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Abstract

In the solar photo voltaic (PV) module, encapsulant material provides the environ-
mental protection, insulation, optical absorption, besides serving as a good adhesive 
between solar cell and components of PV module for improving the efficiency. It is 
desired to develop an improved encapsulating material by incorporating the light 
absorbing inorganic nanofillers in thermoplastic polymers. One such matrix material 
is poly ethylene-co-vinyl acetate (PEVA), finding its importance in solar materials, 
such as PV modules and agricultural greenhouse polymer sheets. Inorganic nanofill-
ers have the potential to transmit necessary radiance in the UV spectra, which can 
improve the PV panel efficiency. In this study, the optimum effect of inorganic fillers 
such as organically modified montmorillonite clay (OMMT) and titanium dioxide 
(TiO2) anatase in PEVA matrix is observed. The fabricated nanocomposite films were 
etched from the glass mold. The morphology and miscibility of fabricated nano-
composite films were analyzed and investigated by scanning electron microscopy 
(SEM), X-ray diffraction technique (XRD), UV-Vis absorption (UV-Vis), and Fourier-
Transform Infrared Spectroscopy (FTIR). The dielectric properties of the fabricated 
hybrid nanocomposite films were analyzed for its insulation behavior. The thermal 
behavior was studied using Thermo-gravimetric Analysis (TGA) and Differential 
Scanning Calorimetry (DSC). The hybrid nanocomposite with 5.0 weight percentage 
(wt.%) OMMT and 5.0 weight percentage (wt.%) of TiO2 indicates lowest dielectric 
constant of 2.4 and marginal increase in dissipation factor with respect to frequency. 
Increased thermal stability, glass transition temperature, high transmittance and opti-
mum UV-shielding efficiency were found with the same wt.% in the proposed work.

Keywords: characterization, hybrid nanocomposites, poly ethylene-co-vinyl acetate, 
solar encapsulant, thermo-gravimetric analysis, X-ray diffraction technique

1. Introduction

The necessity to increase the energy generation is to meet the present day 
scenario of increasing energy demand, environmental pollution and decline in 
the nonrenewable energy sources. This has led to the explore of various renewable 
energy resources [1]. Even though renewable energy sources has appeared to be the 
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best possible solution in terms of sustainability, portability, and availability, it is not 
commercially feasible in short period of time as compared to conventional fuels. 
This is due to complex processing technologies and material supply limitations. The 
solar

The photovoltaic (PV) provides pure and renewable alternative energy source, 
potentially advantageous to the environment by preventing greenhouse gases being 
generating and go into the atmosphere. The PV industry is increasing quickly as the 
demand for cleaner energy worldwide continues to increase.

As the industry develops, it is significant that suitable materials are available 
to meet the several requirements such as robustness, performance, cost and global 
availability.

Silicone materials have been used in a wide variety of applications in industries, 
such as construction and electronics industries, and perfect product to meet the 
requirements in the PV module assembly market.

In order to achieve best possible performance, the encapsulant material used in 
the development of photovoltaic modules should satisfy a number of requirements, 
which include: high optical transmittance of incident light, good dielectric proper-
ties (thermally conductive and electrically insulating), good mechanical strength 
to protect the PV cells from outside mechanical loads and thermal stresses, good 
adhesion to both glass and PV cells, and sufficiently robust to survive 20–30 years in 
the field. This paper provides the overview and the key requirements for materials 
as PV encapsulants. In the recent developments of hybrid materials, both organic-
inorganic nanofillers are receiving major attention due to broad range of potential 
applications [2].

PEVA, as used in the solar industry, is a thermoplastic elastomer that is formu-
lated with a curing agent, UV absorbers, as well as photo and thermo-antioxidants. 
Even though, PEVA encapsulation meets largely the rigorous material property 
necessity at an attractive price, there exists a couple of areas for improvement.

Composites of PEVA reinforced with OMMT and TiO2 nanofillers have emerged 
as a key field of research because of numerous advantages, which includes an 
improvement in mechanical, dimensional, thermal properties and enhanced 
transparency when dispersed nanoclay platelets suppress polymer crystallization 
[3]. Even at very low weight percentage of the nanofiller addition, capable to alter 
properties of the polymer present in nanocomposite compared to the pristine 
polymer because the bulk of polymer chains positioned such that they are in close 
contact with the OMMT surface. OMMT has outer tetrahedral layers that contain 
Si+ and O− atoms. These outer layers align themselves due to Van der Waals forces of 
attraction between them to form nonionic bond [4].

Nanocomposites developed using organic polymer and inorganic nanofillers 
forms a new set of materials with confirmation of improved performance when 
compared with their macroscopic counterparts [5]. The nanocomposite film 
developed combines the unique properties of inorganic components with the 
processability of polymer in one material and makes them attractive in varieties 
of useful applications [6]. Polymers are considered to be most appropriate accom-
modating matrices for composite materials because they can be easily tailored by 
adding inorganic filler which has long-term stability and good processability to 
suit the variety of physical properties. Inorganic nanofillers exhibit better optical, 
catalytic, electronic and magnetic properties, which are considerably different from 
their bulk states. The addition of inorganic nanofillers to the polymer matrix allows 
unique physical properties as well as the implementation of new end-user features. 
Depending on the particle size, particle shape, specific surface area and chemical 
nature of the nanofillers, intended polymer matrix properties can be modified [7]. 
A good cross-linking agent is required for better interactions between the polymer 
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matrix and the nanofillers, as it is directly linked to morphology, crystallinity, 
photothermal stability, shelf life and thermal stability and also it affects the curing 
rate by generating the free radical through thermal decomposition [8, 9].

In the present work, pristine PEVA and nanocomposite films with OMMT and 
TiO2 as nanofillers with dicumyl peroxide as a curing agent were fabricated by 
solution casting technique which is found to the optimized fabrication method. 
From the exhaustive literature review, it was also concluded that dicumyl peroxide 
is the optimized curing agent for EVA polymer and synthesis of nanocomposite 
films [10–12].

The nanocomposite films were characterized by Fourier Transform Infrared 
spectroscopy (FTIR), X-ray diffraction (XRD), Thermogravimetric analysis 
(TGA), UV-Vis spectroscopy, scanning electron microscopy (SEM) and electri-
cal parameters with LCR meter. The interaction between EVA and OMMT and 
TiO2 nanofillers was investigated and the results demonstrate the doping effect of 
OMMT and TiO2 nanofillers. The objective of the study carried out to determine the 
effects of OMMT and TiO2 nanofillers on PEVA polymer and to investigate intro-
duction of inorganic TiO2 nanofiller will influence dispersion of the nanoparticles in 
the polymer matrix for encapsulant application in solar PV modules with improved 
thermal stability, dielectric properties and optimum UV-shielding efficiency. In 
the present work, the investigations were carried out on the electrical, thermal and 
morphological properties of OMMT and TiO2 nanofillers added in PEVA.

2. Experimental

2.1 Materials

The base matrix material used is poly (ethylene-co-vinyl acetate) vinyl acetate 
25 wt.%, melt index 19 g/10 min (190°C/2.16 kg), contains 200–900 ppm BHT as 
an inhibitor. Nanofillers such as nanoclay (montmorillonite clay) surface modi-
fied: 25–30 wt.% trimethyl stearyl ammonium and titanium (IV) oxide-anatase 
(nanopowder, <25 nm particle size, 99.7% trace metals basis). Dicumyl peroxide 
98% bis (α-dimethyl benzyl) peroxide is added to the composite as a curing agent. 
All materials were supplied by Sigma-Aldrich Pvt. Ltd., Bangalore. Toluene with 
98% purity used to dissolve the polymer and nanofillers were procured from 
Karnataka Fine Chem., Bangalore.

2.2 Composites sample preparation

The good dispersion is a key challenge to achieve the best possible combina-
tion of matrix nanoparticles. For that reason, a new dispersion technique, such as 
ultra-sonication, was followed by manual mixing with different mixing speed and 
time. This processing method was optimized because it was not very complicated 
from laboratory processing point of view and commercially available polymers 
and nanoparticles could be mixed easily and ease to prepare a composite sample. 
The agglomeration of nanosized particles was significantly reduced with this 
mixing technique resulting in a well dispersed and homogeneous mixture of 
nanocomposites.

Pristine PEVA with curing agent dicumyl peroxide (DCP) doped with OMMT 
and TiO2 nanofillers, at different concentrations were prepared by the solution 
casting method as shown in Figure 1. Initially, the PEVA solution was prepared 
by weighing the appropriate amount of PEVA and dissolving it in toluene at 45°C 
with the help of magnetic stirrer for 45 min and for the solution 2, 5, 7 wt.%, 
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of OMMT and TiO2 nanofillers, were mixed and stirred vigorously by using a 
magnetic stirrer until it is uniformly dispersed, a clear multi-component PEVA 
dispersion was obtained. Further, curing agent was added to the solution and 
ultra-sonication was carried out for 45 min to achieve the complete dispersion of 
nanofillers in PEVA solution. Appropriate mixtures of PEVA and nanofillers solu-
tion were poured on to the clean glass plate and left to dry at room temperature 
for about 24 h. The fabricated nanocomposites were post cured for 48 h in a hot 
air oven at 45°C then the nanocomposite films were removed from the glass plate 
and cut into required sizes for characterization. The thickness of the obtained 
composite films was measured using a digital micrometer at different places and 
average value was taken.

2.3 Characterization

Electrical parameters measurement were carried out for pure PEVA and PEVA 
nanocomposite samples by using fully automated high-precision four-terminal LCR 
meter (HIOKI-IM3536) and a four-terminal probe (HIOKIL2000) in the frequency 
range from 10 Hz to 4 MHz at a room temperature. The capacitance (c), dissipation 
factor (tanδ) and ac resistance were recorded directly and from which the dielectric 
constant (ε′) and dielectric loss (ε″) were calculated.

The surface morphology of the PEVA and PEVA nanocomposite samples has 
been observed and recorded by using a scanning electron microscopy (SEM (JEOL, 
JSM-ITLV model)) with an accelerating voltage of 10 kV. Surface fractured samples 
were gold coated before making the observations.

XRD analysis of the nanocomposite films was carried out using powder X-ray 
diffractometer (Shimadzu-7000 with Cu-Kα radiation). Fourier Transform 
Infrared Spectra (FTIR) was recorded from the FTIR (Bruker-alpha) and analyzed 
for metal oxide bond stretching. The UV absorbance spectrum of the samples was 
measured using the Agilent Cary 60, Version 2.00, UV-Vis spectrophotometer with 
the scan rate of 60 (nm/min) with dual beam mode.

The thermal stability of nanocomposite films was analyzed using a thermo-
gravimetric analyzer, TA Instrument, Q600, with a heating rate of 10°C/min with a 
temperature ranging from 30 to 800°C in the nitrogen gas atmosphere. The formu-
lation and identification of the samples are listed in Table 1.

Figure 1. 
Process followed for making composite films.
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3. Results and discussion

3.1 XRD analysis

X-ray diffraction spectrum analysis is useful technique to evaluate the intercalation 
and exfoliation layered structure arrangement of OMMT and TiO2 nanofillers in the 
PEVA base polymer matrix. Figure 2 shows the complete XRD spectrum obtained for 
the nanocomposite samples from 5 to 50°. The shift in the characteristics peak of PEVA 
indicates the existence of good bonding between the nanofillers and pristine PEVA 
matrix [13]. Diffraction patterns obtained from fabricated PEVA + 5 wt.% OMMT + 5 
wt.% TiO2 nanocomposite showed broader peaks at lower value (6.44°) and at higher 
value (25.68°), suggesting intercalation/exfoliation of PEVA molecules into the intergal-
lery spacing of OMMT. Peaks with similar diffraction patterns reported in the literature 
[3, 14] confirmed the good bonding between fillers and the polymer. XRD pattern also 
indicates the semi-crystalline/amorphous nature of the nanocomposite films. From the 
characteristics peaks, using Bragg’s law, d-spacing can be calculated. From the result, 
it was observed that prominent diffraction peak obtained with OMMT nanofiller at 
2θ = 6.47°, correspondingly intergallery d-spacing varies from 18.5 to 24.7 Å [15, 16] 
and for TiO2 anatase [17, 18] diffraction peak occurred in the wide angle range of 2θ 
ascertained that the peaks at 25.36° shows crystalline structures of anatase synthesized 
TiO2 nanoparticles. The complete or higher degree of exfoliation of layered crystalline 
structure of nanofillers in polymer matrix indicates the absence of corresponding peaks 
in the XRD spectra of the nanocomposite samples. The absence of peaks obtained from 
the XRD spectrum may be due to several reasons: Firstly, a very small or low concen-
tration of the nanofillers in the regions, where X-ray beams scans the materials and 
secondly, loss of symmetry in certain crystallographic direction.

3.2 Scanning electron microscopy

Figure 3(a)–(c) shows the SEM images of PEVA, PEVA + DCP + 5 wt.% OMMT 
and PEVA + DCP + 5 wt.% OMMT + 5 wt.% TiO2 nanocomposite films.

From the Figure 3(b) and (c), it was found that the nanofillers were uniformly 
distributed and good adhesion between PEVA polymer and nanofillers. From the 
observation of surfaces in SEM micrographs Figure 3(c), the possible agglomera-
tion of TiO2 nanofiller was ruled out and confirms the well-dispersed nanofillers in 
the PEVA polymer matrix. The characteristic peaks corresponding to OMMT and 
TiO2 present in the XRD pattern of the nanocomposite films, referred to Figure 2 
supports a well-structured nanocomposite formation.

3.3 Fourier Transform Infrared Spectra (FTIR) analysis

Figure 4 shows the FTIR spectrum obtained by transmittance technique to find 
the different functional groups present and the interactions among nanofillers, 

Sample identification and formulation PEVA + DCP 

(wt.%)

OMMT 

(wt.%)

TiO2 

(wt.%)

PEVA + DCP 100 — —

PEVA + DCP + 5 wt.% OMMT 95 5 —

PEVA + DCP + 5 wt.% OMMT + 5 wt.% TiO2 90 5 5

Table 1. 
Sample identification and formulation.
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curing agent and PEVA matrix. The effects of OMMT + TiO2 nanofillers on the 
molecular structure and crystallization behavior of the PEVA composites can also 
be investigated. The FTIR spectrum of PEVA + OMMT + TiO2 composite films 
shows the presence of the characteristic peaks of pure PEVA and pure OMMT and 
TiO2. However, there is a relative shifting of the transmittance bands with increas-
ing nanofillers content, due to hydrogen bonding interactions between -CH3 groups 
of PEVA.

The FTIR spectra of nanocomposite films show the characteristic transmit-
tance bands of pristine PEVA and OMMT + TiO2 nanofillers. It was observed that 
the pre-dispersing procedure carried out in the preparation of the nanocomposite 
can considerably alter the morphology of the pure PEVA. The transmittance value 
of nanocomposite films found to be increased from 400 to 900 cm−1 as compared 
with the neat PEVA sample. The peaks at 720.55, 609.38, 514.67, and 463.15 cm−1 
belongs to the characteristic peaks of OMMT + TiO2 nanofillers, which are caused 
due to stretching vibrations and flexural vibration of O-Ti-O. The absorption peaks 
at around 1646 cm−1 and the wide peaks at around 2950.14 cm−1 are associated 
to flexural vibration of H-O-H bonds of physical inclusion of water and surface 
Ti-OH bonds and hydrogen bonded molecular water species respectively. This 
result indicates that a large number of -OH groups were absorbed on the surface 
of OMMT + TiO2 nanofillers, which forms hydrogen bonds with the PEVA. In 

Figure 2. 
XRD spectra of PEVA, PEVA + OMMT + TiO2 nanocomposites.

Figure 3. 
SEM image of: (a) PEVA + DCP, (b) PEVA + DCP + 5 wt.% OMMT, and (c) PEVA + DCP + OMMT + TiO2 
nanocomposites.
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PEVA + DCP + 5 wt.% OMMT + 5 wt.% TiO2 sample has the stretching vibration 
of hydroxyl (-OH) group at 3456 cm−1, indicating its hydrolyzation into silanol 
with hydroxyl (-OH) group. The stretching vibration of vinyl C〓C appeared at 
1600 cm−1, out-of-plane wagging peak of vinyl CH2 at 962 cm−1, and the char-
acteristic peak of the Si-O bond at 463.15 cm−1. The abundance amount of free 
-OH groups are available on the nanoparticle surface and the density of hydrogen 
bonded PEVA segments will be high at the region just close to the nanoparticle 
surface. This process of formation of hydrogen bonds in the PEVA nanocomposite 
indicates the formation of two nanolayer; the tightly and strong nanolayer of PEVA 
segment at interface region with nanoparticles (Table 2).

3.4 UV-Vis spectroscopy

UV-Vis spectroscopy is used to understand the optical response of a polymer 
and nanocomposites when subjected to the absorption of UV-Vis radiation of the 
electromagnetic spectrum. In commonly used greenhouse covers and solar PV 
encapsulant, the thermal conductive and electrically insulative fillers are used to 
improve insulating properties which tends to reduce the transmission of visible 

Figure 4. 
FTIR spectra of PEVA + OMMT + TiO2 nanocomposites.

Wave number (cm−1) Functional groups

463.15 O-Ti-O

514.67

609.38

720.55

962 Vinyl CH2

1600 Vinyl C〓C

1646 H-O-H

2950.14 H-O-H

3456 -OH

Table 2. 
FTIR peaks corresponding to the functional groups.
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light through the film. The ultraviolet and visible infrared spectra obtained for 
nanocomposite films are shown in Figure 5. It could be elucidated from the spec-
trum that it has a higher transparency/lower absorbance window between 200 and 
800 nm. Absorption peaks are noticed between 200 and 280 nm for all samples. As 
the OMMT nanofiller is added, it is observed that the intensity of the absorption is 
augmented. The vertical axis shows the absorbance indicating the amount of light 
absorbed by the samples. The higher value in the vertical axis indicates the quantity 
of particular wavelength being absorbed.

They confirmed a decrease in UV transmission of PEVA and retained a high 
visible light transmission. Therefore, these nanocomposite films with light selec-
tive properties would be an excellent component for PV encapsulation. Among 
the nanocomposite films, the high absorption is observed below 230 nm which is 
not taken into consideration because of the large absorption coefficient of C〓O 
bonds due to π → π* transition (absorbance value exceeded 2, below 230 nm). 
Nanocomposite film with 5 wt.% OMMT and 5 wt.% TiO2 allowed the maximum 
transmission of light and performs better.

3.5 Thermogravimetric analysis (TGA)

Thermo-gravimetric analysis (TGA) is usually used to understand the thermal 
stability behaviors of polymeric materials. Thermo gravimetric analysis (TGA) is 
finding increasing applications for investigations on the pyrolysis and combustion 
behavior of polymers. When a sample is subjected to TGA, decomposition occurs 
at a very slow rate until a critical temperature is reached. The pyrolysis rate then 
increases very rapidly to a maximum, leading to complete combustion and then the 
rate drops rapidly. Such a behavior is characteristic of a large number of decomposi-
tion processes, including pyrolysis of many polymers.

The TGA graph of fabricated nanocomposite samples shown in Figure 6.
The thermal degradation of EVA shows two distinct phases, which have been 

assigned to the loss of acetic acid and the degradation of the resulting unsaturated 
material. It consists of a combination of deacetylated vinyl acetate or unsaturated enti-
ties and ethylene entities of PEVA. From the literature, it was found that, as the process 
of deacetylation continues, inert degradation of polyene, oxidative degradation of 

Figure 5. 
UV-Vis spectra of PEVA and nanocomposites.
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polyene [13, 14, 19, 20] taken place. Deacetylation occurs for all the samples in the tem-
perature region between 300 and 400°C. After an inert or oxidative deacetylation of 
PEVA, a polyene is formed, further inert degradation of this polyene by chain scission 
processes, which could be neglected since for PV encapsulant application the maxi-
mum operating temperature is around 100°C [20]. The TGA thermographs assured the 
degradation of the hybrid nanocomposite at a higher temperature (around 420°) with 
faster rate as high transparency was observed form the UV-Vis spectrum.

3.6 Dielectric constant (ε′)

Figure 7 shows the variation of dielectric constant (ε′) with the frequency and 
loading of OMMT and TiO2 nanofillers. The dielectric constant decreases up to 
104 Hz above which it increases over the measured frequency range up to 106 Hz 
in neat PEVA, PEVA + 5 wt.% OMMT and PEVA + 5 wt.% OMMT + 5 wt.% TiO2 
nanocomposite samples. The decrease of dielectric constant with frequency in neat 
PEVA may be attributed to the fact that at a low-frequency dielectric constant for 
the polar material is due to the contribution by various polarizations namely, elec-
tronic, ionic, orientational and interfacial polarization. The resulting total polariza-
tion in dielectric materials is due to sum of these four types of polarization [21]. The 
polarization contribution due to dipole orientation dominates at low frequencies. 

Figure 6. 
TGA thermograms of PEVA and nanocomposites.

Figure 7. 
Plot of dielectric constant of neat PEVA, PEVA + OMMT and PEVA + OMMT + TiO2 nanocomposites with 
frequency.
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The speed of dipole rotation at high frequency is insufficient to match the shift in 
the applied AC bias [22].

The plot of dielectric constant (ε′) with frequency of PEVA + 5 wt.% OMMT 
nanocomposite might be understood by that the clay in exfoliated/intercalated form 
within the polymer matrix has terminated the regular long chains of the polymer 
and the resulting polymer structure is more random with shorter chains. Within the 
polymer due to nanoconfinement of the clay, dipole orientation may be constrained 
and not easily moved. The nanoscopic confinement effect from layered silicate inor-
ganic hosts was reported by Anastasiadis et al. [23]. The author reported that X-ray 
diffraction showed that the polymer is confined within 1.5–2.0 nm. This confine-
ment effect is directly reflected in the local reorientational dynamics. We believed 
that the orientation polarization is thus largely reduced due to this randomly distrib-
uted and confined structure within the polymer. It is observed that with the addi-
tion of OMMT nanofillers the dielectric constant in PEVA polymer decreases. The 
changes in the dielectric constant values of polymer clay nanocomposites (PCNs) 
have a strong correlation with intercalated/exfoliated structures of OMMT in the 
polymer matrix [24, 25]. It has been established that for the PCNs, the dielectric con-
stant decreases due to the predominance of exfoliated-OMMT structure in a polymer 
matrix, whereas it increases for a large amount of intercalated structure [25–29].

It is also evident from Figure 7, that with the addition of 5 wt.% TiO2 nanofiller 
to PEVA-OMMT nanocomposite sample with 5 wt.% OMMT, the dielectric constant 
increases. This increase in dielectric constant of nanocomposite sample with the 
addition of 5 wt.% TiO2 is due to TiO2 exhibits strong ionic polarization due to Ti4+ 
and O2− ions and hence PEVA nanocomposite with TiO2 filler has higher value of 
dielectric constant [30]. The polarization mechanism in nano-TiO2 and OMMT over 
the frequency studied are closely identical, and therefore the resulting trends in the 
dielectric constant variations in both the nanocomposites are expected to be similar. 
The effective dielectric constant with TiO2 is always higher than the values obtained 
with OMMT as nanofiller. This result may be due to (i) nanofiller inherent dielectric 
constant, and (ii) nanofiller concentration. TiO2 has a higher dielectric constant 
than OMMT and hence the effective dielectric constant increases with the addition 
of TiO2 and is always higher than PEVA + 5 wt.% OMMT nanocomposites. The 
other aspect is, since the density of OMMT (density ≈ 1.9 g/cm3) is less than that of 
TiO2 (density ≈ 4.2 g/cm3), for the same quantum of loading, the PEVA nanocom-
posite with OMMT as a nanofiller will have more number of OMMT nanoparticles 
as compared to TiO2 nanoparticles. With fillers in nanometer scales, this difference 
in the number of particles can be very significant. Thus, for a fixed filler loading, 
OMMT nanofillers in the PEVA nanocomposite films will introduce more interfaces 
causing additional restrictions to the polymer chain mobility when compared to 
TiO2 nanofillers. This enhanced chain mobility restrictions with OMMT nanofillers 
coupled with the effect of a lower OMMT dielectric constant, will lead to lower-
ing of effective dielectric constant of PEVA + 5 wt.% OMMT nanocomposite, to 
values lower than that of the TiO2 filled ones. Although both these processes will be 
dynamic in the nanocomposites and also it is difficult to segregate their individual 
contributions. Further, the variations in dielectric constant are not linear with 
respect to filler loading. However, there are indications of existence of a threshold 
value of filler loading at which the dielectric constant shows maximum variation 
with respect to base polymer PEVA values [31].

3.7 Dissipation factor (tanδ)

Figure 8 shows the variation of dissipation factor (tanδ) of neat PEVA, 
PEVA + 5 wt.% OMMT, and PEVA + 5 wt.% OMMT + 5 wt.% TiO2 nanocomposites 
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with respect to frequency. The dissipation factor decreases with increase in fre-
quency in low-frequency range up to 104 Hz and above which it increases with 
increase in frequency. Though there is an increase in tanδ in a high-frequency range 
beyond 104 Hz the dissipation factor values are well within the acceptable range 
and no substantial increase. It is observed that with the addition of nanofillers the 
dissipation factor increases in PEVA polymer.

The dissipation factor variations of PEVA nanocomposites are dependent on the 
frequency of the applied voltage and the temperature of measurement. Therefore 
the temperature of the measurement was maintained constant. The dissipation 
factor depends on the electrical conductivity of polymer nanocomposites. The 
electrical conductivity in turn depends on the number of charge carriers in the bulk 
of the material, the relaxation time of the charge carriers and the frequency of the 
applied electric field. Since the measurement temperature is maintained constant, 
its influence on the relaxation times of the charge carriers is neglected. Over the 
range of frequency used, charge transport therefore is dominated by the lighter 
electronic charge carriers.

Figure 8. 
Plot of dissipation factor (tanδ) of neat PEVA, PEVA + OMMT and PEVA + OMMT + TiO2 nanocomposites 
with frequency.

Figure 9. 
Plot of dielectric loss (ε″) of neat PEVA, PEVA + 5 wt.% OMMT and PEVA + 5 wt.% OMMT + 5 wt.% TiO2 
nanocomposites with frequency.
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3.8 Dielectric loss (ε′)

Figure 9 shows the variation of dielectric loss (ε″) of neat PEVA, PEVA + 5 wt.% 
OMMT and PEVA + 5 wt.% OMMT + 5 wt.% TiO2 nanocomposites with frequency 
and nanofillers. It is observed that increase in dielectric loss with the addition of 
nanofillers in PEVA polymer and the increases with frequency beyond 105 Hz in 
neat PEVA, PEVA + 5 wt.% OMMT and PEVA + 5 wt.% OMMT + 5 wt.% TiO2 
nanocomposites. Beyond 105 Hz dielectric loss in nanocomposites has reduced as 
compared to that of neat PEVA. Loss factor in nanocomposites might be the contri-
bution from dipole orientation, conduction loss and interfacial polarization [32]. 
The measurement results of dielectric loss are helpful to confirm the polarization 
mechanism. The loss factor ε″ of composite systems could be expressed as a sum of 
three distinct contributions [32], that is,

   ε ″     =    ε  dc  ″   +  ε  MW  ″   +  ε  D  ″    (1)

where   ε  dc  ″    is due to conduction loss contribution,   ε  MW  ″    is due to interfacial 
polarization (Maxwell-Wagner) contribution and   ε  D  ″    is the dipole orientation or 
Debye loss factor. The conduction loss and interfacial polarization loss factors are 
expressed as   ε  dc  ″   =  σ  dc   .

   ε  dc  ″     =      σ  dc   _ 
2𝜋f  ε  0  

    (2)

   ε  MW  ″     =    ε  ∞   (1 +   K _ 
1 +   (2𝜋f)    2   τ   2 

  )   (3)

ε∞ and K are calculated considering two different dielectric constants of the 
sample at the interfaces and τ is the relaxation time of the interfacial polarization. εo 
and ƒ are the dielectric constant of vacuum and frequency, respectively. By express-
ing Eqs. (2) and (3) in logarithmic form and plotting log   ε  dc  ″    and log   ε  MW  ″    versus log 
ƒ, we can obtain two different curves: the log   ε  dc  ″    against log ƒ represents a straight 
line and the log   ε  MW  ″    against log ƒ represents a sigmoidal curve. From Figure 9, it 
is evident that, at high frequencies, a broad loss peak appears. This broad loss peak 
corresponds to the dipole orientation polarization. At low frequency-range, the plot 
shows a straight line indicating the existence of conduction loss.

4. Conclusions

This study shows that a fair degree of success has been achieved in produc-
tion of pristine PEVA base and organically modified nanoclay (OMMT) and TiO2 
added nanocomposite films. The pristine PEVA and organically modified nanoclay 
(OMMT) and titania (TiO2) added nanocomposite films have been analyzed by 
series of tests. The following conclusions were drawn from the research work:

i. The XRD results indicate that the absence of the characteristic peak indicates 
the exfoliation of the OMMT platelets in the Epoxy matrix.

ii. The SEM micrographs indicate that the nanofillers were uniformly distrib-
uted and good adhesion between PEVA polymer and nanofillers.

iii. The FTIR spectra of nanocomposite films show the characteristic transmit-
tance bands of pristine PEVA and OMMT + TiO2 nanofillers. The existence 
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of a chemical interaction (formation of hydrogen bond) between nanofillers 
and polymer chains of the PEVA and nanocomposite films has been estab-
lished through Fourier Transform Infrared spectroscopy.

iv. From the UV-Vis, it was confirmed that there is a decrease in UV transmis-
sion of PEVA and retained a high visible light transmission. Therefore, these 
nanocomposite films with light selective properties would be an excellent 
component for PV encapsulation.

v. The TGA thermographs assured the degradation of the hybrid nanocompos-
ite at a higher temperature (around 420°) with faster rate as high transpar-
ency was observed from the UV-Vis spectrum.

vi. The results of dielectric constant and tanδ of nanocomposites with respect 
to frequency, nanofiller concentrations, were interesting and intriguing. The 
frequency and filler dependant dielectric constant characteristics of PEVA 
and nanocomposites films suggest that there is an inhibition in the mobility 
of PEVA polymer chains in the bulk of the nanocomposites.

vii. The dissipation factor variation with respect to frequency and filler load-
ing indicate that there is probably a reduction in electrical conductivity in 
nanocomposites. This is mainly due to inhibition in the mobility of available 
charge carriers. Though there is an increase in tanδ in a high-frequency range 
beyond 104 Hz the dissipation factor values are well within the acceptable 
range and no substantial increase.

viii. Some encouraging results such as decrease in dielectric loss, dissipation 
factor and dielectric loss with the addition of nanofillers, indicates that the 
nanocomposite films can be used as solar encapsulants. The UV-vis result 
also indicates that the nanocomposites films are transparent to light in the 
range between 200 and 800 nm and insights are gained for understanding of 
the polarization mechanisms involved.

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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