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Abstract

Textured ceramics exhibit a reduced coercive field, and when aligned in the same direction as the spontaneous
polarization, they enhance the adiabatic temperature change (AT) of the material. In this paper, we employ a
polycrystalline phase-field model to analyze the solid solution Ba,Sr,,TiO, (BST80) with a <O01> orientation,
alongside randomly oriented polycrystals, aiming to investigate the influence of texturing on the electrocaloric
effect (ECE) performance. We examine six distinct groups characterized by varying grain orientation angles for the
randomly oriented polycrystals for hysteresis loop calculations. Utilizing Maxwell's relations, we compute the ECE
for the randomly oriented BST80 polycrystal and the <O01>-textured BST80 polycrystal across different electric
field strengths. The findings indicate that the AT achieved with the <O01>-textured BST80 polycrystal surpasses
that of the randomly oriented BST80 polycrystal. Furthermore, the temperature at which the maximum AT occurs
for the <001>-textured BST80 polycrystal is observed to be shifted to higher values compared to the randomly
oriented variant. The observed enhancement of ECE in BST80 polycrystalline ceramics due to texturing offers
valuable insights and foundational knowledge for future theoretical and experimental investigations.

Keywords: Electrocaloric effect, polycrystalline ceramics, texture enhancement, solid solution Ba,Sr .., TiO,, phase-
field method
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INTRODUCTION

While texturing can enhance piezoelectric performance'", only a limited number of recent studies have
investigated its effect on the electrocaloric performance of ceramic materials™”. Research indicates that for
<111> oriented 0.90Pb(Mg,,Nb,,,)O,-0.10 PbTiO, (PMN-PT) ceramics”, applying an electric field parallel
to the direction of spontaneous polarization increases the adiabatic temperature change (AT) when
texturing is also aligned in that direction. In lead-free ferroelectrics, Na, ,Bi, , TiO, (NBT)-based ceramics
have been extensively studied due to their electrocaloric performance. However, while there has been
considerable research on their electrocaloric properties, there is a lack of studies examining how texturing
affects the electrocaloric performance in NBT-based systems. Texturing in NBT-based materials is primarily
achieved through a template grain growth process, which aims to enhance their piezoelectric
characteristics'*®. This process involves arranging highly anisotropic particles (templates) among fine
matrix particles. After heat treatment, these templates grow while preserving their arrangement, resulting in
a textured microstructure. Among various template materials, NBT templates are effective in minimizing
lattice mismatch, crystal structure, and compositional differences between the matrix and template
materials'. Maurya et al. successfully created texture in NBT-BT ceramics using <100> oriented NBT
templates, which improved the piezoelectric response'. Their research also revealed that textured samples
exhibit a lower coercive field and facilitate easier domain wall motion compared to non-textured ceramics.
In NBT-based materials, 0.82NBT-0.18KBT ceramics have been thoroughly studied for their outstanding
piezoelectric properties, largely due to the presence of quasi-homogeneous phase boundaries that allow for
the coexistence of tetragonal and rhombohedral phases, resulting in significant polarization and a high
piezoelectric coefficient d,,”"”. The electrocaloric performance of 0.82NBT-0.18KBT ceramics shows
promising application potential. Initially, Cao et al. found that at 80 kV-cm™, the transition temperature
from the ferroelectric to paraelectric phase was 340 K, with a AT of 1.62 K, leading to an electrocaloric
strength (AT/AE) value of 0.212 x 10° K-m-V ', Additionally, Goupil et al. conducted a more
comprehensive study on the electrocaloric properties of 0.82NBT-0.18KBT using both direct and indirect
measurement techniques, reporting a higher depolarization temperature (around 423 K) and greater
electrocaloric strength: at 433 K, AT was measured at 0.73 K at 22 kV-cm™, with an electrocaloric strength of
0.33 x 10° K:-m-V"', comparable to the best lead-free materials"*. To date, NBT-KBT has been textured using
three different templates, including BaTiO, (BTO), SrTiO,, and NaNbO,, with BTO templates
demonstrating higher field-induced strain in the textured ceramics'’.

Experimental findings indicate that the orientation and complex phase transitions of 0.71PMN-0.29PT
single crystals significantly influence their maximum electrocaloric effect (ECE) temperature!*. Various
(Pb,,,La,,,)(Zr,,.5n,,,Ti, ;) O, films with specific orientations have been prepared, demonstrating that <111>
oriented films can achieve a AT of 28.1 K at room temperature*. Current studies indicate that texturing can
enhance the electrocaloric performance in the PMN-PT system and reduce the coercive field in NBT-based
ceramic materials. However, due to experimental limitations, these results cannot yet be applied to
polycrystalline materials. Hamad et al. employed a theoretical phenomenological model to calculate the
maximum AT range for PMN polycrystalline ceramics with varying stoichiometric compositions"®. Hou et
al. investigated the effect of grain size on ECE performance in PbTiO, polycrystalline ceramics using a
phase-field method, discovering that larger-grain polycrystals exhibit greater temperature changes"”. These
studies underscore the significant role of grain orientation and structure in the ECE performance of
ferroelectrics. The influence of grain orientation on the ECE performance of polycrystals remains uncertain
due to the lack of models for polycrystal models with small grain sizes"®. Therefore, developing a
polycrystal model to analyze the effect of grain orientation on ECE performance is essential.
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In single crystal and thin film systems, numerous simulations have been conducted on domain evolution

during the ferroelectric transition and under applied electric fields"**

, alongside some theoretical studies
on the switching behavior of ferroelectric polycrystals®**. These models generally assume that ferroelectric
polycrystals consist of single-domain grain arrays. When the energy from the external field surpasses a
critical threshold, ferroelectric or piezoelectric transitions will occur. Kim et al. introduced a continuum
model to investigate the impact of grain boundaries on switching behavior within a one-dimensional
framework"”. Rédel et al. developed a micromechanical model to describe how grain orientation affects
domain switching in ferroelectric ceramics with layered domain structures””. Recently, Zhang et al.
presented phase-field models for domain switching in single crystals and bicrystals, indicating that the
switching behavior is influenced by the orientation difference between the two half-crystals in bicrystals®.
Research by Li et al. demonstrated that domain switching in grains is constrained by adjacent grains™’.
Choudhury et al. proposed a polycrystalline phase-field model to predict polarization switching and domain
structure evolution in ferroelectric polycrystals under applied electric fields”"*?. Nevertheless, none of the
existing research examines the influence of ceramic texture on the microscopic analysis of ECE. The solid
solution Ba,Sr, ., TiO, offers a broad range of tunable T transition temperatures and high dielectric
constants due to varying doping ratios. Consequently, this research focuses on <001> oriented Ba,Sr, , TiO,
as a template to investigate the effect of texturing on the ECE performance of Ba,Sr,, , TiO, ceramics.

MATERIALS AND METHODS

To explain the domain structure and morphology of polycrystalline ferroelectric materials, it is essential to
first introduce the order parameter », which characterizes the orientation of the crystals. The local
spontaneous polarization within each grain is referred to as P,. In a global coordinate system, the global
spontaneous polarization order parameter P and the displacement field u are defined. Analyzing the time-
dependent Ginzburg-Landau equation leads us to conclude that both the global polarization order
parameter and the displacement field must adhere to the principles of energy relaxation minimization and
mechanical equilibrium equations™~°. Furthermore, the electric displacement must also conform to the
electrical equilibrium equation:

ﬁ _ E thermal
o = Lap T E (1)
a
% (Uij(?“, f)) =0 (2)
V-D=p; (3)

The total free energy of the system is composed of the following four energy terms:

F= FLand(P) +Fgrad(P) +Fe[astic(P) +Felec(P1E) =

(4)
J‘V(fLand + fgrad + felastic + felec)dv

With the incorporation of various grain orientations, the Landau polynomial expansion for the bulk free
energy density must be formulated within a local coordinate system. The local Landau polynomial for the
Ba,Sr,, TiO, system examined in this study can be represented as follows:

(5)
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Among them, o,-a,,,, represents the coefficient of the Landau energy term, while P, refers to the local
spontaneous polarization of each grain within its respective local crystal coordinate system. To address the
equations for thermodynamic and electrical equilibrium, it is essential to align the local coordinates with the
global coordinate system. To achieve this, we define a spatial rotation matrix by introducing three Euler
angles. The rotation matrix that transforms global coordinates into local coordinates can be expressed as:

tr = | —cospsiny — cosBcosysing —singsiny + cosBcospcosy sinbcosyp

sindsing —cos@sing cosf

( cospcosy — cosBsingpsiny singcosy + cosBcospsiny Sin(?simp)
(6)

As a result, the local spontaneous polarization can be calculated by applying a rotation matrix from the left
to the global polarization.

PLi = tT‘i Pj (7)
To simplify the process, the gradient energy of the polycrystalline material is treated as the bulk energy of a
single crystal system: fj,qq4 = % JijiaPi P, s the elastic energy density can be expressed as:

1 1 0 0
fetas = 5 Cijki€ij€r1 = Ecijkl(gij - Sij)(skl — &) (8)

Given the varying orientations of the grains, the intrinsic strain orientation within each grain also differs.
Consequently, the intrinsic strain can be defined as:ggtj = QijuiPLiPLi where [;; represents the intrinsic
strain in the local coordinate system. The intrinsic strain in the global coordinate system can be derived
through two rotation operations: Eiuj = t1ytry; &1 The formula for electric field energy is: f,,. = -P(r)E(r).
According to the well-known Maxwell relation (37), = (53),"*", the ECE can be determined from the
measurement of the temperature dependence of polarization at a constant electric field, then the ECE can be
calculated using the equation'®

_ (B
AT = — [7 = (aT)E dE (9)

where p is the material density and C, is the specific heat capacity. E, and E, denote the start and end electric
fields applied. To use this indirect measurement, the necessary treatment process is as follows. Firstly, the
relationships between the polarization and the electric field at different temperatures should be tested over a
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certain temperature range. Secondly, the temperature dependence of polarization with the applied electric
field can be obtained from the upper branches of the hysteresis loops for E > 0.

RESULTS AND DISCUSSION

In this section focused on simulation calculations, we investigate the solid solution Ba,Sr, , TiO,. To achieve
a T, near room temperature, we employ Sr doping to modify the properties of Ba,Sr(, ,, TiO,. Following the
phase diagram of Sr content in Ba,Sr, ,TiO, and its correlation with T, as proposed by Huang et al., we
select a Sr doping ratio of 0.2 The resulting temperature and phase structure phase diagram is illustrated
in Figure 1, which shows that Ba,,Sr,,TiO, (BST80) exhibits four phases throughout the temperature range:
rhombohedral (R phase), orthorhombic (O phase), tetragonal (T phase), and cubic (C phase). This is similar
to the temperature phase diagram of BTO, which also features these four phases, albeit with different
temperature ranges for each. In the BST80 temperature phase diagram, the R phase predominates below 225
K, transitioning to the O phase as the temperature rises, with the O phase being confined to a narrow range
of 25 K between 225 K and 250 K. The tetragonal T phase exists from 250 K to 335 K, and above 335 K, the
material enters the paraelectric C phase. We focus on the T phase at room temperature as the optimal
choice.

Based on this analysis, we proceed to select the T phase of BST80 that is stable at room temperature. To
construct a polycrystalline model, we utilize a proprietary program developed within our research group to
generate a polycrystalline framework. The thickness of the grain boundaries was constrained to 2
computational units, and the specific types of grain boundaries were not taken into account. The
ferroelectric polarization within each grain is influenced by the differing orientation angles of the grains,
resulting in a distribution of polarization directions throughout the polycrystalline framework; thus,
periodic boundary conditions were employed in the simulation system. Furthermore, the polarization
direction at the grain boundaries is determined by the polarization distribution between neighboring grains.
Consequently, this study does not address the impact of grain boundary types on ECE. Our objective is to
create a BST80 polycrystalline sample with dimensions of 256Ax x 256Ay x 1Az, where Ax = Ay = Az =1
nm. The framework for generating a stable polycrystalline model is illustrated in Figure 2A.

To establish both <001>-oriented and randomly oriented BST80 polycrystalline models, we first construct
the framework of the polycrystalline model based on the theoretical methodologies. By rotating individual
grains, we modify their orientations. The specific characteristics of the randomly oriented and <001>-
oriented BST80 polycrystalline models are illustrated in Figure 2B and C. In this study, we develop both
<001>-oriented and randomly oriented BST80 polycrystalline models and apply a uniform electric field of
uniform intensity along the [001] direction to examine AT in both models.

Through the analysis of the phase diagram of BST80 and the application of the previously established
polycrystalline model framework, we generated two-dimensional samples of ferroelectric BST80
polycrystals exhibiting both randomly oriented and <001>-oriented, as illustrated in Figure 3A and B.
Figure 3A depicts the states of ferroelectric polarization directed upwards along [001] and downwards along
[o01] while Figure 3C shows the polarization intensity with a random distribution of ferroelectric
polarization directions. Thus, Figure 3A represents a BST80 polycrystal with <001> texture, whereas the
randomly oriented BST80 exhibits no specific texture in Figure 3B. Following the investigative approach
used for the composite material ECE, we first calculated the hysteresis loops for the established <001>-
oriented and randomly oriented ferroelectric BST80 polycrystals. Upon the application of an electric field,
the ceramic samples, both those featuring a texture structure and those without, progressively transition to
the microscopic morphologies depicted in Figure 3C and D, respectively. At this stage, Figure 3C exhibits a
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Figure 1. Phase diagram of the solid solution Ba,Sr, , TiO; with Sr content of 0.2, showing the temperature ranges for different phases (
R, O, T,and C). R phase: rhombohedral; O phase: orthorhombic; T phase: tetragonal; C phase: cubic.

A

Figure 2. (A) The BST80 polycrystalline model framework; Schematic diagram of the BST80 polycrystalline model with (B) random
orientation and (C) <001> orientation. BST80: Ba, ¢Sr,, TiOs.

greater degree of polarization compared to Figure 3D. As shown in Figure 4A, we computed three variations
of randomly oriented BST80 polycrystals alongside one <001>-textured BST80 polycrystal.

For the randomly oriented BST80 polycrystal, we selected six groups of distinct grain orientation angles for
polycrystal evolution: (-10°, -8°, -6°, -4°, 0°, 4°, 6°, 8°, 10°), (-20°, -15°, -10°, -5°, 0°, 5°, 10°, 15°, 20°), (-30°, -
23°, -15°, -7°, 0° 7°, 15°, 23°, 30°), (-40°, -30°, -20°, -10°, 0°, 10°, 20°, 30°, 40°), (-100°, -75°, -50°, -25°, 0°, 25°,
50°, 75° 100°), and (-150°, -112°, -74°, -36°, 0°, 36°, 74°, 112°, 150°), as seen in Table 1. The six ferroelectric
domain structures, labeled I-VI in Figure 4B, represent various evolutionary states of textured and random
polycrystals subjected to different electric fields, as illustrated in Figure 4A. The application of the P-E Loop,
combined with the analysis of ferroelectric domain evolution topography, demonstrates that textured
polycrystals exhibit a lower coercive field and reduced residual ferroelectric polarization compared to their
random polycrystal counterparts. Furthermore, textured polycrystals can achieve a higher maximum
polarization value. However, for the three groups of random orientation angles depicted in Figure 4A, the
hysteresis loops of the BST80 polycrystal largely overlap, suggesting that the choice of orientation angle has
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Table 1. Orientation angles associated with textured and non-textured ceramic samples
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Sample Texture direction/NO Angle of orientation

Sample 1 <001> (0°,0°,0°, 0°, 0°, 0°, 0°, 0°, 0°)

Sample 2 NO (-10°, -8°, -6°, -4°, 0°, 4°, 6°, 8°,10°)

Sample 3 NO (-20°, -15°, -10°, -5°, 0°, 5°,10°, 15°, 20°)
Sample 4 NO (-30°, -23°, -15°, -7°, 0°, 7°,15°, 23°, 30°)
Sample 5 NO (-40°,-30°, -20°, -10°, 0°, 10°, 20°, 30°, 40°)
Sample 6 NO (-100°, -75°, -50°, -25°, 0°, 25°, 50°, 75°,100°)
Sample 7 NO (-150°, -112°, -74°, -36°, 0°, 36°, 74°,112°,150°)

<001>-texture

Figure 3. The left side (A) and (B) represent the initial domain structure characterized by <001>-texture and random ceramics, while
the right side (C) and (D) illustrate the domain structure under the influence of an applied electric field. The orientation of the arrows
illustrated in the figure indicates the direction of polarization. The white contours in panels (A) and (B), along with the red arrows in
panel (C) and the green arrows in panel (D), represent the polarization direction at the grain boundaries.

a minimal impact on the hysteresis loop of the randomly oriented BST80 polycrystal. A comparison of the
hysteresis loops between the <001>-textured BST80 polycrystal and the randomly oriented BST80
polycrystal reveals that, under identical electric field strengths, the <001>-textured BST80 polycrystal
demonstrates a higher polarization intensity, thereby providing a theoretical foundation for subsequent

calculations of AT.
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Figure 4. (A) The P-E loop curves of BST80 polycrystalline for sample 1, along with three sets of random orientation angles for samples
5, 6, and 7. The regions |-VI depicted in panel (B) illustrate the microscopic domain morphology at various phases of the P-E loop,
encompassing scenarios both with and without the incorporation of textured ceramics, as shown in panel (A). The different colors
observed within the ferroelectric domains represent the various types of domain structures, each characterized by distinct orientations.

(C) The relationship curve between AT and temperature (T) generated by the BST80 polycrystalline under an electric field strength of 1
MV-m for six sets of random orientation angles. BST80: Ba, sSr,,TiOy; AT: adiabatic temperature change.
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In calculating AT for both the <001>-textured BST80 polycrystalline and the randomly oriented BST80
polycrystalline, we employ the Maxwell relation. An electric field of 1 MV-m™ is applied along the [001]
direction to six groups of BST80 polycrystalline with varying random orientation angles. The relationship
curve of AT versus temperature T is illustrated in Figure 4C, encompassing the six groups of random
orientation angles. The resulting AT at corresponding temperatures of 350 K, 348 K, 347 K, 346 K, 346 K,
and 347 K are 5.5 K, 4.5 K, 3.5 K, 4.5 K, 3.0 K, and 3.0 K, respectively. These data indicate that the
orientation angle has a negligible effect on the AT of the randomly oriented BST80 polycrystalline.
Consequently, we select the orientation angles of sample 5 for the BST80 polycrystalline to calculate AT
under varying electric field strengths. According to the results presented in Figure 5A and 5B, we compute
AT for this orientation of BST80 polycrystalline under electric field strengths of 1 MV-m*, 2 MV-m™, 3
MV-m?, 5 MV-m’, 8 MV-m", and 10 MV-m™. The findings reveal that as the electric field strength increases,
the AT for the BST80 polycrystalline with orientation angles of (-40°, -30°, -20°, -10°, 0°, 10°, 20°, 30°, 40°) at
temperatures of 405 K, 410 K, 415 K, 425 K, 440 K, and 450 Kare 4.9 K, 42K, 3.4 K, 29K, 3.1 K, and 3.2 K,
respectively. The maximum AT exhibits a trend of initially decreasing, followed by an increase.
Furthermore, the temperature range over which AT can be sustained gradually expands, suggesting that,
from the perspective of phase transitions in ferroelectric materials, as the electric field strength increases,
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Figure 5. (A) The P-E loop curves of BST80 polycrystalline for sample 1, along with three sets of random orientation angles for samples
5,6, and 7. The regions |-VI depicted in panel (B) illustrate the microscopic domain morphology at various phases of the P-E loop,
encompassing scenarios both with and without the incorporation of textured ceramics, as shown in panel (A). The different colors
observed within the ferroelectric domains represent the various types of domain structures, each characterized by distinct orientations.
(C) The relationship curve between AT and temperature (T) generated by the BST80 polycrystalline under an electric field strength of 1
MV-m’ for six sets of random orientation angles. BST80: Ba, 4Sr,,TiO5; AT: temperature change.

ferroelectric materials demonstrate characteristics indicative of a transition from first-order to second-order
phase transitions. For the BST80 polycrystalline with a <001> texture, we apply electric field strengths of 1
MV-m',2 MV-m*, 3 MV-m?, 5 MV-m", 8 MV-m™, and 10 MV-m™ to calculate AT. The P-T curve presented
in Figure 5A and B demonstrates that as the electric field strength increases, the ferroelectric polarization
value on the P-T curve progressively rises, indicating a transition from first-order to second-order phase
transitions. In Figure 5C, the maximum AT values obtained at temperatures of 407 K, 418 K, 423 K, 437 K,
457 K, and 472 Kare 9.6 K, 5.8 K, 5.2 K, 4.2 K, 4 K, and 4 K, respectively. Additionally, the temperature
range over which AT can be sustained also gradually expands.

By examining the ECE of both randomly oriented BST80 polycrystalline and the BST80 polycrystalline with
a <001> texture, and comparing the enhancement effects of each, it is essential to analyze the relationship
curves of AT and temperature between the two types of BST80 polycrystalline. As illustrated in Figure 5C
and D under applied electric field strengths of 1 MV-m*, 2 MV-m*, 3 MV-m*, 5 MV-m*, 8 MV-m*, and 10
MV-m", AT obtained from the BST80 polycrystalline with a <001> texture consistently exceeds that from
the randomly oriented BST80 polycrystalline. This finding substantiates the efficacy of the <001>-textured
BST80 polycrystalline in enhancing ECE under the influence of an electric field. Furthermore, a comparison
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of results across various electric field strengths reveals that the temperatures at which the BST80
polycrystalline with a <001> texture and the randomly oriented BST80 polycrystalline achieve their
maximum AT are both shifted to higher values. Specifically, at electric field strengths of 1 MV-m?, 2
MV-:m',3 MV-m’, 5 MV-m?, 8 MV-m”, and 10 MV-m", the shifts are 2 K, 8 K, 8 K, 12 K, 17 K, and 22 K,
respectively. The i-xii labels in Figure 5A and B, and Figure 6A and B indicate a one-to-one correspondence
that illustrates the comparative analysis of the evolution of the polycrystalline ferroelectric domain structure
before and after reaching the maximum AT under electric field conditions of 1 MV-m™, 5 MV-m", and 10
MV-m’, respectively. It is observed that both textured and random polycrystals exhibit higher polarization
values when subjected to elevated electric fields compared to those exposed to lower electric fields, both
before and after the phase transition induced by varying electric field strengths. This phenomenon is
supported by the P-E loops presented in Figure 5 and the ferroelectric domain structures depicted in
Figure 6. Furthermore, under high electric field conditions, the polarization at the grain boundaries aligns
with the polarization direction within each grain, resulting in the formation of single domains.

Figure 7A illustrates the electric field-induced AT of <001> oriented polycrystalline and randomly oriented
polycrystalline materials subjected to varying electric fields at 360 K. The simulation results indicate that, for
equivalent electric field strengths, the AT value for <001> oriented polycrystalline materials exceeds that of
randomly oriented polycrystalline materials. This finding suggests that texturing significantly enhances the
ECE in polycrystalline ceramics, which can be attributed to the increased polarization entropy associated
with textured polycrystalline structures. To further elucidate the electrocaloric behavior, the simulation data
have been reformulated using a logarithmic scale, as depicted in Figure 7B. Utilizing the theoretical
framework established by Yan et al.®, it is observed that in the low electric field regime, polarization varies
almost linearly with the electric field, resulting in AT being proportional to the square of the spontaneous
polarization. Consequently, AT exhibits a quadratic increase with the square of the electric field. Our
findings indicate that the slope for <001> oriented polycrystalline materials in the low electric field range is
1.489, whereas the slope for randomly oriented polycrystalline materials is 0.787. This disparity may be
attributed to the structural characteristics of the materials. In the high electric field regime, polarization
behavior becomes nonlinear, influenced by various higher-order terms. As a result, textured polycrystalline
structures and randomly oriented polycrystalline materials demonstrate distinct electrocaloric behaviors.
Therefore, the phase-field simulation suggests that texturing treatments enhance the electrocaloric
performance of polycrystalline ceramics, thereby providing a foundation for future experimental and
theoretical investigations.

CONCLUSIONS

In this study, we employ the phase diagram of the solid solution Ba,Sr, , TiO,, focusing on the relationship
between Sr content and temperature, to identify the T phase of BST80 as our primary subject of
investigation. We develop a polycrystalline model to examine the influence of the structural characteristics
of ferroelectric polycrystalline ceramics, specifically comparing randomly oriented BST80 polycrystals with
<001>-textured BST80 polycrystals, on their ECE performance. For the randomly oriented BST80
polycrystal, we select six distinct grain orientation angles for analysis. The results derived from the
hysteresis loop calculations indicate that the BST80 polycrystal exhibiting orientation angles of (-40°, -30°, -
20°, -10°, 0° 10°, 20° 30° 40°) demonstrates optimal performance. Utilizing the Maxwell relation, we
compute the adiabatic temperature change AT for both the randomly oriented and <001>-textured BST80
polycrystals under electric field strengths of 1 MV-m™, 2 MV-m”, 3 MV-m", 5 MV-m", 8 MV-m”, and 10
MV-m™. The findings reveal that the AT for the <001>-textured BST80 polycrystal exceeds that of the
randomly oriented BST80 polycrystal. Additionally, the temperature at which the <001>-textured BST80
polycrystal achieves its maximum AT is observed to be shifted to a higher temperature compared to the
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Figure 6. The relationship between P,AT,and temperature T generated by the BST80 polycrystalline (A) and (C) represents sample 1
with <001>-oriented, while (B) and (D) depict sample 5 with random orientation angles under varying electric field strengths. AT:
temperature change; BST80: Ba, 4Sr,,TiO;.
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Figure 7. The sections labeled i-vi in panel (A) and vii-xii in panel (B) illustrate the microscopic domain morphology of the ceramic
materials before and after achieving the maximum temperature difference (AT). This analysis encompasses both textured and non-
textured materials, as shown in Figures 5(A) and 5(B), respectively, under different electric field conditions.

randomly oriented BST80 polycrystal.
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