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ABSTRACT:

Rheological creep and recovery tests have been applied at different assay times to xanthan gum hydrogels at
several concentrations. The Burger model has been successfully applied to fit the creep data and to analyze
results. Increasing the xanthan gum concentration also increases the elastic and viscous components without
changing the molecular distribution of these hydrogels. A semi-empirical equation considering the different ele-
ments of the Burger model has been proposed to analyze compliance behavior in recovery tests. The depen-
dence of the relative contribution to deformation of the Maxwell and Kelvin-Voigt units upon xanthan gum con-
centration and recovery assay times has been evaluated. Since the recovery ratio is the same for all hydrogels,
we suggest parallel structures with no mutual interactions are formed when increasing concentration.

ZUSAMMENFASSUNG:

Rheologische Kriech- und Erholungs-Versuche wurden bei verschiedenen Konzentrationen und Xanthan Hydro-
gelen durchgefiihrt. Das Burger Modell wurde erfolgreich benutzt um die Daten zu reproduzieren. Bei zu-
nehmender Xanthan-Konzentration steigen die elastischen und viskosen Komponenten. Unter Beriicksichti-
gung der verschiedenen Elemente des Burger Modells wird eine semi-empirische Gleichung vorgeschlagen. Der
relative Beitrag zum Verziehen des Hydrogels von den Maxwell- und Kelvin-Voigt Teilen des Burgers Modell wird
fiir die Xanthan Konzentrationen und vorliegenden Erholungs-Zeiten ausgewertet. Da das Erholungs-Verhalt-
nis unabhangig von der Art des Hydrogels ist, wird von uns die Bildung paralleler Strukturen ohne gegenseiti-
ge Wechselwirkung im Hydrogel vorgeschlagen.

RESUME:

Des tests rhéologiques de fluage et de recouvrance ont été réalisés a différent temps d’essai, sur des hydrogels
de gomme Xanthan a différentes concentrations. On a analysé les données expérimentales a I'aide du modéle
de Burger de maniere satisfaisante. La concentration croissante de la gomme de Xanthan produit un incrément
de I'élasticité et de la viscosité des composants du modéle. Nous avons proposé une équation semi-empirique
qui prend en compte les différents éléments du modéle de Burger. Nous avons évalué la contribution relative
de chacune des unités de Maxwell et de Kelvin-Voigt du modele de Burger a la déformation des hydrogels, en
fonction de la concentration de la gomme et du temps d’essai. Enfin, il est prouvé que le pourcentage final de
recouvrance estle méme pourtous les hydrogels, ce qui suggére que 'augmentation de la concentration en Xan-
than produit la formation de structures moléculaires en paralléle, sans interactions mutuelles.
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and pharmaceutical industry [3]. Moreover, it is
employed in oils, hydraulic fluid, pesticides, ani-

1 INTRODUCTION

Xanthan gum [1] is a polymer industrially ob-

tained from the bacterium Xanthomonas cam-
pestris. It is one of the most widely used hydro-
colloids in the food industry, included in the
formulation of salad dressings, creams, sauces,
syrups, desserts, beverages, and in prepared and
frozen foods [2]. Itis also used in lotions, creams,
cough syrups, and toothpaste in the cosmetics
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mal fodder, cleaning products, dyes and metal
bathings[4]. Many of the applications of xanthan
gum are a consequence of its rheological behav-
ior. Under resting conditions, the long xanthan
gum molecules combine to form a three-dimen-
sional network. On applying shear to the system,
theaddedenergydisruptsthese weak bonds,and
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Table 3:

Percentage of deformation
associated to the Maxwell
dashpot, J , and the Kelvin-
Voigt component, J,,,.

This is an

¢ (%) D., (%) Dy (%)
1.00 3814 54+2
1.30 4214 48+3
1.70 34+3 59+2
1.85 42+2 49+4
2.00 3442 5242
2.30 34+3 51£4

centage deformation of each of the components
of the Burger model, we calculated (Eq. 9)

Dw(%)=1oo(11°" ]

Max

and

D, (%) = 1oo(lﬂj
Max

(13)

The results are reported in Table 3. Regardless of
system concentration, both the relative defor-
mation of Maxwell dashpot and the relative
deformation corresponding to the Kelvin-Voigt
system remain constant when prolonging test
time. This means that although, J,,,, becomes
greater whenincreasing creep time, the recovery
of strain J,,,and J_ increase in the same propor-
tion and the ratio keeps constant. Comparison of
the relative compliance values (Table 3) shows
that the deformation experienced by the Kelvin-
Voigt element is about 40 % greater than the
deformation of the Maxwell dashpot, due to the
greater viscosity of the latter.

Onthe other hand, knowing thatD,,.+ D_ +
D,,,mustbe100 %, D,,;should be about10 % since
D_+D,, =896 %.Therefore,as we have already
indicated when analyzing Eq. 1, it is confirmed
now that the time test should be greater than
300 seconds. Most creep and recovery studies
published in the literature consider times of this
magnitude, or even longer [5, 7, 8, 11]. Finally, we
have calculated the total percentage recovery of
the system [18], R, (%) considering sufficiently
large recovery times (t -> co):

RT(%) = 100{(1/‘/"’;—_J°°)} =1oo{1_/;”}
e el (1)

In this way we solve the problem of the particu-
larization of recovery time, which obviously does
not necessarily coincide with creep time. The val-
ues obtained for RT are independent of the test
time and of the gum concentration. Unlike the
results obtained with emulsions, where the
degree of recovery increases with the concentra-
tion of polymer involved [4]. We can say that all
the xanthan gum hydrogels recover about 65 %
of the structure they initially had, within the lin-
ear viscoelastic region. This could mean that
approximately 35 % of the links are irreversibly
broken during creep test (at least over the test
times considered).

4 CONCLUSIONS

Creep tests have shown that the mechanical
Burger model is suitable for reproducing the rhe-
ological behavior of xanthan gum hydrogels at
the concentrations studied. The increase in xan-
than gum concentration reinforces the elastic
moduli and the viscosities of the Maxwell and
Kelvin-Voigt contributions to the Burger model,
but exerts no influence upon the molecular dis-
tribution of the hydrogels. This is in agreement
withthe results obtained on analyzing the recov-
ery tests. The relative deformations of the
Maxwell dashpot and Kelvin-Voigt system are
independent of both xanthan gum concentra-
tion and recovery test time. Moreover, the final
percentage recovery of the whole system, once
the applied stress is removed, is the same for all
samples. In our opinion, this means that on
increasing concentration, the Burger structures
act in parallel, without mutual interactions.
Regarding the test times, we believe the mini-
mum time for creep testing should be about 300
seconds. However, forrecoverytestslongerassay
times imply better definition of the asymptote
determining permanent deformation of the sys-
tem.
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