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: L PROCESSING
FIELD OF THE INVENTION

The present invention relates 10 mineral processing. More particularly the
invention relates to the processing of a feed material containing oxidised metals together
with a metal sulphide containing feed component by pressure oxidation leaching to
facilitate the recovery of metal values therefrom.

BACKGROUND OF THE INVENTION

At present it is usual for one type of feed material to be processed independently
of other types of feed materials. In cases where mixed ore bodies occur it is common to
treat different parts of the ore body by different methods. This may require physical
separation of feed materials prior to treatment.

Sulphide containing ores are typically processed by roasting and/or smelting to
oxidise some or all of the sulphidic component to facilitate subsequent extraction of metal
values. For example, nickel sulphide ores are typically processed by smelting and
refining techniques. These techniques may be complemented by an initial concentrating
step prior to smelting to increase the metal content of the smelter feed.

However, it is well known that the typical base metal sulphide smelting process
is energy inefficient due to incomplete oxidation of the minerals and inherent heat losses
to off gases, slag and product. Further, smelting of sulphidic ores and concentrates
generates sulphur dioxide which is a major environmental problem if released to
atmosphere. Process complexity is substantially increased if the sulphur gases are for
example captured by incorporating a sulphuric acid plant to eliminate the sulphur dioxide
emissions to the natural environment.

Smelting of oxide ores, for example laterite ores containing metal values such as
nickel, chromium, iron and cobalt, requires very high temperatures for phase separation
to produce ferro nickel, and high MgO levels for optimum slag and power consumption.
Alternatively low MgO oxide ores require processing via acid pressure leaching requiring
the separate manufacture of sulphuric acid to be supplied to the pressure leaching reactor.

The current smelting and refining techniques for processing sulphide ores and
concentrates are restricted by the need to limit magnesium oxide levels in ores and
concentrates and/or arsenic contents and/or selenium contents. A further inefficiency is
the high loss to the slag of cobalt values from smelted nickel cobalt ores and
concentrates. Similar process and metal value recovery limitations can be encountered in
the processing of other metal sulphide ores and concentrates.

Moreover, in cases where oxide and sulphide ores occur in close proximity to
one another, separate processing has generally been required. This may involve physical

separation of feed materials prior to treatment. Separate processing also requires
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2.

considerable additional resources which may preclude the establishment of separate
processing facilities, such as at Leinster in Western Australia where sulphide and oxide
ores containing nickel, cobalt, copper, zinc, gold and other metal values occur in the
same ore body or nearby. Separate processing facilities generally involve lower
efficiency leading to higher costs.

We now believe that a feed containing metal oxides and metal sulphides can be
processed together by oxidising the sulphidic material in the feed to generate an acidic
cnvironment in-situ which leaches metal values from the oxidic components of the feed.
Simultaneously metal values may be released from the sulphidic material into solution
and/or remain in the oxidised solids in a form amenable to further treatment. This
facilitates the treatment of a mixed feed containing a variety of metal values.
DISCLOSURE OF THE INVENTION

The present invention accordingly provides in one preferred embodiment a
method for the treatment of a plurality of metal values in a feed containing sulphide and
oxide components, the method including the step of oxidising the sulphide component in
the feed at elevated temperature and pressure to generate an acid environment in-situ in
which metal values from the sulphide and the oxide components are taken into solution
and/or report to the solid phase in a form amenable to further treatment.

The present invention also provides in another preferred embodiment a method
for the extraction of a plurality of metal values from a feed containing sulphide and oxide
components, the method including the step of subjecting the feed in an aqueous
environment to elevated temperature and pressure sufficient to oxidise the sulphide
component in the feed to form an acid environment in-situ, wherein metal values from
the sulphide and the oxide components are taken into solution in the acid phase and
optionally also report to the solid phase in a form amenable to further processing, the
method also including the further step of recovering metal values by subsequent recovery
from the liquid phase and optionally the solid phase.

The present invention may be advantageously applied to feeds containing a
variety of feed components including oxide and sulphide ores, concentrates and waste
liquors, slags and tailings from other processes which contain metal values. Most
preferably the present invention is applicable to feeds containing multiple base and/or
precious metal values, ie feeds which contain three or more different base and/or precious
metal values and which also contain sulphide and oxide components.

The term "metal values" is used herein to include metals not being impurities

whether present in metallic, compound, mixed or other metal bearing forms.
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The feed used in accordance with the present invention should contain sulphide
and oxide components but may include other sulphur containing feed components such as
sulphur itself, sulphur mattes and sulphur concentrates. The sulphide and oxide
components of a feed used in accordance with the present invention may be found in a
single ore body or may be provided by a blended feed from multiple sources.
Accordingly the present invention may be advantageously applied, for example, by
mixing a predominantly sulphide ore (which may or may not contain oxide components)
with a predominantly oxide ore (which may or may not contain sulphide components) to
form a mixed feed for use in accordance with the invention.

The sulphide and oxide components of a feed used in accordance with the
invention generate an acidic environment in the aqueous medium of the reaction vessel.
It is convenient for the acid to be expressed in terms of sulphuric acid equivalent. It is to
be appreciated however that the acidic environment is unlikely to consist solely of
sulphuric acid (H2SOy).

For example, the method provided by the present invention may also be
advantageously applied in the presence of halide jons, for example, chloride ions. Such
ions may be introduced into the reaction vessel from the feed materials themselves.
Another potential source of halide ions such as chloride ions is the water supply which
may include, for example, seawater or hyper saline water from aquifiers.

The reaction can be expected to occur more quickly and/or give higher
extraction levels in the presence of chloride ions. This rhay be attributed to the chloride
ions favouring the generation of hydrochloric acid in the reaction environment. While it
is convenient to refer herein to chloride ions as represented by hydrochloric acid it is to
be appreciated that the acidic environment is unlikely to consist solely of hydrochloric
acid (HC]).

The feed used in accordance with the present invention may contain a variety of
metal values and/or impurities including but not limited to nickel, cobalt, zinc,
magnesium, copper, chromium, uranium, thorium and related radioactive elements, lead,
rhodium, cadmium, vanadium, gallium, gold, silver, platinum and related precious
metals.

The invention is particularly applicable to feeds containing a plurality of metal
values. The invention is preferably applied to a feed containing three or more different
values. Such a multiple metal feed may be found in a single deposit. It is also envisaged
that a mixed feed may be prepared by blending or mixing two or more feed components

each containing one or more metal values. Accordingly, the present invention may, for
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example, be applied to a mixed feed containing components from one or more separate
ore bodies. The metal values in each component of a mixed feed may be the same as or
different from the metal values in each other component of the mixed feed.

The treatment at elevated temperature and pressure according to the present
invention may be carried out in an autoclave or other pressure vessel. However, other
vessels capable of withstanding the temperatures, pressures and reaction conditions
involved may also be used in accordance with the invention.

The treatment method provided by the present invention involves the use of
elevated temperatures and pressures. For rapid reaction rates the method provided by the
present invention should preferably be operated at temperatures of at least 180°C. Based
on current practical materials of construction and the desire for the fastest practical
reaction time, the presently preferred temperature range is 180-280°C with a range of 200
to 220°Cbeing particularly preferred. Equipment for use in accordance with the present
invention is preferably designed on the desired temperature plus an oxygen over pressure
allowance of up to 10 atmospheres. Preferably the method provided by the present
invention is carried out with oxygen overpressures in the range of 2 to 8 atmospheres.

For example, if dealing with an oxide feed ore containing multiple metals,
particularly nickel and including copper, cobalt and zinc, the preferred temperature is
typically about 250°C or higher for maximising the recovery of multiple metal values.
For most base metals processing temperatures in the region of 180-220°C can be expected
to be generally acceptable. Temperature, pressure, acid concentration and retention time
all affect metal yields. Each mix of oxides and sulphides is preferably optimised to
achieve a preferred balance in the recovery, temperature, acid level, time and pressure
relationships.

The feed components fed to the reaction vessel should be present in proportions
suitable 10 achieve a balance between acid generating materials and acid consuming
materials such that the leach discharge is controlled to a desired acid condition (gm/litre
of free acid). This may require supplementary addition of acid, acid producing or acid
consuming materials.

For example, the acid condition in autoclave discharge is most preferably
approximately 30-40 g/l free acid as HpSOg4 for lateritic ores which can contain
chromium, cobalt, nickel and magnesium values. By having a mixture of acid generating
and acid consuming materials within the autoclave, localised high concentrations of acid
should be avoided. Such localised high concentrations of acid give rise to undesirable

scaling effects.
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As may be appreciated by the skilled reader, complex reactions can be expected
10 occur in the reaction vessel at the elevated temperatures and pressures which may be
employed in accordance with the present invention. Variations in feed materials also
influence the anticipated reactions. Moreover, in the acidic environment involved,
compounds may dissociate and a variety of ions, some of which may be unstable, can be
expected to occur. Accordingly the following example reactions are to be understood to
be non-limiting and included for illustrative purposes only.

Examples of some non-limiting simplified nett reactions that consume acid and
which may occur in performing a method provided by the present invention include:

MgSiO3 + HpSO4 = MgSO4 + SiO; + Hy0

AlRO3 + 3 HS04 + 3 Hy0 = Alx(SO4)3. 6 H20

MgCO3 + H3S804 = MgSO4 + Hy0 + COyp

NiO + HpS804 = NiSO4 + H0

Examples of some non-limiting simplified nett reactions that produce acid and
which may occur in performing a method provided by the present invention include:

4 CuFeSp + 170 + 4 HyO = 4 CuSO4 + 2 Fep03 + 4H3S04

4FeS+ 90 + 4Hy0 =2 Fe303 + 4 HySO4

2S+307+2Hy0 = 2 HpSO04

The feed material used in accordance with the present invention may also be
adjusted to achieve a heat balance between exothermic an endothermic heats of reaction.
The heat contents of the feed and exit streams from the reaction should be such that
external heat energy requirements or cooling requirements in the leach system are
autogenous or minimised with or without heat energy recycle from the reaction vessel
discharge products to the feed materials.

Simultaneous acid and heat balances are obtainable but in many circumstances,
heat recovery and recycle or supplementary cooling maybe required. The method of
achieving this is influenced by equipment requirements and operating conditions required.
The process control is preferably driven by either the acid balance or the heat balance.

The fecd components may be pre-blended in the desired ratios and pumped into
the reaction vessel as an aqueous slurry. However, other handling and charging
techniques are also envisaged within the scope of the present invention. These may
include, for example, operation of a batch autoclave.

In addition to the feed containing multiple metal values the feed being
preferably introduced as a slurry or slurries, other materials which may be added to the
reaction vessel include water, oxygen, other oxidants, acid (if required) recycled leach
solids discharge (after cooling) for reactor cooling as or if required, and steam for any
required heating.
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The reaction times required to achieve oxidation of the sulphidic components in
the feed and leaching of metal values into the liquid or solid phases are typically in the
range of 0.5-2.0 hours.

After treatment in accordance with the present invention, the metal values in a
mixed feed may be contained in either the liquid phase or the solids phase or both
depending upon the nature of the feed and the metals being extracted. The reaction
product is typically discharged in the form of a slurry which may require pH adjustment
to facilitate recovery of individual metals in downstream processing. The pH required
for subsequent processing is dependent upon the metals to be recovered and the process to
be employed for extraction of the desired metals from the liquid and/or solids streams.
Known methods for such pH adjustment may be employed in accordance with the present
invention.

In one approach the pH may be kept relatively low (say about 2) during which
time copper may be extracted by means such as solvent extraction. Subsequently, pH
may be raised to remove iron eg. by precipitation at pH 3.5 to 4. Remaining valuable
metals may be recovered after iron removal, for example by solvent extraction. This
subsequent recovery of metals may be carried out in a series of steps involving increasing
pH.

The form of downstream processing suitable for recovery of metal values is
dependent upon the nature of the metal values to be extracted. A wide variety of
recovery techniques including but not limited to resin-in-pulp, solvent-in-pulp,
precipitation, electrowinning, solvent extraction and leaching such as cyanidation
followed by carbon-in-pulp or carbon-in-leach extraction and physical techniques are all
envisaged within the scope of the present invention. Hydroxamic acids which can exhibit
very high levels of extraction of the desired metal ions into the solvent and can have the
ability to operate over a wide pH range, ie in acidic and basic conditions, may be suitable
for multiple metal extraction.

The treatment and extraction methods provided by the present invention provide
a number of advantages over known prior art methods in that multiple sulphidic and
oxide feed components can be processed through the one facility without any need for
separation and that feed materials that are not generally considered economic for metal
extraction may become economic for processing in accordance with the present invention.
Further, feed materials not amenable to conventional processing such as high MgO
and/or high arsenic sulphidic or oxide feeds may become economically treatable in
accordance in the present invention. Also the cobalt in nickel smelter slags can be
recovered and may become economically treatable in accordance with the present

invention.
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The methods provided by the present invention also facilitate the separation of
desired metal values from undesired impurities. For example, desired metal values may
be separated by selective extraction from solution of desired metal values from undesired
impurities, or by separation of desired metal valucs taken into solution from undesired
impurities such as arsenic which report to the solid phase.

The energy expenditure for process heating in the reaction vessel may be
minimised or eliminated by use of the methods prm;ided by the present invention and the
invention may obviate the need for an acid production plant or the purchase of acid in a
majority of circumstances where the sulphur balance in the feed is correctly proportioned
while at the same time avoiding sulphur dioxide production requiring subsequent
processing.

The present invention is further described in the following non-limiting
examples of preferred embodiments which are based on empirical and theoretical
considerations and are illustrative of the way in which the invention may be applied in
practice.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a block diagram of a simplified flow sheet for Example 1;

FIGURE 2 is a block diagram of a simplified flow sheet for Example 2; and

FIGURE 3 is a block diagram of a simplified flow sheet for Example 3.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

ample 1:

A mixture of Leinster Oxide Ores, Leinster Secondary Concentrate and
Mt Keith Concentrate may be formulated whereby the acid consuming constituents of the
mixturc balance with the acid producing constituents and a heat balance is achieved
without heat recovery or supplementary heating. This may optionally include recycle of
cooled leach discharge to leach feed for control of the heat balance.

The Leinster Oxide Ore is a mixed nickel oxide/silicate ore from the Leinster
area of Western Australia and the Leinster Secondary Concentrate is a concentrate formed
from multiple metal sulphide ore containing nickel, cobalt, copper, gold, zinc, etc also
from the Leinster area of Western Australia. The Mt Keith Concentrate is a similar
multiple metal sulphide ore, however the Concentrate includes a high magnesia
concentration which may cause difficulty in smelting by prior art methods. The Mt Keith
deposit is also in Western Australia.

A feed comprising a mixture of Leinster Oxide Ore, Leinster Secondary
Concentrate and Mt Keith Concentrates is in this example embodiment introduced at

ambient temperature into an autoclave by pumping in an aqueous slurry.
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Oxygen is admitted into the autoclave to oxidise the sulphides generating an acid
environment and to also oxidise the iron from sulphide minerals such as pentlandite,
pyrrhotite and pyrite through to hematite. Multiple metals are released into solution
generating acid ions which leach the oxide metal values into solution and the sulphur
forms sulphate ions. Acid is consumed by magnesia minerals to form magnesium
sulphate. Other acid consuming reactions include alunite and jarosite formation.

In this example, the preferred leach temperature is approximately 210-240°C
with retention time at 0.75 to 1.5 hours and at a leach density of 35 to 45% solids and at
an acid concentration of approximately 40g/l H2SO4. Leach discharge is preferably flash
cooled in one or more stages 10 ambient pressure and to temperatures below boiling
point.

Flash cooled leach discharge is then further cooled as necessary. The slurry
then reports to solid liquid scparation. The pregnant acid liquor is neutralised to
approximately pH4 using limestone and/or lime. The solids from neutralisation (in
slurry form) are preferably recycled to solid liquid separation feed. (The pH adjustment
could be done direct on the part cooled, or cooled leach discharge slurry).

The neutralised pregnant liquor is clarified then subjected to a solvent extraction
stage to remove elements such as copper before being subjected to further stages for
selective extraction of nickel, cobalt, zinc etc. The loaded organics are in each case,
preferably stripped with sulphuric acid. Cobalt, copper, zinc and/or manganese may be
recovered from their respective strip liquor or rejected. Nickel may be recovered from
its respective strip liquor.

A block diagram of a simplified flow sheet for this example of one possible use
of the methods provided by the present invention for the recovery of nickel values from
mixed nickel sulphide and nickel oxide ores is included herein as FIGURE 1.

xample

In Western Australia, the following materials are currently produced

- Nickel Oxide

- Auriferous Pyrite

- Convertor Slag

These nickel oxides can be high in silica (40 to 60% SiOj) and contain more
than 1% Ni and approximately 0.1% Co.

Very substantial production of gold in Kalgoorlie, Western Australia requires
processing of both refractory and free milling pyritic auriferous ores. Refractory ores are
floated and then the concentrate is roasted, cyanided and gold recovered via CIP/CIL

techniques.
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Free milling auriferous ores are floated and then the concentrate is cyanided
direct with gold being recovered via CIP/CIL. Some residual gold remains in the pyrite
after cyanidation. After gold recovery, the cyanided pyrite is currently rejected to
tailings.

Nickel matte from the Kalgoorlie (Western Australia) flash smelter is upgraded
in convertors, and the convertor slag is returned to the flash furnace because of its nickel
content. Convertor slag contains high levels of cobalt but this is largely unrecovered as it
eventually passes out in the high volume flash furnace slag which reports to waste.

A mixed feed of nickel oxide, auriferous pyrite and convertor slag may be fed to
an autoclave and processed in accordance with the present invention as set out in the
flowsheet included herein as FIGURE 2.

In this preferred embodiment of the present invention the nickel oxide ore is
used as the acid sink and as a source of nickel and cobalt. The refractory auriferous
pyrites is used as an in-situ energy and acid source and in doing so the need to roast is
climinated. There is an environmental advantage in that sulphur no longer reports to
atmosphere as sulphur dioxide.

Gold from the pyrites is eventually recovered from washed autoclave discharge
solids via the well known CIP/CIL techniques. Cyanided free milling pyrite is added to
the autoclave as a further source of an in-situ energy and acid which results in the
recovery of further gold. This source of pyrite is presently discharged to tailings dams.

Convertor slag may be added as a source of nickel and cobalt. The slag may
have some energy value from encapsulated matte/sulphides but will be largely neutral in
respect to being an acid consumer.

Specific conditions for autoclave operation depend on the composition of each of
the feed components and which one is to contribute most in the way of metal values. A
typical set of operating conditions for the mix of nickel oxide, auriferrous pyrite and
convertor slag is as follows:

35% solids in feed slurry

230°C

3 atmospheres of oxygen overpressure

1.5 hours retention time

40 g/ free acid expressed as HoSOy4

At these conditions 90 to 95% of nickel in the laterite can be expected to be
leached together with 92 to 96% of the cobalt. Cobalt extracted from slag into solution
should be in the order of 95 to 98%. Residual gold left in the solids phase after
cyanidation will be typically 1 g/t less than if the auriferrous pyrite was cyanided
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directly. Pressure oxidised auriferous pyrite is more amenable to cyanidation than direct
cyanidation of auriferrous pyrite.
Example 3

In the north of Western Australia, copper is produced by Western Mining
Corporation at its Nifty Operation from oxide ore via Heap Leach and solvent extraction/
electrowinning. Sulphide deposits occurring at depth below the oxide copper ores,
contain copper in the primary ore body as chalcopyrite. These sulphide deposits have not
yet been exploited due to present unattractive terms received for direct concentrate sales
and the deposits being of insufficient size to support construction and operation of a
smelter.

Close by to Nifty at Telfer, market tonnages of copper sulphide concentrates
containing gold are produced from ores mined primarily for gold with the concentrate
being a byproduct which is at present sold.

Copper concentrate from Nifty and copper/gold concentrate from Telfer may be
sent to Leinster and pressure oxygen leached in conjunction with Leinster nickel oxide
ores in accordance with the invention to produce nickel, cobalt, copper and/or zinc
and/or gold etc. Close by to Leinster at Yeelirrie, there occurs a large calcrete uranium
ore body. The calcrete reacts very readily with cold dilute acid and could be used in lieu
of limestone for acid neutralisation purposes outside of the leach autoclave. Uranium
could therefore also be produced and this also applies to the EXAMPLE NO. 1.

Specific conditions for autoclave operation depend on the composition of each of
the feed components and which one is to contribute most in the way of metal values.
Typical autoclave conditions for the mixture of Nifty copper sulphide concentrate, Telfer
copper sulphide/gold concentrate and Leinster metal oxide ore are as follows:

45% solids in feed slurry

210°C

7 atmospheres of oxygen overpressure

1 hour retention time

30g/1 free acid expressed as HpSO4

Under these conditions 97 to 98% of more of the total copper can be expected
to leach into solution. More than 95% of the nickel can be expected to leach into
solution. Gold recovery from cyanidation of the autoclave discharge solids should be in
excess of 96%.

Advantages of combining the Nifty and Telfer concentrates, together with the

Leinster metal oxide ore to form a feed in accordance with the present invention include:
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- Allows the Nifty sulphide ore body to be brought into production
(Nifty oxide ores will be depleted well before Nifty sulphides are
depleted but nevertheless, a combined Nifty sulphide and Nifty oxide
ores pressure leach could be contemplated. Nifty currently imports
acid for its heap leach operations).

- Allows Leinster to exploit more of the metal oxide ores of that area.

- Some of the Yeelirrie calcrete can be used in lieu of limestone resulting

in some uranium production.

A block flowsheet for the process of EXAMPLE NO. 3 is included herein as
FIGURE 3.

While it has been convenient to describe the invention herein in relation to
particularly preferred embodiments, it is 1o be appreciated that other constructions and
arrangements are also considered as falling within the scope of the invention. Various
modifications, alterations, variations and/or additions to the constructions and
arrangements described herein are also considered as falling within the ambit and scope

of the present invention.
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CLAIMS

1.

10.

11.

12.

13.

A method for the treatment of a plurality of metal values in a feed
containing sulphide and oxide components, the method including the step of
oxidising the sulphide components in the feed at elevated temperature and
pressure to generate an acid environment in-situ in which metal values from the
sulphide and the oxide components are taken into solution and/or report to the
solid phase in a form amenable to further treatment.

A method according to claim 1 wherein the feed contains a plurality of
metal values selected from the group comprising nickel, cobalt, zinc,
magnesium, copper, chromium, uranium, thorium and related radioactive
elements, lead, rhodium, cadmium, vanadium, gallium, gold, silver, platinum
and related precious metals.

A method according to claim 2 wherein the feed is introduced into a
treatment vessel in the form of one or more aqueous slurries.

A method according to claim 2 wherein the sulphide and oxide
components of the feed are derived from a single ore body.

A method according to claim 2 wherein the feed contains three or
more different metal values.

A method according to claim 2 wherein the feed includes a high
proportion of magnesium.

A method according to claim 2 wherein the feed includes magnesium
oxide, magnesium silicate or magnesium carbonate.

A method according to claim 2 wherein the oxide component of the
feed includes a nickel laterite.

A method according to claim 8 wherein the nickel laterite is a high
magnesium oxide nickel laterite.

A method according 1o claim 8 wherein the sulphide component of the
feed includes nickel sulphide.

A method according to claim 2 wherein the feed comprises a mixture
formulated such that the acid consuming materials of the mixture balance with
the acid generating materials of the mixture to produce a leach discharge which
is controlled to a desired acid condition.

A method according to claim 11 wherein the acid condition in the
discharge falls within the range 30g/1 to 40g/l free acid as H3SO4.

A method according to claim 10 wherein the feed comprises a mixture
of a nickel oxide ore and a concentrate formed from a multiple metal sulphide

ore which is formulated 1o provide that the acid consuming materials of the
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22,
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mixture balance with the acid producing materials and heat balance is achieved
without heat recovery or supplementary heating.

A method according to claim 2 wherein said method is applied in the
presence of halide jons.

A method according to claim 14 wherein halide jons are added to the
feed as sea water or hyper saline water from an aquifier.

A method according to claim 2 wherein the treatment is carried out at
a temperature within the range 180°C to 280°C.

A method according to claim 16 wherein the temperature falls within
the range 180°C to 220°C.

A method according to claim 16 wherein the temperature falls within
the range 200°C to 220°C.

A mcthod according to claim 16 wherein the oxide components contain
nickel and the trcatment is carried out at a temperature about 250°C.

A method according to claim 16 wherein the oxide components contain
multiple metals and the treatment is carried out at a temperature about 250°C.

A method according to claim 2 wherein the treatment is carried out
with oxygen overpressures in the range of 2 to 8 atmospheres.

A method according to claim 2 wherein the treatment is carried out for
a period of 0.5 to 2 hours.

A method for the extraction of a plurality of metal values from a feed
containing sulphide and oxide components, the method including the step of
subjecting the feed in an aqueous environment to elevated temperature and
pressure sufficient to oxidise the sulphide component in the feed to form an acid
environment in-situ, wherein metal values from the sulphide and the oxide
components are taken into solution in the acid phase and optionally also report
to the solid phase in a form amenable 1o further processing, the method also
including the further step of recovering metal values by subsequent recovery
from the liquid phase and optionally the solid phase.

A method according the claim 23 wherein the further step of
recovering metal values uses one or more recovery techniques selected from the
group comprising resin-in-pulp, solvent-in-pulp, precipitation, electrowinning,
solvent extraction and leaching techniques.

A method according to claim 24 wherein a series of solvent extraction
steps is used for extracting individual metal values.

A method according to claim 25 wherein iron in solution is precipitated from

the liquid phase prior to recovering metal values.



WO 96/07762

10

15

20

30

35

27.

28.

29.

30.

31.

32.

33.

34,

PCT/AU95/00573

14.

A method according to claim 24 wherein the solid and liquid phases
from the initial treatment step are in the form of a slurry which is subjected to a
solid/liquid separation step to form a solids stream and a liquor stream and
wherein the further step of recovering metal values is applied to recover metal
values from the liquor stream and/or the solids stream.

A method according to claim 21 wherein at least one of the feeds
contains arsenic which principally reports to the solid phase.

A method according to claim 24 wherein the feed includes nickel
smelter slag.

A method according to claim 21 wherein the feed includes convertor
slag or flash furnace slag.

A method according to claim 23 wherein the reaction conditions and
feed compositions are blended to ensure that substantially no sulphur dioxide is
cmitted by the reaction, and all acid required for the reaction is generated
in-situ.

A method according to claim 23 wherein the feed includes nickel
oxide, auriferous pyrite and convertor slag.

A method according to claim 23 including the following steps:

(a) forming a flotation concentrate of copper sulphide ore;

®) mixing the concentrate with a copper/gold concentrate, nickel oxide
ores and water to form a slurry;

©) reacting the slurry with oxygen in an autoclave at temperatures in
excess of 180°C and oxygen overpressures in excess of 2 atmospheres to
produce a reacted slurry mix;

()] subjecting the mix to a solid/liquid separation to provide a solid stream

and an acidic liquid stream;

(e) recovering gold from the solid stream by cyanidation;

® electrowinning copper metal {rom the acidic liquid stream;

®) neutralising the acid liquid stream;

(h) separating any solids from the neutralised liquid stream to produce a

pregnant liquor; and
@) recovering nickel from the pregnant liquor.

A method according to claim 33 wherein the neutralisation step is
carricd out by mixing a uranium calcrete ore with the acid liquid stream and
nickel and uranium are recovered from the pregnant liquor by solvent

extraction.



WO 96/07762
35.
5
10
36.
15
20
25
30 37-
38.
35
39.

PCT/AU95/00573

15.

A method for the extraction of a plurality of metal values from a feed
including a flotation concentrate of refractory auriferous pyritic ore, a
concentrate of free milling auriferous pyritic ore which has been leached by
cyanidation, convertor slag and nickel oxide ores, said method including the
steps of:

(a) mixing the feeds and forming an aqueous slurry thereof;

) reacting the slurry with oxygen in an autoclave at

temperatures in excess of 180°Cand oxygen overpressures in excess of

2 atmospheres to produce a reacted slurry mix;

(©) subjecting the mix 10 a solid/liquid separation to provide a

solid stream and a pregnant liquor;

()] recovering gold from the solid stream by cyanidation; and

(e) recovering nickel and cobalt from the pregnant liquor.

A method for the extraction of a plurality of metal values from a feed
including a flotation concentrate of a multiple metal sulphide ore, a scavenger
concentrate of a flotation concentrate of a sulphide ore and a nickel oxide
containing ore, said method including the steps of:

(@) mixing the feed and forming a slurry thereof;

() reacting the slurry with oxygen in an autoclave at

temperatures in excess of 180°Cand oxygen overpressures in excess of

2 atmospheres to provide a reacted slurry mix;

©) subjecting the mix to a solid/liquid separation to provide a

tailings stream and a pregnant acid liquor;

(d) partially neutralising the acid liquor to provide neutralised

solids and neutralised liquor;

(e) separating the neutralised solids and neutralised liquor;

® recycling the neutralised solids to the slurry reacting in the

autoclave; and

® recovering metal values from the neutralised liquor.

A method according to claim 36 wherein the reaction temperature in
the autoclave is between 210°C and 240°C, the density of slurry being leached
in the autoclave is 35% to 45% solids and the retention time in the autoclave is
0.75 to 1.5 hours.

A method according to claim 36 wherein the acid concentration in the
autoclave is approximately 40g/1 H»SOy4.

A method according to claim 36 wherein the pH of the neutralised

liquor is approximately 4.
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A method according to claim 36 wherein the pH of the neutralised
liquor is controlled to facilitate the recovery of individual metals from the
neutralised liquor in stepwise fashion.

A method according to claim 36 wherein the pH of the neutralised
liquor is initially low to facilitate copper recovery after which the pH is
increased to facilitate recovery of other metals.

A method according to claim 40 wherein the pH of the neutralised
liquor is initially about 2 at which pH copper is recovered, after which pH is
raised to remove iron and recover other metals.

A method according to claim 36 wherein the neutralised liquor is
subjected to solvent extraction to remove copper after which it is subjected to
further stages for selective extraction of nickel, cobalt, zinc and any other
metals in the neutralised liquor.

A method according to claim 36 wherein limestone and/or lime is used
to neutralise the acid liquor.

A metal which has becn recovered from a feed in accordance with the
method of claim 23.

A method according to claim 16 wherein the temperature falls in the
range 220°C to 260°C.
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