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Proton Transport characteristics in Nafion/Si0: composite membrane: A

Molecular Dynamics Simulation Approach

Chung Chieh Tai*, Cheng Lung Chen’

‘Department of marine mechanical Engineering, R.O.C. Naval Academy, Zuoying District,
Kaohsiung, Taiwan, R.O.C.
E-mail address: taijack@gmail.com

* Department of Chemistry, National SunYat Sen University, Kaoshiung, Taiwan R.O.C.
E-mail address: chenl @ mail.nsysu.edu.tw

1.  Background/ Objectives and Goals

Fuel cells are considered to be a promising technology for clean and efficient power
generation. Proton exchange membranes are the key components in fuel system. Extensive studies
of systems using such membranes have focused on their proton conductivity and its dependence on
temperature and humidity, with the studies showing that proton transfer in 1onomer membranes 1s
mainly dependent on the humidity of the given system. Rodgers et al. [1] investigated the effects of
incorporating S10: into a Nafion membrane on water retention, proton concentration, effective
proton mobility, and proton conductivity of the membrane. They found that the Si10. formed rigid
scaffolding inside the membrane, which led to an increase in the water content of the membrane.
This increased water content diluted the concentration of protons in the membrane, which led, in
turn, to a reduction of 1its proton conductivity. In spite of extensive experimental studies, the
detailed mechanism of proton transport in an SiO:-containing membrane system 1s still unclear. In
the current research, a systematic study of the effect of SiO: content on the proton transfer in a
membrane system was carried out.

2.  Methods

In the present work Molecular dynamics simulation was employed to study the mechanism of
the transport of hydronium ion in Nafion membrane doping into SiO: nanoparticles. The nafion
membrane was hydrated with A =7, 14, 28 and SiO: nanoparticles content was 1.6wt%, 4.6wt%,
7.3wt% respectivly. MD simulation with (NVT) ensemble was carried out. In order to generate
reasonable simulated systems, Gradually-Reduce-Sizes (GRS) method was applied[2]. This method
was used previously for the simulation of Nafion/water system and obtained reliable results. To
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analyze the inter-molecular distance, The root mean square displacement (RMSD) of a particle was
calculated as

RMSD:<|ﬁ(t)—ﬁ(O)|2> (D)

where < > represents the average and denotes the position of the zh particle. The diffusion
constant D can be obtained from RMSD, with D calculated as

D=$|im%<|?(t)-?(o)|2> @)

The conductivity of protons ( ¢, siemens per meter) was evaluated from the diffusion
coefficient of proton, Dhoo, with o calculated as
_ Nz%?

o= W proton (3)
B

3. Expected Results/ Conclusion/ Contribution

Through the analysis we observed the proton trajectories affect by SiO: particles. The result in
Fig 1. It showed that the proton RMSD decreasing with increase SiO: content, it suggested the
proton conductivity affect by SiO. particles in Nafion membrane. Given in Table 1 are the
calculated diffusion constant of proton and its conductivity in SiO./ Nafion membrane. The table
shows the diffusion constant of proton was decreased from 6.31x10"'cm’/s to 2.11x10"°cm’/s and
conductivity was decreased from 1.48x10" S/cm to 1.09x10” S/cm as the content of SiO:x increased
from 1.6wt% to 7.3wt%. This clearly indicates the mobility of proton was affected significantly by
the content of S10: nano-particles.
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Fig 1.Root mean square displacement of proton in S102/Nafion membrane.
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Table 1. Evaluation results of the diffusion constant and Conductivity of proton in SiO»/Nafion

membrane.
S102 Water Diffusion constant Conductivity
content content (cm’/s) (S/cm)
7 2.7x10° 1.48x10
1.6 wt% 14 3.05x10° 1.45x10
28 2.11x10° 7.54x10°
7 1.63x10° 8.52x10°
4.6 wt% 14 2.44x10° 1.10x10"
28 1.82x10° 6.50x10"
7 21110 1.09x10”
7.3 wtt 14 6.31x10" 2.76x10°
28 6.50x10 23710

Keywords: PEMFEC, Nafion composite membrane, proton transport, SiO:
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