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Films of PVA and PVA doped with ZrO2–SiC nanoparticles are prepared 
using the casting method. The structural and dielectric characteristics of 
PVA/ZrO2–SiC nanocomposites are studied for the electronics applica-
tions. The experimental results indicate to improvement in dielectric pa-
rameters (dielectric constant, dielectric loss, and alternating-current elec-
trical conductivity) of PVA with rise in ZrO2–SiC nanoparticles’ ratios. In 
addition, the dielectric constant and loss are decreased, while the alternat-
ing-current electrical conductivity of PVA/ZrO2–SiC nanocomposites is 
increased with the rise in frequency. 

Плівки полівінілалкоголю (ПВА) та ПВА, леґованого наночастинками 
ZrO2–SiC, готуються методом лиття. Структурні та діелектричні харак-
теристики нанокомпозитів ПВА/ZrO2–SiC вивчаються для застосування 
їх в електроніці. Експериментальні результати свідчать про поліпшен-
ня діелектричних параметрів (діелектричної сталої, діелектричних 
втрат і електропровідности змінного струму) ПВА зі зростанням спів-
відношення наночастинок ZrO2–SiC. Крім того, діелектричні стала та 
втрати зменшуються, в той час як електропровідність змінного струму 
у нанокомпозитів ПВА/ZrO2–SiC збільшується зі зростанням його час-
тоти. 
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1. INTRODUCTION 

Polymers are considered as organic materials having conjugating 
chain, which display good electric conduction; this is due to their 
characteristics as charges’ carriers by means of the -electrons, 
cause to mobility of charge along the polymers’ chain. Polymers’ 
characteristics are as good as with the inorganic matter but the 
polymers include many pros (and cons), such as good flexibility, 
corrosion resistance, processability, few cost and lightweight. The 
inorganics also contain important characteristics like stability to 
heat and good mechanical characteristics. Consequently, the poly-
mer/inorganic system have huge applications in several fields [1]. 
The nanocomposite materials are promising in the fields of sensors, 
radiation shielding, antibacterial, thermal energy storage and re-
lease, piezoelectric, solar cells, diodes and other fields with low cost 
and lightweight [2]. Polymer matrix nanocomposites are becoming 
an essential part of today materials because of several advantages, 
such as low weight, simple fabrication methods, low cost, high fa-
tigue strength, and good corrosion resistance. 
 Nanoparticles’ incorporation into the polymer matrix considera-
bly alters its physical properties, such as the electrical, structural, 
thermal, and optical properties [3]. The nanocomposites of organic 
and inorganic are very promising for fields in smart microelectron-
ics, photodiodes, light-emitting diodes, gas sensors, photovoltaic 
cells, etc. [4]. Metal-oxide nanoparticles have explained their huge 
interest in applications of solar cells optoelectronics, sensing, catal-
ysis and so on related to their exceptional chemical and physical 
characteristics varying from the bulk [5]. Polyvinyl alcohol (PVA) 
is semi-crystalline, with low electrical conductivity. PVA has cer-
tain physical characteristics resulted from crystal–amorphous inter-
facial effects. Its electrical characteristics may be modified to an 
exact requirement by the suitable doping substance addition [6]. 

2. MATERIALS AND METHODS 

Nanocomposites films of PVA doped with ZrO2–SiC nanoparticles 
(NPs) were fabricated by casting technique. The PVA solution was 
prepared by dissolving of 0.5 gm in 20 ml of distilled water. The 
ZrO2–SiC NPs were added to PVA solution with ratio 1:1, and dif-
ferent contents are of 2, 4 and 6 wt.%. The dielectric characteris-
tics measured in frequency 100 Hz–5 MHz by LCR meter type 
(HIOKI 3532-50 LCR HI TESTER). 
 The dielectric constant  is defined by [7]: 

 p oC C  , (1) 
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where Cp is capacitance and Co is vacuum capacitor. The dielectric 
loss  is given by [8]: 

 D, (2) 

where D is dispersion factor. The a.c. conductivity is defined by [9]: 

 a.c.wo, (3) 

where w is angular frequency. 

3. RESULTS AND DISCUSSION 

Figures 1 and 2 represent the dielectric constant and loss of 
PVA/ZrO2–SiC nanostructures with frequency, respectively. From 
these figures, the  of PVA/ZrO2–SiC nanostructures reduces with 
the rise in frequency that is related to the dipoles’ tendency in pol-
ymer to orient themselves in the applied field direction. The dielec-
tric loss of PVA/ZrO2–SiC nanostructures decrease with rising of 
frequency. This behaviour is related to the interfacial polarization 
in the PVA/ZrO2–SiC nanostructures. The high value at low fre-
quency of  of PVA/ZrO2–SiC nanostructures is related to the mo-
bility of charges [9].  and  of PVA were rise with the of ZrO2–
SiC NPs content. This behaviour is related to a rise in the polariza-

 

Fig. 1. Variation of dielectric constant of PVA/ZrO2–SiC nanostructures 
with frequency. 
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tions of free electrons and space charges with raising the ZrO2–SiC 
NPs ratio [10, 11]. 
 Figure 3 shows the behaviour of conductivity of PVA/ZrO2–SiC 
nanostructures with frequency. The conductivity rises with rising 

 

Fig. 2. Variation of dielectric loss of PVA/ZrO2–SiC nanostructures with 
frequency. 

 

Fig. 3. Behaviour of conductivity of PVA/ZrO2–SiC nanostructures with 
frequency. 
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in frequency; this is related to the mobility of charge carriers and 
hopping of ions. The conductivity of PVA rises with raising the 
ZrO2–SiC NPs content. This increase in conductivity is related to 
rise in charge carriers (as shown in Fig. 4) due to ZrO2–SiC NPs 
composition with both the decrease in the resistance of nanocompo-
sites and the rise in the conductivity [12–14]. 

4. CONCLUSIONS 

The dielectric parameters of PVA are improved with the rise in 
ZrO2–SiC NPs ratios. 
 The dielectric constant and loss ( and ) are reduced, while the 
conductivity is raised with the rise in the frequency. 
 Finally, the results showed that the PVA/ZrO2–SiC nanostruc-
tures might be used for various field in the electrical and electronic 
approaches. 
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