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ABSTRACT

This work reveals the various rheological
properties a single polymer has under differ-
ent conditions, i.e. as a dilute solution, as a
melt or as a solid. In order to establish a rela-
tionship between the different concentrations
a wide range of mechanical and even optical
tests were employed on the polymer itself, on
solutions and on polymerisation processes.

INTRODUCTION

The applications of polymers cover an
extremely wide range of concentrations. For
drag reduction polymer solutions with con-
centrations of only a few ppm are needed,
while plastic materials for everyday use ide-
ally consist of the pure polymer itself. Other
applications like coating or food additives
require concentrated or semidilute polymer
solutions. Due to these different applications
a wide range of concentrations has to be
characterised. Different structures of dilute,
semidilute and concentrated solutions, melts
and solids lead to different interactions be-
tween the molecules and their segments. On
the one side these interactions depend on
parameters like concentration, temperature,
or solvent quality. On the other side the
structure of the polymer itself, i.e. its molecu-
lar mass, branching, or molecular mass distri-
bution, influences the application properties
strongly. Moreover every different applica-
tion needs a different rheological test to char-
acterise its necessities which lead to different
methods, like step strain, yield stress, steady
shear, creep, transient or oscillation experi-
ments to cover all applications, By using
polystyrene as an example we investigated
how strong different applications are linked
to the properties of the polymer itself.

EXPERIMENTAL PART

Due to the wide range of concentrations,
viscosities, and experiments normally a wide
range of equipment is necessary. To test the
viscosity of solvents and very low viscous
solutions customarily capillary viscometers
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are used. Step strain and relaxation experi-
ments can be done only with rheometers
which can control shear rate and strain. For
the determination of yield stress points and
for the observation of curing processes shear
stress controlled rheometers are commonly
used.

To avoid this wide range of instrumenta-
tion the unique shear rate, shear stress and
strain controlled rheometer PHYSICA UDS
200 was employed to perform all the meas-
urements. Due to its EC measuring drive it
can control stress or strain or shear rate and
using all the benefits a measuring drive gives,
i.e. the wide torque range (0,5uNm to
150mNm) and the wide range of environ-
mental systems for temperature control.

RESULTS AND DISCUSSION

The state of solution of a polymer de-
pends on the concentration and the molecular
mass. Figure 1 shows this dependence for the
chosen example polystyrene in toluene.

x10 T (c)" semidilute
cm)” Va
11071
ERRELIN
Q
: .
T .-
110 - -semi- -
dilute
: . article :
4f diute vpolu!'ion ... ijcone
X107 particle ‘I particle
solution L\ ‘solution
1x10° 3 E L
1x10° 1x10™* 1x10° 1x10? 110" 1x10°

c Ig~mL'1
Figure 1. The different states of solu-
tions of narrowly distributed polysty-
rene in toluene as a function of the
molecular mass and the polymer con-
centration *.



The viscosity and the viscoelastic prop-
erties of the solution are therefore a result of
the different interactions in the different re-
gimes.

The lowest concentration of polymer is
found in the solvent. Naturally, as figure 2
shows, it exhibits only Newtonian properties.
But with an rotational instrument it is possi-
ble to observe much lower shear rates as it is
possible in a capillary or rolling ball instru-
ment 2. The accuracy better than 1 % enables
the proper determination of the intrinsic vis-
cosity, 1.e. the extrapolation of concentration
and shear rate.
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Figure 2. The viscosity of toluene as a
function of shear rate at 293 K. This
diagram shows the capabilities of
measuring low viscous samples.

By increasing the concentration the inter-

Three concentrations of polystyrene were
chosen to detect the transition between a
semidilute particle solution (3%) and a con-
centrated network solution (7%, 10%). By
calculating the rotational diffusion coeffi-
cient* and therefore the orientation angle’ it
became possible to predict the orientation of
an individual molecule.

Obviously the dynamic behaviour of
polystyrene in a semidilute solution (3%) is
not strongly affected by interactions between
the molecules. By increasing the concentra-
tion to the regime of a concentrated network
solution (7%, 10%) the interactions increase
and a stronger orientation in the direction of
shear can be found (figure 3).

More important than the behaviour in
toluene are the melt properties of polysty-
rene. During the polymer processing
(extrusion, fibre spinning, etc.) the flow
properties of the polymer influence directly
the quality of the end product. Due to the
sensitivity of the C-C-bond against longer
heat treatment oscillation test at very low
frequencies are somehow restricted.

Figure 4. shows the step strain test per-
formed with polystyrene at 483 K using the
UDS 200. The relaxation was observed for
100 s and the linear relaxation modulus was
directly obtained.
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Figure 3. Orientation angle of polysty-
rene in toluene, detected by flow bire-
fringence3. M = 1,86 Mg/mol, T =
208 K.
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period. Afterwards the data can be used to
recalculate the storage and the loss modules
via the continuous relaxation time spectrum.



Normally it can be expected that the re-
sults of a step strain test and an oscillation
test are similar. Figure 5 displays the experi-
mental date obtained with the polystyrene.
Both curves are quite similar except for the
fact that the oscillation test is more suitable
for the higher frequencies up to 100 Hz. On
the other side, the step strain test covers the
frequency range at the lower end. Therefore
it is possible to detect even longer the relaxa-
tion times within a reasonable time.
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Figure 5. The open symbols represent
the recalculated data from the step
strain test, while the filled symbols
were obtained directly by an oscilla-

tion test at T = 483 K.

But even during the process of polymeri-
sation one can observe the transition between
the states of solution. Besides the significance
for the transition itself the viscoelastic data
yield information about the kinetic of the
polymerisation®. Normally the polymerisation
of styrene takes place in an exothermic reac-
tion within a very short period. Normally the
frequency dependence of the viscoelastic
properties can not be observed due to the
very fast reaction. But nevertheless the vis-
coelastic properties during this transition
from a monomer to a polymer, i.e. from a
dilute particle solution to a. concentrated
network are quite important to characterise
the polymer and its quality in application.
Hence it will be demonstrated how these
properties can be detected.

Further information can be obtained by
characterising the solid itself. This is espe-
cially important for processes like moulding
as transitions from the solid to the melt or
glass transitions of commonly used mixtures
of polymers may interfere with the applica-
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tions of the end products. By using the same
rheometer as for the characterisation of the
solvent the temperature dependence of the
dynamic behaviour of solid bars was tested.

SUMMARY

The viscous and viscoelastic properties
of polystyrene show a wide variety over the
concentration range which was investigated.
Nevertheless it was possible to clarify the
relationship between the different concentra-
tion by using a simple phase diagram and
observing the transitions between different
regimes.
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