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Table 2 Specific surface area data of different

kinds of materials
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PPA 8.47738 25.207 6 0.0299 0.0019
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Fig.6 Discharge curve of lead-carbon batteries with different electrode materials

942.2 mAh 846. 2 mAh 697. 8 mAh,607. 1 mAh, £
SRy

0. 2C L HLIAL T, PPA HL ic e

_RE-Hox

HEES
R0 9.9 18 . X SR WITEAR A L S, 5 20>
AL G RE AT LR £ i 0] WSO A ] A e A A
o JXJE P - CHUM b A BRAT R 32 2] T 2
LA AR RE , [A]Fto mT DAL @ 15 PR, b7 1R T
PERARIE [ 0 72 150 PR 3 7 v 7 81 UK, R A ) i
AoFo MICEHIRTE 2 C B, PPA Bl Y L 2

HL S AR

EOA TR KR0S PPA SLABPRAIA W L
29 ) 3500
2.3| PRARE 5 IR
3000
27+
26 ABHEAR 2500
= 25 <
& E 2000
2 24 £
& 23 A # 1500
e 1000
2.1
2.0 500
< 19 _ 0
£ <
i 600 /—"/ H 25
# 1 I I I 1 1 | 2
0 100 200 300 400 500 600 700 0
IR} [A)/s

(o) HE AR AL

SR BT IR N R B B AR A R P TR 2 A LIE
(AR FH 23 S T DR i LA Py R T PR TR A
FEAUAR AR ZE R AN TET 7 (a) B, nT A Es
PPA S5 ) it A [ fef FAR S R MU R B i o A
TSI PPA [ it , ZETE R SE T N FEAR KR,

fE AR AL RES R AN 7b P, Al

RIS PPA FRGH] A R AR [ 7 LIRS T R IAT B
/o XEFERIN PPA fHLI, AETE e PBHARK, H

AIRESE P SRR kA B, 2
AABH IR

ABRAR

5L PPAME

B7 Wi

Fig.7 Polarization test

2(I]0 460
s
(b) 4R 1%



.38 - T E &5 A

FE it 43 [ 4

T G A5 AR B0 &
Hbjﬂ%ﬁo

TE HRPSoC #E1E T, 45 i ML B I 70 24 75 4
% 8 FIf 7R ofifi T AB AAB 1 PPA [8% 5 FEL A A A6 38
T A 10915 10579 111 551 ¥k, it tﬂﬁ

2 H A 2 960 RAEFS . Hi PPA HLAR 43 1) )2
AT AB BB ARG 3.9 £ A1 1. 09 %, ,n%%%lﬁ
I hn/b & PPA ] LI — 7 2 J3 3 23035 v Y i) HRP-
SoC fEFAAERE , iX 5 iR F Ak 2=l 2 SR — 2
2.4 HRPSoC fFINR I AT 5 Tt HL B9 0 45 49
MBEES

K9 B7x T HRPSoC #EVERT . J5 45 H Al 1) 35
B . LR TR AR Y Ph B0k Sk
HARRL, (H2 , ARSI A Ak HRPSoC Z J5 Phb
WORLA AR AR FA 347, 78 1C 33T HRPSoC 1
I Z )5, 25 FM AB SR G B Eh Ak A w0 ™

SR A, TTH G

&
SEI 10KV, WD11 mm SS31

(a2) =5 A LA HRPSoC

SEI 10kV  WD1

(al) 251 L[i?F&IIRPQoC 2|

SEI 10KV WDITmei Sy x4000 5 pm

(c2) AABHRHHRPSoC)5

SEI 10kV WD11mm SS3

(c1) AABH AR HRPSoCHY

ABAR

== Btk

= 24
i PPAfR AR AABIRAR
B2
ABH Az
2.0
25 FAR R
18 I T | 11551
" L2960, ‘ 1057910915 ‘

0 2000 4000 6000 8000 10000 12000 14000
TR RE IR

B8 ARSI 2V 2A B
LTt HRPSoC i FH & ith 2k
Fig.8 HRPSoC cyclic data curve of simulated test
battery with different negative electrode additives

X RN PPA F1 AAB 5 BB S bR AR Al PBSO,
AR R o

SEL 10kV WDI1mm $S31

(b1) ABFEHZHRPSoC ] (b2) ABFEHZHRPSC)5

SEL 10kV WDI1mm SS31

(d1) PPA#R AR HRPSoCHT (d2) PPAR AR HRPSoC )i

9 SAAEGS G e HRPSoC JRFMAR AT Tl A i) SEM &4
Fig.9 SEM images of negative electrodes of batteries containing different additives before (1) and
after (2) the HRPSoC cycle test

3 énlb

ARSCHIRTE 1T A AR B TR S I 1 2 o
PPA S A AR R N N0 A o i AR 8 10 T 2
AREEVE SAEFILE], AR 458

1) 5 AB il AAB #H{HL, PPA 5 BHRHTI 1 U
JINFRBEAS 2 M A ¢ AR Ay HL AR 2 T 1 o

2) U 3.0% PPA 5 5 b4 ekl 4 rit L (1) HRP-
SoC JEF A7y (11 551 Y) 225 L (2 960 1) 1Y

3.9 5%, K, 0.2 C HHL 25 5 24 942. 5 mAh, J&
2 I HL 94. 8 mAh 117 9. 9 1%,

3)VIEE A MBI N, v LA RCAE -3 LSO
By il VE BT R L Tt 1) HRPSoC i P14 BE B, i J3E
P A L A o

E =GN

[1] Luiz C Ferracin, Abel E Chacon-Sanhueza, Rogério A Davoglio, et

al. Lead recovery from a typical brazilian sludge of exhausted lead-

acid batteries using an electrohydrometallurgical process[ J]. Hy-



2023 E2 AE 1L

S5 OTARBRIRE LR

SRR B A S A B S L M L PR RE T

.39.

(5]

[10]

[11]

[12]

[13]

[14]

drometallurgy,2002,65(2) :137 - 144.
CHEN T T, DUTRIZAC ] E. The mineralogical characterization of
lead-acid battery paste[ J]. Hydrometallurgy,1996,40( 1) :223 -
245.
MARUTHAMUTHU S, DHANIBABU T, VELUCHAMY A, et al.
Elecrokinetic separation of sulphate and lead from sludge of spent
lead acid battery[ J]. J Hazard Mater, 2011,193; 188 - 193.
XING P, WANG CY, WANG L, et al. Hydrometallurgical recov-
ery of lead from spent lead-acid battery paste via leaching and elec-
trowinning in chloride solution[ J]. Hydrometallurgy,2019,189:
105134 - 105141.
FAN Y Y, LIU Y,NIU L P, et al. Preparation of metal lead from
waste lead paste by direct electrochemical reduction in NH;-NH,
Cl solution[ J]. JOM, 2019,71(12) ; 4518 —4527.
YANG Tianzu, XIE Boyi, LIU Weifeng, et al. An environment-
friendly process of lead recovery from spent lead paste[ J]. Separa-
tion and Purification Technology, 2020, 233 . 116035 — 116035.
YU Wenhao, ZHANG Peiyuan, YANG Jiakuan, et al. A low-e-
mission strategy to recover lead compound products directly from
spent lead-acid battery paste; key issue of impurities removal[ J].
J Clean. Prod. 2018, 210(10) ; 1534 - 1544.
PAVLOV D, RUEVSKI S. Semi-suspension technology for prepa-
ration of tetrabasic lead sulfate pastes for lead-acid batteries[ J].
J. Power Sources,2001, 95(1) : 191 -202.
LIU K, YANG J K, LIANG S, et al. An emission-free vacuum
chlorinating process for simultaneous sulfur fixation and lead recov-
ery from spent lead-acid batteries [ J ]. Environ Sci Technol,
2018, 52(4) . 2235 -2241.
SONMEZ M S, KUMAR R V. Leaching of waste battery paste
components. Part 1; Lead citrate synthesis from PbO and PbO,
[ J]. Hydrometallurgy, 2009, 95(1) :53 - 60.
ZHU Xinfeng, LI Lei, SUN Xiaojuan, et al. Preparation of basic
lead oxide from spent lead acid battery paste via chemical conver-
sion[ J]. Hydrometallurgy, 2012, 117 24 -31.
LI Lei, ZHU Xinfeng, YANG Danni, et al. Preparation and
characterization of nano-structured lead oxide from spent lead acid
battery paste[ J]. J. Hazard. Mater, 2012,203 . 274 -282.
KARAMI H, KARAMI M A ,HAGHDAR S. Synthesis of uniform
nano-structured lead oxide by sonochemical method and its appli-
cation as cathode and anode of lead-acid batteries[ J]. Mater.
Res. Bull, 2007, 43(11): 3054 —3065.
KARAMI H, KARAMI M A, HAGHDAR S, et al. Synthesis of

[15]

[16]

[17]

[20]

[21]

[22]

(23]

[24]

lead oxide nanoparticles by sonochemical method and its applica-
tion as cathode and anode of lead-acid batteries[ J |. Mater Chem
Phys,2007,108(2) :337 - 344.

GAO PR, LIU Y, BU X F, et al. Solvothermal synthesis of a-
PbO from lead dioxide and its electrochemical performance as a
positive electrode material [ J]. J. Power Sources, 2013, 242.
299 -304.

GAO PR, LIUY, LYU W, et al. Methanothermal reduction of
mixtures of PbSO, and PbO, to synthesize ultrafine a-PbO pow-
ders for lead acid batteries [ J .
265(1): 192 -200.

GAO PR, LYU W, ZHANG R, et al. Methanothermal treatment

J Power Sources, 2014,

of carbonated mixtures of PhSO, and PbO, to synthesize a-PbO
for lead acid batteries[ J]. J. Power Sources. 2014, 248 (15):
363 -369.

ZHU X F, YANG J K, GAO L X, et al. Preparation of lead car-
bonate from spent lead paste via chemical conversion[ J]. Hydro-
metallurgy, 2013(134) . 47 -53.

MA C, SHU Y H, CHEN H Y. Preparation of high-purity lead
oxide from spent lead paste by low temperature burning and
hydrometallurgical processing with ammonium acetate solution
[J].RSC Advances, 2016,6(25) :1148 - 21155.

CHENG M, SHU Y, CHEN H. Recycling lead from spent lead
pastes using oxalate and sodium oxalate and preparation of novel
lead oxide for lead-acid batteries [ J ]. RSC Advances, 2015,
5(115) ;94895 —94902.

SUIZ Y, MENG Y N, XIAO P W, et al. Nitrogen-Doped Gra-
phene Aerogels as Efficient Supercapacitor Electrodes and Gas
Adsorbents [ ] ]. Acs Applied Materials & Interfaces, 2015,
7 (3): 1431 -1438

DENG H J, LI Q, LIU J J, et al. Active sites for oxygen reduc-
tion reaction on nitrogen-doped carbon nanotubes derived from
polyaniline[ J]. Carbon, 2017, 112 219 -229

ZHONG Haixia, WANG Jun, ZHANG Yuwei, et al. ZIF-8 de-
rived graphene-based nitrogen-doped porous carbon sheets as
highly efficient and durable oxygen reduction electrocatalysts[ J ].
Angewandte Chemie International Edition, 2014, 53 (51):
14235 - 14239.

YANG S B, ZHI L J, TANG K, et al. Efficient synthesis of het-
eroatom (N or S)-doped graphene based on ultrathin graphene
oxide-porous silica sheets for oxygen reduction reactions[ J]. Ad-

vanced Functional Materials, 2012, 22(17) : 3634 - 3640.



. 40 - + AR Rt AF 43} [E1 45

Study on electrical properties of lead-acid battery prepared from recovered lead
oxide with nanosized lead sulfate and acetylene black composite additive
CAO Jing', LI Jiangmin' ,ZHANG Junfeng’, HUANG Yan’, CHEN Biao’
(1. College of Chemistry, Xiangtan University, Xiangtan 411105, China;
2. College of Environment and Resources, Xiangtan University, Xiangtan 411105, China)
Abstract; Lead oxide from waste lead paste can be directly used as active material for lead battery electrode, but
its overall electrical performance is often not very well compared with ball-malled lead powder. In the paper, a new
nanosized lead sulfate/acetylene black ( PbhSO, @ Pb/AB) composite was prepared by microwave method as a
negative electrode active additive for recovery of lead oxide from spent lead-acid batteries, and the physical and
chemical properties and the performance of the lead-acid battery were systematically studied. The results showed
compared with AB and AAB black, PPA composite used as additive could greatly improve the performance of
batteries made from the recovery of lead powder, effectively maintain the HRPSoC cycle performance of the lead-
acid battery made of recycled lead powder, and greatly improve its battery discharge capacity; the HRPSoC cycle
life (11551 times) of 3.0wt% lead sulfate and acetylene black composite cell was 3.9 times longer than that
(2960 times) of blank battery, in particular, 0.2C discharge capacity was about 942.5 mAh, 9.9 times that
(94.8 mAh) of blank battery.
Key words: lead-acid battery; lead paste; lead oxide; nanosized lead sulfate; acetylene black; discharge

capacity ; recovery; HRPSoC cycle life
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