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W X & H Developing Weakly Acidic Filler—filled Type
Polymer Electrolyte Membrane for PEFC

This thesis plays a part in creating polymer electrolyte membrane (PEM) for polymer electrolyte fuel cell
(PEFC), which are expected to be used in electric vehicles because of their compact size, low-temperature
operation, and zero emissions. The high cost of PEFC is due to the use of high acidity derived from sulfonic
acid groups, which limits electrode catalysts to platinum catalysts. Therefore, PEFC is expensive and
difficult to popularize. Based on the backgrounds, the author attempted to fabricate a PEM consisting of a
weak acid and affordable materials. Functional fillers were prepared by covering weakly acidic polymers
Filling them into versatile polymers, a novel PEM with a three-dimensional proton-conducting pass-way
was fabricated.

Chapter 1 summarized the research background in this field.

Chapter 2 showed the preparation of samples coated with polyacrylic acid and polystyrene (PS) on three
different sizes of silica, and the effect of silica size on the proton conduction performance was demonstrated.
The number of proton conduction pass-ways were more dominated to the proton conduction performance
than the number of resistances by contact points.

Chapter 3 demonstrated the preparation of PEM filler particle which was composed of cellulose
nanocrystals (CNC) as a core particle coated by poly(vinylphosphonic acid)-b-PS (PVPA-b-PS) by two type
of coating method of FR PwP and RAFT PwP. Comparing the proton conductivity of the prepared samples,
samples prepared by RAFT PwP showed higher proton conductivity.

Chapter 4 described the fabrication of the filler-filled type PEM employing functionalized CNC and
polycarbonate (PC). Comparing CNC@PVPA and CNC@PVPA-b-PS as filler, it was confirmed that the
proton conductivity using CNC@PVPA-b-PS was higher because of the high affinity to PC.

Chapter 5 mentioned the performance of filler-filled type PEM composed of filler and three types of
binder resins (polymethyl methacrylate, PC, PS) with different water uptake ratios using
CNC@PVPA-5-PS. The proton conductive performances were evaluated, and it was found that the higher
the water uptake ratio, the higher the proton conductivity, and the lower the activation energy for proton
conduction. Furthermore, it was demonstrated that all prepared membranes conduct D.C. current, which is a
practical application.

Finally, chapter 6 summarized the results of this thesis and perspectives in this field.
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