I*I Innovation, Sciences et Innovation, Science and CA 3122335 A1 2020/06/18
Développement économique Canada Economic Development Canada
en 3122 335

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

t2 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1

(86) Date de dépot PCT/PCT Filing Date: 2019/12/13 (51) CLINt/Int.Cl. C22B 3/08(2006.01),
(87) Date publication PCT/PCT Publication Date: 2020/06/18 807D 11/02(2006.01), C228 3/02(2006.01),

. . . C22B 11/00(2006.01)
(85) Entrée phase nationale/National Entry: 2021/06/07 (71) Demandeur/Applicant:

(86) N° demande PCT/PCT Application No.: CA 2019/051807 CENTRAL AMERICA NICKEL INC., CA
(87) No publication PCT/PCT Publication NO.: 2020/1 18446 (72) |nventeurs/lnventors:
(30) Priorité/Priority: 2018/12/14 (US62/779,754) GAUTHIER, PIERRE, CA;

DI CESARE, ENRICO, CA
(74) Agent: LAVERY, DE BILLY, LLP

(54) Titre : RECUPERATION D'OR ET D'ARGENT A PARTIR DE CHARGES D'ALIMENTATION AU MOYEN D'UNE
EXTRACTION ASSISTEE PAR ULTRASONS

(54) Title: RECOVERY OF GOLD AND SILVER VALUES FROM FEEDSTOCKS USING ULTRASOUND-ASSISTED
EXTRACTION

FIG. 3 s
L MAGNETIC SEPARATOR }

T

{ MAGNETIC l

TAILINGS ]
CONCENTRATE

KNELSON SEPARATOR

l

e ~
f ULTRASOUND

solid in a sulfLric acid
reemtemgeratare
0-120 miruses.

Samples were sluied at<he leval of 20-60 weight %
solution sight %, and suomitted
and undzr atmosoheric pressure. o

a perice

*For Au and Ag, less ther 1% thioia was acded to the dilutzd su funic anid
sclatior

N _/

( FILTRATE Jq FILTRATION

METAL SOLUTION

Sc. V. Ni. Min. Cu. Co. Fe. Ti. Mg, Au. Ag

L |

- -
E SOLVENT ‘ SOLVENT EXTRACTION ‘ ’ SOLVENT EXTRACTION J

.

EXTRACTION

fu, Ag o, Ni, Mn, Cu, Mg

e

(57) Abrégé/Abstract:

The present disclosure broadly relates to a process for recovering gold and/or silver values from various feedstocks. More
specifically, but not exclusively, the present disclosure relates to a process for the selective recovery of gold and/or silver values
from a feedstock, the process comprising: leaching the feedstock in a sulfuric acid solution comprising thiourea while
simultaneously sonicating the sulfuric acid solution thereby producing a pregnant solution; and selectively removing gold and/or
silver compounds from the pregnant solution using a solvent extraction process or an ion exchange extraction process.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



CA 03122335 2021-06-07

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
18 June 2020 (18.06.2020)

(10) International Publication Number

WO 2020/118446 Al

WIPO I PCT

(51) International Patent Classification:
C22B 3/08 (2006.01) C22B 3/02 (2006.01)
BOID 11/02 (2006.01) C22B 11/00 (2006.01)

(21) International Application Number:
PCT/CA2019/051807

(22) International Filing Date:
13 December 2019 (13.12.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/779,754 14 December 2018 (14.12.2018) US

(71) Applicant: CENTRAL AMERICA NICKEL INC.
[CA/CA]; 230 rue Notre-Dame Ouest, Montréal, Québec
H2Y 1T3 (CA).

(72) Inventors: GAUTHIER, Pierre; 6150 Avenue du Boisé,
App 7D, Montréal, Québec H3S 2V2 (CA). DI CESARE,
Enrico; 14352 Harris, Pierrefonds, Québec H9H 114 (CA).

(74) Agent: LAVERY, DE BILLY, L.L.P.; 1, Place Ville
Marie, Bureau 4000, Montréal, Québec H3B 4M4 (CA).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, 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, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: RECOVERY OF GOLD AND SILVER VALUES FROM FEEDSTOCKS USING ULTRASOUND-ASSISTED EXTRAC-

TION

MAGNETIC SEPARATOR }

FIG. 3 {
MAGNETIC
CONCENTRATE

TAILINGS

KNELSON SEPARATOR

l

ULTRASQUND

Samples were slurried at the level of 20-50 weight % solid in a sulfuric acid
solution 30-50 weight %, and submitted to sonication, at room temperature
and under atmospheric pressure, over a period of 30-120 minutes

“"For Au and Ag, less then 1% thiaria was added ta the diluted sulfuric acid
solution

l

FILTRATION ]

FILTRATE H

‘ METAL SOLUTION 1

Sc, V, Ni, Mn, Cu, Co, Fe, Ti, Mg. Au, Ag

l |

l

SOLVENT EXTRACTION

w0 20207118446 A1 |0 00000 KO Y00 0 0 0

[ SOLVENT SOLVENT EXTRACTION

EXTRACTION ’ ‘ ‘ Co, Ni, Mn, Cu, Mg
(57) Abstract: The present disclosure broadly relates to a process for recovering gold and/or silver values from various feedstocks.
More specifically, but not exclusively, the present disclosure relates to a process for the selective recovery of gold and/or silver values
from a feedstock, the process comprising: leaching the feedstock in a sulfuric acid solution comprising thiourea while simultaneously
sonicating the sulfuric acid solution thereby producing a pregnant solution; and selectively removing gold and/or silver compounds
from the pregnant solution using a solvent extraction process or an ion exchange extraction process.

Au, Ag

[Continued on next page]



CA 03122335 2021-06-07

WO 2020/118446 A1 |11} 00 000000 0

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

— in black and white; the international application as filed
contained color or greyscale and is available for download
Jrom PATENTSCOPE



CA 03122335 2021-06-07

WO 2020/118446 PCT/CA2019/051807

TITLE

RECOVERY OF GOLD AND SILVER VALUES FROM FEEDSTOCKS USING
ULTRASOUND-ASSISTED EXTRACTION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application 62/779,754, filed
December 14, 2018. The contents of the referenced application are incorporated into the present

application by reference.

FIELD

[0002] The present disclosure broadly relates to a process for selectively recovering metal
values from various feedstocks. More specifically, but not exclusively, the present disclosure
relates to a process for selectively recovering gold, and/or silver values from various feedstocks.
More specifically, but not exclusively, the present disclosure relates to a process for recovering

gold and/or silver from various feedstocks using an ultrasound assisted extraction process.

BACKGROUND

[0003] Gold and silver are obtained from a variety of feed materials (e.g. ores), in some of
which the gold predominates, in others silver is the primary value, while in still a third class these
two metals may be mixed with base metals such as lead, copper, zinc, and iron. Few silver ores
are absolutely free from gold, and vice versa, so that a separate consideration of the two is more
or less a difficult task. In many gold-containing ores, the gold can be intimately associated with
sulphidic minerals such as pyrite, pyrrhotite, arsenopyrite, marcasite, chalcopyrite, chalcocite,
bornite, enargite, etc. The gold present in association with these sulphidic minerals often cannot
be economically recovered using cyanide without the ore being given a pretreatment such as

roasting, pressure oxidation or bacterial oxidation.

[0004] Many extraction processes call upon hydrometallurgy, that is the use of an acidic
leaching medium. These hydrometallurgical processes are typically very capital expensive in
view of the high costs incurred by material requirements as well as the high temperatures and/or
pressures required for efficient leaching. Moreover, with many existing extraction procedures,

the presence of one metal may prevent a smooth extraction of another one, as is observed in the
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case of gold extraction with cyanide, while in the presence of silver or copper.

[0005] In view of ever increasing environmental concerns, the need for improved
technologies providing for a more efficient and affordable extraction of the gold and silver values
has intensified. Indeed, in accordance with today’s environmental concerns, any new extraction

technology should not adversely impact the environment or leave as little an imprint as possible.

[0006] The present disclosure refers to a number of documents, the contents of which are

specifically incorporated herein by reference in their entirety.

SUMMARY

[0007] A solution to the shortcomings of the prior art processes associated with the presence
of other values has been discovered. Broadly, the solution resides in the discovery that by
concomitant leaching and sonication, a pregnant solution can ultimately be obtained that is

enriched substantially in gold and silver values.

[0008] In an aspect, the present disclosure broadly relates to a process for selectively
recovering metal values from various feedstocks. More specifically, but not exclusively, the
present disclosure relates to a process for selectively recovering gold, and/or silver values from
various feedstocks. More specifically, but not exclusively, the present disclosure relates to a
process for recovering gold and/or silver from various feedstocks using an ultrasound assisted

extraction process.

[0009] In an aspect, the present disclosure relates to a process for the selective recovery of
gold and/or silver values from a feedstock, the process comprising: leaching the feedstock in a
sulfuric acid solution while simultaneously sonicating the sulfuric acid solution, thereby
producing a pregnant solution; and selectively removing gold and silver compounds from the

pregnant solution.

[0010] In an aspect, the present disclosure relates to a process for the selective recovery of
gold and/or silver values from a feedstock, the process comprising: leaching the feedstock in a
sulfuric acid solution while simultaneously sonicating the sulfuric acid solution, thereby
producing a pregnant solution; and selectively removing gold and/or silver compounds from the

pregnant solution using either a suitable ion exchange resin or a suitable solvent extraction
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process. In an embodiment of the present disclosure, the solvent extraction process comprises the
use of PIONERA Biopolymer for removing the gold compounds from the pregnant solution. In
an embodiment of the present disclosure, the feedstocks comprise materials containing gold

and/or silver in various oxidation states.

[0011] In an embodiment of the present disclosure, the sulfuric acid leaching/sonication is
performed using an aqueous solution of sulfuric acid having a mass percentage from about 5%
v/v H2S04 to about 100% v/v H2SO4. In a further embodiment of the present disclosure, the
sulfuric acid leaching/sonication is performed using an aqueous solution of sulfuric acid having a
mass percentage from about 10% v/v H2SO4 to about 99% v/v H2SOs4. In a further embodiment
of the present disclosure, the sulfuric acid leaching/sonication is performed using an aqueous
solution of sulfuric acid having a mass percentage from about 15% v/v H2SO4 to about 99% v/v
H2SO4. In a further embodiment of the present disclosure, the sulfuric acid leaching/sonication is
performed using an aqueous solution of sulfuric acid having a mass percentage from about 20%
v/v HaSO4 to about 99% v/v H2SO4. In a further embodiment of the present disclosure, the
sulfuric acid leaching/sonication is performed using an aqueous solution of sulfuric acid having a
mass percentage from about 25% v/v H2SO4 to about 99% v/v H2SO4. In a further embodiment
of the present disclosure, the sulfuric acid leaching/sonication is performed using an aqueous
solution of sulfuric acid having a mass percentage from about 30% v/v H2SO4 to about 99% v/v
H2SO4. In a further embodiment of the present disclosure, the sulfuric acid leaching/sonication is
performed using an aqueous solution of sulfuric acid having a mass percentage from about 35%
v/v HaSO4 to about 99% v/v H2SO4. In a further embodiment of the present disclosure, the
sulfuric acid leaching/sonication is performed using an aqueous solution of sulfuric acid having a
mass percentage from about 40% v/v H2SO4 to about 99% v/v H2SOs4. In a further embodiment
of the present disclosure, the sulfuric acid leaching/sonication is performed using an aqueous
solution of sulfuric acid having a mass percentage from about 45% v/v H2SO4 to about 99% v/v
H2SO4. In a further embodiment of the present disclosure, the sulfuric acid leaching/sonication is
performed using an aqueous solution of sulfuric acid having a mass percentage from about 50%

v/v H2SO4 to about 99% v/v HaSO4.

[0012] In an embodiment of the present disclosure, the sulfuric acid leaching/sonication is

performed at a frequency ranging from about 10 to 70 kHz. In a further embodiment of the
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present disclosure, the sulfuric acid leaching/sonication is performed at a frequency ranging from
about 10 to about 60 kHz. In a further embodiment of the present disclosure, the sulfuric acid
leaching/sonication is performed at a frequency ranging from about 10 to about 50 kHz. In a
further embodiment of the present disclosure, the sulfuric acid leaching/sonication is performed
at a frequency ranging from about 10 to about 40 kHz. In a further embodiment of the present
disclosure, the sulfuric acid leaching/sonication is performed at a frequency ranging from about

20 to about 30 kHz.

[0013] In an embodiment of the present disclosure, the sulfuric acid leaching/sonication is
performed over a period ranging from about five (5) minutes up to about one hundred and twenty
(120) minutes. In a further embodiment of the present disclosure, the sulfuric acid
leaching/sonication is performed over a period ranging from about five (5) minutes up to about
ninety (90) minutes. In a further embodiment of the present disclosure, the sulfuric acid
leaching/sonication is performed over a period ranging from about five (5) minutes up to about
sixty (60) minutes. In a further embodiment of the present disclosure, the sulfuric acid
leaching/sonication is performed over a period ranging from about ten (10) minutes up to about
fifty (50) minutes. In a further embodiment of the present disclosure, the sulfuric acid
leaching/sonication is performed over a period ranging from about fifteen (15) minutes up to
about forty (40) minutes. In a further embodiment of the present disclosure, the sulfuric acid
leaching/sonication is performed over a period ranging from about twenty (20) minutes up to

about thirty five (35) minutes.

[0014] In an embodiment of the present disclosure, the feedstock material is ground to a
particle size of less than about 0.500 millimeters. In a further embodiment of the present
disclosure, the feedstock material is ground to a particle size of less than about 0.125 millimeters.
In yet a further embodiment of the present disclosure, the feedstock material is ground to a

particle size of less than about 0.050 millimeters.

[0015] In an embodiment of the present disclosure, the sulfuric acid leaching/sonication is

performed at atmospheric pressure at about room temperature.
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[0016] In an embodiment of the present disclosure, the sulfuric acid leaching/sonication is
performed with a solution of sulfuric acid (S) and a mass of ore material (M) having a mass ratio

(S-to-M) not exceeding twenty to one (20:1 or 20 kg/kg).

[0017] Also disclosed in the context of the present disclosure are embodiments 1 to 32.
Embodiment 1 is a process for the selective recovery of gold and/or silver values from an ore
material, the process comprising: leaching the ore material in a sulfuric acid solution comprising
thiourea while simultaneously sonicating the sulfuric acid solution thereby producing a pregnant
solution; and selectively removing gold and/or silver compounds from the pregnant solution.
Embodiment 2 is the process of embodiment 1, further comprising subjecting the pregnant
solution to a solvent extraction process or an ion exchange extraction process. Embodiment 3 is
the process of embodiment 1 or 2, wherein the ore material comprises gold and/or silver in
various oxidation states. Embodiment 4 is the process of any one of embodiments 1 to 3,
wherein the sulfuric acid leaching comprises using an aqueous solution of sulfuric acid having a
mass percentage from about 5% v/v H2SOs to about 100% v/v H2SO4. Embodiment 5 is the
process of any one of embodiments 1 to 4, wherein the sulfuric acid leaching comprises using an
aqueous solution of sulfuric acid having a mass percentage from about 10% v/v H2SO4 to about
99% v/v H2S04. Embodiment 6 is the process of any one of embodiments 1 to 5, wherein the
sulfuric acid leaching comprises using an aqueous solution of sulfuric acid having a mass
percentage from about 15% v/v H2SO4 to about 99% v/v H2SO4. Embodiment 7 is the process of
any one of embodiments 1 to 6, wherein the sulfuric acid leaching comprises using an aqueous
solution of sulfuric acid having a mass percentage from about 20% v/v H2SO4 to about 99% v/v
H>S04. Embodiment 8 is the process of any one of embodiments 1 to 7, wherein the sulfuric acid
leaching comprises using an aqueous solution of sulfuric acid having a mass percentage from
about 25% v/v H2S04 to about 99% v/v H2S04. Embodiment 9 is the process of any one of
embodiments 1 to 8, wherein the sulfuric acid leaching comprises using an aqueous solution of
sulfuric acid having a mass percentage from about 30% v/v HoSO4 to about 99% v/v H2SOs4.
Embodiment 10 is the process of any one of embodiments 1 to 9, wherein the sulfuric acid
leaching comprises using an aqueous solution of sulfuric acid having a mass percentage from
about 35% v/v H2S04 to about 99% v/v H2SO4. Embodiment 11 is the process of any one of
embodiments 1 to 10, wherein the sulfuric acid leaching comprises using an aqueous solution of

sulfuric acid having a mass percentage from about 40% v/v HoSO4 to about 99% v/v H2SOs4.
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Embodiment 12 is the process of any one of embodiments 1 to 11, wherein the sulfuric acid
leaching comprises using an aqueous solution of sulfuric acid having a mass percentage from
about 45% v/v H2S04 to about 99% v/v H2SO4. Embodiment 13 is the process of any one of
embodiments 1 to 12, wherein the sulfuric acid leaching comprises using an aqueous solution of
sulfuric acid having a mass percentage from about 50% v/v HoSO4 to about 99% v/v H2SOs4.
Embodiment 14 is the process of any one of embodiments 1 to 13, wherein the sonication is
performed at a frequency ranging from about 10 to about 70 kHz. Embodiment 15 is the process
of any one of embodiments 1 to 14, wherein the sonication is performed at a frequency ranging
from about 10 to about 60 kHz. Embodiment 16 is the process of any one of embodiments 1 to
15, wherein the sonication is performed at a frequency ranging from about 10 to about 50 kHz.
Embodiment 17 is the process of any one of embodiments 1 to 16, wherein the sonication is
performed at a frequency ranging from about 10 to about 40 kHz. Embodiment 18 is the process
of any one of embodiments 1 to 17, wherein the sonication is performed at a frequency ranging
from about 20 to about 30 kHz. Embodiment 19 is the process of any one of embodiments 1 to
18, wherein the leaching/sonication is performed over a period ranging from about five (5)
minutes up to about one hundred and twenty (120) minutes. Embodiment 20 is the process of
any one of embodiments 1 to 19, wherein the leaching/sonication is performed over a period
ranging from about five (5) minutes up to about ninety (90) minutes. Embodiment 21 is the
process of any one of embodiments 1 to 20, wherein the leaching/sonication is performed over a
period ranging from about five (5) minutes up to about sixty (60) minutes. Embodiment 22 is the
process of any one of embodiments 1 to 21, wherein the leaching/sonication is performed over a
period ranging from about ten (10) minutes up to about fifty (50) minutes. Embodiment 23 is the
process of any one of embodiments 1 to 22, wherein the leaching/sonication is performed over a
period ranging from about fifteen (15) minutes up to about forty (40) minutes. Embodiment 24 is
the process of any one of embodiments 1 to 23, wherein the leaching/sonication is performed
over a period ranging from about twenty (20) minutes up to about thirty five (35) minutes.
Embodiment 25 is the process of any one of embodiments 1 to 24, wherein the ore material is
ground to a particle size of less than about 0.500 millimeters. Embodiment 26 is the process of
any one of embodiments 1 to 25, wherein the ore material is ground to a particle size of less than
about 0.125 millimeters. Embodiment 27 is the process of any one of embodiments 1 to 26,

wherein the ore material is ground to a particle size of less than about 0.050 millimeters.
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Embodiment 28 is the process of any one of embodiments 1 to 27, wherein the
leaching/sonication is performed at atmospheric pressure at about room temperature.
Embodiment 29 is the process of any one of embodiments 1 to 28, wherein the
leaching/sonication is performed with a solution of sulfuric acid (S) and a mass of ore material
(M) having a mass ratio (S-to-M) not exceeding twenty to one (20:1 or 20 kg/kg). Embodiment

30 is the process of embodiment 1, wherein the pregnant solution is at a pH below 2.0.

[0018] Embodiment 31 is a process for the selective recovery of gold values from an ore
material, the process comprising leaching the ore material in a sulfuric acid solution while
simultaneously sonicating the sulfuric acid solution for a time sufficient to produce a pregnant

solution substantially enriched in gold.

[0019] Embodiment 32 is a process for the selective recovery of silver values from an ore
material, the process comprising leaching the ore material in a sulfuric acid solution while
simultaneously sonicating the sulfuric acid solution for a time sufficient to produce a pregnant

solution substantially enriched in silver

[0020] The foregoing and other objects, advantages and features of the present disclosure
will become more apparent upon reading of the following non-restrictive description of
illustrative embodiments thereof, given by way of example only with reference to the

accompanying drawings/figures.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0021] In the appended drawings/figures:

[0022] FIG. 1 is an illustration of a magnetic drum separator in accordance with an

embodiment of the present disclosure.

[0023] FIG. 2 is an illustration of a Knelson separator in accordance with an embodiment of

the present disclosure.

[0024] FIG. 3 is a flowchart illustrating the ultrasound-assisted extraction process of various

valuables in accordance with an embodiment of the present disclosure.
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DETAILED DESCRIPTION

[0025] Glossary

[0026] In order to provide a clear and consistent understanding of the terms used in the
present specification, a number of definitions are provided below. Moreover, unless defined
otherwise, all technical and scientific terms as used herein have the same meaning as commonly

understood to one of ordinary skill in the art to which this disclosure pertains.

[0027] Unless otherwise indicated, the definitions and embodiments described in this and
other sections are intended to be applicable to all embodiments and aspects of the application

herein described for which they are suitable as would be understood by a person skilled in the art.

[0028] The word "a" or "an" when used in conjunction with the term "comprising" in the
claims and/or the disclosure may mean "one", but it is also consistent with the meaning of "one or
more", "at least one", and "one or more than one" unless the content clearly dictates otherwise.
Similarly, the word "another" may mean at least a second or more unless the content clearly

dictates otherwise.

[0029] As used in this specification and claim(s), the words “comprising” (and any form of
comprising, such as “comprise” and “comprises”), “having” (and any form of having, such as
“have” and “has”), “including” (and any form of including, such as “include” and “includes”) or
“containing” (and any form of containing, such as “contain” and “contains”), are inclusive or

open-ended and do not exclude additional, unrecited elements or process steps.

[0030] As used in this disclosure and claim(s), the word “consisting” and its derivatives, are
intended to be close ended terms that specify the presence of stated features, elements,
components, groups, integers, and/or steps, and also exclude the presence of other unstated

features, elements, components, groups, integers and/or steps.

[0031] The term “consisting essentially of’, as used herein, is intended to specify the
presence of the stated features, elements, components, groups, integers, and/or steps as well as
those that do not materially affect the basic and novel characteristic(s) of these features, elements,

components, groups, integers, and/or steps.

[0032] The terms "about", “substantially” and “approximately” as used herein mean a



CA 03122335 2021-06-07

WO 2020/118446 PCT/CA2019/051807

reasonable amount of deviation of the modified term such that the end result is not significantly
changed. These terms of degree should be construed as including a deviation of at least £1% of

the modified term if this deviation would not negate the meaning of the word it modifies.

[0033] As used herein, the term "gold feedstocks" refers to a range of materials containing

gold in various oxidation states and gold metal.

[0034] As used herein, the term "silver feedstocks" refers to a range of materials containing

silver in various oxidation states and silver metal.

[0035] As used herein, the term “sulfuric acid digestion” broadly refers to the digestion of a

solid with sulfuric acid having a concentration ranging from about 5% v/v to about 100% v/v.

[0036] The term “substantially” as used herein with reference to the process steps disclosed
herein means that the process steps proceed to an extent that conversion or recovery of the
material is maximized. For example, with reference to recovery of a given metallic value (e.g.

gold and/or silver), recovery means that at least 60% of the value is recovered.

[0037] In an embodiment of the present disclosure, the ultrasound-assisted extraction process
comprises the concentration by gravity and/or magnetic extraction and leaching/sonication of
gold and/or silver valuables from a feedstock. In an embodiment of the present disclosure, the
leaching is performed using sulfuric acid under sonication. In an embodiment, the mass
percentage of sulfuric acid used during this step ranges from about 5% v/v H2SO4 to about 100%
v/v H2S04. In a further embodiment, the mass percentage of sulfuric acid ranges from about 10%
v/v H2SO4 to about 99% v/v H2SO4. In a further embodiment, the mass percentage of sulfuric
acid ranges from about 15% v/v H2SO4 to about 99% v/v H2SO4. In a further embodiment, the
mass percentage of sulfuric acid ranges from about 20% v/v H2SO4 to about 99% v/v H2SO4. In
a further embodiment, the mass percentage of sulfuric acid ranges from about 25% v/v H2SO4 to
about 99% v/v H2S04. In a further embodiment, the mass percentage of sulfuric acid ranges from
about 30% v/v H2SO4 to about 99% v/v H2SO4. In a further embodiment, the mass percentage of
sulfuric acid ranges from about 35% v/v H2SO4 to about 99% v/v H2SO4. In a further
embodiment, the mass percentage of sulfuric acid ranges from about 40% v/v H2SO4 to about
99% v/v H2SO4. In a further embodiment, the mass percentage of sulfuric acid ranges from about

45% v/v H2S04 to about 99% v/v H2SO4. In a further embodiment, the mass percentage of
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sulfuric acid ranges from about 50% v/v H2SO4 to about 99% v/v H2SO4. In a further
embodiment, the mass percentage of sulfuric acid ranges from about 55% v/v H2SO4 to about
99% v/v H2SO4. In a further embodiment, the mass percentage of sulfuric acid ranges from about
60% v/v H2SO4 to about 99% v/v H2SO4. In further embodiments, the mass percentage of
sulfuric acid ranges from about 10% v/v H2SO4 to about 95% v/v H2SO4; from about 25% v/v
H2S04 to about 50% v/v H2SO4; or from about 10% v/v H2SO4 to about 40% v/v H2SOa.

[0038] In an embodiment of the present disclosure, the ultrasound-assisted extraction process
comprises the concentration by gravity and/or magnetic extraction and leaching/sonication of
gold and/or silver valuables from a feedstock. In an embodiment of the present disclosure, the
leaching is performed using sulfuric acid under sonication. In an embodiment, the sonication is
performed at a frequency ranging from about 10 to 70 kHz. In a further embodiment of the
present disclosure, the sulfuric acid leaching/sonication is performed at a frequency ranging from
about 10 to about 60 kHz. In a further embodiment of the present disclosure, the sulfuric acid
leaching/sonication is performed at a frequency ranging from about 10 to about 50 kHz. In a
further embodiment of the present disclosure, the sulfuric acid leaching/sonication is performed
at a frequency ranging from about 10 to about 40 kHz. In a further embodiment of the present
disclosure, the sulfuric acid leaching/sonication is performed at a frequency ranging from about

20 to about 30 kHz.

[0039] In an embodiment of the present disclosure, the ultrasound-assisted extraction process
comprises the concentration by gravity and/or magnetic extraction and leaching/sonication of
gold and/or silver valuables from a feedstock. In an embodiment of the present disclosure, the
leaching is performed using sulfuric acid under sonication. In an embodiment of the present
disclosure, the leaching/sonication is performed over a period ranging from about five (5)
minutes up to about one hundred and twenty (120) minutes. In a further embodiment of the
present disclosure, the sulfuric acid leaching/sonication is performed over a period ranging from
about five (5) minutes up to about ninety (90) minutes. In a further embodiment of the present
disclosure, the sulfuric acid leaching/sonication is performed over a period ranging from about
five (5) minutes up to about sixty (60) minutes. In a further embodiment of the present
disclosure, the sulfuric acid leaching/sonication is performed over a period ranging from about

ten (10) minutes up to about fifty (50) minutes. In a further embodiment of the present
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disclosure, the sulfuric acid leaching/sonication is performed over a period ranging from about
fifteen (15) minutes up to about forty (40) minutes. In a further embodiment of the present
disclosure, the sulfuric acid leaching/sonication is performed over a period ranging from about

twenty (20) minutes up to about thirty five (35) minutes.

[0040] In an embodiment of the present disclosure, a Knelson separator such as illustrated in
FIG. 2 is used to capture values comprising heavy metals. The Knelson separator is a compact
centrifugal separator comprising a fluidized bed. In an embodiment of the present disclosure, a
centrifugal force of up to 90 g is applied on the particulate feedstock fed into the multi-level
rotating bowl of the separator. A person skilled in the art would understand that various

centrifugal forces can be applied and it is within their skill to do so.

[0041] The fluidized bed is generated by means of numerous perforations around the
separating bowl of the Knelson separator. As the feed material (e.g. a slurry) is fed into the
multi-level rotating bowl, the less dense material is pushed out while the heavier materials make
their way toward the outer wall of the rotating bowl. Once the sample has been completely
processed, the water source (e.g. pressurized water) is closed and the rotating bowl is stopped and
emptied. In an embodiment of the present disclosure, the contents of the bowl are subsequently
fed into a gravity separating unit called a “superspanner”. 1In a particular embodiment of the

present disclosure, the superspanner is used to determine the presence of free gold.

EXPERIMENTAL

[0042] A number of non-limiting examples are provided hereinbelow, illustrating the various
steps of the ultrasound-assisted extraction process in accordance with various embodiments of the

process of the present disclosure (Table 1).

[0043] Magnetic Separation

[0044] An Aguamas or Campanillas feed material was upgraded by feeding the material as a
slurry through a low intensity magnetic drum separator. A typical magnetic drum separator in
accordance with an embodiment of the present disclosure is illustrated in FIG. 1. In an
embodiment of the present disclosure, the low intensity magnetic drum separator (Eriez LWD

Separator) comprises an electrically induced magnet generating a field of about 1000 gauss. A
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person skilled in the art would understand that various magnetic fields can be applied and it is
within their skill to do so. The feed material was initially slurried in a 30 L tank equipped with a
speed adjustable motor and impeller. The resulting slurry was then slowly pumped into the
magnetic drum separator. Concentrates and tailings were subsequently discharged from the

magnetic drum separator into separate drums, filtered, dried and weighed.

[0045] Sulfuric Acid Digestion (leaching) — General Procedure

[0046] Leaching experiments were typically performed using 30 g of feed material and a
50% - 80% v/v H2SO4 solution. The ratio of sulfuric acid to feed material ranges from 10:1 to
1:1 by weight. In an embodiment, the sulfuric acid to feed material ratio was 5:1 by weight. A
person skilled in the art would understand that various sulfuric acid to feed material ratios can be
applied and it is within their skill to do so. The leaching experiments were typically performed at

room temperature and under atmospheric pressure.

[0047] Sonication — General Procedure

[0048] The sonication of the leaching solution was performed using a Q700 sonicator
operating at 20 KHz (700 W) and equipped with a titanium solid tip sonotrode (19 mm wide, 70
mm long) set at an amplitude of 60%. The power consumption was initially around 30 W and the
total energy consumption varies between 135 to 145 KJoules. In an embodiment of the present
disclosure, the leaching step was carried out over a period of one hour. A person skilled in the art
would understand that various leaching/sonication times can be applied and it is within their skill
to do so. By the end of the sonication/leaching step, the temperature of the sample ranges
between about 40°C to about 100°C. The material was subsequently cooled to room temperature,
followed by washing with water and filtration under vacuum. The elemental composition of the
resulting material was determined by X-ray fluorescence analysis (XRF) using an S8 Tiger Series
2 WDXREF spectrometer from Brucker. The recovery efficiency of the valuables was determined
by measuring the elemental composition of the feed material using the aforementioned S8 Tiger

Series 2 WDXRF spectrometer from Brucker.
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[0049] Ultrasound Assisted Extraction of Au and Ag

[0050] Au and/or Ag were selectively extracted from various solid feed materials, non-
limiting examples of which include soil, sediments and silica ores. More specifically, Au and/or
Ag were selectively extracted from feed materials obtained from the Aguamas and Campanillas

mines in Sinaloa, Mexico.

[0051] Thiourea (<1%) was added to an aqueous sulfuric acid solution in order to effectively
and selectively extract the Au and/or Ag values from the feed material.  Following
sonication/leaching, performed over a period of 1 hour, over 90% of the Au and over 80% of the
Ag were recovered (Table 1). The extraction was performed at room temperature and under

atmospheric pressure.

[0052] Aguamas Mine

[0053] An ore from the Aguamas mine (20 wt%) comprising 0.01% Au and 0.08% Ag was
leached with a 80% v/v HoSO4 solution comprising thiourea (<1%). The resulting slurry was
subsequently sonicated with stirring while at room temperature and under atmospheric pressure
over a period of 60 minutes. By the end of the sonication/leaching step, the temperature of the
sample had risen. The material was subsequently cooled to room temperature, followed by
washing with water and filtration under vacuum. Elemental analysis confirmed that 98% of the
Au and 88.76% of the Ag were extracted. The subsequent recovery of the Au and Ag values was

achieved by solvent extraction or by ion exchange extraction using a suitable resin.

[0054] Campanillas Mine

[0055] An ore from the Campanillas mine (20 wt%) comprising 0.05% Au and 0.05% Ag
was leached with a 50% v/v H2SO4 solution comprising thiourea (<1%). The resulting slurry was
subsequently sonicated with stirring while at room temperature and under atmospheric pressure
over a period of 60 minutes. By the end of the sonication/leaching step, the temperature of the
sample had risen. The material was subsequently cooled to room temperature, followed by
washing with water and filtration under vacuum. Elemental analysis confirmed that 98% of the
Au and 87.47% of the Ag were extracted. The subsequent recovery of the Au and Ag values was

achieved by solvent extraction or by ion exchange extraction using a suitable resin.
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[0056] TABLE 1 — Au and Ag Recovery from samples from the Aguamas and Campanillas

mines in Sinaloa, Mexico

Au (%) | Ag (%)

Aguamas 98.0 88.76
Campanillas 98.0 87.47
[0057] In an embodiment of the present disclosure, ores containing both silver and gold were

leached with aqueous H2SO4 and ultrasound to successfully recover gold followed by filtering
and adding a mixed acid leach (adding 1% thiourea to the sulfuric acid) to successfully recover
the silver that did not leach in the first step. The two-step process illustrates that excellent gold
and silver recovery can be achieved. Alternatively, by performing the leaching step using mixed

acid (sulfuric acid comprising thiourea), both gold and silver are recovered in one step.

[0058] While the present disclosure has been described with reference to what are presently
considered to be the preferred examples, it is to be understood that the disclosure is not limited to
the disclosed examples. To the contrary, the disclosure is intended to cover various
modifications and equivalent arrangements included within the spirit and scope of the appended

claims.
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CLAIMS

1. A process for the selective recovery of gold and/or silver values from an ore material, the
process comprising:
leaching the ore material in a sulfuric acid solution comprising thiourea while
simultaneously sonicating the sulfuric acid solution thereby producing a pregnant
solution; and

selectively removing gold and/or silver compounds from the pregnant solution.

2.  The process of claim 1, further comprising subjecting the pregnant solution to a solvent

extraction process or an ion exchange extraction process.

3.  The process of claim 1 or 2, wherein the ore material comprises gold and/or silver in

various oxidation states.

4.  The process of any one of claims 1 to 3, wherein the sulfuric acid leaching comprises using
an aqueous solution of sulfuric acid having a mass percentage from about 5% v/v H2SO4 to

about 100% v/v H2SO4.

5. The process of any one of claims 1 to 4, wherein the sulfuric acid leaching comprises using
an aqueous solution of sulfuric acid having a mass percentage from about 10% v/v H2SO4

to about 99% v/v H2SO4.

6.  The process of any one of claims 1 to 5, wherein the sulfuric acid leaching comprises using
an aqueous solution of sulfuric acid having a mass percentage from about 15% v/v H2SO4

to about 99% v/v H2SO4.

7.  The process of any one of claims 1 to 6, wherein the sulfuric acid leaching comprises using
an aqueous solution of sulfuric acid having a mass percentage from about 20% v/v H2SO4

to about 99% v/v H2SO4.

8.  The process of any one of claims 1 to 7, wherein the sulfuric acid leaching comprises using
an aqueous solution of sulfuric acid having a mass percentage from about 25% v/v H2SO4

to about 99% v/v H2SO4.
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The process of any one of claims 1 to 8, wherein the sulfuric acid leaching comprises using
an aqueous solution of sulfuric acid having a mass percentage from about 30% v/v H2SO4

to about 99% v/v H2SO4.

The process of any one of claims 1 to 9, wherein the sulfuric acid leaching comprises using
an aqueous solution of sulfuric acid having a mass percentage from about 35% v/v H2SO4

to about 99% v/v H2SO4.

The process of any one of claims 1 to 10, wherein the sulfuric acid leaching comprises
using an aqueous solution of sulfuric acid having a mass percentage from about 40% v/v

H>S04 to about 99% v/v H2SO4.

The process of any one of claims 1 to 11, wherein the sulfuric acid leaching comprises
using an aqueous solution of sulfuric acid having a mass percentage from about 45% v/v

H>S04 to about 99% v/v H2SO4.

The process of any one of claims 1 to 12, wherein the sulfuric acid leaching comprises
using an aqueous solution of sulfuric acid having a mass percentage from about 50% v/v

H>S04 to about 99% v/v H2SO4.

The process of any one of claims 1 to 13, wherein the sonication is performed at a

frequency ranging from about 10 to about 70 kHz.

The process of any one of claims 1 to 14, wherein the sonication is performed at a

frequency ranging from about 10 to about 60 kHz.

The process of any one of claims 1 to 15, wherein the sonication is performed at a

frequency ranging from about 10 to about 50 kHz.

The process of any one of claims 1 to 16, wherein the sonication is performed at a

frequency ranging from about 10 to about 40 kHz.

The process of any one of claims 1 to 17, wherein the sonication is performed at a

frequency ranging from about 20 to about 30 kHz.
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The process of any one of claims 1 to 18, wherein the leaching/sonication is performed
over a period ranging from about five (5) minutes up to about one hundred and twenty

(120) minutes.

The process of any one of claims 1 to 19, wherein the leaching/sonication is performed

over a period ranging from about five (5) minutes up to about ninety (90) minutes.

The process of any one of claims 1 to 20, wherein the leaching/sonication is performed

over a period ranging from about five (5) minutes up to about sixty (60) minutes.

The process of any one of claims 1 to 21, wherein the leaching/sonication is performed

over a period ranging from about ten (10) minutes up to about fifty (50) minutes.

The process of any one of claims 1 to 22, wherein the leaching/sonication is performed

over a period ranging from about fifteen (15) minutes up to about forty (40) minutes.

The process of any one of claims 1 to 23, wherein the leaching/sonication is performed

over a period ranging from about twenty (20) minutes up to about thirty five (35) minutes.

The process of any one of claims 1 to 24, wherein the ore material is ground to a particle

size of less than about 0.500 millimeters.

The process of any one of claims 1 to 25, wherein the ore material is ground to a particle

size of less than about 0.125 millimeters.

The process of any one of claims 1 to 26, wherein the ore material is ground to a particle

size of less than about 0.050 millimeters.

The process of any one of claims 1 to 27, wherein the leaching/sonication is performed at

atmospheric pressure at about room temperature.

The process of any one of claims 1 to 28, wherein the leaching/sonication is performed
with a solution of sulfuric acid (S) and a mass of ore material (M) having a mass ratio (S-

to-M) not exceeding twenty to one (20:1 or 20 kg/kg).

The process of claim 1, wherein the pregnant solution is at a pH below 2.0.
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A process for the selective recovery of gold values from an ore material, the process
comprising leaching the ore material in a sulfuric acid solution while simultaneously
sonicating the sulfuric acid solution for a time sufficient to produce a pregnant solution

substantially enriched in gold.

A process for the selective recovery of silver values from an ore material, the process
comprising leaching the ore material in a sulfuric acid solution while simultaneously
sonicating the sulfuric acid solution for a time sufficient to produce a pregnant solution

substantially enriched in silver.

18



CA 03122335 2021-06-07

WO 2020/118446 PCT/CA2019/051807

172

Flushing water

Raw materials L ,,f |
, f“#w 1

Flushing water | Qr& concentrate

box

Tailing Ore concentrate

FIG. 1




CA 03122335 2021-06-07

WO 2020/118446 PCT/CA2019/051807
2/2
MAGNETIC SEPARATOR
\ 4 J/
MAGNETIC TAILINGS
CONCENTRATE
A
[ KNELSON SEPARATOR ‘]
N A 4
/ ULTRASOUND \

Samples were slurried at the level of 20-50 weight % solid in a sulfuric acid
solution 30-50 weight %, and submitted to sonication, at room temperature
and under atmospheric pressure, over a period of 30-120 minutes.

*For Au and Ag, less then 1% thioria was added to the diluted sulfuric acid

solution
\ /

FILTRATE H FILTRATION ]

METAL SOLUTION

Sc, V, Ni, Mn, Cu, Co, Fe, Ti, Mg, Au, Ag

\ 4

Vv

SOLVENT SOLVENT EXTRACTION SOLVENT EXTRACTION
EXTRACTION

Au, Ag Co, Ni, Mn, Cu, Mg

FIG. 3



FIG. 3

MAGNETIC SEPARATOR
\ 4 J/
MAGNETIC TAILINGS
CONCENTRATE

A

[ KNELSON SEPARATOR ‘]

A4
/ ULTRASOUND \
Samples were slurried at the level of 20-50 weight % solid in a sulfuric acid

solution 30-50 weight %, and submitted to sonication, at room temperature
and under atmospheric pressure, over a period of 30-120 minutes.

*For Au and Ag, less then 1% thioria was added to the diluted sulfuric acid

solution
o /

FILTRATE H FILTRATION ]

METAL SOLUTION

Sc, V, Ni, Mn, Cu, Co, Fe, Ti, Mg, Au, Ag

\ 4

Vv

SOLVENT SOLVENT EXTRACTION SOLVENT EXTRACTION
EXTRACTION

Au, Ag Co, Ni, Mn, Cu, Mg




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	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 - CLAIMS
	Page 19 - CLAIMS
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - REPRESENTATIVE_DRAWING

