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Anodic Energy Storage in Electrolysis of a Single Halide Solution

Field of the Invention

The present invention relates to the electrowinning and leaching of base and
precious metals, typically metals that have been leached into the solution in a halide
leaching stage. More particularly, the invention relates to the storage of anodic energy
in a soluble form as a result of electrolysis of the halide solution, which stored anodic

energy can subsequently be used in the leaching of a mineral or metal.

Backeround to the Invention

Internationally, energy costs and greenhouse gas emissions are taking on
increased significance. Many prior art mineral leaching and electrolytic recovery
processes do not make use of the anodic energy generated during the electrolysis
process and rather allow this energy to effectively be wasted. The most common way in
which this energy is wasted is the generation in the electrolysis process of oxygen at the
anode, which is then dispersed to the atmosphere. This dispersion of oxygen can
actually contribute to gas emissions, when the oxygen released is impure.

Some leaching/electrolysis processes use pressurised oxygen in the oxidation
stage of the leaching process to enhance leaching, and this can further increase the
release of oxygen to atmosphere during the process, together with noxious or
greenhouse gases.

Another disadvantage that occurs with the anodic generation of oxygen, for
example by the electrolysis of water at the anode, is that an acid mist is normally
generated. As water is broken down in the electrolysis process it produces half a
molecule of oxygen and two hydrogen ions. When sulphur is present in the mineral that .
has been prior leached, this often results in a strong sulphuric acid solution. Some of
this acid can be entrained in the oxygen leaving the process and be exhausted to
atmosphere (producing acid rain).

Australian patent No. 669906 discloses a process known as the Intec Process.
In the Intec process, bromide ion is added to a chloride electrolyte and, during

electrolysis, anodic energy can be stored in a halide complex formed at the anode at a
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high solution Ej (eg. 100 to 200 millivolts below the potential for chlorine evolution).
Typically the energy is stored in the halide complex at a level below the evolution of
chlorine gas. The resultant halide complex has sufficiently high oxidation potential
such that it can be used subsequently to leach gold from difficult to leach mineral ores.
Thus, the halide species produced has the capacity to replace cyanide leaching.

In the Intec Process for copper, metal is deposited on the cathode by reduction
of copper ions in the feed solution. This is commonly referred to as electrowinning. At
the anode, cupric (Cu") ions are formed by oxidation of cuprous (Cu') ions. Also at the
anode, oxidised bromide ions combine with chloride ions to form compounds such as
BrCl,". This species has been observed to not contaminate the metal recovered at the
cathode (eg. copper). Formation of this species is responsible for the high anolyte
solution Ey, obtained. Hence, the anolyte may be used subsequently for the electrolytic
leaching of gold and other precious metals (e.g. platinum, palladium efc.) into solution.

However, the Intec process has several disadvantages. During the
electrowinning step, the BrCl,” formed in solution at the anode has an equilibrium with
dissolved BrCl (bromine chloride). Bromine chloride is a volatile gas which can, to
some extent, be released during electrolysis, and which therefore must be scrubbed or
otherwise removed to prevent its release to the atmosphere.

Furthermore, the presence of bromide ions can interfere with the recovery of
leached gold from solution after the leaching stage. For example, where the leached
gold is adsorbed onto activated carbon, the bromide ion can interfere with this process
by complexing with the gold.

It is an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the prior art, or to provide a useful alternative.

Summary of the Invention

The present invention provides a process for the electrolytic recovery of a metal
from a single halide solution, wherein the single halide solution includes a variable
valence ion which does not contaminate the cathodically recovered metal, and the ratio
of the halide to the variable valence ion is controlled such that the solution can reach an
Ey close to but less than that at which evolution of halogen gas occurs. Typically, this

process 1s known in the art as electrowinning.
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In the present invention, reference to a “single halide” allows for small
amounts of other halides to be present, such as those which might be present in the
leachate of a leached mineral.

In the present invention, when it is stated that thé variable valence ion does not
contaminate the cathodically recovered metal, this statement allows for the presence of
small quantities of contaminant, but at a level which does not affect the end use of the
metal product. Preferably, the level of contamination in the cathodically recovered
metal is less than 5 ppm, more preferably less than 3 ppm. Melting may further reduce
contamination. .

In the present invention, where reference is made to “an Eh close to but less
than that at which evolution of halogen gas occurs”, it is meant an E;, which is
preferably within 500 mV, more preferably within 300 mV, and more preferably within
100-200 mV of the E; at which evolution of halogen gas occurs.

Advantageously, the electrowinning process of the present invention does not
produce any volatile gases at the anode. In particular, there is no vapour pressure of, for
example, bromine chloride above the cell. Since the process of the present invention
does not produce any harmful volatile gases, the cell may be operated with an open
anode chamber.

Preferably, the amount of halide ion is greater than the amount of variable
valence ion. Preferably the molar ratio of halide to the variable valence ion is high and
is in range of 20:1 to 2:1, more preferably 7:1 to 4:1. More preferably, the molar ratio
of halide to the variable valence ion is approximately 6:1.

In a most preferred form, the variable valence ion is a cation, because of the
ease of control of the oxidation state thereof in solutions, however it is possible that the
variable valence ion may also be a complex anion. When the variable valence ion is a
cation, a number of possible cations may be used. However, a suitable cation is
manganese which is relatively abundant and inexpensive. In this regard, typically the
anodic energy is stored in the form of a manganic (Mn>") ion which is sufficiently stable
in strong halide solution, and which is also stable without the presence of an additional
complexing agent.

Preferably the single halide is chloride because of its ease of handling and
abundance, but other single halides may be used.

Preferably, the process of the present invention is carried out under acid
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conditions. Preferably, the pH of the electrolyte is less than 3.

Typically the process is used as part of fhe electrolytic recovery of copper
(amongst other metals). Copper has the advantage that it can also absorb anodic energy
(ie. the cuprous ion (Cu") along with the manganous ion (Mn?") get converted to cupric
(Cu**) and manganic (Mn’") forms respectively). However, with appropriate
modification, the process can also be used for recovery of metals such as zinc, nickel,
lead etc.

Advantageously, the process of the present invention can be used to generate a
higher oxidation state of the variable valence ion, which can thereby increase the Ej of
electrolyte. The electrolyte having a high E; may be used subsequently to leach gold
and other precious metals from a mineral. Thus, the anodic energy is not wasted (eg. in
the generation of oxygen or sulphuric acid). Typically the electrolyte having a high Ej,
is the anolyte. The anolyte may be separated from the catholyte by a membrane in the
cell.

Accordingly, in a second aspect the present invention provides a process as
described above that forms part of a closed loop combined electrolytic/leaching process,
such that the electrolyte from the electrolysis process is returned to the leaching stage,
including the halide ion in solution at a high E}, and the variable valence ion in solution
at a high oxidation state. This return electrolyte then functions as a lixiviant in the
leaching process and has been observed to oxidise difficult to leach metals such as gold
and other precious metals into solution.

In another aspect, the present invention provides an electrochemical leaching
process including the steps of:

(a) conducting the process as described above;

(b) recovering the electrolyte (preferably the anolyte); and

(©) adding a metal to be leached to the electrolyte.

The metal to be leached include any precious metal, such as gold, palladium, platinum,
ruthenium, rhenium, rhodium, iridium etc. Preferably, the metal to be leached includes
gold. Recovery of, for example, leached gold from solution is a facile and well known
process. Typically, recovery of gold from solution is conducted by adsorption of the
gold onto activated carbon.

The leaching process of the present invention is advantageous because it

avoids the use of harmful cyanide in the leach. Moreover, the absence of bromide ions
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in the leach is advantageous, because bromide ions can interfere with subsequent
recovery of gold from the leach.

It is envisaged that the present invention will be qseful in recovering metals
from many different types of ores and/or scrap metal. A particularly preferred

embodiment is where the feedstock includes gold-rich copper concentrates.

Brief Description of the Drawings

A preferred embodiment of the invention will now be described, by way of example
only, with reference to the accompanying draWings in which:

Figure 1 illustrates a diaphragm electrochemical cell used in the electrowinning
process of the present in\;ention.

Figure 2 shows the E; of the anolyte solution over time during electrowinning.

Figure 3 shows the concentration of leached gold in solution increasing during
electrochemical leaching, and the E; of the anolyte correspondingly decreasing.

Figure 4 shows a Pourbaix diagram for manganese and chloride ions in solution.

Modes for Carrying out the Invention

Notwithstanding any other forms which may fall within the scope of the
invention, a preferred form of the invention will now be described, by way of example

only with reference to the following non-limiting examples.

Example 1 — Flectrowinning of Copper

An electrolyte of 150gm per litre sodium chloride 85°C was prepared. This
electrolyte was electrolysed in an electrolytic cell by passing a current of approximately
700 Amps per square metre through the electrolyte. Passage of current led to the
evolution (formation) of copious quantities of chlorine gas (as readily identified by the
noxious smell). |

To this electrolyte 20 grams per litre of Mn®* ion was added. It was observed
that this addition stopped the evolution of chlorine gas. Further, to this solution, 30

grams per litre of Cu®* jon was added, resulting in a brown solution resulting from the
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formation of a cupric chloride complex. The preferred ratio of chloride ion to
manganese ion was approximately 6 to 1, and it was observed that when the Cu*"ion
was added the solution could be controlled to reach an Ej close to but not greater than
that at which chlorine gas evolved. The resultant E;, was approximately 1000 mV (with
respect to the standard Ag/AgCl electrode).

Thereafter, the addition of metallic copper to this solution resulted in the
solution becoming clear, as the oxidant was consumed. The reaction is: Mn>* + Cu® >
MnZ+ + Cu+.

During electrolysis, and most surprisingly, there was no evidence of formation
of MnO,, on the anode in the electrolytic cell. The formation of MnO; is a problem in a
conventional zinc sulphate cell, and the absence of this problem was attributed to the
high ratio of chloride ion to Mn** and Mn* ion. Thus, during electrolysis, the chloride
ion was able to be maintained in solution, Mn®" was oxidised to Mn®" without the
formation of MnO; at the anode, and a pure metal (copper) was able to form at the
cathode, which was observed to be substantially free of manganese impurity. Figure 4
illustrates the various oxidation states of manganese in solution over a range of pHs.

It was observed with the absence of a second halide such as Br™ in the
electrolyte, that apart from the process being cheaper, no volatile halogen gas complex
was formed which would have otherwise had a deleterious affect on plant hygiene and
which would have to have been removed (ie. scrubbed) from any gas leaving the

process.

Example 2

(i) Electrowinning of Copper

A diaphragm electrochemical cell (diagram 1) was used which consisted of 1
plate anode (15cm X 9cm) and 2 cathodes made from prepared copper pipe. The
solution was stirred and heated to 70°C. The cell was operated at 6A or 220A/m” based
on the estimated cathode surface, not including the deposited dendrites. From a mass
balance of the system 13.5 g Cu would be reduced from the solution, giving an
approximate flow rate to the cell of 0.3 Vhr of feed. The feed composition is given

below.
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Table 1: Feed Concentration
Component Concentration (g/1)
Cu(I) Chloride 80
Mn(1I) Chloride 20
NaCl 150

The feed solution was made by the addition of the required components.
Copper powder was added to ensure that the copper (I) chloride was formed.

The cell was first filled with 3 litres of feed solution at the beginning of the
experiment. The liquor composition was 30 g/l Cu, 20g/1 Mn and 150g/1 NaCl. The
cell was turned on for 15 minutes before the feed to the cell was started. This was to
form Cu(Il) in the anode chamber before any anolyte solution was to be taken off the
cell. The cell was operatedrfor 30 minutes before the anolyte solution was collected for
the second phase of the experiment.

At each sampling time, temperature, E}, (vs. a Ag/AgCl standard electrode),
pH, current and voltage were measured. The solution and copper product were
analysed for copper, manganese and gold by ICP-AES (Inductively Coupled Plasma —
Atomic Emission Spectroscopy).

The feed solution was made from copper (II) chloride, manganese chloride and
sodium chloride at the respective concentrations required. It was required that copper
(II) chloride was to be reduced to copper (I) chloride. To achieve this a large amount of
copper powder was added (1kg) to reduce copper (II) to copper (I). While the solution
was in contact with air, the copper was oxidised to copper (II) compounds. It was
observed that the pH of the feed solution increases over time. To maintain the desired
pH of approximately 1.5, a large amount of concentrated hydrochloric acid was added
over the week when the feed solution was made. Fine precipitates were also formed
within the solution. To avoid fouling the cell membrane, the feed solution was filtered
before the experiment was carried out.

The cell was operated for 4 hours with a voltage drop of 2.51V and the current
through the cell was 6A. Feed flow rate to the cell was 300ml/hr at a temperature of

70°C. Table 2 below shows an example of the concentrations of the feed to the cell and
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the anolyte solution leaving the cell.

Table 2: Concentration of Copper and Manganese entering and leaving the cell

Anolyte Concentration (g/1) Feed Concentration (g/1)
Time(min) | Cu Mn Cu Mn
60 18.8 4.0 38.8 3.6
120 214 3.1 36.5 3.5
180 22.7 3.3 36.0 3.5
240 21.9 32 A 38.7 3.5

With time the E; of the anolyte solution increased showing that the copper (1)
was converted to copper (II). Manganese (II) was also oxidized to manganese (III).
Figure 2 shows the Ej, of the anolyte solution with time. The E;, reported was based on
the silver/silver chloride reference electrode, with the maximum Ejy reaching 1V after 1
hour of the cell running.

Samples of reduced copper product were taken at every hour to monitor the
quality of copper produced. Samples were taken from the electrode and washed with
distilled water to remove any electrolyte solution. The samples were dried to remove
water and an approximate sample of 0.2g were taken and digested with 50ml of aqua
regia. From the analysis below, manganese was present only in trace levels (Table 3),

and could be expected to be further reduced on melting of the copper.

Table 3: Copper purity and manganese levels within the copper sample

Sample Mn content in copper product (ppm)
1 hour 2.95
2 hour 1.29
3 hour 1.11
4 hour 0.09
Composite ' 1.19
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(ii) Leaching of gold

A 500ml anolyte solution was taken from the cell and brought to temperature
(75°C). Approximately 0.1g of gold powder was added to the solution and 1ml samples
were taken to observe the gold dissolution. The E;, of the solution was monitored as the
solution was brought up to temperature. As the temperature was increased, the Ej,
incréased from 0.710V to 0.794V and the pH dropped from 0.55 to —0.24.

Gold was leached into the solution as shown in Figure 3 and the E;
correspondingly dropped. Within the 8 hour period the concentration of gold increased
to 193.2 ppm Au (corresponding to 90% dissolution) showing that the anolyte solution
can leach gold.

The E;, of the anolyte was actually lower than when it was firstly made. This

could be due to the decomposition of manganese (III), the active oxidant in the anolyte.

In summary, the Examples demonstrate the following advantages of the present
invention:

- the electrolyte is cheap

- the electrolyte is non-volatile

- an open anolyte chamber may be employed

- the absence of bromide ions allows facile precipitation of gold and other

precious metals.

Whilst the invention has been described with reference to a preferred embodiment, it

should be appreciated that the invention can be embodied in many other forms.
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Claims

1.~ Aprocess for the electrolytic recovery of a metal from a single halide solution,
wherein the single halide solution includes a variable valence ion which does not
contaminate the cathodically recovered metal, and the ratio of the halide to the variable
valence ion is controlled such that the solution can reach an E;, close to but less than that

at which evolution of halogen gas occurs.

2. A process according to claim 1 wherein the variable valence ion is a cation.

3. A process according to claim 2 wherein the cation is a manganese cation.
4. A process according to any one of the preceding claims wherein the variable

valence ion is manganese (II) ion.

5. A process for the electrolytic recovery of a metal from a single halide solution,
including the step of adding to the solution a manganese (II) ion, wherein the ratio of
the halide to the manganese (II) ion is controlled such that the solution can reach an Ej,

close to but less than that at which evolution of halogen gas occurs.

6. A process according to any one of the preceding claims wherein the amount of

halide ion is greater than the amount of variable valence ion.

7. A process according to claim 1 wherein the molar ratio of the halide to the

variable valence ion is approximately 6 to 1.

8. A process according to any one of the preceding claims wherein the halide is
chloride.
9. A process according to any one of the proceeding claims wherein the metal to be

recovered includes copper.
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10. A process according to any one of the preceding claims which produces an

electrolyte including the variable valence ion in a high oxidation state.

11. A process according to claim 10 wherein the electrolyte includes manganese

(ITI) ioms.

12. A process according to claims 10 or 11 wherein the electrolyte is the anolyte,

said anolyte being separated from the catholyte by a membrane.

13. A process as claimed in any one of the preceding claims that is part of a closed
loop electrolytic/leaching process, such that the electrolyte returned to the leaching
stage includes the halide ion in solution at a high Ej, and the variable valence ion in

solution at a high oxidation state.

14. A leaching process including the steps of:
(a) conducting the process according to any one of claims 1 to 12;
(b) recovering the electrolyte; and

(c) adding a metal to be leached to the electrolyte.

15. A leaching process according to claim 14 wherein the metal to be leached

includes gold.

16. A process for the electrolytic recovery of a metal from a single halide solution

substantially as herein described with reference to the Examples.

17. A process for leaching a metal substantially as herein described with reference

to the Examples.
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