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A growing and general interest for rational use of renewable energies and in particular of bio-
energy is emerged. Renewable energy technologies could significantly contribute to solve the 
problems of energy supply, environmental protection and regional development. Hydrogen is 
forecast to become a major source of energy in the future via fuel cells in fixed installations as 
well in mobile installations. 
The production of hydrogen from non fossil-fuel-dependent sources is being developed. In 
this way bioethanol, produced by biomass fermentation, as hydrogen source focused efforts 
from both industry and academic research. The development of active, selective and stable 
catalysts for ethanol steam reforming is a key point. The key aim of this process is to 
maximise hydrogen production, discouraging at the same time undesired reactions leading to 
byproducts. Various catalysts have been reported in the literature to be efficient in ethanol 
steam reforming: noble metals based catalysts on various supports, transition metals (Co, Ni, 
Cu and Zn) based catalysts, oxide catalysts with a wide range of redox and acid-base 
properties [1,2]. Only recent works [3,4] are dedicated to the search for the active phase, the 
determination of which is necessary to optimise the catalyst design. A metal-oxide interaction 
being thought to be the key for active and stable catalyst for hydrogen production from 
bioethanol, we present here the study of cerium-zircon-cobalt oxide catalysts as host for 
cobalt. The active catalyst is generated by controlled reduction of the precursor mixed oxide. 
A series of Ce2(Zr(1-x)Cox)2O8-δ was synthesised by a sol-gel like method based on the thermal 
decomposition of mixed propionates [5]. The cobalt content was varied between x=0 and 
x=0.63. The mixed oxides were characterised by XRD, SEM, TEM, elemental analysis and 
adsorption-desorption isotherms of nitrogen. The reducibility of the precursor mixed oxides 
was studied by thermo-programmed reduction (TPR) and dynamic magnetic measurements 
(from 25 to 900°C) under hydrogen. The catalytic reaction was carried out using a 6:1 molar 
H2O:EtOH solution from 440°C to 640°C after in situ reduction of mixed oxide using two 
different reduction procedures (15 ºC.min-1, 750 ºC, 45 min and 2ºC.min-1, 450 ºC, 12 h). The 
gas products were analysed by on-line µ-GC. 
The method of catalyst preparation allows the crystallisation of the mixed oxides in the 
fluorite structure at temperature as low as 500 °C. Only one phase is detected by XRD for  
x ≤ 0.28, it corresponds to the main reflections of CeO2 planes, with a smaller lattice 
parameter, in accordance to the variation of the ionic radii of Ce2(Zr(1-x)Cox)2O8-δ with respect 
to CeO2. Among the series, the cubic lattice parameter slightly increases with the cobalt 
content. For higher Co-loaded catalyst (x ≥ 0.35) an additional phase of Co3O4 is detected, 
indicating that the maximal integration of cobalt in the A2B2O8 fluorite is almost one third of 
the B-sites.  
The specific surface area is very high (around 100 m2.g-1 for oxides calcined at 500°C) but is 
strongly reduced by calcination temperature (30 m2.g-1 at 700 °C). SEM and TEM 
observations evidenced a monodisperse distribution of grains of nanometric size (5-10 nm) 
and well crystallised particles. 



 

 

By coupling TPR results (total H2 consumption) with magnetic measurements, the reduction 
of cobalt and cerium under hydrogen were quantified. Dynamic magnetic studies under H2 
from 25 to 900°C evidenced the formation of nanometric Co° particles between 400 and 
730°C. Depending on the cobalt content, a part of Ce+IV reduces into Ce+III . The crystalline 
structure of the reduced host oxide is preserved. 
The activation procedure of such catalysts is crucial for their efficiency in ethanol reforming 
to produce hydrogen (see Figure 1, x=0.28 compared to x=0.28 after total reduction). It is 
correlated to the reduction state of cobalt and cerium in the active oxides. Although the 
catalysts present comparable ethanol conversion (total conversion at 450 °C), the partial 
reduction of cobalt present in the catalyst clearly favors hydrogen formation with respect to 
total cobalt reduction which totally extracts cobalt from the host oxide.  
The evolution of the catalytic reactivity within the catalyst series (variation of x) is presented 
in figures 1 and 2. The cobalt free catalyst (x=0, Ce2Zr2O8 fluorite) presents a non negligible 
activity in ethanol reforming (87 % of EtOH conversion at 440°C), however the selectivity 
into H2 is much lower than cobalt-based fluorites. The variation of cobalt content in the 
fluorite series leads to a maximum activity at 550 °C for x=0.28. Additional cobalt (initially 
present in the catalysts under the form of Co3O4) is not beneficial to the H2 production. 
This work clearly evidences the role of the Co°-Co oxide interaction in the steam reforming 
of ethanol to produce hydrogen. In the studied catalysts, this interaction is generated by both 
the initial integration of cobalt in a mixed oxide of defined structure and its partial controlled 
reduction to Co°. 
 
 
 
 
 
 
 
 
 
 
The efficiency of fluorite type defined structures as precursor of cobalt-based catalyst active 
in ethanol steam reforming is showed, and selective into hydrogen. Calcination temperature 
and reduction procedure were shown to influence the catalytic activity. The controlled 
reduction of cobalt of the mixed fluorite at 440°C generates small Co° particles in strong 
interaction with the host oxide it comes from. 
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Figure 2. Gas phase compositions at 440 ºC. Figure 1. H2 yield for catalyst series after partial 
reduction. 
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