Thesis Title Molecular Dynamic Simulations of

Nafion Membrane in a Fuel Cell

Author Ms. Janchai Yana
Degree Master of Science (Chemistry)
Thesis Advisory Committee Dr. Vannajan Sanghiran Lee Chairperson

Dr. Piyarat ~ Nimmanpipug Member

ABSTRACT

The optimized Nafion side chain and hydronium ion structures with —-CF,SO3
and HzO" positions of trifluoromethane sulfonic monohydrate crystal data were used
as the initial model of Nafion fuel cell membrane. Molecular dynamic simulations of
Nafion crystal cluster model and dry and wet systems of Nafion model were carried
out to understand the effect of water molecules in a proton diffusion process by using
AMBER 9 program package. From simulation, the diffusion of hydronium ions
between two sulfonate side chains in the wet system was faster than in the dry system.
To study the modification of Nafion using composite material, molecular dynamic

simulations of 5% by weight of Krytox-Silica-Nafion polymer composite and



Vi

pure Nafion models, simulated at temperature of 298, 333, 353, and 373 K with
the associated content of water, 1,766, 883, 527, and 354 molecules, respectively,
were used and compared with the experimental data. As a result, 5% Krytox-Silica
composite polymer can improve its efficiency at high operating temperatures due to
the fact that silica acts as a water absorbent and can retain the water which has
an important role in the proton transfer process at high temperature. The results are in
a good agreement with experiments and could be used to describe the possibility of

the application of Krytox-Silica in Nafion composite at the high temperature.
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