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Report: 
 

The interest of Cobalt supported catalyst come from their high activity in several 
reactions as CO and hydrocarbon oxidation or NO depletion (1) The elimination of NOx 
emissions from streams rich in oxygen is a very important environmental problem when fossil 
fuels are used as energy source. Selective Catalytic Reduction (SCR) of NOx using 
hydrocarbons as reductant offers an alternative route to eliminate these toxic gases and a 
major effort is been developing in this subject (2). The present work reports a XAS 
characterization study of the chemical state of cobalt in a 3%Co/ZrO2 catalytic system 
prepared by impregnation of a monoclinic zirconia support with a cobalt nitrate solution. 

 
This was an in-situ red experiment using a high temperature cell with Co/ZrO2 samples 

submited to thermal treatments in hydrogen and NO-oxygen-hydrocarbon treatments. 
 
Figure 1 and Figure 2 show, respectively the Co K-edge XANES spectra and the 

Fourier Transform of the EXAFS region obtained for the Co/ZrO2 sample submitted to the 
indicated in-situ reduction and oxidation treatments. The spectra for the original sample are 
similar to that obtained for a Co3O4 spinel reference material (3), with a first maximum at 
1.50Ǻ in the F.T. (uncorrected) coming from the first coordination shell Co-O at 1.93Ǻ, and a 
second one, centered at 2.65Ǻ from successive Co-Co shells. This phase is maintained after 
submitting the sample to hydrogen reduction at 300ºC, but at higher temperature (400ºC) the 
chemical state of cobalt changes dramatically. The first coordination shell Co-O is now 



 

centered at 1.99Ǻ (corrected), a value near to that of CoO, while the second maximum at the 
F.T. almost disappear, indicating that this Co(II) phase is well dispersed over the zirconia 
surface. As shown by the XANES and EXAFS region, the treatment at 500ºC in hydrogen 
reduces the cobalt to the metallic state (Co-Co distance at 2.42Ǻ). Finally, as indicated by the 
XANES spectrum, the oxidation treatment at 500ºC restore the spinel structure, but according 
with the low intensity of the second maximum in the F.T. of the EXAFS spectrum, this spinel 
phase is better dispersed over the support surface that this phase was in the original sample. 
These results can be better understanding after a similar reduction experiment accomplished 
by Temperature Programmed Reduction (TPR) (Figure 3), where it can be identified three 
principal peaks. The first one at 135ºC, has been assigned to surface reduction of spinel 
phase. The peak at 315ºC, according to the previous results obtained by XAS, to the reduction 
of the massive spinel to a Co(II) dispersed phase, and finally, the peak at 450ºC to a reduction 
process giving metallic cobalt as product. In a second TPR experiment after reoxidation of the 
sample (not shown), the peak at 315ºC almost completely disappears, emerging a new one at 
360ºC, assigned to the reduction of the new dispersed spinel phase detected by XAS. 
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