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Preparation of Crude Lead by Direct Solid Phase Electrolysis of Spent Lead
Paste in Sodium Tartrate System
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Abstract: The feasibility of preparation of crude lead by direct solid phase electrolysis of lead sulfate and
waste lead paste in sodium tartrate electrolyte was studied. Effects of anode materials, sodium tartrate
concentration, additives, current density. electrode spacing, and temperature on current efficiency and
energy consumption were studied. Two reference electrodes were employed to monitor cathode and anode
potential and the optimal process parameters were established. The current efficiency, electrolytic energy
consumption, and lead purity can reach 96.7%, 676 kWh/tPb, and 99.8% . respectively under the
conditions including sodium tartrate concentration of 1 mol/L, current density of 375 A/m®, electrode
spacing of 15 mm, and temperature of 50 °C during solid phase electrolysis of lead sulfate. Under the above
conditions to electrolyze waste lead paste, the current efficiency, electrolytic energy consumption, and
lead purity is 91.60% ., 1 068 kWh/tPb, and 98. 74 % respectively. The electrolyte can be regenerated and
recycled by adding sodium hydroxide.

Key words: lead sulfate; spent lead paste; sodium tartrate; cathodic reduction; solid phase electrolysis

Y %5 H #1:2022-03-25
BEEWA : B}RESH AT HE (2019YFC1908303) 5

T T4 4 245T B AR5 B (XLYC2008035) 5 3k BA 17 R 1% 551 B (20-206-4-04)
PEE B A 1996, L AL WF o A BB 1EE « £AF(1985-), 55, B ##%



2022 4F55 8 1

A4 g QEHER ) (http://ysyl. bgrimm. cn) e 25

LRI 2 B IO e B AR A TR B A K A 85
J U A 2 A5 1) L, Y B 4 TR OC 3 6F B B R A ) B
FETERE R M BRI A 35 VL 3l 1) o 288 R filf HIRASOR
Ti) o AS ) B 4 T P ) 5 T AL A0 W A 22 0] 5 3 TR Y
R ICE R Ph, itk 74. 5%, B N
TR E AN I Ak, IR T I 2 25 64.5%,
ALY B2 29. 5% H ET N B R A 0 b
PR 2 R O B IR E R AR R SE B PhSO, iR
JE o F 32 4 ARG T 1 e T SR T R T RBAE R RN T
HAER SO, R 58 A dp #2257, SRR H—
HL R OB T 20 A R M L B0 s R T O A A
I BB A AR SR L AR LA R LRI A R AL
TR AR )T T A R RN K R
T EARR W IR A R BB AT T
P KRR FE AR AR 8 A B AR L 05 Y Ak L 900 R K 46 i) A
il R ASE R Tl b . SR IR IR IR — B UL T
2B A PR T AR B S A ALy R R R
R GRR AT

TE TSR A i RO g o DL R R AR
Shy R ARV I A R A AN A SRk 4 Y LU
A 85 % Y HLFE S 350 kWh, o i A% R A%, B
T YR H it AR A R K R SR AR B B
Ly B A0 LB AR -2 K % R A LR T O T IR
TR R A R T2 e TS A B R R OR
ik 91. 68 %0, M4y HLFE SN 493. 89 kWh, 7 M 4 #E it
Jg 57. 83 kg HLAEATAIEE 99. 89 %0 H R K £ % B A 1
A . DALY HE 200 g/ LA (NH, ), SO, ¥ i
PRIE T BRI [ A H it 3 T 1) 3h 1 2 B O X 2
A FRBEAT T LBV ARAT B TR 85. 57 %0, Ak
P — I B R Y L FE 609. 6 kWh, HLf#E =) P S0 R
di b 97. 2% H ZHMELLSC BT 2 R i s i ke, #A
PSR T B R A R A R A L BOR A R O 7 )
A BE AR SRR R B R 2 4L I o T LA 405 R H v
RV, i fk T T AR, 8 A I, B SCR N
1.2 kg/(m? « h), BF 04 B AEREAE 1 800 kWh L)
T AR BT SR 0k 99. 700 . (R TERR PRI
R JE A T O REFE R O AR AN T sk e
b KR BT 6 R AR R

T A TR B V5 W2 — TR A Sy € 19 P MR R B TR
T 0 A R AN VA T . AR SO R A R 4V T
FEL PR VR X T A R A6 R AT I A PR . SR FH XL
ERR S Fl Hh A A 1 A e i 3 R vl B S A 37 A% Ak
FUAL AFSE T PHAR AR BT 5 o A VA L %% LA
P L A R X A TR A [ R L ) A R R (LT TR

R TR T BH A A L REAE i I B8R Y S W) LA B IR
TR R A R TR R B AR SOR R ST T A
8 B A X T R [T A L A ) SR

1 R

1.1 HHE&E

AR Al Ry 316 L ANEEAIMR - )RSk 40 mm>< 40 mm,
DA T BRVBR B BT A AR BT AR Sy B A R 157 B L ) B Tk
T HIRITAE 40 C Tk 2 h, il P fE A ] 3k
FRGEE it 7E A B AT i TR i R L AR AR
T4 S Y o T B AR ARORE S 5 R P B iR B AR R
2 0 BLEE IR [] 9 1 R & 8 20 58 B AT & L A7 I I
BT SR Ji [m) B R A7 Bl d 7 B T S YDRHE S5 45
HEE, B AL 2 TP R 4 BRI A e P A H A
LN TR LA R AL B BT S 4 N e r A
L e, R R B E A 1 TR K S
Lo HL AR A A B A B AR IR AT S AL IS WUE 7T L R
73 BE A A R G F 53 ol o] VR 2 L R A0 il SR T A
M 2 T 43 i) W A HG A R A ok AR b B B AR H

Gl

| +
|

|
1
©

©

=
|

E1 EERBEREREE

Fig. 1 Schematic diagram of electrolytic cell
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Table 1 Effects of anode materials on current efficiency,energy consumption and cell voltage
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Fig. 2 Effects of sodium tartrate concentration on lead sulfate solid phase electrolysis
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Table 2 Current efficiency,energy consumption and cell voltage of electrolytic processes with different additives
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Fig. 3 Effects of additives on cell voltage(a)and cathode potential(b)of lead sulfate solid phase electrolysis
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Fig. 4 Effects of current density on lead sulfate solid

phase electrolysis
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Table 3 Effects of electrolysis temperature on current efficiency,energy consumption and cell voltage
T B AR/ 7 REFE/kWh HE/V L GRAY PR L fis /v
20 94. 34 865 3.15 —1.305 1. 586
30 95. 03 822 3.03 —1.32 1.48
40 96. 18 785 2.94 —1.27 1.41
50 96. 71 676 2.53 —0. 99 1. 31
60 94.99 743 2. 84 —1.21 1.26
100 1000
a I ]
— " " Joso
90+
4900
soF © 1850
} \.\
1S - =
$ b . 800 =
& o 1750 é
5eor / {700
" ° 2.8 —=—20%C
50 —m— R 4650 —e—30C
—e— fHEFE J600 26 40 °C
40 - ——50C
4550 24 60 C
30 1 1 1 1 1 5()0 1 1 1 1 1 1 J
20 30 40 50 60 0 20 40 60 80 100 120
IREEC Hs} [11] /min
-0.6 -
()
—=—20<C
<
i?l
w
=
=
-16 F \
-18F
_20 1 1 1 1 1 1 ]
0 20 40 60 80 100 120
5[] /min

Ca) HL L 2044 0 L i BEAFE 5 (o) RIS 5 Co) BB FL £z

B 6 FEARIE XY ER 5 48 R AR HY RO A

Fig. 6 Effects of electrolysis temperature on lead

sulfate solid phase electrolysis

2.7 BEBEEERR

E 2 405 5 T8 RH F i 2o AR v o SRR & A B SR
B A BT B R AT W pH R B W
b RIS B R A G IR o AR SO BRBEA T A FE AR
ARG A S AL BN B 1 2R 5 U, — CHL iR S T
pH 2y 5 7245, 2 /0 £ b 78 &0 8 A0 B8 RIS IR i
HORT PR A B A pHL U i B R AR AR
K% 5 ARG I Jo HL il R0 AT AT 3k 51 8006, BEAE K

1 190 kWh, F-¥# £ 3. 63 V., i i A& & Ak 45 BE
PR pH, SRR IA BB AR AR . b R AR A
B RS A RO R 5 L DB IS VTR R R A T A T A
T NG IR S FE v, B H A 0 E AT S S B B S AN
PR R AR S L 2 OME TR I B R S, 5 B W
RN, R A A H A R AR R B R AT, R
RSSO TR 2 . & 5 IKAG 3R 5 Al T IE
ik 7.8 V,RE¥E® ik 5 527 kWh,



e 30 - A4 g QR ) (http://ysyl. bgrimm. cn)

2022 4F55 8 1

11
(a) —=— iR
—o— 1IKAEFF

2REA
—— 3KAEH

AUKATEFR
—— SRAEER

10

0 20 40 60 80 100 120
P A 5 1) /min

(b) —=— HLfiE U
42+ —o— LIKAEER
PANEDR
40t —— AR
AUAFER
38 e SYRE IR
>
3.6
L N
34 k
32 F
3.0 F
243 1 1 1 1 1 1 ]
0 20 40 60 80 100 120
72 B[] /min

E7 BBERIZSELE(a)NEFLW
(b) BB A 31 E K= i
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on cell voltage

Xof o AT FL SRR R 1 TR RV VR S 2 3k 5 A rL R
M6 IR J5 43 00 im0 A1 A8 R S AR A B R A ) R AR TR
PEATEL AN G, 45 SR an & 8 iR . R IEAT HL R
P A TR ANV e . 7F 1 1201 400.2 100 em ™ ' AbFETE

= AN HF R M, 4 o xF o - C—0—C.—0O—H,
—C=0, WAMRMERZ 5 KBEMIEAR)E, AR
AL BN BE NS B I ik SRR 8 BT R FRAIEIE A B.C, H.
H, il 45 o S R U AN 9 2R T L 4R A 8 D) R T I
AR F A B IERIR SN 45 Fn C g 58 4k,
JEILIRAE 5 YA 5 P ST 5 4 VR v B T b
Ik, & R FE T R o PRI, Ol SC B A R AR R v i
WGP A L 38 P AR AR AR S AR BRI F . X L
A A AN R S L R A T (H 2 BB 8 AT AU R R

70 — 1-C,HNa,0,
—— 2-HL R+ Ca(OH), 28 S TR A TG ER
60 —— 3-HURE TR+ NaOHZE 5 E R R
AR 2 S A AR +NaOH
501 S—HOL R W2 SYCTT L AIG R +Ca(OH),
® 40+
30k
2] C
20} !
B
10k A
0F 5
1 1 1 1 ]
4000 3000 2000 1000 0
WU em™

8 R/ A0RLRT JE 4050 B i
Fig. 8 Infrared spectrum of electrolyte before

and after alkaline addition

2.8 SAEEHERE

Z: BB W) A AL BE L T () A A AL A
B (mg ~my) s LA IR 7] BT 4R LAY IR 4 mu s
TET A R BA AR 2 v AT [ A P A BF 5 A8 40085 114
PR Nk 4 Foi .

R4 BEUHEFROHEAR

Table4 Chemical compositions of simulated lead paste /%
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Table 5 Change of current efficiency,energy consumption and cell voltage in solid phase electrolysis of

different components of lead paste

91 40 0 6 2 LR BOR/ fiE#E/kWh I/ V BB Loz /v
mg 96. 71 676 2.53 —0.99
my 89. 32 1112 2.99 —1.53
m; 90. 31 1033 2.84 —1.28
m; 92. 00 963 2.71 —1.25
m, 91. 60 1068 2.91 —1.51
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Fig. 9 (a)Morphology of waste lead paste electrolysis product; (b)SEM image of lead sulfate solid-phase
electrolysis product; (¢)SEM image of the outer layer of waste lead paste solid-phase electrolysis product;

(d)SEM image of the inner layer of waste lead paste solid-phase electrolysis product
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