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Abstract—The morphology and mechanical properties of the PAM(positive active material) after curing
and formation were found to affect a great deal on the aging process of the VRLA batteries under deep
discharge cycle. Two kinds of the starting materials were used. One is conventional leady oxide commonly
used in the battery industry. The other is a chemically synthesized tetrabasic lead sulfate(TTB ; 4PbO-PbSO,).
The size of the leady oxide was <1pm. The PbO, morphology after formation had the form of a blossom
consisting of particles of ~0.2 um in size. The cohesion force of this type of active material was 0.4 kg.
The needle-shaped TTB having the size of 30-50 um was metasonically transformed to the lead dioxide forma-
tion ie. the shape and size were maintained. The cohesion forces of the PAM containing 50% TTB and
100% TTB were 1.2 kg and 1.7 kg, respectively. In the case of the VRLA cells made from leady oxide, the
cycle life was about 220 cycles at 80% depth of discharge. It was found that the main cause of aging was
the development of the coralloid structure resulting from the disintegration and rearrangement of the PAM.
Whereas the addition of the TTB greatly retarded development of the coralloid structure, thus resulted
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in a significant improvement in cycle life. The cycle lives of the VRLA batteries with PAM containing 50%
and 100% TTB were 800 and 1,000 cycles, respectively. It was found that the failure mode in this case

was primarily grid corrosion.
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Fig. 1. Schematic diagram of cycle life tester.
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Flg 2a. Scanmng electron mlcrograph(SEM) of ball mill
leady oxide.

Fig. 2b. SEM micrograph of tetrabasic lead sulfate.
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Fig. 3. X-ray diffraction pattern (a) and SEM micrograph
(b) of cured positive active material PAM) for 3
days at 25°C, 60% RH. Leady oxide formulation.
(V; a-PbO, | ;TRB, *;Pb).
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Fig. 4. Cured PAM containing 50% TTB (a) and 100%
TTB (b).
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Fig. 5. SEM micrograph of leady oxide formulation (a)
and pure TTB (b) after formation.
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Fig. 6. Electrode potential and cell voltage of the failed
cell during discharge.

Fig. 7. Positive active material shed off on the separator.
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Fig. 8. Amount of disintegrated PAM released by the ul-
trasonic vibration in 30 minutes.

Fig. 9. Microstructure of PAM made from leady oxide
after formation.
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Fig. 10. Microstructural change of PAM after 5 (a), 60
cycles (b) and failure (c).
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Fig. 11. Coralloid structure, high magnification.
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Fig. 12. Interface structure of the failed cell showing cor-
roded layer having the thickness of ~20 um.

Fig. 13. PAM after 110 cycles of the cell made from 50%
TTB. It is noted that the coralloid structure has
not developed well and the inner part of the PAM
maintains the formed structure.
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Fig. 15. The grid-PAM interface structure of the failed
cell showing thick corrosion layer (~400 pm) and
many cracks.

Fig. 16. Cross-sectional view of PbO, formed on the sur-
face of the large TTB crystals. Only partial con-
version to PbO; is observed by this SEM picture.
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