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Introduction 
Proton exchange membrane (PEM) fuel cell durability is a 
major impediment to their widespread commercialization. 
Fuel cell components must endure a wide range of 
operating and cyclic conditions, which adds complexity to 
the fuel cell system and impacts its durability.  

Understanding and mitigation of fuel cell failure 
mechanisms is accomplished by lifetime and accelerated 
testing. Knowledge of the degradation mechanisms is 
necessary to guarantee that the test protocols do not 
ignore potential degradation mechanisms or introduce 
mechanisms that do not occur during regular operation. 
To establish a universal procedure to determine and 
predict the durability of PEM fuel cell components in 
practical applications, it is desirable to assess the extent to 
which accelerated stress tests (ASTs) amplify cell 
degradation compared to lifetime tests.(1)  

Membrane Decay 
Failure of PEMs is a result of many factors, including 
manufacturing/design issues,(2) material characteristics, 
(3-6) and operational conditions.(7,8) These factors result 
in failure through thermal, mechanical, and chemical 
modes, of which chemical and mechanical degradation 
are generally considered the most important. 

Chemical degradation – PEMs are attacked by 
radicals formed by the reaction of hydrogen and oxygen 
on the surface of platinum. In addition to the electrodes, 
radical formation occurs on the Pt particles that migrate 
into the PEM during fuel cell operation. Membrane 
chemical decay is accelerated by several test methods, 
including running tests at open circuit.  

Mechanical degradation – Mechanical failure is 
often life-limiting and is related to chemical decay, which 
damages the mechanical integrity of the membranes. 
Membrane mechanical decay results from the formation 
and growth of a small number of defects. As fuel cell 
operating conditions change, the constrained PEM swells 
and shrinks. This can result in mechanical failure and/or 
delamination of the catalyst layer. Mechanical decay is 
accelerated by relative humidity cycling.  

Fuel Cell Tests 
Lifetime Tests – Lifetime tests are typically carried 

out in static conditions with the voltage or current density 
held constant for hundreds or thousands of hours.  

Accelerated Stress Testing – Lifetime tests are not 
always practical because of the time and resources 
involved. However, accelerated degradation conditions 
can be used to determine membrane degradation 
characteristics. (9,10)  

Drive Cycle Tests – To simulate automotive 
applications, drive cycle tests are used in which power 
density is continuously and cyclically varied. Because 
these tests are performed under real operating conditions, 
they provide the most relevant PEM lifetime data.  

Results from Lifetime and Accelerated Testing 
The failure modes observed after a literature survey of 
lifetime tests, including fluorine and sulfur loss, hydrogen 
crossover, PEM thinning, electrical shorts, increased 
resistance, catalyst degradation, electrochemically active 

area reduction, and Pt particle size increase appear to be 
consistent with the understood degradation mechanisms.  

The failure modes observed after ASTs, including 
membrane thinning, hydrogen crossover, fluoride and 
sulfate ion detection, and growth of catalyst clusters were 
quite similar to those observed for the lifetime tests, 
demonstrating that the ASTs offer suitable accelerating 
conditions. After the ASTs, additional degradation modes 
that were not described in the lifetime tests, including 
pinhole formation, tearing, and creep, were also observed. 
Degradation rates for the ASTs were considerably higher 
than those from the lifetime tests, which is unsurprising 
and signifies accelerated degradation.  

The observed degradation modes were consistent 
with the specific AST used. For example, RH cycling, 
which is intended to increase mechanical degradation of 
PEMs, resulted in increased hydrogen crossover, creep, 
and fatigue.(4,11) When open circuit voltage was used, 
degradation modes included radical formation and 
increased gas crossover.(4,12,13) 

Conclusions 
This study demonstrates that the AST protocols reproduce 
the failure mechanisms associated with testing in real time 
without introducing new failure mechanisms. It is difficult 
to conclusively assess the acceleration factors of ASTs 
because each test had different materials and hardware, 
lifetime and accelerated test protocol, and methods and 
measurements to characterize degradation. It is desirable 
that standard materials, tests, and methods are used to 
accurately assess the amplifications of degradation.  
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