
Introduction

Most reactions catalyzed in strongly or weakly acidic

solutions are also catalyzed by their corresponding

solid acids, i.e. homogeneous acid catalysis may be

substituted for the heterogeneous one. This hetero-

genising tendency of the homogeneous catalysis is

known to have some clear advantages such as an eas-

ier separation of the catalyst from the reaction me-

dium, a decrease in the number of secondary prod-

ucts, a lower cost of catalyst per unit of product,

reduced corrosion of equipment, etc. [1]. Moreover,

some cooperative effects were found among acid

–SO3H groups bonded to a flexible polymer matrix,

which contribute to a higher catalytic activity com-

pared to the homogeneous acid catalysis [2, 3]. In an-

hydrous medium, it was possible to study the general

acid catalysis of sulfonic groups, both in homoge-

neous and heterogeneous systems, leading to a similar

result which means that sulfonic groups of the strong

acid cationites are much more catalytically active

than those of the p-tolunesulfonic acid (PTSA) homo-

geneous phase [4].

In order to study the heterogenizing of soft acid

catalysis it has been chosen as catalyst –COOH

groups, in homogeneous system as acetic acid and in

heterogeneous phase as carboxylic cationites. As a

test reaction, sucrose inversion has been the choice

because of its importance in food sweeteners industry

[5], especially for the fructose products. Although the

industrial methods used nowadays for fructose type

sweeteners are based on enzymatic hydrolysis of

starch or sucrose with invertase enzyme (�-D-fructo-

furanozidase, E.C. 3.2.1.2.6) [6], these technologies

are laborious and expensive. Therefore, heteroge-

neous acid catalysis seems to be a good alternative for

the sucrose hydrolysis reaction compared to the enzy-

matic or homogeneous procedures, because of its cer-

tain advantages like [7–10]: the rigorous control of

the reaction; the possibility of process automation;

the higher purity of the reaction products, because of

reducing the occurrence of secondary reactions; an

easier separation of the catalyst from reaction me-

dium; the absence of the equipment corrosion; the

possibility to pilot the reaction at higher temperature

than in the enzymatic process, which strongly favours

the equilibrium displacement to the reaction products

[10]; and also the possibility to re-use, several times,

the catalyst. Several studies were dedicated to differ-

ent aspects of the use of carboxylic cationites in this

important process for food industry [11, 12].

Others showed the influence of experimental re-

action conditions upon the apparent kinetic parame-

ters in aqueous [13, 14] or non-polar organic medium

[15], when using ion exchangers as catalysts.

The purpose of this work is to analyze how the

homogeneous/heterogeneous nature of the carboxylic

groups (–COOH) influences the kinetics of the su-

crose acid catalytic hydrolysis:
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sucrose fructose glucose

The homogeneous catalyst was taken as acetic

acid, while various cationic resins were used as heter-

ogeneous catalyst. The Purolite resins were used in

this work because of their versatile properties and of

their high purity degree, which recommend them as

potential catalysts for food industry [16].

Experimental

Materials

The hydrolysis reaction was followed on a sucrose

(Merck) aqueous solution of 1 M concentration. We

used acetic acid (Merck) for homogeneous catalysis,

and a series of carboxylic cationites in H
+

form, of

Purolite type (Purolyte International Ltd.), for hetero-

geneous catalysis. The cationite catalysts have poly-

meric matrix based on acrylic acid, crosslinked with

divinylbenzene (DVB). Their characteristics are

given in Table 1.

The experiments were performed with several

concentrations of catalyst in the reaction medium, ex-

pressed as concentration of –COOH groups (in

mEqv COOH/g solution). The concentration of

carboxylic groups of catalyst was kept similar for

both homogeneous and heterogeneous systems.

In order to measure the real reaction kinetic it is es-

sential to overcome the intraparticle diffusion hin-

drances [1, 18]. For this reason the resins were used af-

ter swelling in deionized water after 24–36 h at 20°C.

All the reagents were of analytic grade.

DSC analysis

The calorimetric measurements were performed

in a microDSC III calorimeter – Setaram type, fitted

with two identical cells (the reference cell R and the

measurement cell S) manufactured from stainless

steel as cylinders of 1 cm
3

volume. Prior to the reac-

tion in calorimeter, the investigated systems were

thermostated at 25°C. The calorimetric calibration,

experimental data acquisition, DSC curves process-

ing, temperature program and other experimental de-

tails are given elsewhere [1, 17]. During our investi-

gations the temperature ranged from 10 to 90°C, us-

ing a heating rate, �, of 0.15 K min
–1

.

Results and discussion

For evaluating the kinetics of reaction (1) we assume

that the heat flow during the time, t, is proportional to

the extent of hydrolysis reaction. Following this, the

kinetic parameters of the reaction, namely the activa-

tion energy, E and the pre-exponential factor, A, are

calculated from DSC data by means of Friedmann’s

relationship, Eq. (2) [19].

ln [( / ) ln ( )] ln /� � �d dT f A E RT� � � (2)

where the conversion function, f(�) was taken, in line

with the literature, of the first order, Eq. (3) [11, 12].

f(�)=(1–�) (3)

The conversion degree, �, at different times, t,

was calculated directly from calorimetric curve with

Eq. (4).

�=(a*/A*) (4)

where a*=the partial area under the calorimetric

curve at time, t and A* is the total area under the DSC

curve. DSC curves were obtained from DSC signals

[18] after subtraction of the baseline, and an example

is shown in Fig. 1.

The plot of left side member of Eq. (2) calculated

at various values of conversion degree, �, vs. the cor-

responding reciprocal temperature, (1/T), gives a
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Table 1 The properties of the cationites used as catalysts in

heterogenous systems (granulation 35–50 mesh)

Purolite

cationite

Cross-linking degree

[16]/% DVB

Exchange capacity
a
/

mEqv g
–1

Gel type

C105 7.2 9.38

C106 EP 12.0 9.29

Macroporous type

C104 10.0 9.42

C106 12.0 9.31

C107 E
b

9.0 9.69

a
experimental value;

b
cationite for food industry

Fig. 1 DSC curves, after subtracting the base line, for a – ho-

mogeneous catalysis, b – heterogeneous catalysis, at

the same concentration of –COOH in mixture (DSC re-

cording conditions are given in text)



straight line whose slope equals (–E/R) and the inter-

cept is (lnA), R standing for the gas constant.

The kinetic parameters obtained for the homoge-

neous and heterogeneous system with Purolite

C106 EP at various concentrations of catalysts are

given in Table 2, together with the apparent rate con-

stant, k
ap

, calculated at 323 K, for easiness of compar-

ison. The peak temperatures, TM, recorded on DSC

curves are also listed and the about 10 K difference

between those of homogeneous and heterogeneous re-

action supports the difference between the calculated

rate constants.

Comparing the values of activation energy, it ap-

pears that the homogeneous systems need about

194 kJ mol
–1

, whilst the heterogeneous systems re-

quire only 127 kJ mol
–1

. These values are higher than

those reported for both homogeneous and heteroge-

neous catalysis of sucrose hydrolysis with sulfonic

acids and resins [20, 21].

The effect of the concentration of carboxylic

groups on the reaction is noticeable on the peak tem-

perature, TM. As it indicates the values in Table 2,

lesser is the amount of carboxyl group, higher the

temperature records, which means slower the reaction

is. This is also suggested by the trend of values of rate

constant at 323 K in the last column.

Helfferich defined the ionite catalyst efficiency,

q, by the Eq. (5) [1].

q k k�
ap

het

ap

hom
/ (5)

where both apparent reaction rates constants are cal-

culated for the same concentration of catalyst. Using

the data calculated in Table 2 for Purolite C106 EP at

the three concentrations, q, gives 18.2 for

2 mEqv cat/g mixture, 16.3 for 1.8 mEqv cat/g mix-

ture and 15.9 for 1.6 mEqv cat/g mixture respectively.

Equation (5) can be also written with the specific

rate constants, kcat, which are independent of catalyst

concentrations, as Eq. (6) [1].

q k k q� �( /
cat

het

cat

hom

R cat R
�	 	 (6)

In Eq. (6) we defined qcat as the specific catalytic

efficiency which, as it appears, it is independent of

the concentration of the catalyst and characterise the

activity of the catalyst, 	R, the molar distribution of

reactant, is given by Eq. (7).

	
R R

het

R

hom�( / )m m (7)

with m being the molar concentration of reactant in

solution and in ionite, respectively.

For evaluating the specific catalytic efficiency,

qcat, and for comparing further the activity of homoge-

neous and heterogeneous carboxylic groups, we cal-

culated the kinetic catalyst parameters, namely the re-

action catalytic constant, kcat, and reaction catalytic

order, ncat, respectively, from the Eqs (8) and (9) [22].

k k C
ap

hom

cat

hom

acid

h
hom� (8)

k k C
ap

het

cat

het

COOH

h
het� (9)

where C is the concentration of acid groups.

The data from Table 2 allows inferring the cata-

lytic order, ncat, and catalytic kinetic constant, kcat, as

being of 1.4 and 9.5·10
–7

(s
–1

) for homogeneous sys-

tems, and 2.0 and 1.1·10
–5

(s
–1

) for Purolite C106 EP

system respectively. Following definition of specific

catalytic efficiency, qcat, from Eq. (6), the ratio of the

catalytic kinetic constants, kcat, calculated from

Eqs (8) and (9) equals 11.3. This is smaller than any

of the q, values calculated at the three different con-

centrations, which means 	<1 for all the concentra-

tions. Obviously, 	<1 means a smaller solubility of

sucrose in the cationite matrix than in the reaction sol-

vent, because water is a good solvent of sucrose. Con-

sequently we infer that the high specific catalytic effi-

ciency, qcat, of carboxylic ionite, is not owing to some

reactant concentration effect in catalyst matrix, but is

due to the cationite catalyst intrinsic activity, similar

with what was found out for sulfonic cationites in

aqueous, polar [2, 3] and anhydrous, non-polar, or-

ganic media [4].
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Table 2 Kinetic parameters and peak temperature for reaction (1) heterogeneously catalysed with Purolite C106 EP at various

concentrations, compared to homogeneously catalysed reaction

Catalyst
Ccat/

mEqv COOH/gsolution

TM/

K

E/

kJ mol
–1

lnA/

s
–1

k
323

ap
·10

6
/

s
–1

Homogeneous 2.08 350.9 193.6
3.5 59.3
1.3 2.7

(Acetic acid) 1.88 353.1 194.2
2.5 59.4
1.8 2.4

1.63 355.0 195.1
3.5 59.5
0.9 1.9

Heterogeneous 2.09 341.0 122.9
1.5 35.8
0.5 49.0

(Purolite 1.89 342.2 127.9
2.6 37.5
1.0 38.4

C106 EP) 1.64 343.9 128.7
1.7 37.5
0.7 30.0



Similar calculations of catalytic kinetic constant

and catalytic order were carried out for all the Purolite

systems and lead to the results from Table 3.

Last column from Table 3 lists the values of spe-

cific catalytic efficiency, qcat, for the investigated sys-

tems. As it appears, the values may be more than 5000

for Purolite C107E, clearly exhibiting the efficiency

of the heterogenous catalysis.

Summing up, the cationite specific catalytic effi-

ciency, qcat>>1, results from its intrinsic structure, be-

ing possibly due to an enhancement of the catalytic

activity of –COOH groups from polymer matrix. In

comparison, the catalytic activity of carboxyl groups

from homogeneous aqueous system is somehow hin-

dered by being trapped in solvent boxes.

Conclusions

We have performed a non-isothermal study of the

catalysed sucrose hydrolysis. The micro-calori-

metrical acquired data of sucrose soft acid inversion

reaction in homogeneous and heterogeneous catal-

ysed systems were used for kinetic calculations. We

found a significant difference between the two sys-

tems, the heterogeneous catalysis, namely the

carboxylic cationites, having a specific catalytic effi-

ciency, qcat, up to 5723 times higher than those of

–COOH homogeneous groups.

The results show a higher enhancement of

heterogenising soft acid catalysis than it was achieved

with strong sulfonic cationites [2–4, 15, 20, 21, 23].

The differences of efficiency between soft and strong

acid cationites might be explained by the difference

of catalytic groups concentrations in polymer matrix

(i.e. exchange capacity), which is about twice higher

in carboxylic cationite than in sulfonic ones

[4, 15, 20, 21, 23].
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Table 3 The catalytic reaction rate constants and the evalu-

ated specific catalytic efficiency

Catalyst ncat kcat/s
–1 q k k�

ap

het

ap

hom
/

Acetic acid 1.4 9.5·10
–7

1.0

Purolite C105 2 7.5·10
–5

78.7

Purolite C106 EP 2 1.1·10
–5

11.3

Purolite C104 2 3.5·10
–4

369.5

Purolite C106 2 4.0·10
–4

420.0

Purolite C107 E 2 5.4·10
–3

5723.3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA:DRAFT
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 300% \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /HUN ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


