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The nanocomposites consisting of polyvinyl alcohol (PVA), copper oxide
(Cu0), and silicon dioxide (SiO,) are produced using the solution cast
method. The samples are consisted of PVA serving as the organic host
matrix, together with different amounts of nanosize CuO and SiO, rang-
ing from 0 to 6 wt.% . This study investigates the electrical properties of
nanocomposites (NCs), namely, PVA-CuO-SiO,. An inquiry is carried out
to examine the electrical properties of NCs throughout the frequency
range of 100 to 5-10° Hz under standard temperature settings. The ex-
perimental findings indicate the reduction in the dielectric constant (g')
and loss (¢") of the PVA-CuO-SiO, NCs with increasing frequency. The
electrical conductivity o, of an alternating current (A.C.) increases with
higher frequencies. The €', ¢”, and o, of pure PVA increase with the in-
creasing concentration of the CuO-SiO, nanoparticles (NPs). The defini-
tive results demonstrated that the PVA-CuO-SiO, nanostructures have
promising potential for various electrical and electronic nanodevices.

HanokommosuTu, 1110 CKJIagamTheA 3 moJiBinisororo cnupry (IIBC), okcuny
Kynpymy (CuO) ra giokcuny Cumimniro (Si0O,), 6yJsio omep:KaHO METOIOM JINT-
TS 3 Po3UMHy. 3pasku ckJaaganuca 3 IIBC, axkuil cay:XuB OpraHiuyHOI MAaT-
puiiero-xas3aiHoM, pasoM i3 pisHo0 KiabKicTio HanopoamipHux CuO Ta SiO,
Bim O mo 6 Bar.%. ¥V mbOMYy HOCJiIKEeHHI BUBYEHO €JIEKTPUYHI BJIACTHUBOCTL
nanoxkommnosutie (HK), a came, IIBC-CuO-SiO,. Byso mnpoBemeHo mxoci-
I'KEeHHSA 3 MeTOI0 BMBUEHHs eJeKTpuuHuX BaactuBocTeii HK y Bchomy mis-
nasoni uacror Big 100 mo 5-10° I'm 3a cTaHAApPTHUX TeMIepaTypPHUX YMOB.
ExcnepuMeHTaNbHI pe3yabTaTy MOKA3ay MOHMMKEHHS ieJeKTPUYHOI IpOo-
mukHOcTH (¢') Ta BTpar (¢”) HK IIBC-CuO-SiO, 3i 30isbIIeHHAM YacTOTHU.
EnexTponpoBigHicTh G, 3MIHHOTO CTPYMYy 30iJbIITyeTbCS 3a BUIIUX YacC-
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ToT. 3HaUeHHA €', &' i o, uumcroro IIBC s6imbiryroTbesa 3i 30inbIlIeHHAM
KoHIeHTpaIlii HaHouacTuHOK CuO—Si0,. OcraTouHi pe3yJbTaTu IPOJEMOHC-
TpyBaau, o HaHOCTPYKTypu I[IBC—CuO-Si0O, maroTs 6araToobinaounii mo-
TEHI[IAJ I PIBHUX €JIeKTPUUYHUX Ta eJeKTPOHHUX HAHOIPUCTPOIB.

Key words: nanocomposites, PVA, CuO-SiO, nanoparticles, electrical prop-
erties.

KarouoBi ciioBa: HAaHOKOMIIO3UTH, MOJIiBiHiI0BUII ciupT, HaHOUAacTHHKY CuO—
SiO,, eJIeKTPUYHI BJIACTUBOCTI.

(Received 3 December, 2023 )

1. INTRODUCTION

Nanotechnology is a recently emerged scientific field that explores
the distinct characteristics of materials at the nanoscale scale,
which vary dramatically from those shown by the same materials at
higher particle sizes [1, 2]. It has revolutionized multiple domains,
with medicine being the most significant beneficiary. Notably,
nanotechnology relies on principles of biology, pharmacy, engineer-
ing, physics, and chemistry. Therefore, researchers must possess a
comprehensive foundation encompassing all these disciplines.
Nanotechnology has revolutionized several aspects of our lives. Ex-
amining the management of several illnesses has instilled signifi-
cant optimism for the potential remedy of various formerly un-
treatable conditions. Nanotechnology has great potential for revolu-
tionizing medical practices by enabling precise diagnostics and
highly efficient treatments for life-threatening illnesses like cancer.
These advancements will be realized over the next decade via
nanomedicine [3, 4].

Polymer nanocomposites (NCs) have gained substantial attention
from both academia and industry in recent decades and have
emerged as essential materials for developing cutting-edge applica-
tions, particularly in the field of electrical engineering [5, 6]. Poly-
vinyl alcohol (PVA) is well recognized as a very important polymer
and is extensively used in several crucial applications and indus-
tries. Examples of these applications and businesses include electro-
chromics, fuel cells, biomedical domains, and sensors. Polyvinyl al-
cohol (PVA) has distinct characteristics compared to other poly-
mers, such as exceptional mechanical robustness, resistance to cor-
rosion, and favourable thermal stability [7, 8].

Polyvinyl alcohol (PVA) is a hydrophilic artificial polymer that is
a granular powder with no smell, transparent appearance, lack of
taste, and white or cream hue. Due to its water-solubility, PVA may
produce hydroxyl organic components. Two prominent features of
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PVA are its susceptibility to biological degradation and its biocom-
patibility. Polyvinyl alcohol (PVA) has exceptional tensile strength
and durability, along with a remarkable ability to resist the permea-
tion of oxygen and odours. The visual propagation of light is excep-
tional. Additionally, it has exceptional attributes in terms of form,
mixing, and adherence [9, 10].

Silicon dioxide, also known as silica, is a compound consisting of
silicon and oxygen. Its chemical formula is SiO,, and it is mostly
found in nature as quartz. All types of silica have the same chemi-
cal makeup but vary in atomic arrangement [11, 12].

The SiO, particles operate as a solid plasticizer, enhancing the
composite polymer dimensional stability and chemical and mechani-
cal properties [13]. Moreover, SiO, is an amorphous, non-toxic ma-
terial with several potential applications. Silica is a solid substance
that lacks odour and comprises silicon (Si) and oxygen atoms (O,).
Silica (SiO,) particles go airborne and aggregate to create non-
combustible particulate matter [14, 15].

CuO nanoparticles (NPs) have been utilized to improve the char-
acteristics of polymer films, regardless of whether they are derived
from petroleum or biological sources. This is attributed to their
ability to enhance the mechanical properties of polymers, relatively
low toxicity, thermal stability, and high surface area to volume ra-
tio [16]. Copper oxide is a metallic substance with semiconductor
properties and unique optical, electrical, and magnetic attributes. It
has found applications in several domains, such as near-infrared
filters, sensors, catalysis, producing supercapacitors, magnetic
storage media, and semiconductors [17, 18].

The electrical properties of pure PVA were improved by including
the copper oxide (CuO) and silicon dioxide (SiO,) nanoparticles
(NPs) in this work. The study results show a substantial improve-
ment in the aspects mentioned above.

2. MATERIALS AND METHODS

The casting approach was used to manufacture nanocomposite films
by adding polyvinyl alcohol (PVA), copper oxide (CuO), and silicon
dioxide (Si0,) nanoparticles. The experimental protocol included the
dissolution of pure polyvinyl alcohol (PVA) in 40 ml of distilled wa-
ter for 45 minutes. A magnetic stirrer was used to agitate the mix-
ture at 50°C, enhancing the solution uniformity and homogeneity
throughout this procedure. The polymer was modified by adding
copper oxide (CuO) and silicon dioxide (SiO,) nanoparticles at vary-
ing weight percentages 0%, 2%, 4%, and 6% . Following four days
of air-drying the solution at room temperature, the outcome was
the achievement of polymer nanocomposite formation. The PVA-
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Cu0O-SiO, NCs were obtained from the Petri dish and used for
measurement. The dielectric properties of NCs were assessed using
the LCR meter/HIOKI/3532/50/LCR-HI-TESTER with a frequency
range from 100 Hz to 5 MHz.

To get the value of the dielectric constant (¢'), the following for-
mula might be used [19, 20]:

8’ = Cp/CO9 (1)
where C

»» Co are signifying capacitance and vacuum capacitor.
Dielectric loss (¢") is given by [21, 22]:

¢"=¢'D; 2)

here, the displacement (D) is used.
The A.C. electrical conductivity is calculated as follows [23, 24]:

Oa.c. = 0EE", 3)

where o is angular frequency.

3. RESULTS AND DISCUSSION

Figure 1 illustrates the variations in the dielectric properties of
nanocomposites made up of polyvinyl alcohol (PVA), copper oxide
(Cu0), and silicon dioxide (SiO,), referred to as PVA-CuO-SiO,
nanocomposites, as a function of frequency. The results suggest
that the &' negatively correlates with the frequency (f) in all sam-
ples. At low frequencies, the insulating materials’ dipoles align
with the applied electric field, causing charge accumulation. This
accumulation leads to increased polarization and, consequently, an
increase in the &'. At higher frequencies, the dipoles cannot align
quickly enough with the direction of the applied electric field; this
results in a reduction in polarization and, therefore, a drop in the €’
value. This characteristic has many applications, including commu-
nication antennas and microwave components [25, 26].

Figure 2 depicts the dielectric loss of nanocomposites made up of
polyvinyl alcohol (PVA), copper oxide (CuO), and silicon dioxide
(Si0,), which varies with frequency. The graph data demonstrates a
negative correlation between frequency and dielectric loss, indicat-
ing that as frequency increases, dielectric loss decreases. This be-
haviour is attributed to mobile charges inside the polymer back-
bone. The occurrence arises from diminishing the impact of space
charge polarization as the frequency increases. The dielectric loss of
PVA-CuO-SiO, NCs increases with more electrons, especially, at
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Fig. 1. Behaviour of ¢ with a frequency for the PVA-CuO-SiO, NCs.
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Fig. 2. Behaviour of ¢” with a frequency for the PVA—CuO-SiO, NCs.

intermediate frequencies, but decreases as the frequency increases
[27-30].

Figures 3 and 4 depict the relationship between the levels of
nanoparticles and the dielectric properties, including the dielectric
constant and dielectric loss, in nanocomposites made of polyvinyl
alcohol (PVA), copper oxide (CuO), and silicon dioxide (SiO,).

The data demonstrates the relationship between the concentration
of CuO-Si0, nanoparticles and the simultaneous rise in &' and &".
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Fig. 3. Influence of CuO-SiO, NPs’ content on the & of PVA-CuO-SiO,
NCs at 100 Hz.

0.08F

0.06

0.04F

Dielectric loss

0.02F

0'000 2 4 6

Con. of Cu0O-Si0, nanoparticles, wt.%

Fig. 4. Influence of CuO-SiO, NPs’ content on the &” of PVA-CuO-SiO,
NCs at 100 Hz.

The observed phenomena may be explained by interfacial polari-
zation inside the nanocomposites when an electric field is applied
[31, 32]. This polarization increases charge carriers, resulting in a
higher dielectric constant and dielectric loss. This behaviour is con-
sistent with the discoveries made by other researchers [33—36].
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Figures 5 and 6 depict the correlation between the frequency (f)
and the concentration of CuO-SiO, nanoparticles in the PVA-CuO-
Si0, nanocomposites, especially, in connection to the performance of
A.C. electrical conductivity. The graph demonstrates a direct rela-
tionship between the A.C. electrical conductivity and the electric
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Fig. 5. Variation of conductivity for PVA-Cu0O-SiO, NCs with frequency f.
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Fig. 6. Variation of electrical conductivity for PVA-CuO—-SiO, NCs with
CuO-Si0, NPs’ contents.
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TABLE. Dielectric constant, dielectric loss, and A.C. electrical conductiv-
ity values at 100 Hz for PVA-Cu0O-SiO, nanocomposites.

Content of CuO-SiO, NPs,|Dielectric|Dielectric|A.C. electrical conductivity,

wt. % constant loss S/cm
0 0.34 0.024 1.34.10712
2 0.58 0.050 2.81-107*2
4 0.76 0.069 3.86-107'2
6 0.94 0.082 4.55-107'2

field frequency in all nanocomposite samples. This phenomenon may
be ascribed to the migration of ions inside the clusters and the
movement of electrically charged particles [37—-39]. At lower fre-
quencies, there is a higher accumulation of charge at the interface
between the electrode and electrolyte, leading to a decrease in the
number of ions that can move and, therefore, a drop in electrical
conductivity. The conductivity increases directly to the concentra-
tion of CuO-SiO, nanoparticles. The rise in electric charge results
from the creation of fully saturated nanoparticles.

Table displays the dielectric constant, dielectric loss, and A.C.
electrical conductivity values of PVA—-CuO-SiO, nanocomposites at
a frequency of 100 Hz [40—-42].

4. CONCLUSION

The present investigation entails the fabrication of nanostructured
films comprising PVA—-Cu0O-SiO, by the solution casting technique.
An inquiry has been carried out to examine the electrical properties
of nanostructures consisting of PVA-CuO-SiO,. The dielectric
properties of PVA-CuO-SiO, nanocomposites indicate that &', &”,
and o, ¢ of pure PVA increase, when the concentration of CuO-SiO,
nanoparticles increases. In addition, the & increased from 0.34 to
0.94 at a frequency of 100 Hz, whereas the &” increased from 0.024
to 0.082 at the same frequency. The ¢’ and ¢"” drop in magnitude as
the frequency increases, but the A.C. electrical conductivity experi-
ences an increase. The dielectric properties of the PVA-CuO-SiO,
nanostructures render them highly appropriate for a wide range of
flexible nanoelectronics applications, owing to their cost-
effectiveness, high energy-storage capacity, and low loss.
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