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In this article, fabrication of polystyrene (PS)–indium oxide (In2O3)–
silicon carbide (SiC) nanocomposites with low weight, low cost and high 
corrosion resistance is investigated. The dielectric properties of PS–In2O3–
SiC nanocomposites are studied. The experimental results show that the 
dielectric constant and dielectric loss of PS–In2O3–SiC nanocomposites are 
decreased with an increase in the frequency, while the electrical conduc-
tivity is increased as frequency is increased. The dielectric constant, die-
lectric loss, and electrical conductivity of PS are increased with an in-
crease in the In2O3–SiC-nanoparticles’ concentration. The final results for 
dielectric properties show that the PS–In2O3–SiC nanocomposites may be 
useful in different electronics applications. 

У цій статті було досліджено виготовлення нанокомпозитів полістирол 
(ПС)–оксид індію (In2O3)–карбід кремнію (SiC) з низькою вагою, низь-
кою вартістю та високою корозійною стійкістю. Було досліджено діеле-
ктричні властивості нанокомпозитів PS–In2O3–SiC. Експериментальні 
результати показують, що електрична проникність і діелектричні втра-
ти нанокомпозитів ПС–In2O3–SiC зменшуються зі збільшенням частоти, 
тоді як електропровідність зростає зі збільшенням частоти. Діелектри-
чна проникність, діелектричні втрати й електропровідність ПС зроста-
ють зі збільшенням концентрації наночастинок In2O3–SiC. Остаточні 
результати стосовно діелектричних властивостей показують, що нано-
композити ПС–In2O3–SiC можуть бути корисними в різних застосуван-
нях для електроніки. 
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1. INTRODUCTION 

Polymer nanocomposites have captured the interest of many re-
searchers owing to their high performance, remarkable mechanical 
and thermal properties. They possess outstanding properties, such 
as improved mechanical strength and dimensional stability, better 
optical, magnetic, and electrical properties, enhanced water and ox-
ygen barrier, thermal stability, meaningful flame retardation, 
chemical resistance, increased anti-scratch and wear resistance 
properties, etc. [1]. 
 Silicon carbide (SiC) is one of the main commonly utilized non-
oxide ceramics for many industrial fields relating to its attention 
the elevated temperature characteristics like good strength, excel-
lent hardness, and elevated resistance for thermal shock and wear. 
It also has a good resistance for chemical oxidation. The perfor-
mance of SiC under such great conditions is projected to allow ma-
jor enhancement to a multiplicity of fields. SiC nanostructures have 
exposed to display superior characteristics compare to the SiC bulk. 
It also demonstrates the potential fields in UV photodetectors and 
diodes relating to a higher efficiency for light emission [1]. 
 Indium oxide (In2O3) is an important and well-known transparent 
conducting oxide of n-type semiconductor exhibiting a wide band 
gap, chemical stability, high electrical conductivity and transparen-
cy to visible light. It is frequently used for photovoltaic devices, 
transparent windows, liquid crystal displays (LCD), light emitting 
diode (LED), solar cell, gas sensors, and antireflecting coatings [2]. 
 Polystyrene (PS) is an inexpensive, environmentally friendly pol-
ymer it is among the most popular materials which has many appli-
cations in industry, building and construction, domestic appliances 
and food packaging. In food packaging, polystyrene can be used in 
many shapes as monolayer plastic film, plastic sheet, or injection 
moulded and foamed. Plasticizers usually used in the industry for 
improving the workability of the polymers by lowering the glass 
transition temperature (Tg) [4]. 
 There are several studies on nanostructured substances to make 
use in such fields as electronics and optoelectronics [5–19], radia-
tion shielding and bioenvironmental [20–25], sensors [26, 27], anti-
bacterial [28–33], energy storage [34–36], optical fields [37–46]. 
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 This work aims to prepare the PS–In2O3–SiC nanocomposites and 
to study the dielectric properties used in different electronics appli-
cations. 

2. MATERIALS AND METHODS 

Nanocomposites of PS–In2O3–SiC were prepared by using solution-
casting method. The pure PS film was fabricated by dissolving of 1 
gm of this polymer in chloroform (30 ml). The In2O3–SiC NPs were 
added to the PS with contents are 1.2 wt.%, 2.4 wt.%, and 3.6 
wt.%. The dielectric properties of PS–In2O3–SiC nanocomposites 
were tested at frequency range (100 Hz–5106 Hz) using LCR meter 
(HIOKI 3532-50 LCR HI TESTER). 
 The dielectric constant () was determined by [47]: 

 Cpd/0A, (1) 

where Cp is matter capacitance, d is the thickness, A is the area. 
 Dielectric loss () was found by [48]: 

 D, (2) 

where D is the dispersion factor. 
 The electrical conductivity was given by [49]: 

 A.C.2πfD0. (3) 

3. RESULTS AND DISCUSSION 

Figures 1–4 show the variations of dielectric constant and dielectric 
loss with frequency and content of In2O3–SiC NPs, respectively. The 
performances of dielectric constant and dielectric loss in the given 
frequency range as the following, the strong frequencies dispersion 
of the permittivity is seen at low range of frequency. 
 The values of dielectric constant and dielectric loss are decreased 
with increase of frequency due to the relaxation process and may be 
due to charge accumulation inside the nanocomposites attributed to 
influence of interfacial polarization on permittivity. 
 With addition of the filler In2O3–SiC, the values of both dielec-
tric constant and dielectric loss increases at the range of lower fre-
quency and nearly the same at the range of the higher frequency 
attributed to the filler cause more localization of charge carriers 
along with mobile ions causing higher ionic conductivity. Also, the 
rise of dielectric constant and dielectric loss with increasing content 
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of In2O3–SiC NPs due to increase in the numbers of charges carriers 
[50–61]. 
 Figures 5 and 6 demonstrate the behaviour of A.C. electrical con-
ductivity with frequency and In2O3–SiC NPs content, respectively. 
As shown in these figures, the A.C. electrical conductivity rises 
with an increase in the frequency and In2O3–SiC NPs content. It 

 

Fig. 1. Variation of dielectric constant for the PS–In2O3–SiC nanocompo-
sites with frequency. 

 

Fig. 2. Behaviour of dielectric loss for the PS–In2O3–SiC nanocomposites 
with frequency. 
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was also observed that the values of AC electrical conductivity are 
increased as the concentration of In2O3–SiC NPs increased into PS 
matrix. The increase of conductivity due to increase the mobility 
and charge-carriers’ numbers. Furthermore, these observations 
could be assigned to space-charge polarization [62–69]. 

 

Fig. 3. Behaviour of dielectric constant for PS with content of In2O3–SiC 
NPs. 

 

Fig. 4. Dielectric loss performance for PS with content of In2O3–SiC NPs. 
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4. CONCLUSIONS 

The present work includes manufacture of PS–In2O3–SiC nanocom-
posites with low weight, low cost and high corrosion resistance. The 
dielectric properties of PS–In2O3–SiC nanocomposites were tested. 
The results showed that the dielectric constant and dielectric loss of 

 

Fig. 5. Behaviour of A.C. electrical conductivity for the PS–In2O3–SiC 
nanocomposites with frequency. 

 

Fig. 6. Performance of A.C. electrical conductivity for PS with In2O3–SiC 
NPs content. 
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PS–In2O3–SiC nanocomposites decreased with an increase in the fre-
quency while the electrical conductivity increased as frequency in-
creased. The dielectric constant, dielectric loss and electrical con-
ductivity of PS increased with an increase in the In2O3–SiC nano-
particles concentrations. The final results for dielectric properties 
showed that the PS–In2O3–SiC nanocomposites might be suitable in 
many electronics fields. 
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