Title: Separator design, formula and construction to maintain electrical performance of the lead acid battery

I. Introduction:

The four largest cities in Asia, Tokyo, Mumbai, Calcutta and Shanghai have twice the population of either the four largest cities in the US or Europe [1].  In these same large cities, the mean temperature is also significantly different as seen in Figure 1.  The four largest cities in Asia are on average 7 and 9 degrees Celsius warmer than the four largest cities in the US or in Europe [2]   
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Figure 1: Average temperature by major city

As the Asian battery market has some unique challenges, when compared to other markets, how do these challenges dictate the needs of the separator?  The intent of this paper is to translate the specific market challenges into specific properties required in a lead acid separator for Asia. 
II. Low Water Loss

In Asia, the use of antimony to alloy with lead of the positive grid is still prevalent in SLI type batteries and thus we must contend with the impact upon battery life.  The rubber separator sets the high mark for electrochemical functionality of the separator for inhibiting water loss and thus continues to be the gold standard in certain applications where cut piece separators can be utilized [3].  Taking advantage of the knowledge associated with electrochemical properties of the rubber separator, the robust polyethylene separator has been modified to provide functionality of preventing the depolarization of the negative electrode which ultimately leads to water loss [4].  The resultant water loss was measured at 21 days overcharge test.  When comparing a standard PE separator to a PE with a rubber type additive in an antimonial battery, the difference is significant, showing as much as 40% lower water loss.  
In deep cycling applications, as the negative electrode becomes more depolarized and the charging current increases, the positive electrode is ultimately passing more current leading to higher corrosion rates and shorter battery life.   To test the influence of the separator for preventing the depolarization of the negative electrode in cycling applications, cells were constructed with different types of separators, maintained at elevated temperatures and cycled to 80% depth of discharge and recharged with constant voltage and the end current was recorded.  From Figure 2, you can see that in batteries where rubber separators are utilized, the end charging current is relatively flat with subsequent cycling.   Batteries made with a standard PE separator, we can already see positive influence when compared to PVC but not nearly as positive as the batteries made with a rubber separator.  
The good news is that the PE separator can be modified to provide the same electrochemical activity of the pure rubber separator while maintaining the other benefits of the PE separator.  In fact to the PE separator matrix, rubber compounds can be added as in the case in Daramic HD separator that will yield similar electrochemical properties as pure rubber separator.  
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Figure 2: End of current with IU (2.4V) for cells with different separators [5]
III. Oxidation Resistance
It has already been noted that the four largest Asian cities are 7 to 9 degrees Celsius hotter than the four largest US and European cities respectively.   Therefore, I propose that as Asia is typically a hotter climate, it requires a separator with increased oxidation resistance when compared to the separators utilized in either North America or Europe. 

The Perox 80 oxidation resistance test has been utilized for many years to characterize separators and has been adopted by the BCI Technical Committee.   As a base point, we will use a basic 200 micron back-web Daramic HP material. Subjecting this to the PEROX 80 test, we estimate the soak time so that the elongation of the material is approximately 100%, or about 1/3rd of the original elongation remains.  For this particular sample, the exposure time is a little more than 40 hours.  Utilizing the same PE separator, but adding the rubber additive, that was used for preventing depolarization of the negative electrode, we see a noticeable improvement on oxidation resistance of the separator of approximately 25% as seen in Figure 3
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Figure 3: PEROX 80 oxidation resistance test 

IV. Conclusion

Due to the elevated temperatures, it has been proposed to include rubber like additives in the separator to reduce the water loss to up to 40%.  Utilizing this type of separator can prolong the effective functionality of the SLI battery when dry-out is an issue.   This same additive can be incorporated in the PE separator at higher concentrations for use in deep cycling batteries, such as power back-up, solar energy storage, golf cart and motive power.  In deep cycle applications the addition of the rubber like additive can prevent the poisoning of the negative electrode and extend the functional life of the battery. 

Another impact of elevated ambient temperatures is the corresponding increase in rates of oxidation.   Here it has been shown that this same rubber like additive, which lowers water loss, prevents depolarization of the negative also provides protection for the PE separator against oxidation resistance.  
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