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Panlener, J  Physics Chem. Solids 36: 1213-22, 1975.

• Energy & Fuels 26, 1928-1936, 2012.

Quartz Window

Inconel
Wall

Al2O3 insulation

Porous CeO2

Concentrated
Solar

Radiation

O2

1500°C

Syngas (H2, CO)

O2

O2

CO
H2

O2

900°C

Solar Reactor Technology

CPC

2 2 22


 CeO CeO O

2 2 2 2

2 2 2

 

 





  

  

CeO H O CeO H

CeO CO CeO CO

• Science 330, 1797-1801, 2010.

1st step: Reduction

2nd step: Oxidation



5

Experimental Setup
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Solar Experimental Results

2
solar-to-fuel, peak

2
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• Science 330, 1797-1801, 2010.

CO2-splitting H2O-splitting

solar-to-fuel, average 0 4 . %

Reduction Oxidation

Power Input: 2 kW 1.4 kW

Gas Flow: 2 l min-1 Ar 9 l min-1 H2O/CO2

Ceria Structure: Porous monolithic bricks
Total Mass: 325 g

CeO2 bricks
• porosity = 76 %
• SSA = 2.7 m2 g-1

H2O:CO2 = 5.7

Reduction Oxidation

Power Input: 3.6 kW 0.8 kW

Gas Flows: Ar: 2 l min-1 CO2: 0.375 l min-1

H2O: 2.15 l min-1

Ceria Structure: Felt; total mass: 127 g

• O2 : Fuel = 0.5 ± 0.05

• No hydrocarbons

• No C depositions

• Total selectivity

• Energy & Env. Science 5, 6098-6103, 2012.

Simultaneous H2O/CO2-Splitting

CeO2 felt
• porosity = 96 %
• SSA = 6.0 m2 g-1



7

H2O:CO2 = 6.7

Reduction Oxidation

Power Input: 3.6 kW 0.7 kW

Gas Flows: Ar: 2 l min-1 CO2: 0.33 l min-1

H2O: 2.20 l min-1

Ceria Structure: Felt , Total Mass: 127 g

Simultaneous H2O/CO2-Splitting

• Energy & Env. Science 5, 6098-6103, 2012.

CeO2 felt
• porosity = 96 %
• SSA = 6.0 m2 g-1

Reduction Oxidation

Power Input: 3.6 kW 0.8 kW

Gas Flows: Ar: 2 l/min CO2: 0.29-1.39 l/min
H2O: 1.11- 2.21 l/min

Ceria 
structure:

Felt; total mass: 127 g

Simultaneous H2O/CO2-Splitting

• Energy & Env. Science 5, 6098-6103, 2012.

CeO2 felt
• porosity = 96 %
• SSA = 6.0 m2 g-1
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Power Input: 3.8 kW 0 kW

Gas Flow: 2 l min-1 Ar 2.5 l min-1 CO2

Ceria Structure: RPC; total mass: 1416 g

• O2 : CO = 0.5 ± 0.1

• No hydrocarbons

• No C depositions

• Total selectivity

solar-to-fuel, peak 3 53 . %

solar-to-fuel, average 1.73%

CO2-Splitting

• Energy & Fuels 26, 7051–7059, 2012

CeO2 RPC

• porosity = 88 %
• SSA = 1.45*10-4 m2/g
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Reduction Oxidation

Power Input: 3.6 kW 0.7 kW

Gas Flow: 2 l min-1 Ar 3 l min-1 CO2

Ceria Structure: RPC & Felt

SSA = 1.45*10-4 m2/g

Reduction: O2 evolution Oxidation: CO evolution
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SSA = 6.00 m2/g

• Energy & Fuels 26, 7051–7059, 2012

CeO2 RPC 

CO2-Splitting
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Reduction Oxidation

Power Input: 3.6 kW 0.7 kW

Gas Flow: 2 l min-1 Ar 3 l min-1 CO2

Ceria Structure: RPC

measured

thermodynamic
equilibrium

δ

• Energy & Fuels 26, 7051–7059, 2012

CeO2 RPC 

CO2-Splitting

• J. Heat Transfer 132, 023305 , 2010.

• Materials, 5, 192-209, 2012.

Reticulate Porous Ceramic
(RPC)

• average pore diameter = 2.54 mm

• total porosity = 92%

• specific surface = 11 mm-1

10 m
m

Effective heat/mass transport 

properties:

• thermal conductivity 

• heat transfer coefficient 

• permeability 

• extinction coefficient

• scattering phase function
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Radiative properties of RPC
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• ASME J. Heat Transfer 132, 023305 1-9, 2010.
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Fluid transport properties across RPC

• Int. J. Heat & Fluid Flow 29, 315-326, 2008.

• Materials 5, 192-209, 2012.
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• Int. J. Heat & Fluid Flow 29, 315-326, 2008.

• Materials 5, 192-209, 2012.
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Heat transfer transport across RPC
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Pore-scale modeling
(work in progress) 

• conduction

• convection

• radiation

• chemistry

Concentrated
Solar

Radiation
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Source of CO2 ?

For a true sustainable process,
CO2 should be captured from 

atmospheric air
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CO2 Capture from Air

pure CO2

ambient air
CO2-depleted air

ADSORPTION

DESORPTION

• Temp-Vacuum-Swing

• Amine-functionalized silica gel

• Adsorption @ 25°C, 1 bar

• Desorption @ 90°C, 150 mbar 

H2O and CO2 mass balance

• Energy & Environmental Science 4, 3584-3592, 2011.
• Environmental Science & Technology 45, 9101-9108, 2011.
• Environmental Science & Tech. 46, 9191-9198, 2012.

RH = 50%

Solar Energy

atmospheric
air

adsorption

Concentrated
Solar Energy
Concentrated
Solar Energy

oxidation 

reduction

H2O

CO2-depleted
air

liquid fuels
for transportation

catalytic 
conversion

desorption

syngasCO2

H2O
CO2

…… Closing the Materials Cycle

H2O

ambient air +         liquid hydrocarbons
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