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Abstract: The stabilization mechanism of antiferroelectric (AFE) phases in sodium niobate ceramics

remains unclear, leading to irreversible AFE—ferroelectric (FE) phase transitions and requiring a high
operating E-field, which significantly limits the utilization of AFE properties. In this work, leveraging
insights from density functional theory calculations, we design and fabricate xBi23SnOs3-(1-x)NaNbO3
ceramics, overcoming these limitations by achieving both a reversible AFE-FE phase transition and a
low operating field (< 200 kV-cm™). Notably, the optimized composition exhibits an exceptionally low
remanent polarization compared to conventional AFE systems. Structural analysis reveals a three-stage
phase evolution with increasing x: FE Q + AFE P phases (x < 0.02) —»pure AFE P phase (x = 0.02)
—coexistence of AFE P + AFE R phases (0.02 < x < 0.08). The AFE P phase is characterized by a 4-
layer multicell structure (~1.65 nm), periodically disrupted by 6-layer antiphase boundaries (APBs,
~2.44 nm), which are associated with dislocation formation and a large energy difference between P
and Q phases (7.20 meV-f.u.™!). These features likely contribute to reduced domain size and lower
field-induced AFE—FE transition. Furthermore, the stabilization of the AFE R phase is primarily
caused by a reduction in the distortion index (from 0.047 to 0.003) and enhanced covalency in A-O
and B-O bonds. This study provides new insights and theoretical guidance for developing low-field-

driven reversible phase transitions in AFEs.
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1 Introduction

Antiferroelectric (AFE) materials undergo complex yet reversible phase transitions between AFE and
ferroelectric (FE) states under applied external E-fields, enabling their applications in IR pyroelectric

detectors!> 2

, explosive-to-electrical transducers®’, high energy storage capacitorst*”), digital
displacement transducers'®!%, large-strain actuators!'!!, electrocaloric cooling devices!'> 131, non-

volatile random access memories!'* %1, etc. Driven by the search for high performance, environmental
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friendliness, and low cost, sodium niobate (NaNbOs3; NN), a well-established AFE material, has

recently attracted significant research interest!!>-2!1. However, in pure NN ceramics, the AFE P (Pbcm,
Glazer tilt system: a'a’b’/aab? ?*)) and FE Q (Pmc2,, Glazer tilt system: a'a’h") phase have a
minimal energy differencel'> 2* %1 leading to irreversible field-induced phase transitions and the
absence of double polarization loops.

Early reports on stabilizing the AFE phase in NN have shown promising progress, but achieving
fully reversible double hysteresis loops remains a significant challenge. Several end-members, such as

CaHfO;%!, CaSnO;"!, and SrSnOs!'%), have been found to induce double loops at room temperature

(RT). However, most NN-based ceramics with double polarization loops exhibit negative backward
critical fields (Ere-are < 0), meaning the field-induced FE phase does not fully revert to the AFE state
upon removing the E-field, resulting in a large remanent polarization (P;) —a phenomenon known as
partially reversible phase transition. Currently, only a few NN-based ceramics exhibit a completely
reversible field-induced phase transition (Ere-are > 0) at RT. However, these materials require E-fields
exceeding 200 kV-cm™ to trigger the AFE-FE phase transition, which limits their potential
applications in large-scale integrated circuits and low-voltage electronics. Therefore, developing novel
NN-based AFE systems and uncovering the underlying mechanisms governing low-field reversible
AFE-FE phase transitions is of great significance. Additionally, the high-temperature AFE R phase
(Pnma, Glazer tilt system: ab'c’/ ab'c’/ab’c®® 1) has been observed in NN-based ceramics
exhibiting double polarization loops!!® 2% 30341 ‘but its stabilization mechanism remains unclear.

In this work, guided by density functional theory (DFT) calculations, we design and fabricate
xBi23Sn03-(1-x)NaNbOs ceramics, overcoming the long-standing challenges of achieving both a fully
reversible field-induced phase transition (Ere-are > 0) and a low operating field (Eare-re < 200 kV-cm
1. Compared to other Bi-based modifiers (BiMgz/3Tai1303, BiHfO3, and BiScO3), Bi23SnO3 enables
simultaneous enhancement of polarization and energy efficiency through synergistic mechanisms:

stereochemically active Bi** 6s? lone-pair orbital hybridization combined with Sn*'-induced relaxor
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behavior®: 3¢l. Furthermore, we reveal the stabilization mechanism of the AFE R phase and the low-

field reversible phase transition from the atomic to the phase scale, providing valuable insights into

the future development of high-performance AFE ceramics.

2 Experimental

2.1 Ceramic preparation

xBi23Sn0O3-(1-x)NaNbO3 ceramics (x=0.00~0.08) were synthesized via solid state reaction. Raw
materials included analytically pure Na>COs3 (99.80%), Nb2Os (99.50%), Bi2O3 (99.00%), and SnO»
(99.50%) (Sinopharm, China) powders, weighed following the stoichiometric ratio, and then ball-
mixed in ethanol for 10 h. After ball milling, the obtained slurries were dried and placed in a dryer at
80 °C for a day, and then pressed into cylindrical shapes. The shaped powders were calcined at a
heating rate of 5 °C/min to 800 °C, held for 3 h, then ball milled again for 4 h. Afterwards, disc-shaped
samples were prepared by manual pre-pressing followed by cold isostatic pressing at 200 MPa. Finally,
sintering was conducted in sealed crucibles with composition-matched sacrificial powder, using a
heating rate of 2 °C/min to optimize temperatures (x=0.00: 1330°C, x=0.02: 1320°C, x=0.04: 1270°C,
x=0.06: 1240°C, x=0.08: 1230°C) with a 3-hour dwell time at each peak temperature.

2.2 Characterization methods

The X-ray diffraction (Smart Lab 9kW, Rigaku company, Tokyo, Japan), Raman spectroscopy
(Renishaw, Renishaw-invia, UK), and transmission electron microscope (TEM, Tecnai G2 F30, FEI,
USA) were employed to identify the P, Q, and R phases in NN-based ceramics. The TEM specimens
were prepared using the FIB system of FEI Helios G4 platform. Prior to scanning electron microscopy
(SEM, Apreo S, FEI, USA) imaging, polished ceramic samples were thermally etched at 1200°C for
30 minutes to delineate grain boundaries. Representative micrographs (Fig. S1) confirm >96% relative
density and a grain size range of 2.08~4.16 um. Ferroelectric and dielectric tests (temperature-

dependent permittivity and impedance spectroscopy measurement) were carried out using a
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ferroelectric analyzer (Aixacct, TF2000E, Germany) and an LCR meter (Agilent, E4980A, USA). For

ferroelectric measurements, samples (diameter ~10 mm) were polished to a thickness of 0.13 mm and
electroded with 3-mm-diameter silver electrodes.

2.3 Calculation methods

The DFT simulations have been performed using the Vienna Ab initio simulation (VASP)?7! package,
implemented within the Perdew-Burke-Ernzerhof (PBE) function®®! and generalized gradient
approximation (GGA)!**! for the geometry optimizations and the energy calculations of both pure and
doped NaNbOs systems with AFE and FE phases. The AFE and FE phases were modeled using the
Pbcm and Pmc2; space groups, respectively. A supercell structure consisting of 80 atoms was
employed for all calculations. The convergence criteria for the residual forces and total energy were
setto 102 eV-Aland 107 eV, respectively, with a plane-wave energy cutoff of 450 eV. The Brillouin
zone was represented by Monkhorst-Pack special k-point meshes % of 4 x 9 x 3 for AFE phase
structures and 3 x 9 x 4 for FE phase, respectively. The energy difference (AE) between the AFE and
FE phases was calculated as AE = (Eare — Err)/16, where Earg and Erg represent the total energies of

the AFE and FE phases, respectively.

3 Results and discussion

Figs. 1(a-d) present the P-E loops and I-E curves for xBi23SnO3-(1-x)NaNbOs ceramics. In pure NN
ceramics, due to the irreversible field-induced phase transition, the P-E loop and /-E curve exhibit FE-
like characteristics®> #1"*]. However, when the Bi23SnOj3 content reaches x > 0.04, the samples display
typical AFE double P-E loops, characterized by four distinct current peaks in the corresponding /-E
curves. The two peaks at higher fields correspond to the forward critical field Earg-re, where the initial
state transitions to the FE state. The two peaks at lower fields are associated with the backward critical
field Ere-arg, where the FE state reverts to the AFE state. Our observed increase in both Eare-re and

Ere-are with increasing doping levels suggests an enhanced stability of the AFE phase. The permittivity
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stability against the applied field is very important for DC-link capacitor applications. The field-

dependent permittivity can be easily calculated from dP/dE. Fig. 1(e) illustrates the E-field dependence
of the calculated permittivity eca for these ceramics. In pure NN, ecal decreases rapidly with increasing
E-field, limiting its potential application in pulse power systems. In contrast, for compositions with x
> 0.02, &cal increases with the applied E-field (< Eare-re). The gradually gentler increase of the ecal
below Eare-re With increasing x should be attributed to the mild AFE-FE phase transition enabled by
enhanced relaxation behavior. Fig. 1(f) compares the Eare-rg, E¥e-arE, and Pr across various NaNbQOs-
based ceramics that exhibit double hysteresis loops at RT. Notably, for 0.04 < x < 0.08, the ceramics
demonstrate reversible field-induced phase transitions (Erg.are > 0) with Eare-re below 200 kV-cm™.
Compared to other NN-based AFE ceramics, xBi23SnO3-(1-x)NaNbO;3 ceramics exhibit superior
potential for integration into large-scale and low-voltage circuits, making them promising candidates

for future electronic applications.
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Fig. 1 (a-d) P-E loops with corresponding /-E curves at 10 Hz, and () &ca for xBi23SnO3-(1-x)NaNbOs

ceramics, (f) comparison of Eare-re, Ere-are, and Pr of NaNbOs-based ceramic system that exhibit

double P-E loops at RTI!5, 16,26, 27,31, 44-46]

All xBi23Sn0s3-(1-x)NaNbO3 ceramics show the perovskite structure without noticeable second
phases, as confirmed by XRD analysis (Fig. 2(a)). To gain deeper insight into the AFE phase, high-
resolution XRD (HR-XRD) measurements were conducted, focusing on specific 26=35.1-37.8° (Fig.
2(b)), 33.5-34.5° (Fig. 2(c)), and 53.5-56.5° (Fig. 2(d)). The presence of the AFE P phase is evident
across all ceramic samples, as indicated by the characteristic "4 type superlattice diffraction peaks.
Furthermore, a ' type superlattice diffraction peak appears in the x=0.04 sample and becomes more
pronounced with increasing Bi23SnOs content, suggesting the progressive stabilization of the AFE R
(Pnma) phase at RT?> %71 Additionally, the gradual shift of superlattice peaks toward higher angles
indicates a contraction of the unit cell, primarily due to the substitution of larger Na* ions (r = 1.39 A,
CN=12) at A-sites by smaller Bi** ions (r = 1.36 A, CN=12), with additional contribution from A-site
vacancies of the end-member.

Raman spectroscopy is sensitive to the local ionic configuration, and shows an obvious difference
in active modes to distinguish the P, Q, and R phases in NN-based ceramics. Fig. 2(e) presents the
Raman spectra of the synthesized ceramics. Similar to pure NaNbOs, all samples present eight
vibrational modes within the measured range, corresponding to NbOs rotation, ve, Vs, v4, V2, Vi, v3, and

48,91 According to the group theory, there are 60

vs + vi, confirming their orthorhombic structure !
Raman active modes in APE P phase expressed as 15A; + 17B1g + 15B2g + 13B341°Y, the FE Q phase
has 57 Raman active modes denoted by 16A; + 13A; +12B; + 16B21°"), and the Raman active modes
in APE R phase are described by 8A, + 5B1g + 7B2g + 10B3,1°?). Nevertheless, there are only 14 modes

that can be observed after using Lorentzian function deconvolution (see Fig.2(f)). The multi-peaks

below 300 cm™! represent a characteristic vibrational fingerprint of the antiferroelectric P-phase, arising
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from large Nb-O bond length disparities induced by antiparallel Nb. Composition-dependent shifts of

these Raman bands are plotted in Fig. 2(g). When x < 0.02, most vibrational modes shift to lower
wavenumbers while retaining the total number of active modes. This behavior aligns with the
previously observed transition from a coexisting FE Q + AFE P (Q + P) phase to a pure AFE P phase
in the (Li:Na1«)NbOs solid solution®!. Concurrently, these spectral changes indicate the decrease inn
the difference between the B-O bond length within the lattice, leading to the improvement of electron
localization!'®). With further addition of Bi»3SnOs3, certain Raman modes—particularly those near 150,
200, and 700 cm’! wavenumbers —disappear, while the remaining modes remain nearly unchanged
for x > 0.04. This observation is in accordance with previous reports about NaNbO; ceramics, where
the R phase emerges upon heating!>}l. Fig. 2(h) presents the full-width at half-maximum (FWHM)
variations for selected Raman modes. As x increases, the FWHM of v broadens, while that of vs
remains relatively constant for x > 0.04. These trends correlate well with the observed structural phase
transitions. The increase in FWHM reflects the enhancement of relaxation behavior because of local
structural disorder. In summary, the sample undergoes three stages of phase transition with increasing
doping content: Q + P phases (x < 0.02) —pure P phase (x = 0.02) —coexistence of P and R (P + R)

phases (0.02 <x < 0.08).
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Fig.2(a) XRD patterns for xBi>3SnO3-(1-x)NaNbOs; ceramics; the close inspection about (b) {1 1 3/4},
(c) {113/4} and (d) {2 1 3/4} superlattice peaks by high resolution XRD; (e) Raman shift; (f) multi-
peak fitting based on Lorentz area function; (g) wavenumber versus compositions after fitting; (h) the

FWHM of v; and vs modes.

It is generally accepted that NN undergoes the following major polymorphic phase transitions

accompanied by dielectric anomalies upon heating!* >4I;

FE N (Rhombohedral) ——%“ 5 AFE P (Orthorhombic)—=*“— AFE R (Orthorhombic)—="PE .
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Similar to pure NN, Bi3SnO3; modified NN ceramics also exhibit these anomalies in their dielectric

diagram, as manifested in Figs. 3(a-c). The permittivity ¢ increases gradually at RT, mainly attributed
to the increase of the dielectric peak at 7n-p (phase transition temperature of the N—P). At the same
time, the shift of 7p.r (phase transition temperature of the P—R) towards RT indicates that the AFE R
phase is gradually stabilized. According to the analysis above, Fig. 3(d) summarizes the phase diagram
of the NaNbO3-Bi23Sn0O3 binary system. With the introduction of Bi23SnOs3, almost all phase transition
temperatures move to lower temperatures, while transitions from FE N phase to AFE P phase (7x-p)
show the opposite trend. Similar phenomena have been observed in the BMT modified NN and (1-
x)NaNbO;-xCaZrOs system®* >, As reported in other NN-based ceramics featured double hysteresis
loops!!3: 24 26.27. 321 75, ¢ drops approximately linearly, indicating that high-temperature R phase
gradually stabilizes at RT. With the increase of doping amount, the Tr-p obtained by the cooling curve
of dielectric permittivity®®! (Fig. S2) drops sharply below RT, resulting in a broader phase coexistence
region between the R and P phases. This means the stability of the AFE phase at RT. Therefore, the
ceramic system experiences these three stages by adding Bi23SnOs:

(1) Q + P phases with FE characteristic P-E loops (x < 0.02);

(2) the single P phase with double P-E loops accompanied by a negative Err-ark (x = 0.02);

(3) the P + R phases with well-developed double P-E loops (0.02 <x < 0.08).

It is worth mentioning that our method for determining 7r-p can also account for the recent observation
of double hysteresis loops in NN at 320 °C, as reported by Zuo et al.l*>). However, it is regrettable that
To-p and Tp.q are absent from the phase diagram due to current technological limitations. Despite this,
the proposed phase diagram serves as a valuable framework for guiding the exploration of NN-based
AFE materials. Future refinements, incorporating higher-resolution techniques, will further enhance

its accuracy and comprehensiveness.

10
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Fig. 3(a-c) Temperature-dependent permittivity, and (d) phase diagram for the NaNbO3-Bi23SnO3

binary system.

The dielectric peaks (~-100 °C) in all samples shift to higher temperatures, and their corresponding
permittivities decrease with the frequency increases. The frequency dispersion and broadened
dielectric peaks indicate the relaxation behavior of the sample by incorporating ions (Bi*" and Sn*") of
different valence states and sizes to A/B sites, which coincides with the analysis in Raman. The
modified Curie-Weiss law with dispersion index y and Curie constant C is employed to further explore

the relaxation behavior?®”!:

1 1 _@-1)
g ¢ C

m

(D,

here, Tim denotes the temperature corresponding to the maximum permittivity em. It is found that y
increases with the addition of Bi2/3Sn0Os3 via linearly fitting the plots of In (1/e-1/em) versus In (7-Tw),
as displayed in Fig.4(a). The increased y indicates that the relaxation behavior of the sample is

enhanced®®. The enhanced relaxation behavior in AFEs leads to a mild AFE-FE phase transition and

11
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low energy dissipation, preventing the breakdown caused by drastic structural deformation observed

in normal FEs, thereby facilitating the realization of double hysteresis loops®. The impedance
spectroscopy (Fig.4(b)) is employed at 600 °C to investigate the conduction mechanism. The single
nearly semicircular arc presented in the Z'—Z" plots at 600 °C implies that a single relaxation
mechanism is dominant in the studied system!®”. All these semicircular arcs can be fitted well by a
group of parallel RICPE (CPE is the constant phase element) equivalent circuit model in Fig.4(b). The

conductivity in dielectric ceramics is related to thermal activation, and the activation energy Ea can be

given by the Arrhenius law with the pre-exponent constant oo, the bulk conductivity (5 = ES) and the
R

Boltzmann constant (¢! %]

o= o*oexp(— f%j (2).

Therefore, E. can be obtained by linear fitting the Ino—1000/T plots (inset of Fig. 4(c)) and is
summarized in Fig. 4(c). The Eain this system is within the range of 0.77-1.19 eV and increases with
the addition of Bi>3SnOs. Generally, the E, of oxygen vacancies ranges from 0.5 eV to 2 eV!®?, The
increased E. probably means that charge carriers (such as oxygen vacancies) must overcome a larger
energy barrier to participate in conductance, thereby contributing to the improved breakdown strength
Ey. Fig.4(d) shows the E-field dependent leakage current density (LCD) for xBi23SnOs3-(1-x)NaNbOs
system. The LCD of the doped samples is almost the same and much lower than that of pure NN. The
characteristically high leakage current and low breakdown strength of pure NaNbO; ceramics typically
originate from thermally generated defects like oxygen and sodium vacancies, formed during high-
temperature sintering. The reduced leakage current observed after Bi23SnO; addition demonstrates
that the related vacancy concentration was effectively reduced, primarily through the substitution of
Na® by Bi*". Furthermore, as discussed above, Bi»3SnOs addition enhances electron localization,

which is also favorable for the enhancement of Eb,

12
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Fig. 4(a) The In (T - Tm) —In (1/e-1/em) plots at 1000 kHz, (b) the Z'—Z" plots and resistance fitting at
600 °C, (c) the summary of activation energy (the inset is Arrhenius plots), and (d) leakage current

density for xBi23SnO3-(1-x)NaNbO3 ceramics.

The presence of the AFE P phase was further confirmed through selected area electron diffraction
(SAED) patterns, which exhibit quarter-integer diffraction spots/®® ¢! (indicated by white arrows in
Fig. 5(a)). However, no distinct domains were observed in the bright-field TEM images (Fig. S3). To
gain further insight into the domain structure, high-resolution TEM (HRTEM) was employed, and the
corresponding original image is shown in Fig. 5(b). The periodically arranged 4-layer multicell
structure, characteristic of the AFE P phase, is disrupted by a 6-layer antiphase boundary (APB)—a
feature also observed in pure NaNbO3; (NN) ceramics®> %), The modulation widths of these two
structures, determined from the intensity profile (in the bottom inset of Fig. 5(b)), measure

approximately 1.65 nm and 2.44 nm, respectively. Interestingly, several dislocations are present in the

13
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modified NN samples (Fig. 5(c)), further disrupting the lattice periodicity. NaNbO3 As a result, this

sample exhibits a significantly lower Eare-re compared to other reported NN-based AFE ceramics,
such as (1-x)NN-xBKZ™** and (Nag.91La0.09)(Nbo 52 Ti.15)03/*¢! ceramics. The reduced AFE—FE phase
transition temperature is further verified through the cooling curve of the dielectric permittivity (Fig.
S2). Furthermore, dislocations can pin domain walls, restricting their motion[**®1 which likely
contributes to the formation of nanodomains observed in Fig. 5(d). These randomly distributed

nanodomains should contribute to the relaxor behavior observed in Raman and dielectric results.

Z4 [001] -

e
W, / |
I
W /

Fig. 5(a) SAED patterns along the [001] zone axis in the x=0.08 sample with white arrows marking

the Y4 superlattice reflections. (b) The original HRTEM images with FFT analysis (top inset) and

14
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intensity profile of the selected light blue box (bottom inset). (¢c) The IFFT pattern of the HRTEM

image via masking % type reflections in the corresponding FFT image, presenting dislocations marked

by red circles. (d) Nanodomains obtained by IFFT images.

DFT calculations were performed to evaluate the free energy changes and the effect of Bi23SnOs
incorporation on the reversibility of the field-induced phase transition, as shown in Figs. 6(a-b). The
results indicate that after introducing Bi>3SnO3, the AFE P phase exhibits a lower free energy than the
FE Q phase, with the energy difference increasing from 3.35 meV-f.u.™! to 7.20 meV-f.u.™!. This larger
energy gap enhances the stability of the AFE P phase, allowing the field-induced FE Q phase to more
easily revert to the AFE P phase upon the removal of the E-field. To further explore the electronic
structure, crystal structure analysis and Electron Localization Function (ELF) calculations were
conducted (see Figs. 6(c-f) and Fig. S4). The ELF values range from 0 (blue) to 1 (red), where a higher
ELF value indicates a higher degree of electron localization’”). In polyatomic systems, regions with
covalent bonding and lone pair electrons generally exhibit high electron localization!”"> 7%, Figs. S4(c)-
(d) present the ELF maps along the A-site atomic plane for pure NN and 0.08Bi23Sn03-0.92NaNbO;
ceramics, respectively. In pure NN, no electron localization (blue) is observed around Na atoms,
indicating the typical ionic bonding nature of Na-O bonds. In contrast, for 0.08B12/3Sn03-0.92NaNbOs3,
a localized electron distribution (ELF > 0, light blue) appears around Bi-O bonds, suggesting an
increase in covalency of A-O bonds. Similarly, ELF maps along the B-site atomic plane (Figs. 6(e)-
(f)) show that oxygen atoms in pure NN are surrounded by a multi-layered confocal ellipsoidal shell
electron localization distribution. After modification, the strongly localized electron regions (orange-
red) shift noticeably towards Sn atoms, indicating an enhancement in the covalency of B-O bonds. The
observed increase in covalency of both A-O and B-O bonds contributes to the improvement of Eb,

which is crucial for maintaining double P-E loops at RT.
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Fig. 6 Calculated energy results for (a) pure NN ceramic and (b) 0.08Bi23Sn03-0.92NaNbOs3 ceramic;
calculated crystal structures along the (c) Nb atomic plane in pure NN ceramic and (d) Sn atomic plane
in 0.08B123Sn03-0.92NaNbOj3 ceramic; the corresponding Electron Localization Function (ELF) maps

in (e) pure NN ceramic and (f) 0.08Bi23Sn03-0.92NaNbO; ceramic.

The displacements of B-site ions in the AFE R phase are relatively small*?. In ABOs-type
perovskites, the extent of cation displacement typically increases during the cooling process!”l. To
qualitatively evaluate the cation displacement in modified NN, the distortion index (D) of the [BOs]

octahedron based on Baur’s polyhedral distortion theory is introduced as!’*!:

!

3)

18-
D=— av
6; lav
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where /.y 1s the average bond length, and /; is the bond length between the B-site atom and the ith O

atom. For an ideal cubic perovskite, D=0. Table 1 lists the bond lengths obtained in the crystal
structural calculation from Figs. 6(c)-(d). After calculation, the distortion indices of Nb°" in pure NN
and Sn*" atoms in 0.08Bi23Sn03-0.92NaNbO; are 0.047 and 0.003, respectively. Therefore, the
introduction of Bi23SnOs3 can cause a decrease in the distortion index, presenting the same trend in the
heating process. This reduction in octahedral distortion is likely the key factor enabling the retention

of the high-temperature AFE R phase at RT, further supporting the phase transition mechanism.

Table 1 key bond lengths (A) obtained in the structural calculation

B-O bond Pure NN 0.08Bi123Sn03-0.92NaNbO3
Nb/Sn-032 2.005 2.063
Nb/Sn-0O35 1.901 2.075
Nb/Sn-O38 2.179 2.062
Nb/Sn-028 2.008 2.084
Nb/Sn-043 2.159 2.067
Nb/Sn-022 1.901 2.062

av 2.025 2.069

4 Conclusion

xBi23Sn03-(1-x)NaNbO; ceramics were successfully fabricated via traditional solid state reactions.
For compositions within 0.04 < x < 0.08, samples exhibit reversible field-induced phase transitions
(Ere-are > 0) with a low operating field Eare-re below 200 kV-cm™ and a remarkably low remanent
polarization compared to other compositions. Our work demonstrates that achieving a low-field

reversible phase transition in NaNbQOj3 can be optimized by increasing the energy difference between
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AFE and FE phases, enhancing the covalency of A-O and B-O bonds, reducing the distortion index,

and introducing an appropriate level of dislocations.
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