December 2007

Trade Science Ine.

Volume 2 Issue 3

CHEMICAL TECHNOLOGY

A Tndéian Journal

— Pyl Paper

CTAIJ 2(3) 2007 [114-118]

The effect of glucose on the sucrose crystallization:
modelling and experiments

S.Ouiazzane*, B.Messnaoui?, J.Wouters?, T.Bounahmidi?
1Laboratoired’Analyseet SynthesedesProcedes| ndustriels(LASPI), Ecole M chammadiad’l ngenieurs,

B.P: 765 Univer steM ohammed V Agdal -(RABAT MAROC)
2FaculteUniversitairedeN.D dela Paix, Departement de Chimie, L abor atoir e de Chimie Biologique Structurale (CBS),
RuedeBruxdles, 61 Namur B-5000, (BEL GIQUE)

Received: 26" October, 2007 ; Accepted: 1% November, 2007

ABSTRACT

Thiswork is devoted to study the effect of glucose on the the quality of
sucrose crystallization in bach crystallizer. The liquid phase concentra-
tionin crystallizer and a supersaturation profiles was measured by using
a refractometer. The logiciel LUCIA “Laboratory Universal Computer
AnalysisImage” was used to determine the Crystal Size Distribution (CSD)
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by analysing the obtained image by optical microscope and Scanning
Electron Microsopic (SEM). A non-linear optimization method isapplied
to estimate the growth and nucleation rate parameters from batch cooling
crystallization experiments. The calcul ated results are in agreement with
those observed and determined by LUCIA. The effect of glucose on the

mean particle size of the final product is discussed.
© 2007 Trade Sciencelnc. - INDIA

INTRODUCTION

Crystalizationisasolid-liquid separation process,
wheremoleculesaretransferred from asol ute dissol ved
in aliquid phase to a solid phase. The moleculeis
governed by nucleation and growth rates. Thisisknown
as crystallization kinetics. In sugar manufacturing,
crystalizationisacrucia step uponwhichtherate of
sugar extraction depends.

Crydallizationin sucrose solutionsinvolves both
nucleation and crystal growth. Accordingtotheclassi-
cd theoriesof nucleation™ Secondary nucleationisthe
main pathway followed industria crystallization pro-
cesses. Theformation of nucle isunwanted in many
crystdlizations, especidly sugar crystdlization, because

it widenstherange of the crystal sizedistribution. A
broader size distribution range meansthe product of
thecrystalizerisout of specification and theflow prop-
erties of the product are unsatisfactory. It is to the
industry’s benefit to avoid the occurrence of nucleation.
Nucleation in the presence of other crystalsdoes not
occur below the secondary nuclegtionthreshold (SNT).
Thus, the position of the SNT should beidentified and
thevariablesthat affect the nucleation abovethe SNT
should beinvestigated. The nucleation canbeamgor
determinant of quality in sugar-based products. The
kineticsof nucleation and crystal growth require super-
saturation, whichisobtained by temperature changes
and can be affected by impurities.

For abetter understanding therole of oversursatu
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ration and the nucl eation phenomenon, several modd's
have been developed intheliterature®23. All moddls
are based on the popul ation bal ance equation. These
worksaretreated the crystalization of sucrosewithout
studying the effect of impuritiesonthe nucleationand
growth rates. Indeed, the effects of impuritiesin the
secondary nucleation havelittleattentioninthelitera-
ture.

Theobject of thepresent work isaimingto investi-
gatetheeffect of glucose onthegrowth and nucleation
rates. Thisisachieved by comparing themeasured con-
centration profilein solution and the profile predicted
by adynamic mathematica modd.

EXPERIMENT

The sugar contains 99% of sucrose, was provided
by the Bel gian company of sugar refinery (Tirdlemeont).
Glucose(99%) was supplied by Sigma. Distilled water
was used for the preparation of thetreated solutions.
Theexperimenta gpparatusused inthisstudy conssted
of aCrystallizer with contenance 2L, thesolutionis
agitated using an agitator provided with apropeller
Mixel TT equipped with 2 agai nst-blades, the output
engineis0,37 kw. Thestirring velocity issdlected soas
to ensureagood homogeneity of thesol ution; the speed
iskept constant at 250 rpm. The temperaturein the
crystallizer was controlled by means of aheating bath
equipped with an externa temperature Pt1000 sensor
whichwas set inthe solution, theaccuracy is+0.01°C.
For water-sucrose mixture, asaturated solution was
prepared by dissolving 761.15g of sucrosein 233.82g
of distilled water at 70°C. These mass are measured
by usingthe KERN FOB 1.5K 0.5 balance with accu-
racy of 0.0001g. Inthe case of impure solutions, asatu-
rated sol ution was prepared by dissolving 754.52g of
sucrosein solution contains 233.82g of water +22.199
of glucose.

Initialy the saturated solution isprepared by dis-
solving sucrosein distilled water. Thetemperaturewas
kept constant at 70°C for 30min while agitating. The
experiment continues by lowering thetemperaturein-
sdethesolutionfollowing acontrolled temperaturelin-
ear profile. Theterminal temperaturereached is40°C.
The kinetic measurements were obtained using the
samples asthetimefunction. Samplesof thesolution
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areperiodicaly removed fromthecrysalizer and placed
under the microscope for image capture. Solution con-
centration was measured with an Abbeb refractometer,
the accuracy is 0,1. Each data point presented is an
average of three experiments.

Themicroscopicanaysiswascarried out by abin-
ocular Nikon microscope provided with an objective
of amaximum enlargement of 30* 50* 2.5. Thelighting
of thesampleisensured by optical fibresproviding a
cold light favorableto the maintenance of thesamplein
itsstateinitial. A cameraNikon DXM 1200 Fiscon-
nected to asystem of frame grabbing on PC. Theim-
agesare acquired and are analyzed by the software of
imagesanaysisLUCIA “Laboratory Universal Com-
puter Andysisimage”. The accuracy of the method does
not exceed 1% inthe concentrations of sugars.

M odd for mulation and solution

For aperfectly mixed batch crystalizer of constant
volume, inwhich crystal breakage and agglomeration
are assumed to be negligible, the popul ation balances
equation PBE isapartid differential equationintime, t

andcrystal size, L.

6n(L,t)=_G an(L,t) 1)
ot oL

where n is the population density and G is the size-indepen-

dent crystal growth rate.

Subj ect to theboundary and initial conditions:

—no=Bo
n(O,t)—n =G 2

n(L,0)=0 ©)
where no is the population density at theinitial size of nuclei,
L=0, B,isthenucleationrate.

The solution phaseconcentrationinthe crystalizer
isdescribed by amassbaance of the crystallizing sol-
ute

dC =
S =3pckuh 6 nlLiy)L? d 4

Inwhich Cistheconcentration (massof solute per
total mass of the mother liquor), p_isthecrystal den-
sity, kv isthevolume shapefactor converting L2 into
crystal volumeand h converts solvent massto slurry
volume.

Inthiswork, thetemperature T(t) recorded experi-
mentaly will beusedinstead of theenergy baance equa:
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tion. Thisisdoneto avoid the error in estimating the
overd| heat transfer coefficient and toavoid estimating
the heat of crystallization and its dependency on con-
centration.

Thedrivingforcefor thenucleationand growthrates
isthedifference between the bulk concentration and
the saturation concentration cal culated at thebulk tem-
perature. The kinetic expressionsfor nucleation and
growth aretakento beempirical power-lawsin super-
saturation.

The nucleation kinetics are described by thefol -

lowing empirica expression.

By =k, S (5
Thegrowth kineticsaredescribed by :

G =k4S° (6)

Where the saturation S is defined as:
< C=Co(T() o
Co (T(1))

C_(T(1)) isthe concentration of saturation of sucrose in solu-
tion. The saturation concentration of sucrose in water is done

as.

Ce(T(t)) = 64.47+0.1033 (T(t))+14.24107 (T(t))*
~70.2107" (T(t))?

For thesaturationlimit of sucroseinsolution phasewith

the presenceof impurity, the C_(T(t)) isobtained from:

< - CalT() o
Ca(T(1)

With these eguations the model is completely defined. The

parametersk,, b, kg, and g are inferred from the experimental

data.

ThePBE Eq. (1) issolved using themethod of mo-
ments. Theith moment of the PBE isdefined as:

u, = fon(LaLa (10)

Thefirst four momentsarerequired for thegenerd batch
crystdlizer modd

dpo

®)

c(0)=c, (14)
TheEgs. (4), (11) and (12) will besolved using a
fourth-order Runge-Kutta.

Parameter sestimation

The calculation of the best parameters in the
representation of experimental data was performed
either by the Marquardt—Levenberg’s algorithm for
current minimization process(W.Marquardt, 1963). The
minimization is carried out on sums of squares of
deviations between calculated and experimental
guantities. Theobjectivefunctionintermsof theleast
square estimationstakestheform:

Ndat 2

¢(kg.g,kb,b)= chfal _C;%xrs)

i=1

Thegpproach usesanonlinear optimizationroutine
to generate successive guesses of the kinetic param-
eters. For each guess, the dynamic model equations
describing the process are sol ved and theresulting mea:
surement predictions are compared with the dataac-
cording to an optimization criterion. Generally, thecri-
terionisameasure of therediction errors. The model
equationsaresolved implicitly each timethe optimizer
providesaparameter guess. Theiterative optimization
process ends when the specified tolerance has been
achieved.

(15)

RESULTSAND DISCUSSION

In the parameters optimi zation process, the con-
centration phaseinthecrystallizer, at eachtime, issi-
multaneoudy ca culated for thestudied syslem by using
afourth-order Runge-Kutta. Four kinetic parameters
(kg,g,kb,b) arefitted from the experimental datarela-
tivetothemeasured concentration phasein thecrystd -
lizer v.stimes. According to the BCF theory, thelower
growth exponent isunity. The parameters Kgand K,
areknownto beonly positive. Most of thekinetic pa-
rameter estimation studieson sucrose performed have
beeninvestigatedin MSMPR Crystallizers®%. The
nucleation rateisexpressed intermsof growth rateand
not intermsof supersaturation duetothedifficulty in
measuring thedrivingforceaccurately. However, incrys-
tallization systems, b and g are of the order of zero to
three. Typical valuesof b lie between 0.5 and 2.51%.

e Bo (11)
duj . .
o Gujiforj=1234 (12)
Theinitid conditionsare:
u;(0)=0for j=1,2,34 (13)
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TABLE 1. Optimum kineticsparameter sfor sucrosecrys-
tallization

kg (m/s) kb (No./g/s)

System 9 b (g/g water)-®(g/g water)-°
1* 1.830 0.3915 0.041 162.84
2* 1929 0.3557 0.042 166.73

Theestimated parametersareshownin TABLE 1 for
thetwo studied systems. It appearsfrom thisTABLE
that theobtained parametersare physicaly redisticand
comparablewiththe other parametersintheliterature.
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Figure4: (SEM) typical after a peak of sursaturation

TABLE 2: Crystal average size as function of times for
different system

Sucr ose-water

Sucr ose-glucose-water

Time L%, Time  L&P pcd

i) um) ™Y i) m) m)
50 20 15.72 50. 80. 7151
58 - 40.10 60. - 116.68
65. 80. 74.96 66. 200. 151.42
80. 200. 193.00 80. - 236.00
150 - 420.02 150. - 366.94

Figurelillustratesthe cal culated concentration pro-
filesinthecrystallizer plotted against time. For com-
parison, weinclude the experimental dataobtained by
refractometricandyss. Thisfigure showsthequdity of
theadjustment of thekinetic parameters. It can beseen
that the deviation standard for concentrationislessthan
0.1% for the sucrose-water sytem, 0.03% for the su-
crose-glucose-water system. Concerning the effect of
glucoseonthecrystalization of sucrose, oneconcludes
from thesetwo figuresthat the addition of impurities
permitsareduction inthesolubility of sucroseinthe
solution phase of the crystallizer, asmentioned inthe
literaturd”. Thissuggeststhat theseimpuritiesarein
competition with sucrose. Consequently, anincreasein
solution phasesupersaturation wasobtained inthecrys-
tallizer and thetime of crystallization of sucrosewas
decreased.

Figures2 and 3 show the profilesof nucleation rate
and growth rate plotted against timefor thetwo sys-
temsstudied. It appearsfrom thesefiguresthat the ef-
fect of glucosealowsto anincreasein the nucleation
rate B and to adecrease in the growth rate G of the
sucrosecrysals.

The crystalsformed in these experimentsexhibit
theoccurrence of asecondary nucl eation phenomenon.
Figure4 wastaken using afield emisson scanning elec-
tronmicroscope (SEM). Itillustratesan exampleof the
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needle-likecrystal(s) formed after apeak of superrsatu
ration. The observation of the aspect of the crystals
before and after the peak givesmoreinsight. Before
the peak, crystals show regular surfaces. After the peak,
crystals show imperfect surfaceswith many finethat
seem to have grown on the surface. From the SEM
image, it can be observed that the crystal adoptsiong
needle shaped Structures: it showsthat secondary nucle-
ation hasoccurred.

The TABLE presentsthe estimated mean dimen-
sionsizesat different timesfor thetwo studied system.
For comparison, the experimental datawereincluded
inthisTABLE. Indeed, one observesthat the cal cu-
lated results arein agreement with the maximal mea-
sured sizes. By comparing the obtained sizes of the
particle for the sucrose-water and sucrose-glucose-
water systems, one notesthat the presence of glucose
causesareductioninlength of the obtaiend final prod-
uct.

CONCLUSION

Secondary nucl eation and growth of sucrosecrys-
talizationwasinvestigated & supersaturated conditions.
Theliquid phase concentration containingin batch crys-
tallizer was measured asfunction of timeby using a
refractometer. The parametersof thegrowth and nucle-
ation rateshave been successfully estimated for sucrose
crystallization by using the non-linear optimization
method and for alinear cooling profile. The obtained
Kinetic parametersare physically realistic and compa
rablewith the other parametersintheliterature. The
estimated resultsarein agreement with the experimen-
tal data. It hasbeen shown that the presence of impuri-
tiesinliquid phasein batch crystalizer of sucrose per-
mit to producethe smallest mean particle sizesof the
find product.
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