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Optimization of Fuel Cell Generation Environment by Water Observation using Neutron Radiography
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Electric generation by a polymer electrolyte fuel cell
requires an appropriate quantity of water to help ensure
proton conductivity of the membrane electrode assembly.
However, excess water in the gas channels and the gas
diffusion layer is thought to be a factor impeding gas
supply, so it is necessary to appropriately control the
water inside the fuel cell during electric generation.

This study used neutron radiography to observe the
state of the water accumulated in a fuel cell during electric
generation in order to clarify the mechanism by which
water accumulates and its effect on voltage behavior, and
set the optimum electric generation conditions.

Observation using neutron radiography was performed
from the two directions of the through-plane direction
and the in-plane direction of the fuel cell. Observation
in the through-plane direction of an actual cell clarified
the correlation between the accumulated water and
the voltage behavior. On the other hand, observation
in the in-plane direction of a test cell determined the
gas channels in which accumulated water exists and
the reason for that water accumulation, and suggested
directions for countermeasures. Based on these results,
the optimum electric generation environment was set in
terms of water and electric generation performance, and
applied to the control of an actual vehicle.
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Fig. 1 Schematic image of fuel cell
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Fig. 2 Attenuation coefficient of elements

Table 1 Comparison of visualization methods
Method Time resolution | Spatial resolution | Observation region
Neutron 5-10 sec 10-200 pm Below 300 mm
radiography
X-ray radiography 2-10 sec 1-10 ym As required
MRI 5 minutes 10 pm 100 mm
. D|r.ect' - - As required
visualization
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Fig. 7 Neutron radiography image of in-plane cell
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Table 2 Neutron imaging condition of each cell

Imaging condition Through-plane In-plane
Pixel size (H x W) [um] 100 x 100 75x 15
Field of view (H x W) [cm] 25x 35 25x5
Exposure time [sec] 5 10
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A-cell
B-cell

Cell voltage [V]

0 10 20 30 40
Time [min]

Fig. 9 Cell voltage of each cell under generation
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