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Polycrystalline Sr(Bis-xLax)(Ti3.975Zr0.025)O15 (x = 0.025, 0.05 ,0.075 and 0.1) is prepared by solid-state method.
It was characterized by X-Ray Diffraction (XRD), Scanning Electron Micrograph (SEM) and Energy Dispersive
Spectra (EDS). From XRD and SEM analysis, phase formation is identified and particle size is calculated.
Compositions are confirmed from EDS spectra. The dielectric, ferroelectric and piezoelectric studies are
investigated. Remnant polarization (Pr) is found to increase, Curie temperature (T.) and dielectric constants are
found to be decreased, and electromechanical coupling coefficients and piezoelectric charge coefficients are found
to be increased as the concentration of La increases. The compositions are suitable for energy harvesting, sensors,
and actuator applications as the increase of piezoelectric coefficients.
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Introduction

Bismuth layer structured ferroelectrics (BLSFs) are
attractive materials because of their excellent features
(high Curie temperature, low dielectric loss and large
remnant polarization) [1-5]. These materials were
considered to be promising lead-free electroceramics from
the environmental protection point of view. The general
formula of BLSF is (Bi202)*"(an-1BnOsn+1)*-, where A- is
mono, di or trivalent elements and B- is tetra, penta,
hexavalent ions. The term ‘n’ represents the number of
octahedral layers present in the Aurivillius structure.
Strontium bismuth titanate SrBisTi40;s5 (SBT) (n-4) is a
typical BLSF material, which has been well studied by
many researchers for ferroelectric random-access memory
(FRAM) applications [6-9]. How ever small value of
remnant polarization (2Pr) in SBT limits its possible uses
in many technological applications. In view of this, rare-
earth modification for Bi- site in BLSF was found to be an
effective approach to enhance the dielectric and Pr values
[10, 11]. It has been reported that Sr-doped BaTiO; and
rare earth doped SBT optimizes the ferroelectric
properties [12-17]. SBT ceramic has high Curie
temperature (Tc = 530°C) and dielectric constant (420 at
RT), but piezoelectric properties are comparatively less
than that of lead-based system [18].
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SI‘Bi4Ti3‘97szI‘()'()250]5 (SBZT-0.0ZS) has a hlgh
remnant polarization, dielectric constant, piezoelectric
charge coefficient and electromechanical coupling
coefficients. Due to these properties it has great potential
as a material for transducer and capacitor applications at
high temperature [19-22]. Similar results are observed
with Zr doped in Ti site [23].

Very few researchers substituted La in place of Bi in
pure SBT [24-26]. Many researchers substituted La with
the combination of Zr in PZT, BZT [27-30]. Dielectric
loss was decreased and electrical properties were
increased with the substitution of rare earth substitution in
PZT and BZT ceramics. These results motivated to
substitute the La in place of Bi in SBZT-0.025.

In this paper, La ion is substituted in place of Bi in
SrBisTi3975Z10025015  (SBZT-0.025). The synthesis,
characterization and electric properties are presented.

I. Synthesis

Sr(Bi4_XLax)(Ti3,975Zr0,025)O15, (SLBZT - X) where
x =0.025, 0.05, 0.075 and 0.1, is prepared using high
purity SrCOs3, BixO3, La,03, TiO2 & ZrO; by conventional
solid state method. The weighing powders were ground
well in an mortar pestle and calcined at 2 hrs for 800°C.
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During calcination lumps are formed, so again well-
grounded to crush the lumps. Polyvinyl alcohol is used as
abinder. 10 MPa pressure is used to form discs with 10mm
diameter and 1 mm thickness. The final sintering is done
between 1100°C to 1200°C for three hours. By
Archimedes principles, the density of the samples was
measured. Sintered powder was analyzed using X-ray
diffractometer (XRD) using CuKa radiation (Philips X’
pert PW-3020). The microstructures are observed using
scanning electron microscopy (SEM, HITACHI S-
4300SE/N). Electrical contacts were made with the help
of conductive silver paint on both the sides. The
ferroelectric properties were measured with the help of P-
E loop (Hysteresis loop) tracer. Dielectric constant and
loss were measured as a function of temperature at
different frequencies using Wayne Kerr 6500 P LCR
meter. Electrical poling is done at 100 kV/cm in a silicon
oil bath at a temperature 170 °C for 30 min. Using ds;
meter electromechanical charge coefficient was measured.
Piezoelectric charge coefficient was measured by
resonance and anti-resonance frequencies.
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II. Results and discussions

2.1. X-ray diffraction studies

Figure 1 shows the XRD patterns of
Sr(BisxLay)(Ti3.975Z10025)015 (X 0.00(SBZT-0.025),
0.025, 0.05,0.075 and 0.1). XRD patterns showed no extra
peaks i.e single phase with orthorhombic structure
formation. The XRD patterns were compared with JCPDS
(USA, Card No. 43-0973). It was observed that, the peaks
are shifted to lower angle with increasing concentration of
La, due to larger ionic radius of dopant La*" (1.16A) in the
place of Bi*" (1.11A) [31, 32]. The lattice parameters
evaluated using Powder4 software, are given in table 1.
Lattice parameters are decrease with increasing
concentration of La.

2.2. Density measurements

The X-ray and experimental densities are evaluated
and given in table 1. The relative density is found to above
96% and it shows that the samples are well sintered. The
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Fig. 1. XRD pattern of Sr(BisxLax)(Ti3975Z10.025)O15 (x =0.00 [1], 0.025, 0.05, 0.075 and 0.1) ceramics.

Table 1.
Structural properties of Sr(BisxLax)(Ti3975Z10.025)O15 (x = 0.00, 0.025, 0.05, 0.075 and 0.1)
Compound | Lattice parameters a, b, ¢ (A) ExperiIr)rf:nstl:l}ll (gmy/cc) X-ray % of density
5.477
X =0.00 5.482 6.75 7.02 96 [1]
41.3
5.468
X =0.025 5.478 6.97 7.28 96.3
41.284
5.462
X =0.05 5.469 6.98 7.3 96.4
41.118
5.46
X =0.075 5.472 7 7.31 96.7
41.32
5.431
X=0.1 5.439 7.15 7.39 97
41.03
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experimental and x-ray densities are found to increase
with increasing concentration of La. Volatility of Bi and
oxygen vacancies are reduced with the substitution of La
and improves the ceramic density.

2.3. Scanning Electron Micrographs (SEM) and
Energy Dispersive Spectra (EDS).

SEM pictures were shown in figure 2. Morphological
information was provided from SEM. The average grain
size is found to be 1-6pm approximately. Figure 3 shows
the EDS picture and confirmed that the constituent ions
were in proper ratio and were shown in in table 2.

2.4. Ferroelectric Properties (hysteresis loop).

Hysteresis loops of Sr(BisxLayx)(Ti3975Z10.025)O15
(x =0.025, 0.05, 0.075 and 0.1) ceramics were shown in
figure 4. These loops were drawn by applying a field of
120kV/cm and measured Pr and Ec. These values were
increased as the concentration of La increases and were
shown in table 2. It was observed that both remnant
polarization (P;) and coercive field (E) increase with
increasing La content. The variation of Prand Econ La
content could be explained in terms of the changing
oxygen vacancy concentration in the system. It is reported
that oxygen vacancies are created due to bismuth loss, and
under high electric fields, yhe mobile oxygen vacancies
can assemble at the lowest energy domain walls and
thereby hinder polarization switching due to domain
pining [33, 34].

T
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Fig. 2. Scanning Electron Micrographs of Sr(Bis.xLax)(Ti3975Z10.025)O15 (x = 0.025, 0.05, 0.075 and 0.1).
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2.5. Dielectric properties

Dielectric constant (&) vs. temperature at different
frequencies of Sr(Bi4_xLax)(Ti3_9752r0_025)015 (X = 0.025,
0.05, 0.075 and 0.1) were shown in figures 5. At room
temperature, the dielectric constant remains nearly
constant and low across all measured frequencies. As the
temperature increases, the dielectric constant increases
gradually, indicating increased polarization due to
enhanced thermal energy facilitating dipole alignment.
Approaching Curie temperature (T.), (temperature at
maximum dielectric constant), dielectric constant rises
sharply, indicating phase transition. A broad, rounded
peak is observed, characteristics of a diffuse phase
transition rather than a sharp Curie peak. At all
temperatures, the dielectric constant decreases with
increasing frequency. The peak dielectric constant shifts
toward higher temperatures with increasing frequency,
indicating a diffuse phase transition with relaxor
ferroelectric behavior. Curie temperature, dielectric
constant and dielectric loss values of the ceramics were
shown in table 3. With increasing the concentration of La,
the value of dielectric constant and T has been decreased.
Dielectric peaks have a broad peak, which is indicative of
diffuse phase transition (DPT). It was reported earlier, that
the substitution of Bi*" by La>" significantly decreases the
transition temperature [30, 35, 36]. It was also reported,
that the ferroelectric transition temperature decreased with
the increased size of A-site cation in BLSFs [37].
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Fig. 3. EDS for Sr(BisxLax)(Ti3975Z10.025)O015 (x = 0.025, 0.05, 0.075 and 0.1).
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Fig. 4. Ferroelectric hysteresis loops

Sr(Bi4_xLax)(Ti3,9752r0,025)015 (X = 0025, 005, 0.075 and

0.1) ceramics.

Table 2.

Pr and EC values of Sr(Bi4_xLaX)(Ti3,9752r0,025)015
(x=10.00, 0.025, 0.05, 0.075 and 0.1) ceramics

Compound P, (uC/cm?) E. (kV/cm)
X=0.00 1.127 30 [1]
X=0.025 1.167 31
X =0.05 1.18 32
X=0.075 1.334 34
X=0.1 1.355 35
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Tolerance factor (t) with substitution of composition
are calculated by equation (1) and shown in table 4. It is
observed that, as the concentration of La increases,
tolerance factor, ‘t” also increased.

_ Ro+(Rg, 2+ +(2-X)Rp 3+ +XR| 3+)
V2[Ro+((3.975R a4+ +0.025R 5,44

e

It indicates how well ions fit within the perovskite
structure:

t = 1: Ideal perovskite.

0.9 <t < 1: Slightly distorted, stable perovskite.

t<0.9: Large distortion, potential for
transitions.

A tolerance factor slightly deviating from 1 introduces
controlled distortion in the lattice. This structural
flexibility of a material, influencing dipole reorientation,
domain mobility, and phase transitions, which are critical
for sensor adaptivity under external stimuli. A mere
tolerance calculation can thus predict and confirm whether
a material system is likely to exhibit adaptive behaviour in
dielectric and piezoelectric sensor applications.

It was reported that decrease of tolerance factor
increases Curie temperature or vice versa [38]. The
present work also agrees with the reported data.

It has also been observed in the present investigation
that La*" substitution at Bi*" site decreases the T, and
reduces the lattice distortions. The dielectric constant was
found to be decreased and dielectric loss (figure 6) was
found to be increased (table 3) with increasing

concentration of La>".
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Fig. 5. Dielectric constant vs. temperature of Sr(BisxLax)(Ti3.975Zr0.025)O15 (x = 0.025, 0.05, 0.075 and 0.1) ceramics
at different frequencies.
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Fig. 6. Dielectric loss (Tangent loss) vs. temperature of Sr(Big-Lax)(Ti3.975Z10.025)O15 (x = 0.025 and 0.1) ceramics
at different frequencies.

Table 3.
Dielectric data of Sr(BisxLay)(Ti3.975Z10.025)O15 (x =0.00, 0.025, 0.05, 0.075 and 0.1) ceramics
Compound Transition Dielectric Loss tangent Tolerance y(10
temperature constant at (tano) at RT factor kHz)
T. (°C) 10kHz
at at T
RT
X=10.00 513 211 2453 0.02 0.934 1.22
[1]
X =0.025 512 155 1811 0.04 0.935 1.33
X =10.05 509 150 1514 0.052 0.9353 1.34
X =10.075 507 138 1319 0.063 0.9355 1.6
X=0.1 505 135 1186 0.08 0.93577 1.3
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Fig. 7. log(1/e-1/emax) vs. log(T-T.) at 10 kHz for
SI‘(Bi4_xLax)(Ti3,97521'0,025)015 (X = 0025, 005, 0.075 and

0.1) ceramics.

Sr(Bi4.xLax)(Ti3,9752r0,025)015 (X = 0.025, 0.05, 0.075
and 0.1) shows diffuse dielectric peaks and these do not
follow the Curie-Weiss law. For these samples modified
Curie-Weiss law [39], is fitted (shown in figure 7).
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Fig. 8. Real part of admittance vs. frequency of
SI‘(Bi4.XLaX)(Ti3,97521'(),025)015 (X = 0025, 005, 0.075 and

0.1).

Table 4.

Piezoelectric properties of Sr(BisxLax)(Ti3975Z10.025)O15
(x =0.025, 0.05, 0.075 and 0.1)

compound kp d33(pC/N)
X = 0.00 0.52 17[1]

X =0.025 0.57 17.6
X = 0.05 0.59 18.3

X =0.075 0.61 19.2
X=0.1 0.62 19.7
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Where y the critical exponent of nonlinearity, y is 1
for normal, 2 for relaxor and between them is for DPT
ferroelectrics. By curve fitting of In(1/e—1/emax) Vs.
In(T-Tw) y is calculated and shown in table 3.

These results are suitable for the applications of
temperature-stable sensors, capacitors, ferroelectric
memory and thermal actuators etc.

2.6. Electromechanical properties
Fig. 8 shows the variation of frequency with the real

part of admittance. It demonstrates that the

electromechanical coefficients (kp and d33) in the planar
mode of the thin disc increase with rising La
concentration. La doping alters the crystal structure and
polarization behavior of the material, thereby enhancing
its piezoelectric properties. Specifically, La substitution
stabilizes the orthorhombic phases essential for the
formation of a morphotropic phase boundary (MPB). The
MPB facilitates the coexistence of multiple phases with
strong  electromechanical  coupling,  significantly
improving the piezoelectric coefficients. Consequently,
the substitution of La enhances the piezoelectric

coefficients (d33 and Kp), are summarized in table 4,
making the material highly suitable for energy harvesting,
actuator, and transducer applications.
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Conclusions

Sr(Bis.xLay)(Ti3975Z10.025)O15, (SLBZT - x), where
x =0.025, 0.05, 0.075, and 0.1 ceramic was prepared by
solid state method. XRD patterns reveal single-phase
formation with orthorhombic symmetry and Lattice
characteristics decrease with increasing La content. Curie
temperature (T.) is frequency independent. This is a
characteristic nature of ferroelectric materials and there is
a diffuse phase transition. T and dielectric constant were
found to be decreased, and dielectric loss, Py, kp,, and ds3
were found to be increased as the concentration of La
increases. La doping in SrBisTi3 975710025015 ceramics
increases the materials thermal stability and improves its
piezoelectric characteristics. Which results in better
performance in high-temperature, high-dielectric, energy
harvesting, sensors, transducer, actator and sophisticated
piezoelectric applications.
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Electrical properties of La modified SrBisTis 975210025015 ceramics

b. Mamara

Enexrpuyni Bi1acrusocti La-moaudikoBanux kepamik SrBisTis.975Zr0.025015

Inorcenepno-mexuonociunuii konedxc I'imanoocani, Xatioapabao, Tenaneana, Inoisa, boinanemamatha@gmail.com

Monikpucranivyni kepamiku Sr(Bis—~Lay)(Tis.075Zr0.025)015 (x = 0,025; 0,05; 0,075 ta 0,1) orpumaHo MeTOIOM
TBepHodazHOro CHHTE3y. 3pa3Ku JOCHTI[DKEHO MeTogaMHu peHTreHiBebkol mudpakuii (XRD), ckanyoudoi
enekTpoHHoi Mikpockomii (SEM) ta enepromucnepciitnoro anamidy (EDS). 3a pesympraramum XRD i SEM
miaTBep/keHo (GopMyBaHHS (a3u Ta OLIHEHO PO3MIpH YaCTHHOK, Toxi sk EDS-crexrpu minrBepanmnmm ckiaj
3paskiB. J[OCTiIKEHO MieNeKTPUYHi, CETHETOCTIEKTPUYHI Ta I1’€30€JeKTPUYHI BIacTUBOCTI. BeTaHoBNIeHO, 110 31
30inpmeHHsM BMicTy La 3pocrae 3anummkoBa monsipu3sanis (Pr), Toxi sk Temmepatypa Kropi (Tc) Ta gienekrpuana
INPOHUKHICTh 3MEHIIYIOThCSA. BojHouac, KoeQillieHTH eNeKTPOMEXaHIYHOro 3B’SI3Ky Ta II’€30€JIeKTPHYHI
KoedilieHTH 3apsay 3pOCTAIOTh 13 MiIBUIIEHHAM KOHIeHTpanii La. OTpuMaHi KOMIO3UI] € HEPCIIEKTUBHUMH ISt
3aCTOCYBaHHS B CHCTEMax HAKOIMYEHHs eHepril, ceHcopax i QyHKI[IOHANPHUX NMPUCTPOSIX 3aBISIKH MOKPAICHUM
11’ €30€JIeKTPUYHHUM BJIACTUBOCTSIM.

KiawouoBi cjioBa: CerHETOENEKTPHYHI BIIACTUBOCTI, JMICNEKTPHYHI BIACTHBOCTI, EJICKTPOMEXaHIUHI
BJIACTUBOCTI, I1’€30€JIEKTPUYHI BIACTHBOCTI.
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