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In Situ Electrochemical Investigation of Acidic Pressure Oxidation
of Pyrite at 160–240◦C
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In situ electrochemical studies on the oxidation behavior of pyrite in 0.1 M H2SO4 solution in the temperature range of 160 to
240◦C were performed by measurements of electrochemical impedance spectroscopy (EIS), linear polarization, potentiodynamic
polarization and potentiostatic polarization. Results showed that with the increase of temperature, the anodic current density increased,
while the corrosion potential (Ecorr), polarization resistance, charge transfer resistance (Rct) and pore resistance (Rpore) decreased.
The change of these electrochemical parameters indicated that the increase of temperature promoted the dissolution of pyrite by
accelerating the electrochemical step and weakening of the porous passive film. EIS studies with different applied potentials at 240◦C
revealed that both Rct and Rpore decreased with increasing applied potential. As the potential increased to 400 mV, the time constant
relating to the porous passive film disappeared. These changes demonstrated that sulfur yield was dependent on the potential, and
the sulfur yield approached zero at 400 mV at the temperature of 240◦C. The values of Ea indicated that pyrite oxidation kinetics
were limited by the rate of electrochemical reaction.
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With large-scale gold mining, rich deposits are increasingly ex-
hausted, and low grade and refractory deposits will become the main
resources of the gold industry.1–4 Pyrite is an important gold bearing
refractory ore, and microscopic and ultramicroscopic gold particles are
finely dispersed in the lattice of pyrite.5–7 The encapsulation of pyrite
results in poor gold recovery with conventional cyanide-leaching pro-
cess, even when the ore is finely ground. In order to enhance the
release of gold particles and render the gold accessible to cyanide
and oxygen, pressure oxidation of refractory gold ores is often carried
out as an essential pretreatment step prior to cyanidation.8–11 In the
pressure oxidation process, gold bearing pyrite is subjected to high-
temperature, high-pressure oxidation in autoclaves to destroy pyrite
lattice.12,13 This process has been practiced commercially since the
early1980s,14 and is widely accepted by the gold mining industry all
over the world for its high efficiency and low pollution.

Pressure oxidation of pyrite has been extensively investigated in
recent decades.15,16 Previous researchers have found that the chem-
istry of oxidative leaching is complicated due to the heterogeneous
nature of pyrite, and there has been much debate about the various
leaching mechanisms involved. However, there is a general agreement
that the dissolution reaction proceeds via an electrochemical reac-
tion mechanism.17–19 In most of the pressure oxidation experiments
reported, the oxidation of pyrite was found to yield ferric sulfate,
ferrous sulfate, elemental sulfur or sulfuric acid with various temper-
atures, acidities and oxygen partial pressures.20,21 King and Lewis22

found that the increase of temperature (80–100◦C) positively affected
pyrite dissolution, and a 90% conversion was achieved in 4 h at 100◦C
with 120 psig O2, 0.5 M Fe3+ and 20 g/L pyrite loading. Beily and
Peters23 investigated the pressure oxidation of pyrite in 0.01–3 M
H2SO4 solution at 85–130◦C. The dissolution mechanism was found
to be electrochemical and was a potentiostatically controlled steady
state between sulfate-forming and elemental sulfur-forming anodic
reactions:

FeS2 + 8H2 O → Fe2+ + 2SO4
2− + 16H+ + 14e− [1]

FeS2 → Fe2+ + 2S + 2e− [2]

They also claimed that a layer of liquid sulfur film was formed on
the pyrite surface at temperatures above 119◦C, and thus inhibited the
pyrite dissolution. Papangelakis and Demopoulos24 pointed out that
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the oxidation kinetics of pyrite at 140–180◦C followed a shrinking
core model, with the surface chemical reaction as the rate-controlling
step, and the reaction proceeded to completion only at temperatures
exceeding 160◦C. Long and Dixon25 studied the pressure oxidation ki-
netics of pyrite in sulfuric acid media at 170–230◦C. They proposed a
new “passivating shrinking sphere” model which fitted the conversion
data more precisely over the entire temperature range, and established
that increasing temperature had a significant influence on the rate
of dissolution, with nearly all the pyrite dissolved at 230◦C within
20 min. Zhukov et al.26 developed a comprehensive kinetic model for
aqueous-phase oxidation of pyrite using novel Markov chain Monte
Carlo (MCMC) methods, the results showed that pyrite surface re-
actions with both molecular oxygen and ferric ions were important
at the studied experimental conditions, and their relative importance
depended on the pyrite slurry concentration.

Pressure oxidation of pyrite was usually studied using conven-
tional solution chemistry,27–29 spectroscopic30,31 and other ex situ
techniques.32 These ex situ methods have their advantages, but their
drawbacks cannot be ignored. Firstly, in the process of cooling and
unloading, the existing states and concentrations of components in
electrolyte solution may change, and a secondary mineral may be
formed on the pyrite surface. Secondly, the solid-liquid interface in-
formation has important significance to study the reaction mechanism,
but the traditional ex situ research methods are unable to achieve this
goal. To resolve these issues, it is urgent to develop in situ research
techniques. As we know that electrochemical methods are effective
in situ research tools for study of the redox reactions, and have been
widely used in the research on the oxidation process of pyrite at
lower temperatures.33–35 Considering that pressure oxidation of pyrite
is an electrochemical process, investigation of oxidative dissolution
of pyrite at high temperatures using in situ electrochemical tech-
niques is feasible. Little has been published on pyrite dissolution in
the temperature range of 160 to 240◦C using in situ electrochemical
methods, probably because of the technical difficulties. Investigation
of oxidation behavior of pyrite at such hydrothermal environments
using in situ electrochemical techniques may be helpful to under-
stand the process of pyrite pressure oxidation from the perspective of
electrochemistry.

The present work studied the electrochemical behavior of pyrite
acid pressure oxidation over the temperature range from 160 to 240◦C,
which is the range employed by most commercial plants.25 All ex-
periments were performed in an autoclave with three electrodes. The
influence of temperature and applied potential on the oxidation behav-
ior of pyrite was investigated by the measurements of electrochemical
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Figure 1. Schematic of the autoclave electrochemical measurements system.

impedance spectroscopy (EIS), linear polarization plots, potentiody-
namic polarization and potentiostatic polarization curves.

Experimental

Materials and apparatus.—All experiments were performed in a
titanium alloy autoclave with three electrodes, schematic of the appa-
ratus is shown in Figure 1. The pyrite sample came from Zhaoyuan,
Shandong, China. The pyrite crystal structure was confirmed by
X-ray diffraction. Electron microprobe analysis confirmed that Fe
and S contents (in wt%) of the pyrite sample were 46.53 and 51.66%,
respectively. The main impurity was SiO2, but the influence of SiO2 on
the electrochemical behavior of the surface is not significant. Further-
more, trace impurity elements were found, including Cu (308 pmm),
Ni (251 ppm) and Co (49.8 ppm). The test solution was sulfuric acid
solution prepared with ultrapure water and analytical grade chemical
reagent with the concentration of 0.1 M.

The pyrite working electrode was obtained by cutting bulk pyrite
by a lathe into a cone frustum with a working area of 0.28 cm2. The
pyrite electrode was sealed and electrically insulated from the auto-
clave plug with a 1 mm thick PTFE taper sleeve, which was obtained
from machining a PTFE bar (Daikin Fluorochemicals (China) Co.,
Ltd.). The PTFE taper sleeve together with pyrite electrode cone frus-
tum were inserted into the tapered bore at the autoclave plug with the
aid of a hydraulic press machine. The working electrode cone frustum,
PTFE taper sleeve, and the tapered bore at the autoclave plug make up
a conical self-energizing sealing structure. Electrical connection was
made with a silver wire held at the smaller end plane of the working
electrode with high temperature resistant conductive adhesive, and an
alumina ceramics tube was utilized to insulate the silver wire from the
autoclave plug. The counter electrode was a self-made alumina ce-
ramic cone frustum with a platinum wire inside, and platinum powder
was sintered on the round surface of the ceramic to achieve sufficient
counter electrode surface area. The assembling manner of the counter
electrode was the same as the working electrode. The reference elec-
trode was an external pressure-balanced Ag/AgCl electrode, which
was filled with 0.1 M KCl solution, and a porous zirconia ceramics
(also sealed by PTFE taper sleeve) was used to separate the experi-
mental and reference solution. All potentials mentioned in this work
are normalized with respect to the saturated hydrogen electrode (SHE)
using the following formula.36

�ESH E = �Eobs + 286.6 − �T + 1.745 × 10−4�T 2

−3.03 × 10−6�T 3(mV ) [3]

Electrochemical measurements.—Before each electrochemical
experiment, the working electrode was mechanically ground using

a series of silicon carbide (SiC) grit papers up to grade 5000 and
cleaned with acetone and distilled water. To avoid the oxidation of
pyrite when heated, high purified argon gas was introduced into the
autoclave to drive the air out before heating. After the autoclave was
heated to the set temperature, 20 mL of 0.1 M sulfuric acid solution was
pumped into the autoclave using a pressure pump. The sulfuric acid
solution was deoxidized by bubbling purified argon gas before injec-
tion, to eliminate the effect of dissolved oxygen, and the concentration
of dissolved oxygen was approximately 0.13 ppm. Electrochemical
measurements were carried out by using a Princeton Applied Research
(PAR) 2263 electrochemical workstation along with Powersuite soft-
ware. The open circuit potential (OCP) was carefully observed after
immersing the working electrode in the test solution until the potential
stabilized within ± 2 mV. Once the potential stability was established,
an EIS test was initialed and recorded. The scanning frequency was
selected in the range of 10 kHz - 100 mHz, and the AC amplitude
was 10 mV. Software ZSimpWin (Version 3.10) was employed to fit
the EIS data. Afterwards, linear polarization curves were obtained by
scanning in the forward direction from −10 mV vs. OCP to 10 mV
vs. OCP at a scan rate of 0.166 mV/s, and the potentiodynamic po-
larization plots were measured by scanning in the forward direction
from −150 mV vs. OCP to 300 mV vs. OCP at a scan rate of 1 mV/s.
Potentiostatic polarization measurements were taken at the specific
potentials of 200 and 400 mV vs. SHE, and the current densities were
recorded 3 min after onset of the measurements, when the current
densities became relatively stabilized. For each experimental condi-
tion, three measurements were performed to ensure the reliability and
reproducibility of the data.

Results and Discussion

EIS measurements at different temperatures.—EIS has been nor-
mally used to study the oxidation behavior and passivation phenom-
ena for different metals and ores in a variety of environments.37,38

In the present research, the effect of temperature on electrochemical
oxidation behavior of pyrite was studied in 0.1 M H2SO4 solution at
different temperatures of 160, 180, 200, 220, and 240◦C with saturated
vapor pressure, Bode plots obtained at OCP are shown in Figure 2.
The impedance of the interface (|Z|) showed low values at high fre-
quency, it increased quickly with decreasing frequency in low fre-
quency region, and the highest value of |Z| was recorded at the lowest
frequency. In addition, increasing the temperature was obvious to
decrease the values of |Z|, especially at low frequency. The result in-
dicates that the increase of temperature accelerates the dissolution of
pyrite. According to Bode phase plots at different temperatures, two
time constants were observed. The time constant at lower frequency
is related to the double layer and the one at higher frequency is at-
tributed to the presence of porous passive film at the pyrite surface.
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Figure 2. Bode plots for pyrite at OCP in 0.1 M sulfuric acid solution at
different temperatures.

Figure 3. Equivalent circuit for pyrite in 0.1 M sulfuric acid solution at dif-
ferent temperatures.

Oxidation of pyrite is a non-uniform corrosion process, oxidant attacks
on pyrite surface preferentially at sites of defects and imperfections
which have smaller bandgap and higher dangling bond densities, the
charge transfer rate at these sites are much faster compared to sites
with normal coordination.21 Thus, elemental sulfur that formed as a
result of Reaction 2 is accumulated mainly around these sites. The
studied temperature range (160–240◦C) is above the melting point
of sulfur (119◦C), thus elemental sulfur exists in the form of liquid,
and it exhibits very high viscosity and poor mobility due to its chain
structure.24 The accumulation of such liquid sulfur around the active
sites leads to partial coverage of the pyrite surface. Thus, the liq-
uid sulfur layer can be considered as a porous passive film.23–25 The
coverage of this porous film not only causes a decrease in exposed
electrode area, but also increases the resistance of mass transfer pro-
cess. Therefore, the equivalent circuit shown in Figure 3 was used to
fit the experimental results, where CPEdl represents the double layer
capacitance, CPEsl is the capacitance of the surface layer, Rs and Rpore

correspond to the solution resistance and the pore resistance, respec-
tively. Rct represents the charge transfer resistance. A constant phase

Figure 4. Potentiodynamic polarization plots for pyrite in 0.1 M sulfuric acid
solution at different temperatures, with a scan rate of 1 mV/s.

element (CPE) is used to replace pure capacitance (C) due to the
surface roughness and nonuniformity of pyrite electrode, as reported
previously.39 The values of these parameters are illustrated in Table I.

Rct is a characteristic quantity for the charge transfer step of an
electrode electrochemical reaction which usually reflects its inherent
speed.40 In this study, the value of Rct decreased significantly with
the increase in temperature. Specifically, when the temperature in-
creased from 160 to 240◦C, the value of Rct decreased from 2480 to
382 � · cm,2 suggesting that the oxidation rate increased. The value of
Rpore is influenced by the porous liquid sulfur film at the pyrite surface.
As seen, the value of Rpore decreased with the increasing temperature.
This may be attributed to the fact that liquid sulfur diffuses into the
solution more quickly at higher temperatures, and thus less sulfur ac-
cumulates on the pyrite surface, which leads to the decrease in liquid
sulfur film thickness and the fraction of surface coverage. In other
words, increasing temperature results in an increase in pore diameter
and a decrease in pore depth, and thus the value of Rpore decreased
from 27.9 to 5.37� · cm2 when the temperature increased from 160 to
240◦C. It is also noted that the value of Rct is much higher than Rpore

in the studied temperature range, indicating that the rate determining
step of the reaction is the charge transfer step across the double layer.

Potentiodynamic polarization measurements at different
temperatures.—In order to further investigate the effect of raising
temperature on the oxidation behavior and passivation phenomena of
pyrite in sulfuric acid solution, potentiodynamic polarization measure-
ments were carried out. The polarization curves obtained for pyrite in
0.1 M H2SO4 solution at 160, 180, 200, 220, and 240◦C, respectively
with saturated vapor pressure are displayed in Figure 4. Increase of
temperature was found to increase the anodic current density, while
shift the corrosion potential to the more negative direction.

At the temperature of 160◦C, the anodic current density increased
rapidly when the potential was swept from the corrosion potential to
150 mV. As Reaction 2 progressed, S0 may be the main product in
this potential range.23,41 However, at potentials higher than 150 mV,

Table I. Equivalent circuit model parameters for pyrite in 0.1 M sulfuric acid at different temperatures.

CPEdl CPEsl

Temperature (◦C) Rs (� · cm2) Y0 (S · sn · cm−2) n Rct (� · cm2) Y0 (S · sn · cm−2) n Rpore (� · cm2) X2

160 2.48 ± 0.22 1.64E-3 ± 2.0E-4 0.68 ± 0.02 2480 ± 273 1.51E-3 ± 1.4E-4 0.62 ± 0.02 27.9 ± 1.7 4.58E-4
180 2.38 ± 0.31 8.79E-4 ± 1.3E-4 0.92 ± 0.01 1890 ± 292 3.60E-3 ± 2.3E-4 0.54 ± 0.03 14.5 ± 1.6 1.52E-3
200 2.51 ± 0.30 1.45E-3 ± 2.2E-4 0.72 ± 0.02 788 ± 63.4 9.07E-3 ± 1.1E-3 0.48 ± 0.01 12.6 ± 0.5 7.86E-4
220 2.40 ± 0.16 2.04E-3 ± 1.6E-4 0.67 ± 0.02 667 ± 85.7 3.24E-3 ± 2.0E-4 0.63 ± 0.02 7.16 ± 0.6 8.62E-4
240 2.36 ± 0.12 3.75E-3 ± 4.4E-4 0.79 ± 0.01 382 ± 25.1 7.60E-2 ± 6.1E-3 0.58 ± 0.02 5.37 ± 0.4 1.31E-3
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Figure 5. Linear polarization plots (a) and polarization resistance (Rp) (b) for pyrite in 0.1 M sulfuric acid solution at different temperatures, with a scan rate of
0.166 mV/s.

pyrite was transformed into the passivation region characterized by a
decrease in the current density over a range of 150 to 210 mV. This
may be due to the partly coating of pyrite by elemental sulfur formed
by the previous dissolution of pyrite. The anodic current density once
again increased with increasing potential at approximately 210 mV.
This is mainly because of a rapid bulk dissolution process of pyrite
(Reaction 1) above 210 mV,23,42 and the previously formed elemental
sulfur may be also oxidized to sulfate at high potentials, as described
in Reaction 4.43–45

S0 + 4H2 O → SO4
2− + 8H+ + 6e− [4]

The phenomenon of passivation also appeared at the temperature
of 180◦C. Compared with the condition at 160◦C, the decrease in cur-
rent density was slighter, and the passivation region was narrower. At
200◦C and higher temperatures, no decrease in current density could
be observed. With the increase of temperature, the passivation phe-
nomenon decreased gradually and eventually disappeared. This may
be attributed to two reasons. Firstly, less elemental sulfur is formed
at high temperatures.23 Secondly, the increase in diffusion rate of liq-
uid elemental sulfur with rising temperature results in less amount of
elemental sulfur accumulates on pyrite surface. The potentiodynamic
polarization data thus confirms the results obtained from the EIS mea-
surements that the increase of temperature increases the dissolution of
the investigated pyrite, also, it reveals that passivation phenomenon of
pyrite electrode appears at 160 and 180◦C and it decreases gradually
with increasing temperature.

It is also noted that the cathodic current density decreases with
increasing temperature. The cathodic process at pyrite surface is com-
plex at the studied conditions, as three reactions may be involved. The
first reaction is the reduction of oxygen, as described in Reaction 5.

1/2O2 + 2H+ + 2e− → H2 O [5]

Though the experimental solution was deaerated by Ar bubbling,
there was still residual dissolved oxygen, about 0.13 ppm measured
by dissolved oxygen meter.

The second reaction is the reduction of pyrite, which can be rep-
resented by Reaction 6.46

FeS2 + 2H+ → FeS + H2 S [6]

Then FeS dissolves in the acidic solution, as shown in
Reaction 7.47

FeS + 2H+ → Fe2+ + H2 S [7]

As shown in Figure 4, the corrosion potential of pyrite decreases
with increasing temperature, which means that, at a constant cathodic
potential, the overpotential for the reduction of pyrite decreases with
increasing temperature.

The third reaction is the reduction of H+. Pyrite and pyrite
type compounds are considered as effective catalysts for hydrogen
production.48,49 H+ can be reduced into H2 at the pyrite surface, as
described in Reaction 8.

2H+ + 2e− → H2 [8]

The ionization constant of H2SO4 decreases with increasing
temperature,50 which causes a decrease in H+ concentration. Thus,
the H+ reduction current density may decrease with increasing tem-
perature.

The cathodic current density is related to the above three reduction
reactions. Increasing temperature promotes the reduction of oxygen,
however, it shows some negative effects on the reduction of pyrite
and H+. The decreasing cathodic current density with increasing tem-
perature indicates that the reduction of pyrite and H+ are the main
reactions in the cathodic process.

The reduction products of pyrite and H+ (Fe2+, H2S, H2) may
also be oxidized in the anodic polarization process, however, their
diffusion coefficients are high at high temperatures, and they will
diffuse into the solution quickly after they are generated. In this work,
the potentiodynamic scanning was started from −150 mV vs. OCP,
but not −250mV vs. OCP which is usually used in such studies, so the
low cathodic overpotential decreased the production of these reduction
products. Therefore, concentrations of these reduction products in the
solution were quite limited, and their contribution to the anodic current
density could be neglected.

Linear polarization measurements at different temperatures.—
Figure 5a presents the linear polarization plots of pyrite in 0.1 M
H2SO4 solution at 160, 180, 200, 220, and 240◦C, respectively with
saturated vapor pressure. The corrosion potential decreased with in-
creasing temperature, which was in accordance with the potentiody-
namic polarization plots. Polarization resistance (Rp) is an important
parameter that reflects the oxidation behavior of pyrite. This is because
that the value of Rp is inversely proportional to corrosion current den-
sity, and hence, a high value of Rp corresponds to a low dissolution
rate. The Rp measured by the linear polarization curve is shown in
Figure 5b. Rp decreased linearly with increasing temperature, and the
slope was measured as −2.87 � · cm2/◦C, further indicating the dis-
solution of pyrite was positively affected by increasing temperature.

EIS measurements at different applied potentials.—In order to
investigate the effect of applied potentials on the oxidation behavior
and passivation phenomena of pyrite in sulfuric acid solution, the EIS
measurements of pyrite were carried out in 0.1 M H2SO4 solution at
240◦C with saturated vapor pressure. Bode plots obtained at poten-
tials of OCP, 200 and 400 mV vs. SHE, respectively, are shown in
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Figure 6. Bode plots for pyrite in 0.1 M sulfuric acid solution at 240◦C with
different applied potentials.

Figure 7. Equivalent circuit for pyrite in 0.1 M sulfuric acid solution at 240◦C
with applied potential of 400 mV.

Figure 6. The impedance of the interface (|Z|) showed lower values
at high frequency, it increased with decreasing frequency obviously
at OCP and 200 mV, however, it showed only a slight increase at
400 mV, from 2.6 to 8.0 � · cm.2 Furthermore, increasing the poten-
tial was obvious to decrease the values of |Z|, which indicates that
pyrite dissolves more quickly at higher potentials. Bode phase plots
revealed two time constants at OCP and 200 mV, which are related
to the double layer and the porous passive film, respectively. While,
only one time constant was observed at 400 mV, the time constant
relating to porous passive film was absent. indicating that the liquid
sulfur film at pyrite surface disappeared.

EIS data at OCP and 200 mV were analyzed by fitting the ex-
perimental results to the equivalent circuit shown in Figure 3, while,
the equivalent circuit shown in Figure 7 was used to fit the data
at 400 mV, fitting results are shown in Table II. The value of Rct

decreased significantly with the increase of applied potential. Specif-
ically, when the potential increased from OCP to 400 mV, the value
of Rct decreased from 382 to 5.46 � · cm,2 suggesting the dissolution
rate increased. Furthermore, the value of Rpore also decreased with
increasing potential. This may be mainly attributed to the elemen-
tal sulfur yield decreases with rising potential,23,51 indicating that the
passivation phenomena of pyrite is mitigated at higher potential. It is
important to notice that the time constant relating to the porous sulfur
film disappears at 400 mV, which reveals that elemental sulfur yield
for the anodic dissolution reaction tends to zero at 400 mV.

Figure 8. The Arrhenius plots for pyrite in 0.1 M sulfuric acid solution at
different applied potentials.

The dissolution of pyrite results in the formation of sulfur and
sulfate as the final products, and the sulfur yield is dependent on
the potential.18,23,42,52 Flatt and Woods42 indicated that sulfur yield
approached zero at 1500 mV at the temperature of 26◦C. This potential
is the same as that found at 25◦C by Biegler and Swift.48 Bailey and
Peters23 found that at 1000 mV, essentially all the pyritic sulfur is
reacting to produce sulfate by Reaction 1 at 110◦C. In this study, the
time constant associated with the porous sulfur film was present at
OCP and 200 mV and disappeared at 400 mV, which demonstrates
that the sulfate yield approaches 100% at 400 mV at the temperature of
240◦C. The potential (400 mV) is lower than the values that reported
at lower temperatures,18,42,53 and it seems that the potential needed for
100% sulfate yield decreases with increasing temperature.

Potentiostatic polarization measurements.—Current densities for
pyrite oxidation in 0.1 M sulfuric acid solution in the temperature
range from 160 to 240◦C at 200 and 400 mV vs. SHE were obtained
by potentiostatic polarization measurements. The corrosion current
densities at OCP were obtained from fitting of potentiodynamic po-
larization data. Apparent activation energy (Ea) can be calculated by
the Arrhenius equation:

I = A exp

(−Ea

RT

)
[9]

thus,

ln I = ln A − Ea

RT
[10]

finally,

Ea = −R
d ln I

d
(

1
T

) [11]

Figure 8 shows the Arrhenius plots for pyrite in 0.1 M sulfuric
acid solution under different applied potentials, and values of Ea were
obtained as 43.7, 68.7 and 63.2 kJ/mol, respectively at the potentials
of OCP, 200 and 400 mV, over the temperature range 160–240◦C.

Table II. Equivalent circuit model parameters for pyrite in 0.1 M sulfuric acid at 240◦C with different applied potentials.

CPEdl CPEsl

Applied potential (mV vs. SHE) Rs (� · cm2) Y0 (S · sn · cm−2) n Rct (� · cm2) Y0 (S · sn · cm−2) n Rpore (� · cm2) X2

OCP 2.36 ± 0.12 3.75E-3 ± 4.4 E-4 0.79 ± 0.01 382 ± 25.1 7.60E-2 ± 6.1 E-3 0.58 ± 0.02 5.37 ± 0.4 1.31E-3
200 2.46 ± 0.25 8.23E-3 ± 1.1 E-3 0.68 ± 0.02 46.2 ± 7.9 2.05E-3 ± 1.6 E-4 0.66 ± 0.03 3.08 ± 0.3 8.92E-4
400 2.51 ± 0.11 1.39E-3 ± 2.8 E-4 0.61 ± 0.02 5.46 ± 1.0 - - - 1.36E-3
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Such values for the activation energy indicates that pyrite oxidation
kinetics are limited by the rate of electrochemical reaction, and further
demonstrates that temperature is a key factor for pyrite dissolution.

The value of 43.7 at OCP is close to most of the Ea values reported
in the literature including the value of 41.7 kJ/mol reported by Long
and Dixon25 over the temperature range of 170–230◦C, the value of
46.1 kJ/mol claimed by Zhukov26 at 170–230◦C, the Ea of 46.2 kJ/mol
found in the paper of Papangelakis and Demopoulos24 over the tem-
perature range of 140–160◦C, and the value of 51.1 kJ/mol reported
by Beily and Peters23 at 85–130◦C. However, the Ea values at 200 and
400 mV in this study are higher than but not far from the previous
reported values.

Conclusions

An investigation of electrochemical oxidation behavior of pyrite
was carried out in 0.1 M H2SO4 solution at 160–240◦C with dif-
ferent applied potentials. The influence of temperature and applied
potential on the pressure oxidation of pyrite were investigated by EIS,
linear polarization plots, potentiodynamic polarization and potentio-
static polarization curves. Several conclusions can be drawn from this
research:

(1) The dissolution rate of pyrite increases with increasing tem-
perature. The passivation phenomenon decreases gradually and
eventually disappears with the increase of temperature.

(2) EIS studies at 240◦C with applied potentials of OCP, 200 and
400 mV vs. SHE indicates that sulfate yield is dependent on
the potential, and the sulfate yield approaches 100% at 400 mV
at the temperature of 240◦C. The potential (400 mV) is lower
than the values that reported at lower temperatures, and it seems
that the potential needed for 100% sulfate yield decreases with
increasing temperature.

(3) The Ea for pyrite oxidation in 0.1 M sulfuric acid was obtained
as 43.65, 68.67 and 63.19 kJ/mol, respectively at OCP, 200 and
400 mV vs. SHE, over the temperature range 160–240◦C. Such
values for the activation energy indicates that pyrite oxidation
kinetics are limited by the rate of electrochemical reaction, and
further demonstrates that temperature is a key factor for pyrite
dissolution.
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