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Electrodeposition of copper and nickel from acidic solutions using a rotating cathode coated with liquid and solid
gallium has been studied. Methods of nonferrous metals separation from the gallium coating of the cathode were
determined. Electrodeposition on the liquid gallium coating was carried out at a temperature of 50 °C. Separation
of metals from gallium was performed by alkaline treatment. On the solid gallium cathode coating, electrodeposi-
tion was performed at 25 °C. The metal precipitates were separated from the cathode after it was heated. When us-
ing cathode with hard gallium coating the reduction of electric power consumption for copper by 85 % and for

nickel by 15 % was obtained.
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INTRODUCTION

Non-ferrous metals can be extracted from a variety
of industrial products, scrap, sewage and waste prod-
ucts [1-3]. Electrochemical methods of extraction of
non-ferrous metals from solutions are widely used [4,5].
The possibility of using the method of non-ferrous met-
als electrodeposition from acid solutions on a rotating
cathode coated with liquid and solid gallium has been
studied. Electrolyzer with this cathode have been suc-
cessfully used for recovery of gallium from alkaline so-
lutions [6-8]. The principle of the electrolyzer operation
is based on the use of a cathode partially immersed in
liquid gallium. During rotation an intensive stirring of
the electrolyte near-cathode layer takes place, the con-
centration polarization of metal electrodeposition is re-
moved and the gallium coating of the cathode is re-
newed.

The initial raw material of non-ferrous metals for so-
lution production was neutralization sludge separated
as a result of stage cleaning of commercial copper elec-
trolyte of scrap copper smelting plant of

“Casting” LLP of the Republic of Kazakhstan. Dur-
ing purification of the electrolyte from the stage neu-
tralization sludge, copper and nickel oxides were iso-
lated, which were processed to produce metals by elec-
trolysis using a rotating cathode coated with liquid or
solid gallium. The use of gallium for cathode coating
eliminates the need for cathode matrices and the com-
plicated operation of precipitated metal removal.
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MATERIALS AND METHODS

X-ray fluorescence analysis of the chemical compo-
sition was performed on a Venus 200 wave dispersion
spectrometer (PANalytical B.V., Holland).

Chemical analysis was performed on an optical
emission spectrometer with inductively coupled plasma
Optima 2000 DV (USA, Perkin Elmer).

Semi-quantitative X-ray phase analysis was carried
out on a D8 Advance diffractometer (BRUKER) using
Cu-Ko radiation at an accelerating voltage of 36 kV,
current of 25 mA.

Figure 1 Electrolyzer installation. a) 1-liquid thermostat;
2-electrolyzer; 3-drive rotation; b) cathode block
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Table 1 Electrodeposition of copper and nickel from hydrochloric acid solutions on a rotating cathode coated

with liquid gallium

. Electrodeposition parameters
HCl concentration pH pH = = = = =
R / g/dm? / (initial solution) | / (final solution) Final concentration | Extraction rate | Electricity consumption

of HCl / g/dm? /% / kWh/t

Copper 10 0,96 0,82 0,015 85,4 1710,0

30 0,39 0,31 0,009 99,0 1680,0

50 0,13 0,1 0,012 91,3 1850,0

Nickel 10 0,96 0,83 0,015 90,1 3890,0

30 0,39 0,32 0,005 85,3 3620,0

50 0,13 0,11 0,006 85,0 3640,0

An electrolyzer with a rotating cathode coated with
liquid or solid gallium was used for electrodeposition of
non-ferrous metals (Figure 1).

The unit consists of: an electrolyzer with a bath vol-
ume of 2 dm® with a rotating cathode coated with galli-
um, diameter 6,0 cm, surface area 75 c¢cm?; a rotation
drive brand IKA EUROSTAR 20 with adjustable rota-
tion speed; a liquid thermostat brand LT-205. Lead
plates served as anode.

A block with a rotating cathode in the form of a cyl-
inder coated with gallium was installed in the electro-
lyzer bath made of Plexiglas. The bottom of the cathode
chamber has a recess whose shape follows the shape of
the cathode cylinder. The bath has a water jacket.

When operating the electrolyzer with liquid gallium
coating of cathode, liquid gallium was poured into the
recess of the electrolyzer bottom, to which the current
lead was connected. When the solid gallium electrolyz-
er was operated, the electric power was supplied through
a copper brush at the bottom of the electrolyzer.

Before electrolysis, the cathode surface was heated
with hot water at 80 - 90 °C and the gallium layer was
melted. Then the cathode was treated with 20 % HCI
solution and a passive film was removed from the gal-
lium coating. The fresh gallium layer was applied to the
cathode by rubbing. During electrolysis on the hard gal-
lium coating the cathode was treated with cold water
until curing.

RESULTS AND DISCUSSION

Initial products for the study were copper and nick-
el-containing sludge obtained as a result of stage-by-
stage purification by the method of neutralization of
copper electrorefining solution during recycling of
scrap non-ferrous metals of the copper smelter “Cast-
ing” LLP Republic of Kazakhstan.

Chemical composition of copper-containing sludge /
mas. %: Fe,O, 0,4; NiO 1,4; CuO 80,14; other 18,06.
After calcination of the precipitate at temperature 200
°C and duration of 30 minutes a copper oxide precipi-
tate with CuO content of 98,18 % was obtained.

Chemical composition of the nickel-containing pre-
cipitate / mas. %: NiO 65,93; Fe,O, 5,09; CuO 0,63;
other 28,35. After calcination of the precipitate at tem-
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perature 350 °C and duration of 30 minutes a nickel oxide
precipitate with NiO content of 94,28 % was obtained.

Electrochemical extraction of copper and nickel
metals on the cathode coated with liquid gallium is pos-
sible to carry out only in case of using as an acidic elec-
trolyte hydrochloric acid solution, this is due to the
property of liquid gallium surface, which in solutions of
other acids has no smooth surface, which causes inten-
sive evolution of hydrogen and sludge formation.

The melting point of gallium is 29 °C, so the elec-
trolysis using liquid gallium coating was carried out at
50 °C at which the gallium is in the molten form. The
cathodic current density was maintained at 250 A/m?,
with a bath voltage of 3,0 V. Duration of electrolysis
was 3 hours.

The choice of optimum conditions of non-ferrous
metals electrodeposition depending on concentration of
hydrochloric acid electrolyte was researched. The con-
tent of copper and nickel in all hydrochloric acid solu-
tions was 50 g/dm?.It follows from the obtained results
that the optimum solution containing 30 g / dm® of hy-
drochloric acid for copper and nickel electrodeposition
under the chosen conditions.

The possibility of electrodeposition of metals Cu and
Ni on a hard gallium-coated cathode at 25 °C, i.e. below
the melting point of gallium, was studied table 1).

When the solid gallium coating of cathode is used,
electrodeposition can be carried out from any acidic so-
lution.

For copper electrodeposition an electrolyte of the
composition, g/dm’ 50,0 Cu*, g/dm’ 50 H,SO, was
used. Electrolysis was carried out for 1 hour at a ca-
thodic current density of 2,5 A/dm? and a bath voltage
of 2,7 V. As a result of electrolysis copper layer was
obtained on the cathodic surface covered with solid gal-
lium. Current yield was 94 % at electricity consumption
of 258 kWh/t Cu.

After heating the cathode in hot water to a tempera-
ture of 40 °C, copper was separated in the form of thin
plates (Figure 2).

Nickel electrodeposition was carried out from the
solution with pH 4,6 used for nickel plating composi-
tion, g/dm’® 140,0 NiSO,; 50,0 Na,SO,; 30,0 MgSO,; 5,0
NaCl; 20,0 H,BO,. Electrolysis was carried out for 1
hour, at a cathodic current density of 1 A/dm?and a bath
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Figure 2 Copper cathode removed
from a galvanized surface

Figure 3 Cathode nickel x 100

voltage of 4.3 V. As a result of electrolysis a gallium-
coated nickel layer was obtained on the cathodic sur-
face. Current yield was 95 %, power consumption was
3200 kWh/t Ni.

The cathode nickel was removed by treatment with
hot water at 80 - 90 °C . The obtained nickel is small
coiled plates 1 - 2 mm in size, the surface of which is
characterized by porosity (Figure 3).

Thus, as a result of electrodeposition on the solid
rotating gallium surface of the cathode at 25 °C, Cu and
Ni were isolated in the form of porous plates, which are
easily separated from the cathode after its warming up.
The obtained cathode metals can be considered as pri-
mary and used for recycling into alloys or casting. The
method facilitates the operation of removing metals
from the surface of cathode matrices and replaces the
need to produce matrices. In contrast to electrodeposi-
tion on a liquid gallium-coated cathode, using a solid
gallium-coated cathode results in an ~ 85 % reduction
in energy consumption for copper and ~ 15 % reduction
for nickel.

CONCLUSION

Studies of non-ferrous metals electrodeposition
from acidic solutions using neutralization precipitation
from purification of commercial copper electrolyte as a
raw material have been carried out.

The use of a gallium-coated cathode eliminates the
need for cathode matrices and the complicated opera-
tion of the precipitated metal removal.

Power consumption when using solid gallium coat-
ing is significantly lower.
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Optimal conditions for electrodeposition of copper
and nickel on a cathode coated with liquid gallium from
hydrochloric acid solution have been determined.

On the cathode surface coated with solid gallium:

 from a solution containing 50,0 g/dm Cu*', and
50 g/dm’ H,SO,, a copper precipitate was ob-
tained. The current yield was 94 % at an electric-
ity consumption of 258 kWh/t;

+ from a solution containing / g/dm*: 140,0 NiSO,;
50,0 Na,SO,; 30,0 MgSO,; 5,0 NaCl; 20,0 H,BO,
obtained nickel precipitate. The current yield was
95 %, power consumption was 3200 kWh/t.

Methods of nonferrous metals separation from lig-
uid and solid gallium cathode coating were determined.

Obtained cathode metals can be considered as pri-
mary and used for recycling into alloys or castings.

Acknowledgments

The work is performed with financial support from
Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan (grant
AP09259315).

REFERENCES

[17  G. Pashkov, I. Fleitlikh, A. Kholkin, K. Luboshnikova, V.
Sergeev, A. Kopanev, Development and mastering of ex-
traction processes at the Norilsk Mining and Metallurgical
Combine, Chemistry for Sustainable Development, 3
(2010), 355-364.

[2] AM. Levin, V.A. Bryukvin, On the use of a reverse osmo-
sis plant for the utilization of nickel-cobalt industrial wa-
stewater and wash water, Non-ferrous metals, 12 (2010)
32-33.

[3] Yu.A. Napolskikh, Extraction of heavy non-ferrous metals
from waste electrolyte neutralization sludge, Master’s the-
sis: Ural Federal University named after the first President
of Russia B.N. Yeltsin, Yekaterinburg, 2018 (98) p.

[4] E.N. Jehan, S. Azza, K.Marwa, S.Ebrahim, A.M.Elshaer,
M.Anas, One-step electrodeposition of polypyrolle / NiO
nanocomposite as a supercapacitor electrode, Scientific
Reports, 12 (2022) 1, DOI 10.1038/s41598-022-07483-y

[5] S.Staron, P.Ledwig, B.Dubiel, Electrodeposited Ni-Cu co-
ating with hierarchical surface morphology, Metallurgy
and Materials Transitions A: Physical Metallurgy and Ma-
terials Science, 53 (2022) 6, 2071-2085, DOI 10.1007/
s11661-022-06649-7

[6] N.S Bekturganov., L.A Myltykbaeva., R.A. Abdulvaliev,
S.V. Gladyshev, E.A. Tastanov, K.O. Beisembekova, Elec-
trolyzer for the extraction of gallium from alumina-alkali-
ne solutions, Republic of Kazakhstan patent No. 27751
Bull. No. 10 (15.10.2015)

[71 R.A.Abdulvaliev, S.V. Gladyshev, V.A. Kovzalenko, A.T.
Ibragimov, A.R. Sabitov, K.O. Beisembekova, N.M-K
Sadykov, Method of electrodeposition of gallium from
alkaline solutions, Republic of Kazakhstan patent No.
26396. Bull. No. 5 (15.05.2015)

[8] R.Abdulvailyev, A.Akcil, N. Akhmadiyeva, S. Gladyshev,
K.Beisembekova, Electrochemical extraction of gallium
from alkali solutions by electrolysis, Complex use of mi-
neral resources, 2 (2016) 76-82.

Note: The responsible for englich language, lector from Satbayev
University.

METALURGIJA 62 (2023) 1, 152-154





