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ABSTRACT 
 

The excessive emissions of anthropogenic greenhouse gases associated with utilization of fossil 

fuel and its subsequent global warming have become vital issues nowadays. We have reached 

limits of considerable seriousness than ever in the recent years. Hence, in lieu of fossil fuels, there 

should be a shift to low-carbon energy supply for this century and beyond. Among the alternatives, 

biodiesel has been found to be a promising renewable fuel and globally its production has increased 

significantly in recent years. This has resulted in a surfeit of crude glycerol as a by-product. 

Consequently, the valorization of bio-glycerol has been targeted worldwide to make biodiesel 

production cost competitive.  

 

Steam reforming of glycerol to produce clean fuel such as hydrogen is a potential method of 

recuperating glycerol from biodiesel.  Since the effectiveness of this process depends on efficient 

catalysts with good selectivity and stability as well as milder process conditions, the current work 

aims to develop improved catalysts. Moreover, there is a scarcity of kinetic data in the literature 

for glycerol steam reforming which can be used for designing reactors. Hence, kinetic modeling 

was also carried out.  

 

 In the current work, six catalysts (three nickel-alumina, two ceria promoted nickel-alumina and 

one ruthenium doped ceria promoted nickel-alumina) were prepared with wet impregnation 

method and tested for 30 wt. % glycerol aqueous solution in a packed bed reactor. Characterization 

of fresh and spent catalysts was carried out with BET surface area, X-ray diffraction, scanning 

electron microscopy, temperature programmed reduction, temperature programmed oxidation and 

pulse hydrogen chemisorption techniques to relate catalyst properties and catalytic performance.  
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The range of parameters that favor high hydrogen yield was first examined with Aspen Plus 

thermodynamic analysis. The reaction was then conducted at temperatures from 550 °C to 800 °C, 

atmospheric pressure and weight hourly space velocity (WHSV) of 6.8 to 17 h-1.  

 

Among tested monometallic catalysts, 10Ni/Al2O3/5CeO2 was found to be stable for 16 total hours 

on stream while 10Ni-1Ru/Al2O3/5CeO2 showed the superior catalytic performance and stability 

for 24 hours on stream. With this catalyst, best hydrogen selectivity of 88.6 % was obtained versus 

thermodynamic selectivity of 95.9 % at 650oC. Furthermore, the catalyst showed minimal coking 

tendency.  

 

Then, by using both power law and heterogeneous kinetic models (Langmuir-Hinshelwood and 

Eley-Rideal), kinetic models were developed and tested. The models have been subjected to 

statistical investigation and Langmuirian model discrimination guidelines. The Langmuir- 

Hinshelwood associative single site adsorption kinetic model was found to fulfill  both criteria. 

With the activation energy of 69.74 kJ/mol, it was found in good agreement with the power law 

type kinetic model. Hence, it can adequately describe glycerol steam reforming under the reaction 

conditions.  

 

Finally, with developed kinetics, modeling and simulation of combustion coupled reformer was 

carried out. In the reformer simulation, the counter-current flow configuration was found to 

operate better than the co-current coupled process in terms of supplying required heat input for 

the reformer and product yield. Product yields of 5.2 and 5.8 moles of H2 per mole glycerol 

reacted were obtained in co-flow and counter-flow respectively.    
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