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Synopsis

AC dielectric relaxation properties of polypropylene /polyurethane composites have been studied.
The segmented polyurethane (PUR) component contained a poly (propylene oxide) soft segment,
and a diphenyl methane diisocyanate /butanediol hard segment. The molecular weight of the soft
segment, the concentration of the latter in the polyurethane phase, and the PUR content of the
blends were changed systematically. It was observed that the polypropylene is phase-separated
with respect to both PUR segments and that the dielectric relaxation properties are determined
largely by the PUR component. Two transitions attributable to the glass transitions of the soft
and hard phases, respectively, were observed. The soft segment transition temperature decreases
with increasing molecular weight of the latter. The transition temperatures are somewhat dependent
on the PUR content in the blend, indicating some interaction between the phases. Model calculations
show that these shifts and some intensity anomalies are not due simply to the existence of a
heterogeneous structure. The ohmic interfacial relaxation process does not play an important role
in the temperature and frequency range studied.

INTRODUCTION

The relaxation properties of polymer blends have received attention in part
because these properties can reveal details of the phase structure of these
systems and provide information about interactions between blend con-
stituents.*™®

Blends of polypropylene (PP) with elastomeric materials are important be-
cause blending improves the impact resistance of polypropylene at low tem-
peratures (see, for example, Refs. 4 and 5). Such blends are usually immiscible
two phase systems. Immiscibility has been observed even with the chemically
similar EPDM rubbers, so immiscibility with the structurally different poly-
urethanes (PUR) investigated in this contribution is anticipated.

Morphological, thermal, and mechanical (DMA, tensile, impact) properties
of certain PP /PUR systems have been studied recently.® The main conclusions
can be summarized as follows:

1. Electron microscopic studies show that the PUR phase forms well-dis-
persed globular inclusions in the PP phase at low volume concentrations,
while, around 30 wt % or above, agglomeration and the formation of
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elongated rodlike particles begins and the PUR phase gradually achieves
continuity.

2. WAXS studies show that the crystallinity of the PP phase decreases
slightly with increasing PUR content (from about 65 to 55 wt %).

3. DSC studies could not detect the T, of the PUR component but have
shown that the melting temperature of PP remained essentially constant
(167°C).

4. The addition of PUR did not change the location of the 8-relaxation
peak of PP, as detected by DMA (i.e., 24°C).

In this contribution we present some additional data on these systems. Di-
electric spectroscopy can be regarded as a method complementary to dynamic
mechanical analysis.”® In principle, the same molecular motions are detected
by both methods, but the electrical field excites only polar species, so that
dielectric spectroscopy has an aspect of selectivity. Dielectric spectroscopy is
therefore an ideal tool for studying the systems discussed here since a polar
minority phase is dispersed in an apolar matrix, and, as will be shown, the
transitions in the polar phase which are more or less undetectable in DSC or
DMA measurements appear clearly in the analyses of the dielectric properties.

EXPERIMENTAL

The polyurethane components of the blends were synthesized from
poly (propylene oxide) (PPO) (Soda-So Co., Yugoslavia), forming the soft
segment and diphenyl methane diisocyanate (MDI) as the hard segment; the
chain extender was butanediol (BD). Two different polypropylene glycols were
used (M, = 1000 and 2000, respectively), providing 1 degree of freedom. In
addition, the concentration of the soft segment (SSC, %) was also varied be-
tween 50 and 70 wt %. The compositions of the samples and the codes used
are given in Table I. The polypropylene component in all cases was Hipolen
MA3 (Hipol, Odzaci, Yugoslavia) with MFI = 11. Blends were prepared in a
Haake Rheomix type mixer at 45 rpm with a mixing time of 5 min at 180°C.
Samples, 0.5 mm thick, were molded at 230°C for 2 min at low pressure followed
by exposure to 70 atm at the same temperature for 2 min and were then cooled
and held at 120°C for 2 min.

Dielectric measurements were performed using a Polymer Laboratories di-
electric thermal analyzer (DETA), which consists of a General Radio 1689M
automatic digital RLC bridge, a thermostatable measuring cell with a temper-
ature programming unit, and a Hewlett-Packard 9816 minicomputer with pe-
ripheral units (floppy disc drive, plotter, printer). The software was also supplied
by Polymer Laboratories.

The samples were measured in the temperature scan mode at a 5°C/min
heating rate under a prepurified N, atmosphere from —100 to 140°C. The sam-
ples softened at the highest temperatures. The electrode diameter was 33 mm,
the samples were equipped with Al foil electrodes, and the interelectrode distance
was adjusted with a screw. Thus the change in the empty capacitance was
limited to the thermal dilatation of the ceramic units fixing the cell; this ca-
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TABLE I
Notations and Compositions of the Samples

PUR content of the

Series M, of PPG Soft segment cc (SSC %) blends (wt %)
1 1000 50 5, 10, 15, 20
1I 1000 60 5, 10, 15, 20, 30
III 2000 50 5, 10, 15, 20
v 2000 60 5,10, 15
A\ 2000 70 5, 10, 15, 20, 30, 40

pacitance change is much lower than that of the sample. The temperature
dependence of the empty capacitance is not taken into account by the software
used. With the present two-electrode cell design without a guard ring, losses
below 1072 cannot be detected with certainty.

RESULTS

The dielectric properties of pure polypropylene are relatively insensitive to
change between —100 and 150°C. The permittivity (around 2.3 at room tem-
perature) decreases somewhat with increasing temperature; the loss is usually
very low (around 10 %) and displays two small maxima, around 30 and 120°C
at 1 kHz. The peak amplitude depends on crystallinity, oxidation, and the
presence of impurities and additives.”?! The lower temperature relaxation is
associated with the glass transition of the amorphous phase while the higher
temperature peak is attributed to a crystalline transition.

In the blend samples, steplike changes in ¢ and maxima in ¢’ were observed
in all cases and these changes were greater than those observed for pure PP.
Figures 1 and 2 show the temperature dependent dielectric dispersion (¢') and
loss (€’) curves respectively for sample II/20 at five different frequencies. The
presence of two transitions is clearly visible. The lower temperature transition
is not well resolved in the lower frequency curves (at 20 and 100 Hz) because
of the experimental sensitivity. The maxima for the higher temperature tran-
sition are above the measured temperature range at 10 and 100 kHz. The tem-
perature dependent data are shown in a complex plane (Cole-Cole) plot (Fig.
3), and it can be seen that in the case of the low temperature transition the
points taken at different frequencies lie practically on the same curve, but the
higher temperature transition is thermorheologically complex, and the differing
temperature data cannot be superposed by a simple log v shift. This can also
be seen from the increasing amplitudes of the loss peaks with increasing fre-
quency.

To compare the various sample series below, the following data have been
selected: the 1 kHz loss curves (since they display both transitions), and the
100 Hz dispersion curves, because they show the maximum observable static
permittivity value at the highest temperatures. Figures 4 and 5 show the 1 kHz
loss maxima (€ max) and the 100 Hz permittivity values measured at 125°C
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Dielectric dispersion (¢') curves of a PP /PUR sample of series Il containing 20 wt %

Fig. 1.
polyurethane, measured at five different frequencies.

(above the higher transition temperature). In Figure 4 the loss maxima are
plotted on a different scale because of the large intensity difference. The losses
and static permittivities usually increase with increasing PUR concentration,
but the increase is neither linear nor monotonic in all cases. The relaxation
temperatures measured at different frequencies are presented for series I and
II in Figure 6 (M, of the soft segment is 1000) and for series III, IV, and V in
Figure 7 (M, of the soft segment is 2000). It is immediately apparent that the
transition temperatures of the lower temperature transition are lower for series
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Fig. 3. Cole-Cole representation of the temperature-dependent dielectric dispersion and loss
curves of sample II/20 measured at different frequencies.

III, IV, and V than for series I and II. The behavior of the high temperature
transition is more complicated. It is also clear that the transition temperatures
as a function of PUR content show some scatter; at best only trends can be
established.

To compare the shapes of the relaxation curves, the 1 kHz data of the samples
containing 10 wt % PUR are shown in Figure 8 in the Cole-Cole representation.
One can see that the lower temperature relaxation process exhibits a wider
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Fig. 4. Measured 1 kHz loss peak maxima as a function of polyurethane content in different
series: (O) low temperature (soft segment) transition; (@) high temperature (hard segment) tran-
sition.
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Fig. 5. Measured 100 Hz permittivities above the glass transition of the hard segment (usually

at 125°C) as a function of the PUR content in the different series.
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Fig.6. Transition temperatures of samples of series I and II measured at different frequencies,
plotted as a function of composition: (O) low temperature transition; (@) high temperature tran-
sition. The lines are not interpolation curves; they show only the connectivity of the data points.
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Fig. 7. Transition temperatures of samples of series III-V measured at different frequencies,
plotted as a function of composition. Symbols are the same as in Figure 6.

relaxation time distribution; the skewed arc is very wide and flat. The shape
and magnitude of the relaxation, however, change less than those of the high
temperature transition from one series to another.

DISCUSSION

By comparing the dispersion (¢) and loss (€”) curves obtained for these
blend systems with those reported for pure PP, it becomes clear that practically
the whole loss and dispersion are due to the presence of the polar additive.

Segmented block polyurethanes are themselves complex phase-separated
systems consisting of at least two and sometimes four phases.!? The soft and
hard segment blocks tend to undergo microphase separation whose completeness
and the sharpness of the boundary between the soft and hard phases depends
on the chemistry of the system and on the thermal and solvent history of the
sample. Depending on the chain length and the relative amounts of hard and
soft phases both phases can be amorphous or semicrystalline.

The effect of the soft segment concentration on the transition temperatures
and other physical properties has been studied for example in a poly-
(tetramethylene oxide)/MDI/BD system over a wide composition range.!®*
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Fig.8. Cole-Cole representation of the temperature-dependent 1-kHz data of composites con-
taining 10 wt % PUR belonging to different series.

These references also contain information about earlier work in this field. The
main conclusions regarding the specific transitions can be summarized as fol-
lows: The glass transition temperatures of the separated phases depend on the
length of the blocks (determined by the weight average molecular weight of
the soft phase and the soft segment concentration ). The glass transition tem-
perature of the soft phase decreases with increasing molecular weight, but re-
mains higher than that of the soft segment homopolymer. This can be under-
stood in terms of the looser network structure formed between the physical
junctions of the hard phase. Crystallinity in the soft phase can be observed
only at high molecular weights and high soft segment concentration, while the
crystalline transition of the hard phase can be detected only at very low soft
segment concentration. The T, of the pure MDI/BD hard phase is 109°C*%;
in segmented polyurethanes it usually drops to 80-90°C, depending on the
concentration and crystallinity of the hard segment. The dilatometric T, of the
pure PPO polymer which constitutes the soft segment in our samples is —75°C.”
In AC dielectric measurements it shifts to about —50- —60°C depending on the
frequency used. Pure stereochemically regular PPO polymer is semicrystalline,
but in our case no crystallinity is expected because of the atactic character of
the PPO component.

Comparing these data with the transition temperatures observed in the PP/
PUR composites (Figs. 6 and 7), one can see that the lower temperature tran-
sition, which can be attributed to the soft phase of the PUR component, de-
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creases with increasing M,, of the soft segment, but it is still higher than the
« transition temperature of the pure PPO phase, in accordance with the ob-
servations of Refs. 13 and 14. The dependence of transition temperatures on
the soft segment concentration is not significant if the molecular weight of the
soft segment is held constant. The transition temperatures shift, however, ap-
preciably if the PUR content of the blend is varied. According to the thermal
and dynamic mechanical measurements,® the transitions of the PP component
did not depend on the blend composition, and so the shift of the transitions of
the PUR segments is probably due to morphological constraints or interfacial
interactions in the phase-separated blends.

To interpret the absolute values of the losses and permittivities observed in
the blends, the effect of the heterogeneous nature of these systems has to be
investigated. Experimental evidence has shown that if two low loss materials
such as polypropylene and polycarbonate (PC) are blended to form a phase-
separated system,'® then the resulting permittivity will depend on the com-
position and the polarity difference of the components; the loss curve will be
low and flat up to the glass transition temperature of, in this case, the PC
component. If, however, the polarity and loss of the two components are widely
different, as in the case of polyethylene and polyamide,” at certain compositions
the mixture can exhibit even higher permittivity and loss than either of the
components, an effect related to the heterogeneous structure of the blend.

Model Calculations

To assess the possible effects of phase heterogeneity on the dielectric relax-
ation spectra in the present case, model calculations have been performed. The
mixture formulae used to calculate the permittivity and other related properties
of composites have been recently reviewed (see, e.g., Refs. 18 and 19). Model
calculations have shown !%?° that matrix-inclusion type, effective medium and
symmetric integral equations qualitatively predict different behaviors for the
complex permittivities in the low frequency limit and for the conductivities of
insulator-conductor composites. In this contribution we will use two relevant
equations to simulate the dielectric response. First is the generalized Bruggeman
equation for parallel oriented spheroids?!:

- A
=)y -2
€1 — €2 €

where ¢ is the permittivity of the composite, ¢; is that of the matrix phase
{medium), ¢, is that of the included phase, v, is the volume fraction of the
inclusions, and A is the depolarization factor of the spheroid along that axis
which is parallel to the electrical field (it is assumed that the field is directed
along one of the axes). The depolarization factor can be calculated from the
axial ratio (v ) of the inclusion (see, e.g., Ref. 19).

The other equation is the generalized Béttcher equation ??:

(e — vy (e2— vy _
t(a-94 t(g-94a ° @
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derived for a statistical mixture of parallel spheroidal particles, notation as
above, v; = 1 — v,. This equation is symmetric in indices; there is no a priori
reason to assign any of the phases as matrix or inclusion. Calculations show
that, for this equation in the 0 < v, < A range, phase 1 can be regarded as
continuous and phase 2 as discrete; in the A < v; <1 — A region both phases
are continuous while in the 1 — A < vy < 1 range phase 2 is continuous and
phase 1 is discrete.

In both cases e can be real (ideal dielectrics) or complex (lossy dielectrics).

In the latter case ¢, of the kth component is
eh = ¢h — jleh + or/ €w) (3)

where ¢}, is the real part of the complex permittivity, £ is the dielectric loss,
o is the ohmic conductivity, ¢, is the vacuum permittivity, w = 2#v is the radial
frequency, » is the frequency, and j is V—1.

The Effect of Inclusion Shape and Permittivity
on the Permittivity of the Composite

First we consider the effect of the inclusion permittivity on that of the com-
posite. Figure 9 shows this function at different volume fractions for globular

A=1/3 A_L: 0.4899
6+ = | - ]": 10
[— Bruggeman
---- Boticher

Fig. 9. Dielectric permittivity of a composite consisting of phase 1 with ¢ = 2.2 and phase 2
having varying permittivity at different volume fractions of the second phase. Left: spherical ge-
ometry (y = 1). Center: elongated spheroidal geometry (y = 10), perpendicular to the axis of
rotation. Right: elongated spheroidal geometry (v = 10), parallel with the axis of rotation. De-
polarization factor values are given on the figures.
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(left) and prolate (elongated) spheroids perpendicular (middle) and parallel
(right) to the axis of rotation. It should be noted that the volume fractions are
somewhat lower than the weight fractions, since the density of polypropylene
(p1 = 0.90) is lower than the typical value for polyurethanes (p; = 1.1-1.2),
but this does not influence our general conclusions. With the exception of
spheroids, field parallel with the axis of rotation, all functions deviate consid-
erably from the linear, which implies that the increasing permittivity of the
inclusions causes less and less increase in the permittivity of the composite.
Elongated particles with an axial ratio of 10 are taken into account because,
according to the morphological studies® at higher volume fractions, the PUR
globules tend to agglomerate and form elongated particles. If the orientation
of the elongated particles is random, other formulae are appropriate (see Ref.
19), but as a first approximation the permittivity of the composite containing
randomly oriented spheroids can be obtained as a 1:2 average of the parallel
and perpendicular orientation values. The Bruggeman formula tends to predict
a lower composite permittivity at a given level of inclusion permittivity. Com-
paring these theoretical values plotted in Figure 9 with the highest € values
measured at 100 Hz (see Fig. 5), one can conclude that the static permittivity
of the inclusions varies between 8 and 15, which is comparable to values observed
for other polyurethanes (see, e.g., Refs. 23-26).

The Effect of Heterogeneity on the Position
and Intensity of Loss Peaks

The effect of phase heterogeneity on the dielectric loss was modeled using
the following simple dielectric function for the inclusion:

Ae

O T) = e /v exp [ (Ea/R)(1/ T — 1/To) 1}

—-E./R
+rroexp'( /RT) (4)
Jjeo2wy

which is a Debye response® with thermal activation. Here ¢, is the high fre-
quency limiting permittivity, Ae is the relaxation strength, T is the maximum
temperature measured at a frequency of v, v is the actual frequency, R is the
universal gas constant, E; is the activation energy of relaxation, E, is that of
the conductivity, and o, is the preexponential factor of the ohmic conductivity.
In the model system ¢, = 2.5, Ae = 5, E4 = 100 kJ /mol, », = 10® Hz, and T
= 80°C have been chosen for phase 2. The calculated permittivity and loss are
shown in Figure 10 as a function of temperature. In the case of the loss, the
pure dielectric loss (curve a) and three other curves are shown at different
conductivity levels. It is assumed that the room temperature conductivity is
107 @71 ¢cm ™! in all cases and E, is varied as 25, 50, and 75 kJ /mol in curves
b, ¢, and d, respectively. Using these values for the inclusion and, for the sake
of simplicity, € = 2.2 and ¢ = 103, independent of temperature, for the matrix,
various properties of the model composite have been calculated and these trends
compared to the experimental values.



446 BANHEGYI, KARASZ, AND PETROVIC

log e"

] 1 1 | |
20 60 100 140

TEMPERATURE (°C)

Fig. 10. Dielectric dispersion and loss of a system described by eq. (4) setting ¢, = 2.5, Ae
=5, v = 103 Hz, » = 10% Hz, T\, = 80°C, E; = 100 kJ/mol. The ohmic conduction is neglected in
curve a (gq = 0), while ¢ (20°C) = 107" 7' cm ™ is assumed with E, = 25, 50, and 75 kJ /mol in
curves b, ¢, and d, respectively. ¢ is independent of the conductivity level.

The effect of phase heterogeneity on the loss peak height of the second
component in the absence of ochmic conduction (¢” is approximated by curve a
of Fig. 10) is first examined. Figure 11 shows the ratio of the composite loss
peak height to that of pure second component for spherical (left) and for elon-
gated spheroidal (right) inclusions. In the latter case both parallel and per-
pendicular orientations were calculated; the 1 : 2 average is also shown as a
first approximation for the random orientation. The losses are in all cases lower
than would be expected from the linear mixing rule, but they increase mono-
tonically with the concentration of the second phase. Values obtained for spheres
and for randomly oriented spheroids are very close to each other, so that in-
tensity anomalies (see Fig. 4) obtained experimentally (e.g., in series V at 30
wt % PUR) cannot be simply explained by switching from a globular to a
fibrillar morphology.

The effect of phase heterogeneity on the loss peak temperatures has been
assessed using €], = 2.2 and ¢/ = 1073 for the matrix and curve a of Figure 10
for the inclusion. Calculating the temperature dependent loss peaks for the
composites in the v, = 0.1-0.4 concentration range, it is observed that T',,, of
the loss peak shifts from 80 to 75-78°C. The experimentally observed shifts
exceed 3-5°C (see Figs. 5 and 6), which can be explained only if we assume
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Fig. 11. Relative height of the loss maxima in a composite consisting of phase 1 with ¢} = 2.2,
¢/ = 107%, and phase 2 described by curve a in Figure 10, as a function of the concentration of the
second phase for spherical (left) and elongated spheroidal (right, ¥ = 10) geometries. In the latter
case, the directions parallel and perpendicular to the axis of rotation are also given together with
their 1 : 2 average, which is a first estimate for the random orientation.

that the transition properties of the PUR phase depend on the blend compo-
sitions, probably because of morphological changes.

Similarly the apparent frequency dependence of the peak intensity of the
hard segment transition demonstrated in Figure 2 (which leads to the breakdown
of the time-temperature superposition shown in Fig. 3) can be understood only
if we assume that the relaxation strength of the hard segment transition depends
on the temperature. This is an intrinsic property of the PUR phase and can
be understood assuming that the number or steric correlation of mobile dipoles
changes with temperature (see, e.g., Refs. 8, 26, and 27) simultaneously with
the gradual breaking up of intermolecular H bonds.

Possible Effect of Interfacial Polarization

Finally we have examined the combined effect of dielectric and ohmic loss
on the dielectric behavior in our model system. Permittivities and losses cal-
culated by the Bruggeman and Béttcher equations are shown in Figures 12 and
13, respectively. Room temperature conductivity of the inclusion phase is 107
Q7' em™! in all cases, E, is 25, 50, and 75 kJ /mol for curves a, b, and c, re-
spectively (according to curves b, ¢, and d in Fig. 10, respectively). In the case
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of E, = 25 kJ /mol (curve a) the dielectric loss of the inclusion is dominant;
there is no sign of an ohmic interfacial relaxation process. In case b, (the E,
= 50 kJ /mol) the effect of ohmic loss becomes significant at the highest tem-
peratures, and the dielectric permittivity begins to increase again, indicating
the onset of the ohmic interfacial or Maxwell-Wagner relaxation. In case ¢ (E,
= 75 kJ /mol) the dielectric loss peak cannot be distinguished from that of the
interfacial relaxation process. In the last case the qualitative difference between
the Bottcher and Bruggeman equations is quite evident. Although the Brugge-
man equation predicts a decreasing loss after the interfacial loss peak at all
three volume fractions studied, the Bottcher equation predicts an increasing
ohmic loss above v, = 1 for spherical inclusions due to the percolation of the
more conductive second phase.

Permittivities exceeding 4 have been observed experimentally only in series
V at the highest soft segment concentration (see Fig. 5); thus it is certain that
the ohmic interfacial process does not play an important role in the frequency
and temperature range studied. From this fact it follows that either the room
temperature conductivity of the PUR components is much lower than 10~
Q' em ! or their activation energies are low, in the order of 20-30 kJ /mol.
Interfacial losses are expected to appear first on the lowest frequency curves;
therefore the 20 Hz loss curves of some series are shown in Figures 14-16. A
high temperature shoulder and occasionally the beginning of the conductivity
tail can be observed at the highest temperatures, but the magnitude of this
“side process” is much less than that of the expected ohmic interfacial relaxation
process. The onset of conductivity at the highest frequencies is probably related
to the morphological changes of the PUR phase; the elongation of the particles
decreases the percolation threshold.

0.35 T I T T l . T T I T [ T l
20 Hz |
o2sl IL(PPG 1000, /O _

60%ssc) [\
“0,21 — —
€
0.14 (— —
07— —
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Fig. 14. Loss curves of samples of series II measured at 20 Hz.
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CONCLUSIONS

150

The dielectric relaxation behavior of some polypropylene/polyurethane
blends has been investigated and the main findings can be summarized as fol-
lows:
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Fig. 16. Loss curves of samples of series V measured at 20 Hz.
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1. In agreement with earlier investigations,® the system was shown to be
phase-separated. The transition temperatures of the polyurethane phase
in some cases showed a concentration dependence, indicating the pres-
ence of some kind of interaction at the supermolecular level.

2. The soft segment transition temperature decreased with increasing mo-
lecular weight of the soft segment. The soft segment transition temper-
ature was not strongly dependent on the soft segment concentration at
a given molecular weight of the soft segment. The hard segment transition
temperatures passed through a minimum as a function of the soft segment
concentration if the molecular weight of the soft segment was 2000.
However, we used only three soft segment concentrations (50, 60, and
70% ); thus this behavior cannot be explained on the basis of these ex-
periments only.

3. The soft segment transitions showed a wider relaxation time distribution
(flat and wide Cole-Cole plot) than the hard segment transitions. The
soft segment transition varied less from composite to composite if the
PUR component was held constant than the hard segment transition.
The Cole—Cole curves of the soft segment transition measured at different
frequencies as a function of the temperature could be described by prac-
tically the same function, while hard segment transition proved to be
thermorheologically complex.

4. The loss maxima tended to increase with increasing PUR concentration
with a few exceptions. The lowest frequency (20 Hz) loss data showed
that at the highest temperatures (above the hard segment transition)
either there was another transition of low intensity or the hard segment
transition was doubled. At higher PUR contents, where the PUR particles
tended to form aggregates or elongated particles, the conductivity tail
of the PUR component appeared as a consequence of the percolation
phenomenon.

5. Model calculations were used to estimate the possible effect of phase
heterogeneity on the observed properties. It was observed that: Phase
heterogeneity can cause a shift of the transition temperatures of a few
degrees in the negative direction, but it cannot explain the 10-20°C
shifts observed experimentally; phase heterogeneity and changes in
morphology are not responsible for relaxation intensity concentration
anomalies observed in some cases and for the thermorheologically com-
plex behavior of the hard segment transition in the composites; there is
no sign of the ohmic interfacial relaxation process in the temperature
and frequency range studied.
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