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• Thermochemical equilibrium

- Mass transport: Oxygen species mass balance

- Bulk diffusion: Ficker’s law
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Results
• Initial condition and boundary condition

• Temperature and oxygen non-stoichiometry
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• Energy balance
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Results
• Impact of surface exchange coefficient ksurf

- Surface roughness can influence apparent ksurf.

- The increasing of ksurf boosts reaction rate.

- Low ksurf is a limiting factor. 
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The increasing of ksurf leads reduction extend accentuation. 

The gradient is caused by uneven temperature distribution. 

Solid Temperature Oxygen Partial Pressure

Higher Ts Lower XO2+ = Higher equilibrium δ
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Results
• Impact bulk diffusion coefficient Dbulk

- Large solid phase fraction can increase apparent Dbulk.

- The increasing of Dbulk boosts reaction rate.

- Low Dbulk is a limiting factor. 
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For low Dbulk, surface has 
higher reduction extend.
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Outlook
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• Direct pore-level multiphysical model

- Input: Porous structure

- Output: High fidelity physics field of solar-to-fuel performance 

- Application: gradient structure design 

• For example： To minimize the temperature gradient
Location of the highest
temperature spot- Management of incident radiation absorption

- Smaller porosity at front surface to let more energy heat up rear part. 

- Increasing convective heat transfer

- Tuning structure to achieve higher Nusselt number. 



• A comprehensive multi-physics model based on actual geometry of porous ceria has been

developed including heat and mass transfer, species transport, solar absorption, as well as

bulk vs. surface kinetics.

Summary
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• The impacts of surface exchange coefficient and bulk diffusion coefficient on reduction

reaction are compared.
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