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Development of Multi-scale Simulation Methods for Polymer Electrolyte Membrane Fuel Cell
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It is expected that polymer electrolyte membrane
fuel cells (PEMFC) will be increasingly used as
the power plants of automobiles in the future due
to their high thermodynamic efficiency utilizing
electrochemical reaction. PEMFC have a detailed
internal structure including electrode catalysts, and
various phenomena interact in a complex manner
across a wide range of scales within this structure.
Particularly important phenomena are thought to be
(1) the interaction between the elementary reactions
and the adsorbates on the electrode catalysts, (2)
proton hopping within the polymer electrolyte, and (3)
condensation of water droplets within the micro-porous
electrolyte. However, these phenomena are rooted
in nano-scale mechanisms, so they have not been
investigated in sufficient detail in past studies. This
paper focused on these issues from a computational
science perspective, created appropriate models of
the PEMFC internal environment, and applied the
dynamic Monte Carlo method to phenomenon (1), a
quantum molecular dynamics method based on tight
binding approximation to phenomenon (2), and a
molecular dynamics with constant chemical potential
method to phenomenon (3). The results confirmed that
each computational approach effectively simulates the
respective issue. In addition, the various effects were
calculated in a coupled manner as a multi-scale model
to enable these nano-scale phenomena to be reflected
when calculating the PEMFC unit cell performance.
The results showed that the above phenomena
interact and influence the unit cell current-voltage
characteristics.
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Fig. 1 Typical structure with transported species of
unit cell of PEMFC. Related transport
phenomena are also indicated.
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Fig. 2 TEM image of a catalyst layer of polymer
electrolyte fuel cell. Grey objects are carbon
support and polymer electrolyte. Black dots
are platinum particles.
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Fig. 3 Proton transfer by Grotthuss mechanism
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Table 1 Change of Gibbs free energy AG, in eV
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Fig. 12 Estimated pore volume fraction occupied by
liquid water at various relative humidities
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Table 2 Models incorporated into the governing
equation, Eq. (10). Listed modifications
are applied to polymer electrolyte part
including electrodes indicated in Fig. 1.

Variable, ¢ Modified terms

= D, only to electrodes.
$=8,= V- [(n/F)i]if m=H,0
Species, C, S=-j*/(2F) + S,, only to cathode if m = H,0O
S =j*"/(4F), only to cathode if m = O,
S=-j*(2F), only to anode if m = H,

Electrolyte i ).
potential, ff
O S =%, only to electrodes.
Electronic
phase S=-j only to electrodes.
potential, ®,
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Fig. 13 Predicted voltage-current density curve with
multi-scale models
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Fig. 14 Predicted distribution of physical quantities
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