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The Solvent casting method was used to prepare poly(vinylidene fluoride) /lead zirconate 

titanate i.e.(1-x)PVDF - (x)PZT with x = 0.00, 0.02, 0.04, 0.06, 0.08 and 0.10 composites. 

Dielectric constant of (1-x) PVDF- (x) PZTcomposites increases with the increase in PZT 

concentration and is maximum for 4 mole%. Dielectric loss decreases with the increase in 

PZT concentration in the sample and, it is minimum at 4 mole% PZT. The ac conductivity 

of the sample follows the Jhonscher power law. Impedance analysis indicates both grain 

and grain boundaries contribution to the conductivity of the sample. 
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1. Introduction 
 

The material used in hydrostatic sensor, actuators, mechanical sensor, etc.  should have good 

mechanical properties such as hardness, flexibility, high breakdown strength and good electrical 

properties such as dielectric, piezoelectric properties etc. Polymeric materials show good 

mechanical properties whereas ceramics show good electrical properties.  Composite of ceramics 

and polymer has these mechanical and electrical properties. In these composites, the polymers are 

used as matrix and ceramics as the filler or vice-versa. Composites are lighter as compared to 

ceramics & show 100 times more piezoelectric strain coefficient as compared to that of ceramics 

[1]. Among the ferroelectric polymer, the best used one is the semicrystalline i.e. half crystalline 

and half amorphous poly (vinylidene fluoride) PVDF. It is flexible and has mechanical strength 

which allows making it in different shapes & structures [1- 4]. CH2-CF2 is the monomer unit of 

PVDF.  α, β, γ and 𝛅  are  the four crystal polymorphs, which are usually present in the crystalline 

regions [5-6]. TGTG (T-trans G-gauche) conformation, structure was obtained in the nonpolar α –

phase [7]. The TTTT planar transformation structure was present in the polar β- phase [7] and 

TTTGTTTG structure in the γ –phase [8]. The polar β- phase is responsible for the dielectric 

properties of PVDF. So, filler to be used to make the composite with PVDF as matrix should have a 

polar structure to enhance the β- phase of PVDF. The most used piezoelectric fillers are lead 

zirconate titanate (PZT). The composite shows good dielectric, ferroelectric & piezoelectric 

properties [9-13]. 

PZT (PbZr1-xTixO3) materials exhibit the most promising piezoelectric property at its MPB                      

(Morphotropic Phase Boundary) which is the 52/48 ratio of Zr/Ti [9]. At this composition, it 

exhibits both rhombohedral and tetragonal structures. As it is a ceramic material, its brittleness is 

very high which restricts its applications in mechanical devices. Hence, a composite of PVDF-PZT 
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are studied to overcome the lacking electrical properties of PVDF and the brittleness of PZT. 

Mostly the 0-3 connectivity composite has been studied by the researchers [14-26]. Since this 

connectivity is easy to prepare in the point of commercialization and shows the uniform distribution 

of PZT filler in the PVDF composites, hence exhibit reproducible physical properties. With  the 

optimized  process conditions,  structural & material  properties  of composites  with  different  

volume fraction of  PZT in  PVDF are studied. Dielectric constant of PVDF is very small in 

comparison to PZT [27-29]. Enriched β phase in PVDF increases the dielectric constant and 

piezoelectric properties of PVDF – PZT composite [30-34]. The increase in PZT concentration in 

PVDF increases its electrical properties [35] tensile modulus and degree of crystallinity enhances 

the piezoelectric properties of PVDF – PZT composite [36-38]. Dielectric and ferroelectric 

properties of composites increases due to the addition of polar PZT in PVDF matrix [39]. Thermal 

processing conditions affect the crystalline phase of PVDF which affects its material properties [40- 

43]. The properties of composites can be used for specific requirements depending on volume 

fraction, connectivity and properties of constituent phases.  

There is still a lack of detail study of dielectric properties of these composite which restricts its wide 

technological applications. So, the dielectric property of PVDF- PZT at different PZT composition 

has been studied. The mechanism of dielectric properties has been explained by considering the 

structure of the material. 

 

 

2. Experimental 
 

PZT has been prepared by the sol-gel method. 2-methoxy ethanol, acetyl acetone was used 

as the solvent. Lead (II) acetate trihydrate, zirconium (IV) isopropoxide, titanium (IV) isopropoxide 

and nitric acid were used as the starting materials. PVDF-PZT composite thick films were prepared 

by the solvent casting method. The required amount of PVDF was dissolved in DMF (dimethyl  

formamide).  PZT powder was dispersed thoroughly into the solution and was stirred for 6 hours at 

50
o
C and further sonicated for 50 minutes at this temperature. The prepared solution was cast into a 

petri dish & heated at 100
o
C for 24 hours to get the desired film. The process was repeated with 

other different weight fraction (2-10% of PZT). Field emission scanning electron microscopy 

(FESEM, JEOL) was used to study the surface morphology of the film. To measure the dielectric 

and impedance properties of the sample N4L LCR meter (PSM 1735) was used. The dielectric 

measurement was carried out in the frequency range of 10
2 

-10
6
 Hz and temperature range of         

40-120 
o
C. 

 

 

3. Result and Discussion 
 

Fig.1(a- e) shows FESEM micrographs of PVDF-PZT composite thick films. It indicates 

that system is homogenous without wrinkles, cracks & deformation. (1-x) PVDF - (x) PZT system 

with x = 0.04 shows prominent grains with grain boundaries. (1-x) PVDF - (x) PZT system with         

x = 0.8 and 0.10 shows small grains with grain boundaries. The PVDF grains are in 𝛍m range.  
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Fig. 1. FESEM micrographs of, (1-x) PVDF - (x) PZT system for  (a) x = 0.02,(b) x = 0.04,(c) x= 0.06,  

(d) x= 0.08, and (e) x= 0.1samples. 

 

 

 
 

Fig.2. Variation of Dielectric constant with frequency of   (1-x) PVDF - (x) PZT system for  

 x = 0.00,0.02, 0.40, 0.06,0.08 and 0.10 samples. Inset shows for x = 0.00 and 0.04 for the 

clarity as their dielectric constant is lowest and highest respectively. 

 

 

Variation of frequency dependent dielectric constant of (1-x) PVDF - (x) PZT composite  for 

x = 0.00 - 0.10 shown in fig.2. Dielectric curve follows the usual nature of dielectric material. At  

the low frequency dielectric constant was higher and it decreases with the increase in frequency. 

The dielectric constant decreases with the increase in frequency for all the composition of               

(1-x) PVDF - (x) PZT . The dielectric constant is maximum at low frequency due to contribution 

from different types of polarizations such as ionic, electronic, dipole and space  charges. The  

dielectric  constant  decreases  with  increase in  frequency  is possibly due to  the  easy  

depolarization  of dipoles  that exist in weak  bonded  interface  &  boundary  regions. So, 

orientational polarization is  the main  factor  which restricts the dielectric constant  at  higher 

frequencies. Dielectric constant of PVDF increase with increase in PZT concentration in the sample 

up to 4%.The dielectric constant decreases with the increase in PZT concentration for more than 4% 
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of the sample.The  increase  in dielectric constant  up to 4% of PZT in the composite  are attributed 

to the lattice strain in the composite.This lattice strain is introduced in the sample with  the 

incorporation of  PZT in the composite. The incorporated PZT with MPB composition having a 

rhombohedral and the tetragonal structure reported earlier[44-45].But these structures undergoes 

compression and elongation at PZT and PVDF interface.It introduced lattice strain in the 

sample.The lattice strain decreases with the increase PZT  concentration in the sample result in 

decrease dielectric constant of the sample. The dielectric constant of PVDF-PZT composite  

increases as compared to the pure PVDF. XRD, Raman and FTIR  study show the presence of α, β 

and γ phase in the composite reported elsewhere. α and γ phase show  nonpolar structure.So their net 

dipole moment is zero and hence the electric polarization in the composite is hindered by this 

polymeric chain. As a result  the dielectric constant of composite is lowered as compared to pure 

PZT[47]. But  the β phase represents the polar structure i.e in β phase  H and F  in the C-F and C-H 

bond are in the same chain and perpendicular to the carbon[48]. So has a net dipole moment and the 

net dipole moment per unit cell increases due to these β phase in  the sample. 4 mole% of PZT in 

PVDF-PZT composition shows the maximum contribution from β phase, which shows maximum 

dielectric constant as compared to others[46]. 

 

 
 

Fig.3. Variation of Dielectric constant with temperature of (1-x) PVDF - (x) PZT  system  

with x = 0.00 - 0  0.10 samples 

 

 

Fig.3. Shows the variations of dielectric constant with temperature for (1-x) PVDF - (x) 

PZT   composite system with  x = 0.00 - 0.10. The dielectric constant increases with the increase in 

temperature. At higher temperature, the dielectric constant increases more rapidly as compared  to 

that at lower temperature. At higher temperature, the polar group  is aligned due to the breakup of 

the polymeric chain, resulting higher the dielectric constant of the composite. Maximum dielectric 

constant at elevated temperature was also obtained for (0.96) PVDF-(0.04) PZT  composite. It is due 

to the presence of more prominent β-phase of PVDF and the lattice strain of the structural 

asymmetry in PZT.  
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Fig.4. Variation of Dielectric tangent loss (tanδ) with frequency of (1-x) PVDF - (x) PZT  

system with  (a) x = 0.02,(b) x = 0.04,(c)x= 0.06, (d) x=0.08, and (e) x= 0.1samples. Inset 

shows for x = 0.00 and 0.04 for the clarity as their dielectric loss is highest and lowest 

respectively 

 

 

Fig.4 shows the variation of dielectric loss with a frequency of (1-x) PVDF - (x) PZT  

composite system with  x = 0.00 - 0.10. The dielectric loss of the composite was decreased with the 

increase in frequency of the sample up to 10 kHz. The dielectric loss increases with the further 

increase in frequency since the dipoles are not able to follow the oscillating field. (0.96) PVDF-(0.04) 

PZT composite shows the small dielectric loss as compared to the other composition of (1-x) PVDF 

- (x) PZT  system. 

The conductivity of the composite was calculated by using the equation; 

 

              σac = 2πfε0εrtanδ                                                             (3) 

 

Where f is the frequency, tanδ (loss) is the dissipation factor, ε0&εrare the permittivity of 

free space and relative permittivity of the sample respectively. The frequency dependent ac 

conductivity of    (1-x) PVDF - (x) PZT  system with  x = 0.00 -  0.10  composite has been depicted  

in the above fig.5. The ac conductivity of the sample increases with the increase in PZT-PVDF 

composite up to 4 mole% and then it decreases. The low frequency range conductivity corresponds 

to the dc conductivity of the sample. The diffusion of randomly spread ionic charge carriers through 

activated hopping gives rise to the dc conductivity of the composites. At high frequency dispersion 

was observed in the graph. The data points of ac conductivity were analyzed by the Jonscher’s 

power law,which defined as, 

                                                 σ (ω) = σ0 + Aω
n                                                                                                                     

(4) 

 

Where σ0 is the frequency independent conductivity, A is the temperature dependent pre 

exponential factor and n is the frequency exponent. The value of n lies in between 0 to 1. These n  

values are compared to those reported by other groups [50-51].The frequency exponent n represents 

the degree of interaction between the mobile ions with the lattices [52- 54].When the interactions 

between neighboring dipoles are almost negligible the value of n is one. The A and n values of (1-x) 

PVDF-(x) PZT system for x = 0.00 - 0.10 are enlisted in  the table 2. The value of n decreases with 

the increase in PVDF percentage in PZT- PVDF composite up to x = 0.04 and increases with further 

increase of PVDF. The increase of lattice strain with the increase of PZT due to structural  change 

causes the  decrease of  mobile ions and lattice stain. Hence,   the value of n decreases with increase 

in PZT and have a minimum value of  4 mole% of PZT. The value of A increases with the increase 

of PVDF concentration in PZT – PVDF composite and has a maximum value of  x = 0.04. A 

represent the ferroelectric properties of the sample. The maximum lattice strain at 4mole% of the 
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PZT also reflected on the value of A.  So conductivity analysis also shows that the dielectric 

properties were maximum at x = 0.04 concentrations of the PZT due to lattice strain 

 

 
 

Fig.5. Variation of ac conductivity with frequency spectra of   (1-x) PVDF - (x) PZT  

composite system with  x = 0.00 -  0.10 

 

 

 
 

Fig. 6 Cole Cole plot of (1-x) PVDF - (x) PZT composite for (a) x = 0.00, (b) x = 0.02, 

 (c) x= 0.04 (d) x=0.06 ,(e) x = 0.08, and (f) x= 0.10 samples. 

 

 

To get a detailed picture of the electrical properties of PVDF-PZT composite, the complex 

impedance spectroscopy technique is used [55]. In frequency domain, the contribution of various 

components such as grain, grain boundary and electrode interface to the electrical resistivity is 

calculated. Four basic ways are used to represent the data points in the complex plane such as 

complex impedance (Z*), complex electric modulus (M*), complex admittance (Y*) and complex 

permitivity (ε*) to represent the data points in the complex plane. Complex  impedance (Z*)  data 

points are used to plot the  Cole Cole curve of (1-x) PVDF-(x) PZT composite for  (a) x = 0.00,(b) x 

= 0.02,(c) x = 0.04,(d) x = 0.06 ,(e) x = 0.08, and (f) x = 0.10  are shown in the Fig. 6. Complex 

impedance Z* is represented as Z* =Z’- j Z”, where Z’ is the real part of the impedance, Z” 

represent the imaginary part of impedance, ω = 2πf is the angular frequency, j = √-1 is the imaginary 

factor. To explain the complex impedance of electrode/sample/electrode, the data points are fitted 
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with different equivalent electric circuit. ZSimpWin software was used to fit the equivalent   parallel 

resistance and capacitance circuit to the data points.The data points are represented by the symbol 

and the fitted circuit by the broad line. The data points show two semicircular loops. So 

Re(RgCg)(RgbCgb) was used to analyze the  data points. Re represents the resistance due to the 

electrode, Rg represents the resistance due to the  grain, Rgb represents the resistance due to the grain 

boundary, Cg represents the capacitance due to grain and Cgb represents the capacitance due to grain 

boundaries. The semicircular arc at low frequency represent contributions from grain boundary, 

whereas the contribution of grain was represented by an arc at high frequency. For pure PVDF the 

contribution of grain is more in comparison to grain boundary. The contribution from grain 

boundary decreases whereas the contribution from grain increases with the increase in PZT 

concentration in PVDF. At 4mole % of PZT the contribution of grain is more as compared to the 

grain boundary. The FESEM  micrograph  also clearly shows the result and dielectric behavior also 

maximum at this composition. Above  4mole% the grain boundary resistance increases and grain 

increases.  

 

 
 

Fig. 7. Real part of impedance (Z’) verses frequency of (1-x) PVDF-(x) PZTsystem with  x = 

0.02,0.04,0.06,0.08 and   0.10 

 

 

Figure 7 shows  the variation of  the  real part of impedance (Z
’
)  with  frequency  of (1-x) 

PVDF-(x) PZT system for  x = 0.02 -  0.10. It   was  observed  that  the  magnitude   of  Z 
’
  was 

decreased  with increase  in  frequency  up to 10k Hz . Z
’
 values merge  after 10 kHz frequency  due 

to release of  space charges  [56-57]. 

 

 
 

Fig.8. Imaginary part of impedance(Z’’) versus frequency of (1-x) PVDF-(x) PZTsystem  for x = 0.02 - 0.10 
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Fig. 8. depicts  the variation of  the imaginary  part  of  impedance  (Z
’’
)  with frequency of 

(1-x) PVDF-(x) PZT system with  x = 0.02 - 0.10. The curves show  that  the  Z
’’ 

 value increases 

with the increase  in frequency and reaches to a maximum (Z
’’
max) at a particular frequency and 

then decreases.The value  of Z’’max shifts to  a higher frequency  with the increase in PZT 

concentration in PVDF-PZT composites. Maximum shift in Z”max is obtained at the  4mole% of 

PZT in PVDF-PZT composite. Z’’max shifts to lower frequency with the further increase in PZT 

concentration in PVDF-PZT composites. The appearance of peak in the curve shows relaxation in 

the system.The FWHM( full width at half maximum) is large at 4 mole % of PZT in PVDF. The 

relaxation is large for 4 mole% of PZT. So the dielectric property is maximum at this composition. 

The peak analysis shows that it is symmetric, hence it shows the Debye type relaxation behavior 

[58]. 

 

4. Conclusions  
 

(1-x) PVDF-(x) PZT  composite has been studied for the composite  x= 0-0.10. Dielectric 

constant increases with the increase in PZT concentration and, it was maximum at x = 0.04 

concentrations of PZT in  the composite. Dielectric loss decreases with the increase in PZT 

concentration in PVDF. Dielectric loss was a minimum for 4 mole% of PZT in PVDF-PZT 

composite. Ac conductivity follows  the Johnsher power law. Impedance analysis shows the 

contribution from both grain and grain boundaries. The present study indicates the possible 

application of 4 mole% PVDF-PZT composite for the dielectric applications. 
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