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To develop PEMFC system for vehicle application, it is
desired to have a stack that can operate at the temperature
higher than the current operation temperature of 80 °C.
When PEMFC operates at 80 °C in vehicles, the capacity
of current cooling system in vehicle such as automobileis
not sufficient to maintain the operation temperature of 80
°C. Thus, larger cooling system becomes necessary, and it
is difficult to design compact fuel cell vehicles. By
increasing the operation temperature to 120 °C, the
PEMFC can be applied to automobile without significant
changes in the capacity of current cooling system. To
keep the PEMFC operable a ambient or small applied
pressure at such temperature, the relative humidity (RH)
needs to be kept under 40%. At such low RH
environment, it is essential that water content in the MEA
is maintained during operation to achieve the desired cell
performance. Various approaches have been attempted to
maximize water content in the MEA at low RH operation
conditions (1, 2). In the current study, catalyst supports
with various surface area, surface concentration of oxygen
and pore structure were used to analyze parameters that
are critica to performance of MEAs under low
humidification conditions.

Table 1 shows the properties of catalysts and
catalyst layer that were used to prepare MEA A, B and C.
The three catalysts had different carbon supports which
varied in surface area, pore structure and surface
concentration of oxygen. The MEASs prepared with the
three catalysts showed differences in the dependence of
active Pt areas on RH when they were evauated in the
RH of 40% and 20%. Figure 1 shows the I-V curves of
the three MEAs which were evaluated at 120 °C under
low humidification conditions of 40 % and 20 % RH.
The MEAS had the same Pt loading, and the highest cell
voltage values were measured from different MEASs
depending on the current density region and RH
conditions. At low current density region, the catalysts
with high surface area showed the highest cell voltage.
When the current density was over 0.2 Alcm? other
properties of catayst supports such as surface
concentration of oxygen and pore structure seem to affect
the cell voltage. In the presentation, the dependence of
cell voltage of MEAs which operate under low
humidification conditions on the properties of catalyst
support and catalyst composition will be discussed. The
MEA performance will be analyzed to separate the kinetic,
ohmic and mass transfer resistances within the MEA. The
results will be analyzed to investigate the role of pore
structure, surface area and surface concentration of
oxygen of catalyst supports on the current-voltage
responses of MEAs. The optimum catalyst support
material and the design of catalyst layer which are
suitable for facilitating transport of oxygen as well as
maintai ning water within the MEA will be proposed.
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Catalyst MEA
ggﬁ BET surfage area (| O/Csurface Pt area (cm’/cm” active area)
m’) concentration ratio| 40 % RH 20% RH
A 180 0.073 23 25
B 350 0.052 &2 68
C 350 0.071 120 48
Tablel Catalyst property (surface area and

oxygen/carbon surface concentration ratio) and
active Pt areain MEA at 20% and 40% RH, Pt
loading : 0.39 mg/cnm?.
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Figure1 1-V characteristics of MEA A, B and C, 120 °C,
ambient pressure, Pt loading : 0.39 mg/cm?,
left : 40% RH, right : 20% RH.



