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Abstract

Article Information

To investigate its structure and ferroelectric properties, a sodium niobate-
bismuth lithium titanate ((1-x)NaNbOs-x(BiosLios)TiOs) ceramic with a
composition of x = 0.05 was created using a solid-state mixed oxide reaction
method. Na,COs, Nb,Os, Li,COs, Bi»Os, and TiO, were used to make the
composite. The ((1-x) NaNbOs-x(BiosLios)TiO3) (x = 0.05) exhibits an
orthorhombic crystal structure based on the X-ray diffraction pattern. The X-ray
diffraction research was measured using an X-ray diffractometer. The
morphological inspection is analysed using a scanning electron microscope
(SEM). Ferroelectric measurements were performed using the P-E loop tracer.
The coercive field (Ec) and remnant polarisation (Pr) of the ceramic sample
were observed to rise with increasing applied voltage. Critical evidence from the
combined structure and hysteresis loop analysis suggests that the ((1-x)NaNbOs-
X(BiosLios)TiOs) (x = 0.05) ceramic is expected to be a potential new lead-free
electronic material contender. Hence, ferroelectric materials have many
applications, including capacitors, non-volatile memory, piezoelectric for
ultrasound imaging and actuators, electro-optic materials for data storage
applications, and thermistors.
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INTRODUCTION

Ferroelectric materials offer a wide range of ~ been studied using X-ray diffraction. The unit

advantageous properties for the electronics  cell has orthorhombic

dimensions. One

industry' Ferroelectric Ceramics were eXtremely unexpected feature Of the structure

originally reported in 1920 after Valasek 18 that the niobium ions are shifted 0.11 A in
discovered ferroelectricity occurrences in  ©Opposite directions down the axis from their
Seignette or Rochell Salt (Molak & Pawelczy,  distinct places in the ideal perovskite structure
2009). These salts were shown to exhibit (Kruczek et al., 2006). Contrary to the
polarisation hysteresis and phase transitions commonly held belief that this type of
from the polar to the non-polar phase. Single ferroelectric material spontaneously polarises,

crystals of ferroelectric sodium niobate have  the nonpolar structure results from this axis
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being equivalent to the polar axis

orthorhombic ~ BaTiOs.  Any  pseudo-
symmetrical chemical's space group and unit-
cell size can be described by examining the
elements that determine its space group in
general (Lente & de Los Guerra, 2004).
Similar orthorhombic distortion with atom

in

displacements occurs in various other non-
ferroelectric perovskite-type compounds when
the atoms are not packed appropriately. Given
that the displacements in NaNbOs; can be
described by a comparable misfit of the
atomic radii in the structure, this suggests that
the orthorhombic distortion brought on by the
ferroelectricity would the energy
associated with these displacements. The
shifts cannot be entirely explained by these
packing variables alone, but they can be
explained if the oxygen and niobium atoms
additionally have of
homopolar bonding (Shiratori & Magrez,
2007, Mishra & Choudhury, 2007).

Due global
population growth, energy consumption has

lower

a sizable amount

to industrialisation and
increased significantly in recent years. This
has increased the demand for energy storage
devices to compensate for the disruption of
renewable energy sources (Smiga & Garbarz-
Glos, 2008; Smiga et al., 2008). Given the
limited resources and environmental concerns,
lead-free energy storage and dielectric
materials must be developed. It is well
recognised that a material's composition,
structure, and experimental setup all affect its
dielectric  properties. Dielectric  ceramic
capacitors have garnered a lot of attention
recently because of their rapid rates of charge
and discharge, which has led to their immense
potential in the pulse power supply sector.
However, its potential for downsizing and
mobility has been severely limited due to its
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low energy density. Strong electric

polarisation, large breakdown strength, low
remnant polarisation, and large discharge
current density are all highly needed in order
to enhance the energy storage performance of
dielectric ceramic capacitors (Morita, 2010;
Xu & Jiang, 2009; Qiu et al., 2007). Dielectric
energy storage performance can be improved
through chemical alteration. For example,
introducing bismuth-containing compounds to
certain dielectric materials may activate or
augment their relaxor capabilities.

Therefore, it is essential to find a practical
way to incorporate a compound based on
(Bio.sLios) TiOs in order to obtain satisfactory
complete energy storage performance. In this
work, we study the ferroelectric behaviour of
the (1-x) NaNbOs3-x(BiosLio.5)TiO3 composite
nanopowder ceramic compound (x = 0.05)

(Selbach & Tybell, 2007; Chaudhari &
Bichile, 2010).

MATERIALS AND METHODS

The (1-x) NaNbOsz-x(BipsLios) TiO3 (x =
0.05) composites are made by the
conventional solid-state method. TiO2, B120s,
Li2COs, Nb20s, and Na.COs are the

components used to make the composite. All
components combined in a stoichiometric
ratio are processed for 12 hours to create a
fine powder using an agate motor. This
powdered substance is calcined in a furnace at
850°C for 12 hours. A gel that is made by
mixing 5% PVC (polyvinyl alcohol) with
calcined material is ground into a fine powder.
This fine powder is put through a screen and
compressed into pellets using a hydraulic
press. This pellet is sintered in a furnace at
900°C for 16 hours. Flat surfaces were
polished for the electrical measurement, and
silver paste electrodes were dried under a
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lamp for forty minutes to remove any

remaining moisture. The prepared sample was
characterised using the following techniques.
The X-ray diffraction investigations were
measured using an X-ray diffractometer. The
morphological study is evaluated using a
scanning (SEM).
Ferroelectric measurements were performed
using the P-E loop tracer. Because the electric
field causes a little shift in the charge balance
within the material, the dielectric system in
ferroelectric materials develops an electrical
dipole moment. Dipole moment per unit
volume, which is proportional to the electric
field, is the definition of polarisation. The
polarisation P of a polarised substance is the
amount of dipole moment p per unit volume V
(Teixeira et al., 2012).

electron  microscope
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magnitude, and p is the dipole moment vector.

The applied field and the polarisation are
always proportionate. Consequently, it can be
expressed as follows:

P = gXE (3)
According to Moreira et al. (2008) and de
Moura et al. (2010), the dielectric

susceptibility, or 7, is a unitless constant that
characterises the dielectric's capacity to
generate dipoles. The polarisation will be as
follows since the dielectric susceptibility ye

equals (&-1), where & is the relative
permittivity:
P = ¢gE(e—1) 4)

Results and Discussions

Figure 1 shows the XRD pattern of the (1-x)
NaNbOs-x(Bio.sLio.5)TiO3(x= 0.05) composite,

P= (1)
Y/ which was recorded in the 30—80° range. The
u=Qd (2) XRD pattern confirms the single-phase
Where d is the vector that represents the  orthorhombic structure.
distance between the charges, Q is the charge
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Figure 1. XRD pattern of (1-x) NaNbOs-x(Bio:sLios)TiO3s (x = 0.05) ceramic

Since there are no further peaks linked to
impurities in Figure 1, the composite has a

highly crystalline nature (Volanti et al., 2010;
Satapathy & Wadhawan, 2005). The solid-

A Peer-reviewed Official International Journal of Wollega University, Ethiopia

13



Kebede Legesse
state reaction's well-defined powder peak in

the XRD pattern indicates that these materials

Table 1
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have excellent crystallinity.

Structure, crystallite size and density of (1-x) NaNbOs-x(BigsLios) TiOs (x = 0.05) Nano

powder ceramic

wn
S ® o B o S 2 S
= = S B = > = SQFE S o
8 o 2 E = D SN E S c
= = 3= T 2 S CZIRSS >3
E 5 5 3 T <5
O
A=4.44
) b=5.07
0.05 orthorhombic c=557 95.13 4.87 12.25 2.21

The composite micrographs are shown in
Figure 2. It shows that the lines separating two
nearby sections are evident and that the
micrograph has a dense microstructure. The
grain size of the composite is shown in Table

1. The surface of the sample seems to be
smooth. The sample contains small cavities.
The sample shows clear grain that is separated
by grain boundaries.

Figure 2. SEM micrographs of (1-x) NaNbOs-x(Bio.sLio.5) TiOz (x = 0.05) ceramic

When the solid-state reaction mechanism,
direction, and synthesis method are used to
create the ceramic nanopowder sample (1-x)
NaNbOs-x(BiosLios) TiOs (x = 0.05), the
hysteresis loop is shown in Figure 3. One
feature of ferroelectricity is the hysteresis
loop. The P-E hysteresis loops from

polarization to the electric field at room
temperature under various applied fields were
used to investigate the ferroelectric behaviour
of (1-x) NaNbO3-x(BiosLios) TiOs (x = 0.05)
ceramic. At ambient temperature, the
ferroelectric hysteresis loop is depicted in
Figure 3. Table 2 showed that spontaneous
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polarization, remnant polarization, and

coercive electric field were present at room
temperature, indicating that they might be
used as switching devices. It has been noted
that when the applied voltage increases, so
does the loop area. As the applied voltage
increases, so does the coercive field (EC) and
remnant polarization (Pr). Hysteresis tests
were conducted at 11kv/cm and 12kv/cm to
examine the impact of spatial charges on
ferroelectric effects since the contribution of
spatial charges is noticeable at low
frequencies.

0.5
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The solid-state synthesis method vyields a

powder with a remanent polarization (Pr) of
0.35uC/cm? and a typical ferroelectric
material loop. For 12kv/cm, 0.28uC/cm? is
revealed, compared to 11kv/cm generated
utilizing the solid-state synthesis technique.
We believe that the morphological influence
obtained by the solid-state synthesis method is
responsible for the lower defect concentration
on (1-x) NaNbOs-x(BiosLios) TiOs (x = 0.05)
powder, which can be linked to the spatial
charges’ contribution for ferroelectric effect
(Milanez & Figueiredo, 2009).
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Figure 3. Hysteresis loop plot at RT for (1-x) NaNbO3-x(BiosLios)TiO3z (X = 0.05) ceramic

The ferroelectric loop of the (1-x) NaNbOs-
X(BiosLios) TiOs sample shows a notable
energy loss. At an applied voltage of 12 kV,
the maximum values of Ps, Pr, and EC for a
composition of 0.05 were 0.35uC/cm?,
0.51uC/cm?, and 13.7kV/cm. Because of the

testing apparatus's narrow range, the ceramic
generally displayed well-developed,
unsaturated hysteresis loops. It was therefore
determined that the (1-x) NaNbOs-x (BiosLi
05)TiO3 sample (x = 0.05) was ferroelectric.
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Table 2
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Saturation polarization & remnant polarization values at room temperature of (1-x)
NaNbOz-x(BiosLios)TiOz (x = 0.05) Nano powder ceramic

Applied Voltage Saturation Polarisation Coercive Field Remnant Polarisation

11KV/cm 0.44 uC/cm? 12.57KV/em  0.28 uC/cm?
12KV/cm 0.51 uC/cm? 13.78KV/ecm  0.35 uC/cm?
CONCLUSIONS CRediT authorship contribution statement

The solid-state reaction pathway approach and
the precursors TiO2, Bi2Os, Li2COs, and
Nb2Os were used in this study to successfully
generate an electroceramics nanopowder (1-x)
NaNbOs-x (Bi osLi os) TiOs (x = 0.05).
Investigating the ferroelectric properties and
structural implications of (1-x) NaNbOz-
X(BiosLios) TiO3 (x = 0.05) was the goal of
the current work. The crystal structure of the
ceramic was found to be orthorhombic by this
investigation. The microstructure of the
micrograph is thick, and it is easy to identify
the boundaries between two neighbouring
sections. The development of spherical
hysteresis loops indicates that powders
produced using the solid-state method are
more affected by spatial charges.

Recommendations

The polarization characteristics of the sample
are affected by an increase in voltage at a
constant temperature. To ensure that the test
material is suitable for application and
provides adequate information about the
ferroelectric properties, more research on the
test material with a greater variety of
compositions and ac-biased fields is required.
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