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In present work, fabrication of poly(vinyl alcohol) (PVA)/CeO2/SiC nano-
composites with lightweight and low cost is investigated. The dielectric 
properties of PVA/CeO2/SiC nanocomposites are studied. The results show 
that both the dielectric constant and the dielectric loss of PVA/CeO2/SiC 
nanocomposites are decreased with an increasing in the frequency, while 
the electrical conductivity is increased as frequency increases. Dielectric 
constant, dielectric loss and electrical conductivity of PVA are increased 
with an increasing in the CeO2/SiC-nanoparticles’ concentration. The re-
sults on dielectric properties show that the PVA/CeO2/SiC nanocomposites 
can be useful in various electronics applications. 

У даній роботі досліджується виготовлення нанокомпозитів полівініло-
вий спирт (ПВС)/CeO2/SiC з полегшеною вагою та низькою вартістю. 
Досліджено діелектричні властивості нанокомпозитів ПВС/CeO2/SiC. 
Результати показують, що як діелектрична проникність, так і діелект-
ричні втрати нанокомпозитів ПВС/CeO2/SiC зменшуються зі збільшен-
ням частоти, тоді як електропровідність збільшується зі збільшенням 
частоти. Діелектрична проникність, діелектричні втрати й електропро-
відність ПВС збільшуються зі збільшенням концентрації наночастинок 
CeO2/SiC. Результати стосовно діелектричних властивостей показують, 
що нанокомпозити ПВС/CeO2/SiC можуть бути корисними в різних 

електронних застосуваннях. 
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1. INTRODUCTION 

Flexible composite materials have been receiving a great deal of at-
tention in optical energy applications due to their remarkable elec-
trical, thermal, mechanical, dielectric and optical properties versus 
the other traditional materials. Currently, polymer composites are 
of high interest in different energy applications because of their 
pliable characteristics and their easy to use. Huge attention has 
been given to reveal the optical properties of polymers, and to po-
tentiate their implementations in optical energy applications [1]. In 
the class of new materials, polymer nanocomposites have grabbed 
more attention due to their enhanced electrical, optical and magnet-
ic properties. These materials possess increased modulus and flame 
resistance, and are capable to preclude oxidation and agglomeration. 
These enhancements in properties are due to interaction between 
nanoparticles (NPs) and polymer matrix. Addition of nanoparticles 
into polymer matrix improves lifetime of nanoparticles, modifies 
the surface of nanoparticles by passivation defect states, provide 
low cost, ease of device fabrication and tuneable optical and elec-
tronic properties. 
 Nanocomposites on base of semi-conductor nanoparticles and pol-
ymer matrix are prospective materials for application in optoelec-
tronics, for creation of luminescent materials, sensor, etc. [2–11]. 
 Silicon carbide (SiC) is a robust ceramic material, and one of the 
hardest materials available. Due to its excellent properties (oxida-
tion resistance, hardness, high-temperature resistance, and high 
strength), it has been utilized in different applications, such as nu-
clear, batteries, optics, photonics, high temperature applications, 
semi-conductors and electronic devices, coatings, friction, defence 
applications, healthcare applications in medical implants and devic-
es, and humidity sensors [12]. 
 CeO2 is an n-type semi-conductor metal oxide in which cerium be-
longs to the lanthanide group. In applications, CeO2 provides elec-
tromagnetic screens for anti-reflection coverings and is used in col-
our TV tubes, glowing mantles, camera phone lenses, CD player la-
sers, ultra-modern chip systems and solar cells, vehicle exhaust cat-
alysts, biomedicine and photocatalysis. Nanostructured CeO2 poses 
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as the best UV absorber and is used as a preservative in polishes 
and coverings for wood additives to improve their UV stability. 
CeO2 has been considered as an excellent semi-conducting photocata-
lytic material due to its moderate band-gap energy of 3.19 eV [13]. 
 Polymers are generally used relating to their cost, fast treat-
ment, high manufacturability, lightweight, chemical resistance [14–
16]. The poly(vinyl alcohol) (PVA) is water soluble, nontoxic semi-
crystalline material with high flexibility, which is generally used in 
the polymeric blends related to its excellent chemical and physical 
characteristics, good forming of film properties, non-carcinogenic, 
emulsifying capability, biocompatible and biodegradable characters. 
These exceptional properties allow it for pharmaceutical applica-
tions applicability, drug-coating agents, cosmetic and industries of 
surgical structures. PVA has found applications in number of fields 
including membranes, coatings, adhesives, sensors, batteries, fuel 
cells, textiles, papermaking, and biomedical frameworks [17–25]. 
 The present work deals with fabrication of PVA/CeO2/SiC nano-
composites and investigation of the dielectric properties to employ 
in various electrical and electronics fields. 

2. MATERIALS AND METHODS 

Films of PVA/CeO2/SiC nanocomposites were prepared by using 
casting method. The PVA solution was fabricated by dissolving of 
0.5 gm of PVA in distilled water (20 ml). The CeO2/SiC NPs were 
added to the PVA solution with ratio 3:1 and different concentra-
tions of 1.9 wt.%, 3.8 wt.%, and 5.7 wt.%. 
 The dielectric properties of PVA/CeO2/SiC nanocomposites’ films 
were measured within the frequency range 100 Hz–5106 Hz by LCR 
meter (HIOKI 3532-50 LCR HI TESTER). 
 The dielectric constant () was found by [26] as 

 Cpd/(0A), (1) 

where Cp represents the matter capacitance, d is the thickness, A is 
the area. 
 Dielectric loss () was calculated by [27] as 

 D, (2) 

where D is the dispersion factor. 
 The A.C. electrical conductivity was determined by [28] as 

 A.C.2πDo. (3) 
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3. RESULTS AND DISCUSSION 

Figures 1 and 2 show the variation of dielectric constant and dielec-
tric loss for PVA/CeO2/SiC nanocomposites with frequency respec-
tively. The dielectric constant values are high at low frequencies. 
This is due to a large number of charges accumulating on the sur-
face area of the polymer electrode (interfacial polarization) and in-
duced dipoles. Additionally, at high frequency, electrons and atoms 

 

Fig. 1. Dielectric constant variation for the PVA/CeO2/SiC nanocomposites 
with frequency. 

 

Fig. 2. Dielectric loss behaviour for the PVA/CeO2/SiC nanocomposites 
with frequency. 



 DIELECTRIC PROPERTIES OF CeO2/SiC-NANOSTRUCTURES-DOPED PVA 565 

exhibit displacement polarization, while interfacial and orientation 
polarization are restricted, resulting in a low charge on the films’ 
surface [29]. 
 From Figures 1 and 2, both the dielectric constant and the dielec-
tric loss of PVA increase as CeO2/SiC nanoparticles concentration 
increases. This result can be attributed to the increase in conductiv-
ity because of the increase charge-carrier density in polymer matrix 
[30]. 
 Figure 3 represents the behaviour of AC electrical conductivity 
for PVA/CeO2/SiC nanocomposites with frequency. The conductivity 
is low at low frequencies that could be related to space charge polar-
ization, suggesting non-Debye properties of the prepared composites 
examined. The conductivity value increases, when the frequency F 
is increased. Furthermore, the conductivity values of the 
PVA/CeO2/SiC NPs were found to be greater than those of PVA, 
which implying the insertion of CeO2/SiC NPs into the examined 
polymeric blend could enhance the charge conduction mechanism 
significantly rapidly. Furthermore, such enhancement may indicate 
an increase in disorder degree that regulates charge carrier move-
ment and obtains the formation of a linked percolating chain that is 
suitable for the charge transfer mechanism [31]. 

4. CONCLUSIONS 

This work includes a fabrication of PVA/CeO2/SiC nanocomposites 

 

Fig. 3. Behaviour of A.C. electrical conductivity for the PVA/CeO2/SiC 
nanocomposites with frequency. 
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and studying their dielectric properties to use in various electronics 
applications. The results showed that the dielectric constant and 
dielectric loss of PVA/CeO2/SiC nanocomposites decreased while the 
electrical conductivity increased with an increase in the frequency. 
Dielectric constant, dielectric loss and electrical conductivity of 
PVA increased with an increase in the CeO2/SiC nanoparticles con-
centrations. The results of dielectric properties show the 
PVA/CeO2/SiC nanocomposites can be useful in various electronics 
applications. 
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