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Reacting Surfaces for 
Clean Combustion

Thin-film metal oxide

Combustion of fuel and air mixture produced 
non-negligible quantities of NO and NO2

Low temperature combustion avoids the oxidation 
of N2, leading to near-zero emissions of NO and NO2

Reacting catalytic surfaces allow complete 
combustion at low temperatures

Catalytic materials “facilitate” reaction without 
being consumed 



NiCo2O4 single phase

NiCo2O4 Co3O4 NiO

NiCo2O4 + Co3O4 + NiO
Mixed phase

Thermal decomposition of 
the NiCo2O4 phase

(>650 °C)

Inexpensive metal oxides are good candidates for catalytic material

~15% activity gain

Temperature for 50% 
consumption of fuel, T50

1 μm 1 μm

More defects
More active sites
Higher activity
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water

Cold 
water

Stage 1:
Pre-combustor

Stage 2:
Main 
combustor

Fuel + air
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Straight-forward fabrication: metal-sheet 
construction + electroplating (thin-films)

Metal oxide catalyst development is relatively 
new.

Metal oxide catalysts degrade rapidly at very 
high temperatures

No emissions of NOx or CO

Pros

R&D in metal oxides is necessary


