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Abstract: Lead Zirconate ceramics are technically and commercially important piezoelectric 
materials. It is an antiferroelectric ceramic. The antiferroelectric (AFE) to ferroelectric 
transition, under the application of a strong electric field, leads to significant energy storage 
for a dc field. This feature of PbZrO3 makes it a candidate material for energy storage 
applications. In the present study, the synthesis of the lead zirconate from water-soluble salts 
of Pb and Zr (chlorides) is done by homogeneous precipitation via urea decomposition. The 
gradually pH increase obtained by the decomposition of urea, with the steady supply of OH- 
andCO3

2-  ions, typically leads to the precipitation of  metal hydroxyl carbonates of controlled 
particle morphology. The X-ray diffraction and Scanning electron microscopy were 
performed for the confirmation of the obtained Lead Zirconate precipitate. In this project 
work experiments are conducted for different volumes of solution of lead chloride and 
zirconium oxy-chloride in order to obtain the precipitates of Lead zirconate and to study its 
properties. 
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Introduction 

 
            Lead zirconate is represented by the formula PbZrO3. The molecular weight of Lead 

Zirconate is 346.41g/gmol. It is a crystalline solid having orthorhombic structure. Lead 

Zirconate is an antiferroelectric ceramic. Its Curie temperature is 230°C. It is reported that the 

antiferroelectric (AFE) to ferroelectric transition (under the application of a strong electric 

field to the ceramic in the antiferroelectric state) leads to significant energy storage for a dc 

field. This feature of PbZrO3 makes it a candidate material for energy storage applications 

[1]. Under a strong electric field, it changes to ferroelectric ceramic. It possesses piezoelectric 

and dielectric properties and features an extremely large di-electric constant. Piezoelectric 

and dielectric properties of lead zirconate thin films, derived from a sol–gel technique, were 

studied and compared with the most significant piezoelectric compositions [2,3] 

Commercially, it is usually not used in its pure form; rather it is doped with either acceptor 

dopants.  
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Preparation of lead zirconate is by conventional processes that is, mixing and firing of 

the binary oxides (PbO and ZrO) requires the use of high temperatures at which PbO 

volatility also becomes significant. It is reported that the full development of pure PbZrO3 

phase occurs after sintering at temperatures above 1200°C for at least 2 h in controlled PbO 

atmospheres [4, 5, 6, 7]. The phase formation temperature for pure PbZrO3, by the citrate 

route, was also reported to be in the vicinity of 700°C [8]. 

In the present study, the experimental details and results of the synthesis of the lead 

zirconate phase from water-soluble salts of Pb and Zr (chlorides) by homogeneous 

precipitation via urea decomposition are presented. Lead Zirconate is used to make 

transducers and other sensors and actuators. It is used to make high value ceramic capacitors 

and also in the manufacture of ceramic resonators for reference timing in electronic circuitry. 

In this study, homogeneous precipitation techniques, were employed and shown to be 

successful for the preparation of phase-pure PbZrO3 after calcination at 700°C. 

2. Experimental Procedure 

2.1 Homogeneous Precipitation        

 157ml of stock solutions was mixed in a glass beaker. Distilled water (343ml) 

containing 24.4g of urea was mixed with the solution. The clear solution was obtained. The 

clear solution was then heated to 98°C on a basket heater for 2 hours. The Precipitate started 

forming after 45 minutes of heating. The precipitate formed was separated from the solution 

by centrifuging. This precipitate contains chloride ions which are removed by continuous 

washing it with distilled water. Then centrifuging results in the decrease of quantity of the 

precipitate. To overcome this problem separation was done by filtration using whatman filter 

paper.1 filter paper. Repeated washing with distilled water was done to remove chloride ions 

present in the precipitate. Removal of chloride ion was checked by adding silver nitrate to the 

filtrate. If formation of white precipitate takes place, chloride ions are present and if a clear 

solution is obtained then the precipitate are free from chloride ions. The chloride free 

precipitate is dried in tray dryer at 90° C for 6 hr.  

The dried precipitate is then heated at higher temperature. It is calcinated at 700° C for 6 hr in 

a Muffle Furnace using silica crucible. The product thus obtained is sent for analysis. 

3. Result and Discussions 

3.1  XRD Results for sample calcined at 500°C 
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Table 1:   Reference Table obtained from ICDD 

 

 

 

 

The above table shows the reference values for the sample calcined at 500°C as 

obtained from ICDD. From the table we can say that at this temperature Lead Zirconate does 

not form as there exists only two phases i.e. Massicot and Zirconium Oxide. The score 

denotes which phase rules the sample. The greater the score, the more dominant is that 

compound in the sample. This score is obtained by matching the peak values of that particular 

compound with that given in the ICDD database. 

 

 

 

 

 

 

 

 

The above table shows the different values of d-spacing obtained at different angles (2�). The 

height is the value of intensity which is converted to counts by the detector after receiving the 

diffracted wave from the sample. This is plotted on the Y-axis. The position is plotted on the 

X-axis. FWHM stands for Full Width at Half Maxima. It is the difference between the two x-

axis values corresponding to the two end of the wave at half of its original height. The d-

spacing refers to the spacing between the lattice planes of the crystal. The value of d-spacing 

is unique for every element and it is this value that produces the peak in the XRD graph. 

Based on these values, the element is confirmed. The graph below will illustrate this clearly. 

Reference Code Score 
Compound 

Name 
Scale Factor 

Chemical 

Formula 

00-005-0570 8 Massicot 2.301 PbO 

00-024-1164 54 
Zirconium 

Oxide 
0.559 ZrO2 

Position 

[°2�] 

Height  

[cts] 

FWHM 

 [°2�] 

d-spacing 

[Å] 

Relative 

Intensity 

[%] 

30.1446 481.18 0.3346 2.96471 100.00 

35.0559 69.80 0.5353 2.55980 14.51 

50.2308 181.13 0.5353 1.81635 37.64 

60.0649 106.29 0.6022 1.54036 22.09 

74.1648 14.98 1.6059 1.27858 3.11 

81.8972 32.68 1.0706 1.17632 6.79 

Table 2:  XRD Table for the sample at 500° C 
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Figure 1:  XRD graph of sample calcined at 500°C 

 

3.2  XRD Results for sample calcined at 700°C 

Table 3:  Reference table obtained from ICDD 
 

 

 

 

 

 

  

The above table shows the reference values for the sample calcined at 700°C obtained from 

ICDD. It is clear that Lead Zirconate or Lead Zirconium Oxide dominates the compound over 

other phases such as Zirconium Oxide and Lead Zirconium. This is clearly observed from the 

score of the corresponding phases. 
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 Sample 3 500C

Reference Code Score 
Compound 

Name 
Scale Factor 

Chemical 

Formula 

00-035-0739 70 

Lead 

Zirconium 

Oxide 

0.968 PbZrO3 

01-079-1767 10 
Zirconium 

Oxide 
0.486 ZrO2 

03-065-0718 6 
Lead 

Zirconium 
0.190 Pb4Zr5 
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Table 4:  XRD table for the sample at 700°C 

Position 

[°2�] 

Height  

[cts] 

FWHM  

[°2�] 

d-spacing 

 [Å] 

Relative 

Intensity 

 [%] 

30.1732 556.69 0.3011 2.96196 100.00 

35.2136 76.46 0.2676 2.54869 13.74 

50.1469 201.28 0.2342 1.81919 36.16 

50.6591 122.55 0.2676 1.80200 22.01 

54.1651 19.40 0.8029 1.69335 3.48 

59.1964 73.98 0.4015 1.56087 13.29 

60.1243 149.47 0.3346 1.53898 26.85 

62.7421 41.86 0.4015 1.48092 7.52 

74.5677 21.84 0.8029 1.27267 3.92 

95.3477 40.42 0.8160 1.04190 7.26 

 

The above table shows the different values of d-spacing obtained at different angles (2�). 

Now we will compare the reference graph and the graph we obtained to check if the peaks of 

Lead Zirconate match. If the peaks match with the reference graph as obtained from ICDD, 

then our objective of preparing Lead Zirconate would be achieved. 
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Figure 2: Comparison of reference graph with XRD graph obtained for the sample calcined 
at 700 �C 
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3.3 SEM and EDXS results for sample calcined at 500°C 

 

Figure 3: SEM image showing particle size 

 The above SEM image shows the size of a single particle. We can also see significant 

agglomeration of the particles. Particles having size in the range 0-100 nm are classified as 

nanoparticles and particles having size in the range 100 nm to 1 micron are classified as sub-

micrometer particles. It can be clearly seen that our particle falls in the category of sub-

micrometer particles hence confirming our second objective as well. 

 Let us now take a look at the EDXS results. This will show the percentage 

composition of every element in the sample. 

 

 

 

 

 

 

 

 

Figure 4:  EDXS result for the sample at 5000C 
 

The above figure shows the EDXS result for the sample calcined at 500°C. We can 

see that Lead (Pb), Zirconium (Zr) and Oxygen (O) are present in the sample. But we also see 

that Gold (Au) present. This is because; our sample being non-conducting has to be coated 
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with gold so that it becomes conducting which enables SEM and EDXS analysis to be carried 

out. Hence the presence of gold is detected. The spectrum in the figure above shows the area 

where the EDXS analysis is conducted. The sample being homogeneous will show the same 

composition throughout. The percentage composition of the sample is given below. 

3.4 SEM and EDXS results for sample calcined at 700°C 

 

Figure 5:  SEM image showing particle size 
The above SEM image shows the size of a single particle. We can also see significant 

agglomeration of the particles. The particles are sub-micrometer particles as is significant 

from the figure. Let us now take a look at the EDXS results. This will show the percentage 

composition of every element in the sample. 

 

 

 

 

 

 

 

 

 

Figure 6  EDXS result for the sample at 7000C 



������������������������������������������������������Synthesis and Characterization of Lead …..                                                    46                                                                              

The above figure shows the EDXS result for the sample calcined at 500°C. We can see that 

Lead (Pb), Zirconium (Zr) and Oxygen(O) are present in the sample. But we also see that 

Gold (Au) present. This is because, our sample being non-conducting has to be coated with 

gold so that it becomes conducting which enables SEM and EDXS analysis to be carried out. 

Hence the presence of gold is detected. The spectrum in the figure above shows the area 

where the EDXS analysis is conducted. The sample being homogeneous will show the same 

composition throughout. The percentage composition of the sample is given below.       

Conclusions 

 The Lead zirconate phase has been synthesized from aqueous solutions following 

calcination at 700°C in an air atmosphere. This study showed that it is possible to obtain 

chemically homogeneous sub micrometer particles of PbZrO3 by homogeneous precipitation 

throughout aqueous solutions of the chlorides of the respective cations via decomposition of 

urea. The XRD study and the graph obtained is an indication that the product obtained after 

analysis is Lead Zirconate. SEM image shows the size of a single particle. By EDXS we can 

see that Lead, Zirconium and Oxygen are present in the sample and also gold is detected. 
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