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Abstract:
Catalysts made by the exchange of copper onto zeolites such as ZSM-5 are active for a number of environmentally important reactions, including the decomposition of nitrogen oxides as well as the selective catalytic reduction of NOx by hydrocarbons.  Understanding the nature of the redox properties of these catalysts may lead to better insight as to improvements that can be made for these materials.   Ion-exchanged Cu-ZSM-5 was examined using both temperature programmed reaction methods and in situ XANES and EXAFS analysis to determine the state and fate of the copper ions during the course of hydrogen reduction, reoxidation from a reduced state, and CO exposure.  Analysis was performed using both factor analysis of the XANES spectra and multiple shell fitting of the EXAFS spectra to reference materials.  Events determined from XAFS analysis agreed well with traces made from temperature programmed analysis.  On fresh catalysts after calcination, Cu appears to sit as Cu2+ at two different sites.  During hydrogen reduction, both sites are first converted to different Cu1+ species at slightly different temperatures near 200°C, and then to Cu0 near 450°C accompanied by migration to form small clusters.  Reduced Cu-ZSM-5 oxidizes quickly from these clusters to isolated Cu2+ species by 200°C, but favoring only one type of Cu1+ species during the transformation.  Carbon monoxide is adsorbed then desorbed at low temperatures on Cu-ZSM-5, but at temperatures near 450°C, reduces both Cu2+ species to Cu1+.  The results indicate that while the Cu2+/Cu1+ intraconversion is reversible, reduction of the ionic Cu species to a metallic state is not fully reversible, and suggests that such conditions should be avoided in catalytic systems where Cu-ZSM-5 is employed to maintain high activity.    

