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A simulated experimental study of oxidative reaction of sphalerite in
hypergene environment
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Abstract: The sphalerite oxidative kinetics in hypergene condition was simulated and studied by means of a
mixed flow reactor in the pH range of 1.0~7.8, dissolution temperature from 20°C to 55C, ferric ion concen-
tration from 1.0X10 3 t0 1.0X 10 > mol/L, and O, flux 0.5 L/min, with ferric ion and O, as oxidants. The
results indicate that, with ferric ion as the oxidant, the oxidation rate of sphalerite increases with increasing fer-
ric ion concentration, temperature and decreasing pH value, and that, under the conditions studied, the dissolu-
tion rates of Zn and Cd are approximately similar to each other, with the activation energy being 41.75 kJ]/mol
and 42.51 kJ/mol, respectively, which suggests the oxidation rate of sphalerite is controlled by mineral surface
chemical reaction. However, with O, as the oxidant, the oxidation mechanism of sphalerite varies with the pH
value, and its oxidation rate decreases with increasing pH value in the pH range lower than 5.95, whereas the
increase of pH value results in a increase of the oxidation rate in the range of pH value greater than 7. The oxida-

tion rate of sphalerite based on double logarithmic dealing with data can be set up.
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Table 1 Major compositions of sphalerite in this study

Zn S Fe Cd Pb Zn Cd
65.94 32.73 0.23 1.06 0.002  62.21
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EDTA Cd Pb
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Fig. 3 Correlation plot between sphalerite oxidation rate and pH value
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Fig. 5 Effect of temperature on oxidation rate of sphalerite
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Zn Cd Table 3 Comparison of releasing rate between Zn and Cd
6 Can Cea R Req
Zn Cd Sp07 104.94 0.67
Cd 7n Cd Sp08 74.27 0.66
Sp09 81.41 0.76
Sp010 84.78 0.72
Cd 7n Spll 94.51 0.88
Spl2 86.26 0.81
Zn Cd Zn Spl3 80.19 0.75
107.30 Spl4 87.43 0.77
Spl5 95.40 0.78
Sp20
Spl6 84.03 0.80
Sp21 Cz Ceq Sp17 79.65 0.82
10730 Rzn RCd 10 3 Splg 36.45 0.34
Sp19 72.27 0.67
pH<5.95 Zn Sp20 117.21 1.09
Cd pH=5.95 Sp21 256.03 2.38
Sp23 100.65 0.75
Zn Cd Zn Cd Sp24 84.31 0.73

Zn
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Table 4 Parameters for sphalerite oxidation rate
m n A Fa kJ.mol ™!
2.5 Ry, 0.154 0.2659 1011003 —41.75
Ry 0.170 0.2637 1017292 —42.51
Lasaga 1981
2.6
—Ea 3+ m + n
Rsp:Ae RT Fe o H 6 2.6.1
R, mot m™> s7! &
Ea k] mol R 7n Cd
T K F' H*
H+ m n Fe3+
Fel* H* 10°~10 *mol L pH 2.0~4.0
4
Zn Cd 5 24
RZn: 10141663 F63+ 8.154_ H+ 0.2659 6741.75 RT 7 Zn Cd
RCd:101.7292 Fe3+ 8 170 H+ 0.2637 6742.51 RT 8
5 24 /n  Cd
Table 5 Z7n and Cd extractions after 24 h oxidation for sphalerite with ferric sulphate as oxidant
T pH FSt ¢ M Ry, mol m™2 s7! Reg mot m™2.s™! 7Zn pgd P m? Cd pg d b m?
15 2.0 1073 3.90x10°8 9.38x10°8 2.17x10° 8.38x10°
15 2.0 1074 2.74%x10°8 6.34x10°8 1.53x10° 5.66 % 10°
15 3.0 1073 2.11x107°8 5.11x10°8 1.18%10° 4.57x103
15 3.0 10°* 1.48x10°8 3.46%x10°8 8.26x10* 3.09x10°
30 2.0 103 9.25x10 8 2.26%1077 5.17%x10° 2.02x10*
30 2.0 10 ¢ 6.49%x10°8 1.53x10°7 3.63%10° 1.37x10*
30 3.0 1073 5.02x10°8 1.23x1077 2.81x10° 1.10x10*
30 3.0 1074 3.52x1078 8.33x10°8 1.97x10° 7.44 x10°
45 2.0 1073 2.02x10°7 5.06x1077 1.13x10° 4.52x10*
45 2.0 10°* 1.42x1077 3.39x1077 7.92%10° 3.03x10*
45 3.0 1073 1.10x10°7 2.73x1077 6.14x10° 2.44x10%
45 3.0 10 * 7.69x10 8 1.85%x10°7 4.29x10° 1.65%10*
6
Z/n Cd 24
Zn Cd
Zn Cd 2.6.2
Fel* pH
6 24 7Zn Cd
Table 6 Zn and Cd overall content after 24 h sphalerite oxidation with O, as oxidant
L min ! T pH Rz, Rea Zn pg dtm 2 Cd pg d°" m?
0.5 33 2.04 2.86%107° 4.26x10°° 1.60x10* 3.81x10*
0.5 33 3.75 5.85%x10° 10 1.72x10°° 3.26%x10° 1.54x10*
0.5 33 5.95 2.15x10710 9.02x10" 1 1.20%x10° 8.06 % 10%
0.5 33 7.80 2.56x10"1 2.35x10°10 1.43x10° 2.10 <103
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pH

1 Fe, SO, 5
Fe'* pH
Zn Cd
Ea 7Zn 41.75 k] mol Ea
Cd 42.51 k] mol

pH 5.95
pH
pH
3 Zn Cd

Zn Cd
Zn Cd
7Zn Cd
Zn Cd

H+ 0.2659 6_41'75 RT

RZn:101.1663 Fe3+ 8.154,
RCd:101,7292 Fe3+ 8<170_ H+ 0.2637 e

5

—42.51 RT
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