
A Multi-Dimensional Micro-Scale Model for Oxygen 
Reduction on LSM-YSZ Cathode
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• Cathode performance limits the overall efficiency of SOFCs.
• Knowledge of the kinetics of oxygen reduction will lead to better cathode designs
• Performance of the cathode is also dependent on the microstructure.
• Oxygen reduction on LSM-YSZ cathode is known to occur through parallel pathways.

• 2PB pathway and 3PB pathway.
• A three dimensional computational model needed for oxygen reduction on 

LSM/YSZ.
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• Micro-scale dynamic model for charge and mass transfer inside the cathode.
• A multi-step charge transfer reaction mechanism with parallel 2PB and 3PB 

pathways.
• Averaged microstructural parameters obtained from reconstructed cathode 

using SEM images.

Reaction Mechanism:
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C/Air interface
Ionic current = 0, Electronic potential prescribed, 
Oxygen concentration prescribed, and flux of all
Other species (coverages and vacancies) is zero

C/E Interface
Electronic current = 0, Ionic potential 
prescribed, YSZ oxygen vacancy 
production as a function of current, all 
other fluxes are zero

Bulk Electrolyte

Courtesy of Salvador et al., 2010.

6 µm

Polarization curve and the 
contributions from 2PB and 3PB 
pathways

Faradaic current (A/m3) distribution inside the  
cathode under polarization

LSM vacancy (mol/m3) distribution in a cathode area under a current collector/ air channel 
corner  

• A multi-dimensional micro-scale model is developed for SOFC cathodes using 
multistep reaction mechanism and micro-structure information.

• Microstructure data is obtained from real cathodes using image analysis.
• Model predicts separate contributions from 2PB and 3PB pathways to the total 

current.
• Model also resolves the effect of microstructure on the local distributions.

Oxygen concentration (mol/m3) in a cathode area under a current collector/ air channel corner  

Cathode Reconstruction Procedure:
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