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Table 1 Chemical compositions of silver

separation slag %
M4y Pb Sh Cu Ni Se Te Bi
i 19.41 1.43 0.12 0.02 0.02 0.22 0.09

By As Au Ag Sn Ba Na Si

T 0.05 145x107* 4601 x10°* 11.49 25.89 1.93 0.67
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Fig.1 Technical route for comprehensive

utilization of silver separated residue
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Fig.2 Process flow of precipitating lead
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Fig.3 Process flow of extracting barium
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Fig.4 Process flow of extracting gold and silver
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BURIR LA VR I 5 R AR IR R N, UE WA A . Bk
R i - B Bk R % Ak 5 28 HCL Ah i
HCL 27, 18 49 5 8 0 s Pk Uk 5 26 o0 R
5, BaCl, 3§ WK 1% BaSO, JUTE Ty, PPl L.
BaCl, Ik 5 H,S0, i, ¥ [ 43 25 J5 A= HCL 38
% BaCO, &, IEVFRISA BaSO, 7™ i

5)r&mikE . 5 BB 10 415 4440
BRI 40 g, RGBS G 40 Al AT 2 AT 404R
2 i : 43 90 & F HCL, NaClO, (NaCl &2 i}, i)
[ 73 5 S OB DF RIS B KG 7 77 alh , & Sn=45% , JEIK
FHF 4 4R

2 R 51HE
2.1 B OHNEHNSTESESE
2.1.1 EHAE
B 500 g, 1647 10 5570 25k
B — D R % AL T 2 254 : Na, CO ¥ i 320 ~
330 g/L,Na, SO, 1k J& 35 ~40 o/L, # [& 1k 5: 1 (fAFH
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Fratl, mL: g, J5 3CIA)) , ¥ AL i A 2 b, 5% 46 I
90 °C,

B O IR 5 AL T 2 25 : Na, CO ¥R i 320 ~
330 g/L,Na,SO, ¥ i 35 ~40 o/L, W [& 1k 5: 1, %44k
BFA] 2 b, F AR EE 90 °C

R T2 &M R IR 60 ~65 C 12
BFA] 2 h 3= 280 pHfH 1. O KT L 1201 ~ 1501,

DU 1. 20 56 : DU R 98% H, S0, , ULTE
MEE 20 ~ 60 °C, PLVERTE] 1 h, I3 2 s 0 W
[Pb** ]#0.5~1.0g/L,[SO;” J/NF 5 mg/L,

HCL 2 1 3R 10 53 s ARSI B4 0F Ak iR
Al F IR K 20% T, A0 TR I RN
69.3% ~73.7% , 10 A5 ki 56 45 R W3 2, Bl
i RITEE PbSO, 1 Pb & 5E3A%) 66. 64% ~67. 46% |
S &hE N 10.48% ~10.71% , LIS 4% 8 PbSO, &
5 97.55% ~98.75%

F2 ULRE PbSO, I A
Table 2 Test results of lead separation process

e ULUE PbSO, RS/ %
ik op Ba S S02" PbSO,
1* 71.8 66. 68 1.01 10. 69 32.07 97. 60
2# 71.4 66. 90 0.41 10. 48 31.44 97.93
3# 71.1 67.29 0.44 10.62  31.86 98. 50
4# 73.7 67. 46 0.67 10. 65 31.95 98.75
5* 69.3 67.12 0.55 10. 61 31.83 98.25
6" 73.4 67.20 0.55 10. 71 32.13 98. 37
7* 72.6 67.31 0.75 10. 68 32.04 98.53
g 71.8 66. 77 0.78 10. 53 31.59 97.74
9# 71.4 67.01 2.47 10.64  31.92 98. 13
10* 72.2 67.43 1.97 10. 53 31.59 98.70

2.1.2 s

DL 10 4143858050 15 21 19 2 #5080 JRORE, AT
10 41 438k .

PR R % A 1. 20 2% : Na, CO, ¥k JiE 345 ~
355 g/L,Na,SO, W& 2 ~5 o/L, Wi [E H 5: 1, b}
) 2 h, B AL EE 90 C

N R R i AL 1S 45 : Na, CO, ¥ i 200 ~
250 o/L, {i [ L 6 1, 5 Akt fa) 2 h, AL EE 90 C,

BaCO, /& 12 H T2 &M il 12 B 2 h, 7
WA pHAE 1.0 ~ 1.5 A 5.5: 1,

DU T2 564 LA Wl 98% H, S0, , = i,
ULRERHA] 1 h, PIE X b [Ba’ [ 2 ~5 /L,

[SO;” /T 5 mg/L,

10 4155 ik 50 1 25 21 0L 3% 3, B0 R Ui vE
BaSO, H' Ba % H7 55.87% ~ 56.88% , 1) Ba &
BaSO, & & 4 95.02% ~ 96.74% ; Pb & & K
1.26% ~1.92% . 5%} BaSO, 7 i 3 8] /E Ay i 4
FI Ph A 2K, AR AT B

&3 UL¥E BaSO, B Ei

Table 3 Test results of barium separation process

BES YLHE BaSO, 43/ %
e

itk Ba Pb cl BaSO,
1* 23.6 56. 84 1.26 0.27 96. 72
2# 22.1 56. 02 1.46 0.35 95.27
3# 23.0 56.23 1.92 0.42 95. 63
4* 23.7 56. 09 1.79 0.45 95.39
5* 22.7 56.76 1.82 0.30 96. 53
6* 23.6 55. 87 1. 64 0. 40 95. 02
7* 23.7 55.92 1.52 0.42 95.10
8" 22.6 56. 14 1.69 0.52 95. 48
9* 24.7 56. 56 1.82 0. 44 96.19
10* 24. 8 56. 88 1. 61 0.26 96. 74

RULTE BaSO, retirizeile, A ARt C1° it
IRV IR T BaSO, 7™ i A5 5 4% 0.26% ~0.52%
Cl, =2l i AV s CLEE 2 0.2% LUR it
AR 4,

F4UREX CL S HR R
Table 4 Effect of different washing methods

on Cl content %
FES RS TE DR WAL
1* 0.27 0.17
2% 0. 45 0.15
3# 0.42 0.18
4% 0.26 0.15
2.1.3 o uEr Ay

PRI G B4 6 47 Sn 11.52% Pb 20. 10% .
Ba 26.32% .Sb 3.49% . T 7 /4R it 45t 4y
B U, Sn Sh A SEBIAE B (43 ) il s
R T 10 ARk, B, 15 8] 5 Bk i
SR RN 23.44% TP S R I AR R
Sn45. 84% . Pb 2.38% .Ba 0.97% .Sb 12.93% . Sn
s EIE RS

I o B 25 A W TS T B A R
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Table 5  Test results of enrichment of tin %
TR Sy
BEEL LI bUE
Sn Pb Ba Sh Sn Pb Ba Sb

1# 11.26 19.90 26. 36 3.30 46. 16 2.35 1.82 12.42 23.58
2# 11. 67 20. 44 26. 16 3.43 48.57 3.13 0.51 13.05 22.06
3# 11.51 20. 59 26. 34 3.57 43.70 2.13 1.31 12. 81 23.04
4% 11.22 20. 49 26. 54 3.50 45.12 3.45 0. 64 12. 16 23.70
5% 11.52 19. 57 26.42 3.40 46. 05 2.11 1.02 13. 10 22.69
6" 11. 20 20. 29 26.21 3.49 44.97 2.18 0.87 13. 60 23.60
7* 11.52 20. 15 26.55 3.54 45.58 2.02 0.83 12. 65 23.70
8# 11.95 19.77 25.74 3.57 45.94 2.08 0.97 13. 40 22.58
9# 11. 66 19. 58 26. 46 3.53 46. 36 2.00 0. 81 12.20 24. 66
10* 11. 67 20. 20 26. 36 3.56 45.94 2.38 0. 89 13.93 24.83
S 11.52 20. 10 26.32 3.49 45. 84 2.38 0.97 12.93 23.44

PbSO, \BaSO, | 7383t | it — Rtk IR e AL 15 8. B —
PARBRFACTE W, HAR A R G NEER

AR FAEACUCHE iy, 70 BT 45 T 5 HH R 3
= Au Ag F i, 0BT Au Ag fE7M G S0
FBGS R R E I, 25 TR I Au, Ag W
L 6, % 7 B RYIE  Au Ag B SR AL ILEE 7.
H1Z% 6 R, AE70 T 0 B R IR R, Au Ag &
FEXTHUR, Au Ag YR BE AR, FEA 12 75 50 Bl
E A

RO K LIFRMET Au Ag &

IS UERER T, Au Ag FEFF BE R 73 A1 L3R 8
BE 0,98, 74% Au,95. 14% Ag £ 4381 i SZ 3
B0 R 4E50.94% [ Au 2. 65% (1] Ag 3#E A PbSO,
o, AT DAFE SRR R P IR0 0.33% 1Y Au 1.20% 1Y
Ag it A BaSO, H1, 4R [BIE Ry A, 1% &8 53 Au,
Ag TERGEPIERR . 3R 7 b Ag s, SR K2 CL7E
PptyEd i rp HCL B, S804 HCL [ CL ] 7
i Bl Ag B F A HCL AR [ CLT ] Al
il BaSO, H Ag {457 20 ~40 g+t~ 1KF-o

®8  Au Ag fETFHYIRL Y A

Table 6 Concentration of Au and Ag in Table 8 Distribution of Au and Ag in open
leaching solution g L7 circuit materials
g Gt AL
BB BT gy BRI e Au A
DS KR KR FRia Pl PR i G/ (gt -1y Bt % /é\%/(g'l_] ) Hepl %
etk etk W Fete W PbSO, 2.10 0.94 503. 87 2.65
R S (221 R T ,
BaSO, 0. 40 0.33 124. 00 1.20
Au  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
S 197.30 98.74  1609%4.90  95.14
Ag 0. 002 0. 003 0. 003 0. 004 0. 005 0.011
H— R <0.001 0.00 0.005 0.63
RT A TIFERGET Au Ag 195 R PSRRI <0001 0000005 038
At — 100 — 100

Table 7 Content of Au and Ag in solid material

-1

gt
R Au Ag
45 PbSO, BaSO, /3y PbSO, BaSO, Ay
1* 2,10 0.40 202.10 521.1 359 16017.2
2* 2.00  0.40 223.60 417.2 22.7 16168.2
3# 2,20 0.40 166.20 573.3 313.4  16099.3
SEH 2,100 0.40  197.30  503.87 124.0 16 094.90

2.2 £RMRY

ATENE RS Au Fl Ag, ST R Au Ag i
TR B, T2 45 HCL % i 35.0 g/L, NaCl
W 40.0 g/L [ H 5: 1 R 80 ~90°C (G REN
&t 4. 0: 1 W] 3.0 b, X 10 205 3E i
BRI O R TR G35 )5 4% IR IR SR kA T
Au Ag R, AR SRR g By 8
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Table 9 Test results of chlorination separation of

gold and silver

A3 BT Au Ag
BB R (get™h) 0.47 127
BHER/ % 99. 78 99. 24

or&: AR P, Au R B RCR T, B H R
KT 99.5% ;= tHhitih Ag FE 2 127 g/t R FGKF
99.24% ,ikE| T B HRCR
2.3 $H.NFGRTE

ZiG B S T YEHE n 7R 5 B, A 7% 8P
B2, M7 H P (il PbSO, (BaSO, ) £ E 11T
Gt A R WK 11, FdE#1],99.91% Sn i# A4y
P ;6. 54% Pb it A BaSO, 7™ i Al 7 B0 , B 1) 5
[y 93. 46% L1 ELICE K 76. 69% ,16. 76%
LBl HCD HEER ;1. 88% Ba HE A PbSO, 7= i 1
Sy b B RIS 98, 12% , AL H IR K
93.16% ,4. 33% WP HCl FPAEEF

F 11 Sn.Pb . Ba Hy43Aii L)
Table 11 Distribution of Sn, Pb and

Ba in the process %
Au Ag {ESMHRIE ST S B B RO I — - — —

EL i AE BT Sn Pb Ba 10 117407 3t oo, e
TAGHEAHY ST £, L S Pb Ba FOE 1 % b0, Co ae o
PSR M B T IE . 4 10 - o e o
SR PTHE A R N YT . e ' ‘ ‘

,ﬁlﬁgﬁi‘x/\ﬁtﬂ%ﬁﬂﬁﬁg/%ﬁ&% Sn\Pb\B‘ii 1E —— 0,00 063 063
SRS UGB P, SE R WL 10, B oy o

H g SN S Soy=) ' ' o

W], Sn F B W A A 7 Plid s Pb £ PbSO, 7 i h . 0.00 "7 420

R, A — R B A2 HCL 7E RGP 6 3R,
b BaSO, | 73 WL 51 K i) Pb N 5% ~ 6% ; Ba {E
BaSO, ™ i P53 2 5 4, i b B AR HCL 7R R
SRR CEEIERR I P AT ) | BE PbSO, 7k
PRI
#* 10 Sn Pb Ba )48 VA
Table 10 Metal balance of Sn, Pb and

2.4 FRTIEERE

U8 oy B R LS A + A 2T i o7 Ak
7, A A A A 2 2 EAR SN 300 mm,, X560 il SR A&
TRIA R A U A3 B (), A ER A AP R B T R A
—RORIRFLAL B R IR AL R BRI B R IR
DUVE VN — R R LA I — SRR Ak ERFRIZ AN |
BRERDVITIE S5 A W] 7 87 2% 3 D B B) UL 3% 12, 4%

Ba in the process %
37 H Sn Ph Ba — BRI AL BT — RORIREL AL I — RIRTREL AL |
PbSO, 0.08 69.38 0. 80 I RIS R LT U 55 T R 5 U
o SO e s HEAKIAE 400 L/m?” « by Hh R0 Y | 670 4 L3 i 0
AL HCL _ 8. 71 0.56 BEPEREPRL, 1553000 L/m’® -h LU, TR HFH
ek — 2.18 0.11 HRP R R, 815 AR, B A D8 B8 0P s Eh IR I
TR HCLPTE I .28 71 BUT R, B4y B0 0 s 0 o 1, 0 LA
B2 6.57 9.54 11. 60 5
it 100 100 100 139.22 I/m" *h,
F 12§ uETERE
Table 12 Pulp filtration performance
o H—2 W% R B R HY H— /-2 R BRI
IR RIREEAL By TUE RIREAL  BRIR¥E ML el TivE
W3/ mL 2500 2500 1 5000 15 000 2500 2500 1500 1500
U S TR/ m? 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071
e/ (L-m2-h ') 436.86 329.77 3278.98 6042. 14 476.93 428.34 139.22 452.80
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ARSCA AT AVURIES) 5 0 5 114 i PH A 8 L i
JEORL, T B i h BB AT N 22 5 A5 A R
AR e i, It A2 00 A% B A BH AR
Ve BB £ 5 A FBT T 2000 A0 B HSR U FI L, 5
TR OB RS R B S 2R A T

1) e BH A 30 73 4R 0 v A8 4 B0 B0 20 o) AR R
By BRER O BRI A B R RIS, i 32 73
ik 97.5% 95% Il 45. 84% 5 4= GRAE LA T &
A )35 98. T4% ,95. 14% 5 Y L B 1) EL IO
Sr9h 76.69% 93. 16% 1 99. 91 % ; Bk o 1) =
ROER) N 23.44%

2) R AR BUT 2 AL PRI 4R, Au Ag AL
HAERTEPUE T, Ho TR, Au Ag BR HRTE
99% L) Lo PAIL, 70 4RI SR B T ZAE A 200 B Sn.
Pb Ba fJER b, AT LLSEBE Au Ag AR RLIRTH

B A ROT %7 R BT, B T Sk
BRI B BRI AP0 S SRR PR AR R, AR 13k
FIRTHAE , LSRR, PREEACHE, 7318 IR ROCR
U AT S BURHR Tl A7
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New technology of extracting metals from silver separated

residue of copper anode slime
DENG Chenghu, ZHANG Liping
( Guixi Smelter, Jiangxi Copper Corporation, Guixi 335424, China)

Abstract; The silver separated residue of copper anode slime is the tailings of extracting precious metals from anode
slime. The yield is about 50% of anode slime. It contains valuable metals such as lead, tin, barium, antimony,
bismuth, gold, silver, platinum and palladium, and has great recovery value. Traditional treatment methods tend to
extract single elements or precious metals such as gold and silver, and there are few methods to recover valuable
metals such as barium. In this paper, silver separated residue of copper anode slime with high content of lead,
barium and tin is used as raw material to test, and lead and barium were directly extracted step by step by the
process of lead carbonate-hydrochloric acid leaching lead-barium carbonate-hydrochloric acid leaching barium-gold
and silver extraction. The separation, enrichment and distribution of lead, tin, barium, gold and silver in the
process were analyzed. The results show that the direct recovery rates of lead, barium and tin in the silver separated
residue of copper anode slime are 76.69% , 93. 16% and 99.91% respectively. The lead, barium and tin were
recovered in the form of lead sulfate, barium sulfate and tin concentrate, respectively. The grade of lead, barium
and tin was 97.5% , 95% and 45.84% , respectively, the enrichment of gold and silver in barium separated
residue was 98. 74% and 95. 14% , respectively. The yield of tin concentrate is 23. 44% . This process realizes the
efficient separation and comprehensive recovery of lead, barium, tin, gold and silver. The leaching system of lead
and barium is recycled, with less reagent consumption and mild process conditions. It can provide reference for
similar enterprises to treat copper anode slime.

Key words: copper anode slime; silver separated residue; lead recovery; tin recovery; barium recovery;

concentration of precious metals; comprehensive utilization; green metallurgy



