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Table 1 Analysis data of chemical compositions
of acid mud %

WA Ph Bi Se Cu S Ag”*

SR 53.41 1.16 5.15 2.56 8.57 35
Wl TR NN g/t
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Table 2 Experimental reagents

F 5 bkt ks e YEH
1 TR AL, 98% HE B A A2 A R JERHR
2 R Tlk%%,99. 5% SN RBAERA RS I B R i AR i S A5
3 LIX984 FEHUH| Tl g% ,99% WAL R A IR A ) AR
4 260 S I Tk &% ,99% BIUAEFHRIE A Py H AR A B ) FEHUR R
5 By —4E i ,90% RFHRFET =ML I J5 YT
6 K EPYIN EPS/9a e & S A
x3 R HEE R
Table 3 Experimental equipment
FF5 Bt HkS HR FEH
1 RS 5L R T L ALA B ] JEURHR
2 BibEas SN-MS-3D WA e T DU FR2A A R L
3 AT DB-I PR A R A R A A i B I
4 TEI K B 5 SHZ-D(11I) YU ST i AN 515 4 A7 B ) R PR R 4
5 AR DHG-9140A G R BB R LT R
6 G HY-5A M T ] S A AR R AT PR ) R A
7 RR R FA-E/JA-P rr iR TR BRA Pk o

1.2 HAEiREREE
R lle & A W BT R N A B, AT R
TR B EA DR, Hob S EE DR
I SAETE , 605 LA SR BT A A5 <5 Ak ) i XA
15, 5 FE LU R A S AL L & WIE e, e
PR R T, AT SR I, G LS AP R A B 2k A
VR ] A I ) T PR AT VAR, T R At 32 B DA
TR ER LA A, AR 1 PR,
FEW SR B RBILA(T) ~(3)
Se + H,0 + 0, = H,Se0, (1)
2CuSe +2H,S0, +30, =2CuS0O, +2H,Se0, (2)
2Cu +2H,S0, + 0, =2CuS0O, +2H,0  (3)
MW £ H, Se0, Al CuSO, , R H
LIX984 FEHGHI AT A HUER R | FIBR AR S A 60 2804 1
AF S BIV AT A5 21 4l v i) A TR 508 V0 R, ol i R A 445
A T
TR R FER PRI (4) ~ (5)
CuSO, (aq. ) +2HR(0O) =CuR,(0) +H,S0,(aq. )
(4)
CuR,(0) +H,S0, =CuSO,(aq. ) +2HR(0O) (5)
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Fig.1 Process flow for extracting copper

and selenium from acid mud
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(6)
H,SO, + Fe =FeSO, +H, 1 (7)
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(ml/g) , R 160 °C , ) i %43 1K 0. 2 MPa, X
REEFIE] 2 b, %R E PSR S SPR 2E K Ho A 5
i R 2R, 43 391 FF Joe i 1 ) 2 oy BRI TR 2 119 0. 8 7%
0.9 1% 1045 1.1 15 .1. 2 153k 5 4B & 51
R, 5 S BR FH X A AN R sm ag
G 2,

P L 2 WD B A P 3 o R 1) 9
R ET A IR R R g2 il R

B ER%

1
0.8 0.9 1.0 1.1 1.2

B T 2 A
B2 B AR AN TR AR A5
Fig.2 FEffect of sulfuric acid amount of selenium

and copper leaching rates
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Fig.3 Effects of reaction temperature on

leaching rates of selenium and copper
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Fig.4 Effects of reaction time on leaching rates

of selenium and copper
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Table 4 Experimental data of leached residue
%

’ﬁé} > »
%i's e
Pb Bi Se Cu As S Ag*

¥ 60.59 1.33 0.50 0.14 0.61 9.38 41.00 87.30
2% 61.52 1.32 0.45 0.12 0.58 9.11 42.00 86.80

3% 60.46 1.34 0.51 0.13 0.57 9.24 44.00 87.60

FEHo60.86 1.33 0.49 0.13 0.59 9.24 42.33 87.23

s« TR ¢/t

x5 R

Table 5 Experimental data of leachate

W/ (gL Ry
Pb Bi Se Cu As mL

1* 0.71 0.02 15.72 8.13 0.55 1480
2* 0. 68 0.02 15.83 8.52 0. 56 1520

3* 0. 66 0.03 16. 02 8.61 0. 54 1490

T 0.68 0.02 15. 86 8.42 0.55 1497
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Fig.5 Effect of extraction stages on leaching

rate of copper
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Fig.6 Effects of stripping acidity on stripping

rate of copper
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Fig.7 Effects of exiraction stages on leaching

rate of copper
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Table 6 Validation test data and results of

extractant stripping g/L
53 B Pb Bi Se Cu As
AT 0.65 0.02 15.77 8.31 0.54
AW 0.63 0.02 15.53 0.59 0.55
AW 0.0033  0.0001  0.016 49.32  0.0024

H 2 6 T, K IR 50 15 B 1Y K W
49.32 /L, &1l 0.016 g/L, Hifth 24 i T & & &8¢
%SRBI A BUR N 92.90% , 228N 95. 83% , %
Vo VL RE Tl AL ) kL R AN Y 1 R, T B 2 i

TRARG =4 7= i
2.3 SRMIRETURE R AR AR A 06
2.3.1  BMHA R DU IE

ZERERPILSA 0.68 o/L W E T, Hi"
HR R DTAR 5 VR T AR 13 3 A AR BBV VR 1Y
W5 4= PUTE , WAk A 44 W8 HH8 B A9 0. 8 f5 AL,
B3 000 mL %, NGB AR K 52. 8 g, S I i
50 °C, Je W B[] 2 h, JETF g 3 4 Bk i D PG ik
5, RIREE R NE 7 PR,

M3 7 AT, e 4 IR 0. 8 A5 1Y BEE FH &AL
J&i , R AR R s N AR SRR Y, S TS B R
AR, R FEAN SRy N, 2R AR
FALPER THI B FRIE B T, IR, il r
W JFEULHE N 76.30% , 7= H LA A S 25 4 42 R
95.99% .
2.3.2 MR R4l

FEAG B Hh 32 2% T 0 2 R R 58 S AR 1R
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Table 7 Test data and results of reduction and sedimentation of selenium by iron powder

) WIS/ (g L7") HELATGA K 5 %%
A AT/ mL HE/g
Se Cu Fe H,S0, Se Cu Fe
R IRT 15.52 0. 68 0.18 13.45 3000 — — — —
PLIEE W 17 3.72 0. 61 17.75 11.21 2910 96.32 0.47 3.05 36.8
PLIE A 2* 3.52 0.58 18. 06 10. 89 2850 95. 47 0.42 4.06 37.2
DUTE A 3" 3.88 0.63 17.34 12. 47 2930 9. 18 0.45 3.27 36.9
1 3.71 0. 61 17.72 11.52 2 896. 67 95.99 0.45 3.46 37.01

A DB IR BB A (0 7k | i — 2042
SRR , 7 R A IOORS ATORS 7= . B 100 ¢
FELAI A , T R MR B2 M 100 o/ L ¥ MR T, A
500 mL VAR HEA T N, IO I BE 80 °C, S v vt (]
2h, RIS,

&8 MU S Al I K e 4

Table 8 Data and results of crude selenium powder

purification test %
Z R Se Cu Fe HoAte
LT 5y 95.99 0. 45 3.46 0. 10
R 7 99. 26 0. 46 0.17 0.11

2 8 W1, SR BT R VA it RELAD Ry o) ot 2 3 2
TR R B BRI A RO, SRS SN, I T
BRI i 1 I 95. 99% 285 = 99. 26% , AR 56
7 G Ry R A% T €0 4 TR ATl B v AR )
(YS/T 1354—2020) ' FSe99 # 2 Y Jit 1t 22K, wJ
YRR A s
3 g5
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KR AT — AT B0 T2, T o 2 b 5 8 R 44 A
i e BRI ok | 7= HR TR 7 i AR R AR VAT, R
R BN AGR TP, A T 20 R b |
TCEARHER , Je—FpaR IR T2,

2) R FH IR R B R R U8 T Y A
B0 P SRR AR BRI O He
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TR, MR RKTF 9%, MR HERT
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3) LIX984 #< HR Bl e A 45 O 56 25k . A AL
AU FE 20% ,ZEBCHIHE (O/A) 1. 2: 1, ZE B 504 9,

TEMLAAET , A B 2 AR T 92% il ) 26 B S i
1% ~2% o ARINAAN Iy o A WO R e B
200 g/L, R AEHAH LG (O/A) 8: 1, IRAEH KL 3 9, 7%
BEAAETR AR RCER KT 95% .

4) F RIS I RY 0. 8 5 I ARy ik B DTAN , 7
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recovery of uranium, niobium, tantalum and tin from smelter tail-

Experimental study on extraction of copper and selenium from acid mud
HE Lai-rong'”, GUO Jin-quan'?, CHEN Cai-xia'*, SU Jun-min'*, ZHAO Xiu-li'*
ZHANG Yan-ru'*, OU Xiao-jian'*, CHEN Xiao-lin'*, XI Hai-long'"
(1. State Key Laboratory of Nickel and Cobalt Resources Comprehensive Utilization, Jinchang 737100, China;
2. Jinchuan Group Co. , Lid. , Jinchang 737100, China)

b

Abstract; A large amount of SO,-bearing off-gas dust is generated during copper smelting process, which turns into
acid mud after being sprayed. The acid mud mainly contains lead compounds, and a certain amounts of valuable
metals, such as selenium and copper, and some scattered precious metals. An experimental study was carried out
with the acid mud produced by a copper smelter as raw material by adopting the process of pressure oxidative
leaching-LIX984 extraction for Cu removal-iron powder reduction for Se precipitation-purification of crude
selenium, to extract Se, Cu and other valuable elements from the acid mud. The results show that under proper
POX leaching conditions, the leaching rate of Se is more than 91% and that of Cu is more than 95% ; in the
section of LIX984 extraction for Cu removal, the Cu extraction rate is more than 92% and the Cu stripping rate is
more than 95% ; selenium powder product with 99.26% Se grade can be obtained after the crude selenium
resulting from the iron powder reduction is subject to further purification. The process is environment-friendly due to
low reagent consumption and zero discharge of wastewater. The research has realized comprehensive utilization of
Cu and Se from the acid mud.

Key words: acid mud; pressure oxidative leaching; extraction; reverse extraction; reduction for selenium

precipitation; green metallurgy; resource recovery; recovery of copper and selenium



