
JOURNAL OF CATALYSIS 157,584-591 (1995)

A Low-Energy Ion Scattering (LEIS) Study of the Influence of the
Vanadium Concentration on the Activity of Vanadium-Niobium Oxide

Catalysts for the Oxidative Dehydrogenation of Propane
R. H. H. Smits,* K. Seshan,* J. R. H. ROSS**,1 L. C. A. van den Oetelaar.t J, H. J. M. Helwegen.t

M. R. Anantharaman.t-' and H. H. Brongersmat
"Faculty of Chemical Technology, University of Twente, P,O. Box 217, 7500 AE Enschede, The Netherlands; and

t Faculty of Physics and Schuit Institute of Catalysis, Eindhoven University of Technology, P.O. Box 513,
5600 MB Eindhoven, The Netherlands

Received December 27, 1994; revised July 20, 1995

A series of vanadium-niobium oxide catalysts in which the
vanadia content varies between 0.3 and 18 mol% was prepared
by coprecipitation. These catalysts were characterized by X-ray
diffraction (XRD), X-ray photoelectron spectroscopy (XPS),
low-energy ion scattering (LEIS), and by catalytic testing in
the oxidative dehydrogenation reaction of propane. The results
of the surface analysis by XPS and LEIS are compared. It is
concluded that the active site on the catalyst surface contains
2.0 ± 0.3 vanadium atoms on average. This can be understood
byassuming the existenceof two or three different sites:isolated
vanadium atoms, pairs of vanadium atoms, or ensembles of
three vanadium atoms. At higher vanadium concentration more
vanadium clusters with a higher activity are at the surface. LEIS
revealed that as the vanadium concentration in the catalyst
increases, vanadium replaces niobium at the surface. At vana­
dium concentrations above 8 mol%, new phases such as P-(Nb,
V)20S which are less active because vanadium is present in
isolated sites are formed, while the vanadium surface concen­
tration shows a slight decrease. © 1995 Academic Press, Inc.

INTRODUCTION

There is currently an increasing interest in the catalytic
activation of lower alkanes. Following the initial work of
Chaar et at. (1) on the oxidative dehydrogenation of n­
butane, a number of papers on the oxidative dehydrogena­
tion of propane and butane have appeared (2-6). Propane
is usually investigated because the oxidative dehydrogena­
tion of this molecule may be an attractive alternative route
compared to conventional dehydrogenation and cracking
for the production of propylene. Oxidative dehydrogena-
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tion of isobutane is another interesting application as the
isobutylene produced could be used in the synthesis of
methyl tertiary-butyl ether (MTBE). Research on vana­
dium-magnesium oxide catalysts has focused on discus­
sions on the nature of the active phase: magnesium ortho­
vanadate or pyrovanadate (1, 3, 4). In a recent paper (5),
Kung and Kung claimed that both orthovanadate and pyro­
vanadate are selective for oxidative dehydrogenation of
propane but only magnesium orthovanadate is selective in
the oxidative dehydrogenation of butane. Contamination
with potassium caused by the preparation method used by
Siew Hew Sam et al. (4) resulted in a less selective catalyst.

We have attempted to improve the vanadium­
magnesium oxide catalyst system by doping it with various
elements (6, 7), but these attempts were not successful.
We have, therefore, focused our attention on niobium
pentoxide for the following reasons:

• Niobium is in the same group of the periodic table as
vanadium and is expected to have similar properties.

• Niobium is much more difficult to reduce than vana­
dium (easy reduction often causes low selectivity in selec­
tive oxidation reactions).

• It had been previously shown, for example, that the
addition of niobium oxide to a mixture of molybdenum
and vanadium oxides improves the activity and selectivity
of this system for oxidative dehydrogenation reactions
(8-10)

We have shown in previous papers (11,12) that high selec­
tivities toward propylene were possible using pure niobia,
but that the conversions were low.

We have recently presented the results of experiments
that show that the activity of niobia can be improved con­
siderably, while maintaining high selectivity, by adding
other suitable elements such as vanadium, chromium, and
molybdenum (13). Vanadium appeared to be the most

584
0021-9517/95 $12.00
Copyright © 1995 by Academic Press, Inc.
All rights of reproduction in any form reserved.
















