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Abstract

In this paper, the leaching process of high bismuth lead anode slime was studied. The effects of ex-
tractant, leaching time, leaching temperature, volume-to-mass ratio of liquid to solid, concentration
of leaching agent and amount of hydrogen peroxide on the leaching rate of antimony and bismuth
were investigated. The results show that under the conditions of liquid-solid ratio of 3:1, concen-
tration of hydrochloric acid of 6 mol/L, reaction temperature of 30°C~50°C, addition of hydrogen
peroxide of 375 kg/ton of high bismuth lead anode slime, the leaching rate of antimony and bismuth
is more than 95%, and gold and silver are hardly leached.
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BYBHAR VR AL TR £ A KB BT 2, WAL T2 M A A B T2 = K2 KA BT BH A%
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ZEPERIRE T2,
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Table 1. Composition of high bismuth lead anode sludge (Quality fraction/%)
= 1. SHERPATCERIRR S (FRE 57 8/%)

Cu Au (g/t) Ag (g/t) Pb As Sh Bi
0.3~2.15 197.8~459.87 23032.2~42182 10.4~23.99 0~0.987 8.21~30.34 35.06~58.58
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2.2. ME[FIE

ML BT v SR B ARV SR RIR RS 7y R B B R AR R S A L B B B & IREEZ T
#, HImous & RhE s R RO B AR, B PHAR IR R+ 00 B 5%
BB YR B R AR AN TR 5 SR R AR IS AE AR, R RS NI T |
2Bi + 3H,0; + 6HCI = 2BiCls + 6H20
2Sh + 3H,02 + 6HCI = 2SbCl; + 6H20
Sb,0s + 6HCI = 2SbCls + 3H20
Bi,Os + 6HCI = 2BiCls + 3H20

WAL 5 R PR EALIR H BB . SR
2.3. RIERFH iR 57
2.3.1. KL 2EH

PRI I R T ARG A A WL 2.

Table 2. Main information of experimental equipment
F2 WBRMNEEERER

INE EE S uiiss ER
EETA R R Eea s FK-J1500H T RHMX AR A TR A F]
BREML I HE A ZNCL-TS A AR A IR A F]
LR AR L - b
ICP Optima 8000 &R A
KARGEE IS HNJC-HC I BH AR A 25 A BR A 7
Bt A I8 IR AR L F77-3 HE IR0 T 25 i G FR A 7]
HLF- R XPR226CDR MERF IR 2 B () AR A A
Hr g E GM-0.33A REEEENE =50 R A PR AF
bedti ®1500*2000 -
JEIEAL 10 m? SR IENLAE A PR F

2.3.2. KK
PRI I R 7 0 AL 3.

Table 3. Main information Of test instruments reagent
#= 3 HEHAEERER

7 s E I
A srirat TR T A W 2 A PR A ]
TR srirat TR T AR W 2 A PR A ]
IR AN TR A T AR WA 2 A BR 2 ]
RIEZWI T4t P By A SRR
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3.1 BRI

3.1.1. BEFIAEF
R, MER + &L, BRER + R, EENIR A TR R, WIS N IR HIE
F 80°C, VR 3:1, RHIHE 3 h, MMNEEFRGHUE, FERBEHAT M, RIELE RN E 4.

Table 4. The effect of hydrochloric acid concentration on the leaching efficiency of high bismuth lead anode mud

4. BBSRE XS ERPAMRIRIR B RAVFNT

MR MR (/L) RHZE%
L R \ . .
B /’;&”ﬁ” S4kF Cu Pb Bi Sh As Cu Pb Bi Sb As
>a
H2SOs 2 mol/L Ko AAH 2.38 1.83 1.64 0 0 163 356 11.58
H;IS:(’:“I* 25mn?(l)/II/_L+ 0.9755 3.048 37.01 7.674 0.0023 3295 848 318 18.76 0.02
Hﬁgf”gmrﬁgl'/‘; 00611 02085 1394 10916 #fli 359 101 2081 812 0
HCl  5molilL 129 1525 9101 9642 0004 4155 405 7471 2248 0.3

HCI  5mol/L  H20: 247 00394 1053 3458 4826 9147 012 9938 9268 46.83

BT SET BRI IR LA 6 mol/L hE IR A, XK AT, i, B Bh5E 48R H AL
Rk, R H TR IE . B SR EE ALY . SREBRRNERAE, ANUFNAEE
R B PUIRSAERIA . B A5 EORSE Y, Tigm iR i,

3.1.2. BESREXRHBRAF

PRI ER IR 4 B8 4 mol/L, 5mol/L, 6mol/L &4 Nk TiRE:, RIFKMN: BIHIEE 80C,
L 3:1, RHEE 3h, XEKIAEHN 0.375 9/g FHALYE, SN S5 H G e, JEBOEAT i, X645
R 5.

Table 5. The effect of hydrochloric acid concentration on the leaching efficiency of high bismuth lead anode mud

= 5. EBLIR B S SR ERPAMRIEIR B RAVFNT

FAFA T HTE R (g/L) = %%

IR EE Cu Pb Bi Sh As Cu Pb Bi Sh As
4 mol/L 2.27 0.03 9822  29.60 3.86 84.06 0.09 9270  79.33  37.46
5 mol/L 247 00394 1053 3458 4826  91.47 0.12 99.38  92.68  46.83
6 mol/L 2.49 0.039 1051  34.63 4.83 92.21 0.12 99.19 9281  46.87

FIRRIGAERE N, [ SN ] SRR RE R BTSRRI AR 26 R, B BRI
FIsgin, B, B BRRR A P EE T, (ER SRR T RS N B AR e rh A L B BRRIR H A
AR, DRI AR e IR e 8 o mT 3 ) ER R VR 2 9 5 mol/L

3.1.3. MEKMARNRLBREF M
AN 0.3 glg. 0.375 g/g. 0.4 glg A FRbAT Y, WIRZM: RIVREE 80T, W

N
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b 3:1, IRHISTE 3 h, ERERWREZON 5 mol/L, [eMigs s filing, JEBGEAT 4T, wIRSs R A 6.

Table 6. The effect of hydrogen peroxide addition on the leaching efficiency of high bismuth lead anode mud
= 6. WEKIMNE XS ERFEHRCR IR B SRS

%A g I3 HTEE F(g/L) RH %
MEEKIINE Cu Pb Bi Sh As Cu Pb Bi Sh As
0.3 2.0 0.03 9521  29.75 3.98 7406 009 89.86 79.73  38.62
0.375 2.47 0.0394 105.3 3458 4.826 91.47 012 9938 9268  46.83
0.4 2.52 0.04 105.06  34.56 4.82 9332 012 9915 9263  46.77

RIS A R AR, [ SONINTA) . ROBEIR R[] R ER R IR BEAN AR SRR R, AERUEUK I &
N 0.4 glg IR AR ESEEK TN E Y 0.375 glg AR, ERIEGZE B PHAR I 12 HH e 5 v T 48 1) XS/ n
ANEHN 0.3759/g.

3.1.4. R MEJiE])% 2 H RN

WP VIS IA Y 2 he 3 hy 4 h SFAF RREAT G, IR 56 0y IR HNRAE 80°C, WRIE EE 3:1, XUEUK
AR 0375 glg, #HBRIKE )y 5 mol/L, NVEEASHIE, BT b, WRIGEIR AL 7.

Table 7. The effect of reaction time on the leaching efficiency of high bismuth lead anode mud

F 7. REEX SRR EIR B R AV

FAA HTEIR(g/L) = %%

SIS [ Cu Pb Bi Sh As Cu Pb Bi Sh As
2h 2.21 0.03 95.68  30.15 3.89 81.84 0.09 903 8081 37.75
3h 2.47 0.0394 1053 3458  4.826 9147 012 9938 9268  46.83
4h 2.51 0.04 1050 346 4.84 9295 012 991 9273  46.96

BRI AEIRE, [ VAR VBT ER BRI L AIRUEK I AR 2R, B SN
ARREAS, B RCRA BT, HSBR Ay 4 h i, REZCRE 3h, RHFCRRA &, B/
FHAR )R IR H i 2 AT 42 ] S N2 18] 2 3 o

3.15. RMREXREMRHFM
TR NIEE A 70°C. 80°C. 90°CEF MHbATRES, WISy WELE 3:1, MAFE 3h, XU
KIMAE N 0.375 glg, EHERIKE N 5 mol/L, JW4E g EIhiE, ERGEIT 0T, WIess B« 8.

Table 8. The effect of reaction temperature on the leaching efficiency of high bismuth lead anode mud
7= 8. RELEE XS AR R LR AR

K E SHTEE R (/L) EHZE%

SRER B Cu Pb Bi Sh As Cu Pb Bi Sh As
70C 2.18 0.034 9396  29.13 3.95 80.73 010 8868 7807 3833
80°C 2.47 0.0394 1053 3458  4.826 9147 012 99.38 9268  46.83
90°C 2.53 0.042 1052  34.62 4.83 9369 013 9929 9279  46.87
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RIS A SRR, [ R N R AR B RV FE ASE K I BB AN, 7R RN IR
N 80°C R FHARJE A Bh BRAIR AR E L, RS THEIRE R MR R, AR TREA S, X
UK AR 2 BEAG, DR G B BE AR s H e T e ) S ML FE Sl 80°C
3.1.6. MAEL*RHBRAF I

R LA 31, 41, 51 S5 AT RS, W0 ShIERVKEE 5 mol/L, R 80°C, KX
REEFIE] 3 h, BUEAKIINEN 0.375 g/g, JRMEEHGHIE, JERGHEAT b, WIegs Rk 9.

Table 9. The influence of liquid-solid ratio on the leaching effect of high bismuth lead anode mud

= 9. REI X SRR R KRRV R

FAA HTEIR(g/L) = %%

RE L Cu Pb Bi Sh As Cu Pb Bi Sh As
31 247 00394 1053 3458 4826 9147 012  99.38  92.68  46.83
4:1 248 0041 1051 3460 483  91.84 012 9919 9273  46.87
5:1 2.52 0.04 1052 3456 48 9332 012 9929 9263  46.77

RIS AR, [ SRV IA] . SOV L R R MRS K NN B AR I AE T, AW b
N 3L I EEAR e AR L B BRI H FR Ik 90% A B, R AR, KSR ORI L, R RCR IR
ANHIR,  DRIEAE BT B AR PR i A v R [ b A 311

3.1.7. ZE&RE

MAEARIE 1 A2 BRI H R o BB Ve IR T2 i I B2 F - TELFE 80°C L BRIRIK 5 mol/L,
W LGy 3:1, MUK I E Y 0.375 g/g B BHMK S, SRS 8] 3h, SR 5 —A8 Sk o 1 e AR50 2%
BT PAT IR, RV HREHIE, IEBOEAT T, 54 R W& 10.

Table 10. Comprehensive test effect
7 10. ZEHBHR

‘ B4 R (gIL) B ER
R G5
Cu Pb Bi Sh As Cu Pb Bi Sb As
1 2.49 0.035 104.2 34.55 4.81 92.21 0.11 98.34 92.6 46.67
2 2.45 0.04 104.5 34.60 4.83 90.73 0.12 98.62 92.73 46.87
3 2.50 0.038 104 34.58 4.80 92.58 0.12 98.15 92.68 46.58

SZEuliRsi REW], RS E RET %M, W, fHR HREE 90% L L, HORE

3.1.8. Hig

B AR PH A TR NI AR Y, B84 . IRJE 80°C. ERERIRZ S mol/L, WfE A 3:1, XA
KIIANE N 0.375 g/g #RHARIE, MRS IE] 3 h, SZIGEEH LK 11,

PR IS g R, R H e s L&, . B R BRI 5 R = 44 g
R
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Table 11. Pilot test result
< 11, PR

o ST R IL) B
U4 5
Cu Pb Bi Sh As Cu Pb Bi Sb As
1 2.46 0.038 103.8 34.55 4.8 91.10 0.12 97.96 92.60 46.58
2 2.45 0.041 104.1 34.57 476 90.73 0.12 98.25 92.65 46.19
3 2.59 0.039 103.2 34.56 4.82 95.91 0.12 97.40 92.63 46.77
4. &g

1) @R ALY, MR, MR + S, mR + K. SRR W EYe, . 8.

PR ARG, KT 80%, HI#EMR + XEUKIRMN, . B SRR, BT 90%.

2) W RIGHT T, KA ERER AT iR I A e T2 56 A iR B 80°C . RV 5 mol/L, [ tt

N30, WEKIIAE 0.375 glg HEIMYE, SNVISTE] 3h i, fd. 8. SMR 1R EEF] 90%LL L, 2 i
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