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2.1
200 <74 um
1. XRD
1
Tablel Analysisof composition of sphalerite
Component Zn S Fe Pb SO, As Cu AlILO; Mg Cd Mn Ca Ni Co Ag Au

Content (%, ) 50 31 7 3 265 205 08 062 035 045 014 0.02 001 <0001 500¢gt 212g/t

2.2
(2— ) (P204) (C,Cl/P204) 1h
P204
2.3
751 . 200°C  (
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2.4 [ Leaching reagents | [ Sphalerite | [ Mixed extractants |
. RE [ Coupling :aaching |
[ Residue | 4—] Hotfiltration | 2
©
500°C 1h . Rigaku i s
D/max rA X _Coolmg with ice 'E
[ Sulphur  |¢— Filtration | g
Hitachi H-81001V (TEM) =
200 kV [ Leaching solution |¢—— Separation | i
2.5 r -
Analysis K—l Iron-loaded organic phase
- ) |
3 [ Ferric oxide |4—] Hydrothermal stripping }|——'
1
3.1 Fig.1 Operational schematics of coupling process
(C,Cl/P204) :
(H2SO,~HNO;-0;)
3ZnS+ 2HNO;z; + 3H,SO, ——— 3ZnSO,4 + 2NO+ 3S + 4H,0, (D)
2NO+0, ——> 2NO,, )
3NO, + H, O —— 2HNO; + NO. (3)
HNO;
2ZnS+ O, + 2H,SO, ——> 2ZnS0O,4 + 2S + 2H,0. 4
(C,Cl,/P204)
C.Cly
S9 — > So- ©)
NFey(SOy)3 + NHSO, + MHA)yoy ———>  NHFey(SO4)am(HA) o), (6)
NH FE(SO4)»MHA)xo) + 3nH,O0 ——>  nFe03g + 4nH,SO, + M(HA) o) . @)
1~4 H>SO, HNO; O,
C.Cl,
Fe**  zn®*
( 7% 1) 6) P204
(90%
). (C,Cl,/P204) 70%~80%
( 99%) . @ (95%
) (C,Cl/P204)
3.2

2 1.8 mol/L H;SO,+0.5 mol/L HNO3;+0.1 MPa O,
mol/L HNO;+0.1 MPa O,+6 ml C,Cl/4 ml P204
a 2h

(
0.90

1.8 mol/L H,S0O,+0.5
10:1, T= 358 K)

4h

0.946.
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M_.DC
[1+(z-Dal? +(z-D(1-a)?3 = 2(1- ) —E—Zt+ 2 (8)
od. 1,
8 4)
1d, M
z==-2575 _ 066( o =1). 9)
o dsM
M_.DC
C_ (¢ ) ©  @®
od, 1,
(1-0.340)?'3 — 0.34(1— «)?'® = kt + 0.66. (10)
3 (10) 2 (1-0.340)?°-0.34(1-0)** t
kcoupling/ Keontro=3.3 3
1.0 + 0.74 Coupling:
N .~ —"—" 3 0.73 - (1-0.340)*°-0.34(1-2)*°=0.0161+0.66
S o6t ./ P g L
£ P < 070 |
£ 04r > S 069
g S 068
w 021 —m— Coupling !eaching T 067 | Control:
0.0 - ‘ ‘ ‘ ‘ 7‘.7 C(‘)mml V\‘"thom‘czu“‘ 322 K ‘ ‘ (1—0.34&)‘2/343.34(1—(1‘)2/3:0.0048t‘+0.66
0.0 05 1.0 15 20 25 30 35 40 ' 0 1 2 3 4
Time (h) Time (h)
2 3 (1-0.340)?*-0.34(1-a)?®
Fig.2 Relationship between fraction extracted and time Fig.3 Plot of (1-0.340)%*-0.34(1-)*®vs. time
3.3
4 1.8 mol/L H,S0,+0.5 mol/L HNOz+0.1 MPaO,+6 ml C,Cl/4ml P204 10:1)
P (10) 4 k 2
5 k=19.3exp(—19.6x10%RT) 19.6 k¥mol.
2 k
Table2 Valueof k at different temperatures
Temperature (K) 318 328 338 348 358
Extracted fraction, « 0.710 0.763 0.825 0.870 0.903
Apparent rate constant 0.0114 0.0141 0.0183 0.0222 0.0257
0.90 | /- 3.6 -
S . [
5 o085 / 38 i Ink=2.96-2360T ™
g / 401
= 080r £
g 4.2 1
8 0751 L
i A4
o070 " —
3‘20 3:;,0 34‘10 35;0 36‘50 0.0028 ‘ 0.0029 ‘ 0.0030 ‘ 0.0031 ‘ 0.0032
Temperature (K) T
4 5

Fig.4 Effect of temperatureon extracted fraction of zinc

Fig.5 Apparent rate constant as a function of temp.
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3.4
3 C,Cl/P204 a g
C.Cl, P204 . C,Cl/P204
C.Cl/P204
3 CLIL./P204
Table3 Effect of C,Cl,/P204 on leaching of sphalerite
C,Cl,/P204 2/3 11 32 7/3 41 10/0
a 0.605 0.650 0.903 0.891 0.874 0.888
Yij 0.942 0.813 0.737 0.649 0.555 0
Note: [HNO3]=0.5 mol/L, [H,SO4]=1.8 mal/L, Csy=1 g/L, S/A=1:10, T= 85°C, Po,= 0.1 MPa.
4 (6 ml C,Cl4/4 ml P204) n
C.Cl, (121°C) P204 (209°C) C.Cl,
P204 .10 ml 3 2 )
9ml 0.83 C.Cl,.
4
Table4 Effect of the recycled solvent on the leaching
Solvent recycled times, n 0 1 2 3 4
a 0.903 0.868 0.830 0.798 0.643
B 0.737 0.744 0.751 0.789 0.835
3.5
5 1
.2
.3
: (
As Mg Zn Ca) (1 )
(2 S ).
97.36%
5
Table5 Analysisof the composition of stripped iron oxide powder (%)
Sampl e FeO3 SO3 SnO, SO, As03 Sh,03 P,Os Cl TiO, M gO ZnO Ca0
1 9470 221 120 062 027 008 008 007 058 011 007
2 9736 071 084 027 028 029 005 010
3 9588 274 086 0.22 010 003 007 009
3.6
6 3 ) XRD
7 (5~30

nm).
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Fig.6 X-ray diffraction patterns for Fe,O3; powders Fig.7 TEM photograph of Fe,O; powders
4
) C,Cl,
(2.8 mol/L H,S0,4+0.5 mol/L HNOs+0.1 MPa O,)
0.946 36%
19.6 kJ/mol.
2 C,Cl,/P204 P204
Fe,03 ( 95.88%).

97.36%.
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Coupling Leaching of Sphalerite and Separation of Iron
WANG Xing-yao, KANG Xiao-hong, XIE Hui-gin, LU Li-zhu
(Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: Coupling treatment of oxidation leaching and extraction separation of sphalerite has been put forward,
and the mechanisms of leaching with oxidation reagents (H,SO,~HNOs;—0O,) and mixed extractive reagents of
tetrachloroethylene and 2-ethylhexyl 2-ethylhexylphosphate are discussed. The results show that the process
activation energy of coupling leaching is 19.6 kJ/mol and the extracted fraction of zinc is 0.946, which is much
higher than that with common leaching. The separation of zinc, sulfur and iron (the iron was obtained in the form of
Fe,O; nano-powder) was completed in the coupled leaching process with Fe,O3 nano-powder obtained.

Key words: sphalerite; extraction; coupling leaching; Fe,O3 nano-powder



