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Table 1 Main elements composition and content of
copper smelting dust (mass fraction, %)
S Pb Cu As Bi
12.36 24.95 14.20 5.78 2.50
Zn Fe Cd Sb Mo
2.34 1.44 0.35 0.22 0.13
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Fig. 1 XRD pattern of copper smelting dust
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Table 2  Analysis of occurrence state of copper lead zinc arsenic elements

Mass fraction/%

Mineral
Cu Pb Zn As
Tenorite 0.04 0 0 0
(CuPbZnFeAs)SO,(OH), 81.76 93.41 96.33 91.72
Chalcanthite-Bonattite(KAsZnFe) 11.52 0 0 0.84
Leightonite(Zn) 0.79 0 2.78 0
(CuPbAgNi)(AsSbSeS),0, 0 4.97 0 4.8
Cu,Fe,AsSiO,, 4.1 0 0 1.11
Paulmooreite(Cu) 0.18 1.18 0 1.23
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Fig. 2 Effects of solution initial acidity(a), temperature(b), liquid-solid mass ratio(c) and reaction time(d) on elements

leaching from copper smelting dust
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Table 3 Experiments on leaching process stability of copper smelting dust

Experiment Leaching residue rate/% Leaching solution/(g-L™") Leaching rate/%
No. Cu As Zn Pb Bi Cu As Zn  Acid Cu As Zn Pb Bi
1 1.10  1.65 0.26 54.69 5.17 19.62 6.80 3.16 36.5 96.42 87.61 94.8 0 1.2
2 1.32 1.68 0.27 5632 5.43 19.27 6.76 3.17 37.8 95.02 86.05 949 0 2.3
0.72 132 032 5578 5.21 19.82 692 3.12 37.1 97.73 88.11 93.8 0 1.8
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Fig. 4 XRD patterns(a) and particle size distribution(b) of
amorphous FeS with aging
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X T TERE T FeS Al Na, S 1AL B it il 72 H,S i
gL, Seatas a6 . ff HFRAGLE
AR (BB 1x 107 (BT 23 50)) W i s 7 3k
R H,S RSN, ME 6T LLE H, Bl Na,S
I, H,S i ik B ZIHE I T oK ERE 1107,
FHRFELAR T 2 min 5 IGZASIRES, B A7 min )5
KA 2 H,S; 11 & ¥ FeSEMAN G, H,S 1%
HR RN A 6.2x107° J5 gk 55, B 4 3 min 5
RALKTM 2 H,S, X 1 BTG € JE FeS 15 5 B PEFR B
NSRRI ST T IR S H I 58 4 I B, IR A 2K
0 H,S SARRIR H, SERIERE . BT
ToiE ¥ FeS 5 Na,S 540 Bt 75 21 (1) 72 47) XRD 1% 1



HKoREE, A TETE FeS HIZRE RN S A AR 14 70 75 rh B s A 2359

H32EF 8
Max100 [
. * FeS
» Na,S
80}
=
=
S
g
=
54
=]
S
V:J\.
T
0 200 400 600 800

Time/s
6 TG Y FeS 5 Na,S Bifittich F H,S 3% Hi M5 il
Fig. 6 Monitoring of H,S emission of arsenic removal by

amorphous FeS and Na,S

@

Na,S-As,S;

FeS-As,S;

20/(%)

——Na,S-As,S;
50 —o—FeS-As,S;

Settlement/mm
3
S

200
250
300 1 1 1 1 1
0 20 40 60 80 100
Time/min

El7 ToETE FeS 5 Na,S Frfit™4) XRD i 55 17t b ith £
Fig. 7 XRD patterns of product(a) and settling curves(b)

of arsenic removal by amorphous FeS and Na,S
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Table 4 Effect of acidity of solution on arsenic removal using armphous FeS

Initial H,SO, Removal of Grade in product/% pH
concentration/(g-L™") pH As rate/% Cu As after reaction

1.8 49.9 5.36 16.95 2.84

1.5 455 5.05 20.14 2.15

1.18 (initial value) 36.1 7.0 19.72 1.55

10 34.7 7.15 21.85 1.35

50 339 8.61 21.64 0.79

100 31.6 6.39 19.63 0.50
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243 MRALZEA T ICE T FeS AR RS 2 7 25

mifre. BTLL B, XA AR R W SLie sk AT
T,

1) 55— Bt FeSERR BB H & : FeS 5 Cu
(1B IR LR B R 1.3 78 DR Fa— B ik Al v A1 e
an L A SRR v P AR B T, B BT
BOO B S S A T4

2) VAEEEE BT S R L . SR BEIAR TR L
50 g/Ls HI I BRI 5L R IR B AR 2 5 A A v
FpE R E, HEm e e, s R <
ISR H S S E R, G RBRRACT 2
R AL R B JC5E T FeS Fl B (FeS 5 As [ BE /R
)il 3.75.

BT FIRWASKAT AL, HEAT T AR A
LR B, SRR M T i, ME6H
I, S R%IEE M FeS MR, HEARM M
R BT R, ARV AR 1 B A B — 2D IR,
F6 ALK T HTH > BRI S A e R

Table 6 Result of liquid and slag in first stage under

optimal conditions

it L Bl A 24 FeS H EEUKES, Element Solution/(g-L™")  Copper product/%
BRAR W A AR 1) S B, T E RN B A ) Cu 0.004 38.9
As 2.63 1.95
RS JOE Y FeS HIEXT SRR A8 R (K 52 Zn 1.20 0.24
Table 5 Effect of the amount of armphous FeS on arsenic cd 0.13 0.14
removal
) Removal Grade in pH =7 AR TR ANE e R
Molar ratio of rate of product/% after Table 7 Result of liquid and slag in second stage under
FeStoAs As/% Cu As reaction optimal conditions
1:1 35.8 505 19.84 1.55 Element Solution/(g*L™")  Arsenic product/%
1:1.5 56.9 327 18.66 1.86 As 0.01 25.43
1:2 75.5 1.79  18.76 2.13 Cu <0.001 0.01
1:2.5 97.9 1.4 19.21 241 Zn 0.95 3.1




2362

T A e E SR

2022 £ 8 H

94 mg/L HiE il & 2R R T 2%, K 70T
DA, 0 B R a2 T R R R B0 s 2 42 %
R a7 W - 23578 2 R ISR A AR il )
10 mg/L, S Sh AL ik 25.43% H A& 2%, B
R4S 2B B4 Tt

3 g

1) BRI F IR H W] S AR A T 5 8 40 A
W JBIT R MBI 8, ToE I FeS 5 Na,SH LA
A RIFIIGRIERE, TTSEHLE SR K IR B b A T
VI 0 VG Gt =S S i B R i O
IR

2) WIRARREE « S SEHREE VR 1 o e b S o e
()Xo JH 2K R 4 TG R AN K, TR AR IR A OR
SO TERARIR HAAE T, 2K 4 (32 S e T
1595% L b, B ER HF ATk 86% LA b R
BB E N R, Sl T 54% AT 5%

3) JoE TV FeS B4 BRI TH] 2K, tHE e TE
BWE T A, RSIE IR . TCE T FeS
TE SRR T PR B TR AR R ST AT 55 H 1138 4 S
R, $EE BRI, AR H,S SR % H B
HCE P &5 S e

4) To5E T FeS St 4 AR A i HE v Hh 4 (1 22 B e K
T99%, BRAGHRE A E AN IS 2% TEERERR
TR B, E I Ak 2 AR A AT KT 25%, HUfS T
AR {0 R e v R A 23 B RICR
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Sustained-release effect of armphous FeS and its application in
sulfurization separation of copper and arsenic

ZHANG Xing-fei?, YUAN Jia"? TIAN Jia"%, HAN Hai-sheng' %, SUN Wei':?

(1. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Hunan Province for Clean and Efficient Utilization of Strategic Calcium-containing Mineral

Resources, Central South University, Changsha 410083, China)

Abstract: The efficient separation of arsenic from valuable metals in copper smelting dust has always been a key
problem restricting the utilization of secondary resources. The main factors affecting the selective wet
dearsenization of typical copper smelting dust and the sulfurization separation of copper and arsenic in the leachate
by armphous FeS instead of traditional sulfurization agent were studied in this paper. The results show that, under
the optimal leaching conditions, the leaching of copper in the dust is more than 95%, and the leaching of arsenic is
more than 86%. With the prolongation of aging time, the armphous FeS tends to crystallize gradually from
amorphous, and its reactivity decreases gradually. Compared with Na,S, FeS can effectively lower the H,S gas
escape and improve the crystallization properties of the product based on its good sustained-release effect. The
actual leaching experiments show that the copper removal of leaching solution is more than 99%, the arsenic
content in copper sulfide product is less than 2%, and the grade of arsenic product is more than 25% using
armphous FeS. The armphous FeS provides an alternative for the separation of valuable metals from arsenic in
copper smelting dust.

Key words: armphous FeS; copper smelting dust; sustained-release sulfide; copper-arsenic separation
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