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Hydrogen is considered a potential source of clean energy, mainly through its use as fuel in 
fuel-cell processes. Among the various fuels which can be converted to hydrogen to be used 
in fuel cells applications, alcohols are very promising candidates because they are easily 
decomposed in the presence of water and generate an H2-rich mixture. Renewable ethanol, as 
a source of hydrogen, can be manufactured by fermentation of crops, which consume carbon 
dioxide, thus offering a nearly zero emission of CO2. However, only a limited number of 
reports have appeared in the open literature dealing with the reforming of ethanol due to the 
relatively sever reaction conditions and less well-formulated catalysts. Both metal oxides and 
supported metal catalysts were reported to be active, but often resulted in poor selectivity for 
hydrogen and high operation temperature was required to achieve total ethanol conversion. 
Meanwhile, the hydrogen selectivity and the reaction pathway were strongly dependent on 
the active metal as well as the support used[1,2]. In this contribution, novel ceria-supported Ni, 
Ir, Co, and Cu catalysts prepared by the deposition-precipitation method were extensively 
studied for hydrogen production by steam reforming of bio-ethanol at relatively low 
temperatures with the conclusion that the active metal played a vital role in determining the 
ethanol conversion as well as the product distributions.  
The M/CeO2 (M = 2%Ir, 5%Co, 5%Ni, and 5%Cu in weight) catalysts were prepared by the 
deposition-precipitation method. Briefly, the CeO2 support (96m2g-1) was first suspended into 
the aqueous solutions to metal compounds, followed by the addition of a 0.25M Na2CO3 
aqueous solution at 348K until the pH value of the mixed solution reached 9.0. The obtained 
solids were then dried overnight at 383K and calcined at 673K. Prior to activity test, the 
catalysts were reduced with hydrogen at 673K 
Table.1 compared the product distributions and the hydrogen yields over CeO2-supported Ir, Ni, 
Co and Cu catalysts. At 723 K, it can be seen that Ir/CeO2 catalyst showed high activity and 
selectivity toward hydrogen. The Ni/CeO2 catalyst also exhibited total ethanol conversion but 
less hydrogen yield. One common feature of these catalysts is that methane was formed as the 
dominant byproduct up to 48%, probably through C2H5OH→CH4+CO+H2. While, the 
Co/CeO2 and Cu/CeO2 catalysts both exhibited lower ethanol conversions, and the main 
byproduct was acetone with CO and CH4 formations below 3%. These may indicate that the 
conversion of ethanol to acetone was taken place as a main reaction course over 
CeO2–supported Co and Cu catalysts. When the reaction temperature was raised to 873K, 
Ir/CeO2 and Co/CeO2 catalysts all gave similar hydrogen yields and C-containing product 
distributions composed of CO, CO2 and CH4. This remarkable decrease in the formation of 
methane combined with the great increase in the production of CO indicated that the reforming 
of methane either with CO2 or with steam was occurred as a major reaction. For Cu/CeO2, the 



most significant change was the decrease in acetone concentration with the formation of 
CH3CHO, indicating a reaction pathway from ethanol→acetone+CH3CHO→H2. When Co/CeO2 is 
concerned, the significant temperature dependence of hydrogen yield as well as product 
distribution suggested that higher operation temperature is required to achieve reasonable 
hydrogen yield, but accompanied by the higher CO formation more than 20%.  
Table 1 Reaction results of M/CeO2 catalysts for ethanol steam reforming 

C-containing product distribution Temp./K Catalyst EtOH 
conv./% 

H2 
yield/% CO2 CO CH4 CH3CHO CH3COCH3

Ir/CeO2 100.0 60.9 57.9 13.6 21.1  7.3 
Co/CeO2 90.9 63.0 47.8 7.6 2.8 2.0 39.7 
Ni/CeO2 100.0 33.2 49.6 2.2 48.2   

723 

Cu/CeO2 81.6 56.8 43.1 0.7 1.1 1.0 53.9 
Ir/CeO2 100 80.8 65.1 22.8 12.0   
Co/CeO2 100 80.2 67.8 24.2 8.1   
Ni/CeO2 100 54.2 51.8 22.2 26.0   

873 

Cu/CeO2 47.2 72.7 53.7 5.6 5.2 16.8 17.7 
Atmospheric pressure, C2H5OH/H2O/He = 1/3/6, GHSV = 12,000h-1.  
Fig 1 further demonstrated the temperature dependence of ethanol useful conversions over 
these catalysts. It can be clearly seen that the Ir/CeO2 
catalyst showed the highest activity, especially in the 
temperature range between 623K and 773K, which is 
favorable for the steam reforming of ethanol reaction. 
The Ni/CeO2 catalyst exhibited the highest ethanol 
conversion at 523K, mainly due to the decomposition 
of ethanol to methane, carbon monoxide and 
hydrogen. As for Co/CeO2, the activity for the steam 
reforming steeply increases with the reaction 
temperature, and it always produces a little methane, 
which can greatly enhance the hydrogen yields. 
However, the Cu/CeO2 catalyst shows a rather 
complex behavior. With continuous increase in the 
reaction temperatures, it initially gave less ethanol 
conversion than the others, followed by a sharp increase 
and a steady drop again, during which a wide product distribution spectra was observed. This 
may reflects a reversible self-poisoning deactivation or carbon deposition at temperatures 
around 773-873K. 
  In summary, the choice of active metal is very important in the steam reforming of ethanol. 
Ir/CeO2 achieved total ethanol conversion at temperatures as low as 673K with high 
selectivity toward hydrogen. The different intermediates spectra also implied various reaction 
pathways mainly governed by the active metal employed  
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Fig.1.Temperature-dependence of ethanol 
useful conversion over M/CeO2 catalysts  


