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loop for a ferroelectric material.

Temperature dependence of real and imaginary parts of
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(@ The wunit cell parameters a, c¢ for various
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Temperature dependence of dielectric permittivity and
dielectric loss for xBNW-(1-x)PT ceramics: (a) x = 0.20
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XRD pattern of (1-x)Bi(MgssW14)O3-xPbTiO;3 [After
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Composition dependence of lattice parameters for (1-
X)Bi(Mg3/4W1,4)O3-xPbTiO3 reported by Stringer et al.
(2005).

Phase diagram of (1-X)Bi(MgasW1/4)O3-xPbTiO3
reported by Stringer et al. (2005).

Evolution of the pseudocubic (111), (200) and (220)
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Variation of lattice parameters with composition (x) of
(1-x)Bi(MQg1/2Zr1/2)O3-XxPbTiO3 piezoceramics poled at
an electric field of 30kV/cm along with the unpoled
sample [Upadhyay et al. (2017)].

Experimentally observed (dots), Rietveld calculated
(continuous line, and their difference (continuous
bottom line) profiles for pseudocubic (110), (111) and
(200) reflections obtained after Rietveld analysis of
XRD data for 0.65Bi(Mg1/2Ti12)03-0.35PbTiO3 using
coexistence monoclinic + tetragonal (Pm-P4mm)
structures for various heat treatment temperatures. The
vertical tick marks above the bottom line show peak
position [After Upadhyay and Singh (2015)].

Variation of monoclinic phase fraction with increasing
heat treatment for 0.65Bi(Mgy/,Tii2)03-0.35PbTiO3
[Upadhyay and Singh (2015)].

Variation of lattice parameters with increasing heat
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(2015)].

SEM images of 0.65Bi(Mg1/2Tii2)03-0.35PbTiO3

ceramics prepared at 850°C, 900°C, 950°C and 1000°C
temperatures [After Upadhyay and Singh (2015)].

XVi

27

27

29

30

31

33

34

36

37

38

39



Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Powder XRD patterns of starting ingredients (a) Bi,Os,
(b) MgO, (c) H,WOQs4, (d) PbO and (e) TiO,.

Powder XRD patterns of (1-x)Bi(Mg3/sW1/4)O3-XPbTiO3
ceramic with composition x = 0.62 calcined at different
temperatures 500°C, 600°C, 700°C, 750°C, 800°C and
850°C.

Powder XRD patterns of (1-X)Bi(Mga/sW14)O3-xPbTiO3
ceramic with compositions x = 0.45, 0.55, 0.60, 0.61,
0.62, 0.63, 0.64, 0.65, 0.66, 0.67, 0.68, 0.69, 0.70, 0.72
and 0.75 respectively calcined at 850°C temperatures.

Powder XRD patterns of (1-X)Bi(Mga/sW14)O3-xPbTiO3
ceramic with compositions x = 0.45, 0.55, 0.60, 0.61,
0.62, 0.63, 0.64, 0.65, 0.66, 0.67, 0.68, 0.69, 0.70, 0.72
0.75 and 1.0 respectively sintered at 990°C temperature.

SEM images (left panels) and EDS spectra (right panels)
of (1-x)Bi(Mgs/4W1/4)O3-xPbTiO3 ceramics with
compositions x = 0.60, 0.63 and 0.67. The inset
histograms show the distribution of grain size in the
samples.

Powder XRD patterns of (1-X)Bi(Mgs/4sW1/4)O3-XxPbTiO3
ceramics with x = 0.45, 0.50, 0.55, 0.60, 0.61, 0.62,
0.63, 0.64, 0.65, 0.66, 0.67, 0.68, 0.69, 0.70, 0.72 0.75
and 1.0 sintered at 990°C. Miller indices using
tetragonal structure is given for x = 1.0.

Evolution of the selected profiles with composition for
(1-X)Bi(Mg3/4W1/2)O3-xPbTiO3 ceramics. The
superlattice peak (111) indexed using cubic space group
(Fm-3m) and (011) indexed using tetragonal space
group (14/m) arise due to B-site cationic ordering. The
peaks marked with “C” and “T” are due to cubic (Fm-
3m) and tetragonal (14/m) phases respectively.

Observed (red dots), Rietveld calculated (continuous
black line) and their difference (continuous blue curve)
profiles for (1-x)Bi(Mgz4W1/4)O3-xPbTiO3 with (a) x =
0.75 (b) x = 0.61 and (c) x = 0.55 obtained after Rietveld
analysis of the powder XRD data using cubic (Fm-3m),
Cubic + tetragonal (Fm-3m + 14/m) and tetragonal
(14/m) structures, respectively. The vertical bars above
the difference plot show the peak positions. The inset
illustrates the goodness of the fit.

Composition dependence of (a) cubic and tetragonal
phase fractions and (b) permittivity at room temperature
for (1-x)Bi(Mg3/sW1/4) O3-XPbTiO3 ceramics.

Composition dependence of (a) lattice parameters (b)
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Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.15

unit cell wvolume and tetragonality for (1-
X)Bi(Mg3/4W1/4)O3-XPbTiO3 ceramics.

Schematic unit Cells for (a) Cubic (Fm-3m), (b)
Tetragonal (14/m) and (c) Tetragonal (P4mm) phases of
(1-x)Bi(Mgs/4W1/4)O3-xPbTiO3 ceramics.

Raman spectra of (a) (1-X)Bi(MgasW1/4)O3-xPbTiO3
with x = 0.55, 0.62, 0.66, 0.75 and (b) pure PbTiO3.

X-ray photoelectron spectra (XPS) of W4f and O1s core
levels for (1-x)Bi(Mgs/sW14)O3-xPbTiO3 ceramics with
x = 0.64 and 0.75. Symbols for curves obtained after
deconvolution of various contributions and peak fittings,
are specified in the insets.

Temperatue dependence of the real (¢)) part of the
permittivity for various compositions of (1-
X)Bi(MQg3/2W14)O3-XPbTiO3 ceramics (a) x = 0.45, (b)
0.55, (c) 0.61, (d) 0.64, (e) 0.72 and (f) 0.75 measured in
the frequencie range from 100 KHz to 2 MHz. Inset of
(a) shows the Arrehenius and VVogel-Fulcher fits for the
relaxation time at various frequencies.

Temperature dependence of the dielectric loss (tan d) for
various compositions of (1-x)Bi(Mgs4sW1/4)O3-xPbTiO3
ceramics measured in the frequencies range 100 KHz to
2 MHz.

Temperature dependence of real (¢/) and imaginary (&")
parts of the permittivity for (1-x)Bi(Mgs,4W1/4)Os-
XPbTiO3 ceramics with compositions x = 0.45, 0.55,
0.61, 0.64, 0.72 and 0.75 measured at 100KHz
frequency.

Composition dependence of the peak/anomaly
temperatures in the real (Tm/) and imaginary parts
(Tm") of the permittivity and their difference [Tm/-
Tm"], measured at 100 kHz for relaxor peak of (1-
X)Bi(Mg3/4W1/4)O3-xPbTiO3 ceramics.

Temperature evolution of selected XRD peak profiles of
0.36BMW-0.64PT ceramics. The peaks marked with
“C” and “T” is due to the cubic and tetragonal phases.

Rietveld fits for the selected XRD peaks of 0.36BMW-
0.64PT ceramics using coexisting tetragonal (14/m) and
cubic (Fm-3m) phases at lower temperatures and single
cubic (Fm-3m) phase at higher temperatures.

Rietveld fits for the structure of 0.36Bi(Mg3/sW1/4)O3-
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Figure 3.16

Figure 3.17

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

0.64PbTiO3 using Cubic (Fm-3m) + tetragonal (14/m)
and cubic (Fm-3m) structures, for the XRD pattern
measured at 150 °C (two phase region) and 650 °C
(cubic phase region), respectively.

Temperature dependence of (a) Lattice parameters, (b)
phase fraction of cubic and tetragonal phases (c) unit
cell volume and tetragonality for 0.36BMW-0.64PT
ceramic.

New Phase diagram of (1-x)Bi(MgasW1/4)O3-xPbTiO3
ceramics.

Powder XRD patterns of 0.38Bi(Mgs;sWy/4)Os-
0.62PbTiO3 ceramics having 1, 2, 3 and 5 mol% excess
amount of PbO. The lower pattern is for stoichiometric
sample.

Experimentally observed (red dots), Rietveld calculated
(overlapping black line) and their difference (continuous
blue curve) XRD profiles for stoichiometric
0.38Bi(Mg3/4W1/2)O03-0.62PbTiO3 (lower panel) and
with excess of 5 mol% PbO (upper panel), obtained
after Rietveld structural analysis. The stoichiometric
sample has coexisting cubic (Fm-3m) and tetragonal
(14/m) structures while 5 mol% excess PbO sample has
coexisting cubic (Pm-3m) and tetragonal (P4mm)
structures, respectively. The vertical bars upper
(tetragonal), lower (cubic) above the difference plot
show the peak positions.

Powder XRD patterns of 0.38Bi(Mgs/sW1/)Os-
0.62PbTiO3; ceramics modified with 1, 2, 3 and 5 mol%
excess amount of Bi,O3 sintered at 990°C.

Experimentally observed (red dots), Rietveld calculated
(overlapping black line) and their difference (continuous
blue curve) XRD profiles for 0.38Bi(MgssW1/4)O3-
0.62PbTiO3 with 5 mol% excess Bi,Os, obtained after
Rietveld structural analysis using coexisting Cubic (Fm-
3m) and tetragonal (14/m) structures. The vertical bars
upper (tetragonal), lower (cubic) above the difference
plot show the peak positions.

Powder XRD patterns of 0.38Bi(Mgs/sW1)Os-
0.62PbTiO3 ceramics chemically modified with 1, 2, 3
and 5 mol% excess amount of TiO, sintered at 990°C.

Experimentally observed (red dots), Rietveld calculated
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Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

(overlapping black line) and their difference (continuous
blue curve) XRD profiles for 0.38Bi(Mgs/sW1/4)Os-
0.62PbTiO3 with 5mol% excess of TiO, obtained after
Rietveld structural analysis using coexisting cubic (Fm-
3m) and tetragonal (14/m) structures. The vertical bars
upper (tetragonal), lower (cubic) above the difference
plot show the peak positions.

Powder XRD patterns of 0.38Bi(MgsuW1/)Os-
0.62PbTiO3 ceramic samples chemically modified with
1, 2, 3 and 5 mol% excess amount of H,WQ, sintered at
990°C. The lower pattern is for the stoichiometric
sample.

Experimentally observed (red dots), Rietveld calculated
(overlapping black line) and their difference (continuous
blue curve) XRD profiles for 0.38Bi(MgssW1/4)Os-
0.62PbTiO3 with excess of 5mol% H,WO,, obtained
after Rietveld structural analysis using coexisting cubic
(Fm-3m) and tetragonal (14/m) structures. The vertical
bars upper (tetragonal), lower (cubic) above the
difference plot show the peak positions.

Powder XRD patterns of 0.38Bi(Mgs/sW1/)Os-
0.62PbTiO3 ceramics modified with 1, 2, 3 and 5 mol%
excess amount of MgO sintered at 990°C.

Experimetnally observed (red dots), Rietveld calculated
(overlapping black line) and their difference (continuous
blue curve) XRD profiles for 0.38Bi(Mg34sW1/4)O3-
0.62PbTiO3; with excess of 5mol% MgO, obtained after
Rietveld structural analysis using coexisting cubic (Fm-
3m) and tetragonal (14/m) structures. The vertical bars
upper (tetragonal), lower (cubic) above the difference
plot show the peak positions.

Variation of the lattice parameters, unit cell volume and
tetragonality for 0.38BMWO0.62PT ceramic chemically
modified by 1, 2, 3 and 5 mol% excess of Bi,O3, TiO,,
PbO, H,WO,and MgO .

SEM micrographs of 0.38BMW-0.62PT and modified
with 5 mol% of Bi,O3, MgO, H,WQ,, PbO and TiO..

EDS spectrum of stoichiometric 0.38BMW-0.62PT and
chemically modified with 5 mol% excess of Bi,Os,
MgO, H,WOQ,, PbO and TiO,.

Temperature dependent dielectric permittivity of
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Figure 4.15

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Figure 6.1

stoichiometric  0.38BMW-0.62PT and chemically
modified with 5 mol% excess of Bi,O3, MgO, H,WO,,
PbO and TiO; at various frequencies.

Temperature dependent dielectric loss of 0.38BMW-
0.62PT and 5 mol% of (MgO, Bi,03, H,WO,, TiO, and
PbO) at various frequencies.

Powder XRD patterns of (1-X)Bi(Mga/sWi4)O3-xPbTiO3
piezoceramics with compositions x = 0.61, 0.63 and
0.67 in the 20 range of 10°- 100°. The inset shows the
zoomed (111) superlattice reflection appearing due to B-
site cationic ordering.

Evolution of the pseudocubic (110), (111) and (200)
XRD profiles of 0.39BMW- 0.61PT pellets poled at
different poling field strength.

Evolution of the pseudocubic (110), (111) and (200)
XRD profiles of 0.38BMW-0.62PT pellets poled at
different poling field strength.
Evolution of the pseudocubic (110), (111) and (200)
XRD profiles of 0.33BMW- 0.67PT pellets poled at
different poling field strength.

Evolution of the pseudocubic (110), (111) and (200)
XRD profiles of 0.37BMW-0.63PT pellets poled at
different poling field strength.

Experimentally Observed (red color dots), Rietveld
calculated (continuous black line) and their difference
(continuous bottom blue line) profiles obtained after full
pattern Le-Bail profile matching analysis of the powder
XRD data using P4mm space group for (1-x)BMW-xPT
ceramics with compositions x = 0.61, 0.63 and 0.67
poled at 30 kV/cm. The vertical bars (green) above the
difference plot show the Bragg peaks.

Comparison of lattice parameters for poled (30 kV/cm)
and unpoled samples of (1-x)BMW-XPT ceramics with
compositions x = 0.61, 0.62, 0.63 and 0.67.

Poling field dependent variations of lattice parameters
and unit cell volume of the tetragonal phase for
0.39BMW-0.61PT ceramic. Inset shows the c-axis
lattice strain for different fields for the tetragonal phase.

Room temperature XRD patterns of

0.36Bi(Mg3/4W1/4)O3-0.64PbTiO3; ceramic high energy
ball milled for 5, 10, 15, 20, 25, 30, 35 and 52 hrs

XXi

130

135

137

138

140

141

142

144

145

150



Figure 6.2
(a,b)

Figure 6.2
(©)

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

Figure 6.7

Figure 6.8

(bottom to top).

Experimentally observed (dots), Rietveld calculated
(overlapping continuous line) and difference (bottom
curve) profiles for 0.36Bi(MQgs4W1/4)O03-0.64PbTiO;
ceramic obtained after Rietveld analysis of the structure
using (a) tetragonal (P4mm) and (b) coexisting cubic
(Fm-3m) and tetragonal (14/m) structures. The vertical
tick marks above the difference plot show the peak
positions.

SEM image of 0.36Bi(MgssW1/4)03-0.64PbTiO3
ceramic sample ball prepared by high energy ball
milling for 52 hrs.

Room temperature XRD patterns of
0.40Bi(Mg3/4W14)O3-0.60PbTiO; samples prepared at
850°C, 900°C, 950°C and 1000°C.

Evolution of XRD profiles for 0.40Bi(Mgs/sW1/4)Os3-
0.60PbTiO; ceramic samples calcined at different
temperatures 850, 900, 950 and 1000°C for 3 hrs.

Experimentally observed (dots), Rietveld calculated
(overlapping continuous line) and their difference
(continuous  bottom  line) XRD  profiles for
0.40Bi(Mg3/4W1/4)O3-0.60PbTiO3 ceramic obtained after
Rietveld analysis of the structure using (a) cubic (Fm-
3m) (sample prepared at 850°C) and (b) coexisting cubic
and tetragonal (Fm-3m + 14/m) structures (sample
prepared at 1000°C). The vertical tick marks above the
difference plot show the peak positions.

Room temperature XRD patterns of
0.39Bi(Mg3/4W1/4)O3-0.61PbTiO3 ceramic prepared at
850°C, 900°C, 950°C and 1000°C.

Evolution of XRD profiles for 0.39Bi(Mgs/sW1/4)Os-
0.61PbTiO3; ceramic calcined at different temperatures
850, 900, 950 and 1000°C for 3 hrs.

Experimentally observed (dots), Rietveld calculated
(overlapping continuous line) and their difference
(continuous  bottom line) XRD profiles for
0.39Bi(Mg3/4W1/4)O03-0.61PbTiO3 ceramic obtained after
Rietveld structural using (a) cubic (Fm-3m) (sample
prepared at 1000°C) and (b) cubic and tetragonal (Fm-
3m + 14/m) structures (sample prepared at 850°C). The
vertical tick marks above the difference plot show the
peak positions.
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Figure 6.9

Figure 6.10

Figure 6.11

Room temperature XRD patterns of
0.33Bi(Mg3sW1/4)03-0.67PbTiO; sintered at 850°C,
900°C, 950°C and 1000°C.

Evolution of the XRD profiles for 0.33Bi(Mg3/sW1/4)Os-
0.67PbTiO3 ceramic prepared at 850, 900, 950 and
1000°C temperatures for 3 hrs.

Experimentally observed (dots), Rietveld calculated
(continuous line) and their difference (continuous
bottom line) XRD profiles for 0.33Bi(MgssW1/4)Os-
0.67PbTiO3 ceramic obtained after Rietveld structural
analysis using (a) tetragonal (14/m) (sample prepared at
1000 °C) and (b) coexisting cubic and tetragonal (Fm-
3m + 14/m) structures (sample prepared at 850 °C). The
vertical tick marks above the difference plot show the
peak positions.
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List of Abbreviations

AFE Anti-ferroelectricity
A Angstrom
BE Binding energy
°C Degree Celsius
EDS Energy dispersive spectroscopy
FE Ferroelectricity
FWHM Full width half maxima
Hrs Hours
ICDD International centre for diffraction data
kHz Kilohertz
MHz Megahertz
Min Minute(s)
MPB Morphotropic phase boundary
Nm Nano-meter
P Polarization
E Electric field
PT Lead titanate
PVA Polyvinyl alcohol
SEM Scanning electron microscope
T Temperature
XPS X-ray photoelectron spectroscopy
XRD X-ray diffraction
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