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DIELECTRIC RELAXATION SPECTROSCOPY
IN THE HIGH-IMPACT POLYSTYRENE/TITANIUM-DIOXIDE
COMPOSITE FILMS
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The relaxation processes in high-impact polystyrene (HIPS) films filled with titanium di-
oxide (TiO,) of the rutile modification have been investigated by means of dielectric relax-
ation spectroscopy (DRS) supplemented by differential scanning calorimetry (DSC). Films
with 2, 4, 6 and 8 vol.% TiO, were compared to each other and to unfilled samples. Above
the glass transition one relaxation became visible for unfilled HIPS. It could be identified as
the o relaxation, related to the onset of micro-Brownian motions at the glass transition. The
low-frequency (LF) process (which superimposed with o relaxation near 7') was observed in
all TiO, containing films. The LF process for composite films was not uniform and showed
Arrhenius behavior. At lower temperatures (up to about 130 °C) an activation energy of 1.1 eV
was found, whereas in the limit of high temperatures, and particularly for higher TiO, content
the activation energy was 2.4 eV.
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AVNINNIEKTPUYECKASA PENTAKCALIMA B KOMIMO3UTHbIX
NNEHKAX HA OCHOBE YOAAPOIMPOYHOIO NOJIUCTUPONA

C BKNIIOYEHUAMU AUOKCUOA TUTAHA
A.A. Tynakoea', HO.A. lopoxoBatckum', IN. ®pro6MHr?

IPOCCMICKNIA rOCYAapPCTBEHHbIN NefarorMyecknii YyHMBEpCUTET UM.
A.WN. TepueHa, CaHkT-MeTepbypr, Poccuiickas ®egepaumns;

[loTcaaMckuii yHuBepcuTeT, . MoTcaam, FepmaHus

MeTonoM IMAAEKTPUUECKON CHEKTPOCKOMUM MPOBEICHO MCCIEI0BaHME peslaKCallMOHHbBIX
MPOLECCOB B KOMITO3UTHBIX IJIEHKAaX Ha OCHOBe yaaporpouyHoro nonuctuponaa (YIIC) ¢ nu-
okcunom tutana TiO, B kayecTBe HanoHUTENA. CpaBHMBaNOCH MoBeneHue mieHok YIIC 6e3
HAIOJHUTENI ¥ KOMIO3UTHBIX TUIEHOK ¢ pasHbIM coaepxkanuem TiO, (2, 4, 6 u 8 06.%). lna
mieHoK YIIC 0e3 HamoJIHUTENsT YCTAHOBJIEHO HAJIMYME OJHOrO pelaKCcallMOHHOIO mpoliecca
(o-penakcanust). a8 KOMIO3UTHBIX IJIEHOK OOHApy>XeH HEOAHOPOIHBI HU3KOYACTOTHBIN
peJaKCallMOHHBbI Mpouecc, MOTUMHSIONIMICI 3aKOHY AppeHuyca. 3HaUCHMSI DHEPruu ak-
TUBALUU, paccunTaHHbie 11s1 HU3KuX (1o 130 °C) u Beicokux (cBbire 130 °C) temmepartyp,
cocraBmwm 1,1 n 2,4 3B, cOOTBETCTBEHHO.

KnoueBble cioBa: auaieKTpuyeckas pejakcalus, yIaponpoOuyHbId MOJMCTUPO, AUOKCUL
TUTaHa, KOMIO3UTHAas TJIeHKa
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Introduction

Titanium dioxide (TiO,) used as a filler
in the present study serves as an additive for
different polymeric materials in order to modify
their crystallinity and morphology, change their
elastic modulus, and increase their permittivity
or conductivity, to improve their thermal
stability.

Titanium dioxide exhibits a high dielectric
constant as well as very low conductivity.
Therefore, composite materials of an insulating
polymer with TiO, fine particles are considered
as dielectric materials with adjustable
permittivity and conductivity for electrical and
electronic applications [1—6].

Scientific interest has mostly been focused
on structural investigations and mechanical
properties of the polystyrene (PS) composites as
it is an important engineering material. High-
impact polystyrene (HIPS) is a rubber-modified
version of PS in which higher toughness is
achieved by incorporation of micron-sized
polybutadiene-rubber particles. [7, §].

Here, an attempt was made for a more
detailed investigation of the relaxation processes
in the pure and composite HIPS films.

Experimental details

High-impact  polystyrene  (HIPS-0801,
GOST (Russian State Standard) 28250-89E)
contains from 4 to 6 % of a butadiene rubber.
Titanium-dioxide (TiO,) powder of the rutile
modification (R-01, GOST 9808-65, specific
surface area is 15 m?/g, particle size is between
0.1 and 0.8 pm) was used as a filler. Mixing of
HIPS and TiO, was performed using a labora-
tory rolling mill under heating at (175 £ 5) °C
for 3 min. Films of pure HIPS as well as HIPS
with TiO, contents of 2, 4, 6 and 8 vol.% were
manufactured by melt pressing according to
GOST 12019-66 at (170 £ 5) °C for 5 min.
The films with thicknesses ranging from 350 to
450 um were investigated as received.

Dielectric spectra were recorded in the tem-
perature range between 20 and 160 °C and in
the frequency range from 0.1 Hz to 1 MHz
with a Novocontrol ALPHA high-resolution
dielectric analyzer and a Novocontrol QUA-
TRO cryosystem, where the sample holder was
immersed in a dry nitrogen-gas stream. The
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data was acquired as a function of frequen-
cy through a series of ascending temperatures
(usually 5 K steps, with an accuracy of £0.1 K).

For differential scanning calorimetry (DSC),
a PerkinElmer Pyris Diamond differential
scanning calorimeter was employed. For
electrical measurements, circular aluminum
electrodes (of diameter 12 mm and thickness
about 50 nm) were evaporated onto both sides
of the films.

Experimental results

The temperature dependence of the
dissipation factor tan & of pure HIPS and
HIPS with different content of TiO, is shown
in Fig. 1.

Two relaxation regions can be observed. The
o relaxation at about 120 °C is present in all
samples and marks the onset of micro-Brown-
ian motions at the glass transition. The tem-
perature dependence of this lower-tempera-
ture (LT) process confirms its relation to the
glass transition. The high-temperature (HT)
relaxation at about 150 °C (Fig. 1) exists only
for composite HIPS films [9].

The frequency dependence of the dielectric
loss of pure HIPS is plotted in Fig. 2. The peak
is shifted to higher frequency with increasing
temperature.

The plot of the loss-peak frequency f,_
versus the inverse temperature bends towards
the glass transition according to the Vogel —
Fulcher — Tammann (VFT) law (Fig.3)

Tmax (T ) = Ea s
k (T -T V)
where the inverse frequency factor t 0 the
activation energy £ and the Vogel temperature
T, are fit parameters

The thermal glass transition appears at
a temperature where the relaxation time is
approximately 100 s [10]. This circumstance is
taken here as the criterion for the determination
of T in Fig. 4: the extrapolation of the VFT
line fo T =100 s gives T =92.8 °C.

By means of differential scanning calorimetry
(DSC) T values between 97.1 and 99.4 °C were
obtained for HIPS, no correlation with filler
content was visible (Table 1).

For wunfilled HIPS the glass transition

exp

max ,0
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Fig. 1. Temperature dependence of the dissipation factor tan é at 1 kHz for pure HIPS and HIPS with
TiO, contents (/ — pure HIPS, 2 — 2 vol.%, 3 — 4 vol.%, 4 — 6 vol.%, 5 — 8 vol.%).
The data points are connected only for guiding the eyes
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Fig. 2. Frequency dependences of the dielectric loss of pure HIPS at selected temperatures (5 K step)
as indicated. The data are fitted with the Havriliak — Negami (HN) function (solid lines)
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Fig. 3. Temperature dependence of the loss-peak frequency f for pure HIPS
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4. VFT plot of the parameter t obtained from the HN fits of Fig. 2
Table 1
DSC results for unfilled HIPS and HIPS with different
TiO, contents
. Glass transition temperature
Filler content, vol. % T, 0.1 °C
0 98.7
2 97.1
4 99.0
6 99.4
8 97.9
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Fig. 5. Frequency dependence of the dissipation factor of HIPS with 4 vol.% TiO, at selected
temperatures as indicated (10 K steps). The arrows mark the positions of the a relaxation peaks on
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unfilled HIPS [6]
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Fig.6. Frequency dependence of the dielectric losses €" of HIPS with 4 vol.% TiO, at selected
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Fig. 7. Arrhenius diagram showing the peak angular frequency of the visible loss peak in HIPS
with different TiO, contents

temperature T is98.7 °C [6]. Both slight increase
and slight dectease of T have been reported by
other authors [11]. The value of T depends
on interfacial grafting between the butadiene-
rubber inclusions and the polystyrene matrix
[12] and on the molar mass of the polystyrene
component.

Fig. 5 shows the spectrum of the dissipation
factor tan & of HIPS with 4 vol.% TiO,.

Another relaxation process appears at lower

frequencies (LF). This process superimposes on
the o relaxation at temperatures near the glass
transition and is observed for all TiO, containing
HIPS films. The LF process manifests as a
strong high-temperature loss-factor peak at
about 150 °C (Fig.1), increasing with filler
content, whereas the o relaxation loss-factor
peak appears at about 120 °C.

In order to separate the LF process from
the o relaxation, the temperature dependence
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of its loss-peak angular frequency has been de-
termined by fitting the empirical Havriliak —
Negami (HN) function to the measured loss
(Fig. 6). One broad loss peak is visible, which
constitutes the superposition of the LF process
and the o process.

Arrhenius diagram (Fig.7) shows the peak
angular frequency of the visible loss peak in
HIPS with different TiO,. For 4, 6 and 8 vol.%
TiO,-containing films, the LF process shows
Arrhenius behavior, but the process is not
uniform.

At low temperatures (up to about 130 °C)
an activation energy of 1.1 eV is found [6],
whereas the activation energy is 2.4 eV in the
limit of high temperatures.

Summary
Thus, by means of dielectric relaxation
spectroscopy, one relaxation process was found
for unfilled HIPS films. This process could be
identified as the o relaxation, related to the
onset of micro-Brownian motions at the glass
transition.

>

By means of differential scanning calorimetry
(DSC), the T values between 97.1 and 99.4 °C
were obtained for HIPS, no correlation with
filler content was visible. The Arrhenius plot
of the o relaxation bends towards the glass
transition temperature, the best fit is obtained
with a Vogel temperature of 330 K which yields
T = 92.8 °C closely related to the I' values
obtained by DSC. ¢

For composite HIPS films, except o
relaxation, another nonuniform relaxation
process appeared at lower frequencies. At
low temperatures (up to about 130 °C) an
activation energy of 1.1 eV was found, whereas
the activation energy is 2.4 eV in the limit
of high temperatures. The appearance of two
different activation energies needs to be further
investigated.
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