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Background 

• Microstructure evolution in Ni-YSZ anode causes performance 

degradation. 

• Two types of  microstructure evolutions 

 

 

 

 

 

 

 

• Both are sensitive to operating conditions 

• Mechanisms are not clear, candidates: Ni(OH)2 diffusion [1] and Ni-

YSZ wettability change [2] 

Phase-field model 

Model validation 

Results 

Comparison to experiments 

• Kim-Kim-Suzuki model + Ni(OH)2 diffusion-reaction 
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𝑐𝑁𝑖 : Ni concentration, 𝑐𝑁𝑖 𝑂𝐻 2
: Ni(OH)2 concentration, 𝜙: phase 

order parameter, 1 – Ni, 0 – Pore.  

• Ni-YSZ wettability control: boundary condition on Ni-YSZ 

interface 

−𝜅 𝛻𝜙 ⋅ 𝑛 = −6𝛾𝜙 1 − 𝜙 cos 𝜃 

𝜃: Ni-YSZ contact angle, 𝛾: Ni surface energy. 

• Both the equilibrium concentration of  Ni(OH)2 and the Ni-YSZ 

contact angle are functions of  steam partial pressure.  
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• Ni redistribution:  

     fixed 0.2 atm difference in 𝑝𝐻2𝑂 

𝑧 = 𝑧0 + 𝐾𝑟𝑑𝑡 
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• Ni coarsening:  

     constant 𝑝𝐻2𝑂 
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• Ni-YSZ wettability control : Change the Ni-YSZ contact angle near 

active TPB from 117⁰ to 25⁰    

Pore 
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• 35%YSZ-35%Ni-30%Pore 

• Initial Ni diameter: ~0.32 µm 

• 800⁰C up to 500 hours. 

• Overall gas pressure: 1 atm 

• Near OCV: uniform steam partial 

pressure. 

• Under load: Steam partial pressure 

linearly decrease from electrolyte layer 

to current-collect layer.  
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Near OCV  

• Uniform steam partial pressure 

• Ni(OH)2 diffusion: slightly faster coarsening and no redistribution.  
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• Ni-YSZ wettability change: Negligible effect due to small and 

uniform contact angle change.   

Under load  

• 0.4 atm difference between electrolyte and current-collect layer.   

• Average steam partial pressure: 0.3 atm (high fuel supply) and 0.7 

atm (low fuel supply) 

• Ni(OH)2 diffusion: slightly faster coarsening and redistribution from 

electrolyte layer to current-collect layer. 
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• Ni-YSZ wettability change: Slightly slower coarsening and no 

visible redistribution 

Time (h) 

d
N

i (
µ

m
) 

N
i 
vo

lu
m

e 
fr

ac
ti

o
n

 

Distance to electrolyte layer (µm) 

Pore Ni Ni 

𝑷𝑯𝟐𝑶 

This work was funded by the Department of Energy, National Energy Technology Laboratory, an agency of the United 

States Government, through a support contract with Leidos Research Support Team (LRST). Neither the United States 

Government nor any agency thereof, nor any of their employees, nor LRST, nor any of their employees, makes any 

warranty, expressed 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 herein 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 herein 

do not necessarily state or reflect those of the United States Government or any agency thereof. 

• Ni(OH)2 diffusion is not likely the reason for the fast coarsening 

under humid atmosphere observed in experiment.  
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• Ni(OH)2 diffusion drives Ni away from the electrolyte layer, which is 

consistent with some experiments [5,6].  

• Ni-YSZ wettability change is not likely to cause Ni redistribution 

under current understanding.   
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Ni coarsening 

Average particle size growth at 

the expense of  small particles 

Ni redistribution 

Directional migration of  Ni 


