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ABSTRACT 
 

In this paper, an attempt has been made to study piezoelectric and 

pyroelectric properties of calcium modified Lead Zirconate Titanate (PCZT) 

ceramics. For this, PZT was prepared by the conventional oxide route. The samples 

of Ca2+ modified PZT i.e., PCZT were used in this study. Results shows that although 

the d33 values decreases steadily with the increase of Ca in the ceramic, the piezo 

figure of merit which is the parameter looked for when designing a sonar system, 

shows a peak at 6% Ca, implying that composition to be best suited for transducer 

application, this is due to the fall in ε accompanied by a fall in the numerical value of 

d31. Also results show that for piezo detectors, PCZT with 6% Ca is the ideal candidate 

while 4% Ca PCZT is the best material for pyroelectric detectors.   
 

Keywords: Polycrystalline, Solid state reaction, Ceramic, Piezoelectric and 

Pyroelectric Coefficients. 

 

1.  INTRODUCTION 

  

Ceramic materials are inorganic, non-metallic solids, which consists of an aggregate 

of randomly oriented crystallites bonded together by ionic bonds and have covalent character1. 

Ceramics materials are polycrystalline materials that acquire their mechanical strength through 

various sintering processes. Lead Zirconate Titanate (abbreviated to PZT) is found to be the 

most used material among the many options available these days.2 Electroceramics based on 

lead zirconate titanate (PZT) are widely used in various memory elements, pyroelectric and 

piezoelectric devices. PZT ceramics can be used as sensors for in-situ health monitoring 

systems for structural systems, such as vibration monitoring, acoustic emission detection and 

impact detection.3 The significance of electroceramic materials can be gauged with respect to 

the present demand of electroceramics in the global market and projected demand in the 

future4. Lead Zirconate Titanate, Pb(ZrxTi1-x)O3 ceramics are an important class of 

piezoelectric, pyroelectric and ferroelectric materials.5 Due to their excellent dielectric, 
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piezoelectric and electro optic properties, a variety of applications in high energy capacitors, 

non-volatile memories (FRAM), ultrasonic sensors, infrared detectors and electro optic 

devices had been reported.6 Ferroelectric and piezoelectric properties of PZT depend on many 

condition parameters, including the composition, crystallographic structure, grain size and 

preferential orientation. The microstructure and electrical properties of the PZT are dependent 

on the synthesis method and the starting material.7Depending upon the specific requirements 

for different applications of piezoelectric ceramics, various compositions of the PZT system 

may be chosen. To optimize the electrical properties of lead zirconate titanate, it was modified 

by calcium.8 Various modifications have been made with rare earth elements in order to 

improve the piezoelectric properties.9 Modification with Ca ion is expected to bring in local 

disorder as well as replace the lead ions in PZT. Lead vacancies are created due to sintering 

and therefore calcium ions fit in to those vacancies. Calcium has a tendency to stabilize the 

perovskite structure and therefore a better piezoelectric response is predicted.10In this paper, 

an attempt has been made to study piezoelectric and pyroelectric properties of calcium 

modified PZT ceramics. 

 

EXPERIMENTAL METHOD 

 

Polycrystalline samples of PCZT with Ca = 2, 4, 6, 8 and 10 mole % have been 

prepared by the starting materials (commercially available lead oxide, calcium oxide, 

zirconium oxide and titanium oxide powders of 99.9% purity, Sigma Aldrich Inc) in 

stoichiometric proportions. 2% excess lead oxide was used to compensate for the lead 

evaporation during sintering process at the elevated temperature. These raw materials were 

ball milled at room temperature in acetone medium for at least 24h using 125 grams of zirconia 

balls of various diameters. The fine powder so obtained was sieved in a 10μm sieve and kept 

in the furnace for calcining at about 800oC for slightly more than 90 minutes. It was again ball 

milled with, 1% by weight of the material Poly Vinyl Alcohol (PVA) added to the calcined 

powder. PVA was added as a binder so that pelleting becomes easier; the ball milled powder 

was again sieved as mentioned before and compacted to pellets of 3cm.diameter, and 2mm 

thickness. This is then placed in a crucible (Alumina) and left to sinter at 1200oC for 1½ hours 

to 2 hours. The sintered pellet is then taken out and the density is measured by Archimedes’ 

principle. A density of more than 7.5 g/cc implies the ceramic is sintered to the expected levels. 

For characterization, the microscope XL 30, Philips Co., USA was used. Dielectric constant 

(εr) and loss tangent (tanδ) was measured at different frequencies (100Hz to 1 MHz) as a 

function of temperature using HP 4192 A Impedance Bridge.  
 

RESULTS AND DISCUSSION  
 

The density of the modified PZT ceramics was getting lower with respect to higher 

concentration of Ca. The densities of the different samples are tabulated in the table (1). The 

variation of density with increase in Ca mole percentage is shown in the figure (1). This is 

almost in accordance with expected values, because Ca is much less dense than Pb, and it is 
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supposed that Ca is replacing Pb in the lattice. Also an almost linear dependence is exhibited 

which is graphically represented in figure (1). A 1.21gm/cc decrease in the value of density 

with the addition of 10% Ca is a remarkable decrease in case of ceramics. Since the acoustic 

impedance of a material is directly proportional to the density, lesser value of density is 

considered as an advantage for the material. 
Table (1): Density of the samples 

 

Sample Density gm/cc Sintering Temperature (0C) 

PZT (MPB) 7.73 12000C for 90 minutes 

P.98C.02ZT 7.11 12000C for 90 minutes 

P.96C.04ZT 6.97 12000C for 90 minutes 

P.94C.06ZT 6.91 12000C for 90 minutes 

P.92C.08ZT 6.83 12000C for 90 minutes 

P.90C.10ZT 6.52 12000C for 90 minutes 
 

 
Fig-(1): Density of the ceramic as a function of Ca mole percent 

 

 
Figure (2):   Piezocoefficients d33 and dh as a function of Ca mole % 

 

The piezo d33, d31 and the dh values of the different samples are shown in table (2). 

Here d33 and d31 values are measured directly while dh is calculated from the equation dh = d33 

+ 2d31. The acoustic impedance of the material is also measured by knowing the velocity of 

sound in the ceramic medium. Acoustic impedance (Z) gives the usefulness of the material for, 

Accelerometers, Ultrasonic cleaners and welding machines. The piezo figure of merit i.e. dh 

gh was also calculated and tabulated in the table. The d33 and dh of the materials as a function 

of Ca mole percentage is graphically represented in figure (2).  In the figure (3), the planar 

coupling factor and thickness coupling factors are represented as curves relating kp and kt to 

the mole percent of Ca in PCZT ceramics. Figure (4) and (5) shows the rise and fall of pyro 

current (Ip) as a function of temperature and at the rate of change of temperature, pyroelectric 
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coefficient can be calculated and tabulated. It was found that the pyroelectric coefficient was 

not constant but a function of temperature.  
 

Table-2: Piezoelectric Properties of PCZT Ceramics 
 

S.No. Parameter Units PZT PCZT  

2% 

PCZT  

4% 

PCZT  

6% 

PCZT 

 8% 

PCZT 

 10% 

1 d33 pC/N 430 380 340 282 206 118 

2 d31 pC/N -176 -168 -147 -101 -77 -43.6 

3 dh pC/N 78 44 46 80 52 30.8 

4 gh 10-3 Vm/N 16.4 22 32.64 34 21 19 

5 dhgh (FOM) 10-12m2N-1 1272.96 968 1501 2720 1092 585 

6 kp _ 0.55 0.55 0.59 0.63 0.69 0.66 

7 kt _ 0.68 0.69 0.67 0.78 0.8 0.81 

8 Z =v 106 kgm-2 s-1 37 37 35 35 33 32 

 

 
Figure (3):  Piezo Coupling coefficients kt and kp as a function of Ca mole % 

 

 
Figure 4: A simultaneous plot of pyro current and measured temperature of the sample (from the 

thermocouple) with respect to the same time interval 
 

 
Figure 5:  Pyroelectric coefficients of the samples as a function of temperature, for the different compositions 
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CONCLUSIONS 

 

PCZT ceramics (Ca = 2, 4, 6, 8 and 10 mole %) have been prepared by conventional 

solid state reaction route. The piezoelectric properties are tabulated in table (2). It can be seen 

from the table as well from the figure (2) that although the d33 values decreases steadily with 

the increase of Ca in the ceramic, the piezo figure of merit which is the parameter looked for 

when designing a sonar system, shows a peak at 6% Ca, implying that composition to be best 

suited for transducer application, this is due to the fall in ε accompanied by a fall in the 

numerical value of d31. Value of dh and gh therefore increased and hence the effect. 

pyrocoefficients of the material are tabulated in table (2). Here the pyrocoefficients shows an 

increase in value along with the Ca content. But FD the figure of merit for pyro detectors or the 

detectivity of the samples does not follow the trend. One can see that 4% PCZT has the 

maximum detectivity compared to the other samples. Therefore one can safely say that for 

piezo detectors, PCZT with 6% Ca is the ideal candidate while 4% Ca PCZT is the best material 

for pyroelectric detectors. 
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