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and cathodes (3) are housed in the elec- trolysis tank (4).
The method comprises supplying sul- fur dioxide to the an-
ode (2) to depolarize the anode process and to reduce the en-
ergy consumption of the electrowinning cell (1).
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METHOD FOR METAL ELECTROWINNING AND AN ELECTROWINNING
CELL

FIELD OF THE INVENTION

The present invention relates to a method for
electrowinning a metal from an electrolyte in an elec-
trowinning cell that comprises an electrolysis tank,
one or more anodes and one or more cathodes, which an-
odes and cathodes are housed in the electrolysis tank.
The invention also relates to an electrowinning cell

for electrowinning a metal.

BACKGROUND OF THE INVENTION

In metal electrowinning a current is passed
from an inert anode to a cathode through a liquid
leach solution containing said metal so that the metal
is extracted as it 1is deposited onto the cathode. A
significant part of the gspecific electrical energy
consumption (SEEC) for this process is due to the re-
action which occurs at the anode. In the case of cop-
per this represents over 25% of the total energy re-
quirement of the copper production.

In sulfate based electrolytes the anode reac-
tion 1s oxygen evolution, caused by electrolytic
splitting of water into protons and oxygen. This pro-
vides electrons for the reduction of metal cations at
the cathode. Sulfate based electrolytes are used, for
instance, in electrowinning of copper, =zinc, nickel,
chromium and manganese.

In metal electrowinning from sulfate (or sul-
furic acid) based electrolytes, the oxygen evolution
reaction that occurs at the anode is given by the fol-

lowing equation:

HoO - 2H'(ag) + ¥ Oay) + 2e° (1)
E = 41.23 V vs. SHE
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The overall reaction for copper elec-
trowinning with an oxygen-evolving anode is given by
equation (2). The reaction produces one mole of cath-
ode copper, one mole of sulfuric acid and half a mole

of oxygen gas:

CUSO4(aq) + H,O > CU(S) + H2SO4(aq) + O2(g) (2)
Foel1 = +1.7 to 2.0 V vs. SHE

Efficiency and cost-effectiveness of elec-
trowinning is important for the competitiveness of
metal industry. The electrical energy cost of metal
electrowinning is almost directly proportional to cell
voltage.

Attempts have been made to develop anodes
that would reduce the energy required for elec-
trowinning. These attempts comprise, for instance,
modification of lead anodes and switching to dimen-
sionally stable anodes (DSA). In most cases, the an-
ticipated energy savings have been in the region of a
few hundreds of millivolts, or 5-15% of the cell volt-
age.

Dimensionally stable anodes comprise a thin
active coating, usually few micronsg, deposited on a
base metal, such as Ti, Zr, Ta, Nb. The coating ena-
bles the electrical charge transport between the base
metal and the electrode/electrolyte interface, and is
chosen for its high chemical and electrochemical sta-
bility and its ability to catalyze the desired elec-

trochemical reaction.

PURPOSE OF THE INVENTION

The object of the present invention is to re-
duce the electrical power consumption in metal elec-

trowinning.
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SUMMARY

The invention comprises the use of sulfur di-
oxide depolarized electrolysis (SDE) to lower the cell
voltage for metal electrowinning, thereby lowering the
electrical power needed to win metals from a solution.
Anodic oxidation of S0, is used to depolarize the an-
ode reaction and to decrease the energy required for
electrowinning.

By comparison with the oxygen evolution reac-
tion (1), sulfur dioxide oxidation reaction (3) has a
much lower standard electrode potential than oxygen

evolution:

SOz (aiss) + 2H20(1, — H2SOsaq) + 2H (aq) + 2€7 (3)
E’ = 40.17 V vs. SHE

The overall reaction for sulfur dioxide depo-
larized copper electrowinning would then be the produc-
tion of one mole of cathode copper, two moles of acid
and no oxygen. The cell voltage is considerably lower

than for standard copper electrowinning technology:

CuSOas(aq) + SOz2(4issy + 2H20(1) — Cuys) + Z2H2SOs(aq) (4)
Foe11 ~ +1.0 V vs. SHE

The method according to the present invention
is characterized by what is presented in claim 1.

The electrowinning cell according to the pre-
sent invention is characterized by what is presented
in claim 10.

In the present invention, anolyte and catho-
lyte are separated from each other by a diaphragm or
membrane, and sulfur dioxide is supplied to the anode
to depolarize the anode process and to reduce the en-

ergy consumption of the electrowinning cell.
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In one embodiment of the invention, sulfur
dioxide is introduced in gas form into the electroly-
sis tank in the vicinity of the anode.

In another embodiment of the invention, sul-
fur dioxide is dissolved into an electrolyte before
said electrolyte is introduced into the electrolysis
tank in the vicinity of the anode.

In an advantageous embodiment of the present
invention, each anode is housed in an anode bag of its
own and sulfur dioxide is introduced into the lower
part of the anode bag.

In one embodiment of the present invention,
the anode comprises a titanium mesh coated with plati-
num.

In another embodiment of the present inven-
tion, the anode comprises a titanium mesh coated with
gold.

In an advantageous embodiment of the present
invention, the titanium mesh comprises 0.10-0.50 g/cm’
Ti, advantageously about 0.15 g/cm’ Ti.

In one embodiment of the present invention,
the anode is a standard PbCaSn anode spray-coated with
platinum powder. Alternatively, the standard PbCaSn
anode can be spray-coated with gold powder.

In another embodiment of the present inven-
tion, the anode comprises a stainless steel anode
coated with platinum or gold. Coating can be carried
out, for instance, by powder coating, electrolytical
precipitation, or any other suitable technology.

The present invention may be employed, for
instance, in copper or zinc electrowinning carried out
in a strong Hy;304 based electrolyte. The new method can
also be suitable for use in nickel, chromium or manga-
nese electrowinning, depending on the impact of SO, on
the solution chemistry of those processes.

With sulfur dioxide depolarized elec-

trowinning technology (SDD-EW), it is possible to de-
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polarize the electrowinning anode reaction by as much
as 1 volt and so decrease the cell voltage and energy
consumption in copper electrowinning by approximately
50%.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included
to provide a further understanding of the invention
and constitute a part of this specification, illus-
trate embodiments of the invention and together with
the description help to explain the principles of the
invention. In the drawings:

FIG. 1 is a schematic cross-sectional view of
a sulfur dioxide depolarized electrowinning cell com-
prising bagged anodes.

FIG. 2 is an enlarged view of two electrodes,
illustrating the flow of dissolved SO, containing
anolyte through an anode bag, with two enlarged detail
drawings.

FIG. 3 is a diagram illustrating current den-
sities as a function of applied potential with three
tested anode materials in degassed electrolyte and an
electrolyte with SO;.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows an electrolytic cell 1 that can
be used in S0, depolarized electrowinning of copper
from an acid electrolyte 5 that contains sulfuric acid
and its copper salt. The electrolytic cell 1 comprises
a plurality of anodes 2 and a plurality of cathodes 3,
which are arranged alternately in an electrolysis tank
4 filled with the electrolyte 5. The anodes 2 can be,
for instance, platinum or gold plated titanium mesh
anodes, or of any other suitable type. Each anode 2 is
contained in an anode bag 6 of its own. The anode bags

6 are formed of a material that permeates the electro-
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lyte 5 in a controlled manner. The cathodes 3 are
preferably permanent cathodes, which are made of acid-
resistant special steel. The cathodes 3 are in direct
contact with the electrolyte 5 in the tank 4.

Catholyte, which contains copper sulfate and
sulfuric acid, 1is fed to the bottom of the tank 4 via
a main feed manifold 10. After flowing through the
tank 4, the spent catholyte is removed as an overflow
11 from the upper part of the tank 4. Anolyte, togeth-
er with dissolved S0, is fed into the lower part of
each anode bag 6 via an anolyte feed manifold 9. The
spent anolyte is removed from the upper part of the
anode bag 6 via a conduit 12 with the aid of wvacuum.
The anolyte and the catholyte are separated from each
other by the anode bag 6, which can comprise a dia-
phragm cloth bag or an ion exchange membrane, such as
Nafion 117. The ion exchange membrane is a functional-
ly fixed electrolyte that serves as an electric insu-
lator and as a proton conductor that prevents gases
from flowing from one side of the membrane to the oth-
er side of it.

FIG. 2 shows on a larger scale the structure
of the anode 2 placed in the anode bag 6 and the cath-
ode 3 placed outside the anode bag 6. The anode bag 6
defines an anodic space 7 on its inside and a cathodic
space 8 on its outside. In the lower part of the anod-
ic space 7 there is a manifold 9 through which anolyte
is fed into the anode bag 6 together with S0, gas dis-
solved in the anolyte. Copper is precipitated on the
surface of the cathode 3 and sulfuric acid is generat-
ed at the anode 2.

The spent anolyte, along with any excess gas
including S0,, 1is removed from the anode bag 6 with
the aid of suction via the conduit 12 arranged in con-
nection with the air/electrolyte interface 13 in the

upper part of the anode bag 6. The spent anolyte with
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increased concentration of H;S50; is conducted to recir-
culation.

The agqueous solution introduced into the an-
odic space 7 together with the sulfur dioxide results
in oxidation of gaseous sulfur dioxide (S0;) to form
sulfur acid (H»S04) with a sulfur dioxide depolarized
anode.

In a preferred embodiment of the invention,
the apparatus comprises means for adding sulfur diox-
ide to the anolyte solution, which solution is fed to
the anodic space 7 via anolyte feed manifold 9.

As sulfur dioxide is consumed in electroly-
sis, some SO, make up is needed in the process.

In metallurgical industry, a large amount of
sulfur dioxide is formed in roasting and smelting pro-
cesses, 1.e. the exhaust gases contain essentially
large amounts of sulfur dioxide. The present invention
is suitable for use in connection with metal produc-
tion processes involving a pyrometallurgical step pro-
ducing S0, and an electrowinning step to deposit metal
on cathodes. The S0, producing step may comprise, for
instance, roasting or smelting of sulfidic raw materi-
als. Normally, the new type of electrowinning step
would be suitable for zinc or nickel production,
whereby S0; would be used in sulfur dioxide depolar-
ized anodes in the electrowinning part of the process.
If there is no S0, available from the process, then
other sources of S0, can be considered. Sulfur dioxide
can be transported from a near-by process plant, or a
sulfur burner can be used to generate the necessary
S0,. Furthermore, sulfuric acid evolved in the elec-
trolytic cell <can be re-circulated to a leaching
stage.

In principle, there are several alternative
ways of supplying SO, to the anodes in an electrolytic
cell. The first alternative, i1llustrated in FIGS. 1

and 2, comprises dissolving S0, gas in the anolyte be-
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fore the electrolytic cell 1 and feeding the solution
via the manifold 9 to the bottom of the anode bag 6.
Spent anolyte that contains residual S0, will then be
re-circulated separately from the bulk electrolyte
(catholyte). Any emissions will be handled by removal
of electrolyte from the top of the anode bag 6. Fresh
anolyte that contains dissolved S0, can be fed into
the lower part of the anode bag 6 via the manifold 9
consisting of a steel tube, or by a device similar to
that used in air sparging. Alternatively, S0, gas can
be supplied directly into the anode bag without prior
dissolution in an electrolyte.

Another option of supplying SO, to anodes in
the electrolytic cell comprises using stacked membrane
electrolyser assemblies (MEA), such as those related
to descending packed bed electrowinning cell technolo-
gy. In this cell design, anolyte and catholyte are
treated as separate feeds and anolyte gas handling is
part of the cell design. An example of this is pre-
sented in S. Robinson et al. “Commercial development
of a descending packed bed electrowinning cell, part
2: Cell operation”, Hydrometallurgy 2003 - Fifth In-
ternational Conference in Honor of Professor 1Ian
Ritchie - Volume 2: Electrometallurgy and Environmen-
tal Hydrometallurgy, TMS, 2003.

One more option would be dissolving SO, gas
in the electrolyte feed prior to its addition to an
undivided cell. An acid mist capture hood would then
be needed to control the tankhouse atmosphere.

The potential at which the reactions (2) and
(3) occur depends strongly on the anode material. For
example, in an electrowinning tankhouse of prior art,
reaction (2) typically occurs on lead based anodes
(PbCaSn for copper electrowinning; PbAg for zinc elec-
trowinning). Lead, or more specifically lead oxide on
the surface of the lead anode is not a particularly

good catalyst for oxygen evolution; platinum and gold
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would be much better catalysts. The use of lead-based
anodes persists in electrowinning applications for
cost reasons - lead is a low cost option.

The material costs of anodes suitable for use
in sulfur dioxide depolarized (SDD) metal elec-
trowinning can be very high. The SDD anode itself ap-
pears to be competitive with conventional dimensional-
ly stable anode (DSA), and there may be even cost re-
duction if it is possible to use light titanium mesh
based SDD anodes.

It is estimated that sulfur dioxide depolar-
ized copper electrowinning would potentially save
about 49% on the energy by using the oxidation of sul-
fur dioxide as the anode reaction.

The benefits achieved by the new method are
numerous. Electrical energy consumption is reduced by
approximately half over standard PbCaSn based copper
electrowinning. There is no oxygen evolution at the
anode. Together with the use of anode bags, this will
yield elimination of acid mists and better environmen-
tal control, which 1is especially important for in-
stance in nickel electrowinning. As there are no lead
anodes, no lead impurities are present in the electro-
lytic cell. Cathode finish and the quality of the
cathodes can be better than in conventional elec-
trowinning. No anode sludges are created.

The new process 1s most suitable for use in
connection with plants where S0O; is generated at a lo-
cation close to the electrowinning plant. If no other
source 1is available, sulfur burning can be used to
generate S5S0,. Extra plant and extra investment costs
for S0, handling may be necessary. A good option might
be the utilization of anode bag technology. Another
promising alternative would be the utilization of de-
scending packed bed electrowinning cells.

The following examples are presented to il-

lustrate but not to limit the present invention.
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EXAMPLE 1

The effect of anode material on the sulfur
dioxide depolarized electrolysis reaction was tested
using a standard PbAg electrode normally used in zinc
electrowinning, an oxygen evolving dimensionally sta-
ble anode (titanium mesh coated with Ir0O; and Tay0s),
and a platinum coated titanium mesh electrode for com-
parison. Polarization curves were measured in 100
g/dm’ sulfuric acid, either degassed with nitrogen or
saturated with S0,. FIG. 3 discloses a summary of the
current density as a function of applied potential
from 10 mV/s scans of the tested three anode materials
in degassed electrolyte and in an electrolyte with
S502.

The results in FIG. 3 indicate that the least
active electrode combination is a standard PbAg anode
in a nitrogen degassed electrolyte. The most active
combination so far was Pt in the presence of S50;, giv-
ing high currents at a much lower voltage than the
other combinations tested.

Other possible anode materials that can be
used in sulfur dioxide depolarized electrolysis com-
prise a platinum coated dimensionally stable anode (Ti
coated with Pt), which 1i1s an industrial wversion of
bulk platinum anode, and a gold electrode. So far, the
tests performed in laboratory scale suggest that gold
is an active catalyst for the sulfur dioxide depolar-
ized electrolysis reaction. The gold electrode can be
made, for instance, by electroplating a substrate of
stainless steel, titanium mesh, or any other suitable
metal or metal alloy. Also other suitable coating
methods can be employed, such as physical wvapor depo-
sition method and multiple layer coating.

Consequently, the most probable anode materi-
als usable on industrial scale comprise a coated tita-

nium anode (also known as a dimensionally stable an-
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ode, DSA) with a mixed metal

based coating,

and platinum or gold
and a standard PbCaSn anode spray coat-
ed with platinum or gold powder, for
method taught in WO 2007045716 Al.
duced by electrolytically plating stainless steel an-

instance by a
Also anodes pro-
ode plates with gold or platinum, as well as anodes
produced by physical vapor deposition of gold or plat-
inum on a stainless steel anode can be used in the

method according to the present invention.

EXAMPLE 2

To get an idea of the electrical energy con-
sumption in copper electrowinning, the overall cell
(Uce11) and
(SEERC)

lated for copper electrowinning. A summary of the re-

voltages standard electrical energy con-

sumptions of three different anodes were calcu-
sults of these calculations is shown in Table 1. The

calculations were made for the use of: a standard

PbCaSn electrode

copper

in connection with oxygen evolving

electrowinning; a dimensionally stable
Ir0,;/Ta;0s electrode in connection with oxygen evolving
copper electrowinning; and a platinum coated titanium
electrode in connection with sulfur dioxide

(SDD)

depolar-

ized copper electrowinning.

TABLE 1

PbCasSn DSA Pt SDD with

IIOZ/Ta205

S0,

Ucellr

(V]

2.065

1.815

1.055

SEEC/t Cu, [kWh/t]

1834

1612

987

30

The results indicate that by using new plati-
num coated titanium electrodes in connection with sul-
fur dioxide depolarized copper electrowinning, remark-
able reduction in the overall cell voltage and stand-

ard electrical energy consumption can be achieved.
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It is obvious to a person skilled in the art
that with the advancement of technology, the basic
idea of the invention may be implemented in wvarious
ways. The invention and its embodiments are thus not

5 limited to the examples described above; instead they

may vary within the scope of the claims.
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CLAIMS

1. A method for electrowinning a metal from
an electrolyte in an electrowinning cell (1) that com-
prises an electrolysis tank (4), one or more anodes
(2), and one or more cathodes (3), which anodes (2)
and cathodes (3) are housed in the electrolysis tank
(4), the method comprising supplying sulfur dioxide to
the anode (2) to depolarize the anode process and to
reduce the energy consumption of the electrowinning
cell (1), characterized by housing each anode (2) in
an anode bag (6) of its own and introducing sulfur di-
oxide into the lower part of the anode bag (6).

2. A method according to claim 1, character-
ized by introducing sulfur dioxide in gas form into
the electrolysis tank (4) in the vicinity of the anode
(2) .

3. A method according to claim 1, character-
ized by dissolving sulfur dioxide into an electrolyte
before introducing said electrolyte into the electrol-
ysis tank (4) in the vicinity of the anode (2).

4. A method according to any one of claims 1
to 3, characterized by using anodes (2) of platinum
coated titanium mesh.

5. A method according to any one of claims 1
to 3, characterized by using anodes (2) of gold coated
titanium mesh.

6. A method according to any one of claims 1
to 3, characterized by using standard PbCaSn anodes
spray-coated with platinum powder.

7. A method according to any one of claims 1
to 3, characterized by using standard PbCaSn anodes
spray-coated with gold powder.

8. A method according to any one of claims 1
to 3, characterized by using stainless steel anodes

with platinum coating.
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9. A method according to any one of claims 1
to 3, characterized by using stainless steel anodes
with gold coating.

10. An electrowinning cell for electrowinning
a metal from an electrolyte, comprising an electroly-
sis tank (4), one or more anodes (2) and one oOr more
cathodes (3), which anodes (2) and cathodes (3) are
housed in the electrolysis tank (4), and means (9) for
supplying sulfur dioxide to the anode (2) to depolar-
ize the anode process, characterized in that each an-
ode (2) is housed in an anode bag (6) of its own and
the sulfur dioxide is supplied into the lower part of
the anode bag (6).

11. An electrowinning cell according to claim
10, characterized in that the means for supplying sul-
fur dioxide into the electrolysis tank (4) comprises a
manifold (9) arranged to introduce sulfur dioxide into
the vicinity of each anode (2).

12. An electrowinning cell according to claim
10 or 11, characterized in that the anode (2) compris-
es a titanium mesh provided with a platinum coating.

13. An electrowinning cell according to claim
10 or 11, characterized in that the anode (2) compris-
es a titanium mesh provided with a gold coating.

14. An electrowinning cell according to claim
12 or 13, characterized in that the titanium mesh com-
prises 0.10-0.50 g/cm® titanium, advantageously about
0.15 g/m? of titanium.

15. An electrowinning cell according to claim
10 or 11, characterized in that the anode (2) 1is a
standard PbCaSn anode spray-coated with platinum pow-
der.

16. An electrowinning cell according to claim
10 or 11, characterized in that the anode (2) 1is a

standard PbCaSn anode spray-coated with gold powder.
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17. An electrowinning cell according to claim
10 or 11, characterized in that the anode (2) 1is a
stainless steel anode coated with platinum.

18. An electrowinning cell according to claim
10 or 11, characterized in that the anode (2) 1is
stainless steel anode coated with gold.

19. An electrowinning cell according to any
one of claims 10 to 18, characterized in that at least
one of the anode bags (6) comprises a diaphragm cloth

bag or an ion exchange membrane.
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