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Polymer blend electrolytes have been prepared using the casting technique.�e electrolyte is composed of two polymers polyvinyl
alcohol (PVA)/polyvinylpyrrolidone (PVP)) with a �xed ratio (50 : 50) loaded with varied ratios of FeCl2 (0.5, 1, and 2wt.%). �e
impedance analysis indicates that the AC conductivity increased as the temperature was following the power law. Nyquist plots for
pure and blend composite samples present depressed semicircles at all temperatures.�e conductionmechanism of the pure blend
sample was based on a hopping mechanism, whereas the ionic conduction was applied to the blend composite sample. �e
activation energy for blend and blend composite samples was determined, and the two activation regions appeared for blend
electrolyte samples.�e results indicate a signi�cant improvement in the electrical behavior of the polymeric blend (PVA/PVP) by
adding a small weight percentage of FeCl2 salt to the blend samples.

1. Introduction

Polymeric blend and polymer blend composites have re-
ceived considerable attention due to the great diversity in
several industrial applications. �e electrical conductivity
represents one of the basic properties of the polymers and
polymers blend, which motivated researchers to improve the
electrical conductivity of these materials. Poly-
vinylpyrrolidone (PVP) is a nontoxic water-soluble polymer
and other polar solvents. It was used in several technological
and medical applications [1–8]. Polyvinyl alcohol (PVA)
represents one of the famous polymers, which has a wide
range of applications, such as packing and biomedical and
medical applications [9, 10]. It has also some natural
characterization, including nontoxicity, chemical resistance
biocompatibility, and hydrophilicity. �e polymer blend of
synthetic polymers such as PVP and PVA is very important
for various applications, such as electrochemical devices [3],
heat transfer [11], wound healing [12–14], tissue engineering
[15, 16], biological medical applications [3, 4], arti�cial skin
[16], and composite membranes [17, 18]. In addition, several

attempts have been made to prepare the blends or composite
materials based on PVP and PVA doped with other elements
[19–22]. Recently, many researchers have concentrated on
the enhancement of the electrical behavior of the PVA/PVP
blend by doping the blend with di�erent materials [23–25].
�ey found that PVA and PVP are miscible due to the
interaction between the OH group in PVA and the pyrro-
lidone ring in PVP (proton-accepting carbonyl group) [26].

Moreover, several studies investigated the properties of
the PVA/PVP blend and its composites as a function of
frequency and temperature [27]. For instance, Yassin [28]
investigated the thermal stability and mechanical and
electrical properties of PVA/PVP/Ni-Cd composite. Ragab
[29] studied the e�ect of NiCl2 contents on a PVA/PVP
blend using FTIR and dielectric spectroscopy. �e modi�-
cation of the PVA/PVP blend using ZnO was also investi-
gated. In addition, Awang et al. [30] examined the ionic
conductivity and dielectric and electrochemical properties of
a polymer electrolyte, comprising corn starch and sodium
iodate. �e impedance spectroscopy analysis of these studies
showed that the highest ionic conductivity of polymer
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electrolyte was obtained at 3 wt.% of NaIO3, which is the
highest dielectric constant. (ey concluded that the electric
modulus analysis can reveal a non-Debye pattern behavior.
(erefore, it can be inferred that it is possible to apply the
prepared films in some potential electrochemical devices,
such as sodium batteries. Another study prepared lithium
ion that conducts solid polymer blend electrolytes (SPBE)
using PVA/PVP polymer blend and the lithium acetate. (e
study confirmed the complexation between the polymers
and salt by applying X-ray diffraction (XRD) and Fourier
transform infrared spectroscopy (FTIR). (e transference
numbers of polymer electrolytes are calculated by Wagner’s
polarizing technique, which was also confirmed using
Bruce–Vincent technique. Veena and Lobo [31] investigated
the effect of different mass% of potassium permanganate
(KMnO4) on polyvinyl alcohol–polyvinyl pyrrolidone
(PVA–PVP) polymeric blend films. (ese films have been
prepared by applying the solution casting technique using
varied filler levels (FL), ranging from 0.01 up to 4.70 mass%.
(e results indicated a major molecular structural modifi-
cation, involving the conversion of the hydroxyl (OH) group
into ketones at higher FLs. (e bands showed a clear dis-
tortion in the wide OH band, especially at higher FLs of 3.80
and 4.70 mass%. It was noticed that the value of the glass
transition temperature (Tg) decreased by adding fillers in the
PVA–PVP blend, whereas the thermal stability of the filled
samples increased. Yassin [32] studied the dielectric thermal
stability of a PVA/PVP blend filled with different weight
percentages of lithium perchlorate (LiClO4). (ey inter-
preted the conduction mechanism of the prepared sample
using Jonscher’s double power law. (e study also verified
the dominance of the resistive nature over the capacitance
and that the conduction in the SPE was only produced by the
induced ions. In another study, Badawi et al. [33] investi-
gated the mechanical and electrical properties of SnS (0 to
10.0wt.%) filled with PVP/PVA (50/50) polymeric com-
posite blends. After checking the dynamic mechanical an-
alyzer (DMA), the study revealed that the storage modulus
and stiffness of the neat film are doubled via SnS filling.

(e study also found that the Tg values of all SnS-filled
PVP/PVA blends increased, compared with that of the neat
blend. (e DC electrical conductivity (σ) of the neat PVP/
PVA polymeric blend has also improved by adding SnS
filling, which incrementally increased as the concentration
level of SnS raised.

Moreover, the addition of sodium fluoride (NAF) to
PVA/PVP blend polymer with different weight ratios was
investigated [34]. (e XRD spectra show a decrease in the
degree of crystallinity of the composite. FTIR analysis
confirmed the variation of the microstructure of the system.
(e study found that the AC conductivity of the system
increased in terms of frequency and temperature. Ammo-
nium thiocyanate (NH4SCN) salt-doped PVA/PVP blend
polymer was also examined [35]. XRD confirmed the de-
crease in the degree of crystallinity of the samples. For in-
stance, the glass transition (Tg) for the composite samples
decreased, whereas the concentration of NH4SCN increased.
Wagner’s polarization technique showed that the charge
transfer in these blend films is predominant due to ions.

Saleh and Salman [36] studied the thermal conductivity for
PVA/PVP polymer blend doped with different weight ratios
of MnCl2.4H2O. (ey found that both the coefficient of
thermal conductivity and glass transition were affected by
the addition of MnCl2.4H2O.

It is clear from the studies that there is a great interest in
studying the physical properties of these blends (PVA/PVP)
and blend composites. (e present study aims to enhance
the conduction mechanism and dielectric properties of the
PVA/PVP blend by using low loading of FeCl2 salt (0.5 to
3wt.%). (e effect of temperature and frequency on ionic
conduction was also investigated.

2. Experimental

2.1. Materials. PVA (86.7–88.7mol.% hydrolysis, average
molecular weight 67,000 g/mol) and PVP (averagemolecular
weight 55,000 g/mol) were supplied by Sigma Aldrich
(USA). FeCl2 (98%) was supplied by Sigma Aldrich (China).
PVA, PVP, and FeCl2 were used without further purification
or treatment. Deionized water was used as the solvent for
preparing the polymer solutions.

2.2. Preparation of Polymer Blend Film Composite.
Polymer blends of PVA/PVP solutions were prepared at 50/
50 weight ratios. An aqueous PVA solution and PVP were
prepared by adding the polymer powder to deionized water,
followed by heating the solution under magnetic stirring at
80°C for 2 hours. Both polymeric solutions were mixed and
left on a magnetic stirrer overnight to form a homogenous
PVA/PVP polymer blend. Iron(II) chloride (FeCl2) with
different weight percentages were dissolved in 5ml of
deionized water and ultrasonic homogenizer (Hielscher
homogenizer 400W) for 5 minutes. PVA/PVP/FeCl2 solu-
tions at different weight percentages of FeCl2 were made by
mixing the polymer blend and FeCl2 solutions (ultra-
sonicated for 30 minutes at room temperature). (e films
were obtained by applying a casting technique that used a
Petri dish after drying it at room temperature (32°C) for
3 days.(e blend composite samples (PVA/PVP/FeCl2) with
different FeCl2 weight percentages (0.5, 1, 2, and 3wt.%)
were kept in a glass desiccator with silica gel.

2.3. Samples Characterization. (e polymer blend com-
posite samples were characterized by FTIR and AC spec-
troscopy. FTIR spectra for PVA/PVP blend and PVA/PVP/
FeCl2 blend composite sheet were carried out using the
single-beam Fourier transform infrared spectrometer
(Perkin Elmer Spectrum 400). (e FTIR spectra of the
samples were obtained in the spectral range of
400–4,000 cm−1. (e AC conductivity and impedance
spectroscopy were measured using Keithley Instruments
4200 Semiconductor Characterization System (4200-SCS
USA) over a frequency ranging from 1 to 1MHz, and the
temperature range was from room temperature up to 150°C.
(e AC conductivity was calculated using the following
relation:
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σac � 2πfε′ε0 tan δ, (1)

where ε0 and ε′ are the dielectric constant of the free space
and the material, respectively; f is the frequency of the
applied signal across the sample; and tan δ is the loss tangent
or dissipation factor.

3. Results and Discussion

3.1. FTIR Characterization. (e effect of FeCl2 on the
polymer blend was investigated and analyzed using FTIR
spectroscopy. Figure 1 illustrates the FTIR spectra for the
pure polymer blend (50% PVA: 50% PVP) and the blend
composite (with different weight percentages of FeCl2 (0.5, 2,
and 3wt.%)). (e main FTIR absorption band positions and
their assignments of the prepared samples are listed in
Table 1.

(e spectrum of FeCl2/PVA/PVP showed peaks at a
similar wave number to that of the polymer blend PVA/PVP,
suggesting that FeCl2 did not affect the structural charac-
teristics of the blend.

3.2. Impedance Spectroscopy. One of the most important
techniques for detecting the dielectric relaxation processes in
polymer, polymer blend, and polymer composite is im-
pedance spectroscopy. From the complex impedance anal-
ysis and the expected equivalent circuit based on its data, we
can get more information about the physical process that
takes place inside the material being tested. Figures 2(a),
2(b), 3(a), 3(b), 4(a), 4(b), 5(a), and 5(b) show the frequency
dependence of the real and imaginary parts (Z′ and Z″) of
impedance at different temperatures ranging from 30 to
140°C for PVA/PVP blend and doped samples. It is clear
from the figures that both the real and imaginary parts
decrease with increasing temperature.

(e pure blend sample (PVA/PVP) does not show any
significant dependence on temperature for either the be-
havior of the real part (Z′) or the imaginary part (Z″) of
impedance. (is behavior can be ascribed to the dielectric
nature of the blend sample; therefore, this behavior is closer
to the capacitive behavior than the used frequency range.
(e motion of the main chain due to thermal activation is
small, and it adds a slight change in the impedance behavior.

It is also noted that blend samples have a different type of
behavior than pure samples. At low temperatures, the be-
havior is similar to that of the capacitive reactance, and the
relationship between the impedance and the frequency is a
linear relation. (is can be attributed to the incapability of
the dipoles to orient or respond to the applied frequency.
(e frequency-independent plateau region increases with
temperature, which is related to the DC conductivity of the
polymer blend (see Figures 3(a), 4(a), and 5(a)). In the high-
frequency region, the capacitive component of the real part
of impedance was predominant, and the dependence be-
comes linear. As the concentration of FeCl2 increases, the
high-frequency dispersion (Z″) shifts towards the higher
frequency side, and the conductivity increases (see
Figures 3(b), 4(b), and 5(b)). (is shift of dispersion to high

frequency indicates a decrease in the relaxation time that can
be attributed to an increase in the electrical conductivity of
samples.

Nyquist plots for pure and blend electrolyte samples with
different weight percentages (0.5, 1 and 2wt.%) of FeCl2 are
illustrated in Figures 6, 7(a), 7(b), 8(a), 8(b), 9(a), and 9(b),
respectively. (e plot exhibits depressed semicircles for all
samples and at all temperatures. Pure samples did not show a
complete semicircle shape due to the insulating nature of the
blend and the inability of the charge carriers to move except
at high temperatures. (is may be attributed to the chain’s
entanglement. For electrolyte blend and for temperatures
higher than 50°C, the semicircles were followed by spikes at
the lower frequency side that increased as salt weight per-
centages and temperatures rose.(ese results indicate a non-
Debye relaxation nature (a single relaxation time) for pure
and electrolyte blend samples [49]. (e equivalent circuits
that represent this depressed semicircle plot include a
constant phase element capacitor (CPE) that is parallel to a
resistor. (is combination was connected in a series with
another constant phase capacitive element to represent the
shape of the spike at the low-frequency region [50].

Figure 10 shows the effect of FeCl2 weight percentage
(concentration) and its temperature on Nyquist plots. It was
noted that increasing the temperature and/or FeCl2 weight
percentage reduces the diameter of the semicircle, which
indicates the active participation of the ionic conductivity
through the samples.
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Figure 1: FTIR pattern for 50% PVA: 50% PVP with (a) 0%, (b)
0.5%, (c) 2%, and (d) 3% wt.% FeCl2.
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Figure 2: (a) Real part of impedance (Z′) and (b) imaginary part of impedance (Z′) for PVA/PVP polymer blend.
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Figure 3: (a) Real part of impedance (Z′) and (b) imaginary part of impedance (Z′) for 0.5 wt.% FeCl2/PVA/PVP polymer blend electrolyte.

Table 1: Absorption band positions and their assignments for PVA/PVP/FeCl2 composite.

Wave number (cm−1) Band assignment Reference (s)
3,304 OH stretching [37, 38]
2,929 CH2 asymmetric stretching deriving from PVA [38, 39]
1,646 CO stretching deriving from PVP [40, 41]
1,425 Symmetric bending of CH2 deriving from PVA [42, 43]
1,372 CH2 bending deriving from PVP [44, 45]
1,290 CH wagging deriving from PVA [46, 47]
1,090 Stretching vibrations of carbonyl (–C�O) bonds attached to pyrrolidone rings from PVP [48]
840 CC stretching vibrations deriving from PVA [47]
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3.3. AC Conductivity. Figures 11(a), 12(a), 13(a), and 14(a)
illustrate the variation of AC conductivity (σac) as a function
of frequency and at different temperatures for pure 50wt.%

PVA-50wt.% PVP blend and doped with 0.5, 1, and 2wt.%
FeCl2. (e AC conductivity (σac) is found to be temperature
and frequency-dependent. AC conductivity behaviors of all
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Figure 4: (a) Real part of impedance (Z′) and (b) imaginary part of impedance (Z′) for 1wt.% FeCl2/PVA/PVP polymer blend electrolyte.
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Figure 5: (a) Real part of impedance (Z′) and (b) imaginary part of impedance (Z′) for 2wt.% FeCl2/PVA/PVP polymer blend electrolyte.
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blend electrolyte samples are characterized by plateau region
(frequency-independent) at a higher temperature. (is
plateau becomes more predominant in higher weight per-
centages of doped samples (2 wt.%).

For the low-frequency region, σac in blend electrolyte
samples was frequency independent, especially at a tem-
perature higher than 50°C. (is can be attributed to ionic
conduction that dominates the AC conductivity that rises as
a result of the response of the polymer chains and dipoles to
the applied frequencies. For the pure blend sample, it is
noticed that the frequency dependence of the AC conduc-
tivity continued up to 80 or 90°C, and its increase was at-
tributed to the hopping mechanism [51, 52].

Figures 11(b), 12(b), 13(b), and 14(b) show the variation
of log (σac) with 1000/T for pure blend, 0.5, 1, and 2wt.%
FeCl2 electrolyte blend samples. It is obvious that the AC
conductivity was thermally activated, and the mobility of the
charge carrier and charge density increased as the tem-
perature rose. (e main chain and the segmental chain
motion play an important role in the conductivity behavior
of pure and electrolyte samples [52].

(e addition of electrolyte to polymer or polymer blend
can form complexes with the polymeric chains, which im-
pedes the movement of the chains and makes them require
higher energy to contribute to the AC electrical conductivity.
(is ionic conductivity has the advantage in the active
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Figure 6: Complex plane plots (Z′-Z″) for PVA/PVP polymer blend at various temperatures.
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Figure 7: Complex plane plots (Z′-Z″) for 0.5 wt.% FeCl2/PVA/PVP blend composite at various temperatures (a) from 30 to 70°C and (b)
from 80 to 130°C.

6 Advances in Materials Science and Engineering



participation of the AC electrical conductivity. Occasionally,
at small concentrations of salt, the £uid can act as a plas-
ticizer and facilitate the movement of the polymeric chains.
From Table 2, it is noted that the electrolyte blend samples
have two linear regions. �e �rst was at low temperatures in
which the contribution returns to polymer with activation

energy in the range from 0.13 to 0.19 eV (greater than pure
blend). �is region indicates a complex formation between
some chains and the ionic liquid. �e activation energy in
the second region (ionic conduction contribution) was
ranging between 0.2 and 0.43 eV. �e activation energy
decreased as a result of the salt concentration.
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Figure 9: Complex plane plots (Z′-Z″) for 2 wt.% FeCl2/PVA/PVP blend composite at various temperatures (a) from 30 to 60°C and (b)
from 70 to 140°C.
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Jonscher universal power law can be used to analyze the
overall behavior of AC conductivity based on the following
equation [53, 54]:

σ(ω) � σ dc + Aωn, (2)

where σ(ω), σdc, A, ω, and n are de�ned as the total con-
ductivity, DC conductivity, constant, angular frequency, and

exponent factor, respectively. �e dependence of log σ
versus log f in the high-temperature region and the de-
pendence of exponent n on temperature are illustrated in
Figures 15 and 16 for pure blend and blend composite
samples, respectively. �e exponent values n were deter-
mined by knowing the slope of log σ versus log f relation,
which are summarized in Tables 3–6.
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Figure 10: Complex plane plots (Z′ vs. Z″) for PVA/PVP/FeCl2 blend electrolyte samples (a) at 80°C and (b) at 110°C.
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sample.
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Figure 12: (a) Frequency dependence of AC conductivity at different temperatures and (b) log(σ) versus 1000/T, for 0.5 wt.% FeCl2 PVA/
PVP electrolyte blend.
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Figure 14: (a) Frequency dependence of AC conductivity at different temperatures and (b) log(σ) versus 1000/T, for 2 wt.% FeCl2 PVA/PVP
electrolyte blend.

Table 2: Values of the activation energy for pure and electrolyte PVA/PVP blend sample.

Sample
Activation energy (eV)

R2

Region I Region II
PVA/PVP 0.12 0.985
PVA/PVP/0.5 wt.% FeCl2 0.402 0.192 0.991 and 0.998
PVA/PVP/2wt.% FeCl2 0.432 0.183 0.992 and 0.996
PVA/PVP/1wt.% FeCl2 0.277 0.132 0.922 and 0.942
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Figure 15: (a, c) log σ versus log f at different temperatures and (b, d) variation of the exponent n against the temperature, for the PVA/PVP
blend.
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Figure 16: Continued.
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It is noticed that the values of the exponent n vary in
different salt concentrations [55, 56]. Also, the pure sample
has two regions that follow the power law and depend on the
frequency range. (e change of n in different salt concen-
trations was attributed to the change in the interface between
different constituents of the samples. In the case of polymer
blend electrolyte, the host was a polymeric blend beside the
remains of the individual polymers (partial miscibility),
which did not contribute to the blending process. In this
hypothetical region, one can imagine that three contributors
are present: the blend electrolyte, the electrolyte solution

(remains), and the immiscible remains of PVA and PVP
polymers electrolytes.

It is also noted that the behavior of the exponent n at
various temperatures of pure blend samples is linear whether
at temperatures higher or lower than the glass transition
point. At higher temperatures (see Figure 15(b)), two linear
regions were detected, and n was linearly dependent on
temperature. However, the behavior of n (T) in electrolyte
samples follows the exponential function (n decreases ex-
ponentially with temperature) [57]. (is means that the
movement of chains and side chains may be activated due to
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Figure 16: Log σ versus log f in the high-frequency region and the variation of the exponent n against the temperature: (a, b) 0.5 wt.%, (c, d)
1.0 wt.%, and (e, f ) 2.0 wt.% FeCl2 PVA/PVP blend electrolyte.

Table 3: Values of the exponent n, coefficient A, and the DC conductivity for pure PVA/PVP blend sample.

T (°C)
Low temperature

n A σdc
30 1.112 2.67E− 06 2.67E− 06
40 1.021 7.38E− 06 7.38E− 06
50 1.054 8.85E− 06 4.21E− 06
60 1.043 9.77E− 06 4.57E− 06
70 0.975 2.14E− 05 5.54E− 06
80 0.974 3.86E− 05 3.86E− 06

Region I Region II
N A σdc n A σdc

90 0.822 9.13E− 06 1.37E− 04 0.97 2.76E− 05 7.64E− 06
100 0.893 7.20E− 06 1.02E− 04 0.97 2.76E− 05 9.05E− 06
110 0.891 9.31E− 06 1.00E− 04 0.97 2.76E− 05 1.03E− 05
120 0.595 5.69E− 05 5.69E-04 0.89 4.90E− 05 1.83E− 05
130 0.523 1.04E− 04 7.77E− 04 0.87 6.16E− 05 2.31E− 05
140 0.433 2.11E− 04 1.43E− 03 0.82 9.00E− 05 3.37E− 05
150 0.361 2.90E− 04 2.75E− 03 0.78 1.26E− 04 4.72E− 05
160 0.272 5.53E− 04 5.24E− 03 0.71 2.08E− 04 7.80E− 05
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the addition of electrolyte (FeCl2). (is will excite the
movement of ions significantly and increase their conduc-
tivity, as well as this will reduce the effect of interfacial
regions, which increase the probability of a hopping
mechanism for ions [58]. Also, according to the correlated
barrier hopping model (CBH), as the temperature increases,
the ionic hopping between sites to overcome the potential
barrier will increase [57, 59, 60].

Tables 3–6 illustrate the values of the exponent n, the
coefficient A, and the DC conductivity (σdc) for the pure
sample at different temperatures. It is obvious that the in-
crease in the DC conductivity was accompanied by a decrease
in the value of n, which means that the plateau region was
expanded at the expense of the exponential region of σ(f) [56].

(ese results confirm the role of thermal activation of the
main chains beside the side chains that contribute signifi-
cantly to the electrical conductivity. It is clear that the role of
chain movement due to the thermal activation was greater
than the role of the applied alternating voltage. (e presence
of the two pure blend sample regions at high temperatures
can be attributed to the presence of more than one con-
duction mechanism plus the possibility of polymer remains
to contribute to a polymer blend.

4. Conclusion

(is study investigated some electrical properties of the
PVA/PVP polymeric blend as well as its blend electrolyte
by adding FeCl2 in different weight percentages (0.5, 1, and
2 wt.%). (e incorporation of FeCl2 in the blend matrix
enhanced the electrical conductivity of the blend, and the
AC conductivity increased as the FeCl2 weight percentage
increased. Nyquist plots for pure and blend electrolyte
samples demonstrated depressed semicircles at all tem-
peratures. Pure samples did not show a complete semicircle
shape due to the insulating nature of the blend and the
inability of the charge carriers to move except at high
temperatures.

Moreover, the Nyquist plots diameter was reduced as the
temperature and/or FeCl2 weight percentage increased,
indicating the active participation of the ionic conductivity
in the samples. For instance, the AC conductivity was at-
tributed to a hopping mechanism in the pure sample. (e
results for blend electrolyte samples were interpreted based
on the increase of chain mobility due to thermal activation
and the contribution of ionic conduction. Jonscher universal
power law was applied to study the conduction mechanism
in pure and electrolyte blend samples. (e activation energy
in the blend and blend electrolyte samples was calculated,
and the two activation regions appeared in blend electrolyte
samples [42].
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Table 4: Values of the exponent n, coefficient A, and the DC
conductivity for pure 0.5 wt.% FeCl2 PVA/PVP electrolyte blend
sample.

T (°C) n A σdc
30 1.030 3.52E− 06 3.52E− 05
40 0.878 5.02E− 06 3.52E− 05
50 0.747 7.09E− 06 3.52E− 05
60 0.543 5.38E− 06 2.42E− 04
70 0.400 2.94E− 06 2.47E− 04
80 0.276 2.16E− 03 1.62E− 03
90 0.177 6.35E− 03 4.76E− 03
100 0.124 1.15E− 02 8.62E− 03
110 0.093 1.79E− 02 1.34E− 02
120 0.077 2.52E− 02 1.89E− 02
130 0.062 3.07E− 02 2.30E− 02
140 0.046 4.78E− 02 3.59E− 02

Table 5: Values of the exponent n, coefficient A, and the DC
conductivity for pure 1 wt.% FeCl2 PVA/PVP electrolyte blend
sample.

T (°C) n A σdc
30 0.522 1.19E− 03 4.48E− 04
40 0.427 1.09E− 02 4.07E− 03
50 0.245 1.19E− 02 4.44E− 03
60 0.227 1.32E− 02 4.95E− 03
70 0.165 2.22E− 02 8.30E− 03
80 0.082 7.37E− 02 2.76E− 02
90 0.048 9.25E− 02 3.46E− 02
100 0.022 1.17E− 01 4.39E− 02
110 0.012 1.42E− 01 5.30E− 02
120 0.008 1.57E− 01 5.87E− 02
130 0.003 1.56E− 01 5.86E− 02
140 0.002 1.59E− 01 5.94E− 02

Table 6: Values of the exponent n, coefficient A and the dc
conductivity for pure 2 wt.% FeCl2 PVA/PVP electrolyte blend
sample.

T (°C) n A σdc
30 0.759 1.35E− 04 2.25E− 05
40 0.594 6.02E− 04 1.00E− 04
50 0.464 1.91E− 03 3.19E− 04
60 0.338 5.72E− 03 9.53E− 04
70 0.202 1.70E− 02 2.83E− 03
80 0.158 2.49E− 02 4.14E− 03
90 0.126 3.52E− 02 5.87E− 03
100 0.087 5.33E− 02 8.88E− 03
110 0.063 7.55E− 02 1.26E− 02
120 0.049 9.72E− 02 1.62E− 02
130 0.041 1.15E− 01 1.91E− 02
140 0.046 1.24E− 01 2.07E− 02
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