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Abstract

This final report of “Development of gelled electrolyte for valve-regulated lead-acid battery” project studied the
effects of additives, fumed silica content and fumed silica particle sizes in gel electrolyte on performance of valve-regulated
lead-acid (VRLA) batteries. The experimental divide two parts. First investigate the conductivity, hydrogen-oxygen evolution
by cyclic voltammetry and battery’s performance of gel electrolyte mixed with additive i.e. Polypyrrole doped composite with
carbon black (PPy), Poly(ethylenedioxythiophene)/Poly(styrenesulfonate) (PEDOT:PSS), Ponceau SS (Pss) and ionic liquid
(IL). The results exhibited that the conductivity advise the tendency of proper gel electrolytes, also it could unidentified the
best formulation of gel electrolyte. For certainty, the performance of battery and conductivity measurement was tested
concurrently. The gel electrolyte with mixed of PPy and mixed Pss provide high conductivity and capacity. For gel
electrolyte with mixed of IL can reduce the hydrogen-oxygen evolution. Second part shows investigation of gel electrolyte
with mixed sodium sulfate and additives. Preliminary result shows that adding sodium sulfate in liquid electrolyte increases
discharge capacity and efficiency about 6.85% and 2.35 %, respectively. So that in this study the gel electrolytes were
prepared from fumed silica, sulfuric acid sodium sulfate and different additives (aldehyde, vanilline, polymethyl
methacrylate, polyacrylamide and polypyrrole). The results show that higher silica content and the presence of aldehyde,
vanilline or polyacrylamide shorthen the gelling time and increase the gel strength. Based on CV results, gel electrolytes have
lower hydrogen and oxygen evolution compared to the conventional liquid electrolyte. Addition of aldehyde or vanilline in
gel electrolyte further reduces hydrogen and oxygen evolution. Different electrolyte formulations were filled into the 4 Ah
VRLA batteries to test the battery performance under 100% depth of discharge conditions. The results show that without
additive, the gel electrolyte prepared with 5%w/v fumed silica was found to yield the highest performance. The addition of
0.005 %w/v aldehyde in 4%w/v fumed silica increases discharge capacity on high rate discharge test by 6.34% compared to
gel electrolyte prepared with 5%w/v fumed silica with no additive. It even gives higher performance than the commercial gel
battery. The results of the self-discharge test show that prepared gel battery still has 93 % capacity after has been stored for 3
months, which is about 6% higher than the conventional liquid electrolyte battery. When the negative plates of battery (Pb)
were analyzed by scanning electron microscopy technique, it found that the additives had no reaction on the surface of lead
plate but they caused the different lead sulfate crystals on the surface. The gel invented battery can operate at high

temperature and apply to electrical equipments with good performance.



