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ABSTRACT

Using polarimetry technique we have investigated the acid — catalyzed
inversion of sucrose in heterogeneous systems, and V,O,/TiO, was
selected as appropriate catalyst. This catalyst prepared by impregnation
method. At the optimizing conditions the kinetic apparent parameters (A,
E., K) were calculated from data obtained from polarimeter with using the
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Arrhenius and Eyring method. The structure and particle size of catalyst

has been studied with the use of XRD.
© 2013 Trade ScienceInc. - INDIA

INTRODUCTION

Investigation of the sucroseinversion playsanim-
portant rolein the devel opment of chemica kineticsbe-
causeof itsimportancein food sweetenersindustry es-
pecially for thefructose products?. Although thein-
dustrid methodsused nowadaysfor fructosetype sweet-
enersare based on enzymatic hydrolysis of starch or
sucrosewithinvertaseenzyme, thesetechnologiesare
laborious and expensive’d. Therefore, heterogeneous
cataysisseemsto beagood dternativefor the sucrose
hydrolysi s reaction compared to the enzymatic or ho-
mogeneous procedures, because of its certain advan-
tageslike®®: therigorous control of thereaction; the
possihility of processautomation; the higher purity of
the reaction products, because of reducing the occur-
rence of secondary reactions; an easier separation of
the catalyst from reaction medium; the absence of the
equipment corrosion; the possibility to pilot thereac-
tion at higher temperature than in the enzymatic pro-
cess, which strongly favoursthe equilibrium displace-

ment to thereaction productsand dso thepossibility to
re-use, severa times, the catayst. A number of cata
lysts have been reported for thisreaction™Y, Inthis
articlean attempt hasbeen madeto investigatethe hy-
drolysisof sucroseby heterogeneousacid cataysislike
TiO, and vanadium supported ontitania. Thermody-
namic and kinetic parametersarea so reported. V,O,/
TiO, iscommonly used asacatalyst for anumber of
industridly important reactions, including the selective
oxidation reactions of o-xylene?% and ammoxidation
of hydrocarbong*¢l,

EXPERIMENTAL

Catalyst preparation and conditions of the cata-
lyticreaction

Sucrose, TiO,, NH,VO, and oxalic acid were of
anaytica grade (Merck) were used asreceived. Wa
ter wasdoubly distilled and degassed beforeuse. The
V,0O/TiO, catayst was prepared by impregnation of
TiO, with aqueoussolutionof NH,VO, inoxaicacid.
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Excesswater was evaporated while stirring, and solid
thusobtained wasdried at 343K and calcined at 723
K for3hinair. Masspercent of V,O,on TiO, (10 wt.
%) was obtained according to the reported proce-
dure. Hydrolysisof sucrosewasinvestigatedinthe
temperatureinterval of 50 to 80°C with 3, 5 and 7g
catalyst in 250 ml stirred solution of 0.3 M sucrose.
Portions of the solution after centrifuging weretaken
out at known timeintervalsand therotation of polar-
ized light was noted with the help of aWXG-4 disk

typepolarimeter.
Catalyst characterization

XRD patternswererecorded onaD& ADVANCE
diffractometer equipped with aCu target and graphite
monochromator, between°10 and °50 (20) with radia-
tion (A=1.5406A°). The applied voltage and current
were40kV and 80 mA, respectively.

RESULT AND DISCUSSION

| nver sion of sucrose

Thehydrolysisof sucroseto glucoseand fructose,
usingtheacid catalyst, proceeds accordingto thewel |-
known equation:

[H]

C12H»Op + HiO —— CsH1205 + CsH1204

Thereactionisirreversibleand first-order with respect
to the concentration of sucrose. For thisreaction was
used transition metal oxidesTiO, and V,O/TiO,. Our
experimental observation showed that the hydrolysisof
sucrosedid not occur by TiO,. Hydrophilic character
of TiO, may prevent the progressof hydrolysis. Inthis
work theV ,0/TiO, (10wt. %) was prepared and the
progressof hydrolysisof sucrosewasfollowed by the
anglesof rotationr, of the various sugar solutions at
different temperatureswith time (min). Typical results
at 60°C are graphically shown in Figure 1.

Thereactionexhibitsafirst-order dependencewith
thefollowingratelaw:

R=kCg,.m," @)
Herekistherate constant, miscatayst concentration
(g - litY) and n is reaction order of catalyst. As the
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catadyst weight isaways constant in each experiment,
sotheratelaw will beasfollows:
R=k'-Cg,
Where
k'=k-m_"
or
Ink’=Ink+ninm,, 4
By knowingr, we can determinethevaueof k’using
thefollowing equation:
[In(r, —r)/r, —ro) =K't (5
Thevaueof r_=6.5wasca culated by the Guggenheim
method! 8% with datafor 3 g of catalyst at 60 °C. Itis
clear that the plots of [In(r_ - r)/(r_ - /)] vs. t(min)
should belinear. Such plotswere obtainedin the present
study and from thed opethevaueof k’ waseval uated.
Asatypical for 3 gcatalyst 80 °C, theresultsare pre-
sentedinFigure2.

Thelinearity shownin Figure 2. supported afirst
order dependence on sucrose.
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Figurel:Angleof rotationvs. timeat 343K
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Figure2: [In(r_-r)/(r_-r )] vstimefor 7 gof catalyst at
343K

Theplotsof Ink’vs.Inm_ should belinear. From
theintercept and slopevalue, therate constant k and
thereaction order n were evaluated at different tem-
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peratures 50-80 °C. The values being reported in
TABLE 1.

TABLE 1: Ratecongtantsfor hydrolysisof sucroseby V,0./
TiO, at different temperatures

_Temperalur® Rateconstant y/yyg7 1nk In(/T) N

(K) (UT)x10* (kx10"s)

323 3095 12 371 -9.03 -14.81 056
333 30.03 3.7 111 -7.91 -1371 043
343 2915 5.7 1661 -7.47 -1331 053
353 28.32 17.7 501 -6.34 -13.24 0.45

Onecanwritethefollowing Arrheniusequation
k =Aexp(-E,/RT) (6)
and assuch aplot of kvs. /T will giveastraight line.
From thed opeand intercept of thisplot, theactivation
energy (E,) and frequency factor (A) may be calcu-
lated, respectively. Resultsaregivenin TABLE 2 and
asodisplayed graphicalyinFigure 3.
TABLE 2: Activation parameter sfor hydrolysisof sucrose
by V,0/TiO,
AH#

ASH Ea

(kImo-1)  (klmo-1K-1)  (kdmo-1)  Ax108

76.84 -0.0825 79.55 9.32
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Figure3:Arrheniusplot Ink vs. 1/T

The Eyring equation’® may be suitably appliedin
thefollowingform:

k =%exp(TAS"—AH== )/ RT @)
wherek istherate constant and the order symbolshave
their usua sgnificance. Theequation leadsto:

In(k/T)=In(R/Nh)+ AS* /R —AH* /RT ®)
Thusplot of In(k/T) vs. /T should giveastraight line,
the dlopeand intercept of which may beused to com-

pute enthal py of activation, AH* and entropy of activa
tion. AS vaues, respectively. Thevaluesobtained are

—= Pyl Peper
asoreportedin TABLE 2 and displayed in Figure 4.
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Figure4: Eyringplot of In (k/T) vs. UT
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Sructural characterization of thecatalyst

Figure5 showsthe XRD patternsof the supported
vanadiacatalyst. Onthe basisof Scherrersequation
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particlesizeof synthesized catdyst (D) approximately
was obtained 60 nm. Where A isthewavelength, B is
thefull widthat half maximum intensity of the pesk and
0 isthediffractionangle.
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Figure5: XRD patternsof V,O./TiO,

CONCLUSION

For achieving hydrolysisisnot to befeasiblefor
such reaction, thefollowing equation hasrecently been
given by Bond?Y:

Eap = Evu—AH . +AH, (10)

The aboveequation refersfor abinary syseminwhich
one of the components, A makes astrong bond with
the surface AH << 0. Hence, we suggest that for hy-
drolysisof sucroseonemay select at suitablecatalystin
which the magnitude of AH_,_for H,O should not be
so high, which may be eval uated by theoretical or ex-
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perimental methods. Sothat in spiteof TiO, whichare
hydrophilic catalyststheV,0,/TiO, haslesstendency
to the adsorption of water, and therefore could hydroly-
sissucrose. Theadvantage of thiscataystisthat after
repesting theexperimentswith used catays, therewas
no decreasein reactivity. Theanother advantageissm-
plicity of production, suitablereactivity for hydrolysis
and low cost in preparation of catalyst.
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