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Abstract

Enhanced pyroelectric response is achieved via domain engineering from [001] grain-oriented,
tetragonal-phase, lead-free 0.2(2/3Ko.5Bio.sTi03-1/3BaTi03)-0.8Nao.sBio.sTi03 (KBT-BT-NBT)
ceramics prepared by a templated grain growth method. The [001] crystallographic orientation
leads to large polarization in tetragonal symmetry; therefore, texturing along this direction is
employed to enhance the pyroelectricity. X-ray diffraction analysis revealed a Lotgering factor
(degree of texturing) of 93 % along the [001] crystallographic direction. The textured KBT-BT-
NBT lead-free ceramics showed comparable pyroelectric figures of merit to those of lead-based
ferroelectric materials at room temperature (RT). In addition to the enhanced pyroelectric response
at RT, an enormous enhancement in the pyroelectric response (from 1750 to 90900 uC m 2 K™!)
was achieved at the depolarization temperature because of the sharp ferroelectric to

antiferroelectric phase transition owing to coherent 180° domain switching. These results will
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motivate the development of a wide range of lead-free pyroelectric devices, such as thermal

sensors and infra-red detectors.

Keywords: pyroelectric, lead-free material, texturing, template grain growth, ferroelectric phase

transition



1. Introduction

Pyroelectric materials exhibit a spontaneous change in polarization when subjected to
temperature fluctuations. Such a response to temperature fluctuations results in accumulated
charge carriers at the electrodes due to a net change in polarization. Pyroelectric materials have
excellent potential applicability in high-sensitivity thermal sensors, imaging devices like
bolometers, and thermal energy harvesters. The figure of merit (FoM) values of the pyroelectric
materials in these applications depend primarily on their high pyroelectric coefficient. In the past
few decades, lead-based ferroelectric (FE) ceramics such as lead zirconate titanate (PZT) and its
derivatives have been widely studied and utilised in these applications owing to their excellent
pyroelectric performance. However, the fabrication and disposal of lead-based materials and
devices at an industrial scale lead to environmental and atmospheric issues owing to the difficulty
of removing lead during the recycling of the components [1,2]. The toxicity of lead has driven the
research community to develop lead-free alternatives to lead-based piezoelectric ceramics.
Although the piezoelectric properties of lead-free ceramics are inferior to those of their lead-based
counterparts, recent studies have shown that the pyroelectric properties of both are on par [3—-6].
Various alternative material forms such as single crystals have been studied to achieve better
pyroelectric response from lead-free materials than from lead-based ceramics [4,7,8]. Several lead-
free piezoelectric and pyroelectric compositions and their modified forms have been reported,
including K;—xNaxNbO3 (KNN), BigsNaosTiO3 (BNT), SrosBaosNb.Os (SBN), and (1—
x)Ba(Zr0.2Ti0.8)O3-x(Bag.7Cao3)TiO3 (BZT-BCT) [9-13]. Most of these lead-free materials have
some limitations; for example, KNN-based ceramics are sensitive to moisture and are difficult to
sinter because of the presence of volatile alkali elements [14]. BZT-BCT-based ceramics have

shown excellent piezoelectric properties at room temperature; however, their low Curie



temperature (7. < 93 °C) presents a challenge [15,16]. Meanwhile, Kos5BiosTiO3-BaTiO3-
NaosBio.sTiO3 (KBT-BT-NBT)-based perovskites are promising for both piezoelectric and
pyroelectric applications owing to their excellent field-dependent response and high depolarization
temperature. Compositions near the morphotropic phase boundaries of this system exhibit large

remanent polarization (~24 pC/cm?) and high 7. (~280 °C).

The FE phase of the Nag sBio.sTiO3-BaTiO3; (NBT-BT)-based FE materials has been found
to exhibit sharp changes in FE polarization in the vicinity of transition temperatures. This system
exhibits several phase transitions: FE to antiferroelectric (AFE) or relaxor FE (RFE) phase
transition at the depolarization temperature (7 = 100 to 165 °C) and AFE to paraelectric phase
transition in the range of 225-292 °C either at 7. or at the maximum dielectric permittivity
temperature (7,) [17]. Phase transitions can strongly influence the piezoelectric/FE and
pyroelectric responses. The FE phase transitions between the polar and nonpolar states cause a

large gradient in electrical polarization, which amplifies the pyroelectric response [18,19].

The degree of the pyroelectric effect in any material is determined by its pyroelectric
coefficient (p). The p is defined as the change in the spontaneous polarization when the material
is heated (or cooled) at a uniform rate, and can be expressed as,

_dP_1dQ_1dQdr 1 di

- a 1
P=ur = Adr A dr dT 4 dr M

where P is the spontaneous polarization, 7 is the temperature, Q is the induced charge at the
electrode, 4 is the surface area of the electrode, and / is the pyroelectric current. The d¢/dT is the
inverse of the heating rate. As reported earlier, the pyroelectric effect is maximised during phase

transitions [4]. The enhancement in the p of ceramics can be achieved in various ways such as (a)



the microstructural engineering of the ceramics, (b) alteration of the position of the composition
in the vicinity of the morphotropic phase boundary and thereby symmetry, and (c) defect
engineering of the ceramic composition. Several attempts have been made to achieve a maximum
pyroelectric response through the modulation of phase transitions in FE materials via dopant
engineering and the synthesis of ternary solid solutions based on the NBT-BT base composition
[8,20,21]. However, the doping of lead-free FE materials has been found to alter the temperature
dependence of the polarization owing to the shift in the AFE-FE phase transition temperature (74).

A decrease in Ty is detrimental to many piezoelectric and FE applications.

Enhanced FE/piezoelectric properties can be achieved in crystallographically textured FE
ceramics (through microstructural engineering) [22—24]. [001]-textured tetragonal FE ceramics
show a large polarization along the textured direction, which is also the spontaneous polarization
direction for tetragonal FE materials. The intrinsic spontaneous polarization, Ps, along the polar
axis of the mono domain crystal for the tetragonal phase is given by the relationship, Ps<o01>= (3)"?
Ps<111> [25]. The polarization magnitude of random polycrystalline ceramics is between those of
<001> and <111> textured ceramics owing to the averaging of the magnitude in the three-
dimensional space. Texturing of the FE ceramic further facilitates polarization switching under an
applied field or stress [26]. Thus, textured FE ceramics can show a higher pyroelectric response
owing to the enhanced polarization and temperature gradient of polarization. In addition,
significant decreases in the dielectric constant (¢,) and loss tangent (tand) greatly enhance the
corresponding FoM values [27]. Moreover, the phase changes near 7, can play an important role
in determining the pyroelectric characteristics. However, fundamental mechanisms governing the

FE/ferroelastic transitions in the KBT-NBT-BT system are not fully understood [28,29].



The overarching goal of this study is to achieve an enhanced pyroelectric response from
lead-free textured materials, as schematically illustrated in Fig. 1a. Here, we report the enhanced
pyroelectric response of textured KBT-BT-NBT ceramics synthesised via a templated grain
growth (TGG) method. A schematic of the synthesis process is shown in Fig. 1b. We obtained
significant enhancements in the FoM values (from current responsivity (F;), voltage responsivity
(F»), and detectivity (Fp) of 0.92 x 107°mV ™", 0.015 m>C ', and 0.53 x 107> Pa 2, respectively,
to F;, F\, and Fp of 2.06 x 107'°mV !, 0.035 m?>C', and 1.64 x 107 Pa %) at room temperature
and 100 Hz. Moreover, the coefficient calculated from the measured thermally stimulated
depolarization current (TSDC) density, prspc, is 326 nC m 2 K! at room temperature (RT);
however, a remarkable prspc value of 90900 pC m 2K ! was obtained at 7. The dielectric and FE
properties and domain structures were investigated to understand the relationship between the
phase transition behaviour and pyroelectricity. Finally, we delineate the fundamental reasons for

the giant pyroelectric response of textured KBT-BT-NBT ceramics.
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Fig. 1. (a) Schematic illustration of the texture-driven sharp ferroelectric to antiferroelectric phase
transition in the KBT-BT-NBT ceramic, which results in a giant pyroelectric coefficient near the
transition temperature regime. (b) Schematics of the synthesis mechanism of the [001],c-oriented
KBT-BT-NBT ceramic. BaTiO3 (BT) single crystal platelets synthesised by the topochemical
microcrystal conversion method were used as seed templates in the ferroelectric ceramic matrix.
The texturing process involves sequential steps, viz., tape casting to align the seeds, lamination of
tapes, binder burnout at 400 °C, and sintering at 1150 °C for 50 h to induce the epitaxial grain

growth.



2. Materials and method

2.1 Specimen design

The random and textured KBT-BT-NBT (0.2(2/3Ko.5BiosTiO3—1/3BaTiO3)-
0.8Nao.5sBi0.sTiO3) tetragonal-phase lead-free FE ceramics were synthesised by the conventional
solid-state route and TGG method, respectively (Fig. 1b). BaTiOs (BT) single crystal platelets
synthesised by a topochemical microcrystal conversion method [30,31] were employed as seed
templates in the ceramic matrix slurry, followed by tape casting with a doctor blade to align the
distribution of seeds. After the binder burnout process (400 °C for 4 h), the green body was heated
at 1150 °C for 50 h to induce grain texturing. The details of the synthesis process are provided

elsewhere [32].

2.2 Experimental methods

The morphology of the samples was analysed using a LEO Zeiss 1550 (Zeiss, Munich,
Germany) scanning electron microscope. To investigate the degree of orientation, electron
backscatter diffraction (EBSD) orientation mapping was performed on the textured and random
KBT-BT-NBT ceramics using an EBSD detector (Nord-Lys-NANO, Oxford instrument). The X-
ray diffraction patterns of the ceramics were recorded at RT using a PANalytical X pert PRO X-
ray diffractometer with monochromatic Cu Ko radiation (A = 1.5406 A). The FE domain patterns
of the ceramics were analysed by piezoresponse force microscopy (PFM) on a commercial atomic
force microscope (AFM; NX-10, Park Systems). The PFM was performed with Pt/Cr conductive
coated tips (Multi75E-G, BudgetsSensors) and a lock-in amplifier (SR830, Stanford Research
Systems) by applying a voltage of 4 V. at 17 kHz to the AFM tip. For electrical measurements,

Ag electrodes were applied on the flat surfaces of rectangular specimens. The Polarization vs.



electric field (P—F) loop measurement was performed using a FE evaluation system (TF2000,
aixACCT) at different temperatures between 25 and 240 °C. The ceramic samples were poled at 5
kV/mm at room temperature for 10 min. The temperature-dependent dielectric properties of the
poled samples were evaluated using an impedance analyser (E4990A, Keysight Technology)
coupled with a test furnace in the temperature range of 20 to 400 °C. The pyroelectric response
was measured over the temperature range of 25-250 °C at a constant heating rate of 1 °C/min. For
this, a Keithley electrometer (6517B) was coupled with a high-temperature test oven (PolyK Tech.,

PA, USA) and interfaced via the LabView software.

10



3. Results and discussion

3.1 Crystallographic and morphological analysis

The crystallographic phase and the degree of texturing of the [001]-textured KBT-BT-NBT
ceramic were evaluated using the XRD patterns collected at RT (Fig. 2a). The XRD pattern of the
textured ceramic shows strong {200},. Bragg reflections ((200) and (002) peaks), confirming a
predominant tetragonal phase with polarization vector parallel to the [001] direction. The
decreased intensity of the (110),c peak and the increased intensities of the (001),c and (002),c peaks
clearly indicate a high degree of texturing along the [001] direction [27]. The texturing degree of
the ceramic was determined from the XRD pattern obtained in the range of 26 = 20° to 60° by

employing Equation 2 (the Lotgering method [33]). The Lotgering factor (LF) is expressed as,

- 1(00!/ 1,(00/
P Féwhere,P:Z ( )P—z (009

LF, = P = .
“1-p S I(hkD) " Y 1, (hKD)

2)

Here, I and Iy are the intensities of the XRD peaks of the textured and non-textured
ceramics, respectively. The LF of the textured KBT-BT-NBT ceramic was calculated to be 93 %
using Equation 2. The surface morphology of the ceramics was analysed by SEM (Fig. 2b and c).
It is clear that the non-textured ceramic has an average grain size of <1 pm. Meanwhile, the
textured ceramic sample has a larger grain size of ~10—15 um. In the TGG process, the grain
growth rate of the matrix depends on the difference in the size of the template seed crystals and
matrix grain size. Larger template seed crystals are energetically more stable than smaller matrix
grains. This leads to diffusion and then the dissolution of smaller grains at the surface of the seed
crystals, resulting in a continuous growth to large grains oriented along the crystallographic

direction of the seed surface.
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Fig. 2. (a) Comparison of the XRD patterns of non-textured (or random) and textured KBT-BT-
NBT ceramics. The spilt in peaks of the {200} Braggs reflection clearly demonstrates the presence
of tetragonal symmetry. SEM micrographs of the (b) non-textured and (c) textured KBT-BT-NBT

ceramics show the comparatively larger grain size of the textured ceramic.
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Fig. 3. Schematic representation of (a) non-textured and (b) [001]pc-textured KBT-BT-NBT

ceramics with the highlighted area of investigation and the respective EBSD orientation maps. The
larger grains of size 10-15 um aligned in the [001] direction clearly suggest a high degree of
texturing (LF of 93 %) in the textured sample. The pole figures and inverse pole figures of the

[111],[001], and [110] orientations for the (c) non-textured and (d) textured ceramics.

To further investigate the morphology and spread of oriented grains in the textured KBT-
BT-NBT ceramic, EBSD images and pole figures were obtained (Fig. 3). The EBSD images

clearly show that the grains are oriented along the [001] direction in the textured ceramic in

13



contrast with those in the randomly oriented grains in the non-textured sample (colour maps
become uniform). Fig. 3¢ and d show the colour representation of the crystallographic planes of
the non-textured and textured KBT-BT-NBT ceramics, respectively. The pole figures of the
textured ceramic clearly show the [001] axis parallel to the perpendicular direction of the plane,

which is also supported by the XRD patterns.

3.2 Dielectric analysis

Although the depolarization temperature (7%) is an important parameter and plays a crucial
role in the pyroelectric response of FE materials, its origin is still not well understood for NBT-
BT-based ceramics. 7y is generally defined as the temperature at which a steep decrement in the
remanent polarization occurs. Zhang et al. termed it as the temperature corresponding to the FE to
relaxor phase transition; this subject, however, continues to be debated in the research community
[34]. In this study, 74 was determined by two methods, viz., analyses of the temperature-dependent
dielectric response and P—E hysteresis. The temperature-dependent dielectric constant (&) and loss
tangent (tano) of the non-textured and textured ceramics are shown in Fig. 4a and 4b, respectively.
The textured KBT-BT-NBT ceramic sample shows a sharp transition peak at 235 °C in both the
dielectric constant and loss tangent curves, whereas in the case of the non-textured ceramic, a
diffused transition with a broad shoulder is observed between 100 and 200 °C without a clearly
identifiable transition temperature. It can also be noted here that the &, and tand values decrease
after the texturing of the ceramic. The decrement in &, and tand significantly improves the FoM
values of the ceramic. To analyse the phase transition behaviours in detail, we obtained
temperature-dependent P—E hysteresis loops at 1 Hz over a wide temperature range (25 to 250 °C),

which are shown in Fig. 4c,d.

14
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Fig. 4. Relative permittivity (&) and loss tangent (fand) vs. temperature over a wide frequency
range (1 kHz to 10 MHz) for (a) non-textured and (b) textured KBT-BT-NBT ceramics. The
depolarization temperature (74) is observed at 235 °C for textured ceramic. P—E hysteresis loops
of the (c) non-textured and (d) textured ceramics over a wide temperature range (25 to 250 °C).
The textured ceramic exhibits abrupt and strong FE to AFE phase transition between 230 and 240

°C, which results in a giant pyroelectric coefficient due to high dP,/dT.
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3.3 Analysis of the FE behaviour

At RT, the P-E loops of both types of ceramics show a high coercive field and typical
square shape observed for FE materials. The remanent polarization (P,) of the textured sample is
comparatively higher than that of the non-textured sample owing to the high degree of texturing.
The non-textured ceramic shows a nearly linear decrease in the P, and coercive field (E.) with
respect to the temperature up to 100 °C and exhibits a pinched slim hysteresis loop at a high
temperature of 200 °C. This indicates a gradual FE-AFE phase transition over a wide temperature
range (100 to 200 °C), where FE and AFE phases coexist. Similar behaviours were reported by
Zhang et al. and Guo et al. [35,36]. For textured ceramic specimens, a typical FE hysteresis loop
with high P, values was observed up to 220 °C. However, the P, value decreased abruptly as the
temperature exceeded ~230 °C, whereas the maximum polarization (Pua) remained nearly
unchanged, resulting in a pinched P—E hysteresis loop at 240 °C. This confirms the rapid and sharp
FE—-AFE phase transition of the textured specimen at 235 °C. Additionally, because the textured
ceramic possesses larger and ordered domains compared to the smaller and random distribution of
the domains of the non-textured ceramic, it shows larger spontaneous polarization than that of the
non-textured ceramic. In addition, owing to the presence of high quantities of larger FE domains
and the corresponding 180° domain switching, a higher temperature is required to completely

depolarize the ceramic, leading to a higher 74.

3.4 Ferroelectric domain structure analysis

To understand the microscopic origin of the difference between the FE-AFE transition
behaviours of the non-textured and textured samples, the FE domain analysis was conducted by

PFM (Fig. 5) [37]. It can be clearly observed in Fig. 5 that the non-textured ceramic shows a

16



random distribution of small domains with a small portion of the out-of-plane component. In
contrast, the domain morphology of the textured KBT-BT-NBT ceramic exhibits clear stripe-
shaped patterns at the micrometer scale with a relatively large portion of the out-of-plane
component, which can be also found in Fig. Se,f. Furthermore, the line profiles of the PFM
piezoresponse (Fig. 5e,f) indicate that the size distribution of the domains is much more uniform
in the textured sample than in the non-textured sample. The texturing of the KBT-BT-NBT ceramic
greatly enhances the size of grains (10—15 pum) that are aligned along the [001] direction. The
enhanced domain size under texture engineering as compared with that of the non-textured

counterpart can be attributed to the larger grain size [38,39].

17
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Fig. 5. (a, b) PFM phase, (¢, d) PFM amplitude, (e, f) PFM piezoresponse [amplitude * cos(phase)],
and (g, h) the corresponding piezoresponse line profiles of the 10 um % 10 pm area of the non-
textured and textured KBT-BT-NBT ceramics, respectively. The PFM phase image of the non-
textured ceramic clearly shows random domains, whereas the textured ceramics shows much larger
stripe-patterned domains. The tetragonal crystallographic phase provides an excellent path for

easier 180° domain switching, which results in giant pyroelectricity.
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The uniform distribution of large FE domains contributes to enhanced net polarization.
[40]. Li et al. reported that the tetragonal crystallographic symmetry of FE polycrystalline ceramics
allows the easier switching of the 180° domains [41]. As the 180° polarization switching is a prime
parameter in the FE-AFE phase transition, the phase transition behaviour of the textured and non-
textured samples is considered to be closely related to their 180° domain switching characteristics.
Because the electrode is formed parallel to the (001) plane in the textured sample, the polarization
change due to the 180° domain can be measured as fully contributing. The abrupt and strong phase
transition of the textured sample indicates a coherent switching of 180° domains with a tetragonal
symmetry. On the other hand, the broad and diffused phase transition of the non-textured sample
suggests that the 180° domain switching rate is locally different, that is, the deviation in the energy
required for the dipole switching is relatively large throughout the sample. These different
switching behaviours of the textured and non-textured samples directly affect their FE-AFE phase
equilibrium temperature (7). For the textured sample, owing to the [001]-oriented large tetragonal
grains with uniformly distributed large domains, the 180° polarization switching can take place
coherently throughout the sample in the narrow FE-AFE phase equilibrium temperature range,
resulting in a sharp 7y peak in Fig. 4b. However, the non-textured ceramic possesses nondistinct
and randomly distributed small domains with randomly oriented small grains; therefore, the
geometrical restrictions and internal stresses affecting the ionic displacement are inevitably larger
than in the case of textured ceramic. Furthermore, the switching and movement of the FE domain
walls are limited by the smaller grain size due to the dominant pinning centres. This might cause
a local difference in the resultant rate of 180° polarization switching, thereby causing an expansion
of the FE-AFE phase equilibrium temperature range, and leading to a broad 7, shoulder in Fig.

4a.
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slope at 235 °C for textured ceramic, corresponding to the giant pyroelectric coefficient. (b)
Temperature-dependent pyroelectric TSDC density semilogarithmic plots in the range of 25 to 250
°C for the KBT-BT-NBT ceramics, which clearly demonstrate the impact of texturing on the large
enhancement in the pyroelectric response. The right-side y-axis of the plot shows the

corresponding calculated pyroelectric coefficients from TSDC density for both ceramics.
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3.5 Analysis of the pyroelectric response

The narrow FE-AFE phase equilibrium temperature range (or sharp FE-AFE phase
transition peak) was found to be critical for maximising the rate of change in P, with respect to the
temperature (dP,/dT, directly reflecting the pyroelectric performance given by Equation 1). As
shown in Fig. 6a, the textured sample exhibited a sharp peak at 235 °C (7u), whereas the non-
textured ceramic shows a broad peak near the 100 to 200 °C temperature range. This broad
temperature range corresponds to the broad FE-AFE phase equilibrium temperature range of the
non-textured sample, over which the fraction of the FE phase gradually decreases as the
temperature increases; consequently, the P, value also decreases gradually (Fig. 4c). The
pyroelectric response shown in Fig. 6b was obtained using the TSDC measurement system, which
is a direct method for evaluating the pyroelectric characteristics; in this system, the heating rate
was kept constant at 1 °C/min. In view of this, for the FoM calculations, we considered the
pyroelectric coefficient values calculated from the TSDC measurement system. Further, it should
be noted that there is a difference between the pyroelectric response patterns in Fig. 6a and b,
which can be attributed to the heating rate difference in the temperature-dependent P-E
measurement. Fig. 6b shows the pyroelectric response of both samples evaluated by measuring the
TSDC density (Jtspc) in the temperature range of 25 to 250 °C with a uniform heating rate of 1
°C/min. As expected, the trend of the measured Jrspc was similar to that of dP,/dT. The KBT-BT-
NBT textured ceramic exhibited a significant enhancement over the non-textured ceramic in the
pyroelectric coefficient, p, from 258 to 326 uC m 2K ! at RT. Meanwhile, at the 7, (235 °C), the
corresponding coefficient, that is, the prspc (coefficient calculated from Jrspc) value increases
from 57 to 90900 pCm2K"!. Also, the non-textured ceramic exhibited it’s maximum prspc of 1750

pCm2K"! at 150 °C (i.e. Ts for non-textured ceramic). It is interesting to note that the RT
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pyroelectric coefficient (326 pCm™2K™'") is comparable to that of the doped lead-containing
pyroelectric ceramics. It should be emphasized that these pyroelectric coefficients were calculated
from the TSDC measurement performed on heating only. Such TSDC values may also have
contributions from the release of trapped charges and non-reversible effects due to domain wall
motions. The latter effects are likely to occur near 74 and generally account for the very large
coefficients in this region. Thus, the RT pyroelectric coefficients used for the calculations of the
FoM values were not demonstrated experimentally to be truly reversible values, which would also
need measurements on cooling to verify them and should only be taken as indicative values at this

stage.

The above discussions clearly demonstrate that the domain engineering of KBT-BT-NBT
ceramics using the TGG method is a powerful way to enhance the pyroelectric effect by controlling
the FE-AFE phase transition behaviours. To evaluate the pyroelectric materials for specific
applications, their FOM parameters such as the current responsivity, Fj; voltage responsivity, F\;
and detectivity, Fp, are important [29]. The FoM values are estimated based on the obtained values
of prspc, dielectric permittivity, loss tangent obtained at 100 Hz, and volume-specific heat.
Depending on the specific pyroelectric application, the corresponding FoM is considered. For
example, for infra-red applications such as IR sensing, current responsivity (F;) and detectivity
(Fp) are important. Likewise, to evaluate the material at a large pyroelectric voltage, the voltage
responsivity (F,) is considered. In this study, F;, F,, and Fp were calculated for the synthesised
ceramics, and they are listed in Table 1. The FoM values were calculated based on Equations (3)

to (5).
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here, C, is the volume-specific heat (2.8 ] K™ cm™ for NBT-BT ceramics [42]), and &, &,
and fano are the absolute permittivity of vacuum, relative permittivity, and dielectric loss,
respectively. As shown in Table 1, the prspc and FoM values (F;,F,, and Fp) at RT for the textured
KBT-BT-NBT ceramic are comparable with the values reported previously for different ceramics
[8,22,41-44]. The F; value increased significantly (by nearly 2 times at RT) for the textured

ceramic as compared to that of the non-textured ceramic.

Table 1. Comparison of the calculated coefficient (prspc) at RT and the corresponding FoM values
(Fi, F, and Fp) of the non-textured and textured (1-x)KBT-BT-xNBT ceramics with the values

reported for other ceramics.

S.N. P1SDC Fi Fv FD
Ceramic & tand ( Cm-zK-l) a0 -1 2 4 (10-5Pa-12)
(100 Hz) # (10 mV ) (mC) Ref.
1. 0.2KBT | Non-Textured 660 0.23 258 0.92 0.015 0.53 This
-BT- work
0.8NBT | Textured 566 0.01 326 2.06 0.035 1.64
2. Bao.g5Sr0.15Ti0.9Z10.103 4691 0.041 1400 0.6 0.015 1.45 [43]
3. 0.94(Bio.sNao.5)TiO3— 1462 0.046 2720 9.71 0.075 3.98 [44]
0.06Ba(Ti0.75Z10.25)03 (1 kHz)
4, PZT 1990 0.014 414 1.42 0.008 0.9 [45]
5. NBT-0.06BT 396 0.04 315 1.12 0.021 9.08 [23]
(1 kHz)
6. 0.005La-NBT-0.06BT- 671 0.047 1292 4.61 0.078 2.76 [23]
0.002Ta (1 kHz)
7. LaTiO3 47 0.005 230 0.71 0.17 4.9 [8]
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8. PZFNTU 290 0.003 380 1.52 0.06 5.8

[46]

4. Conclusions

The enhancement of the pyroelectric response of the grain-oriented lead-free KBT-BT-
NBT ceramic synthesised by the TGG process was demonstrated. The coefficients estimated from
the pyroelectric response measured (Jrspc) at depolarization temperature (235 °C) are 57 and
90900 uCm 2K™! for non-textured and textured ceramics, respectively. The large pyroelectric
response is attributed to the sharp FE to AFE phase transition driven by the crystallographic texture
at 74, which is influenced by the increased size and uniform distribution of the FE domains.
Additionally, the pyroelectric FoM values such as the current responsivity (F;), voltage
responsivity (Fy), and detectivity (Fp), were also significantly enhanced at RT, only by the
texturing of the ceramic. The pyroelectric response and FoM values, at 7, and RT, of the textured
sample were found to be higher than those of some other reported lead-based FEs, such as PZT
and other derivatives; these features make it a possible choice for pyroelectric sensors and thermal
energy harvesting applications. Thus, this study clearly demonstrates the impact of texturing on
the pyroelectricity and opens a new pathway for exploiting the FE phase transition (FE to AFE) to

achieve an enhanced pyroelectric response in polycrystalline ceramics.
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