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Abstract: Cyclic voltammetric methods have been applied to study the electrochemical behavior of the sulfide minerals in
phosphate-buffered alkaline solution. The redox process of electrodes of sulfide ores was investigated using silicone-
impregnated graphite electrode. The cathodic and anodic reaction products in alkaline solution were determined within the
potential range of -2V to +2V (vs. Ag/AgCl). The several successive measurement cycles’ voltammograms leads to the
appearance of a new anodic peak at E = 450mV, which is absent in the first cycle and curves, as well as other features that
appear in cycling, can probably be explained by secondary electrochemical transformations of the products formed by the
oxidation of the original pyrite at the interface between the electrode material.
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INTRODUCTION:

Copper is the one of the widely consumed metals in
the world. An increased trend of copper consumption
due to high development rate of the mining industry
became apparent in the last decade [1]. Therefore it
becomes important to improve existing methods of
processing refractory ores or low copper content ores
to cope with this consumption trend, and search for a
development of a new processing technology in this
area. Traditionally, copper ores have been recovered
by  three methods:  the hydrometallurgy-
electrometallurgy (SX-EW technology) and
pyrometallurgy; and these methods are continuously
improved in the last century [2]. From the previous
studies, it was observed more works are devoted to
the study of copper ore processing by the
hydrometallurgical method [1, 3, 7-9]. Due to the
specific crystal structure of chalcopyrite, the study of
its surface, and change in composition and structure
of reaction products became main study topics [6].
Processing of copper ores by flotation method is
considered as more adequate technology among
developed ones, therefore more studies are directed
into the improvement of recovery process by
flotation [4, 5]. Modern flotation process of
hydrophobic mineral particles are based on their
poorly wetted characteristic by the water and instant
adherence to the air bubbles that allow flotation of
formed foam layer [10-16].
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Due to the increased depth of open pit mining, the
primary sulfide ores are now more widely processed
and its low copper content and finer particle size
makes flotation process more difficult.
Semiconductor properties of chalcopyrite and pyrite
can be more beneficial in this case allowing easier
flow of electron transfer through it. Hydrophobicity
and degree of flotation of pyrite depends on redox
oxidation capability [17-18].

Electrochemical  techniques, especially  cyclic
voltammetry can detect the intermediate redox
reactions on the mineral surface under certain
potentials. Sulfide mineral oxidation arises from the
reaction of species on the mineral surface with water
and oxygen and it is inevitable during processing in
plant conditions.

The main aim of the present work is to study the
investigation on the electro-chemical behavior of
mineral electrode (graphite and pyrite) in phosphate-
buffered alkaline solution.

EXPERIMENTAL:

Electrochemical measurements were carried out in
the laboratory of Irkutsk State University, by cyclic
voltammetry on computer controlled potentiostat
IPC-proM with three-electrode cell. As the reference
electrode - Ag/AgCl in 3M KCl (BAS RE-1), as an
auxiliary electrode — platinum is used. Working
electrodes was prepared from natural sulfide ores
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that are named Gr and Pyr. Mineral electrodes
immobilized in interchangeable pipette tips that has
dosing volume of 0.2 ml. Electrical contact was
achieved through a copper wire soldered to the lower
end of the electrode that not exposed to the solution.
It was 1-2 mm above the cutting tip. Then the tip filled
with the active mass, gradually compacting it and
seeking release of the material through the lower
section of the tip. This arrangement allows multiple
updates working electrode surface. Scheme electrode
shown in Figure 1. Before each test, argon was purged
for 5 min in the electrolytic cell in order to remove of
oxygen from the electrode surface. Potential sweep
rate was 50 mV/s. Initial potential was 0V; sweep
direction in the first cycle - the anode in an alkaline
phosphate-buffered saline (APB, 0.1M, pH 7.4) at
room temperature. The active mass of the electrodes
prepared from graphite powder (Gr), a sample of
pyrite (Pyr) mixed with silicone liquid (Si-L). The mass
ratio of components and the volume of liquid
produced three electrodes are shown in the table 1.
The data measurements obtained were processed by
a computer program Dropview-2.1. Redox process of
pyrite and chalcopyrite electrodes in alkaline solution
of sodium sulfide was studied at a potential -2V ~ +2V,
the potential sweep rate in this case was 50uV/sec.

Table 1. Composition of mineral electrodes

Composition Graphite, Pyrite, Si-L,
Electrodes % % %
Gr - electrode ~90 - 10
Pyr - 2 - electrode ~ 35 ~ 55 10
Pyr - electrode ~ 35 ~ 55 10
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&

_-Active mass

12 mun

Fig. 1. Scheme of the electrode

RESULTS DISCUSSION:

A. Cyclic voltammogram measured at a graphite
electrode in an alkaline phosphate-buffered saline
(APB, 0.1 M, pH 7.4) at room temperature: The results
are shown in Figure 2-4.

Data shown in Figure 2 demonstrate that the
voltammogram measured on the electrode of the
background solution prepared from graphite and
silicone-L, which are typical carbon electrode
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Fig. 2. Cyclic voltammograms measured on electrode Gr
alkaline phosphate-buffered saline in 0.1 M, pH 7.4,
v=50mV/sec three consecutive cycles.

materials. In a wide potential range -200 to 700mV
registered only charging currents of the double layer.
In the region of potentials more negative than -
200mV marked increase in cathodic current that may
be associated with reduction of oxygen functional
groups on the electrode surface. Stability of the
electrode is confirmed by the fact that three
consecutive measurements voltammograms are
virtually identical. Introduction to the electrode
material pyrite significantly changes the form of the
current-voltage curves (Fig. 3). For comparison, the
curves measured with a graphite electrode is also
presented in Figure 3 (blue).
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Fig. 3. The cyclic voltammograms measured on electrode
Pyr-2 APB in 0.1M, pH 7.4, v=50 mV/sec three consecutive
cycles in the potential range -350 to 1500 mV, and then
the two cycles in the potential range 350 - 1800 mV.

Obviously, the main differences are manifested in the
anodic potential region. Thus, there is a clear increase
of =300mV anodic current during voltammograms at a
potential of 1500mV and values are 1000 times
greater than voltammogram of a graphite electrode.
Behavior of the electrode can be considered as the
oxidation of pyrite from the electrode surface. Fig. 4
shows the same results, but the scale of the axis
changed to make the visual features of the
voltammograms that appear on the second and
subsequent cycles.

It should be noted that the cathodic peak at
E= 300mV occurs during the voltammetric curves only
in the second and subsequent cycles. The magnitude
of the cathode current at this peak increases from
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Fig. 4. Cyclic voltammograms measured on electrode Pyr-2
APB in 0.1M, pH 7.4, v=50mV/sec three consecutive cycles
in the potential range -350 - 1500 mV, and then the two
cycles in the potential range -350 - 1800 mV. The scale of
the axes is changed from Figure3.

cycle to cycle. In addition, a slight increase of cathodic
current compared to the background is registered in
the hydrogen field at E=-100 to -350mV range. The
magnitude of this current depends on the cathode
potential, limiting anodic sweep. Finally, several
successive measurement cycles’ voltammograms
leads to the appearance of a new anodic peak at
E=450mV, which is absent in the first cycle and curves,
as well as other features that appear in cycling, can
probably be explained by secondary electrochemical
transformations of the products formed by the
oxidation of the original pyrite at the interface
between the electrode material.

CONCLUSION:

Several successive measurement cycles’
voltammograms leads to the appearance of a new
anodic peak at E = 450mV, which is absent in the first
cycle and curves, as well as other features that appear
in cycling, can probably be explained by secondary
electrochemical transformations of the products
formed by the oxidation of the original pyrite at the
interface between the electrode material.

REFERENCES

1. Eghbalnia M. (2012) Electrochemical and raman
investigation of pyrite and chalcopyrite oxidation.
Dissertation, University of British Columbia.

2. Schlesinger M.E. (2011) Extractive metallurgy of
copper, Elsevier, Amsterdam, Boston, 298-300.

3. Lazaro-Baez M.l. (2001) Electrochemistry of the
leaching chalcopyrite. Dissertation, University of
Murdoch.

4. Glembotskii B.A., Klassen B.l. (1981) Flotation
enrichment methods, Ed., Nedra. (in Russian)

5. Mitrofanov S.l., Barskii L.A., Samigin B.D. (1974)

The study of minerals in dressability, Ed., Nedra,
Moskow. (in Russian).

35

6.

©

10.

11.

12.

13.

14.

15.

16.

17.

18.

Pikna L., Lux L., Grygar T. (2006) Electrochemical
dissolution  of  chalcopyrite  studied by
voltammetry of immobilized microparticles.
Chem. Pap., 60(4), 293-296.

Chang-Li L., lJin-Lan X., Yi Y., et al. (2011)
Characterization of the thermo-reduction process
of chalcopyrite at 65°C by cyclic voltammetry and
XANES spectroscopy. Hydrometallurgy 107, 13-
21.

Vukovic M., Stankovic Z.D., Rajcic-Vujasinovic M.,
et al. (2008) Voltammetric investigations of
anodic  dissolution  of  natural  mineral
chalcopyrite. J. Mining. Met., 44B, 115-124.
Guo-hua G., Xiao-jun S., Ke-ting H., et al. (2012)
Electrochemical oxidation behavior of pyrite
bioleaching by acidthiobacillus ferrooxidans.
Trans. Nonferrous Met. Soc. China, 22, 1250-
1254,

Merzouk B., Gourich B., Sekki A., et al. (2009)
Removal turbidity and separation of heavy metals
using electrocoagulation - electroflotation
technique, A case study. J. Hazardous Mat., 164,
215-222.

Zaafarany |., Boller H. (2010) Corrosion of copper
electrode in sodium sulfide solution. J. Saudi
Chem. Society, 14, 183-189.

Razmjouee S., Abdollahy M., Koleini S.M.J. (2012)
Collectorless flotation of chalcocite by controlling
redox potential. J. Mining & Environment, 3(2),
99-102.

Saikh A.A., Badrunnessa J.F., et al. (2011) A cyclic
voltammetric study of the influence of supporting
electrolytes on the redox behavior of Cu(ll) in
aqueous medium. J. Bangladesh Chem. Soc., 24
(2), 158-164.

Vujasinovic M.R., Stevic Z., Bugarinovic S., (2012)
Electrochemical characteristics of natural mineral
covellite. Open J. Met., 2, 60-67.

Gebhardt J.I., Dewsnap N.F., Richardson P.E.,
(1985) Electrochemical conditioning of a mineral
particle bed electrode for flotation. Bureau of
Mines Report of Investigations, 1-10.

Rabatho J.P., Tongamp W., Shibayama A., et al.
(2011) Investigation of flotation process with de-
sliming and attrition to upgrade and recover Cu
and Mo from a Cu-Mo flotation tailing. Materials
Transactions, 52(4), 746-752.

Gradner J.R.,, Woods R., (1979) An
electrochemical investigation of the natural
floatability of chalcopyrite. Int. J. Miner. Proc., 6,
1-16.

Guo H, Yen W.T., (2003) Pulp potential and
floatability of chalcopyrite. Minerals Engineering,
16, 247-256.



