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Report: (max. 2 pages) 
The main goal of our proposal was to determine the local structure of Cu and Ce in the CuO-CeO2/Al 2O3 
commercial catalyst and their structural and electronic changes during in-situ oxidation and reduction. 
Therefore, a XAS study in transmission mode, for Cu K and Ce LIII  edge (8979 and 5723 eV, respectively) 
was envisaged.   
To reach the goal, the following strategy was proposed:   
 1)  catalyst as such; 
 2)  after full oxidation (675 K, 5 or 10 vol% O2/He, 100ml/min, 15 min); 
 3)  during reduction with propane: 2 series (5 and 10 vol% C3H8/He, 100ml/min), at increasing 
temperature from 500 K to 675 K, 25 K per step; 

4) re-oxidized catalyst (675 K, 5 or 10 vol% O2/He, 100ml/min, 15 min). 
This proposed strategy was adapted during the experimental campaign. Some changes were done, regarding 
the composition of reducing and re-oxidizing mixtures and temperature window for reduction. Eventually, 
different mixtures of propane in He and oxygen in He were used. Moreover, taking the advantage of Quick-
scan XAFS mode (1 or 5 min), more experiments were performed within an enlarged temperature window for 
reduction. For the Cu K edge, beside the influence of temperature for in-situ reduction under propane flow, 
other influences were studied as follows: 

• Influence of different pre-treatment procedures: 
Heating and cooling under He flow; 

                        Pre-adsorbed propane; 
                        Pre- and re-oxidation. 

• Influence of heating rate under reducing conditions 
• Influence of partial pressure of propane 
• Influence of propane space time. 

The analysis of obtained data was performed and the following findings can be reported.  
Firstly, a visual comparison of the shape of the spectra obtained for catalyst as such and references, at RT, 
under air, was done. The references measured were Cu foil, Cu2O, and CuO for Cu K edge, while for Ce LIII  
edge  Ce powder (in mineral oil), CeO2 and CeF3 were available. 
Results are presented in Fig. 1 and 2. As it can be seen, for the studied catalyst the possible oxidation state of 
Cu is 2+, while for Ce is 4+. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.Cu K edge: catalyst as such and references at RT under air      Fig.2.Ce LIII  edge: catalyst as such and references at RT under air 
 

The heating and the cooling under He flow do not affect the state of the catalyst. 
The temperature at which the copper species can be reduced seems to depend on the heating rate, on the 
amount of the pre-adsorbed propane on the surface, on the partial pressure of propane, and on the initial state 
of the catalyst (fresh or re-oxidized). Fig. 3 presents the changes of a re-oxidized catalyst, over which a 
mixture of 2vol% propane in He was flushed for 15 min at 150°C, followed by a very fast heating, 15 min 
from 150°C to 400°C, under the same mixture. 



 

 
Fig.3. Cu K edge: Sample 8 after flushing (PA 2% in He), 15 min at 150°C,              Fig. 4. Ce LIII  edge- catalyst sample under He flushing at RT 
followed by very fast heating to 400°C (about 15 min), 3 fast scans; R18123.INI        for 15 min, heating from RT to 150°C manually (very fast) 
was taken at 225°C, R18124.INI at 369°C, while R18125.INI was taken at 400°C.     under He flow, flushing with 1.431 l/min (PA 2% in He)  
                                                                                                                                       flow for 15 min, heating under 460 ml/min (PA 2% in He) 
                                                                                                                                       flow , with 5°/min, plus Ce oil reference. 

 
As regarding the cerium reduction, Fig. 4. presents the changes suffered by the catalyst sample when it was 
heated under a 2vol% propane in He flow from 150°C to 600°C, with a heating rate of 5°/min. 
As it can be seen, spectra start to change between curves R18758.INI and R18762.INI (corresponding sample 
temperatures 340 and 363°C, respectively).  
Concerning the re-oxidation of the catalyst, this occurs very fast (almost instantaneously) under the XAS 
experimental conditions. 
Secondly, the EXAFS data reduction was performed with the XDAP software. The pre-edge background was 
subtracted using a modified Victoreen curve whilst the atomic background was subtracted using a cubic 
spline routine. The spectra were normalized by division of the absorption data by the value of the edge step at 
50 eV above the edge position.  Results on local Cu structure as prepared, after propane reduction, and during 
the propane reduction were presented during the 13th International Conference on X-ray Absorption Fine 
Structure (XAFS13), held in Stanford, CA, USA, July 9-14, 2006 and are in press in the Proceedings 
published by The American Institute of Physics. The abstract of this paper was as follows: 
 
“A CuOx-CeOx/Al 2O3 catalyst was studied with in-situ transmission Cu K XAS for the total oxidation of propane as model reaction 
for the catalytic elimination of volatile organic compounds. The local Cu structure was determined for the catalyst as such, after 
pre-oxidation and after reduction with propane. The catalyst as such has a local CuO structure. No structural effect was observed 
upon heating in He up to 600°C or after pre-oxidation at 150°C. A full reduction of the Cu2+ towards metallic Cu0 occurred, when 
propane was fed to the catalyst. The change in local Cu structure during propane reduction was followed with a time resolution of 
1 min. The χ(k) scans appeared as linear combinations of start and end spectra, CuO and Cu structure respectively. However, 
careful examination of the XANES edge spectra indicates the presence of a small amount of additional Cu1+ species.” 
 
The corresponding Cu K-edge XANES spectra are given in Figure 5. 
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Fig. 5. XANES spectra for the CuOx-
CeOx/Al 2O3 catalyst during propane 
reduction,1 minute measuring time per 
spectrum.. The inset shows a detail around 
the edge structure (evidence for the 
presence of Cu1+) . 

 


