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ABSTRACT:

Polymer melts can be mixed with many monomers, plasticizers, antistatics or foaming additives. Properties of
such mixtures can change during blending because of chemical reactions like polymerization or crosslinking.
The process may be carried out either in stirred tanks, extruders or in motionless mixers. In this paper we focused
on the mixing time and the diffusion time of reagent, plasticizer and polymer thanks to rheological tools, and
on the way how rheological properties can be studied during chemical reaction in polymer blending. The con-
cept of rheoreactor and Couette analogy were introduced since we have a reactor on our disposal that can mix
solution and measure rheological properties without taking sample. This apparatus appears to be an apprecia-
ble toolin complement of internal mixers that are specific to polymer blending. Forexample, we show the impor-
tance of the competition between mixing time and reaction time for reactive systems.

ZUSAMMENFASSUNG:

Polymerschmelzen kénnen mit vielen Monomeren, Weichmachern und antistatischen und schaumenden Addi-
tiven gemischt werden. Die Eigenschaften solcher Mischungen kénnen sich wahrend des Blendens aufgrund
chemischer Reaktionen wie Polymerisation oder Vernetzung andern. Die Verarbeitung kann entweder in
Rithrmischern, Extrudern oder statischen Mischern durchgefiihrt werden. Die Zielsetzung dieser Arbeit war die
Untersuchung der Mischzeit und der Diffusionszeit des Reagens, des Weichmachers und des Polymers mittels
rheologischer Methoden sowie die Moglichkeit, wie rheologische Eigenschaften wahrend der chemischen Reak-
tion beim Blenden der Polymere untersucht werden kénnen. Das Konzept des Rheoreaktors und der Couette-
Analogie werden eingefiihrt, da uns ein Reaktor zur Verfligung steht, der Lésungen mischen kann und ohne
Probenentnahmedie rheologischen Eigenschaften messen kann. Dieses Messgerat scheint ein wertvolles Instru-
ment zu sein in Erganzung zu internen Mischern, die zum Blenden von Polymeren konstruiert worden sind.
Beispielsweise zeigen wir die Bedeutung der Konkurrenz zwischen Misch- und Reaktionszeit fiir die reaktiven
Systeme.

RESUME:

French Abstract: Les polyméres fondus peuvent étre mélangés a différents monomeres, plastifiants, aditifs anti-
statiques ou de moussage. Les propriétés de tels mélanges peuvent évoluer pendant 'opération de mélangeage
sides réactions chimiques comme des polymérisations ou réticulations ont lieu. Ce procédé peut étre mené dans
des réacteurs agités, des extrudeuses ou des mélangeurs statiques. Dans cet article, nous avons étudié de preés
le temps de mélange, le temps de diffusion des réactifs, des plastifiants, des polyméres grace a des outils
rhéologiques et la maniére dont nous pouvions suivre les propriétés rhéologiques lors d’une réaction chimique
dans un mélange polymére. Nous avonz alors introduit le concept de rhéoréacteur et d’analogie Couette. Il s’ag-
it d’'un réacteur sous forme de cuve agitée qui peut donc mélanger des solution et mesurer des propriétés
rhéologiques en s’affranchissant du prélévement d’échantillon. Cet appareil est un outil fort appréciable et per-
met un bon complément d’informations au mélangeur interne traditionnel qui est plus spécifique au mélange
de polymeéres. Parexemple, nous montrons I'importance de la compétition entre letemps de mélange et le temps
de réaction pour les systéms réactifs.
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that of literature data for networks based on low
molecular weight precursor (n ~ 0.7 - 0.8 [25]),
whereas EVA33-400 can be assimilated to an
intermediate molecular weight precursor
(n ~ 0.4 - 0.7). In a previous work [26] we have
reported a value of n = 0.5 for a high molecular
weight precursor.

5 CONCLUSION

On the one hand, a comparison between rheo-
logical data from classical parallel plate geome-
try and those from a rheoreactor permitted to
justify the use of the rheoreactor with melt
polymer. On the other hand, the complementary
uses of a rheoreactor, a classical rheometer and
an internal mixer allowed to establish a mixing
law for the incorporation of small quantities of
low viscous liquid into highly viscous polymer
melt. The more in-depth study of diffusion in
polymer helped us to understand the relation-
ships between macromixing and diffusion and
the effect of the striation thickness on the diffu-
sion rate.

Besides these results, the rheoreactor
allowed us to point out mixing phenomena and
reagent dispersion during a polymer crosslink-
ing. Without considering viscous dissipation, the
kinetics of EVA crosslinking is all the more fast
that shearrateis high when crosslinking reagent
are not premixed. Moreover, when the reagents
are premixed at low temperaturein orderto melt
EVA, we should distinguish two cases depending
on the shear rate range. At very low shear rates,
EVA crosslinks faster when shear rate decreases,
and a more usual tendency is observed for high-
er shear rates, that is to say the kinetics increas-
eswithshearrate. Thiswas possiblyduetoacom-
petition between frequency meeting and
contact time between active functions. In addi-
tion, this phenomenon shows the importance of
the competition between mixing time and reac-
tiontime. Finally, a very interesting advantage of
the rheoreactor concerns the measurement of
the viscoelastic properties of a material during
mixing. For example, the gel point can be accu-
rately determined in situ.

On the other hand, we have focused in this
paperon the diffusion and mixing timeinan EVA
matrix. Indeed, as the material experiences a
shear rate action during mixing, a relation
between mixing time and diffusion time was
established.
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