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Table 1 Electrode reactions of electrolysis process of waste lead paste by hydrometallurgy

Type Solution system Anodic reaction Cathodic reaction
PbSO,4+H,0+2e—>Pb+20H"
¢*=0356 V
. . 20H —2¢—>1/20,+H,0 PbO,+H,0+2e—>PbO+20H"
Solid phase electrolysis NaOH o P
¢=0.401V p=0.516 V
PbO+H,0+2e—>Pb+20H"
0’=0.28 V
H,0-2e—>2H'+1/20, PbCl,+2e—Pb+2Cl1"
HCI-NaCl P 0
) o P=1229V 9 =0.268 V
Leaching-electrowinning N =
. H,0-2e——2H +1/20, Pb“"+2e—>Pb
H2SIF6 or HBF4 ) )
p=1229V ¢=0.126 V
. . 20H —2e—>1/20,+H,0 . -
Converting-leaching- NaOH- 0-0.401 V [Pby(C4H4O4)3]" +4e—>2Pb+3(C,H4O4)
electrowinning NaC4H,O¢ 7 [Pb(OH);]* +2e—>Pb+30H"

Pb**+40H —2e—>PbO,+2H,0
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Fig. 2 Flow sheet of lead clean smelting from waste lead paste at low temperature referred to aluminum metallurgy
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Table 2 Main composition of waste lead paste (mass

fraction, %)

Pb S Si0, Sb Cu Fe Ca
74.90  6.12 2.46 0.15 0.01 0.05 0.14

R"3IREEPHIIA A RS B
Table 3 Proportion of lead phase in waste lead paste(mass
fraction, %)

PbSO, PbO, PbO Pb

59.21 28.46 10.14 2.19

My iR D B e R EE R, by
2.19%.
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TE I BRI R G R bR . BRI R R AR
2 AR
Cu+2H,S0,4+Pb0,=CuSO04+PbS0,|+2H,0 (1)
Fe+2H,S0,4 +PbO,=FeSO4+PbS0,|+2H,0 (2)

2Sb+4H,S0,4+3PbO,= (Sb0O),SO4+3PbSO,|+4H,0 (3)

Pb +2H,SO,+Pb0,=—=2PbS0,|+2H,0 (3)
IREHYE 4 mol/L BRERAEIRE 95 CiR
& 1.0 h, WE B JEHKGEE pH=6.8, WHRRIZE

B Cu. Fe F1 Sb S EEE 0.001%LLF; BRER
IR A RAYVE RS PbO A1 Pb Y4 SRR S N A
Jif PbSO, YUE, BB & B A A 45 R 4.
HE4TLEH, BEBLRIHRREES, BRE
BRI A TR, WA AR
LIRS A TG, S RO AR —F

R4 BRI AET YA RS
Table 4 Proportion of lead phase in sulfuric acid leaching
residue(mass fraction, %)
PbSO4 PbO, PbO Pb
63.13 27.15 8.59 1.13
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H 5 RS B I AR A3 A A G FE R A R R R
AR AT, 0 e e SO A0 B B U8 s o s LA 32
W T R BLIR A A e A O AR, TR IR &
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L P H R A K #A T 5R JR  A  TR  E
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IEIEF, R KL R T5 2R I SR A 14 1B
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TN

PbSO.+2NaOH=PbO+Na,SO,+H,0 (©6)
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I 1.05 5 e HENERERN 1.2 5085 175 C
FIEFR] 2 h, 45 F 3% B BRERAR 0 bR 2R — E AL AT L
JRRBITEF] 99.5%bL b, HLRELL 0 1) R AV E A8 NIk
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RS AMHPEARA RS T
Table 5 Proportion of lead phase in lead oxide (mass
fraction, %)

PbSO, PbO, PbO Pb

0.08 <0.01 98.97 0.95

HIFR 5 TG Y, RET B BIIRIR A 2 K s
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Technical idea on lead clean reduction smelting of waste lead paste
at low temperature referred to aluminum metallurgy

LIU Wei-feng, ZHANG Kun-kun, DENG Xun-bo, ZHANG Du-chao, CHEN Lin, YANG Tian-zu

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

Abstract: Waste lead acid battery is the most important renewable lead resource, which is usually dismantled and then
recovered separately. Waste lead paste contains lots of lead sulfate, which is a bottleneck for the effective utilization of
waste lead acid battery. The conventional pyrometallurgical process and hydrometallurgical process all regard cathode
lead as the product, and the former has been widely used. In recent years, material metallurgy aims to directly prepare
lead powder for lead acid battery using waste lead paste, which has also been widely studied. Drawing lessons from the
idea of aluminum extraction process from bauxite to alumina and aluminum in sequence, a clean lead smelting in low
temperature of waste lead paste after hydrothermal reduction conversion was proposed. First, impurities are removed
from waste lead paste by leaching in sulphuric acid solution. Then, during the hydrothermal reduction concerting, lead
sulfate will be converted into lead oxide with the addition of alkali as conversion agent. At the same time, lead dioxide
will be reduced to lead oxide with adding reductant. Final, lead oxide can be reduced to metallic lead at low temperature
in molten salt using starch as the reductant. The technology will provide a new idea for the recycle of waste lead paste.

Key words: lead metallurgy; lead acid battery; waste lead paste; hydrothermal conversion; low temperature smelting
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