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Arsenic removal from pyrite cinders in Na,S—NaOH solution with parameters optimized

using the response surface methodology
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ABSTRACT Pyrite cinder is one of the important secondary resources; however the arsenic typically contained in pyrite cinder is
harmful to metallurgical process. The removal of arsenic can improve the value of pyrite cinders. Thus a pretreatment method for re—
moval of arsenic from pyrite cinders using a Na,S—NaOH solution was investigated in this paper. A single factor experiment was con—
ducted to determine the appropriate concentration ranges of NaOH and Na,S and then the response surface methodology ( RSM) was
used to optimize the leaching parameters. The results indicate that the optimized RSM model is reliable. The temperature NaOH con—
centration and Na,S concentration have significant effects on the arsenic removal. The higher temperature is found to be favorable to
the leaching of arsenic and a significant interaction is found between the concentrations of NaOH and Na,S. The content of arsenic
in the leaching slag can be reduced to 0. 08% at 80 °C when the concentration of NaOH and Na,S is 0. 34 and 0. 12 mol* L™
respectively.

KEY WORDS pyrite cinder; arsenic; response surface methodology; leaching; pretreatment
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Table 1  Chemical composition of the pyrite cinders %
Cu Zn Pb  Fe As  Au/(g'L7') Ag/(g-L7")
o CU‘ZH‘Pb‘AU;ﬁg 0.79 1.51 0.92 59.39 0.45 1. 40 4.92
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Fig.2 SEM/EDS result of the pyrite cinders
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NaOH W,<Na,S 2
W, 73 Table 2 Code results of response surface methodology
W, W, T As 1%
1 1. 000 1. 000 ~1.000 0. 14
2.2.2 2 0 0 0 0.13
3 3 0 1. 000 0 0.12
P =0.0001( P ) ! 0 0 0 01
0.01% 5 0 0 0 0.13
6 1. 000 -1.000  -1.000 0.19
) 3 7 -1.000  1.000 ~1.000 0.16
w,\w,.T W,-W, P 0.0049.0. 0014 . 0 | 000 1000 1 000 0.10
0.0446  0.0023 0.05 W, W,. T 9 1000 1000 1.000 0.13
Wi W, 10 0 0 0 0.13
W, P W, P W, 1 0 0 1.000 0. 10
W, 12 ~1.000 0 0 0.14
W, > W, > 13 0 0 ~1.000 0. 15
T. 5 14 -1.000  -1.000  —1.000 0. 36
15 -1.000  1.000 1. 000 0.09
16 1. 000 0 0 0.12
2.2.3 17 -1.000 -1.000  1.000 0.21
Design-¥xert 18 0 0 0 0.13
19 0 0 0 0.13
6 20 0 -1.000 0 0.15
3
Table 3 Response surface analysis of variance
F P
0. 058 9 6.472 x10 73 14. 82 0. 0001 Fokk
W, 5. 630E - 003 1 5.630 x10 3 12. 89 0. 0049 *
W, 8. 384E - 003 1 8.384 x10? 19.19 0.0014 sok
T 2.301E -003 1 2.301 x10 3 5.27 0. 0446 *
W, W, 7. 200E - 003 1 7.200 x10 3 16. 48 0. 0023 *
W T 1. 800E - 003 1 1.800 x 10 3 4.12 0. 0698 —
Wyl 1. 250E - 003 1 1.250 x10 3 2.86 0.1216 —
Wi 6. 568E — 004 1 6.568 x10~* 1.50 0.2482 —
V2 1. 151E - 003 1 1.151 x10 3 2.63 0.1357 —
T 3. 006E - 004 1 3.006 x 10 ~* 0. 69 0. 4262 —
4.368E -003 10 4.368 x10~* — — —
4. 368E - 003 5 8.736 x10~* — — —
0 5 0 — — —
0. 063 19 — — — —
1P <0.05
6 Na,S
Na,S ; NaOH
NaOH Na, S
0.5 mol*L ™" NaOH 6(c) 80C
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Fig.5 Comparison of model predictions with actual values
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Table 4 Response surface optimization values at maximum temperature

of 80 °C

NaOH  / Na,S  /

(molL™")  (mol-L"") e 1%
1 0.34 0.12 80. 00 0. 0868411
2 0.34 0.12 80. 00 0. 0868427
3 0.35 0.12 80. 00 0. 0868446
4 0.33 0.12 80. 00 0. 0868493
5 0.36 0.12 80. 00 0. 0868641
6 0.34 0.12 80. 00 0. 0868916
7 0.35 0.12 80. 00 0.0871198
8 0.37 0.12 80. 00 0. 0872291
9 0.39 0.12 80. 00 0. 0872563
10 0.41 0.11 80. 00 0. 0875844
11 0.43 0.11 80. 00 0. 0882573
12 0.15 0.12 80. 00 0. 0902324
13 0.55 0.12 80. 00 0.0911422
14 0. 69 0.09 80. 00 0. 0935241
15 0.70 0. 08 80. 00 0. 0940302
5
Table S Optimization verification test results
/  NaOH /  Na,S !/ As 1%
°C (mol*L™")  (mol-L™")
1 60 0.46 0.12 0.0993  0.11
2 70 0.56 0. 10 0.0924 0.1
3 80 0.34 0.12 0.0868  0.08
4 80 0.70 0. 08 0.0940  0.09
i /n
1.51% 1.38%; As
0.45%
0. 09%
6

Table 6 Chemical composition of the pyrite cinders after leaching

%

Cu Zn Pb Fe As  Au/(g'L7")
0.78 1.38 0.94 61.01 0.09 1.52
7 4
1.2.3
O.Al.Si.Fe.Zn
7
Fe 57.98%
( 2
NaOH
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Fig.6 Interaction contour and response surface plots of Na,S and NaOH at different temperatures: (a b) 60°C; (¢ d) 70°C; (e f) 80C; (g
h) 90C
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Fig.7 SEM/EDS result of the pyrite cinders after leaching
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