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The present work aims to prepare of the indium oxide (In,O;)—silicon car-
bide (SiC) nanostructures doping the polyvinyl alcohol (PVA) to use in
different electronics fields. The dielectric properties of PVA-In,0,—SiC
nanocomposites are examined. The results demonstrate that the dielectric
constant and dielectric loss of the PVA-In,0,—SiC nanocomposites are de-
creased with an increase in the frequency, while the electrical conductivi-
ty is increased as frequency is increased. The dielectric constant, dielec-
tric loss, and electrical conductivity of PVA are increased with an in-
crease in the In,0,—SiC nanoparticles’ (NPs) concentration. Finally, the
obtained results for the dielectric properties indicate that the PVA-In,0;—
SiC nanocomposites can be suitable in various electronics fields.

Mertoio maHOi PpoGOTH € BUT'OTOBJIEHHA HAHOCTPYKTYD okcupy imzgiro (In,05)—
Kapb6iny xpemuito (SiC), 1o jgeryiors moJisinimosuit coupt (IIBC), mas Bu-
KODUCTAHHA B DPi3HUX ranysdax eyieKTpoHiku. [locraimxeHo IieseKTpUUHi
BaactuBocTi HaHokommo3utie IIBC—In,0,—SiC. PesynbTaTu moKas3yioTh, IO
JieJIeKTPUYHA NPOHUKHICTL i giedeKTpuuHi BTpaTu HaHoKommoautiB ITBC—
In,0;—SiC smMeHIIyIOTHCS 31 30iTBITEHHAM YacTOTH, TOAL SAK €JIeKTPOIPOBiA-
HicTh 3pocTae 3i 36imbIIeHHAM dYacToTu. [ieleKTpmuHa TPOHUKHICTH, Iie-
JeKTpUYHiI BTpaTu I ejekTpomnpoBigzuicTe IIBC 3pocTatoTh 3i 30iabIlieHHAM
KOoHIleHTpalii HaHouacTMHOK In,0,—SiC. Hapemri, ozep:kaHi pesyabTaTu
CTOCOBHO [i€JIEKTPUYHUX BJIACTUBOCTEIl MOKa3yIOTh, IO HAHOKOMIIO3UTH
IIBC—In,0,—SiC MoxyTh OyTH NPUAATHUMHU y PIBHUX Tasy3daX eJIeKTPOHIKU.

Key words: polyvinyl alcohol, SiC, In,0O;, nanocomposites, dielectric prop-
erties, conductivity.

Karouori caora: mouiBimimosuit cnupt, SiC, In,O;, HaHOKOMIIO3UTH, Hiejie-
KTPUYHI BJIaCTUBOCTi, €JIEKTPOIPOBIAHICTD.
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1. INTRODUCTION

Ongoing progress is being made toward the manufacture of more
flexible dielectric nanocomposites, which can lead to distinctive des-
ignated technologies. The nanocomposites films were created by dis-
persing nanosize inorganic additives in an organic polymeric ma-
trix. Those composites have been employed in a variety of imple-
mentations, such supercapacitors as well as stretchy electrodes.
Composite films with distinct structural as well as dielectric proper-
ties are used as substances for electrical energy storage instru-
ments. The composite films are important because they merge the
polymers’ machinability, longevity, as well as ductile qualities with
the thermal stability as well as electric conductivities of the
nanoadditive [1].

Silicon carbide (SiC) is used as a heat exchanger module, as it is a
promising material for increasing corrosion resistance. In addition,
SiC has excellent characteristics, including its low density and high
specific thermal conductivity. It is well known that SiC has excel-
lent thermal stability and corrosion resistance [2].

Indium oxide (In,O;) is an important functional semiconductor
material, having direct band gap of =2 3.6 eV and indirect band gap
of =22.6 eV, which has drawn much research interest in both fun-
damental and experimental research fields due to its ultrasensitive
gas sensing characteristics, photocatalytic properties and extensive
applications in sensors, flat panel displays, optoelectronic devices
etc. [3].

Polyvinyl alcohol (PVA) is characterized by carbon chain back-
bone linked with hydroxyl groups. The hydroxyl groups, OH
groups, are considered as a source of hydrogen bonding; therefore,
it helps to form the polymer blends or polymer complexes. PVA is
water-soluble and biocompatible polymer and is vastly used in the
preparation of polymer blends due to its excellent physical and
chemical properties. Therefore, the applications of PVA can be in-
creased more and more by adding different dopant materials into
PVA matrix [4].

There many studies on nanocomposites to employ in various
fields like sensors [5, 6], electronics and optoelectronics [7—20], an-
tibacterial [21-26], radiation shielding and bioenvironmental [27—
32], optical fields [33—42], and energy storage [43—45].

This paper deals with fabrication of PVA-In,0;—SiC nanocompo-
sites and investigating the dielectric properties to apply in different
industrial fields.
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2. MATERIALS AND METHODS

Films of PVA/In,0,/SiC nanocomposites were prepared by casting
process. The film of pure PVA was fabricated by dissolving of 1 gm
of PVA in distilled water (30 ml). The In,0;—SiC NPs were added to
the PVA with contents of 1.2%, 2.4%, 3.6% . The dielectric charac-
teristics of PVA-In,0,—SiC nanocomposites were measured within
the frequency (f) range from 100 Hz to 5-10° Hz by using LCR me-
ter (HIOKI 3532-50 LCR HI TESTER). The dielectric constant, &,
was determined by [46]:

g =C,d/eA, (1)

where C, is the capacitance, d is thickness, and A in [em?].
Dielectric loss, &”, was given by [47]:

¢"=¢D, (2)

where D represents the dispersion factor.
The A.C. electrical conductivity was found by [48]:

Gac = 2nfe' Dgy. 3)

3. RESULTS AND DISCUSSION

The behaviours of dielectric constant and dielectric loss with fre-
quency and content of In,0,—SiC NPs are shown in Figs. 1-4. The
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Fig. 1. Behaviour of dielectric constant with frequency for the PVA-
In,0,—SiC nanocomposites.
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Fig. 2. Dielectric loss performance with frequency for the PVA-In,0,—SiC
nanocomposites.

dielectric constant and dielectric loss are reduced with frequency
while increased with content of In,0;—SiC NPs. These behaviours of
both dielectric constant and dielectric loss due to the high contribu-
tion of charge accumulation in the nanocomposites assigned to the
effect of polarization effect. The dielectric constant and dielectric
loss are increased when the In,0;,—SiC NPs content increases due to
increase of charge-carriers’ numbers [49-57].
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Fig. 3. Variation of dielectric constant of PVA with content of In,0,—SiC
NPs.
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Fig. 4. Dielectric loss variation of PVA with content of In,0,—SiC NPs.
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Fig. 5. Variation of A.C. electrical conductivity for PVA-In,0,—SiC nano-
composites with frequency.

Figures 5 and 6 demonstrate the variation of A.C. electrical con-
ductivity for PVA-In,0,—SiC nanocomposites with frequency and
content of In,0,—SiC NPs. As the In,0;—SiC NPs ratio is increased,
the inorganic filler molecules start bridging the gap separating the
two localized states and lowering the potential barrier between
them, thereby, facilitating the transfer of charge carriers between
two localized states; hence, the conductivity increases as a result of
increase the charges carrier numbers. The frequency-dependent
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Fig. 6. Behaviour of A.C. electrical conductivity for PVA with content of
In,0,—SiC NPs.

conductivity is caused by the hopping of charge carriers in the lo-
calized state. The term hopping refers to the sudden displacement
of charge carriers from one position to another neighbouring site
and, in general, includes both jumps over a potential barrier and
quantum mechanical tunnelling [58—68].

4. CONCLUSIONS

In this study, PVA-In,0;—SiC nanocomposites were synthesised to
utilize in various electronics approaches.

The dielectric properties of PVA-In,0,—SiC nanocomposites were
tested. The results showed the dielectric constant and dielectric loss
of PVA-In,0,—SiC nanocomposites decreased with rising frequency
while the electrical conductivity increased as frequency increased.
The dielectric constant, dielectric loss and electrical conductivity of
PVA increased with increasing of the In,0,—SiC NPs concentrations.
The final results for dielectric properties showed that the PVA-
In,0;—SiC nanocomposites might be appropriate in many electronics
approaches.
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