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Abstract: The effect of 8% of (Ni2+, Ta5+) content and the route of synthesis (i.e., conventional solid state reaction « CSS
» and molten salt method « MS ») on micro-structural, morphological and dielectric properties of BIT ceramics have been
investigated. X-ray diffraction (XRD) analysis revealed that the (Ni,Ta)- modified BIT ceramics have a pure orthorhombic
three-layer Aurivillius type structure. Phase purity is obtained at 950°C by CSS reaction and by the MS method at 850°C.
SEM/ EDX results confirms that the samples have a relatively dense pure, with micro-grains plate-like, structure typical
for Aurivillius layered structures but strongly influenced by the crystallite size of both methods. The dielectric constant and
the tangent loss of 8%-BNTT have been found to be decreasing by shifting the curie temperature to a high temperature,

when we change the reaction from CSS to MS.
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1 Introduction

For fifty years, an important research activity has been
dedicated to the family of bismuth layer-structured
ferroelectrics  (abbreviated as BLSFs), which was
discovered by Aurivillius in 1949 [1, 2]. Among them, the
family of three-layered Aurivillius phase Bi4Ti3012 or (BIT)
demonstrates the richness of this family because of their
high Curie temperature (~ 675 °C) and fatigue-free
properties, which makes it the favorite candidate for FRAM
devices and piezoelectric sensors [3- 9]. The chemical
structure of B4Tiz012 is  (Bi202)**(Bi:TizsO10)> or
(Bi202)*"(Bim-1 Ti3mO3m+1)*>* when m=3, where the anion site
is a pseudoperovskite sandwiched between cation site along
its axis cristallographic (c) [1]. To enhance the properties of
the BIT ceramics, several dopants or co-dopants are used
without changing the perovskite-like layer number m = 3
[10- 16]. For instance, Noguchi Y and al. [17] substitute
the Bi-site with high valent ions (Nb**, V3", W) but
Hongchu Du and al. [18] co-doped the same site with La/
W, Mo, Nb, and V to reduce the oxygen vacancies and
enhance the electrical properties. On the other hand, many
researchers have co-doped the (Ti-site) with different pairs
of ions such as (Fe**/Co*" ), (Fe*'/Nb>"), (Nb*"/Ta’") and

(W¢/Cr**) to improve multiferroic properties and
magnetoelectric coupling [19- 24]. According to the
literature, the synthesis of BIT aurivillius was done by
different preparation methods: sol-gel method [25, 26],
Pucheni method [27, 28] and solid state reaction [29- 32].

2 Experimental Sections

2.1 Preparation of Ceramics

The aurivillius ceramics  Bis(Ni2sTai1/3)0.08Ti2.92012,
(abbreviated as 8% BNTT) is prepared by conventional
solid-state reaction (CSS) and molten salt method (MS).
Molten salt synthesis: Reagent-grade BixOs (99.99%),
Ta205 (99.99%), NiO (99.99%) and TiO2 (99.8%) were
weighted according to the stoichiometric ratio and mixed
together with the same weight of the mixture (NaCl/ KCl)
(1/ 1). The choice of (NaCl / KCI) is based on the nature of
the precursors and the protocol reported by Kimura, T. &
Yamaguchi, T [38]. Then, the mixture was crushed in a
mortar of a glass for 3 hours and calcined at 850°C for 4 hrs
with a heating rate of 2°C/min. To assure the removal of
residual salts, prepared products have been washed several
times with hot water until no CI" was detected by the
AgNO:s solution.
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Solide state reaction: The same high purity reagent grade
component oxides in the desired stoichiometry have been
thoroughly mixed in a mortar of a glass for about 4 hours.
Then the mixed powder was calcined twice at the same
temperature, 950°C, for 4 hrs with a speed of 2°C /min this
confirms the formation of the Aurivillius phase without
pyrochlore (Bi2Ti207 ICSD : 98-009-9435) phases.

Finally to the two processes, cylindrical pellets of 13 mm
diameter and 2 mm thickness were prepared under 2000
kg/cm?® pressure. The pellets were, then, sintered at 900°C
for 4 hrs.

2.2 Characterization of ceramics

The phase structure of the synthesized Product was
characterized by X-ray diffraction (XRD), using
BRUCKER-AXS type D8 ADVANCE with CuKa
radiation (A=1,5406° A) in a wide range of Bragg angles
(10°< 26< 70°), and the lattice parameters were calculated
from the XRD data, using the cellref program, and the
crystallite size (D) was estimated, using Debye—Scherrer’s
equation (Dscr) and Williamsson-Hall method (DW-H) as
follows [35, 39].

kxA
DSCh - Bxcos(@) (1)
B cos(0) = A 4 o4ex sin(6) 2)
Dw-H

Where k= 0.9 is the shape factor, [ is the full width at half
maximum, and ¢ is the effective strain. Additionally, the
elemental composition and morphological properties were
esteemed by (SEM/ EDX) of (JEOL JSM-6390LV).
Infrared characterization, FTIR, was carried out to verify
the existence of the Aurivillius phases in the prepared
sample. For the electrical properties, both flat surfaces of
the pellet were electroded with fine silver paint and kept at
200°C in an oven for 1 h prior to measurements. The
dielectric permittivity and loss tangent of the sintered
samples were measured as a function of frequency (1 kHz-
IMHz) at different temperatures (RT to 700 °C) using the
LCR meter in conjunction with a computer-controlled
temperature chamber.

3 Results and Discussion

3.1 Structural Analysis

X-ray analysis (Figure 1) reveals that the powder in the two
synthesis methods and crystallinity in the orthorhombic
system with space group Fmmm indicates that the three
layered perovskite structure of (ICSD: 98- 002- 4738) was
preserved and no other impure phases appeared. Compared
to pur BIT, the highest diffraction peak (117), which
reveals that characteristic three-layer TiOs octahedra
perovskite structure shifted gradually to a higher degree
side (fom 30.168° to 30.27°). This displacement is due to
the difference in the ionic radii of doping elements (Ni*':

0.69 A and Ta>": 0.64 A) at the Ti-site (Ti*: 0.605 A) of
the Aurivillius structure, thus, shrinkage to the crystal
lattice [40].
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Fig. 1: X-ray indexed diffraction patterns of 8% BNTT
synthesized by CSS and MS methods.

In addition (from Table 1), The CSS-8% BNTT sample had
the largest crystallite size and cell volume, while MS-8%
BNTT was the smallest. This relationship between the
lattice parameter and crystallite size may be due to the
thermodynamic state and surface stresses [41—44]

In addition, the Williamsson—Hall plot (Figure 2) reveals
values close to the Scherrer relation. The average crystallite
size was 52.3 nm, and 88.5 nm for CSS-8% BNTT and MS-
8% BNTT, respectively.

3.2 Morphological Study

The observation of SEM micrographs of CSS- 8% BNTT
and MS- 8% BNTT ceramics which are shown in Fig. 3 (a
_b), and the use of “image J software” for the calculation of
average particle size gives values around 25.46 pm and
1.18pum, respectively, for both samples. We can explain this
big difference in values by the agglomeration of the
crystallites to form the grain-likes [45].

Moreover, the dense morphology of the plate-like grains
are, generally, due to the faster growth rate of grains along

© 2020 NSP
Natural Sciences Publishing Cor.



Int. J. Thin. Fil. Sci. Tec. 9, No. 3, 181-188 (2020) / http://www.naturalspublishing.com/Journals.asp

e o

183

the a-b plane than that along the c-axis in bismuth layer-
structure materials [46, 47].
In addition, the energy dispersive X-ray spectrometer

(EDX) analysis confirmed the purity of the samples
prepared by both process (Fig. 3 (¢ _d)) because of the pics
of all the stoichiometric elements Bi, Ti, Ni, Ta, and O.
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Fig. 2: Fitting plots of B cos0 versus sin@ in terms of Williamson-Hall equation.
Table 1: Structural end dielectric parameters of calcined samples.
Lattice parameters in A Crystallite and grain size Dielectric parameters
100kHz
a b c V(A% Scherrer W-H SEM T. (°C) € max
(nm) (nm) (um)
BIT (98-002- 5.4100 | 32.8400 | 5.4480 | 967.92
4738)

CSS-8% BNTT | 5.3993 | 32.8695 | 5.4459 | 966.49 40.79 52.3 25.46 696 9117,40
MS-8% BNTT | 5.3989 | 32.8695 | 5.4405 | 965.46 37.58 88.5 1.18 666 7407,86

3.3 Fourier Transforms Infrared Spectroscopy
(FTIR)

Infrared characterization, FTIR, was carried out to verify
the existence of the Aurivillius structure in the prepared
compound. There is a distinct band in the wave number
range between 400 and 700 cm™ FTIR spectra presented in
Figure 4. For both methods and without any change, we
note the presence of a strong peak at 570 cm™ and peaks
appearing in 838 cm™ and 872 c¢cm! are resulting from Ti—
O/ or substituted Ti-O vibraching modes for the octahedral
coordination TiOs, which confirms the formation of the
Aurivillius structure [48- 50].

3.4 Dielectric properties

Figure 5 illustrates the dielectric constant (¢') evolution of

the two samples as a function of temperature. The highest
Curie temperature (Tc) value was obtained at 696 °C for the
CSS-8% BNTT ceramic, but MS-8% BNTT is obtained at
666 °C. According to H. Delavari and al. [51], the Curie
temperature decreases with the minimized particles, this
validates our work.

The frequency and temperature dependence of tangent loss
(tand) of samples are shown in Fig. 6. With the increase in

temperature, tand is found to be very low and almost
remains constant, then beyond Tc indicates a significant
increase. The nature of variation of tand at higher frequency
and temperature can be explained by space-charge
polarization [52]. The higher values of the loss tangent at
high temperatures are attributed to the thermal conductivity
losses, and similar behavior has been reported by other
works [53].
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Fig. 3: a) and b) SEM micrographs, ¢ and d) EDX analysis, and size distribution of the synthesized of samples
CSS-8% BNTT and MS-8% BNTT, respectively
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Fig. 4: FTIR spectra of synthesized compounds by CSS and MS methods.
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Figure 5: Temperature-frequency dependence of dielectric constant (¢") of CSS-8% BNTT and MS-8% BNTT
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Fig. 6: Temperature-frequency dependence of dielectric loss (tan §) of CSS-8% BNTT and MS-8% BNTT.

4 Conclusions

Polycrystalline powders with the composition of Bis(Ni2s3,
Tais )oos Ti292012 were prepared by conventional solide
state reaction (CSS) and molten salt synthesis route (MS). It

is clear from experimental results and discussion that the
powders morphology and particles size can be modified by
the variation in the synthesis route, and the following
conclusions may possibly be drawn:
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e X-ray diffraction (XRD) analysis reveales that the
(Ni, Ta)-modified BIT ceramics have a pure
orthorhombic three-layer Aurivillius type structure,
but phase purity is obtained at two different
temperatures, 950°C for CSS reaction, and at 850°C
for MS method.

e The morphological study by SEM and EDX analysis
confirms that the samples have a relatively dense
pure, with micro-grains plate-like, structure typical
for Aurivillius layered structures but strongly
influenced by the crystallite size of both
methods.

e By changing reaction method from CSS to MS, we
found both the dielectric constant and tangent loss of
8% BNTT are decreased by increasing the curie
temperature to high values.
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