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ABSTRACT

The design and developments of polymer electrolyte membrane and catalyst
are essential for improvement of proton exchange membrane fuel cell (PEMFC)
performance. In this study, three modifications of electrolyte membrane; adding of
5% by weight of Krytox-silica composite in Nafion membrane, increasing of Nafion
surface by Ar" beam bombardment, and application of imidazole-based water-free
proton conducting polymer, were simulated to follow their atomistic behavior and
projected into the its experimental measurement-based properties. Both electrolyte
membrane and catalyst developments were studied by various molecular simulations
tools to describe the interaction and properties at molecular level. In the first study, to

study the modification of Nafion by adding of composite material, two models which
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are 5% by weight of Krytox-silica in Nafion and pure Nafion, were simulated by
classical molecular dynamic (MD) simulations at temperature of 298-373 K with the
associated content of water in range of 354-1,766 molecules, and compared with the
published experimental data. 5% by weight Krytox-silica composite polymer can
improve its efficiency at high operating temperatures due to the fact that silica acts as
water absorbent so it can retain the water which has an important role in the proton
transfer process. For the second work, effects of the kinetic energy and dose of Ar* on
the surface damage and possibility of sulfonate fragment sputtering after
bombardment were investigated by classical MD simulations. The damage of the
Nafion surface after bombardment by Ar* with initial KE of 0.5-3.0 keV, and doses in
the range of 10'*-10" ions/cm® were deduced from the simulations. The damaged
roughness was analyzed in terms of implantation depth and volume. The expose
surface profile was found increase by Ar" beam bombardment. The surface
hydrophobicity of Nafion was analyzed in term of percentage of sulfonate fragment
sputtering. In last work, the proton transfer in water and imidazole systems were
simulated using DFT-MD simulations. Application of electric field was included to
mimic the real condition of proton transfer in the PEMFC working condition.
The change of energy barriers in both systems under external electric field in one
specific applied vector was investigated. The lowering of proton transfer energy
barrier and higher proton diffusion coefficient were found in the system with electric

field in the parallel direction.
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