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Abstract—The electrical characteristics of hybrid
polymer thin films consisting of conductive carbon black
(CB) nanoparticles (0.1wt%) doped in poly(ethylene oxide)
(PEO) filled with electrolyte potassium alum salt at varied
concentrations were studied. For varied potassium alum
concentrations and fixed content of conductive carbon
black of concentration (0.1 wt. percent), the AC electrical
characteristics were studied in the frequency range
(3kHz - 5MHz) and temperature range (30 °C - 55 °C).
Thin film physical constants such as dielectric constant,
dielectric loss, AC conductivity, and impedance have been
recorded. These measured amounts were discovered to
fluctuate with potassium alum concentration, applied field
frequency, and temperature. With increasing potassium
alum content, frequency, and temperature, the AC
conductivity (ac) increases. Dielectric constant (g') and

dielectric loss (g¢'") of the composites increase with
potassium alum concentration and decrease with
frequency.

Keywords: PEO, CB, potassium alum, AC conductivity,
dielectric constant, dielectric loss.

1. INTRODUCTION

Normal Solid polymer electrolytes (SPE) are materials that
are yet promising for use in electrochemical and other devices.
Solid batteries, transistors, smart sensors, and other solid-state
devices are among the applications for these SPE films. They
are constructed from a polymer distributed in an electrolytic
ionic material to generate ionic systems in which electricity is
transferred mostly by ions diffusion under the applied
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electrical field. They're now employed in high-energy-density
batteries that can be recharged, full-cell integrated optical
systems, and electrochromic displays with great success.
Polyacrylonitrile and polacrylamide are two polymers that are
employed as basic materials in the production of polymeric
electrolytes thin films [1-5].

Poly(ethylene oxide) has good thermal and electrical
insulation properties, it is white solid with melting point
around (65 °C) low toxicity, Low glass transition temperature
(-65 °C) enables for ion transport at ambient temperature.
Because of its large ability to dissolve with ions, superior
processability, and distinct mechanical properties, (PEO) is the
best polymer employed, because its large ability to dissolve
with ions, good process ability and distinguished mechanical
properties [6-8].

The potassium alum filler comes in the form of transparent
glassy crystals that are water insoluble. It is a solid electrolytic
ionic salt formed by hydration of a single cation sulfate (K™")
and a triply charged sulfate (Al"®) to generate potassium alum
with sulfates of singly cations of potassium and other elements.
Water purification, dyeing, fireproof fabrics, and leather
tanning are all frequent applications. The addition of
electrolytic elements has a stronger impact on the composite's
bulk properties and ionic conductivity. The interactions
between a polymer matrix and an alkaline ion influence its
potential applicability in solid-state electrochemical devices
and energy batteries. In the composite bulk, the ion conduction
was attributed to impurity activity and ionic interaction occur
the passage of a current into the sample.

When carbon black (CB) is doped in solid polymers, it can
exist in the form of molecular aggregates between the polymer
chains or it can go substitutionally into the polymer chains and
create charge transfer complexes [9]. Carbon black is a non-
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crystalline shape that is conductive and made up primarily of
atoms for carbon or aggregates with a spherical shape. The
primary use of (CB) as a polymers filler is to introduce
electrical and thermal conductivity, resulting in conductive
polymer composites [10-13].

The thermal, electrical, mechanical, and optical
characterization of thin films of new advanced materials,
polymers, and composites that can be employed as polarizers,
filters, optical devices, and narrow pass-band filters total
reflectors, is critical for their industrial development [14]. The
investigated PEO/potassium alum films are doped with (CB)
nanoparticles in this research, resulting in hybrid films. This
work also discusses AC electrical conductivity measurements
and the effect of temperature on a few physical parameters,
focusing on a more detailed characterization and a better
understanding of electrical conductivity in doped films. The
AC electrical conductivity is investigated as a function of
frequency in the range (3 kHz - 5 MHz) and different
temperatures (30 °C -55 °C). Quantities of measured as
impedance, dielectric constant, dielectric loss, and AC
conductivity were calculated.

II. MATERIALS AND METHODS

A. Materials and composites thin films preparation

Potassium alum (potassium sulphate) came in the form of
crystals and was water insoluble. To reduce the water content
in samples, solid alum was ground into a powder with an
average particle size of about 20 um and stored in an oven at
40 oC. Potassium alum is an electrolyte made up of a sequence
of crystallized double sulfates with a tiny quantity of
impurities. Its chemical formula is (KAl (SO4)2. 12 H20). By
casting composite films of PEO/potassium alum dopant with
carbon black from a solution of PEO and potassium alum, poly
(ethylene oxide) with an average molecular weight of 300,000
g/mol was utilized. The powders of poly(ethylene oxide),
potassium alum, and carbon black were mixed together.The
mixture was then swirled continuously at room temperature for
three days with a rotating magnet until it had an uniform
viscous molten look. The liquid was poured into thin sheets on
a glass mold right away (plate). Waiting two days under air
pressure allowed the methanol to entirely evaporate at ambient
temperature. For two days, all of the samples were dried in a
400C oven. A vernier caliper (digital) is used to measure the
thickness of the composites. The vernier caliper's smallest
division is 0.001 mm. All thin film thicknesses are measured at
a number of different locations, chosen at random, and the
average is used in the count. The obtained average thickness
value is around 100 pm. Figure 1 shows the situation.
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Figure 1. Appearance of PEO/ potassium alum composites
doped with CB

B. Electrical measurements

The AC electric properties of the PEO/potassium alum
composite dopant with CB were investigated using a Hewlett
Packard (HP) 4192A impedance analyzer to evaluate the

impedance (Z) and phase shift angle (¢).The values of
impedance (Z) in ohm's () and the phase angle (¢ in degrees)
were measured directly using impedance analyzer. In a sample
holder, the test specimens were firmly held between two
copper electrodes. The impedance analyzer was connected to
these electrodes via cables. Impedance measurements were
taken across a temperature range of 30 oC to 55 oC in a
frequency range of around 100 kHz to 3 MHz. The sample
holder was put inside an oven chamber to evaluate the
influence of temperature on impedance and phase angle.
Temperature readings were taken in a precise manner. In
addition to the temperature readings on the oven dial, a
thermocouple implanted beside the test specimen was used to
collect accurate temperature data in a steady state condition.
The temperatures were taken below the melting point of PEO,
which is around 60 degrees Celsius.We have calculated the
dielectric constant, AC conductivity and other values of
PEO/potassium alum composite dopant with CB composites
films. The calculations by using the analysis equations and
graphical representations were done using computer and
special software programs.

III. RESULTS AND DISCUSSIONS

To  compute the electrical characteristics  of

PEO/potassium alum composite with carbon black dopant in
various cases, some theoretical relations are necessary, such
as: effective frequency of electric field, temperature and
concentration of filler.Dielectric materials are a distinguished
type of materials that are insulators under almost all cases.
They have the useful and interesting property that their
molecules, electrons or ions, under the effect of an electric
field (external) may be polarized. When these composite are
put between charged plates as in capacitors, and therefore
increase the capacity. [15]. Connecting a capacitor (C) to a
resistor (R) in parallel, (Z) is the impedance, (Z") is the
imaginary component and (Z') is the real component of the
impedance of the circuit.
Since: Z=7'—1Z". We can separate the real component of the
impedance Z' and the imaginary component of the impedance
Z" via multiplication by (1 — i @ C R), the complex conjugate.
Thus:
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These equations are used to compute the dielectric constant
(g"), which is associated to the energy stored in the medium,
and dielectric loss (€"), which is correlated to the energy loss
in the medium in the form of heat caused by an electric field
[16].
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Where f is the electric field frequency (AC) and Co is the
capacitance without the thin film,
AC conductivity (cAC) of the film is given by the equation

OCAC — 21 fSo g" (6)

The potassium alum filler attached to the PEO matrix to
formed electrolyte films is under consideration to estimate the
function of the filler in the operation of the ionic conduction
under effect of applied electric field. The purpose of
investigating electrical conduction in PEO polymer is explain
the nature and kind of the charge motion in conductor[17].

A. The field frequency effect on the electrical properties

Impedance experiments on PEO/potassium alum thin films
doped with carbon black nano particles are carried out across a
range frequency range (30 kHz - 3MHz). Figure 2 shows the
relationship between field frequency and phase angle () (the
phase difference between voltage and current) for films with
varying potassium alum concentrations and pure PEO. When
the phase angle is negative, the bulk material can be made up
of capacitive and resistive connections.

Figure 2 shows that with increasing potassium alum
concentration the change of (¢) across minimum negative
values, referring that the capacity will be less than resistivity of
the PEO/potassium alum thin films doped with CB due to
increase of ionic and electronic.

Figure 3 shows the variation of impedance (Z) per unit
thickness with frequency. This figure shows that the
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impedance decreases with increasing frequency. The high
impedance quantities at low frequency, because of effect of
space charge polarization, electrode polarization in the
samples, and various structural defects (grain accumulations
,phase boundaries) [18-19]. The quick decrease quantities of
impedance show a response of the bulk to applied alternating
field. This attitude may be indicated to decreasing of the
interfacial polarization effect, which may found at the
electrode surfaces thin films [20-21]. Due to the polarization
effects the frequency increasing with the impendence
decreases, the enhancement of electronic mobility and
formation of connected carbon black paths.
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Figure 2. Phase angle versus frequency for PEO/potassium alum
samples
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Figure 3. Impedance versus frequency for PEO/potassium alum
samples

In figure 4, dielectric constant (g') decrease with increasing
frequency may be explain on the polarization of space charge
which a little promotes and repairs for this behaviour take
place by the orientation polarization. The dielectric constant
(€") of Poly (ethylene oxide) is less than that of composite thin
films. The observed improve in the Poly(ethylene oxide)
insulation property is indicated to charge complexes and
electrons combined in the potassium alum bulk and CB
dopants, respectively, Also deduced from increasing the
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concentration of potassium alum with increase of dielectric
constant.

Figure 5 shows the attitude of the dielectric loss (€"), at low
frequencies dielectric loss has  a high value, and then at a
high level of frequencies it starts to decrease. The charge
carriers in dielectric loss are expressed as electrons (carrying
electrical charge) and ions (particles move freely). The ions
(AL and K") are charge carriers found in potassium alum, and
the electrons are charge carriers in CB nono particles, causing
high losses at low frequency and a high polarization effect
[22].

20 °,

18] « T=30°C

17 {—®— pure PEO
—®—2wt% aum +0.1% CB|

16 \ 4wt% alum +0.1% CB

154 Y —8wt% alum +0.1% CB|

12 wt.% alum + 0.1 % CB|
[—<— 16wt.% alum + 0.1 % CB)|

Dielectric constant (&')

V‘V‘v~v~v,v

° YV VY v
6 e
4 “m.g 20000
5 -l-...,.,::::=::=,:7 ——
4 =
T T T T T T T T T
o 200 400 600 800 1000 1200 1400 1600

Frequency (KHz)

Figure 4. The variation of dielectric constant with frequency for
PEO/potassium alum composite
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Figure 5. The variation of dielectric loss with frequency for
PEO/potassium alum composite

From dielectric constant (g') and dielectric loss (g"),
a frequency dependence is observed at low frequency, which
represents the behavior of polar materials as potassium alum
[23]. The polarity of potassium alum is attributed to
electronegativity ~ differences between aluminium and
potassium, and the geometry of potassium alum is octahedral.
It may readily be seen that with frequency of the electric field
both (g') and (&") are decreased. These outcomes suggest of the
potassium alum and PEO polymer of the polar semi crystalline
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polymers i.e., polar polarization or dipole rotation, the
PEO/potassium alum and carbon black dopant thin films are
efficaciously operating under high electrical field.

Figure 6 shows that as the frequency and potassium alum
concentration increase, the AC conductivity (AC) values
increase because more ions and charges may flow in a bigger
electric field, causing the ionic conduction process to increase.
This conclusion demonstrates that high frequency induces bulk
(AC) conductivity [24-25]. Ionic conduction occurs when
cation vacancies in ionic materials allow ionic transport in the
direction of an applied electric field. It may be assumed that
with higher frequencies and potassium alum content, ionic
conduction is facilitated.

The electronic and ionic interactions in the bulk polymer
electrolyte reason the increasing in the AC-conductivity and
dielectric constants. An excess in movable charged particles
and ions are created by bulk effect, principally the impurities
[26].

CB nano particles compose continuous paths in the matrix
of polymer. Through these paths move the free electrons under
electric field. Depend on the well-known (conduction path
theory), the motion of electrons causes the electrical
conduction process [27]. AC conductivity increases with
increased frequency and this is expecting as movable charge
carries, resulting reinforcement mechanism of conduction. At
high frequencies, the induced conductivity determines the level
of semiconducting of the materials [28].
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Figure 6. AC conductivity as a function of frequency

B. The relation between potassium alum concentration and
electrical properties

Figure 7 illustrates that when the potassium alum filler
substance is heated to 30°C, impedance reduces at various
frequencies. This reduce in impedance indicate to ions and free
electrons motion, due to potassium alum impurities and CB
dopant. So that increases the electrical conduction.
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Figures 8 and 9 shows that with increasing frequency, the
dielectric constant (¢') decreases, whilst it increases from about
4.3 for pure polyethylene oxide to 11.2, with increasing the
potassium alum concentration up to 16wt.%. The high increase
in dielectric constant with concentration of potassium alum is
because of the contribution of ions (particles move freely) and
free electrons (carrying electrical charge). Particles of carbon
black (CB) make conductive paths which make the thin film
extra conductive, resulting increase dielectric constant.
Conduction behaviour of the thin films is controlled by the
content of filler [29]. The increase of dielectric loss (g") may
expresses to the polarization (interfacial polarization) of such
a heterogeneous system [30].

12

—m— Datal_200KHz

11| —*— Datal 400KHz -

7 Datal_600KHz /
—v— Datal_800KHz -

10 4 Datal_1000KHz
= o
w T=30°C .
g’ / 3
E _ -
s P
=4 8 o _—
o =
o — -
£ 77 /
8
T 6 ./
[=} / v

®
54 ° w/
W/
4 T T T T T T T T T
2 o 2 4 6 8 10 12 14 16 18

Filler(Alum wt.%)+ 0.1wt.% Carbon black

Figure 8. The dielectric constant versus potassium alum
concentrations
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Figure 10 shows that at various frequencies, with increasing
potassium alum concentration the AC conductivity (cAC)
increases, which means with increasing of the content filler the
resistivity of PEO/potassium alum film decreases. The (AC)
conductivity is roughly constant up to 1.7 wt.%, then it
increases quickly with increasing the potassium alum
concentration. Accordingly, the point of 1.7 wt.% filler content
can be defined a critical point (a percolation threshold) for the
samples. The increase of alum concentration is shown by an
increase in ionic conductivity with the potassium alum content.
The flow of ions through the polymer is corroborative by the
great amplitude of the (PEO) segmental motion, whereas the
movement of ions through the solid electrolyte is liquid. The
crystalline area has a higher amorphous region than the
segmental mobility of polymer chains. The continuous
increase in polymer could be due to a decrease in crystallinity
due to the casting process, or an increase in amorphism. Ionic
size is one component that contributes to increased ion
mobility, which leads to increased polymer conductivity.
Because Al™ and K are both fast conducting ions in various
amorphous and crystalline materials, combining them in
a polymer would improve its electrical and optical properties
[31].

CB particles create large number of conductive paths within
the polyethylene oxide matrix, which allows a current to move
through the thin film. CB particles increase conductive paths,
and it create a conductive network is [32].

The increase in AC conductivity (AC) due to carrying
electrical charge (electrons) that successfully tunnel across
isolated carbon black (CB) nano particle domains with
reducing the spacing at low concentrations of carbon black
[33]. The conductive channels become larger when the number
of carbon black (CB) micro particles increases, and the
distance between contiguous clusters decreases [34]. Because
of the increased interaction between the CB nano particles, the
value of conductivity increases, resulting in a more conductive
network in the PEO composite as the CB content increases.
CB particles also have a higher dielectric constant [35]. When
carbon black nano particles are doped in a composite, the gap
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between the particles conductivity widens and narrows as the
charges transport becomes more straightforward [36]. As a
result of the creation of per electron conduction and collating
paths, the AC conductivity increases.
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Figure 10. AC conductivity versus potassium alum concentrations

C. The relation between electrical properties and
temperature

Figure 11 displays the variation of impedance (Z) with
temperature at different concentrations of the potassium alum.
It is obvious that increasing temperature decreases the
impedance. This could be illustrated in specific cases like
increasing charge mobility, generation of charge carriers, and
reducing the energy gap. The charge carriers transport is
affected by these processes in the thin film bulk, and these
processes could occur from effects of conduction current and
polarization superposition. The polarization currents are
temperature dependent, where with increasing temperature the
polarization decay time is reduced. This behavior illustrates
that, as temperature increases the conductivity is increasing,
such as the behavior of ionic and semiconducting materials
[37]. While increasing the temperature impedance decreases
due to the effects of polarization, forming of carbon black
paths, and the increasing of movable electrons.

Figures 12 and 13 display the dielectric constant for 8 wt.%
potassium alum filler and dielectric loss for 12 wt.%
potassium alum filler versus temperature for different
frequencies. With increasing temperature the dielectric
constant (g') increases. This is caused by a reduction in the
polarization of space charge (interfacial) and formation of
ionic and electronic arrangements or clusters in the polymer by
heating. It is noticed that at high values of temperature (&') will
increase quicker. This illustrates that, the orientation of
polyethylene oxide dipoles is simplified and relaxed when the
temperature increases, so the dielectric constant increases [38].
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Figure 14 displays those at all frequencies; the values of AC-
conductivity increase when the temperature increases. This is
due to the activation of electron and impurity, which increases
with increasing temperature, and because of molecular and
ionic mobility of PEO stimulated when the temperatures
increases, i.e., the electrons flow or charged ions found
through the electrodes surface with rising motion chains of
polymer and thus leading to high conduction.

The fast increase in AC-conductivity refers to the increasing
of the charge carriers concentration as a consequence of
increasing structure defects. Accordingly, new energy levels
inside the forbidden energy gap can be generated; also, at high
temperatures there is a stimulation of electronic mobility in
impurities. In order to the temperature- conductivity behavior
obey Arrhenius relationship, transport of cation is nearly like
to that happening in ionic crystals, where ions jump into
nearby vacant positions so that the ionic conductivity increase
[39]. With increasing temperature, the movement of CB
particles increase that are lead to Create percolation network
[40]. At high temperature, Poly(ethylene oxide) matrix has
sufficient mobility, thus CB nano Particles makes the
conductivity of the composite increase [41].

As a function of frequency and temperature, the electrical
conduction operation can be assembled as following:

=  AC conduction indicates to impurities and charge of
free electrons complexes in both potassium alum
filler and carbon black dopant, the polymeric matrix.

= Maxwell-Wagner build-up polarization of interfacial
charges at the composite interfaces.

=  Hopping of energy levels and the free electrons over
smaller barrier heights.
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Figure 14. Variation of AC-conductivity with temperature for
PEO/ potassium alum composites

IV. Conclusions

The AC  electrical  properties of  Poly(ethylene
oxide)/potassium alum films with different potassium alum
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concentration and carbon black dopant were studied. By
analyzing the results obtained. The AC conductivity increases
with increasing potassium alum concentration, frequency and
temperature, which causes increases of process of ionic
conduction. Impedance was found to reduce with increasing
filler concentration, frequency and temperature due to the
effects of polarization, forming of carbon black paths, and the
increasing of movable ions and electrons. The dielectric
constant and the dielectric loss of the thin films increase with
both potassium alum temperature and concentration , and
decrease with frequency due to the effects of polarization polar
semi crystalline polymers i.e., polar polarization or dipole
rotation. Fitting the data with some proposed empirical laws
appear to be credible.

ACKNOWLEDGMENT

The author acknowledges (Applied Science Private University),
Amman, Jordan, for the support granted of this work.

REFERENCES

[1] Ding L., Shi J., Young C., Dong S. Ionic conductivity of
solid polymer electrolytes based on copolymer, Polymer
Journal, 1997, 29,410.

[2] Abu-Jamous, A., Zihlif, A. M.. Study of the electrical
conduction in poly( ethylene oxide) doped with iodine,
Physica B, 2010, 405, 2762.

[3] R. H. Crossman. Conductive Polymer Composites
Polymer. Eng. Sci., 2004, 25 507 .

[4] Myers,H.P. Introductory Solid State Physics; Taylor and
Francis: London, 1990, pagel72.

[5] Mohan, V., V. Raja, A. Sharma, V. Rao. Ion Transport
and battery discharge of PEO/ Nal complexed salts,
Tonics, 2006,12 .219 .

[6] Kumari, L. Prasad. V. and Subramanyam, S. V. Effect of
iodine incorporation on the electrical properties of
amorphous conducting carbon films. Carbon, 2006, 41
,1841 .

[7] Stolwijk, N. , Wiencierz, M. and Sh. Obeidi.Mass and
Charge Transport in the PEO — Nal Polymer Electrolyte
System, Faraday Discussions, 2006, 13 134 .

[8] Siekierski and Nadara K. mesoscal models of as
conductivity in composite polymer electrolytes , J. Power
Sources, 2007, 9345 .

[9] Mehendru, P.C and Suresh Chand..Effect of iodine on
depolarization behavior of polyvinyl fluoride (PVF) films.
J. Phys. D: Appl. Phys., 1983, 16 ,188.

[10]Ou, R. Gerhardt, R. A. Marrett, C. Moulart, A.
Colton, . S..Assessment  of percolation and
homogeneity in ABS/carbon black composites by
electric al measurements. Journal of Composites: Part B,
2003,34,614 .

[11]Zhang, W., Dehghani-Sanij, A. and Blackburn, R. .
Carbon based conductive polymer composites. Journal of
Material Science, 2007,42 ,3418 .

1693



INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

DOI: 10.46300/9106.2021.15.182

[12]C.C. Tambelli, A.C. Bloise, A.V. Rosario, E.C. Pereira,
C.J. Magon, J.P. Donoso.Electrochim. Acta, 2002, 47
,1677.

[13]U. Sasikala , P. Naveen Kumar, V.V.R.N.Rao and A. K.
Sharma. Structural, Electrical and Parmetric Studies of a
PEO Based Polymer Electrolyte for Battery Applications.
International journal of Engineering Science & Advanced
Technology , 2012, Vol2, Issue-3, 722.

[14]S. A. Alterovitz, R. M. Sieg, N. S. Shoemaker and J. J.
Pouch. Optical Dispersion Relations for “Diamondlike”
Carbon Films, Spring Meeting of the Materials Research
Society, San Diego, 1989, 24-29.

[15]Pollock, D. Physical Properties of Materials for
Engineers, 1993, (2nd ed.)CRC Press,Inc..

[16]Elimat, Z. M.. Electrical and Thermal Conductivity of
Poly(methyl methacrylate)/ Carbon Black Composites.
Mu'tah Lil- Buhuth wad-Dirasat, 2006, 21(2) ,169-182 .

[17] Agrawal, R.C. Pandey, G. P. Solid polymer electrolytes:
materials  designing and all-solid-state  battery

applications: an overview, Journal of Application Physics,
2008, 41, 223001 (18pp).

[18]Sag'an, S., and Zihlif, A.M.Temperature Dependence of
the Electrical Properties of Poly( Ethylene Oxide )/Salt
Complex Composite. International Journal of Polymetric
Materials, 2003, 52, 387-401.

[19]Nofal, O. Dielectric and AC Conductivity of Rockwool
Fibers/ Polystyrene Composite. M.Sc. thesis, 2008,
University of Jordan, Amman.

[20]Abu Hijleh, M. Al-Ramadin, Y. and Zihlif, A..The
electrical behavior of mica-polystyrene composite.
International Journal of Polymeric Materials, 2000, 46 (1)
,377 —394.

[21]Sbeih, S. and Zihlif, A.. Optical and electrical properties
of kaolinite/ polystyrene composite, Journal of Physics D:
Applications Physics, 2009, 42 145405.

[22] Anderson, J. C..Modern electrical studies: Dielectrics, (1st
ed.),1964, London: Chapman and Hall Ltd.

[23]Jammalli,R.H .Electrical characterization of the treated
poly(ethylene oxide). MSc.Thesis, 1998,
University of Jordan , Amman , Jordan.

[24]Jonscher, A. K . Dielectric Relaxation in Solids, 1983,
London: Chelsea Dielectric Press.

[25]Ghannam ,A. Study of the Ion-Selective conduction in

Mica poly(vinyl chloride)composite. M.Sc. thesis,
University of Jordan , 1997, Amman, Jordan .
[26]Ramadin, Y. Saqan, S., Zihlif, H. Optoelectrical

Properties of PEO/Potassium alum Composite, Journal
of Thermoplastic Composite Materials, 2000, 13 ,497.

[27]Zhang,W. Dehghani-Sanij. A. and Blackburn, R.
Carbon based conductive polymer composites. Journal of
Material Science, 2007, 42,3408- 3418.

[28] Ahmad, A. Saq'an, S. Ramadin, Y. and Zihlif, A.The
Thermoelectrical Behavior of PEO Films Doped with

E-ISSN: 1998-4464

Volume 15, 2021

MnCI2 Salt. Journal of Thermoplastic Composite
Materials, 2006, 19 , 531-544.

[29]1Xu, H., Xie. H., Yang. D., Wu. Y. and Wang J. Novel
Dielectric Behaviors in PVDF-Based Semiconductor
Composites, Journal of Applied Polymer Science, 2011,
122 ,3466 -3473.

[30]Singh, K.C. Basic Physics, 2011, PHI Learning Private
Limited, New Delhi.

[31]Mohan, V. V. Raja, A. Sharma, V. Rao. Ion Transport and
battery discharge of PEO/ Nal complexed salts, Ionics,
2011, 12, 219- 226 .

[32]Roodenburg, B., Malchev,. P. G, Sjoerd W.H. ,de
Haan, Telma 1. V. Leit o and Ferreira, J. A.
Conductive Carbon Loaded Polymer Film Electrodes
for Pulsed-Power Applications. Part I: Determination
of the Film Properties, International Journal of Polymer
Analysis and Characterization, 2008, 13:6 , 395-412.

[33]Foulger, S. Reduced Percolation Thresholds of
Immiscible  Conductive Blends, Journal of Polymer
Science: Part B: Polymer Physics, 1999, 37, 1899-1910.

[34]Psarras G. Charge Transport Properties in Carbon
Black /Polymer composites.. Journal of Polymer Science
. Physics, 2007, 45,25-35.

[35]Zhao, Z., Yu. W., He. X., and Chen, X.. The Conduction
mechanism of carbon black-filled PVDF composite.
Journal of Material Letters, 2003, 57, 3082-3088.

[36]Elimat, Z. M. Electrical and Thermal Conductivity of
Poly(methyl methacrylate)/ Carbon Black Composites.
Mu'tah Lil- Buhuth wad-Dirasat, 2006, 21(2) ,169-182.

[37]Elliot, S.R.The Physics and Chemistry of Solids, 2000,
Chichester: John Wiley and Sons LTD.

[38]Ayad Salih, S. Saqgan, Y. Ramadin, A. Zihlif. The
Thermoelectrical Behavior of PEO Films Doped with
MnCI2 Salt. Journal of Thermoplastic Composite
Materials, 2006, 5, 531-544.

[39]Mohan, M., RajaV., Bhargav B., Sharma A., Narasimha
V. Structural. Electrical and Optical Properties of NaLaF2
doped PEO films, Journal of Polymer Research, 2007, 14
, 283-290.

[40]Psarras G. Charge Transport Properties in Carbon
Black/Polymer composites, Journal of Polymer Science .
Physics, 2007, 45 ,25-35.

[41]Zhao, Z., Yu. W., He. X., and Chen, X.The Conduction
mechanism of carbon black-filled PVDF composite.
Journal of Material Letters, 2003, 57. 3082-3088.

Creative Commons Attribution License 4.0
(Attribution 4.0 International, CC BY 4.0)

This article is published under the terms of the Creative
Commons Attribution License 4.0
https://creativecommons.org/licenses/by/4.0/deed.en_US

1694


https://creativecommons.org/licenses/by/4.0/deed.en_US



