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Abstract

Lead free ferroelectric ceramic polymer composites
have been given utmost importance in comparison to
lead based composites due to environment concerns.
Lead free [(BZT-BCT)-
(PVDF)J/[0.5[Ba(Zro2Tiog)O3]-0.5[(Bag 7Ca 3) TiO3]-
PVDF] 0-3 composites have been synthesized by hot
press method and characterized. The €, and ds; values
can be comparable with the lead based counterparts.
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INTRODUCTION

Lead based ferroelectric ceramics like Lead Zirconate
Titanate (PZT) has been used since decades due to its
large dielectric and piezoelectric properties [1]. These
lead based ceramics contain more than 60 wt% of
lead oxide which causes many harmful diseases. Due
to environmental concerns, WEEE (Waste Electrical
and Electronic Equipment) and RoHS (Restriction of
Hazardous Substances) have put ban on use of lead
based materials [2]. Now-a-days, scientists have
focus on lead free materials as an alternative to lead
based materials. In the year 2009, Liu et al. first
reported a lead free ferroelectric  system
{x[Ba(Zro2Tipg)Os]-(1-x) [(Bao7Cao3)TiOs]}(BZT-
BCT), which can replace lead based systems [3].
(BZT-BCT) 50/50 system  shows  highest
ferroelectric, piezoelectric and electro-mechanical
properties due to the presence of MPB (morphotropic
phase boundary).

The major disadvantages of ferroelectric ceramics are
brittleness and high processing temperature. On the
other hand, polymers are flexible but possess low
dielectric and piezoelectric properties. Recently, there
has been a great interest in hybrid materials such as
ceramic polymer composites which can have superior
properties in comparison to their individual counter
parts. Ceramic polymer composites possess electro-
mechanical properties of ceramics and flexibility,

formability and low cost of polymers. The
advantages of ceramic polymer composites are high
dielectric constant, high electromechanical coupling
co-efficient, low dielectric loss and low acoustic
impedance. Recently, focus on the study of 0-3
ferroelectric polymer composites have been increased
due to their ease in fabrication. Among the lead free
ferroelectrics, BT, BNT, BST, etc are mostly
exploited [4,5]. There have been limited studies on
(BZT-BCT) polymer composites. Again, among
different  polymers, Polyvinylidene  difluoride
(PVDF) is a semicrystalline polymer with high values
of ferroelectric and piezoelectric properties among
different ferroelectric polymers [6]. Addition of
PVDF polymer to (BZT-BCT) ceramics enhances the
electrical properties of the composite materials.

In this paper, synthesis and characterization of (BZT-
BCT)-PVDF 0-3 ceramic polymer composites with
different volume fractions were discussed in details.

EXPERIMENTAL
PROCEDURE

Lead free (BZT-BCT) ceramic samples were
prepared by conventional solid state reaction route.
Barium Carbonate (BaCOs;, 99% purity [Merck,
India]), Zirconium Dioxide (ZrO,, 99.5% purity
[Merck, India]), Calcium Carbonate (CaCOs, 98.5%
purity [Merck, India]) and Titanium Dioxide (TiO,,
99% purity [Merck]) were used as starting materials
for synthesis of the (BZT-BCT) ceramics.
Stoichiometric weights of all the powders were
mixed and ball milled with acetone for 8h using
zirconia balls as the grinding media. Then calcination
of the samples was done at 1,300°C for 4h. This
calcined powder was mixed then mixed with 2wt%
poly vinyl alcohol (PVVA) binder solution and pressed
into disks of diameter ~10 mm and thickness ~1.5
mm at ~60 MPa pressure. The calcined samples were
undergone sintering at 1,400°C for 6h at a heating
rate of 5°C/min. After sintering, the pellets were
again crushed into powder form using a mortar and
pestle. Then 0-3 composite samples were prepared by
the hot pressing technique. PVDF of average
molecular weight of ~534,000 (Sigma-Aldrich) was
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used. For the preparation of (BZT-BCT)-PVDF
composite samples, the sintered (BZT-BCT) and
PVDF powders were mixed thoroughly on a
magnetic stirrer for 1h. The mixture was then
subjected to ultrasonic agitation to evenly disperse
the powder and then hot-pressed at 150°C to obtain a
sheet of area 180 mm?and 0.4 mm thickness. A series
of (BZT-BCT)-PVDF composites with different
ceramic volume fractions ranging from 5 to 25 %
were fabricated. The samples were cut into
rectangular shapes for characterization. XRD analysis
of the composites were performed with a Philips X-
ray diffractometer X‘PertMPD using Cu Ko (A =
0.15405 nm) radiation to examine the phases present.
The microstructures were observed using scanning
electron microscope (SEM, JEOL JSM-6480LV).The
bulk densities of the samples were measured by the
Archimedes method. Silver paste was applied on both
sides of the samples for electrical measurements.
Values of ¢, and tand were measured as a function of
both temperature and frequency with a computer-
interfaced HIOKI 3532-50 LCR HITESTER. Poling
of the composite samples was done by the corona
discharge method by applying a high voltage of 5 kV
for 20 min. ds3 values of the composite samples were
measured using piezometer.

RESULTS & DISCUSSION

Figure 1 shows the XRD patterns of
®{0.50[Ba(Zro 2 Tigs)O3]-0.50[(Bag 7Cao 3) TiOs] }-(1-
®)PVDF/[(BZT-BCT)-PVDF] (where @& = 0.05,
0.10, 0.15, 0.20 & 0.25 volume fractions) ceramic
polymer composites with 0-3 connectivity. XRD
pattern of the composite samples shows the presence
of both (BZT-BCT) ceramic and PVDF polymer
peaks showing good connectivity between the
ceramic phase and polymer phase. Again with the
increase in ceramic volume fraction, the XRD pattern
of the composites shows peaks more resemblance
with (BZT-BCT) ceramic.

Figure 2 shows SEM micrographs of (BZT-BCT)-
PVDF composite samples with different volume
fractions. SEM figure shows even distribution of
ceramic particles in PVDF matrix which is well

agreement with 0-3 connectivity pattern [7]. Again,
the composite samples show the increase in the

distribution of (BZT-BCT) ceramic phase with the
increase in the volume fraction.
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Fig. 1 XRD patterns of ®(BZT-BCT)-(1-®)PVDF
composites, where $, and * represent PVDF, and
(BZT-BCT) phases, respectively.

Fig. 2 SEM images of ®(BZT-BCT)-(1-®)PVDF
composites with (a) ® = 0.05, (b) ® =0.10, (c) ® =
0.15, (d) ® = 0.20 & (e) ® = 0.25, respectively.

Figure 3 shows the density and porosity of the (BZT-
BCT)-PVDF composites as a function of volume
fractions of (BZT-BCT). The experimental densities
of the composite samples are found to increase from
2.01 to 2.43 g/cm® with an increase in volume
fraction of (BZT-BCT) ceramics.
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Fig. 3 (a) Bulk density, and (b) Porosity of (BZT-
BCT)-PVDF composites as a function of volume
fractions of (BZT-BCT).

Figure 4 (a) shows room temperature (RT) variation
of & with frequency for the composite samples. &
values for all the compositions are found to be higher
than the &, value of PVDF polymer and lower than the
g value of (BZT-BCT) ceramics. Again &, values
increase with the increase in volume fraction of the
composite samples and a highest ¢ ~ 41 at 1 kHz
frequency is found for 25 vol% of (BZT-BCT)
ceramics.

Figure 4 (b) shows frequency dependence of
dielectric loss of (BZT-BCT)-PVDF composite
samples. Figure shows a decrease in tand value in
100 Hz-10 kHz frequency range and then increase in
loss values ~ 1MHz. The decrease in loss values at
lower frequency range may be due to addition of
ceramics. This may be due to interfacial polarization
due to the heterogeneous nature of the composite
system. Again the increase in loss values at higher
frequency ranges may be due to the onset of ohmic
conductivity of ceramic particles and also due to
relaxation processes of polymer [8,9].
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Fig. 4 Frequency dependence of (a) g, and (b) tand
of PVDF, and ®(BZT-BCT)-(1-®)PVDF
composites with @ =0.05, 0.10, 0.15, 0.20, and
0.25, respectively.

Figure 5 (a) shows temperature dependence of ¢, of
composite samples at 1 kHz frequency. Figure shows
increase in ¢, value with the increase in (BZT-BCT)
ceramic volume % upto a certain temperature range
and then it starts decreasing. Figure 5 (b) shows the
temperature dependence of dielectric loss of the
(BZT-BCT)-PVDF 0-3 composites at an applied
frequency of 1 kHz. The loss curves of the composite
samples do not follow a particular trend. The
dielectric loss values are almost constant in the 30 —
80 °C temperature range and then suddenly it starts
increasing. This change in loss values can be
attributed to the presence of different types of
polarizations in the composites.
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Fig. 5 Variation of (a) &, and (b) tand with
temperature at 1 kHz frequency of PVDF, and
®(BZT-BCT)-(1-®)PVDF composites with @ =

0.05, 0.10, 0.15, 0.20, and 0.25, respectively.

A maximum ds3 value ~ 31 pC/N is found in 25
vol% of (BZT-BCT)-PVDF composites. The
performance of a piezoelectric material for energy
harvesting applications can be expressed as the
figure of merit (FOM) presented in the following

2
Eqn FOM (pm /N) =d33 * 833 = @53)" D

€

Figure 6 shows the FOM of (BZT-BCT)-PVDF
composites as a function of (BZT-BCT) ceramic
content for energy harvesting application. The FOM
reaches maximum when the volume fraction of
(BZT-BCT) ceramics is 0.25. gs3 values are greatly
affected by the volume fractions of ceramic filler.
Therefore the maximum FOM for 0.25 volume
fraction of ceramics can be attributed to the effect of
033 on the ceramic concentration. This phenomenon
can also be explained by counteracting effects of
density on the ds; [10].
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Fig. 6 FOM for energy harvesting application for

(BZT-BCT)-PVDF composites as a function of the
volume fractions of (BZT-BCT) ceramics.

CONCLUSION

The structural study of all the composite samples
shows the presence of both ceramic and polymer
phases. SEM studies confirm good connectivity of
ceramic and polymer samples as desired in 0-3
composites. 0.25(BZT-BCT)-0.75(PVDF) composite

showed the highest relative permittivity (g;) ~ 42 with
low temperature coefficient of capacitance and
highest ds; ~ 31 pC/N. Hence, it can be concluded
that 0.25(BZT-BCT)-0.75(PVDF) ceramic polymer
composite is suitable for flexible capacitor devices
and also for energy harvesting piezoelectric
applications.

References

[1] Haertling G. “Ferroelectric Ceramics: History and
Technology”. J. Am. Ceram. Soc. 82 (1999), 797-
818.

[2] Lee G.M. “Agency for technology and standards
industry and energy of the Korean Government,
Seminar on EU Product-Related Regulations”. 2004,
p. 6.

[3] Liu W. and Ren X. “Large Piezoelectric Effect in
Pb-free Ceramics”. Phys. Rev. Lett. 103 (2009),
257602.

[4] Agrawal S., Guo R., Agrawal D.K. and Bhalla
A.S. “Connectivity Pattern in Electronic Composites
Based on Anisothermal Heating During Microwave
Sintering”. Ferroelectrics. 400 (2010), 155-165.

[5] Lam K.H., Wang X. and Chan H.L.W.
“Piezoelectric and Pyroelectric Properties  of
(BigsNag5)(0.94)Bag g TiOs/P(VDF-TrFE) 0-3
Comosites”. Composites Part A. 36 (2005), 1595-
1599.

[6] Ohigashi H. and Koga K. Jpn. J. Appl. Phys. Part
2 Lett 21, (1982), L455.

[7] Le D.T., Do N.B., Kim D.U., Hong I., Kim L.W.
and Lee J.S. “Preparation and characterization of
lead-free (Ko.47Nag 51Li0.02)(NDg s Tag2)O3
piezoceramic/epoxy composites with 0-3
connectivity”. Ceram. Int. 38 (2012), S259-S262.

[8] Hilczer B., Kulek J., Polomska M., Kosec M.,
Malic B. and Kepinski L. “Dielectric relaxation in
KosNagsNbO3;-PVDF  composites”.  Ferroelectrics
338 (2006), 159-170.

[9] Chiang C.K. and Popielarz R. “Polymer
Composites with High Dielectric Constant”.
Ferroelectrics 275 (2002), 1-9.

[10] Bowen C.R., Perry A., Lewis A.C.F. and Kara
H. “Processing and properties of porous piezoelectric
materials with  high hydrostatic  figures of
merit”. Journal of the European Ceramic Society 24
(2004), 541-545.

© IJATER (NCRTSTM-2018)

Volume 01, March 2018 20



