FHI

MAX-PLANCK-GESELLSCHAFT
Second German-Russian Seminar on Catalysis
Kloster Seeon [Germany], 14.03.-16.03.2010

Structure and reaction dyvnamics of vanadium oxide
surface species supported on Ti-SBA-15
Genka Tzolova-Miller, Jutta Krohnert, Michael Hivecker,
Philipp Griine, Till Wolfram, Robert Schlégl, Annette Trunschke*
Fritz-Haber-Institut der MPG, Berlin, Germany

“trunschke@fhi-berlin. mpg.de

Introduction

V205 dispersed on high surface area metal oxides, such as Si0,,

Al:Os, TiOs, or Zr0;, has been the topic of many experimental and
th-:,cu;nn] approaches targeted at a deeper 1|n|;1-:,r-,tan-::|mg of
heterogeneous oxidation catalysis on a molecular level.! Structure,
reactivity and stability of the active, two-dimensional vanadium
oxide surface species depend on catalyst synthesis, nature of the
support and reaction conditions. In the present work, highly
dispersed  ViOy supported on mesoporous silica (SBA-13)
modified with titania has been used as a model system to
investigate the vanadia-support interaction and the effect of the
degree of aggregation of vanadium oxo-species on the reactivity in
oxidative dehydrogenation (ODH) of propane applying in-situ
spectroscopic techniques,

1. Experimental

Two series of catalysts with either titania or vanadia supported on
SBA-15 containing 1-20 wt.-% of the metal have been synthesized
via wet impregnation with vanadium and fitanium alkoxides.
Moreover, the V content has been varied using Ti/SBA-15 with
different Ti loadings as support. SBA-15 has been pr-:,pﬂru::l n
large scale in an automated l’IhGJ’LIDr} reactor to minimize batch
effects of the SBA-15 support.” The catalysts were characterized
using a variety of techniques including XRD, TEM, NEXAFS,
UV-vis, FTIR, and Raman spectroscopy.
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3. Results and discussion

Highly ordered mesoporous supports with large surface area
such as SBA-15 allow for the deposition of a high number of well-
defined two-dimensional metal oxide species. The textural
integrity of SBA-15 1s maintained even at high titania, vanadia and
VTt oxide loadings. The vanadium precurser reacts with all
silanol goups available and preferentially fills the micropores of
the support. Vanadia strongly increases the number of Bronsted
acid sites on the catalyst surface. With increasing loading, vanadia
oligomerizes to a mixture of species with different nuclearity. In
contrast, titania forms distorted tetrahedral species at all loadings
as shown by NEXAFS, FTIR, and UV-vis spectroscopy. In-situ
UWV-vis reveals similar electronic structure of the V species on
SBA-15 and Ti-5BA-15 in the calcined catalysts. Under reaction
conditions of propane ODH, differentiation occurs reflecting the
presence of the Ti species. The catalyst becomes more selective
when larger V-0-V oligomers characterized by a band at 390 nm
disappear. This is in agreement with changes in the oxygen
coordination observed by NEXAFS and interpreted in terms of
spreading of vanadia on titania. Moreover, titania limits the
reducibility of vanadium under reaction conditions.

4. Conclusions

Due to hydrolysis of V-0-51 bonds, silica supported vanadia
species  are  structurally  highly  dynamic  during  thermal
pretreatment of the catalyst and by varying the reaction conditions
of ODH of propane. The combination of vanadia and titania
suppresses the structural dynamics of vanadia surface species and
prevents deep reduction of vanadium.
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