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Abstract
Using microflotation method, this study explored the collectorless flotation of Chalcocite and its dependence
on the redox potential of pulp . Electrochemical studies were performed by cyclic voltammetry in specific
potential ranges and at different pH values. The results show that significant floatability of Chalcocite occurs
in the specific reducing conditions. By increasing potentials, on the other hand, the floatability of Chalcocite
is reduced. The effect of pH was also examined: At pH=4, the maximum recovery of 73%, was obtained at
E= -222 mV (Eh= -17); and at pH=9, the maximum recovery of 71% was obtained at E= -501 mV (Eh= 296). On the basis of the results obtained, the possible mechanisms of collectorless flotation of Chalcocite in
different conditions were discussed.
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1. Introduction
It is well known that sulphide minerals are
semiconductors and can accept or donate electron.
This shows the importance of electrochemistry on
the floatability of sulphide minerals [1]. Eh plays a
key role in dictating the properties of the sulphide
– solution interface. The collectorless flotation of
some sulphide minerals has been studied since the
beginning of this century. Zheng and Manton
showed that chalcopyrite in the Telfer ore had
collectorless floatability characteristics while
pyrite did not float without a collector [2]. A
different point of view has been expressed
recently suggesting that collectorless flotation of
chalcopyrite occur in reducing environments [3].
It has further been stated that collectorless
floatability of chalcopyrite occurs in a nearly
Oxygen- free environment. It is clear that the
interpretation of Yoon fundamentally differs from
that of Trahar and Guo and Yen. They believe that
the collectorless flotation of chalcopyrite is
possible in an oxidizing environment [4, 5].

Luttrell and Yoon, Shuiyu, Lekki and Drzymala,
and Chander used surface study techniques such
as ESCA and Cyclic Voltammetry and showed
that elemental sulfur was responsible for the
collectorless flotation of chalcopytite. The
collectorless floatability of each sulphide is
directly linked to its ease of oxidation as well as
the stability of the hydrophobic surface state
[6,7,8,9]. Chander, Fuerstenauand, and Walker
et. al studied collectorless flotation of Chalcocite
in reducing conditions [10,11]. Other sulphide
minerals such as galena, pyrite, sphalerite and
anargite has been studied by Robert et.al.,
Fornasiero et.al. Ceylan et.al. and Trahar
et.al.[12,13,14,15,16].
This research aims at studying the collectorless
flotation of Chalcocite in oxidation, which has no
precedent, and reducing conditions. Cyclic
voltammetry was used in order to recognize the
surface species that are responsible for the
collectorless flotation of Chalcocite.
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2. Materials and methods
A high grade Chalcocite sample including 71%
Cu2S was prepared from the Meidoc copper ore,
Iran. The other compounds in the sample were
Pyrite, Chalcopyrite and quarts. The sample was
crushed and sized using a ball mill to obtain a 75+38 microns fraction. Pulp potential was
measured by means of an Ag/AgCl electrode.
Microfloatation experiments were conducted in
the Hallimond tube in the presence of nitrogen. In
each test, a three-gram sample was used with 170
ml distilled water. Pulp potential was controlled
by adding varying amount of ditionite sodium
(0.05M) and potassium permanganate (0.05M) as
reducing and oxidizing agents respectively. The
conditioning time was 7 minutes and the gas flow
rate was 1.5 l/min. MIBC was used as frother. The
tests were conducted in buffer solutions in order
to prevent the pH variation of solution because of
the reactions that might take place between the
mineral and the aqueous solution.
A conventional three-electrode system was used
for electrochemical measurements in which an
Ag/AgCl electrode as a reference, a platinum as
counter electrode and mineral electrode as
working electrode were used.
The working electrode was made by a mixture of
high purity of Chalcocite, graphite and paraffin
oil. These materials were packed completely in a
mortar and pestle. After polishing the surface,
electrode was quickly transferred to the cell. The
electrochemical measurements were performed at
100 mv/s scan rate with Sama potentiostat.
Cyclic voltammetry tests were conducted in the
flotation conditions. Before each test, nitrogen
was purged in solution in order to remove the
trace of oxygen from the electrode surface.

Figure 1. Collectorless flotation of Chalcocite as a
function of pulp potential at pH=4.
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Figure 2. Cyclic voltammograms of Chalcocite scanned at
100 mV/s in collectorless flotation conditions (pH= 4).

At E=250 mV (Eh=455) an anodic peak, A, is
observed. One of the following reactions may be
related to this peak. According to Figure 3,
Reactions 1, 4 and 5 are not stable in acidic
region, so one of the Reactions 2 or 3 may be
related to peak A.
Cu2S= 2Cu2++Sº+4e-

(1)

Cu2S= CuS +Cu2++2e-

(2)

CuS=Cu2++Sº+2e-

3. Results and Discussion
Figure 1 shows the recovery of collectorless
flotation of Chalcocite against potential at pH=4.
Chalcocite showed good floatability in reducing
conditions and the maximum recovery, 73%, was
obtained at E= -222 mV (Eh= -17). By increasing
the potential, the floatability of Chalcocite was
reduced to 18% at potential 602 mV (Eh=807). Eh
refer to potential at hydrogen electrode.
Figure 1.Collectorless flotation of Chalcocite as a
function of pulp potential at pH=4
Cyclic voltammetry technique was used to
elucidate reaction mechanism in Chalcocite
flotation.
The voltammogram of Chalcocite which was
obtained with various switching potentials at
pH=4 is given in Figure 2.

Cu2S+4H2O=2Cu2++SO42-+8H++8e-

(3)

2CuS+H2O=Cu2O+2Sº +2H++2e-

(4)

+

Cu2O+H2O=2CuO+2H +2e

-

(5)

Regarding to Figure1, Chalcocite shows poor
floatability at E=250 mV (Eh=455) so the
components that are formed at point A (anodic
peak) should be hydrophilic species (Equation
3).On the other hand, Eh-pH diagram of watersulphur-copper (Figure 3) shows that the
hydrophobic components are not formed in acidic
conditions (pH=4). This confirms the results
obtained in Figures 1 and 2. So hydrophilic
species, that are formed in Reaction 3, may be
related to peak A.
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Figure 5. Cyclic voltammograms of Chalcocite scanned at
100 mV/s in collectorless flotation conditions (pH= 9)

Figure 3. Eh-pH diagram of water-sulphur-copper [17]

Voltammogram of Cu2S showed that the inability
of Cu2S to float in oxidation region is attributed to
the presence of hydrophilic species. The slight
increase in flotation at moderate reducing
potentials may arise from two separate processes:
1- Reduction of hydrophilic oxide or hydroxide
groups to hydrophobic species.
2- The simultaneous reformation of Cu2S or other
Cu-S compounds on the surface.

The cathodic peak C (Figure 2) at E= -250mV
(Eh= -45) may be due to the reduction of oxidised
products at more negative potential. Therefore
the increase in floatability of Chalcocite in that
potential may correspond to the Reaction (6) that
produces hydrophobic species (S°).
SO42-+8H++6e-=S˚+4H2O

Current(mAm)

E(V), vs Ag/AgCl

(6)

As shown in Figure 4, the collectorless flotation
of Chalcocite at pH=9 shows the same behavior as
the one considered at pH=4 (Figure 1). Maximum
recovery was obtained in moderately reducing
conditions, 71%, at E= -501mV (Eh= -296). By
increasing the potential, the floatability of
Chalcocite was reduced to 10% at 382 mV
(Eh=587).
In voltammogram of Chalcocite, Figure 5, an
anodic peak (A) appears at E=100 mV (Eh=305).
In this potential, Chalcocite showed poor
floatability (Figure 4) since oxidized products
were formed in the mineral surface (hydrophilic
species). The study of Eh-pH diagram of
Chalcocite in water also showed that in this
potential CuO is stable. Therefore, peak A was
attributed to the oxidation of Chalcocite to CuO in
surface mineral (Reaction 5).

4. Conclusions
The result of the collectorless flotation of
Chalcocite at pH 4 and 9 showed that Chalcocite
floated in moderately reducing region while
depressed in oxidized conditions. Cyclic
voltammetry studies showed two anodic peaks,
one at E=250mV, pH=4 (Figure 2) and another at
E=100mV, pH=9 (Figure 5). These peaks related
to hydrophilic layer present in the chalcocite
surface resulted in the depression of Chalcocite.
In both voltammograms, two cathodic peaks were
also observed at two points: 1) E= -250 mV,
pH=4, 2) E= -100mV, pH= 9, these peaks were
attributed to the cathodic reactions followed by
hydrophobic layer formation on the surface of
Chalcocite which improved floatability.
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