 598 [ 020 i 3331 11.10

Over | 1489 1784 1267 (042|131 |049 | 4761|654 [025 5T T
all | |

AP/ 00/017%5



wn

10

APt01284

Metal composition during taps of good metallurgical operation (mass %)

Taps Temp °C | Co Cr Cu Fe Ni S Si
40-46 | 1470 1.37 0.05 19 33 42 1.3 0.05
49-56 1450 1.47 0.05 19 32 44 1.3 0.06
63-69 1450 1.60 i Q.OS 19 33 42 1.4 . 0.06
Representative composifions of calcine, slag, and metal (mass %)

Caicine Slag Metal
AlLO; 3.07 7.84 -
Ca0 1.43 2.62 -
Co (0.46) (0.12) 1.5
Co0O 0.59 0.16 - [ ()
Cr : - 0.05 o
Cr.0; 0.07 1.31 - t
Cu (5.21) (0.49) 19 (—
Cu0 5.87 - - ;
CuO (6.52) 0.61 - o
Fe (32.36) (37.01) 33 i‘
Fe;0, 46.27 - - a
FeO (41.63) 4761 - «
MgO 1.78 6.94 -
Ni (11.36) (0.29) 43
NiO 14.45 0.37 -
S 0.78 1.4
Si - - 0.06
SiO; 20.38 32.51 -
Total 95.4 100.0 98.0
Fe/SiO; 1.59 1.14 -
Recoveries
The recoveries of the valuable elements were calculated based on the following analyses. The

rest of the compositions and flowrates were calculated on the basis of these numbers.
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Typical | Best
% Co in slag 0.12 0.09
% Cu in slag 0.49 0.43
% Ni in slag 0.29 0.20
% Fe in metaij 33 ' 33

The actuai recoveries obtained on this campaign were caiculated using botr the typical and the

best anaiyses obtained.

Typical Best
Co recovery, % 83 87
Cu recovery, % 94 95
Fe recovery, % 25 25
Ni recovery, % 98.3 98.9

PGM ConRoast

Approximately 30 tors of PGM-bearing sulphide ore concentrate was treated in a fluidized-bed
reactor, then smelted in a pilot-scale DC arc furnace. The resulting alloy was refined using a
biowing operation, then treated hydrometallurgically to produce a high-grade #GM concentrate.

The fluidized bed was operated at approximately 1000°C, and the concentrate was fad at about
140 kg/h. Gas velozities of about 0 < /s were used. The residence time was rather low, at
approximately 20 seconds per pass. Most of the material underwent two passes through the
reactor, with a small quantity passing through three times. The suiphur leve! decreased from
4.55% S to 0.5% after the first pass (S5% elimination of S), and to 0.24% after the second pass
(98% elimination), and to 0.13% S after the third pass. During roasting, the impurities were
diminished as follows:
S from 4 35% t0 0.24% (to 0.13%;

As from 40 tc 21 pom

Se from 8012 8.8 ppm
Tefrom 10t0 7.8 opm

Os from 5.5 10 5.8 g/t

Smelting was carried outin a pilot-scaie DC arc fumace. 24 “ons of {mostly doudle pass) dead-
roasted concentrate (including 1 ton of iriple-roasted material) was process«c in a week-long

campaign. The furnace was operated &t a power leve! of 300 to 500 kKW, which transiates to a

/00/01T5H
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power flux of 290 to 480 kW/m". The average operating temperature was 1650°C. Calcine was
fed to the furnace at feedrates of 200 to 300 kg/h, and approximately 5% coke addition was
used. No additional fluxes were added. An energy requirement of 650 kWh/t of calcine was
required (neglecting energy losses from the furnace shell). (Obviously in a full-scale plant
operating with hot feeding of calcine to the furnace, this figure would be less.) The process was
operated consistently with less than 1 g/t PGM in slag, and values as low as 0.3 g/t in the slag

were demonstrated. The average PGM loss to the slag over the entire campaign was 2. gft.

The analyses of the original concentrate, roasted concentrate, and slag are shown below (mass
%).

Al,0, C Ca0o Co Cr;0; |Cu
Original concentrate | 4.2 - 4.4 0.06 2.6 1.04
Roasted concentrate | 5.4 0.08 4.3 0.06 27 1.01
Slag 7.1 0.03 52 0.07 2.8 0.13
FeO MgO Ni S SiO, PGM,
glt
Original concentrate | 16.4 204 1.91 4.55 426 308
Roasted concentrate | 16.3 19.9 1.84 0.25 43.3 296
Siag 7.2 24.7 0.10 0.07 51.0 29

Impurity removal overall (including roasting and smelting) is shown below, as a percentage of

the amount originally present in the unroasted concentrate.

Impurity removal in roasting and smelting, % of element in feed

As

Bi

Mn

Pb

Se

Te

\

70

87

95

100

95

84

77

Approximately 109 kg of alloy per ton of. roasted concentrate was produced in the furnace.
Over the campaign, about 2.6 tons of alloy was produced in total. Most of the alloy was tapped
in two large batches. (The first alloy tap was diluted somewhat by the initial metal heel in the
furnace.) Shown below is the composition of the alloy, together with the composition of the
alloy produced in a laboratory-scale preliminary test (all in mass %). Also shown is the
composition of the refined alloy produced by blowing the molten alloy with air, as discussed

below.

AP/"/00/01755
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Small-scaie | 0.55
test ; 5

836 kg alloy 108 (033 [3.35 756 |67.7 | 166 | 048 134 017G
1612 kgalloy  ©.57 | 0.50 | 2.35 743 [ 711 [ 153 [ 087 [1.05 | 0.2648
Refined alioy | 06 | 113 |60 |24 04 |<00 02609
C.04 L0038
i

()]

The alloys produced during the furnace campaign had the following ranges of composition.
C: 06-11%
Cr 16-3738%
Sii 0.76 - 1.34%

The alloy with the worst composition (ie. from the 836 kg batch) was selecied to demonstrate
the downstream prccess on the most conservative basis. In order to lower the gquantities of
carbon and siicon (and chromium) prior 1o leaching, it was necessary to blow air into the molten
alloy (using a top-blown rotary converter, to simulate the operation of the proposed ladle
furnace to be used for this operation;. The composition of the resulting refined alioy is shown in

the tabie above. This alloy was water-atomized to a particle size less than 100um. The

atomized alioy was t1en used for the leaching tests.

After hydrometallurgical processing, a final PGM concentrate was produced with the

composition below (mass %).

PGM+Au | Pt | Pd | Rh Ru Ir Au
614 1346 12.7 4.3 7.7 1.67 0.81

{
Fe Ni | Cu Si 1' Cr Se Te 'S |C As
*6 027 133 175 125710016 |0007 |20 082 048

MatteRoas:

Small-scale Eaboratoaﬁ; tests were carried out on PGM-containing furnace matie. The matte was

either milled 2s a solid, or water-atomized from the liquid state, then dead-rozsted in either a

fluidized bed or a rotary kiln. (No di ifference was found between the roasting behaviour of the

milled and the atomized matte.) It was shown that matte can be roasted to extremely low ievels

of sulphur. Tne dead-roasted matte was then smelted in a two-stage process.

The first-stage

AP/"/ 00 /01755
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of smelting produces a small quantity of copper-nickel alloy that contains almost no iron or
sulphur. The PGMs essentially all report to the copper-nickel alloy. The first-stage alloy has a
PGM content around 2%. (This can be upgraded by leaching the Cu and Ni to produce a PGM
concentrate.) The slag from the first stage is then smelted, using a carbonaceous reductant, to
produce a second alloy containing most of the remaining base metals, as well as the residual

precious metals.

Small-scale fluidized-bed roasting tests were carried out on 20 g samples in a 25 mm silica tube
fluidized bed. Successful roasting was achieved using a particle size range of 250-300um, and
a temperature of 800-850°C. The sulphur content of the matte decreased from 28.7% to 0.03%
in 3 hours. Good results were also obtained after 1.5 hours at 950°C. Temperatures above
900°C are recommended for complete desulphurization. In order to provide larger samples for
smelting tests, further roasting was carried out in a laboratory-scale rotary kiln. A 20 kg sample
of furnace matte was crushed to a 100-800 um particle size range. The roasting was
accomplished in 4 days of operation, with 9 passes of 12 hours each, with a stepped increase in
temperature from 675°C to 1000°C over this period. The sulphur content of this material
decreased from 26.7% to 0.04% by mass. A mass balance shows that 1 kg of dead-roasted
matte is produced from 1.05 kg of furnace matte as originally supplied. During roasting, the
impurities were diminished as follows: S from 27.4% to 0.035%; Se from 244 ppm to 14 ppm;
Te from 96 ppm to 32 ppm; and As from 54 ppm to 46 ppm. There is no significant loss of

PGMs, except for some Os.

A crucible test in a laboratory-scale furnace was performed using a feed comprising 1050 g of
dead-roasted furnace matte (derived from 1098 g of unroasted furnace matte), 450 g of silica,
and 31.5g of carbon. This produced 1517 g of slag, and 38 g of a copper-nickel alloy
containing the vast majority of the precious metals. The metal button that was produced was
equivalent in mass to 12% of the Cu-Ni content of the original furnace matte. This alioy quantity
is comparable to the amount of PGM-containing alloy produced in the traditional slow-cooling
process. The recovery of the precious metals was 99.0%, expressed as (PGM+Au in alloy) /
(PGM+Au in alloy and slag).
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The compositions (mass %) of the various materials are shown in the tabie below.

| Cu Ni { Co S Fe | FeO Si0., | PGM,
aft
Furnace 1.2 17.6 gec 1274 39.8 |- - | 782
matte ' |
Roasted 1C.7 1 18.1 0.68 10035 419 |- - ; 801
matte
First-stage 853 1311 0.048 1037 <02 |- - {19815
alloy
First-stage 585 11.7 042 10.006 |- 37.3 1292 &2
slag é '

It is ciearly quite pussible to treat the siag from the first smelting stage according to standard
slag-cleaning practice in a DC arc furnace. Very high recoveries of the base metals and the
residual precious metals would be expected in the second-stage coilection.

Zine

Caicined zinc concentrate was fed. together with coke as a reductant, to a pilot-scale DC arc
furnace, fuming off zinc vapour. (Other work®, has demonstrated the production of Prime
Western grade zinc oy further treatment of the zinc vapour in a lead splash condenser. It is also
possible to use distitation to refine this zinc even further.)

A total of 5€ tons of caicine was processed during the test work, with coke and lime additions
averaging approximately 13% and 3%, respectively. Approximately 16 tons of discard slag and
38 tons of zinc oxide-rich bag-plant dust (fume) was produced by operating the DC arc furnace
at a power level between 500 and 700 kW. In this series of tests, the zinc vapour leaving the
furnace was combusted with air and collected in a bag plant. The feed materials inciuded
unagglomerated calcine, pellets dried to 150°C, pellets dried to 350°C, and peliets indurated at
1300°C. The sulphu- content of the feed materials varied between 1 and 2.4%,

The addition of between 12 and 13% coke resulted in an overall zinc extraction efficiency of
©5.4%. Fuming rates of up to 170 kg Zn/h per m® of bath area were obtained. (In the case of
feeding unaggiomerated caicine, a zinc extraction efficiency of 98.7% was obtained, and the

average zinc fuming rate was 164 kg/h-m* )

AP/ 00 /01755
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The specific energy requirement was found to be approximately 1.17 MWh/ton feed at an
average operating temperature of 1490°C. Iron production varied between 2 and 21 kg per ton

of calcine.

The fume produced during the test work was of an even better quality than that for previous test
work during which the condenser was successfully coupled to the fumace. The ratio of CaO,
MgO, SiO,, and FeO to ZnO was found to be approximately 0.04 in this test work, compared to
a value of 0.14 found previously. Therefore it is reasonable to expect good condenser

performance.
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A process far treaﬁné a2 metal sulphide concentrate which includes the steps cf roasting
and smelting the concentrate under reducing conditions in an open arc furnace
characteriséd in that the concentrate is dead-roasted, and in that the concentrate is smelted
under reducing conditions, in an electrically stabilized open-arc furnace (either a DC arc
fumace or an electrically stabilized single electrode open arc AC fumace) sc that the metal

or metals collect in an alloy or vapour.

A process according to claim 1 wherein the roasting step is implemented in a way which

produces a steady stream of SO%bearing gas.
1
1

A process according to claim 2 which includes the step of using the SO%bearing gas as g

feedstock in a sulphuric acid plant.

A process according to claim 3 wherein the SO%bearing gas which is released in the

reasting step is subjectad to gas scrubbing and neutralization.

A process aceording to claim 2, 3 or 4 wherein the roasting step is performed in an

enclosad vessel to provide a high-concentration of SO, in the gas.
A process according to ciaim 5 wherein the said vessel is a fluidized bed reactor,

A process according to any one of claims 1 to 6 wherein the reducing conditions are

produced by the use of coke,

A process accarding to any one of claims 1 to 7 whersin zinc produced.in. the.roasting step....
is melted under reduycing conditions to metal vapour and is fumed off in a gas stream for

recovery by condensation.

*

AMENDED SHEET
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9. A process according 10 any one of iaims 1 to 8, used for the treatmen: = zine su iiphide,
wherein the concantrate after the rozsing step is agglomerated before heing fed to the arc
fumacs.

10, Aprocess according to any one of ciaims 1 to 9 wherein the metai suiphide concentrate
selected from nickel, copper and cobalt sulphide concentrates.

11 A process according to any one of ciazims 1 to 8 wherein the metal sulphige concentrate is
a PGM concentrate

12, A process according to claim 11 wherein the metal sulphide concentratz is a PGM

concentrate in the form of areen furnace rnatte.

O

73 A process according to any one of © s 1to 12 which includes the step of removing iron,
in oxide form, from the said alioy.

14, A process accoraing to any one of cizims 1 t0 12 which includes the st 2p of removing

carbon, silicon hromium from the szid alioy.
5. A process accordng o claim 14 wnersin the removal step is effected using a converter

and which includes the step of atomizing alloy from the converter so that it is in & form

which is sunable for subsequent hydrometallurgical recovery of metal valuss.
)

-8, A process according to claim 15 which includes the step of atomizing the alioy so that it is

in a form which is suitable for subsequent hydrometallurgical recovery of metai valuss.

17, A process zccording (©© any one of caims 110 16 wherein the smelting stex is a wo-stage

reduction smelting process,

-3
2

A process accorcing to claim 17 wherein, in a first stage, use is made of 2 fumace which
is operated under slightly reducing conditions and, in a second stage, usz is made of a

stabilized open arc fumace which is operated under highly reducing conditions.
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18. A process according to claim 18 wherein the second stage produces an iron-based alloy,
and which includes the steps of atomizing the alloy and theh subjecting the atomized alioy
to hydrometaliurgical treatment.

20. A process according to claim 18 or 19 wherein the first stage produces a copper/nickel
alloy which is water atomized, granulated, or crushed and milled, and then subjected to

hydrometallurgical treatment.
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