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Antimony-vanadium-oxide catalysts were prepared with various Sb/V ratios and were
used for propene ammoxidation. It was observed that antimony in excess of the amount
required for forming SbVO, was required to have a catalyst that is selective to acrylonitrile for-
mation. Characterisation of catalysts with FTIR revealed partial reduction of the oxidised
phase SbggyV0.9204 upon use to form Sbygs5V10504. XPS data showed the surfaces of most
selective catalysts to be further enriched with antimony in course of the catalytic reaction,
thereby creating a surface structure that is selective. For acrylonitrile formation a yield of 55%
was obtained at 90% of conversion. In propene oxidation, on the other hand, the yield for acro-
lein formation was limited to 20% due to consecutive combustion of the aldehyde.
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1. Introduction

For ammoxidation and oxidation of propene to acrylonitrile and acrolein,
respectively, the bismuth molybdate and USb;0;¢/Sb,04 catalyst systems are
active and are used in the SOHIO process for the manufacture of the nitrile [1-3].
However, also the rutile systems SnO,/Sb,04 and FeSbO4/Sb,0, are active for
allylic oxidation [4]. The pure rutiles SnO, and FeSbO,, though active, are unselec-
tive in propene oxidation and ammoxidation, whereas Sb,Qy is selective but has
low activity [5-8]. There is a general agreement that the rutile based catalysts have
to be prepared with an excess of antimony oxide to obtain a catalyst that is both
active and selective for allylic oxidation. The role of the excess antimony oxide has
been a subject of many investigations and the hypotheses on the nature of the
active sites on both rutiles generally fall in the four categories (i) a solid solution of
Sb in the rutile [5,9], (ii) an oriented film or crystals of Sb,O4 grown on the surface
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of the rutile phase [6,10-12], (iii) surface modification [8,13] and Sb(V)=O sur-
face sites [9,14], and (iv) phase interface effects [7,12].

A related catalyst system is SbVO4/Sb,04, which is a constituent in catalysts
being active and selective for the ammoxidation of propane to acrylonitrile
[15-18]. SbVO, is a cation deficient rutile with the composition Sbg.gy V9704
when prepared in air [19]. It was reported that Sb,O4 in excess of the amount
required for forming the rutile phase greatly improves the selectivity to acryloni-
trile [16,18]. A similar observation for the oxidation of propene to acrolein was
indicated in a note by Berry and Brett [20]. The SbVO,/Sb,O4 system is also active
for propene ammoxidation since propene was shown to be an intermediate in the
reaction pathway from propane to acrylonitrile [18]. Considering previous works
on this system mainly have concerned propane ammoxidation, the present investi-
gation on propene ammoxidation and oxidation was undertaken. Catalysts, both
freshly prepared and after use in the reactor, have been characterised with FTIR
and XPS. To rationalise our understanding about the Sb-rutile systems for allylic
oxidation, the present results are compared with those previously reported in the
literature for the SnO,/Sby04 and FeSbO4/Sb, 04 systems.

2. Experimental
2.1. CATALYST PREPARATION

Catalysts with different Sb/V ratios were prepared by adding Sb,O3 to a warm
solution of NH4 VO3 in water. The mixture was heated under reflux for 16-18 hand
the bulk of the water was then evaporated on a hot plate whilst stirring until a thick
paste was formed. Residual water was removed by drying first at 110°C for 16 h
and then at 350°C for 5 h. After sieving, the fraction of particles within the range
0.150-0.425 mm was calcined in a flow of air at 610°C for 3 h. From here on the
catalysts are denoted SbxVy, where x/y is the Sb/V atomic ratio.

For comparative purposes oxidised SbVO,, or more correct Sbg gy Vp.9204 [19],
was prepared form powders of V,05 and Sb,O3 that were mixed and calcined in
air at 800°C for 2 h. The reduced phase of the approximate composition
Sbo.gs V10504 [21,22] was prepared by heating the mixed powders in nitrogen free
of oxygen also at 800°C for 2 h.

2.2. CATALYST CHARACTERISATION

A plug-flow reactor made of glass was used for the activity measurements. The
catalyst sample was diluted with quartz grains to have isothermal conditions.
Nitrogen, oxygen, ammonia, propene and water were dosed using mass flow con-
trollers. The products were analysed on a gas chromatograph equipped with a sam-
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pling valve, an FID detector, a Porapak Q column and a methanation unit for the
analysis of carbon oxides.

Transmission FTIR spectra of catalyst samples were recorded on a Nicolet 20
SXC instrument with a DTGS detector and a CsI beamsplitter. The resolution was
2 cm~! and 1000 scans were averaged. Self-supporting discs were pressed, contain-
ing 3 mg of the sample diluted with 200 mg of KBr.

XPS measurements were performed on a Kratos XSAM 800 instrument using
Mg Ko radiation (1253.6 eV). The samples were finely divided and then attached
to the sample holder on a double-sided tape. Charging effects were overcome by
mixing the samples with acetylene black (Carbon philblack 1-ISAF, supplied by
Nordisk Philblack AB). The C 1s signal is at 284.3 eV and was used as reference.
Two spectra with and without carbon black standard, respectively, were collected
for each catalyst. The spectrum for the undiluted sample was used to calculate the
Sb/V ratio, while the spectrum for the diluted sample was used to deduce the band
positions unaffected by charging effects. Spectra for the Sb3d, O1s, V2p, Cls
and Sb 4d regions were collected. For determination of the metal ratio the Sb 3d;,
and V 2p;/, bands were used since the Sb 3ds/; band coincides with the O 1s band
and the V 2p, ; band is weak for samples with low content of vanadium. Therefore,
the theoretical sensitivity factors were recalculated and set as Sb3d = 3.20 and
V2p =1.30.

3. Results
3.1. AMMOXIDATION OF PROPENE

The dependences on catalyst composition of the total reaction rate and the rates
and selectivities for the formations of acrylonitrile, acrolein, acetonitrile and car-
bon oxides are shown in fig. 1. Hydrogen cyanide and small amounts of methane,
ethene, and propane were also produced. The total reaction rate and the rates for
formation of carbon oxides, acrylonitrile and acetonitrile show maxima for
33.3 at% Sb (Sb1V2). In contrast to this, the rate for formation of acrolein is the
highest for compositions rich in antimony. Considering the selectivities, it is
observed that those to acrylonitrile and acrolein have maxima while that for car-
bon oxide formation has a slight minimum for compositions rich in antimony. The
selectivity to acetonitrile decreases with increasing antimony content. Compari-
son shows no significant difference in rates and selectivities for Sb1V1 and
Sbo.92V0.9204.

Fig. 2 shows the yields and the selectivities as a function of the conversion of pro-
pene for the Sb2V1 catalyst. The selectivity to acrylonitrile passes through a maxi-
mum of about 65% at conversions between 50 and 70%. For acrolein formation
the selectivity decreases with increase in conversion. The selectivity to acetonitrile
is almost independent of the conversion level and so is the selectivity to carbon oxi-
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Fig. 1. Variation of rates and selectivities in propene ammoxidation with the antimony content. (a)

Rates for propene conversion (x), and for the formation of carbon oxides (A). (b) Rates for forma-

tion of acetonitrile (), acrolein (O), and acrylonitrile (07). (c) Selectivities for formation of acetoni-

trile (¢), and carbon oxides (A). (d) Selectivities for formation of acrolein (@), and acrylonitrile

(M). Data within brackets are for Sbgg; Vo 920s. Experimental conditions: reaction temperature

480°C, mole ratio propene/oxygen/ammonia/water vapour/nitrogen = 1/4/2/1/6, and propene
conversion 4-8%.

des (~ 25%) up to 70% conversion. The yields for formation of acrylonitrile and
carbon oxides increase with increase in conversion and are about 55 and 25%,
respectively, at 90% conversion, while the yields for formation of acetonitrile and
acrolein are low. Analysis showed that ammonia was still breaking through at high
conversions of propene. This is in agreement with the finding that the yield for acry-
lonitrile formation increases almost linearly with increase in propene conversion.

3.2. OXIDATION OF PROPENE

The catalyst Sb2V1 was also tested for the oxidation of propene. Acrolein and
carbon oxides are the main products and the yields and selectivities are shown in
fig. 3 asafunction of the propene conversion. The selectivity for formation of acro-
lein decreases with increasing conversion, whilst the selectivity towards carbon oxi-
des increases. The yield for carbon oxide formation increases with the conversion
and that for acrolein passes through a maximum of about 20% at conversions
around 60%.
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Fig. 2. Variation of selectivities and yields with propene conversion in the ammoxidation over
Sb2V1. (a) Selectivities for formation of acetonitrile (), acrolein (@), acrylonitrile (M), and carbon
oxides (A). (b) Yields of acetonitrile (), acrolein (Q), acrylonitrile {(00), and carbon oxides (A).
Experimental conditions: reaction temperature 480°C, mole ratio propene/oxygen/ammonia/water
vapour/nitrogen=1/4/2/1/6, total flow 70 ml/min (STP), and weight of catalyst0.1-2.1 g.

3.3. FTIR CHARACTERISATION

In fig. 4 the infrared spectra are shown for the oxidised form (SbggyV0.9204)
and the reduced form (SbpgsV10504) of SbVO, together with the spectrum of
a-Sby04. Spectra for Sbg g2 V0.9204 are shown both before and after use in propene
ammoxidation for 7 h. In the spectral region below 800 cm™! the oxidised SbVO,
(spectrum 1) gives bands at 362, 554 and 671 cm~! together with a shoulder at
726 cm~!, which are all typical for the rutile structure [23,24]. The reduced form of
SbVOq, (spectrum 3) has the same rutile bands, however, the spectrum reveals as
well contamination with some 0-SbyO4 (cf. spectrum 4). In the region above
800 cm™!, the oxidised form of SbVQ, gives two typical bands at 880 and
1016 cm™!, which are due to the 2-coordinated oxygen species that are present as a
result of the cation deficient rutile structure [19]. The band at 1016 cm~! has been
assigned to a vanadyl group (V=0 - - - Sb) and the band at 880 cm~! was tenta-

80 ) T T T I Y
. P : 60 |®)
§ 60 [ “ 1 —~ r
> - S L
§ 40 = 40
t; | ® Tl_)_ L
% 201t > > 20+
w L L
o N . " 5 o " " L L
0O 20 40 60 80 100 0O 20 40 60 80 100
Conversion of propene (%) Conversion of propene (%)

Fig. 3. Variation of selectivities and yields with propene conversion in the oxidation over Sb2V1. (a)

Selectivities for formation of acrolein (@), and carbon oxides (A). (b) Yields of acrolein (Q), and

carbon oxides (A). Experimental conditions: reaction temperature 480°C, mole ratio propene/oxy-

gen/water vapour/nitrogen = 1/4/1/8, total flow 70 ml/min (STP), and weight of catalyst
0.1-2.1 g.
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Fig. 4. FTIR spectra of Sbyg2Vo920s before (1) and after (2) use in propene ammoxidation,
Sb0,95V1 ,0504 (3), and (1-sz04 (4)

tively suggested to be from an (Sb—O-Sb) vibration mode [25]. The latter assign-
ment was based on valence considerations, but a (V-O-V) vibration mode cannot
be excluded to explain the 880 cm~! band. The spectra of the two fresh prepara-
tions of SbVO, agree with the findings reported by other investigators [21,22],
namely, that synthesis in air gives a pure oxidised phase, while preparation without
gaseous oxygen gives the reduced phase contaminated with antimony oxide. Spec-
trum 2, which was recorded for Sbgg; V9204 after use in ammoxidation, shows
the bands above 800 cm ™! to be somewhat less intense compared with those in spec-
trum 1 for the fresh sample, indicating partial reduction.

Some representative infrared spectra of catalysts are shown in fig. 5 both before
and after use in propene ammoxidation for 7 h. The spectra for the fresh Sb1V2
and Sb1V1 samples show the features from oxidised SbVOy (cf. spectrum 1 in
fig. 4) together with features from V,0s. The latter phase contributes to the absor-
bance at 1016 cm™! and is responsible for the shift of the 880 cm™! band to
840 cm™! and for the appearance of bands at about 600, 480 (shoulder) and
298 cm™~! [26]. The XRD patterns of the samples confirmed this result and showed
for Sb1V2 the presence of V,0s and oxidised SbVO4. For Sb1V1 the XRD reflec-
tions from oxidised SbVQO, were dominant, but those from unreacted V,05 and
a-Sb,O4 were also clearly visible. After use in the ammoxidation the infrared bands
from V,0s5 have disappeared in both cases and comparison with the spectra in
fig. 4 reveals that reduction of the SbVO4 phase has occurred. In case of Sb1V1
(spectrum 4) the reduction is incomplete, because weak bands at 1016 and
880 cm™! from oxidised SbVOQy are still present. The reduction of Sb1V2 (spec-
trum 2) seems more severe.

The spectra for Sb3V1 and Sb6V1 are typical for samples with excess a-SbyO4.
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Fig. 5. FTIR spectra of representative catalyst samples before and after use in propene ammoxida-
tion. Sb1V2, fresh (1) and used (2); Sb1V1, fresh (3) and used (4); Sb3V1, fresh (5) and used (6); and
Sb6V1, fresh (7) and used (8).

Bands from both a-Sby,O4 and oxidised SbVOy are clearly apparent in the spectra
of the fresh samples, although the bands from the latter phase are weak in the spec-
trum for Sb6V1 due to the large excess of a-Sb,O4. After catalytic tests the bands
from a-Sb,O4 remain unchanged, but the typical bands for oxidised SbVO4 at 1016
and 880 cm~! have decreased in intensity due to reduction.

3.4. XPS CHARACTERISATION

XPS data measured for the fresh samples and after their use in propene ammox-
idation for 7 h are given in table 1. The Sb3d;/, binding energy value is almost
the same (540.1 eV) for fresh samples with the nominal compositions Sb/V<1,
and the value slightly decreases with further increase in antimony content. More-
over, for the samples with high vanadium contents the Sb3d;/, binding energy
decreases upon use, while rather the reverse can be noticed for the samples that are
rich in antimony.

Considering the V 2p3 , signal for fresh catalysts, the binding energy is the high-
est for Sb1V4 and Sb1V2 and for the other samples, it is about 0.3 eV less. Upon
use in ammoxidation, the V 2ps; signal broadens (cf. FWHM) and the peak maxi-
mum shifts towards binding energy values. For the samples with large excess of
antimony the full width at half maximum (FWHM) could not be measured for
V2ps/; due to the low intensity of the signal.

The Sb/V surface ratios measured by XPS show for the samples with
Sb/V <1 a decrease to occur upon use, while a corresponding increase is observed
for the samples with excess antimony oxide.
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Table 1
Core line binding energies, half widths® and Sb/V ratios determined by XPS for catalyst samples
before and after use in propene ammoxidation

Sample Sb/V atomicratio Sb3dzs beV) V2ps/2°(eV)

nominal XPS,fresh XPS,used fresh used fresh used
Sblv4 1:4 1:1.4 1:2.0 540.1(1.8) 539.8(1.7) 517.0(1.8) 516.2(2.8)
Sbiv2z 1:2 1:1.6 1:1.7 540.1(1.6) 539.9(1.7) 516.9(2.0) 516.3(2.7)
Sbvo,¢ 1:1 1.1:1 09:1 540.2(1.8) 540.1(1.7) 516.8(2.2) 516.5(2.5)
Sb1Vvl 1:1 1.1:1 09:1 540.1(1.7) 540.1(1.7) 516.7(2.1) 516.5(2.6)
Sb2vl  2:1 20:1 33:1 540.0(1.8) 540.1(2.2) 516.7(2.2) 516.5(2.4)
Sb3vl  3:1 26:1 48:1 539.9(2.0) 540.0(2.1) 516.6(2.2) 516.4(2.4)
Sb4vl  4:1 38:1 48:1 539.8(2.1) 539.9(2.2) 516.8(2.3) 516.3(2.7)
Sbsv1 5:1 126:1 333:1 539.8(2.1) 539.9(2.1) 516.6 516.3
Sb6vl  6:1 53:1 16.7:1 539.7(1.9) 539.8(2.1) 516.7 516.2
Sb7vl  7:1 9.7:1 50.0:1 539.8(2.0) 539.9(2.1) 516.6 516.3

2 Given within brackets.

® The Sb 3d3/, binding energies and half widths measured for a-SbyO4, SbyOs (Aldrich) and
Sby.os Vi.0s04 were 539.9(2.0), 540.3 (2.1) and 540.1 (2.2) eV, respectively.

¢ The V 2p3; binding energies measured for V,0s and SbggsVy0504 were 517.1 (1.4) and 516.0
(2.5) eV, respectively.

4 Pure Sbo.92Vo.9204.

4, Discussion

Considering the infrared spectra in fig. 5 it is obvious that oxidised SbV Oy,
Sbo.g2Vo.9204, is a constituent in the freshly prepared catalysts. Moreover, V,0s
and o-Sb,04 are present when Sb/V<1 and Sb/V>1, respectively. For Sb1V1,
which was calcined at 610°C likewise the other catalyst preparations, the infrared
spectrum reveals the presence of some unreacted V,Os and the XRD pattern
showed the presence of some a-Sby,O4 as well. Oxidised SbVO4 prepared at 800°C
is a single phase rutile. Thus, the results show that for complete reaction of vana-
dia to form SbVQ; it is necessary to have either a high calcination temperature
or excess of antimony oxide. The Sb3d;/; binding energy values in table 1 show
predominance for Sb>*+ surface states in fresh samples with Sb/V<1, where the
antimony mainly is in form of Sbgg2V0920s. Mdssbauer data [21] have shown the
antimony in both Sbg; V9204 and Sbg s V10504 to be in the pentavalent state in
the bulk. Consequently, the valences and the compositions for the oxidised and
the reduced SbVOs can be expressed as Sb(V),q,V(III);,sV(IV)(64O04 and
Sb(V)g.9s V(I)g9s V(IV) 1004, respectively. According to table 1 the V2p;;
binding energy values are about 516.7 eV with half widths of about 2.2 eV for the
fresh samples with the vanadium largely in form of Sbgg2V09204. These values,
when compared with those for pure V,0s, clearly indicate a contribution to the
V 2ps  signal from V5+ surface states besides V4* (and V>*) sub-surface states.

The activity dependences in fig. 1 show two synergy effects. One is evident as
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activity maxima in the vanadia/SbVOy region (0-50 at% Sb). Both the total rate
and the rates for the formations of acrylonitrile, acetonitrile and carbon oxides are
the highest for Sb1V2 (33.3 at% Sb), inferring that the effect is related to the initial
activation of propene, i.e., the adsorption or the abstraction of hydrogen. Whereas
a corresponding effect was observed for the formation of propene from pro-
pane [25], the synergy effect probably is related to the hydrogen abstraction.
According to the XPS data in table 1, the Sb/V surface ratio decreases upon use in
ammoxidation of samples belonging to this composition region. The correspond-
ing infrared spectra of used samples in fig. 5 show bands neither from V,0s nor
from any other crystalline vanadia phase. The results can be explained by the
formation of amorphous vanadia, which to some extent has spread over the surface
of SbVO, under influence of the catalytic process. Thus, the rate maxima can be
due to either the amorphous phase itself or its interface with the SbVO, phase. Con-
sidering the changes of the Sb3d3/; and V 2ps/; binding energies shown in table 1,
it is obvious that both elements are reduced upon use in ammoxidation of the
vanadia-rich samples, giving preference for the latter explanation involving phase
cooperation. This interpretation also is in line with the fact that the XPS data and
the infrared spectra after use of Sb1V2 and Sb1V1 show greater reduction of the
former sample. The original V,0s content of the latter sample was less and was due
to the incomplete reaction with antimony oxide during the preparation.

A second synergy effect is apparent in fig. 1 as maxima for the selectivities to
acrylonitrile and acrolein in the a-Sb,O4/SbVOy region (50-100 at% Sb). The
comparatively lower selectivities to nitrile and aldehyde over Sb1V1 compared
with the samples with a-Sb,O4 in excess are primarily not due to the fact that the
freshly prepared Sb1V1 contained some unreacted V,Os, because the activity data
in fig. 1 for low conversion levels show similar values for both Sb1V1 and the sam-
ple that was charged as pure Sb g, V4,0,. However, with longer residence times
it is known that the vanadia overlayer causes loss of selectivity due to the fact that it
catalyses the conversion of NHj3 to N, [17,27]. The XPS data in table 1 show for
the samples with excess a-SbyO4 that the Sb/V surface ratio increases with use of
the samples in ammoxidation. This observation indicates spreading of antimony
oxide species from a-Sb,Q4, having both Sb>*+ and Sb>* states, to the surface of
SbVO,, with preference for Sb°* states, and interaction is confirmed by the trend
toward increase of the Sb 3d; , binding energy after use. Simultaneous reduction of
the oxidised phase Sb(V), g, V(II1) 55 V(IV); 6404 to form partly the reduced phase
Sb(V) .95 V(IIL) o5 V(IV)g 1004 is shown by the infrared spectra in fig. 5, where a
decrease in intensity of the bands at 1016 and 880 cm™! is evident after use of the
samples. Additional support for reduction is the observed broadening and decrease
in binding energy of the V2p;/, peak (table 1), indicating increased contribution
to the signal from V3* states. The V 2p; ;2 binding energy for the used samples
decreases when the nominal Sb/V ratio increases from 1:1to 4: 1 and is almost
constant (516.3 eV) at higher ratios. The trend can be due to the coverage and inter-
action with the spread antimony oxide species of surface V°* species, converting
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the latter to V4 (V3+) sub-surface species. Whereas the pure SbVOy, Sb1V1 and
a-Sb,04 are not the most selective catalysts, it seems that the high selectivity for
catalysts with both a-Sb,O4 and SbVOy, partly is a consequence of the poisoning of
V3+ sites with supra-surface antimony oxide species, resulting in less formation of
degradation products (cf. fig. 1c). The decrease in selectivity to degradation with
increase in antimony content matches the relative increase of the Sb/V ratio as
determined by XPS for used samples, which changes from 1.65 (3.3/2.0) for Sb2V1
to 5.15 (50.0/9.7) for Sb7V1. An improved selectivity for SbVO, with excess
a-Sb,04 has as well been reported for the oxidation of propene [20] and for the
ammoxidation of propane [16,18,25]. For the latter reaction spreading of anti-
mony oxide was observed [18,25] and the synergy effect is consistent with the pres-
ent results, considering that propene was found to be an intermediate from
propane to acrylonitrile.

Extrapolation to zero propene conversion of the dependences depicted in
fig. 2a shows the initial selectivity to be approximately 35% to both acrylonitrile
and acrolein, while it is 20 and 5% for the carbon oxide and acetonitrile formation,
respectively. It is thus obvious that all four products are to some extent initial prod-
ucts formed in parallel routes. The initial increase with conversion of the selectivity
to acrylonitrile goes with a corresponding decrease of the selectivity to acrolein,
showing that some nitrile is formed by conversion of the aldehyde with ammonia.
Although the nitrile is a stable product, some of it is combusted as is evident consid-
ering that the decrease in the selectivity to nitrile at high conversion is matched by
the increase in the selectivity to carbon oxides. Acetonitrile solely is a primary prod-
uct and there is no indication of its formation from any other product.

For propene oxidation the variations in fig. 3 show that acrolein is the main pri-
mary product. Acrolein compared with acrylonitrile is less stable and reacts conse-
cutively to form carbon oxides. An initial selectivity to acrolein of about 70% is
estimated by extrapolating the selectivity variation in fig. 3a to zero propene con-
version. This value is approximately equal to the sum of the initial selectivities to
nitrile and aldehyde that was obtained from the ammoxidation data in fig. 2a,
inferring that the same surface structure is active for both aldehyde and nitrile
depending on whether it has an oxygen or an isoelectronic, dehydrogenated ammo-
nia species. Such mechanistic features concur with those concluded for propene
conversion over molybdate and Fe-Sb-oxide catalysts [28].

There are some difficulties comparing the performance of the SbVO,/Sb, 04 sys-
tem in propene oxidation and ammoxidation with the data reported for the
Sn0O,/Sb,04 and FeSbO4/Sb,04 systems, since data are given for different reac-
tion conditions. For propene oxidation over SnO,/SbyO4 [10,11] and FeSbO,4/
Sb,04 [7,8] selectivities as high as 70-80% were reported for acrolein formation at
low conversion, while for propene ammoxidation over the former system an initial
selectivity of 80% to acrylonitrile was observed [5]. The present data in fig. 3 for
an Sb-V-oxide catalyst show similar values for acrolein formation when extrapo-
lated to initial conditions. In propene ammoxidation over the SbVO,/Sb,0y4 sys-
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tem (cf. fig. 2) it seems that the consecutive transformation of acrolein to acryloni-
trile plays a greater role than it does over the SnO,/Sb,0, system, where acrolein
possibly is not an intermediate. Considering the present finding of antimony
enrichment at the SbVOy surface as a prerequisite for having a selective catalyst,
this is partly consistent with interpretations given for the other rutile systems that
an oriented film or crystals of a-Sb,O4 form a site that is active for allylic oxidation.
However, a difference is that the present results show that the supra-surface anti-
mony sites on SbVO, predominantly are Sb>* sites. For the SnO, /Sby04 system it
was proposed that the oriented film itself constitutes the active site [6,10,11], while
for the FeSbO4/Sb,04 system Grasselli and coworkers [12] rather considered the
possibility that the active site is at the interface region between 0-SbyOj4 crystals
and the rutile phase. On SbVOj, the spread antimony oxide lowers the activity and
increases the selectivity. Our observations suggest the role of the supra-surface
antimony species to be of promoting character, leading to reconstruction of the
SbVO, surface and blocking of V>* sites active for degradation. This hypothesis
has similarities as well with those considering modification with antimony of the
SnO; [13,14] and FeSbOy [8,9,14] surfaces as explanation for the role of excess
antimony oxide in allylic oxidation over rutiles.
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