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Abstract : With respect to the durability of large scale (150 cm®) membrane electrode assembly
(MEA) of direct methanol fuel cell (DMFC), degradation phenomena at cathode is monitored
and analyzed according to the position on the cathode surface. After constant current mode
operation of large scale MEA for 500 hr, the MEA is divided into three parts along the cathode
channel; (close to) inlet, middle, and (close to) outlet. The performance of each MEA is tested and
it is revealed that the MEA from the cathode outlet of large MEA shows the worst performance.
This is due to the catalyst degradation and GDL delamination caused by flooding at cathode outlet
of large MEA during the 500 hr operation. Particularly on the catalyst degradation, the loss
of electrochemically active surface area (ECSA) of catalyst gets worse along the cathode channel
from inlet to outlet, of which the reason is believed to be loss of catalysts by dissolution and
migration rather than their agglomeration. The extent of loss in the performance and catalyst
degradation has strong relation to the cathode flooding and it is required to develop proper water
management techniques and separator channel design to control the flooding.
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Fig. 1. (a) Schematic diagram of large scale (150 cm?)
MEA and sub-MEAs (Cal ~3) divided from the large
MEA. Sub-MEAs are obtained along the cathode channel.
Inlets and outlets of cathode (solid arrow) and anode (dotted
arrow, opposite side of the surface) are also indicated. (b)
Transparent cathode composed of stainless steel 9 channel
penetrated serpentine type separator and acryl plate to
observe the cathode flooding across the cathode channel.
Right top is the cathode inlet and the outlet is positioned
diagonally. Flooding is seen close to the outlet.
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Fig. 2. DMFC performances of sub-MEAs obtained from
the original large MEA after S00 hr operation. 0.5 M (a) and
1M (b) methanol and dry air were fed with stoichiometry
of 6 and the cells were operated at 80°C. Cal exhibits the
best performance while Ca3 shows the worst indicating
the most severe MEA degradation in Ca3.
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Fig. 3. Cyclic voltammogram to observe the variation in
the electrochemically active surface areas (ECSAs) of
cathode catalysts according to the sub-MEAs. A great
reduction in ECSA is monitored in Ca3 revealing a severe
catalyst degradation.
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Fig. 4. XRD analysis of cathode catalysts of each sub-
MEA indicating no significant change in the crystallographic
structure and particle size.
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C Ru

(b)

Fig. 5. (color) EPMA analysis of Cal (a) and Ca3 (b) across the MEA structures and their cross sectional SEM images.
Delamination of GDL and severe catalyst migration into the membrane are seen in case of Ca3. The colored line peaks on

the left side of each EMPA figure represent line profiles.
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