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Abstract

In this WOI‘k, (1 - x)Ba0.85Ca0.15Tio.9Zr0.103 —
xSr 7Bip 2 TiO3 (BCZT-SBT) ceramics with z =
0 and x = 0.025 were prepared through the
conventional solid-state route. The samples were
calcined at 1200°C for 6h, then re-milled, pressed
into pellets, and sintered at 1325°C for 6h. XRD
patterns indicate the formation of a cubic perovskite
structure. A small decrease in lattice parameter
is observed upon introducing SBT (a decreases
from 4.0176 A to 4.0149 A), accompanied by a slight

reduction in unit-cell volume (64.85 A’ to 64.72 Ag).
e, increases strongly with x = 0.025: at 1MHz,
e, rises from 1057 (z = 0) to 2175 (z = 0.025),
while tan § remains low (0.034-0.037). Ferroelectric
measurements at 30kV/cm show an increase in
maximum polarization from 11.06 4C/cm? (z = 0)
to 23.5 4C/cm? (z = 0.025), with the coercive field
decreasing from 6.9kV /cm to 5.1kV /cm.
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1 Introduction

Lead-based ferroelectric ceramics, particularly
Pb(Zr,Ti)O3 (PZT), have been used for decades
because they combine high permittivity with
strong polarization response, enabling sensors,
transducers, and capacitor technologies [1, 2].
Their toxicity, however, motivates the continued
development of lead-free compositions that can
provide comparable functional response without
regulatory and environmental complications [3, 4].
Among lead-free perovskites, Ba-based solid solutions
in the (Ba,Ca)(Ti,Zr)Os; family have attracted
attention because their electrical properties can
be tuned through composition and processing,
including the possibility of enhanced response near
phase boundaries [5, 6]. Reported studies also
emphasize that calcination/sintering conditions,
grain size, and densification substantially influence
dielectric loss and permittivity trends, making
processing control a key part of the materials design
problem [7-11]. In parallel, Sr-Bi-Ti-O based
relaxor-type ceramics have been studied due to
their diffuse dielectric features, often linked to A-site
disorder/vacancies and off-centering behavior [12-14].
These materials motivate compositional strategies in
which a relaxor-like component is combined with a
ferroelectric perovskite matrix to modify polarization
dynamics and dielectric response.
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The present study focuses on only two compositions:
BCZT (x = 0) and a lightly modified BCZT-SBT
solid solution (x = 0.025), prepared under the same
processing schedule. Restricting the manuscript
to these two samples allows the structural and
electrical comparisons to be stated cleanly and avoids
over-interpreting non-monotonic trends that appear
when many compositions are combined without
consistent densification and microstructural control.

2 Experimental Methods

Stoichiometric amounts of high purity BaCO3 (99.9%),
CaC03 (99.90/0), BizOg (99.90/0>, SI‘COg (99.90/0), TiOQ
(99%) powders, retrieved from Sigma Aldrich and
ZrOy (99%) of UNI-Chem were dried to remove
moisture prior to weighing. For = 0 and x = 0.025,
powders were mixed and milled to reduce particle
size, break agglomerates, and improve compositional
homogeneity. In this work, milling was carried out
using an agate mortar and pestle for 2 h, with acetone
used as a solvent; the milled slurry was dried at 150 °C
for 30 min.

Calcination was used to promote carbonate
decomposition, remove volatile species (e.g., CO2),
and drive the solid-state reaction toward perovskite
phase formation. The mixed powders were calcined
at 1200 °C for 6 h in a mulffle furnace, using a heating
rate of 5°C/min, then re-milled to obtain a finer
powder. Pellets (10 mm diameter) were pressed using
a hydraulic press at ~0.5 ton to a thickness of a few
millimeters. Sintering was performed to densify the
pellets by diffusion-driven mass transport and pore
elimination. For the two compositions retained in this
manuscript, pellets were sintered at 1325 °C for 6 h.

Phase formation was examined using a Philips
X-ray diffractometer (Cu-Ka, A\ = 1.54 A), scanned
from 26 20° to 80° with a step size of
0.02°.  The lattice parameters were calculated
using the least square method, through WINXPOW
package. Dielectric permittivity (e,) and dielectric
loss (tand) were measured using an LCR meter
as a function of frequency from 1Hz to 1 MHz at
room temperature. Polarization-electric field (P-E)
hysteresis loops were recorded at room temperature
using a PolyK ferroelectric analyzer up to an electric
field of 30kV/cm. Maximum polarization (Pmax),
remnant polarization (F;), and coercive field (E.)
were extracted from the loops.

3 Results and Discussion

Figure 1 shows the XRD patterns for BCZT (z = 0)
and BCZT-SBT (z = 0.025) ceramics. Within the
scanned range, the diffraction peaks are consistent
with a perovskite phase and do not reveal obvious

secondary-phase reflections at the level detectable by
laboratory XRD.
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Figure 1. X-ray diffraction patterns of BCZT-SBT ceramics
for z = 0 and = = 0.025 (calcined at 1200 °C/6 h; pellets
sintered at 1325 °C/6 h).

This supports a single-phase assignment within the
resolution of the measurement. A small shift of peaks
toward higher 26 is consistent with a slight decrease in
lattice parameter after introducing = = 0.025. This
is reflected quantitatively in the refined/estimated
lattice parameters: a decrease from 4.0176 A (z
0) to 4.0149A (z 0.025), with unit-cell volume

decreasing from 64.85 A’ to 64.72A°. A modest
contraction of the average lattice is physically plausible
when the average effective ionic size on the relevant
crystallographic site(s) decreases [15]. However,
the present manuscript does not include Rietveld
refinement quality metrics, site-occupancy refinement,
or complementary chemical analysis; therefore, the
lattice-contraction observation should be interpreted
as a robust structural trend, while detailed substitution
mechanisms should be stated cautiously. The density
of the samples was calculated by using Archimedes’
Principle. ~ The samples sintered at 1325°C/6h
exhibited a relative density of approximately ~ 90%.

Figure 2 presents ¢, and tan ¢ as a function of frequency
(room temperature) for the two retained compositions.
Both samples show the common trend of decreasing ¢,
with increasing frequency. This behavior is consistent
with the frequency-dependent response of polarization
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Figure 2. Dielectric permittivity ¢, and dielectric loss tan ¢ versus frequency (room temperature) for BCZT-SBT ceramics
with (a) z = 0 and (b) = = 0.025.
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Figure 3. P-E hysteresis loops (room temperature, maximum field 30 kV /cm) for BCZT-SBT ceramics with (a) z = 0 and
(b) = 0.025.

mechanisms: at low frequency, slower contributions
such as space-charge/interfacial polarization and
dipolar/domain-wall related processes can respond to
the applied field, raising the measured permittivity; as
frequency increases, these contributions progressively
lag and no longer contribute fully, leaving primarily
faster ionic/electronic polarization at the highest
frequencies. Quantitatively, at 1 MHz, ¢, increases
from 1057 (x = 0) to 2175 (x = 0.025), while tan ¢
remains low and comparable (0.034 for = 0 and 0.037
for x = 0.025). At 1kHz, ¢, is 1123 (z = 0) and 2318

(z = 0.025), with tan § ~ 0.040 and 0.044, respectively.

Two points follow directly from these data. The
x = 0.025 composition exhibits a substantially higher

22

e, over the full measured frequency window. The
increase in ¢, is not accompanied by a disproportionate
increase in dielectric loss, since tan ¢ remains in the
same low range.

From a materials standpoint, an increased ¢, at
fixed frequency can originate from several factors,
including changes in intrinsic lattice polarizability,
defect chemistry and local structural disorder, and
extrinsic contributions such as domain-wall mobility;
microstructure (porosity and grain size) can also
strongly influence the effective permittivity. The
fact that ¢, nevertheless increases suggests that
composition-driven polarization effects are strong
enough to overcome the porosity penalty under the
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present conditions. Pinning down the dominant
mechanism would require microstructural and
electrical characterization beyond what is currently
shown (e.g. grain size distribution, impedance
spectroscopy  separating grain/grain-boundary
response and leakage current assessment).

Ferroelectric hysteresis loops measured at room
temperature up to 30kV/cm are shown in Figure 3.
Both compositions exhibit closed P-E loops, consistent
with ferroelectric polarization switching under the
applied field. For z = 0, the extracted parameters
are Ppax = 11.06 uC/cm?, P, = 7.3 uC/cm?, and
E. = 6.9kV/cm. For x = 0.025, Ppnax increases
to 23.5uC/cm?, P, increases to 12.7 uC/cm?, and
E. decreases to 5.1kV/cm. These trends indicate
that adding a small fraction of SBT strengthens the
polarization response under the same applied field
amplitude (higher Ppax) while reducing the coercive
field (lower E.), implying that polarization reversal
occurs at a lower field. In practical terms, a lower E.
can be consistent with easier domain switching and/or
modified pinning conditions, but loop shape can
also be influenced by conductivity and measurement
conditions. The current manuscript does not present
leakage current data or field-dependent loop evolution;
therefore, interpretations should be limited to what the
loops directly show: increased polarization magnitude
and a reduced coercive field for z = 0.025 at 30 kV /cm.

To contextualize the present results, a comparison
with previously reported (1-x)BCZT-xSBT systems is
provided. The obtained ¢, values (1057 for z = 0
and 2175 for « = 0.025) at 1 MHz are higher than
the previously reported values i.e. ~ 750 for x = 0
and 0.025 with tand ~ 0.1, as well as the reported
P.(~ 14.8uC/cm?) for z = 0 is larger than the
obtained value (7.3 uC/cm?) while E.(~ 5.2kV /cm)
is smaller than the findings (E. = 6.9kV/cm) of
this manuscript [16]. However, for z = 0.1, the
reported P, is ~ 5uC/ cm? which is far lower than
the obtained value (12.7 uC/cm? for z = 0.025) [16].
Whereas another investigation reported &, (~ 1200)
and tand(~ 0.3) at 1 MHz while an extremely small
Py(~ 0.86 uC/cm?) for x = 0.6 [17].

4 Conclusion

BCZT (z = 0) and lightly modified BCZT-SBT (z =
0.025) ceramics were fabricated by the solid-state route,
calcined at 1200 °C for 6 h, and sintered at 1325 °C for
6h. XRD patterns are consistent with a perovskite
phase for both compositions in the scanned range and
show a small lattice contraction when x = 0.025 is

introduced (a decreases from 4.0176 A to 4.0149 A).
Despite this, the dielectric response improves strongly
with 2 = 0.025: ¢, increases from 1057 to 2175 at 1 MHz
while tan § remains low (0.034-0.037). Ferroelectric
measurements at 30 kV /cm show that = 0.025 yields
higher maximum polarization (23.5 4C/cm? versus
11.06 £C/cm?) and a lower coercive field (5.1kV/cm
versus 6.9 kV/cm). Within the scope of the presented
measurements, incorporating a small Sry 7Big 2TiO3
fraction therefore enhances both dielectric permittivity
and polarization response in the BCZT matrix.
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