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Polymer electrolyte fuel cells are electrochemical devices
that use hydrogen and air to produce electricity. Their
design allows them to operate between 3,000 and 80,000
hours in various applications, but the periods of use are
too long to evaluate the variables that affect their
performance.

The objective of this study is to conduct a survey of
information regarding accelerated degradation methods
and the influence of these processes on the components
that internally structure a polymer electrolyte fuel cell.

▪ The membrane, the catalytic layers, and the gas
diffusion layers have been identified as the elements
with the greatest impact or rate of degradation. In
contrast, the bipolar plates are only exposed to
corrosion phenomena.

▪ The United States Department of Energy has
established a standardized protocol for the execution of
degradation tests. This protocol ensures the replicability
of test results across different geographical regions by
allowing for modification of specific properties of the
fuel cells.

Accelerated degradation methods are instrumental in the
study of the main layers of the fuel cell. These layers can
be enumerated as follows: the membrane, the catalytic
layer, the gas diffusion layer, and the bipolar plates.

Each of the layers in question presents factors, defects,
and signs of degradation, which are presented in the
attached table. The points in each category also show the
degree of impact that would be had on the general and
final performance of the fuel cell.

Concurrently, specific evaluations conducted on the fuel
cell layers are available for review. Each evaluation
assesses the operational conditions stipulated by the
United States Department of Energy and the primary
conclusions derived from the investigative process. The
collated data facilitates an examination and synthesis of
the theoretical and practical ramifications of accelerated
degradation methodologies on fuel cells.

Mechanical and electrochemical degradation mechanisms
are the most prevalent and are present among
standardized methods. The majority of these methods
employ cyclical forms of voltage, temperature, and
relative humidity, as well as start-stop methods, and
finally, freezing and thawing methods.

Accelerated degradation methods have been shown to
induce various forms of stress, including mechanical,
thermal, and electrochemical, within the layers of the fuel
cell. These stresses have been observed to result in the
formation of cracks, perforations, delamination, a
reduction in the active area, a decline in efficiency at the
interfaces, and even corrosion. The presence of these
degradation effects can be determined through a
comprehensive analysis of the materials comprising each
layer of the fuel cell.

▪ A substantial body of work has been dedicated to the
development of cross-cutting mitigation strategies, with
the objective of leveraging the collected information to
enhance the long-term performance of fuel cells.

▪ The study of cell degradation has prompted particular
interest in this technology, as the objective is to extend
the cycle and lifespan of the product, thereby rendering
it commercially viable for the industrial sector.
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