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Fuel Cell Degradation and Durability

Fuel cells, while highly efficient and environmentally friendly, face significant challenges in

durability. Over time, various degradation mechanisms reduce performance, limiting their

commercial adoption. Understanding these mechanisms and strategies for mitigation is essential to

ensure long-term reliability, especially in transportation and stationary applications.

2. Mechanisms of Degradation

Several processes contribute to fuel cell degradation:

¢ Membrane thinning: In PEMFCs, repeated cycling and
chemical attack degrade the polymer membrane,
leading to reduced conductivity.
* Catalyst poisoning: CO and sulfur impurities
adsorb on platinum surfaces, reducing reaction activity
* Electrode corrosion: Carbon corrosion at the
cathode weakens structural stability.
e Thermal stress: In SOFCs, repeated heating/

cooling cycles cause cracks in ceramic electrolytes.

3. Durability Challenges

Mechanisms of PEMFC Degradation

Reactant

e~

Fuel cells experience different stress factors during operation:

« Start-stop cycles: Frequent startup/shutdown accelerates catalyst degradation.

« Humidity cycling: Variations in hydration cause swelling/shrinking of membranes.
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» High-temperature operation: While beneficial for kinetics, it accelerates material degradation.

These challenges directly affect system lifetimes, often limiting PEMFCs to ~5000-8000 hours in

vehicles.
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Durability Challenges in PEMFCs
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4. Case Studies

Case 1 - Toyota Mirai PEMFC: The fuel cell system targets a lifetime of 5000 hours, equivalent to
~240,000 km driving. Durability improvements were achieved through reinforced membranes and
optimized water management.

Case 2 - SOFC CHP plant: Solid oxide fuel cells used in stationary combined heat and power (CHP)
applications typically reach 20,000-40,000 hours. However, electrode delamination and thermal
cycling remain concerns.

5. Mitigation Strategies & Diagnostics

Several approaches are employed to enhance durability:

¢ Advanced membranes: Reinforced and chemically stable polymers.

¢ Non-PGM catalysts: Reduce reliance on platinum while improving tolerance to poisoning.

» Optimized operating conditions: Careful control of humidity, temperature, and pressure.

« Diagnostics: Electrochemical Impedance Spectroscopy (EIS) and Accelerated Stress Tests (ASTs)
are widely used to identify degradation modes.
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6. Conclusion & Outlook

Durability is the most critical barrier to widespread commercialization of fuel cells. Future research
must focus on new materials resistant to degradation, predictive diagnostic tools, and system-level
design strategies that extend lifetime while maintaining efficiency. Achieving lifetimes beyond
40,000 hours is key for economic viability in both transport and stationary sectors.

Figures
Figure 1: Catalyst poisoning effect on PEMFC cathode.

Figure 1: Catalyst Poisoning Effect on PEMFC Cathode
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Figure 2: Performance degradation curve over operating time.
Figure 2: Performance Degradation Over Time
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