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Structural analysis and dielectric relaxation mechanism
of conducting polymer/volcanic basalt rock composites
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In this work, polypyrrole and polythiophene conducting polymers (CPs) have been synthesized and doped with volcanic
basalt rock (VBR) in order to improve their dielectric properties for technological applications. The structure and morphology
of the composites with different VBR doping concentrations were characterized by FT-IR and SEM analyses. The best charge
storage ability was achieved for maximum VBR doping concentration (50.0 wt.%) for both CPs. Dielectric relaxation types
of the composites were determined as non-Debye type due to non-zero absorption coefficient and observation of semicircles
whose centers were below Z′ axis at the Nyquist plots. It was also ascertained that VBR doping makes the molecular orientation
easier than for non-doped samples and reduced energy requirement of molecular orientation. In addition, AC conductivity was
totally masked by DC conductivity for all samples at low frequency.
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1. Introduction

In recent years, there has been an increasing
attention on polymer based biosensors [1], super-
capacitors [2] and other electronic and optoelec-
tronic devices [3, 4] due to promising proper-
ties of conducting polymers (CPs). Among them,
polypyrrole (PPy) and polythiophene (PT) are two
of the most preferred CPs due to their easy and
low cost fabrication, high electrical conductivity
and good thermal and environmental stabilities [5].
Furthermore, their electrical conductivity, electro-
chemical performances and magnetic properties
can be developed successfully by doping with vari-
ous dopants [6] or constructing organic/inorganic
composite structures [7–14]. For instance, it has
been shown that boric acid can be a good can-
didate for controlling the electrical conductivity
of PPy [6]. Also Bai et al. [7] have concluded
that the coating of PT on the surface of LiFePO4
particles leads to a significant increase in elec-
tronic conductivity. Shen et al. [12] have shown
that PPy coating positively affects the electrical
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conductivity of z-type barium ferrite/silica com-
posites. Additionally, PPy has also been suggested
as a unique material for the improvement of device
applications such as in supercapacitor [8] and sen-
sor structures [9]. It has been clearly reported that
CPs have a crucial importance for improving per-
formance of the technological applications. In this
study, in the light of their promising characteris-
tics, we aimed to investigate both structural and di-
electric properties of PPy and PT polymers. On the
other hand, conducting PT and PPy have been uti-
lized as an electromagnetic shielding (EMS) mate-
rial [15–18]. However, they have some limitations
in applications such as poor flexibility, high weight,
etc. To overcome these problems, some researchers
have tried different polymer based composites [15–
17]. In this respect, we have chosen basalt as a dop-
ing material due to its remarkable advantages, such
as thermal stability, EMS property etc.

As is known, basalt is a very widespread vol-
canic rock that is dark colored and relatively rich
in iron and magnesium. Basalt is almost found in
nature all around the world [19]. Basalt is chem-
ically rich with oxides of iron, silicon, potas-
sium, sodium, calcium, and magnesium, along with
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traces of alumina. The chemical content may dif-
fer based on the geographical location. It is uti-
lized for a wide range of areas, such as building
tiles, highway engineering, and industrial construc-
tions. Also the fibers and powders of basalt rocks
are widely used for sound insulation, thermal stabi-
lization, heat and radiation shielding [20–22]. Ad-
ditionally, it is well known that basalt can be used
for fabricating heterojunction or composite struc-
tures [23]. In this work, we have firstly doped PPy
and PT with various concentrations of basalt and
focused on the improvement of electrical and di-
electric properties of PPy and PT.

In our experiments, the conductive poly-
mer/basalt composites have been prepared by me-
chanical mixing method. The electrical and dielec-
tric properties of the composites have been investi-
gated by impedance spectroscopy method.

2. Experimental
2.1. Synthesis of conducting polymers and
their characterization

Pyrrole (CHN), thiophene (C4H4S), anhydrous
iron (III) chloride (FeCl3) were supplied by Merck
(Germany). Chloroform (CHCl3) and methanol
(CH3OH) were purchased from Sigma Aldrich.

For the synthesis of polypyrrole (PPy), 0.02 mol
pyrrole was mixed in 70 mL chloroform under stir-
ring with magnetic stirrer. 0.055 mol FeCl3 was
dissolved in 180 mL chloroform and added drop-
wise to the mixture. The solution was allowed
to polymerize for 24 h. Then it was filtered and
washed in chloroform and methanol, respectively.
Black colored PPy sediment was dried in an oven at
60 °C for 24 h. Similar to the PPy polymerization,
polythiophene (PT) was synthesized by polymer-
ization of thiophene using FeCl3 as an oxidizing
agent by chemical oxidative polymerization. In or-
der to achieve the molar ratio of noxidant/nmonomer =
2.5, 0.02 mol thiophene was mixed with 70 mL
chloroform with a magnetic stirrer for 10 min.
In addition, 0.055 mol FeCl3 was dissolved in
180 mL chloroform and added to the first solution
in dropwise fashion. The mixed solution was stirred
for 24 h at room temperature. Then the solution

was filtered and washed in chloroform and
methanol. During this process it was observed that
the black color of the precipitate became brown.
The product was dried in an oven at 60 °C for 24 h.
The chemical oxidative polymerizations of PPy and
PT have been shown in Fig. 1a and Fig. 1b, respec-
tively.

Fig. 1. Chemical oxidative polymerization of (a) PPy,
and (b) PT.

Fourier transform infrared (FT-IR) spectra of
pure CPs have been recorded with Perkin Elmer
Spectrum 100 model spectrometer within the
wavenumber range of 4000 cm−1 to 650 cm−1. The
FT-IR spectra of PPy and PT have been shown in
Fig. 2a and Fig. 2b, respectively.

According to Fig. 2, FT-IR peaks characteristic
of PPy and PT are observed. In the PPy spectrum
(Fig. 2a), a broad band that appears at around
3381 cm−1 is caused by the N–H stretching vibra-
tion which proves the existence of pyrrole [24–26].
The peak at 909 cm−1 is assigned to C–H out-
of-plane deformations. The peaks at 1047 cm−1,
1411 cm−1 and 1596 cm−1 are ascribed to C–H,
C–N and C=C/C–C stretching vibrations in
pyrrole rings, respectively [24–29]. In the FT-IR
spectrum of PT (Fig. 2b), the bands in the range of
600 cm−1 to 1500 cm−1 is the fingerprint region
of PT. The peak situated at 656 cm−1 is ascribed
to C–S stretching of the thiophene ring [30–33].
Also, the peak around 711 cm−1 is attributed to
C–S bending mode [33, 34]. The spectrum shows
the C–H out-of-plane deformation at 772 cm−1

and in-plane C–H aromatic bending vibrations at
1084 cm−1 and 1191 cm−1 [30–32]. The peaks
at 1385 cm−1 and 1634 cm−1 correspond to
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C–C [32] and C=C stretching vibrations,
respectively. The peak appearing at 3353 cm−1 is
attributed to O–H stretching vibrations [31].

Fig. 2. FT-IR spectra of (a) pure PPy, and (b) pure PT.

2.2. Preparation and characterization of
the samples

Volcanic basalt rock (VBR) material, which
was chosen as the dopant material for CPs, was col-
lected from Van city, Turkey. Chemical analysis of
the VBR was taken by X-ray fluorescence (XRF)
instrument in our previous work [35]. Operating
conditions of the Philips PW-2400 XRF instrument
were set at 60 kV and 50 mA. The result of chem-
ical analysis of the sample was given in Table 1.

According to the chemical composition
analysis, the sample contains more than 45 %
and less than 52 % of SiO2 and less than 5 % of
total alkalis (Na2O + K2O). Due to this chemical
composition of SiO2 and total alkalis, the doping
material has been considered as volcanic basalt
rock (VBR) [19].

In order to analyze the effect of VBR on the
dielectric properties of CPs, different percentages
(10.0 wt.%, 25.0 wt.%, 50.0 wt.%) of VBR doping
were tried. The CP/VBR mixtures were ground by
using IKA A11 basic analytical mill with rotational
speed of 10000 rpm. The milling was performed
in a 250 mL volume chamber using 30 mm steel

balls. The mixing time per sample was 15 min. Af-
ter this grinding process, each mixture became a
homogeneous powder. For the measurements, each
composite was prepared in the form of pellets with
13 mm diameter and 1.9 mm to 2.1 mm thickness
by using a hydraulic press with a pressure of ca.
2.76 × 107 Pa.

The morphology of the samples has been deter-
mined by scanning electron microscopy measure-
ments performed using Zeiss-EVO® LS 10 model
scanning electron microscope (SEM). The sam-
ples were observed under an accelerating voltage
of 10.00 kV, ×1000 to ×20000 magnification, and
5 mm of working distance. The SEM micrographs
of the PPy and PT samples have been shown in
Fig. 3 and Fig. 4, respectively.

Fig. 3. SEM micrographs of the PPy samples (a), (b)
pure, and (c), (d) PPy+(25 %)VBR.

Fig. 4. SEM micrographs of the PT samples (a), (b)
pure PT, (c), (d) PT+(25 %)VBR.
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Table 1. Chemical composition of the VBR sample.

Comp. SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 Total

wt.% 47.790 1.3950 16.918 10.878 0.1630 7.6190 11.357 3.1370 0.5190 0.2240 100

According to the SEM results, it has been ob-
served that VBRs incorporated into the CPs and
the dimension of VBR particles are of the order
of between 8 µm and 50 µm. It can also be seen
that the VBR particles are composed of randomly
dispersed almost rectangular parallelepiped shaped
forms. This means that VBR has not diffused into
the CPs and also has not been dissolved but VBR
doping resulted in the formation of a composite
structure.

The particle size distribution of VBR has also
been determined by Malvern Mastersizer, Hydro
2000MU model as in our previous work. As is seen
from Table 2, 93 % of the VBR particles size is
smaller than 69.183 µm, 49 % of the VBR parti-
cles’ size is smaller than 22.909 µm, and 11 % of
the VBR particles’ size is smaller than 2.188 µm.

3. Results and discussion
3.1. Frequency dependent dielectric pa-
rameters

The composites have been placed between two
gold electrodes whose surfaces wholly overlapped
the faces of the pellets [36]. The dimension of
the electrodes was 25 mm × 20 mm. Dielectric
measurements were performed by using an HP
4194A impedance analyzer, in the frequency range
of 100 Hz to 15 MHz at room temperature with a
high accuracy (0.17 %) The experimental results
were transferred to a computer with GPIB data ca-
ble and simultaneously recorded by the computer.
In this work, the overall errors of the dielectric
measurements were 2.5 %.

The frequency dependencies of the real parts
of dielectric function of PPy and PT samples have
been given in Fig. 5a and Fig. 5b, respectively.

It has been observed that the general behavior
of all the ε′(ω) curves in Fig. 5 indicates a de-
creasing trend with increasing frequency. On the
other hand, VBR doping ratio increases the ε′(ω)

values of the CPs at low frequency region except
for PT+(10%) VBR sample. However, regardless
of the conducting polymer, the maximum dielectric
permittivity value has been achieved for the maxi-
mum VBR doping concentration (50 %). As sug-
gested by Panwar et al. [37], the composites with
the highest dielectric constant can be used in charge
storing devices at low frequency. In this context,
it has been deduced that VBR doping enhances
the ability of charge storage of the CPs. In addi-
tion to this implication, both VBR doping and fre-
quency changes have not affected ε′(ω) values of
the PPy and PT pellets above 4.95 × 104 Hz and
14.4 × 104 Hz, respectively.

The angular frequency dependence of the real
component of dielectric function at low frequency
region for all samples can be explained by the
fact that the electric dipoles in the materials orient
themselves along the electric field applied, which
corresponds to a polarization process. As is known,
when an electromagnetic radiation signal is applied
to solids, four types of possible polarization pro-
cesses (electronic, atomic or ionic, dipolar or orien-
tational and interfacial) can be observed. Each po-
larization is observed at different frequency region.
While electronic polarization occurs at ultravio-
let region of electromagnetic spectrum (1015 Hz),
atomic or ionic polarizations generally appear in
far infrared wave frequencies (1010 Hz to 1013 Hz).
Dipolar, i.e. orientational and interfacial polariza-
tions, are also observed at radio waves (106 Hz to
103 Hz) and ultra-low frequency waves (103 Hz to
102 Hz), respectively [38, 39]. Since the angular
frequency dependence of ε′(ω) is observed up to
104 Hz and 105 Hz for PPy and PT composites, this
behavior of ε′(ω) can be attributed to the existence
of dipolar relaxation process in the materials.

Dielectric relaxation type of CPs/VBR compos-
ites has also been investigated by Cole-Cole rela-
tion given in equation 1:
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Table 2. Particle size distribution of VBR.

Size [µm] Volume [%] Size [µm]
Volume

[%]
Size [µm]

Volume
[%]

0.010 – 0.316 0.00 2.512 1.38 22.909 4.32

0.363 0.01 2.884 1.44 26.303 4.65

0.417 0.11 3.311 1.50 30.200 4.96

0.479 0.21 3.802 1.58 34.674 5.22

0.550 0.33 4.365 1.68 39.811 5.38

0.631 0.44 5.012 1.80 45.709 5.39

0.724 0.56 5.754 1.95 52.481 5.19

0.832 0.67 6.607 2.11 60.256 4.74

0.955 0.79 7.586 2.30 69.183 4.05

1.096 0.89 8.710 2.50 79.433 3.17

1.096 0.99 10.000 2.72 91.201 2.19

1.259 1.08 11.482 2.94 104.713 1.18

1.445 1.16 13.183 3.19 120.226 0.23

1.660 1.22 15.136 3.44 138.038 – 1000.000 0.00

1.905 1.28 17.378 3.71

2.188 1.33 19.953 4.01

Table 3. Absorption coefficient α relaxation time τ0, and other dielectric parameters.

Sample R2 α τ0 [s] εs ε∞ ∆ε

PPy 0.99682 0.242±0.12 × 10−1 28.20 × 10−4±1.3 × 10−2 1.3140 × 104 24.16 0.13115 × 105

PPy + (10 %) VBR 0.99994 0.150±9.27 × 10−4 6.43 × 10−4±3.21 × 10−5 2.16803 × 105 28.90 2.16775 × 105

PPy + (25 %) VBR 0.99991 0.128±1.57 × 10−3 4.25 × 10−4±1.54 × 10−5 6.77889 × 105 4.87 6.77884 × 105

PPy + (50 %) VBR 0.99998 0.126±2.76 × 10−3 3.06 × 10−4±1.05 × 10−5 2.98169 × 106 171.39 2.98151 × 106

PT 0.99947 0.223±1.88 × 10−2 13.97 × 10−3±10.90 × 10−3 6.16332 × 107 974.94 6.16322 × 107

PT + (10 %) VBR 0.99883 0.178±4.08 × 10−2 10.20 × 10−3±15.15 × 10−2 4.72632 × 108 1913.90 4.72630 × 108

PT + (25 %) VBR 0.99994 0.189±8.72 × 10−4 4.38 × 10−3±1.73 × 10−4 9.14618 × 108 1166.80 9.14616 × 108

PT + (50 %) VBR 0.99994 0.206±9.65 × 10−4 4.16 × 10−3±1.58 × 10−4 7.49987 × 108 851.52 7.49986 × 108

ε
′ (ω) = ε∞ +

(εs− ε∞)
1+(ωτ0)

1−α sin 1
2 απ

1+2(ωτ0)
1−α sin 1

2 απ +(ωτ0)
2(1−α)

(1)

where ε∞ and εs are the high and low limiting an-
gular frequency dielectric constants. τ0 and α rep-
resent relaxation time and absorption coefficient,
respectively [40].

In general, absorption coefficient parameter, α,
varies between zero and one (0 < α 6 1). If α
equals to zero, it corresponds to standard Debye

type relation. The non-Debye type occurs when
the value of absorption coefficient varies between
(0, 1) region [41].

Dispersion curves given in Fig. 5 have been fit-
ted by Origin Lab 8.5 graphic program in accor-
dance with equation 1. The fitting results have been
listed in Table 3.

Since absorption coefficient values of all
samples are greater than zero, relaxation mecha-
nism has been considered as non-Debye type.
In addition, the dielectric strength ∆ε

has been calculated from the difference
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Fig. 5. Angular frequency dependence of ε′ for (a) pure PPy and PPy/VBR composites, (b) pure PT and PT/VBR
composites.

between the limiting low frequency and high
frequency dielectric constant and listed in Table 3.
As is seen from Table 3, dielectric strength values
considerably increase with incremental VBR
concentration for both CPs. In this respect, one can
deduce that the increase of dielectric strength with
VBR doping makes the electric dipole orientation
easier relative to non-doped samples and hence,
VBR dopant reduces the energy requirement of
this orientation.

The variations of the imaginary parts of dielec-
tric function with angular frequency of PPy and PT
samples have been given in Fig. 6a and Fig. 6b, re-
spectively. As shown in Fig. 6, the imaginary com-
ponents of dielectric function, i.e. dielectric loss of
both CPs and the related composites decrease with
angular frequency and show strong frequency de-
pendence in low frequency region. It has also been
observed that the ε′′(ω) becomes frequency inde-
pendent at high frequencies. This general tendency
of dielectric loss of all the samples can be associ-
ated with the prediction that the samples have high
and low resistivity for the low and high frequency
regions, respectively [42].

On the other hand, the dielectric loss of both
pure PPy and PT is very high and VBR dop-
ing significantly increases the dielectric loss of
both polymers. In this respect, the composites
with the highest dissipation factor (i.e. dielectric
loss) (PPy+(50 %) VBR and PT+(10 %) VBR

composites) may be suitable for decoupling capac-
itor applications [37].

3.2. AC electrical conductivity of
CPs/VBR composites

To analyze the AC electrical conductivity of
CPs/VBR composites, alternative current (AC)
conductivity, σac, has been calculated by equa-
tion 2 [43–45]:

σac = ωε0ε
′′ (2)

where ε0 represents dielectric constant of free
space. According to Jonscher’s “universal dielec-
tric response”, AC conductivity can be defined as:

σac = Aω
s (3)

where A is a frequency independent constant and
s is frequency exponent [43]. In accordance with
Jonscher’s power law, s takes values between zero
and one. Jonscher universal power law enables one
to determine the conductivity process of materi-
als based on different mechanisms depending on
frequency exponent value. While DC conductivity
corresponds to s≈ 0; s≈ 0.5 and 0.76 s< 1 condi-
tions indicate correlated barrier hoping (CBH) and
quantum mechanical tunneling (QMT) model, re-
spectively [46–48]. In this context, to determine
the s parameters of the samples, lnσac = f(lnω)
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Fig. 6. Angular frequency dependence of ε′′ for (a) pure PPy and PPy/VBR composites, (b) pure PT and PT/VBR
composites.

graphs given in Fig. 7 have been investigated. The
slopes of lnσac = f(lnω) curves (i.e. the value of
frequency exponent) have been calculated for dif-
ferent frequency regions shown in Fig. 7 and listed
in Table 4.

According to frequency exponent values at low
frequency given in Table 4, both pure PPy and PT
and their VBR composites exhibit frequency inde-
pendent, i.e. DC conductivity. As the frequency is
increased to high frequency region, it has been de-
termined that while pure PPy exhibits CBH mecha-
nism, pure PT shows DC conductivity at room tem-
perature. It has been also recognized that while in-
creasing VBR doping concentration reduces the s
parameter values for PPy composites, the doping
above 25% VBR increases the s parameter values
of PT composites. On the other hand, DC conduc-
tivities at f = 24 Hz (or lnω = 5) have also been
determined by linear exploration method and given
in Table 4. In this respect, it has been indicated
that VBR doping also increases conductivities at
low frequency. For this reason, it has been sug-
gested that the PPy+(50 %) VBR and PT+(10 %)
VBR composites can be utilized as antistatic me-
dia and in electromagnetic interference shielding
applications due to their high σac values and very
weak frequency dependence of σac in low and high
frequency regions [37].

3.3. Impedance properties
The electrical behavior of CPs and their VBR

composites have been investigated by complex
impedance spectroscopy (CIS) measurements.

The complex impedance, Z∗ and its real and
imaginary components are defined by equation 4,
equation 5 and equation 6:

Z∗ = Z′− jZ′′ (4)

Z′ = |Z∗|cosθ (5)

Z′′ = |Z∗|sinθ (6)

where j represents
√
−1. To determine the de-

vice equivalence of the samples, Nyquist plots (i.e.
−Z′′ = f(Z′)) of the samples have been drawn.
The Nyquist plots and equivalent circuits have been
given in Fig. 8 and Fig. 9 for PPy and PT samples,
respectively.

As shown in Fig. 8 and Fig. 9, except for 10 %
VBR doped PPy, all Nyquist plots have a tendency
of becoming a semi-circle at high frequency re-
gion and a line with various slopes at low fre-
quency region. Moreover, non-Debye type of relax-
ation, which was firstly predicted by determination
of non-zero absorption coefficients, also confirmed



360 AYŞE EVRIM BULGURCUOĞLU et al.

Table 4. s parameter values of pure PPy and PT samples, PPy/VBR and PT/VBR composites.

Sample s (low frequency) s (high frequency) σdc [S/cm] (linear
extrapolation)

PPy 0.07645±2.94 × 10−3 0.58594±1.44 × 10−2 1.929 × 10−6

PPy + (10 %) VBR 0.03442±5.17 × 10−4 0.06364±2.34 × 10−3 2.063 × 10−4

PPy + (25 %) VBR 0.05448±1.57 × 10−3 0.06091±1.52 × 10−3 3.882 × 10−4

PPy + (50 %) VBR 0.04421±1.13 × 10−3 0.02641±1.28 × 10−3 3.211 × 10−3

PT 0.02708±4.06 × 10−3 0.15479±4.06 × 10−3 8.217 × 10−3

PT + (10 %) VBR 0.00804±4.67 × 10−4 0.05763±1.77 × 10−3 1.565 × 10−2

PT + (25 %) VBR 0.03324±1.35 × 10−3 0.12409±2.14 × 10−3 1.039 × 10−2

PT + (50 %) VBR 0.06314±6.96 × 10−4 0.13116±1.63 × 10−3 –

Fig. 7. lnσac = f(lnω) curves for (a) pure PPy and PPy/VBR composites, (b) pure PT and PT/VBR composites.

itself as semicircles whose centers were below the
real axis. The Nyquist plots have also been fitted to
determine the equivalent circuits of the composites.
Except for 25 % and 50 % VBR doped composites,
the samples can be represented by a parallel con-
nected grain resistance Rg and grain capacitor Cg
in series with contact resistance Rs. But according
to the fitted curves in Fig. 8c and Fig. 8d, the rel-
atively small semi-circle that appeared at high fre-
quencies indicates grain effects, while the relatively
larger semicircle observed at low frequencies refers
to the grain boundary effects.

The intercepts of the small and large semicircles
on Z′ axis correspond to the resistance of Rg and
Rgb, respectively. The related Cg and Cgb capaci-
tances have also been calculated by 2πfrRC = 1 re-
lation, where fr is relaxation frequency at which the
maximum Z′′ is observed. The related parameters

obtained from the Nyquist plots have been listed
for each sample in Table 5.

As is seen from Table 5, Rgb resistance values
are higher than the related Rg values which indi-
cates that the semicircle of grain is masked in a
limited frequency range. The higher boundary re-
sistance values may be explained by the fact that
the atomic arrangement near the grain boundary is
disordered, which results in trapping electrons in
the grain boundaries. In addition, while VBR dop-
ing considerably decreases the grain resistance of
PPy, it is not effective for PT.

4. Conclusions
In this work, the influence of VBR doping

on dielectric and impedance properties of PPy
and PT have been investigated by impedance
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Table 5. The extracted parameters of the circuit elements of pure CPs and CPs/VBR composites.

Sample Rs[Ω] fg[Hz] fgb[Hz] Rg[Ω] Rgb[Ω] Cg[F] Cgb[F]

PPy 0 70880 – 4.448 × 104 – 5.045 × 10−11 –

PPy+(10%) VBR 188.636 6.761 × 106 – 631.351 – 3.728 × 10−11 –

PPy+(25%) VBR 158.820 1.310 × 106 120 207.196 396.645 5.864 × 10−10 3.344 × 10−6

PPy+(50%) VBR 28.000 85056 515.98 30.502 40.514 6.134 × 10−8 7.613 × 10−6

PT 7.452 85056 – 12.585 – 1.486 × 10−7 –

PT+(10%) VBR 6.742 49222 – 7.665 – 4.218 × 10−7 –

PT+(25%) VBR 6.849 59067 – 10.436 – 2.582 × 10−7 –

PT+(50%) VBR 8.265 59067 – 13.000 – 2.073 × 10−7 –

Fig. 8. Nyquist plots, fitted curves and equivalent cir-
cuits of (a) pure PPy, (b) PPy+(10%) VBR, (c)
PPy+(25%) VBR, and (d) PPy+(50%) VBR.

spectroscopy measurements within the frequency
interval of 100 Hz to 15 MHz. Firstly, PPy and
PT were synthesized and then the structural char-
acterization was performed by SEM and FT-IR
measurements. The VBR which was collected from
Van-Turkey, was chosen as a dopant material. The
chemical composition and particle size distribution
of VBR were determined by XRF and Mastersizer
measurements, respectively.

The variations of the real and imaginary
components of complex dielectric function of the
samples with frequency have been investigated.
It was observed that the maximum dielectric

Fig. 9. The Nyquist plots, fitted curves and equivalent
circuits of (a) pure PT, (b) PT+(10%) VBR, (c)
PT+(25%) VBR, and (d) PT+(50%) VBR.

permittivity value has been achieved for the
maximum VBR doping concentration (50 %) for
both polymers. In addition, dielectric relaxation
type of the CPs/VBR composites was investigated.
Absorption coefficient, relaxation time constant
and dielectric strength have been calculated by ap-
plication of Cole-Cole relation to ε′ = f(ω) curves.
Due to the non-zero value of absorption coefficient,
relaxation mechanism of the samples has been
determined as non-Debye type. It was also realized
that dielectric strength values considerably
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increase with increasing VBR concentra-
tion for both CPs. From this point of view,
it is clear that VBR doping makes the
dipole orientation easier relative to non-
doped samples and reduces the energy
requirement of this process. The frequency
dependence of conductivity of the samples was
investigated using lnσac = f(lnω) curves by
calculating frequency exponent values for the low
and high frequency regions. By referring to the
s parameter values, the low and high frequency
conductivities have been found to be DC except
for pure PPy. Moreover, it has been determined
that VBR doping increases the low frequency
conductivity.

The impedance spectra of the samples have
been studied by Nyquist plots. According to
Nyquist plots, it has been realized that VBR doping
is mainly effective on the low frequency impedance
response of both PPy and PT composites and mani-
fests itself as a decreasing resistivity in the low fre-
quency region.

The imaginary part of dielectric constant (di-
electric loss) values of these composites are very
high, especially at low frequency region. Conse-
quently, due to high dielectric loss values, high σac
values and very weak frequency dependence of σac
in the low and high frequency regions, PPy+(50 %)
VBR and PT+(10 %) VBR composites may be uti-
lized in electromagnetic interference shielding ap-
plications for the low frequency domain.
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