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PROCESS FOR REDUCED ALKALI CONSUMPTION IN THE RECOVERY OF
SILVER

FIELD OF THE INVENTION

The present invention relates generally to recovery of silver from sulphidic
materials and particularly to decomposing basic iron sulphate and/or jarosites after
pressure oxidizing precious metal-containing sulphide feed materials.

BACKGROUND OF THE INVENTION

Refractory sulphide ores are now a common source of precious metals.
“Refractory” precious metal sulphide ores refer to ores and concentrates having low
cyanide leaching efficiency (i.e., gold recovery). In refractory sulphide minerals, the
precious metal-bearing sulphides are typically chalcopyrite, pyrite and arsenopyrite. To
render refractory precious metal sulphide materials amenable to cyanide leaching, the
sulphide matrix 1s destroyed.

Destruction of the sulphide matrix can be accomplished through a variety of
oxidation methods, such as roasting, bacterial leaching, or pressure oxidation. In the
pressure oxidation process, the precious metal-bearing sulphide minerals are oxidized in
an autoclave at a high temperature (190-230°C) and super atmospheric pressure while
gaseous oxygen is injected into the pulp. Precious metals in the acidic pressure oxidation
leach residues are commonly recovered by cyanidation or ammonium thiosulphate
leaching. Prior to precious metal recovery, the autoclave discharge 1s either directly
neutralized after cooling or subjected to a solid/liquid separation to remove acid and
dissolved metals. If cyanidation is employed, the pH of the pulp must be increased to at
least about pH 9.0 to avoid the formation of hydrogen cyanide.

Pressure oxidation reactions for sulphide minerals (pyrite FeS; and arsenopyrite

FeAsS) can be written ideally as:
4FeS, + 150, + 8H,0 —> 2Fe;05 + 8H,S504
and
2FeAsS + 70, + 6H,0 — 2FeAsO4-2H,0 + 2H,S0,
Small amounts of iron and arsenic in the sulphide materials are also converted to the

dissolved ferrous iron, ferric iron, arsenite and arsenate. Under these conditions, iron 1S

precipitated in the autoclave as hematite (Fe;O3) and scorodite (FeAsQO4-:2H,0), and

sulphuric acid is generated in solution. These two iron compounds are very desirable

because they are chemically stable. It is possible to form other stable Fe-As compounds 1n
1
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the autoclave, depending on the temperature, the Fe/As ratio, and the acidity in the

autoclave hquor. Because of their chemical stability, these compounds are inert during the

subsequent neutralization and cyanidation steps and, therefore, do not consume expensive

chemicals, such as lime.
Depending on the chemical conditions prevailing in the autoclave, other less
desirable iron compounds can be formed. Examples of such compounds include basic iron

sulphate, FeOHSQ,, and jarosite, X Fe3(SO4)2(OH)s, where X is typically one of H;0,
Na', K*, NH:, 1/2Pb**, and Ag".

Jarosites and basic iron sulphates can be chemically instable. For example, in the
autoclave discharge, basic iron sulphate can react with lime during pre-cyanidation
neutralization to form ferric hydroxide and calcium sulphate:

FeOHSO4 + Ca(OH); + 2H,0 = Fe(OH); + CaS04-2H;0
Also, some jarosites, particularly hydronium jarosite, react with lime during pre-
cyanidation neutralization, to form ferric hydroxide and calcium sulphate:
(H30)Fe3(S04)2(OH)g + 2H,0 + 2Ca(0OH),; — 3Fe(OH); + 2CaS04-2H,0

Although satisfactory gold recovery can be obtained by directly treating acidic
pressure oxidation leach residues in an appropriate gold leaching and recovery process,
silver recovery is frequently very poor. The most probable cause of poor silver recovery is
the association of silver with refractory iron compounds (e.g., hematite, basic ferric
sulphate, ferric arsenate and various forms of jarosite) formed by the hydrolysis and
precipitation reactions that can occur during acidic pressure oxidation. The presence and
relative quantities of these compounds can have a major impact on the method and
economics of subsequent processes, and largely depends upon the nature of the starting
material and the acidic pressure oxidation leach conditions. Generally, pressure oxidation
under high acid conditions favours basic iron sulphate and possibly jarosite formation
while low acid conditions favour hematite formation. When pressure oxidation 1s operated
under conditions which favour hematite formation, the feed’s sulphide sulphur content is
converted to free sulphuric acid and dissolved metal sulphates in the solution phase (such
as dissolved ferric sulphate), and, if calcium is present, as chemically stable and inert
calcium sulphate in the solid phase. Neutralization of the free acid and dissolved sulphate
salts in this type of autoclave discharge can be achieved inexpensively with limestone
(CaC03), which is a very cost-effective reagent. When the autoclave is operated under

conditions that favour the formation of residues rich in basic iron sulphate and jarosite, it

2
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can have a significant negative economic impact on subsequent precious metal recovery
operations, particularly the recovery of silver. Precipitates of basic iron sulphate and
jarosite cannot be separated physically from the precious metal-containing solids. In
addition, adequate neutralization of basic iron sulphate and/or jarosite can only be
accomplished with stronger and more expensive neutralization agents, such as lime, CaO,
or sodium hydroxide, NaOH.

U.S. Patent Application 2006/0133974, published June 22, 2006, and entitled
“Reduction of Lime Consumption When Treating Refractory Gold Ores or Concentrates™
teaches the use of a hot curing process, as an effective method, prior to gold leaching, for
reducing the cost of neutralizing acid residues from pressure oxidation,. In this process,
basic iron sulphate and free sulphuric acid, both contained in the autoclave discharge, react

to form dissolved ferric sulphate according to the following equation:

2FeOHSO4 + HySO4 — Fey(S04); + 2H0
This hot curing process has a residence time of 1 to 24 hours and a preferred temperature
range of 85°C to 95°C. Because the ferric sulphate-containing solution produced can be
separated by solid/liquid separation techniques from the precious metal-containing
residue, allowing time for basic iron sulphate to convert to dissolved ferric sulphate can
reduce the consumption of expensive lime in the neutralization reaction of cyanidation
feed in favor of inexpensive limestone. A further benefit of allowing time for the varnous
components of the autoclave discharge to react with one another is that the strong ferric
sulphate solution produced can be recovered and recycled to pre-treat the feed to the
autoclave. Ferric ions in the recycled solution react with and oxidize sulphides in the
autoclave feed material, thereby reducing the requirement and associated expense of
oxygen in the autoclave process. In addition, any remaining acid in the recycle solution
will react with carbonate minerals, when present in the autoclave feed material, and reduce
the subsequent formation of carbon dioxide inside the autoclave and further improve the

utilization of oxygen.

While the hot curing process is well suited to the treatment of pressure oxidation
residues containing gold, it is less beneficial for the treatment of residues that also contain
economically significant levels of silver. In practice, it has been found that the conditions
used in the hot curing process favour the conversion of the silver contained in the residue

to insoluble precipitates, possibly argentojarosite. The silver associated with this
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precipitate 1s extremely refractory to cyanide leach treatment resulting in silver extractions

of less than 5 percent.

U.S. 4,632,701 describes an alkaline decomposition process that 1s an effective
means of liberating silver from jarosites contained in pressure oxidation discharge
residues, 1n which the alkali, usually slaked lime, reacts with the jarosites to form an alkah

sulphate and an iron oxide, such as goethite. In the case of hydronium jarosite, the reaction

with hydrated lime is:

(H30)Fe3(S04)2(0H)g + 2H,0 + 2 Ca(OH); — 3Fe(OH); + 2CaS04 *2H,0

Other jarosites, including argentojarosite, also decompose in the presence of alkali.
To drive the reaction to the right, the slurry pH of the pressure oxidation residue 1is
increased to pH 10 or pH 10.5, and the slurry maintained at a temperature ranging from
80°C to 95°C for a time ranging from 0.5 to 4 hours. If the alkali carbonate step is

employed, the total residence time increases to approximately 6 hours. The alkaline slurry
1s then subjected to a silver recovery treatment, such as cyanidation, without liquid-solids
separation.

It has been found that liberating silver from pressure oxidation residues may
require uneconomically high lime consumptions, with the cost of the lime far exceeding
the value of the silver liberated. Lime requirements of 100 to 200 kg/t of ore are not
unusual, and depending on the cost and amount of alkal reagents and the silver grade, the
process may not be economically justifiable.

As a result, as of yet, there 1s no satisfactory process which offers an economic

method of recovering silver by pressure oxidation from refractory sulphide ores.

SUMMARY OF THE INVENTION

‘These and other needs are addressed by the various embodiments and
configurations of the present invention. The present invention is directed generally to
controlling the levels of solid-phase reactive sulphates (e.g., basic ferric sulphates and
jarosites) at various points in a precious metal recovery process and specifically to a
process that combines the hot curing of a pressure oxidized slurry to solubilize ferric
sulphates with subsequent decomposition of jarosites to provide enhanced levels of gold
and silver recovery.

In one embodiment of the present invention, a process is provided that includes the

steps of:
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(a) oxidizing an aqueous feed slurry in an autoclave, the feed slurry including a
stlver-containing material and sulphide sulphur, most of the sulphide sulphur being
oxidized in the autoclave to sulphate sulphur and some of the sulphate sulphur being in the
form of a solid-phase reactive sulphate;

(b) removing, from the autoclave, an aqueous discharge slurry including
discharge solids and aqueous discharge liquid, the discharge solids including some of the
silver and most of the solid-phase reactive sulphate, and the liquid-phase of the discharge
slurry including an acid;

(c) allowing most of the solid-phase reactive sulphate in the aqueous discharge
solids to react with the acid to form liquid-phase reactive sulphate, with some of the silver
being compounded with solid-phase reactive sulphate;

(d) after step (c), contacting the discharge solids with an acid consumer while
maintaining a temperature of the discharge solids of about 80°C or higher to convert most
of the solid-phase reactive sulphate to a non-reactive iron-containing species; and

(e) thereafter recovering most of the silver from the discharge solids.

While not wishing to be bound by any theory, the present invention 1s based on the
discoveries that the temperature and duration of the hot cure step are directly related to the
amount of sulphates remaining in the residue, that the sulphate content of the residue is
directly related to the amount of basic ferric sulphate in the residue, that silver-containing
solid-phase reactive sulphate (e.g., argentojarosite) primarily forms during the hot cure
step, that the amount of lime and the temperature required to decompose the silver-
containing solid-phase reactive sulphate formed during hot curing depends directly on the

sulphate, and not the iron or silver, content of the hot cured residue (with the preferred

level of lime consumption often being in excess of the molar equivalent of the sulphate in
the hot cured residue), and finally that the relationship between silver recovery and lime
consumption is not linear, with the relationship being relatively shallow sloping above a
certain level of lime addition. The hot curing step is conducted so that high degrees of
conversion of solid-phase reactive sulphate (i.e., basic ferric sulphate) to liquid-phase
reactive (ferric) sulphate is realized and, in the solid-phase reactive sulphate
decomposition step, only enough lime is contacted with the hot cured residue to realize a
selected (economical) degree of silver recovery.

Hot curing reduces the solid-phase reactive sulphate (particularly basic iron

sulphate) and sulphate content of the autoclave discharge solids. The negative effect of

d
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basic iron sulphate formation on process operating costs can be mitigated by providing the
components of the hot discharge slurry from the autoclave with a sufficient time and
elevated temperature to react and form solubilized ferric sulphate. A reduction of the
levels of basic iron sulphate and solid-phase sulphate reduces significantly the lime
demand upon pH adjustment prior to precious metal recovery by minimizing the formation
of gypsum or other neutral sulphates.

To recover silver from the hot cured residue, which is typically rendered
unrecoverable by conventional lixiviants due to the formation of insoluble silver
compounds, the hot cured discharge solids are subjected to a process, known as a lime

boil. Typically, the lime boil treats the discharge solids at a temperature of about 90°C or
higher and at a pH greater than about pH 9.

The lime boil is performed to optimize substantially the amount of lime required to
decompose solid-phase reactive sulphates. In the hot cure and hot alkali treatment process,
the amount of lime required td liberate insoluble silver compounds formed during hot
curing is substantially lower than the lime required to liberate insoluble silver species from
autoclave residues using conventional lime boiling techniques. This 1s due not only to
reductions in solid-phase reactive sulphate (i.e., basic ferric sulphates) and consequential
improvements in lime consumption realized when hot curing precedes hot alkali addition
but also the ability to separate liquid-phase reactive sulphate, particularly ferric sulphate,
Fey(SO4);, from the discharge solids before lime boiling is performed. Ideally, little, if
any, basic ferric sulphate remains after the hot curing step such that only jarosite in the hot
cured residue needs to be decomposed by lime boiling. Removal of most of the basic
ferric sulphate prior to lime boiling can provide a dramatic decrease in lime consumption,
and the decreased lime consumption produces, relativé to a conventional lime boil, a lower

viscosity in the lime boiled slurry, thereby facilitating downstream handling of the slurry
and 1ts components. The lower viscosity results from the substantial decrease in gypsum
production, which is a by-product of solid-phase reactive sulphate (jarosite)

decomposition, By way of illustration, it has been discovered that the addition of between

about 20 kg/t to about 60kg/t of alkali to hot cured precious metal containing solids 1s an
effective and economical means of improving silver recovery.

These and other advantages will be apparent from the disclosure of the invention(s)
contained herein.

The following definitions are used herein.

6
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“Acid consumer” refers to any material that reacts with sulphuric acid. Acid
consumers include bases or any molecular or ionic substance that can combine with a
proton (hydrogen ion) to form a new compound. Commonly, a base reacts with
(neutralizes) acids to form salts and often water. Exemplary classes of acid consumers
include carbonates, oxides and hydroxides of metals. Acid consumers are commonly
compounded with sodium, potassium, magnesium, and calcium. Specific examples of
acid consumers include carbonates, such as limestone, soda ash, trona, dolomite, and
calcite: alkaline earth metal oxides such as lime; other metal oxides such as zinc oxide and
magnesium oxide; alkali metal hydroxides such as sodium hydroxide and potassium
hydroxide; other metal hydroxides such as ferric hydroxide (e.g., limonite and goethite)

and aluminum hydroxides such as laterite, gibbsite, and diaspore; ammonia; and various

clays.

7 n

"At least one”, "one or more ", and "and/or" are open-ended expressions that are
both conjunctive and disjunctive in operation. For example, each of the expressions "at
least one of A, B and C", "at least one of A, B, or C", "one or more of A, B, and C", "one
or more of A, B, or C" and "A, B, and/or C" means A alone, B alone, C alone, A and B
together, A and C together, B and C together, and A, B or C together.

“Autoclave” refers to any reactor that effects oxidation of a reactant under super

atmospheric conditions.

“Liquid-phase reactive sulphate” refers to a liquid-phase metal sulphate that is
reactive with an acid consumer and specifically includes ferric sulphate.
“Nonreactive iron-containing species” refers to an iron species, such as ferric

oxides or hydroxides (e.g., goethite), that is not reactive with an acid consumer.

“Solid-phase reactive sulphate” refers to a solid-phase metal sulphate that 1s
reactive with an acid consumer, such as lime, and specifically includes basic iron sulphate
and jarosite.

The above-described embodiments and configurations are neither complete nor
exhaustive. As will be appreciated, other embodiments of the invention are possible
utilizing, alone or in combination, one or more of the features set forth above or described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and B are flow charts of an embodiment of a precious metal recovery

- process according to an embodiment of the present invention;

7
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Fig. 2 is a plot of sulfate content in the hot cure residue against hot cure residence
time;

Fig. 3 1s a plot of silver recovery against lime consumption; and

Fig. 4 depicts a thickener circuit according to an embodiment of the present
invention.

DETAILED DESCRIPTION

An embodiment of a process of the present invention will be discussed with

reference to Figs. 1A-1B. As will be appreciated, the concepts of the present invention

can be used in an endless number of other processes and such processes are considered to

fall within the scope of the present invention.

With reference to Fig. 1A, a precious metal-containing material 100 is provided to

a comminution circuit 104 and comminuted to a Pgq size ranging from about 100 to about

600 mesh (Tyler).

The material 100 1s a refractory sulphide material, typically including from about 2
to about 60 wt.% sulphide minerals, from about 1 to about 1000 grams/tonne silver, and
from about 1 to about 100 grams/tonne gold. Commonly, the sulphide minerals are
predominantly pyrite, realgar, orpiment, chalcopyrite and arsenopyrite, with minor
amounts of enargite, pyrrhotite, sphalerite, galena, stibnite, cinnabar, covellite, chalcocite
and other commonly occurring sulphide minerals. The silver is typically present in the
material 100 as one or more of acanthite, freibergite, polybasite, prousite, pyrargyrite,
tetrahedrite, aguilarite, antimonpearceite, argentite, argentopentlandite, argentopyrite,
argentiferrous galena, jalpaite, mckinstyrite, miargyrite, pearceite, pyrostilpnite,
stephanite, sternbergite, stromeyerite, and xanthoconite.

The comminution circuit 104 typically includes the steps of crushing 106, grinding
108, and thickening 110 to produce a slurried comminuted precious metal-containing
material 112, that i1s typically from about 20 to about 60 wt.% solids. The overflow 114
from the thickening circuit (which is primarily water) is recycled back to the grinding step
for reuse. Additional water 116 is added to the grinding device (which 1s typically a Semi-
Autogeneous or SAG, ball mill, high pressure grinding roll or HPGR, or rod mill, or
combination of thereof) as needed to provide the desired liquid fraction to the slurry
outputted by the grinding step 108. For a low sulphide containing material, flotation may

be incorporated after grinding 108 to increase the sulphur content in the autoclave feed.
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As will be appreciated, there are a large number of other comminution circuit designs
and/or components that can be used in the process of the present invention.

The comminuted precious metal-containing material 112 1s subjected to a
preheating step 118 when processing low-sulphur feeds, in which steam 120 from pressure
oxidation 122 is contacted with the material 112 to preheat the material 112 before
pressure oxidation 122. Preferably, the material 112 is heated to a temperature of from
about 30 to about 115 degrees Celsius with single-stage heating before being inputted to
pressure oxidation 122.

Optionally, overflow 154 from the liquid/solid separation step 138 can be recycled
and contacted with the material 112 during the preheating/pretreating step 118 to reduce
the consumption of oxygen and the production of sulphuric acid in the autoclave during
oxidation of the sulphides. The recycled overflow 154 contains dissolved ferric sulphate
and free sulphuric acid, which react with the sulphides and carbonates in the material 112.
Any remaining free sulphuric acid after the preheating/pretreatment step 118, as well as
any ferric sulphate and ferrous sulphate in solution, is preferably neutralized with an acid
consumer 126, such as limestone, to precipitate ferric hydroxide and gypsum before the
feed material enters the autoclave.

The material 112, after the preheating/pretreating step 118, is inputted as a feed
slurry into a multi-compartment autoclave to pressure oxidize at least most and more
preferably at least about 90% of the sulphide sulphur m the material 112. Preferably, no
more than about 1% of the precious metal in the slurry 118 is solubilized into the hiquid
phase of the pressure oxidized slurry 127 during pressure oxidation. The autoclave can be
operated under conditions to favor formation of hematite or residues rich in basic iron
sulphate and possibly jarosite. As will be appreciated, conditions favoring hematite
formation include a free acid level of not greater than about 30 grams per liter and

preferably ranging from about 5 to about 30 g/l of discharge liquid and an autoclave

temperature of at least about 160 degrees Celsius and preferably ranging from about 160
to about 240 degrees Celsius, and conditions favoring basic ferric sulfate and, possibly,

jarosite formation include a free acid level greater than 30 grams per liter of discharge
liquid and/or an autoclave temperature of less than about 160 degrees Celsius.

After pressure oxidation 122, the pressure oxidized or discharge shurry 127
includes a number of components. It preferably has a free acid concentration of from

about 20 to about 50 g/1, a liquid-phase reactive sulphate concentration of from about 30 to

9
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about 150 gram/liter, and a solid-phase reactive sulphate concentration of from about 0 to
about 15 wt.% of the residue. Typically, the liquid-phase reactive sulphate in the slurry
127 1s primarily ferric sulphate, and the solid-phase reactive sulphate 1s principally in the
form of basic ferric sulphate.

The pressure oxidized slurry 127 can be flashed in an open vessel to release
pressure and evaporatively cool the slurry 127 through release of steam to form a flashed
shurry product.

To convert the solid-phase reactive sulphate to liquid-phase reactive sulphate, the
solid phase of the autoclave discharge 1s maintained, in a hot cure step 130, at a preferred
temperature of at least about 60 degrees Celsius, more preferably at least about 85 degrees
Celsius, and even more preferably from about 85 to about 120 degrees Celsius, for a time
sufficient for most of the sohid-phase reactive sulphate to react with the free sulphuric acid
in the liquid phase of the autoclave discharge to form liquid-phase reactive sulphate
according to the following equation (in which basic ferric sulphate is the solid-phase

reactive sulphate and ferric sulphate the liquid-phase reactive sulphate):
2Fe(SO,)(OH) + H,S0, = Fe,(S0,), + 2H,0

As can be seen in the above equation, the reaction between basic ferric sulphate and
sulphuric acid produces the dissolved ferric sulphate, which can be separated readily from
the solid phase in a solid/liquid separation circuit. Moreover, the dissolved ferric sulphate
in the separated liquid phase will be readily reacted with limestone during the subsequent
neutralization to produce ferric hydroxide.

The duration of the hot cure step, or the residence time of the solid residue of

pressure oxidation 122 in the hot cure step, is a function of several factors. On the one

hand, longer residence times typically mean lower plant capacity and higher plant capital
and operating costs. On the other hand, longer residence times mean less solid basic ferric
sulphates and possibly jarosites to neutralize/decompose with more expensive acid
consumers, particularly lime. While not wishing to be bound by any theory, Fig. 2 1s
believed to depict, for a given hot curing temperature, the relationship between hot cure
residence time and the sulphates (e.g., solid basic ferric sulphate) in the residue. The
curve 200 is relatively steeply sloping at residence times shorter than about 6 hours and
relatively shallowly sloping at residence times longer than about 6 hours, with the curve
becoming progressively shallower in slope at longer residence times as the slurry

approaches equilibrium. The impact of the residence time on lime consumption 1s shown,
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by way of example, by the dashed lines 204 and 208. At a hot cure residence time of 6

hours, dashed line 208 indicates that the remaining basic ferric sulphate in the residue i1s

X, wt.%, and, at a hot cure residence time of 12 hours, dashed line 204 indicates that the
remaining basic ferric sulphate in the residue is X, wt.%. The difference between X, and
X,, or distance 212, indicates the added lime consumption required for a 6-hour residence

time as opposed to a 12-hour residence time. Preferably, the slurry 127 is held in the hot
cure step 130 long enough for at least most, more preferably at least about 80%, even
more preferably for at least about 90%, and even more preferably for at least about 98% ot
the solid-phase sulphates (most of which are basic ferric sulphates) to be converted nto
the liquid-phase sulphates (or dissolved (or soluble) ferric sulphate). Stated another way,
the slurry 127 residence time in the hot cure step 130 typically ranges from about 1 to
about 24 hours, even more typically from about 6 to about 24 hours, and even more
typically from about 10 to about 24 hours. As will be appreciated, higher hot curing
temperatures require less residence time for a selected degree of conversion of solid-phase
sulphates to liquid-phase sulphates.

The hot cure step 130 is preferably carried out in one or more stirred tank reactors
at atmospheric pressure. Although the hot cure reaction is mildly exothermic, preservation
of the slurry temperature within hot curing is necessary and may require the adoption of
heat conservation measures and/or need steam 120 addition from pressure oxidation 122 to
ensure slurry temperature is within the optimal range. After the hot cure step 130 1s
completed, the hot cured slurry 134 preferably includes from about 10 to about 150 g/l and
even more preferably from about 50 to about 150 g/l liquid-phase reactive sulphates (e.g.,

dissolved ferric sulphate (as Fey(SOj)3)), no more than about 5% wt., more preferably no

more than about 2% wt., and even more preferably no more than about 1% wt. solid-phase
reactive sulphate (and total sulphates), no more than about 0.5 wt.% basic ferric sulphate,
from about 10 to about 50 g/1 ferric iron, and from about 10 to about 40 g/l sulphuric acid.
Preferably, the temperature of the outputted hot cured slurry 134 typically is at least about
85 ° C and more typically ranges from about 70 to about 100° C.

The conversion of basic ferric sulphate to dissolved ferric sulphate is substantially
complete. Preferably, at least 80%, more preferably at least about 90%, and even more
preferably at least about 98% of the solid-phase reactive sulphates are converted into

liquid-phase reactive sulphates, and, of the remaining moles of solid-phase reactive

sulphates, commonly at least about 10% are in the form of agentojarosite. For a
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sufficiently high acid concentration and hot cure temperature, even high input levels of
sulphates in the residue are converted substantially completely to dissolved ferric
sulphate, when the residence time is sufficiently long. While not wishing to be bound by
any theory, it has been observed that the percent conversion is related directly to the
sulphate content of the input residue and that, for either high or low sulphate levels in the
input residue, substantially complete conversion to dissolved sulphates can be realized
economically through hot curing. Thus, the autoclave can be operated under conditions
favoring the formation of basic ferric sulphate, and possibly jarosite, and disfavoring the
formation of hematite, provided that sufficient acid is present in the output slurry to
react, during hot cure and within the selected residence time, substantially completely
with the basic ferric sulphate. For example, higher sulphuric acid concentrations in the
autoclave favor basic ferric sulphate formation and beneficially provide high acid levels
in the outputted slurry.

The slurry 134 is next subjected to liquid-solid separation 138, by any suitable
techniques, to remove from the residue dissolved species, such as dissolved ferric
sulphate, and sulphuric acid, and produce an underflow 142 including (at least) most of
the solid fraction and an overflow 154 including (at least) most of the liquid fraction of
the slurry 134. The separated overflow 154 typically includes at least about 90% and
more typically at least about 98 % of the dissolved ferric iron in the hot cured slurry 134
or at least about 9% and more typically at least about 98% of the dissolved metal
sulphates and free sulphuric acid. By contrast, the separated underflow 142 typically
includes no more than about 10% and more typically no more than about 2% of the
dissolved ferric iron in the hot cured slurry 134 or no more than about 10% and more

typically no more than about 2% of the dissolved metal sulphates and free sulphuric acid.

The underflow 142 preferably contains no more than about 5 wt.%, more typically no
more than about 2 wt.%, and even more typically no more than about 1 wt.% total basic
ferric sulphates and/or jarosites in the solid phase. Typically, the overflow 154 contains
no more than about 1 wt.% solids.

Preferably, the separation 138 is performed by a numb§r of thickeners series
connected in a countercurrent flow configuration. With reference to the example of Fig.
4, the liquid/solid separation step 138 is normally performed in a primary thickener 400,
which removes most, and preferably at least about 75 %, of the liquid in the slurry 134 as
the primary thickener overflow 404. A wash thickener circuit 408, with the secondary
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thickeners 412a-n in the wash thickener circuit 408 being arranged in countercurrent flow
configuration (e.g., in a Counter Current Decantation or CCD configuration), are used to
complete liquid/solid separation and repulp the residue in the primary thickener underflow
416. Wash water 116, which may be reclaim water from the tailings pond or other water
containing an alkali source, is contacted with the circuit 408 to wash and repulp the sohd
residue and produce a slurried underflow 142 having a density of from about 15 to about
45% solids and a wash circuit overflow 420. The wash circuit and primary thickener
overflows 420 and 404 collectively form the overflow 154. A suitable flocculent may be
added to the wash water to improve the effectiveness of solid/liquid separation. The wash
thickener circuit 408 preferably has between 2 and 4 thickener stages.

The acid consumer can be added before, during, or after repulping in the wash
circuit 408; stated another way, the acid consumer can be added upstream of the wash
thickener circuit 408 (and downstream of the primary thickener 400), in the wash
thickener circuit 408 (e.g., in the wash water 116 used in the circuit), and/or downstream
of the wash thickener circuit 408. In one configuration, the wash water comprises an
inexpensive, weak acid consumer, such as limestone, to neutralize a portion, preferably
most, more preferably at least about 80%, and even more preferably at least about 90% of
the dissolved ferric sulphate and sulphuric acid in the underflow from the primary
thickener. This configuration is used where a lower wash efficiency 1s achieved 1n the
liquid/solid separation step 138. Neutralization of the dissolved ferric sulphate and
sulphuric acid before decomposition of the remaining solid-phase reactive sulphate using

less expensive acid consumers can reduce the downstream consumption of more expensive

acid consumers, particularly lime.

To improve the heat balance of the process, the temperature of the underflow 142
and wash water 116 are preferably maintained at a temperature of at least about 60°C,
more preferably of at least about 65°C, and even more preferably of at least about 70°C,
using steam 120 from pressure oxidation 122 to preheat the wash water 116 (such as in a
heat exchanger) before its use in the CCD circuit. It is to be understood, however, that
preheating of the wash water 116 is not necessary to the effectiveness of the process in
recovering precious metals. This is so because silver jarosite appears to form during hot
curing.

Solid-phase reactive sulphate in the underflow 142 is decomposed in the next step

146 to form a decomposed treated slurry 194. In this step, preferably at least most, more
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preferably at least about 75%, and even more preferably at least about 85% of the solid-
phase reactive sulphate is decomposed. Typically, at least about 90% and even more
typically at least about 95% of the solid-phase reactive sulphate in the underflow 142 is in
the form of jarosites as a result of basic ferric sulphate decomposition during the hot
curing step. As set forth in the equation above, jarosites are converted into gypsum and
ferric hydroxides. The decomposition is caused by the reaction of a strong acid consumer,
such as lime, with jarosites. Decomposition of the jarosite renders silver recoverable by
lixiviants, such as cyanide. Preferably, after the decomposition step 146, no more than
about 25%, and more preferably no more than about 10%, of the iron in the decomposed
treated slurry 194 1s in the form of solid-phase reactive sulphate (or jarosites).

To reduce operating costs, the amount of acid consumer employed is preferably
kept as low as possible for the desired degree of silver recovery. While not wishing to be
bound by any theory, Fig. 3 depicts the relationship believed to exist between silver
recovery and lime addition. As can be seen from the curve 300, a first portion 304 of the
curve 1s relatively shallow in slope while a second portion 312 is relatively steeply
sloping. The preferred operating point 308 is at the intersection of the first and second
portions 304 and 312. At this point, the amount of lime consumed for the corresponding
degree of silver recovered is substantially optimal from the standpoint of process
economics. In a typical application, the amount of acid consumer (lime) corresponding to
the point 308 is at least the stoichiometric amount relative to the total sulphate content of
the hot cured residue in the underflow. Typically, sufficient acid consumer is added to
raise the pH of the underflow to the desired pH level. In absolute terms, the amount of
lime-equivalent acid consumer used is preferably no more than about 100 kg/tonne, more
preferably in the range of from about 20 to about 80 kg/tonne, and even more preferably in
the range of from about 20 to about 60 kg/tonne of residue in the underflow 142.
Additional amounts of weak and less expensive acid consumers, such as limestone, may
be added to raise the pH of the underflow 142 to the level desired for step 146. Typically,
the amount of weak acid consumers added to the underflow from the primary thickener
ranges from about 20 to about 40 kg/tonne of residue in the primary thickener underflow.
The weak acid consumers are normally added to the thickener underflow before addition
of strong acid consumers.

To obtain desired reaction kinetics in the decomposition of solid-phase reactive

sulphate, the reaction conditions are carefully controlled. The preferred temperature of the
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underflow 142 during step 146 is at least about 80°C, even more preferably at least about
90 °C, and even more preferably ranges from about 80 to about 100 °C. The initial pH of
the undertflow 142 before step 146 typically ranges from about pH 2 to about pH 5 while
the preferred pH of the underflow 142 during step 146 preferably is at least about pH 7,
more preferably is at least about pH 9, and even more preferably ranges from about pH 10
to about pH 12. The residence time of the underflow 142 in step 146 preferably ranges
from about 0.5 to about 12 hours, more preferably from about 1 to about 3 to about 10
hours, and even more preferably from about 5 to about 8 hours.

Step 146 1s preferably performed in a single stage or in multiple stages.
Decomposition occurs in a stirred vessel(s) in which the underflow 142 is agitated during
decomposition to disperse and suspend the residue in solution. The acid consumer is added
while agitating the underflow 142. In one configuration, the strong acid consumer is

added as part of the wash water used in the wash circuit. In this configuration,
decomposition of basic ferric sulphates occurs, entirely or partially, in the wash circuit. In
this configuration, a limestone slurry may be added to raise the pH to a pH in the range of
about pH 4 to pH 5 and then lime added to raise the pH to about pH 10.5 or higher.

The precious metals, including both gold and silver, are dissolved by leaching the
decomposed treated slurry 194 in the precious metal leach step 170. Leaching is typically
performed without additional liquid/solid separation or pulp density adjustment operations
being performed on the decomposed treated slurry 194. The leaching agent or lixiviant
174 1s typically alkah- or acid-based, with exemplary lixiviants being cyanide, halides
(10dide, bromide, chloride), ammonium or sodium thiosulphate, and thiourea. In one
configuration, the leach step 170 is performed at atmospheric pressure and under alkaline
conditions (at or above a pH of about pH 7) to produce a pregnant leach solution 178
containing (at least) most of the precious metal content of the slurry 194. The precious
metal leach step 170 may be done by any suitable technique including using cyanide
leaching and Carbon-in-Pulp or CIP techniques, Carbon-In-Leach or CIL techniques,
cementation techniques, Resin-in-Pulp or RIP techniques, Resin-In-Leach or RIL
techniques, or by circulating a pregnant leach solution and/or slurry through one or more
precious metal sorbent columns. In the CIL, CIP, RIP, RIL, and other sorbent-based
techniques, a sorbent, such as activated carbon or an ion exchange resin, sorbs the precious

metal dissolved in the lixiviant. The sorbed precious metal is stripped from the sorbent by

an acidic or alkaline eluant to form a barren sorbent for recycle to the leach step 170 with
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and/or without regeneration, and a pregnant eluate containing most of the precious metal
sorbed on the sorbent.

In the precious metal recovery step 182, the precious metal is recovered from the
pregnant leach solution 178 (or pregnant eluate) by suitable techniques, such as
electrowinning or cementation followed by smelting, to form the precious metal product
186. When required, the barren solid residue 190 from the leaching step 170 is subjected
to cyanide detoxification or destruction and discarded as tailings 162.

Returning to the liquid/solid separation step 138, the overtlow 154 1s subjected to
acid neutralization 146 in which acid consumers, such as carbonate-containing flotation
tailing, limestone and Iime, are contacted with the overflow 154 to increase the pH from a
starting pH of from about pH 0.5 to about pH 1.3 to a final pH of from about pH 4.5 to
about pH 10.0. The neutralized slurry at pH over 7.0 is subjected to a liquid/solid
separation 150 (which is preferably done by a High Density Sludge or HDS process) to
produce a further overflow or liquid fraction 154 and a solid residue 158. Preferably, at
least most and more preferably at least about 98% of the dissolved ferric iron and
sulphuric acid reports to the overflow 154. This effects a substantial reduction in lime
consumption in the neutralization step 146. .

The neutralization step 146 i1s preferably performed in two stages. In the first
stage, which can have multiple reactors, free flotation tailing or inexpensive limestone 1s
contacted with the dissolved ferric sulphate and free sulphuric acid to form ferric
hydroxide and gypsum. In a second stage to achieve a higher pH, typically at least about
90% of the dissolved ferric sulphate is precipitated. In the second stage which can also
have multiple reactors, lime is contacted with the slurry discharged from the first stage of
neutralization to reach the final pH normally above 7.0. The solid residue 158 reports to
tailings impoundment area 162 while the overflow 154 is recycled to the liquid/solid

separation step 138.
EXAMPLES

L o e

The ore used for examples 1, 2, and 3 contained the following

Element Unit Concentration
" Au ght 3.46
Ag g7t 435

S % 7.53
Fe % 1 6.14
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p—

Chloride | g/t 230

The ore was oxidized in an autoclave at a pulp densit; of 28% for 1 hour. The
autoclave was operated at 100psi O, overpressure and 230°C. The solution feed to the
autoclave contained 25g/L free acid as HSOj4 plus 7.5g/L Fe’* and 7.5 g/L Fe**. The solid

fraction of the autoclave discharge contained 12% sulfate and the solution fraction

contained 55g/L. free acid and 10g/L iron.

Example 1

Autoclave discharge residue containing 12% sulfate in the solids fraction and
55g/L. free acid and 10g/L 1ron in the solution was filtered. The solids fraction was washed
and repulped in water to a density of 21%. The pH of the re-pulped slurry was adjusted to
10 with 138 kg/t lime (as Ca(OH,)) and heated with agitation for 6 hours at 90°C. Upon
completion of the lime boil step, gold and stlver were recovered from the slurry using 24-
hour bottle roll Carbon in Leach (CIL) cyanidation with 1g/L sodium cyanide. Additional
lime was not required during cyanidation, therefore the total lime consumption for the
lime boil and cyanidation steps was 138kg/t. The gold and silver recovery was 95.2 and
58.9%, respectively. This example demonstrates the high lime consumption and marginal
silver recoveries that occur when conventional lime boiling techniques as taught by US

Patent 4,632,701 are employed; that is, when a lime boil is performed in the absence of a

hot curing step.

Autoclave Residue Procgs;i;g Total Lime Silver Recovery Gold Recovery
Addition |
kg/t l
" Liquid solid separation, “ )
Repulp, 138 58.9 95.2
Lime boiling
CIL ] B | l ) _l__ L
Example 2

Autoclave discharge residue contaimng 12% sulfate in the solhds fraction and
55g/L free acid, and 10g/L iron, was hot cured at 90°C for 16 hours in an agitated tank.
The free acid content in the solution portion was reduced from 55g/L to 30g/L and the iron

content increased from 10 g/L to 30g/L during hot curing. The sulfate level in the sohd
fraction was reduced from 12% to 0.39%. The hot cured slurry was filtered and the sohds

fraction containing 0.39% sulfate was repulped in water to a density of 23%. Gold and

silver were recovered from the slurry using 24-hour bottle roll (CIL) with 1g/L sodium
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cyanide. The pH of the repulped slurry was adjusted and maintained at pH 10 with a total
of 3.25kg/t lime (Ca(OH,;)) during CIL. Gold and silver recoveries were 94.9% and 0.4%

respectively.

This example demonstrates high gold recovery and low lime consumptions which

occur when the concentration of basic iron sulfates in the autoclave leach residue is
reduced by hot curing as taught by US 2006/0133974.

Due to the formation of insoluble silver species during hot curing, silver recovery

1s low.

—_—

Lime Addition Silver Recovery
%

Autoclave Residue P;Ecessing Gold Recovery

%o

e 00 |

Hot Curing,

Liquid Solid Separation,
Repulp,

Example 3

Autoclave discharge residue containing 12% sulfate in the solids fraction and
55g/L free acid and 10g/L iron in the solution, was heated with agitation at 90°C for 16
hours. The free acid content in the solution was reduced from 55g/L to 30g/L and the iron
content increased from 10 g/L to 30g/L. The sulfate level in the residue was reduced from
12% to 0.39%. The hot cured slurry was filtered and the solids containing 0.39% sulfate
were repulped with water to a density of 23%.The alkalinity of the slurry was increased by
the addition of 29.9kg/t of lime (Ca(OH;)) and heated for 6 hours at 90°C in a stirred
vessel. Upon completion of the hot alkali treatment step, gold and silver recovery was
pertformed using 24-hour bottle roll CIL with a cyanide strength of 1g/L.. Additional lime
was not required during cyanidation; therefore the total lime consumption for the lime boil
and cyanidation steps was 29.9kg/t. The gold and silver recovery was 96.2 and 89.6%,
respectively.

This example demonstrates that higher silver recovery (89.6%) can be achieved
when the hot cure and hot alkali treatment techniques are used together rather than
separately as in examples 1 (58.9%) and 2 (0.4%). The lime required for the lime boiling
step 15 reduced with the advent of hot curing. The conventional lime boil shown in

example 1 consumed 138kg/t lime, over 100kg/t more than that required when hot alkali

treatment was preceded by hot curing.
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Autoclave Residue Processing Lime Addition Silver Recovery Gold Recovery
| Hot Cure, , ) T )
Liquid Solid Separation,
Repulp, 29.9 89.6 96.2
Hot Alkali Addition,
CIL ] ) N
Example 4

The feed ore employed for this example contains a lower concentration of silver

than the ore used in examples 1, 2, and 3. The composition of the ore 1s as follows:

'Element | Unit Concentration

Au | g/t 3.2

mAg gﬁ 1 19.0

S % 6.82 |
% | 8.29 |

Fe
LC'hlori'de \g/t 191 __I

The ore was oxidized in an autoclave at a pulp density of 28% for 1 hour. The

autoclave was operated at 100psi O, at 230°C. The solution feed to the autoclave
contained 25g/L free acid as H,SO4 plus 7.5g/LL Fe’* and 7.5 g/L Fe*".

The hot cured slurry was filtered and the solids containing 0.81 % sulfate were
repulped with water to a density of 23%.The alkalinity of the slurry was increased by the
addition of 36.5kg/t of lime (Ca(OH,)) and heated for 6 hours at 90°C in a stirred vessel.
Upon completion of the hot alkali treatment step, gold and silver recovery was performed
using 24-hour bottle roll CIL with 1g/L sodium cyanide. Additional lime was not required
during cyanidation, therefore the total lime consumption for the hot alkali treatment and

cyanidation steps was 36.5kg/t. The gold and silver recoveries were 96.1% and 90.5%,

respectively. This example shows that the combination of hot curing and hot alkali
treatment is effective in recovering silver from residues containing lower silver

concentrations.
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Autoclave Residue Processing Lime Addition Silver Recovery Gold Recovery

kg/t

- - B R

Hot Cure
Liquid Solid Separation
Repulp 36.8 90.5 96.1
Hot Alkali Treatment
CIL

Example 5

Further experiments were performed with the following ore samples 3 and 4:

Element | Unit | Concentration l
§ample 3 S;mple 4

Au g/t 5.78 "I 56

A £ 22.63 2677 |
g

|s % 172 1010 |

Fe % | 588 | 8.28
e N ——

[_T:hloride 1 g/t B 83 ‘I: <5

In a continuous operation, both ore samples 3 and 4 were oxidized 1n an autoclave
at 41 — 50% solids at a total pressure of 490 psi , for 50 — 60 minutes at a temperature
ranging from 219 to 230°C. The autoclave discharge was then subjected to hot curing for
four hours at 85 — 100°C. Hot curing reduced the amount of sulfate in the autoclave
discharge residue to less than 0.5%, in addition the acid levels were reduced from 31.8 g/L

and 40.5g/L to 11. 1 and 15.5 g/L. for samples 3 and 4 respectively. After hot curing,

liquid solid separation was performed using counter current decantation. The underflow
from CCD was lime boiled at a pH greater than 10.5, and a temperature between 84 and
90°C for approximately 4 hours. Gold and silver recovery by Carbon in Leach, yielded
similarly high silver and gold recoveries with reduced lime consumption, as observed in
batch processing shown in example 3. Total lime consumption (lime boil and CIL) for

Sample 3 and Sample 4 was 26.7 and 28.2 kg/t with respective silver recoveries of
88.9%and 79.3%.
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o ——_I - Sam_ple 3 mple 4 ]
'F—Autocla;r?Disch;nge (Feg_;l_to Horaure! - I B - - -
Solids % 41% 49.2%

Sulfate (residue) % B | 3.62 (compartment 285
l Sulfate (solution)g/L. 61 62

Free Acid g/L I SR Y A |

Total Iron g/L I 6.83

FerrousIrong/L. . 0.25
Discharge from Hot Cure .
Sulfate (residue) % B L 4

0
Sulfate (solution) g/L. : L I 114
FreeAcldg/L 107
Total Iron g/L - 27.60
Ferrous Iron g/L - . 4 L 0.93
% solids decrease - I D, - L.
Lime Boil .
oH B 107
Lime Addition (Lime Boil) kg/t 24
Total Lime Addition kg/t 27.6
Sulfate (residue) % 034
Gold Recovery % - %2 ot 915
Silver Recovery % - L 88.9 | 78.3

These experiments show that high silver recoveries can be obtained at reasonable
and economic levels of lime addition when a hot cure precedes lime boiling and that hot
curing of the pressure oxidation residue can be quite effective in dissolving solid-phase
sulphates, whether or not reactive, into the liquid phase.

A number of variations and modifications of the invention can be used. It would
be possible to provide for some features of the invention without providing others.

For example, in one alternative embodiment, the liquid/solid separation step 138 1s
omitted. Rather, a two-step neutralization process is performed, with the second
neutralization step also causing decomposition of solid-phase reactive sulphate. In this
embodiment, the first step of the neutralization is performed using a weak and less
expensive acid consumer, such as limestone, to react with substantially all, and even more
preferably, at least about 90% of the dissolved ferric sulphates and sulphuric acid to form,
in the latter case, gypsum. In the second step, a strong acid consumer, with lime being
preferred, is contacted with the partially neutralized slurry to react with any remaining
dissolved ferric sulphate and sulphuric acid and decompose basic ferric sulphates and
jarosites. Liquid/solid separation may thereafter be performed to remove the residue in the
underflow. Alternatively, the decomposed slurry may be subjected to precious metal

recovery in the absence of liquid/solid separation.
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In another embodiment, gold leaching and/or recovery precede the decomposition
step 194. In this embodiment, the underflow 142 is neutralized with a weak acid
consumer, such as limestone, to raise the pH to at least about pH 7. The gold 1s then
leached using a suitable lixiviant to dissolve most of the gold in a pregnant leach solution.
The pregnant leach solution is separated from the residue. Gold is recovered from the
pregnant leach solution while the residue is contacted with a strong acid consumer, such as
lime, and heated to at least about 80°C to decompose basic ferric sulphates and jarosites
and render silver amenable to leaching. The silver is then leached using a suitable
lixiviant and recovered from the pregnant leach solution by known techniques.

The present invention, in various embodiments, includes components, methods,
processes, systems and/or apparatus substantially as depicted and described herein,
including various embodiments, subcombinations, and subsets thereof. Those skilled in
the art will understand how to make and use the present invention after understanding the
present disclosure. The present invention, in various embodiments, includes providing
devices and processes in the absence of items not depicted and/or described herein or in
various embodiments hereof, including in the absence of such items as may have been
used in previous devices or processes, e.g., for improving performance, achieving ease
and\or reducing cost of implementation.

The foregoing discussion of the invention has been presented for purposes of
illustration and description. The foregoing is not intended to limit the invention to the
form or forms disclosed herein. In the foregoing Detailed Description for example,
various features of the invention are grouped together in one or more embodiments for the
purpose of streamlining the disclosure. This method of disclosure is not to be interpreted
as reflecting an intention that the claimed invention requires more features than are
expressly recited in each claim. Rather, as the following claims reflect, inventive aspects

lie in less than all features of a single foregoing disclosed embodiment.
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1. A process for the enhanced recovery of silver from autoclave discharge,
comprising:

oxidizing sulphide sulphur in an aqueous feed slurry in an autoclave to form an aqueous
discharge slurry, the aqueous feed slurry comprising a silver-containing material, wherein at least
most of the sulphide sulphur is oxidized to sulphate sulphur and wherein at least a portion of the
sulphate sulphur is in the form of a solid-phase reactive sulphate, the solid-phase reactive
sulphate comprising iron as basic sulphate and silver as argentojarosite;

removing, from the autoclave, the aqueous discharge slurry comprising discharge solids
and aqueous discharge liquid, the discharge solids comprising at least most of the solid-phase
reactive sulphate, and wherein a liquid phase of the aqueous discharge slurry comprises sulphuric
acid;

hot curing the aqueous discharge slurry to allow greater than about 85% of the iron-
containing solid-phase reactive sulphate in the discharge solids to react with the sulphuric acid to
form liquid-phase reactive sulphate as dissolved ferric sulphate in the aqueous discharge liquid,
the discharge solids after the hot curing step having a total solid-phase reactive sulphate content
of no more than about 2 wt%;

thereafter separating the aqueous discharge liquid from the discharge solids, wherein at
least most of the liquid-phase reactive sulphate and remaining acid are in the separated aqueous
discharge liquid;

contacting the separated discharge solids with lime to decompose at least most of the
silver-containing argentojarosite, wherein an amount of the lime used is no more than about 100
kg/tonne of the discharge solids, and wherein after the contacting step no more than about 25%
of the iron in the discharge solids is in the form of solid-phase reactive sulphate;

thereafter contacting a lixiviant, at a pH greater than about pH 7.0, with the discharge
solids to dissolve at least most of the silver in the solids; and

recovering the dissolved silver.

2. The process of claim [, wherein, in the contacting step, the discharge solids are
maintained at a temperature of greater than about 80°C and in a liquid phase having a pH of
greater than about pH 9, and wherein, in the separating step, the temperature of the discharge

slurry is maintained at or greater than 60 degrees Celsius.
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3. The process of claim 1 or 2, wherein no more than about 60 kg/tonne of lime is
contacted with the discharge solids in the contacting step and further comprising:

contacting liquid-phase reactive sulphate in the aqueous discharge liquid with lime and/or

limestone to convert at least most of the dissolved ferric sulphate to ferric hydroxide.

4, The process of claim 1 or 3, wherein, in the separating step, the discharge solids
are maintained at a temperature of greater than about 85°C and wherein, after the hot curing step,
the aqueous discharge slurry comprises from about 50 to about 150 g/L liquid-phase reactive

sulphate, no more than about 1 wt% solid-phase reactive sulphate, and from about 10g/L to about

40 g/L sulphuric acid.

5. The process of any one of claims 1 to 4, wherein during the separating step, a
second acid consumer other than lime is contacted with the discharge solids and wherein a total
amount of lime-equivalent acid consumer contacted, in the contacting step, with the discharge

solids ranges from about 20 to about 60 kg/tonne of the discharge solids.

6. The process of claim 5, wherein the second acid consumer 1s limestone.

7. The process of any one of claims 1 to 6, further comprising before the oxidizing
step:

contacting at least a portion of the separated aqueous discharge liquid with unoxidized
precious metal-containing material, wherein the separated aqueous discharge liquid comprises

liquid-phase reactive sulphate and free sulphuric acid to partially oxidize sulphide sulphur in the

unoxidized material.

8. The process of any one of claims 1 to 7, wherein the duration of the hot curing

step is greater than about 6 hours and wherein a total amount of lime-equivalent acid consumer
contacted, in the contacting step, with the discharge solids ranges from about 20 to about

60kg/tonne of the discharge solids.
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9. The process of any one of claims 1 to 7, wherein the duration of the hot curing
step 1s greater than about 12 hours and wherein a total amount of lime-equivalent acid consumer
contacted, in the contacting step, with the discharge solids ranges from about 20 to about 60

kg/tonne of the discharge solids.

10.  The method of claim 1, wherein the autoclave 1s operated under conditions

favoring the formation of basic ferric sulphate and disfavoring the formation of hematite.

11.  The method of claim 1, wherein the autoclave is operated under conditions

tavoring the formation of basic ferric sulphate and disfavoring the formation of hematite.

12. The method of claim 1, wherein, in the hot curing step, an amount of lime
required to decompose at least most of the argentojarosite is substantially lower than an amount
of lime required to decompose at least most of the argentojarosite using conventional lime

boiling techniques.

13.  The method of claim 1, wherein the aqueous discharge slurry, after the hot curing
step comprises dissolved ferric iron and metal sulphates, wherein the separated aqueous
discharge liquid includes greater than about 90% of the dissolved ferric iron, wherein the
separated discharge solids comprise no more than about 10% of the dissolved metal sulphates
and tree sulphuric acid and at least most of the stlver in the aqueous discharge slurry, after the

hot curing step.
14.  The method of claim 1, wherein, in the contacting step, the discharge solids are in

a slurry having a pH of from about pH 10 to about pH 12 and a temperature from about 80°C to
about 100°C.

26



CA 02809742 2013-03-14

Precious Metal- 100
Containing Material 116

108 106

e e
g

110

Thickening

Commuted Precious
Metal-Containing
Material

118
N _| Preheating/Pretreating
122

Pressure Oxidation
120 Oxygen

Pressure Oxidized

Slurry
127

C B

112

G

Fig. 1A



CA 02809742 2013-03-14

® @ © ®
134 126
Hot Cured Acid
Slurry Consumer
138
Overflow L Liquidnglid
'- I Separation j-----------
Liquid/Solid Solid-Phase
Separation Reactive Sulfur
150
Solid
Residue Decomposed 194
158 Treated Slurry

Decomposition
- Solid Precious Metal Lixiviant/
170
190 Pregnant Leach 178 174
Solution
Recovery
Precious Metal

Fig. 1B

154




Wt. %
SOy in
Residue

0

Silver
Recovery

%

0

CA 02809742 2013-03-14

3 6 12 X
Hot Cure Residence Time (Hours)

Fig. 2

308 - 300
304
312
Lime (ib)

Fig. 3




CA 02809742 2013-03-14

PCT/IB2007/004319

WO 2008/081324

SHEET 4/4

404

Hot
Cured
Slurry

134

Primary
Thickener
Overflow

400

Primary

Thickener
Underflow

416

~-----~~ﬁ

Wash

Circuit
Overfiow

- e wnr whw Sy S a e ay sy e o

Secondary
Thickener

420

Secondary
Thickener

116

Wash
Solution

Secondary
Thickener

G due o A am b M N S G S MR BAE wED A RS A SEL e S SR s ol Ay GNP NS e oy mee wp) a al we S TR T We sy =i SN AER Gy S =

Underflow



154

i@ ®
134 126
( )

Hot Cured Acid
Consumer

Slurry

138

Liquid/Solid
—\_ Separation o meceon.
7T\ 7T\
Neutralize Qverfiow Underflow 142
146
¥ 154 146
(Liquid/smicﬁ r Solid-Phase
Separation / Reactive Sulfur
Decomposition
150 i
158 Decomposed 194
Treated Slurry
. Solid Precious Metal ' Lixiviant/
Tailngs Residue Leach Sorbent
170
790 Pregnant L.each 178 174
Solution

F’recigus Metal 189
Recovery

Precious Metal
Product

186




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - abstract drawing

