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ABSTRACT 

Ceramic-polymer nanocomposites, consisting of Barium Strontium Titanate (BST) as fillers and 

Poly(vinylidenefluoride) (PVDF) as matrix, have been fabricated by using a solution casting method with (BST) filler 

contents of (25–40) vol%. (BST) nanopowder was synthesized by hydrothermal method. The dielectric and optical 

properties of (PVDF/BST) nanocomposites have been investigated. The (XRD) results showed that the (BST) nanopowder 

obtained by hydrothermal method with a perovskite structure. The frequency dependency of dielectric constant and 

dielectric losses of the (PVDF/BST) naocomposites with different volume fractions of (BST) filler in frequency range 

(50Hz–5MHz) at room temperature were studied. The dielectric constant of the (PVDF/BST) nanocomposites increased 

with the increasing of (BST) filler. The dielectric losses of the (PVDF/BST) nanocomposites increase with BST filler 

increasing at the same frequency. The dielectric properties of (PVDF) were improved by increasing (BST) filler. The 

optical properties were studied from the absorbance spectrum, the absorbance of the (PVDF/BST) nanocomposites increase 

with the increasing of (BST) filler content. The optical energy gap for the direct allowed electronic transition of 

(PVDF/BST) nanocomposite with different filler contents of (BST) decreases from (3.7 eV) to (3.2 eV) with the increasing 

of the (BST) filler content. The results of piezoelectric measurements showed that the resistance of all the (PVDF/BST) 

nanocomposites decreases as the applied pressure increases, the resistance of the (PVDF/Ba0.6Sr0.4TiO3) nanocomposite 

increased with the increasing of (BST) filler content at the same applied pressure. 
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INTRODUCTION 
Recently, material scientists are putting lots of 

interest for the development of new multifunctional 

ceramic, polymer, polymer composite materials for many 

applications in electronic devices, biodevices and 

optoelectronic industry. Polymer-ceramic composites have 

received a significant attention in view of their 

technological importance in devices such as high energy 

density capacitors, sensors, actuators, transducers etc. In 

the context of energy storage device, ferroelectric ceramic 

polymer composites have been studied world-wide [1-3]. 

High dielectric constant ferroelectric ceramics such as 

Pb(Zr, Ti)O3 (PZT) and BaTiO3 (BT) have been used as 

fillers in polymer based composites with high dielectric 

constant and dielectric breakdown strength. The ceramic 

fillers used to achieve polymer based composites with 

high dielectric constant and dielectric breakdown strength 

are limited to ferroelectric ones [4-6]. Ferroelectric 

Barium Strontium Titanate (BST) has acquired much 

attention due to their large dielectric constant, composition 

dependent Curie temperature, high tunable and 

ferroelectric properties. It is an interesting material for 

applications such as multilayer ceramic capacitors, 

piezoelectric and pyroelectric sensors [7]. Polyvinylidene 

fluoride (PVDF) is a semi-crystalline polymer having 

remarkable thermal stability, good chemical resistance and 

extraordinary pyroelectric and piezoelectric properties 

among polymers. These properties combined with its high 

elasticity, relative transparency and ease of processing, 

make this material suitable for various technological 

applications [2, 8]. (PVDF) shows a complex structure and 

it can exhibit five distinct crystalline phases related to 

different chain conformations, known as (α, β, γ, δ and ɛ) 

phases. Thus, the use of (PVDF) as matrix in 

nanocomposites is one of the key parameters for a wide 

range of applications. The final properties of these 

nanocomposites mainly depend on parameters such as 

filler content, method of preparation and the dispersion of 

nanoparticles into the polymer matrix [9-11]. 

In this work, dielectric, optical and piezoelectric 

properties of Poly(vinylidene fluoride) 

(PVDF)/Ba0.6Sr0.4TiO3 (BST) nanocomposites were 

studied. The (BST) nanopowders were synthesized by 

hydrothermal method. (PVDF/BST) nanocomposites were 

fabricated by using a solution casting method. The effect 

of content of the (BST) on the microstructure, dielectric, 

optical and piezoelectric properties of the nanocomposites 

were investigated. 

 

Experimental procedures   

The Ba0.6Sr0.4TiO3 (BST) nanopowder were 

synthesized by hydrothermal method by using Barium 

Hydroxide (Ba(OH)2.8H2O) (HiMedia Lab., India), 

Strontium Hydroxide (Sr(OH)2.8H2O) (E. Merck,  

Germany) and Titanium Dioxide (TiO2) (Central Drug 

House (P) Ltd., India) as raw materials. The raw materials 

were mixed with NaOH-KOH mixture and stirred for (1 h) 

by using magnetic stirrer. The final suspension was 
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transferred to a Teflon vessel of an autoclave, and then 

placed in a digital temperature controlled oven at (160 °C) 

for (12 h). The obtained powder were washed (5 times) 

using distilled water at room temperature and then dried 

the washed powder in the oven at (80 °C) for (10 h). The 

final product was Ba0.6Sr0.4TiO3 (BST) nanopowder. The 

(BST) nanopowder were dispersed in an aqueous solution 

of H2O2 (35%) in a magnetic stirrer at (80°C) for (2 h), 

then the powder were washed with distilled water and 

ethanol and then dried in the oven at (80°C) for (6 h). 

The Poly(vinylidene fluoride) (PVDF) (3F Co., 

China) and (BST) nanopowder were mixed in Dimethyl 

formamide (DMF) solvent with various volume fraction 

ratio. The mixtures were stirred for (9 h) to form stable 

suspensions. The composite solution was casted on the 

glass substrate. The film was kept in oven overnight at 

(50° C) to evaporate the (DMF) solvent. Finally, the 

(PVDF/BST) samples were peeled off from the glass 

substrate. Thickness of the samples was in the range (0.2-

0.5) mm measured by digital micrometer. 

The X-ray diffraction (XRD-6000, SHIMADZU) 

are used to study the phase composition of the samples. 

The (AFM) images by (SPM-AA3000) supplied by 

Angstrom Advanced Inc. (FESEM) type (MIRA3 model - 

TE-SCAN, Dey Petronic Co.) was used to image the 

prepared samples. Fourier-transform infrared spectroscopy 

(FTIR) was recorded by using a IRAffinity-1 spectrometer 

(SHIMADZU). In addition, the dielectric properties were 

measured using LCR-8105G (GW Instek).  

 

RESULTS AND DISCUSSIONS 

The XRD pattern of the (BST) nanopowder 

obtained by hydrothermal method is presented in Figure-1. 

It was shown that the peaks at 2θ that corresponded to 
22.4° (100), 31.8° (110), 39.3° (111), 45.69° (200), 51.3° 

(210) and 56.7° (211) were assigned to (BST) with a 

perovskite structure (JCPDS Card No. 34-0411). The 

intensity of the (110) peak is significantly larger compared 

to other the peaks. No secondary phases were observed.

  

 
 

Figure-1. The XRD pattern of BST. 

 

The surface morphology of Ba0.6Sr0.4TiO3 

nanopowder synthesized by hydrothermal method was 

examined by atomic force microscopy (AFM). AFM 

giving statistics about grain size and its distribution, value 

of surface roughness depended on root mean square 

(RMS). 

The Figure-2 and explain images of (AFM) for 

Ba0.6Sr0.4TiO3, (a) is (AFM) picture in three dimensions 

(3D) and (b) represent particles distribution.  

The values of surface topography parameters 

such as surface roughness is  root mean square (RMS) 

roughness and the grain size for Ba0.6Sr0.4TiO3  

nanopowder are summarized in Table-1. 

 

Table-1. (AFM) results of Ba0.6Sr0.4TiO3 nanopowder. 
 

Sample Ba0.6Sr0.4TiO3 

Surface Roughness (nm) 6.01 

Root Mean Square Roughness 

(RMS)  (nm) 
6.89 

Grain Size (nm) 63.28 
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Figure-2. (AFM) of Ba0.6Sr0.4TiO3 nanopowder. 

 

Figure-3 shows (FTIR) spectra of (BST) and 

BST-OH (after reacting with H2O2). The band at (550 

cm
−1

) is associated to the bond vibration of Ti-O [12]. The 

bands in the region of (1400 cm
−1

)
 
were attributed to the 

formation of Ba-O-Ti bond [13]. The new band at (3450 

cm
−1

) of BST-OH corresponded to the stretching mode of 

-OH [12], confirming the surface hydroxylation of the 

(BST). When the (BST) particles are mixed with (PVDF) 

polymer, hydrogen bond will form between the (F atoms) 

of PVDF molecular chains and the -OH groups on the 

surface of the BST particles. 

Figure-3: (FTIR) spectra of the (BST) and the 

BST-OH. 

 

 
 

Figure-4. (FTIR) spectra of (PVDF/Ba0.6Sr0.4TiO3) nanocomposites with (25 and 40) vol% filler contents. 

 

It was shown that the bands at (1186 and 2976) 

cm
-1

 for (α) phase. The bands at (432 cm−1) are of (γ) 
phase. The bands in the region of (511 and 845) cm

-1 
are 

attributed to the (β) phase [14, 15]. The band at (1400 cm
-

1
)

 
was attributed to the formation of Ba-O-Ti bond. Each 

(PVDF/Ba0.6Sr0.4TiO3) nanocomposite exhibits the 

characteristic absorption bands of (γ, α and β) phases, 
indicating the (PVDF) polymer matrix are composed of 

these three phases in the nanocomposites. Moreover, the 

peak at (1400 cm
-1

)
 
which is attributed to the formation of 

Ba-O-Ti bond became stronger with the increase in the 

content of (BST) filler while those of the (PVDF) polymer 

phases became quite weak which indicates that the 

incorporation of (BST) affected the crystalline phase of 

(PVDF) polymer. 
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Figure-4. (FTIR) spectra of the (PVDF/BST) composites with different filler contents. 

 

(FESEM) images of (PVDF/Ba0.6Sr0.4TiO3) 

nanocomposites with (40 vol%) filler content prepared by 

solution casting method are shown in Figure-5. It is 

observed that the ceramic particles (BST) are 

homogenously dispersed in the (PVDF) polymer matrix. 

From the Figures, The (FESEM) images of the 

nanocomposites confirm that it contains some pores or 

voids and vacancies caused by difference in experimental 

conditions. 

 

 
 

Figure-5. (FESEM) images of (PVDF/BST) nanocomposite with (40 vol%) filler 

content at different magnifications. 

 

Figure-6 and Figure-7 show the frequency 

dependency of dielectric constant and dielectric losses of 

the (PVDF/BST) nanocomposites with (25, 30, 35 and 40) 

vol% filler contents of (BST) in frequency range (50Hz–
5MHz) at room temperature. In Figure 6, one can see that 

the dielectric constant for the composite (40 vol% BST) 

has the highest dielectric constant. This confirms that the 

dielectric constant increases with the increasing of volume 

fraction of (BST) filler at the same frequency, which 

should be attributed to the considerably higher dielectric 

constant of (BST) in comparison with that of the (PVDF). 

The dielectric constant of all the composites decreases 

with the increasing of frequency. The phenomenon can be 

attributed to the polarization relaxation occurring at the 

inner structure of composites, including interface 

polarization and dipole orientation polarization [16]. 

The dielectric losses of (PVDF/BST) composites 

measured in the frequency range from (50Hz) to (5MHz) 

at room temperature is shown in Figure-7. The dielectric 

losses increase slowly with the increasing of volume 
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fraction of (BST) filler at the same frequency, and the 

dielectric losses of all the composites decreases with the 

increasing of frequency. 

 

 
 

Figure-6. Dielectric constant as a function of frequency of the (PVDF/ BST) composites with 

different filler contents. 

 

 
 

Figure-7. Dielectric losses as a function of frequency of the (PVDF/BST) composites with 

different filler contents. 

 

Figure-8 shows the relation between absorbance 

(A) and wavelength (λ) in the range of (300-900) nm for 

PVDF/ Ba0.6Sr0.4TiO3 (PVDF/BST) nanocomposites 

solutions with (25, 30, 35 and 40) vol% filler contents. 

The absorbance of all nanocomposites decreases rapidly at 

short wavelengths (high energies) corresponding to the 

energy gap of the material, (when the incident photon has 

an energy equal or more than the energy gap value). This 

evident increase of energy is due to the interaction of the 

material electrons with the incident photons which have 

enough energy for the occurrence of electron transitions. It 
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can be observed from the Figure-8 that the absorbance increase with the increasing of volume fraction of (BST). 

 

 
 

Figure-8. Absorption spectra of (PVDF/BST) nanocomposites with (25, 30, 35 and 40) vol% filler contents. 

 

The optical energy gap for allowed direct 

transition was calculated by using Tauc’s relation [17]: 

 

 (αhʋ = A (hʋ − Eg)r
)  

 

where, α is the absorption coefficient, hʋ is the photon 

energy, Eg is the optical band gap, A is constant which 

depends on the material structure, and the exponent 

(r=1/2) for allowed direct transition. In this work, direct 

band gap for (PVDF/BST) nanocomposites with different 

filler contents was determined by, by plotting a graph 

between (αhʋ)
2
 and (hʋ) in eV, a straight line is obtained 

from high absorption region. The intercepts 

(extrapolations) of the straight line to (αhʋ)
2
 = 0  gives 

value of the optical energy gap of the material, as shown 

in Figure-9. The optical energy gap for allowed direct 

transition for (PVDF/BST6) nanocomposites with 

different filler contents decrease as the (BST6) filler 

content increases, as shown in Table-2. This behavior may 

be associated with the structural changes occurring after 

addition of (BST) filler. Hence the optical energy gap is 

found to be compositional dependence. This change which 

indicates a lowering in energy gap leads to an increase in 

the electrical conductivity of the polymer nanocomposite. 

This decrease in the optical energy gap value is due to 

formation of defects and consequently influences the 

optical properties of materials [18]. 

 

Table-2. The optical energy gap for allowed direct transition of (PVDF/BST) 

nanocomposites with different filler contents. 
 

Sample 
25 vol% 

BST6 

30 vol% 

BST6 

35 vol% 

BST6 

40 vol% 

BST6 

Optical Energy 

Gap (eV) 
3.7 3.5 3.4 3.2 
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Figure-9. Optical energy gap of (PVDF/BST) nanocomposite with (a) 25 (b) 30 (c) 35 and  

(d) 40 vol% filler content. 

 

Piezoelectric properties measured by apparatus 

consists of mechanical press with rang (10 - 7000) bar and 

ohmmeter (0-250) MΩ.  

 
 

Figure-10. The relation between applied pressure and 

resistance for (PVDF/BST) nanocomposites 

with different filler contents. 

 

Mechanical press used to applied stress on a 

sample between two metal disks. Each disk is 

encapsulated with insulation material and connects with 

ohmmeter. Two electrodes were placed between the two 

disks over the sample, when stress applied on the sample, 

the ohmmeter measuring the resistance. 

PVDF/Ba0.6Sr0.4TiO3 (PVDF/BST) nanocomposites films 

with (25, 30 and 35) vol% filler contents used to examined 

their piezoelectric effect by applied pressure in the range 

(80-130) bar and measure the result resistance. Figure-10 

shows the relation between applied pressure and resistance 

for (PVDF/BST) nanocomposites with different filler 

contents. From the Figure, it can be observed that the 

resistance of all nanocomposites decreases as the applied 

pressure increases, this decrease of resistance could be due 

to the polarization toward the mechanical fields. The 

resistance of nanocomposite increased with the increasing 

of (BST) filler content at the same pressure. 

 

CONCLUSIONS 

In this study (PVDF/BST) nanocomposites with 

different filler content were fabricated by using solution 

casting method. The (XRD) results showed the perovskite 

structure of (BST) nanopowder. The dielectric constant, 

dielectric losses of the (PVDF/BST) nanocomposites 

increase with BST filler increasing at the same frequency. 

The absorbance of the (PVDF/BST) nanocomposites 
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increase with the increasing of volume fraction of (BST) 

filler content. The optical energy gap for the direct 

allowed electronic transition of (PVDF/BST) 

nanocomposites with different filler contents of (BST) 

decrease as the (BST) filler content increases. The results 

of piezoelectric measurements showed that the resistance 

of all the (PVDF/BST) nanocomposites decreases as the 

applied pressure increases, the resistance of the 

(PVDF/BST) nanocomposite increased with the increasing 

of (BST) filler content at the same applied pressure. 
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