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Selection of pretreatment process for removing base
metals from lead anode slime

LIU Wei-feng" %, YANG Tian-zu', LIU You-nian®, CHEN Lin', ZHANG Du-chao', TANG Mo-tang'

(1. School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China;
2. School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: The united process that combining alkaline multistage oxidation leaching and hydrochloric acid leaching was
used to pretreat lead anode slime. When lead anode slime was leached by alkaline multistage oxidation, arsenic is
dissolved into the solution, while bismuth, copper and other metals were oxidized and remained in the alkaline leaching
residue. The alkaline leaching residue was leached with hydrochloric acid solution. The result shows that valuable metals
can not be separated effectively whether the direct leaching is performed in alkaline solution or hydrochloric acid solution.
The valuable metals can not be separated step by step when different oxidation modes, such as roasting, prolonging the
time of air oxidation leaching and decreasing the temperature of pressure oxidation leaching, are applied to strengthen the
NaOH leaching procedure. When H,0, is added to strengthen NaOH leaching, the base metals in lead anode slime can be
removed efficiently. The leaching ratio of arsenic can reach 92% when the coefficient of H,O, is 0.2, while the alkaline
leaching residue is leached in hydrochloric acid solution, the leaching ratios of bismuth and copper reach 99% and 97%,
respectively, and the remained arsenic can not be dissolved in the acidic leaching solution.
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TR NaOH. HCI H H0, 34 40 H74E, 4%
4k 99.9%.
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Table 1 Chemical composition of lead anode slime (mass

fraction, %)

Cu Bi Pb Sb As Se Au Ag

0.65 36.80 12.67 1420 630 0.015 0.02 3.75
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Fig. 1 XRD pattern of lead anode slime
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Table 2 Phase analysis results of Bi, Sb and As in lead anode

slime
Mass fraction/%
Phase
Bi As Sb
Sulfide 0.31 0.021 0.15
Oxide 34.52 1.30 9.63
Metal 0.49 - 4.32
Compound 1.48 4.76 0.10
Other - 0.219 -
Total 36.80 6.30 14.20
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1 B AR U R B o s B8R H S 36 2 /E 250 mL
ANEE AN S 28 kAT, 1 S I S 40 ZE SRAR AR R
FERIBRP RO MBI ) V22 AR, ARSI —E
FE TS AR I 47 SRR B, FFAN RS 2 40w i i,
FIFEEORIT G, ERR IR 1 25 e k), 18
NEA 5 min, DFFHENERR ST HAE8 NG
SR P R 1 R S iR 20 B o W B I AR e
AR B BRI SN R I, % P INFATT A ) B B s
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Fig. 2 Experimental apparatus diagram of alkaline pressure
oxidation leaching: 1—Oxygen; 2—Pressure reducing valve;
3—Intake valve; 4—Motor; 5—Pressure gauge; 6—Exhaust

valve; 7—Heater; 8—Controller

=3 WA HER I SR S5 R

Table 3 Direct leaching results of lead anode slime

TR E VR, Sb AN As S IR FBRANH 2 IELYE, Se
K FH AR R v s e el

2 HR5UHE

$RPARCRE IR

R B B AR Ui FOUA L A 75 MR 1Y) As 1 Bi 25
& @ B SA T R, T NaOH %R HCL s A s
HA, WA EETBHBTE 30 g« [NaOH]=2.0 mol/L
o [HC1]=3.6 mol/L. ¥ [H Lk 5:1. i 80 ‘C. WAl 2h
AEFEHEE 300 r/min, SRR E IR XK N
N SRR ) T LA 101, 25 420 P L R
M vE R O RN P e Th & B I ATl &5

W 3,

& 3 TTLUEH, Bk BRI R Rl
88.35%, H HA As. Sb Fl Pb R ¥ifiR, HEHRH
HRABEAL, As FIREFEIE 28.64%. ML H
EFE S S R SE A, ShIRR i R i 4 PRI 2
40%7/: 47, Cu. As. Sb. Pb il Bi 2550 &4,
Hrp Bi Al As [P 253018 2] 87.45%F1 31.32%:;
MR I B IANE ARG, SEER BRI
[FIREFEER S, As Fil Cu R B2 hilf = 22 67.45%
M 71.38%, Ag W ZikE] 4.98%, AMUBA LI
A& IEsr B H R, T AR R R g % .

JIT AR H SR B PR v I AR B R Hh I R A 25
G TAL I T2, BOPER I st 40 B R BH AR
T As S8R, AR5 AE SRR R R P i B Bi A Cu,
SR e et K Fa ddus Mo L L/ (1) e
HId AR Ry SO AL TR A Ak
T AR AL AR SRR
IR RN R A8 A 2 4

2.1

Leaching rate/%

Leading mode Residue yield/%
Cu Ag As Sb Pb Bi Se
0 0 25.44 4.19 12.68 0 0 89.29
NaOH leaching
0 28.63 4.56 13.88 0 0 88.35
34.21 0 30.04 32.45 60.68 85.81 0 38.40
HCI leaching
35.83 0 31.32 35.48 55.32 87.45 0 40.50
HCl leaching 68.76 5.65 65.36 23.65 58.26 88.46 10.58 35.65
with HyO, 71.38 4.98 67.45 21.48 57.63 89.34 12.24 34.38
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Fig. 3 Effect of roasting temperature on NaOH leaching: (a)
Residue yield; (b) Leaching rate
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Fig. 4 Effect of roasting temperature on HCl leaching of
residue: (a) Residue yield; (b) Leaching rate
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9 180 CHJ, Bi Fil Cu MR HESHIA 97.75%F
93.68%. Yk, BRPER BB TERART As 7EEhRE T
RS R AW
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IR As 1R H AR R i h R O Cu
Bi [ %, (H&SmIARGEEalibk, it
B As BIAMEL,  HMELUABIFUN 0 2020 oy B A 4 a1
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23 SARBIEN
2.3.1 AT SO B H R () S

WIGHE A AR I AE 40 g [NaOHJ=2.0
mol/L. ¥ 80 'C. ¥ Lk 5:1. BF1A] 3 h FOHi - &
300 r/min IRAT T, T A BEEUKE AT
I A4 A 7 AR I 952 ) I 5 o 4 St
e Em, SRR E RS EE A 0.1~0.2
MPa, XUE/KEER B B0, HE R 1:1. ik
BRI K 200 CRIZ 73 Rk 0.7 MPa, 45350
x4,

M 4 FTLUE 1, Toi R R a4 A0 77
B PR S AR R R R R AR ORFF AR 85.0% /A, bk
P E R A LU AT B#{%; Cu. Ag. Bi. Se Al Te ]
RN E, NN RER IR T, Se
R EILR) 99.0%. G AT A BRI, As 1)
R G, WEINRER IR T As 1R
H #8451 97.48%, Pb Fl Sb I3 H #53 IR FF7E 4.60%
H13.80%LA R
2.3.2 A7 OB H v R IR I R 5

VIURSAE: AEERIKZE 3 mol/L. Y[ EL 5:1. iR

4 AT OB R R R
Table 4 Effect of oxidation mode on NaOH leaching

[ 80 “C. WJ[H] 2 h AL E 300 r/min, 22208 PE4
st ik FEAN [RS8 7 2Ok I 52 s SR R v o ok
&P m R s, HER LS.

M5 FTLUE H, Btk i SRR iy, e
A KA R A 775U, R
W4 30.19%. 30.74%F1 44.16. JCIEK AT Fh
AT, Ag. Se fl Te iz 0%, Mk
JiAF As R HIR N 21.95%, A58 T A%
Y As BIFR L. ANFAEA DT 20 B A Cu B
FIFMRR, KA KAE B, Bi f1 Cu 1)
RHRT RS 95.82%M1 86.29%, {HZ&INIEA L
J7CF Bi R H R AT 84.59%, L Bi fEAR LN
AR R A i T AR T SRR tH A .

ATRAE H, RN AU B S IR
TR As B EONRR, 10 HLEA> As S AEmi RS i
R R P G UK A T AT R T
RHIERE As BIBERR, T HATR)THE R i R 1R

it

i

=

%
BT B MBER, A T RRARA T A, A7 B
— ISR K R R

24 TSR ERIF N
2.4.1 AT EEAI A] R R ) S
WG ZAT: (ERTBHF)E 60 g« [NaOH]=2.0 mol/L.
WL 5:1. ¥R 80 C. K4 UK )1 0.1~0.2 MPa
A FEESE 300 r/min EPE T, F5E T VAN TH]
PRI ER R A G Jm i AR e, g5 R LI S,
M S ATUE H, B A T, B
PER I R R — HAE 79%/4 4,  Cu. Ag. Bi. Se
A1 Te 254 @ IR 20 %, As Fl Pb % H 2 7331

Leaching rate/%

Oxidation mode Residue yield/%
Cu Ag Pb Sb As Bi Se
NaOH leaching with air 0 0 3.10 3.04 43.06 0 0 83.87
NaOH leaching with H,O, 0 0 2.32 1.35 89.23 0 0 85.48
Pressure oxidation leaching 0 0 4.60 3.8 97.48 0 99.0 85.75
F5 AT AN ER R R R S
Table S Effect of oxidation mode on HCI leaching of vesiclue
Oxidation mode Leaching rate/% Residue yield/%
Cu Ag Pb Sb As Bi Se
NaOH leaching with air 42.87 0 84.49 40 21.95 85.48 0 30.19
NaOH leaching with H,O, 86.29 0 75.49 22.59 0 95.82 0 30.74
Pressure oxidation leaching 83.69 0 48.43 8.97 0 84.59 0 44.16
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Fig. 5 Effect of oxidation time with air on NaOH: (a) Residue
yield; (b) Leaching rate
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WILRACPE: fEm ki i F i 20 g #hIRIKE 3.0
mol/L. [ EL 5:1. ¥R 85 'C. AFfA] 2 hy HEHEiEE
300 r/min [P T, 58 A TR PR 5 v
RIS SRR RN, SR 6.

M 6 iTUE H, B A T, B
PRV H A BRI O B ) R AR AR FFAE 26.0% /0
41, Bi Al Cu (13 H 250l R KR 92.35%7F1 88.50%,
FHEE 2.3.2 WA BT i, TR S50 458 F B B ARe
JEA 120 CHETHI. Se Al Te 7£ $hIRWE H I 2 HhAS
Wl AR AT EE R 0.05%A1 0.52%,
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Fig. 6 Effect of oxidation time with air on HCI leaching of

residue: (a) Residue yield; (b) Leaching rate
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RIZAE T, 5 T XK F BRI 35 H e R 1 5 i,
iR 7.

M 7 ATRAE H, SRR &, PR
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M JFOR I 0% N4 85%, 31X it W AR BH Fi e
A HoAth e PR AT B v S T iU
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FINE, HINANIEEK SH B T LR 0.1 1,
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Fig. 7 Effect of HO, dosage on NaOH leaching: (a) Residue
yield; (b) Leaching rate
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mol/L. J[E L 5:1. #HJE 80 C. W IH] 2 h R 1 5
300 r/min [4E T, 82T WK H X R it
& Cu. Ag Fl Bi 554 g B2, 458 WK 8.

M 8 FILAE Y, Btk it F SRR i, Bl
KA B 3G 0, EhIR IV 28 HH 27% 59 0 42 29%,
Bi I Cu )3 H 3B WT FEAIC, BRIl ik R 1 As
SOV N ERIRIZ UV, Sb VR H R Bl XU AR K
S HEINTTZEH BEA, R DRI K B K, Bk
I RE G4 Sb # AU A +5 Ay, FRIRVA AR I T T B4R
SIS AR A e, BTLL Sb (R R &
RS
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Fig. 8 Effect of H,O, dosage on HCI leaching of residue:
(a) Residue yield; (b) Leaching rate
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Fig. 9 Effect of pressure oxidation temperature on NaOH

leaching: (a) Residue yield; (b) Leaching rate
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Fig. 10 Effect of pressure oxidation temperature on HCI
leaching of residue: (a) Residue yield; (b) Leaching rate
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Fig. 11 Flowsheet of lead anode slime pretreated by alkaline

multistage oxidation leaching process
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