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Table 1 Main element content of lead sulfate residue (mass
fraction, %)
Pb (6] S Zn Si Ca
27.42 15.64 15.08 14.92 5.74 591

Fe Mn Al Cu As
2.12 1.77 1.65 0.51 0.43

R2 MREETD RS R
Table 2 Lead content of different phase in lead sulfate

residue (mass fraction, %)

Pb PbS PbSO, Total Pb
0.49 4.04 22.64 27.17
. * — PbSO,
v— CaS0,-2H,0
o— PbS
e — 7nS
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Fig. 1 XRD pattens of lead sulfate residue
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PbAc; . PbAc; + Ac» H'. OH (N T4 HIsL
B RS HWRERME, H Ac /KRR, A%
& ACTKMRI D). HARRHEIRE T Pb 5 LR
(AT B A0 BAA R $020Mn 3% 3 Fisl . Kidis
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X(S) (6); HHE ] 51 77 51 T (7).

PbSO,+2NH,Ac=—(NH,),SO4+Ac +Pb(Ac)" (1)
PbSO,+2NH,Ac=(NH,),SO,+Pb(Ac), )
PbSO,+3NH4Ac=(NH,),SO,+ NH} + Pb(Ac); 3)

PbSO,+4NH Ac=(NH,),S0,+2 NH} + Pb(Ac)2™  (4)
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Table 3 Cumulative formation constant of complex formed
by Pb*" and Ac’in 25 C

g g/ Ig s 1g /4

2.52 4.0 6.4 8.5

4
[Pb>" 1 =[Pb*"]+ Y [PbAc; "]=[Pb*"]x

n=1

(+ B[Ac 1+ B[Ac P + B[AC T + B [Ac TH

Q)
4
[Ac”]p =[Ac”]+ Y n[PbAc; "]=[Ac ]x
n=l1
(1+ BIACT 1428 [Ac T +3B[Ac T +4B,[Ac T
(6)
2[Pb* }; +[H"]=[Ac ] +[OH"] (7)
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Fig. 3 Relationship between species distribution of lead and pH value at different concentrations of [Pb>']3: (a) [Pb*']:=30 g/L
(0.145 mol/L); (b) [Pb*'11=40 g/L (0.193 mol/L); (c) [Pb*"]r=50 g/L (0.241 mol/L); (d) [Pb**];=60 g/L (0.290 mol/L)
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Fig. 4 Effect of ammonium acetate concentration on lead

leaching rate
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Fig. 5 Effect of temperature on lead leaching rate

HE S AT, BEER HR R AR, BRERER IR
H 2RI S 7ERSIRFE R 30 CIF, BRERES 137 H
EHEH 3%k 4. BTSSR 70 CHE, R HERIAH|
UM% iy, MEETHER, FNRHEJLFAREN. Y
RHEEEE 90°C B, 2 HRMZE KRR EE N,
TR SR AR A 22 0% B INEERE, WA Feik %
AR MR 70 C.
2.1.3 R TR R AR

TEWE L 4:1(mL/g) LFREKRIE 4 mol/L. IRH
TREE 70 ‘CRIZAME T H S0 H I E] 4708 0.5.1.0. 1.5,
2.0 h BIERERET 4R IR e, IR g w6 Frs.

96

94 |

92 -

90

Leaching rate/%

88

86

1 1 1 1

0.5 1.0 1.5 2.0
Time/h

6 JNEIN AL BHR Y 2R SR

Fig. 6 Effect of reaction time on lead leaching rate
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Fig. 7 Effect of liquid-solid ratio on lead leaching rate
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Table 4 Analysis of element equilibrium during leaching under comprehensive conditions

Mass fraction of ..
. Concentration in
element in lead

Mass fraction of

Leaching equilibrium

element in

Element sulfate residue leaching SOh'ltif)ln leaching residue Residue Solution Equilibrium

(100 g)/% “00mL)(g L. ) (78 8)/% share/% share/% rate/%

Pb 22.64 54.58 1.51 5.21 96.42 +1.63

S 15.08 3.67 17.59 91.02 9.73 +0.75

Zn 14.92 1.33 18.12 94.75 3.58 —-1.67

Si 5.74 0.018 7.32 99.21 0.13 —0.66
Ca 591 391 5.59 73.74 26.44 +0.18
Al 1.65 0.0006 2.11 99.77 0.01 -0.22
Fe 2.12 0.032 421 98.86 0.59 —0.55
Mn 1.77 0.028 2.24 98.65 0.63 -0.72
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Fig. 8 XRD pattern of leaching slag under comprehensive

conditions
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Fig. 9 Effect of temperature on cathodic current efficiency

and power consumption of lead membrane electrodeposition
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Fig. 10 Macroscopic morphologies of cathode lead at different temperatures: (a) 20 ‘C; (b) 30 C; (c) 40 C; (d) 50 'C
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Fig. 11 Effect of Pb*" concentration on cathode current

efficiency and power consumption of lead membrane

electrodeposition
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Fig. 12 Macroscopic morphologies of cathode lead at different Pb>" concentrations: (a) 30 g/L; (b) 40 g/L; (c) 50 g/L; (d) 60 g/L
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Fig. 13  Effect of current density on cathode current efficiency

and power consumption of lead membrane electrodeposition

B 14 AS[E HE T TR R I %2
WIS E
Fig. 14

Macroscopic morphologies of
cathode lead at different current densities:
(a) 100 A/m?; (b) 150 A/m?; (c) 180 A/m?;
(d) 210 A/m?; (e) 250 A/m>
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Fig. 15  Macroscopic morphology of cathode lead at

comprehensive conditions
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Fig. 16 SEM images of cathode lead at
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comprehensive conditions
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Fig. 17 XRD patterns of cathode lead at comprehensive
conditions
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New technology and mechanism for extracting lead from
lead sulfate residue by membrane electrodeposition

DING Long, YANG Jian-guang, NAN Tian-xiang, LI Ling-chen, WANG wen-chao, YAN wan-peng

(School of Metallurgy and Environmental, Central South University, Changsha 410083, China)

Abstract: According to the theory of material balance and charge balance, the thermodynamic analysis of
Pb(1I)-Ac-H"-H,O system was carried out. The conclusion is that the equilibrium concentration of PbAc" in solution is
the highest in the range of pH value close to the real leach solution. Using lead sulfate residue as raw material, the
optimum conditions of this process were obtained by single factor experiment. The optimum conditions and experimental
results of leaching are finally determined as follows: temperature of 70 ‘C, reaction time of 1 h, ammonium acetate
concentration of 4 mol/L, the ratio of liquid to solid of 4:1. The leaching efficiency of lead is 93.28%. The optimum
conditions and experimental results of membrane electrodeposition are finally determined as follows: temperature of
30 °C, Pb** concentration of 50 g/L, current density of 100 A/m*. The cathode current efficiency could reach 98%, the DC
power consumption is 700 kW-h per ton Pb. When electrowinning with selective leaching solution under the optimal
process conditions, and a relatively compact and flat lead can be obtained at the cathode with a purity of 99.2%, and the
current efficiency of the cathode is 96.16%. The electrochemical behavior of lead electrodeposition was investigated. It is
an irreversible reaction of lead membrane electrodeposition; the initial process of lead electrodeposition follows the
diffusion controlled three-dimensional nucleation and grain growth mechanism; ion diffusion rate and current efficiency
are improved by the increase of temperature and concentration of Pb*".

Key words: lead sulfate residual; coordination leaching; membrane electrodeposition; acetate system; electrochemical

mechanism
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