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Abstract Solid nanocomposite polymer electrolytes based on
polyethylene oxide (PEO), AgNO; as salt, and nanosized
Fe, 03 (less than 50 nm size) as filler are prepared by hot press
method. In (100-x) PEO:xAgNO; system (where x=5<x<
50 wt%), the solid polymer electrolyte 90PEO:10AgNO;
gives highest ionic conductivity. This composition is further
used as host matrix and Fe,05 as filler for the preparation of
solid nanocomposite polymer electrolytes (100-x)
(90PEO:10AgNO3):xFe, 05 (where x=5<x<30 wt%). The
real impedance (Z') and imaginary impedance (Z") of the sam-
ples are analysed using LCR meter. The maximum ionic con-
ductivity is observed for 10 wt% of filler Fe;O5_The optimum
conducting composition 90(90PEO:10AgNO3):10Fe,05 is
used for further study. The dielectric response of the samples
is analysed using dielectric constant ('), dielectric loss (g"),
loss tangent (tand), and real and imaginary part of electric
modulus (M' and M"). The ionic conductivity and dielectric
response of the solid nanocomposite polymer electrolytes are
studied within the frequency range of 100 Hz—5 MHz and
within the temperature range of 300-323 K. It is observed that
the dielectric constant rises sharply towards low frequencies
due to electrode polarization effects. The maxima of the loss
tangent (tan d) shift towards higher frequencies with increas-
ing temperature. The enhancement in ionic conductivity is
observed when nanosized Fe,O5 filler is added into the solid
polymer electrolyte.
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Introduction

The solid polymer electrolytes (SPEs) are emerging as a new
class of technologically important materials suitable to use for
compact, light weight, high energy density energy storage
devices [1—4]. The solid polymer electrolyte is defined as
water-free system with an ion conducting phase formed by
dissolved salts in a host polymer matrix [5—7]. The advantages
of solid electrolyte in devices are that there is no need of
separator as a component and there won’t be any leakage
which is the advantage over liquid electrolyte [8]. In the cur-
rent work, polyethylene oxide (PEO) based on high molecular
weight is used as polymer backbone with AgNOj salt to pro-
vide sufficiently high ionic conductivity [9, 10]. However, the
ionic conductivities of PEO-based polymer electrolytes are
still very low due to its largely crystalline in nature [4, 11].
Pure PEO has crystalline phase and an amorphous phase with
dissolved salt. It has been revealed that the ion conduction
takes place primarily in the amorphous phase [12, 13], and
the phase diagram is affected by many factors, such as the salt
species, preparation method, concentration, and temperature.
In order to enhance their ionic conductivity and to improve
their thermal, mechanical, and electrochemical properties,
several modifications in the structure of these polymer elec-
trolytes have been realized [12]. To enhance the ionic conduc-
tivity of solid polymer electrolytes, numerous research works
were carried out over a decade. In this content, the incorpora-
tion of various fillers like Al,O3, CeO,, TiO,, and SiO, into
SPE was reported [14—19]. These additives have interaction
between surface groups on the polymer chain which reduces

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11581-015-1517-9&domain=pdf

3224

Ionics (2015) 21:3223-3231

the degree of PEO crystallinity [2] and enhances the transport
properties, the resistance to crystallization, and the stability of
the electrode-electrolyte interface of the PEO-based electro-
lyte [13]. PEO is widely used for the preparation of solid
nanocomposite polymer electrolytes due to its ability to sol-
vate a wide variety of salts through interaction of its ether
oxygens with cations [20], and also PEO structure supports
fast ion transport. Unfortunately, the working temperature of
widely studied PEO-based polymer electrolytes is usually lim-
ited within 100 °C due to low melting point (65 °C) of PEO,
still they attracted immense interest because of their high
chemical stability, leak-proof, flexibility, low cost, and high
ionic conductivity. Various methods have been applied to
maintain their flexibility and mechanical stability over a wide
temperature range [21].

In the current work, solid polymer electrolyte
(90PEO:10AgNO3), which is identified as the optimum
conducting composition in polymer electrolytes (100-x)
PEO:xAgNOs, is taken as host matrix and nanosized Fe,O;
(<50 nm) as a filler for the preparation of solid nanocomposite
polymer electrolytes (100-x) (90PEO:10AgNO;):xFe,0s.
These electrolytes are synthesized by hot press method. The
highest conducting composition is obtained for 10 wt%
Fe,O3. The aims of this study were to use Fe,O5 as filler and
to investigate its effect on ionic conductivity and dielectric
properties of the solid polymer electrolyte since Fe,O5 as filler
in polymer electrolyte is not much investigated.

Experimental

Pure PEO (MW 6 x 10, Aldrich, USA), fine powder of AgNO5
(AR grade purity 99.9 %, Aldrich, USA), and nanosized Fe,05
(<50 nm, Aldrich, USA) are used for the preparation of solid
nanocomposite polymer electrolytes. The solid polymer elec-
trolytes (100-x) PEO:xAgNO3 where 05<x<50 (in wt%) are
prepared by hot press method. The materials are mixed for
20 min and then heated for 20 min at 70 °C (~melting point
of PEO). Slurry is obtained, and then it is pressed between two
stainless steel blocks in about 2 t pressure. The detailed and
advantages related to hot pressing technique over solution cast
method have been given elsewhere [22]. The thickness of the
samples was 0.066, 0.067, 0.065, 0.068, 0.058, 0.063, and
0.061 cm corresponding to 5, 10, 15, 20, 30, 40, and 50 wt%
of AgNOs. The area of each samples was 1.327 cm”. LCR-
meter (HIOKI 3532-50 LCR HiTester, Japan) is used for im-
pedance spectroscopy study within a temperature range 300—
323 K and frequency range 100 Hz—5 MHz. Two silver elec-
trodes are used while taking observations. From the salt
concentration-dependent conductivity studies of these samples
at room temperature, the optimum conducting composition is
identified. The optimum conducting composition is further
used as host matrix and nanosized Fe,Os (<50 nm) as filler
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for the preparation of polymer nanocomposite electrolytes
(100-x) (90PEO:10AgNO3):xFe,03 (where x=5<x<
30 wt%). The solid nanocomposite polymer electrolytes are
prepared by hot press method. The thickness of the samples
was 0.075, 0.078, 0.079, 0.072, 0.071, and 0.066 cm corre-
sponding to 5, 10, 15, 20, 25, and 30 wt% of Fe,O; filler.
The area of each samples was 1.327 cm?. The highest
conducting composition 90(90PEO:10AgNO3):10 Fe,O5 is ob-
tain after filler-dependent ionic conductivity studies.

The dielectric constant (¢”) and dielectric loss (¢”) are de-
termined using relation:

. . 1 Cpt
Dielectric € = ——
E()A
. . " g
Dielectric loss ¢ = —
wep

where C, is the parallel capacitance of the sample, ¢ is the
thickness of the sample, ¢ is the permittivity of free space,
o is ionic conductivity, w is the angular frequency (=27tf), and
A is the area of the sample [23].

Real electric modulus M’ and imaginary electric modulus
M" are given [23-25] as:

/

5
(5’2 n 5”2)
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Real modulus M =

Imaginary modulus M =

Result and discussion
Complex impedance analysis

Electrochemical impedance spectroscopy (EIS) technique is
commonly used in analysis of electrolytes where ionic conduc-
tion strongly predominates [26]. The complex impedance plot
of solid polymer electrolyte (100-x) PEO:xAgNO; at various
concentration of salt AgNO; is shown in Figs. 1 and 2. The
complex impedance plot of the nanocomposite polymer elec-
trolytes (100-x) (90PEO:10AgNO;3):xFe,0; at various concen-
trations of Fe,Oj as filler is shown in Fig. 3a and of the opti-
mum conducting composition 90(90PEO:10AgNO3):10Fe,03
at different temperatures is shown in Fig. 3b. Typical plot con-
sists of the high frequency distorted semicircle representing the
parallel combination of bulk resistance and capacitance which
could be due to the bulk conductivity of the solid polymer
electrolytes [5, 27] and the low frequency inclined spike (non-
vertical) like region attributed to the ion diffusion in polymer
electrolyte [28]. The low frequency tail indicates the capacitive
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hence the obtained lower bulk resistance Ry, for 10 wt% of
AgNOj; and on further increase in wt% of AgNOs;, the bulk
resistance increases which is mainly due to ion—ion interaction
leads to aggregation of ions species so that ion clusters will

-6.20

-6.25

630
-6.35 _- )

-6.40 ] \
-6.45]
650 ]

-6.55

log ¢ (S/cm)

-6.60
-6.65
-6.70

-6.75

-6.80 T T T T T T T T T T
0 10 20 30 40 50

AgNO3 wt%

Fig. 2 Variation of ionic conductivity as a function of wt% of AgNO; of
the solid polymer electrolytes (100-x)PEO: xAgNO;
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Fig. 3 Complex impedance plots (Z’ vs. Z”) of the a nanocomposite
polymer electrolytes (100-x) (90PEO:10AgNO3):xFe,05 at different
wt% of Fe,O3 at temperature 300 K, b optimum conducting
composition 90 (90PEO:10AgNO5):10Fe,05 at different temperatures

form hence the number of charge carrier decreases [31]. Solid
polymer electrolyte films beyond 50 wt% appeared brittle and
less stable [32]. In Fig. 3a, it can be seen that initially the value
of the bulk resistance R}, decreases with increase in wt% of
Fe,O5 and reaches at minimum for 10 wt% of Fe,O3 On
further increase in wt% of Fe,Os, now R, increases up to
20 wt% of Fe,O3 and again decreases at 25 wt% which is
explained on the basis of two percolation models, suggested
by Laxmi and Chandra [33]. After 25 wt% of Fe,Os, now bulk
resistance increases. The increase in bulk resistance is mainly
due to ion—ion interaction leads to aggregation of ions species
so that ion clusters will form, hence the number of charge
carrier decreases [31]. The minimum bulk resistance at
10 wt% of Fe,05 indicates that the number of charge carriers
and the mobility of ions are higher for 10 wt% of Fe,Os.
Figure 3b shows the variation of complex impedance on
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increasing temperature for optimum conducting solid nano-
composite polymer electrolyte. It is clear that, with increase
in temperature, the intersection of the impedance plot on the
real axis (Z') shifts towards the origin reflecting a decrease in
the bulk resistance R}, of the sample [2].

Figure 4a shows the variation of real part of impedance (Z')
with frequency at different temperatures. The values of Z'
decrease with rise in frequency and temperature. The magni-
tude of Z' decreases on increasing temperature at the lower
frequencies which merges in the higher frequency region irre-
spective of temperature. This nature may be due to the release
of space charge. The reduction in barrier properties of the
materials with rise in temperature may be a responsible factor
for enhancement of ionic conductivity of the materials at
higher frequencies [34, 35]. In higher frequency region, com-
plete merger of Z' plot above a certain fixed frequency is
observed. At high frequency Z', value of each temperature
coincides implying that the interfacial polarization is removed.
The shift in Z' plateau indicates the existence of frequency
relaxation process in the material. The curves display single
relaxation process and indicate the increase in ionic conduc-
tivity with increase in temperature and frequency [35].

Figure 4b (inset) shows the variation of imaginary part of
impedance (Z") with frequency at the different temperatures.
The magnitude of Z" is observed to be high in intensity at a
lower frequency and the typical peak like curve decreases in
intensity as the temperature increases. The broadening of the
peaks suggests that there is a spread of relaxation times. The
significant widening of peaks (in the x-axis of Fig. 4b) on
increasing temperature suggests the presence of a
temperature-dependent relaxation process in the material.
The relaxation species may be possibly due to ions at low
temperature and the presence of defects at higher temperature.
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Fig. 4 Variation of a real part of impedance Z’ and b imaginary part of
impedance Z” (inset) with frequency of the nanocomposite polymer
electrolyte 90 (90PEO:10AgNO;):10Fe,05 at different temperatures
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The shift of the peak (maximum Z") to lower frequency is
observed for higher temperatures. The observed difference in
peak positions explains the increase in conductivity with the
increase in temperature and frequency due to formation of
extra conductive pathway for Fe,O; added nanocomposite
polymer electrolyte [2, 35].

Ionic conductivity and activation energy measurements

The variation in ionic conductivity as a function of AgNO;
wt% is shown in Fig. 2. It is clear from figure that the ionic
conductivity increases with increase in salt concentration
due to increase in charge carrier and it reaches at maximum
for 10 wt%. On further increase in salt concentration, ionic
conductivity decreases because of ion aggregation and
again increases after 20 wt% of AgNO;. The ionic conduc-
tivity reaches at maximum value again for 40 wt% of
AgNOj3 but the value is less than that of 10 wt% of
AgNOs;. The ionic conductivity as a function of filler con-
centration shows a double peak which is explained by dou-
ble percolation model. Such a peak is reported for many
solid polymer electrolytes [32]. The maximum ionic con-
ductivity value in (100-x)PEO:xAgNO; is obtain for the
electrolyte composition 90PEO:10AgNO; (x=10 wt%)
and is 0~4.5x10"" S/cm which is an slightly higher than
the reported value by S Chandra et al. using solution cast
method [36] but is slightly lower than reported by Agrawal
et al. [37]. The ionic conductivity of (100-x)
(90PEO:10AgNO3):xFe,03 as a function of wt% of
Fe,0s5 is shown in Fig. 5. It can be seen that the nanocom-
posite polymer electrolyte with 5 wt% of Fe,O5 exhibits the
lowest ionic conductivity (6~5.2x 1077 S/cm). In increase
in wt% of Fe,O3, the ionic conductivity increases and
reaches at maximum for 10 wt% of Fe,O3 (0~2.2x
107 S/cm). The increase in conductivity could be due to
the presence of filler facilitating the path for ionic transport
and polymer segmental motion [2, 38]. On further increase
in filler concentration, conductivity then decreases, this
could be explained in a way that excessive fillers in the
solid polymer electrolyte may lead to ion pairs and ion
aggregation inhibiting the ionic conduction and slowing
its mobility [39, 40] in an amorphous phase. Again, small
increase in ionic conductivity is observed for 25 wt% of
Fe,Os3. The existence of two conductivity maxima has been
observed in the majority of nanocomposite polymer elec-
trolyte films reported in the past and has been explained on
the basis of two percolation model, suggested by Laxmi and
Chandra [33]. It has been proposed that the two kinds of
conductivity maxima are possibly due to transport mecha-
nism operative in these systems. Accordingly, the first max-
ima is possibly due to the dissociation of ion aggregates
and/or undissociated salt which result into the generation
of free ion carriers as a consequence of addition of nano-
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Fig. 5 Variation in ionic conductivity as a function wt% of Fe,05 of the
nanocomposite polymer electrolytes (100-x)(90PEO:10AgNO3):xFe,03
at 300 K

sized Fe,O; particles. The second conductivity maxima as
well as the conductivity variation around this ratio are re-
lated to the well-known 2-phase composite effect and can
be explained on the basis of space-charge and/or percola-
tion model [41].

The temperature dependence of the ionic conductivity of
the samples shows the conductivity increases with tempera-
ture, and it follows a near Arrhenius-type relation. Figure 6
represents ionic conductivity versus inverse temperature plot
(Arrhenius plot). The correlation coefficient of Arrhenius
plots corresponding to 5, 10, 15, 20, 25, and 30 wt% of
Fe,O5 s 1, 1, 1, 0.98, 1, and 1, respectively. Through the
conductivity versus 1/T plot, the activation energies are
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Fig. 6 Arrhenius plot (log o vs. 1000/T plot) of the solid nanocomposite
polymer electrolytes (100-x) (90PEO:10AgNO5):xFe,05 at temperature
range 300-323 K

calculated and the obtained values are plotted in Fig. 7. The
migration of ion depends mainly on the segmental movement
of the polymer chain (PEO) in the amorphous region of the
polymer [2]. The activation energy varies between 0.52 and
0.325 eV with the increase in Fe,Os filler from 5 to 30 wt% of
Fe,05. The lowest activation energy found to be 0.325 eV
corresponding to 10 wt% of Fe,Os. It is also generally be-
lieved that the content of the amorphosity in the polymer host
will directly correlate the lowest amount of activation energy
(Ea) that required for the defect formation and migration of the
Ag ion. Therefore, initially when the concentration of filler
increases, the Ea decreased and conductivity increased with
the increase of Fe,O; filler and the optimum value of ionic
conductivity is found to be at 10 wt% implying that the Ag
ions to migrate from one to another site require lower energy
0f 0.325 eV. On further increase in filler content, now activa-
tion energy increases up to 0.48 eV. The increase in activation
energy is due to ion aggregation. For 25 wt% of Fe,O3, acti-
vation energy again attains lower value of 0.36 eV. This is
explained on the basis of two percolation model, suggested
by Laxmi and Chandra [33]. The lowest activation energy at
10 wt% of Fe, 05 suggests the high mobility of ions present in
the sample. This effect is due to well-known mechanism that
the addition of filler increases the conductivity through
inhibiting the crystallization of PEO chains in the host poly-
mer while providing the conducive pathway for Ag ions to
travel at the surface of the Fe,O; through Lewis acid base
interactions between the filler and the polymer [42, 43]. The
results show that E, values are inversely proportional to o
values. It is obvious from the ionic conductivity and activation
energy studies that 90 (90PEO:10AgNO;):10Fe,05 (filler
content of 10 wt%) shows the best performance and hence it
is chosen for further analysis.

0.60
| (100-x)(90PEO:10AgNO, ):xFe,0, |
0.55 -]
| |
— 0.50
|.u” u
> 0.45
>
[
]
2 0404 "
§ /
®
> ]
2 0354
©
© | |
0.30
0.25 T T T T T T T T T T T
5 10 15 20 25 30
FeZO3 wt%

Fig. 7 Activation energy with different wt% of Fe,O; of the solid
nanocomposite polymer electrolytes (100-x) (90PEO:10AgNO;):xFe,05
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Dielectric constant and dielectric loss analysis

Figure 8 shows the frequency dependence of the dielectric
constant (¢') and dielectric loss (¢") (inset), at various tem-
peratures corresponding to 90 (90PEO:10AgNO3):10Fe, 03
polymer nanocomposite electrolyte. It can be seen that €'
and ¢" show similar behavior with frequency at different
temperatures. The absence of relaxation peaks in both the
figures indicates that the increase in conductivity was pri-
marily due to an increase in the number density of mobile
ions [44]. The dielectric constant is higher at lower frequen-
cies, and it decrease continuously with increasing frequen-
cy and reaches a constant value. A rapid decrease in dielec-
tric constant may be noticed above a particular frequency.
The higher value of ¢' at lower frequencies is due to the
orientation of polar groups, ions, and space charges polar-
ization at these frequencies [45]. However, in the high fre-
quency range, the dipoles are unable to align themselves in
the direction of the applied field, thus they oscillating be-
gins to lag behind and hence the values of the dielectric
constant decreases [46]. In a similar way, the dielectric loss
¢" is higher at lower frequencies due to polarization effects
on the electrode/electrolyte interface and free charge mo-
tion in the system [47], and it is lower at higher frequencies.
This is due to that at lower frequencies, there was enough
time for the charges to build up at the interface before the
electric field was reversed and contributed to a large appar-
ent value of ¢". With increasing frequency, there was no
time for the buildup of charges at the interface, but only
for the buildup of charges at the boundaries of conducting
species in the material and at the ends of conducting paths
[47,48]. It can be seen from figure that both €' and ¢" increase
with temperature due to the increase in concentration of free
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Fig. 8 Variation of dielectric constant (¢') and dielectric loss (¢") (inset)
with frequency of the nanocomposite polymer electrolyte
90(90PEO:10AgNOs3):10Fe,05 at temperature range 300-323 K
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ions. However, increase in temperature increases the degree of
redissociation process of ion pairs and asserts the increase in
concentration of free charge carriers at the interface. High
temperature may prevent the ion aggregation and ion clusters
in the polymer matrix and thus increases the equivalent capac-
itance by forming space charge region, exhibiting high dielec-
tric constant [23].

Loss tangent analysis

Figure 9 shows the variation of loss tangent with frequency
for polymer nanocomposite electrolyte
90(90PEO:10AgNO;):10Fe,05 in temperature range 300—
323 K. It is clearly seen from the figure that the loss tangent
spectra consist of peaks but not so strong, at particular fre-
quency. The peaks appearing at different temperatures cor-
respond to the electrode polarization relaxation frequency.
The peak frequency is inversely proportional to the relaxa-
tion time of the ions for the particular sample. The longer
the relaxation time, the lower the conductivity since the
relaxation time is given by 7=1/ (27nf), where f'is the fre-
quency of the relaxation peak [49]. The peak of the spectra
shifts towards the higher frequency as the temperature of
the nanocomposite polymer electrolyte increases.
Therefore, relaxation time decreases with increase of tem-
perature which results in an increase in the ionic conduc-
tivity. The dielectric loss at lower frequencies characterized
by high values of tan 6 is due to the contribution of both ion
jump and conduction or ion migration loss in addition to the
polarization loss [49, 50]. The loss tangent shows a maxi-
mum at low frequency end in the high temperature region
because of thermally generated defects in the sample [51].

30

25

20

loss tangent tand

log f(KHz)

Fig. 9 Variation of loss tangent (tand) with frequency of the
nanocomposite polymer electrolyte 90(90PEO:10AgNO3):10Fe,O3 in
temperature range 300-323 K
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Complex electric modulus analysis

Figure 10 shows the variation of real modulus (M') and imag-
inary modulus (M") (inset) with frequency at different tem-
perature. It is clear that, though relaxation peaks are absent, M'
increases abruptly at higher frequencies and at lower frequen-
cies it approaches to zero. This long tail indicates the suppres-
sion of electrical double layer effect at the electrode—electro-
lyte interface [21, 52]. Electric moduli analysis facilitates the
processes of identification and separation of polarization ef-
fect from the bulk relaxation phenomenon in the polymer
electrolyte. In the real part of electric modulus (M), all the
curves demonstrate superposition features in the all tempera-
ture regime at high frequency and thus indicates that the mod-
ulus spectral formalisms exhibit temperature-independent
properties, revealing the excellent electrochemical stability
of polymer nanocomposite electrolyte [23].

In the imaginary part of the modulus (M"), the formation of
loss peaks is clearly observed in the figure. The peaks in the
M" show that the polymer electrolyte is ionic conductor [53,
54]. It is obvious that at lower frequencies M" exhibits low
value, which might be due to the large value of capacitance
associated with the electrode polarization effect, as a result of
accumulation of a large amount of charge carriers at the
electrode/electrolyte interface [55]. However, at high frequen-
cies, well-defined peaks are observed. The broad and asym-
metric peaks on both sides of the maxima predict the non-
Debye behavior. The region on the left of the peak determines
the range in which charge carriers are mobile over long dis-
tances, while region to the right is where carriers are confined
to potential wells being mobile over short distance [55, 56].
The position of the peak shifts toward the higher frequency

end as the temperature increases. As the temperature in-
creases, the movement of the charge carriers becomes faster
due to an increase in the flexibility of the material, leading to a
decrease in the relaxation time. Hence, a shift is observed in
the M" peak toward the higher frequency side. This behavior
suggests that the relaxation is thermally activated in which
hopping process of charge carriers dominate intrinsically
[57, 58]. The peaks are broader as compared to that predicted
by Debye for relaxation phenomenon and are significantly
asymmetric. The relaxation time T associated with each peak
is determined from the frequency at which M" ., occurs [58].

Conclusion

PEO-based silver ion conducting solid nanocomposite poly-
mer electrolytes (100-x) (90PEO:10AgNO;3):xFe,O5 with dif-
ferent wt% of nanosized filler Fe,O5 are prepared by hot press
method and reported. The highest conductivity of o ~2.2x
10°® S/cm was obtained for the composition
90(90PEO:10AgNO3):10Fe, 05 due to high mobility and high
concentration of charge carriers at this composition. The acti-
vation energy of the highest conducting sample is calculated
using the Arrhenius plot, and it has been found to be 0.325 eV.
The dielectric response study of solid nanocomposite polymer
electrolyte shows that the dielectric constant (¢') and dielectric
loss (&") increase enormously with decreasing the frequency,
which is related to the accumulation of charge carriers at the
electrode—clectrolyte interface. The loss tangent (tand) shows
a maximum at low frequency end in the high temperature
region suggest the thermally generated defects in the sample.
The real part of electric modulus (M'") increases abruptly at

Fig. 10 Variation of real electric 0.0020 - —
modulus (M") and imaginary 0.06 4 . 7 ,'"'-.\ P Al
electric modulus (M") (inset) with | E 0.0015 - i x\ v 323K °
frequency of the nanocomposite g _,-/- 7 3 -‘v\' 'L:'
polymer electrolyte 0.054 » "] 1 Fi7 \? e
90(90PEO:10AgNO3):10Fe,0; { 5o000s] /7 j ‘\, v
at temperature range 300-323 K £ S - /)
. 0.044 0.00004 """vj g"h y
% B 2 3 4 5 6 7
2 log f(KHz)
S 0.03 !
3 )
:
® 0.02 -
2
1 —m— 300K
0.01 S —o— 313K
| 318K
. —v— 323K
0.004 #F§F
T T T T T T T v T ! !
2 3 4 5 6 7
log f(KHz)
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higher frequencies and at lower frequencies it approaches to
zero. The peaks observed in imaginary part of electric modu-
lus (M") indicates that the solid nanocomposite polymer elec-
trolyte is ionic conductor.
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