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Abstract 
EVA/ZnO nanocomposites of 1%, 2% and 4% ZnO were fabricated by direct probe sonicator me-
thod. The ZnO nanopowders were prepared by solvothermal method. As the particle size of the 
filler incorporated to the polymer matrix decreases, the properties of the polymer-filler interface 
show dominance over its bulk properties. The dielectric constant and dielectric loss of the compo-
sites at ambient temperatures are found to decrease with increasing frequency. The thermal anal-
ysis using TGA-DTA is also performed and it is found that the thermal stability of the nanocompo-
sites increases with increasing the filler concentrations. The thermal parameters such as thermal 
diffusivity (α) and thermal effusivity (e), the thermal conductivity (k) and heat capacity (Cp) were 
studied using photopyroelectric technique. The band gap of the samples was also determined and 
found to decrease with increasing filler concentrations. The tensile strength and peel strength of 
the samples were also investigated and it is found to increase with small inclusion of filler material. 
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1. Introduction 
Composites have attracted attention of material scientists as it can combine advantages of different materials. In 
recent years, material scientists are looking for nano-composites based on polymer matrix due to several added 
advantages. The advantages include balanced physical and mechanical properties, ease of processability and low 
production cost [1]. Many previous works have been carried out to improve the optical and electrical properties 
of polymers through suitable doping [2] [3]. Polymer based dielectric materials can give flexible and light 
weight electrical devices. It is discovered that nano-particles like Al2O3, TiO2, SiO2 etc. heterogeneously distri-
buted within the polymer matrix can enhance dielectric properties [4]. Murugaraj and co-workers [5] have fa-
bricated polymer-alumina nano-composites with improved dielectric characteristics. Carbon nanotubes (CNTs), 
carbon black, carbon nanofibres (CNF) as well as single and multi wall carbon nano tubes (SWNTs & MWNTs) 
have been incorporated to polymer matrix to use as antistatic coatings [6]. 

During recent years, colloidal and semiconducting nano particles have attracted a great deal of attention for 
both researchers and industrialists. Different types of group II-VI nano particles including ZnSe, CdS, CdSe, 
CdTe are found to be used extensively for light-emitting diode [7], solar cell [8], biomedical tag [9] and laser 
[10] applications. Nanocrystals (NCs) of semi conducting materials are used in optoelectronic devices like lasers 
and transistors [11] [12]. The ZnO used in this study is one such type of nanopowder having excellent ultraviolet 
and visible photoluminescence [13], and it is a semiconductor having large exciton binding energy (60 meV). It 
has got diverse applications in photovoltaic cells, variable resistors, as fully transparent thin film transistors and 
in short wavelength light emitting diodes. 

Wide variety of polymers are found application in the synthesis of nano composites. They form the conti-
nuous phase termed as the matrix of the composite. Polymer matrix composites (PMC) with ceramic and metals 
as fillers have been developed to improve electrical properties like dielectric permittivity [14] [15]. Poly me-
thylmethacrylate [16] [17], epoxy [18], poly(vinyl alcohol) [19], polyaniline [20] [21] are extensively used as 
the matrix for composites. 

Poly (ethylene-co-vinyl acetate), EVA, was used as the base polymer in this experiment as they are compati-
ble even with inert fillers. EVA is noted for its rubbery nature along with gloss, permeability and good impact 
strength. EVA-TiO2 nanocomposites were investigated for the effect of TiO2 particle size on the co-efficient of 
thermal expansion [22]. EVA copolymer irradiated with gamma rays can cause modification in its electronic 
structure [23]. Ethylene vinyl acetate is particularly used in electrical industry as cable insulating material due to 
good stress cracking resistance. 

The II-VI semiconducting materials show significant properties from the optoelectronic point of view [24]. In 
the bulk form and in the quantum dot form these materials exhibit high density and quantum confinement. This 
paper deals with the effect of ZnO nanopowder on the electrical, optical, mechanical properties EVA polymer 
matrix and reported for the first time. 

2. Synthesis of ZnO Nanoparticle 
A solution of 0.2M-(CH3COO)2Zn∙2H2O, Zinc Acetate, was prepared by dissolving 4.39 gm of  
(CH3COO)2Zn∙2H2O in 100 ml of methanol in a beaker and the mixture was kept stirred for 15 minutes. Another 
mixture of 0.5M-NaOH and methanol was prepared by dissolving 0.5 gm of NaOH in 25 ml of methanol and 
was kept for stirring for 15 minutes. Then the NaOH-methanol mixture was added to the basic solution and the 
reaction mixture was kept stirred for 30 minutes. The prepared solution was kept in autoclave for drying at 
180˚C for 5 hours to obtain nano-sized ZnO particles. Dried ZnO nanoparticles, white in colour was obtained. 
The size of the nanopowder was determined using TEM and it as confirmed 20 nm (Figure 1). 

Synthesis of ZnO/EVA Polymer Nanocomposite 
Poly (ethylene-co-vinyl acetate), EVA copolymer used for the experiment was obtained from ExxonMobil 
Chemicals, Singapore. The vinyl acetate content of the copolymer used was 9.4 wt% (Density—0.931 g/cm3, 
Melt Flow Index—2.1 g/10min @190˚C, 2.16 kg). Ethylene Vinyl Acetate-ZnO nanocomposites were prepared 
for different weight percentage (1%, 2%, and 4%) of ZnO by direct probe sonicator method. Initially pure EVA 
film was made in a glass mould by solvent casting method using toluene. Then 1% by weight of ZnO nanopar-
ticles was added to EVA- toluene mixture taken in a beaker and was subjected to direct probe sonication. Finally  
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Figure 1. TEM image of ZnO nanopowder.                  

 
the polymer was dried in a glass mould for 3 - 4 hours at 50˚C and thus polymer nanocomposite with 1% ZnO 
was formed. Similarly nanocomposites for remaining weight percentage, (2% and 4%) of ZnO were prepared. 

3. Results and Discussion 
3.1. Morphological Studies 
TEM micrograph shown in Figure 1 confirmed that the synthesized ZnO powder are solid in nature and obtained 
particle size is about 20 nm. SEM micrographs were used to identify the relative differences in surface cha- 
racteristics of EVA and its nanocomposites. The ZnO particle distribution and its influence on the EVA copolymer 
morphology were also investigated. The interaction between ZnO with host matrix is strong and the surface 
micelles are homogeneous. Micrographs at 10 µm and 1 µm showed the developed shape of the EVA particles and 
the filler distribution in EVA as shown in Figure 2(b) & Figure 2(c). A homogeneous dispersion of ZnO in the 
EVA matrix was observed in Figure 2(a). The nano ZnO dispersion in the EVA surface was evident with higher 
magnification at 100 nm. 

3.2. Electrical and Optical Properties 
The ZnO/EVA polymer nanocompsite of area 15 mm2 having silver coating on the opposite faces was intro-
duced between two copper electrodes and then connected to HIOKI 3532-50 LCR Impedance analyzer for di-
electric measurement. The dielectric constant of the sample is calculated using the relation €r = Cd/€0A; where 
the nanocomposite acts as a dielectric with €0 the absolute permittivity, C is the capacitance, d is the thickness 
and A is the area (mm2) of the ZnO/EVA composite. Figure 3 shows the variation of dielectric constant of 
ZnO/EVA with different filler concentrations. From the figure one can easily examine the behaviour of dielec-
tric constant of nanocomposites with varying frequency from 100 Hz to 5 MHz. It is observed that initially the 
dielectric constant has larger values at lower frequencies and then decreases with increase in frequency for all 
films; however there is an increase in the dielectric constant of the nanocomposites as the percentage of the filler 
concentrations increases. The value of dielectric constant at 1 KHz for 1%, 2% and 4% are around 3.62, 4.1 and 
4.87 respectively. The dielectric constant remains almost constant for all samples in the higher frequencies. At 
low frequencies, all the four polarizations are active. The space charge contribution depends on the purity and 
perfection of the material and its influence is noticeable in the low frequency region. The orientational effect can 
sometimes be seen in some materials even up to 1010 Hz. Ionic and electronic polarizations always exist below 
1013 Hz. Hence, the larger values of dielectric constant and dielectric loss exhibited by nanocomposite at low 
frequencies may be attributed to space charge polarization due to impurities and defects present in the nano-
composites. Figure 4 shows the variation of dielectric loss of nanocomposites as a function of frequency. In the 
lower frequency region, dielectric loss shows larger values due to the loss associated with ionic mobility. The 
trend in the variations of both dielectric constant and dielectric loss as a function of frequency is the same. 
Temperature has a striking effect on the dielectric properties. Interestingly, the variations of both dielectric con-
stant and dielectric loss as a function of frequency are the same for all temperatures. It is observed that the di-
electric constant and dielectric loss slightly decrease with the temperature which may due to the reduction in 
charge carriers. The variation of dielectric constant and loss with temperatures for 1 KHz and 2 KHz frequency  
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Figure 2. (a)-(d) SEM Micrographs of ZnO/EVA nanocomposite in 
different magnifications.                                         

 

 
Figure 3. Variation of dielectric constant of ZnO/EVA with different 
filler concentrations as a function of frequency.                                

 

 
Figure 4. Variation of dielectric loss of ZnO/EVA with different fil-
ler concentrations as a function of frequency.                                   
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are shown in Figures 5-8. 
The optical absorption coefficients of the nanocomposites are done using VARIAN CARY 5000 spectropho-

tometer in the range of 200 to 2000 nm and are shown in Figure 9. The spectra show large transparency window 
between 500 nm and 1600 nm. But there is a absorption at 1200 and 1450 nm. It is observed that the intensity of 
the absorption peak is increased with increasing the filler concentrations. The band gap of the PNC’s are calcu-
lated using Tauc plotting technique and is shown in Figure 10. The band gaps of 1%, 2% and 4% EVA/ZnO 
PNC’s are found to be 4.56 eV, 4.18 eV and 3.97 eV respectively, which decreases with increasing filler con-
centrations thus increases the conductivity by increasing the ZnO concentration. 

The analysis of Fourier transform infrared (FT-IR) spectra of the samples have been carried out using a 
Thermo Nicolet Make Avatar 370 FTIR Spectrometer in the wave number range 400 - 4000 cm−1. DTGS detec-
tor is used for signal Detection. Figures 11(a)-(c) show the FT-IR spectra of pristine EVA and 2% & 4% 
ZnO/EVA nanocomposites. The spectrum of the nanocomposites exhibits the characteristics absorption bands 
 

 
Figure 5. Variation of dielectric constant of ZnO/EVA with different 
temperature at 1 KHz frequency.                                      

 

 
Figure 6. Variation of dielectric loss of ZnO/EVA with different 
temperature at 1 KHz frequency.                                        
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Figure 7. Variation of dielectric constant of ZnO/EVA with different 
temperature at 2 KHz frequency.                                   

 

 
Figure 8. Variation of dielectric loss of ZnO/EVA with different 
temperature at 2 KHz frequency.                                

 

 
Figure 9. UV-Vis-NIR spectra of EVA/ZnO Nanocomposite with 
different filler concentrations.                                           
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Figure 10. Tauc plot of EVA/ZnO nanocomposite with different fil-
ler concentrations.                                                

 
corresponding to polymer groups and ZnO nanoparticles. In following spectra of ZnO/EVA composites, the 
transmittance intensity changes at 479.24 cm−1, 444.73 cm−1 and 434 cm−1 are corresponding to Zn-O vibrations. 
The bands centered at 1371.96 cm−1 and 1163.75 cm−1 are indicates the transmittance intensity is increased and is 
attributed to the stretching vibrations of C=O and C-H groups in acetate species. 

The characteristics vibration bands of aromatic C=C units are observed at 1465.70 cm−1 in the spectra of EVA 
and ZnO/EVA has changed as increasing percentages of ZnO nanoparticles and extra peaks are observed at 
1566.25 cm−1 and 1624.13 cm−1. The band centered at 2920 cm−1 and 2850.28 cm−1 are observed in EVA and 
ZnO/EVA spectra are the stretching vibrations of C-H alkanes. There is a specific peak is observed in the spectrum 
of both 2% and 4% ZnO/EVA at 3431.14 cm−1 and 3396.19 cm−1 which emphasized the O-H bond stretching of 
ZnO nanofillers. The changes in the relative intensities of the bands in the region 1420.31 cm−1, 1115 cm−1 and 
902.61 cm−1 in composite can be due to the presence of absorbed species on the surface of the ZnO nanoparticles. 
The characteristics bands of EVA and ZnO are both observed in the ZnO/EVA spectrum which confirmed that 
ZnO is well dispersed in the EVA matrix. 

3.3. Thermal Studies 
The TGA and DTA analyses of polymer nanocomposites were carried out between 28˚C and 1300˚C at a heat-
ing rate of 20 K/min using the instrument NETSZCH STA 409C. The TGA-DTA curves are shown in Figures 
12(a)-(d), which confirms the decomposition of the nanocomposites occurs in two steps. 28.9% and 28.5% of 
weight is lost for Pure EVA and 1% added composite respectively in the first stage while that of 14% and 13% 
respectively for 2% and 4% of filler concentrations. It is also observed that the thermal stability of the polymer 
nanocomposites increases with increasing the filler concentrations and the onset decomposition temperature of 
the pure EVA, 1%, 2% and 4% are around 290˚C, 295˚C, 318˚C and 337˚C respectively. There is no much dif-
ference in the thermogram of Pure and 1% doped ZnO. The increment in the thermal stability may be due to the 
increase in the strength of the nanocomposite by increase of interfacial area. 

The thermal parameters such as thermal diffussivity (α) and thermal efffusivity (e), the thermal conductivity 
(k) and heat capacity (Cp) were determined by the technique developed Preethy C menon et al. [25]. During the 
measurement the sample, the pyroelectric detector and the backing should be thermally thick. The sample was 
illuminated by an intensity-modulated beam of light, which gives rise to periodic temperature variation by opti-
cal absorption. The thermal waves so generated propagate through the sample and were detected by the pyroe-
lectric detector. 

A He-Cd laser of (wavelength λ = 442 nm KIMMON) output power 120 mW was used as the optical heating 
source. A polyvinylidene difluoride (PVDF) film of thickness 28 μm was used as the pyroelectric detector. The 
sample was attached to the pyroelectric detector by means of a thermally thin layer of a compound whose con-
tribution to the signal was negligible. The signal output was measured using a lock-in amplifier (SR830). The 
frequency of modulation of the light was kept above 40 Hz to ensure that the detector, the sample and the backing 
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(a) 

 
(b) 

 
(c) 

Figure 11. (a)-(c) The comparison of FT-IR Spectra of pure EVA, 2%ZnO/EVA 
and 4%ZnO/EVA polymer nanocomposites.                                   
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(d) 

Figure 12. (a) TGA-DTA Curve of pure EVA; (b) TGA-DTA Curve of EVA-ZnO 
1%; (c) TGA-DTA Curve of EVA-ZnO 2%; (d) TGA-DTA Curve of EVA-ZnO 4%.    

 
medium were thermally thick during measurements. The values of the thermal parameters such as thermal effus-
sivity (e) and thermal diffusivity (α), the thermal conductivity (k) and heat capacity for 2% ZnO are 1637 ± 18 
Ws1/2/m2K, 2.4154 ± 0.14 × 10−6 m2/s, 2.63 ± 0.10 W/mK and 1431 ± 33 J/kgK respectively while that of 4% are 
2758 ± 35 Ws1/2/m2K, 8.5113 ± 0.18 × 10−6 m2/s, 7.98 ± 0.15 W/mK and 1300 ± 28 J/kgK respectively. When 
we doubled the filler concentration the value of thermal parameters has got enhanced whereas the specific heat 
capacity decreased. 

3.4. Mechanical Properties 
The tensile strength and elongation at break of the virgin EVA and EVA nanocomposites samples were per-
formed using an Instron 3366 testing machine according to ASTM D882. Each sample had a width of 6.4 mm. 
The average thickness of the samples was about 0.060 mm. The tensile test was conducted using a cross head 
speed of 1.3 mm/min. The stress- strain graph and elongation at various stages of the test was recorded and 
shown in Figure 13. Ethylene vinyl acetate (EVA) films shows good tensile strength (30 MPa) and stretches 
430% to its original dimension before break. Thin films of EVA-ZnO nanocomposites have got comparable ten-
sile and deforming properties to that of the virgin polymer. The tensile strength improves to 33 MPa on addition 
of 1% of ZnO nanoparticles. The nano sized particles tend to tie up the EVA molecules, leading to greater resis-
tance to the tensile deformations. Further increase in ZnO, reduces the tensile strength and the strain deforma-
tions. The chain flexibility of the macromolecules might have been reduced with the incorporation of ZnO na-
noparticles, leading to reduction of elongation. 

Peel strength of the nanaocomposites were performed using an Instron tensile testing machine at a peel speed 
of 50 mm/min. Peel test with 180˚ stripping is carried out as per ASTM D 1876. Peel test involves stripping 
away of substrate joined by the adhesive. The substrates (glass paper, cotton and polyester) were flexible enough 
to permit a 180˚ turn near the point of loading. Peel strength values was recorded in Newton per millimeter 
(N/mm) of width of the bonded specimen. Peel strength of the EVA nanocomposites on various substrates are 
shown in Figure 14. The inclusion of the ZnO nanoparticles to the EVA matrix improves its peel strength on   
2% of nano ZnO loading on all substrates. When ZnO is added more, it is found that the peel adhesion proper-
ties get reduced compared to the virgin compound. The surface finish and smoothness of the glass paper might 
have attributed to its inferior adhesion compared cotton and polyester fabric. Cotton fabric gives maximum peel 
adhesion (2.4 N/mm) as the EVA copolymer impregnate on its porous surface. 

4. Conclusion 
The EVA/ZnO nanocomposites materials of different concentrations of ZnO nanoparticle (0%, 1%, 2% and 4%)  
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Figure 13. Tensile strength and Elongation at break of EVA/ZnO 
nanocomposite.                                                  

 

 
Figure 14. Peel strength of EVA/ZnO nanocomposite.                     

 
have been prepared successfully by ultrasonic probe method. The ZnO nanoparticles used in the synthesis of 
polymer nanocomposite were synthesized using solvothermal method. The investigations on the electrical prop-
erties of the nanocomposites revealed that the conductivity increases with increasing the filler concentrations 
and resistivity increases with increasing the temperature. The band gap of the nanocomposites found to be de-
creased with increasing the filler concentration. The thermal stability of the nanocomposites was also found to 
be increased. Photopyroelectric Technique is used to find the thermal parameters such as such as thermal diffus-
sivity (α) and thermal efffusivity (e), the thermal conductivity (k) and heat capacity (Cp) and except heat capaci-
ty all others found to be increased with increasing the filler concentrations. The tensile strength and peel strength 
of the nanocomposites found to increase initially with the addition of ZnO nanomaterials. On further addition of 
ZnO, the mechanical properties drop down. 
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