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New Generation Valve Regulated Lead-acid Battery
with Higher Performance and Higher Reliability for

Motor Cycle-use: Improvement of High-rate-discharge
Performance at Low Temperature of -25 °C
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Hiroshi Haruyama Shin Osaki Eiji Hojo Yasuhide Nakayama

Abstract

GYZ battery series for motorcycle have been developed as next generation type products. Considering environ-
mental conditions of the motorcycle battery especially used for vehicles in cold climate, we have developed the
technology to improve the discharge capacity by 20% at the condition of low temperature of -25 C compared
with that of existing battery. The attention of this technology was directed to the property of sulfuric acid elec-
trolyte of battery; namely, its viscosity increases extremely at that low temperature compared with the case
of =10 C generally specified as a low temperature for high-rate-discharge performance of motorcycle-use bat-
tery. In other words, the reaction surface area of negative plate is considered to make an important role on the
improvement of low temperature performance rather than diffusion of bulk electrolyte in the separator. Thus,
the negative plate design including additives in active material was optimized, resulting in the achievement of
above-mentioned improvement in low temperature performance maintaining sufficient enough level of charge ac-
ceptance required so far. The next generation VRLA battery with this new technology will be launched for cold

climate use in the near future.
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Table 1 Additives in Pb negative plates of valve
regulated lead-acid test batteries.

Amount of conductive
material additive B

Amount of organic material
additive A / %
/ % ®

a 2a 3a 4a
b* O o - -
Controlled
2b - O O O
3.3b - O - _
6.6b - o - -

xa and b : Percentages of additives in controlled Pb
negative plates.
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Fig. 1 Low rate discharge capacity at 25 C for

valve regulated lead—-acid test batteries with nega-

tive plates containing different amounts of conduc-

tive material additives B as a function of organic

material additive A contents.

Discharge : 1.2 A to final voltage of 10.5 V.

a and b : Percentages of additives in controlled Pb
negative plates. N = 3.
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Table 2 High rate discharge performance at 100 A
for valve regulated lead-acid battery with controlled
Pb negative plates containing test organic material ad-
ditive A of a% and conductive material additive B of
b%.
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Table 3 Discharging time of high discharge current
of 100 A to final voltage of 6.0 V at =10 and -25
°C for valve regulated lead-acid test batteries with
Pb negative plates containing organic material addi-
tive A and conductive material additive B.

Temperature  Discharging time to final Average
/C voltage of 6.0 V / sec
/ sec

25 215.5 217.9 218.7 217.4
-10 161.5 164.3 165.6 163.8
-25 113.0 120.6 120.3 118.0
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Fig. 2 Relation between temperature and discharg-
ing time to final voltage of 6.0 V at high current of
100 A for valve regulated lead-acid test batteries
with controlled Pb negative plates.
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Amount of Amount of Discharging time / sec

organic conductive "5t 10 °C at =25 °C

material material

additive A additive B

/ % / %

a* b* 162 164 166 113 121 120

2a b 168 171 166 138 138 139
2b 173 172 170 146 146 143
3.3b 172 171 170 134 132 131
6.6b 133 134 133 79 79 79

3a 2b 162 170 171 130 138 139

4a 2b 159 167 167 123 125 123

#a and b : Percentages of additives in controlled Pb

negative plates. N = 3.
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Fig. 3 High rate discharging time of 100 A to 6.0 V
at low temperature of -10 and -25 °C for valve regu-
lated lead-acid test batteries with negative plates
containing different amounts of conductive material
additives B as a function of organic material addi-
tive A contents.

a and b: Percentages of additives A and B in controlled
Pb negative plates, respectively. N = 3.
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Fig. 4 5-sec discharging voltage at 100 A at various
temperatures for valve regulated lead-acid test batter-
ies with negative plates containing different amounts
of conductive material additives B as a function of or-
ganic material additive A contents.

a and b : Percentages of additives A and B in controlled
Pb negative plates, respectively. N = 3.
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Fig. 5 Charge acceptance amperage for regulated
lead-acid test batteries with negative plates containing
different amounts of conductive material additives B as
a function of organic material additive A contents.

a and b : Percentages of additives A and B in controlled
Pb negative plates, respectively. N = 2.

Charge acceptance is defined by a 10 minutes-am-
perage measured at constant voltage of 14.4 V with
maximum limitation current of 12 A for discharged
battery at 0.1 CA (1.2 A) for 5 hours followed by be-
ing kept at O “C for 12 hrs. The battery is fully charged
before its discharge.
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Table 4 Comparison between actual capacity and
theoretical one calculated from porosity of controlled
Pb negative plate for valve regulated lead-acid test
batteries.

'/I'g(r:nperature Capacity / Ah

Actual value Theoretical value
calculated from porosity
of negative plate

-10 4.60 3.61
-25 3.30 3.61

20104668 $7% $£15]

Fig. 6 12" T. ZOETIVEZE AVTERD R, OFF
FEFHTLE, DXDLH 05,

Sabb, -10 CTIE, EBROWEARREL, BB
DRTNORERIRE S H W L ERREDE (R
o, = 128% > 100%) Tad o7z, Fig 6 (a)DET IV
MW THT 2 & BIREIOFTRETRT L9 12,

POSIZRE < BIG-§ BHEIHR A 4 > AHIRHUS (285 2 AF
Y 5720, WERBGEEROHEBI L, B O

BTHrODLIERING.

—7Ji, -25 CTTl, EBOMEAR=RIX, BABKOR
TNOTREERE > S B L MEREUT R, =
92% < 100%) T&d -7z, Fig. 6 (b)DETIVIZ v

CTHHT 2 L, BHREROFLEIHRSH5b LT
% & 912, WMEBEREIIKNT 2 BREWOIHDLEN T
aAa&< IR E R ETIE, BRIEWEOR TN
IZIFFET 5 SO A A Y ICHIR SN A DT, ZOME
POt E, BBEWEERIEOKRE 12X o Tl E
BEITLIDEHEEINS.

L72H-> T, Fig 212" L72-25 -10BLU25 T
TOBEEWNERFHIEMO 75 71%, -10 TO L THER
B> TWBOTIE AR, 256 T25 -10 TIZHE
%éﬂfﬁ#mh&<25cLL JEPT L, -256 TD

OB LDEHETE D, T2, Fig 3OFMER
M5, BSSAE OB, BT ORTER:

WEEEf & b L ¢, <10 TTE 5% mEL, =25 CT
WEEIE23% M E L7282 X - T, H2HEOEH
L ZOERFEIFLE L 72 U ORI LV b D
LEZHN5.

B, BBIEWHEOBICHEZMES 272002, 7

BRIZH WA o e R TRE 2 S50 L 7225, @n#l B

MR OAME 2 RKE T 572012, EEOEMmIG

WEOERMEI RSN G720 T, TN ERUZR
129 %.

6 &

BATEMmB L ORI i ER & i L <, -25

CToEFEMERGEMEZ 20% M L3505 % R/

WES 72012, AR ORIMANILT & Et L7z, A

HZRLHR L 72 BB, & L 72 v, R
SHFEH L, BRETEZLHPFTH Y, BTLR & K
LT, -25 CIZBITF % & ERebs % % 23% 17
E92 2 EDHERTE A, AL, kIR ZRAE
o B & L C o ) BE H @ O il 2 # %
FETH 5.

29



GS Yuasa Technical Report 2010660 H7% $£15]

— Positive plate
—— Electrolyte

— Negative plate

—— e~

0000 : Surface of
plate
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(a) Temperature : =10 °C (b) Temperature : =25 °C

Fig. 6 High rate discharge reaction models at low temperatures of =10 and -25 °C for valve regulated lead-acid
battery.
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