wo 2017/170960 A1 I} 1] A1 000 OO R 0

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/170960 A1

5 October 2017 (05.10.2017) WIPO I PCT
(51) International Patent Classification: (74) Agent: AXIS PATENT INTERNATIONAL; Shimbashi
C22B 3/10 (2006.01) C22B 11/00 (2006.01) i-mark Bldg., 6-2 Shimbashi 2-Chome, Minato-ku, Tokyo,
C22B 3/00 (2006.01) 1050004 (JP).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/IP2017/013456 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
30 March 2017 (30.03.2017) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KH, KN, KP,
KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD,
(26) Publication Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
2016-073334 31 March 2016 (31.03.2016) P RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(71) Applicant: JX NIPPON MINING & METALS COR- M, ZW.
PORATION [JP/JP]; 1-2,0temachi 1-chome,Chiyoda-ku, . o
Tokyo, 1008164 (JP). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: YOSHIMURA,AKkira; c/o Technology Devel- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

opment Center,JX Nippon Mining & Metals
Corporation,1-2,Shirogane-cho 1-chome,Hitachi-shi,
Ibaraki, 3170056 (JP). ABE,Yoshifumi; ¢c/o Technology
Development Center,JX Nippon Mining & Metals Corpor-
ation,1-2,Shirogane-cho  1-chome,Hitachi-shi, Ibaraki,

TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,

3170056 (JP).

GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: METHOD FOR RECOVERING GOLD FROM AN ORE OR A REFINING INTERMEDIATE CONTAINING GOLD

Gold-Containing Raw Material
{ An Ore or A Refining Intermediats )

v
Gold 'g;i?in& <« Acidic Solution
Br (and CI™ )
Cu and Fe
Y
Salution After Gold Leaching
Adsg:g;ion «—— Activated Carbon
Y

Gold-Adsorbed Activated Carbon

N

<«  Alkali Solution

4
Concentrated Gold Sclution

(57) Abstract: An object of the present invention is to provide a method for
recovering gold in an ore or a refining intermediate by sufficiently leaching
gold in a raw material resulting from the ore or the refining intermediate in an
acidic solution containing a copper ion, an iron ion and a halide ion, which
can contribute to improve the recovery rate of gold. Provided is a method for
recovering gold from an ore or a refining intermediate containing gold, the
method comprising a step of contacting a gold-containing raw material ob-
tained from the ore or the refining intermediate with an acidic solution con-
taining a copper ion, an iron ion and a halide ion while supplying an oxidiz-
ing agent to leach the gold component in the raw material, and the halide ion
in the acidic solution comprising at least a bromide ion, wherein the concen-
tration of the bromide ion in the acidic solution is 100 g/l or more or the
concentration of the bromide ion in the acidic solution is less than 100 g/L,
and wherein when the concentration of the bromide ion is less than 100 g/L, a
concentration ratio of the halide ions in the acidic solution is such that a ratio
of the concentration of the chloride ion to the concentration of the bromide
ion (a CI/Br concentration ratio) is 1/3 or less.
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Description
Title of Invention: METHOD FOR RECOVERING GOLD FROM
AN ORE OR A REFINING INTERMEDIATE CONTAINING

GOLD
Technical Field

[0001]  The present invention relates to a method for recovering gold that may be contained
in an ore and a refining intermediate, and more particularly, it proposes a technique

that will contribute to improvement of a recovery rate of gold.

Background Art

[0002]  For example, it is known to use a hydrometallurgical method in order to recover gold
contained in ores such as chalcopyrite or other sulfide minerals and silicate minerals or
gold contained in leaching residues (i.e., refining intermediates) obtained such as by
leaching copper in copper sulfide ores or leaching iron in pyrite. Here, to leach gold
contained in the ores or the refining intermediates in a solution, chemicals such as
cyanides, thiourea, thiosulfuric acid and halogen gases have been conventionally used.
However, the use of cyanide, among these chemicals, is often limited because of its
toxicity, and so the use of such a chemical is not desired.

[0003]  In such circumstances, it has been recently proposed to leach gold contained in the
sulfide ores or like using an acidic halide solution containing an iron ion and a copper
ion as a cation, and a chloride ion and a bromide ion as an anion, as described in Patent
Document 1, for example. According to the proposed technique, gold can be easily
leached as a polysulfide-type complex or the like, without using the cyanide that are
toxic.

In addition, gold leached in the acidic solution can be recovered by adsorbing gold

on an activated carbon and then eluting it with sodium hydroxide.
Citation List

Patent Literature
[0004] PTL 1: Japanese Patent Application Public Disclosure (KOHYO) No. 2009-526912 A1l
Summary of Invention

Technical Problem

[0005]  To increase the recovery rate of gold by means of the activated carbon and the like, it
is important to leach as much gold as possible in the acidic solution in a step of
leaching gold, before the step of using the activated carbon. However, the prior art
method as described in the above Patent Document 1 would not be able to sufficiently

leach gold in the acidic solution. Therefore, there would be still room for improvement
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in such a prior art.
An object of the present invention is to solve such a problem of the prior art, and to

provide a method for recovering gold in an ore or a refining intermediate by suf-
ficiently leaching gold in raw materials resulting from the ore or the refining in-
termediate in an acidic solution containing a copper ion, an iron ion and a halide ion,
which can contribute to improve the recovery rate of gold.

Solution to Problem

The prior art that leaches gold using the halide media as described above has been
based on the supplying of a chloride ion by means of injecting of a chlorine gas or
addition of a chloride compound to produce a chloride complex of gold, and has
considered that the production of a bromide complex of gold by the additional
supplying of the bromide ion would be able to improve the leaching rate of gold.
However, the present inventors have conducted intensive studies and newly found that
if the halide media contains the bromide ion as the halide ion, the halide media having
a relatively higher bromide ion concentration but a relatively lower chloride ion con-
centration or no chloride ion could significantly improve the leaching ratio of gold.

Under such findings, the method for recovering gold from the ore or the refining in-
termediate according to the present invention relates to a method for recovering gold
from an ore or a refining intermediate containing gold, the method comprising a step of
contacting a gold-containing raw material obtained from the ore or the refining in-
termediate with an acidic solution containing a copper ion, an iron ion and a halide ion
while suppling an oxidizing agent to leach the gold component in the raw material, the
halide ion in the acidic solution comprising at least a bromide ion, wherein the con-
centration of the bromide ion in the acidic solution is 100 g/L. or more, or the con-
centration of the bromide ion in the acidic solution is less than 100 g/L, and wherein
when the concentration of the bromide ion is less than 100 g/L,, a concentration ratio of
the halide ions in the acidic solution is such that a ratio of the concentration of a
chloride ion to the concentration of the bromide ion (a C1/Br concentration ratio) is 1/3
or less.

Here, the concentration of the halide ion in the acidic solution is such that the con-
centration of the bromide ion is preferably 50 g/L or more, and more preferably 80 g/L
or more.

Further, when the concentration of the bromide ion in the acidic solution is less than
100 g/L, the ratio of the concentration of the chloride ion to the concentration of the
bromide ion in the acidic solution (the Cl/Br concentration ratio) is preferably 1/4 or
less.

Particularly, in the recovering method as stated above, the halide ion in the acidic
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[0014]

solution is only the bromide ion.

In this case, a pH of the acidic solution is preferably 2 or less.
Advantageous Effects of Invention

According to the method for recovering gold from the ore or the refining in-
termediate of the present invention, gold in the raw material resulting from the ore or
refining intermediate can be leached with a higher leaching rate, because the halide ion
in the acidic solution comprises at least a bromide ion, and when the concentration of
the bromide ion in the acidic solution is less than 100 g/L, the ratio of the con-
centration of chloride ion to the concentration of bromide ion (the CI/Br concentration
ratio) is 1/3 or less. As a result, it can contribute to improvement of the gold recovery
rate.

Brief Description of Drawings

[fig. 1]FIG. 1 is a flow diagram illustrating gold recovery processes that can be applied
to a method for recovering gold from an one or a refining intermediate according to an
embodiment of the present invention.

[fig.2]FIG. 2 is a graph showing relationship between a concentration of a bromide ion
and an Au content of residue when chloride ion concentrations are 0 g/LL and 40 g/L in
Examples.

[fig.3]FIG. 3 is a graph showing relationship between a concentration of a bromide ion
and an Au leaching rate when chloride ion concentrations are O g/L. and 40 g/L. in
Examples.

[fig.4]FIG. 4 is a graph showing relationship between a concentration of a chloride ion
and an Au content of residue when bromide ion concentrations are 150 g/L. and 80 g/L.
in Examples.

[fig.5]FIG. 5 is a graph showing relationship between a C1/Br concentration ratio and
an Au content of residue when bromide ion concentrations are 150 g/L and 80 g/L in
Examples.

Description of Embodiments

Hereinafter, embodiments of the present invention will be described in detail.

The method for recovering gold from the ore or refining intermediate according to an
embodiment of the invention relates to a method for recovering gold from an ore or
refining intermediate containing gold, comprising a step of leaching gold in a raw
material resulting from the ore or the refining intermediate while supplying an
oxidizing agent, using an acidic solution containing a copper ion, an iron ion and a
halide ion, wherein the halide ion comprises at least a bromide ion. In this case, the
concentration of the bromide ion in the acidic solution is 100 g/L or more, or the con-

centration of the bromide ion in the acidic solution is less than 100 g/L, and when the
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concentration of the bromide ion is less than 100 g/L, the concentration ratio of the
halide ions in the acidic solution is such that a ratio of the concentration of a chloride
ion to the concentration of the bromide ion (a Cl/Br concentration ratio) is 1/3 or less.

The method for recovering gold can be applied to a gold recovery process shown by
way of example in FIG. 1. In the process illustrated in FIG. 1, a raw material
containing gold obtained from the ore and refining intermediate can subjected to a
leaching step, adsorption step and elution step of gold in this order to provide a con-
centrated gold solution. Hereinafter, the present invention will be described below in
line with these matters.

(Raw Material Containing Gold)

The ore and the refining intermediate can be, for example, gold-containing ores such
as sulfide minerals and silicate minerals including one or more selected from
chalcocite, bornite, covellite, chalcopyrite, pyrite, enargite, arsenopyrite, galena,
sphalerite, arsenical pyrite, stibnite and pyrrhotite, or intermediates obtained by
subjecting these ores to a refining process (also referred to as "refining intermediates").

It should be noted that the ore and the refining intermediate may be optionally a
refined ore which has undergone a conventional ore dressing treatment such as ore
flotation and gravity concentration of an ore. Further, they may be those which have
the particle size decreased by grinding and milling the ore such that the acidic solution
is easily contacted with gold inside the ore in the gold leaching step and the like. Fur-
thermore, the method may include, as a pretreatment, a calcination step carried out at a
certain temperature in the presence of oxygen or air or in an inert atmosphere.
However, such a preliminary treatment is not essential and may be omitted as ap-
propriate.

The gold-containing raw material to be leached in the present invention can be
obtained from any of those ores or refining intermediates as stated above. More par-
ticularly, the gold-containing raw material is, for example, the ore itself or the refining
intermediate obtained by the predetermined refining treatment as described above. In
addition, the refining treatment as used herein refers to, for example, a treatment to
leach copper by a predetermined leaching solution for the copper sulfide ore, or a
treatment to leach iron by a predetermined leaching solution for the iron pyrite, or like,
and a leached residue obtained by such a treatment may be the refining intermediate.

The concentration of gold in the raw material thus obtained is typically from about 1
to 500 ppm by mass, and more typically from about 10 to 50 ppm by mass.

(Gold Leaching Step)

The gold leaching step leaches gold in the raw material by contacting an acidic
solution containing the copper ion, iron ion and halide ion, with the above raw material

containing gold while supplying an oxidizing agent.
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Here, the prior art method has used a large amount of chloride ion and additionally a
small amount of bromide ion as the halide ion contained in the acidic solution.
However, the present invention mainly forms a bromide complex of gold by the
bromide ion to leach gold, provided that a small amount of chloride ion is contained or
no chloride ion is contained. This is based on the new findings that the chloride ion
acts to inhibit the leaching of gold by the bromide ion.

More specifically, the acidic solution in the gold leaching step contains at least the
bromide ion as the halide ion, and when the concentration of the bromide ion in the
acidic solution is less than 100 g/L, the concentration ratio of the halide ions is such
that the ratio of the concentration of the chloride ion to the concentration of the
bromide ion (the CI/Br concentration ratio) is 1/3 or less. When the concentration of
the bromide ion in the acidic solution is less than 100 g/L, the ratio of the con-
centration of the chloride ion to the concentration of the bromide ion in the acidic
solution (the C1/Br concentration ratio) may be more preferably 0.3 or less, and even
more preferably 1/4 or less. On the other hand, if the concentration of the bromide ion
in the acidic solution is 100 g/L. or more, a higher gold leaching rate can be exerted re-
gardless of the concentration of the chloride ion. Therefore, when the concentration of
the bromide ion is 100 g/L or more, the CI/Br concentration ratio is not particularly
limited.

This will allow the leaching rate of gold to be greatly increased. In addition, if no
chloride ion is present in the acidic solution, the Cl/Br concentration ratio as stated
above will be 0.

In order to further suppress the effect of the concentration of the chloride ion, when
the concentration of the bromide ion is 120 g/L. or more, the C1/Br concentration ratio
is not particularly limited, whereas when the concentration of the bromide ion is less
than 120 g/L, the CI/Br concentration ratio can be 1/3 or less, and preferably 0.3 or
less, and more preferably 1/4 or less.

Although it is not clear why the leaching rate of gold is improved by increasing the
concentration of the bromide ion and decreasing the concentration of the chloride ion
as stated above, the reason would be as follows: when elementary gold is dissolved,
gold will be oxidized to Au’+ via Au*, but gold will be present in the form of Au* in the
acidic solution in the gold leaching step; it is considered that gold in the halide media
can be more stable in the form of a [AuBr,] in which two ions Br are coordinated to
Aut, than in the form of a [AuCl,] in which two ions CI- are coordinated to Au*;
therefore, an increased amount of CI- in the halide media will increase the proportion
of the gold ion with coordinated CI- ([AuCL]), so that gold cannot be present in the
form of ion and is immediately reduced to return to original elementary gold, and as a

result, the leaching rate of gold cannot be enhanced so much; thus, the gold ion will be
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more stably present by increasing the amount of Br and decreasing the amount of CI
in the halide media, and as a result, the leaching rate of gold would be able to be
greatly improved. However, the invention is not limited by such a theory.

It is should be noted that for the iron ion, a trivalent iron ion oxidized under the
supply of an oxidizing agent or a trivalent iron ion present from the beginning
functions to oxidize gold. The copper ion is not directly involved in the reaction, but
the presence of the copper ion will increase the oxidation rate of the iron ion.

The concentration of the bromide ion in the acid solution may be preferably 50 g/L.
or more, and more preferably 80 g/L. or more, and particularly 150 g/L or more, in
terms of further improving the leaching rate of gold. Although there is no particularly
preferred upper limit of the bromide ion concentration, but it may be preferably less
than or equal to the solubility of a metal bromide to be added.

On the other hand, the concentration of the chloride ion may be preferably 40 g/L or
less, and more preferably 25 g/L or less. Furthermore, it is still more preferable that the
halide ion in the acidic solution is only the bromide ion, so that no chloride ion is
present in the acidic solution.

The concentration of the iron ion in the acidic solution may be 50 g/L or less, and
preferably from 0.01 g/L to 10 g/L. Furthermore, the concentration of the copper ion
may be preferably 1 g/L. or more, and more preferably 5 g/L or more, but from the
economical viewpoint, any excessively high concentration is not required and the con-
centration of the copper ion in the acidic solution may be generally 30 g/L or less, and
preferably 20 g/L or less.

In addition, each concentration of the bromide ion, chloride ion, copper ion and iron
ion means the concentration in the acidic solution before contacting the acidic solution
with the raw material.

The method of contacting the acidic solution with the raw material is not limited, and
includes methods such as spraying and immersing, but a method of immersing the raw
material in the acidic solution and then stirring it is preferred in terms of an efficiency
of the reaction.

The supply sources of the bromide ion include, but not limited to, hydrogen bromide,
hydrobromic acid, metal bromides, a bromine gas and the like, and the bromide ion is
preferably supplied in the form of metal bromide in terms of economy and safety. The
metal bromides include bromides such as copper bromides (copper (1) bromide, copper
(II) bromide), iron bromides (iron (I) bromide, iron (II) bromide), bromides of alkali
metals (lithium, sodium, potassium, rubidium, cesium, francium), bromides of alkaline
earth metals (beryllium, magnesium, calcium, strontium, barium, radium), and sodium
bromide is preferable in terms of economy and availability. In addition, the copper

bromide and the iron bromide are preferably used because they can also be used as the
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supply sources for the copper ion and the iron ion.

If the chloride ion is contained, the supply sources include, but not limited to, for
example, hydrogen chloride, hydrochloric acid, metal chlorides, a chlorine gas and the
like, and they are preferably supplied in the form of metal chloride in view of economy
and safety. Examples of the metal chlorides include, for example, copper chlorides
(copper (I) chloride, copper (II) chloride), iron chlorides (iron (I) chloride, iron (II)
chloride), chlorides of alkali metals (lithium, sodium, potassium, rubidium, cesium,
francium), and chlorides of alkaline earth metals (beryllium, magnesium, calcium,
strontium, barium, radium), and sodium chloride is preferred in terms of economy and
availability. Moreover, it is also possible to use the copper chloride and the iron
chloride because they can be utilized as sources for the copper ion and the iron ion.

The copper ion and the iron ion are usually supplied in the form of their salts, for
example they can be supplied in the form of halide salts. The copper ion is preferably
supplied as copper bromide and/or copper chloride, and the iron ion is preferably
supplied as iron bromide and/or iron chloride, because these can be also used as
sources for the chloride ion and/or the bromide ion. As the copper chlorides and the
iron chlorides, copper (I1I) chloride (CuCl,), copper (I) chloride (CuCl), iron (III)
chloride (FeCls), iron (II) chloride (FeCl,) and the like may be used. As the copper
bromides and the iron bromides, copper (II) bromide (CuBr,), copper (I) bromide
(CuBr), iron (IIT) bromide (FeBrs;), iron (II) bromide (FeBr,) and the like may be used.

A redox potential of the acidic solution at the start of the gold leaching step (vs. Ag/
AgCl) is preferably 500 mV or more, and more preferably 600 mV or more, in terms of
promoting the gold leaching. Further, a pH of the acidic solution is preferably
maintained at 2.0 or less in terms of enhancing the leaching rate of gold, but the pH of
the acidic solution is more preferably maintained at 0.5 to 1.9 because a higher pH will
further facilitate the oxidation rate of iron. A temperature of the acidic solution is
preferably 45 °C or higher, and more preferably 60 °C or higher in terms of enhancing
the leaching rate of gold, but if the temperature is too high, the acidic solution may be
evaporated or heating costs may be increased. Therefore, the temperature may be
preferably 95 °C or less, and more preferably 85 °C or less.

In a preferred embodiment of the present invention, the acidic solution may be a
mixed solution which contains at least one of hydrochloric acid and bromic acid, and at
least one of copper (1I) bromide and copper (11) chloride, and at least one of iron (III)
bromide and iron (III) chloride, and at least one of sodium chloride and sodium
bromide. However, as the halide ion in the acidic solution, the bromide ion is essential,
whereas the chloride ion is not essential.

The gold leaching step is carried out while supplying an oxidizing agent to manage

the redox potential. If the oxidizing agent is not added, the redox potential will
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decreases in the middle of the step and the leaching reaction will not proceed. The
oxidizing agent includes, but not limited to, for example oxygen, air, chlorine gas,
bromine gas, hydrogen peroxide and the like. No oxidizing agent with extremely high
redox potential is needed, and air is sufficient.

Although the redox potential is not particularly adjusted during the leaching of gold,
the redox potential (ORP) of the gold leaching solution after sufficiently performing
the gold leaching may be generally from approximately 450 to 600 mV, and typically
from approximately 500 to 580 mV.

An increase in ORP indicates a decrease in a monovalent copper ion in the solution
after gold leaching. The monovalent copper is known as a very soft element, and has
high affinity to the activated carbon and competes with the adsorption of the gold
complex. By such a decrease in the monovalent copper, the adsorption active sites in
the activated carbon increase the selectivity for gold, so that efficient recovery of gold
can be achieved.

(Adsorption Step)

After the leaching reaction of gold, gold can be recovered from the gold-leached
solution obtained by solid-liquid separation using the activated carbon adsorption. The
contacting of gold with the activated carbon can be carried out in a batch or by con-
tinuously supplying an acidic leaching solution into an adsorption tower filled with the
activated carbon.

In the case of the batch, the stirring speed is not particularly limited, and the activated
carbon is added such that the amount of the activated carbon added is from 50 to 10000
times the amount of gold.

In the case of the method of continuous supplying the acid leaching solution, the rate
of supplying the solution is not particularly limited (generally SV1 to 25). However, as
an adsorption amount of gold per a unit weight of the activated carbon is 20000 to
30000 g/t, a decrease in adsorption capacity of the activated carbon may be observed.
Therefore, the stripping of gold and regenerating of the activated carbon can be carried
out on the basis of such an adsorption amount. The regenerating of the activated
carbon can be carried out by various methods such as sulfur compounds and nitrogen
compounds that are generally known in the art, and acids.

(Elution Step)

Gold adsorbed on the activated carbon is eluted by an alkaline solution, preferably
NaOH or a mixed solution of NaOH and Na,S. Here, if the alkali concentration is low,
elution of gold becomes difficult, and if the alkali concentration is high, there is a risk
of heat generation during preparation. From this point of view, when using NaOH, its
concentration may be preferably from 0.05 to 1 M, and more preferably from 0.1 to 0.5

M. Further, an amount of Na,S used is preferably as low as possible because of its cost
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and difficulty of handling of this substance, but a reducing concentration of Na,S will
decrease the effect of eluting gold. On the other hand, if the concentration of Na,S is
too high, the effect will reach saturation, and the processing load of Na,S will be
further increased. From such a viewpoint, when using the mixed solution of NaOH and
Na,S, the amount of Na,S added is preferably 0.1 to 10 mol times the amount of
NaOH, and more preferably 0.5 to 1.5 mol times.

The elution may be carried out in a batch or by continuously supplying elute.
However, when the elution is carried out in the batch, any vigorous agitation
preferably should not be performed in order to avoid losing a charge by oxidation of
the sulfide with oxygen so that gold is re-adsorbed on the activated carbon or deposited
onto a reactor. When agitation is necessary, air is replaced with a non-oxidizing gas
and agitated. Alternatively, the more amount of sodium sulfide added is set, or sodium
sulfide is timely added. Further, the elution is preferably carried out under atmospheric
pressure.

A concentrated gold solution can be obtained by elution from the activated carbon.
The concentrated gold solution refers to a solution containing from 50 to 5000 mg/L of
gold. A method for producing gold by reduction from the concentrated gold solution
includes a chemical reduction method by reduction with sulfur dioxide or sodium
oxalate, or solvent extraction-electrolytic extraction method. Elemental gold can be
obtained by using both methods.

EXAMPLES

Next, the gold recovery method of the present invention was experimentally
conducted and its effects were confirmed as described below. However, the de-
scriptions herein are only for the purpose of illustration and are not intended to be
limited thereto.

Sulfide minerals containing gold ores mined from Kensington mine were subjected
to a predetermined treatment to obtain a raw material containing gold. The raw
material with dry weight of 30 g was subjected to gold leaching under certain
conditions of acidity or alkalinity, solution concentrations and temperatures as shown
in Table 1. In the leached solutions thus obtained, each leaching rate of gold was de-
termined by measuring each gold concentration and gold content in the leaching
residue when the leaching times were 6 hours and 12 hours. Results are shown in Table
1. In Table 1, Test Example 6 could be measured for the Au content among the residue
rate, Au content and Au leaching rate when leached for 12 hours, but could not be
measured for the residue rate and Au leaching rate due to a mistake during the mea-
surement.

In addition, the leaching treatment was carried out under a leaching condition of a

pulp concentration of 15 g/L at a solution temperature of 85 °C and an agitation speed
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of 250 rpm. During the leaching treatment, air was sparged at 0.1 L/min/L. Further,
during the leaching, hydrochloric acid was added such that the pH was 1.0 or less, as
appropriate.

[0041]
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Among the results shown in Table 1, the relationship between the concentration of
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the bromide ion and the residue Au content when the leaching was performed for 12
hours, for Test Examples 6 to 16, is graphically shown in FIG. 2 for each case where
the chloride ion concentrations were 0 g/L and 40 g/L, and the relationship between the
concentration of the bromide ion and the Au leaching rate when the leaching was
performed for 12 hours is graphically shown in FIG. 3.

As can be seen from FIGs. 2 and 3, when the concentration of the bromide ion is
lower, the higher concentration of the chloride ion increases the residue Au content and
deteriorates the Au leaching rate. On the other hand, in the case of the bromide ion
concentration which is high to some extent, comparable residue Au content are
obtained at both of the chloride ion concentrations. These results show that the effect
of the chloride ion on the Au leaching rate in the case where both of the bromide ion
and the chloride ion are contained is related to the concentration ratio of the bromide
ion and the chloride ion rather than the bromide ion concentration itself.

Further, as can be seen from FIGs. 2 and 3, when the concentration of the chloride
ion is 40 g/L. and the concentration of the bromide ion is less than approximately 120
g/L, that is, when the CI/Br concentration ratio exceeds 1/3, the gold content in the
residue is increased and the gold leaching rate is decreased as compared with the case
where the concentration of the chloride ion is O g/L.

Conversely, it is clear that when the C1/Br concentration ratio is 1/3 or less, dif-
ferences in the gold content in the residue and the gold leaching rate as compared with
the case where the chloride ion is present are increased as the ratio decreases, so that
the gold leaching rate tends to increase. Therefore, when the Cl/Br concentration ratio
is 1/3 or less, gold can be effectively leached without having any effect of the chloride
ion even if the chloride ion is contained. Further, the CI/Br concentration ratio of 1/4 or
less would be more desirable.

Among the results shown in Table 1, the relationship between the concentration of
the chloride ion and the residue Au content when the leaching was performed for 12
hours, for each of Test Examples 1 to 5 and 17-19, is graphically shown in FIG. 4 for
each case where the bromide ion concentrations were 150 g/L. and 80 g/L,, and the rela-
tionship between the CI/Br concentration ratio and the residue Au content when the
leaching was performed for 12 hours is graphically shown in FIG. 5.

FIGs. 4 and 5 clearly shows that the higher concentration of the bromide ion of 150
g/L yields sufficiently low residue Au content, irrespective of the chloride ion con-
centration and the Cl/Br concentration ratio. Accordingly, it has been found that a
relatively higher concentration of the bromide ion can provide a higher leaching rate of
gold without having any effect of the chloride ion concentration.

It has been found from the above results that, according to the method for recovering

gold of the present invention, gold in the raw material obtained from the sulfide
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mineral can be leached with a higher leaching rate, so that the recovery rate of gold can

be improved.
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[Claim 1]

[Claim 2]

[Claim 3]
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[Claim 5]

[Claim 6]
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Claims

A method for recovering gold from an ore or a refining intermediate
containing gold, the method comprising a step of contacting a gold-
containing raw material obtained from the ore or the refining in-
termediate with an acidic solution containing a copper ion, an iron ion
and a halide ion while supplying an oxidizing agent to leach the gold
component in the raw material, the halide ion in the acidic solution
comprising at least a bromide ion,

wherein the concentration of the bromide ion in the acidic solution is
100 g/L. or more, or the concentration of the bromide ion in the acidic
solution is less than 100 g/L, and

wherein when the concentration of the bromide ion is less than 100 g/L,
a concentration ratio of the halide ions in the acidic solution is such that
a ratio of the concentration of a chloride ion to the concentration of the
bromide ion (a Cl/Br concentration ratio) is 1/3 or less.

The method according to claim 1, wherein the concentration of the
halide ion in the acidic solution is such that the concentration of the
bromide ion is 50 g/L or more.

The method according to claim 2, wherein the concentration of the
bromide ion in the acidic solution is 80 g/L or more.

The method according to any one of claims 1 to 3, wherein the con-
centration of the bromide ion in the acidic solution is less than 100 g/L,
and wherein the ratio of the concentration of the chloride ion to the
concentration of the bromide ion in the acidic solution (the C1/Br con-
centration ratio) is 1/4 or less.

The method according to any one of claims 1 to 4, wherein the halide
ion in the acidic solution is only the bromide ion.

The method according to any one of claims 1 to 5, wherein a pH of the

acidic solution is 2 or less.
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