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Abstract—Present study is focused on the structural, morphology and optical properties of PVC/BaTiO3 (polyvinyl chloride)/barium titanate) 
nanocomposite (NC) films. Nanocomposite films of PVC/BaTiO3 (0-50 wt%) have been prepared by using solution casting technique. Study of 
structural, morphology and optical properties of prepared nanocomposite films have been carried out using XRD, FESEM and FTIR spectroscopy. 
XRD was used to observe the average crystallinity of prepared nanocomposite films. XRD spectra showed that BaTiO3 nanoparticles were 
intercalated into nanolevel and well dispersed in PVC matrix and enhanced the crystallinity of polymer. Morphological study done by FESEM 
analysis showed the dispersion of BaTiO3 nanofiller in the host PVC matrix and increase in the roughness of film surface was observed as the content 
of BaTiO3 nanofiller increases. The interaction between PVC matrix and BaTiO3 was studied by using FTIR spectroscopy. FTIR analysis confirmed 
the interaction between PVC matrix and BaTiO3 nanoparticles. It was found that bandgap of PVC/BaTiO3 nanocomposite films was lower than that of 
pure polymer film (PVC) and bandgap shows a decreasing trend with the increase in content of BaTiO3 nanofiller. 
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INTRODUCTION 
The study of nanocomposite is a very active area of 
research. Nanocomposite is a class of material,  
which combines two or more phases of compositing  
materials having different compositions or structures.  
In nanocomposite, one of the phase lies in nanolevel 
regime. Thus, behavior of nanocomposite material is 
different from conventional composite materials, because 
of their small size of structural units, high surface area, 
high surface to volume ratio and enhanced adhesion 
between nanofiller and host matrix.[1] It may be attributed 
to the reason that addition of small amount of nanofiller, 
causes to improvement in the mechanical, thermal, 
electrical, optical, fire properties and gas permeability as 
compared to bulk composite materials. Thus, the 
advanced material research focuses on the preparation and 
study of improved properties of new composite materials. 
Polymer nanocomposite is a type of material with 
enhanced properties, where properties of nanocomposite 
material are greatly affected by the extent of mixing of 
two phases. Polymer nanocomposites are formed by 
addinginorganic or organic nanofillers into polymer 
matrix. Polymeric materials are being used in different 
areas as insulating materials, optoelectrical applications. 
Because they possesses light weight, high flexibility and 
ability to fabricate at low temperature and low cost.[2,3] 
These materials are useful in high thermal stability and 
ability to refractive index changing upon exposure to 
light.[4] Thus, polymer nanocomposites are the area of 
current interest, because of their improved performance 
and technological importance in different areas. 

Polyvinyl chloride is a thermoplastic used in industry 
and has good optical transparency, better electrical and 
thermal insulation, low flammability, and low cost.[5] To 
obtain polymer nanocomposite with improved properties 
the dispersion of filler at nanolevel is necessary 
requirement. In the recent years, many nanofillers have 

been reported in literature such as calcium carbonate, 
montmorillonite, aluminum oxide, silica etc. Turhan et al. 
(2010) studied the enhancement in the thermal and optical 
properties of PVC/Kaolinite nanocomposite.[6] Electrical and 
thermal conductivity of PVC polymer nanocomposite system 
based on epoxy resin (ER) and PVC filled with metal 
powders were also studied.[7] The optical enhancement in 
PVC/ZnO nanocomposite film,[8] and improved thermal 
conductivity on the incorporation of CdS nanofiller to PVC 
is also reported.[9] The enhancement in the performance of 
PVC adding ZnS and CNT have been discussed the recent 
years.[10, 11] Also, improvement in structural, optical, 
electrical insulation of PVC has been reported on the 
addition of BaTiO3 (BT) nanofillers to PVC matrix.[13] 
BaTiO3 is a materials which shows the ferroelectric and 
piezoelectric properties. The performance and characteristics 
of BT is dependent on size, shape and composition. 

Present work deals with the study of structural, optical 
properties and morphology of PVC/BaTiO3 nanocomposite 
films prepared by solution casting technique.  

EXPERIMENTAL WORK 
Polyvinyl chloride purchased from Sigma Aldrich with 
average molecular weight of 80,000 and BaTiO3 

nanoparticles with average diameter less than 100 nm 
were also purchased from Sigma Aldrich chemicals. 

Preparation of PVC/BaTiO3 Nanocomposite 
Films 

The nanocomposites of PVC with different concentration 
of BaTiO3 nanoparticles (0, 10, 20, 30, 40, 50 wt%) by 
solution casting. PVC was dissolved in tetrahydrofuran 
(THF) used as solvent and stirred for 6 hours with 
magnetic stirrer. It resulted the formation of a clear 
solution of PVC polymer. BaTiO3 nanoparticles were then 
added to the solution of PVC with different 
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concentrations (0, 10, 0, 30, 40, 50 wt%). The resulted 
solutions of different concentrations were stirred for  
24 hours and then casted into glass petri dishes. Thickness 
of films were measured about 0.4–0.5 mm. Samples were 
then taken for further characterization. Samples of 
nanocomposite films were characterized using XRD, 
FEEM, FTIR and EDS techniques. Fig. 1 represents the 
flow diagram to prepare PVC/BaTiO3 nanocomposite 
films of different concentrations of nanofiller.  

 

Fig. 1: Flow Chart to Form PVC/BaTiO3 Nanocomposite Film  

The prepared polymer nanocomposites have been 
characterized using by X’PERT PRO X-ray diffractometer 
at the room temperature in the range of 2  = 10° to 80° to 
study structural properties and morphology was investigated 
by field emission scanning electron microscopy (FESEM) 
(Card Ziess Merlin Compact), Fourier transform infrared 
spectroscopy (FTIR) (Bruker Tensor-27) was done in the 
range 400 to 4000 cm-1. 

RESULTS AND DISCUSSION 

XRD Analysis 

The XRD measurements is done to study the nature of 
crystallinity of PVC/BaTiO3 nanocomposite films. Fig. 2 
shows the diffraction pattern for PVC/ BaTiO3 

nanocomposite films (x = 0.2). Average crystalline size was 
found to be 33 nm.[12] From the spectra, it was observed that 
crystallinity of PVC in PVC/BaTiO3 is improved to large 
extent as compared to pure PVC. Pure PVC shows 
amorphous nature with small diffraction peaks at the 2  
angles of 17°, 19° and 24°.[13] On the addition of BaTiO3 
nanofiller, the diffraction peaks of sample locating at 22.25° 
with diffraction peak (121) becomes sharper and sharper. 
This indicates that PVC/BaTiO3 become more crystalline by 
decreasing the relative amorphous region for PVC to 50%. 
The sharp diffraction peaks of BaTiO3 nanofiller dispersed 
in PVC polymer appears at 2  values of 31.58°, 38.86°, 
45.28°, 50.82°, 56.21°, 65.83°, 74.88°. This implies that 
dispersion of BaTiO3 nanofiller in PVC polymer have an 
important effect on the crystallization of PVC. This increase 
in crystallization can be ascribed to the interaction between 
Ba2+ ions and chlorine in PVC polymer.[13]  

FESEM Analysis 

FESEM Images of (PVC)1-x/(BaTiO3)x nanocomposites 
is shown in Figs. 3 a-f. Fig. 3(a) shows the FESEM 
images of PVC with pores and cavities in the polymeric 
structure. Figs. 3 b-f shoes FESEM images of PVC filled 
with BaTiO3 nanoparticles with different weight%  
(x = 0.1, 0.2, 0.3, 0.4, 0.5) and these images shows 
different appearance in the dispersion behavior of BaTiO3 
nanoparticles in PVC matrix. 

 

Fig. 2: XRD Spectra for PVC/BaTiO3 NC Film (x = 0.2)  

This dispersion of nanofiller in PVC matrix is 
difficult to differentiate for x = 0.1. Nanocomposite films 
shows partial dispersion of BaTiO3 nanofiller in PVC 
when x = 0.2. As concentration of BaTiO3 nanofiller 
further increased to x = 0.3 to x = 0.5, there is an 
aggregation and filler particles forms a linkage formation 
(network) in PVC matrix. This linkage formation is 
attributed to surface-charge state of BaTiO3 nanofiller.[14] 
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Fig. 3: FESEM Images for PVC/BaTiO3 Nanocomposite Film  
(x = 0, 0.1, 0.2, 0.3, 0.4, 0.5) 

EDS Analysis 

The EDS analysis confirms the presence of all the elements 
and compositions as per stoichiometric ratio within the 
experimental error in the prepared polymer nanocomposite 
films. The theoretical and experimental weight% of 
elements present in prepared samples of nanocomposite 
films is in agreement with experimental error. 

FTIR Analysis 

Figure 4(a) represents the FTIR spectra for pure PVC and 
Fig. 4(b) represents the spectra for PVC/BaTiO3 nano-
composites with variation of concentration (10–50 wt%) 
of BaTiO3 nanoparticles. In the FTIR spectra of pure 
PVC, peaks at 2843 and 2935 cm-1 represents the 
symmetric and asymmetric C-H stretching bond. Further, 
peaks at 1463 and 1345 cm-1 are attributed to C-H 
aliphatic bond and C-H bending bond near Cl 
respectively. C-C stretch bond of PVC backbone chain 
occurs at a range of 1086 cm-1 while, bond in the range 
600–650 cm-1 corresponds to C-Cl gauch bond.[15] In the 
spectra of PVC/BT nanocomposite film, bond between 
3400 cm–1 and 3500 cm–1 corresponds to O-H hydroxyl 
bond. The peak corresponding to Ti-O bond is in the 
range 580–700 cm-1 and is due to the vibrations of bond 
between Ti-O. These results shows the interaction 
between host polymer PVC and added BaTiO3 nanofiller. 

 

 

Fig. 4: FTIR Spectra for PVC/BaTiO3 NC Film (x = 0,0.5) 

Calculation of Energy Band Gap 

The band gap energy is calculated by plotting a graph 
between ( )1/2 and h , where  is absorption coefficient 
and  is frequency of light used. The Eg is found less for 
PVC/BaTiO3 nanocomposite film samples than respective 
the pure polymer film (Fig. 5). The structural defects give 
rise allowed states near conduction band in forbidden 
region. As the amount of nanofiller in film increases, 
these allowed states may merge with conduction band, 
resulting decrease in band gap with increase in the 
concentration of the nanocomposite films.[16] 
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Fig. 5: Variation of Energy Band Gap with Concentration  

of BaTiO3 Nanoparticles 

CONCLUSION 
Present study is focused on the study of structural, 
morphology and optical properties of PVC/BaTiO3 
nanocomposite films prepared by solvent casting 
technique for different concentration of BaTiO3 
nanoparticles. XRD spectra showed the increase in 
crystallinity of PVC polymer on the addition of BaTiO3 

nanoparticles, with well dispersion of nanoparticles in 
polymer matrix. FESEM analysis showed porous 
structure of PVC and NC films showed linkage formation 
of nanofiller in polymer matrix. FTIR showed the 
interaction between host polymer and nanoparticles. 
Energy band gap values for PVC/BaTiO3 nanocomposite 
films found lower as compared to pure PVC polymer. 
Energy band gap showed decreasing trend with increase 
in nanofiller content.  
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