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Abstract

The polycrystalline samples of (Pb0.70La0.30)(AlxTi1�x)O3 (PLAT) (x = 0.0, 0.05, 0.10, 0.15, 0.20) were synthesized by conventional solid-state

reaction technique and annealed at two different temperatures. A single phase X-ray diffraction pattern was recorded with cubic symmetry of the

space group Pm�3m.The Bragg–Brentano geometry is used for indexing, structural solution and Rietveld analysis for our powder samples. The

detailed structural study was analyzed by employing Rietveld refinement techniques with the help of the Fullprof Program. The lattice parameters,

cell volume, Wyckoff position of the atoms, bond lengths and angles have been calculated from the Rietveld analysis with the help of Powder Cell

Program and by taking the refined parameter a stable crystal structure was suggested. It was observed that lattice parameter and cell volume

decreases with increase of Al concentration. The crystallite size has been compared by three different methods: Scherrer’s formula, Hall–

Williamson method and Rietveld method. The scanning electron microscope (SEM) analysis of the samples shows the uniform microstructure with

no abnormal grain growth and the grain size increases with annealing temperature and decreases with the increase of Al concentration. The

elemental analysis was confirmed by energy dispersive spectrum analysis.
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1. Introduction

Lead titanate (PbTiO3), which exhibits perovskites structure

and a very high Curie temperature Tc = 4908, belongs to the most

important ferroelectric and piezoelectric families [1]. The

perovskite structure has been one of the most versatile structures

for tailoring the properties of materials [2,3]. The perovskite

structure forms the basis of several complex structures, which

may be due to intergrowths, oxygen deficiency or due to cation

ordering [4,5]. It has been shown that modification using

aluminium, which occupies the B-sites, provides new structural

defects, i.e. oxygen vacancies, during the sintering process [6].

Lead oxide also forms a liquid phase above its melting point

(890 8C), which improves densification, but it also may affect the

stoichiometry of the composition, due to its high volatility at the

sintering temperatures. Therefore, an excess PbO is usually

added to the initial raw materials, in order to prevent the deviation
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from the stoichiometry by lead loss and also to improve the

densification, by forming the liquid phase. Lead titanate

(PbTiO3) has the perovskite (ABO3) structure with the Pb atoms

occupying the cell corners, Ti occupying the body canter, and the

oxygen atoms sitting at the face centers. The cubic paraelectric

phase has Pm�3m symmetry, while the tetragonal ferroelectric

phase has P4mm symmetry [7]. Lead titanate PbTiO3 (PT) and

lead lanthanum titanate Pb1�xLaxTiO3 (PLT) are important

perovskite ferroelectric materials which show remarkable

ferroelectricity, piezoelectricity and pyroelectricity, because of

their potential applications in the field of microelectronics and

optoelectronics. The PT and PLT nanocrystals have been

extensively studied in recent years [8–12]. The PbTiO3 crystals

show a para-ferroelectric phase transition at about 490 8C,

transforming from the tetragonal to cubic phases. It is known that

this transition is caused by the strain in the PT crystals with

tetragonality c/a of 1.06. The ratio c/a in PT nanocrystals

decreases with decreasing grain size [13]. The isomorphic

substitution of lead with lanthanum gives rise to a decrease in the

tetragonality, and the material with a formula of Pb0.7La0.3TiO3

(PLT30) has a pseudo cubic perovskite structure [14].

Now a day, many studies have been carried out on the

different synthesis methods, phase development, electric and
d.
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dielectric behaviour of various perovskites structured ferro-

electric ceramics, which can be applied to several micro and

nano-electronic devices such as multilayer capacitors, micro-

actuators and miniaturized transducers [15–17]. Aluminium as

an acceptor ion may replace Ti4+ site and as addition segregates

at grain boundaries [18]. Al belongs to valence stable ions;

it can affect the stability of the material. It is also well known

that the fluctuation of the oxidation state of the non metal ions

(Al) results in the formation of oxygen ion vacancies to reserve

the local electrical neutrality and causes thermally activated

conduction [19].

Due to the above important facts we have prepared the

(Pb0.70La0.30)(AlxTi1�x)O3 (where x = 0.0, 0.05, 0.10, 0.15, and

0.20) by employing a solid state method at high temperature. In

this paper, Rietveld analysis is used to refine structure and

micro parameter of the PLTA material. Microstructural and

elemental analysis was studied qualitatively.

2. Theoretical background

An accurate estimate of grain size/crystallite size becomes

essential when such materials are produced with their crystallite

size of the order of less than 100 nm.Though transmission

electron microscope (TEM) is one of the powerful techniques

for crystallite size measurement, it has certain limitations. Since

TEM images represent only a local region, many samples and

images are required to provide average information for the entire

sample. Not only this, the TEM sample preparation method is an

involved and a time consuming one. The XRD technique is free

from these limitations.

X-ray diffraction is a simpler and easier approach for the

determination of crystallite size of powder samples. The

underlying principle of such a determination involves precise

quantification of the broadening of the diffraction peaks. Based

on this principle, a few techniques involving to calculate the

crystallite size such as Scherrer equation, Hall–Williamson

method and Rietveld method. The Scherrer’s formulae can be

written as [20],

SC ¼
kl

bcos u
(1)

where constant ‘k’ depends upon the shape of the crystallite

size (= 0.89, assuming the circular grain), b = full width at

half maximum (FWHM) of intensity vs. 2u profile, l is

wavelength of the Cu Ka radiation (= 0.15418 nm) and

u is the Bragg’s diffraction angle. The instrumental broad-

ening factor has been taken into account during the FWHM

calculation

ðb ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
b2

obs � b2
ins

q
Þ.

According to Williamson–Hall (WH) method [21], the

individual contributions to the broadening of reflections can be

expressed as,

bcos u ¼ kl

SC

þ 4esin u (2)
where 4esin u is the strain effect on the crystallites. It is mostly

the correction of Scherrer’s formula by taking into account of

the strain. Using this equation one can calculate the average

crystallite size and the strain of the samples.

A complete expression is used in the Rietveld method, which

can be written as [22],

FWHM2 ¼ ðU þ D2
STÞðtan2 uÞ þ Vðtan uÞ þ W þ IG

cos2 u
(3)

where U, V and W are the usual peak shape parameters, IG is a

measure of the isotropic size effect, DST = coefficient related to

strain. IG and DST can be refined in Rietveld method.

3. Experimental details

The perovskite (Pb0.70La0.30)(AlxTi1�x)O3 (where x = 0.0,

0.05, 0.10, 0.15, 0.20) ceramics have been prepared by the

solid state method at high temperature. Stoichiometry ratios

of PbO, La2O3, Al2O3 and TiO2 with 99.9% purity were

weighed using a high precision electronic balance. The above

materials were mixed thoroughly with the help of agate mortar

and pestle. The grinding was carried out under acetone till the

acetone evaporates from the mortar. The mixture was ball

milled for 8 h for homogeneous mixture and presintered

at different temperatures with intermediate grindings. The

samples were fired at 1000 8C for 6 h. The fine powders of the

above compound were pressed into cylindrical pellets of 6 mm

diameters and 1 mm thickness under a uni-axial pressure of

6 tons using a hydraulic press. Finally the pellets were sintered

at 1150 8C for over 4 h with 5% extra lead oxide to compensate

the lead loss at high temperatures [23] and then cooled to room

temperature at the rate of 2 8C min�1. All the above sintering

processes were carried out in the air. The XRD patterns of all

the samples were recorded using Philips PANalytical X’pert-

MPD X-ray diffractometer (XRD) (Model-PW3020). The Cu

Ka radiation was used as an X-ray source. The machine was

operated at 35 kVand 30 mA. The data were collected with step

size of 0.020 and time constant of 1 s. The scanning electron

micrograph was recorded using a JEOL scanning electron

microscope (SEM) (JEOL T-330) at room temperature. The

compositional analysis was carried out by SEM-Energy

dispersive spectroscopy (EDS).

4. Results and discussion

4.1. Structural analysis

Fig. 1 shows the XRD patterns of (Pb0.70La0.30)(AlxTi1�x)O3

(x = 0.0, 0.05, 0.10, 0.15, 0.20) calcined at 1000 8C for 6 h. The

lead titanate is a displacive type of ferroelectric compound

having the tetragonal structure at room temperature, with very

large distortion from a cubic structure [24]. We have observed

that all the samples are in single-phase form could be indexed

using Pm�3m space groups with cubic symmetry.

Fig. 2 shows the X-ray diffraction patterns of

(Pb0.70La0.30)(AlxTi1�x)O3 (x = 0.0, 0.05, 0.10, 0.15, 0.20)

sintered at 1150 8C for 4 h.The XRD patterns for all the



Fig. 1. XRD patterns of (Pb0.70La0.30) (AlxTi1�x)O3 (where x = 0.0, 0.05, 0.10,

0.15, and 0.20) samples annealed at 1000 8C for 6 h.

Fig. 3. Refined patterns in the typical sample (Pb0.70La0.30)(Al0.15Ti0.85)O3

annealed at 1000 8C for 6 h with refined data obtained by the Rietveld method.

The experimental points are given as a dot (�) and theoretical data is shown as

solid lines. The difference between theoretical and experimental data is shown

as a bottom line. The vertical lines represent the Bragg’s allowed peaks.
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samples were analyzed with the help of Fullprof program by

employing Rietveld refinement techniques [25,26].The typical

refined XRD pattern of 1000 8C for 6 h and annealed at 1150 8C
for 4 h is shown in Figs. 3 and 4, respectively. We have observed

that all the peaks could be well refined to the Pm�3m space

group. The average crystallite values calculated using

Scherrer’s formulae (Eq. (1)), Williamson–Hall (WH) method

(Eq. (2)) and Rietveld method (Eq. (3)) are listed in Table 1 for

both 1000 8C and 1150 8C annealed samples, respectively. One
Fig. 2. XRD patterns of (Pb0.70La0.30) (AlxTi1�x)O3 (where x = 0.0, 0.05, 0.10,

0.15, and 0.20) samples annealed at 1150 8C for 4 h.
can notice that the crystallite size obtained by Rietveld method

is less than that of WH method. It is due to the correction of

peak broadening factors taking into account of all instrumental

factors. Also the crystallite size obtained by WH method is less

than those obtained by Scherrer’s formulae. It is because, the

strain correction factor has been taken into account in case of

WH method whereas it has not taken into account in Scherrer’s

method. The pseudo-Voight description of profile shape was

determined as profile set up for Rietveld refinement. Refine-

ment profile function value uses modern commercial Bragg–

Brentano diffractometer and value of the sample broadening.

Therefore, the Bragg–Brentano geometry is definitely the best
Fig. 4. Refined patterns in the typical sample (Pb0.70La0.30)(Al0.15Ti0.85)O3

annealed at 1150 8C for 4 h with refined data obtained by the Rietveld method.

The experimental points are given as a dot (�) and theoretical data is shown as

solid lines. The difference between theoretical and experimental data is shown

as a bottom line. The vertical lines represent the Bragg’s allowed peaks.



Table 1

Crystallite size and Grain size of the sample (Pb0.70La0.30)(Ti1�xAlx)O3 (where x = 0.0, 0.05, 0.10, 0.15 and 0.20) samples annealed at 1000 8C for 6 h and 1150 8C for

4 h, respectively.

Sample composition Crystallite size (nm) Grain size (mm), SEM

Scherrer method WH method Rietveld method

Pb0.70La0.30TiO3 (1000 8C) 21.2 19.7 18.6 1.24

Pb0.70La0.30TiO3 (1150 8C) 38.6 37.8 36.3 4.26

Pb0.70La0.30(Ti0.95Al0.05)O3 (1000 8C) 20.4 18.9 18.1 1.13

Pb0.70La0.30(Ti0.95Al0.05)O3 (1150 8C) 37.7 37.0 36.1 4.20

Pb0.70La0.30(Ti0.90Al0.10)O3 (1000 8C) 20.0 18.3 17.2 1.12

Pb0.70La0.30(Ti0.90Al0.10)O3 (1150 8C) 36.4 35.9 35.2 4.12

Pb0.70La0.30(Ti0.85Al0.15)O3 (1000 8C) 19.6 17.4 16.4 1.05

Pb0.70La0.30(Ti0.85Al0.15)O3 (1150 8C) 34.8 34.1 33.0 4.03

Pb0.70La0.30(Ti0.80Al0.20)O3 (1000 8C) 18.5 17.1 15.7 1.02

Pb0.70La0.30(Ti0.80Al0.20)O3 (1150 8C) 33.9 33.0 32.1 3.98

N. Sahu, S. Panigrahi / Ceramics International 38 (2012) 1085–10921088
choice for indexing, structure solution and Rietveld analysis of

powder samples. The crystallite size plotted against different

composition at different temperatures using these methods is

shown in Fig. 5(a) and (b), respectively. It is observed that the
Fig. 5. (a) and (b) Compares the crystallite size verses composition using

Scherrer’s method, Williamson–Hall method and Rietveld method of

(Pb0.70La0.30)(Ti1�xAlx)O3 (where x = 0.0, 0.05, 0.10, 0.15 and 0.20) samples

annealed at 1000 8C for 6 h and 1150 8C for 4 h, respectively.
average crystallite size increases with annealing temperatures

and decreases with the increase in Al concentration. It is due to

the formation of larger crystals at high temperatures. The

crystallite size, lattice parameters, occupancy, fractional atomic

positions, thermal parameters, etc. was taken as the free
Fig. 6. (a) and (b) Lattice parameter, cell volume vs. compositions of (Pb0.70

La0.30)(Ti1�xAlx)O3 (where x = 0.0, 0.05, 0.10, 0.15 and 0.20) samples annealed

at 1000 8C for 6 h and 1150 8C for 4 h, respectively.



Table 2

Parameters obtained from Rietveld analysis of (Pb0.70La0.30)(Ti1�xAlx)O3 (where x = 0.0, 0.05, 0.10, 0.15, 0.20) samples annealed at 1000 8C for 6 h.

Parameters Samples

x = 0.00 x = 0.05 x = 0.10 x = 0.15 x = 0.20

Space group Pm�3m Pm�3m Pm�3m Pm�3m Pm�3m

Pb (Occup.) 0.633(8) 0.631(7) 0.682(2) 0.674(3) 0.665(4)

La (Occup.) 0.233(8) 0.231(8) 0.282(4) 0.270(7) 0.265(7)

Ti (Occup.) 0.995(7) 0.950(8) 0.906(5) 0.849(7) 0.807(8)

Al (Occup.) – 0.051(8) 0.106(5) 0.158(3) 0.198(10)

a = b (Å) 3.930(2) 3.929(9) 3.925(12) 3.924(19) 3.922(8)

C (Å) 3.930(2) 3.929(9) 3.925(2) 3.924(19) 3.922(8)

Volume (Å3) 60.704(1) 60.688(11) 60.486(6) 60.457(6) 60.341(4)

x2 (chi2) 2.12 1.74 1.40 1.88 1.73

Rp 11.9 20.2 16.9 21.0 23.2

Rwp 21.8 22.1 18.3 22.7 20.5

RBragg 13.0 14.3 10.8 11.7 12.2

Rf 8.52 12.9 8.8 10.7 13.3

Rexp 9.56 13.6 9.79 10.2 10.3

Pb–Ti/La (Å) 3.30(2) 3.41(4) 3.13(3) 3.05(2) 3.01(1)

Pb–Al–La (Å) – 3.29(1) 3.35(2) 4.10(1) 4.23(2)

Ti/La–O1 (Å) 1.48(5) 1.88(8) 1.78(7) 1.77(7) 1.75(8)

Ti/La–O2 (Å) 2.21(5) 2.20(5) 1.95(9) 1.88(11) 1.80(5)

nPb–Ti/La–Pb 16.85(2) 18.28(3) 17.68(9) 16.77(7) 16.38(8)

nPb–Ti/Al–O1 102.32(5) 124.21(6) 118.14(7) 115.54(5) 113.24(5)

nPb–Ti/La–O2 45.51(3) 114.75(4) 110.43(2) 109.12(5) 105.82(5)

nPb–La–Al – 105.52(1) 101.98(6) 101.78(5) 100.85(4)

nLa–O2–Al – 121.41(2) 115.25(4) 111.56(4) 109.78(5)

nLa–O1–Al – 104.45(1) 101.85(7) 100.81(2) 98.88(5)
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parameter during the fitting. All the refined parameters,

position of occupancies, bond lengths, bond angles calculated

from the refined parameters and other parameters are listed in

Tables 2 and 3 for the sample annealed at 1000 8C and 1150 8C,
Table 3

Parameters obtained from Rietveld analysis of (Pb0.70La0.30)(Ti1�xAlx)O3 (where x

Parameters Samples

x = 0.00 x = 0.05 

Space group Pm�3m Pm�3m 

Pb (Occup.) 0.633(8) 0.627(3) 

La (Occup.) 0.238(8) 0.279(3) 

Ti (Occup.) 0.995(7) 0.957(1) 

Al (Occup.) – 0.054(7) 

a = b (Å) 3.927(2) 3.925(6) 

C (Å) 3.927(2) 3.925(6) 

Volume (Å3) 60.509(3) 60.508(6) 

x2 (chi2) 2.12 2.32 

Rp 19.9 19.3 

Rwp 21.8 22.1 

RBragg 13.0 13.1 

Rf 8.52 11.9 

Rexp 9.56 8.33 

Pb–Ti/La (Å) 3.20(7) 3.56(8) 

Pb–Al–La (Å) – 4.81(5) 

Ti/La–O1 (Å) 1.55(4) 1.89(4) 

Ti/La–O2 (Å) 2.04(2) 2.40(4) 

nPb–Ti/La–Pb 15.85(7) 19.21(4) 

nPb–Ti/La–O1 101.0(1) 112.29(4) 

nPb–Ti/La–O2 47.41(3) 113.93(4) 

nPb–La–Al – 121.29(1) 

nLa–O2–Al – 117.58(7) 

nLa–O1–Al – 87.23(6) 
respectively. The site occupancy factors for each atom was

refined separately and then fixed at the refined value. In the final

refinement, the isotropic thermal parameters and the oxygen

occupancy factor were refined. The lattice parameters and unit
 = 0.0, 0.05, 0.10, 0.15 and 0.20) samples annealed at 1150 8C for 4 h.

x = 0.10 x = 0.15 x = 0.20

Pm�3m Pm�3m Pm�3m

0.646(7) 0.660(7) 0.629(3)

0.288(1) 0.263(3) 0.275(5)

0.895(5) 0.845(7) 0.806(9)

0.107(8) 0.158(9) 0.204(1)

3.917(3) 3.912(7) 3.913(3)

3.917(3) 3.912(7) 3.913(3)

60.101(4) 59.909(2) 59.906(8)

2.34 2.35 2.38

16.1 10.6 10.3

24.4 17.6 17.2

11.8 8.45 15.7

7.13 7.08 13.5

8.26 7.89 8.65

3.42(5) 3.32(5) 3.209(1)

3.98(4) 3.85(1) 3.54(1)

1.74(1) 1.71(2) 1.68(4)

2.12(4) 1.94(4) 1.81(2)

18.67(8) 17.54(5) 16.51(4)

108.76(4) 105.25(5) 104.38(6)

111.32(9) 110.23(5) 110.16(5)

120.56(2) 120.30(2) 119.95(6)

114.32(4) 111.97(5) 110.84(4)

84.52(1) 82.96(7) 80.52(7)



Table 4

The splitting of Wyckoff positions after refinement of (Pb0.70La0.30)

(Ti1�xAlx)O3 (where x = 0.0, 0.05, 0.10, 0.15 and 0.20) samples annealed at

1150 8C for 4 h.

Wyckoff position

of atoms

Samples

x = 0.0 x = 0.05 x = 0.10 x = 0.15 x = 0.20

Pb 1a 1a 1a 1a 1a

La 6b 6b 6b 6b 6b

Ti 8c 8c 8c 8c 8c

Al 6d 8d 1d 1d 1d

O 12e 6e 6e 6e 6e

Fig. 7. Stable crystal structure using the refined parameters of the typical

(Pb0.70La0.30)(Ti0.85Al0.15)O3 samples annealed at 1150 8C for 4 h, respectively.
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cell volumes are found to be decreased with the increase of Al

concentrations, it could be due to the smaller ionic size of Al3+

(0.51 Å) to that of ionic size of Ti4+ (0.95 Å). Since Al does not

have bonding d-orbit or d-electrons and the substitution of Al3+

for Ti4+ in (Pb0.70La0.30)(AlxTi1�x)O3 is aliovalent, the effect of

Al on the structure is quite different from the other substitutions

of the PLT. From bond lengths it is confirmed that Al-doping

reinforced the Co-valance of Pb–O, Which indicated that the
Fig. 8. (a–e) Scanning electron micrograph of (Pb0.70La0.30)(Ti1�xAlx)O3 (wher
Pb–O hybridization was strengthened [27]. The Rietveld

refinement treatment was done to reduce the overlapping

position in the same place between the Ti and Al. Therefore, the

crystal structure becomes more stable. From this stable structure

it is observed that crystal structure analysis is an important step to

get high quality PLAT materials for microelectronics and

optoelectronics applications. The lattice parameter and cell

volume verses compositions for different annealing temperatures

are shown in Fig. 6(a) and (b), respectively. Using the refined

parameter the stable crystal structure was suggested, which is

shown in Fig. 7. In crystallography a Wyckoff position is a point

belonging to a set of points for which site symmetry groups

are conjugate subgroups of the space group. Wyckoff positions

are used in calculations of crystal properties. The splitting of

the Wyckoff position of the atoms for all the compositions after

refinement is capitalized in Table 4.
e x = 0.0, 0.05, 0.10, 0.15 and 0.20) samples annealed at 1150 8C for 4 h.



Table 5

Elemental analysis of (Pb0.70La0.30) (Ti1�xAlx)O3 (where x = 0.0, 0.05, 0.10,

0.15 and 0.20) samples annealed at 1150 8C for 4 h.

Composition Element EDS (wt%) Theoretical (wt%)

x = 0.00 Pb 47.29 47.34

La 26.52 26.53

Ti 16.28 16.31

O 9.91 9.81

Al 0 0.0

x = 0.05 Pb 45.92 45.96

La 25.74 25.75

Ti 15.03 15.04

O 9.50 9.53

Al 3.81 3.71

x = 0.10 Pb 44.35 44.65

La 24.89 25.02

Ti 14.00 13.85

O 10.55 9.25

Al 7.21 7.22

x = 0.15 Pb 43.39 43.42

La 24.65 24.32

Ti 12.69 12.71

O 9.05 9.01

Al 10.22 10.53

x = 0.20 Pb 42.22 42.25

La 23.66 23.67

Ti 11.62 11.64

O 8.85 8.76

Al 13.65 13.67

Fig. 9. Evolution of the grain size as a function of La concentration of the

sample annealed at 1000 8C for 6 h and 1150 8C for 4 h, respectively.
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4.2. Microstructural and elemental analysis

Fig. 8(a–e) exhibits the scanning electron micrographs of the

(Pb0.70La0.30)(Ti1�xMnx)O3 (where x = 0.0, 0.05, 0.10, 0.15,

0.20, 0.25) samples annealed at 1150 8C for 4 h, respectively.

The micrographs indicate the existence of polycrystalline

microstructure. The grains of equal sizes appear to be distributed

homogeneously throughout the surface of the samples. One can

notice the samples are uniform and the grains are in order of

micron size. The average grain size of the sample is found to be

1.02–4.26 mm and there is uniform grain growth, which is

desirable for getting better electrical and electrochemical

properties. The variation of average grain size for all the samples
Fig. 10. (a–e) Energy dispersive spectrum of (Pb0.70La0.30)(Ti1�xAlx)O3 (wher
with an increase in Al concentration with sintering temperature is

listed in Table 1 and it was found that grain size decreases with

increase of Al concentration. Generally Pb evaporates during the

high temperature annealing. These micrographs revealed that
e x = 0.0, 0.05, 0.10, 0.15 and 0.20) samples annealed at 1150 8C for 4 h.
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the grain structure of the samples is dense, crack free, smooth

having an apparent uniform thickness. Further these micrographs

revealed that the increased grain size is due to the increasing

of sintering temperature. Fig. 9 shows the grain size verses

compositions at different annealing temperatures.

The energy dispersive spectrum (EDS) analysis reveals that,

all the compositions present in the samples are as prepared.

The SEM-EDS is shown in Fig. 10(a–e), respectively. This

figure clears the EDS analysis of all the doping concentration;

the theoretical wt% of the elements is more or less the same

with the wt% calculated from the EDS spectra, which shows

a consistency  of the elemental wt% present in the green

ceramics. The relation between the theoretical wt% and EDS

spectra wt% of different elements of various compositions

of Pb0.70La0.30AlxTi1�xO3 ceramics is given in Table 5. It is

observed that both the wt% is more or less the same with a

little variation.

5. Conclusions

A structural study was performed on Al doped (Pb0.70

La0.30)(Ti1�xAlx)O3 (x = 0.0, 0.05, 0.10, 0.15, 0.20) compounds

prepared by the conventional solid state reaction technique.

The formation of the perovskite structure has been confirmed

from X-ray diffraction study. The lattice parameter (which

determine the positions of the reflections) and cell volume

decreases with increase of Al concentration. The Rietveld

refinement method was undertaken for crystallite size estima-

tion and structural information from powder samples. The

treatment was done to reduce the overlap position in the same

place between the Ti and Al. The Rietveld analysis suggests

that the Goodness of fitting parameters, bond lengths and

angles are useful for the development of the perovskites

structure of the materials, using the refined parameter a stable

crystal structure is suggested. The SEM micrographs revealed,

increased grain size with the increase in sintering temperature

and decreases with the increase of Al concentration. By

elemental analysis we confirmed that the sample is as prepared.
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