
Ni@SiO2 vs SiO2@Ni Catalyst:  
The effect of catalyst/support 
orientation on performance 

Lois Milner, Martin Khzouz, Robert Steinberger-Wilckens 

CDT in Fuel Cells and their Fuels 

FCH2, NEC Birmingham  

14th March 2018  



Application of the catalyst 
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Methane reforming 

 Steam Reforming 

 

 Dry Reforming 

 

 Partial Oxidation  C𝐻4 +  
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Why the interest in Ni/SiO2 
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𝐶𝐻4 (𝑔) → 𝐶𝑠  + 2𝐻2 

2𝐶𝑂 →  𝐶𝑂2 + 𝐶𝑠 

A good support can: 

 

• Maintain catalyst dispersion through 

strong catalyst-support interactions 

• Be basic  

• Provide mechanical and thermal stability 

• Provide a pathway for electron transfer 

between reagents 

• Physically suppress coke formation 

• Decrease the amount of active metal 

needed to provide a high surface area  
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Synthesis 
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Ni(NO3)2.6H2O 

in DI water 
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Testing Activity  

Test 

Temperatures 

(oC) 

CH4 : x O2 

Ratios 

Space 

velocities 

(ml.hour -1.g-1) 

550 0.3 High (80640) 

650 0.4 Low (16128) 

750 0.5 

850 0.6 

950 0.7 

Furnace 

Ice bath 

Water trap 

MFC’s 

Gas 

Chromatograph 

Quartz Tube 

Catalyst held in place 

by quartz wool 
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Microscopy and particle sizes 
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Nickel Phyllosilicate 
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Bare Ni vs Ni@SiO2  
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SiO2 / Ni 
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C 1s Peak – Tested Catalysts  
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SiO2 / 1Ni vs Ni@SiO2  
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Ni 2p Peak 

Fresh 

Reduced 

Tested 

Fresh 

Reduced 

Tested 

SiO2 / 1Ni Ni@SiO2 

13 



C 1s Peak – Tested Catalysts 
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Conclusions 

Coking dominates 

degradation 

Sintering dominates 

degradation 
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Future Work 

 Long term testing 

 Further characterisation 

 Integration of the catalyst into a fuel cell 

16 



Acknowledgements  
 
 
 
Thanks for listening 

• EPSRC – Funding 

• David Morgan / NEXUS – XPS 

• Gnanavel Thirunavukkarasu / UoB – TEM 

• CDT colleagues 

LXM101@bham.ac.uk 


