
93Applied Rheology
Volume 13 · Issue 2

Dissertation: Rheologische Charakterisierung von Kunststoffen
Rheological Characterization of Polymers

Wolfgang Thimm*

Albert-Ludwigs Universität Freiburg i. Brsg., Freiburger Materialforschungszentrum,
Stefan-Meier-Straße 21, 79104 Freiburg i. Brsg., Germany

* Present Address: E.G.O. Elektro-Gerätebau GmbH, Rote-Tor-Strasse, 75038 Oberderdingen,
Germany

* Email: wolfgang.thimm@e-g-o.net
Fax: x+49.7045.9615467

In this thesis the relationship between rheologi-
cal properties of polymeric systems and their
molecular weight distribution is examined in
detail. Both the direct problem, how rheological
data depend on the molecular weight distribu-
tion, and also the inverse problem are discussed.

Since long time the influence of monodisperse,
linear polymers on rheological data is well-
known (take the 3.4 - power law dependence of
the zero-shear rate viscosity on the average mol-
ecular weight for example).

In this thesis more complex polymer
mixtures (especially binary mixtures and highly
polydisperse polymers) are examined. Models
(i.e. reptation and Rouse model), which describe
the connection between rheological data and the
molecular weight distribution, in simple form
used as mixing rules, are examined and ques-
tions which arise, when such models are used to
determine the molecular weight distribution are
discussed in detail.  
In this thesis it is shown that there exists a sim-
ple analytical approach to this problem. The rhe-
ological relaxation time spectrum and the mole-
cular weight distribution can be converted into
another by using a simple analytical formula. Just
the parameters of the power law connection
between the terminal relaxation time (for a
monodisperse polymer of weight M) and the
weight M have to be known to use the formula.

Excellent agreement (see Fig. 1) between
the molecular weight distribution determined
with GPC and rheological data is found, when the
Rouse spectrum can be substracted from the
data. However whether this is possible, depends
on the data and especially on the width and range
of the relaxation time window, which can be
measured in the experiment (in Fig. 2 the Rouse
spectrum, the "entanglement" spectrum, which
is used to determine the mwd, and the sum of
both, which corresponds to the experimentally
determined data, are shown). This relaxation
time window is the limitation to characterize

highly polydisperse (and these are often those
used widely in industrial applications) polymers
(in Fig. 3 the result for a highly polydisperse poly-
mer is shown).

The dynamics found examining highly
polydisperse polymers is more complex than for
monodisperse polymers, because the dynamics is
implicitly molecular weight distribution depen-
dent. This aspect and the connection to the above
mentioned analytical relationships are considered

Figure 1 (right above):
The molecular weight
distribution of a binary
polymer (polystyrene with
80% of component with Mw
= 177 kg/mol and 20% of
component with
Mw = 60 kg/mol) is
determined. The result of
the GPC curve and the result
from the rheological
determination (error bars
connected with arbitrary
line) are in good agreement. 

Figure 2 (right below): The
relaxation time spectrum
consists of two parts, which
are important in deter-
mination of the molecular
weight distribution. These are
the Rouse spectrum, which is
dominant a lower relaxation
times, and the entanglement
spectrum, which determines
the data at higher relaxation
times. The experimentally
determined spectrum can be
regarded as sum of both. In
the figure the sum is offset
for clarity.
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and compared to predictions of other theoretical
work on highly polydisperse material. 

DOWNLOAD
The text of the thesis (in German) may be down-
loaded free as pdf-File from the page: www.frei-
dok.uni-freiburg.de/volltexte/640.
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Figure 3: For highly
polydisperse high density

polyethylene the rheological
determination of the molec-

ular weight distribution
(error bars connected with

arbitrary line) is in good
agreement to the GPC

curve. However, the range,
where the molecular weight

distribution can be deter-
mined is limited due to a

finite relaxation time
window in the rheological
measurement. Therefore,

the molecular weight
distribution determined
with rheology does not

cover the range of the
whole GPC curve.
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