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This work examined the influence of zirconium concentration on barium titanate (BZT) BaZr, Ti;_,Os, with (x
=0, 0.15, 0.50, 0.75, and 1), produced by the tartrate precursor technique. The Fourier transform infrared
(FTIR) spectra support the X-ray diffraction (XRD) results regarding formation of the perovskite structure.
Grain size grows with Zr concentration, suggesting that the presence of Zr ions enlarges the grains. The
(TEM)
nanocrystallites are agglomerated in most images with irregular morphologies and average particle sizes
from 20.75 nm to 63.75 nm. Increasing Zr content diminished the piezoelectric coefficient (ds3) and the

transmission electron microscopy images demonstrated that, due to their nano size,
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grain size. The value of ds3z decreases by increasing Zr content, and there is an inverse relationship

DOI: 10.1039/d3ra05885a between grain size and dsz. The remnant polarization of BZT increases with increasing Zr** content,
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1. Introduction

Barium Zirconate Titanate (BZT) is a significant member of the
BaTiO; family. Much current technology relies on piezoelectric
materials. Piezoelectric devices are used in computers; therm-
istors, capacitors, sensors, and piezoelectric transducers are
used in security systems for various applications ranging from
tiny speakers to medical ultrasounds.*™

The BaZr,Ti; ,O; (BZT) are fascinating materials employed
as dielectrics in industrial capacitor applications because of
their high voltage resistance, dielectric constant, and
composition-dependent Curie temperature (7g). Impurity
doping in BZT is a popular method to enhance material
performance.>® Several additives are often used with the
barium titanate powder to improve performance and maintain
appropriate control over the grain sizes and electrical charac-
teristics. Doping BaTiO; with additions like Sr*>*, Ca®*, Sn**, and
Zr*" allows for modifications. Because Zr*" has better chemical
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which may be suitable for permanent memory device applications.

stability than Ti**, doping BaTiO; with Zr** can enhance the
dielectric and piezoelectric characteristics.

Barium titanate plays a significant role in the design and
production of multiferroics. These materials simultaneously
have at least two long-range orders in ordering the electronic or
spin subsystems.' To form multiferroic properties, either the
formation of solid solutions' or the receiving of composites'***
is often used.

The current work aims to prepare BaZr,Ti; ,O; (x = 0, 0.15,
0.5, 0.75, and 1) nanopowders using tartrate precursor tech-
nique and studying the impact of the Zr*" substitution ratio on
the morphology, structure, piezoelectric, and ferroelectric
characteristics of BZT was examined.

2. Materials and methods

As seen in Fig. 1a, in the synthesis of ferroelectric BaZr, Ti; ,O3
(BZT) materials with varying Zr content (x = 0, 0.15, 0.50, 0.75,
and 1) using the tartrate precursor method, a well-defined process
comprising several essential steps was meticulously followed. It
commenced with the preparation of mixtures of Ba-Zr-Ti solu-
tions, wherein barium nitrate (Ba(NOs),), zirconium oxide (ZrO,),
and titanium nitrate (TiO,(NOj3),) served as the primary source
materials. The precise stoichiometric quantities of these chem-
icals were carefully determined to correspond with the desired Zr
content, as delineated in Table 1. Following the formulation of
initial solutions, they underwent 15 minutes of stirring on a hot
plate magnetic stirrer. Subsequently, an aqueous solution of tar-
taric acid (C4;Hg¢Os) was incorporated into the mixture, ensuring
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Table 1 The weights in grams of BaZr,Ti;_,Os3

Weight in grams

x Ba(NO3), ZrO, TiO, (NO;), Molecular weight Total weight

0.0 26.132 0 20.38756 233.1922 46.51956
0.15 26.132 1.8483 17.329426  239.69575 45.309726
0.50 26.132 6.161 10.19378 254.8707 42.48678
0.75 26.132 9.2415 5.09689 265.70995 40.4703
1.00 26.132 12.322 0 276.5492 38.454

a homogeneous blend with continuous stirring. The subsequent
phase involved the gradual evaporation of the solution through
heating at a constant temperature of 80 °C while maintaining
continuous stirring until reaching a state of dryness. The result-
ing dried powder was collected and further subjected to drying in
a controlled environment at 100 °C. To foster the formation of the
desired perovskite structure, the powder was then subjected to
annealing at a high temperature of 1100 °C for 4 hours. The final
stage of the synthesis process encompassed the pressing of
tablets using a compressor, applying a substantial pressure of
5000 kg cm > while meticulously maintaining the thickness of
the resulting tablets at d = 0.35 cm. Detailed records of the
weights in grams of the individual chemical components used to
synthesize BaZr,Ti; ,O; for each composition are presented in
Table 1. This comprehensive description of the synthesis process
and the precision in quantities employed underscores the
methodological rigor and consistency in preparing ferroelectric
BZT materials with varying Zr content.

This process is a great way to get goods free of impurities at
low temperatures. The samples were examined in the 26 range
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(a) Samples preparation via the tartrate precursor method. (b) The experimental setup of dsz measurement.

between 20° and 80° using the X-ray diffraction (XRD) technique
(Philips model PW-1729 diffractometer with Cu K, radiation
source with A = 1.540598 A).

The prepared samples’ Fourier transform infrared (FTIR)
spectra were obtained at room temperature (RT) using a Perki-
nElmer 1430 instrument in the wavenumber range from
200 cm™ ' to 4000 cm '. Transmission electron microscope
(TEM) JEOL model 1010 was used to measure the particle size of
the produced samples. A JEOL model JSM-5600 scanning elec-
tron microscope (SEM) was used to examine the sample
morphology. The powders were pressed at 10 Ton into 1.3 cm-
diameter discs form. After that, the discs (the pressed
prepared samples) were polarized at 2 kV for two hours at RT for
piezoelectric tests. By calculating the slope of the charge
dependency of the applied stress, which was measured using
the circuit in Fig. 1b, the piezoelectric coefficient (ds;) was
calculated. The Sawyer-Tower circuit has been used to evaluate
the samples’ ferroelectric hysteresis loop.

3. Results and discussion

3.1. X-ray diffraction and Rietveld refinement analysis

Fig. 2 shows the XRD patterns of the nanocrystalline of BZT
annealed at 1100 °C for 4 h. The patterns indicated the tetrag-
onal phase with space group (SG) P4mm." The diffraction peaks
related to the tetragonal structure are (001), (110), (111), (200),
(210), (211), (220), (310), (222) at 26 = (21.2°, 30.10°, 37.1°, 43.1°,
48.5°, 53.5°, 62.6°, 71°, 75°, 79°) respectively. The sharp and
defined peaks of the pattern indicate the high degree crystal-
linity and main intensity peak (110) increase by increasing Zr
content.

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 XRD of BaZr,Ti;_4Os (x = 0, 0.15, 0.50, 0.75, 1).

The Zr ion is considered a non-catalyst agent. It abstracts the
reaction process of the perovskite phase, which means that the
reaction needs more time and energy for the phase, leading to

View Article Online
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the increased nanomaterial. The splitting of two diffraction
peaks (002) at 26 = 43.09° and (200) at 20 = 44° confirm the
presence of a tetragonal phase up to x = 0.75, whereas the
sample x = 1 indicates the presence of cubic phase. The phase
matching indicates that the tetragonal phase is the predomi-
nant one for the samples x = 0, 0.15, 0.5, and 0.75. At the same
time, x = 1 has only a cubic phase.

The last sample has only cubic phase 100%, confirming our
discussion. Because the electronic density of the Zr** ion (ionic
radius of 0.72 A) is higher than that of the Ti** ion (ionic radius
of 0.60 A), increasing the Zr** content results in an expansion of
the unit cell volume, as shown by the primary diffraction peak
(110) shifting to the lower angle side, suggesting an increase in
the lattice parameter.’® The BaCO; phase appears, and by
increasing the Zr content at x = 0.15, 0.5, and 0.75, the BaCO;
phase decreases, meaning that annealing the prepared samples
at 1100 °C is sufficient for forming perovskite phases with a low
percentage of the undesired phases. The tolerance factor is
given by the formula:*”

T Ra + Ro : (1)

V2(Rg + Ro)
where Ry, Rg, and R, are the ionic radius of A and B cations and
oxygen ions, respectively. The tolerance factor value should be
close to unity for a stable perovskite structure. Tolerance factor
values of the samples were calculated using formula (1) and are
given in Table 2, where their value range from 0.92 to 0.98,
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Fig. 3 Rietveld-refined XRD patterns (left) and Rietveld refinement diffraction (right) of BaZr,Ti;_,Os (x = 0, 0.15, 0.5, 0.75, and 1).
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Table 2 Tolerance factor and crystallite size of BaZr,Ti; ,O3z (x = O,
0.15, 0.50, 0.75, 1)
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Table 4 Summary of the ball-and-stick model of BaZr,Ti; ,O3z (x =0,
0.15, 0.5, 0.75, and 1)

X Tolerance factor Crystallite size (D) (nm)
0 0.978 28.80
0.15 0.938 17.35
0.50 0.948 33.98
0.75 0.932 41.08
1 0.921 32.66

indicating the decreasing trend with increased Zr content due
to the difference in ionic radius of Zr and Ti ions.*® The toler-
ance factor is reported to increase when a larger radius cation is
substituted in the A-site. In contrast, substituted B-site may
decrease the tolerance factor.*®

Scherer's equation is used to figure out the average crystallite
size (D) of the perovskite structure:

J— kk .
" Bcosd’

(2)

where k = 0.89, 0 is the position of the diffracted peak, A is the
wavelength of the X-ray source, and g is the full width at half
maximum of the peak. The D of the BZT tetragonal phase was
calculated and given in Table 2, which increased by increasing
Zr content up to x = 0.75 and then decreased for the cubic phase
x=1.

Fig. 3 shows the Rietveld refinement of BaZr,Ti; ,O; (x =0,
0.15, 0.5, 0.75, and 1) and indicates the presence of two
tetragonal and orthorhombic phases for samples from x = 0 up
to x = 0.75. The tetragonal phases with SG (P4mm) have a weight
fraction of 48%, 49%, 82%, and 86%, respectively. The ortho-
rhombic phases have a weight fraction of 52%, 51%, 18%, and
14% for all samples x = 0-0.75, respectively.

The last sample (x = 1 or BaZrO;) has a cubic phase. The
analyzed Rietveld refinement values of the tetragonal and
orthorhombic phases are given in Table 3, with lattice param-
eters a, b, and c. It was noticed from Table 3 that for cubic
system a = b = ¢ = 4.18623 and tetragonal phase a = b # c. The
crystallite size for the two phases is also given in Table 3.

Fig. 3 shows the ball-and-stick model for the tetragonal and
cubic phases, which are drawn using the crystallographic

Atomic parameter

X Atom X Y VA

0 Ba 0 0 0
Ti 0.5 0.5 0.49
o 0.5 0 0.51

0.15 Ba 0 0 0
Ti 0.5 0.5 0.49
o 0.5 0 0.51
Zr 0.5 0.5 0.49

0.50 Ba 0 0 0
Ti 0.5 0.5 0.45
o 0.5 0 0.51
Zr 0.5 0.5 0.45

0.75 Ba 0 0 0
Ti 0.5 0.5 0.48
o 0.5 0 0.51
Zr 0.5 0.5 0.48

1 Ba 0 0 0
Zr 0.5 0.5 0.5
o 0.5 0 0

information with FullProf and Vesta software. It is shown in
Fig. 3 that Ba-ions are in the corners of the unit cell with
coordination (0,0,0). In contrast, Ti-ions are in the body center
of the unit cell with coordination (0.5,0.5,0.5), as given in Table
4. The O-ions are in the phase center of the tetragonal unit cell.
The Rietveld analyzer for sample x = 1 (100%) cubic phase with
coordination of Ba and Zr ions is present in the body center."

In contrast, the O-ions are at the mid-edge of the unit cell.
The lattice parameters, crystallite size, and density of these
phases are given in Table 4. The Rietveld refinement of the
lattice constant agrees with the above discussion about the
weight fraction of the present phases, where a = b # ¢ for the
tetragonal and a = b = ¢ for the cubic phase.

3.2. FTIR analysis

Fig. 4 shows the FTIR spectra for BaZr,Ti; ,O; where (x = 0,
0.15, 0.5, 0.75, and 1). The FTIR spectra showed two principal
vibrational absorption bands around 350 cm " and 548 cm ™’

other additional peaks appear at 3394 cm ™" due to the existence

Table 3 Summary of Rietveld analyses of XRD data of BaZr,Ti; 4Oz (x = 0, 0.15, 0.5, 0.75, and 1)

Structural parameter

Crystallographic Crystallite

x Phase a () b (A) c (&) system SG Weight fraction (%) Density (g ecm ™) size (nm)
0 BaTiO; 4.185 4.185 4.195 Tetragonal Pimm 48.09 5.269 28.80
BaCO; 5.307 8.894 6.430 Orthorhombic Pmcn 51.91 4.138 44.56
0.15  BaZry,sTipesO; 4193 4193  4.201  Tetragonal Pamm 49.17 5.387 17.53
BaCO; 5.320 8.917 6.445 Orthorhombic Pmcn 50.83 4.287 29.83
0.50  BaZrysTips0s 4178 4178  4.192  Tetragonal Pamm 81.60 5.783 33.98
BaCO; 5.583 8.938 6.544 Orthorhombic Pmcn 18.41 4.031 30.09
0.75  BaZry,sTig,s0;  4.182  4.182  4.197  Tetragonal Pdmm 85.94 6.008 41.08
BaCO; 5.303 8.872 6.426 Orthorhombic Pmcn 14.06 4.335 35.27
1 BaZrO; 4.186 4.186 4.186 Cubic Pm3m 100 6.259 32.66
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Fig. 4 FTIR spectra of BaZr,Ti; 4Oz (x =0, 0.15, 0.5, 0.75, and 1).

of O-H vibration of water adsorption by the sample, which has
an asymmetric stretching mode which increases by increasing
Zr content.

Tartaric acid interacts with BaTiO; during production, as
evidenced by a peak at 1428 cm ™, attributed to an asymmetric
vibration of the C-O bond.* The first two absorption bands are
associated with Ti-O stretching and bending vibrational modes.
The peak at around 1143 cm™ ' is attributed to the symmetrical
CO, and CH, twisting mode. The absorption bands at
2464 cm™ " and 2927 cm ™" are related to the asymmetric and
symmetric C-H stretching vibrations of the CH, and CHj;
groups, respectively.”® C-O deformation vibration peaks are
around 1428 cm™ ' and 1168 cm ™ '. The C-C stretching vibration
is linked to the absorption band at 859 cm ™.

Table 5 shows the main frequency bands (v; and »,) of
BaZr,Ti; O3 samples with different amounts of Zr and their
force constants (F, and F,). The peaks at 1762 cm ' (C=0
stretching vibration), 1438 cm™" (C-O asymmetric stretching
vibration), 859 cm™ ', and 693 cm™ ' (C=O0 bending vibration) all
belong to the BaCO; phase.”” As x increases from 0 to 0.75, the
frequency of the absorption band at 691 cm ™" increases before
dropping again. The initial absorption band, at 480 cm™", has
the same pattern of activity. By increasing the Zr content,
shoulder !

=600 cm -, we may explain this behavior as

View Article Online

RSC Advances

a modification in the bond length, given that the following
equation® was used to get the force constant for the A and B
sites of the perovskite structure.

3.3. SEM analysis

Fig. 5 displays the morphology of the BaZr,Ti, ,O; for (x = 0,
0.15, 0.5, 0.75 and 1). The presence of Zr ions increases the grain
size, as seen by a correlation between grain size and Zr
concentration. The upward trend could be attributable to the
asymmetry in Zr and Ti ion distribution at the B-site. The SEM
graph shows a clear separation in form, supported by the XRD
results of the investigated samples, demonstrating an increase
in the diffraction peak strength with increasing Zr
concentration.?

Table 6 shows that increasing grain size results in a higher
density. Therefore, the presence of Zr concentration improves
densification during sample preparation. Since the average
grain size calculated from the SEM micrograph is greater than
the crystallite size calculated using Scherer's equation from X-
ray analysis, the grain is assumed to be occupancy of crystal-
lites. Indicating that the tetragonal phase expands with both Zr
content and grain size, the tetragonality factor c/a rises with
increasing Zr concentration.”® Grains become bigger when Zr
ions are replaced with Ti ions, indicating a more stable solid
solution in the BaTi lattice.*

3.4. TEM analysis

Fig. 6 showcases Transmission Electron Microscopy (TEM)
images of Barium Zirconium Titanate (BaZr,Ti; ,O3, abbrevi-
ated as BZT) synthesized via a tartrate precursor method. This
methodology afforded us a series of compositions where
zirconium content was systematically varied (x = 0, 0.15, 0.5,
0.75, and 1). In conjunction with the quantitative data pre-
sented in Table 7, these TEM images reveal a nuanced evolution
of nanocrystallite sizes, ranging from 20.75 nm to 63.75 nm. A
notable feature observed across multiple frames is the tendency
of these nanocrystallites to agglomerate, resulting in irregular
morphologies.”® This phenomenon indicates high surface
energy and interaction potential among the nanocrystallites.
The average crystallite size demonstrates a complex depen-
dence on the Zr content. In the absence of Zr (x = 0), the size is
at its peak, suggesting an inherent stabilizing effect of the Ti-
rich matrix. However, as the Zr content increases to x = 1,
a diminishing trend in size is observed, likely due to the influ-
ence of the smaller ionic radius of Zr** compared to Ti*". This

Table 5 The values of the main frequencies (v, and »,), the force constants (F; and F,), and the bond length of BaZr,Ti; _,Oz (x =0, 0.15, 0.5, 0.75,

and 1)

x v, (em™! v1 (em™) F, (dyne per cm) x10* F; (dyne per cm) x10° Bond length (A)
0 351.03 545.81 8.7176 2.1076 2.0961

0.15 351.2 548.05 8.726 2.1249 2.0999

0.50 336.98 541.98 8.0337 2.0781 2.1013

0.75 352.96 553.55 8.8137 2.1678 2.0962

1 348.18 548.79 8.5766 2.1307

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 SEM micrograph of BaZr,Ti; 4Oz (x =0, 0.15, 0.5, 0.75, and 1).

Table 6 Average grain size, density, crystallite size, and tetragonality
factor of BaZr,Ti;_,Oz (x =0, 0.15, 0.5, 0.75, and 1)

Grain size Density Crystallite Tertragonality
x (nm) (gem™?) size (nm) factor (c/a)
0 1.54 5.269 28.80 1.0025
0.15 1.73 5.387 17.35 1.0018
0.50 1.78 5.783 33.98 1.0034
0.75 2.08 6.008 41.08 1.0035
1 2.80 6.259 32.66 1
size variation is aligned with a phase transition from

a predominantly tetragonal structure (up to x = 0.75) to
a primarily cubic phase in the final composition (x = 1). This
transition is further corroborated by our phase analysis results.

Complementing the TEM analysis, Fig. 6 also presents
Selected Area Electron Diffraction (SAED) patterns, crucial for

3340 | RSC Adv, 2024, 14, 3335-3345
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confirming the crystalline nature of the synthesized BZT
powders. These patterns reveal a perovskite-type tetragonal
structure, which is in harmony with existing literature ref. 15, 27
and 28. The concentric halo rings observed in the electron
diffraction patterns distinctly indicate the nanocrystalline
nature of the material, with bright spots within these rings
signifying high crystallinity. The appearance of these bright
spots is a testament to the coherent scattering from well-
ordered regions within the material.

Moreover, the SAED analysis provides an accurate delinea-
tion of crystalline lattice planes, notably (100), (111), and (210).
Identifying these planes finds a direct correspondence in the X-
ray diffraction (XRD) patterns, thereby establishing a vital link
between SAED and XRD analyses.” Our XRD investigations,
detailed in Table 7, reveal that the sizes of the tetragonal crys-
tallites are notably larger than those estimated using Scherer's
formula. This discrepancy underscores the limitations of

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 7 Particle, crystallite, and grain size of BaZr, Ti;_,Os (x =0, 0.15,
0.5,0.75,and 1)

Grain size from Particle size Crystallite size

x SEM (um) from TEM (nm) from XRD (nm)
0 1.54 28 28.80
0.15 1.73 63.75 17.53
0.50 1.78 45.25 33.98
0.75 2.08 40 41.08
1 2.80 20.75 32.66

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scherer's formula, particularly in resolving smaller crystal sizes,
as the lower detection limit of our XRD instrument stands at
20.75 nm.

Lastly, the efficacy of the tartrate precursor technique in
yielding a nanocrystalline perovskite phase is amply demon-
strated in the TEM images. These images show the crystallites’
tetragonal shape and their transition to a cubic shape in the
final composition (x = 1), mirroring the phase transition
observed in XRD analysis. This alignment between morpho-
logical and crystallographic data underscores the intricate
interplay between composition, crystal structure, and
morphology in the BZT system.

3.5. Piezoelectric coefficient

Fig. 7 shows the impact of applied force on the produced
samples’ piezoelectric charge (Qs;3). It was found that the Q33 of
the polarized sample declined as the applied stress increased,
and we can compute the d;; in the unit (PC/N) from the slope of
this line. The rotation of the 90° and 180° domains caused by an
external electric field gives birth to the piezoelectric
response.”*?*** The d;; calculated values for all synthesized
samples are shown in Table 8. It is noticed that the value of d;
decreases by increasing Zr content. The value of ds; is affected
by the domain wall motion and the grain size, where the sample
with a large grain size has lower piezoelectricity (ds3), as given in
Table 8.

Another aspect that influences the value of ds; is the tetra-
gonality factor (c/a),>® which increases by increasing Zr content
and is higher for sample x = 0.75 and equal to 1.047, as given in
Table 8. Generally, the piezoelectric constant is correlated by
the crystal structure, grain size, and density. The grain size has
the most significant impact on the piezoelectric constant. The
coupling effect between borders increases as grain size
increases, producing a drop in domain mobility and polariza-
tion and, ultimately, a decrease in d3;. It is essential to say the
piezoelectric properties are strongly affected by the preparation
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Fig.7 The piezoelectric charge Qsz of the BZT samples for different Zr
content.
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Table 8 The values of dss, grain size, tetragonality factor, and crystalline size for different Zr content

Grain size Tetragonality Crystalline
Sample ds3 (PC/N) (um) factor (c/a) size (nm) Reference
BaTiO; 10.08 1.54 1.0025 28.80 Present work
BaZro.15Tig.7503 8.30 1.73 1.0018 17.53
BaZry.50Tio.5003 7.94 1.78 1.0034 33.98
BaZry 75Tig.2503 6.76 2.08 1.0035 41.08
BaZrO; — 2.80 1 32.66
BaTiO; 31.1 — — — 30
BaTiO; 45 — — — 31
EVA/BaTiO; 0.85 — — — 32
BaTiO,/PVDF 18 — — — 33
BZT-BCT 10 — — — 34
BFZT-BT 19 — — — 35

method and the type of raw materials, which affect the grain
size and the piezoelectric properties.**** As seen in Table 8,
there is an inverse relationship between grain size and d;;. The
sample x = 1 deviates from the above discussion when the
crystal structure is cubic. In the context of our research, we have
clarified a fundamental relationship between grain size and the
piezoelectric coefficient (ds3). It is worth noting that grain size
typically surpasses particle size in the hierarchical structure of
the material. This phenomenon arises because an individual
grain may encompass multiple agglomerated particles. Within
this structural framework, an individual particle can exhibit the
characteristics of a single, perfect crystal. In such cases, the
dimensions of this particle align with what we call the crystallite
size. However, a key consideration emerges when a particle
presents certain low-angle defects, such as stacking faults or
twin defects, which can reduce crystallite size. This parameter,
reflecting the region characterized by perfect crystalline order,
is routinely determined through X-ray diffraction (XRD) and
consistently yields values smaller than those observed using
electron microscopy.

A fundamental observation in our study is the discernment
of an inversely proportional relationship between grain size and
the piezoelectric coefficient (ds3). Notably, this relationship is

underscored by the empirical finding that larger grain sizes
correspond to lower dz; values. This discernment emphasizes
grain size's considerable impact on the material's piezoelectric
behavior. In light of the pivotal role played by grain size in
influencing dj3, our investigation underscores the significance
of understanding these structural parameters in the context of
piezoelectric materials. Our result is in agreement with the
previous work.**

3.6. The ferroelectric hysteresis-loop of BZT samples

Fig. 8 denotes the RT P-E hysteresis loops for BZT samples. It is
observed that the inclination of the hysteresis loop increases by
increasing zirconium content up to sample x = 0.75 when
sample x = 0 has a minimum inclination.?® The polarization
increase for sample x = 0.75 due to the increase of 180° and 90°
domains in the direction of the applied field.*” The remnant
polarization was increased by increasing content up to x = 0.75,
indicating that the Zr is a well-selected material for alignment
for the domain of BZT samples,*® suggesting that the studied
ferroelectric samples are relaxors ferroelectrics with soft
hysteresis loops as shown in Table 9. At RT, all the present
hysteresis loops for samples x = 0, 0.15, and 0.5 show relaxer

T=25°C 35

TS PETEE RETE
T

P(pC/cm?)

A5

E(KV/cm)

Fig. 8 The P—E hysteresis loops of BaZr,Ti;_,Oz samples where x = (0,

3342 | RSC Adv, 2024, 14, 3335-3345

0.15, 0.5, 0.75, and 1).
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Table 9 Ferroelectric parameters of BaZr,Ti;_,O3 samples where x =
(0, 0.15, 0.5, 0.75, and 1)

Composition (x) E. (kv em™) P, (. cm™?) P, (uec cm™?)
0 0.02 0.4 1

0.15 0.03 0.7 1.5

0.5 0.05 0.8 1.45

0.75 0.1 1 1.6

1 0.09 0.7 1.4

ferroelectric behavior;*® these disordered hysteresis loops could
be obeying the domain to is the relaxor material up to the
applied field.*

4. Conclusions

BaZr,Ti; O3 samples with various Zr contents (x = 0, 0.15, 0.50,
0.75, and 1) were prepared using the tartrate precursor
approach. According to the phase matching, the tetragonal
phase predominates for samples with x = 0, 0.15, 0.5, and 0.75,
whereas x = 1 only possesses a cubic phase. The crystallite size
grew when the Zr content was raised to x = 0.75. When x = 1 was
reached, the size was reduced. Ti ions are located in the cell's
body center. In contrast, Ba-ions are at the corners of the unit
cell with coordination (0,0,0) and (0.5,0.5,0.5), respectively. The
sintering temperature of perovskite BZT powder is confirmed to
be over 1100 °C by the compatibility of FTIR spectra with XRD
investigation. Ti-ions replace Zr-ions to provide a more stable
solid solution in the BaTi-lattice, which promotes grain
enlargement. Zr is a well-selected material for alignment for the
domain of BZT samples since the value of ds;; declines with
increasing Zr content and concentration up to x = 0.75,
increasing residual polarization. The comprehensive approach,
combining the tartrate precursor synthesis with extensive
structural and functional analyses, has elucidated the complex
interplay between Zr doping, crystal structure, grain size, and
piezoelectric properties in BZT. This study advances our
understanding of the material properties of doped barium
titanates. It paves the way for developing novel ferroelectric
materials with tailored properties for specific applications.
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