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Fig. 1. Physical photo of (1-2)(NN-BMS)-2BNST (0 < z <

0.30) ceramics.
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Fig. 2. (a) XRD patterns of (1-z)(NN-BMS)-zBNST (0 <

=

(a) (1-z)(NN-BMS)-aBNST (0 < z < 0.30) M % 7 sme A B 45 B T (9 XRD [l (b) (100) 7 5 e & {57 i K &5 (c) (110) 45

z < 0.30) ceramics at optimal sintering temperature; (b) enlarged

image of (100) diffraction peak; (c) enlarged image of (110) diffraction peak; (d) enlarged image of (200) diffraction peak.
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Fig. 3. Rietveld refinement results of XRD patterns of (1-z)(NN-BMS)-2BNST (0 < z < 0.30) ceramics: (a)

(c) £ =0.15; (d) z = 0.20; (e) z = 0.25; (f) z = 0.30.

0; (b) z = 0.10;
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F 1 (1-2)(NN-BMS)-zBNST (0 < = < 0.30) FJ&AY Rietveld K5EL5S 5L
Table 1.  Rietveld refined structural parameters of (1-z)(NN-BMS)-2BNST (0 < z < 0.30) ceramics.

Lattice parameters/A

T Phase Volume fraction/% V/A3 R/ % R,/% X2
a b c

Pnma 99.84 782(8)  7.82(8)  T.82(8)  479.73(5)

0 7.64 5.65 7.42
Pbma 0.16 5.56(8)  15.74(7)  554(T)  486.44(1)
Pnma 67.2 782(3)  T.82(9)  T.83(4)  479.87(3)

0.10 5.47 4.18 3.71
Pbma 32.8 554(5)  15.60(9)  5.52(1)  478.00(0)
Pnma 63.3 782(3)  7.82(9)  T.83(5)  479.80(9)

0.15 5.59 4.43 3.85
Pbma 36.7 5.55(0)  15.62(9)  5.52(9)  479.66(5)
Pnma 53.1 782000  7.82(6)  7.83(5)  479.59(3)

0.20 5.04 3.82 2.89
Pbma 46.9 554(5)  15.63(5)  5.53(9)  480.26(4)
Pnma 57.1 782(1)  7.82(8)  T.83(5)  479.77(9)

0.25 5.39 4.21 3.27
Pbma 429 5.42(1)  15.66(4)  5.53(2)  480.28(9)
Pnma 65.65 782(1)  7.82(7)  7.83(5)  479.70(5)

0.30 5.04 3.92 2.41
Pbma 34.35 5538)  15.60(1)  5.52(4)  477.28(3)
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Fig. 4. SEM images of (1-z)(NN-BMS)-2BNST (0 < z < 0.30) ceramics at optimal sintering temperature: (a) = 0; (b) z = 0.10;
(c) = 0.15; (d) z = 0.20; (e) z = 0.25; (f) z = 0.30. (g) Average grain size of (1-z)(NN-BMS)-zBNST (0 < z < 0.30) ceramics.
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Fig. 5. (a) EDS spectrum of 0.75(NN-BMS)-0.25BNST ceramic, the illustration shows SEM image; (b)—(i) EDS element surface

scanning image.
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Fig. 6. (a) UV absorption spectra of 0.75(NN-BMS)-
0.25BNST ceramic; (b) corresponding Tauc plot.
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Abstract

Sodium niobate-based dielectric energy storage materials, as key components in capacitors, have the
advantages such as low relative density, lead-free, low cost, and excellent energy storage density, and can meet
the important requirements of electronic components for miniaturization, harmlessness, integration and light
weight. Therefore, they have received extensive attention from the scientific community in recent years. In this
work, by introducing both Bi(Mg,sSn;5)O5 and (BigsNags)q.75r)3Ti05 components into NaNbO; ceramics, a
conventional solid-phase sintering method is used to prepare (1-2)[0.93NaNbO;-0.07Bi(Mgg5Sn5)0s]-
#(BiysNag 5)0.79103Ti03 (Abbreviated as (1-z)(NN-BMS)-2BNST, 0 < z < 0.3) relaxation ferroelectric ceramics,
and the ceramics are characterized by using X-ray diffraction, scanning electron microscopy, UV spectroscopy
and Raman spectroscopy so as to study the effects of (BigsNags)o.7Sr93TiO5 doping on the physical phase
composition, microstructure, and electrical properties of NaNbOj ceramics, such as dielectric and energy
storage. The (1-z)(NN-BMS)-2BNST ceramics exhibit a single perovskite structure, with cell volume a first
increasing and then decreasing. The coexistence of Pbma and Pnma phases (1-z)(NN-BMS)-2BNST ceramics
exhibits a dense microstructure and clear grain boundaries at an optimal sintering temperature. The average
grain size first increases to 4.73 pm, then decreases to 2.17 pm, and finally increases to 3.06 pm. A smaller grain
size and a larger bandgap width are beneficial for improving the breakdown strength. The 0.75(NN-BMS)-
0.25BNST ceramic shows the excellent dielectric temperature stability (25-160 C, Ae/eys « < +15%) and
dielectric frequency stability, which can meet the EIAZ8U standard and hence work in a special environment
(high temperature and high frequency). Meanwhile, 0.75(NN-BMS)-0.25BNST ceramic exhibits excellent energy
storage performance at high field strength (390 kV/cm): recoverable energy density W, = 2.73 J/cm?, energy
storage efficiency 7 = 82.6%, and high temperature stability in a temperature range of 20-100 °C. The research
results indicate that 0.75(NN-BMS)-0.25BNST ceramics have broad prospects of applications in lead-free

dielectric energy storage capacitors.
Keywords: sodium niobate, relaxor ferroelectric, lead-free energy storage ceramics, energy storage properties
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