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Abstract : Cycle life test was carried out to evaluate the failure modes of the gel type VRLA batteries at G currents
and 100% DOD. When the batteries were charged at constant voltage of 2.40 V and 2.50 V, respectively, cycle
life was over 1,000 cycles. The batteries lost 426.4 g and 391.2 g of electrolyte for each case after the weight mea-
surement. The battery charged at 2.50 V was shown to have a better cyclic performance than charged at 2.40 V,
and the amounts of electrolyte loss was proportional to charge factor. After cycle test, the micro-structure of positive
active material was completely changed and the corrosion layer of positive grid was about 50 yum,. Failure mode
of the positive plate of the gel type battery was a shedding of the positive active material, and the cause of discharge

capacity decrease was found to be a electrolyte loss.
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Table 1. Conditions of charge/discharge test of gel type VRLA bat-
teries for the analysis of failure modes

Discharge Charge o Charging

Sample current/A current/A DOD/% conditions
V240 344 344 100 240V,7h
V250 344 344 100 2.50V,7h

240 1000

-0—-V240, —0— V250

Discharge capacity / Ah
Waterloss /g
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Fig. 1. Discharge capacity and water loss on charging voltages of the
gel type VRLA batteries.
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Fig. 2. Changes of charge factor on charging voltages of gel type
VRLA batteries. :
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Fig. 3. Changes of internal pressure of (a) V240 and (b) V250
batteries.
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Fig. 4. Potentials of positive and negative electrodes and battery
voltage vs. time during discharge/charge of V240 and V250 after
test.
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Fig. 5. Pore size distribution of the positive plate of a fresh, V240,
and V250 batteries.

Table 2. Physical data of the positive plate of a fresh and tested
battery ‘

. Average pore Most frequent
Sample  Porosity(%) radiui(;ﬁn) pore radiuqs(um)
Fresh 57.7 0.11 04
V240 57.3 0.15 70.6
V250 59.6 0.15 32.1
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Fig. 6. Comparison of XRD patterns of the positive active materials
for fresh, V240, and V250 batteries.
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Fig. 7. SEM photographs of a cross section of the positive electrode.

(a) fresh, (b) V240, and (c) V250 batteries.
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Fig. 8. SEM photographs of active materials of the positive elec-
trode. (a) interface of conglomerated and porous parts, (b) porous
parts, (¢) disintegrated parts, and (d) fresh active materials.
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