Europaisches European
Patentamt Patent Office

Urkunde Certificate

Es wird hiermit beschei- It 15 hereby certified that
nigt, dald tar dig in der a European patent has
peigefigrsen Patentschniz been granted in respect of
beschrebene Erimdung the Invention described mn
ein eurcpaisches Fatent the annexed patent specifi-
fur die v aer Patentschrift catton for the Conuacting
bezeichrneten Vertrags- States designated in the
steaten ertellt worden 1st specification.

Office européen
des brevets

Certificat

Il est certifié gu'un
brevet europeen a ete
delivre pour l'invention
decrite dans le fascicule
de brevet ciHoint, pour
les Etats contractants
designes dans le
fascicule de brevet.

Europaisches Patent Nr. European Patent No.

1157139

Patentinhaber Proprietor of the Patent

MINTEK
200 Hans Strijdom Drive
Randburg 2125/ZA

$9.10.02

Brevet européen n®

Titulaire du brevet

Ingo Kober




EP 1157 139 B1

) e o NARRATATRERTAETRRRA
(19) 0 European Patent Office
Office européen des brevets (11) EP 11 57 1 39 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) intcl.7: C22B 4'./()()y C22B 5/10,
of the grant of the patent: C22B 5/16. C22B 15/00
09.10.2002 Bulietin 2002/41 C22B 19/20’ C22B 9/20
(21) Application number: 00912235.9 (86) International application number:
(22) Date of filing: 25.02.2000 PCT/ZA00/00032
(87) International publication number:
WO 00/050652 {31.08.2000 Gazette 2000/35)
(54) TREATMENT OF METAL SULPHIDE CONCENTRATES BY ROASTING AND ARC FURNACE
SMELT REDUCTION
BEHANDLUNG VON METALLSULFIDKONZENTRATEN DURCH ROSTEN UND REDUZIERENDE
SCHMELZUNG IM LICHTBOGENOFEN
TRAITEMENT DE CONCENTRES DE SULFURE METALLIQUE PAR GRILLAGE ET PAR
REDUCTION PAR FUSION DANS UN FOUR A ARC
(84) Designated Contracting States: * HANNAFORD, Anthony
ATBECHCYDEDKESFIFRGBGRIEITLILU West Toronto, Ontario M5J 2V4 (CA)
MC NL PT SE
(74) Representative: Patentanwilte
(30) Priority: 26.02.1999 ZA 9901285 Ruff, Wilhelm, Beier, Dauster & Partner
Kronenstrasse 30
(43) Date of publication of application: 70174 Stuttgart (DE)
28.11.2001 Bulletin 2001/48
(58) References cited:
(73) Proprietor: MINTEK EP-A- 0 441 052 WO-A-95/21945
Randburg 2125 (ZA) WO-A-97/00333 DE-A- 2 605 943
DE-B- 1 144 931 DE-C- 171 880
(72) Inventors: GB-A- 1 290 056 US-A- 3 857 701
* JONES, Rodney, Trevor US-A- 4 344 792
2125 Randburg (ZA)
* BARCZA, Nicholas, Adrian + DATABASE WPI Section Ch, Week 200014
2125 Randburg (ZA) Derwent Publications Ltd., London, GB; Class
* KAIURA, Gary M25, AN 2000-159266 XP002140294 & RU 2 121
West Toronto, Ontario M5J 2V4 (CA) 518 C (GINTSVETMET STOCK CO), 10 November
» O’CONNELL, Gary 1998 (1998-11-10)

West Toronto, Ontario M5J 2V4 (CA)

Note: Within nine months from the publication of the mention of the grant of the European patent. any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve. 75001 PARIS (FR)



10

15

20

30

35

40

45

50

55

EP 1 157 139 B1
Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to the treatment of metal sulphide concentrates.
PRIOR ART

Roasting for sulphur removal

[0002] 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,.

[0003] Modem 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.

[0004] For pyrometallurgical processing. the usual purpose of roasting is to decrease the sulphur content to an op-
timum 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 oxidaticn of all sulphides, usually for a subsequent reduction process.

[0005] There are many modem 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 concenirates 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.

[0006] The roasting process has several effects:

a) Drying the concentrates

b) Oxidizing a part of the iron present

¢) Decreasing the sulphur content by oxidation

d) Partially removing volatile impurities, for example arsenic

e) Preheating the calcined feed with added fluxes (for example, silica or limestone), in order to lower the energy
requirement of the downstream process

[0007] Environmental concerns have highlighted the need to lower the emissions of sulphur from smeilters treating
sulphidic raw materials. These emissions emanate primarily from the furnaces and converters. either as fugitive emis-
sions or as process gases vented up a stack. It should be noted that the typical 1 to 2% SO, in the off-gas from
reverberatory furnaces {for example) is too low for effective acid production.

[0008] The general 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 order to minimize the sulphur input to smelters.

[0009] Dead roasting. i.e. close to 100% sulphur 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
[0010] Various roasting techniques in the recovery of copper are described in the literature. 1-16

Copper - Brixlegg

[0011] In the Brixlegg process. copper was produced by electric smelting of dead-roasted chalcopyrite concentrate
in a circular AC (alternating current) submerged-arc furnace, using coal as a reductant.

[0012] Brixlegg reports a 95% recovery of copper to blister. and leveis 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
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of this process are the relatively high copper losses in slag, and the high electrical energy consumption.

[0013] 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.)

[0014] A submerged-arc furnace has been used for treating dead-roasted calcine in a process developed by the US
Bureau of Mines'4, 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.

[0015] DE-B-1 144 931 discloses a process for smelting metal sulphides under reducing conditions in a DC or AC
arc furnace. The process requires a sulphur content of the material fed to the furnace sufficient for the formation of a
sulphide layer below the slag layer.

Nickel

[0016] In the nickel industry, Falconbridge7-24 and inco25-29 have worked on processes involving the smelting of
roasted sulphide concentrates. These processes use six-in-line furnaces, commonly empioyed in that industry, which
generally operate at temperatures around 1400°C. The reduction reactions needed to provide the appropriate condi-
tions for recovering metals from the oxides tend to raise the operating temperature of these furnaces. 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?0,

[0017] 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
inthe 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.
[0018] About 25% of the calcine escapes the six-in-line furnace; as much as possible of this is recycled back to the
furnace?0.

[0019] Inco's roast-reduction smelting process25-29 involves deep roasting of nickel concentrate in fluidized-bed
roasters. The roaster off-gas is treated in a sulphuric acid plant. The low-sulphur calcine is reduction smelted with coke
in an electric furnace to yield a sulphur-deficient matte. This sulphur-deficient matte is converted to Bessemer matte
in Peirce-Smith converters, with minimal evolution of sulphur dioxide (because of its sulphur-deficient nature), and the
converter slag is returned to the electric furnace. Excellent recoveries of nickel were obtained, and the process was
developed up to commercial-scale testing at the Thompson smelter during 1981 to 1982. Flash smelting of bulk copper-
nickel concentrates was considered superior at Inco's Copper Cliff smelter. but it was seen that in other circumstances
the roast-reduction process could be an attractive option.

[0020] Sulphuris eliminated from the concentrate mainly in the roasters, running at 830 to 850°C. The high temper-
atures promoted high oxygen efficiency, of approximately 95%. Slurry feeding permitted excellent control of the air to
concentrate ratio in the roaster, and good control of sulphur elimination (approximately 80%). The process resulted in
higher furnace temperatures, as well as higher iron levels to be oxidized in the converters.

[0021] US patent 434479225 describes the possibility of smelting either a partially roasted concentrate or a blend of
dead-roasted concentrate and green concentrate, together with a carbonaceous reductant and silica flux. The feed is
to contain only sufficient sulphur to produce a matte, in which the iron is present as metallic iron, and which has a
sulphur deficiency of up to 25% with respect to the stoichiometric base metal sulphides Ni3S,. Cu,S, and CogSg. 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 sulphur dioxide during this stage of the process.

[0022] A process for the treatment of pyrrhotite. based on roasting to eliminate all or part of the sulphur, and hydro-
metallurgical treatment of the calcine to recover nickel, is described in Kerfoot30,

Platinum group metals

[0023] Sulphide ore concentrates containing platinum group metals (PGMs) have been roasted for various leaching
processes.
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[0024] The US Bureau of Mines devised a procedure for selectively extracting PGMs and gold from Stillwater Com-
plex 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 leach-
ing process. Up to 97% of the platinum, 92% of the palladium, and 99% of the gold were extracted from the roasted
concentrated?.

[0025] Other techniques are described in References 32 and 33.

Zinc

[0026] 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.

[0027] 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
processing34.

[0028] Prime Western grade zinc has been produced from lead blast-furnace stags (and other zinc-containing waste
materials) at large pilot-plant scale at Mintek in Randburg, South Africa, using the Enviroplas process33. Feed materials
are smelted in a DC arc furnace, and the zinc is fumed off as a vapour, leaving behind a slag containing only small
guantities of zinc oxide. The zinc vapour is subsequently treated in a lead splash condenser, resulting in the production
of Prime Western grade zinc (see also WO-A-97/00333).

SUMMARY OF INVENTION

[0029] The invention provides a process for treating a metal sulphide concentrate which includes the steps of:

a) dead-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 so that the
metal or metals collect in an alloy or vapour.

[0030] As used herein the phrase "an electrically stabilized open-arc furnace" means a DC arc furnace or an elec-
trically stabilized single electrode open-arc AC furnace (SOA furnace).

[0031] Preferably the roasting reduces the sulphide content to less than 10% sulphur by mass and, more preferably,
to less than 1% of the initial amount present, the objective being to reduce the sulphide content to a negligible or
otherwise acceptable value. The material produced by this step is referred to herein as "highly-roasted" or "dead-
roasted".

[0032] 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 implemented in any appropriate way and for example
the roasting may be performed in an enclosed vessel such as a fluidized bed reactor, to provide a high-concentration
of SO, in the gas.

[0033] Alternatively the SO,-bearing gas which is released in the roasting process may be subjected to gas scrubbing
and neutralization.

[0034] The elimination of sulphur resutlts in the valuable metals being collected in an alloy or from a vapour rather
than as a matte, during the following smelting stage. This is believed to be advantageous as alloys have a greater
collection efficiency than mattes.

[0035] The term “alloy" is used here to denote a mixture of metals which may or may not contain some sulphur, as
distinct from "matte” which is a mixture of metal sulphide.

[0036] 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.

[0037] When used for the treatment of zinc sulphide the calcine from the fluidized bed reactor may. optionally. be
agglomerated before being fed to the arc furnace.

[0038] The reductant used in the furnace may be of any suitable kind and may for example be coke.

[0039] Zinc in the calcine is reduced to metal vapour and may be fumed off in a gas stream for recovery in any
suitable way, for example in a lead splash condenser.

[0040] The aforementioned process as used for the treatment of zinc sulphide is particularly suitable for the treatment
of zinc concentrates and zinc ore which contain relatively high levels of manganese, for example as encountered 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.

[0041] 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
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of green furnace matte which is produced in any appropriate way, for example by making use of a six-in-line electric
furnace.

[0042] The smelting of the dead-roasted concentrate, in the arc furnace, produces a slag which is depleted in metal
values and an alloy. lron 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).

[0043] Other undesirable elements such as carbon, silicon, or chromium, may be femoved from the alloy using any
suitable technique such as converting, or refining in a ladle furnace for example.

[0044] If the converter is used then alloy from the converter or, otherwise, alloy drawn directly from the arc furnace,
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.

[0045] Atomization of the alloy solves the problem of having to crush and mill an extremely tough alloy.

[0046] The green furnace matte may be granulated and milled, or water atomized, prior to the roasting step.
[0047] The smelting step may be a two-stage reduction smelting process, particularly when treating concentrates
containing appreciable quantities of nickel and copper.

[0048] 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.

[0049] 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.

[0050] The iron-based alloy may be atomized in preparation for hydrometallurgical treatment, e.g. for treatment in a
leaching step.

[0051] The copper/nickel alloy from the first stage may be prepared for hydrometallurgical recovery by being water
or gas atomized, granulated, or crushed and milled.

[0052] In carrying out the process of the invention use is made of a stabilised open arc furnace. A suitable furnace
of this type is a DC arc furnace. The invention is however not limited in this regard for it may be possible to stabilise
the arc or arcs of an AC arc furnace, using suitable control techniques, to 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

[0053] A stabilized open arc furnace offers a number of advantages in the smelting of roasted sulphide concentrates
and is seen as the enabling technology to make possibie the process of the invention.

[0054] A DC arcfurnace is roughly cylindrical in shape, often having a conical roof. A single 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 open transferred plasma-arc above a moliten bath with a surface sub-
stantially uncovered by feed materials (ie. an "open bath" operation). However, work has also been 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 materials are either fed through
the centre of the electrode, or through a feed port fairly close to the electrode. Fewer feed ports are required with this
configuration of furnace than are normally required for an AC six-in-line or a three phase three electrode AC furnace.
[0055] 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 rapidly, and good mixing 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 flare towards the furnace walls. The arc jet 'pulis’, via the Maecker effect,
the furnace gases towards 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 (compared to a furnace where energy is
provided by combustion) also help in minimizing dust losses. The DC arc furnace can handle fine feed materials,
typically sized below 3mm, which makes it well suited for coupling to a fluidized-bed roaster.

[0056] The simple configuration of the DC arc furnace allows the freeboard to be well sealed, maintaining the CO
atmosphere internally, and minimizing the ingress of air.

[0057] Very high operating temperatures (much higher than those usually encountered in conventional base metals
smelting) can be attained in the furnace. if required by the process. as power is supplied by the open are, 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
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in the furnace.

[0058] The processes described herein have high recoveries of the desired metals, and produce very clean slags.
The DC arc furnace 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.

[0059] The application of a DC or SOA arc furnace provides unique advantages particularly for feeds that contain
high amounts of iron oxide which requires lots of reduction and for feeds that contain, for example, nickel and cobalt
which require low oxygen potentials to achieve low slag losses.

[0060] A comparison of the characteristics of conventional furnaces and stabilised open arc furnaces highlights the
advantages of using stabilised open arc furnaces in the process of the invention.

Conventional Furnaces

[0061]

* A conventional furnace 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.

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

* A calcine bed resting on the slag, or material banked up on the side walls, can roll over into the slag bath and
cause unwanted slag foaming.

* A conventional furnace (a rectangular six-in-line furnace, for example) 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, the need is for fine coke to maximize the
reduction reaction rate. Otherwise, coke accumulates at the slag-calcine interface and redirects the furnace power,
undesirably.

¢ The metallized matte or metal that results from reduction smelting has a higher liquidus temperature. This neces-
sitates a higher matte or metal temperature. A conventional furnace has poor capability to transfer energy in the
verlical direction between the slag and matte phases.

Stabilised Open Arc Furnace

[0062] A DC or SOA arc furnace:

(a) is small 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;

(c) can use a wide 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) produces hot metal

[0063] 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 a high frequency synchronized
AC output. This developmentimplies that a furnace configured in a similarmannerto a DC arc furnace can be designed
and used for similar process applications. Robicon of the USA have a power system (The Harmony Series) that can
provide AC power as described above as well as the usual DC power output.

[0064] The stability of the AC high frequency arc is claimed to be better than a DC arc. There are a few possible
disadvantages of the AC system:

* the graphite electrode current capability may be less (skin effect):

* the electrode wear may well be somewhat higher than with a DC furnace:

* 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
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may be reduced.
[0065] Potential benefits of an AC single electrode high frequency arc furnace include:

¢ animproved 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 déflection) due to magnetic effects
(defiection of the arc can damage the furnace sidewall and increase the energy losses).

[0066] 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

[0067] 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
Figures 6 to 10 depict hydrometaliurgical treatment procedures which can be used in the process of the invention,
the choice of a particular procedure depending on the elements of interest in the alloys which are produced in a
preceding pyrometallurgical phase of the process.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0068] Zinc concentrates of the kind encountered in the Gamsberg deposit have a manganese level which is up to
10 times higher than normal. This high manganese level causes problems and additional costs when recovering the
zinc, after leaching, in a conventional electrowinning plant. For the electrowinning route much research has been
carried out on means of removing the manganese from the electrolyte, or on electrolytic processes which enhance the
production of MnO, at the anode in a zinc cell. The former technique is expensive, and the latter approach, which is
directed to the production of high quality electrolytic manganese oxide, appears o be problematical.

[0069] Itis advantageous to remove sulphur from metal sulphide concentrates before smelting. For example existing
PGM and base metal pyrometaliurgical processes have a number of limitations, particularly in the converting stage. It
is difficult to achieve environmentally acceptable levels of sulphur 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 spillages from the crane transport of ladles, and high labour costs.

[0070] Another consideration with conventional furnaces is that there is a limit to the amount of PGM-containing UG2
concentrate that can be treated. A problem with chromite in UG2 concentrate is that it cannot easily be solubilised in
slag during normal smelting. A spinel forms, builds up in the furnace, and needs to be dug out frequently.

[0071] Theinvention is described hereinafter firstly with reference to a generalized treatment process, as exemplified
in Figure 1, and thereafter with reference to three particular forms of the process shown respectively in Figures 2, 3
and 5.

[0072] Figure 1 of the accompanying drawings illustrates a generalized process for the treatment of metal sulphide
wherein a concentrate 10 of the metal sulphide or metals sulphide is fed to a fluidized bed roaster 12 which, preferably,
produces a steady stream of high strength SO, bearing gas 14 which can be used as feedstock for example in a
sulphuric acid plant. This is not essential to the process though, for gas from the reactor could alternatively be subjected
to gas scrubbing and neutralization.

[0073] 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.

[0074] Inthefluidized bedreactor 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
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in an alloy 20 which is produced by the furnace 16. rather than as a matte. Alloys have a much greater PGM collection
efficiency than matte.

[0075] The furnace also produces a slag 22 which is depleted in metal values.

[0076] 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.

[0077] 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. Alternatively the alloy is first fed to a converter 36 such as a Peirce-Smith converter andthen to the atomizer
30 and through to the hydrometallurgical process 32.

[0078] The converter slag 37 may be returned to the DC arc furnace 16.

[0079] 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.

[0080] 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.

[0081] 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 approximately 0,75%. The gases from the roasters are cooled in a waste heat boiler, cleaned in cyclones,
subjected to electrostatic precipitation, and are then passed to a sulphuric acid plant 14. It is assumed that the final
exhaust gases can be discharged to atmosphere without the need for scrubbing out the last traces of sulphur dioxide.
[0082] The calcine which contains about 58% zinc as oxide is fed with dry coke 18 and a small amount of lime to
the DC arc furnace 16, with a sealed freeboard. The calcine may optionally be agglomerated in a step 38 before being
fed to the DC arc furnace. This step does however involve additional capital and operating costs.

[0083] In the DC arc furnace the zinc oxide is reduced to metal and fumed in a gas stream 40 which principally
contains zinc and carbon monoxide. These gases are led directly to the lead splash condenser 26 where the zinc and
any lead are removed from the gas stream by absorbing or condensing these metals in a curtain of fead droplets. The
gases 42 exiting the condenser are burnt in a combustion chamber, cooled 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 less than 100 parts per million which does not pose an environmental 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.

[0084] Slag 46 which is produced by the furnace is granulated before being removed to a waste storage dump. A
small amount of metal 48 produced in the furnace is periodically tapped from the furnace and is run intoc rough moulds.
[0085] Dross 50 from the lead splash condenser 26 is collected and batch treated in a small furnace to separate out
lead. The dry dross is then recycled to the DC arc furnace.

[0086] Impurezinc52fromthelead splash condenseris transferred by ladle to a zinc distillation plant holding furnace.
A plant of this type requires a constant feed and consequently provision is made for casting ingots or reheating ingots
to balance the flow from the condenser so that the requirements of a zinc distillation plant 54 are met. The distillation
plant produces SHG (Special High Grade) zinc 56. an impure lead and cadmium-zinc alloy 58 which is treated according
to requirement, and a small amount of hard zinc 60, in the form of a Zn-Pb-Fe-Cu alloy, which is recycled to the DC
arc furnace.

[0087] Figure 3 illustrates the steps of a particular form of the process shown in Figure 1 used for the treatment of
PGM and base metal concentrates 10.

[0088] 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.

[0089] It may possibly be beneficial to add a base metal cotlector 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 suiphate) 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.
[0090] 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 coliector.
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[0091] 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 furnace 16.
Thereafter the alloy is atomized and subjected to the aforementioned leaching step to enable the metal values to be
recovered.

[0092] 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 probiems. Advantages include 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.

[0093] The process is also able to accommodate a wide range of feed materials, up to 100% UG2 (in the case of
PGM concentrates), with a higher chromite content. This provides significant advantages with respect to PGM recovery
in the mining and concentrating operations.

[0094] Figure 4 illustrates a general flowsheet of high roast-reduction smelting of base-metal suiphide concentrate
which incorporates a DC arc furnace. It is understood that there are a number of variations of this flowsheet.

[0095] Concentrate slurry 66 is continuously fed to fluid bed roasters 68. The degree of concentrate sulphur elimi-
nation (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 SO, fixation. Calcine 72 premixed with flux and coal 74 is smelted in a DC arc furnace
76. The smelting furnace would produce discard quality slag 78. The grade, iron and sulphur content of the alloy or
matte 80 produced will depend on the degree of roast and the ratio of reductant to calcine. The furnace off-gas 82
would be of a low volume and high CO concentration. A high grade, low sulphur, highly metallized matte from the
furnace would require minimal treatment in a pyrometallurgical converting process 84.

[0096] The following is a list of variations of the general flowsheet in Figure 4:

pre-reduction (solid state) of the calcine in an external vessel;
pre-heating of the calcine in an external vessel;

reuse of the DC furnace off-gas for either of the above;

direct hydrometallurgical refining of the DC furnace alloy/matte; and
cleaning of the converter slag in a suitable slag cleaning process.

[0097] The DC arc furnace can easily accommodate the high degree of oxide reduction required. The DC arc furnace
also allows for the production of more alloy as more reductant is added to the furnace.

[0098] 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 smelting stage under reducing conditions.
[0099] Asix-in-line or athree-electrode furnace is used for the production of PGM-containing matte from concentrate.
The green furnace matte is then granulated and milled, or water atomized. to produce a feed 10 which is fed to the
fluidized bed roaster 12. A steady stream of gas containing SO, is fed to a sulphuric acid plant 14.

[0100] The roasted material is then subjected to a two-stage reduction smelting process which makes use of a first
furnace 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 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.

[0101] 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 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.

[0102] 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.

[0103] Again it should be noted that a base metal collector 62 could be used. as has been described hereinbefore.
to decrease the capability which would otherwise be called for, of the furnace to reduce a large quantity of iron.
[0104] 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. 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 PGMs.

[0105] A number of examples of the invention have been described hereinbefore. In each case the concentrate,
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which optionally is in green furnace 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 smeiting of high chromite containing PGM concentrates) is reduced and discardabie slags are produced.

[0106] The feedtothe DC arcfurnace is pre-heated in the fluidized bed reactor. It is to be noted that a DC arc furnace
is well suited to handling fines. The alloy which is produced by the DC arc furnace can be water atomized (step 64).
[0107] Although it is possible to make use of a converter it is also possible to elimihate the need for a converter and
in this way the likelihood of spillages is reduced and scheduling problems are also reduced.

[0108] The nature of the hydrometallurgical process 32 depends on the major elements of interest in the alloys which
are produced by means of any of the aforegoing pyrometallurgical techniques. Typically these elements are iron, nickel,
copper, cobalt and PGMs. The hydrometallurgical processing of these alloys depends on case-specific factors. The
unit operations that could be applied in the treatment of the alloy include ambient-pressure leaching, pressure leaching,
precipitation, solvent extraction, electrowinning and crystallisation. The principles 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 hydrometallurgy will be able to devise an appropriate circuit for any specific case.

[0109] Each of the Examples shown in Figures 6 to 10 embodies a general approach, and is not meant to limit the
applicable hydrometallurgical option for processing the alloy in question. Process steps for the removal of impurity
elements such as selenium are omitted for the sake of brevity, but it should be understood that they would be incor-
porated as necessary, as known to those skilled in hydrometallurgy. Where acid addition is shown, it may be either
fresh acid or acid recycled from a metal recovery stage such as electrowinning.

[0110] The copper solvent extraction and electrowinning stages are as conventionally practised in the industry.
[0111] The iron precipitation 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 an 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.

[0112] The solutions containing cobalt and/or nickel (shown as proceeding to Ni/Co separation and recovery) would
be treated in the same way as is done in conventional base metal refining, for the recovery of the cobalt and/or nickel.
This could entail the precipitation of cobalt(lil) hydroxide or the solvent extraction of cobalt, and the electrowinning of
nickel and/or cobalt. Alternatively, it could entail the crystallisation of mixed or separate cobalt and/or nickel salts, or
the precipitation of hydroxides, sulphide or carbonates. lon exchange could also be used in some cases.

[0113] The examples in Figures 1 to 5 have been described with reference to the use of a DC arc furnace. This is
non-limiting 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 furnace is preferred 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 - Figure 6

[0114] This Example applies to those situations in which the alloy contains PGMs and valuable base metals. In the
first step, the iron and base metais are dissolved. leaving aresidue that comprises a PGM concentrate that can proceed
to a PGM refinery. Oxidative leaching wouid normally be used, but non-oxidative leaching may also be used (in which
case the airfoxygen 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 electrowin-
ning stage. The raffinate from copper solvent extraction would be neutralised and any remaining iron precipitated, to
produce a solution containing mainly nickel and/or cobalt. from which these metals can be recovered.

Example 2 - Figure 7

[0115] 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.

10
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Example 3 - Figure 8

[0116] In this Example an atomised alioy 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 performed on 5.5kg of atomised
alloy. The performance of the pilot-scale batch leach is summarised below.

Element | Feed, g/l | Filtrate, g/l | Alloy, % | Residue. % | % Leached
Fe 5.65 49.60 58.5 4.12 98.9
Ni 105.2 148.4 28.2 4.53 97.6
Co 0.224 0.692 0.58 0.07 98.2
Cu 2.200 3.660 12.9 71.6 16.4
H,SO, 87.2 12 - - -

[0117] The leach residence time is set according to the material to limit the leaching of copper while still maintaining
high iron and nickel 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.

[0118] The residue from the atmospheric leach is then subjected to a two-stadium pressure leach to remove all the
copper and the residual iron and nickel in the presence of sulphuric acid. The pressure leach was tested in laboratory-
scale batch auteclaves. 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 stadium and 5 to 60 minutes in the second stadium. The pressure leach residue contains high levels of PGMs
and is suitable for further processing. PGM loss to the leach liquor can be minimised to less than 5% while achieving
a PGM concentrate of greater than 60% precious metals. The composition (mass %) of the PGM concentrate produced
from pressure leaching of the atmospheric leach residue is shown below.

PGM+Au Pt Pd Rh Ru Ir Au
614 346 | 127 | 43 | 7.7 | 1.67 | 0.61

Fe Ni Cu Si Cr Se Te S C As
3.6 0.27 3.3 1.75 25 0.016 | 0.007 2.0 092 | 049

[0119] The composition of the pressure leach liquor is shown below.

Pt Pd Rh Ru Ir Au Fe Ni Cu
Ppm ppm ppm ppm ppm ppm gL | gL gL
<1 16.5 8.3 7 2.1 <05 2 18 40

[0120] 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 per-
formance of the laboratory-scale batch pressure oxidation is summarised below.

11
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Feed Composition, g/l | Fe removal Ni Loss [Fe}in [HoSO4]
(solid basis) | (solid basis) | Filtrate g/L | in Filtrate g/L
% %
Fe2+ Ni
24 100 88.9 0.38 2.6 35.9
35 95 80.5 0.41 6.67 47.4

[0121] 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.

[0122] 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 aimosphere 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 - Figure 9

[0123] 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 :eactive 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 passedto 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.

Example 5 - Figure 10

[0124] Thisis similarto Example 4, but in this case no PGMs are present, therefore the goethite redissolution stage
is omitted because it is not needed.

Test Results
Nickel

[0125] Usinga DC arcfurnace with aninternal diameter of 1.0 m. connected to a 5.6 MVA power supply. approximately
26 tons of calcine ('dead-roasted’ concentrate) was processed over a period of 9 days, during which time 83 slag taps
were carried out. The metallurgical data presented here is a weighted-averaged summary of the operation during 22
taps under the preferred conditions for producing good metallurgical performance, i.e. just over a quarter of the cam-
paign. These taps cover a wide range of operating conditions, but the overall average is considered representative of
the steady operation of the furnace during this campaign.

[0126] The anthracite addition was approximately 12% based on the mass of calcine fed. (Actual additions were
12.7%, 11.6%, and 12.0% during the three periods summarised here.) Metal was produced at a rate of 250 kg per ton
of calcine fed.

[0127] Typical operating conditions included feedrates of around 220 kg/h of calcine, power levels around 300 kW
(including losses of about 150 kW), voltages between 175 and 250 V, and total power fluxes around 400 to 500 kW/
m2. The energy requirement of the process was 760 kWh / t of calcine, excluding losses from the furnace.

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

Taps

Temp °C

Al,0,

Cao

Co

Cry04

Cu

FeO

MgO

sio,

Fe/ Si0,

40-46

1481

6.50

2.85

0.11

1.23

0.46

47.33

8.52

0.26

32.78

1.12
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(continued)

Slag composition during taps of good metallurgical operation (mass %)
Taps Temp °C | Al,045 | CaO | Co Cr,05 | Cu FeO MgO | Ni Si0, | Fe/ SiO,
49-56 1483 9.18 258 | 0.13 1.23 0.51 | 48.29 | 6.22- | 0.33 | 31.57 1.19
63-69 1505 7.79 242 | 0.13 1.51 0.48 | 47.14 5.98 0.29 | 33.31 1.10
Overall 1489 7.84 262 | 012 1.31 0.49 | 47.61 6.94 0.29 | 32.51 1.14
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 [ 0.05 19 33 42 1.4 0.06
Representative compositions of calcine, slag, and metal (mass %)
Calcine Slag Metal
Al,04 3.07 7.84 -
CaO 1.43 2.62 -
Co (0.46) (0.12) 1.5
CoO 0.59 0.16 -
Cr - - 0.05
Cr,04 0.07 1.31 -
Cu (5.21) (0.49) 19
Cu,0 5.87 - -
Cu0 (6.52) 0.61 -
Fe (32.36) (37.01) 33
Fe,0, 46 27 - -
FeO (41.83) 47 .61 -
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 954 100.0 98.0
Fe/SiO, 1.59 1.14 -
Recoveries
[0128] The recoveries of the valuable elements were calculated based on the following analyses. The rest of the

compositions and flowrates were caiculated 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 metal 33 33

[0129] The actual recoveries obtained on this campaign were calculated using both the typical and the best analyses
obtained.

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

PGM ConRoast

[0130] Approximately 30 tons 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 blowing operation, then treated hydro-
metallurgically to produce a high-grade PGM concentrate.

[0131] The fluidized bed was operated at approximately 1000°C, and the concentrate was fed at about 140 kg/h.
Gas velocities of about 0.4 m/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
sulphur level decreased from 4.55% S to 0.5% after the first pass (96% elimination of S), and to 0.24% after the second
pass (98% elimination), andto 0.13% S after the third pass. During roasting, the impurities were diminished as follows:

S from 4.55% to 0.24% (to 0.13%)
As from 40 to 21 ppm

Se from 60 to 8.8 ppm

Te from 10 to 7.8 ppm
Osfrom55t03.8 g/t

[0132] Smelting was carried out in a pilot-scale DC arc furnace. 24 tons of (mostly double pass) dead-roasted con-
centrate (including 1 ton of triple-roasted material) was processed in a week-long campaign. The furnace was operated
at a power level of 300 to 500 kW, which translates to a power flux of 290 to 480 kW/m2. 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 2.9 g/t.

[0133] The analyses of the original concentrate, roasted concentrate, and slag are shown below (mass %).

Al,O; | C CaO | Co Cr,0; | Cu
Original concentrate 4.2 - 44 0.06 2.6 1.04

Roasted concentrate 54 0.09 43 0.06 2.7 1.01

Slag 71 0.03 52 0.07 2.8 0.13

14
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FeO | MgO Ni S Si0, | PGM, g/t
Original concentrate | 16.4 20.4 191 | 455 | 426 308
Roasted concentrate | 16.3 19.9 184 | 025 | 4338 296
Slag 72 | 247 | 010 | 0.07 | 510 29

[0134] Impurity removal overall (including roasting and smeiting) 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

[0135] 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.

Cc Co Cr Cu Fe Ni S Si PGM
Small-scale 0.05 | 055 | 027 | 9.81 706 | 171 2.00 | <0.0 0.2804
test 5

836 kg alloy 1.06 | 0.33 | 335 | 756 | 677 | 16,6 | 0.48 | 1.34 0.1700
1612 kgalloy | 097 | 050 | 235 [ 743 | 711 | 163 | 097 | 1.05 0.2646
Refined alloy | 0.04 | 0.6 0.03 | 13 60 24 0.4 <0.0 0.2609

[0136] The alloys produced during the furnace campaign had'the foliowing ranges of composition.

C:06-1.1%
Cr: 1.6 - 3.35%
Si: 0.76 - 1.34%

[0137] The alloy with the worst composition (i.e. from the 836 kg batch) was selected to demonstrate the downstream
process on the most conservative basis. In order to lower the quantities of carbon and silicon (and chromium) prior to
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 alloy is shown in
the table above. This alloy was water-atomized to a particle size less than 100um. The atomized alloy was then used
for the leaching tests.

[0138] After hydrometallurgical processing, a final PGM concentrate was produced with the composition below (mass
%).

PGM+Au | Pt Pd Rh Ru Ir Au
61.4 346 | 127 | 43 | 7.7 | 1.67 | 0.61

Fe Ni Cu Si Cr Se Te S (o] As
36 | 027 | 3.3 175 | 25 | 0.016 | 0.007 | 20 | 0.92 | 049

15



10

15

20

25

30

35

40

45

50

55

EP 1 157 139 B1
MatteRoast

[0139] Small-scale laboratory tests were carried out on PGM-containing furnace matte. The matte was either milled
as a solid, or water-atomized from the liquid state, then dead-roasted in either a fluidized bed or a rotary kiln. (No
difference was found between the roasting behaviour of the milled and the atomized matte.) It was shown that matte
can be roasted to extremely low levels of sulphur. The dead-roasted matte was then smelted in a two-stage process.
The first-stage of smeiting produces a small guantity 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.

[0140] 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 100-600 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.

[0141] 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 31.5 g 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 alloy 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).

[0142] The compositions (mass %) of the various materials are shown in the table below.

Cu Ni Co S Fe FeO | SiO, | PGM, g/t
Furnace matte 10.2 176 | 0.66 27.4 39.8 - - 762
Roasted matte 10.7 18.1 0.68 0.035 | 41.9 - - 801
First-stage alloy | 65.3 31.1 | 0.048 0.37 <02 | - - 19815
First-stage slag 555 [ 11.7 | 042 0.006 | - 373 | 282 52

[0143] Itis clearly quite possible to treat the slag from the first smetlting 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 collection.

Zine

[0144] Calcined zinc concentrate was fed, together with coke as a reductant. to a pilot-scale DC arc furnace. fuming
off zinc vapour. (Other work35, has demonstrated the production of Prime Western grade zinc by further treatment of
the zinc vapour in a lead splash condenser. It is also possible to use distillation to refine this zinc even further.)
[0145] A total of 56 tons of calcine 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 included unagglomerated calcine, pellets dried to 150°C, pellets dried to 350°C, and pellets indurated at
1300°C. The sulphur content of the feed materials varied between 1 and 2.4%.

[0146] The addition of between 12 and 13% coke resulted in an overall zinc extraction efficiency of 95.4%. Fuming
rates of up to 170 kg Zn/h per m2 of bath area were obtained. (In the case of feeding unagglomerated calcine. a zinc
extraction efficiency of 98.7% was cbtained. and the average zinc fuming rate was 164 kg/h-m2.)

[0147] The specific energy requirement was found to be approximately 1.17 MWh/ton feed at an average operating
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temperature of 1490°C. Iron production varied between 2 and 21 kg per ton of calcine.
[0148] 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 furnace. The ratio of CaO, MgO, SiO,, and FeO to ZnO was
found to be approximately 0.04 in this test work, comparedto a value of 0.14 found previously. Therefore it is reasonable
to expect good condenser performance.
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Claims

10.

11.

12.

13.

14.

15.

16.

17.

18.

A process for treating a metal sulphide concentrate which includes the steps of roasting and smelting the concen-
trate under reducing conditions in an open arc furnace characterised In that the concentrate is dead-roasted,
and in that the concentrate is smelted under reducing conditions, in an electrically stabilized open-arc furnace
which is either a DC arc furnace or an electrically stabilized single electrode open arc AC furnace so 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 SO2-bearing gas.

A process according to claim 2 which includes the step of using the SO2-bearing gas as a feedstock in a sulphuric
acid plant.

A process according to claim 3 wherein the SO?-bearing gas which is released in the roasting step is subjected
to gas scrubbing and neutralization.

A process according to claim 2, 3 or 4 wherein the roasting step is performed in an enclosed vessel to provide a
high-concentration of SO, in the gas.

A process according to claim 5 wherein the said vessel is a fiuidized 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 according to any one of claims 1 to 7 wherein zinc produced in the roasting step is meited under reducing
conditions to metal vapour and is fumed off in a gas stream for recovery by condensation.

A process according to any one of claims 1 to 8, used for the treatment of zinc sulphide, wherein the concentrate
after the roasting step is agglomerated before being fed to the arc furnace.

A process according to any one of claims 1 1o 9 wherein the metal sulphide concentrate is selected from nickel,
copper and cobalt sulphide concentrates.

A process according to any one of claims 1 to 8 wherein the metal sulphide concentrate is a PGM concentrate.

A process according to claim 11 wherein the metal sulphide concentrate is a PGM concentrate in the form of green
furnace matte.

A process according to any one of claims 1 to 12 which includes the step of removing iron, in oxide form, from the
said alloy.

A process according to any one of claims 1 to 12 which includes the step of removing carbon, silicon or chromium
from the said alloy.

A process according to claim 14 wherein the removal step is effected using a converter and which includes the
step of atomizing alloy from the converter so that it is in a form which is suitable for subsequent hydrometallurgical
recovery of metal values.

A process according to claim 15 which includes the step of atomizing the alloy so that itis in a form which is suitable
for subsequent hydrometallurgical recovery of metal values.

A process according to any one of claims 1 to 16 wherein the smelting step is a two-stage reduction smelting
process.

A process according to claim 17 wherein. in a first stage, use is made of a furnace which is operated under slightly

reducing conditions and. in a second stage, use is made of a stabilized open arc furnace which is operated under
highly reducing conditions.
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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 then subjecting the atomized alloy to hydrometallurgical treatment.

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

Patentanspriiche

1.

10.

11.

12.

18.

14,

15.

Verfahren zur Behandlung von Metallsulfidkonzentraten welches die Verfahrensschritte Rsten und Verhlitten des
Konzentrates unter reduzierenden Bedingungen in einem offenen Lichtbogenofen einschliet, gekennzeichnet
dadurch, daB das Konzentrat vollstindig gerdstet wird und daB das Konzentrat in einem elektrisch stabilisierten
offenen Lichtbogenofen der entweder ein Gleichstrom Lichtbogenofen oder ein elektrisch stabilisierter Einelektro-
den-offener-Wechselstrom-Lichtbogenofen ist, unter reduzierenden Bedingungen verhdttet wird so, daf3 sich das
Metall oder die Metalle in einer Legierung oder als Dampf ansammein.

Verfahren gemaB Anspruch 1, wobei der Réstvorgang so durchgeflihrt wird, daf sich ein stetiger Strom von SO2
-haltigem Gas bildet.

Verfahren geman Anspruch 2, welches als Verfahrensschritt die Verwendung des SO2 -haltigen Gases zur Be-
schickung einer Schwefelsaurefabrikation einschlieBt.

Verfahren gaman Anspruch 3, in welchem das im Réstverfahrensschritt freigesetzte SO2- haltige Gas einer Gas-
reinigung und Neutralisation unterworfen wird.

Verfahren geman Anspruch 2, 3 oder 4, wobei der Rést-Verfahrensschritt in einem geschlossenen Reaktor durch-
geflihrt wird, um eine hohe Konzentration von SO2 im Gas zu erlangen.

Verfahren geman Anspruch 5, wobei der erwahnte Reaktor ein Wirbelschichtreaktor ist.

Verfahren gemaR einem der Anspriiche 1 bis 6, wobei die reduzierenden Bedingungen durch die Verwendung von
Koks erzielt werden.

Verfahren gemaR einem der Anspriche 1 bis 7, wobei im Rést- Verfahrensschritt gewonnenes Zink unter redu-
zierenden Bedingungen zu Metalldampf verhittet wird und in einem Gasstrom der Gewinnung durch Kondensation

zugefuhrt wird.

Verfahren gemas einem der Anspriiche 1 bis 8, zur Behandlung von Zinksulfid, wobei das Konzentrat nach dem
Réstschritt agglomeriert wird bevor es dem Lichtbogenofen zugefuhrt wird.

Verfahren gemam einem der Anspriiche 1 bis 9, wobei das Metallsulfid Konzentrat aus Konzentraten von Nickel-,
Kupfer und Kobaltsulfid gewahlit wird.

Verfahren geman einem der Anspriiche 1 bis 8, wobei das Metallsulfid Konzentrat ein PGM Konzentrat ist.

Verfahren gemaR Anspruch 11, wobei das Metallsulfid Konzentrat ein PGM Konzentrat in Form von PGM Rohstein
ist.

Verfahren geméaB einem der Anspriiche 1 bis 12, welches den Verfahrensschritt der Entfernung von Eisen als Oxid
aus der erwahnten Legierung einschlief3t.

Verfahren gemaR einem der Anspriiche 1 bis 12. welches den Verfahrenschritt der Entfernung von Kohlenstoff,
Silizium oder Chrom aus der erwahnten Legierung einschlief3t.

Verfahren gemaRB Anspruch 14, wobei der Entfernungsverfahrensschritt unter Verwendung eines Konverters er-

folgt und welches den Verfahrenschritt der Zerstaubung von Legierung aus dem Konverter einschlieBt sodaf diese
in einer Form geeignet zur nachfolgenden hydrometallurgischen Gewinnung von Metallen vorliegt.
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Verfahren gemafB Anspruch 15, welches den Verfahrensschritt der Zerstaubung der Legierung einschlie3t sodaf
diese in einer Form geeignet zur nachfolgenden hydrometallurgischen Gewinnung von Metallen vorliegt.

Verfahren geman einem der Anspriiche 1 bis 16, in welchem der Verhlttungsverfahrensschritt ein Zweistufen-
Reduktions- Verhlttungsprozef ist.

Verfahren gemaB Anspruch 17 in dem, in einer ersten Stufe, ein Ofen verwendet wird, der unter schwach redu-
zierenden Bedingungen betrieben wird und, in einer zweiten Stufe, ein offener stabilisierter Lichtbogenofen ver-
wendet wird, der unter stark reduzierenden Bedingungen betrieben wird.

Verfahren gemafn Anspruch 18, wobei in der zweiten Stufe eine Legierung auf Eisenbasis gewonnen wird und
welches die Verfahrensschritte der Legierungszerstaubung und der hydrometallurgischen Behandlung der zer-
staubten Legierung einschlieBt.

Verfahren geman den Anspriichen 18 oder 19, bei welchem die erste Stufe eine Kupfer/Nickel Legierung produ-
ziert, die mit Wasser zerstaubt, granuliert, oder zerstoBen und zermahlen, und dann hydrometallurgisch behandelt
wird.

Revendications

10.

11.

Un procédé pour traiter un concentré sulfurique métallique qui comprend les étapes de brilage et d'extraction par
fusion du concentré en le réduisant dans un fourneau ouvert a arc électrique, charactérisé par le fait que le con-
centré est chauffé a I'extréme, et que le concentré est réduit par fusion dans un fourneau ouvert a arc électrique
électroniquement stabilisé, qui est soit un fourneau a arc électrique a courant continu, soit un fourneau ouvert a
arc électrique avec électrode unique a courant alternatif électroniquement stabilisé. de maniére a ce que le métal
ou les métaux se regroupe(nt) en alliage ou par le biais de vaporisation.

Un procédé selon la revendication 1 dans lequel la procédure de brilage est exécutée de facon a produire un flot
continu de gaz a contenance de dioxyde de soufre.

Un procédé selon la revendication 2 qui comprend la procédure d'utilisation du gaz a contenance de dioxyde de
soufre comme base de support dans une usine d'acide sulfurique.

Un procédé selon la revendication 3 dans lequel le gaz a contenance de dioxyde de soufre émis pendant la pro-
cédure de brilage est soumis a purification et neutralisation gazeuse.

Un procédé selon revendications 2, 3, ou 4 dans lequel la procédure de brilage se fait dans un récipient clos afin
de produire une concentration élevée en dioxyde de soufre dans le gaz.

Un procédé selon la revendication 5 ou le récipient en question est un réacteur a fluide.

Un procédé selon n'importe laquelle des revendications 1 a 6 dans lequel les conditions de réduction sont produites
par utilisation de coke.

Un procédé selon n'importe laguelle des revendications 1 a 7 dans lequel du zinc produit pendant la procédure
de brilage est fondu sous conditions de réduction en vapeur métallique et est évaporé dans un flot gazeux pour

ensuite étre récupérée par méthode de condensation.

Un procédé selon n'importe laguelle des revendications 1 a 8, utilisé pour le traitement de sulfure de zinc dans
lequel le concentré aprés brllage est aggloméré avant son alimentation dans le fourneau a arc électrique.

Un procédé selon n'importe laquelle des revendications 1 & 9 dans lequel le concentré de sulfure métallique est
sélectionné entre des concentrés de sulphide de nickel, sulphide de cuivre. et sulphide de cobalt.

Un procédé selon n'importe laquelle des revendications 1 a 8 dans lequel le concentré de sulfure métallique est
un concentré « PGM ».
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Un procédé selon la revendication 11 dans lequel le concentré de sulfure métallique est un concentré « PGM »
sous forme d'un alliage vert dans le fourneau.

Un procédé selon nimporte laquelle des revendications 1 a 12 qui comprend la procédure d'élimination de fer
sous forme d'oxyde de l'alliage en question.

Un procédé selon n'importe laquelle des revendications 1 & 12 qui comprend la procédure d'élimination de carbone,
silicone ou chrome de l'alliage en question.

Un procédé selon la revendication 14 dans lequel la procédure d'élimination est accomplie en utilisant un conver-
tisseur qui comprend ia procédure de pulvériser de l'alliage du convertisseur de maniére qu'il se trouve sous forme
se prétant a une récupération hydrométallurgique des valeurs métalliques.

Un procédé selon la revendication 15 qui comprend la procédure de pulvérisation de l'alliage de maniére qu'il se
préte a une récupération hydrométallurgique des valeurs métalliques.

Un procédé selon n'importe laqueile des revendications 1 a 16 dans lequel la procédure de fusion est un procédé
de réduction en deux phases.

Un procédé selon la revendication 17 dans lequel, lors d'une premiére phase, on utilise un fourneau qui est opéré
sous des conditions légérement réductibles et, lors d'une deuxiéme phase, on utilise un fourneau & arc électrique
stabilisé qui est opéré sous des conditions hautement réductibles.

Un procédé selon la revendication 17 dans lequel la deuxiéme phase produit un alliage a base de fer, et qui
comprend les procédures de pulvérisation de I'alliage pour ensuite soumettre I'alliage pulvérisé a traitement hy-
drométallurgique.

Un procédé selon la revendication 18 ou 19 dans lequel la premiére phase produit un alliage de cuivre et nickel

qui est pulvérisé par jet d'eau a haute pression, cristallisé, ou concassé et moulu, avant d'étre soumis & un traite-
ment hydrométallurgique.
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