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Abstract

Supported catalysts containing 15 wt.% of molybdenum have been prepared by the incipient wetness impregnation method. CaO, MgO, Al2O3,
Zr(OH)4 and Al(OH)3 have been used as supports for the preparation of supported Mo catalysts. Characterisation of all the materials prepared
has been carried out through BET surface area measurement, X-ray diffractometry and FT-IR spectroscopy. Catalytic activity measurements
have been carried out with reference to structure-sensitive benzyl alcohol conversion in the liquid phase. The percentage conversion of benzyl
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lcohol to benzaldehyde and toluene varied over a large range depending on the support used for the preparation of catalysts, indicating the
mportance of the support on catalytic activity of Mo catalysts. Al(OH)3 has been found to be the best support for molybdenum among all
he supports used. Support–metal interaction (SMI) has been found to play an important role in determining the catalytic activity of supported
atalysts.
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. Introduction

Even though MoO3 as such is a very well-known catalyst,
ue to its instability at higher temperature, it is often used in
supported form. Supported molybdenum oxide catalysts have
een used in petroleum, chemical and pollution control indus-
ries [1]. Earlier alumina, TiO2, ZrO2, SiO2 and MgO were
sed as supports for molybdenum oxide by various authors and
tudied their various physico-chemical and catalytic properties
2–6]. It is a well-known fact that, in several reactions, catalysts
ased on multicomponent oxides exhibit a better performance
han when component oxides were used separately [7]. The cat-
lytic activity of a supported catalyst depends not only on the ion
upported but also on the support. Even though various parame-
ers are collectively responsible for the unique catalytic activity
f the catalysts, SMI plays a major role [8–11]. It was earlier
eported by Kim et al. that in the oxidation of methanol, TiO2
upported molybdenum oxide catalyst is superior to other oxide

∗ Corresponding author.

supports in the increasing order, MgO, SiO2, Al2O3, ZrO2 and
TiO2, when prepared by equilibrium adsorption method [12].
In our earlier work with varied amount of molybdenum sup-
ported on Al(OH)3, it was observed that 15 wt.% molybdenum
containing Al(OH)3 converts 98% of benzyl alcohol to ben-
zaldehyde and toluene [13]. In order to investigate the influence
of the nature of the support on the distribution of the catalyt-
ically active species, we have used different types of supports
like CaO, MgO, Zr(OH)4, Al(OH)3 and alumina. Molybdenum
(15 wt.%) containing supports have been prepared and tested in
the conversion of benzyl alcohol.

2. Experimental

2.1. Preparation of supports

Zr(OH)4, Al(OH)3 and CaO were obtained commercially and
dried at 120 ◦C overnight prior to their use. MgO was prepared
by treating commercial MgCO3 at 350 ◦C. Alumina (Al2O3) was
prepared by the calcination of commercial Al(OH)3 at 750 ◦C
E-mail address: nagarajun@yahoo.com (N. Nagaraju). for 5 h.
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2.2. Preparation of supported 15 wt.% molybdenum
catalysts

Each support obtained as mentioned above was mixed with
required amount of a solution of ammonium heptamolybdate at
natural pH to obtain 15 wt.% molybdenum containing catalysts.
Incipient wetness impregnation at natural pH was adopted to pre-
pare these catalysts. The mixture was ground well for an hour
and treated at 120 ◦C in an air oven overnight and finally cal-
cined at 550 ◦C for 5 h. Since uncalcined Al(OH)3 and Zr(OH)4
were used as supports, these two supports containing Mo will
be represented as Mo/Al(OH)3 and Mo/Zr(OH)4, respectively.

2.3. Characterisation

BET surface areas of all the materials were measured by N2
adsorption at 77 K on a NOVA-1000 (VER: 3.7) instrument. The
crystallographic phases of the supported catalysts were detected
by recording powder X-ray diffraction patterns (PXRD) on a
Philips X’pert Pro diffractometer with Cu K� (λ = 1.5418 ◦A)
using a graphite monochromator to filter the K� lines. Data were
collected at a scan rate of 2◦/min with a 0.02◦ step size for 2θ

ranging from 5◦ to 70◦. To check the nature of molybdenum-
oxo species, IR absorption spectra of the catalysts were recorded
following the KBr pellet method in the range 4000–600 cm−1

on a Jasco FT-IR-410 instrument.
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Table 1
Specific surface area of various supports and Mo supported catalysts

Support Surface area
(m2/g)

Supported catalyst Surface area
(m2/g)

Al(OH)3 191 (181) Mo/Al(OH)3 139
Al2O3 124 Mo/Al2O3 109
Zr(OH)4 176 (32) Mo/Zr(OH)4 22
MgO 43 (179) Mo/MgO 136
CaO 8 (12) Mo/CaO 16

Surface area of supports calcined at 550 ◦C are given in parenthesis.

the pores of the support, resulting in the dispersion of active
species on the support [14]. This is confirmed by the absence of
MoO3 peaks in XRD of these supports. In the case of Mo/MgO
there was an increase in the surface area compared to the MgO
support obtained by the decomposition of MgCO3 at 350 ◦C.
However, this was not true when compared to 550 ◦C calcined
MgO support. The change in the surface area of Mo/MgO is due
to the formation of Mg(OH)2 upon contact of MgO with water
during incipient impregnation and its subsequent decomposition
to high surface area MgO upon calcination [15].

The drastic decrease in the surface area of Mo/Zr(OH)4 com-
pared to the pure support can be attributed to the conversion
of amorphous Zr(OH)4 to ZrO2 during calcination. Difference
in the kind of phases present (monoclinic and tetragonal) in
the presence of molybdenum species is also responsible for the
decrease in surface area [16].

3.2. Powder X-ray diffraction

Powder X-ray diffraction patterns of all the supports and those
containing 15 wt.% Mo are shown in Fig. 1. Mo/CaO showed
a different crystallographic phase from that of the pure sup-
port. Apart from characteristic peaks of CaO the molybdenum
containing CaO also showed a sharp peak at 28.8◦ which rep-
resents the compound CaMoO4 (JCPDS No. 29-0351). Hence
it can be inferred from X-ray diffraction patterns of CaO sup-
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.4. Catalytic activity

In a typical reaction, 5 ml of benzyl alcohol was refluxed for
h with 0.5 g of catalyst in a round bottom flask fitted with an

ce-cold water condenser. After the stipulated time, the round
ottom flask was cooled and the reaction mixture was separated
rom the catalyst by centrifugation. Components in the reaction
ixture was analyzed by TLC first and later analyzed by a Netel

as chromatograph using a 10% SE 30 Chromosorb column.
he products were further identified by 13C NMR, 1H NMR
nd GC–MS.

. Results and discussion

.1. Surface area

The specific surface area of all supports and supported Mo
atalysts determined by nitrogen physisorption is presented in
able 1. The surface areas of supports and supported molybde-
um catalysts vary over a wide range. Among all the supports,
he CaO support had the lowest surface area and Al(OH)3 had
he highest. The decrease in the surface area of Al(OH)3 on cal-
ination to 750 ◦C can be attributed to partial change from the �
hase to the more crystalline � phase as shown by their powder
RD patterns.
Incorporation of molybdenum species reduced the surface

rea of all the supports, except for CaO supported catalysts where
he increase was only marginal. The decrease in the surface area
f Mo/Al(OH)3, Mo/Al2O3 and Mo/Zr(OH)4 compared to pure
upports is due to the penetration of molybdenum species into
ort and CaO supported molybdenum catalysts that CaO being
asic in nature reacts with molybdenum species to form the com-
ound CaMoO4 [12]. Hence some of the peaks characteristic of
aO have disappeared and new peaks corresponding to CaMoO4
ppeared in the XRD pattern of the Mo/CaO catalyst.

Similarly, in the case of MgO, the PXRD showed peaks typi-
al of MgO (JCPDS 01-1235) corresponding to d values of 2.1,
.49 and 1.21 nm. Formation of �-MgMoO4 in the Mo/MgO
ample was indicated by a peak at d = 3.1 nm (JCPDS 31-0796)
17].

Aluminum hydroxide support (calcined at 550 ◦C) exhibited
diffraction pattern, typical of �-alumina (JCPDS, Card No.

-0508) [18]. Mo/Al(OH)3 also exhibited a similar diffraction
attern, except for a slight deflection of the base line indicat-
ng the incorporation of molybdenum species in the support.
bsence of peaks typical of crystalline MoO3 at 2θ values of
7.3◦ and 25.6◦ indicates that theses phases are not formed over
he aluminum hydroxide support. This is in agreement with the
act that interaction between aluminum hydroxide support and
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Fig. 1. Powder X-ray diffraction patterns of pure supports and supported Mo
catalysts.

molybdenum-oxo species through hydroxyl groups prevents the
formation of crystalline MoO3 [19].

The X-ray diffraction pattern of the pure Al2O3 support
(calcined at 750 ◦C) exhibited peaks at 2θ values 37.1◦, 45.8◦
and 67◦. The peak at 37.1◦ indicates the presence of �-Al2O3
(JCPDS 47-1292). Unlike Mo/Al(OH)3, Mo/Al2O3 catalyst
exhibited a sharp diffraction peak at 28.8◦. A survey of JCPDS
files showed that the molybdenum species exist in the form
of Mo8O23 or Mo4O11. The difference in the crystallographic
phases present in Mo/Al(OH)3 and Mo/Al2O3 catalysts indi-
cates that the concentration and nature of hydroxyl group on the
support strongly influence the support–metal interaction.

Zr(OH)4 is amorphous in nature at 120 ◦C (JCPDS Card
37-1484) and during calcination at 550 ◦C, mixed crystallo-
graphic phases of monoclinic (2θ = 24.1◦, 28.4◦, 31.4◦) and
tetragonal (2θ = 30.3◦, 35.2◦, 50.4◦) are formed (JCPDS Card
37-1413 and 07-0337). There was no monoclinic phase of ZrO2
in the Mo/Zr(OH)4 catalyst,. This indicates that incorporation of
molybdenum into the zirconium hydroxide support has changed
the crystalline structure of ZrO2 present initially. Absence of
peaks due to MoO3 and Zr(MoO4)2 indicate that molybde-
num species are well dispersed on the Zr(OH)4 support. Hence
it can be concluded from XRD patterns of catalysts that the
extent of interaction of molybdenum-oxo species with the sup-
port varies significantly with the nature of the support. CaO and
MgO react with molybdenum-oxo species to form the compound
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aMoO4 and MgMoO4, respectively, and Al2O3 gives poly-
olybdate. Among the five different supports used, aluminum

ydroxide and zirconium hydroxide exhibited maximum disper-
ion of molybdenum-oxo species.

.3. FT-IR

In Fig. 2(a) and (b) are given FT-IR patterns of supported
5 wt.% molybdenum catalysts and pure supports, respectively.
he sharp bands at 854 cm−1 for Mo/MgO and at 809 cm−1 for
o/CaO indicate the presence of [MoO4]2− from CaMoO4 and
gMoO4, respectively [20]. This observation is in agreement
ith XRD patterns of these samples.
The FT-IR spectrum of Mo/Zr(OH)4 showed a band at

41 cm−1 due to molybdenum-oxo species. The shoulder band
t 960 cm−1 is assigned to the terminal Mo O stretching of
he surface molybdenyl species like [O3Mo O]2− [21]. Even
he Mo/Al2O3 sample showed the presence of Mo O stretching
and at 822 cm−1 [22]. Incorporation of molybdenum species
n the aluminum hydroxide sample is indicated by the transmit-
ance bands at 867 and 802 cm−1. The difference in the infrared
pectra of supported catalysts from the pure support is clear
vidence for the incorporation of molybdenum species into the
upport and the interaction between them.

.4. Catalytic activity

The results of catalytic activity studies performed on various
upports and supported molybdenum catalysts are included in
able 2. The materials exhibited activity in the conversion of ben-
yl alcohol into three products namely, toluene, benzaldehyde
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Fig. 2. (a): FT-IR patterns of supported Mo catalysts. (a) Mo/CaO; (b) Mo/MgO; (c) Mo/Zr(OH)4; (d) Mo/Al(OH)3; (e) Mo/Al2O3. (b) FT-IR patterns of pure
supports CaO, MgO, Zr(OH)4, Al(OH)3 and Al2O3.

via hydride transfer reaction and dibenzyl ether via dehydration.
The three products were formed noticeably to different extents.

As far as the catalytic activities of pure supports are con-
cerned, the % conversion of benzyl alcohol varied significantly
over different supports. The pure supports in general exhib-
ited poor and almost no activity for benzaldehyde and toluene
formation, respectively. Earlier it was reported that the dispro-
portionation of benzyl alcohol to benzaldehyde and toluene takes

place over strong acid sites [23]. Absence of disproportionation
products over the pure supports at the outset infers the absence
of any such active centers on their surfaces. Among the pure
supports, only Al(OH)3 and Al2O3, gave the dehydration prod-
uct of benzyl alcohol, i.e. dibenzyl ether (DBE) to an observable
extent [24,25]. This indicates the presence of catalytically active
weak Lewis/Bronsted acid sites on the surface of these sup-
ports [12,26,27]. Higher yield of DBE over Al2O3 compared to

Table 2
Conversion of benzyl alcohol into various products

Support/catalyst Toluene (%) Benzaldehyde (%) DBE (%) Benzyl alcohol (%) Total conversion (%)

Al(OH)3 0.6 4.4 38.5 56.5 43.5
Al2O3 1.8 6.8 59.6 31.8 67.3
Zr(OH)4 – 3.8 96.2 3.8
MgO – 1.7 98.3 1.7
CaO – 1.5 98.5 1.5
Mo/Al(OH)3 41.0 51 6.0 18 98
Mo/Al2O3 30 34 – 36 64
Mo/Zr(OH)4 24 17 – 59 41
Mo/MgO 7 14 – 79 21
Mo/CaO – 2 – 98 2

Note: All the supported catalysts contain 15 wt.% molybdenum. DBE: dibenzyl ether; amount of catalyst: 0.5 g: benzyl alcohol: 5 ml; time of reflux: 6 h.



S. Mathew et al. / Journal of Molecular Catalysis A: Chemical 255 (2006) 243–248 247

Al(OH)3 calcined at 550 ◦C indicates that during calcination at
750 ◦C new acid sites are created.

Only Al(OH)3, Al2O3 and Zr(OH)4 supported catalysts
resulted in the formation of significant amount of toluene and
benzaldehyde as products. In the presence of 15 wt.% molybde-
num, alumina did not yield any DBE. DBE selectivity drastically
reduced even for the Al(OH)3 supported catalyst compared to
the pure support (i.e. 39–6%). On the other hand, presence of
15 wt.% molybdenum on Al(OH)3, Al2O3 or Zr(OH)4 increased
the yield of toluene and benzaldehyde.

It is noteworthy that Mo on basic supports such as MgO
and CaO exhibited very low activity. The catalytic activity of
various Mo containing supports was found to be in the following
decreasing order:

Mo/Al(OH)3 > Mo/Al2O3> Mo/Zr(OH)4

> Mo/MgO > Mo/CaO

It can be learned from the results listed in Table 2 that, in
spite of the molybdenum content being equal in all the sup-
ported catalysts, there was observable change in their catalytic
activity which reflects the importance of supports. Mo/Al(OH)3
catalyst was highly active compared to other supported Mo cata-
lysts towards benzyl alcohol conversion. Between Al(OH)3 and
Al2O3 supports, the former was found to be a better support than
the latter for molybdenum species. This difference in catalytic
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of dispersion which is responsible for high catalytic activity of
Al(OH)3 and Zr(OH)4 supported molybdenum catalysts com-
pared to their pure supports.

The present study interrogates the exact role of support and
metal oxide species towards its catalytic activity. The supports
and the MoO3 behave differently when used independently in the
benzyl alcohol reaction. CaO, MgO and Zr(OH)4 supports were
inactive in the reaction. When MoO3 obtained by the calcination
of precursor (ammonium heptamolybdate) at 550 ◦C is used as
a catalyst, it turned completely black at the end of the reaction
and the products were inseparable. However, when Mo species
supported on various supports, due to the interaction of Mo-
oxo species with the support, the support–metal oxide system
behaved altogether in a different manner.

In the case of pure supports CaO and MgO, the lack of
required nature of hydroxyl groups prevented the extensive inter-
action with the molybdenum-oxo species which in turn influ-
ences the catalytic activity. However, due to the high aqueous
solubility of CaO and MgO, being strongly basic in nature, their
acid–base interaction with the precursor resulted in the forma-
tion of CaMoO4 and MgMoO4 [37]. X-ray diffraction and FT-IR
studies support the fact that CaMoO4 and MgMoO4 phases are
formed on Mo/CaO and Mo/MgO, respectively.

The difference in the SMI and the consequent formation
of well-dispersed metal ion species or crystalline compound
drastically influenced the catalytic activity. Further the SMI in
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ctivity can be explained on the basis of support–metal oxide
nteraction (SMI) as follows.

During calcination of Al(OH)3, the acid–base strength of
ydroxyl groups are altered [28]. The hydroxyl groups in
l(OH)3 are more basic in nature compared to those in Al2O3.
here exists interaction between more number of hydroxyl
roups present in Al(OH)3 which are more basic and metal solu-
ion which is acidic in nature [29,30]. This type of interaction
f molybdenum species which is more electronegative through
ydroxyl groups creates Lewis acid sites due to the increased
lectronegativity of support through the inductive effect [31].
ut in the case of Al2O3, due to lower density and acidic nature
f hydroxyl groups, this kind of interaction is weak compared
o the Al(OH)3 support.

Mo is present either in the form of monomeric MoO4
2− or

eptamolybdate (Mo7O24
6−) or both, based on the pH and con-

entration of the aqueous salt solution [32,33]. It was reported
arlier by many authors that at lower Mo loading and at basic
H monomeric species interacts with the support and at higher
oading heptamolybdate species is involved [34–36].

In the case of Mo/Zr(OH)4, conversion of benzyl alcohol
o toluene and benzaldehyde occurred but not in the case of
he pure support. Among all the supports discussed in this
aper, molybdenum-oxo species interact with Al(OH)3 and
r(OH)4 in such a way that molybdenum species is well dis-
ersed on the surface of these supports, which is further cor-
oborated by the absence of any compound formation like
l2(MoO4)3, Zr(MoO4)2 and crystalline MoO3. The higher
umber of hydroxyl groups with adequate basic strength is
esponsible for the unique interaction between Mo species and
l(OH)3/Zr(OH)4 supports. This in turn resulted in higher level
he selected materials accounts for the fact that those supports,
hich exhibited good catalytic activity in the benzyl alcohol con-
ersion had uniform distribution of the active centres whereas
he inactive materials exhibited non-homogeneous distribution
r crystallites of metal–support species. The surface areas of
ormer materials were also found to be generally high.

Thus the present studies over CaO, MgO, Al2O3, Zr(OH)4
nd Al(OH)3 supported Mo shows that the presence of molyb-
enum species is not the only criterion for increased catalytic
ctivity but the metal–support interaction plays a key role. These
esults by and large indicate that the nature of SMI was signifi-
antly different and hence created catalytic centers with different
ctivities. It is noteworthy that the observed change and dif-
erence in the catalytic activity of supports and Mo supported
atalysts exhibited a good correlation with the structural changes
n Mo incorporation. It can be concluded that Al(OH)3 sup-
orted molybdenum catalysts is a better catalyst in the benzyl
lcohol conversion over the other supported catalysts mentioned
n the present study due to SMI.

. Conclusions

Catalytic activity of supported molybdenum catalysts
epends on the type of the support to a greater extent. The
cido-basic nature of the support influences the support–metal
nteraction. The higher the base strength of hydroxyl groups
n the surface of the support, the higher its interaction with the
etal-oxo species. Benzyl alcohol can be converted to benzalde-

yde and toluene over aluminum hydroxide/alumina/zirconium
ydroxide supported molybdenum catalysts. However, due to
MI, Al(OH)3 supported 15 wt.% molybdenum catalysts are a
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more ideal system for the disproportionation of benzyl alcohol
than other supports like CaO, MgO, Zr(OH)4 and Al2O3.

Acknowledgements

Thanks are due to UGC for the leave granted to Mrs. Shanty
Mathew under Faculty Improvement Programme. The authors
thank Dr. Jai Prakash, BIT for granting permission to utilize the
surface area analysis facilities.

References

[1] C.L. Thomas, Catalysis Processes and Proven Catalysts, Academic Press,
New York, 1970.

[2] K.Y.S. Ng, E. Gulari, J. Catal. 92 (1985) 340.
[3] Y.S. Jin, A. Auroux, J.C. Vedrine, J. Chem. Soc. Faraday Trans. 83

(1989) 4179.
[4] H. Miyata, S. Tokuda, T. Ono, T. Ohno, F. Hatayama, J. Chem. Soc.

Faraday Trans. 86 (1990) 2291.
[5] T. Ono, H. Miyata, Y. Kubokawa, J. Chem. Soc. Faraday Trans. 83

(1987) 1761.
[6] H. Miyata, S. Tokuda, T. Ono, T. Ohno, F. Hatayama, J. Chem. Soc.

Faraday Trans. 86 (1990) 3659.
[7] J. Gong, X. Ma, X. Yang, S. Wang, S. Wen, Catal. Commun. 5 (2004)

179.
[8] S. Imamura, H. Sasaki, M. Shono, H. Kanai, J. Catal. 177 (1998)

72.
[9] Y. Okamoto, Y. Arima, K. Nakai, S. Umeno, N. Katada, H. Yoshida, T.

[

[11] Y. Okamoto, Y. Arima, K. Nakai, S. Umeno, N. Katada, H. Yoshida, T.
Tanaka, M. Yamada, Y. Akai, K. Segawa, A. Nishijima, H. Matsumoto,
M. Niwa, T. Uchijima, Appl. Catal. A 170 (1998) 359.

[12] D.S. Kim, I.E. Wachs, K. Segawa, J. Catal. 146 (1994) 268.
[13] S. Mathew, J.B. Nagy, N. Nagaraju, Catal. Commun. 7 (2006) 177.
[14] E.P. Reddy, R.S. Varma, J. Catal. 221 (2004) 93.
[15] S.C. Chang, M.A. Leugers, Bare, J. Phys. Chem. 96 (1992) 10358.
[16] J.R. Sohn, S.G. Cho, Y. Pae, S. Hayashi, J. Catal. 159 (1996) 170.
[17] S. Chung, M.A. Leugers, J. Phys. Chem. 96 (1992) 10358.
[18] B.M. Reddy, E.P. Reddy, S.T. Srinivas, J. Catal. 136 (1992) 50.
[19] H. Weigold, J. Catal. 83 (1983) 85.
[20] K. Nakamoto, Infrared Spectra of Inorganic and Coordination Com-

pounds, 2nd ed., John Wiley & sons, New York, 1970, p. 111.
[21] L. Lietti, I. Nova, G. Ramis, L.D. Acqua, G. Busca, E. Giamello, P.

Forzatti, F. Bregani, J. Catal. 187 (1999) 419.
[22] Giordano, J.C.J. Bart, A. Vaghi, A. Castellan, J. Catal. 36 (1975) 81.
[23] K. Ganesan, C.N. Pillai, J. Catal. 119 (1989) 8.
[24] M. Jayamani, N. Murugasen, C.N. Pillai, J. Catal. 85 (1984) 527.
[25] M. Jayamani, C.N. Pillai, J. Catal. 82 (1983) 485.
[26] S.R. Kirumakki, N. Nagaraju, K.V.V.S.B.S.R. Murthy, S. Narayan, Appl.

Catal. A: Gen. 5860 (2001) 1.
[27] H.W.G. van Herwijnen, U.H. Brinker, Tetrahedron 58 (2002) 4963.
[28] M. Digne, P. Sautet, P. Raybaud, P. Euzen, H. Toulhoat, J. Catal. 211

(2005) 1.
[29] F.M. Mulcahy, M.J. Fay, A. Proctor, M. Houalla, D.M. Hercules, J.

Catal. 124 (1990) 231.
[30] J.A.R. Van Veen, H. De Wit, C.A. Emeis, P.A.J.M. Hendriks, J. Catal.

107 (1987) 579.
[31] W. Suarez, J.A. Dumesic, C.G. Hill Jr., J. Catal. 94 (1985) 408.
[32] L. Wang, W.K. Hall, J. Catal. 66 (1980) 251.
[33] N. Spanos, A. Lycourghiotis, J. Catal. 147 (1994) 57.
[
[
[
[

Tanaka, M. Yamada, Y. Akai, K. Segawa, A. Nishijima, H. Matsumoto,
M. Niwa, T. Uchijima, Appl. Catal. A 170 (1998) 329.

10] Y. Okamoto, Y. Arima, K. Nakai, S. Umeno, N. Katada, H. Yoshida, T.
Tanaka, M. Yamada, Y. Akai, K. Segawa, A. Nishijima, H. Matsumoto,
M. Niwa, T. Uchijima, Appl. Catal. A 170 (1998) 343.
34] H. Jeziorowski, H. Knozinger, J. Phys. Chem. 83 (1979) 1166.
35] A.l. Diaz, M.E. Busell, J. Phys. Chem. 97 (1993) 470.
36] Li Wang, W. Keith Hall, J. Catal. 77 (1982) 232.
37] D.S. Kim, K. Segawa, T. Soeya, I.E. Wachs, J. Catal. 136 (1992) 539.


	Influence of nature of support on the catalytic activity of supported molybdenum-oxo species in benzyl alcohol conversion
	Introduction
	Experimental
	Preparation of supports
	Preparation of supported 15wt.% molybdenum catalysts
	Characterisation
	Catalytic activity

	Results and discussion
	Surface area
	Powder X-ray diffraction
	FT-IR
	Catalytic activity

	Conclusions
	Acknowledgements
	References


