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The present work aims to prepare of the indium oxide (In2O3)–silicon car-
bide (SiC) nanostructures doping the polyvinyl alcohol (PVA) to use in 
different electronics fields. The dielectric properties of PVA–In2O3–SiC 
nanocomposites are examined. The results demonstrate that the dielectric 
constant and dielectric loss of the PVA–In2O3–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 In2O3–SiC nanoparticles’ (NPs) concentration. Finally, the 
obtained results for the dielectric properties indicate that the PVA–In2O3–
SiC nanocomposites can be suitable in various electronics fields. 

Метою даної роботи є виготовлення наноструктур оксиду індію (In2O3)–
карбіду кремнію (SiC), що леґують полівініловий спирт (ПВС), для ви-
користання в різних галузях електроніки. Досліджено діелектричні 
властивості нанокомпозитів ПВС–In2O3–SiC. Результати показують, що 
діелектрична проникність і діелектричні втрати нанокомпозитів ПВС–
In2O3–SiC зменшуються зі збільшенням частоти, тоді як електропровід-
ність зростає зі збільшенням частоти. Діелектрична проникність, діе-
лектричні втрати й електропровідність ПВС зростають зі збільшенням 
концентрації наночастинок In2O3–SiC. Нарешті, одержані результати 
стосовно діелектричних властивостей показують, що нанокомпозити 
ПВС–In2O3–SiC можуть бути придатними у різних галузях електроніки. 

Key words: polyvinyl alcohol, SiC, In2O3, nanocomposites, dielectric prop-
erties, conductivity. 
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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 (In2O3) is an important functional semiconductor 
material, having direct band gap of 3.6 eV and indirect band gap 
of 2.6 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–In2O3–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/In2O3/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 In2O3–SiC NPs were added to 
the PVA with contents of 1.2%, 2.4%, 3.6%. The dielectric charac-
teristics of PVA–In2O3–SiC nanocomposites were measured within 
the frequency (f) range from 100 Hz to 5106 Hz by using LCR me-
ter (HIOKI 3532-50 LCR HI TESTER). The dielectric constant, , 
was determined by [46]: 

 Cpd/0A, (1) 

where Cp is the capacitance, d is thickness, and A in [cm2]. 
 Dielectric loss, , was given by [47]: 

 D, (2) 

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

 A.C.2πfD. (3) 

3. RESULTS AND DISCUSSION 

The behaviours of dielectric constant and dielectric loss with fre-
quency and content of In2O3–SiC NPs are shown in Figs. 1–4. The 

 

Fig. 1. Behaviour of dielectric constant with frequency for the PVA–
In2O3–SiC nanocomposites. 
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dielectric constant and dielectric loss are reduced with frequency 
while increased with content of In2O3–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 In2O3–SiC NPs content increases due to 
increase of charge-carriers’ numbers [49–57]. 

 

Fig. 2. Dielectric loss performance with frequency for the PVA–In2O3–SiC 
nanocomposites. 

 

Fig. 3. Variation of dielectric constant of PVA with content of In2O3–SiC 
NPs. 
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 Figures 5 and 6 demonstrate the variation of A.C. electrical con-
ductivity for PVA–In2O3–SiC nanocomposites with frequency and 
content of In2O3–SiC NPs. As the In2O3–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 

 

Fig. 4. Dielectric loss variation of PVA with content of In2O3–SiC NPs. 

 

Fig. 5. Variation of A.C. electrical conductivity for PVA–In2O3–SiC nano-
composites with frequency. 
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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–In2O3–SiC nanocomposites were synthesised to 
utilize in various electronics approaches. 
 The dielectric properties of PVA–In2O3–SiC nanocomposites were 
tested. The results showed the dielectric constant and dielectric loss 
of PVA–In2O3–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 In2O3–SiC NPs concentrations. 
The final results for dielectric properties showed that the PVA–
In2O3–SiC nanocomposites might be appropriate in many electronics 
approaches. 
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