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RECOVERY OF GOLD FROM SOLUTION

TECHNICAL FIELD

The exemplary and non-limiting embodiments relate generally to re-
covering gold, and more particularly to a method for recovering gold from a
gold-containing solution.

BACKGROUND ART

A gold solvent extraction process may involve the use of a gold ex-
traction reagent which is an efficient gold extractant having a high separation
factor over metal impurities of a feed solution (i.e. pregnant leach solution,
PLS). The process involves an organic phase comprised of the gold extraction
reagent. The gold extraction reagent extracts gold from acidic chloride solu-
tions where gold appears as a gold chloride complex H*AuCly. A gold-
containing organic phase is obtained by the extraction. Gold extracted into the
organic phase is scrubbed by 1.5 M to 8 M HCI to remove impurities and then
stripped by an aqueous stripping solution in order to recover gold into an
aqueous phase. From the aqueous phase, gold may be recovered by electrol-
ysis or reduced into a solid form by using oxalate acid or sodium borohydride
as a reducing agent.

In the process, the costs of HCI used for the scrubbing are high, as
at least 3 M HCI, typically 5 M HCI, is used for the scrubbing in order to mini-
mize gold loss and maximize scrubbing result.

SUMMARY

An object is thus to provide a method so as to alleviate the above
disadvantages. The objects are achieved by a method which is characterized
by what is stated in the independent claims. Preferred embodiments are dis-
closed in the dependent claims.

In an aspect, a method for recovering gold from a gold-containing
organic solution containing soluble gold, comprises contacting the gold-
containing organic solution with an aqueous stripping solution, in order to ex-
tract gold from the gold-containing organic solution into the aqueous stripping
solution; separating the aqueous stripping solution containing gold from the
organic solution; and contacting the separated aqueous stripping solution con-
taining gold with a reducing agent containing sodium metabisulphite, in order
to reduce gold from the aqueous stripping solution.



10

15

20

25

30

35

WO 2016/146892 PCT/FI12016/050161

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the solution will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 shows a SEM image of reduced solid gold obtained by a
reduction test;

Figure 2 shows SEM images of solids obtained by the reduction
test.

DETAILED DESCRIPTION OF SOME EMBODIMENTS
The following embodiments are exemplary. Although the specifica-

tion may refer to “an”, “one”, or “some” embodiment(s) in several locations, this
does not necessarily mean that each such reference is to the same embodi-
ment(s), or that the feature only applies to a single embodiment. Single fea-
tures of different embodiments may also be combined to provide other embod-
iments. Furthermore, words “comprising” and “including” should be understood
as not limiting the described embodiments to consist of only those features that
have been mentioned and such embodiments may contain also fea-
tures/structures that have not been specifically mentioned. All words and ex-
pressions should be interpreted broadly and they are intended to illustrate, not
to restrict, the embodiment.

A gold solvent extraction process may involve a gold extraction rea-
gent containing two components, an organic diester and an organic alcohol
(such as a diester of 2,2,4-trialkyl-1,3-pentanediol (e.g. 2,2,4-trimethyl-1,3-
pentanediol di-isobutyrate or a derivative of it), and a long-chain alcohol (e.g.
2-ethylhexanol)). The gold extraction reagent may be used to extract gold from
acidic chloride solutions where gold appears as a gold chloride complex
H*AuCls. A gold-containing organic phase is obtained by the extraction with
the gold extraction reagent. The gold-containing organic phase is scrubbed
with hydrochloric acid for removing impurities, wherein some of the acid (i.e.
HCI) is co-extracted into the organic phase. Acid co-extracted into the organic
phase increases acidity of the organic phase, thus hindering gold stripping effi-
ciency. Acid co-extracted into the organic phase is stripped in a stripping step.
The stripped acid is lost during the process.

In an exemplary embodiment, the scrubbing step may be eliminat-
ed. Instead, in an exemplary embodiment, gold appearing in the organic phase
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is directly stripped by an aqueous stripping solution in order to recover gold
into an aqueous phase, thus obtaining a gold-containing aqueous solution. For
example, a weakly acidic aqueous solution of NaCl may be used as the aque-
ous stripping solution in the process. The organic and aqueous phases are
separated (by phase settling) from each other. From the separated gold-
containing aqueous solution, gold is recovered (reduced as solid elementary
gold) by using sodium metabisulphite (SMBS, Na>S2.0s) as a reducing agent.
The reduced gold may be collected in solid metallic form by filtration.

By using SMBS as the reducing agent in the process, the gold-
containing organic phase does not need to be scrubbed or washed to remove
impurities before the stripping by the aqueous stripping solution. By using a
proper dosage of SMBS, gold may be efficiently recovered with high purity
from the aqueous phase. Impurities remain soluble and exit the process to-
gether with the filtrate. The weakly acidic aqueous solution of NaCl causes
gold to remain soluble (as the gold chloride complex H*AuCls) during the
stripping step.

It is technically and economically feasible to avoid scrubbing and/or
washing of the gold-containing organic phase if gold may be recovered effi-
ciently with high purity from the aqueous stripping solution. This is because in
addition to impurities, scrubbing also removes some of the gold present in the
gold-containing organic phase. Thus, in case of scrubbing, the solution needs
to be recycled back to the process to recover the gold removed from the pro-
cess.

Hydrochloric acid is an expensive chemical. An exemplary embodi-
ment enables minimizing the utilization of hydrochloric acid.

An exemplary embodiment enables eliminating the scrubbing steps,
thus enabling a simplified and lower-cost gold recovery process. It is possible
to produce gold with high purity. SMBS dosage may be equal or close to a
stoichiometric ratio of SMBS : Au. An efficient and selective low-cost reducing
agent may be used. An efficient rejection of impurities may be obtained.

In an embodiment, a molar ratio of sodium metabisulphite to gold is
used that is less than the stoichiometric ratio of sodium metabisulphite to gold,
in order to reduce part of the gold in a first reducing step. Then fresh reducing
agent containing sodium metabisulphite is used in a second reducing step in
order to reduce gold remaining in the aqueous stripping solution after the first
reducing step. In the second reducing step, the molar ratio of sodium metabi-
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sulphite to gold may be greater than the stoichiometric ratio of sodium metabi-
sulphite to gold.

In an embodiment, the aqueous stripping solution contains 100 g/l
or less of sodium chloride, preferably 10 g/I.

The process may be carried out in a room temperature, in a tem-
perature close to room temperature, or in a slightly elevated temperature (e.g.
10 °C to 80 °C, preferably 10 °C to 50 °C, more preferably 20 °C). Atmospheric
pressure or a pressure close to it may be used.

The stripping step may be carried out in a mixer-settler unit or in a
continuous stirred tank reactor (CSTR). The stripping step may involve a con-
tinuous process. The process may involve recycling of components (such as
the organic phase (upper phase) after the stripping and/or the agqueous phase
(lower phase) after the reducing) back to the stripping step. The phase separa-
tion may be carried out e.g. in a mixer-settler unit. In the settler part, organic
and aqueous phases are separated and carried away separately. The organic
phase may be recycled to the extraction step, and the aqueous solu-
tion/stripping solution may be recycled to the stripping step (e.g. to CSTR).
From the slurry obtained in the reduction step, solid material (including gold)
may be separated e.g. by filtering.

Example

Laboratory gold extraction tests were conducted to test the capabil-
ity of SMBS to reduce gold from the aqueous stripping solution using the
above disclosed gold extraction reagent (organic diester + organic alcohol) as
the organic phase. A synthetic pregnant leach solution was prepared. Table 1
shows the composition of the pregnant leach solution (PLS).
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Table 1. PLS composition

Au 30.1 mg/I
Ca 67 200 mg/l
Cu 77 400 mg/l
Fe 184 mg/l
Mg 559 mg/I
Pb 529 mg/l
Zn 441 mg/l
Br 15 g/l
Cl 214 g/l
acid 10 g/l

Aqueous PLS (containing gold) and the (organic) gold extraction re-
agent were shaken together for 15 min in a room temperature by using an or-
ganic phase/aqueous phase ratio of 1:4 (to extract gold from the aqueous
leach solution to the organic phase). After that, the organic phase was sepa-
rated from the aqueous leach solution, and the gold content of the loaded or-
ganic thus obtained was analysed. The detected gold content of the loaded
organic (i.e. the gold content of the gold-containing organic phase) was 96.4
mg/l. The gold-containing organic phase was not scrubbed and/or washed.

Unwashed gold-containing organic phase was stripped with an
aqueous stripping solution (salt solution containing 10 g/l of NaCl) twice (first
and second stripping). A ratio of 3:1 of organic phase/aqueous stripping solu-
tion was used. After stripping, the organic phase was removed. The aqueous
gold-containing stripping solutions (obtained from the first and second strip-
ping) were merged. Gold concentration in the gold-containing stripping solution
was 259 mg/l (see Table 2). Magnesium and lead were not analysed since
they are not extracted by the gold extraction reagent and thus do not enter the
aqueous stripping solution.
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Table 2. Aqueous stripping solution composition after stripping

Au 259 mg/l
Ca 40 mg/l
Cu 320 mg/l
Fe 44 mgl/l
Mg NA
Pb NA
Zn 9.5 mg/I

The gold-containing stripping solution was split into two equal parts

for reduction tests. A first reduction test was conducted with a stoichiometric

5 amount of SMBS (i.e. 1.5 mol of SMBS : 1 mol Au). A second reduction test

was conducted with a 50% overdose of SMBS (2.25 mol of SMBS : 1 mol of

Au). An 0.5 M SMBS solution was used. The solutions of both of the reduction

tests were shaken for 15 min. After shaking, the solutions were filtrated by us-

ing a Whatman filter paper with a pore size of 0.22 uym, and then analysis

10  samples (“15 min”) were taken from both of the filtrates. Both filtrates obtained

by the filtration were left to settle overnight. Then the solutions were filtrated

again (Whatman 0.22 pm), and analysis samples (“overnight”) were taken from

both of the “overnight” filtrates. Compositions of the solutions (i.e. filtrates) are
shown in Table 3.

15
Table 3. Test 1 and test 2 compositions

test 1 test 2 test 1 test 2

15 min 15 min overnight overnight

Au mg/l 3 <1 <0.01 0.01
Ca mg/l 38 54 38 53
Cu mg/l 307 309 313 307
Fe mg/| 43 43 43 43
Mg NA NA NA NA NA
Pb NA NA NA NA NA
Zn mg/| 9.4 9.5 9.4 9.4

As seen from Table 3, soluble gold disappeared from both of the so-
lutions with overnight contact time. The concentrations of the impurities (Ca,
20 Cu, Fe, Zn) were close to their initial values.
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With the 15 min contact time, the concentration of soluble gold de-
creased by 98.8% in test 1, and presumabily in test 2 the concentration of solu-
ble gold decreased almost by 100%.

Thus it was detected that even a stoichiometric amount of SMBS vs.
soluble gold (259 mg/l) in aqueous stripping solution of Au-SX almost com-
pletely (98.8%) reduced gold into solid state within a short contact time (15
min). After a longer contact time (overnight), gold concentration in the stripping
solution was below the detection limit (less than 0.01 mg/l) of an ICP-MS (in-
ductively coupled plasma mass spectrometry) analysis apparatus. Based on a
SEM (scanning electron microscope) analysis, the produced solid gold con-
tained no impurities (see also Figure 1). The gold-containing organic phase
was not scrubbed before the stripping and reducing steps.

Figure 1 shows a SEM image of reduced solid gold obtained by test
1 with the 15 min contact time. Reduced solid gold can be seen in the image.

Figure 2 shows SEM images of solids obtained by test 1 with the 15
min contact time. Reduced solid gold is seen in image a) (glowing image). No
impurities (Cu, Pb, Fe, Co, Zn) is seen in images b), ¢), d), e), f) (dark images);
thus implying that impurities were not present in the samples (i.e. they were
not reduced by the reducing agent).

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The in-
vention and its embodiments are not limited to the examples described above
but may vary within the scope of the claims.
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CLAIMS

1. A method for recovering gold from a gold-containing organic solu-
tion containing soluble gold, wherein the method comprises

contacting a pregnant leach solution containing gold with a gold ex-
traction reagent containing organic diester and organic alcohol, in order to ob-
tain the gold-containing organic solution;

contacting the gold-containing organic solution with an aqueous
stripping solution in order to extract gold from the gold-containing organic solu-
tion into the aqueous stripping solution;

separating the aqueous stripping solution containing gold from the
organic solution;

contacting the separated aqueous stripping solution containing gold
with a reducing agent containing sodium metabisulphite, in order to reduce
gold from the aqueous stripping solution.

2. A method according to claim 1, wherein the method comprises
recovering reduced solid gold from the aqueous stripping solution by filtering
the aqueous stripping solution.

3. A method according to claim 1 or 2, wherein the aqueous strip-
ping solution contains sodium chloride.

4. A method according to claim 1, 2 or 3, wherein the aqueous strip-
ping solution is weakly acidic.

5. A method as claimed in any one of the preceding claims, wherein
the method comprises reducing gold from the aqueous stripping solution con-
taining gold without scrubbing the gold-containing organic solution.

6. A method as claimed in any one of the preceding claims, wherein
the method comprises stripping the gold-containing organic solution without
scrubbing the gold-containing organic solution.

7. A method as claimed in any one of the preceding claims, wherein

the organic diester comprises a diester of 2,2,4-trialkyl-1,3-
pentanediol, and/or

the organic alcohol comprises 2-ethylhexanol.

8. A method as claimed in any one of the preceding claims, wherein
the pregnant leach solution is an acidic chloride solution where gold appears
as a gold chloride complex H'AuCly4".
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9. A method as claimed in any one of the preceding claims, wherein
the method comprises
using a molar ratio of sodium metabisulphite to gold that is less than
the stoichiometric ratio of sodium metabisulphite to gold, for reducing part of
5 the gold in a first reducing step;
using in a second reducing step fresh reducing agent containing so-
dium metabisulphite, in order to reduce gold remaining in the aqueous strip-
ping solution after the first reducing step.
10. A method as claimed in any one of the preceding claims 1 to 8,
10  wherein the method comprises
using a stoichiometric ratio of sodium metabisulphite to gold, for the
reducing of gold.
11. A method as claimed in any one of the preceding claims, where-
in the method comprises performing stripping of the gold-containing organic
15  solution in a continuous stirred tank reactor.
12. A method as claimed in any one of the preceding claims, where-
in the aqueous stripping solution contains 100 g/l or less of sodium chloride,
preferably 10 g/I.
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