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Linear Viscoelastic Behavior of Bentonite-Water Suspensions
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Abstract:
Bentonite are extensively used materials in a wide range of applications. Creep and oscillatory shear experi-
ments in the linear viscoelastic domain were carried out on bentonite-water suspensions at different solid frac-
tions. It was found that bentonite dispersions exhibit important viscoelastic behavior which could be repre-
sented by the generalized Kelvin-Voigt mechanical model. It is well known that an exhaustive study of colloidal
dispersions may require the determination of its viscoelastic properties over a wide frequency scale. Unfortu-
nately, due to microstructure changes, the experiments are limited in time. In order to avoid such limitation,
oscillatory data were deduced from creep curves - without actually vibrating the clay dispersions - because a
periodic experiment at frequency w is qualitatively equivalent to a creep test at time 1/w. That is, it was possi-
ble to complete the dynamic response in the low-frequency range using data obtained from the transient
response in creep.

Zusammenfassung:
Bentonit ist ein häufig verwendetes Material mit breitem Anwendungsspektrum. Dehnungs-  und oszillatorische
Scherexperimente wurden im linearen viskoelastischen Bereich für Bentonit-Wasser-Suspensionen mit unter-
schiedlichen Feststoffgehalten durchgeführt. Wir finden, dass diese Materialien ein viskoelastisches Verhalten
aufweisen, das sich durch das generalisierte Kelvin-Voigt-Modell beschreiben lässt. Es ist wohlbekannt, dass die
erschöpfende Untersuchung kolloidaler Suspensionen die Kenntnis ihrer viskoelastischen Eigenschaften über
einen grossen Frequenzbereich erfordert. Unglücklicherweise, bedingt durch mikrostrukturelle Umordnungen,
sind die Experimente nur während eines beschränkten Zeitintervalls durchführbar. Um diese Beschränkung zu
umgehen, wurden Schwingungsdaten von den Ausdehnungkurven abgeleitet – ohne die Dispersionen in
Schwingungen zu versetzen – da ein periodisches Experiment bei Frequenz w einem Zeitstandversuch zur Zeit
1/w qualitativ gleichwertig ist. Das heisst, es war möglich, die dynamische Resonanz im Niederfrequenzbereich
zu ermitteln, indem Daten verwendet werden, die aus der zeitabhängigen Antwort während der Ausdehnung
erhalten werden.

Résumé:
Les bentonites sont des argiles couramment utilisées dans diverses applications industrielles. Les expériences
en fluage et en régime dynamique ont permis de mettre en évidence le caractère viscoélastique des suspensions
de bentonite. On a notamment montré que ces propriétés viscoélastiques peuvent être correctement décrites
par un modèle analogique de type Kelvin-Voigt. Il est admis qu’une étude complète des suspensions colloïdales
nécessite la connaissance des propriétés viscoélastiques sur une gamme de fréquences très large (souvent de
10 à 12 décades). En raison des modifications structurales intervenant pendant la mesure, les expériences sont
limitées dans le temps. Pour contourner ce problème, et en se basant sur le postulat qu’une expérience en
dynamique à une fréquence w est qualitativement équivalente à une expérience en fluage à un temps 1/w , il
a été possible de calculer les grandeurs dynamiques, aux faibles fréquences, à partir des mesures faites en flu-
age, sans passer par l’expérience.
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Values for G’ and G’’ may be deduced using
Eqs. 6 and 7 :

(6)

(7)

The results in terms of variation of the storage
modulus G’ with frequency are illustrated in
Fig. 5. The high frequency values are derived from
oscillatory measurements with the Carri-Med
rheometer (solid symbols) and the low frequen-
cy values are obtained by transforming creep
data (open symbols). One may observe that the
transformed dynamic functions compare well
with the functions obtained directly from oscil-
latory measurements and that the observable
frequency scale increases from two to four
decades. This method was applied elsewhere in
the case of other complex fluids like foams [34].

4 CONCLUSION
The viscoelastic properties were investigated in
terms of creep flow and dynamic tests. It was
found that the dispersions exhibit pronounced
viscoelastic properties for concentrations higher
than 6% by weight which can be represented by
the mechanical Kelvin-Voigt model. It was nec-
essary to combine transient and oscillatory mea-
surements to determine the viscoelastic proper-
ties over a sufficiently wide frequency range: The
dynamic response in the low frequency range
(long time) was completed using data from the
transient response in creep. The remarkable fea-
ture revealed by this method is that the trans-
formed dynamic functions compare well with
functions obtained directly from oscillatory mea-
surements.

NOTATIONS:
G’: Shear storage modulus [Pa]
G’’: Shear loss modulus [Pa]
f(t): Over-all creep compliance
L(q): Retardation spectrum
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J0: Instantaneous elastic compliance [Pa-1]
Ji: Retarded elastic compliance of the ith

component [Pa-1]
J’: Storage compliance [Pa-1]
J’’: Loss compliance [Pa-1]
t: Time [s]
d: Phase angle between the stress and the

strain (loss angle) [rad]
g· : Shear rate [s-1]
g0: Strain amplitude [-]
hi: Viscosity of the ith component [Pas]
hN: Newtonian viscosity [Pas]
qi: Retardation time [s]
t0: Stress amplitude [Pa]
w: Frequency of oscillation [Hz]
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