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Abstract:
Considerable effort has been devoted to investigations of the oxidative dehydrogenation (ODH) of low molecular weight alkanes with the aim of finding new routes to the corresponding olefins.  Examination of a large number of catalysts has shown that the most active and selective ones contain V as the active component.  The aim of our studies has been to identify the effects of oxide structure and composition on the activity and selectivity of dispersed oxides for the ODH of propane to propene.  We have also investigated the mechanism and kinetics of this process to better understand the relationship of the oxide structure to the elementary processes occurring on the oxide surface.  Samples were prepared on SiO2, TiO2, ZrO2, Al2O3, and MgO using either vanadium metavanadate or vanadium-containing molecular precursors.  Raman spectroscopy, UV-Visible spectroscopy, and EXAFS were used to characterize the structure of the dispersed oxide.  Measurements of reaction kinetics in combination with isotopic tracer techniques have been used to elucidate the reaction mechanism.  Temperature-programmed reduction has also given insights into the reactivity of the oxide surface.  We have found that on a given support vanadia first forms monovanadate, the polyvandate, and ultimately crystalline V2O5, as the surface density of vanadia increases.  The degree of vanadate polymerization depends on the support composition at a given vanadia surface density.  Propane ODH activity and selectivity at zero propane conversion increase with increasing degree of vanadate polymerization and are identical for supported polyvanadate and bulk V2O5.  Analysis of rate data demonstrates that neither support composition nor vanadia surface density significantly affect the ratio of rate coefficients for propene combustion and propane ODH, suggesting that identical sites are required for the two reactions.  ODH appears to require pairs of vanadyl groups bonded by a bridging oxygen atom.  The effects of oxide composition, structure, and reaction conditions on the olefin selectivity of the ODH process will be discussed.

