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Abstract— Lanthanum substituted Lead Zirconate Titanate ferroelectric materials were prepared using solid state reaction 
method. The basic composition chosen for the present study is PbZr0.65Ti0.35O3. The constituent raw materials (mostly oxides 
and carbonate) were weighed in proportions required to give the following selected compositions. (a) PbZr0.65Ti0.35O3   (b) 
Pb1-xLax (Zr0.65Ti0.35)1-x/4O3, where x varies from 0.06 to 0.08 insteps of 0.01.The values of experimental density (measured 
by Archimedes Principle), theoretical (XRD) density and relative density of isostatically sintered pellets were measured with 
respect to La as substituent. Structural information of the samples was investigated using X-ray diffractometer.  
Microstructural information of the samples were investigated using Scanning Electron Microscopy (SEM). 
 
Keywords— Ferroelectrics, microstructure, PZT Ceramics, XRD. 
 
I. INTRODUCTION 
 
The importance of ferroelectrics in electric, electronic 
devices and in various other fields is influenced by its 
physical and chemical properties of ferroelectrics, 
which in turn are dependent on the mode of 
preparation. The desired properties can be obtained 
only by virtue of the presence of certain combinations 
of the chemical constituents, firing schedule that 
influences not only the chemical composition such as 
valence state of the constituent cations and the 
oxygen content but also controls the microstructure. 
The ceramic process of synthesizing materials 
depends to a great extent on the particle size, shape 
and particle size distribution of the starting materials. 
Impurities either inherent or as additives and /or 
dopants in the starting materials also play an 
important role in modifying the properties of 
synthesized ceramic materials.  
 
In this connection, the technique & process of 
material preparation various experimental techniques 
that are adopted to characterize and study the 
electrical properties of the present materials for 
investigations are described.     
 
Thus, the characterization of the processed materials 
becomes all the more necessary when one has to 
study the effect of additives and dopants on various 
properties of host material. Therefore, the material 
preparation and characterization are important aspects 
of a study concerned with the development of any 
ceramic material [1]. In this connection, the technique 
& process of material preparation various 
experimental techniques that are adopted to 
characterize and study the electrical properties of the 
present materials for investigations are described. 
Examination of XRD patterns revealed that the 
crystal structures of all the samples with various 
compositions were composed of rhombohedral [2] 
and tetragonal phases. 

II. MATERIALS AND METHODS 
 
The starting materials used in the synthesis of 
ferroelectrics were highly pure and analytical reagent 
grade (99.9% Purity). The basic composition chosen 
for the present study is PbZr0.65Ti0.35O3. The 
constituent raw materials (mostly oxides and 
carbonate) were weighed in proportions required to 
give the following selected compositions.(a) 
PbZr0.65Ti0.35O3  (b) Pb1-xLax (Zr0.65Ti0.35)1-x/4O3, 
where x varies from 0.06 to 0.08 insteps of 0.01. The 
raw materials are taken in correct proportions of the 
oxides of rare earth lanthanum and titanium ions 
along with lead zirconium according to the solid state 
reaction were mixed by grinding into fine powder in 
an agate mortar with pestle for 6 hours and thus 
mixed thoroughly in the presence of ethyl alcohol. 
The Powder ferroelectric samples are calcinated in 
alumina crucibles for 4 hours at 800oC in the air and 
then it is allowed to cool in the muffle furnace. The 
pre-sintered samples were grinded for 6 hours 
followed by drying and re-calcined at 850oC for 4 
hours. The pre-sintered powders were again grinded 
and 10% of polyvinyl alcohol is added as a binder. 
The granulated powder is pressed in to pellets of 
10mm diameter at a pressure of 4 tons per square inch 
using hydraulic press, which were placed in 
aluminum crucibles and sintered in air for 4 hours at 
1250 oC and later the furnace is switched off and 
allowed to cool naturally in air atmosphere. 
X-ray diffraction technique is used for the 
structural/phase analysis of the material [3].  The 
structural information of the samples were 
investigated using X-ray diffractometer (INTEL, Co 
Kα radiation. λ = 1.788A0). Maximum voltage and 
current used in this characterization is 30 kV and 15 
mA. The basic principle is that for a fixed wavelength 
(λ), the constructive interference occurs for a fixed 
set of an interplanar spacing (d) and incidence angle 
(θ). According to Bragg’s condition of diffraction λ = 
2d sinθ [4]. 
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Microstructural information of the samples were 
investigated using Scanning Electron Microscopy 
(Philips XL 30 ESEM), voltage applied to the 
electron gun is 20KV. Scanning electron microscope 
was used to determine the average crystallite size and 
the surface morphology. It gives information about 
the grain evolution and grain size. It also gives the 
information about the inter-granular and the intra-
granular pores and the distribution of grains in the 
bulk samples.  
 
III. RESULTS AND DISCUSSIONS 
 
X-ray Diffraction (XRD) analysis: 
Structural information of the samples was 
investigated using X-ray diffractometer, Maximum 
voltage and current used in this characterization is 30 
KV and 15 mA. Examination of XRD patterns 
revealed that the crystal structures of all the samples 
with various compositions were composed of 
rhombohedral and tetragonal phases. Lattice planes 
belong to rhombohedral (▲) and tetragonal (▼) 
phases are indexed using JCPDS file numbers 52-
1411 and 46-0504 respectively. For the composition x 
= 0.06, the lattice planes belongs to both 
rhombohedral and tetragonal crystal structure. The 
intensity of the lattice planes (101), (012), (003), 
(202), (113), (104) and (024) belongs to 
rhombohedral phase is retains the same as increase 
the La(x) content in the samples. Incorporation of 
lanthanum ions thermodynamically into the lattice of 
perovskite structure stabilizes the rhombohedral 
phase against the tetragonal phase. But the lattice 
plane (113) belongs to rhombohedral phase is 
disappeared at the composition x = 0.10. From the 
structural analysis, it is observed that the decrease in 
intensity of lattice planes belongs to tetragonal and 
retains the same for the planes belongs to 
rhombohedral. Therefore, the crystal structure of the 
samples transform from multi phase rhombohedral 
and tetragonal phase to single phase rhombohedral 
phase as the composition changed from x = 0.06 to x 
= 0.10. The lattice parameters (a and c) for tetragonal 
crystal structure are a = 0.398 and c = 0.405 nm, and 
for rhombohedral phase [5] are a = 0.574 and c = 
0.714 nm. 

 

       
Fig . 1 XRD pattern of Pb1-x Lax (Zr0.65 Ti0.35)1-x/4 03 at 

Composition   x = 0.06., 0.07., 0.08. & 0.10 

        
Fig. 2 Variation of Crystallite size with composition of Pb1-x Lax 

(Zr0.65Ti0.35 ) 1-x/4 O3. 
 
Microstructural  Study: 
Microstructural information of the samples were 
investigated  using Scanning  Electron Microscopy 
(Philips XL 30 ESEM), voltage applied to the 
electron gun is 20KV. Fig. 3 (a) shows the SEM 
microstructures of PZT sintered at 1250 0C for 4 
hours. Fig 3(b-e) illustrates the SEM micrographs of 
PLZT at x = 0.06, 0.07, 0.08 and 0.10 respectively. 

 

 
Fig. 3(a) SEM micrograph of PZT   

 

 
Fig. 3(b) SEM micrograph of PLZT at x=0.06 

 

 
Fig. 3(c) SEM micrograph of PLZT at x=0.07 
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Fig. 3(d) SEM micrograph of PLZT at x=0.08 

 

 
Fig. 3(e) SEM micrograph of PLZT at x=0. 10 

 
From the microstructure it can be inferred that the 
grains of PZT and PLZT samples showed square 
shaped grains with an average grain size ranging from 
4-7 µm. A general trend can be observed that with 
increasing amount of B-site substitution the grain 
growth increases [6]. 
 

CONCLUSIONS 
 
The major conclusions drawn from the present 
investigations are given in this section as given 
below. 
1. The present work was an attempt to understand 

the synthesis and characterization of PZT 
ceramics. 

2. La substitution on PZT Ceramics was used to 
enhance and modify its properties. 

3. La doping increases the experimental density 
with the reduction in tetragonality of the PZT 
crystal lattice, which leads to the formation of 
denser micro-structure. 

4.  XRD studies showed the incorporation of 
lanthanum ions thermodynamically into the 
lattice of perovskite structure stabilizes the 
rhombohedral phase against the tetragonal phase. 

5.  Microstructure study reveals that almost uniform 
grain growth and grain compaction with well-
defined grain boundaries is observed with the 
increase in substitution of La in PZT ceramics. 
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