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Improved charge acceptance and durability have been required for batteries loaded on the ISS (Idling-Stop System) vehicle, 
because they have to supply electricity to the vehicle and accept high regenerative power. A new separator design, including a 
conventional PE separator and specific non-woven fabric, was adopted for the third-generation battery to improve durability to 
200% compared to the second-generation ISS battery. We focused on an organic fiber with particular hydrophilic treatment as a 
non-woven fabric to achieve a new thinner structure and enhance battery performance.

By employing a new separator design which combines a conventional separator with special non-woven fabric, the 
deterioration of the electrode caused by differences in electrolyte concentrations between the top and bottom of the electrode 
(stratification)1) is suppressed and a third-generation battery, which improved the durability of the battery for ISS vehicles by 200% 
compared to the second-generation product, was successfully developed.

From now, the market for ISS vehicles is expected to grow because although ISS vehicles require little in terms of changing 
the vehicle system, we can expect2) it to boost fuel efficiency by 10% or so. Accordingly, we introduced the first-generation battery 
for ISS vehicles onto the market in 2010, since which time its sales have grown3). The ISS battery requires higher durability 
and charge acceptance than a general purpose battery, to handle the increased electricity discharge during idling stops and 
regenerated electric power. With this in mind, we improved its charge-acceptance performance by significantly improving the 
functional capability of the electrode, using positive electrode high-density active material and new carbon for the negative 
electrode and introduced our second-generation product to the market in 20124). From now, the battery for ISS vehicles will have 
to be further improved to further enhance fuel efficiency. This time, we worked on a new separator design, which combines a 
conventional separator with non-woven fabric, together with durability improvement to develop our third-generation product.

1. Regarding stratification suppression with a new type separator design

Figure 1 shows the difference in phenomena between conventional design and a new type of separator design. In the 
conventional design str ucture, sulfate ions descend 
and dif ferentiate the concentration between the top and 
bottom of the electrode, triggering a phenomenon called 
stratification. While charging the batter y, sulfate ions 
generated at the electrode have higher specific gravity, 
which tends to cause them to move downward. At the 
same time, sulfate ions generated at and then repelled by 
the negative electrode again move downward, leading to a 
concentration-stratified layer. In the redesigned separator 
structure, the downward movement of sulfate ions can be 
hindered by bonded non-woven fabric on the surface of the 
negative electrode to prevent stratification.
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Figure 1   Stratification phenomena of conventional structure and new type 
separator design
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2. Assessment of charge-acceptance performance

Table 1 shows a few types of non-woven fabric which we assessed. However, it is difficult to obtain any thinner inorganic 
non-woven fabric given the strength requirement and manufacturing process, which increases the higher internal resistance of 
a battery. Conversely, the thickness of organic non-woven fabrics can be altered in many ways, meaning both scope to reduce 
internal resistance and improve charge-acceptance performance. On this occasion, we applied hydrophilic surface treatment to 
organic non-woven fabrics to improve their water wettability by coating the fabric surface with fine silicon dioxide particles. Figure 
2 shows the effects of various non-woven fabric types on charge-acceptance performance in the new separator design structure, 
which was improved by thinning organic non-woven fabrics. It is thought that this may have been attributable to easier dispersion 
of sulfate ions, helped by lower internal resistance due to thinner non-woven fabrics.

3. Assessment of durability

Durability was assessed by measuring the total number of charge-discharge cycles at a charge/discharge depth of the 
original battery capacity of about 10% to simulate service conditions in ISS vehicles. Figure 3 indicates the stratification level 
during charging/discharging cycles in the new separator design structure, which was assessed by determining differences in 
the specific gravity of electrolytes between upper and lower parts. Figure 4 indicates the results of a durability test in the new 
separator design structure. The durability of the third-generation product was improved by 200% by limiting stratification in the 
new separator design structure, which is comparable to approximately ten times the durability of general vehicles.

Globalization of the flooded-type ISS battery with improved high durability and high charge acceptance

Table 1  Type of nonwoven fabric
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Figure 2   Influence of various nonwoven fabrics on charge-acceptance 
characteristics, using a new type-separator design
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Figure 3   Comparison of stratification degree between the first generation 
and new type separator during cycling
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Figure 4  Durability improvement by new type separator design
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