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[ Abstract] Suspended electrode was firstly used to study the mechanically activated pyrite . It is found that the dissolved

oxygen in the solution has much influence on the suspended pyrite electrode by comparing the open circuit potential of sus

pended electrodes at different atmosphere conditions. From the measurements of anodic quasr stable polarization of the sus-

pended electrode, the transfer coefficients of anodic reaction process of activated pyrite and unactivated pyrite B are equal

to 0. 136 and 0. 202 respectively in 1 mol* L™ ' KCI deoxygenation electrolyte system at 25 C.
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1 INTRODUCTION

Mechanical activation is widely applied in en-

[1~3]

hancing metallurgical process and chemical syn-

(451 Q¢ far it is difficult to ascertain which fac

thesis
tor affecting the mechanical activation process is the
most important. The enhancement mechanism of me-
chanical activation remains in a stage of the estab-

I and no more essential

lished physical modeling!®’
progress has obtained. The activation behaviour of
mechanically activated pyrite is studied by electro-
chemical kinetics of constructing suspended electrode

in this paper.
2 EXPERIMENTAL PREPARATIONS

2.1 Mineral materials

Large pieces of pure specimen pyrite from Hunan
Geological Museum, P.R. China, was used in the ex-
periment. Pyrite was immersed in 5% diluted HCI
solution for about 12h. Then it was washed by pipe
water and distillated water subsequently and dried.
After that, pyrite was broken to less than 1lmm ap-
proximately to avoid the mechanical activation and
was put into the desiccator for about three months.
Samples below 38 mesh were used as unactivated
pyrite and samples over 38 mesh as mechanically acti-
vated ones. Contents of Fe and S in pyrite by chemi-
cal quantitative analysis were shown in Table 1 and
contents of impurities by emission spectrum analysis

Table 1 Content of Fe and S in pyrite

Element M ass fraction/ %
Fe 45.63
S 52.38
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in Table 2.

2.2 Examination of electrochemical workstation

A conventional three electrode cell was used with
platinum plates as the auxiliary and working elec
trodes and a saturated KCI calomel electrode as the
reference electrode. The electrochemical cell was put
in a container where water was recycled through a su-
perthermostat to maintain its temperature at 25 C.
The reliability of the CHI660A electrochemical work-
station( Shanghai, China) was examined by voltam-
metry method with K4Fe( CN)¢/ K3sFe( CN)g normal

electrochemical system.

Table 2 Contents of impurities in pyrite

Element Mass fraction/ % Element Mass fraction/ %
Si 0.1 As 0.03
Ca 0.01 Zn 0.05
Sn 0.01 Co 0. 005
Sh 0.01 Ni 0. 001

The voltammetric experiments were performed
in the electrolyte consisting of 0. 5 mol/ L. KsFe(CN) ¢
and 0.4 mol/ L. KNO3 at a sweeping rate of 10mV/s.
E,o— E,c=59mV and i, , =

from the voltammetric curves. According to the rela-

ip, . were concluded

tionship betw een sweeping rate and anodic peak cur
rent, the diffusion coefficient of Fe( CN)%‘ was cal-
culated from Randles Sevcik equation as Drecn))” =

5.21x 10" ®em?¢s™ ! which is coincided with the lit-

erature value of 5. 60 x 10 %cm?es™ 131
3 EXPERIMENTAL

3.1 Open circuit potential
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Three electrode system was also used in the sus-
pended cell as shown in Fig. 1. In the experiments,
the agitator maintained a constant rotating rate in
100mL of Imol*L™' KCI solution with 200g of
pyrite at (25 £1) C. The potential values in the pre-
sent paper was measured vs. saturated KCI calomel

electrode at 25 C.
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Fig. 1 Device of pyrite suspended cell
1 —N; pipe; 2 —Pt electrode; 3 —Pt electrode;

4 —Salt bridge; 5 —thermostat; 6 —1 mol* L™ 'Kl solution;
7 —Agitator; 8 —Electrochemical workstation;
9 —Saturated potassium chloride calomel electrode;
10 —Saturated KCI solution

Deoxygenation was carried out with blowing
99.99% nitrogen continuously. The open circuit po-
tentials of activated and unactivated pyrite suspended
electrode at different atmosphere conditions are shown
in Fig. 2.

The open circuit potential can be regarded as the
mixed potential of suspended electrode. It can be seen
from Fig. 2 that the open circuit potential of activated
pyrite is obviously lower than that of unactivated one
and becomes stable more easily with time prolonged,
which inferres that the oxidation ability of pyrite is
increased through mechanical activation. Fig. 2 also
shows that the dissolved oxygen in the solution has a
great effect on the suspended pyrite electrode.

3.2 Anodic quasi-stable polarization curve
99. 99% nitrogen was inputted to the electrolyte

g

{a)

elva. SCE)/V
e
Ry

=
£

. L
1000 1400 1800
t/s

200 600

p(vs. SCE)/V

for about 30 min to remove O, which has a great ef-
fect on the suspended pyrite electrode as mentioned
above.

Experiments were carried out by quasrstable po-
larization method with suspended electrode as work-
ing electrode at a sweeping rate of 8mV/s in
I mol*L™ ' KCI electrolyte. The results are shown in
Fig. 3.

It is shown from Fig. 3 that the anodic oxidation
current can be detected obviously at > 0.8V for ac
tivated pyrite suspended electrode and at ¥> 0.95V
for unactivated one, which indicates that the activat-
ed pyrite suspended electrode is more easily oxided.
One possible reason is that 3d electrons initially filled
in tz; molecular orbital of the mechanically activated
pyrite is more easily stimulated by the action of exter
nal electric field®'.

It was discovered from the experiments that
bubbles emerged from the working electrode in
1 mol*L.” ' KCI blank solution when anodic potential
attained to 1. 15V. Cl, was detected in the oxidation
process as the product since it made the humid amy-
lum K1 test paper blue. Therefore the first peak in
Fig. 3 is caused by the oxidation of pyrite suspended
electrode and the second by the evolution of Cl,.

It was found in the experiments that pH of the
percolated solution was 3.6 after several continuous
sweepings when the unactivated pyrite suspended
electrode system was percolated immediately. Fe™
and SOF~ were not detected in the percolated solution
since the solution did not change to red when detected
by 1% KSCN and no white precipitate was observed
when BaCl, was added to the solution. Fe** was as-
certained because the percolated solution turned to red
rapidly when detected by 2% 2, 2’- pyridine alcohol
solution. Small amount of S was also analyzed by
quantitative analysis. Therefore the oxidation process
of pyrite suspended electrode can be deduced as FeS,
— 2e= Fe’* + 2S according to the chemical analysis.

The relationship between potential and polariza-
tion current of activated pyrite suspended electrode
was shown in Table 3.

The lg/- ® curve presented a satisfactory linear
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Fig. 2 Open circuit potential in different suspended electrode systems
1 —Air; 2 —Nitrogen; a —Unactivated pyrite; b —Activated pyrite
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Table 3 Relationship between potential and = & ¢,
polarization current 2.3RT 2.3RT
I/ mA lg( 1/ mA) (P(‘,lt‘,(',lr()dt‘,/ A . 2 .
Bis calculated to be 0. 136 for activated pyrite
0. 72 = By J0Z 0 2L suspended electrode and 0. 202 for unactivated pyrite
1.21 - 2.917 0.95 suspended electrode as n is 2 from the reaction equa
2.0 - 2.7 0.99 tion of the suspended electrode.
2.8 - 2.553 1.01
3.81 - 2.419 1.07 L.10
5
P
12 — § 1.02
St g
%
eé 4t 0.94
=
r -32 30 -2.8 -2.6 -24
2r g !
Lr Fig. 4 Relationship between ¢ and lg/
%% 1.0 1.4 id 2.2 3.3 Voltammetry
glvs. SCE)/V The voltammetry curves of activated and unacti

Fig. 3 Quasrstable polarization curves of

suspended electrode
1 —Activated pyrite; 2 —Unactivated pyrite;
3 —KCl blank solution

relationship in the range of 0.9~ 1.1V as shown in
Fig. 4. The regressive equation is ®= 1.57991+
0.2169 lg/
0. 982 38.

According to Tafel equation

and its regressive coefficient R is

[10],

and

= 0.2 0.6 i.4

o(vs. SCEM/V

vated pyrite suspended electrodes are shown in Fig. 5.
The forward and backward curves of pyrite suspended
overlapped approximately in the

voltametry experiments when the sweeping rate is

electrode are

changed from 5~ 100mV s~ '. The agreement of co-
incidence of the forward and backward curves is bet-
ter at lower sweeping rates. Therefore the whole an-
ode process is controlled by electrochemical reaction.
It is also found from Fig. 5 that the oxidation activity
of activated pyrite is higher than that of unactivated
pyrite since larger current passes through the activat-
ed pyrite suspended electrode at the same electrode
potential.

4 CONCLUSIONS

1) The dissolved oxygen in the solution has a

=1 -0.2 0.6 1.4
p(va. SCEV/V

Fig. 5 Vltammetric curve of suspended electrode
(a) —10mV/s; (b) —60mV/s; 1 —Activated pyrite; 2 —Unactivated pyrite
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great effect on the suspended pyrite electrode by com-
paring the open circuit potential of suspended elec
trode at different atmosphere conditions.

2) The activated pyrite suspended electrode is
more easily oxidated than the unactivated pyrite sus-
pended electrode. The anode process of pyrite sus-
pended electrode is controlled by electrochemical reac
tion.

3) The transfer coefficients B of anodic reaction
process of activated pyrite and unactivated pyrite are
calculated to be 0.136 and 0.202 respectively in

Imol*L™ ' KCl deoxygenation electrolyte system at
25 'C.
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