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Abstract:  

Since from many decades man is being using natural resources in many ways in this society, he has also conserved 

energy, which has made him too led comfort life. Advancement of conductive polymers heavily relies on the study 

of various piezoelectric rich polymer energy sources and their features since these materials are the easiest to 

come by in nature, affordable, environmentally acceptable, and have strong electrical potency. In the present 

research work Barium Zirconate Titanate (BZT) is a piezoelectric enhanced material and its performance is 

studied. By using the hydrothermal approach and the Co-precipitate gel technique, BZT nano materials were 

effectively synthesized and studied the electrical behavior performances. The BZT nano composite synthesized, 

exhibited Ba (Zr0.25Ti0.75) O3) phase was added polyvinylidene fluoride (PVDF) polymer matrix which was 

prepared by simple solvent casting process. The XRD and SEM have revealed purity phase and formation of BZT 

nano particles have composited along with α and β-phase PVDF polymer. The prime electrical properties such as 

dielectric conductivity, dielectric loss, and dielectric constant parameters of Barium Zirconate Titanate (BZT)-

polyvinylidene fluoride (PVDF) were evaluated and further analyzed in detail with consideration of different 

frequencies in dielectric studies. Maximum dielectric loss with regard to frequency was observed in 0.5%BZT-

PVDF films, which have witnessed for high dielectric stability, and the conductivity was raised with 0.5%BZT 

based PVDF polymer films as compared to pure PVDF polymer. Our experimental studies demonstrate the strong 

frequency dependence of dielectric parameters including real and imaginary modulus as well as dielectric loss. 

Additionally, the investigation has provided convincing evidence for the pure PVDF polymer film's melting point 

and dynamic mechanical analysis (DMA), which helps us understand the stability of conductive polymers.  

Keywords: BZT, Dielectric, PVDF, XRD, SEM, DMA, Polymer, Nanocomposites, Hydrothermal. 

 

1. INTRODUCTION 

The fabrication of ceramic composites and its technology is well developed and has been 

explained in many books, review papers, and research articles dedicated to various aspects of 

PZT, BZT processing. There are various techniques employed to synthesis ceramic materials 

such as Sol gel process, solid state method, gel-precipitate method, hydrothermal autoclave etc. 
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Due to their exceptional productivity, economic factor, and ease of processing, perovskite-

based nanomaterials have been regarded as favourable materials for the most common sensor 

applications such as typical dielectric characteristics, multilayer capacitors, pyroelectric 

detectors, piezoelectric transducers, optical sensors [1].The BZT nano composite materials are 

effectively used in mechano-electric applications such as transducers, sensors and motors for 

excellent ferroelectric and conductive properties[1]. Hydrothermal technique is one of the 

reliable methods of synthesizing nano composites [2-3]. In the past 20 years, remarkable efforts 

have been employed in many perovskite materials such as BaTiO3, PZT, Strontium titanium 

oxide (SrTiO3) and zinc manganese titanate etc. for useful dielectric applications [4-5]. 

However, developing pure forms of BZT or PZT using bulk materials, at high temperatures, 

and exorbitant processing costs remains a difficulty issue [6]. Apart from better density and 

stiffness of BZT, it’s fragile in nature fabrication of fissure-free devices and limiting them to 

utilize them in electrical applications. To circumvent these limitations, BZT is now combined 

with PVDF polymer to generate composites with improved dielectric and mechanical 

performances [7]. 

The PVDF is a thermoplastic polymer that is highly non-reactive, which is basically produced 

by the process of polymerization of difluoride. PVDF contains four significant 

crystallographic, namely (α), (β), (γ) and (δ) phases which are identified by chain 

confirmation[8-9].The PVDF polymer has several good properties such as self-alignment of 

charges (Auto poling) ,biocompatible, mechanical flexibility, high breakdown strength, high 

resistance towards explosive chemicals, cost effectiveness [9-11]. Among all four crystalline 

phases, it is observed that β phase is having spontaneous polarization capability and conductive 

sensitivity, due to this characterization which  it exhibits electro active phase in PVDF 

polymers, where in this property can be utilized to develop any dielectric applications. 

Hydrothermal method is one of the most advantageous techniques which include the 

fabrication procedure wherein the crystallizing substances vary from high temperature up to 

200˚C in the form of liquid at high vapour pressures. It is the synthesis method of single crystal 

form that depends on the solubility contents of minerals in hot water under high pressure. Here 

in this hydrothermal process, the device autoclave, which is made of a steel pressure vessel 

which makes the container airtight and which receives a nutrient and water is poured, which is 

employed to develop crystals growth [12]. The temperature at gradient is perpetuated at the 

opposite ends growth of crystals, chamber wherein the solution at higher temperature, the 

nutrient is dissolved and the cooler end causes seeds to develop growth of the ceramic crystals. 

As this method has foremost benefits such as they are three-dimensional substrate, automatic 

self-polarization alignment process, hence hydrothermal autoclave method is selected for 

polymerization of composites [3] [9]. The polymer nanocomposite is thoughtfully 

characterized using XRD, SEM, EDX spectroscopy, FTIR, DMA, and DSC thermogram 

equipments. For the purpose of determining the melting point of PVDF polymer films, In the 

PVDF polymer films, the influence of the BZT nano composite and its shape, microcrystalline 

size, and dielectric characteristics were investigated. 
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2. EXPERIMENTAL SECTION 

2.1 Synthesis of BZT nano composites. 

The study's reagents were of high quality and did not require any additional purification before 

usage. In all of the trials, distilled water was utilized. The Barium nitrate BaCl2 zirconium ox 

chloride octahydrate (ZrOCl2•8H2O), and titanium isopropoxide (Ti[OCH(CH3)2]4 were 

procured from Sigma Aldrich Pvt. Ltd company, which is as per standards. In a typical 

stoichiometric molar ratio of BaCl2. The equation ratio of 2H2O+ ZrCl2.8H2O+Ti(C4H9O)4+2 

KOH(0.265:0.181) was mixed in 100 Ml of ethanol was added in drop wise in barium and 

zirconium aqueous solution followed with continuous stirring. After waiting for 30 minutes, 

0.1 M NaOH solution was gradually added to the previously mentioned solution until the BZT 

co-precipitate was established. A similar co-precipitated gel preparation approach was used in 

our earlier study to manufacture orthorhombic and other oxides [13-14]. Later the co-

precipitated gel is heated through the hot water bath device for about 8 to 9 hours and later 

dried white powder is crushed and again deposited back in 60ml, deionized water and 

transferred into 100 ml Teflon beaker and content is hydrothermally treated for 24 hours 

duration at 180˚C to 200˚C. After processing of treatment, the white residue was collected in 

the container, where washing process is carried out several times with ethanol and water 

separately before drying it in the vacuum oven device which is performed at the temperature 

of 60˚C to 70˚C for the duration of 8 hours. 

2.2 Polymerization of BZT-PVDF nanocomposites. 

The process for creating BZT-PVDF nanocomposites involved the intercalation of different 

mixtures of nanoparticles of BZT, weighing 0, 0.5, 1, and 2% weight. The PVDF solution was 

created by combining 4 grams of PVDF with 100 millilitres of N, N-dimethyl acetamide and 

allowing it to remain at a temperature of 80˚C for 60 minutes [14]. After adding the necessary 

quantity of BZT-calcinated nanoparticles to the PVDF solution, it was ultrasonically processed 

for 60 minutes to achieve the desired dispersion. The cleaned and dust-free glass mould is then 

filled with the prepared homogenous solution. The BZT-PVDF nanocomposites are now 

formed by permitting the solution to evaporate. The hybrid nanocomposites thickness range 

from 0.103mm to 0.183mm. 

2.3 Fabrication of pure BZT nano composite pallets. 

The BZT composite sample powder was weighed of 0.1gram, sample was grinded by using 

pestle and mortar, later the grained mortar is transferred to pallet container. The experimental 

setup was tightly assembled; the pressure about 15Kg/cm2 is applied manually to the pallet 

equipment by mechanical hydraulic pressure system. The pallet equipment is maintained with 

the same pressure for about 2 minutes. Finally the pressure is gradually released and circular 

disc shaped pallets with dimension of about 1cm diameter and 0.5cm thickness was collected 

as shown in the Figure 1. The pallets of pure BZT are prepared to study the morphological 

characteristics of the sample and its electrical properties. 
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Fig1: Circular pure BZT pallet 

2.3.1 Fabrication of BZT-PVDF electrode 

The as-prepared BZT-PVDF was carefully sliced to the dimensions of 7cmx3cm, and the silver 

gel was evenly coated using the doctor blade technique in order to manufacture the electrodes 

to polymer films. The electric wires (leads) are soldered for conductivity for external 

connections, where it functions as positive and negative terminals, and a little strip of copper-

colored conductive tape is manufactured to adhere over the composite materials. The 

nanocomposite film was coated with silver electrodes on both sides using the same process, 

and then allowed to dry for 60 to 70 minutes. Figure 2 depicts the fabrication of BZT-PVDF 

silver electrodes with various BZT concentrations of percentages. 

 
Fig 2: Actual view of (a) Neat PVDF polymer film, (b) 0.5% BZT-PVDF film Polymer, 

(c) 1.0% BZT-PVDF Polymer film and (d) 2%BZT-PVDF polymer film 

2.4 Characterization. 

The BZT and PVDF polymer nanocomposites were subjected to X-ray diffraction at room 

temperature. The materials were examined using a Japanese instrument made by RIGAKU 

called the Miniflex II Series, which used CuK radiation with a graphite monochromator at a 



 
 
 
 

DOI 10.5281/zenodo.7220825 

 

535 | V 1 7 . I 1 0  
 

wavelength of around 1.5406 Å.30 kV and 15 mA were the operating voltage and current, 

respectively. The shape and structure (Composition) of freshly made polymer composites were 

analyzed using an EDX and SEM Carl Zeiss, 03-81 (Germany). In order to evaluate the 

hydroxyl radicals, model spectrum 2 series was utilized, 4 cm-1 of the resolution, samples were 

analyzed using FTIR, which was chronicled on the Perkin Elmer (USA) spectrum edition. The 

current study employed the renowned 3522/3532 LCR Hi Tester impedance analyzer with a ± 

0.08% data accuracy to investigate impedance spectra. TA Instruments DMA Q800 analyzer 

was employed to conduct the DMA. The heating temperatures ranges between -150°C and 

400°C were at rates ranging from 0.1°C/min to 20°C/min of heating. The range of 0.01 Hz to 

200Hz of the frequency and amplitude range of ± 0.5μm to 10,000 μm. 

 

3. RESULTS AND DISCUSSION 

3.1 The phase structure and morphological studies. 

 

Fig 3: XRD pattern of as prepared BZT with percentage of weight ratio of BZT-PVDF 

nanocomposite materials 

In the current research work, many experiments have done for the synthesis of BZT (Ba 

(Zr0.25Ti0.75) O3) with the variation in the temperature and time for processing. Among all, the 

well-matched experimental results of the XRD are compared with the reference data of JCPDS 

card no: 36-0019 which indicates that BZT nanomaterials homogeneous in composition. The 

crystalline structures and phase purity were studied by the XRD. The respective powder XRD 

diffraction peaks of BZT are shown in the figure 3. From the XRD pattern, it represents the 2θ 

between 0º to 80º, the BZT pattern indicates that the synthesized compound which possesses 

highly crystalline phase without major impurities.  

In the later stages, BZT phase which is synthesized and confirmed, and it is compared with the 

different ratio weight % namely 0.5% of BZT with PVDF, 1% of BZT with PVDF and 2% of 

BZT with PVDF which is shown in the figure-3. It has the diffraction pattern range of 2θ 

between 10 º to 80º where the effective peaks of diffraction at 2θ values of 17.57º, 18.37º, 

19.83º, 26.63º, 31.43º, 38.76º, 46.37º and 51.82º is indexed by (100), (020), (110), (002), (011), 

(111), (002) and (012), which has the reflection Planes of BZT with cubic crystals with space 

group a = 4.036 Å which correlates to the database of JCPDS card no:36-0019. The diffraction 
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pattern of BZT-PVDF composite film depicts the pseudo-cubic structure and PVDF based α 

diffraction peak at 2θ = 18.3º for (020) and β diffraction peak is a broad 2θ = 19.8º for (110) 

respectively, it is associated with BZT-PVDF composite. 

3.2 Morphology and elementary study of pure BZT and BZT-PVDF using SEM/EDS. 

The SEM analysis was performed to investigate the morphemes of the BZT-PVDF developed 

nanocomposite, BZT nanocomposite which is pure form synthesized exhibited non-uniform 

grain as shown in the Figure 4(a). The experimentation was executed using the SEM 

instrument, HITACHI, S-4200 Vijnana bhavana, Mysore University, Mysore, Karnataka, 

India. The micrograph depicts the 0.5-1.0 µm size of cluster of crystals are observed in BZT 

materials which is further dried at temperature about 60ºC. This may also results due to 

complete diffusion of Zr4+ ions in to Ti4+ side at optimum temperature and makes more compost 

of scale down of the material. 

Also it is studied that the average grain size is increased (magnified) in BZT sample, sintered 

at higher temperature. Higher densification plays the vital role in increasing the both electric 

parameters and physical properties of the specimen in the research study. The energy dispersive 

spectra EDS of BZT composite material are illustrated in Figure 4(b). The table inside EDS 

Spectra, shows that elemental composition ceramic sintered at respective range of the 

temperature. The elements present in the table depicts that BZT material has stoichiometric 

amount. The final composition of the material is varied as the temperature variation observed 

weight (%) of the respective element. The Figure 4 depicts that there is no any impurity peak 

detected in the EDS spectra of the specimen at temperature suggest, formation of pure 

BaZr0.2Ti0.8O3. 

 

 

 

 

 

 

 

 

 

 

Fig. 4 (a) The SEM images of BZT materials and b) EDS of BZT with inserted table of 

weight and atom % 

DSC analysis is carried out to know the highest range of Crystallinity in the PVDF. The 

polymer film sample is resistant to tearing in the 27 to 200°C temperature range and 
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endothermic peak (a sharp melting point) at around 167˚C which could be attributing to 

different crystalline size in the sample. In the DSC thermogram, the peak at low temperature is 

expected to develop α-form crystalline structure at the same time the peak at high temperature 

is assigned to the β-form [15]. The results, clearly shows that there is corporeality of both α 

and β phases in PVDF.  The amount of crystallinity was resolved using the equation. 

∆Xc = 
∆H

∆Hc
                               Eq-1 

Where, ΔH is the enthalpy liquefying of the composites, ΔHc is the enthalpy liquefying at 

crystalline PVDF polymer. The ΔHc for pure PVDF is about 104.7 J/g [15]. 

3.3 FTIR Spectroscopy Analysis. 

To investigate the bonding of a chemical and structure of molecules of the as-prepared 

nanocomposites, Fourier infrared (FT-IR) spectroscopy was performed, and the outcome is 

shown in the Fig 5. The FT-IR spectrums of pure BZT and PVDF are consistent, it was insured 

the correct identification of phases. The Fig-5 depicts the absorbance spectra of BZT based 

PVDF films at different weight percentage ratio. The band at 550cm-1 corresponds to the Ti-O 

bond; vibration of the BZT synthesized material [16]. The FTIR figure shows the absorption 

of typical IR bands of ethanol which is varied in the range of 2800-3000cm-1 and 3000-3400cm-

1 and these bands are attributed to be C-H stretching and O-H vibration stretching respectively 

[17].The range of 400-600cm-1 is the absorption band is often assigned to the formation of Zr-

O and Ti-O stretching vibration [18]. The peaks at 578cm-1 and 525cm-1 can be assigned to the 

vibrations of TiO6 and ZrO6 octahedral. The results of FTIR spectra are compatible with XRD 

analysis for confirming that formation temperature of BZT materials at temperature of 180˚C. 

 

Fig 5: FTIR spectrums of pure BZT and BZT-PVDF composite films 

The infrared spectrum of BZT-based PVDF intensification from 10 to 50% of nano composites 

as shown in the FTIR Fig-5. The presence of PVDF's-phase is authenticated by the assimilation 

bands values ranges at 511 and 840 cm-1in infrared spectra [19]. The BZT nanocomposite 

strongly absorbs at 700cm-1[19], rendering it difficult for composites with ceramic 

compositions beyond 20% weight to detect the band of 511cm-1. This implies that as BZT 

levels rise, BZT peaks predominate, weakening the prominence of PVDF peaks. The 

corresponding vibration bands at the range of values of 764,795cm-1related to PVDF films, 
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778cm-1,795cm-1, 834cm-1, and 840cm-1 have been attributed to the γ phase and β phase, 

respectively [20–36]. Remarkably, after introducing BZT into PVDF polymer, the FT-IR signal 

changes in small ratio, with minor decrease in the intensity with that of pure PVDF without 

much modification in their position. 

3.4 Dynamic Mechanical Analysis of plain PVDF polymer film 

Dynamic mechanical analysis (DMA) is an intuitive approach for analyzing the dynamic 

modulus and damping coefficient, this is during the changes of crystalline structure. It used as 

a fundamental tool to determine the viscoelastic properties and flow behaviour of the materials. 

It is very fragile method which defines dynamic mechanical properties of polymeric 

composites and polymers. The procedure of the experiment as follows, initially the machine is 

set to multi- frequency mode, a PVDF polymer film of the dimensions of 10 mm in width, 

11.140 mm in length, and 0.06mm in thickness, with a rectangular shape is cut mounted into 

the sample holder. Testing is first commenced with the room temperature of 28˚C. After the 

specimen is fixed in the holder, lid is closed up setting up the temperature of 6˚C in the system. 

The experiment is preceded until the sample deforms and respective temperature is noted down. 

Now the result graph shows the important mechanical behaviour such as storage modulus 

(MPa), Loss tangent and tan delta. The DMA experimentation continuous till PVDF film 

deforms and shows the final reading. [37]. The PVDF is also used as a vibration damping 

system, medical, ultrasound and microphones, pressure sensors, acoustic sensor, shock sensor, 

hydrophones, strain measurement sensor and low cost accelerometer applications [38]. The 

most popular operational modes for DMA are temperature and frequency sweeps, which offer 

complex (E*), storage (E′), and loss moduli (E″). In DMA test, the energy contained in the 

specimen is shown by the storage modulus (E′), whereas the energy lost is shown by the loss 

modulus (E″). Glass transition temperature (Tg) is computed using the expression tan (δ) = E″/ 

E′, which is known as the internal friction ratio (internal friction) as shown in the Fig 6. 
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Fig 6: E′, E″, tanδ vs Temperature 

Storage modulus determined from the sample reflects the elastic behaviour and flow of a 

material when deformed. The response of a viscous behaviour of the material gives the Loss 

modulus and the energy lost which is known as damping [39]. Storage modulus is influenced 

by its elastic behaviour and loss modulus is influenced by its viscous behaviour. In viscoelastic 
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liquid, viscous behaviour is higher than elastic behaviour. In the present work from Fig.6, 

storage modulus (E′) is greater than the loss modulus (E″) and is known as viscoelastic solid. 

In the viscoelastic solid, the elastic behaviour is higher than the viscous property, wherein this 

characteristic allows managing higher stress and deformation, which is essential for the 

application of pressure sensor. In this type of material, after the removal of external pressure 

the material regains the origin its shape [40]. The response of the PVDF material which has 

been observed in the above graph, this behaviour is reported from the curve of tanδ which has 

a peak that was identified as the glass transition temperature, which is around -40°C. This is 

connected to a significant reduction in the storage modulus in that region, and also previous 

studies have resulted that additional tan peak at temperatures higher than Tg [41-45] which has 

come strong evidence. Hence we can conclude that Viscoelastic solid material that was selected 

i.e. Storage modulus > loss modulus. Tg by Storage modulus Peak = 67.7 °C, Tg by Loss 

modulus Peak = 78.82 °C, Tg by tanδ Peak = 133.51 °C.As the E' >E″ hence the PVDF film 

will be a gel-like structure [46]. 

 

4. DIELECTRIC STUDIES OF BZT BASED PVDF POLYMER FILMS WITH 

DIFFERENT WEIGHT PERCENTAGE (0.5, 1 & 2%) 

The electrical properties of PVDF polymer along with BZT-PVDF nanocomposites at different 

frequencies are calculated and the outcome is represented in the Fig.7, the dielectric constant 

is evaluated using the below formula. 

ε =  
Cpd

εoA
                                                     Eq-2 

Where, Capacitance in Farads is denoted by Cp, the film's thickness ‘d’  is measured in meters, 

free space has a permittivity of ε0 (8.854x10-12 F/m) and ‘A’ represents area of cross section in 

m2. The PVDF Dielectric conductivity is compared it with BZT nanocomposite having weight 

% (0.5, 1 & 2%) with respect to the frequency is plotted in the Fig 7.  
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Fig 7: Dielectric constant of PVDF nanocomposites with different concentrations of 

BZT nanoparticles 

It was noticed that the dielectric constant at 1.0x10-4 for frequency 5x106 Hz is compared with 

the pure PVDF film, 1 BZT-PVDF and 2 BZT-PVDF films. The PVDF phase acts as insulating 
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phase conforming to 0.5 wt% as an optimum ratio. On the other side, the lesser the dielectric 

characteristics results from lager BZT component. The variations of dielectric properties in this 

work were compatible and observed the similar for PZT/P(VDF-TrFE)[47],BaTiO3/PVDF and 

(Bi0.5Na0.5)0.94Ba0.06TiO3/P(VDF-TrFE)[48-49]materials. The notable quantity of BZT in the 

PVDF matrix may the cause of drop in dielectric constant which can be depicted at rising 

concentrations of BZT above 0.5 wt %. Firmino Mendes et al. [50]. The PZT percentage 

concentration in PVDF on dielectric properties had been investigated. Also reported that, 

percentage of BZT and its grain size structure values increase that are primarily proportionate 

to the BZT material and independent of PVDF phase. 
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Fig 8: Dielectric loss (tan δ) of PVDF nanocomposite with different concentrations of 

BZT nanoparticles 

The above Fig.8 depicts the variation in dielectric loss (tan δ) with frequency of BZT-based 

PVDF nano composites. The pure PVDF with increasing of the dielectric loss at the frequency 

of about 1x106 and reached maximum dielectric loss altitude at the frequency at 3x106 Hz and 

declines dramatically and remains nearly constant of dielectric loss at the frequency of about 

5x106 Hz. The 0.5 BZT-PVDF is gradually increasing the conductivity loss while the frequency 

increases and it demonstrates maximum dielectric loss about 20.0M at the frequency of 3x106 

and further gradually declines the conductivity loss of about 10.0M at frequency of 4x106 Hz 

and proceeding, the dielectric loss increases up to 20.0M at the frequency of 5x106 Hz [51,52]. 

The conductivity of 1% BZT-PVDF composite film remains constant even at higher 

frequencies. Conductivity has somewhat improved of 2%BZT-PVDF slightly when the 

frequency is increased, when it is compared with 1%BZT-PVDF film. Here in this work, PVDF 

showed maximum dielectric loss with respect to frequency and gradually decreases when it is 

compared with 0.5, 1 & 2% wt of BZT based PVDF polymer. From the graph of Fig.8, it shows 

that 0.5%BZT-PVDF is exhibition maximum dielectric loss with respect to frequency, and 

further increase of BZT to 1% and 2 wt%, dielectric loss is reduced. It is hypothesized that the 

surge in loss at high frequencies is triggered by the PVDF process and glass transition 

relaxation [29]. 
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Fig 9: Dielectrical conductivity of PVDF nanocomposites with different concentrations 

of BZT nanoparticles 

The above Fig.9 shows how conductivity is frequency-dependent of the pure PVDF, 0.5 BZT-

PVDF, 1BZT-PVDF and 2BZT-PVDF based polymers at room temperatures. The a.c 

conductivity of the as-prepared nanocomposites is calculated by using the equation given 

below. 

 σac =
(G)X(t)

(A)
                                           Eq-3 

The thickness is represented by ‘t’ (0.47 mm), ‘A’ represents the area of polymer (2.0096 cm2), 

and ‘G ‘is the conductivity. The conductivity upsurge with the accession in frequency and 

continues approximately constant at high frequency. The neat PVDF polymer depicts 

maximum conductivity of about 1.7x10-4with respect to the frequency of about 3 x 106 Hz and 

conductivity declines and come to stable at the value of 5x106 Hz. The different weight 

percentage of composites materials 0.5 BZT-PVDF, 1 BZT-PVDF and 2 BZT-PVDF based 

polymers, among these only 0.5BZT-PVDF exhibits the maximum conductivity with respect 

to the frequency, from the Fig.9, the graph shows that, the conductivity auguments with respect 

to the frequency of 1x106 Hz, has attained highest frequency at 2x106 and it gradually decline 

to remain constant at the frequency of 3.5 x 106 Hz. Both 1 BZT-PVDF and 2 BZT-PVDF 

based polymer films are not increasing any dielectric conductivity and it is maintained constant 

even at high frequency. Moreover, their conductivity was enhanced with previous work studies, 

which demonstrates that they were good insulator [51, 53]. 

The electrical modulus M* is used to study the electrical relief processes which coincides to 

the relief of the field of electricity in the nanocomposites polymer when the electric movement 

remains consistent and is detained as a combining the materials of complex permittivity which 

could be obtained from the following equations. 

M∗   = 
1

ε∗  = M1 +jM2                                                Eq-4 
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The below equation 5 and 6, represents real and imaginary modulus. 

 M′ =  
ε1

ε1
2+ε2

2                                                  Eq-5 

 

M'' = 
ε1

ε2
2+ε2

2                                                 Eq-6 

The dielectric loss was calculated using the below equation; 

ϵ′′= tanδ                                                          Eq-7 

The real modulus (M') and imaginary modulus (M'') of electric modulus (M∗) is dependent on 

electrical frequency, with different BZT combinations are as shown in the figure-10. 
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 Fig 10: (a) Real modulus Imaginary modulus of PVDF concerning the different 

frequencies 
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Fig 10: (b) Imaginary modulus of PVDF concerning at different frequencies and 

concentrations of BZT nanocomposites. 

When compared to pure PVDF, Figure 10(a) shows the frequency that is controlled and 

dependent change of the real component of electrical modulus (M') at various weight 
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percentages of BZT materials. The graph suggests that (M') at 1.5x106 is almost zero at lower 

frequencies, while it repeatedly rises with increasing frequency and it depicts maximum 

electrical modulus (M') of all the weight percentage of BZT-PVDF at a frequency at the 

frequency of 3x106 and gradually decreases to become zero, indicating as the relaxation of the 

electrical modulus (M') at the frequency of 5x106[54, 55]. Out of all materials, it is found that 

2BZT-PVDF which exhibited maximum electrical (M') of 6.0x107 which is followed by the 

neat PVDF polymer film which shows 3x106 and 1% weight depicts 1x106 . In the figure-10(b), 

frequency-dependent swing of the electrical modulus imaginary part (M'') values at different 

weight percentages of BZT nano composite materials which is compared against the pure 

PVDF material. It is noted that the peak value of (M" Max) evolves towards higher frequency 

with varying the weight percentages of BZT based PVDF polymers. At initial zero frequency, 

pure PVDF exhibits maximum imaginary modulus (M'') at 1.5x10-4 with sharp curve and 

gradually deteriorates to become zero frequency at 1x106 is depicted in the Fig.10 (b). Moving 

further it show maximum imaginary modulus (M'') about 1.0 x 10-4 with exhibits the frequency 

in dull along with maximum at 2.5x106 and declines to become zero at 4.5 x106 frequency. At 

zero frequencies, imaginary modulus graph (M'') of 2 % BZT-PVDF polymer eventually 

increases and shows maximum of 3.0x10-4 imaginary modulus (M'') at 4x106 frequency and 

suddenly declines to become zero imaginary modulus at 5x106. 

 

5. CONCLUSION 

The hydrothermal methodology was employed after the sol-gel technique to synthesize BZT 

nanoparticles featuring agglomerated crystals that spanned in size from 0.5 to 1.0 µm. The BZT 

nano materials are synthesized, and the solvent casting process is used to polymerize them 

along with the PVDF matrix. As the inference, the hydrothermal method has the significant 

advantages for self-alignment or polling, the fabrication of lead-free conductive polymer 

materials and also results in ultrahigh quality PVDF blended with nano composites polymer 

films. In the current work, the phase of purity and existence of BZT nano particle blended into 

the PVDF polymer matrix, which were confirmed by XRD, and SEM and it reveals that BZT 

has well dispersed in the PVDF material. The PVDF polymer exhibited satisfactory dynamic 

mechanical properties for use research studies. The filler material influences the crystallization 

of morphology of the β-PVDF phase, the effective dielectric characteristics of BZT-PVDF 

were investigated and further the outcome reveals that the weight percentage of BZT in the 

PVDF nanocomposite shows a pivotal role in enhancing the dielectric properties. 

In our study it reveals that the value of 0.5%BZT-PVDF has highest dielectric studies of 

Dielectric loss, conductivity, constant when compared to other weight percentage composition 

of PVDF polymers such as 1%BZT-PVDF and 2%BZT-PVDF. Wherein it could be observed 

that increase in BZT loading tend to decline in the extent of β phase and frequently reduced 

dielectric coefficient. From the dielectric studies it also clearly shows that plain PVDF polymer 

exhibits highest peaks. The change of non-polar α PVDF part to polar β PVDF phase is also 

attributable to the redistribution of electric charge in the nano composite. Due to the phase's 

configuration in the PVDF, it is clear that it is good sign for the application of materials in 

pressure sensor application. 
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