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ABSTRACT

Ammoxidation of 2-methylpyrazne to 2-cyanopyrazine was investigated on antimony, zirconia, cobalt, copper and
manganese promoted vanadium phosphorus oxide (VPO) catalysts and antimony promoted alumina supported
vanadium phosphorus oxide (S-VPO/AI,O3) catalyst under atmospheric pressure and at 400 °C. The catalysts were
characterized by means of X-ray diffraction, electron spin resonance, infrared spectroscopy, scanning electron
microscopy, ammonia chemisorption and BET surface area methods. The catalytic activity is correlated well with
the physicochemical characteristics of the catalyst. Higher activity is observed for Sb-VPO-1 catalyst having lower
surface area, lower oxidation state of vanadium and higher surface acidity. Sb-VPO/AI,O; is active and selective in
conversion of 2-methylpyrazine to 2-cyanopyrazine due to presence of VPO in highly dispersed state over Al,Os
Promoter antimony reduces V** to V** prevents the formation of del eterious phases and weakens V=0 bond strength
allowing rapid exchange of oxygen increasing selectivity towards 2-cyanopyrazine. Higher air to ammonia mole
ratio enhances the activity and selectivity towards 2-cyanopyrazine. VPO catalyst showed better conversion and
product selectivity than the zirconia, cobalt, copper and manganese promoted vanadium phosphorus oxide catalysts.
Redox cycle between V** and V** and higher surface acidity favors formation of 2-cyanopyrazine.
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INTRODUCTION

In organic synthesis conversion of one functiorralug to other is very much important. By convensiomethods
conversion of a methyl group to nitrile involves mahan one step and handling of hazardous chesrlikal KCN
and CuCN. Ammoxidation is a clean process by whie€H; group can be converted into nitrile with the afchio
and ammonia over a suitable heterogeneous catalyghoxidation is nothing but a vapor phase pauidatation
with selective insertion of a nitrogen atom fronsgaus ammonia into an inert or slightly activat€&Hs group
attached to an olefin, aromatic or N-heteroaromhtidrocarbon to produce corresponding nitrile irgéascale.
Thus ammoxidation combines both oxidation and anutysis in a single step with the involvement oftahie
heterogeneous catalyst. This process is cleangivess high yield and purity of the products. Thenaowidation of
organic substrate containing activated methyl group is an interesting reacfimnproduction of fine chemicals.
The cyano group constitutes a very versatile fameti group susceptible for different kind of attechkuch as
hydrolysis or reduction for wide range of produddn the other hand they often by themselves vatuéibe
chemicals

Mixed oxide catalysts are generally used in saleadidation and ammoxidation in vapor phase. enfdrmulation
of catalysts one of the elements from V, Mo, W, Bhwill be present as main components and the raccepted
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mechanism is redox one [1, 2].A large variety ofia@ium antimony systems are developed for ammagwid atf
propane [3]. Ammoxidation of heteroaromatic commsinyield intermediates and final products peitagjrio the
agrochemical and pharmaceutical area. Nicotinid acid nicotinamide which are essential constituefitgtamin
B complex can be obtained by hydrolysis of nicatitrde [4]. Pyrazinamide is a well known anti-tubalar drug.
The ammoxidation of 2-methylpyrazine to 2-cyanopima is the key step in the preparation of pyramioke. This
reaction is intensively investigated by severakaesh groups [5-10]. A large variety of catalygstem mainly
composed of vanadium, molybdenum and antimony exsgported on alumina, silica, HZSM-5 and modifitd/
are used in the ammoxidation of 3-picoline to riremitrile [11-16].

NyCHs N_ _CN
A
[ j/ + NH; +320, —» [ j/ + 3HO0
N 7
N

2-methylpyrazine 2-cyanopyrazine

Supported vanadium oxide catalysts are used inatigitdammoxidation reactions because support pesvidgher
surface area, mechanical strength and thermallisfalbihen active component is dispersed on the stpp
Andersson and Lundin [17] reported the maximumvégtfor V-Ti-O catalyst which can be attributed reaximum
contact between ¥;; and the TiQ phases, which could result in weakening of thefaser (V=0§* bond.
Andersson [18] found that in,@s/SnG, catalyst the role of SnQvas to weaken the short V=0 bonds. This can be
due to incorporation of Sfin to V,Os lattice. The role of promoters in selective oxidatis related to history of
modifications of the pure oxides of the main eletaeRromoters which are present in relatively raghount will
form well defined compound or solid solution butemhpresent in small amount identification of theiocation on

the surface and in the bulk becomes difficult.

Mixed antimony based oxides can be used in ammuaitdaf olefins [19, 20]. A commoand typical property of
antimony based catalysts is the high activationpemature which is essential to obtain high selégtin oxidation
reaction. During high temperature treatment ther@d formation of any compound, but of a solid sofu of
antimony oxide in SngJ21]. Roginskaya et al [22] stated that the activity aked oxides is caused by the presence
of SB*. Free antimony oxide dispersed in mixed oxides i reduction rate higher than pure Sbh-oxides.

Vanadium antimonite based catalysts have drawniderable attention in recent years for their catalpehavior
in propane ammoxidation. A large number of patématge been filed claiming vanadium antimonite asabtive
phase, but only limited information is availabletire literature about its characterization [23-26]s known that
vanadium and antimony form a rutile VSp@hase which is active and selective for propanmaxidation when
excess of antimony is present. Furthermore, it b&en shown for vanadium antimonite samples witregexof
vanadia that some vanadium oxide can also be preapported on VSb zrystals [26]. V-Sb-O and VPO systems
show the higher selectivity’s in acrylonitrile foation from propane [27]ln this ammonia transforms (1) total
oxidation sites to selective sites for acrylonirynthesis (2) reduces these sites due to itatisadto nitrogen
oxides.

Vanadium phosphorus oxide catalysts have been sxtdy studied because of their commercial sucdess
selective oxidation of butane to maleic anhydri@8,[29]. VPO'’s are also reported to be active felective
ammoxidation of 3-picoline to nicotinonitrile [30According to Hodnett [28h VPO's the P: V ratio and reducing
agent mainly determine the phase composition otthalysts. It is well known that (VE@,0; is the active phase in
VPO catalysts and VOHR©0.5H,0 is the precursor of this phase.

Hutchings [31] observed that the addition of proenoatom enhances the activity and selectivity & YO
catalysts by preventing the formation of deletesiphhases. Addition of zinc to (VEO; leads to increases the
catalytic activity without effecting the selectiyiis most of the zinc present on the surface of){F,; and
oxidizes vanadium to 5+ state [32]. Thereforesystematic study is required in order to understidvedrole of
promoter atoms on the phase composition and tlagadytic properties. In view of the above reasoVand Cu,
Zr, Mn and Co incorporated VPO catalysts were megpand characterized by various physico-chemézdirtiques
and evaluated for the title reaction. L. Forni][3&served antimony as one of the active components
ammoxidation of 2-methylpyrazine to 2-cyanopyrazinvQO’s are used in oxidation of n-butane to maleic
anhydride and V-Sb-O is used in ammoxidation oppree to acrylonitrile. Therefore, the primary obijex of this
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investigation was to see the effect of various eot# of antimony on the phase composition of VPOV(E 1:1.4
kept constant) and the activity or selectivity loé resulting phases for the ammoxidation of 2-niptfgzine to 2-
cyanopyrazine The preparation of Shb-VPO sample l@ga two electron redox reaction in aqueous mwlut
between SB and V' starting from S§O; and NHVO3, the formation of the mixed hydroxide containing.Mn this
investigation an attempt is made to compare agtivitd selectivity of the VPO catalysts on additafrpromoter
atoms in micro quantities [Cu, Zr, Mn and Co] angcno quantities [Sb] for the title reaction.

EXPERIMENTAL SECTION

2.1. Catalysts

In aqueous method to prepare Sh-VPO-1 catalyst (3%1381)8 g of ammonium metavanadate and 14.96 g of
antimony trioxide were added to 500 ml distilledt@raTo the resulting suspension 15.81 g of {P®, was added

to maintain the P: V ratio at 1: 1.4 and refluxed & h. The excess water was evaporated on watlerdoa green
solid is obtained. The solid obtained was ovenddae110° C for 16 h and finally calcined at 75 for 4 h in an
open air furnace. Similar procedure was used tpgreeSb-VPO-2 (6% Sb) and Sb-VPO-3 (9% Sb) catalysing
requisite quantities of the precursors.

To prepare alumina supported Sb-VPO catalyst, 24 gmmonium metavanadate and 60 g of antimony it@x
were suspended in 500 ml water. To the resultisgausion, 23.8 g of 85% O4PI0, was added and refluxed for 2
h. To this 74 g of AlO; (SA = 174 rAig™) fine powder was added as carrier and furtherguetd concentrate the
suspension to obtain a paste, which was evapotatddyness. The residue was calcined at 7&0for 4 h in an
open air furnace.

In aqueous method 10% NBIH.HCI solution is prepared first and to this 18fg/,0s is added and refluxed for 16
h until the color of the solution changes to dddebTo the resulting solution requisite quantifyeHsPO, is added

to maintain P: V ratio at 1.2: 1 and further refidxfor 6 h. The resulting light brown compound Viiksred off and
washed thoroughly with doubly distilled water saletimes until free from chloride ions. The obtaln€PO
precursor was oven dried at 11Q for 12 h and calcined at 5@ in presence of air. For the preparation of 0.2
atomic percent additive containing VPO catalysts ¢lwen dried VPO precursor was suspended in didtivater
and refluxed for 1 h. To this requisite quantitieé CuCh.2H,0 or ZrOCL.6H,0 or Mn(NG),.4H,O or
Co(NGs),.6H,0O were added and refluxed for 8 h. The resultingppound was filtered off, washed several times,
oven dried at 118C for 12 h and calcined at 50C in presence of air.

2.2. Characterization methods

The phase composition of the samples was deternfigedtray diffraction method. X-ray powder diffragrams
were recorded on a Philips pw-1051diffractometerubing Ni-filtered Cuk radiation. Average oxidation state of
vanadium in various catalysts was determined byphotitration with KMnQ solution [34]. The ESR spectra were
obtained at liquid nitrogen temperature on a JE@3X X-band spectrometer with 100 kHz modulationlf Se
supporting KBr pellets containing the catalyst sksmpvere used to scan the IR spectra on a PerkierE283 B
spectrometer at ambient condition. Conventionaicsteolumetric high vacuum system was used to deitez the
BET surface areas and ammonia uptake capacitigheosamples. BET surface areas were estimated by N
physisorption at -196 C and taking 0.162 nmas the area of cross section of-rolecule. Ammonia gas
chemisorption measured by double isotherm methd&@iC temperature.

2.3. Catalytictests

Ammoxidation of 2-methylpyrazine to 2-cyanopyrazimas studied at 40%C on a previously described fixed bed
flow micro reactor operating under normal atmosfhgressure [35]. For each run about 3 g of catalgmple was
used and liquid products were collected after distahg steady state conditions (2-3 h). Liquid guwots were
analyzed by gas chromatograph with a 10% OV-17renlon chromosorbG-AW (2m long) kept at 1°8and with

a flame ionization detector. The feed was congistihl: 5.5: 17.8: 15.4 mole percent of 2-methyézyne, steam,
air and ammonia respectively was passed througbatadyst bed at a space velocity of 3974 h

In activity studies the optimum temperature obserig the maximum production of 2-cyanopyrazinet@ °C.
Above this temperature formation of carbon oxides, and pyrazine is observed. From the resultsimdda
maximum conversion of 2-methylpyrazine is obseraethole ratio of ammonia to 2-methylpyrazine isaBd mole
ratio of air to 2-methylpyrazine is 8.7. At a valbigher than this the conversion of 2-methylpyrazis decreased.
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At a space velocity higher than 3972there is decrease in the conversion of 2-methykpgeaand selectivity to 2-
cyanopyrazine increases. At lower space veloditieaation of tar and carbon oxide increases.

RESULTSAND DISCUSSION

X-ray diffraction patterns and IR results suggestspnce of various crystalline phases include (P50, o-
VOPQ,, SbVQ, Sh0s;, and WLOs respectively with varying intensities dependingtie concentration of $0s. In

the case of samples at lower antimony conterNM$OPO, and (VO)P,O; are the major phases identified. As the
antimony content increases the (WPYD; phase dominates probably due to reduction6ft¥ V** by antimony. In

IR spectra the values corresponding to V-O, P-&ating modes of (VQP,O; which is dominating phase along
with weak bands corresponding to orthophosphates-NVOPQ, , B-VOPQ, at 1040, 640 cthare observed. In all
other samples also peaks corresponding to V-O, g8r€ching of (VO)P,O; and orthophosphates are observed.
With the increase in antimony content a peak cpoeding to Sb=0 stretching is observed at 860.tmsupported
system AISbQ@phase is observed and vanadium is present inyhitisihersed state over the support surface [11].

X-ray powder diffractograms of VPO and additive anmorated VPO catalysts exhibit various crystallpteses
(VO),P,0;, a-VOPQ, andp-VOPQ, The d-values observed are in agreement withalitee values. There is no
substantial difference between diffractograms ofov&hd additive incorporated VPO catalysts. Howeaddition
of an additive atom to VPO appears to increasentieamsity of the peaks correspondinggt¥ OPQ, andp-VOPQO,
phases. This indicates an increase in the quasitity”* upon addition of the additive atom to VPO. IR speof
VPO and additive containing VPO catalysts indigate presence of (V@,0; andp-VOPQ, In the case of VPO
catalysts intense bands are observed at 1120 ahdr87with some weak bands at 725, 680 and 560.cFhese
values correspond to V-O and P-O stretching vibratiof (VO)}P,O;which is dominating phase. In addition to this
few weak and strong bands are observed at arouB@, 1D40 and 640 cincorresponding t@-VOPQ, phase.
However, in the case of additive containing VPQakets the latter phase is found to dominate oVé&){P,O;.
Thus the IR results are in line with XRD observasio

All the antimony promoted VPO catalysts have shavell resolved ESR spectrum with hyperfine splittifidnis
can be attributed to presence of ESR actives leaeadium oxide V' in good quantity. The good resolution of this
spectrum and the absence of exchange narrowedapedicate that ¥(VO?) ions are sufficiently separated from
each other and dispersed both on the surface atiibulk of the VPO compound. F8b-VPO-3 there is good
hyperfine splitting and area under the curve isimarm which is proportional to number of unpairedotions. g-
values are calculated for various catalysts asrtegan literature [36]. The g-values of the cas#dyare given in
table 3. The parametetg,/AgL is a measure of the overall distortion of an astalte. The largeAg,/Age  the
higher is the distortion, in other words , the séothe V=0 bond and the longer the-& bonds in the basal plane
of the VG octahedron. The g parameter can be attributesblated sites connected via oxygen bridges to P. Fo
Sb-VPO-1Ag,/AgL is smallest.

In the case of VPO sample a well resolved ESR spcivith hyperfine splitting is observed. This damattributed

to the presence of the ESR active lower oxidatiatesof vanadium (Y) in good quantity. In the case VPO-Zr
sample a well resolved spectrum obtained may prablymbe due to either preferential formation of ar
amorphous (VQP,0; phase or dilution of this phase with Zr-oxide. WPO-Cu sample spectrum of €u
overlapping with the spectra of VPO. In VPO-Mn sénp broad signal is observed may be due to dipolar
interaction of paramagnetic species. The g-valaézuitated are given in table 4.

Scanning electron micrographs of the promoted VBtalgsts show lower surface area and has platestiketure.
In these catalysts particle size is uniformlytRirrespective of the promoter used.

In oxidation/ammoxidation reactions activation oétimyl group in N-hetero aromatic compounds dep@mdacid-
base properties of the catalyst and reactants. ¥R@ solid acid catalysts having oxidizing powerN-hetero
aromatic compounds methyl group can be activatatlyfiby the coordinative unsaturated vanadiumwdrich is
acidic situated on the (100) surface plane of QPl); and then oxidized by the oxygen double bonded thith
other paired V-ion on the cleavage plane of (1093tal face of (VOP,0; are present. Pair of vanadium ions, each
consisting of a V-ion double bonded with oxygenihgwoxidation property and a coordinative unsatdav-ion
and coordinative unsaturated phosphorus ions piogefrom the surface plane. These coordinativeaturated v-
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ion and P-ions are thought to provide acid sitesuch a manner that V-ions act as Lewis acid aieh®through
taking water in them, as protonic acidfHThen probably combines with ammonia forming esponding nitrile.

Ammonia uptake measurements at $60of various catalysts are given in table 1. Amraamptake at 156C is a
measure of surface Bronsted acidity of the catslySatalytic activity can be correlated with suefaacidity.
Incorporation of antimony into vanadium phospharkiles modifies their surface acidity. In Sb-VPC8b;VPO-2
and Sb-VPO-3 catalysts the P: V = 1:1.4 ratio iptkeonstant and content of antimony increased fBoatom
percent to 9 atom percent.

Table 1: Physico-chemical and catalytic properties of various Sb-VPO catalysts

Catalyst BET surface area (m Ammonia Average oxidation cr:r?:t\;]eqsmrgzc};i' zfe;%“v'tré;?ne
Y gh uptakefi-moles ¢') number VP yanopy!
(percent) (percent)
Sbh-VPO-1 2.0 33 4.5637 85 90
Sb-VPO-2 31 27 4.6472 82 90
Sk-VPC-3 6.2 16 4.768¢ 54 90
Sb-VPO/ALO; 16 22 4.6374 92 93

From the table 1 it can be seen that with the BE®ein antimony content surface acidity is decrgasihe
oxidation activity for reactants like 2-methylpyiag is controlled by the activation of —Gkjroup and this is
performed at the acidic sites of the catalyst. Gleater catalytic activity is observed for Sb-VP®#iich is having
higher surface acidity in unsupported system. Sttpdosystem has higher activity even though hastoacidity
probably this may be due higher dispersion of VR@morphous state on support.

Table 2:Physico-chemical and catalytic properties of various promoted VPO catalysts

BET surface area (m Ammonia Average oxidation Conversion Qf 2- Selectivity to_ 2-
Catalyst 1 Uptake ber methylpyrazine cyanopyrazine
g) (u-moles ¢') num (percent) (percent)

VPO 9.51 256 3.849 90 90
VPO-Zr 2.81 168 4.042 85 92
VPO-Mn 431 135 3.943 81 90
VPO-Cuu 4.24 33 3.921 41 94
VPO-Coo 10.21 68 3.958 72 93
Conversion =
Number of moles of 2-methylpyrazine reacted

x 100

Number of moles of 2-methylpyrazine introduced

Selectivity =
Number of moles of 2-cyanopyrazine produced
x 100

Number of moles of 2-methylpyrazine reacted

Yield = Conversion % x Selectivity %

In the ammoxidation of 2-methylpyrazine the aciimatof C-H bond of methyl group is possible on &cisite of

the catalyst. At P/V ratio of 1.0 and above all gwface cations act as surface functional groupsall of the
surface vanadium ions form V= O species having xedtivity and all of the surface P-ions form P-®Gpkcies as
Bronsted acid sites. Therefore, the f@ups on the surface of (VEPHO, are believed to be responsible for the
activation of 2-methylpyrazine molecule and showdntrol the first step of the mechanism. Ammonia
chemisorption at 158C is measure of Bronsted acidity of the catalystsithese acid centers chemisorb ammonia
as NH*. As can be seen from table 2, there are more Brdrecid sites on VPO catalyst compared to additive
containing samples and same trend is observeaitothl conversion of 2-methylpyrazine on varioasples.
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Vanadium phosphorus oxides are characterized bydoxface area. Incorporation of antimony has natwsh
appreciable change in surface areas of the caalykere is slight increase in surface area wighitlcrease in the
content of antimony which is almost negligible. Tresence of vanadium in excess will increase sarf@anadyl
species their by catalytic activity. The increasedntent of antimony causes dilution of vanadgcsgs on surface
leading to decrease in catalytic activity. Suppbgstem has higher surface area. A small decieaseface area

of zirconia, cobalt, copper and manganese prometthdium phosphorus oxide (VPO) catalysts observed
compared to VPO catalyst, except the VPO-Co santptan be seen from the tables that catalytiosaigtincreases
with increase in surface area.

Several authors correlated the catalytic activitg aelectivity of VPO catalysts to average oxidatrmmber of
vanadium [28, 29]. It was postulated that the attbn of C-H bond takes place on the reduced sertdcvPO
[V*] and product is formed from oxidized surface. Whiem average oxidation state falls well below +Héstévity
to product decreases. The redox cycle betwe®raid V?* phases is considered to be responsible for thetaale
formation of the product. Activity of catalyst deys on metal oxygen bond strength along with otkaction
parameters. In vanadia based catalysts V=0 spéziastive in oxidation/ammoxidation reaction. Adulit of
antimony weakens V=0 bond strength thereby inceeastvity of the catalyst. In XDs, V=0 species are dispersed
only on (010) plane and when vanadia is present‘thstate the V=0 species is dispersed on all otheregla
because of this vanadium is reduced from +5 totatk on addition of antimony and orthophosphoriid.athe
active phase in n-butane oxidation is related sudace layer of V sites or to VOPQislands on (VOP,0,
matrix. Ye et al[37] have determined the numbeswoface V>=0 species on the (VgR,0; surface using the NO-
NH; rectangular pulse technique and fund that 50-70gpe of the surface vanadium ions on the (028hélof
vanadyl pyrophosphate are present &5.\This amount can be varied by doping with varielesments but at the
same time these elements induce the preferentidsexe of the the (020) plane of vanadyl pyrophasahFrom
Martin et al [38] V° phase along with ¥ phase is active in ammoxidation of 4-picoline. d8s and Courtin [39]
related the high selectivity to redox cycle betwperOPQ, and (VO)P,0; phases.

In this series of Sb-VPO mixed oxide antimony ex¢ine reducing effect like solvent with the incee@s antimony
content the VP is reduced to lower vanadium oxide. Higher catalgictivity is observed for catalysts in which
vanadium is present in +4 oxidation state alondhwaiptimum amount of ¥ species. From table 1 it can be
observed that all the catalysts in this series hawerage oxidation number around +4. This is supdoby
hyperfine splitting observed in ESR spectra andigas of the catalysts given in table 3.

Table 3:g-values of the catalysts

catalyst g oL
VzOs -
Sb-VPO-1 2.0206 2.1003
Sb-VPO-2 1.9338 1.9721
Sb-VPO-3 1.9446 1.9721
Sb-VPO/ALO; -

9
1.9749

1.9665

Table 4: g-values of the catalysts

catalyst g o1 g
VPO 1.9780 2.0006
VPO-Zr 1.9838 2.0048
VPO-Co 1.9836 2.0476
VPO-Mn - - 2.0124
VPO-Cu - - 2.1512

In Sb-VPO-1 catalyst presenceweVOPO, and (VO)}P,0; phases can be seen from XRD and IR results. \W&h t
increase in antimony contentVOPQ, phase is disappearing slowly and (¥®P, phase is dominating. For
antimony rich sample Sbh-VPO-3 in IR spectra a pa860 critis observed corresponding to Sb=0 and rosette like
structure is observed in SEM of the catalyst propdoe to agglomeration of antimony particles ovanadium
phosphate particles. Lowest activity for Sb-VPOah de attributed to absence w¥VOPQO, phase, lower surface
acidity and higher average oxidation number.
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In oxidationfammoxidation reactions redox mechanmays an important role i.e. hydrocarbon consumegen
from the catalyst, which is then reoxidized by neollar oxygen. There exists equilibrium betweefl Vand V° to
provide rapid exchange of oxygen from surface ti& bad bulk to surface. Vanadium oxide gave cergaimount of
lower oxide by reduction of originally charged dgs& In this series of Sb-VPO catalysts for amndation of 2-
methylpyrazine, catalyst showing high activity aswlectivity consists of mixture of well crystallgVO),P,0,
(V™) and amorphous phase*®yi.e. redox cycle between *¥/ and V° .It is also well known in the case of
supported transition metal oxidation catalyst thatal oxygen double bond groups are the reacttes.sThe facile
movement of electrons through the aggregated reldsiractures facilitate dissociation of oxygen &mgnation of
V = O active sites with vanadium in the +5 oxidatistate during the course of the reaction. Theghase in
propane ammoxidation is amorphous V$t8b,0, system [40] epitoxially grown on AIShOrutile whose
formation is catalyzed by the presence of vanadilhis non-stoichiometric mixed metal oxide is supeod on
Al,Os. The greater activity and selectivity for Sb-VPA&ILO; is observed because of presence of VPO in highly
dispersed state and formation of AlSh@hase. In SEM agglomeration of VPO patrticles diiersurface of AD;
are observed

The B-VOPOQ, (V*°) phase can not be reduced t&" tate as easily asVOPQ, Therefore, the activities of the
additive containing catalysts are less than the MRO catalysts. The preparation method adoptedrenteating
rates used for calcinations of the samples may giflghbe responsible for the greater quantityfe¥OPO,
observed. Formation of any new phase between therd@and VPO was not observed in this study. Tlesent
results show that the addition of cobalt to VPhigantly affects the activity of the catalyst. 8N, BET surface
area of the additive containing catalysts decreaggah addition of additive atoms. This observatearly
indicates that the additive atoms are not incofgdranto the phosphate layers as originally expgkctée additive
atoms are present on the surface of pyrophosphateeiform of water soluble compounds. This is gneement
with ESR results. g-values calculated are givemabie 4. The IR, ESR results and average oxidatiomber of
vanadium in the catalyst suggests that vanadiupneisent in lower oxidation state along with soni& ¥he redox
cycle between (VQP,0; (V*) anda-VOPQ, (V™) phases appear to be responsible for the ammtiidaf 2-
methylpyrazine to 2-cyanopyrazine[41,42].

CONCLUSION

Addition of antimony reduces 'V species to ¥ and weakens V=0 bond strength allowing rapid exgbaof
oxygen. The redox cycle betweed*V and V*° and higher surface acidity is responsible for bigactivity of the
catalyst. In supported system presence of VPOghlhidispersed state along with AlSp@hase is responsible for
higher activity and selectivity.

The undoped VPO is more active because of the higlndace area, higher surface acidity and lowedation
number of vanadium. The activities of doped VPQilyats are less, presumably due to spreading afiesldtoms
on the surface of active (V&0O; phase and an increase in the quantitp-8fOP0O, phase which can not be
easily reduced to the"V/state to produce redox couple.
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