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ABSTRACT

Catalysis of several mixed oxide solid acid catalysts for esterification of acetic acid with ethylene glycol has been
described. In esterification reaction influence of catalyst amount, reaction time and promoter used in preparation of
supported catalysts has been studied. All the supported catal ysts were prepared using wet impregnation technique.
The X-ray diffraction profiles of zirconia based samples exhibited presence of tetragonal ZrO, phase. It was testified
that the Mo/Zr O, catalyst was effective catalyst for esterification of acetic acid with ethylene glycol. Higher activity
of Mo/ZrO, is attributed to presence of greater amount of tetragonal phase of ZrO,and higher surface acidity.
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INTRODUCTION

Environmental protection is global concern. Theegrehemistry is invention, design and applicatibreleemical
products and process to reduce or eliminate theandegeneration hazardous substances. The lawsnjjoyehe
emission and their control have become stringecbnBmic considerations and environmental evaluatioave
pushed the chemical industry to adopt new ecofheddaner technologies with minimum disposal [Qhtalysis in
environmental application is attaining greater im@oce nowadays. Recent developments in heterogsneo
catalysis meet the objectives of refining and cloamprocesses targeted at creating better envirohtoeorrow.
The development of new organic catalytic procedared catalysts is one of the major goals in theeroporary
catalysis research [2].

Esters are useful as solvents, artificial flavptasticizers, essences and are perfumery industagitionally esters
are prepared using,H0, as catalyst [3]. The use oh,80, often causes problems such as corrosion and piluti
for environment by producing large amounts of bguoieis. In view of environmental concern, therelabgl effort
to replace conventional catalysts by solid acidsctvfare easily separable from products, less tarid reusable.
Esterification is carried out under batch and floanditions over cerium ammonium nitrate [4], iodift,
niobium(V)oxide [6], molecular sieves using higlacohols [7], ionic liquids [8] and heteropolyaci@. Promoted
metal oxide catalysts offer several advantages olverabove catalysts. They are active over widegeaof
temperatures and more resistant to thermal exawgsio

The chemical and physical properties of zirconisgdlacatalysts make them very attractive catalyatenmals that
may compete with other ones in industry like zeegypclays and oxides. This presents clean efficiggthod to
prepare solid catalysts selective and active ferttansformation of organic compounds. Innovatisgeats are the
development of new acid catalysts is within themeawork of the discovery of new solid acid catakgstmprove

3031



Manohar Basude J. Chem. Pharm. Res., 2012, 4(6):3031-3035

the yield and selectivity towards the target pradlibe synthetic method is easy providing zirconith different

degree of acidity depending on reaction requiremetiich makes it potential catalyst for industryvoied to

organic transformation. Zirconia based solid acithlysts for catalyzing several reactions is dbscriby Arata and
Hino et al [10]. Among solid super acid catalystported, sulfated zirconia received much attentioa to its high
activity to catalyze many reactions at low tempaet[11]. It is known that mixed oxides often shewhanced
acidity and thermal stability than their constitusingle oxides. Therefore we undertook investwaito prepare
solid acid catalysts of Nb, Mo or W oxide dopectaitia and comparing the activity of these catalygth some

other mixed oxide catalysts for esterification tifygene glycol with acetic acid.

EXPERIMENTAL SECTION

2.1. Catalyst preparation

Zirconia based solid acid catalysts were synthesizg precipitation and impregnation method usingaiia
source. In the first step zirconium hydroxide waspared by hydrolyzing salt ZrOGH,0O with aqueous ammonia
solution. In preparation of zirconium hydroxide abd gm of ZrOCJ.8H,0O (Loba chemie, GR grade) was
dissolved in 40 ml of doubly distilled water. Th8 gf the solution was 2. Dilute ammonia solution veakied
slowly until the p' of the solution reached 7 with continuous stirrififge obtained precipitate was washed with
distilled water several times until free from clhifierions and dried at 393K for 48 hrs. The overedisample was
calcined at 873K in flow of oxygen to obtain ZtGn the second step impregnation of the molybdategstate and
niobium promoter was carried out by dissolving listi@ quantities of corresponding metal precursorgdoubly
distilled water to which Zr(OR)is added and the excess water is evaporated. Athgned samples were oven dried
at 393K for 48 hrs and finally calcined at 873K &brin flow of oxygen.

The titania-zirconia (1:1 ratio) mixed oxide waepared by a homogeneous co precipitation method. tipical
experiment the required quantities of titaniumaelioride and zirconium oxychloride were dissolgegparately in
deionized water and mixed together (pH = 2). Theultsng solution was neutralized by adding dilute
NH,OHdropwise from a burette up t8 8. The obtained precipitate was washed severaktimign water until free
from chloride ions, dried at 393K for 16 hrs anttieed at 1023K for 6h in air.

TiO, is prepared using titanium tetrachloride as trecprsor as described above. The desired quantityobfum
oxide precursor was dissolved in excess water arwhich the powdered hydrous titanium oxide waseadd he
excess water was evaporated on water bath witlraigostirring. The obtained sample was oven drie2BaK for
12h and calcined at 1023K for 6h in air.

Commercial montimorillonite clay is used.

2.2. Catalyst characterization

A conventional all glass volumetric high vacuumteys was used for BET surface area measurementsBEfie
surface areas were measured by nitrogen physieorati liquid nitrogen temperature by taking 0.16&” ms the
area of cross section of,Mnolecule. The phase composition of the samplesdetermined by X-ray diffraction
method. X-ray powder diffractograms were recordedadPhilips pw-1051diffractometer by using Ni-fikkel Cuk,
radiation.

2.3. General procedurefor esterification

A mixture of acid (1g), alcohol (excess) and cathl§0.1g) was heated at 358K for 6h in round botftask
provided with condenser. After completion of thaation conversion and selectivity are determineantjtatively
by using gas chromatography with 10% OV-17 colunmd &ID detector and qualitatively by NMR. After
completion of the reaction catalyst was filteredHCQO; solution was added to the filtrate and extractét ether.
The organic layer was dried with (anhydrous)${@, concentrated and chromatographed on.SiO

RESULTSAND DISCUSSION
The XRD patterns of zirconia and promoted zircaxhibit presence of tetragonal phase of zirconigwls active
in catalyzing several organic reactions [12-15]s hvell-known from the literature that incorpomatiof promoter in

zirconia lattice and calcination at $83and above stabilizes the tetragonal phase obuiec Incorporation of Mo
in to zirconia lattice has strong influence on sfanmation of monoclinic phase to tetragonal phgsen calcination
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compared to W and Nb incorporation. All the prondotatalysts exhibit higher surface area than thar®,. This
can be attributed to formation of Mo-O-Zr linkagesulting in formation of porous material [14].

Acidity of promoted ZrQ catalyst is owing to an electron deficient staienfed by the introduction of promoter
cations Mo, W and Nb into ZrQattice. This is further supported by IR spectfah® above catalysts where pure
ZrO, shows the presence of Lewis acidic sites and imratjpn of promoter into zirconia lattice create®isted
acidic sites. The lattice defects caused by therpraration of promoter in the Zsites appear to enhance the
number and strength of the Lewis acidic sites ef¢hatalyst. The ammonia-TPD results revealed tiakttare two
types of different acid sites on all the investigghtamples. The total amount of ammonia desorbéldeicase of
Mo-promoted samples was observed to be higherttiegtrof W-promoted sample. It appears from ammadf®
results that molybdate promoters exhibit a strarilgénce on the surface acidity of zirconia [15].

The result of esterification of acetic acid witthg@ene glycol over solid acid catalysts is givenTable 1. Among
the catalysts studied, Mo/ Zsg@howed highest conversion and selectivity to dlgoetate. The conversion was low
for other catalysts understudy showing the infleatacidity. The conversion was found to decrdesm 63% to
17.9% for other catalysts attributed to influentaadity of the catalysts on esterification of &ceacid.

Table 1Surface ar ea, acidity of various catalystsand yield of glycol acetate

catalys Conversion% of acetic ac  Selectivity% of glycol aceta  Yield Of glycol acetat Surface are (m°g?)
Zro; 21 100 21 42
9%Nb/ Zre 19.9 100 19.9 32
9%W/ Zrc, 22.¢ 10C 22.¢ 35
9%Mo/ Zre 63 100 63 94
9%Nb/ Tie 30.8 100 30.8 51
Tio,..Zro, 17.7 100 17.7 161
Na-Montmorillonite 18 100 18 -
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Figure 1. conversion v/sreaction time plot for esterification of acetic acid with ethylene glycol over zir conia based catalysts.
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Incorporation of Mo promoter into zirconia lattio'creases the Lewis acidic sites and strength efLewis acid

sites in addition to this creates Bronsted acid&ssIncorporation of W and Nb of same amount &itoonia lattice

and calcination at the same temperature is caaigdor comparison. Under similar conditions foesk catalysts
formation of tetragonal phase is low, surface aretne catalyst is decreasing and surface acidiity eecreasing.
This can be attributed to decrease in conversicacefic acid from Mo/ Zr@ to Nb/ ZrO,. For comparison sake
9% Nb/ TiO, is also used. Esterification over this catalydbisnd to be higher than on 9% Nb/ Zr@is might be

due to increase in surface acidity as Nb is incaal in to TiQ which creates defects.

The effect of catalyst in synthesis of glycol atetaas been studied by esterification over alllgstts: by taking

0.05 and 0.1 g of each of the catalysts and reftuxip to 4 h. It has been observed that there igime increase in
the yield of glycol acetate by increasing the antafncatalyst by two fold. In figure 1 conversioh acetic acid
with respect to time is given for esterificatioracdon over several promoted zirconia catalystgiven. It is

observed that with the increase in time there ¢sease in conversion of acetic acid and reachesnmiax value

after 4 h for all catalysts. Catalyst separatethfreaction mixture and dried in oven for severalrsoThe catalyst
was reused for several times and it was foundthese is no loss in activity.

CONCLUSION

The following conclusions can be drawn from thelgtu

« The zirconia sample calcined at &K3consists of mixture of monoclinic Zgphase and tetragonal phase.

* Incorporation of promoter showed significant infige on the physico chemical properties of zirconia.
Incorporation of promoter transforms almost congdiemonoclinic phase of Zrn to tetragonal phase.

Surface area of Mo promoted Zr€atalyst is higher than pure Zrénd for Nb, W promoted ZrQcatalyst surface
area is less than pure Zr€atalyst.

Mo/ ZrO,is found to be active and selective in the formatbglycol acetate

Incorporation of any promoter leads to formationtefragonal phase but higher activity is observed Mo
promoted catalyst this may be probably due to highmdity of this catalyst. Further studies areeesisl to
determine the exact nature of acidic sites preserthese oxides. Although much about generatioactfe sites
and role of redox properties of the promoter inooaped in to ZrQ is unresolved, the catalytic activity is
reasonably good.
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