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o—pH figure during oxidative pressure leaching of zinc sulfide
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Abstract: The values of G®, ¢° or pH® and relevant potential expressions were obtained through thermodynamical
calculation, and p—pH figures of ZnS-H,O system at different ionic activities and different oxygen partial pressures were
obtained. With increasing the ionic activity, the stable regions of S and Zn>" in the p—pH figures become gradually large,
but the limit of pH in the stable region becomes gradually small. With increasing the oxygen partial pressure, the stable
region of H,O become large. The oxidative pressure leaching experiments of ZnS were done in autoclave, the leaching
solution and leaching slag were characterized by inductively coupled plasma-atomic emission spectrometry (ICP), XRD
and XRF. The results indicate that when the sulfuric acid concentration is 15%, oxygen partial pressure is 1.1 MPa,
leaching temperature is 160 , liquid-solid ratio is 8:1, leaching time is 90 min and stirring rate is 480 r/min, the
leaching rate of zinc is 98.86% and the conversion rate of sulfur is 81.33%. The experiment results well accord to the
calculation results of p—pH figures.
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t p—pH p—pH
(6)
ZnS-H,O 20 1.0 0.1 0.01 5 4 5
mol/L 160 1.0 mol/L
1 ZnS-H,0 0.2 0.5 0.8 1.1 MPa
1 y p—pH 3
lgy, =—0.50|z, +z_| (i—osm) (6)
1+ ﬁ ZnS-H,0 p—pH
120 0:
0.8 MPa 20 1.0
0.1 0.01 mol/L Nernst
120 0.8 MPa 0° pH
2 1 y 2 0° pH
(5) 120 0.8
MPa 2.0 1.0 0.1 0.01 mol/L
ZnS-H,0 o—pH 1 3
p—pH VAR 31
2 ZnS 98%
1 2 Zn* S H,SO,
pH
pH 1 ZnS-H,0
S 7n? 120 Table 1 Calculated values of ionic strength and ionic activity
(7)~(9) pH coefficient of ZnS-H,0 system
3 Specimen Ionic strength, / Activity coefficient, y
0.01 mol/L ZnS 2.0 0.028 427
2.0 mol/L ¢—pH 7n®* S Zn** 2.0 0.028 427
pH Zn 2.0 0.028 427
Zn2t Zn(OH), 15 0.100 51
g Zn0,> 1.75 0.100 51
pH=lga,. =lg(r,.x,.) 7 ZnS0, 2.0 0.028 427
ZnS0,Zn(OH), 7.375 8.889 772
Xy = 2Xy,80, () S 0 0
X, =X, X, 9) s L5 0.100 51
HS™ 1.5 0.100 51
T to e H,S 1.5 0.100 51
S0.* 1.5 0.100 51
HSO,” 1.5 0.100 51
2.2 ZnS-H,0 p—pH H' 0.75 0.119 55
ZnS-H,0 - g—pH OH 0.75 0.119 55
o—pH 0, 0 0
160 1.0 H, 0 0
mol/L ZnS-H,0 H,0 0.75 0.119 55
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Table 2 Calculated values of ¢° of ZnS-H,O system at 120

120 0.8 MPa

ZnS—HZO

, 0.8 MPa and different ionic concentrations

Calculated values of ¢° of pH® (different ionic concentration)

No. Reaction
2.0 mol/L 1.0 mol/L 0.1 mol/L 0.01 mol/L
1 Zn*+S+2e=7nS 0.627 0.615 0.576 0.537
2 ZnS+H2H =Zn*"+H,S —1.347 —1.046 —0.046 0.954
3 S+2H"2e=H,S 0.521 0.533 0.494 0.455
4 HSO, +7H +6e=S+4H,0 0.636 0.632 0.619 0.606
5 SO,> +H'=HS0,” 3.406 3.406 3.406 3.406
6 Zn?*+HSO, +7H +8e=ZnS+4H,0 0.633 0.627 0.608 0.588
7 Zn*'+S0,% +8H"+8e=ZnS+4H,0 0.667 0.661 0.642 0.622
8  ZnSO4Zn(OH),+2H'=2Zn*"+S0,* +2H,0 10.732 10.943 12.684 14.184
9 Zn0,> +80,> +12H " +8e=ZnS+6H,0 0.994 0.988 0.969 0.383
10 Zn(OH)2+10H++SO42’+8e=ZnS+6H20 0.999 0.988 0.978 0.969
11 S>+H'=HS" 10.586 10.586 10.586 10.586
12 ZnS+H'+2e=Zn+HS" —0.831 -0.819 —0.781 —0.741
13 H'+HS =H,S 8.138 8.138 8.138 8.138
14 ZnS+2H +2e=Zn+H,S -0.514 -0.502 —0.463 —0.424
15 ZnS+2e=Zn+S* —1.244 -1.232 -1.271 -1.310
16 Zn*+2e=7n —0.408 -0.420 —0.459 —0.498
17 ZnO,* +SO,” +12H +10e=Zn+S* +6H,0 0.567 0.543 0.463 0.949
A 0,+4H"+4¢=2H,0 1.179 1.179 1.179 1.179
2H"+2e=H, —0.078 -0.078 -0.078 -0.078
3 Zn?' (10) (11)
Table 3 Initial acid concentration range in S and Zn?" stable _ M (10)
regions (120 ) myWzn
pH x/(mol'L™") Nzn m, Wzn
Max Min Max Min Zn Pzn
—1.046 0.175 10.759 0.634 4
o< (= 3 w)
3.2 77s = (11)
KCFD2-10 Mos
ns mo wg
120 0.8 MPa (mL) () S W W
8:1 90 min 360 r/min S ms
10%~20% 160
15% (mL) (g) 81
90 min 480 r/min 0.2~1.1 Mpa 3.3
Leeman Prodigy XP
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Fig.1 ¢—pH figures of ZnS-H,O system at 120 , 0.8 MPa and different activities: (a) 2.0; (b) 1.0; (c) 0.1; (d) 0.01
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Table 4 Reaction and expression of g—pH of ZnS-H,0 system at 160

No Reaction Expression of ¢ or pH
1 Zn**+S+2e=ZnS P33 = 0.640+0.0430lgx, .
2 ZnS+2H"=Zn*"+H,S pHy;3; =-0.860-0.51g(e, .-y 5)
3 S+2H"+2e=H,S P33 = 0.567—0.085 9pH —0.042 9lgary g
4 HSO, +7H " +6e=S+4H,0 P133 = 0.637-0.100 3pH +0.014 3lgey,o
5 SO/ +H'=HSO, PHys; =3.966 g o, +lgag,.
6 Zn*+HSO, +7H +8e=ZnS+4H,0 433 = 0.638-0.075 2pH +0.010 7lg(er, 0 )
7 Zn*+S0,” +8H +8e=ZnS+4H,0 @433 = 0.681-0.0859pH +0.010 7lg(ar,, .z 2 )
8 ZnS0, - Zn(OH),+2H '=2Zn*'+S0,* +2H,0 PHy3; =9.529-0.51gag o ~lg ety o
9 Zn0,” +S0,” +12H +8e=ZnS+6H,0 Py33 =1.023-0.129pH +0.010 7lg(er,, oz g0 )
10 Zn(OH),+10H"+S0,> +8e= ZnS+6H,0 P433 =1.023-0.107pH +0.010 7lgerg po-
11 S +H'=HS~ PHy3 =9.777 +1ga —lga,
12 ZnS+H +2e=Zn+HS~ Pa33 =—0.828-0.043 OpH —0.043 Olgey, -
13 H'+HS =H,S pHy33 =8.301+Iga, o —lgay g
14 ZnS+2H"+2e= Zn+H,S @433 =—0.472—-0.085 9pH - 0.042 3lgayy g
15 ZnS+2e=Zn+S> Pazy =—1251-0.043 Olgar,-
16 7n2+2e=7Zn @433 =—0.398+0.043 Olger,, -
17 Zn0,” +S0,> +12H +10e=Zn+S* +6H,0 P13 =0.569-0.103 pH-0.085 lgore- +0.085 9lg(ar, -0 )
A Oy +4H +4e=2H,0 (u3; =1.128-0.085 9 pH +0.021 51g po, —0.021 Slg p°
B 2H ' +2¢=H, (433 = —0.085 9pH —0.043 0lg py;_ +0.043 0lg p°
5 160 ZnS-H,0 H,SO,
[18]
Table 5 ¢ expressions of oxygen graticule of ZnS-H,O
system at different oxygen partial pressures and 160
Po,/MPa Expression

0.2 9433=1.134-0.0859pH

0.5 0433=1.143-0.0859pH

0.8 9435=1.147-0.0859pH 42

1.1 9433=1.150-0.0859pH

S/S*
90.86% Zn*"/Zn  Fe¥'/Fe*
70.58% s> s*

15%
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Fig.3 ¢—pH figures of ZnS-H,0 system with ionic concentration of 1.0 mol/L at 160  under different oxygen partial pressures:
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