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Supported catalysts: does surface roughness matter?
A case study with in VOx-SBA-15
Template-synthesized mesoporous silicates such as MCM-41 and SBA-15 have found
extensive use as a model supports for studies of supported catalysis [1, 2]. For SBA-15,
thorough structural analyses clearly describe the dual micropore-mesopore structure with
a broad distribution of micropore sizes [3]. Silicas such as SBA-15 have long been
considered a relatively inert support, quite in contrast to other oxides such as titania or
ceria. We find the effect of surface roughness of SBA-15 has an underappreciated effect
on catalyst performance. Specifically, samples of VOx-SBA-15 where the support surface
roughness was systematically varied were tested in the catalytic partial oxidation of
methanol to formaldehyde as well as propane to propene. SBA-15 supports with
smoother surfaces favor the formation of more polymeric vanadia species at the same
surface density loading, and catalysts formed on these smooth-surface supports result in
a ~20% lower selectivity of methanol to formaldehyde. Furthermore, the apparent
activation energy on smooth surfaces is ~25 kJ/mol lower than on rough surfaces. In
distinct contrast to methanol, propane partial oxidation results show a 15% higher
selectivity to propene on smooth surfaces. A model of silica hydroxyl distribution is
proposed to explain the differences in vanadia speciation and resulting differences in
catalytic behavior. These results are significant with respect to our our understanding of
the precise nature of vanadium species in partial oxidation catalysts, and illustrate the
importance of considering differences in support surface morphology in analyzing
catalytic behavior. Surface morphology is often neglected in the catalysis world, but is
very important for other surface chemistry applications. This is the next logical step in
understanding the synthesis-structure-activity relationships of real catalysts!
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