
Nicotinamide, a component of vitamin B, is an important com-
pound for metabolism in human beings and animals and is used
as a food additive. It is usually synthesized by the ammoxida-
tion of 3-picoline to nicotinonitrile and further hydrolysis of the
nitrile formed.1–3 Vanadium oxide catalysts either unsupported
or supported on oxides such as TiO2, ZrO2 and Nb2O5 have
been employed for the vapour phase ammoxidation of 3-picol-
ine.1–6 The catalytic properties of vanadium oxide are strongly
influenced by the method of preparation, nature of support and
type of promoter. It is generally believed that optimal catalytic
activity and selectivity is achieved when a monolayer of vana-
dium oxide is dispersed on supported oxides. Molybdenum is
frequently added as a promoter to vanadium based catalysts for
a number of selective oxidations7–10. In the present investigation
we report the influence of MoO3 on the catalytic properties of
V2O5/γ-Al 2O3 for the ammoxidation of 3-picoline.
Furthermore, we report reducibility of V2O5 supported on γ-
Al2O3, upon addition of MoO3 and its consequential effect on
the activity and selectivity of the catalysts during ammoxidation
of 3-picoline to nicotinonitrile. We also report the characteriza-
tion of these catalysts by pore size distribution (PSD) and tem-
perature programmed reduction (TPR).

The catalysts have been prepared in two steps. In the first step
10% V2O5 (w/w) supported on γ–Al2O3 (Harshaw Al-111-E)
was prepared by wet impregnation of the alumina support using
an aqueous solution containing ammonium metavanadate. After
impregnation the sample was dried at 383 K and calcined in air
at 773 K for 6 h. In the second step a series of V2O5–MoO3 cat-
alysts with varying MoO3 content ranging from 1 to 5% (w/w)
were prepared by wet impregnation of previously prepared 10%
V2O5/γ-Al2O3 catalysts using stoichiometric amounts of an
aqueous solution containing ammonium heptamolybdate. TPR
studies were conducted on  an Autochem 2910 (Micromeritics,
USA) instrument. The reaction was carried out for eight to ten
runs and each run was about 6 h. The details of the experimen-
tal procedure are given elsewhere.6 Pore size distribution (PSD)
studies were performed on an Auto Pore III (Micromeritics,
USA) using the mercury penetration method.

Figure 1 represents incremental intrusion volume vs pore
diameter for various V2O5/γ-Al2O3 and V2O5-MoO3/γ-Al2O3
samples. All the samples show bimodal distribution with the
majority of pores present in large pore diameter (>1000 Å). It
has been observed that the average pore diameter increased
marginally with MoO3 loading. This change might be due to
blockage of pores in the range of 100 Å, which can be noticed
from the decrease in the intensity of pores in this range.
Similarly, the total pore area also decreased with addition of
MoO3. The details of total pore area, total intrusion volume

and average pore diameter of V2O5-MoO3/γ-Al2O3 catalysts
are given in Table 1. 

Temperature programmed reduction (TPR) profiles of vari-
ous V2O5/γ-Al 2O3 and MoO3-V2O5/γ-Al 2O3 samples are
shown in Figure 2. The dependence of Tmax values on the
MoO3 content is given in Table 2. TPR of V2O5/Al2O3 show a
single peak with Tmax at 838 K, which is attributed to reduc-
tion of V 4+. Our TPR results are in agreement with the results
of Koranne et al.11 wherein, they found a single major reduc-
tion peak above 773 K in the TPR of V2O5/Al2O3. The results
of TPR of various MoO3–V2O5–γ–Al2O3 catalysts show a sys-
tematic change in the reduction of vanadia with the increase of
molybdena loading. The TPR profiles for all samples have
shown two prominent maxima (Tmax) and their position are
listed in Table 2. The low temperature peak in the region of
796–799 K is due to reduction of V5+ to V4+. The Tmaxdid not
change with increase of molybdenum oxide and it is lower
than V2O5/Al2O3 (Table. 2). However, the Tmax values of the
first major peak in all V2O5–MoO3/Al2O3 samples are found
to be lower than V2O5/Al 2O3. In the TPR of
V2O5–MoO3/Al2O3 the second major peak appeared above
1003 K due to reduction of MoO3. The Tmaxvalues for the sec-
ond peak were found to increase with MoO3 loading. TPR
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Fig. 1 Pore size distribution studies of V2O5/γ-Al2O3 and
V2O5–MoO3/γ-Al2O3 catalysts: (a) 10% V2O5/γ-Al2O3; (b) 1.0 %
MoO3–V2O5/γ-Al2O3; (c) 3.0% MoO3-V2O5/γ-Al2O3; and (d) 5 %
MoO3–V2O5/γ-Al2O3



results of molybdenum promoted samples are in agreement
with the recent H2–TPR work of Casagrande et al.12

Figure 3 shows the dependence of activity and selectivity on
the molybdena loading during the ammoxidation of 3-picoline

to nicotinonitrile at 633 K by various V2O5–MoO3/Al2O3 cat-
alysts. The conversion of 3-picoline is found to increase mar-
ginally with addition of of molybdena compared to the 10wt%
V2O5/γ-Al2O3 catalyst. However, the selectivity to nicotinoni-
trile was found to decrease with increase of molybdena load-
ing on V2O5/γ-Al2O3. Pure γ-Al2O3 was found to be inactive
for nicotinonitrile formation under the experimental condi-
tions of reaction employed for various V2O5–MoO3/γ-Al2O3
catalysts. The results are specific for the mole ratio of 3-pico-
line:H2O:NH3:air at 1:13:22:44 at 633 K.6 Andersson et al.1–3

studied the acid–base properties of V–Ti–O catalysts in the
ammoxidation of 3-picoline, which corresponds to a relatively
small amount of acidic sites. A catalyst which is selective in
the formation of nicotinonitrile requires a high concentration
of both acidic-basic sites. The conditions in the ammoxidation
of 3-picoline are both reductive and oxidative; i.e. the hydro-
carbons consume oxygen from the catalyst, which is then
reoxidized. It can be expected that under steady state condi-
tions, the catalyst will contact a certain amount of lower
oxides formed by reduction of the originally charged catalyst.

The addition of molybdena to the V2O5/γ-Al2O3 catalyst is
found to increase the reducibility of vanadia supported on alu-
mina. Thus, molybdena addition to V2O5 increases the 
catalytic activity during ammoxidation of 3-picoline to nicoti-
nonitrile. However, it favours the decrease of selectivity to
nicotinonitrile with MoO3 loading. The low selectivity during
ammoxidation of V2O5–MoO3/γ-Al2O3 catalysts is attributed
to the inhibition of interaction between V2O5 and the γ-Al2O3
surface. The pore size distribution studies reveal that the total
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Table 1 Results of pore size distribution (PSD), temperature programmed reduction (TPR) profiles for the V2O5/γ-Al2O3 and V2O5-
MoO3/γ-Al2O3 catalysts 

No. Wt% of MoO3 Total intrusion Total pore Average pore Tmax (K) Tmax (K)
on V2O5/γ-Al2O3 volume (ml/g) area (m2/g) diameter Å I Peak II Peak

1 0 0.7911 196.277 161 838 1004
2 1 0.8105 190.342 170 796 1113
3 2 — — — 799 1144
4 3 0.8162 184.861 177 803 1153
5 4 — — — 792 1211
6 5 0.7661 179.318 171 799 1212

Fig. 3 Ammoxidation of 3-picoline over vanadia-molybdena
catalysts (reaction temperature 633 K).

Fig. 2 Temperature programmed reduction (TPR) profiles of
vanadia-molybdena catalysts; (a) 10% V2O5/γ-Al2O3; (b) 1 %
MoO3–V2O5/γ-Al2O3; (c) 2 % MoO3–V2O5/γ-Al2O3; (d) 3 %
MoO3–V2O5/γ-Al2O3; (e) 4 % MoO3–V2O5/γ-Al2O3; and (f) 5 %
MoO3–V2O5/γ-Al2O3



pore area is decreasing due to blocking of pores by MoO3 in
V2O5/γ-Al2O3.
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