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Structure and Energy Storage Characteristics of NaNbO;—CaZrO3—BiysNasTiO; Ternary
System Ceramics

WANG Zixuan, LI Zhuo, ZHANG Jiayong, ZHANG Jing, NIU Yanhui
(School of Materials Science and Engineering, Chang’an University, Xi’an 710064, China)

Abstract: Sodium niobate(NaNbO;)-based lead-free ceramics have attracted much attention in the pulse power capacitors due to their
non-toxicity and superior energy storage properties. However, the large recoverable energy-storage density (W,..) and efficiency (1)
cannot be achieved simultaneously, thus restricting their commercialization. This work proposed astrategy of increasing the relaxation
characteristics to improve the energy storage performance via constructing a local random field. The (1-X)(0.96NaNbO;—
0.04CaZrO5)—xBiy sNay sTiO3 (x=0.05, 0.10, 0.15, and 0.20) antiferroelectric energy storage ceramics were prepared by a conventional
solid-state method. The effect of BijsNaysTiO3 content on the phase structure, microstructure and dielectric, ferroelectric as well as
energy storage properties of 0.96NaNbO;—0.04CaZrO; ceramics was investigated. The results show that the microstructure of each
ceramic is homogeneous and dense. The (1-X)(0.96NaNbO;-0.04CaZrO;)—XxBiysNagsTiO; solid solution transformsfrom
antiferroelectric orthorhombic P phase (X<<0.10) to antiferroelectric orthorhombic R phase (x=0.15), accompanied by abroadening
dielectric peak moving towards the lower temperatures as BijsNagsTiO3 content increases, thus having the representative relaxation
characteristics. The 0.85(0.96NaNbO;—0.04CaZrO;)-0.15BiysNaysTiO; ceramic has a maximum energy storage density W, of
1.614 J/em® and a high energy storage efficiency 7 of 83.97% under 260 kV/cm at room temperature. Besides, the ceramic exhibits a
good temperature stability at 25-150 ‘C (the variation of W, less than 15%) and a high energy storage efficiency, which can be used
as a promising material for high-temperature pulsed power capacitors.
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Fig. 1 XRD patterns of (1-x)(0.96NaNbOs—0.04CaZrO;)—xBi, sNay s TiO; ceramics at room temperature

B2 AN[AIZH 48 (1-X)(0.96NaNbOs—0.04CaZrO;)-XBiy sNag s TiO; M (¥ XRD #% & AFE P Fl1 AFE R A (1 & 74 25 K 4 77 B
Fig. 2 Rietveld refinement plots of (1-x)(0.96NaNbO;—0.04CaZrO;)—xBig sNay sTiO; and crystal structure models of the AFE P and

R phasest®"
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B3 AR 7> B B R il R T Y SEM TR A
Fig.3 SEM images of the fractured surface
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K4 (1-x)(0.96NaNbO;—-0.04CaZrO;)—xBig sNay s TiO5 Fi % [ L FORN A B350 E it iR B A8 1k i 28
Fig. 4 Dielectric permittivity and loss as a function of temperature for (1-x)(0.96NaNbO;—0.04CaZrO3)—xBi, sNay sTiO; ceramics
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Table 1 Refined structural parameters of (1-X)(0.96NaNbO;—0.04CaZrO;)—xBi, sNa, sTiO; ceramics at room temperature

Tolerance Space Lattice parameters

X factors group a/A b/A c/A Volume/A' Row 1% Ry 7
0.05 0.916 Pbma 5.564 15.605 5.501 477.631 6.51 4.73 2.93
0.10 0.915 Pbma 5.566 15.625 5.517 479.807 6.76 4.81 291
0.15 0.913 Pnma 7.809 7.811 23.438 1429.627 7.47 5.40 2.94
0.20 0.911 Pnma 7.814 7.815 23.438 1431.275 7.26 5.03 2.79

Ryp is reliability factors of weighted patterns;R,, is reliability factors of patterns;y® is goodness-of-fit indicator.
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P represents the polarization intensity and E stands for electric field strength.

K 6 260 kViem 3 38 T (1-x)(0.96NaNbO;—0.04CaZrO;)-xBiosNay sTiO; Mg % 1 P-E i 2 % % 68 ¥ & M
0.85(0.96NaNbO5-0.04CaZr0;)-0.15Biy sNag s TiO; M B AE A [F] i3z 0 L E) P-E #i 28 J fif e R
Fig. 6 P-E loops of (1-x)(0.96NaNbO3;—0.04CaZrOsz)-xBiy sNag sTiO3 ceramics under 260 kV/cm and the corresponding energy
storage properties; accompanied by P—-E loops of for 0.85(0.96NaNbO;—0.04CaZrO;)-0.15BijsNaysTiO; ceramics at
different electric fields and the corresponding energy storage properties
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J represents the current density and E stands for electric field strength; Electric field rises in the direction of the arrow.

K7 (1-x)(0.96NaNbO;—0.04CaZrO;)-xBiy sNag s TiO; Mg & LEA R M N s T 1 J-E 2k
Fig. 7 J-E loops for (1-x)(0.96NaNbOs—0.04CaZrO;)—XBiy sNaj s TiO3 ceramics at different electric fields

8 150 kV/em HLIF T, 25~150 CHIEETEEMN 0.85(0.96NaNb0;—0.04CaZrO;)—0.15Bi, sNag s TiO5 [ &5t B [ 1) P-E #h 2k
KRR RERE

Fig. 8 Temperature dependence of P-E loops for 0.85(0.96NaNbO;—0.04CaZr0s)—-0.15Bi sNag sTiO3 ceramic tested from 25 C to
150 °C at 150kV/cm and the corresponding energy storage properties
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