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Abstract

The selectivity to propylene in the oxydehydrogenation of propane is improved when the reaction is carried out under cyclic, redox-
decoupled conditions rather than under stationary, co-feeding conditions, and using vanadium oxide dispersed in silica as the catalyst.
However, the improvement in selectivity is possible only in samples having a V content which is lower than 10 wt% V2O5. This points out
the importance of having dispersed vanadium oxide to limit the consecutive combustion of propylene.
 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

The oxidative dehydrogenation of light paraffins consti-
tutes one possible synthetic route to olefins, an alternative
to highly energy-intensive, endothermal catalytic dehydro-
genation or steam cracking [1–5]. Of particular interest for
possible industrial application is the oxydehydrogenation of
propane and of ethane to the corresponding olefins. Several
papers published in recent years have examined a variety
of catalytic systems [1–3]. These systems can be roughly
classified into two groups, the first including oxides of
reducible transition metal ions, for which a mainly heteroge-
neous, ionic-type process is involved, provided temperatures
below 550–600◦C are used, and the second including non-
redox-type or hardly reducible oxides, which operate at
temperatures higher than 600◦C and with radical mecha-
nisms, usually beginning on the catalyst surface and then
transferring into the gas phase. Amongst the former class
of catalysts, vanadium oxide, either supported or in combi-
nation with other ions to form mixed oxides, is recognized
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to be a key component for the activation and oxifunctional-
ization of paraffins [6,7].

The main drawback of all catalytic systems for propane
oxydehydrogenation, however, is the fact that the selec-
tivity to propylene, sometimes very high for low paraffin
conversion, rapidly falls for increasing values of propane
conversion [1–3]. This is due to the fact that under the condi-
tions which are necessary to activate the paraffin, propylene
(more reactive than the alkane) undergoes consecutive re-
actions of combustion. It has also been recognised that one
possible way to control the extent of undesired, consecutive
combustion is the dosage of oxygen, which affects mainly
the oxidation state of the active site under reaction condi-
tions and finally may influence the catalytic performance.
This can be achieved by suitable technologies such as cat-
alytic membrane reactors [8–11].

The extrapolation of this concept is represented by the so-
called redox-decoupling or cyclic technology, which oper-
ates by separation of the two steps included in the Mars–van
Krevelen mechanism, i.e., (i) oxidation of the hydrocarbon
by the catalyst, which has to be able to withdraw hydro-
gen and furnish oxygen, either for the formation of water
or for the insertion onto the substrate, and which therefore
undergoes simultaneous reduction (two-electrons reduced
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per O2− ion furnished) and (ii) oxidation of the reduced
catalyst by molecular oxygen. Examples of successful ap-
plication of this technology are the DuPont process for the
oxidation of n-butane to maleic anhydride and the Ato-
fina/DuPont process for the selective oxidation of propylene
to acrolein [12,13]. In the past, however, this technology has
been claimed in several papers and patents for practically
all types of selective oxidation reactions, including ammox-
idation, oxychlorination, and oxydehydrogenation of light
paraffins [14–20].

For propane oxydehydrogenation, it has been reported
that V/Mg/O catalysts are more selective to propylene
when the reaction is carried out with cyclic operation
[21–24]. It was demonstrated that the improvement in yield
to propylene, occurring as a consequence of the improved
selectivity, was due to the absence of molecular oxygen in
the gas phase, and also that under a steady state, co-feeding
operation it was possible to improve the yield by lowering
the oxygen partial pressure, the variation of which for a low
propane concentration (3% in the feed) had surprisingly no
effect on alkane conversion. In this case the improvement in
selectivity was attributed to an optimal reduction level of the
catalyst in the presence of high propane-to-oxygen ratios in
the feed.

In the present paper we compare the performance in
propane oxydehydrogenation of vanadium-oxide-based cat-
alysts where the active compound has been dispersed in a
silica matrix by the “one-pot,” cogel procedure [25,26]. The
reactivity was evaluated both under co-feeding, steady con-
ditions and under redox-decoupling, cyclic conditions, i.e.,
with alternating feed of diluted propane and air.

2. Experimental

Catalysts were prepared using the following procedure:
(NH)4VO3 in the desired amount was completely dissolved
in 40 ml water, and then 30 ml Si(C2H5O)4 and 5 ml HCl 8 N
were added; the sol was left at 40◦C under stirring. Under
these conditions, the development of the gel was completed
within 24 h. The gel was then carefully dried at 65◦C, left at
this temperature for 5 h, heated to 500◦C with a heating rate
not higher than 1◦/min, and finally left at 500◦C for 5 h.
The thermal treatment was done in the presence of flowing
air. Three catalysts were prepared, containing 6.8, 10, and
15 wt% V2O5 (with corresponding V/Si atomic ratios equal
to 1/20.7, 1/13.6, and 1/8.6). The specific surface areas
(as determined by the single-point, BET method) of the
samples with increasing V content were equal to 490, 170,
and 240 m2/g, respectively.

Catalytic tests were carried out in a quartz fixed-bed
reactor loading 1.5–2.0 cm3 (0.7–1.0 g) of catalyst in
powder form (30–40 mesh particles). Tests under both co-
feeding (contemporaneous feeding of oxygen and propane)
and cyclic, redox-decoupling (alternate feeding of diluted
propane and air) conditions were carried out at 550◦C, at-

mospheric pressure, and gas residence times of 2, 4, and 6
s. The feed composition was 20% propane, 20% oxygen,
and the remainder helium for co-feeding conditions, and
20% propane diluted in helium for the reducing half-cycle in
the tests under redox-decoupling conditions. The oxidizing
half-cycle was carried out by feeding air at 550◦C with a res-
idence time of 2 s. The time for the oxidation half-cycle was
always 30 min, which exceeded the time necessary to reach
complete catalyst reoxidation. This period of time, however,
was not optimized; thus, the minimum time necessary for
catalyst reoxidation was not looked for. Tests under cyclic
conditions were carried out by running the reaction be-
tween propane and the oxidized catalyst during the reducing
half-cycle for different reaction times and by checking the
instantaneous distribution of the products; before each test
the catalyst underwent the oxidizing half-cycle. In addition
to propylene, the reaction products were carbon monox-
ide, carbon dioxide, light hydrocarbons (ethane, ethylene,
methane), water (not analyzed), and molecular hydrogen. No
oxygenated compounds were found.

Catalysts were characterized before and after reaction by
Raman spectroscopy (Renishaw 1000 instrument, equipped
with a Leika microscope, Ar laser at 514 nm, power
25 mW) and X-ray diffraction (Phillips PW 1050/81,
radiation Cu Kα).

3. Results

Figure 1 shows the variation of instantaneous propane
conversion as a function of the reaction time during the re-
ducing half-cycle (tests under redox-decoupling conditions),
i.e., the time the oxidized catalyst was left exposed to the
reducing stream, for the three catalysts having increasing
amounts of vanadium. In all cases the instantaneous con-
version decreased with increasing reducing time, because of
the progressive reduction of the vanadium ions and the cor-

Fig. 1. Instantaneous conversion of propane as a function of the half-cycle
reaction time. Catalysts: 6.8 wt% V2O5 (F), 10 wt% V2O5 (Q), 15 wt%
V2O5 (2). Gas residence time 4 s; temperature 550◦C.
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Fig. 2. Instantaneous selectivity to propylene as a function of instantaneous
propane conversion. Catalysts: 6.8 wt% V2O5 (black symbols), 10 wt%
V2O5 (grey-tone symbols), and 15 wt% V2O5 (open symbols). Data
collected at 2 s (rhombs), 4 s (squares), and 6 s (triangles) residence times;
temperature 550◦C.

responding decrease in the oxidizing activity of the catalyst.
The initial activity, relative to the fully oxidized catalyst, was
not simply proportional to the V content, since the surface
areas of the three samples were different.

The conversion reached an almost constant value for
increasing values of reduction times. On the other hand, if
the propane activation and oxidation were exclusively due to
the oxidized V sites under these conditions, zero conversion
of propane should soon be reached. This means that other
reactions may contribute to the conversion of propane on
the reduced catalyst. It is worth mentioning that a sample
made only of silica, prepared with the same procedure as the
V/Si/O cogels, gave less than 2% conversion under redox-
decoupling conditions, in the entire range of half-cycle
reduction times, with a selectivity to propylene around 60–
80%, the by-products being lighter hydrocarbons and coke.
Under the same conditions and with the reactor filled with
only inert material, no propane conversion was observed
under anaerobic conditions.

For the three catalysts the instantaneous selectivity of
propylene is plotted in Fig. 2 as a function of instantaneous
propane conversion for different values of gas residence
times. The selectivity was calculated considering only the
C-containing products found in the outlet stream of the
reactor: propylene, carbon monoxide, carbon dioxide, and
lighter hydrocarbons (methane, ethylene, ethane). However,
an additional product was coke, the formation of which
was indirectly evaluated from the atomic C balance applied
to the reactor. For tests carried out at 2 and 4 s of
residence time, the C balance was in general close to
100% for short reduction times (e.g., for times shorter than
5 min), while it became worse, e.g., in the 70 to 80%
range, for increasing reaction times. We thus infer that the
oxidized catalyst transforms propane exclusively to gaseous
products, while the progressively more reduced catalyst is
less active and transforms a fraction of the propane to
coke. In a hypothetical cyclic process where the reducing

Fig. 3. Instantaneous selectivity to propylene (including coke formation)
as a function of instantaneous propane conversion under redox-decoupling
conditions at residence times 2 s (F), 4 s (2), and 6 s (Q) and under
co-feeding conditions (1, residence times 2 and 4 s). Temperature 550◦C;
catalyst 6.8 wt% V2O5.

and oxidizing steps are alternated over the catalysts (e.g.,
in a circulating fluidized-bed reactor), the coke deposited
on the catalyst during the former step has to be burnt to
carbon oxides in the latter step; therefore, the coke has to
be considered a true reaction product. Tests carried out at 6 s
residence time, instead, gave a 70 to 80% C balance even for
short reaction times.

The overall selectivity to propylene, calculated also in-
cluding the formation of coke, is reported in Fig. 3 for the
catalyst containing 6.8 wt% V2O5. In the same figure, the se-
lectivity to propylene achieved under steady conditions, thus
with co-feeding of propane (20%) and oxygen (20%), is also
reported; under the latter conditions total oxygen conver-
sion was reached. Considerable improvement in selectivity
to propylene was obtained when operation was carried out
under redox-decoupling conditions instead of the traditional
co-feeding conditions. The improvement was achieved at
relatively high propane conversion (i.e., higher than 30%),
indicative of the decreased contribution of the consecutive
reaction of propane combustion when the reaction is carried
out under anaerobic conditions. On the other hand, no differ-
ence in selectivity to propylene was found between the two
operations when the two catalysts containing 10 and 15 wt%
V2O5 were used.

Under co-feeding conditions the three catalysts behaved
similarly at 550 ◦C, all of them reaching total oxygen
conversion and a selectivity to propylene lower than 30%
(specifically, 25, 22 and 19% selectivity at 39–41% propane
conversion for the three catalysts with increasing vanadia
contents).

In Fig. 4, a comparison is made among the three catalysts
of the time-averaged yields to propylene under cyclic con-
ditions as a function of the time of the reducing half-cycle
with the yield obtained for the same conditions (tempera-
ture 550◦C and gas residence time 4 s) under co-feeding
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Fig. 4. Time-average yield of propylene as a function of the half-cycle
reaction time under redox-decoupling conditions (solid symbols) and steady
yield to propylene under co-feeding conditions (open symbols). Residence
time 4 s; temperature 550◦C. Catalysts: 6.8 wt% V2O5 (rhombs), 10 wt%
V2O5 (triangles), 15 wt% V2O5 (squares).

conditions. In the former case, to reduce the error in extrap-
olation of data at zero reaction time, the values of conversion
and selectivity were integrated starting from the experimen-
tal result at 1.5 min reaction time. Therefore the data are
indeed to be considered slightly underestimated. The value
of the time-averaged yield was calculated without consider-
ing the time necessary for the catalyst reoxidation. This is a
reasonable simplification, since in a circulating fluidized-bed
reactor the reduced catalyst is transported to a second ves-
sel for the reoxidation with air, and therefore the half-cycle
time necessary for catalyst reoxidation only affects the rate
at which the catalyst is circulated and the catalyst hold-up in
the two vessels, but is not used for the calculation of the pro-
ductivity. For all catalysts the average yield declined slightly
with increasing reaction time, due to the combination of the
opposite effects of increasing instantaneous selectivity and
decreasing instantaneous conversion. Also, the behaviour
shown derives from the particular trend relative to conver-
sion as a function of reaction time, which did not become nil
with increasing reaction time (Fig. 1). The catalyst having
the lowest V2O5 content gave the highest yield, because of
the contribution of the higher conversion (a consequence of
its higher surface area) and of the higher selectivity to propy-
lene. For all catalysts, the yield to propylene achieved was
higher than that obtained under co-feeding conditions. How-
ever, in the latter case the conversion of propane was limited
by the availability of oxygen, which already at 550◦C and 2
s residence time was fully converted.

The productivity of propylene achieved under redox-
decoupling conditions can be estimated to be approximately
0.14 kgpropylene/(kgcath) for a feed containing 20% propane,
with the time-average yield equal to 20% obtained for a
reaction time of 1.5 min and gas residence time of 4 s,
for the catalyst containing 6.8 wt% V2O5. The productivity
under steady conditions (approximately 0.07 h−1) was lower

Fig. 5. Concentration of hydrogen in the exit stream (right scale, solid
symbols) and contribution of dehydrogenation in propylene formation as
calculated from the concentration of hydrogen (left scale, open symbols) as
functions of the reaction time under redox-decoupling conditions. Catalysts:
6.8 wt% V2O5 (rhombs), 10 wt% V2O5 (triangles), 15 wt% V2O5
(squares). Gas residence time 4 s; temperature 550◦C.

than that under redox-decoupling conditions because of
the lower yield to propylene achieved. The productivity
value of 0.14 h−1 is comparable to the values which can
be calculated from most data reported in the literature
for steady, co-feeding conditions and for several different
catalysts [3]. On catalysts having higher than 15 wt% V2O5,
the productivities of propylene calculated under the two
different configurations were more similar, since the yields
of propylene were closer (see Fig. 4).

The concentration of hydrogen in the exit stream as
a function of reaction time, for the three catalysts exam-
ined, is reported in Fig. 5. The same figure also shows
the contribution of dehydrogenation to propylene formation,
as calculated on the basis of the hydrogen concentration.
In practice, it represents the ratio between the concentra-
tion of hydrogen and that of propylene; thus, it is assumed
that all the hydrogen is produced by the dehydrogenation
of propane to propylene. Of course, this is an oversimpli-
fication, since it does not take into account that a fraction
of the hydrogen produced may have reacted to form water
(especially on oxidized catalysts) and that hydrogen may
form by other reactions as well. In fact hydrogen may be
(i) co-generated with coke, the latter being formed on more
reduced catalysts; (ii) formed by steam-reforming of the
hydrocarbons (water is present in the reaction medium);
(iii) co-produced with CO in the partial oxidation of the
hydrocarbons; or (iv) co-generated with CO2 in the water-
gas-shift of CO. Nevertheless, the plot of Fig. 5 is useful to
compare the relative amount of hydrogen formed with that
of propylene and to understand the progressive change in
catalyst performance with increasing levels of catalyst re-
duction. For increasing reaction times, the contribution of
dehydrogenation increased, until it became the prevailing
one in propylene formation for strongly reduced catalysts.
Dehydrogenation may be catalyzed by either the reduced V
species, or by the coke which accumulates on the catalyst
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Fig. 6. Integral catalyst weight loss referred to the unit weight as calculated
from the distribution of products as a function of the reaction time under
redox-decoupling conditions at residence time 4 s and temperature 550◦C
(open symbols) and theoretical values of maximum weight loss (solid
symbols). Catalysts: 6.8 wt% V2O5 (rhombs), 10 wt% V2O5 (triangles),
15 wt% V2O5 (squares).

surface for long reaction times. It is worth mentioning that
even under co-feeding conditions a nonnegligible amount of
hydrogen was detected, and thus a fraction of propylene was
likely produced by means of propane dehydrogenation even
in the presence of molecular oxygen.

In Fig. 6 is plotted the integral weight loss of the
three catalysts referred to the unit weight, as calculated
from the stoichiometries for the formation of each product,

and assuming that no bulk oxygen species is required in
the formation of coke or hydrogen. Also given in the
figure are the theoretical reference values, as calculated
by hypothesizing that vanadium is present exclusively as
V2O5 and that it can be reduced completely to V2O3. The
sample having 6.8 wt% V2O5 reached a reduction level for
vanadium (weight loss: 0.88%) very close to the theoretical
one. The same occurred for tests at a residence time of 2 s
(not shown in the figure), and the trend in Fig. 6 suggests
that�g/g ≈ 0.9% represents a limit value. Different was the
case for samples having higher vanadia loading, for which
the weight loss reached under these conditions was far lower
than the theoretical one for complete reduction of V2O5 to
V2O3. This suggests that the degree of dispersion of vanadia
in the samples is a function of the vanadia loading. For the
catalyst having the lowest vanadia content, the higher degree
of dispersion and the higher surface area of the catalyst make
almost all vanadium sites virtually accessible to reactants,
and all of them are reduced under anaerobic conditions.
In contrast, in samples having higher vanadia content and
lower surface area, a fraction of the vanadium ions are not
accessible to the reactants, and are not reduced, at least under
the reaction conditions used.

Raman spectra of calcined catalysts are shown in Fig. 7.
Silica prepared with the sol-gel method gave no band. It has
been reported that silica gel gives vibrations at 975 cm−1

(Si–O stretching of Si–OH group), 820–800 cm−1, 605 cm−1,
and in the range 350–550 cm−1 (vibrational mode of Si–O–

Fig. 7. Raman spectra of calcined samples.
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Fig. 8. X-ray diffraction spectra of calcined samples. *, crystalline vanadia.

Si bridges) [25,27]. In the case of catalysts with vanadium
content of 10 and 15 wt% the sample was homogeneous, and
only one type of spectrum was recorded when the beam was
focussed on several different particles. Bands at 994, 700,
526, 480, 404, 302, 283, 195, and 144 cm−1 are character-
istic of crystalline V2O5 [25,28,29]. The catalyst having the
lowest vanadia content (6.8 wt% V2O5), instead, was more
heterogeneous, and two different types of spectra were ob-
tained when focussing on different particles. One spectrum
(spectrum a in the figure) is typical of crystalline V2O5 (sim-
ilar to those observed for the two catalysts having higher
vanadium content), while the other spectrum (spectrum b
in the figure) does not show any bands attributable to crys-
talline V2O5, thus indicating that a part of the vanadium
consists of isolated species. A similar spectrum has been
reported by Wang et al. [26], for a 1% vanadia–silica co-
gel sample; this sample is reported to give rise to Raman
bands at 150,∼ 260, 310, 410, 520, 648–761, and 990–
1016 cm−1, which are characteristic of the hydrated surface
vanadia species on silica, and which are also observed in
spectrum b of our sample. The band at 1017 cm−1 is charac-
teristic of the hydrated terminal V=O bond; a shoulder at the
same Raman shift is present also in the spectra of our cata-
lysts with 10 and 15 wt% vanadium. The bands at 200–300
and 500–800 cm−1 are assigned to V–O–V vibrations and
the band at 150 cm−1 is due to lattice vibration [26].

X-ray diffraction spectra, reported in Fig. 8, confirm the
presence of crystalline vanadia in all samples.

4. Discussion

The data reported in Fig. 1 show that the conversion of
propane reached an almost constant value with increasing
reaction time, despite the considerable extent of reduction
which was reached after 15 min exposure to the propane-
containing stream. This can be explained by hypothesizing

that a change in mechanism occurs as the extent of vana-
dium reduction increases. Thus, while the oxidized catalyst
is able to oxydehydrogenate propane (or, alternatively, to
dehydrogenate the paraffin and burn hydrogen to water,
since no hydrogen formed for short reduction times), the
reduced catalyst dehydrogenates propane to propylene. In
oxydehydrogenation, the catalyst yields mainly propylene
and carbon oxides (at relatively high propane conversion)
and progressively gives its bulk ionic oxygen, while in dehy-
drogenation the catalyst mainly yields propylene, cracking
products, coke, and hydrogen (with only minor amounts of
carbon oxides). Under the latter conditions, the catalyst does
not continue to lose weight, since no oxygen is transferred
from the catalyst to the reactants or products. Figure 6 shows
that the catalyst weight loss, as calculated on the basis of
the distribution of products, tends towards a limiting value
which is close to the theoretical one only for the catalyst
having the lowest vanadium content. In the region of the
plateau (for longer reaction times) the catalyst nevertheless
converts propane to propylene, mainly through a dehydro-
genation mechanism which no longer requires withdrawal
of oxygen from the catalyst.

Comparison of the data plotted in Figs. 2 and 3 suggests
the following considerations.

(1) Figure 2 shows that as the extent of propylene con-
version increases, the selectivity to propylene decreases, due
to the corresponding increase in the formation of carbon
monoxide and carbon dioxide. The steepest decrease in se-
lectivity was with the catalyst having the highest V content,
while in the case of the sample having 6.8 wt% V2O5 the
selectivity remained above 70% up to 30% propane con-
version. It is interesting to observe that for instantaneous
conversions less than 10% (which were achieved with the
longer reduction times) the selectivity to propylene (as cal-
culated from the reactor effluent) was very high (close to
100%), because of the very low amount of carbon oxides
which formed (on the other hand, the true selectivity was



N. Ballarini et al. / Journal of Catalysis 213 (2003) 95–102 101

lower, around 75–85%, due to the formation of coke, which
accumulated on the catalyst surface). This means that un-
der these conditions there is no contribution of the parallel
propane combustion. This may be for the following different
reasons:

(a) The reaction mechanism changes from an oxydehydro-
genative one (or from a dehydrogenative mechanism
followed by hydrogen combustion), occurring on the
oxidized catalyst for shorter reaction times, to a dehy-
drogenative one, occurring on the reduced catalyst for
longer reaction times.

(b) In the absence of molecular oxygen the parallel reaction
of propane combustion is made nil. This implies that
this reaction is mainly caused by electrophilic oxygen
species which develop in the presence of molecular
oxygen under co-feeding conditions.

(c) A reduced catalyst (i.e., the one which develops with
prolonged exposure to the reducing stream under redox-
decoupling conditions) is intrinsically more selective
than a more oxidized one and does not burn propane.

The first hypothesis is the most likely, as also suggested
by the different nature of the by-products which are obtained
with increasing times of half-cycle reduction.

(2) The comparison of the selectivity vs conversion
plots for the three catalysts, shown in Fig. 2, evidences
that the rate of the consecutive reaction of propylene
combustion is a function of the number of active sites in
the catalyst. Raman spectra (Fig. 7) indicate that indeed
catalysts are substantially made of two different vanadium
species: (a) crystalline vanadia, observed in all samples,
which is either occluded in the silica gel, or dispersed over
it, and (b) vanadium ions, likely dispersed in the silica
gel, which have been detected only in the sample having
the lowest vanadium content. The effect on selectivity to
propylene shown in Fig. 2 may be due to the fact that
a system in which vanadia crystallites are more diluted
makes the readsorption of propylene and the consecutive
combustion less likely to occur. Higher densities of V sites
(in the catalysts having 10 and 15 wt% V2O5) lead to
to an higher contribution of the consecutive reaction of
propylene combustion. This also points out the important
role of site isolation in this reaction, at least under anaerobic
conditions [30].

(3) Figure 3 also reports the values of selectivity which
were obtained when the reaction was carried out under co-
feeding conditions, for the catalyst having 6.8 wt% V2O5.
In the case of catalysts having 10 and 15 wt% V2O5, the se-
lectivity to propylene achieved under co-feeding conditions
and with total oxygen consumption (reached in correspon-
dence to 35–40% propane conversion) was comparable to
that obtained when operating under anaerobic conditions
for the same level of conversion. Therefore for these cat-
alysts there is no advantage when the reaction is carried
out under redox-decoupling conditions rather than under co-

feeding conditions. This also implies that the mechanism
occurring under redox-decouplingand co-feeding conditions
is the same, and thus involves the same type of active oxygen
species (at least so long as the mechanism is an oxidative one
rather than a dehydrogenating one). Thus, it is reasonable to
assume that the O2− species is involved in both propane oxy-
dehydrogenation and propylene combustion. Different was
the case of the catalyst having 6.8 wt% V2O5 (shown in
Fig. 3), since in this case there was a considerable differ-
ence between the values of selectivity to propylene obtained
in the two cases. Thus, operation under redox-decoupling
conditions led to a substantial improvement in the yield to
propylene. Therefore, propylene may be saved from con-
secutive combustion only provided that the two conditions
are fulfilled at the same time: (i) the surface density of ac-
tive V species is relatively low, and (ii) there is no oxygen
in the gas phase. This cannot be explained simply by hy-
pothesizing that in the absence of molecular oxygen the
species responsible for propylene combustion is not formed
(otherwise the same effect would be observed even in cat-
alysts having the highest vanadia content), nor can it be
attributed exclusively to the lower concentration of active
sites in the catalyst having the lowest vanadia content (oth-
erwise a greater difference in selectivity at isoconversion
between the three samples would be also observed under co-
feeding conditions). It is possible to hypothesize that under
co-feeding conditions the working catalyst has an average
oxidation state for V active sites which is higher than that
which develops when the same catalyst gives the same in-
stantaneous conversion under anaerobic conditions. Thus the
reduction of vanadium and the low surface density of oxi-
dized V5+ sites provide a further opportunity for propylene
to avoid re-adsorption and consecutive combustion.

5. Conclusions

Systems based on vanadium oxide dispersed in silica gel
through the one-pot, co-gelation procedure were tested as
catalysts for the oxydehydrogenation of propane to propy-
lene under co-feeding and under cyclic (redox-decoupling)
conditions. Evidence was obtained showing that an im-
portant factor for the achievement of better selectivity to
propylene in oxydehydrogenation of propane is the amount
of vanadium oxide, and thus the degree of dispersion of the
active sites, specifically V ions, in an inert matrix. Higher
dispersion provides the necessary isolation of active sites,
which is one fundamental factor in selective oxidation re-
actions to avoid the occurrence of consecutive reactions
on the desired product. However, the improvement in per-
formance is achieved only when the reaction of propane
oxydehydrogenation is carried out under redox-decoupling
conditions. This positive effect on selectivity is instead very
low when the reaction is carried out under co-feeding, steady
conditions. The improvement in selectivity to propylene,
with a catalyst made of 6.8 wt% V2O5 dispersed in silica,
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when operation is carried out under redox-decoupling con-
ditions with respect to the traditional co-feeding operation, is
around 25 percentage points (50% selectivity against 25%)
for a propane conversion of 40%.
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