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This study examined the morphological, structural, and insulating effects 
of incorporating CuO nanoparticles into PVA-PVP-SiC-based polymer 
composites. Casting was used to create PVA/PVP/SiC/CuO composites 
in varying concentrations (0.0, 0.3, 0.7, and 1 percent by weight). 
Additionally, the addition of nanobubbles using an ultrasonic instrument 
demonstrated that these compounds had unique features in comparison 
to other nanocomposites and that they significantly improved insulation 
because the nanoparticles improved polarization and increased the number 
of charge carriers in the polymer system.. Due to the buildup of charges 
at the particle-polymer interfaces, the dielectric constant and electrical 
conductivity dramatically increased by 47% and 82%, respectively, when 
the compound content reached 1%wt. CuO compounds demonstrated 
a consistent improvement due to their semiconducting nature. The 
compounds’ structural properties were examined using optical microscopy 
(OM) and FE-SEM methods. Furthermore, the dielectric properties were 
examined in the 100 Hz–5 MHz frequency range. These results imply that 
CuO compounds are more successful at improving electrical insulation 
and can be used in a range of nanodielectrics.

INTRODUCTION
Due to their exceptional potential for a wide 

range of applications, polymeric nanocomposites 
have attracted significant scientific and industrial 
interest. Nanotechnology is a fascinating science 
with the potential to improve our quality of life. 
Polymeric nanocomposites consist of copolymers 
or polymers with nanoparticles or nanofillers 
dispersed in polymer matrices [1] [2]. One of the 
fundamental aspects of nanotechnology in the use 
of polymers is the composition of polymer-based 
nanocomposites. A new approach that differs from 
the traditional addition of plastics is the use of 

inorganic nanomaterials as nanofillers in polymer-
based nanocomposites [3]. When compared to 
other materials, such as clay and most metals, 
the properties of polymers do not particularly 
improve, which limits their use in the production 
of goods and construction [1,4]. Improvements in 
the properties of polymers lead to a wide range 
of applications. The inorganic filler present within 
the polymers is what defines them. Solvent casting 
techniques are considered the simplest and most 
time-efficient method for synthesizing polymer 
nanocomposites, which are the most important 
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in enhancing the properties of nanocomposites if 
successful. [5,6]. Polyvinyl alcohol (PVA), one of the 
original and most popular polymers, is widely used 
in semiconductor applications for several reasons. 
Polyvinyl alcohol (PVA) dissolves easily in water and 
in chemical compounds containing hydroxyl groups 
[7,8]. Polyvinylpyrrolidone (PVP), a commonly 
used water-soluble synthetic polymer, is well-
known for its exceptional film-forming properties, 
which make it a popular choice for electrospun 
nanofibers. [9] Copper oxide holds a prominent 
position among metal oxides. The simplest 
copper molecule is CuO, although it possesses a 
number of desirable properties such as electrical 
conductivity, high-temperature superconductivity, 
and non-toxicity. Its narrow bandgap energy 
of approximately 1.2 electron volts at room 
temperature enables it to function as both a solar 
cell and a photodetector. [10,11]. However, the 
structural properties of polymers are significantly 
enhanced by metal oxides (MO). It is also used in 
optoelectronics, composite reinforcement, and 
catalytic supports due to its strong mechanical 
and thermal properties [12]. The toxicity of 
organic materials used in sterilization procedures 
is one of their drawbacks, which has sparked 
interest in inorganic disinfectants such as metal 
oxide nanoparticles (NPs) [13]. Nanoparticles of 
high-ion metal oxides are considered particularly 
important antimicrobial agents due to their ability 
to be prepared in unusual crystalline forms and 

their very high surface areas [14]. Although metal 
oxide particles such as ZnO, CuO, and NiO possess 
antibacterial properties, they are not very effective 
against foodborne diseases [15]. The purpose of 
this work is to study the potential uses of silicon 
carbide (SiC) nanoparticles and their effect on the 
alternating current (A.C.) electrical properties. For 
PVA–NiO–SiC nano-composites. The creation of 
nanocomposites of PVA-PVP-SIC-CuO for use in a 
variety of optical and electronic applications is the 
aim of this work.

MATERIALS AND METHODS
Preparation and purification of nanocomposites

Using solution casting, PVA-PVP-SiC-CuO 
nanocomposites were produced. To create 
a homogeneous solution and improve the 
homogeneity of the nanocomposite, 75% of 
polyvinyl alcohol (PVA) was dissolved in 60 
milliliters of water using a magnetic stirrer. Then, 
25% of PVP was added and left to dissolve for 20 
minutes at 75 degrees Celsius. After that, SiC and 
CuO nanoparticles were added to the mixture in 
weight ratios of (0.3, 0.7, and 1) %wt. To create 
nanobubbles inside the nanocomposite, air 
bubbles are injected into it. The mixture is put in 
an ultrasonic processor (ul-ultrasonic) mixer (FS-
1200N) at room temperature with a frequency of 
20 kHz once its homogeneity has been confirmed. 
We can presume that ultrasound is used to create 
nanobubbles. Controlling the power and timing 

 

 
Fig. 1. Scheme of experimental work.
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determines the right amount and size [16]. Use 
a tube that is attached to an air compressor and 
inserted into the solution beaker to produce 
tiny bubbles that gradually vanish, leaving just 
nanobubbles behind. Then, they were placed 
in a 10 cm diameter Petri dish and left to dry at 
room temperature for seven days, resulting in 
composites with a thickness of 110 micrometers. 
Fig. 1. shows the experimental workflow.

Experimental
Using the casting technique, PVA-PVP-SiC-

CuO nanocomposites were produced, mixed 
with different weight ratios of silicon carbide 
nanoparticles, which are 0.3%, 0.7%, and 1% 
wt. When the electron distributions around the 
constituent atoms or molecules are polarized by 
an external electric field, insulating materials can 
be used to store electrical energy in the form of 
charge separation. The complex permittivity of the 
material can be expressed as Eq. 1 [17]:

ε∗ = εa − jεb 
 

                                                                    (1)

Here, j = √-1 and εa and εb stand for the real and 
imaginary components of the complex permittivity, 
respectively. [17] provides the permittivity’s true 
portion.

εa = ε0ε̅ 
 

                                                                        (2)

The dielectric constant, or εa, of a material 
indicates how much energy it can store from 
an applied electric field. The capacitance of a 
capacitor with two parallel plates can be found 
using the Eq. 3 [18].

C = ε̅ε0
A
t         

                                                                         (3)

where t is the sample thickness, ε is the vacuum 
permittivity, and ε¯ is the dielectric constant. [19] 
provides the dielectric constant:

ε̅ =
Cp

C0              
 

                                                                      
(4)

In this case, vacuum capacitance is indicated 
by Co and parallel capacitance by Cp. Because of 
conversion into heat energy (molecular vibration) 
or charge migration (conduction), a portion of 

the applied electric field energy dissipates as a 
material’s polarization changes. For a long time, 
ceramic capacitors made of highly polarizable 
inorganic materials have been utilized to satisfy 
applications requiring pulse power [20]. The 
dielectric loss (ε˝) can be found using Eq. 5 [21]:

ε˝= ε′D    
                                                                        (5)

D represents the dispersion factor. The 
quantity of electrical energy that is transformed 
into thermal energy within the sample and lost 
from the applied field is described by this. What 
defines the dissipated power in the insulator is the 
existence of alternating potential as a function of 
alternating conductivity, which is described as Eq. 
6 [21]:

σac = ω ε˝ ε0  
 

                                                                  (6)

where ω is the angular frequency.

RESULTS AND DISCUSSION
The effects of the frequency range from 100 Hz 

to 5 MHz on the dielectric constant (ε′), dielectric 
loss (ε′′), and alternating electrical conductivity 
(σA.C) are shown in Fig. 2.

At low frequencies, the PVA/PVP/SiC/CuO 
composites show significantly high dielectric 
constant (ε′) values. The concentration of charge 
carriers near the electrodes causes space charge 
effects, which can explain the high dielectric 
constant values at low frequencies.

It has been observed that the dielectric constant 
values (ε′) at high frequencies approach a constant 
value. The dielectric constant decreases because 
charge carriers cannot rearrange themselves in 
the direction of the field due to the rapid periodic 
reversal of the electric field. At all concentrations, 
dielectric relaxation processes are also responsible 
for the decrease in (ε′) with increasing frequency. 
When the component ratio reached 1% by weight, 
the dielectric constant of the (PVA/PVP/SiC/
CuO) compound increased from 0.87 to 1.557 at 
a frequency of 100 Hz [22]. For many electronic 
applications, including pressure sensors, these 
dielectric constant results are crucial. With the 
increase in frequency of the (PVA/PVP/SiC/CuO) 
compounds, the dielectric loss (ε′′) decreases. 
Under the influence of different electric fields, it is 
believed that the energy density of the polymeric 
material is significantly affected by the dielectric 
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loss, as shown in the Fig. 3. Dielectric loss is the 
result of loss due to vibration, conduction, and 
dipole [23]. At low frequencies, the movement of 

charges within the polymer matrix is the reason 
for the high values of dielectric loss. In addition 
to electrical conductivity losses, the high energy 

 

 

 

 

 

Fig. 2. The dialectical constant with the frequency of PVA-PVP-SiC-CuO 
nanocomposites.

Fig. 3. The frequency-dependent dielectric loss of the PVA-PVP-SiC-NiO 
nanocomposite.

Fig. 4. The frequency-dependent A.C. electrical conductivity of PVA-PVP-
SiC-CuO nanocomposites.
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barrier for polarity switching and significant polar 
hysteresis may be responsible for the noticeable 
loss at low frequencies. The frequency increases 
the alternating electrical conductivity (σA.C) of the 
(PVA/PVP/SiC/CuO) compounds. The ion exchange 
mechanism is effective in the high-frequency 
region due to the increase in conductivity resulting 
from the movement of charge carriers and ionic 
jumps within the infinite network, as shown in Fig. 
4. There are fewer moving ions, and as a result, the 
electrical conductivity is lower at low frequencies 
when the frequency decreases because charges 
accumulate more at the poles and the surfaces 
that separate them [24].

SEM was used to study the effect of introducing 

nanobubbles through ultrasound on the 
structure of pure polymer films (PVA-PVP) and 
nanocomposites (PVA-PVP-SiC-CuO). In Fig. 5, 
the pure sample (A) showed the presence of 
nano and micro bubbles dispersed within the 
polymer matrix, giving the surface porosity 
and a homogeneous texture.For the sample 
with a concentration of 0.3 wt%, the bubbles 
contributed to the good distribution of particles, 
with some minor agglomerations remaining. At 
a concentration of 0.7 wt%, particle aggregates 
began to appear, while at 1 wt%, the 

agglomerations increased and a clear roughness 
appeared on the surface [25,26].

Fig. 6 show images of nanofilms of PVA-

 

 
Fig. 5. SEM pictures of (PVA-PVP-SiC-PVP) nanocomposites (A) for the blend of PVA and PVP, (B) for 0.3 weight percent SiC-CuO, (C) 

for 0.7 weight percent SiC-CuO, and (D) for 1 weight percent SiC-CuO.
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PVP-SiC-CuO at ×10 magnification for different 
concentrations. Differences are evident between 
the samples in terms of particle distribution and 
dispersion, as the nanoparticles contributed to 
the formation of a network within the polymer 
that helps generate nanobubbles, enhancing 
porosity and homogeneity. Direct ultrasonic 
devices are more effective than mechanical 
stirring in improving dispersion and preventing 
the agglomeration of nanofibers, thanks to the 
cavitation phenomenon that leads to a uniform 
distribution of particles at both the macro and 
micro levels [26].

CONCLUSION
According to the study’s findings, the electrical 

characteristics of the PVA-PVP-SiC composite 
polymer are enhanced by the addition of CuO 
nanoparticles. CuO nanoparticles improved 
electrical performance stability and raised the 
dielectric constant. As the number of nanoparticles 
in the PVA/PVP/SiC/CuO nanocomposites 
increased, the dielectric characteristics improved. 
When the nanocomposite content reached 1%wt, 
the electrical conductivity rose by 80% and the 
dielectric constant by 47%. Consequently, it is 
recommended to utilize CuO in capacitors and 
insulating materials. The application of ultrasound 
enhanced the dispersion of nanoparticles inside 
the polymer matrix, according to the results of 
microscopic pictures like OM and SEM. This was 
because the photomicrographs provided sufficient 

 
Fig. 6. shows the PVA-PVP-SiC-CuO nanocomposites at 10X magnification. A for (PVA-PVP) and B stands for 0.3%wt (PVA-PVP-SiC-

CuO), C for 0.7%wt (PVA-PVP-SiC-CuO), D for 1% wt (PVA-PVP-SiC-CuO).
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structural homogeneity. Additionally, pictures 
captured by scanning electron microscopy revealed 
a decrease in aggregation and an improvement 
in surface homogeneity. This indicates that the 
selected techniques are successful in enhancing 
the optical and structural characteristics of 
nanomaterials, increasing their applicability in 
cutting-edge optical and electrical devices.
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