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• Evolution of the particle size distribution strongly depends 
on the mechanisms 
 
 
 
 
 
 

 
 

• The model has been validated with aging tests of 
Casalegno et al.[6] 
• Long term test (LTT) at 0.25A/cm2 

• Accelerated stress test (AST): High cathode potential due 
to periodic air interruption 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mathematical model: 
• Balance equation for the particle size distribution: 

 
 

• Ostwald ripening[2]: 
 
 
 
 

• Coalescence[3]: 
 
 

Mechanisms:  
(I) Ion attachment/detachment[4]: 
(II) Adatom diffusion[5]:   
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• The decrease of the electrochemically active surface 
area (ECSA) at the cathode side is crucial for the loss 
of DMFC performance 

• The loss of ECSA is related to a growth of the 
platinum particles 

• A better understanding of the underlying mechanisms 
is important to reduce degradation 

• Goal: development of a physical degradation 
model for the DMFC cathode catalyst layer 
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A detailed platinum particle growth model has been developed to 
describe the degradation of the DMFC cathode catalyst layer. It has 
been included into a DMFC cell model and validated on a first set 
of degradation experiments. 
Future work:  
Investigations on reversible degradation mechanisms and coupling 
effects between reversible and irreversible degradation. 

  Modeling Approach 
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Physical model: 
• Particle growth is described by 

means of a change in the 
particle size distribution (PSD) 

• Mechanisms leading to 
particle growth: 
• Ostwald ripening 

(dissolution and 
precipitation of Pt2+) 

• Coalescence due to 
diffusion of Pt particles 

• PtO formation affects Pt 
dissolution[1] 
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• Coalescence model (I) is in 
good agreement with the 
experimental time evolution 
of the ECSA 

• Periodic air interruption 
leads to lower PtO coverage 
and accelerated degradation 
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