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1 4
1.1 REER

W PEAR e s i T A 2R A TR RS
BN 25% ~30% FY 14% ~26% B 6% ~16% .
B50.17% ~4.26 K 0.01% ~1.57% 52 0.23% ~
1.93% 45 0.001% ~0.061% . 5l BH# I8 2 15 2 Ak
Jre KR AR iR A AT A AN R A T
JPALER S 153 e BRI A LR 1,

®1PHEFZNr

Table 1 Chemical compositions of silver

separation slag Y%
w5 Pb Sh Cu Ni Se Te Bi
i 19.41 1.43 0.12 0.02 0.02 0.22 0.09

B As Au Ag Shn  Ba Na Si

i 0.05 145x10°* 4601 x10 % 11.49 25.89 1.93 0.67

A3 B R 4% 32 2L PbSO, L PhCl, . PbS  PhO
1 Ph I AFHE  BRERET (5 95% DA b3 By £ LI 4K
B IE 2AEAE 3 0 3 2 DB R LA T U A
1.2 RARREEBIMNIZHE

HRAE 43 4R vh 45 0 R A RRAE , F & T LA
R B SRR 25 A R R T2 R R BR A -
IR AT — R R % A - ER R IR D" — AR P2 T
LA PR AR I SE L Pb Ba , Au., Ag.Sn Y E5L
IPESLEA R, EET AWK 1, I FiT
WA TR BB T AR N8 T2
ST L AERTE=1HE
1.2.1 5814

YRR TR A Ph B PhSO, FERAEAE , A4 T
ZHIH PbSO, 5 PbCO, ¥ B FLRY AN ] 52 81 PhSO, 1]
PbCO, i FE 4L, 7E 25 C T, PbSO, ¥ EFIN 1.6 x
107%, PbCO, % FE BN 7.4 x 107", F B & WL
K1),

PbSO, + Na,CO,=Na, S0, + PhCO, (1)

HYRR R 5 AL G Ph EZLL PhCO, B A7 1,
FIF HCL ¥ PbCO, H Ph 12 E AT, 3522 s L
K(2).

PbCO, +2HCl =PbCl, + H,0 +CO,  (2)

RSB 3 H iR 43 R Bt PCL, 12 HH TR
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R (3)
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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

1.2.2 48T 4

IrEEE TR Ba EELA BaSO, B RAFAE , BRIREE
T2 A% 0 FE T [ Ba® ][ S0, ]/[Ba®* ][ CO3 ]
ROV EE B4, fE 25 °C F, BaSO, I B FH 1. 08 x
107", BaCO, A FE AR 8. 1 x 10 ™%, H iy I8 1A 7 ik 401
55U Bk TR M % W 3 [R]85 B ) BaSO, FI B 5
BaCO,, R4 il =5 ok BE 19 fk B AR 25 1 ffi [ Ba®" ]
[COY™ TR TR 7 A [k FR T UE , (] B
FE[Ba®* J[SO; 13 AR T ORI 75 BB, i AT
{107 22 1) Bk R L i, ek i R o AR, SR
BaS0, & BaCO, Wk, FE W WA (4)

BaSO, + Na,CO,<>BaCO, + Na,SO, (4)

PR IR AL Ba 2L BaCO,JEXAFAE, F

FH HC1 K¢ BaCO, " Ba 12 A VAW, 35 8 v WL
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Fig.3 Process flow of extracting barium
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A3 7E HCL, NaCl0,  NaCl 1E J T [6] 25 32 1
Au Ag, FER WA (7) ~(8),
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(7)
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(8)
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Fig.4 Process flow of extracting gold and silver
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BaCl, I 5 H,S0, SO, W [ 43 25 J5 4 HC 98
i% BaCO, {2 i, JEDFEN A BaSO, =i .

5) AR . R B BE 10 4Lk A4
BRI 40 ¢, IR A5G4 AT 2 747 4 4R
B 439U Sk H] HCL, NaClO,  NaCl 32 i,
[ 53 B UEDE R A B  7 fh, % Sn=45% , I8
FHF AR

2 ZR5THE
2.1 S MMENSBEES
2.1.1 BN
U 500 g, 7547 10 L5 B 5G
B — R IR 5% AL 1. 20 551 : Na, CO, MR JiE 320 ~
330 g/1.,Na,SO, & 35 ~40 o/L, W IH 1 5: 1 (AR
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Bk, mL: g, J5 3CIH) , S AR E] 2 b, 5% A0 TR
90 °C

B R IR AL T 225 - Na, CO, ¥R i 320 ~
330 g/1.,Na,SO, #J¥ 35 ~40 o/L W L 5: 1, 4k
BFTE] 2 h, BRI 90 °C

R T2 &M R IR 60 ~65 C 12
BFIE] 2 h, 32 5 pH E 1. 0, & [T EE 1201 ~15:1,

UUBR R T2 5% DT T 98 % H, S0, , TLTE
MEE 20 ~ 60 °C, YLVERTE] 1 h, U ¥E 2 550 W
[Pb**]}0.5~1.0g/L,[ SO} J/MF 5 mg/L,

HCI 12 H AR B 43 Hr i DIVE s B B2 E A ik
Al FR IR B K 20% THE, S0 TR IR R
69.3% ~73.7% , 10 415 UFIR 560 45 58 W 3% 2, Bl
RUTVE PhSO, 1 Pb 1A% 66. 64% ~67.46% ,
S & HE N 10.48% ~10.71% , LIS A5 PbSO, &
4 97.55% ~98.75% ,

R2  UUIE PhSO, I EE I

Table 2 Test results of lead separation process

B PLIE PhSO, K52/ %

E(1779 s Pb Ba S S03~ 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# 7.1 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
8* 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 BEE

DL 10 2H 4345 3R 56 15 31 B9 4 S v o OB, kAT
10 453905

P — bR R % A 1. 20 254 - Na, CO, ¥R JiE 345 ~
355 g/L,Na,SO, W& 2 ~5 o/L, W F H 5: 1, F kit
] 2 h, # AL 90 °C .

I Rk IR % A 1. 20 251 - Na, CO, ¥R JiE 200 ~
250 ¢/ L, W HE 6: 1, %Akt a] 2 h, FALTEE 90 C

BaCO, i i2 Hh T 251 . il , B R E 2 h, 37
A pHAE 1.0 ~ 1.5, WKk 5. 5: 1,

DU T 55 DU N 98% H, SO, , il
DOGERTTE] 1 h, PIIEL SB[ Ba® 18 2 ~5 /L,

(502" 1/NF 5 mg/L,

10 ZH 50 Uk 150 1Y 25 SR 0L 3 3, Fdls s Dl e
BaSO, " Ba &4 55.87% ~ 56.88% , LA Ba B
BaSO, % & N 95.02% ~ 96.74%; Pb & & N
1.26% ~1.92% , WNEXF BaSO, 7= fhik 191 7E Ay B 45
FIH Ph & B BOR A — P TREAr S

R3  UIUE BaSO, IR B

Table 3 Test results of barium separation process

RER PLYE BaSO, 53/ %
L R/ %

EiIR/ 4 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

HIULVE BaSO, ety im i, & A /D Cl- il
IEYHRUEIS BaSO, 7 i 4T3 5% 4% 0. 26% ~ 0. 52%
Cl, it — 2Ll s AT R DK CLIFEZE 0. 2% LA i
VEA R I 4,

F4 VRS CLE AR
Table 4 Effect of different washing methods

on Cl content %
BEfh RS TEDER TR WAL
1* 0.27 0.17
2# 0.45 0.15
3# 0.42 0.18
4% 0.26 0.15
2.1.3 AU

VR IG r EiE Hh 2 Sn 11, 52% Pb 20. 10% |
Ba 26.32% .Sb 3.49% , 1.2t sriR ik 4t o
By S35, Sn Sb A RAEBIRE N (4380 ) S E
4 A 10 AR, B, 15 2] 4 B Y
I R 23.44% S R X B R
Sn45. 84% . Pb 2.38% .Ba 0.97% .Sb 12.93% , Sn
M E G ILER S,

N e SO e 7 s a1 G i N 1
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Table 5  Test results of enrichment of tin %
TR Wi bicS
FELK R
Sn Pb Ba Sh Sn Pb Ba Sh
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
Sy 11.52 20. 10 26. 32 3.49 45. 84 2.38 0.97 12.93 23.44

PhSO, \BaSO, , 73 ¥k | 45— b IR e AL Vs i B —
PRI, AR RAE R NTEER,
IARRMEHE R i, 23 BT 25 TR R I i S 3k

T AR Au Ag & 0T Au Ag TEIMEIE o3 AP
PG R P R E M, & TR I T Au Ag WK
W 6,4 T EAYR T Au, Ag BIMALILER 7,
F 6 TR, RS 4  rLd AE B VA, Au Ag ¥
JESHAR, Au  Ag IR FE AW, FEA 45 ] 78 43 L
i,

F6 A TUFRIND Au Ag 1

Table 6 Concentration of Au and Ag in

UEIREE Y, Au Ag FEFTBEPRHI 7340 UL 36 8.,
B ,98. 74% Au,95. 14% Ag {E4> 1 Hh 52 R
HRUE4E;0.94% B Au 2.65% B Ag ¥EA PbSO,
o AT RLZE SR R DI 0. 33% 9 Au 1. 20% 1)
Ag A BaSO, 1, W3R IR R A, %3853 Au,
Ag E RGP IEIR, £7 W Ag s, JRIK G C17E
e R HCL 2R, S B0HE HCL [ Cl ] F
o, B Ag B B R PR A HCL [ CL ], AT ds
il BaSO, " Ag FAHETE 20 ~40 g+t ' HIZKF-,

RS  Au. Ag FETF YRR 2 AR

Table 8 Distribution of Au and Ag in open

leaching solution g L™ circuit materials
/) #Q Ay 49 e - e 49
BBy R R T A Ag
cp THE MEE . OWEm Sm S/ (gt7") WBV% ER () HBL/%
- % # # #
44;44‘3 *i‘:“? R *W? *gﬂf R PbSO, 2.10 0.9 503. 87 2.65
W o] a3 a3
BaSO, 0.40 0.33 124.00 1.20
Au <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Fapilhi=y 197.30 98.74  16094.90  95.14
Ag  0.002 0.003 0.003 0.004 0.005 0.011 N
BRI R <0.001 0.00 0.005 0.63
£7 BTHFFEEYES Au Ag 55 I . <0.001 0.00 0.003 0.38
it — 100 — 100

Table 7 Content of Au and Ag in solid material
-1

gt
FEdh Au Ag
%5 PbSO, BaSO, 4rHlis  PbSO, BaSO,  4Mlik
¥ 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
T 2,10 0.40  197.30  503.87 124.0 16 094.90

2.2 £RMEH

IYBUE I E Au A Ag, XA Y Au Ag E
R IRIE, T2 440 HCl ¥ 35.0 g/L. NaCl
W 40.0 g/L RE L 5: 1 R ¥ 80 ~90°C SRR AN
H4miEt4. 0:1 BAFE 3.0 h, XF 10 ZHE
B AF OB R RSB E  HBR FaR SR AT
Au Ag 2 iR, SR SRR R A
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Table 9 Test results of chlorination separation of

gold and silver

A Au Ag
B (gt 0.47 127
2HE/ % 99. 78 99. 24

or4: AR P, Au IR RO B H R
KT 99.5% ;12 Ag [ 127 o/, 33 Rk F]
99.24% ,iKF| T WA MR HRER
2.3 SR FNSB R T

Au Ag TESMRIE S5 $R G R Hh 1) 8 1] P
B8, XS Sn P Ba 847 #E4T 404 118,
AT T 25, I Sn Pb Ba f5E [ )2
Ty 2L oA T g 2 s ) B B 0 s W A 7 D IR L
IR AT B Yk 4 R 5 B SE Sn P Ba £
SRR A3 AL R GS R h STl, S5 R LR 10, B
FH, Sn FEE AP 1 Pb #E PhSO, 77 i
BB R, A — A HCL 78 R G E 38,
B BaSO, . 7 B i #1254 Pb N 5% ~ 6% ; Ba 7
BaSO, /™ i TR ) & 4 | ib A7 > i Bl 5 4E HCL 75 &
SRR (S TEIEA L AR P AT ) BB PbSO, /-4l
PRI,

%10 Sn.Pb Ba 948 V-1
Table 10 Metal balance of Sn, Pb and

Ba in the process %

WiH Sn Pb Ba

PbSO, 0.08 69. 38 0. 80
BaSO, 0.07 3.16 82.36
S 93.28 2.76 0. 86

4 HCl — 8.71 0.56
VK — 2.18 0.11

P4 HCL B i R — 4.28 3.71
R 6.57 9.54 11. 60

At 100 100 100

SiG B 5 T YkhE m s 5 Bl N 7% 8T
BRZE, M= i (491 PbSO, \BaSO, ) i i 117
Geit, AR WLE 11, EdEEY1,99.91% Sn i# A4
it 6. 54% Pb FEA BaSO, 7= 5 M- 00 | 45 Y
IR R 93. 46% T LSRN 76. 69% ,16. 76%
HYBEFA: HCL FP G ;1. 88% Ba i3 A PhSO, 7= i Al
St h B RNSCR S 98.12% , AL H ISR K
93. 16% ,4. 33% PB4 HCL HEH

11 Sn Pb Ba 501 LB
Table 11 Distribution of Sn, Pb and

Ba in the process %

Voxeit Sn Pb Ba
PbSO, 0.09 76. 69 0.91
BaSO, 0.01 3.49 93.16
WaniIbics 99.91 3.05 0.97

4 HCl 0.00 9.63 0.63
PEK 0. 00 2.41 0.13
T4 HCL A7 & A 0. 00 4.73 4.20

2.4 WRTIEMERE

i U8 B SR FH B2 AR + A U - 1 0y 2k
7 A A A 2 2 BAR N 300 mm, 350 HE SR A
TRIH I A U A B (), A3 AR o AP B BT 2 R A
— YRR B TR Ak Eh IR IR R
DUVE A —RRFR L L A " AR IR fh  Eh R4
BRERDNITIE S A 6] TP 2 0 8 i e WL 3% 12, 4%
—WORIREAL B DR IR % Ak B — G R i Ak |
I RARTREE AL R IRONITTE 45 T 0 3 ok g ok i
FAHGT 400 L/m® - h; $RFR IR B B R Y DT UE 1L g
BEEREE TAF 3000 L/m*-h UL b, FEEH T8
HRR B, T AU, BT DA U T b R R IR
PUT ), Bl Bk o o gl e, P A
139.22 I/m’-h,

®12 WKL ENERE
Table 12  Pulp filtration performance

Jre B—% % i R4 —g L) - EN A TR
MR BREREL L peZit] PUTE R BREREE AL = IR
W HARF/mL 2 500 2 500 15000 15000 2 500 2500 1500 1500
2} A m? 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071
fUEHEE/(L-m~2-h ") 436. 86 329.77 3278.98 6042. 14 476. 93 428. 34 139.22 452. 80
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XBIRPESE : A BH AR e SR 25 5 AT T2 - 37 -

3 45ip

ASC UL BRI 2 1 v A 4 BB U1 23R i oy
JkL, BT RE A h &R AIT N E S AR
1) T2 W2 a5, FF 2t LA A3 40 A% 149 il BEL I
Ve st 275 R T2 00 AR U AL, 55
BT A BB A AR SR B S 4G Il

1) ] FH AR T 43R s vh g 4 B0 B 3 0l A A R

T BRIR A B Y A B 25 A i, A 53
3K 97.5% 95% H1 45. 84% ; 4x HRAE B0 T E
HERIF 3K 98. T4% ,95. 14% ; 4% I 45 i T e
19k 76.69% 93. 16% 11 99. 91% ; Bk 1) =
ROBEFR) N 23. 44%

2) KRR T 2 A B4R i, Au  Ag A 2K
BEESDUE T, B TR, Au, Ag 1912 R FE
99% LA I, Rk, 43 4R SR B T 2075 A 2053 25 Sn,
Pb Ba BYZEAH B, AT DISEEE Au Ag A ERLIENIA,

RS A ROT % T BB, S T
VSR ER B IR VS WG IR SR TR PR A G B B AIK T 3K
FIBTHFE, T 2SR AN, REE A 4F, 535 RS SR
U AR TSR BRI 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



