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A hydrometallurgical process for treating copper ores or concentrates containing gold by simultaneously leaching both copper and
gold into an aqueous cyanide solution, recovering copper and gold in metallic form by electrowinning or cementation and regenerating

cyanide ions is provided.
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TITLE

HYDROMETALLURGICAL EXTRACTION PROCESS FOR TREATING ORES
CONTAINING COPPER ALONE OR COPPER AND GOLD

ield of nv
This invention 1s related to hydrometallurgical extraction processes
and specifically to the extraction of copper either alone or in the presence of gold
from processed ore by cyanide leaching to provide gold and copper or mixtures
thereof for the metal purification step of the overall metallurgical process.

Background Art

There are three major identifiable steps that follow the mining step in '

the process of obtaining pure metals and/or minerals from rock or ore. These three
steps of the overall metallurgical process are mineral processing, metallurgical

extraction and metal purification. Mineral processing itself is broken down into one
of two steps: comminution and concentration. Metallurgical extraction can be

~ either hydrometallurgical or pyrometallurgical while metal purification includes

smelting, electrowinning or electrorefining of the product coming from the
metallurgical extraction steps.

Gold ores containing hlgh concentrations of cyanide-soluble copper
minerals, e.g., chalcocite (Cu»yS), bornite (FeSO2Cu28-CuS), malachite
[CuCO3¢Cu(OH)2], azurite [2CuC030Cu(OH)2], covellite (CuS) and cupntc
(CunO), have traditionally been difficult to treat economically, because of the high
costs associated with cyanide consumption during leaching and cyanide destruction
during effluent treatment. High concentrations of copper cyanide in the leach liquor
can also cause a variety of metallurgical problems, whether gold is recovered by the
Merrill-Crowe process, or by adsorption on activated carbon. Consequently, many
gold resources that fall into this category are still lying in the ground, awaiting the
development of adequate technology for their treatment.
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Much research has gone into this problem over the years, and these
efforts have generally focused i in one of two directions: to develop other leaching
chemistries for gold dlssoluuon, 1.e., lixiviants that are more selective than cyanide
for gold over copper or to suppress the reaction between copper and cyanide by
either physically or chemically masking the copper minerals. Neither approach has
met with widespread success. This invention provides an efficient and cost
effective process for treating gold ores containing high concentrations of cyanide-
soluble copper minerals, as well as high copper bearing ores with negligible gold.
Hydrometallurgical extraction of copper and gold has been carried
out previously by leaching the ore first with sulfuric acid to dissolve the copper
minerals, followed by neutralization of the residual acid and finally by cyanidation
to leach the gold. This approach does not work with the sulfide minerals such as
chalcocite and bornite, which leach in cyanide solution but not in acid, is often
uneconomic due to high acid, base or cyanide consumption, and prolonged leaching
times required for two stages of leaching, and is often impractical because of
physical changes brought about in the rock by acid treatment. There is a need for a
process for treating copper-bearing ores or concentrates containing gold by
simultaneously leaching both metals, gold and copper, into an aqueous cyanide

solution, recovering copper and gold in metallic form and regenerating cyanide ions
in an economically efficient process.

umm f the Invention ,

The process of this invention is a hydrometallurgical extraction
process for treating ores containing copper alone or gold and copper comprising the
steps of:

(@)  treating said ores with an aqueous cyanide solution having a molar
ratio of CN:Cu of >3.5:1 thereby simultaneously leaching both
copper and gold and reducing the molar ratio of CN:Cu in the
pregnant leach solution to <4:1; and

(b)  removing and recovering copper from the solution resulting from
step (a).

Gold can be recovered at various points in the hydrometallurgical
extraction process of this invention.
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The hydrometallurgical extraction process can begin by leaching
"heaps", which is the leaching of coarse ore by percolating leach solutions through
the heaps, or by "milling", which 1s the leaching of finely ground ore by a process
of mixing or agitation of the ore with a leach solution in tanks. Milling can be a
two-step process of first grinding the coarse ore and then leaching. Alternatively,
leaching can begin in the grinding step.

The process of this invention can be broadly described as treating
copper ores or concentrates optionally containing gold in a hydrometallurgical
process by simultaneously leaching both copper and gold into an aqueous cyanide
solution, recovering copper and gold in metallic form and regenerating CN- ion. "
This process 1s capable of recovering gold and copper from ores containing low
concentrations of these metals and, therefore, can help eliminate the flotation step in
the conventional process for treating sulfidic copper and copper/gold ores.

To obtain high leaching efficiency for both copper and gold there is a
process of this invention of leaching ores containing copper and gold with a cyanide
solution (having a CN:Cu ratio of >4) such that the molar ratio of cyanide to
copper (CN:Cu) in the pregnant leach solution is not less than 4:1. The pregnant
leach solution 1s understood to mean the solution coming from the heap, vat or the
milled leach slurry. (A hybrid process of heap-leaching and milling used
occasionally is called vat-leaching.)

CN:Cu ratio is defined as the number of moles of (CN)-
complexed with each mole of Cu™ in a solution plus the number of free (CN)- ions
not complexed with another metal or hydrogen ion.

One approach to obtaining gold from the pregnant leach solution is
another process of this invention for the recovery of gold by cementation of gold on
copper metal comprising the steps of:

(a) contacting a solution containing gold cyanide and copper cyanide
wherein the CN:Cu ratio is not less than 3.5:1 with either copper

metal powder or copper metal which has been electrodeposited on a

high surface area cathode thereby producing a cemented product of

gold metal on copper metal; and

(b) recovering gold from the cemented product by electrorefining or
smelting.
Because the above process leaves behind substantially the same
CN:Cu ratio of > 3.5, one can arrive at a further process of this invention for
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preparing a solution useful in the recovery of copper having a CN:Cu ratio of <
3:1, comprising the steps of:

(@) treating the pregnant solution with an acid to reduce the pH of
the solution to between 3 and 7 such that the predominant
copper cyanide species is Cu(CN)» and little or no CuCN is
precipitated;

(b) optionally removing substantially all HCN gas generated in
step (a) by passing a gas through the solution, and

(¢) contacting the solution with strong base ion exchange resin or
carbon for removal of Cu(CN)» from the solution.

This process can be represented by the equation:
Cu(CN)43- + 2Ht — Cu(CN),1- + 2HCN.

The above process can comprise the additional step of treating the
gas or liquid stream containing HCN with an aqueous alkaline solution to generate
cyanide ion (CN-) for recycling into a high leaching efficiency cyanide solution to
be used subsequently for leaching both copper and gold.

As an alternative to the above process there is a further process of
this invention for preparing a solution useful in the recovery of copper by
electrowinning having a CN:Cu ratio of < 4:1 comprising the steps of:

(a) treating a portion of the pregnant leach solution with an acid to
reduce the pH of the solution to between 1.5-2.0;

(b)  removing the copper cyanide (CuCN) precipitate so formed:

() optionally removing substantially all HCN gas generated in step (a)
above by passing a gas through the solution; and

(d)  combining the CuCN precipitate with that portion of the pregnant
solution which had not been acidified in step (a) and with a portion
of the electrowinning cell catholyte which is recirculated to the cell
cathodes.

This process can be represented by the equation:
Cu(CN)43- + 2CuCN — 3 Cu(CN)1-

Electrowinning is defined as the deposition of a metal on a cathode

from a solution of the metal in the form of a metal salt.

Alternatively, CuCN is combined only with the unacidified pregnant
solution or the recirculated catholyte.

The above process can comprise the additional step of treating the
gas stream containing HCN or the acidified solution containing HCN (if the HCN is
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not removed) with an aqueous alkaline solution to generate CN™ ion for recycling
into a high leaching efficiency cyanide solution for subsequent use in leaching both
copper and gold.

One preferred process of this invention for preparing a solution
useful in the recovery of copper having a CN:Cu ratio of < 4:1 comprising the steps
of:

(a) contacting the pregnant leach solution (with or without gold present)
with unleached coarse or finely ground ore containing copper and,
optionally, gold thereby reducing the CN:Cu ratio to < 4:1; and

(b) separating the resulting solution from the partially leached ore
thereby producing a solution suitable for recovery of copper and a
leached ore from which copper has been partially leached.

This ore which results from the above process, then is returned to the
process described 1initially wherein the ore (containing copper and gold) is leached
with a cyanide solution such that the molar ratio of cyanide to copper in the
pregnant leach solution 1s not less than 3.5:1.

After the leaching steps described above and the processes wherein
the CN:Cu ratio 1s reduced to <4:1, the hydrometallurgical extraction processes of
this invention are applied to the recovery processes for copper and optionally gold
and to purge unwanted species from solution.

A process for the direct recovery of copper by electrowinning from a
solution containing copper cyanide at a CN:Cu ratio of < 4:1(and optionally
containing gold) prepared by the above described processes of this invention
comprises the steps of:

(a)  passing the solution as the electrolyte (catholyte) through a
compartment containing the cathode(s);

(b)  plating copper metal on the surface of the cathode(s) in an
electrowinning cell wherein the anode(s) are kept isolated from the
catholyte by a cation exchange membrane thereby preventing anodic
oxidation of cyanide ions; and

(©) recovering the copper from the cathode(s) by stripping from the
cathode surfaces or by smelting.

A preferred cation exchange membrane 1s Nafion® perfluorosulfonic
acid membrane (a registered trademark of E. 1. du Pont de Nemours and

Company). It is preferred that this copper recovery process be carried out at high
current efficiency and high current density (amps/m? of cathode surface).
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The above direct copper recovery process can be preferably carried
out in such a way that the electrolyte in the anode compartment (anolyte) is
maintained at a pH >7 by the addition of a base or basic salt thereby preventing the
build-up of HT ions in the anode compartment. Such base or basic salt can be
sodium hydroxide or sodium carbonate. Preventing the build-up of H™ ions
prevents the migration of such H™ ions through the membrane thereby avoiding the
formation of HCN in the catholyte.

In a refinement of the above copper recovery process, the anode
compartments are filled with a dilute mineral acid such as sulfuric acid and allowing
HT ions to form at the anodes and migrate to the catholyte. Any HCN formed can
be left in solution and converted to cyanide ion by the addition of alkali to the
catholyte or the cell effluent or removed from the catholyte or cell effluent and
converted to cyanide 10n for use. Formation of HCN can be prevented by
maintaining the catholyte pH high (>10.5) at all points in the cell.

A further refinement of the above copper recovery process is an
alternative process of this invention wherein the anode is a hydrogen gas diffusion
electrode wherein H7 is provided and consumed in the anodic reaction thereby
preventing the oxidation of cyanide ions at the anodes. This process does not use
membranes.

Other refinements of the above copper recovery process can
minimize anodic cyanide oxidation by using unprotected anodes and allowing
(SCN)~ to oxidize at the anodes thus reducing the oxidation of cyanide ions and by
using diaphragms to minimize mass transfer at the anodes thereby starving the
anodes for cyanide 1on and minimizing cyanide oxidation.

An alternative to the above direct metal recovery mode of recovering
copper from a solution in the copper recovery process is the following process of
the invention.

A process for the recovery of copper from a solution produced by the
processes of this invention containing copper cyanide at a CN:Cu ratio of < 3:1
(optionally containing gold) whereby the copper is preconcentrated by adsorption on
a strong base or weak base anion exchange resin comprising the steps of:

(a) contacting the solution with an anion exchange resin thereby
~ selectively adsorbing copper cyanide at a CN:Cu ratio of < 3:1 onto

the resin wherein gold, if present, is adsorbed to a limited

equilibrium level (an insignificant portion of the gold present in the

solution) which does not interfere with the adsorption of copper;
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separating the resin having copper cyanide adsorbed thereon from the
now partially depleted solution containing copper cyamde at a CN:Cu
ratio of >3;

treating the loaded resin obtained in step (b) above with an eluant
containing copper cyanide at a CN:Cu ratio of between 3.5:1 and 4:1
and a copper concentration of at least 10 grams/liter (this copper
concentration being such that the subsequent electrowinning step can be

 operated at a maximum current efficiency) thereby eluting copper

cyanideﬁ'om the resin to the extent of approximately 50% of the
copper on the resin and producing an eluate solution having a CN:Cu
ratio of less than 4:1; and

electrowinning copper metal from the eluate produced 1n step (¢) above

by the process of this invention described above for the recovery of
copper.

Yet another process of this invention for the recovery of copper from

solution is a process wherein the copper in the solution containing copper cyanide at a

CN:Cu ratio of < 3 (optionally containing gold) is preconcentrated by adsorption on a

strong base or weak base anion exchange resin comprising the steps of:

(b)
()

5

10
(d)

15
(a)

20
(b)

25
(¢)
30 (@)

contacting the solution with an anion exchange resin thereby selectively
adsorbing copper cyanide at.a CN:Cu ratio of <3:1 onto the resin
wherein gold, if present, is adsorbed to a limited equilibrium level (an
insignificant portion of the gold present in the solution) which does not
interfere with the adsorption of copper;

separating the resin having copper cyanide adsorbed thereon from the
now partially depleted solution containing copper cyanide at a CN:Cu
ratio of >3: 1; ‘

treating the loaded resin obtained in step (b) above with an aqueous
solution of chloride ions thereby removing copper cyanide from the
Tesin,

adsorbing the copper cyanide from the solution generated in step (c)
onto activated carbon; and '

SAMARRINGTN\DOCKET\CH\CH-24XX\CH-2431\PCTO1ATT.DOC
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() treating the loaded carbon obtained in step (d) with an eluent
containing copper cyanide at a CN:Cu ratio of between 3.2:1 and
3.5:1 and a copper concentration of at least 10 grams/liter thereby

eluting copper cyanide from the carbon and producing an eluate
having a CN:Cu ratio of less than 3.5:1.

A refinement of the above process comprises loading a solution
containing copper cyanide at a CN:Cu ratio of > 3:1 on the resin followed by the
steps of:

() treating the loaded resin so obtained with an acid to generate HCN
and thereby reducing the CN:Cu ratio remaining on the resin to
approximately 2:1; '

(b) separating the solution containing HCN from the resin;

(¢) treating the loaded resin obtained in step (b) with an aqueous solution
of chloride ions thereby removing copper cyanide from the resin;

(d)  adsorbing the copper cyanide from the solution generated 1n step (c)
onto activated carbon; and

(e) treating the loaded carbon according to step (e) described 1n the
previous process.

The HCN solution obtained in step (b) can be treated with alkali to regenerate CN-
ions for further use.

Yet another alternative process of this invention for the recovery of
copper is a process analogous to the recovery of copper by preconcentration on an
anion exchange resin wherein a strong base or a weak base anion exchange solvent

is utilized instead of an anion exchange resin. These solvents include tertiary
amines or quartenary amines.

Copper so obtained by the hydrometallurgical extraction processes of

this invention is now ready for the elution and electrowinning steps to complete the
overall metallurgical process.

The following process of this invention allows the recovery of goid.
Such process allows the recovery of gold from gold cyanide which is present in the
solution produced when gold was optionally present. This process of the invention
for recovering gold from gold cyanide adsorbed on an anion exchange resin or
solvent, resulting from a contact between a solution containing gold cyanide and an
anion exchange resin or solvent, comprises the steps of:

() contacting the loaded resin or solvent having gold cyanide and copper
cyanide adsorbed thereon with an eluant solution containing copper
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cyanide at a CN:Cu ratio of approximately 4:1 and a copper
concentration of approximately 20 to 40 grams per liter thereby
eluting gold cyanide from the resin or solvent; and

removing gold metal from the eluate by cementation on copper metal

powder or copper plated onto a high surface area substrate or by
electrowinning.

In this process the CN:Cu ratio is > 4:1 and, therefore, copper cannot be isolated
efficiently by electrowinning.

The following process of this invention allows for the purging of

unwanted moieties (OCN-, SCN-, Cl-, $042-, Fe(CN)*-, Zn(CN)2-4, etc.) while
retaining gold, copper and cyanide, and comprises the steps of:

(a)

(b)

(€)

(d)

contacting a bleed stream of solution containing gold cyanide and
copper cyanide and various unwanted ions wherein the CN:Cu ratio
is at its lowest point in the circuit (and preferably <3:1) with
activated carbon, thereby selectively adsorbing gold cyanide and
copper cyanide onto the activated carbon;

separating the activated carbon having gold cyanide and copper
cyanide adsorbed thereon from the now gold, copper and cyanide
depleted leach solution containing the unwanted 1ons;

treating the activated carbon having gold cyanide and copper cyanide
adsorbed thereon with an aqueous cyanide solution at a temperature
of not less than 100°C; and

recycling the eluate solution to the leaching step in the process.



10

15

20

25

CA 02186356 2002-01-03

10

What 1s Claimed 1s:

A process for the direct recovery of copper by electrowinning from a solution

containing copper cyanide, in an electrowinning cell having at least one cathode

and at least one anode, at a CN:Cu ratio of < 4 comprising the steps of:

(a) passing the solution as a catholyte through a compartment containing the

cathode;

(b) plating copper metal on the surface of the cathode in the electrowinning
cell wherein the anode is kept isolated from the catholyte by a cation
exchange membrane thereby preventing anodic oxidation of cyanide 10ons;

and

(c) recovering copper from the cathode by stripping from the cathode surfaces

or by smelting.

The process of Claim 1 wherein the cation exchange membrane 1s a

perfluorosulfonic acid-based membrane.

The process of Claim 1 wherein the anode is maintained at pH >7 by the addition

of base or basic salt.

The process of Claim 1 wherein the anode is a hydrogen gas diffusion electrode

wherein H» is provided and consumed in the anodic reaction thereby preventing
the oxidation of CN- 1ons at the anode.

A process for the recovery of copper from a solution containing copper cyanide,

in an electrowinning cell having at least one cathode and at least one anode, at a

CN:Cu ratio of < 3 whereby copper is preconcentrated by adsorption on an anion

exchange resin comprising the steps of:

(a) contacting the solution with the anion exchange resin thereby selectively

adsorbing copper cyanide at a CN:Cu ratio of < 3:1 onto the resin;

(b) separating the resin having copper cyanide adsorbed thereon from the now

partially depleted solution containing copper cyanide at a CN:Cu ratio of
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>3:1 whereby a loaded resin 1s produced,

treating the loaded resin with an eluant containing copper cyamde at a
CN:Cu ratio of between 3.5:1 and 4:1 and a copper concentration of at
least 10 grams/liter thereby partially eluting copper cyanide from the resin

and producing an eluate having a CN:Cu ratio of less than 4:1; and

electrowinning copper metal from the eluate produced 1n step (c).

The process of Claim 5 wherein electrowinning of copper 1s carried out by

(2)

(b)

(€)

passing the eluate as a catholyte through a compartment containing the

cathode;

plating copper metal on the surface of the cathode in an electrowinning
cell wherein the at least one anode is kept isolated from the catholyte by a
cation exchange membrane thereby preventing anodic oxidation of

cyanide 1ons; and

recovering copper from the cathode by stripping from the cathode surfaces

or by smelting.

The process of Claim 6 wherein the anode is maintained at pH >7 by the addition

of base or basic salt.

The process of Claim 5 wherein the electrowinning of copper 1s carried out by

(a)

(b)

(€)

passing the eluate as a catholyte through a compartment containing the

cathode;

plating copper metal on the surface of the cathode in an electrowinning

cell wherein the anode is a hydrogen gas diffusion electrode; and

recovering copper from the cathode by stripping from the cathode surfaces

or by smelting.

A process for the recovery of copper from a solution containing copper cyanide

whereby copper is preconcentrated by adsorption on an anion exchange resin

comprising the steps of:
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(a) contacting the solution with the anion exchange resin thereby selectively

adsorbing copper cyanide onto the resin;

(b) separating the resin having copper cyanide adsorbed thereon from the now
partially depleted solution containing copper cyanide at a CN:Cu ratio of

>3:1 whereby a loaded resin 1s produced,;

(c) treating the loaded resin with an aqueous solution of chloride 1ons thereby

removing copper cyanide from the resin;

(d) adsorbing the copper cyanide from the solution generated in step (c) onto

activated carbon to produce a loaded carbon; and

(€) treating the loaded carbon with an eluant containing copper cyanide at a
CN:Cu ratio of between 3.2:1 and 3.5:1 and a copper concentration of at
least 10 grams/liter thereby eluting copper cyanide from the carbon and

producing an eluate having a CN:Cu ratio of less than 3.5:1; and
(1) electrowinning copper metal from the eluate produced 1n step (€).

The process of claim 9 wherein the solution has a CN:Cu ratio of < 3:1 and 1n step

(a) the copper cyanide is absorbed at a CN:Cu ratio of < 3:1.

The process of claim 9, wherein the solution has a CN:Cu ratio of > 3:1, and the

process further comprising the following steps betfore step (c):

(b>)  treating the loaded resin with an acid to generate HCN and thereby

reducing the CN:Cu ratio on the resin; and

(b>’) separating the solution containing HCN from the resin whereby a second

loaded resin is produced.
The process of claim 9, wherein the CN:Cu ratio on the resin 1s reduced to 2:1.

A process for the recovery of copper from a solution containing copper cyanide at

a CN:Cu ratio of <3 whereby copper is preconcentrated by extracting with an

anion exchange solvent comprising the steps of:

(a) contacting the solution with an anion exchange solvent thereby selectively

loading copper cyanide at a CN:Cu ratio of < 3:1 1nto the solvent;

A s o e 1ha a2 AN & A I 3 TR s s (AT A A TR T
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separating the solvent having copper cyanide loaded therein from the now

partially depleted solution containing copper cyanide at a CN:Cu ratio of
>3:1;

treating the loaded solvent obtained in step (b) with an eluent containing
copper cyanide at a CN:Cu ratio of between 3.5:1 and 4:1 and a copper
concentration of at least 10 grams/liter thereby eluting copper cyanide

from the solvent and producing an eluate having a CN:Cu ratio of less

than 4:1; and

electrowinning copper metal from the eluate produced 1n step (c).
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