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EFFECTS OF TEMPERATURE AND NANOPARTICLES ON 
DIELECTRIC PROPERTIES OF PVC 

Florin CIUPRINA1, Laura ANDREI2, 

In this paper, the influence of the temperature, in the range 310 – 340 K, on 
the dielectric behaviour of plane samples of polyvinyl chloride (PVC) without and 
with inorganic nanofillers of SiO2, TiO2 and Al2O3, is analyzed by dielectric 
spectroscopy over a frequency range of 10-2 – 106 Hz. Differences are observed in 
dielectric behaviour of the tested samples, depending on the presence and the type of 
the tested inorganic nanofillers, as well as on the temperature at which the 
measurements were performed. The obtained results emphasize low frequency 
dispersion for both unfilled and nanoparticle filled PVC, having the characteristic 
frequency increasing with the temperature. The presence of TiO2 nanoparticles in 
PVC leads to lower loss tangent values at all tested temperatures.  
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1. Introduction 

PVC is one of the most used polymer in an extremely broad range of 
applications, including windows frames, medical containers for blood, heart 
bypass sets, wire harnesses and modules for auto vehicles, consumer goods as 
bags, bottles, toys, televisions, as well as many electrical applications from  cable 
insulations to computers and household electrical appliances [1]. The features 
which recommend PVC as general purpose plastic mainly reside from its 
amorphous structure with polar chlorine atoms in the molecular composition, 
which determines different performances with respect to other polymers such as 
polyethylene (PE) or polypropylene (PP), which have only carbon and hydrogen 
atoms in their molecular structures. Among the remarkable physical properties of 
PVC due to its structure are fire retarding properties, durability (high resistance to 
oxidation), oil/chemical resistance, mechanical stability, and good ability to mix 
with various other substances. Besides, PVC has excellent electrical insulation 
characteristics as high resistivity and high dielectric strength. However, the 
dielectric losses of PVC are quite high and they become even higher due to the 
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use of plasicizers needed to enhance its softness diminishes the electrical 
resistivity and increase the permittivity. 

In the last decade, nanostructured polymer dielectrics have known an 
increased attention from the researchers working in the field of dielectrics all over 
the world [2-9], aiming to improvement the polymer properties (electrical, 
thermal, mechanical, etc). The main reason for this huge interest are the promising 
results reported in literature, which recommend these new materials for industrial 
applications ranging from dielectrics for high energy storage capacitors up to 
electrical insulations with low losses and high breakdown resistance [7, 8]. These 
nanodielectrics are obtained by mixing polymers with nano-fillers, having at least 
on dimension up to 100 nm and a concentration usually lower than 10 wt%. PVC 
was one of the main polymers which were mixed with nanoparticles to create 
improved dielectric materials [2]. Thus, among the PVC nanocomposites for 
which improved properties were reported are nanoclay PVC composites [10], 
PVC with multi-walled carbon nanotubes (MWCNT) [11], or 
ZnO/PVCnanocomposites [12]. 

In our previous research on PVC nanocomposites we studied the influence 
of γ radiations on the dielectric behaviour and on the thermal stability of PVC 
with inorganic nanofillers as SiO2, TiO2 and Al2O3 [13], while the influence of 
water, electric field and ionizing radiation on electrical properties of PVC 
insulations was studied in [14]. 

In this paper, the influence of the temperature, in the range 310 – 340 K, 
on the dielectric behaviour of PVC with and without inorganic nanofillers is 
analyzed by dielectric spectroscopy over a frequency range of 10-2 – 106 Hz.  

2. Experimental 

Plane samples made of unfilled PVC and of PVC filled with nanoparticles 
of SiO2, TiO2 and Al2O3, having the filler concentration of 5 wt%, were tested in 
this study. The polymer matrix was flexible PVC, containing 25% plasticizer. The 
average diameter of the SiO2 and of the TiO2 nano-particles was 15 nm while the 
average diameter of the Al2O3 nano-particles was 40 nm. The nanocomposite 
samples for electrical tests performed in this study were plaques of square shape 
(10 x 10 cm2) having the thickness of 0.5 mm.  

The real and the imaginary parts of the permittivity (εr' and εr'', 
respectively) and the loss tangent (tan δ) were determined by dielectric 
spectroscopy (DS) using a Novocontrol ALPHA-A Analyzer in combination with 
an Active Sample Cell ZGS, over the frequency range 10-2 – 106 Hz. The 
measurements were performed at three temperatures (310 K, 320 K �i 340 K) in 
two ways: by increasing the temperature from 310 K to 340 K, and by decreasing 
the temperature from 340 K to 310 K. In both cases, the samples were maintained 
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30 minutes at each temperature, under air flow, before being measured. Two disks 
of 40 mm diameter were cut from one plaque of each formulation and tested by 
dielectric spectroscopy. 

3. Results and discussion 

The frequency variations of εr' and εr'', at 310 K and at 340 K, on samples 
of neat PVC and of PVC nanocomposites with alumina (Al2O3), silica (SiO2) and 
titania (TiO2) nanoparticles are shown in Fig. 1-4 respectively. The results in all 
these figures do not show a typical frequency dependence of of εr' and εr'', i.e. an 
increment of the real component together with a peak in the frequency 
dependence of the imaginary component, which would reveal a relaxation 
process. Instead, both components of the complex permittivity show rather an 
almost inverse proportionality with frequency, this being characterized by a 
higher slope (having the modulus in the range 0.7 - 1) at low frequencies and by a 
lower slope (< 0.3) at high frequencies, a cross-over occurring at a characteristic 
frequency fc. This behaviour was already reported for a number of polymer 
nanocomposites and is known as “low frequency dispersion” (LFD) or quasi-dc 
(QDC) behaviour, [15, 16]. A model to explain LFD for partial crystalline 
polymers was proposed by Dissado and Hill, and uses the concept of cluster, i.e. a 
region with partial structural regularity where there are hopping movements of 
quasi-mobile charges (especially ions) to unoccupied sites. Besides the 
intracluster motions, some intercluster movements of charges could arise when 
the access to sites is restricted. Schonhals and Schlosser have extended the cluster 
approach for amorphous polymers, as it is the case of PVC, by considering that 
only intramolecular motions (along a few chain units) could be possible for short 
times (high frequency), while intermolecular (large scale) motions of charges, 
along many chain units can be presents in polymer for long times (low frequency) 
[17]. 
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Fig. 1. Frequency variation of εr' and of εr'' (b), for unfilled PVC, at 310 K (a) and at 340 K (b) 
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Fig. 2. Frequency variation of εr' and of εr'' (b), for PVC-Al2O3 nanocomposites,  

at 310 K (a) and at 340 K (b). 
 
The results in Figs. 1-4 show that the characteristic frequency increases 

with the temperature, from ≈10-1 Hz at 310 K to 1-10 Hz at 340 K 
 
Another remark related to the results from Figs. 1-4, is the differences 

between the dielectric spectra determined at the increasing temperature with 
respect to those at the decreasing temperature. Different dielectric spectra at the 
increasing temperature with respect to the decreasing temperature would 
emphasize the influence of the material “history” on the dielectric behaviour. 
However, these differences are quite small for all the cases shown here, and they 
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depend on the temperature and on filler type. Thus, the highest differences are 
observed for PVC-Al2O3 and for PVC-TiO2 nanocomposites, but only at 310 K, 
while for higher temperature the differences become insignificant. For neat PVC 
there are small differences which do not seem to be affected by temperature, while 
for PVC-SiO2 nanocomposites the differences are insignificant regardless the 
temperature.  
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Fig. 3. Frequency variation of εr' and of εr'' (b), for PVC-SiO2 nanocomposites,  

at 310 K (a) and at 340 K (b) 
 

(a) 

10-3 10-1 101 103 105 107
10-1

100

101

102

103

  

 

 εr' - increasing T 
 εr' - decreasing T
 εr'' - increasing T 
 εr'' - decreasing T

PVC-TiO2
310 K

Frequency [Hz]

(b) 

10-3 10-1 101 103 105 107

100

101

102

103

104

 

PVC-TiO2
340 K

 εr' - increasing T 
 εr' - decreasing T
 εr'' - increasing T 
 εr'' - decreasing T

Frequency [Hz]
Fig. 4. Frequency variation of εr' and of εr'' (b), for PVC-TiO2 nanocomposites,  

at 310 K (a) and at 340 K (b) 
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The influence of the different nanoparticles on the dielectric response of 
PVC is shown in Fig. 5, where the frequency variation of εr' and of loss tangent 
(tan δ) is given for neat PVC and for PVC nanocomposites at 320 K. First, an 
increase of εr' values in all three PVC nanocomposites compared to neat PVC, can 
be noticed, especially at low frequencies, up to 1 Hz. This increase in permittivity 
was also found for other nanocompostites and it can be due to the new dipoles 
introduced in PVC by nanostructuration and to the interfacial polarization induced 
by the charge at the nanoparticle-polymer interface [13]. It can be seen that the 
highest values for εr' were obtained in the case of PVC-Al2O3 nanocomposites, 
while the lowest in the case of PVC-TiO2 nanocomposites. This could be 
explained by the fact that when the filler has a much greater permittiviy than the 
polymer matrix, as in the case of PVC-TiO2 nanocomposites,  a very low electric 
field acts on the high permittivity nanoparticle and on its nearest interface region. 
On the contrary, when the filler permittivity is not very different from the polymer 
permittivity, as in the case of Al2O3 nanoparticles, a much lower inhomogeneous 
electric filed is present in nanocomposites and hence, the increase in 
nanocomposite effective permittivity is mainly due to the increase of the number 
of quasi-mobile charges and of dipolar movements in the filler-matrix interface. A 
similar behaviour was observed in one of our previous study on epoxy 
nanocomposites [18]. 
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Fig. 5. Frequency variation of εr' (a) and of tan δ (b), for neat PVC and for PVC nanocomposites at 
320 K 

 
As for the loss tangent, significant lower tan δ values can be seen in Fig 5b 

for PVC-TiO2 nanocomposites with respect to the neat PVC and to the other two 
nanocomposites, for a large range of frequencies. A similar behaviour was also 
noticed at 310 K and at 340 K. This behaviour suggests that the structure 
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alteration produced in PVC by TiO2 nanoparticles would hinder the 
intermolecular, and even the intramolecular charge transport inside the 
nanocomposite. 

The influence of temperature between 310 K and 340 K on the dielectric 
behaviour of neat PVC and of PVC nanocomposites is shown in Figs. 6-9. The 
dielectric spectra given in these figures were determined at the decreasing 
temperature. 
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Fig. 6. Frequency variation of εr' (a) and of tan δ (b), for neat PVC at different temperatures 
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Fig. 8. Frequency variation of εr' (a) and of tan δ (b), for PVC-SiO2 nanocomposites at different 

temperatures 
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Fig. 9. Frequency variation of εr' (a) and of tan δ (b), for PVC-TiO2 nanocomposites at different 

temperatures 
 
It can be noticed that the increase of temperature leads to an increase of 

real relative permittivity and loss tangent at all frequencies and for both neat PVC 
and all tested PVC nanocomposites. This level of this increase depends on the 
presence and type of nanoparticles and it is more important at low frequencies, 
where the intermolecular charge motion is prevailing. The presence of different 
types of nanoparticles in PVC matrix does not seem to influence significantly the 
temperature influence on the tan δ values and variation, but the increase of the εr' 
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values at low frequencies with the temperature is strongly influenced by the type 
of filler. Thus, at 10-2 Hz, εr' increases from 310 K to 340 K, with 26% for neat 
PVC, 50% for PVC-Al2O3 nanocomposites, 61% for PVC-SiO2 nanocomposites, 
and 53% for PVC-TiO2 nanocomposites. 

4. Conclusions 

Differences are observed in dielectric behaviour of the tested samples, 
depending on the presence and the type of the tested inorganic nanofillers, as well 
as on the temperature at which the measurements were performed. 

The results emphasize, for both unfilled and nanoparticle filled PVC, a 
quasi-dc behaviour. The temperature increase leads to an increase of the quasi-dc 
characteristic frequency. 

An increase of εr' values in all three PVC nanocomposites compared to 
neat PVC, can be noticed, especially at low frequencies. 

The loss tangent values for PVC-TiO2 nanocomposites are lower than 
those for neat PVC and for the other tested PVC nanocomposites, at all tested 
temperatures. 

The increase of temperature leads to an increase of εr' and tan δ at all 
frequencies and for both neat PVC and all tested PVC nanocomposites. The 
increase of permittivity with temperature is strongly influenced by the type of the 
filler. 

Acknowledgement 

The work has been funded by the Sectoral Operational Programme Human 
Resources Development 2007-2013 of the Ministry of European Funds through 
the Financial Agreement POSDRU 187/1.5/S/155420. 

R E F E R E N C E S 

[1]. www.pvc.org, accessed  November 30, 2014. 
[2]. T. Tanaka, “Dielectric Nanocomposites with Insulating Properties”, IEEE Trans. Diel. and 

Electr.Insul., Vol.12, No.5, pp. 914–928, 2005. 
[3]. T.J. Lewis, „Nano-Composite Dielectrics: „The Dielectric Nature of the Nano-Particle 

Environment”, IEEJ Trans Fundamental Mater, Vol. 126, No. 11, pp. 1020-1030, 2006. 
[4]. T.J. Lewis, „Nanometric Dielectrics”, IEEE Trans. Diel. and Electr.Insul, Vol. 1, pp. 812–825, 

1994. 
[5]. J.K. Nelson, J.C. Fothergill, „Internal Charge Behaviour of Nanocomposites”, 

Nanotechnology, Vol. 15, pp. 586-595, 2004. 
[6]. M. Roy, J.K. Nelson, R.K. MacCrone, L.S. Schandler, C.W. Reed, R. Keefe, W. Zenger, 

”Polymer Nanocomposites Dielectrics – The Role of the Interface”, IEEE Trans. Diel. and 
Electr.Insul., Vol. 12, pp. 629-643, 2005. 



392                                                      Florin Ciuprina, Laura Andrei 

[7]. Y. Cao, P.C. Irwin, K.Y. Younsi, „The Future of Nanodielectrics in the Electrical Power 
Industry”, IEEE Trans. Diel. and Electr.Insul., Vol. 11, pp. 797-807, 2004. 

[8]. T. Tanaka, G.C. Montanari, R. Mülhaupt, „Polymer Nanocomposites as Dielectrics and 
Electrical Insulation-perspectives for Processing Technologies, Material Characterization and 
Future Applications”, IEEE Trans. Diel. and Electr.Insul., Vol. 11, pp. 763-784, 2004. 

[9]. F. Ciuprina, Ilona Plesa, P.V. Notingher, T. Tudorache, „Dielectric Properties of 
Nanodielectrics with Inorganic Fillers”, IEEE Conference on Electrical Insulation and 
Dielectric Phenomena, ISBN 978-1-4244-2549-5, pp. 682 - 685, Quebec, Canada, 2008. 

[10]. W.H. Awad, G. Beyer, D. Benderly, W.L. Ijdo, P. Songtipya, M.M. Jimenez-Gasco, E. Manias, 
C.A. Wilkie, „Material properties of nanoclay PVC composites”, Polymer, Vol. 50, pp. 1857–
1867, 2009. 

[11]. E.T. Abdullah, A.N. Naje, „AC electrical and dielectric properties of PVC-MWCNT 
nanocomposites”, Indian Journal of Science and Technology, Vol. 4, No.7, pp. 731-735, 2011. 

[12]. I.S. Elashmawi, N.A.Hakeem, L.K.Marei, F.F.Hanna, „Structure and performance of 
ZnO/PVC nanocomposites”, Physica B, 405, pp. 4163–4169, 2010. 

[13]. F. Ciuprina, T. Zaharescu , S. Jipa , I. Plesa , P.V. Notingher , D. Panaitescu, „Dielectric 
Properties And Thermal Stability of Gamma-Irradiated Inorganic Nanofiller Modified PVC”, 
Journal of Radiation Physics and Chemistry, Vol.79, No.3, pp. 379-382, 2010. 

[14]. F. Ciuprina, T. Zaharescu, „Influence of water, electric field and ionizing radiation on 
electrical properties of PVC insulations”, Advanced Topics in Electrical Engineering ATEE 
2004, Bucharest, ISBN 973-7728-31-9, 2004. 

[15]. J.C. Fothergill, J.K. Nelson, M. Fu, „Dielectric Properties of Epoxy Nanocomposites 
Containing TiO2, Al2O3 and ZnO Fillers”, Conference on Electrical Insulation and Dielectric 
Phenomena, pp. 406-409, 2004. 

[16]. P. Maity, P.K. Poovamma, S. Basu, V. Parameswaran and Nandini Gupta, „Dielectric 
Spectroscopy of Epoxy Resin with and without Nanometric Alumina Fillers”, IEEE Trans. 
Diel. and Electr.Insul., Vol.16, No.5, pp. 1481-1488, 2009. 

[17]. A. Schonhals, E. Schlosser, “Dielectric relaxation in polymeric solids Part 1. A new model for 
the interpretation of the shape of the dielectric relaxation function”, J. Colloid and Polymer 
Sci., Vol 267, pp. 125-132, 1989.  

[18]. F. Ciuprina, A. Hornea, M.G. Barbuta, „Influence Of Temperature On Dielectric 
Performance of Epoxy Nanocomposites with Inorganic Nanofillers”, UPB Scientific Bulletin, 
Series A: Applied Mathematics and Physics, Vol. 75, No. 3, pp.159-168, 2013. 

 
 
 


