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Abstract

Project Code RMU4880043

Project Title Modofication of poly(vinylidene fluoride) for use as an electrolyte in direct methanol fuel cell
Investigator Assoc.Prof. Dr. Jatuphorn Wootthikanokkhan, King Mongkut's University of Technology
Thonburi.

E-mail Address Jatuphorn.woo@kmutt.ac.th

Project Period 3 years (July 2005 — July 2008)

This research work has concerned a development of electrolyte polymeric membrane for direct
methanol fuel cell (DMFC) by modifying poly(vinylidene fluoride) [PVDF] via chemical reaction and or by
blending PVDF with some sulfonated polymers. Chemical modification of the PVDF was carried out via a
dehydrofluorination using some base catalysts such as tetrabutyl ammoniumbromide and/or sodium
hydroxide. From the result, it was found that the PVDF was dehydrofluorinated as seen from the change in
color of the material and the changes in FTIR spectrum of the polymer. However, the modified polymer was
obtained at the expense of its solubility which precluded the material from further chemical modification
reaction such as grafting.

In terms of blending, three different types of sulfonated polymers, namely, sulfonated polyether ether
ketome (sPEEK), sulfonated polystyrene (sPS), and sulfonated styrene-b-ethylene-bytylene-b-styrene
(sSEBS) were prepared and used for blending with the PVDF. Sulfonation of the PEEK was carried out by
using sulfuric acid as a sulfonating agent, whereas the PS and SEBS was sulfonated by using propionyl
sulfate. From the results, it was found that proton conductivity of the sulfonated PEEK was comparable to
that of the Nafion115 membrane. In addition, by blending with PVDF, methanol permeability of the sulfonated
PEEK remarkably decreased. However, since the price of PEEK resin is considerable and percentage yield
of sulfonated PEEK is low, polystryrene was considered for used as a replacement of the PEEK. In this
system, it was found that the membrane is very brittle and methanol crossover through the membrane is very
high. These problems are attributed to a poor compatibility between PVDF and sulfonated PS. Especially, for
those contained more than 50 wt% of the sulfonated PS. This problem, however, could be improved by
adding PS-b-PMMA as a compatibilizer. To further enhance ductility of the blend membrane, sulfonated
SEBS was prepared and used as a replacement of the sulfonated polystyrene. Mechanical properties of the
blend membrane remarkably improved. Again, this blend membrane is incompatible and that could be
improved by using the above block copolymer.

Finally, we found that by modifying the PVDF powder via a dehydrofluorination prior to blending with
sulfonated SEBS and casting, percentage water uptake of the blend membrane and compatibility between
the two polymers in the blend significantly improved. This was related to the presence of some polar

functional groups in the modified PVDF molecules.
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