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Introduction
Purpose of  this research:
• Simulate microstructure evolution and concomitant 

property degradation in SOFC electrodes.
• Link attributes of  initial microstructure to the rate 

of  property degradation in SOFC electrodes.
Coarsening in SOFC electrodes:
• Driven by the interface curvature of  

particles/grains in different sizes. 
• Leads to loss of  TPB density, specific surface area 

and effective conductivity in both anode and 
cathode [1,2].

Conclusions
• The rate of  coarsening and property degradation can be tuned 

by adjusting the composition, grain size and grain shape of  the 
initial microstructures.

• Standard deviation of  the initial grain size of  Ni/LSM phase 
has limited effect on the rate of  property degradation, but 
affects the value of  properties.
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Results

Phase field modeling
• Capable of  simulating long term microstructure 

evolution.
• Properties of  electrode can be extracted directly 

from simulated microstructures.
• The interfacial energy in our recently developed 

phase field model [1] can be easily tuned to match 
the interfacial energy of  the real materials, i.e. Ni-
YSZ for anode and LSM-YSZ for cathode.

• The mobility is tuned to match the self-diffusivity 
of  Ni and LSM in bulk, while YSZ is kept static due 
to its slow self-diffusion.
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Compositional effect

Attributes of  initial microstructure
Composition
• Porosity: 30%.
• Ni/LSM: 25%~45%.
• YSZ: 45%~25%.
Average grain radius
• YSZ: 0.55 µm
• Ni/LSM: 0.44~0.69 µm
Std. dev. of  grain radius
• YSZ: 0.13 µm
• Ni/LSM: 0.05~0.22 µm
Grain shape
• Three principle axes: B=C=1, A=0.2~5
• Ellipsoid grains, A axis aligned in z-direction
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• The rate of  grain coarsening and degradation of  active TPB 
density and specific surface area (SSA) of  Ni/LSM increase with 
increased Ni/LSM volume fraction. 

• The degradation rate of  effective conductivity decrease with 
increased Ni/LSM volume fraction.
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• Both the rate of  coarsening and property degradation decrease 
with increased average grain size of  Ni/LSM.
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• The rate of  grain coarsening increase with increased standard 
deviation of  Ni/LSM radius. 

• The degradation rate of  active TPB density, SSA and effective 
conductivity is insensitive to the standard deviation of  
Ni/LSM radius, but the value of  properties depends on it.
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• The rate of  grain coarsening and degradation of  SSA increase 
with increased aspect ratio. 

• The degradation rate of  active TPB density is insensitive to the 
grain shape.

• Anisotropic degradation rate of  effective conductivity in the 
electrodes with non-equiaxed grains.

Disclaimer: This product was prepared as an account of  work sponsored by an agency of  the United States Government. Neither the United States Government nor any agency thereof, nor any of  their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of  any information, apparatus, product, or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference therein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or 
favoring by the United States Government or any agency thereof. The views and opinions of  authors expressed therein do not necessarily state or reflect those of  the United States Government or any agency thereof.


