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Study of Electrical Properties of Nickel Doped
Polyurethane Nanocomposites
Abstract
Isophorene diisocyanate and polyethylene glycol are taken in 1.2:1 ratio to
prepared pure polyurethane (PU) polymer. The nickel nanoparticles are added
into pure polyurethane matrix to synthesize PU/Ni (25%) nanocomposites. The
formation of pure polyurethane and nickel-polyurethane nano-composites
were confirmed FTIR spectra. The variation of temperature on some electrical
properties (i.e. tangent loss, electrical modulus, ac conductivity, Nyquist plots
etc.) of the nanocomposites has produced some interesting results useful for
device applications. The electrical properties of pure polyurethane have drastically
changed due to addition of nickel nanoparticles (as filler) in the polymer.
The increasing tendency of ac conductivity and high tangent loss make nickelpolyurethane nano-composites as smart materials and very useful for energy
storage, biomaterials and shape memory.
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Introduction
It is a big challenge for material researchers to synthesize
nanoparticles and nanocomposites with desired configurations in
view of subtending all physical properties. Peoples from different
fields show a keen interest in making nanocomposites because
of huge applications in all branches of science and technology.
Polyurethanes (PUs) are unique polymer because of a wide
range of physical and chemical properties. With well-coupled
monomer materials, PUs can solve the demands of various
applications in the different fields. Due to unique properties of
polyurethanes, it has been observed that the extensive of use in
leathers, foams and coatings industry, medical sciences, plastic
industry, thermoplastic elastomers, etc. [1-6]. However, PUs also
has some disadvantages, such as low thermal stability and low
mechanical strength, etc. [7,8]. To avoid the low faults, material
scientists have taken keen interest to manufacture nanocomposites because of its enhanced mechanical properties and
industrial applications [9-12]. The research on organic-inorganic
nanocomposites has been the center of attraction for material
researchers in last few decades. The characteristic of the nanopolymers is completely different from the bulk during the study
of electrical, mechanical, optical properties. There are various
methods of fabrication of nanocomposites materials, but the
synthesis of chemical route offers some advantages over other
methods in terms of homogeneity, cheap, time consumption,

overall energy saving. The novel nanocomposites can be used as
biomaterials, self-cleaning materials and shape memory or smart
materials.
The main objective of this paper is to measure the tangent loss
factor, ac conductivity, impedance measurements of PU/Ni (25%)
nanocomposites synthesized by chemical route. The encouraging
results output has obtained, which can provide fundamental data
for developing the usage of nickel through different electrical
applications.

Experimental Section
The polyurethane polymer is synthesized from the polyethylene
glycol (MW-300) and Isophorone diisocyanate. PU/Ni (25%)
polymer nanocomposites were prepared by adding 25 weight
percent of Ni nanoparticles into the pure polyurethane matrix.
In the first step, 25 wt% of high pure nickel nanoparticles (99.99
N) doped in polyurethane as follows, 3 g of polyurethane was
weighed and dissolved in a solvent methyl ethyl ketone (MEK)
to make a solution and 0.15 g of highly pure nano-sized nickel
powder was added. Then a light yellow color solution was
formed and heated under vigorous stirring through a mechanical
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stirrer at 500 rpm at 70°C temperature for 30 minutes for the
well homogeneous mixture. The solution was slowly evaporated
until a gel was formed. Then the product was poured into Teflon
Petridis and then dried at room temperature for 24 hours. Before
making pellets, again Petridis was kept in the oven at 80°C for
3 hours for avoiding air bubble. The required dimension of the
sample pellets was prepared and put in a sample holder for
further characterization.

Results and Discussion
XRD pattern of PU/Ni nanocomposites recorded using CuKα
radiation is shown in Figure 1. The nanocomposite synthesized
sample exhibits trigonal structure using the PowderX [13] and
the average crystallite size is 40 nm calculated using Scherer
equation [14].

Figure 1 Oxygen permeability for the samples.

Figure 2 represents the change in dielectric constant (ɛr) with
temperature of PU/Ni (25%) nanocomposites at 1 kHz, 10 kHz,
100 kHz, 500 kHz and 1000 kHz frequencies. As the temperature
increases, there is no change in dielectric constant, but when
frequency increases, the dielectric constant decreases. This
implies that materials are good for energy storage devices in the
high range of frequency.
Figure 3 represents the variation of tan δ of PU/Ni (25%)
nanocomposites with the temperature at 1 kHz, 10 kHz, 100 kHz,
500 kHz and 1000 kHz frequencies. It has been observed that
value of tan δ decreases negligibly small with rise of temperature
and but with frequency increase the tangent loss decrease.
The possible reason of observed results could be assigned to
the facts (i) energetic charge carriers (ii) intrinsic defect in the
nanocomposites (iii) dominance of conductivity. On account of
above-mentioned reasons, both tan δ and ɛr of the prepared
material decrease with increase in frequency. This is the common
type of behaviors of the ferroelectric materials.
Figure 4 represents ac conductivity of the PU/Ni (25%)
nanocomposites with temperature at 1 kHz, 10 kHz, 100 kHz, 500
kHz and 1000 kHz frequencies. It is observed that the conductivity
increases with increasing frequency and temperature as the
presence of nickel as fillers in insulating polyurethane.
Figure 5 represents the real impendence (Z’) of the PU/Ni (25%)
nanocomposites with frequency at 25°C, 54°C, 74°C, 84°C, 96°C
110°C and 125°C respectively whereas the change in the imaginary
component of impedance (Z′′) with the frequency of PU/Ni (25%)
nanocomposites at same temperatures is shown in Figure 6.
Similarly, the plot of Nyquist (Z′ vs. Z′′) of the nanocomposites
is given in Figure 7. It has been observed that with the increase
in temperature, both real and imaginary components of the
impedance increase. The nature of the Nyquist plot is becoming
less semi-circular with rising in temperature, which implies that
the prepared material is less semiconducting in nature. The
electron mobility could be the reason for the observed properties
of the materials at low temperature. On the last, it may conclude
that electron hopping and defects are the cause for the observed
electrical conduction in the samples.
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Figure 2 Variation of dielectric constant with temperature

PU/Ni (25%) nanocomposites.

Figure 3 Variation of tangent loss with temperature.
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is the measure of the dispersion, and possible value of m=1 for
ideal capacitor and m=0 for ideal capacitor [17]. The electrical
parameters like bulk resistance (Rb), grain boundary resistance
(RGB), and frequency power calculated, after the model fitted
at different temperatures indicates that PU/Ni nanocomposites
have less semiconducting nature [16].

Figure 4 Variation of ac conductivity with temperature.

Figure 6 Imaginary impedance versus frequency of PU/
Ni (25%) nanocomposites.

Figure 5 Variation of real impedance (Z’) versus frequency
of PU/Ni (25%) nanocomposites.

The semicircular curves in the plots explain the effect of bulk/
grain, grain boundaries in the resistive/capacitive data of the
given material. An electrical equivalent circuit has been designed
consists of resistive and capacitive components (R,C, Q) that can
calibrate the above said electrical effects. A low-temperature
circuit CQR and high-temperature circuit {(CQR) x (CR)} have are
given in Figure 8 where C=A(jω)m-1 and Q=A(jω)n-1 are Jonscher’s
universal components [15,16]. A ZSIMP WIN version 2 software
package is used to model with the equivalent circuit. We know
from the literature that in the Debye-type of relaxation, a
semicircular arc is formed. The presence of perfect semicircular
arc is the degree of accuracy of the preparation of the sample
(less impurity phase).There is a method by which we can calculate
the phase elements if the sample shows any deviation from
Debye-type relaxation. This can be done by adding a constant
phase element (CPE) with the parallel RC network. The electrical
parameter Admittance (Y) of the constant phase element (CPE)
can be written as YCPE=X0(jω)n=Mωm+jNωm, where M=X0Cos(nπ/2)
and N=X0Sin(nπ/2) [16]. Where X0 and j are frequency
independent quantities whereas depending on temperature, X0
© Under License of Creative Commons Attribution 3.0 License

Figure 7 Nyquist plots of PU/Ni (25%) nanocomposites.

Figure 8 Nyquist plots with model fitting.
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Table 1: List of the fitted data of equivalent circuit (CQR) (CR): bulk (grain) and grain boundary resistance, capacitance
boundary resistance and frequency power at 250C, 500C, 750C and 1000C.
Temp.
25°C
50°C
75°C
100°C

Cb (F/cm2)
8.519 × 10-10 (Expt.)
8.52 × 10-10 (fitting)
8.905 × 10-10 (Expt.)
8.905x10-10 (fitting)
8.889 × 10-10 (Expt.)
8.889 × 10-10 (fitting)
8.242 x10-10 (Expt.)
8.241 × 10-10 (fitting)

Q (S-sec5/cm2)
6.554 × 10-10 (Expt.)
6.548 × 10-10 (fitting)
4.542 × 10-9 (Expt.)
4.540 × 10-8 (fitting)
4.611 × 10-7 (Expt.)
4.614 × 10-8 (fitting)
3.345 × 10-6 (Expt.)
3.344 × 10-8 (fitting)

Rb (Ω-cm2)
5.594 × 104 (Expt.)
5.573 × 104 (fitting)
4.039 × 104 (Expt.)
4.040 × 104 (fitting)
3.463 × 104 (Expt.)
3.463 × 104 (fitting)
3.376 × 104 (Expt.)
3.374 × 104 (fitting)

Figure 9 Variation of M' with frequency.

Cgb (F/cm2)
1.24 × 10-10 (Expt.)
1.24 × 10-10 (fitting)
1.23 × 10-10 (Expt.)
1.23 × 10-10 (fitting)
1.222 × 10-10 (Expt.)
1.222 × 10-10 (fitting)
1.224 × 10-10 (Expt.)
1.224 × 10-10 (fitting)

Rgb (Ω-cm2)
7.794 × 107 (expt.)
7.783 × 107 (fitting)
7.824 × 107 (Expt.)
7.827 × 107 (fitting)
8.516 × 107 (expt.)
8.516 × 107 (fitting)
7.889 × 107 (Expt.)
7.891 × 107 (fitting)

Frequency power (n)
5.23
3.35
2.64
3.88

Figure 11 Cole-Cole plots of PU/Fe (25%) nanocomposites.

frequency power decreases from 5.23 at 25°C to 2.64 at 75°C and
then increases to 3.88 at 100°C. The above calculated electrical
parameters are suitable for application in the energy storage
devices.

Figure 10 Variation of M'’ with frequency.

List of the fitted data of equivalent circuit (CQR) (CR): bulk
(grain) and grain boundary resistance, capacitance boundary
resistance and frequency power at 25°C, 50°C, 75°C, and 100°C
are represented in Table 1. It is observed from the above table
that the bulk resistance (Rb) decreases slowly from 5.594 × 104 Ω
at 25°C to 3.376 × 104 Ω at 100°C demand less semiconducting
nature of the material. The bulk capacitance (Cb) also decreases
from 1.24 × 10-10 F/cm2 to 1.22 × 10-10 F/cm2 during the variation
of temperature from at 25°C to 100°C support same results. The
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Figure 9 represents the change of real parts of the modulus (M′)
with the wide range of frequency in Ni-based nanocomposites
at room temperature, whereas the variation of imaginary parts
of modulus M′′ with frequency is shown in Figure 10. As we
know, conduction takes places when an external electric field
is applied to the materials due to the mobility of the charge
carriers. However, on increasing frequency, M′ increases and but
with increase in temperature, it decreases. The similar trend is
observed in case of imaginary part of electrical modulus as M′′
also decreases with the increase in temperature. Now, on account
of the above observation, it may be concluded that Ni-based
nanocomposites undergo thermally activated relaxation process
due to hopping of charge carriers. The symmetrical nature of
the modulus plots also justifies the Debye-type behavior in the
material, The Cole-Cole like-plot of Ni-based nanocomposites
is shown in Figure 11. The semicircular nature of the Z' versus
Z'' (Cole-Cole plot) decreases with rising temperature, the good
candidate for energy storage devices at low temperature.

Conclusion
PU/Ni (25%) polymer nanocomposites were synthesized by
adding 25 weight percent of high pure Ni nanoparticles in pure
This article is available in: http://polymerscience.imedpub.com/archive.php
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PU matrix. The XRD analysis shows that PU/Ni nanocomposites
have prepared with trigonal structure. Studies of the effect of
temperature on tangent loss, electrical modulus, ac conductivity
and Nyquist plots in PU/Ni nanocomposites have been discussed.
Due to the addition of nickel in the polymer forming nanoparticles

has a dramatic change in electrical properties. It was observed
that with the rise in temperature, PU/Ni nanocomposites show
high ac conductivity, less tangent loss, high impedance and less
semi-circular nature of Nyquist plot which are the characters of
good materials for energy storage devices.
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