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The present study explores the fabrication of new PVA-PbO,~ZrO, nano-
composites to utilize in different electrical and electronics applications.
The dielectric properties of PVA-Pb0O,~Zr0O, nanocomposites are tested in
frequency range between 100 Hz and 2 MHz. The results illustrate that
the dielectric parameters, namely, dielectric constant, dielectric loss, and
electrical conductivity, of PVA are increased with rising PbO,—ZrO,-
nanoparticles’ content. The dielectric constant and dielectric loss of PVA—-
Pb0O,—Zr0O, nanocomposites are decreased, while the electrical conductivity
is increased with increasing frequency. The achieved results of dielectric
properties indicate that the PVA-PbO,—ZrO, nanocomposites are potential
materials to use in different electrical and electronics fields.

Ile mochim:KeHHS CTOCYETHCA BUTOTOBJEHHA HOBMUX HamoKommosutis IIBC—
Pb0O,~ZrO, nnsi BUKOPUCTAHHSA y PISHUX EJEKTPOTEXHIYHMX Ta eJIeKTPOH-
HUX ranysax. JliemekTpuuni Biaactuocti HaHoKoMnosutis IIBC—PbO,-ZrO,
6yJsio BumpoOyBauo B misimasoHi uactor Big 100 I't ;o 2 MT'n. Pesyabratu
moKasajau, Io JieJeKTPUUYHI ImapamMeTpu, a came, OieJIeKTPUYHA ITPOHUK-
HiCTh, AieleKTpuuHi BTpaTu Ta enektpomnpoBiguicTs IIBC 36imburyBanucs 3i
30ismbitenHAM BMicTy HaHOYacTUHOK PbO,—Zr0,. [lierekTpuuHa TPOHUK-
HicTh i miemexTpmuni Brpatu HamorommosutTiB IIBC-Pb0O,—ZrO, smenmrysa-
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JUCs, TOMi K eJeKTPOIIPOBimHicTh 3pocTasna 3i 36iabinenHaamM yactotu. One-
peKaHi pesyJbTaTH [NOCHIJAKEHHA JieJeKTPUUYHUX BJIACTUBOCTEN BKal3YIOTh
Ha Te, mo Hanokomnosutu I[IBC—PbO,-ZrO, € noTeHniiHNMEU MaTepigsaMu
I BUKOPUCTAHHA B Pi3HUX €JIEKTPOTEXHIUHUX Ta €JIeKTPOHHUX Trajly3daX.

Key words: PVA, ZrO,, PbO,, nanocomposites, dielectric properties, con-
ductivity.

Karouogri ciora: nmosiBininosuit coupr (IIBC), ZrO,, PbO,, HaHOKOMIO3UTH,
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1. INTRODUCTION

Polymer composites are polymers contain of modifiers, which are
used as passive and also active layers in optoelectronic devices, such
as optical-waveguide materials, light-emitting diodes (LED), solar
cells, and photochromic materials. In this regard, seeking low-cost
photovoltaic substances and minimum energy consumption during
the industrialized process is becoming increasingly demanding. To
achieve this stage of demand, blending certain fillers with a number
of functional polymers (i.e., polar polymers) at the atomic level of
interaction has been carried out. For example, using the earlier
mentioned methodology, a promising class of inorganic—organic
nanostructured (NS) materials, i.e., polymer nanocomposites (PNCs)
with exceptional mechanical strength can be obtained [1]. Flexible
composite materials have been receiving a great deal of attention in
optical-energy applications due to their remarkable electrical, ther-
mal, mechanical, dielectric, and optical properties versus the other
traditional materials. Currently, polymer composites are of high in-
terest in different energy applications because of their pliable char-
acteristics and their easy to use. Huge attention has been given to
reveal the optical properties of polymers and to potentiate their im-
plementations in optical-energy applications [2]. Modern electronics
heighten the demand for adaptable, multipurpose, eco-friendly die-
lectric materials with superior properties. Historically, ceramics
were used as dielectric materials; however, it possessed undesirable
properties such as brittleness, processing difficulties, and low sta-
bility. Polymers have superior flexibility, processability, and light-
weight, when compared to ceramics. Moreover, they gained signifi-
cant interest in science and technology during the last decade as a
dielectric or interfacial layer between metals and semiconductors.
Among the polymers, biodegradable, non-toxic, and hydrophilic
ones have specific research interest, as they can be applicable in bi-
oelectronics [3]. Polyvinyl alcohol (PVA) has drawn the researchers’
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attention because of its physical and chemical properties. PVA is a
biocompatible, non-toxic, and chemically stable compound. It has
been used for a wide variety of applications, including biomedicine,
water filtration, and food packaging. It has a hydrophilic character,
which can provide a suitable mechanism for its chemical interaction
with the environment and, thus, ensure sufficient bioactivity. It
has a semi-crystalline nature, arising from the position of hydrogen
bonds and the OH groups. PVA has good charge-storage capacity,
high dielectric strength, and filling-dependent electrical and optical
properties [4]. The nanostructures of inorganic—organic and inor-
ganic—inorganic hybrid systems involved many applications in dif-
ferent fields included thermal energy storage [56—13], radiation
shielding and bioenvironmental fields [14—18], and electronics and
optoelectronics [19-34].

This work deals with fabrication of new PVA-PbO,~ZrO, nano-
composites to use them in various electrical and electronics applica-
tions.

2. MATERIALS AND METHODS

The films of PVA-PbO,~Zr0O, nanocomposites have been prepared
with different contents of polymer and nanoparticles (NPs) using
casting method. The PVA film was fabricated via dissolving of
1 gm of PVA in 30 ml of distilled water. The PbO,~ZrO, NPs were
added to the PVA with concentration of 1:1 and different weight
percentages are of 2, 4 and 6 wt.%. The dielectric properties of
PVA-PbO,~Zr0O, nanocomposites were tested in frequency ranged
from 100 Hz to 2 MHz by LCR meter type (HIOKI 3532-50 LCR HI

TESTER).
The dielectric constant, &', is defined by Ref. [35] as follows:
C
g'=—", (1)
CO

where C, is the matter capacitance and C, is the vacuum capacitor.
The dielectric loss, &", is determined by Ref. [36] as

¢"=¢D, (2)

where D represents the dispersion factor.
The A.C. conductivity is given by Ref. [37] as follows:

Oa.c. = 0E"g, 3

where ® is the angular frequency.
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3. RESULTS AND DISCUSSION

Figures 1 and 2

illustrate the behaviours of dielectric constant and

dielectric loss for PVA-PbO,~Zr0O, nanocomposites with frequency,

respectively. At

low frequencies, the dielectric-constant values for

PVA-PbO,-Zr0O, nanocomposites are high. This is because of a large
number of charges accumulated on the surface area of the polymer
electrode, i.e., interfacial polarization and induced dipoles. Fur-
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Fig. 3. Variation of electrical conductivity for PVA-PbO,~ZrO, nanocom-
posites with frequency for different content of PbO,—ZrO, nanoparticles.

thermore, at high frequency, electrons and atoms exhibit displace-
ment polarization, while interfacial and orientation polarizations
are restricted, resulting in a low charge on the film surface. In ad-
dition, the dielectric loss has high values at low frequency that is
due to the polarization effect. The dielectric constant and dielectric
loss of PVA are increased with rising PbO,~ZrO,-nanoparticles’ con-
centration. These results may be attributed to the increase charge-
carrier density [38—56].

Figure 3 confirms the variation of electrical conductivity for
PVA-PbO,-ZrO, nanocomposites with frequency for different con-
tents of PbO,~ZrO, nanoparticles. The electrical conductivity is in-
creased with increasing frequency and PbO,—ZrO,-nanoparticles’
content. The increase with the increase in PbO,~ZrO, content is ob-
vious because of the increase in charge carriers. The electrical con-
ductivity also rises at higher frequencies because of the short-range
intrawell hopping of charge carriers between localized states [67—
67].

4. CONCLUSIONS

This work investigates the study of dielectric properties of PVA-
PbO,-Zr0O, nanocomposites to exploit in various electrical and elec-
tronics fields. The results demonstrated that the dielectric constant,
dielectric loss, and electrical conductivity of PVA are enhanced with
increasing PbO,~ZrO, NPs’ content. The ¢’ is increased by 90% with
rising PbO,~ZrO,-NPs’ content to 6% at 100 Hz. The dielectric con-
stant and dielectric loss of PVA-PbO,~ZrO, nanocomposites are re-
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duced, while the electrical conductivity is raised with increasing
frequency. The final results of dielectric properties indicated that
the PVA-Pb0O,~ZrO, nanocomposites are functional nanomaterials
to utilize in various electrical and electronics applications.
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