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Degradation effects of PEMFC in the edge region of the active cell area
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The components of polymer electrolyte fuel cells (PEMFC) are exposed to several
degradation mechanisms which are crucial for their lifetime. Much work is done for their
investigation and quantification, primarily referred to the part of the active cell area which is
superimposed to the gas conducting flowfield. In this work, the cell degradation at the outer
perimeter of the active area should be investigated.

Outside the edge land, which surrounds the flowfield of PEMFC at the outer perimeter, the
membrane electrode assembly (MEA) is attached to sealing gaskets. They prevent gases from
leaking into the opposite compartments and the environment. Manufacturing and assembling
tolerances require a gap between sealing and edge land. This may result in an additional gas
channel being formed, referred to as the edge channel. In bipolar plates with an uninterrupted
edge land, gas movement into this compartment is only possible based on gas permeation
through the gas diffusion layer (GDL). If the edge land exhibits gaps, a parasitic gas stream
through the edge channel can occur [1].

Local water flooding of the GDL can hinder the reaction gases from reaching the electrode
surface. Gas starvation on only one side of the membrane can cause substantial catalyst
deterioration as reported in [2-4]. Flooding in the edge region is more likely due to a lower
gas flow and accordingly bad water removal. Neutron imaging experiments of Owejan et al.
[5] show that the edge channel can be at least partially flooded at steady state conditions.
However the results cannot be assigned to the anode- or cathode-sided channel.

During the startup of a fuel cell, air can be present in the anode compartment. Even if the
anode flowfield is charged with hydrogen, the air can remain in the edge channel due to
limited gas transportation properties. A prolonged fuel/air boundary can be formed between
flowfield and edge channel, which can cause serious electrode degradation [6-8].

Hussey et al. [9,10] conducted measurements on cells with PTFE gaskets, without a
significant edge channel. They show that the membrane water content in the region under the
gasket reacts really slow on variations of gas humidification. That indicates a very slow water
diffusion in the in-plane direction of the membrane.

Kawaji et al. [11] refer to a higher decrease of membrane molecular weight near the electrode
edge for DMFC. They see a correlation with a locally reduced cell potential.



A common way to prevent the mentioned degradation mechanisms in the edge region is to
support the membrane between one or two frame elements in the outer perimeter, so called
sub-gaskets [12,13]. They are adhered to the edge of the catalyst coated membrane and
provide the sealing surface. Sub-gaskets mechanically stabilize the membrane and inhibit gas
transport to the electrode edges. So no reaction takes place there and degradation factors are
weakened. However the technique increases the manufacturing effort and requires additional
parts.

The development of optimized solutions for sealing and supporting the membrane at the outer
perimeter requires the knowledge of the specific degradation mechanisms in the edge area.
Water distribution has a significant influence on gas transport and hence degradation through
reactant starvation. Neutron imaging is a feasible method to make the water content and
movement in the edge region visible without significant modifications to the cell setup.

Measurements should be conducted on a lab-scale or differential cell in a through-plane
direction (beam perpendicular to the cell membrane) as well as in an in-plane direction (beam
parallel to the cell membrane). Of particular interest is the water content in the edge channel
in steady state at different gas humidification and load parameters.

Another objective is the mapping of the water distribution and accumulation in the anode and
cathode compartment during the startup of a cell. Degradation enhancing conditions like
partial cell flooding can be identified and water transport properties of the porous layer and
the membrane can be concluded from the dynamic water movement.

The test setup should enable the investigation of different sealing systems such as seal-on-
GDL or sub-gasket based assemblies. Also the influence of an interrupted edge land on the
water content in the edge channel should be examined. Measurements are expected to require
about 5 days of beam uptime.
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