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ABSTRACT:

The rheological behavior of model suspensions with the silicone oil M2oooo and different concentrations of
Cab-o-sil TS 720 resp. Durcal 5 are compared. The increase of the Cab-o-sil concentration changes the flow behav-
ior of the suspension from shear-thinning, to pseudoplastic, and to plastic flow behavior. The first normal stress
difference rises at the same time at certain shear rate. The disperse systems with Durcal 5 keep the structural
viscous behavior of the silicone oil even with a filler concentration of 40.5 wt%. The dependence of the first nor-
mal stress difference on shear rate represents for suspensions with Durcal 5 only one straight line with a slope
of n = 2. The normal stress has double the amount of the silicone oil M2oooo at given shear rate and is inde-
pendent of the used Durcal 5 concentration. It was established that suspensions with the silicone oil M2oooo
have a first normal stress difference that can, depending on the filler type, either increase (with Cab-o-sil TS 720)
or decrease (with Durcal 5) at certain shear stress with increasing filler concentration. It is to be supposed that
the decrease of the normal stress at a given shear stress, with increasing Durcal concentration, is a softening
effect, caused by the filler.

ZUSAMMENFASSUNG:

Dierheologischen Eigenschaften von Modellsuspensionen mitdem Silikonél M2oooo undverschiedene Konzen-
trationen von Cab-o-sil TS 720, sowie Durcal 5, werden verglichen. Die Erhhung der Cab-o-sil Konzentration
verandert die Fliesseigenschaften der Suspension von strukturviskosem zu pseudoplastischem und plastischem
Fliessverhalten. Die erste Normalspannungsdifferenz steigt dabei bei gleicher Schergeschwindigkeit. Die dis-
persen Systeme mit Durcal 5 behalten das strukturviskoses Fliessverhalten vom Silikondl sogar bei einer Konzen-
tration von 40.5%. Die Abhangigkeit der ersten Normalspannungsdifferenz von der Schergeschwindigkeit stellt
bei den Suspensionen mit Durcal 5 eine Gerade mit einer Steigung von n = 2 dar. Die Normalspannung hat bei
gleicher Schergeschwindigkeit einen doppelt so hohen Wert wie diejenige des Silikondls und ist unabhangig
von der Durcal-Konzentration. Es wurde festgestellt, dass Suspensionen mit dem Silikonél M2oooo eine erste
Normalspannungsdifferenz haben, die mit steigender Fiillstoffkonzentration bei einer bestimmten Schub-
spannung, je nach Fillstoff-Art entweder steigen (Cab-o-sil TS 720) oder abnehmen (Durcal 5) kann. Es ist
anzunehmen, dass die Abnahme der ersten Normalspannungsdifferenz bei einer bestimmten Scherspannung
(mit der Erhéhung der Durcal-Konzentration) auf einen Weichmacher-Effekt des Fiillstoffes zuriickzufiihren ist.

RESUME:

Le comportement rhéologique de suspensions modéles contenant de I'huile de silicone M2oooo et différentes
concentrations de Cab-o-sil TS 720 resp. Durcal 5 est comparé. L'augmentation de la concentration en Cab-o-sil
modifie le comportement en écoulement: on passe d’'un comportement rhéoamincissant a un comportement
pseudo plastique, et finalement a un comportement plastique. La premiére différence de contraintes normales
augmente simultanément a une certaine vitesse de cisaillement. Les dispersions avec Durcal 5 conservent le
comportementvisqueux structurel de I’huile de silicone, méme a une concentration en charge de 40,5% en poids.
La variation de la premiére différence de contraintes normales en fonction de la vitesse de cisaillement pour les
suspensions avec Durcal 5 présente simplement une ligne droite avec une pente n=2. La contrainte normale est
le double de celle de 'huile de silicone M2oooo pour une vitesse de cisaillement identique et ne dépend pas de
la concentration en Durcal 5 utilisée. Il est démontré que les suspensions avec I'huile de silicone M2oooo pos-
sédent une premiére différence de contraintes normales qui peut, suivant le type de charge, soit augmenter (cas
du Cab-o-sil TS 720), soit décroitre (cas du Durcal 5) a une certaine contrainte de cisaillement, avec 'augmenta-
tion de la concentration en charge. On suppose que la chute de la contrainte normale accompagnant I'aug-
mentation de la concentration en Durcal, a une contrainte de cisaillement donnée, est un effet de ramollisse-
ment causé par la charge.
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The three dimensional structure of dis-
perse systems with Cab-o-sil TS 720 will be bet-
ter with increasing concentration of the
thixotropic agent. The first normal stress differ-
ence, that is responsible for the elastic behavior,
i.e. for the strengthening of the structure of the
suspension, increases correspondingly at certain
shear stress.

Durcal s decreasesthefirst normalstress
difference of the suspensions with increasing
concentration. It seems that calcium carbonate
particles do not interact with the liquid phase.
Durcal 5 works as a kind of lubricant for the sili-
cone oil molecules. It is to be supposed that the
decrease of the normal stress of these suspen-
sions ata given shear stress with increasing filler
concentrationisa softening effect, caused by the
filler.

It seems that the first normal stress dif-
ference can increase or decreases with increas-
ing filler concentration depending on the filler
type used. From our measurements and litera-
ture dates, one can assume the existence of two
kinds of suspensions with a viscoelastic fluid,
depending on the filler type:

M Suspensions with calcium carbonate [7, 8, 18,
19] and titanium dioxide [18, 20], where the
first normal stress difference decreases at
given shear stress with increasing filler con-
centration. These suspensions have silicone oil
or polymer melts as viscoelastic flow phase.

B Suspensions with glass beads [24] or
thixotropic agents [16,17] in silicone oil, where
the first normal stress difference increases at
given shear stress with increasing filler con-
centration.

4 SUMMARY

Model suspensions with the silicone oil M2oooo
and different concentrations of Cab-o-sil TS 720
or Durcal 5 were prepared and the rheological
behaviorcompared.These suspensions havevery
different rheological behavior. The increase of
the Cab-o-sil TS 720 concentration leads to
change of the flow behavior of the fluid — from
structural-viscous (M20000, 1 and 3 wt% Cab-o-
sil TS 720) to pseudoplastic (5 wt%) and finally to
plastic (7 wt% Cab-o-sol TS 720) flow behavior.
The investigated suspensions with Durcal 5 (cal-
cium carbonate) keep the structural viscous flow
behavior of the silicone oil M20’000 even with a
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filler concentration of 40.5 wt% Durcal 5. The first
normal stress difference of the suspensions with
Cab-o-silTS720 hashighervaluesatcertainshear
rate as the silicone oil M2oo0o0. The dependence
of the first normal stress difference on shear rate
representsforsuspensions with Durcalsonlyone
straight line with a slope of n = 2. The first nor-
mal stress difference of these suspensions has
double the amount of the silicone oil M2o’000
at given shear rate and is independent of the
used Durcal 5 concentration. These facts can be
used to predict the first normal stress difference
of these suspensions from the first normal stress
difference of the silicone oil.

Itwas established that suspensions with
thesilicone oil M2oooo0 have a first normal stress
difference that can either decrease (Durcal 5 in
the silicone oil M20000) or increase (Cab-o-sil TS
720 in the silicone oil M20’000) at certain shear
stress with increasing filler concentration. The
dependence of the first normal stress difference
on shear stress for the systems with 3, 5, and
7 wt% Cab-o-sil TS 720 shows three regions. The
slope of the first region is n = 1. The destruction
of the thixotropic agent structure begins in the
second transition region and is already complet-
ed in the third region. The slope of the third
straight line section is n, = 2, independent of the

thixotropic agent concentration present. The
third straight line section is nearly identical with
the first normal stress difference of the silicone
oil M2oooo. The first normal stress difference of
the suspensions with silicone oil and Durcal 5
decrease at a certain shear stress with increasing
filler concentration. The increase of the Durcal
concentration causes a parallel movement of the
straight lines with a slope of n = 2to higher shear
stresses.

REFERENCES

[1]  GoodwinJW:Therheology of dispersions, in Col-
loid Science Vol. 2, Specialist Periodical Reports,
edited by D.H.Everett (The Chemical Society,
London, 1975).

[2] Mewis J, Spaull AJB: Rheology of concentrated
dispersions, Adv. Colloid Interface Sci. 6 (1976)
173-200.

[3] Metzner AB: Rheology in of suspensions in poly-
meric liquids, J. Rheol 29 (1985) 739-775.

[4] Kamal MR, Mutel A: Rheological properties of
suspensions in Newtonian and non-Newtonian
fluids, J. Polym.Eng. 5 (1985) 293-382.

http://www.appliedrheology.org

Applied Rheology
November/December 2002

gy website




This is an ¢

[5]

(6]
[71

(8]

[9]

[10]

[m]

[12]

[13]

[14]

Barnes HA: Shear-thickening in suspensions of
nonaggregating solid particles dispersed in
Newtonian liquids, J.Rheol. 33 (1989) 329-366.
Malkin AY: Rheology of filled polymers, Adv.
Polym. Sci. 96 (1990) 69-97.

Ohl N, Gleissle W: The characterisation of the
steady-state shear and normal stress functions
of highly concentrated suspensions formulated
with viscoelastic liquids, J. Rheol. 37 (1993) 381-
406

Gleissle S, Gleissle W, McKinley GH, Buggisch H:
The normal stress behavior of suspensions with
viscoelastic matrix fluids, Proc. sth European
Rheology Conference, Slovenia (1998) 554-555.
Aral BK and DMKalyon: Viscoelastic material
functions of noncolloidal suspensions with
spherical particles, J. Rheol. 41 (1997) 599-620.
Walberer JA and AJ McHugh: The linear vis-
coelastic behavior of highly filled polydimethyl-
siloxane measured in shear and compression, J.
Rheol. 45 (2001) 187-201

Ziegelbaur RS, Caruthers JM: Rheological prop-
erties of poly(dimethylsiloxane) filled with
fumed silica: 1. Hysteresis behaviour, J. Non-
Newt. Fluid Mech. 17 (1985) 45-68

KosinskiLE, CaruthersJM:Rheological properties
of poly(dimethylsiloxane) filled with fumed sili-
ca: Il. Stress relaxation and stress growth,J. Non-
Newt. Fluid Mech. 17 (1985) 69-89.

Kosinski LE, Caruthers JM: The effect of molecu-
lar weight on the rheological properties of
poly(dimethylsiloxane) filled with fumed silica,
Rheol. Acta 25 (1986) 153-160.

Aranguren MI, Mora E, DeGroot JV, Macosko CW:
Effect of reinforcing fillers on the rheology of
polymer melts, J. Rheol. 36 (1992) 1162-1182.

Applied Rheology
November/December 2002

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Khan SA, Zoeller NJ: Dynamic rheological behav-
jor of floculated fumed silica suspensions, J.
Rheol. 37 (1993) 1225-1236.

Hadjistamov D: The viscoelastic properties of
filled silicone fluids, Appl. Rheol. 3 (1993) 113-119.
Hadjistamov D: Relationship between the nor-
mal stress difference and the shear stress, Appl.
Rheol. 5 (1995) 29-33.

Tanaka H, White JI: Experimental investigations
of shear and elongation flow properties of poly-
styrene melts reinforced with calcium carbon-
ate, titanium dioxide and carbon black, Polym.
Eng. Sci. 20 (1980) 949-956.

Han CD: Rheological properties of calcium car-
bonate-filled polypropylene melts, J. Appl.
Polym. Sci. 18 (1974) 821-829.

Minagawa N, White JI: The influence of titanium
dioxide on the rheological and extrusion prop-
erties of polymer melts, J. Appl. Polym. Sci. 20
(1976) 501-523.

Hadjistamov D: Viscoelastic behavior of filled
and unfilled silicone oils, Proc. XIth Int. Congr.on
Rheology, Brussels, Belgium (1992) 357-359.
Meissner J: Modifucation of the Weissenberg
Rheogoniometer for measurements rheological
properties of molten polyethylene on the shear.
Comparison with tensile data, J. Appl. Polym. Sci.
16 (1972) 2877.

Veenstra H, Hoogvliet RM, Norder B, De Boer AP:
Microphase separation of a semicrystalline
poly(ether-ester) multiblock copolymer, J. Poly.
Sci. Part B: Polymer Physics 36 (1998) 1795-1804.
Schroder R: Der Einfluss der elastischen Eigen-
schaften des Tragermediums auf das Fliessver-
halten von Kugel- und Fasersuspensionen,
Rheol. Acta 25 (1986) 257-274.

axtract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



