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Electro-conductive Condition and Element Mapping on the Surface of Pb Electrode in Cells
Including Additive Agents to Restrain Sulfation
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In this paper, seven kinds of lead acid batteries were assembled using Pb plates as imitated negative electrodes,

and electrolyte resistances and charge transfer resistances in cases with and without additive agents were measured

by AC impedance in the frequency range of 10 mHz — 20 kHz. Cyclic voltammetry (CV) was used to measure

electrochemical reactions in 500 cycles, and the surface condition and element mapping of the Pb electrodes after

the 500-cycle test were observed using field emission scanning electron microscope (FE-SEM) and energy

dispersive X-ray spectroscopy (EDX). From the results, it was clarified that two types of additive agents showed

high electro-conductivities and low quantities of sulfur and oxygen deposition on the surface of the Pb electrodes.
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HlT&xpZ ENBRENTRY, EHEHEFREHS (TE:
International Technology Exchange Society) EEHAFZERTH 5
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Tox—arEMlTAAERY v — TR LOEHERY
7 = FUNOEIMA 2L NICEAL, ZOERIRHE
ZAEM LT & 200, AR TR E BICHE R R S, 500
P A 7 VB OEm (AfR) OEMERGTS L OER
BT O, 500 VA 7 LBtk O EME HIKIED
B L U R ATV, ShEMRK T OBEIRRE & eI
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— YT = — g VOB TR E L CXERN
B AL PRI ED RN H D, BREFTIEICB O TR
PR OV AET R AR AE S, wEERICHRT D, SR
BIRPBRORmMEZRND Z & FEEE) T, Wz
TEDOFRREE L M iRT D 2 & TIE B O LM L
TWAO, LR T IEICB WO TR 2R A L, {b5R0S
RS Z LI Lo THiBhE 0T 2D TH 2,

ABIFFRTIEET, BEICLDEREITo7-, EBRAEL
13 3 M L D CV (Cyclic voltammetry) {512 &V FE4l L
oo R A—v—TurraT78Oar 7 Nk
(VB2A) ZHWW T, BAFEICITFIEMIETE D) o 05
mol/L DA HiEE, 1EREMIZIE (R =7 =2 odh (Pb) 7' L —
F (0.20x10%x20 mm), XHREMRIC K A —>—T7 v T 4
THRO A4S (PY) U A Y —EMR, BRERIIIA XTI
(BF) B KSR,k R (Hg/HgSO,) BB L1z, 3£
BATLVEZIL}BELTED HOA—b~F v 7 RT7 VE—
g AT A (HSV-110) ([29RE, B3 20 mV/s (2T
BALE -2V 225 0V OHIFET, 7 FEOUEMA (A, B, C, D,
E.F,G) #ZhnFNEBRMAL/NIC 0.1 mg (BMEEEICK
LT 0.02 wt%) #ALTEAICTRIT S 500 1 7 Aikrd
OEI T OVENOE L E Tk LTz, IRNAIOREIZHTZ-
T, MEENLHER SN TS PVA OFMNSEENRRR S
L0, BLOHRINTWEEZ OFHER Y ~—DHh s
FEHEHORNEESBIE L, HIRCHMBIOEMRLT VD
D%, TIHEBRIZIVEE L, 10031 7107120 =
X7 BIEEEREN T w1 7 B R HURF TR (FRAS022)
IZ& Y, ACHRIE 10 mVv, HIEJE¥EEL 10 mHz~20 kHz (2T
AC AV E—F 2 ARE BT 7z, HH L2 iAl o5 &
#Ek % Table 112739, WA OREE L (R =—7 > R 7 A
HOREER (SV-1A) 2 U CHIE Lz, AN %
TAL TS5 wit%/KiEiRAER L, B BRIk, RER
25~30°COFPENTH 2 IRET, 5ERIIEEITV, ZDFH
AR & U TRITR Lz, 728, FILMERIEFRIZHE,
BEL VA== OWPEART (ND) i L, £
72, 500 YA 7 VBT OFNEMTE mIRREZ A ARE A ()
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Table 1. Viscosity and constituent of used additive agent.
Name of used . .
additive agent Viscosity (mPa*s) Components
30.5 PVA: polyvinyl alcohol
B 0.866 PVA: polyvinyl alcohol
C 17.6 Cationic active agent
D 24.1 Polyacrylic acid
E 259 Polyacrylic acid
F N.D. Sodium polyacrylate
G 0.626 Carboxylic acid-based copolymers

# ¢ FE-SEM (Field Emission Scanning Electron Microscope)
(JSM7100F/EDS/EBSD) (2 X V&I L, I5lT, ARIEEICHN
J& L TV % EDX (Energy Dispersive X-ray Spectroscopy) Z &

D, BRREREOTHESITEIT T,

Wiz, REMERANZREREE LT, HROMHEEM
(Sungwoo Automotive L%, EUROPOWER, 30A19L), JE#
EIE 12V, 5EERAER 24 Ah 2, 3 EOTNA A, B,
C ZEMAEE (Ah) (2% LT 1/200 g (0.18 g) DEIA TEAN
B ATE, BB T 5 & 5 ichitk L=, #IAl o5
WD ST EEME 8A TS5 HEMFEL, FTER S0A
THEL, 105VICEETHETOYA 7% 300171
1TV, OREO BRI O L Kk QR ER &% 31l L 72,
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(3-1) CV ZEIZKPEBHELIZHT Z2ERDEA
Fig.1(a)~(d) I[CMAE, FI0% B, WINAI C 3 L ORI
FIF BN LT2KED CVIEIZ £ % 500 1 7 VikBRic K v 15
BN A7V VRALEES S LD 1, 100, 200, 300,
400, 500 YA 7 )VHZRT, ARREEE TITFHITE DK
KHESEFA £100 mA Tho 7278, B LR E 71X
TERERLTWDLOBRFET DN, A7 VilBEzDd
DITITE N LIl L CEREITo 72, £, BRMEO
ERELIITREE ERWBIICBNT, 7 — X T &1T
STz, CVIETIX, BMEZAICERTD L EBNE T R
X—NEEY, B SBILE~OBEFBE DR 2 ITHE <
720, EITEN (AER) BSEZ D, R0 CEITE R IL
DU, REMIORTE—7 DMK IND, FIoEMEE~
EETDHE, BEMEOBETLENOEFBHNLBIY, B
fbER (BB 2ihbd, BEFBENETL, 1FEAL
BEALIRICR S &, BLERSEY, By —7 2Bk
%, SRNEMERMOGICTBW T, BRAAICHENDHA
F2HRUTRTENSLLE~DOERIE (FBE) K, BIAIEID
WD HAIL(2)RUTTRTENSE~ORIL (KE) K& &
2%, BAANES LUV 7 FEEOTIMANZ B TEICSOE A
HEALEOGIZER U 72 B OB LGBV T, BALIE —0.95
V~—0.85V (dV) I BT 2 EMEL d) DEIEERD=, =
DEIG A AI/AV ER L, IR Z &I12RDTZ, 2o dI/dV B
P OBILEISDOEITORS, SF ) BALKSICBIT 5 B
OFENRT I &R TH 2 EBAREL 720, dI/dV fESKE
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500 cycles test by CV method.
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cyclicvoltammogram.
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Fig. 3. AC impedance spectra of before cycle test and after

500 cycles test by CV method in the case of using sample A.
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T -7 VETHIER TR Y, MoRIA & iy
L EADHMICRKRELSBENRHMENR TS, TDEHZ
DY A 7 VENTAER LTZREEh 3 A 03K, RY 72 Y
NVEEFT RV O AL DBENRRENEEZOND, LI,
ZOBITENFHELIEED Z L TF ORRIT/NEL Y,
fER & L CHEERENIZZ < B L, REMREIIRGTHD L
TV 27220,

(3:2) XFEAVE—FURKRICKDPERRIEMDATE
R AERTHOLNA L E—F XA M LD
(A ZIMAIE LTHWESEE) % Figl3 IO7d, &l E
FRTE & O FLE I, B S i BB EIEPI R, & 7 —
NTINT A=A 7, N HEBRER Cy lZWHHHE S
o, BRI Ry DEIIEEE SN SNER A E 2 Hh
%o T DOFAMEIE O AN EREHEE T HA4 v E—H
AERL ZEICE-T, REREEZMBEZENTED, B
ZAE, Ry VLB AR 331 ) 2 Foiilh & 929~ 2 0 & FURE o
RESTHY, Ry iTARFABEED O R A 5 O F5L o
AR LTINS, 2L, ANELERSOWENT L,
ZROEANZ BN THIPWFTMEN Y IBEEhDHZ LT
R ORENZAL T RN H D LR TH Y, EEICE
TR, ZREL THB LA 7 LT LI —F—N
Bt Lz, DI, KEBRTIE R THIT 20D LT
%, BELLT, Ry DY A 7 VRBRETORHIE (Q) 12N
FI4E, FMF A, B, C, D, E, F, GDIEIZENEN, 737,
76.2, 155, 92.1, 73.4, 93.7, 254, 194 TH 7=,
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Fig. 4. Electrolyte resistance of each additive agent obtained

from AC impedance spectra.
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£, E, F, GIX100~300 %A 7 LM TH-7, E & Fix
fl OFINA & Lol U TR WREE DRI L 0 500 Y1 27 b
BDORGMRKEL oz bEZBND,

(3-3) FE-SEMIC&k2FREHEHS LUV EDXIZ&k BTk
SR Fig5()~@) ICFE-SSEM IC L v Bl shT-, ik

AN L0V 7 FOWRMAIZHEA L2860 CVIEIZL D
500 YA 7 VERERE O EBRE H OIRREZ R T, Frdn & i
L CHMNA R L O IRINA &2 B A LT 56 O BmE i
Wi, SPOMERERESNTND Z &R0, RN
OO L > TERRDIBREZ L > TWVD T LM TE
5, B, GIIERIRKIFSHERCTE DS, ZD 2 SOFRMANT
RRSIZHEE DR & W D R D D, 2 DOENE H T
CEGIFRTH1ID1IDE-ZYLTKY, BEkxsbE
RFBENDLREWVWESICRA D, £72, BIEG LV b
MWDKIR DR RS> TND L IICRZD, DD B OFN
GEHBALZGAE LD LM VKRIF LD, FREEER N E

REIZKITTREN NS, HEEERREDLIEEZLND,
TEEF S OO LT, FRRNEMRICB O CTHNEE
DERE O MBI OR T DR E SR —Ici b L
BHINTWD, B & GLSORMANZSWTIE, BRIRKL 0
UL TERDSTZN, CITOVWTITHER DR Y T —2
ZIER L, WNEIOAR, FEICE > CRERESRAD
Z NS hoTe, B, C, GIEZOMOBINAI L e, HiH
BROBYVIENTETNDL EEZEZXHNLD, RIZ, FE-SEM T
RLTWDEE EDJEHESHT % EDX IZ K V1T 572, Table2
WCTEEON BT o T FERE IS, ER%IEEIZE D5 (Pb)
TLRICH T D HEH (S) THRDOEIG & LT S/Pb, L U (Pb)
JERITXT B EEFR (0) TLHEOEIS & LT O/Pb & FHHE L7k
RERT, FMEAICIT S TROMFIT RV, ZTDDH
S/Pb 3 L TNO/Pb &3k 8d % & $REEMKREIZ < LWL OREE
SO ENDDODHEND D —ODFRIELT5HZ LN TE
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Table 2. S/Pb and O/Pb value calculated from weight

percentage.
Sample name S/Pb O/Pb
New 0 0.0659
No additive agent 0.0463 0.265
A 0.0860 0.293
B 0.0367 0.226
C 0.0208 0.235
D 0.0917 0.292
E 0.106 0.297
F 0.111 0.317
G 0.0497 0.264
o dI/dV O Viscosity
1.6 300
([ ]
1.4 . [ O 1 250
1.2 a
E . |20
<
> 4 =
% 0.8 ° . ® 150 =
=0.6 L B%
3 1100 &
0.4 2
0.2 150~
. o OO
0 o0—0 © 0
0 0.05 0.1 0.15
S/Pb value
Fig. 6. S/Pb value vs. dI/dV value and viscosity of additive
agent.
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&M% 2 CHA D, Fig6 12 S/PbEICKIT D dI/AV i, HINF|
DR & OBMR AR, S/Pb EOHN & Iz dI/dV XK
HLTEY, HHREOHEMRIIHLZ LB oNDE, £
72, S/Pb fEAEVH DI, RSN @ WERIMAITH 5
ZELHEGRTE 2, dVAV ENSKE WRINFI 2R A LZSA
IEBMENREL, TEZENLO S/Ph /NS WD &2 DR
SROERIT DN EBZ XD LN TED, Fomil L
HESOMEOICH LM@Y, WBELHIT PV 2T 5 M)
LHOEN, MNDbDOLHDHEDZ LT o1, RERIC
WVTHFIZ CiT dI/dV B2 K & <, Table 2 IZ7779 S/Pb, O/Pb
DEHNEV, ZOTDBEKEHRESNTEY, HE
WERRBNEWR D, MEKGMEE SN0 Z LT,
Wilsen 2 3 L, Po* 2O RMAIZ A L7258 & i
LT, BL<HBLTWEZEEZDZLNTE S,

(3-4) EBEMEIIZEITH5HFMEEHRALIZBZEDOY
LT 1—2 3 VIIGIRROMKREEER  Fig7 I, HRANAIE
BLOEEMEVIZENA A, B, CEZEALIZEOY A7
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time using lead-acid battery on market.

Table 3. Discharging capacities of each additive agent obtained
from cycle test using lead-acid battery on market.
Sample name Discharge capacities (Wh)
No additive agent 109
A 112
B 127
C 125

NS B ERE O (L ERT, ETOEHEIBWT,
WA 70 (1~3 %A 7 V) CHERMOBD BA LN
TR TIX T A 7 VBN & 3R, HeBREFEIIE R~ 1
B L, 22 VA4 7 VPBIRIRE-ERETHRB LTS Z &
WOND, WINAIEE LT, WInFIZ & A LIZ5E1,
P A 7NN T D INERFRID RN E MR TE, &
2, 30 YA 7 FE TORMANE & B AH 2 A= 56 O
FEME L ONER RS Table 3 1273, HEC, USINAIB,
CTHRWT, WINANE L B L TR 15% @2 &3 ho
Too AL, BREREOYERELZ®EHERFLOD, YL
Txz—valrEmflL cnwizb ot HERINS, Lo T,
FEMEVITEBNTHIRINA B, C ORI RIESN, ZD
AMEEA O MNICT B ENTE T,

4. F &£ &

AFEBRTIX, 7 FEORE R X UKo £ 72 2 FnEl %2 A
W, CVIEIZ XD 500 1 7 )ViRBRh ofnERs (Af) o
EAEARPUER L OB B IR M, 500 V1 7 VB
DENEME IR OB L RO EITo 2, TORER,
MEDRNEBAR Y ~—0 T O RDFMAI B LA A4
TEYERIT o 2 INAl C #BAFEERICK LT 0.02% BAT
L&, WIREDSG S L0 b, BLRISIZRIT 5 dU/dV i
K& L, TEHWIT LD S/Pb, O/Pb H/NE L 7 BAHEIN R &
N ens, $r7z—2aryOMERTETNDHE N
DT EDBSMY, SREMEKIE OLEIRME & oK O BILR
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