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ABSTRACT

The polycrystalline SrBizNb2Oy (SBN) and Er®* doped SrBiz-«Nb2ErOg (x = 0.00, 0.01,
0.02, 0.03, 0.04, 0.05) ceramics at these different concentrations were synthesized by
conventional solid-state method. The pure SBN underwent heat treatment at different
calcination temperatures: 800°C, 850°C, and 950°C, and the evolution of phases were
studied at these different calcination temperatures. At 950°C, no traces of secondary
phases were seen in pure SBN thus Er® doped SrBiz-«NbErkOg at different
concentrations were calcined at this temperature followed by sintering of all the samples
at 1000°C of temperature. Few secondary phases have been identified along with the
desired SBN phase but begin to decrease with the increase in the calcination
temperature. confirms the formation of single-phase material with orthorhombic
structure. From XRD analysis of pure and Er®* doped SrBi>-xNb2ErOy (x = 0.00, 0.01,
0.02, 0.03, 0.04, 0.05) with an increasing content of Erbium (Er®"), an increase in the
lattice parameters and unit cell volume was observed. The structural morphology of
pure and Er®* doped SBN, sintered at 1000°C were investigated under SEM revelled the
formation of the highly dense grains with more pores and non-uniform grain size and
EDS provides information about the elemental composition. The Raman analysis
revealed the formation of the orthorhombic phase of pure SBN. The photoluminescence
properties for Er®* doped SrBi>xNb2ErQOs (x = 0.00, 0.01, 0.02, 0.03, 0.04, 0.05) at
different concentrations were also investigated. Strong green emission at 549.8 nm was
seen at an excitation wavelength, Aex = 480 nm at room temperature for an Er content (x
= 0.03), attributed to #S3/2—*115/2 transitions.
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Chapter 1:

Introduction



Ferroelectric materials, a type of materials that hold spontaneous polarization and are
reversible when subjected to an electric field. Recently, ferroelectric materials have
drawn so much attention because of their excellent properties such as high dielectric
constant, great fatigue resistance, high Curie temperature, and amazing piezoelectric
effects making them attractive materials for different applications such as non-volatile
random-access memories (NVRAM), optical switches and high capacitance capacitors
etc. The bismuth layered structure ferroelectric (BLSFs) ceramics are ABO3-type
perovskite piezoelectric materials.

1.1 Structure:

The bismuth layered structure ferroelectric (BLSFs) ceramics, member of
Aurivillius family with a chemical formula : (Bi202)** (Am-1BmO3m+1)%, where A
can be a mono-, di-, or trivalent element (or their combination) with coordination no. 12,
for instance Ba?*, Ca?*, La®*, Sm®*, Bi®*, Sr?*, etc., furthermore B is a transition element
suited to octahedral coordination possessing coordination no. 6 such as Fe*, Nb**, Ti",
Ta>*, W and Mo®, etc., and also, m denotes the number of perovskite layers
intermediate between two bismuth oxide layers. Hereabouts, A could be Ca%*, Pb?*,
BaZ* and Sr?*, etc. and B perhaps Ti #*, Nb>*, Ta®", V**, Mo®*, and W®* etc. Ferroelectric
ceramics are very sensitive to compositional modifications such as by changing
stoichiometry or even by doping ceramics with numerous elements notably modifying
the ferroelectric properties and crystal structure of the ceramics. The value of ‘m’ lies
betweenl to 5. Currently, more than 70 compounds have been reported in this
Aurivillius family and more than 50% of them are Ferroelectric. The schematic diagram
for m=1to 5 is shown in fig.1.
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Fig.1. Aurivillius structure as a function of the number of the pseudo perovskite layer.
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The perovskite (Am-1BmO3m+1)?" with octahedral layer m = 6,7 or 8 is difficult to
synthesis and their existence is doubtful. The BSLF compound with an odd number of
octahedra layer (m = 1,3,5) has crystal symmetry of B2cd space group. The compound
with an even number of octahedral layers (m = 2,4) has crystal symmetry of A2lam
space group. For the even octahedra layer, the centre of the perovskite block falls in A-
position and for the odd octahedra layer, pseudo-perovskite is in B-position. For this
kind of structure, (Bi202) layer is parallel to the unit cell’s ab plane (basal plane). The
orthorhombic distortion can be seen in these structures where the c-parameter increases
and both a and b decrease due to the presence of Bi* cations. This distortion can be
decreased by replacing any symmetric cation with an asymmetric Bi3* cation.

1.2 Types:

BSLF compound has been categorized into four parts:

1. BiaTizO13

2. BisTiNOg (N= Nb, Ta)

3. MBisTi4O15 (M= Ca, Sr, Ba, KosBio:s, Nao.sBios)

4. MBi2Nb209
Among all these four types, MBi2Nb209 family is most popular for research and
application perspective. Main component of this family is SrBi2Nb20s (SBN),
CaBi2Nb209 (CBN), SrBi2Ta209 (SBT). Researchers on BSLF’s are mainly working in
preparation techniques and chemical composition for the last few years to enhance the
quality of BSLF.

1.3 Properties:

BSLF has many properties such as high curie temperature, high dielectric
constant, spontaneous polarization and, outstanding piezoelectric response. Bismuth
layer-structured ferroelectrics (BLSF) have been studied tremendously in the form of
thin-film because they are the best candidate for non-volatile ferroelectric random-
access memory (FERAM).

1.4 Organization of the Thesis:

This thesis is divided into five parts:

i. Chapter 1 presents a brief introduction of BSLF and its structure.

ii. Chapter 2 deals with the detailed study of one BSLF compound SBN(SrBi2Nb20s).
This section included the background information needed to understand the aim and
objective of the investigation.

iii. Chapter 3 explained the detailed experimental process related to research work.

iv. Chapter 4 describes the result and discussion of characterization which have been
done in the sample.

v. Chapter 5 contains the conclusion.

17



Chapter 2:

L iterature Review



2.1 Introduction

In this chapter, literature review on bismuth layer structure ferroelectric (BSLF)
ceramic, SrBi2Nb2O9(SBN) has been done with respect to synthesis method and
structure-property. The study of phase evolution at different temperatures, morphology,
and the effect of ionic substitution on the structure and on the optical property have been
studied. The review has been done on SrBi2Nb20s.

2.2 Strontium Bismuth Niobate (SBN)

The chemical formula of SBN is SrBi2Nb20, lead-free ferroelectric member of Bismuth
Layered Structure Ferroelectric Ceramics belonging to the Aurivillius family (n = 2) has
drawn consideration on account of their remarkable characteristics such as a high Curie
temperature, Tc (~718K), great fatigue resistance, low dielectric loss, reasonable
spontaneous polarization, and temperature-insensitive high piezoelectric coefficient and
considered for high-temperature applications. SrBi>Nb>Og (SBN) ceramic by
conventional solid-state method and study the associated effect of doping of Er®* on
their respective crystal structures and luminescence properties. Pure SBN exist in
orthorhombic phase, associated with the space group A21lam. Some rare-earth ions like
Er¥*, Eu®, Pr¥*, etc. are widely used as luminescence centres for their potential
applications. Thus, by rare-earth doping, the electrical properties and strong
luminescence of some ferroelectric materials gets enhanced.

2.3 Synthesis of BSLF

BSLF based compound synthesized by different methods such as conventional solid-
state method, molten salt, mechanochemical activation route, hydrothermal method,
self-propagating high-temperature synthesis, etc. However, the property of the final
compound depends upon the characteristic of powder such as purity, particle size,
Morphology. The final result of the material totally depends upon the purity of raw
material and synthesis technique.

2.3 Solid-State reaction method

The solid-state synthesis can be done as firstly, all the desired highly purified raw
samples were weighed in stoichiometric ratios and then were mixed together followed
by grinding in mortar pestle. The obtained powder then undergoes heat treatment for a
few hours. The calcination of obtained powder results in the decomposition of the
starting reagents and removes the volatile products such as NH3, NO2, CO2, and H20,
only remain the oxides.
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Followed by the sintering of samples just to make sure that no secondary phases were
present in the required samples.

Flow chart of Solid-state reaction method

Bismuth oxide Strontium Niobium Erbium Oxide
(Bi203 powder Carbonate Oxidex(Nb205) (Er:03)
(SrC03)
Mixing and grinding
of sample with 5u 45 i
Mixing and grinding
ethanol for 6 bowrs. of sample with ethanol
for 6 hours.

Calcination at

different Calcined at 950 °C

temperature: 800 °C,
850 °C & 950 °C

Calcined power
- pressed into pellets
XRD Analysis of with hydraulic
calcined powder. pressure.
Calcined power pressed
into pellets with Sintered at 1000 °C
hydraulic pressure.
Sintered at 1000 °C XRD Analysis Photoluminescance
XRD Analysis SEM and EDS Raman
Analysis Spectroscopy
2.4 Objective of the work

I. To study variations in phase evolution at different calcination temperatures

during the preparation of SrBi2Nb209 ceramic to get a single-phase SBN with
no impurity phase.

Il.  The synthesis of Er3* doped SrBi2Nb20g(SBN) ceramic by conventional solid-

state method and study the associated effect of doping of Er¥* on their
respective crystal structures and luminescence properties.
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Chapter 3:

Experimental work



3.1 Material Synthesis

In this experiment, the polycrystalline Er®* doped SrBi2-xNb2Erx09 (x = 0.00, 0.01,
0.02, 0.03, 0.04, 0.05) ceramics in stoichiometric compositions were synthesized using
conventional solid-state reaction method. Firstly, highly purified starting materials
Nb205 (from Aldrich of 99.9% purity), SrCO3 (from Alfa Aesar of 97.5% purity),
Bi203 (from Alfa Aesar of 97.5% purity), and Er203 (from Alfa Aesar of 97.5%
purity) weighed in stoichiometric ratios and then these weighed samples were mixed.
After that mixed sample was grinded into a mortar pestle with the addition of ethanol till
it gets dried up and repeats the process for 6hours. Then the prepared samples were
calcined at 950°C for 7 hours. After calcination, 5 wt.% of polyvinyl alcohol (PVA),
standard binder is added to the calcined samples and mixed rigorously and then disk-
shaped green pellets of all samples were prepared with a diameter of 13 mm and
thickness of 1mm by manual hydraulic press at a pressure of 50 MPa, and keep at rest
for 1 min. Hereafter, green pellets of all samples were sintered at 1000°C for 8 hours
with intermediate heat treatment at 500°C for lhour in order to remove the binder from
the pellets.

The equation for synthesis:

SrCO3 + Bi203 + Nb205 — SrBi2Nb209 + CO2 1

3.2 Characterization Details

3.2.1 For XRD

The phase identification and analysis of crystal structure of Er®* doped SrBi2-
XxNb2Erx09 (x = 0.00, 0.01, 0.02, 0.03, 0.04, 0.05) were done with the help of the X-
Ray diffraction. The XRD spectra achieved by using the Bruker D-8 Advance X-ray
diffractometer at Cu-Ka radiation (ko = 1.5406 A). The XRD spectrum was observed
within the range, 20°<29< 70°. The peak of ceramics was matched with JCPDF file
number 01-089-8154 to confirm the pure phase of SBN. The crystalline size has been
calculated by Scherrer’s equation:

D= 0.89 4
~ BcosA

where, D is the average crystalline size, A is Cu-Ka (A =0.154nm) wavelength, 8 is the

full width at half maximum (FWHM) of the diffraction peak, and 0 is the angle of
diffraction.
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3.2.2 For SEM and EDS

The structural morphology and grain formation have been investigated on unpolished
sintered ceramic pellets by using the JEOL 661 Scanning electron microscopy (SEM)
equipped with Amkette energy dispersive spectrometer (EDS).

3.2.3 For Raman Spectroscopy

At room temperature, the Raman spectra were obtained by using the Horiba LabRam
HR evolution spectrometer at wavelength 514 nm at 40 mW.

3.2.4 For Photoluminescence

The photoluminescence (PL) spectra of Er®* doped SBN recorded at an
excitation wavelength, Aex = 480 nm.
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Chapter 4:

Result and Discussion



4.1 X-Ray diffraction Analysis

Fig.1(a, b, c) depicts the evolution of phase that develops during the calcinations heat
treatment at 800° C, 850° C, and 950° C of SrBi2Nb20Og (SBN) powder to form a single-
phase of SBN. The calcination temperature uprises to 1000° C to ensure that single-
phase SBN (SrBi2Nb2Qy) is formed. Highly pure raw materials SrCOs, Nb2Os, and
Bi203 were mixed stoichiometrically, as the reaction between them proceeds to lead to
the formation of various intermediate phases accompanying the initial crystallization of
SrBi2Nb2Og phase. During the reaction between Bi>.O3z and Nb.Os numerous phases e.g.,
BigNb1sOs7, BINbOs and BisNbzOjs are formed. At 800°C calcined temperatures, the
XRD pattern shows the presence of Bi,Os, SrBi2O4 (due to the reaction between Bi2Os
and SrCQOg), single-phase BisNbsO1s, and some intermediate phase of BiNbOjs, existed
side by side with desired single-phase SrBi2Nb2Og phase and the same intermediate
phases were also detected at 850 °C. At 850° C, the XRD pattern shows the mix phase
of SrBi2Nb2Og and Bi203 at 28.82° & 29.06° respectively. From the literature survey, we
corresponding to BizOs  found that peaks phase seen at 20 (31.66°, 47.08°, and 58.06°)
because Bi-O3 remains unreacted but when it is treated to a higher range of temperature,
the phase of Bi,Oz disappears. Also, it is interesting to see that intermediate phase i.e.,
SrBi204, BisNb3O1s, and BiNbO4 start decreasing with the increase in the calcination
temperature. When the calcination temperature rises to 950°C no secondary phases are
observed for the sample indicating that the reaction mechanism for the phase evolution
of pure SBN is completed followed by sintering at 1000°C. The peak of ceramics is
matched with JCPDF file number 01-089-8154 confirms the pure SBN of single-phase
and no secondary phases were detected. Thus, the reaction mechanism for obtaining the
desire phase of SrBi2Nb2Og, should be calcinated at 950°C and sintered at 1000°C.
(Fig.2). The lattice parameters for pure SBN a = 5.4933 A, b =5.5136 A, and ¢ = 25.035
A related to the orthorhombic phase, associated with the space group A2lam. The
lattice parameter was calculated with the help of PowderX software. Also, the highest
diffraction peak associated with the (115) plane of SrBi2Nb>Og was detected. The
average crystallite size of SBN was calculated by Scherrer's equation which is found to
be 31.50nm. As the intensity and sharpness of the peak increases with an increase in
temperature attributed to increase in crystallinity.
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As Erbium, rare earth metal belongs to the lanthanide series shows most stable +3
oxidation state thus it is easy to substitute Er*® in a place of Bi*3. Fig. 3, shows XRD
spectra of pure SrBizNb2O9 and Er** doped SrBiz-xNb2ErQg ceramic powders at
varying Er** concentrations (x = 0.00, 0.01, 0.02, 0.03, 0.04, 0.05). From the XRD
analysis in the range 29 = 10-80, the observed Bragg’s reflection was indexed and
found closely matching with the standard diffraction pattern data of SrBizNb2Og
with JCPDS card # 01-089- 8154 and confirmed the formation of single phase with
no traces of secondary phases or unreacted phases present, specifying that Er** ions
completely dissolved in SBN host lattice without any significant structural change of
the host lattice. Thus, all samples crystallized in the orthorhombic phase, associated
with the space group A2:am. Also, the highest diffraction peak associated with (115)
plane of SrBi>Nb2Og was detected for all concentrations conforming to the bismuth
layered structure with n = 2 and the results are in agreement with the earlier reports
indicating the strongest diffraction corresponding to (112n+1) reflection in the
Aurivillius phase for BLSF compositions. The lattice parameters were calculated
with the help of PowderX software, and the structural parameters tabulated in Table
1.
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Fig.3 The XRD patterns of pure and Er¥ doped SrBi2Nb20s at different concentrations of Er®* based on
the formula SrBi2«Nb2ErxOs ceramics.
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It is noted from the Fig.4. with an increase in the concentration of Er®* jons the XRD
peaks at 29.08 shifted towards lower 20 values shows that the Er®* ions completely
diffused into the host lattice along with the increase in lattice parameters which is due to
the difference in ionic radii of Bi**(r = 102A) and Er®* (r = 0.88A) leading to structural
distortion and as seen through EDS compositional analysis in Table 3 the results are
well supported with the increasing elemental ratio of (Er/Bi). Also, with the increase in
the concentration of erbium ions there is an expansion in a volume of unit cell, an
increase in the orthorhombic distortion and orthorhombicity followed by the increase in
tetragonal strain.

Table 1. Lattice parameters of SrBi2xNbzErOs

SrBi2xNb2ErxOg a(A) b(A) c(A) Volume(A%)  Orthorhombic  Orthorhombicity, ~ Tetragonal
Distortion, b/a 2(a-b)/(ath) strain, c/a
x =0.00 5.4933 5.5136 25.035 758.2565 1.003695 0.00369 455737
x=0.01 5.4938 5.5141 25.039 758.5155 1.003695 0.00369 4.557683
x=0.02 5.4943 5.5146 25.043 758.7745 1.003695 0.00369 4557996
x=0.03 5.4946 5.5152 25.047 759.0197 1.003749 0.00374 4558476
x=0.04 54949 55157 25051  759.2512 1.003785 0.00378 4.558955
x =0.05 5.4951 5.5162 25.055 759.4689 1.003840 0.00383 4.559517
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4.2 SEM and EDS

Morphology and compositional analysis of synthesized pure SBN have been
investigated along with the Energy-dispersive spectrum (EDS). Fig.5 shows SEM image
of pure SBN ceramic pellet with their EDS graph. The micrograph shows the formation
of grains that are randomly oriented with a presence of porosity in the microstructure as
the solid-state method leads to more pores and non-uniform grain size, and the dense
sample was achieved underprepared conditions. Porosity leads to conductivity and has
some application such as thermal stability, high permeability, and high resistance to
chemical attack. Moreover, due to high-density growth, agglomerations in the
nanoparticles were also seen. The energy dispersive spectroscopy (EDS) was used for
elemental analysis and from the analysis the information obtained was that no other
impurity elements were detected confirms the absence of secondary phases in the
required sintered sample and those detected elements: O, Sr, Bi, and Nb were present in
the desired composition in the sample, described in table 2. Fig. 6 shows the EDS graph
of pure SBN.

Table 2. Composition of elements present in pure SBN, sintered at 1000°C.

Element Weight % Weight % (o) Atomic %
Oxygen 21.212 0.983 69.781
Strontium 9.541 0.544 5.731
Niobium 22.402 0.868 12.691
Bismuth 46.844 1.154 11.797
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Fig.5 SEM image of pure SBN.
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Fig.6. EDS graph of pure SBN

The micrographs indicated insignificant changes in grain size with varying increasing Er
content. The compositional analysis of pure SrBizNb.Og and Er** doped SrBio-
xNb2ErOg pellets was done by EDS (Energy Dispersive Spectrum) and the data of the
elements were given in the Table 3.

Table 3: EDS compositional analysis

Nominal Composition ST Bi Nb Er Er/Bi
(at%) (at%o) (at%o) (at%o)
Stoichiometric
SrBi2Nb20s 5.731 11.797 12.691 - -
Present Work
SrBi2xNb2ErxOs
X
0.00 3.53 11.151 6.363 - -
0.01 2.652 8.328 4.775 0.034 0.004
0.02 2.653 8.319 4777 0.068 0.008
0.03 2.654 8.253 4779 0.103 0.012
0.04 2.656 8.215 4.782 0.137 0.016
0.05 2.657 8.177 4.784 0.172 0.021
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4.3 Raman Scattering Study

Raman Spectroscopy, chemical analysis technique based on the interaction of light with
the chemical bonds present within a material. Raman spectroscopy is utilized for
investigating the basic lattice symmetry, crystal structure, and molecular interactions of
ferroelectric compounds. Fig.7. shows the Raman Spectra of sintered SrBi2Nb209
(pure SBN) ceramic pellet, at room temperature within the spectral range 100 cm™ to
1000 cm™*. Some intense peaks can be seen at 205.4 cm™, 578.59 cm™ and 833.90 cm™?
with relatively large Raman intensity, apart from that some weak peaks are also
observed at 176.06 cm™, 272.16 cm™, 448.87 cm™ and 709.57 cm™. The 176.06cm™
mode corresponds to Nb z-axis vibrations, modes at 205.4 cm™ attributed to the Bi®*
vibrations or related to the vibrations of A-site ions. The mode at 272.16 cm™ is leading
by a force constant due to Bi-O2 and Nb-Bi-O2 bonds. The mode at 449.87 cm™ moved
to low frequency for scanty Sr. The mode at 709.57 cm™ assigns to asymmetric
distortion of BO3 triangular group and BO4 tetrahedron. Also, mode at 578.59 cm™
corresponds to a rigid sub-lattice mode where the displacement of positive and negative
ion displacement is equal and opposite. The mode located at 833.90 cm™ reflects
symmetric stretching of the octahedral NbO6 and the presence of NbOG6 clearly
indicates the predominance of the orthorhombic phase. So, at 176.06 cm™ 205.4 cm™,
578.59 cm, and 833.90 cm™ modes related to the orthorhombic phase which is in
agreement with the XRD pattern.
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Fig.7. Raman Spectra of SBN ceramics at spectral range 100cm to 1000cm™.
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4.4 Photoluminescence spectra

The photoluminescence (PL) properties of Er®* doped SrBi2-xNb2ErxO9 (x = 0.00,
0.01, 0.02, 0.03, 0.04 and 0.05) ceramics for different concentrations were examined
under the excitation wavelength, Aex = 480 nm at room temperature and acquired
photoluminescence emission spectrum is shown in Fig.8. From the observations, all the
Er doped SrBi2-xNb2ErxO9 ceramics display strong green emission ranging from 529.2
nm to 549.8 nm, (centred at 529.2 nm, 540.96 nm, 542.95 nm, and 549.8 nm) refers
2H11/2—*115/2, and #S3/2—*115/2 transitions, respectively and light greenish emission
was observed at 579.4 nm. Furthermore, the splitting of PL spectra ranging from 540.96
nm to 549.8 nm into several components is due to Stark effect (or Stark splitting). The
highest peak of PL emission spectra monitored at a wavelength of 549.8 nm i.e., the
strong green emission refers to the excitation of Er®* ions from ground level #115/2 to
higher energy level #S3/2 rather than the host material. With an increase in the doping
content of Er¥* firstly, the PL intensity increases up to x = 0.03 and then decreases
because by means of concentration quenching while the position of emission peaks for
all remains the same. As indicated in PL spectra, the maximum emission intensity
occurs at a concentration, x = 0.03. So, Er** doped SrBi2-xNb2Erx09 (x=0.00, 0.01,
0.02, 0.03, 0.04 and 0.05) ceramics can be considered as appropriate visible light
excited green phosphors where Er®* doped SrBi2-xNb2ErxO9 with concentration,
x=0.03 ceramics outshines others.
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Fig.8. PL spectra of Er** doped SrBi2-xNb2Erx09 at different concentrations under 480nm
excitation wavelength
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Chapter 5:

Conclusions



Pure SBN ceramic prepared by the conventional solid-state method was investigated to
study the evolution of phases during the single-phase formation of pure SBN when the
sample undergoes heat treatment at different calcination temperatures: 800°C, 850°C,
and 950°C. XRD spectra reveal with an increase in the calcination temperature, the
intensity of intermediate phases decreases and at 950°C no impurity phases were
detected and show the formation of peaks of a single phase of SrBi2Nb209 with
orthorhombic geometry, followed by the calcination of Er** doped SBN at different
concentrations. Then all pure and Er®* doped SBN samples sintered at 1000°C. The
study of XRD patterns of pure SBN and Er®* doped SBN indicates that the pure SBN is
orthorhombic in nature with no secondary phases and with further increase in the doping
concentration of Er®* ion in SBN results in the shifting of strongest peak (115) towards
lower angles and there is an increase in orthorhombic distortion and orthorhombicity
with the increase in Er content. The Surface micrograph shows the formation of grains
that are randomly oriented with a presence of porosity in the microstructure and the
elemental analysis by EDS reveals that only elements O, Sr, Bi, and Nb were detected in
the desired composition. The Raman study shows the SBN orthorhombic phase and the
modes located at 176.06cm™ 205.4cm™, 578.59cm 1, and 833.90 cm™? related to the
orthorhombic phase of pure SBN. The synthesis of Er®* doped SrBi2Nb209 ceramics,
their structural analysis and PL properties were investigated and studied. The PL
properties implies, at a 480 nm excitation wavelength, strong green emission bands
observed at 549.8 nm and strongest emission intensity was achieved at a concentration
of Er** when x = 0.03.
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Keywords

The pure SrBioNb,Oo (SBN) ceramic was synthesized by the conventional solid-state reaction method. The sam-
ple was then undergoing heat treatment at different calcination temperatures: 800 °C, 850 °C, and 950 °C, and
the evolution of phases were studied at these different calcination temperatures, followed by sintering at 1000 °C
of temperature to form single-phase SBN. Few secondary phases have been identified along with the desired SBN
phase but begin to decrease with the increase in the calcination temperature. The most appropriate calcination
and sintering temperature have been successfully investigated with no impurity phase. The structural morphol-
ogy of the sample sintered at 1000 °C studied under SEM reveals the formation of the highly dense plate-like

SBN grains and EDS provides information about the elemental composition. The Raman analysis revealed the forma-
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tion of the orthorhombic phase of pure SBN.

© 2021

1. Introduction

Ferroelectric ceramics were the backbone of billion-dollar industries
from the high-dielectric capacitor to positive temperature coefficient de-
vices and electro-optic valves because they have great features such
as high dielectric permittivity, outstanding piezoelectric response, and
swappable macroscopic polarization [1,2]. The goal to achieve better
electronic device technology and higher efficient energy production de-
vices was the main focus for rapid development in ferroelectric ox-
ide ceramics. Oxides with Perovskite structure have general formula
ABO3 where A is a large positive ion with 12-fold coordinate and B is
a small negative ion with 6-fold coordinated with oxygen anions have
been broadly studied in the search of new material for device appli-
cation [3]. After a detailed study of ferroelectric, we found BSLF (Bis-
muth layered ferroelectric) has gained much momentum for its proper-
ties such as high curie temperature coefficient, low ageing rate, and elec-
tro-optic behaviour. BSLF has great potential in electronic devices. BSLF
are from the Aurivillius family having formula (Biz05)®* (Aq.1ByOsn +1)%
where (Biz0,)2* is bismuth layer and (A, ByOs,+1)% is pseudo per-
ovskite layer. The A site is supposed to be occupied by cation Na¥,
K*, si?*, ca®*, Ba®*, Ba®" and B site is occupied by Wo*, Nb®*,
Ti4, etc. [4]. Bismuth layer ferroelectric having n = 2 i.e., CaBisNb,Og
(CBN), BaBi,Nb,Og (BBN), SrBi;Nb,Oo(SBN) have many properties like
the low operating voltage, excellent switching speed, small leakage
current  density.  Two-layer  Aurivillius compound (n = 2)

* Corresponding author.
E-mail address: renukabokolia@dtu.ac.in (R. Bokolia)

https://doi.org/10.1016/j.matpr.2021.05.522
2214-7853/© 2021.

has a high curie temperature > 900 °C so they have the best application
in spacecraft, aerospace, and nuclear plants [5]. The two-layer Auriv-
illius family has one of the most important ceramic compounds Stron-
tium Bismuth Niobate (S1Bi;Nb,Oyg). StBisNb,Og is a BSLF material that
has special importance due to its anti- fatigue property, spontaneous po-
larization, and low-temperature coefficient of resonance frequency [6].
SrBi;Nb,0g has great application in non-volatile random-access memory
and in fine frequency tolerance resonators [7-8]. SBN is a lead-free re-
laxor ceramic. All these properties have inspired us to synthesize Stron-
tium Bismuth Niobate. In the present, we study variations in phase evo-
lution at different calcination temperatures during the preparation of
SrBi;Nb,Og ceramic to get a single-phase SBN with no impurity phase.

2. Experimental details
2.1. Synthesis

Pure Strontium Bismuth Niobate (SrBi;Nb,Og) sample was synthe-
sized by the conventional solid-state method [9]. Firstly, high purity
raw materials: SICO3 (799.9%), Nb2Os (799.9%), and BisO3 (799.7%)
were stoichiometrically weighed and then mixed. The mixture of pow-
ders was grinded for 6 h followed by calcination. The grinded pow-
der was calcinated at three different calcination temperatures: 800 °C,
850 °C, and 950 °C with a hold of 3 h. The calcined powder was rigor-
ously mixed with 5% wt. polyvinyl alcohol, a binder, and then the re-
sulting powder was converted into disc-shaped pellets of thickness 1 mm
with a diar r of 13 mm lly by the hydraulic press at a pres-
sure of 50 MPa with 1 min resting time. After that, the pellets were fi-
nally sintered at 1000 °C for 8 h with intermediate heat treatment at
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500 °C for 1 h so that there will be no traces of binder left in the sample,
The equation for synthesis:
S1CO3 + Biz03 + NbyOg — SiBioNb;Og + CO3 |

2.2. Characterization techniques

The crystallographic structural analysis of pure SBN was studied un-
der X-Ray diffraction (XRD, Bruker D8 Advance X-ray diffractometer)
using Cu-Ko radiation (A = 0.154 nm). The XRD spectium was observed
within the range, 20°<28<70°. The peak of ceramics was matched with
JCPDF file number 01-089-8154 to confirm the pure phase of SBN. The
crystalline size has been calculated by Scheirer’s equation:

h— 0.894
Peost

where, D is the average crystalline size, A is Cu-Koy(h = 0.154 nm)
wavelength, B is the full width at half maximum (FWHM) of the diffrac-
tion peak, and 8 is the angle of diffraction.

The structural morphology and grain formation have been investi-
gated on unpolished sintered ceramic pellets by using the JEOL 661
Scanning electron microscopy (SEM) equipped with Amkette energy dis-
persive spectrometer (EDS). At room temperature, the Raman spectra
were recorded by using the Horiba LabRam HR evolution spectrometer
at wavelength 514 nm at 40 mW.

3. Result and discussion
3.1. X-Ray diffraction analysis

Fig. 1(a, b, ¢) depicts the evolution of phase that develops dur-
ing the calcinations heat treatment at 800 °C, 850 °C, and 950 °C of
S1BizNb20g(SBN) powder to form a single-phase of SBN. The calcina-
tion temperature uprises to 1000 °C to ensure that single-phase SBN
(SrBioNb,Qyg) is formed. Highly pure raw materials STCO3, Nb,Os, and
Bi»0Os were mixed stoichiometrically, as the reaction between them pro-
ceeds to lead to the formation of various intermediate phases accom-
panying the initial erystallization of SrBioNb,Og phase. During the re-
action between BipOs; and NbyOs numerous phases e.g., BigNb;gOsz,
BiNDO,4 and BigNb30,5 are formed [10]. At 800 °C calcined tempera-
ture, the XRD pattern shows the presence of BizOs, S1Bi;Oy4 (due to the
reaction between BizOz and $rCOg), single-phase BisNb3O,5 and some
intermediate phase of BiNbO, existed side by side with desired sin-
gle-phase SrBigNDb;Og phase and the same intermediate phases were also
detected at 850 °C. At 850 °G, the XRD pattern shows the mix phase of
S1BizNb;Og and BizOj at 28.52° & 29.06° respectively. From the liter-
ature survey, we found that peaks corresponding to Bi;O3 phase seen
at 28 (31.66°, 47.08°, and 58.06%) because BipO3 remains unreacted but
when it is treated to a higher range of temperature, the phase of BiyO;
disappears. Also, it is interesting to see that intermediate phases i.e.,
SiBizOy, BigNb3O)g and BiNDOy start decreasing with the increase in
the calcination temperature. When the calcination temperature rises to
950 “C no secondary phases are observed for the sample indicating that
the reaction mechanism for the phase evolution of pure SBN is come-
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Fig. 1. XRD pattern of SrBioNb2Og at different temperature (a) at 800 “C (b) 850 °C (c) 950 °C.
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pleted followed by sintering at 1000 °C. The peak of ceramics is matched
with JCPDF file number 01-089-8154 confirms the pure SBN of sin-
gle-phase and no secondary phases were detected. Thus, the reaction
mechanism for obtaining the desire phase of SiBisNb2Os, should

@ SBN-1000
x
=z b %= SrBioNb,Og
.
<
-
= ) &
5 S
— * —_~ =
= 22 7
*
— & S
* *

30 40 50 60 70
20 (degree)

Fig. 2. XRD pattern of StBI,ND,Og ceramic pellet sintered at temperature 1000 ‘C.

be calcinated at 950 °C and sintered at 1000 °C. (Fig. 2). The lattice pa-
rameters for pure SBN a = 5.4933 A, b = 5.5136 ;\. and ¢ = 25.035 A
related to the orthorhombic phase, associated with the space group
A2;am. The lattice parameter was calculated with the help of PowderX
software. Also, the highest diffraction peak associated with the (1 1 5)
plane of SIBi;Nb,Og was detected. The average crystallite size of SBN
was calculated by Scherrer's equation which is found to be 31.50 nm.
As the intensity and sharpness of the peak increases with an increase in
temperature attributed to increase in crystallinity.

3.2. SEM and EDS analysis

Morphology and compositional analysis of synthesized pure SBN
have been investigated along with the Energy-dispersive spectrum
(EDS). Fig. 3 shows SEM image of pure SBN ceramic pellet with their
EDS graph. The micrograph shows the formation of grains that are ran-
domly oriented with a presence of porosity in the microstructure as
the solid-state method leads to more pores and non-uniform grain size,
and the dense sample was achieved underprepared conditions. Poros-
ity leads to conductivity and has some application such as thermal sta-
bility, high permeability, and high resistance to chemical attack. More-
over, due to high-density growth, agglomerations in the nanoparticles
were also seen [11,12]. The energy dispersive spectroscopy (EDS) was
used for elemental analysis and from the analysis the information ob-
tained was that no other impurity elements were detected confirms the
absence of secondary phases in the required sintered sample and those

Fig. 3. SEM image of pure SBN.
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Table 1
Composition of elements present in pure SBN, sintered at 1000 °C.

Element Weight % Weight % (5] Atomie %
Oxygen 21.212 0.983 69.781
Strontium 9.541 0.544 5.731
Niobium 22.402 0.868 12.691
Bismuth 46.844 1.154 11.797

detected elements: O, Sr, Bi, and Nb were present in the desired compo-
sition in the sample, described in Table 1. (See Fig. 4.)

3.3. Raman scattering study

Raman Spectroscopy, chemical analysis technique based on the in-
teraction of light with the chemical bonds present within a material.
Raman spectroscopy is utilized for investigating the basic lattice sym-
metry, crystal structure, and molecular interactions of ferroelectric com-
pounds. Fig. 5 shows the Raman Spectra of sintered SiBi2Nb209 (pure
SBN) ceramic pellet, at room temperature within the spectral range
100 em~! to 1000 em~L. Some intense peaks can be seen at 205.4 em~!,
57859 cm™! and 833.90 cm~! with relatively large Raman intensity,
apart from that some weak peaks are also observed at 176.06 cm™!,
272.16 cm‘l‘ 448.87 em~! and 709.57 em~L. The 176.06 cm~! mode
corresponds to Nb z-axis vibrations, modes at 205.4 em™! attributed
to the Bi®* vibrations or related to the vibrations of A-site ions. The
mode at 272.16 cm~! is leading by a force constant due to Bi-O, and
Nb-Bi-O, bonds. The mode at 449.87 cm™' moved to low frequency
for scanty Sr. The mode at 709.57 em~! assigns to asymmetric de-
formation of BOj3 triangular group and distortion of BO, tetrahedron
Also, mode at 578.59 cm ! corresponds to a rigid sub-lattice mode
where the displacement of positive and negative ion displacement is

reflects symmetric stretching of the octahedral NbOg and the presence
of NbOyg clearly indicates the predominance of the orthorhombie phase.
So, at 176.06 cm™! 205.4 (‘ul"‘ 578.59 r:m", and 833.90 cm™! modes
related to the orthorhombic phase which is in agreement with the XRD
pattern [13-16].

4. Conclusion

Pure SBN ceramic prepared by the conventional solid-state method
was investigared to study the effect of different calcination tempera-
tures: 800 °C, 850°C, and 950 °C, on the evolution of phases during the
single-phase formation of pure SBN. XRD spectra reveal with an increase
in the calcination temperature, the intensity of intermediate phases de-
creases and at 950°C no impurity phases were detected and show the
formation of peaks of a single phase of SrBi;Nb,Og with orthorhombic
geomenry, followed by the sintering of the sample at 1000 °C. The Sur-
face micrograph shows the formation of grains that are randomly ori-
ented with a presence of porosity in the microstructure and the elemen-
tal analysis by EDS reveals that only elements O, Sr, Bi, and Nb were
detected in the desired composition. The Raman study shows the SEN
orthorhombic phase and the modes located at 176.06 em™! 205.4 em™!,
578.50 em™, and 833.90 em™? related to the orthorhombic phase of
pure SBN.
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1. Introduction

Photoluminescence (PL), an optical phenomenon is characterized by
the emission of two or more photons of the longer wavelength low
energy in the visible region means when a molecule absorbs a pho-
ton, so one of its electrons gets excited and jumps to the higher elec-
tronic excited state and so further the excited electron returns to its
lower energy state followed by the emission of photons of lower en-
ergy. In rare-earth materials, since different ions have different energy
level structure, based on that excitation light sources such as Ultravio-
let, Visible, or Infra-red light is chosen. Recently, photoluminescence ob-
served in rare-earth-doped materials has attracted a lot of attention due
to its wide range of energy-related applications such as light and dis-
plays, temperature sensing, biomedical and solar cells etc. [1,2].

Ferroelectric materials, a type of materials that hold spontaneous
polarization and are reversible when subjected to an electric field. Re-
cently, ferroelectric materials have drawn so much attention because
of their excellent properties such as high dielectric constant, great fa-
tigue resistance, high Curie temperature, and amazing piezoelectric ef-
fects making them attractive materials for different applications such
as non-volatile random-access memories (NVRAM), pyroelectric infrared
detectors, high capacitance capacitors and optical switches etc. [3,4].
The bismuth layered structure ferroelectric (BLSFs) ceramics, member of
Aurivillius family with a chemical formula: (Bi202)2* (An.1BuOan+1)%,
where A can be a mono-, di-, or trivalent element (or their combina-

* Corresponding author.
E-mail address: renukabokolia@dtu.ac.in (R. Bokolia)

https://doi.org/10.1016/j.matpr.2021.05.520
2214-7853/© 2021.

tion) with coordination no. 12, for instance Ba®*, ca®*, La®*, sm®*,
Bi®*, sr?*, etc., furthermore B is a transition element suited to octa-
hedral coordination possessing coordination no. 6 such as Fe>*, Nb°*,
Ti®*, Ta®*, Wo* and Mo®*, etc. [5-8], and also, n denotes the num-
ber of perovskite layers intermediate between two bismuth oxide layers.
Hereabouts, A could be Ca?*, Pb?*, Ba®* and Sr?*, etc. and B perhaps
Ti**, Nb°*, Ta®*, V5%, Mo®*, and W®* etc. Ferroelectric ceramics are
very sensitive to compositional modifications such as by changing stoi-
chiometry or even by doping ceramics with numerous elements notably
modifying the ferroelectric properties and crystal structure of the ceram-
ics.

SrBioNb,Og (SBN), lead-free ferroelectric member of Bismuth Lay-
ered Structure Ferroelectric Ceramics belonging to the Aurivillius fam-
ily (n = 2) has drawn consideration due to their remarkable charac-
teristics such as a high Curie temperature, T, (718 K), great fatigue re-
sistance, low dielectric loss, reasonable spontaneous polarization, and
temperature-insensitive high piezoelectric coefficient and considered for
high-temperature applications. Some rare-earth ions like Er®*, Eu®*,
Pr3t, etc. [9]. Are widely used as luminescence centres for their po-
tential applications. Thus, by rare-earth doping, the electrical properties
and strong luminescence of some ferroelectric materials gets enhanced.
In this paper, we report the synthesis of Er®* doped SrBioNbaOg(SBN)
ceramic by conventional solid-state method and study the associated ef-
fect of doping of Er>* on their respective crystal structures and lumines-
cence properties.

2. Material synthesis and characterization details

In this experiment, the polycrystalline Er3* doped SiBiy NboEr,Og
(x = 0.00, 0.01, 0.02, 0.03, 0.04, 0.05) ceramics in stoichiometric
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compositions were synthesized using conventional solid-state reaction
method. Firstly, highly purified starting materials Nb,Og (from Aldrich
of 99.9% purity), SICO; (from Alfa Aesar of 97.5% purity), Bi,O3 (from
Alfa Aesar of 97.5% purity), and ErpO3 (from Alfa Aesar of 97.5% pu-
rity) weighed in stoichiometric ratios and then these weighed samples
were mixed. After that mixed sample was grinded into a mortar pes-
tle with the addition of ethanol till it gets dried up and repeats the
process for 6 h. Then the prepared samples were calcined at 950 °C
for 7 h. After calcination, 5 wt% of polyvinyl alcohol (PVA), standard
binder is added to the calcined samples and mixed rigorously and then
disk-shaped green pellets of all samples were prepared with a diameter
of 13 mm and thickness of 1 mm by manual hydraulic press at a pres-
sure of 50 MPa, and keep at rest for 1 min. Hereafter, green pellets of all
samples were sintered at 1000 °C for 8 h with intermediate heat treat-
ment at 500 °C for 1 h in order to remove the binder from the pellets
[10].

The phase identification and analysis of crystal structure of Exr®*
doped SrBi,y NbyEI,Og were done with the help of the X-Ray diffrac-
tion. The XRD spectra achieved by using the Bruker D-8 Advance X-ray
diffractometer at Cu-Ka radiation (k, = 1.5406 ;\). The structural mor-
phology and compositional analysis of pure SrBi;Nb,Og and Ex®* doped
SrBiz.Nb2Er,Og have been investigated on unpolished sintered pellets
by using the JEOL 661 Scanning electron microscopy (SEM) equipped
with Amkette energy dispersive spectrometer (EDS). The photolumines-
cence (PL) spectra of Erdt doped SBN recorded at an excitation wave-
length, A.y = 480 nm.

3. Results and discussion
3.1. Structural analysis

Erbium, rare earth metal belongs to the lanthanide series shows
most stable + 3 oxidation state thus it is easy to substitute Er*> in a
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Fig. 1. The XRD patterns of pure and ET doped SrBi,Nb,Oy at different concentrations
of Er** based on the formula SrBiy ,Nb,Er,Og ceramics.

Table 1
Lattice parameters of SrBiy (Nb,Er,Og,

place of Bi*3 [11]. Fig. 1, shows XRD spectra of pure SrBigNbyOg and
Er** doped SiBi,. Nb,Er,Oq ceramic powders at varying Er** concen-
trations (x = 0.00, 0.01, 0.02, 0.03, 0.04, 0.05). From the XRD analy-
sis in the range 28 = 10-80, the observed Bragg's reflection was in-
dexed and found closely matching with the standard diffraction pattern
data of StBi2Nb,0g with JCPDS card#01-089- 8154 and confirmed the
formation of single phase with no traces of secondary phases or unre-
acted phases present, specifying that Er** ions completely dissolved in
SBN host lattice without any significant structural change of the host
lattice. Thus, all samples crystallized in the orthorhombic phase, asso-
ciated with the space group A2)am. Also, the highest diffraction peak
associated with (1 1 5) plane of SrBi;Nb,Og was detected for all con-
centrations conforming to the bismuth layered structure with n = 2
and the results are in agreement with the earlier reports indicating the
strongest diffraction corresponding to (112n + 1) reflection in the Au-
rivillius phase for BLSF compositions. The lattice parameters were calcu-
lated with the help of PowderX software, and the structural parameters
tabulated in Table 1.

It is noted from the Fig. 2. with an increase in the concentration
of Er3 + ions the XRD peaks at 29.08 shifted towards lower 20 values
shows that the Exr3 + ions completely diffused into the host lattice along
with the increase in lattice parameters which is due to the difference in
ionic radii of Bi3+(r = 102A) and Er3+ (r = 0.88A) leading to struc-
tural distortion and is well supported with the increasing elemental ratio
of (Er/Bi) as seen through EDS compositional analysis (Table 2). Also,
with the increase in the concentration of erbium ions there is an expan-
sion in a volume of unit cell, an increase in the orthorhombic distor-
tion and orthorhombicity followed by the increase in tetragonal strain.
[3,9].

The microstructure of the sintered ceramic surface of
SrBip 4NbyEr,Og is shown in Fig. 3. The morphological details reveal the
formation of randomly oriented grains of varying size with a presence
of porosity in the microstructure as solid-state method leads to more
pores and non-uniform grain size, and was achieved under prepared
condition. The micrographs indicated insignificant changes in grain size
with varying increasing Er content. The compositional analysis of pure
SrBi;Nb,Og and Er3 + doped SrBiy (Nb,Er,Og pellets was done by EDS
(Energy Dispersive Spectrum) and the data of the elements were given
in the Table 2.

3.2. Photoluminescence spectra

The photoluminescence (PL) properties of Er** doped
S1Biy. NDyEI,O9 (x = 0.00, 0.01, 0.02, 0.03, 0.04 and 0.05) ceramics
for different concentrations were examined under the excitation wave-
length, A, = 480 nm at room temperature and acquired photolumines-
cence emission spectrum is shown in Fig. 4. From the observations, all
the Er doped SrBi, (Nb,E1,Oq ceramics display strong green emission
ranging from 529.2 nm to 549.8 nm, (centred at 529.2 nm, 540.96 nm,
542.95 nm, and 549.8 nm) refers Hy, o #1155, and *S3 =155 tran-
sitions, respectively and light greenish emission was observed at

SrBiz \Nb,Er,Og a(A) b(A) c(A) Volume (A 3) Orthorhombic Distortion, b/a Orthorhombicity, 2(a-b)/(a + b) Tetragonal strain, ¢/a
x = 0.00 5.4933 5.5136 25.035 758.2565 1.003695 0.00369 4.55737

x = 0.01 5.4938 5.5141 25.039 758.5155 1.003695 0.00369 4.557683

x = 0.02 5.4943 5.5146 25.043 758.7745 1.003695 0.00369 4.557996

x = 0.03 5.4946 5.5152 25.047 759.0197 1.003749 0.00374 4.558476

x = 0.04 5.4949 5.5157 25.051 759.2512 1.003785 0.00378 4.558955

x = 0.05 5.4951 5.5162 25.055 759.4689 1.003840 0.00383 4.559517
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Fig. 2. Shift of strongest XRD peaks (1 1 5) at different Erbium concentrations.
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Table 2
EDS compositional analysis.
sr Bi Nb Er

Nominal composition (at3s) (at%) (at%) (at%) Er/Bi
Stoichiometric S1Bi;Nb;Og  5.731 11797 12691 - -
Present Work
SrBig yNbyEryOg
X
0.00 353 11.151 6.363 - -
0.01 2.652 8.328 4775 0.034 0.004
0.02 2,653 8.319 4.777 0.068 0.008
0.03 2.654 8.253 4.779 0.103 0.012
0.04 2.656 8.215 4.782 0.137 0.016
0.05 2.657 8.177 4.784 0.172 0.021

Fig. 3. Surface morphology of SBN ceramic.

579.4 nm. Furthermore, the splitting of PL spectia ranging from
540.96 nm to 549.8 nm into several components is due to Stark effect
(or Stark splitting) [12,13]. The highest peak of PL emission spectra
monitored at a wavelength of 549.8 nm ie., the strong green emis-
sion refers to the excitation of Er3 + ions from ground level *l;5,; to
higher energy level “Sﬂﬂ rather than the host material. With an in-
crease in the doping content of Er3 + firstly, the PL intensity increases
up to ¥ = 0.03 and then decreases because by means of concentra-
tion quenching while the position of emission peaks for all remains the
same. As indicated in PL spectra, the maximum emission intensity oc
curs at a concentration, x = 0.03. So, Er3 + doped SiBip NboEr,Og

4,
*s32 —isn

Intensity(a.u)

T T
550 600 650 700
Wavelength(nm)

Fig. 4. PLspectra of Er’* doped StBi ;Nb2Er,0q at different concentrations under 480 nm
excitation wavelength.

(x = 0.00, 0.01, 0.02, 0.03, 0.04 and 0.05) ceramics can be considered
as appropriate visible light excited green phosphors where Er3 + doped
SrBiy Nb,Er,Og with concentration, x = 0.02 ceramics outshines others
[14-16].

4. Conclusion

The synthesis of Er** doped S1BisNb;Og ceramics, their structural
analysis and PL properties were investigated and studied. The study of
XRD patterns of pure SBN and Er** doped SBN indicates that the pure
SBN is orthorhombic in nature with no secondary phases and with fur-
ther increase in the doping concentration of Er3+ jon in SBN results in
the shifting of strongest peak (1 1 5) towards lower angles and there
is an increase in orthorhombic distortion and orthorhombicity with the
inerease in Er content. The PL properties implies, at a 480 nm excita-
tion wavelength, strong green emission bands observed at 549.8 nm and
strongest emission intensity was achieved at a concentration of Ex3+
when x = 0.03.
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