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Abstract

This study describes a high corrosion resistance technology by replacing lead alloy grid with SnO,-coated Ti
substrate for the positive current collector of lead-acid battery. The overcharge life performance of positive
electrode has turned out to increase with the thicknesses of SnO, layer. The life at 100 nm thickness layer is ex-
pected to be at least 10 and 28 years at 40 and 25 C, respectively, on the base of obtained Arrhenius plots of its
life performance as a parameter of layer thickness. The float charge life of advanced VRLA experimental battery
using this collector with the same thickness layer is also expected to show the prominent performance of same
value as the case of above-mentioned positive electrode. Moreover, the cycle life performance of this battery
with full discharge every cycle exceeds 8000 at present time leading to realization of novel long-life VRLA bat-

tery ten times longer than or equal to that of existing battery using Pb alloy grid current collector.
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Positive electrode : Ti/SnO,/PAM
PAM : 14 mm®x 8 mm' (5.8 g)
Negative electrode : Pb plate.
Reference electrode : Pb/PbSO,
Electrolyte : s.9.1.300 (20 C) H,SO,

Fig. 2 Schematic internal structure of experimental
cell with positive PbO, electrode using Ti/SnO, cur-
rent collector for overcharge test.
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Table 1 SnO, thickness, process time of SnO,
coating, and ambient temperatures during overcharge
test for Ti/SnO,/PAM electrode of advanced 2 V-
1.6 Ah type VRLA experimental cells using Ti/SnO,
positive current collector.

Sn0O, thickness Process time of Ambient temperature

/ nm SnO, coating / during overcharge
min. test / °C

5 1.3 65
10 1.5 65
15 1.8 40
15 1.8 55
15 1.8 65
15 1.8 70
15 1.8 85
25 23 65
50 35 65
100 6 65
150 8.5 65
300 16 65
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Fig. 3 Representative structure of advanced VRLA
cells using Ti/SnO, positive current collector.

Fig. 4 External appearance of advanced 2 V-1.6
Ah type VRLA experimental cells using Ti/SnO,
positive current collector.
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Table 2 Specifications for advanced 2 V-1.6 Ah
type VRLA experimental cell using Ti/SnO, current
collector and exisiting VRLA battery.

Advanced cell  Existing
using Ti/Sn0,  battery
current collector
Nominal 2 12
voltage / V
Rated 20 hour rate 1.6 2.3
capacity / Ah 40 min. rate 1.3 1.6
Mass/g/cell 100 167
Outer L 102 178
dimensions / 97 34
mm H 3.8 65
Volume / 37.4 65.6
cm®/cell
Speciﬁc/ 20 hour rate 32 28
energy ;
Wh/kg 40 min. rate 26 19
Energy 20 hour rate 86 70
density / ;
Wh/L 40 min. rate 70 49

Table 3 SnO, thickness of advanced 2 V-1.6 Ah
type VRLA experimental cells using Ti/SnO, current
collector and ambient temperature during float life
test.

SnO, thickness Ambient temperature

/ nm during float life test /
C
Advanced cell 15 40
using Ti/Sn0, 55
current collector
(2 V-1.6 Ah) 15 65
100 40
100 65
Existing battery —— 65
(12 V-2.3 Ah)
LB, FrED - IVEIZ T%AGMON*mi%m‘
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£+ 4 — (Flexi Force,

ZOWEIZIL, BHIZO
= 7*35%) AV

EDOFIEY A 7 VFEGHABOEMEEOZTDEBY T
H5.
mE 25T

U 05 A, #IEEIE 1.7 Vel

FoHE 0 245 V/cell (K& 05 A) x 8h

& 512, Ti-VRLA BT ET 1 7 VFHatihE
TRl 2720, D EOSRMETRIEY A 7 virara

BrE B ol B, REERTIE Ti-VRLA &Eitho
JFi /% 600 kPa & L7z, F72, 7u— NEEREL

FARICBEAE O VRLA Bith b &b TRl L 72
e 25T
B 2 A, #IETEE 1.6 V/eell
FiHE 0 243 V/cell (IR KER 2 A) x 3h
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Fig. 6 Relation between overcharge life perfor-
mance and thickness of SnO, layer for Ti/Sn0O,/
PAM electrode of experimental cells using Ti/Sn0O,
positive current collector.
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Fig. 5 Change in 10 minute—positive potential at 30 mA/cm? discharge of capacity check test every 2 weeks
in overcharge test for Ti/SnO,/PAM electrode of advanced 2 V-1.6 Ah type VRLA experimental cells using

Ti/Sn0, positive current collector.
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Fig. 7 Arrhenius plots of overcharge life perfor-
mance for Ti/SnO,/PAM electrodes of experimental
cells using Ti current collector of 15 nm SnO, layer
and expected line for 150 nm layer.
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Fig. 8 Capacity retention of capacity check test

every one month in float life test of advanced 2

V-1.6 Ah type VRLA experimental cells using Ti/

Sn0, positive current collector.

Capacity check test condition

Discharge current: Existing VRLA 0.2 C,A, Ti-
VRLA 0.3 C,A.

Temperature : 25 ‘C; Cut-off voltage: 1.7 V/cell.
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Fig. 9 Arrhenius plots of float life performance for
advanced 2 V-1.6 Ah type VRLA experimental cells
with Ti/SnO, current collector with Ti current collec-
tor of 15 nm SnO, layer and expected line for 100
nm layer. The case of overcharge life performance
for Ti/Sn0O,/PAM electrode in Fig. 7 is shown for
reference.
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Fig. 10 Dependence of capacity retention on com-
pression pressure for advanced 2 V-1.6 Ah type
VRLA experimental cells.
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60
Temperature: 25 C

Discharge: 2 A to 1.6 V/cell
Charge: 2.43 V/cell (max.2 A)x 3 h

50¢
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30 Still on test

2 A discharge duration time / min.

20
¢ Existing VRLA
10 A Ti-VRLA
%9 2000 4000 6000 8000 10000
Number of cycle
Fig. 11 2 A discharge duration time in cycle life

test for advanced 2 V-1.6 Ah type VRLA experimen-
tal cells using Ti/SnO, positive current collector.
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