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Electrodeposition of dixanthogen(TETD) on pyrite surface
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Abstract: The electrochemical reaction of xanthate on the surface of pyrite was studied using cyclic voltammogrametry,
chronopotentiometry and rotating-disc electrode measurements. Experimental results demonstrate that the first step in the reaction is
electrochemical adsorption of xanthate ion, and then the adsorbed ion associates with a xanthate ion from the solution and forms a
dixanthogen on the pyrite electrode surface. The diffusion coefficient of butyl xanthate on pyrite electrode surface can be determined
to be about 1.09x10 ® cm?/s. Using the galvanostatic technique, the kinetic parameters of oxidation of the butyl xanthate ion on the
pyrite surface are calculated as J,=200 pA/cm?, f= 0.203 and J;=27.1 pA/cm?.
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1 Introduction

In the past decade, much progress has been made in
understanding the reactions of sulfide mineral surfaces
with xanthate reagents. It is widely recognized that the
reactions in a flotation system involve electron transfer.
Many electrochemical techniques have been employed to
study the reaction mechanism of sulfide minerals (such
as pyrite, galena and chalcopyrite) with xanthate
reagents[1]. As well known, flotation of pyrite is an
electrochemical process, and adsorption of collectors on
the surface of mineral results from the electron transfer
between mineral surface and oxidation-reduction
composition in pulp. These investigations indicate that
the oxidation of both the mineral and the collector plays
an important role in the flotation process. It is generally
believed that the reactions produce the hydrophobic
particle surfaces required in flotation, and the dominant
hydrophobic reactions are electrochemical in nature.
Many distinct anode processes can produce hydrophobic
products, such as the chemical adsorption reaction of
xanthate ions, and the oxidation reaction of the xanthate
ion to its disulfide compound. It is important in flotation
to identify the different anodic reactions coupled to a
cathodic process that is generally represented by the

reduction of oxygen[2—4].

Pyrite(FeS, ) is the most abundant sulfide mineral in
crust of earth and an important raw material of chemical
engineering process. The surface chemistry and surface
reactivity of FeS, have been extensively studied,
particularly their importance in the processing of sulfide
ores[5—9]. The electrochemical reaction on the surface of
pyrite during flotation has been studied well, but there
are only a few references available on the oxidation
chemical kinetics and mechanism of the reaction on its
surface[10—14].

In this study, the electrochemical behavior of the
pyrite electrode in a xanthate solution was investigated.
Some advanced electrochemical techniques were
employed to research the electrodeposit of dixanthogen
on the pyrite surface.

2 Experimental

The pyrite used in this investigation consisted of
58.20% (mass fraction) Fe, 36.20%S, 3.1%Si0, and was
from Mengzi Mine of Yunnan Province, China. Sections
cut from the highly mineralized pyrite were fashioned
into the form of electrodes for electrochemical
measurement. The cut section of mineral was mounted
on the tip of a perspex tubule of d 7 mm using epoxy
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resin and the exposed outer surface was well polished.
The exposed surface area of the electrode was about
1 cm’. The reference and auxiliary electrodes were
saturated calomel electrode(SCE) and graphite rods,
respectively. All potential in this study were quoted in
volts, with respect to a standard hydrogen electrode
(SHE).

The electrochemical measurements were performed
with a conventional three-electrode cell using a
electronics potentiostat/galvanostat model EG&G 273A
and a model 636 Electrode Rotator. Both were operated
by a computer. The EG&G corrosion measurement
system (Princeton Applied Research Model 352) and
Analysis Software (Model 270) were used in the
experiment.

The studies were carried out using the pyrite as
electrode in a 0.5 mol/L KCI solution in the presence of
butyl xanthate.

3 Results and discussion

3.1 Two stages of electrochemical reaction on pyrite
surface in butyl xanthate solution
While the potentiostat applies a constant current on
the pyrite electrode for a specified duration, the overall
consumed charge Q can be calculated by the following
equation:

Q:Q9+Qc ( 1 )

where Q. is the charge consumed by the diffusion of
xanthate ion on the pyrite surface, and Qy is the charge
consumed by the electrochemical adsorption of xanthate
ion.

According to the Sand formula[15]:
Q=0 +3.14n*F>Dc}/4J (2)

where # is the number of transfer electrons in reaction,
F is the Farady constant, D is the diffusion coefficient of
xanthate, ¢, is the initial concentration of butyl xanthate
ion, and J is the current density.

If the electrochemical adsorption of butyl xanthate
ion on the pyrite surface did not occur, the charge
consumed by the electrochemical adsorption of xanthate
ion (Qp) would be zero.

The value of Q can be verified using galvanostatic
technique. Table 1 lists the results of galvanostatic
experiments for a pyrite electrode at different currents.

The Q value is linearly related with 1/J. Based on
the results in Table 1, the plot of the consumed charge O
as a function of the reciprocal of current density (J, ! ) is
drawn in Fig.1. From this figure, we calculate the charge
consumed by the electrochemical adsorption of butyl

xanthate ion (Qp) to be equal to 0.242 mC/cm?, not zero,
which means that an electrochemical adsorption of butyl
xanthate ion takes place on the pyrite surface. The
electrochemical absorption reaction of butyl xanthate ion
on pyrite surface can be written as

X —X(ads)+e (3)

Table 1 Results of galvanostatic experiments

Jo/ J Transition o/
(mA-cm?) (cm®>mA™") time, /s (mC-cm?)
0.200 5.000 4.200 0.840
0.250 4.000 2.880 0.715
0.300 3.330 2.150 0.645
0.350 2.860 1.670 0.582
0.400 2.500 1.340 0.536
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Fig.1 Relationship between overall charge and current density

in galvanostatic experiment ([BX]=10*mol/L, pH=9.18, 25
C)

Fig.2 shows the voltamograms in pH 9.18 buffer for
a pyrite electrode starting from —0.4V (vs SHE) in the
positive direction. There is an anodic peak appeared at
0.1 V, which indicates that an electrochemical reaction
occurs. The possible reaction is the oxidation of butyl
xanthate ion on the pyrite surface:

2X Xy +2e 4)

9=—0.128-0.059l0g[X ], [X ]=10*mol/L, ¢=0.108
V. So we can think that the oxidation of butyl xanthate
ion on the pyrite surface is a consecutive charge transfer
reaction. The electrochemical reaction can be divided
into two stages: the first step is electrochemical
adsorption of butyl xanthate ion, and then the adsorbed
ion associates with a butyl xanthate ion from the solution
and forms a dixanthogen on the sulfide mineral.

The oxidation process of xanthate ion is as

X(ads)+X '(aq)—X(ads)+e 5)
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Fig.2 Voltammogram curves of pyrite electrode in presence of
xanthate ((BX]=10"*mol/L, pH=9.18,25 C)

3.2 Determination of diffusion coefficient of butyl
xanthate on pyrite surface

In potentiostatic experiment, the potentiostat applies
a constant potential for a special duration and monitors
the resulting current density, which can be used to
investigate electrode process and to determine the
diffusion coefficient of butyl xanthate. From Fig.2, there
is a space of 0.70 V between the anodic shoulder and
cathodic shoulder, and we can determine the production
of dixanthogen(BX;) on pyrite surface is an irreversible
reaction.

Fig.3 shows the plot of current density versus time
for pyrite electrode in butyl xanthate solution in response
to potentiostatic step of 0.10 V. The relationship between
current density and time can be ascertained by the
following equation:

J'=—4.16x10"%+1.57x10 %" (6)
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Fig.3 Current and time changes in response to potentiostatic
step for pyrite electrode ([BX =10 *mol/L, pH=9.18, 25 C)

From an electrochemical reaction in the electrolyte
solution, the suppositions are given as follows. 1)
Diffusion of reactant obeys the second Fick law; the
current caused by diffusion of reactant is in direct
proportion to the superficial area of electrode surface; 2)
The electrode process is controlled by diffusion of
reactant; and 3) The electromigration and convection are
neglected.

The boundary conditions are determined as follows.
1) The concentration of butyl xanthate in the system is
equal to the initial concentration, ie. cx(x, 0)= c?( ;2) The
concentration of butyl xanthate at indefinite position
away from the electrode is equal to the initial
concentration, which is described by cx(o, £)= c% ;and 3)
The concentration of butyl xanthate on the surface of
electrode is zero, expressed by c¢x(0, £)=0.

The current density caused by diffusion can be
given by

J=nFD[dcx(x, f)/dx].— (7

According to the second Fick law, the following
equation can be given:

ex(x, fy=cy erf([x/2(Dt)"] (8)
J=nF cg( (D/nt)™? )
J'=(nF %) (mt/D)"? (11)

where D is the diffusion coefficient of butyl xanthate,
cy s the initial concentration of butyl xanthate, ¢ is the
reaction time, n is the number of transfer electrons in
reaction, F is the Farady constant, and w is 3.141 6.

From Eqn.(5), the intercept is —4.16x107% It is
small enough, so the relationship between current density
and time in Eqn.(5) can be simplified as follows:

J'=1.57X10723 (12)

According to the Eqns.(10) and (11), the diffusion
coefficient of butyl xanthate on pyrite electrode surface
can be determined, and it is about 1.09x10°® cm?%/s.

3.3 Kinetics of electrochemical reaction on pyrite

electrode surface

The oxidation of butyl xanthate ion on the pyrite
electrode surface is an irreversible reaction, so there are
suppositions given as follows. 1) The electromigration
and convection are neglected; and 2) The variations in
the concentration of xanthate are caused by diffusion.

The relationship between over potential of anodic
reaction and the reaction time can be ascertained by the
following equation:
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n=(8.314T/npF)In(J./Jo)—(8.314T/nfF)In[1—(t/7)"*] (12)
where # is the over potential of the anodic reaction, T is
the temperature, J, is the galvanostatic current density,
Jy is the exchange current density, 7 is the transition time,
t is the time of reaction, and /£ is the transmission
coefficient.

In chronopotentiometry experiment, the potentiostat
applies a constant current (200 pA/cm?) for a specified
duration and monitors the resulting potential of pyrite
electrode. Fig.4 shows the resulting curve of
chronopotentiometry in butyl xanthate solution. From
this plot, the transition time (z) of the oxidation of
xanthate ion on the pyrite surface can be determined as
4.73 s.
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Fig.4 Potential and time changes in response to galvanostatic
step for pyrite electrode ([BX]=10"*mol/L, pH=9.18, 25 C)

The oxidation of butyl xanthate ions on a pyrite
surface is given in the following reaction:

2X —X,+2e

The thermodynamic potential(¢) of this reaction can
be calculated by the Nernst equilibrium:

9=¢"—0.059l0g[X ], [X ]=10*mol/L (13)
n=o—¢
where ¢, is the value of the potential at time ¢.

As the function of log[1—(#/4.73)*’], the change of
the over potential(y7) of the oxidation of butyl xanthate
ion on pyrite surface can be plotted as Fig.5.

From Fig.5, it can be seen that the over potential is

linearly related to the log[1—(#/r)""*], and the relationship
can be represented by following equation:

1#=0.126-0.063log[1— (1/4.73)"*] (14)

According to the Eqns.(12) and (14), because the
value of R, T, F and 7 are certain, the electrochemical
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Fig.5 Relationship between over potential of pyrrhotite
electrode and log[1—(#/7)""*] ([BX]=10*mol/L, pH=9.18, 25
C)

kinetic parameters can be calculated as

Jo=200 pA/cm?, f=0.203, J=27.1 pA/cm’
4 Conclusions

1) The first step in the electrodeposit of butyl
xanthate ion on the pyrite surface is the electrochemical
adsorption of xanthate ion, and then the adsorbed ion
associates with a xanthate ion from the solution and
forms dixanthogen on the sulfide mineral.

2) The diffusion coefficient of butyl xanthate on
pyrite electrode surface can be determined to be about
1.09x107° cm’s.

3) The oxidation of the butyl xanthate ion on the
pyrite
parameters are calculated as J,=200 uA/cmz, £=0.203,
Jo=27.1 pAlem?.

3) For an effective flotation separation of pyrite
from polysulfide minerals containing Pb, Cu, Zn, etc, it

surface produces dixanthogen. The kinetic

is important to control the formation of dixanthogen on
the pyrite surface.
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