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Abstract 
One of the major hurdles in the promotion and acceptance of fuel cells as alternative power 
generators is the sourcing of hydrogen and the development of efficient, safe and affordable 
production processes. In-situ extraction of hydrogen, mainly from hydrocarbons or other 
liquid fossil fuels, is the generally accepted short-to-medium term solution. The use of fossil 
fuels for hydrogen production, however, with subsequent use of fuel cells for power 
generation, only marginally improves the problem of green – house gas emissions. On the 
other hand, hydrogen produced from renewable sources, i.e. from biomass, addresses 
successfully this issue. 

The reformation of biomass-derived ethanol to a hydrogen – rich gas suitable for feeding fuel 
cells is investigated as an efficient and environmentally friendly process for the production of 
electricity for mobile and stationary applications. Specifically, the reactions of steam 
reforming and partial oxidation of bio-ethanol  are investigated over Ni and Ru catalysts 
dispersed onto  La2O3 or Al2O3, carriers, as well as on other structural forms, such as 
monoliths and ceramic foams. Catalysts employed in this process must be active and stable, 
but also must have excellent structural stability and be able to operate in harsh environments 
that include vibrations, thermal cycling and frequent  start-ups and shut-downs.   

Transient techniques (TPD, TPSR) were employed to establish the reaction pathways 
occurring in the gas phase, on the carriers and on the catalyst. Dehydration, dehydrogenation 
and cracking reactions of ethanol were found to take place on the carrier (γ-Al2O3) surface in 
the temperature range of 300-600oC, while reformation of acetaldehyde and methane occurred 
on the metal surface at elevated temperatures. 

Steady – state experiments were also carried out to establish product distribution with respect 
to reaction temperature. Typical results obtained over the Ni/La2O3 catalyst under conditions 
of steam reforming and over the Ru/Al2O3 catalyst under conditions of partial oxidation are 
shown in Fig. 1a and 1b, respectively. As expected, steam reforming is much slower than 
partial oxidation and requires higher temperatures to be completed. Apart from that, product 
distribution follows a similar pattern.  At low temperatures, acetaldehyde is the dominant 
product, which is decreased rapidly with increasing temperature. At high temperature, apart 
from hydrogen, only small quantities of methane remain while CO and CO2 concentrations 
are as defined by the equilibrium  of the water-gas-shift reaction. 
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Figure 1: Product distribution with respect to temperature of steam reforming of ethanol over 
Ni/La2O3 catalyst (A) and partial oxidation over Ru/Al2O3 catalyst (B). 

Ni dispersed on La2O3 and Ru dispersed on Al2O3 were found to exhibit high activity and 
selectivity toward hydrogen production and remarkable long term stability, offering enhanced 
resistance to carbon deposition. Mechanistic and characterisation studies reveal that this 
property of the Ni/La2O3 catalyst may be due to scavenging of carbon deposits at the 
periphery of the Ni particles by lanthanum oxycarbonate species which exist on the Ni surface 
under reaction conditions. In the case of Ru, its enhanced stability may be due to its high 
activity for ethylene reforming which prevents its polymerisation and deposition on the 
surface. 

A series of structured catalysts, with Ni/La2O3 as the active phase, supported on cordierite 
monoliths, ceramic foams (mullite or zirconia-alumina) as well as γ-Al2O3 pellets were 
prepared and tested. Three different preparation methods were employed: washcoating, 
adsorption from solutions and sol-gel techniques. The materials were tested for activity and 
stability for the production of hydrogen by steam reforming or partial oxidation of bio-ethanol 
under a wide range of operating parameters. Although all catalysts were very active for 
ethanol conversion and very selective towards the desired products, catalysts produced by 
washcoating on cordierite monoliths are the most promising candidates for the production of 
hydrogen from ethanol. Other supports and preparation methods have the potential to produce 
better catalytic materials but require further optimisation. 

The results obtained over structured catalysts are compared to those obtained over identical 
powdered catalysts. Furthermore, intrinsic kinetic studies, conducted under both steady-state 
and transient conditions, are used to explore homogeneous and heterogeneous reaction 
pathways and mechanistic steps on the catalytic surface. Particular attention is paid to coke 
deposition and accumulation parameters. 
 


