Chapter 6

6.1. Introduction

Binary, ternary, and multinary oxide materials are widely used in capacitors, microwaves and
electronic high- and low power frequency devices, information storage, a variety of sensors,
and charge storage devices [1-9]. There is a strong need for low-cost materials with large
dielectrics, low tan 6, and large breakdown voltage for high power applications. Oxide
materials have also been used in several fields such as medicine, imaging, and energy, where
they require high critical current density under the magnetic field and for which a high-
temperature superconductor material is required [10-12]. Since an ultrahigh dielectric
permittivity was described in a CaCusTi4sO12 (CCTO) ceramic [13], extensive effort has been
devoted to designing and developing materials with giant dielectric value in numerous
ceramics. CCTO has been referred to as a pioneering large dielectric material because of its
very dielectric constant (¢'~ 10° — 10°) and has been thoroughly studied [14-17]. It has been
also demonstrated that values are independent of frequency between the 10 and 10° Hz range.
CCTO exhibits good temperature stability across a large range of temperatures from 100 to
600 K without ferroelectric phase transition, in contrast to other materials of this class
including BaTiOs-based dielectric ceramics [18-20]. These characteristics further
demonstrates suitability for above mentioned applications [21-23]. The genesis of the
enormous dielectric constant of the CCTO has been the subject of numerous models from
intrinsic and extrinsic mechanisms in the last 10 years [24—26]. VVarious models were proposed
for the large dielectric constant such as the surface barrier layer capacitor (SBLC) [27], internal
barrier layer capacitor (IBLC) [28, 29], small polaron hopping models [30], polaronic stacking
fault defect model [26], and non-Ohmic sample-electrode contact model [31]. For a very long

time, CCTO was thought to be an unusual material among the several oxides related to
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perovskites that can be generally represented by the chemical formula ACusTisO1 [32].
Bi23CusTisO12 (BCTO) is one of the few numbers that show compositionally and isostructural
CCTO-like oxides. BCTO has also shown giant dielectric permittivity. With a high percentage
of A-site vacancies, BCTO is a fascinating material since it signifies a distinct class of CCTO-
like oxides and may thus be different from other similar materials of this class. It has been
demonstrated that the processing method, composition, and morphology have a significant
influence on the dielectric and electrical characteristics of the ceramics [33]. The dielectric
characteristics of BCTO produced using a conventional solid-state method have been the
subject of only a few papers [34, 35]. Traditional and advanced ceramics are synthesized using
a solid-state technique that requires laborious effort, a long reaction time, and multiple
intermediate grinding steps [36]. Yang et al. produced a series of high density BCTO through
the solid-state method and observed the dielectric constant of ~3.3 x 10° at 1 kHz [37]. Gautam
et al. [38] synthesized BCTO by semi wet route and observed to be a large dielectric
permittivity of ~ 2.9x10% at 323 K and 100 Hz but the tangent loss of this ceramic was very
high (~10). Zhuang et al. prepared BCTO-CCTO composites, has good candidate for dual
function varistor-capacitor applications because of its high non-linear and dielectric properties
[39]. There are limited reports on impurity substitution or how different processing methods
affect microstructural, dielectric and electrical properties of BCTO ceramic. Vishnu et al.
synthesized Ni-doped BCTO by semi wet route and reported to be high dielectric constant and
low dielectric loss [40]. Because of processing methods and cationic substitution, further in-
depth investigations are required to comprehend the impact of metal ions on their dielectric
and electrical properties. To the best of the authors’ knowledge, no studies have been done on

the synthesis of Bi/3)xDyxCusTisO12(x=0.05, 0.10, and 0.20), also denoted as BDCTO-0.05,

Department of Chemistry, IT (BHU) Varanasi Page 164



Chapter 6

BDCTO-0.1, and BDCTO-0.2 respectively, utilizing low cost TiO; as a source material. The
morphology, crystalline structure, dielectric properties, and complex impedance, were
determined for the materials developed using semi-wet method for the synthesis and results

are reported in this paper.
6.2. Experimental

The BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 precursor powders were obtained by semi
wet route, and the bismuth nitrate Bi(NO3)3.5H.O (99%) Merck, India) copper acetate
Cu(CH3COO)2. H20 (99%) Merck, India), titanium oxide TiO2 (98.5%) Merck, India),
DyN309.xH20 (99.9% India), and citric acid (CeHsO7, (99.5%) Merck, India)) were obtained
from the Merk India. The purity of the source materials is listed as supplied by the supplier.
The starting materials were mixed in the stoichiometric ratio, and distilled water was used as
the solvent in this work. The resulting solution was heated to evaporate the water for self-
ignition at 353-363 K on a hotplate with a magnetic stirrer. After the removal of a lot of gases,
a residual mass of precursor powders was obtained. Citric acid is used in the ignition step as
an agent that acts as a fuel. The precursor powders were ground and calcined at 1073 K for 6
h in an electrical furnace, respectively. A hydraulic press was used to consolidate the calcined
powder containing 2 wt% polyvinyl alcohol (PVA) into cylindrical pellets. The PVA binder
was burned out by heating at 573 K for two hours. Finally, the BDCTO-0.05, BDCTO-0.1, and

BDCTO-0.2 pellets were sintered in the air for 8 h hours at 1173 K.

An X-ray Diffractometer (Rigaku miniflex 600, Japan) using Cu-ka radiation was
used to determine the crystalline structure of the sintered sample. A scanning electron
microscope was used to look at the microstructures of the fractured surfaces ((ZEISS; model

EVO18 research, Germany). The elemental analysis of the sintered ceramics of the above-
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mentioned system was performed using an energy dispersive X-ray analyzer (Oxford
Instrument, USA). The size of the particles was investigated using a transmission electron
microscope (TEM, Technai G2 20 S-Twin). The samples were sonicated for two hours after
being distributed in ethanol for TEM investigation. This suspension was spread over a copper
grid that had been coated with carbon before drying for eight hours in the oven. Thermo Fisher
Scientific K (Waltham, MA) in broad scan survey mode and high energy resolution with AIK
was used for the XPS investigation (1486.6 eV). The FTIR spectra of sintered powder were
characterized by ATR-FTIR (Bruker, ALPHA model) Spectrophotometer using KBr pellets in
the frequency range 400-4000 cm™. Dielectric dispersion and complex impedance were
measured using an LCR meter (PSM1735, NumetriQN4L, U.K.) within the frequency range

of 100 Hz- 5 MHz and the temperature range of 309 to 509 K.

6.3. Results and Discussion

6.3.1. Microstructural studies

Figure 6.1 (a) displays the X-ray diffraction (XRD) pattern of the materials BDCTO-0.05,
BDCTO-0.1, and BDCTO-0.2 sintered at 1173 K for 8 h. This pattern demonstrates the
development of single-phased crystals without any sign of secondary phases. The diffraction
peaks at 26° = 24.2, 29.6, 34.2, 38.5, 42.3, 45.9, 49.3, 61.4 and 72.2°, respectively, correspond
to (200), (211), (220), (310), (222), (321), (400), (422) and (440) planes. The pseudo-cubic
structure is visible in the XRD patterns of these ceramics, which were perfectly indexed with
the BCTO PDF standard (JCPDS card No. 46-0725)). For the pseudo-cubic structure, none of
the primary diffraction peaks exhibit a splitting peak [41]. As a result, all ceramics have a

single-phase cubic structure with the space group Im-3. The average crystallite sizes (D) of the
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ceramics were also calculated using the line broadening method and the XRD data. The

Scherrer equation was used to determine the crystallite size (D) of the ceramics [42-44].

kA
" BcosO 6.1

where @ is the diffraction angle, £ is the full width at half maximum (FWHM) for calculating
crystallite size, 4 is the X-ray wavelength and k is a constant taken as 0.89. The average value
of crystallite size of BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 ceramics were calculated

and the values are 39.98 nm, 38.13 nm, and 35.07 nm respectively.
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Fig. 6.1 (2) XRD patterns for Bisz)xDyxCusTiaO12(x= 0.05, 0.10 and 0.20) ceramic ; (b) Inset figure of
XRD patterns in the enlarged view at the range of 26 from 31° to 33°.
The results of a Rietveld refinement analysis performed on the BDCTO-0.05, BDCTO-0.1,

and BDCTO-0.2 sintered ceramics for XRD patterns are displayed in Figure 6.2 (a, b, ¢)
respectively. The exact overlap of the predicted pattern (designated as a red circle) and the
detected pattern (designated as a black circle) shows that the XRD patterns fit the data well
[45-47]. The low value of ¥? further supported the accuracy of fitting for all samples. With the
space group Im-3, all of the observed Bragg's peaks support the existence of cubic symmetry.

Additionally, throughout the refinement process, variables relating to atomic locations, unit
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cell parameters, half width parameters (U, V, and W), zero correction, background, atomic
occupancy, and scale factor were varied. Table 6.1 also includes the refined values for the
lattice parameter, angles, unit cell volume, FWHM parameters, Bragg R-factor, and RF-factor
for all BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 ceramics. The (220) peak in inset figure
6.1 (b) shows a little peak displacement to a higher diffraction angle as the replacement

concentration rises which is due to a smaller ionic radius of Dy** than Bi®*" ions[48]. The

substituted cations effects on the lattice parameter have led to this little shift[49].
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Fig. 6.2 Rietveld refined XRD patterns of Bis)xDyxCusTisO12(X= 0.05, 0.10 and 0.20) ceramic
sintered at 1173 K for 8 h.
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Table 6.1 Bragg R-factor, RF-factor lattice parameters, crystal structures, angles for Bis).
«DyxCusTisO12 (x = 0.05, 0.10 and 0.20) ceramic.

Samples Lattice Veer (A% FWHM Parameters Bragg RF
parameters (A) R-factor -factor
BDCTO x? a=b=c U Vv W

X=0.05 4.08 7.404 405.834 0.07044 -0.00447 0.068547 3.120 5.089
X=01 438 7.402 405.502 0.87713 -0.65631 0.16754 2.771 2.174

X=02 3.77 7401 405.456 0.00875 -0.01849 0.06627 1447 1.821

Phase: Biss)xDyxCusTisO12 (BDCTO), Space group: Im-3, Angle: a= =y = 90°, Cubic structure

Figure 6.3 represents the bright field TEM image and SAED pattern of the BDCTO-0.05,
BDCTO-0.1, and BDCTO-0.2 sintered ceramics. TEM images, as shown in Figure 6.3 (a-C)
were used to determine the particle size and morphology of the above synthesized sintered
ceramics. From the figure, we have observed that the particles are looking like spherical. Some
of which showed some significantly agglomerated particles as well as individual particles in
the images. The observed particle size of ceramics calculated by TEM images was found in
the range of 96 £ 5 nm, 92 + 5 nm, and 83 £ 5 nm respectively. The TEM images also show
that the size of the particles in ceramics reduces as the Dy3* concentration rises. This indicates
the beginning of lattice strain caused by an ionic size mismatch between Dy®" and Bi®*, which
speeds up particle nucleation and reduces particle growth [51, 52]. The particle sizes
determined by TEM and XRD observed the crystallite sizes were both in the nano-crystalline
range. The polycrystalline nature of BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 ceramics

was also verified by SAED patterns, shown in Figure 6.3 (d-f).
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Fig. 6.3 (a-c) Bright-field TEM image; (e-g) SAED pattern of Bis)«xDyxCusTisO12(x= 0.05, 0.10 and
0.20) ceramic.

Figure 6.4 (a-c) represents the SEM image of the fractured surface and the corresponding grain
size distribution of BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 sintered ceramics
respectively. The graph reveals that the grains are well separated from each other as well as
also bimodal distributed grain and compacted texture can be observed. It is evident from the
SEM image that smaller grains were seen at the nanometer and larger grains at the micrometer
range. The microstructure of BCTO ceramic is significantly impacted by Dy doping. The
doped Dy content caused a considerably distinct behaviour in the microstructural progress. As
shown in Figure, some holes appear on the surface of the ceramics, and their porosity decreases
with increasing the Dy-doping content, It may be because Dy3+ addition has the effect of
reducing oxygen vacancies since the migration of oxygen vacancies during the sintering

process promotes grain development [52]. Inset figure 6.4 (a-c) represents the grain size
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distribution curve for DCTO-0.05, BDCTO-0.1, and BDCTO-0.2 sintered ceramic
respectively. It was observed from the figure that the grain size increases with rising the
concentration which is due to the radius of the Bi®* ions being smaller than that of the Dy**
ions. The average grain sizes of the ceramics are 123.44 nm, 125.36 nm, and 132.11 nm,
respectively. The increase in grain size of ceramic samples with Dy-doping may be one of the
major factors leading to its dielectric properties and magnetic properties[38]. The EDX spectra
of BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 sintered ceramics are shown in Figure 6.4 (d-
f), which confirmed the existence of Bi, Dy, Cu, Ti, and O elements. Table 2 displays the
atomic percentage of the elements Bi, Dy, Cu, Ti, and O with various compositions, verifying

the purity and stoichiometry of ceramics.

2
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Fig. 6.4 (a—c) SEM of sintered pellet; (e-g) EDX spectrum of Bis)xDyxCusTisO12(x= 0.05, 0.10 and
0.20) ceramic.
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Table 6.2 Atomic percentage of elements for Bis)«DyxCusTisO12 (x = 0.05, 0.10 and 0.20) sintered
ceramic

Composition Atomic percent of element

Bi Dy Cu Ti )
0.05 2.40 0.17 11.68 15.57 70.18
0.10 2.72 0.45 14.40 19.20 63.23
0.20 2.48 0.92 15.97 21.29 59.34

The XPS method was used to ascertain the chemical states of the Bi, Dy, Cu, Ti, and O
elements in the BDCTO-0.2 sintered ceramics. Figure 6.5 (a) displays the obtained spectrum
for Bi 4f. Approximately 158.58 eV and 163.86 eV, which correspond to Bi 4f7;2 and Bi 4fs2,
respectively, were the two typical peaks for Bi 4f, showing that bismuth was present in the
ceramic as Bi®* [40]. The peak at 153.59 eV in Figure 6.5 (b) corresponds to the Dy** ion in
the 4da, state at the 4d core level [53]. Figure 6.5 (c) shows the copper XPS spectra BDCTO-
0.2 ceramic. With the binding energy associated with Cu 2p spectra at the peak 935.8 eV and
954.7 eV, which correspond to Cu 2ps2 and Cu 2pis, respectively, the binding energy of
copper in BDCTO-0.2 ceramic confirms the existence of the +2 oxidation state of Cu[54].
Figure 6.5 (d) displays the XPS spectrum of Ti 2p in BDCTO-0.2 sintered ceramic. The Ti 2p
shown in the figure can be resolved into the contribution of Ti** and Ti*" by fitting the spectrum
which contains four peaks at the energies of 457.99 eV, 463.66 eV, 458.94 eV, and 465.97 eV
respectively. The first two Peaks positions at 457.99 eV and 463.66 eV indicate the Ti 2p
doublet i.e., Ti 2ps2 and Ti 2p12, confirming the presence of Ti ions in the +4 oxidation state,
and the later two peaks show the presence of Ti ions in the +3 oxidation state, which may be
caused by the presence of oxygen vacancies during high-temperature sintering [55]. The three
peaks at 529.49 eV, 530.84 eV, and 532.49 eV in the O 1s XPS spectrum (figure 6.5 (e)) can
be attributed to oxygen-metal bonds, surface-adsorbed oxygen, and oxygen in the hydroxyl

group respectively [56].
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Fig. 6.5 The XPS spectrum of (a) Bi; (b) Dy; (c) Cu; (d) Ti; (e) O elements present in the BDCTO-0.2
ceramics.

Figure 6.6 reveals the FTIR spectra of BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 ceramics
sintered at 1173 K for 8 h and were recorded in the range of 400-4000 cm™. At 432 cm?, 505
cm, and 595 cm?, the main characteristic bands of bismuth copper titanate ceramic were seen.
The cause of these characteristic bands could be attributed to the region of Ti** as a result of
vri— o and vri-o-Ti Vibrations [57, 58]. The absorption peaks observed at 432 cm™ and 595 cm?
are mainly due to the vrio Stretching vibration, which signifies confirms the formation of the
perovskite phase of bismuth copper titanate ceramic [59]. The peak recorded at 740 cm™ is
mainly due to the presence of a metal oxide bond (Bi—O) [60, 61]. According to the FTIR
analysis, the absorption bands appear in the range of 300 cm™ to 700 cm™, which is caused by

the mixed vibration of CuO4 and TiOs octahedron [36]. The broad absorption bands at 1630
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cmtand 3440 cm could be related to the OH vibrational mode of the absorbed water molecule

or moist atmosphere [62—64].
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Fig. 6.6 FTIR spectra of Dy doped BCTO system with various concentrations (x=0.05, 0.10 &0.20).

6.3.2. Dielectric studies

Figure 6.7 (a) illustrates the fluctuation of the dielectric constant (&) as a function of frequency
for the ceramics BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 respectively. Below 10 kHz, the
dielectric constant of the ceramics falls off quickly, while between 10 kHz and 10 MHz, it
virtually stays constant. As shown in the figure, the dielectric constant at 309 K is significantly
higher for BDCTO-0.05 than for BDCTO-0.1 and BDCTO-0.2 ceramics. The values of &r for
the above ceramics at 309 K and 1 kHz were observed to be 285, 190, and 182 respectively.

The occurrence of high dielectric constant at lower frequencies indicates the potential for
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charge carriers to accumulate at the grain boundary and interface, leading to space charge
polarization [65]. This explanation is based on the Maxwell-Wagner model, which states that
dielectric materials with heterogeneous structures can be assumed to be made up of conducting
grains and insulating grain boundaries. This situation results in the appearance of space charge
polarization when the applied field drop crosses the grain boundaries[66]. It is also clear that
the values &'decrease as the concentration of Dy** is increased. All the samples show a definite
drop in the values of ¢'as the frequency is increased evidently at a lower, intermediate, and
higher frequency which is evident at lower, intermediate, and higher frequencies except pure
BCTO ceramic(Synthesized by semi wet route) because it has observed frequency independent
behaviour in higher frequency region and also reported literature [38, 67]. Tangent loss (tan o)
with frequency variation of the BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 sintered ceramics
are shown in Figure 6.7 (b). The graph clearly shows that the value of tan & drops with
frequency in the lower frequency zone while decreasing smoothly in the higher frequency
region. The value of tan 6 of the above ceramics was found to be 0.61, 0.48, and 0.42

respectively, at 309 K and 1 kHz.
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Fig. 6.7 Frequency dependence of the (a) permittivity (&) and (b) dielectric loss (tan ) for the Dy doped
BCTO ceramics at 309 K and 1 kHz.
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It is a useful method for evaluating the relation between the electrical properties of crystalline
materials and their microstructures over a broad frequency and temperature range to reveal the
cause of dielectric depression, the formation of the barrier layer, the presence of multiple
polarization processes occurring simultaneously in the ceramics and their typical relaxation
condition. The Nyquist plot between the real part of the impedance (Z') and imaginary Part of
impedance (Z2") of BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 sintered ceramics at 309 K is
demonstrated in figure 6.8 (b). It is clear from the graph that only one semicircle is visible due
to the contribution of the grain boundary while another semicircle is seen at a lower frequency
region due to the electrode surface effect. This indicates that the material exhibits solid mixed
ionic conductivity. There must be another semicircle in the high frequency region beyond the
measurement frequency range since extrapolation in the high frequency region does not reveal
the intercept on the Z' axis (inset figure) to be near zero. This non-zero intercept obtained on
the Z' axis which does not pass through the origin gives the effective contribution of grains
resistance (Rg) whereas the effective contribution of grain boundaries resistance (Rgp) is given
by the intercept of another arc in the lower frequency range. The large value of grain boundary
resistance which is typically seen for IBLC, a feature of semiconducting grain with insulating
grain boundaries, suppresses the arc for grains at high frequency regions. From the figure, it
can be seen that the values of grains and grain boundary resistance decrease with an increased
doping concentration of Dy®*. The calculated value of grains and grain boundaries resistance
for BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 sintered ceramics were found to be 930 Q,

465 Q, 355Q,4.33 x 10°Q, 5.77 x 105Q and 6.78 x 106 Q respectively.

Figure 6.8 (a) displays the variation of impedance (Z") with frequency for BDCO-0.05,

BDCTO-0.1, and BDCTO-0.2 sintered ceramics at 309 K. The figure shows that Z" drops as
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frequency rises and merges with itself at a higher frequency region. The relaxation peak seen
at lower frequencies and suppression of peaks at higher frequency regions provides evidence

for the existence of the thermally assisted ionic phenomenon in ceramics.

2.0x10

(a) — = BDCT0-0.05 (b)| —=— BDCTO-0.05
Z.HXI‘]" @ BDCTO-0.1 ® - BDCTO-0.1
A BDCTO-0.2 A BDCTO-0.2

1.6x10"
1.5x107 4

1.2x10"

—~
—_ c
T 1.0x107{A%4a, =2 o
= 2 AA i
K e00000er N g0’ At ee T
LUX 3 k
N- A Ak ® o
5.0x10° s o° * g
S.0x 9 -\ i
[ T “ ¢ » 100 2
"Eamagg, A 4.0x10° o
Sy | o
L TY T anua®
0.0 -
[ P P
7(Q)
T T T T T T 0.0 T T T T -
10 10° 10 10° 10° 107 0.0 2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10
Frequency(Hz Z'(Q)

Fig. 6.8 (a) Angular frequency-dependent Z" plot and (b) complex impedance plot for BDCTO-0.05,
BDCTO-0.1, and BDCTO-0.2 ceramics at 309 K.

Figure 6.9 (a) displays the plot of Inoac v/s 1000/T for BDCTO-0.05, BDCTO-0.1, and
BDCTO-0.2 sintered ceramics. With temperature, the ac conductivity of all three samples rises
practically linearly. As a result, at 1 kHz and in the 309 K- 500 K temperature range, the
materials exhibit semiconductor characteristics. The activation energy of the samples having
the composition (x =0.05, 0.10, and 0.20) are 0.454, 0.152, and 0.121 respectively. The
activation energy linearly decreases with composition due to which charge carriers increase
improving the conductivity of the produced materials [68, 69]. Samples of BDCTO-0.05,
BDCTO-0.1, and BDCTO-0.2 exhibit a rise in ac conductivity with rising dopant

concentration.

Figure 6.9 (b) demonstrates the fluctuation of ac conductivity with frequency at 309 K for

BDCTO-0.05, BDCTO-0.1, and BDCTO-0.2 sintered ceramics. It is clear from the figure that
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ac conductivity increases with increasing frequency but in most materials, ac conductivity due

to localized sites may be described by Jonscher’s power law as revealed in the equation,
0 = 0dct0ac = OdcT AC()S 62

Where oy Is direct current conductivity and s is the frequency exponent factor whose values
lie between 0 to 1. The value of s also depends on the temperature as well as the composition.
A is the pre-exponential factor and w is the angular frequency. The value of s for BDCTO-
0.05, BDCTO-0.1, and BDCTO-0.2 sintered ceramics was observed as 0.606, 0.654, and 0.731
respectively. From the results, it is concluded that the value of s increases with the rise in the
Dy3* concentration and also observed that conductivity increases with increasing frequency

which is a sign of the hopping conduction behavior of the ceramic[70,71].

(a)| —= BDCTO-0.05 = BDCTO-0.05 | (b)
® BDCTO-0.05 64 e BDCTO-0.1
2= BDCTO0.2 | 4 BDCTO-0.2 |

amEEn
mm..“ - L ©

g c
Rl
© -124 [ o -10
%" o000, © [=
= 000,0000000° 000000 %0 =
MAAAAA“‘*“‘*A A
14 12 4
16 31"
14+
T T T T T 1 1 T T T T T T T
1.8 2.0 2.2 24 2.6 1 2.8 3.0 3.2 34 6 8 10 12 14 16 18
1000/T (K™) In®

Fig. 6.9 (a) Plots of conductivity (In oac) with the inverse of temperature at 1 kHz and (b) Variation of
In gac With In @ at 309 K for Big3)xDyxCusTisO12(x= 0.05, 0.10 and 0.20) ceramic.

6.4. Conclusion
Dy-doped Bi»3CusTisO12 was synthesized by semi wet route at 1173 K, and single-phase
formation was confirmed by XRD studies without any sign of CuO and TiO: as a secondary

phase. The lattice parameters of body centred BDCTO ceramic decrease due to lower ionic
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radii of Dy®* than Bi®". The microstructure analysis exhibited that the grain growth of BCTO
is largely affected by Dy-doping. The presence of each substituted and host element in the
EDX spectra of BDCTO ceramics shows that the purity and stoichiometry of the ceramics are
verified. The oxidation state of elements present in BDCTO ceramics was confirmed by XPS
analysis. The frequency dependence of the dielectric investigation revealed that the dielectric
constant and tangent loss fall as the Dy concentration rises in BCTO ceramic. The impedance
investigations of BDCTO ceramics revealed an unusual grain boundary resistance, which
confirms the IBLC mechanism existing in this ceramic and is responsible for the high ¢’ values.
ac conductivity studies are done as a function of both frequency and temperature. As the
frequency increases, the ac conductivity increases following the Jonscher power law, and also

rises with the temperature that obeys the Arrhenius law.
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