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Table 1 Multi-element analysis results of

experimental material Yo

4y Au Ag Cu Pb As Sh Bi Se Te
Hig 0.961 9.48 0.34 39.23 3.90 2.37 7.54 4.20 1.16
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Table 2 Chemical reagents used in the experiment
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Bi, 0, + 6HCl =2BiCl, +3H,0 (6)
PbSO, +2HCI =PbC(l, + H,SO0, (7)
Ag,S0, +2HClI =2A¢Cl + H,SO, (8)
AgCl + C1™"=AgCl, (9)
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Fig.1 Process flow chart of recovering antimony

and bismuth by chlorination leaching
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Fig.2 Experimental results of liquid-solid mass
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Fig.3 Experimental results of sulfuric acid

concentration in solution
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Fig.4 Experimental results of chloride ion

concentration
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Fig.5 Experimental results of reaction temperature
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Fig.6 Experimental results of reaction time
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Table 3 Multi-element analysis results of chloride

leaching residue %

)i%an Au Ag Cu Pb As Sh Bi

e 1.199 11.83 0.01 43.83 0.03 0.38 0.15
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Table 4 Results of multi-element analysis of
chlorinated leachate g/L
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Fig.7 Precipitation of antimony and bismuth

at different pH values

MIET Rl LU 2R 20% SR ARk %
W pH fEL, AT SEBLIT A UTEE B 1Y) H A, 7647
B pH (BN 1.5 2 ), R ARAG & 86 30% 2 1Y
BRI, LA BRI TITER N 82% |, B HE AR R A UUTE
L UE B IS Y 8 VR AR SR 1 R pH L 3. 0 B,
BRREASTUE , FA B A R DURE RN, 3RA5 FY ik i
kSRR 58% LU L, I 7R J5 S bk R 4l fe
i8S IR B o IR A IR B T RO
B I BRI H Y

4 45ig

AR S R 4 v I B AR 8 R i SR PR R IR
B BRI B ISCE th &R TEA S ROV AT,
AT LATREN [BICEs Al i B Y, [R5 42 8 R o HOnT
U152 5 5, A R TG g2 i, il o H
A Ml b R FEAR e RDsces B S

1) 2R A0 15 4 e AR O A FH AR 0 adE 47 3
HBE BT , e RN A% 1A « 47 il s, TR [ o
Fb Ay 4 1, Pl BOWRLEE Sy 80 °C 5 15 VR B BR Ik
120 g/ L, AP 45 il S TR Ry 140 /L,
SN 3 h JE R E B BRIk B 86% FI
98% ; WLIN WA 1P AT HE () A R SE AR 0 1,
[ Ik B 10% 24

2) AR B B R AT T A B
FPLVESE LI BFSE, TR MY pH ] LLIA B 43 55
[mscsh B H A 3RS B BRI 6 30% A4, B

BB 58% Fidh o IKARULTE IS HO B Bk ROV I h R

B, Ja SR A AR
3) JALIR BB B R R R AR B ROV 2

MRS IR N RN R BN, T EE TS

SRR U BRI R SRR AR R,

A e R R /5 B R B R 2R () R4 o 2

NGO

(BT

(1] REE,ZFRE, TR, . B UR BB i T2 A0 52
[J]. P EA MR 4,2019,48(6) .6 -9,22.

WU Zhan, LI Yunfeng, WANG Yadong, et al. Research on the op-
timization of recovery from copper anode slime[ J]. China Nonfer-
rous Metallurgy,2019,48(6) :6 —9,22.

(2] RER, T, BHE, 5. 55 R AL DI A B A 4

BRI B[ T]. #545,2019,40(4) 62 - 66.
WU Yuebiao, DING Cheng, LI Xiaoheng, et al. Recovery of bis-
muth from the acid leaching residue of copper converter flue dust
by chlorination leaching with calcium salt system [ J]. Gold,2019,
40(4) .62 —66.

(3] SRESRK, R EEAL, TR , 55, 0 b6 BN EH R MR ad B P i 43

S HACRERRI = i zrsk (] A B R RS TR,
2019,10(1) :13 -19,27.
ZHANG Zheqiu, YUAN Lucheng, HUANG Linging, et al. Trend
and recovery of arsenic, antimony and bismuth in copper smelting
[J]. Nonferrous Metals Science and Engineering,2019,10(1) .
13 -19, 27.

(4] ALBr¥e, BRF A, 5508 . 10 0k Ak 3 41 B 43 B8 B 14 BF 5T
L] A eam G Y) ,2016(6) 26 -30.

DU Xinling, MA Keyou, GE Daojian. Study on bismuth separation
from bismuth oxide slag by hydrometallurgical process[ J]. Nonfer-
rous Metals ( Extractive Metallurgy) , 2016(6) : 26 —30.

(ST R, s Ui, o5 0, 55, Do r b B i th W rh SO ol 4

FAALEELT]. A BE)E GRERRAY) ,2014(11) 160 - 62, 69.
LIU Wei, JIANG Xunxiong, JIANG Wei,et al. Recovery and prep-
aration of bismuth oxide from hydrochloric acid leaching solution of
silver-separation slag[ J]. Nonferrous Metals ( Extractive Metallur-
gy),2014(11) :60 -62, 69.

(6]  FFFi. 2WikAb3 S SR B U8 T 20 K ik i 8 4 g 4 5 3l )
W[ D]. Kb IR ,2013.

GUO Rui. Study on hydrometallurgical process for treating lead an-
ode slime bismuth and kinetics of replace bismuth by sheet iron
[D]. Changsha; Central South University,2013.

(7] ®BBEA, SER REEZAGAMA T ZOE0)]. Ml T,
2013(2) .10 - 12.
ZENG Xiaodong,ZHU Zhibing. Study on somprehensive utilization
process of silver zinc-slag [ J]. Copper Engineering, 2013 (2) .
10 - 12.

[8] ZERAL. HkELia BRI L) ]. A G8)E QR ,



2022 48 554 ) S SR 25 = DA < e AL FEAR Pt e [l B Bk 1) T2 - 105 -

2006(1) .40 -41. [J]. Vacuum,2011(8).
LI Junhong. Expermental study on comprehensive recovery of silver [13] Z=E 5, & 000, 4. Hy A IR m e i3 e s mFas [ J].
containing residue [ J |. Nonferrous Metals ( Extractive Metallur- BE T H,2016,36(1) :80 —82.
gy) ,2006(1) .40 —41. LI Yanlong, YI Chao, LU Xingwu, et al. Alkaline leaching of Sh
(9] 45, B N g I IR F 28 4 Bl Pb. Bi I HF5E and Bi from lead anode slime[ J]. Mining and Metallurgical En-
[J]. A afaHk,2001(6) :15 -17,36. gineering 2016, 36(1) :80 —82.
XU Xiulian, XU Zhifeng. Investigation on recovery of Pb and Bi in [14] R PR RS EE et i aFss [ D]. B . BB 3
anode slime from Tin electrolysis[ J]. China Nonferrous Metallur- T.K2,2020.
2y,2001(6) .15 -17,36. YANG Zhenhao. Study on selective leaching of arsenic and anti-
[10]  FReE 83, Dfg, & h ES R & BUR Rt R (T]. A mony from copper anode slime [ D]. Kunming; Kunming Univer-
48 (IRHE YY) ,2019(8) .11 - 17. sity of Science and Technology ,2020.
WANG Chengyan, SHAO Shuang, MA Baozhong, et al. Status (15]  #R¥eE. BB Je G IR 86 5 120 K B Bl /K i DL IR BT 52
and developmen of antimony and bismuth metallurgy technologies [D]. &M VTP H T K2%,2020:24 - 26.
in China[ J]. Nonferrous Metals ( Extractive Metallurgy) ,2019 XU Zhenxin. Study on the acid leaching of antimony and bismuth
(8):11-17. by copper anode slime and the hydrolysis mechanism of antimony
(1] EH8, BIHE, A, 45 DU BA AR U8 4388 75 v Il i s D 6 and bismuth [ D]. Ganzhou; Jiangxi University of Science and
1. A4 )E EaHHs) ,2014(9) .16 —18,22. Technology,2020 ;24 —26.
WANG Chao, JIJANG Xunxiong, JJIANG Wei, et al. Recovery of [16]  ®X2fh. mAMBE RS M TEMR[)]. A adlE (h
bismuth and antimony from silver-separation slag of copper anode B4y ) ,2017(2) :19 -23.
slime[ J]. Nonferrous Metals ( Extractive Metallurgy) ,2014(9) . ZHAO Xingwei. Process study on comprehensive recovery of high
16 -18,22. bismuth silver anode sline [ J]. Nonferrous Metals ( Extractive
[12] LINDQ, QIU K Q. Removing arsenic from anode slime by vacu- Metallurgy ) ,2017(2) :19 -23.

um dynamic evaporation and vacuum dynamic flash reduction

Process for recovering Sb and Bi from Cu anode
slime with high Au and Ag content
ZHANG Wen-qi'?, LI Xiao-heng'*, TIAN Jing'*, PENG Guo-min'?, GUO Yin-gang'?, LIAO Zhong-yi'"

(1. Henan Province Key Laboratory of Gold Resource Utilization, Sanmenxia 472000, China;
2. Henan Zhongyuan Gold Smelter LLC, Sanmenxia 472000, China)

Abstract; The studies targeted at the separation and recovery of antimony and bismuth were carried out for the Cu
anode slime with high-Au & Ag content produced from the electrolysis process of copper smelting enterprises to
achieve the purpose of recovering antimony and bismuth from anode slime by adopting chlorination leaching-
neutralization & precipitation method, with no precious metals dispersion during this process. Single-factor test was
carried out on the factors affecting the leaching efficiency of antimony and bismuth. The test results showed that the
leaching rates of antimony and bismuth reached 86% and 98% respectively after cooling and filtration of the
solution resulted from 3 h reaction under such conditions as the liquid-solid mass ratio of the reaction controlled at
4:1, the reaction temperature at 80 °C , the sulfuric acid concentration of the solution adjusted to 120 g/L by using
sulfuric acid, and the chloride ion concentration at 140 g/L by adding sodium chloride; the unleached copper and
arsenic in the copper-removal process were basically leached completely, the leaching rate of lead reached about
10% , and the precious metals gold and silver were further concentrated without being leached. In the test, the
antimony and bismuth leachate was subjected to step-by-step neutralization for pH adjustment with relatively high-
Sb residue and high-Bi residue obtained under different pH conditions to create conditions for further recovery of
antimony and bismuth.

Key words: Cu anode slime with high Au and Ag content; chlorination; leaching; neutralization; precipitation;

antimony ; bismuth



