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Fig. 1. Schematic diagram showing the increase of W, through decreasing the grain size by doping BMT in KNN ceramics.
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Fig. 2. Circuit diagram of direct test system.
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Fig. 3. XRD patterns of (1-2)KNN-2BMT ceramics.
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Fig. 4. SEM images of the (1-2)KNN-2BMT ceramics with their grain size distribution and average grain size inserted: (a) z = 0.05;

(b) z=0.10; (c¢) z = 0.15; (d) z = 0.20.
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Fig. 5. (a) Dielectric constant as a function of temperature in a temperature range of —150 °C to 300 °C for (1 — z)KNN-2BMT
ceramics and 25 °C to 500 °C for pure KNN ceramics; (b) plots of In(1/e,~1/e,,) versus In(T-T;,) of the (1-2)KNN-2BMT ceramics.
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Fig. 9. (a) Pulsed discharge current curves, (b) discharge energy density Wy, and discharge time ty, and (c¢) comparative figures of
Wyis and W, under breakdown electric field of the (1-2)KNN-2BMT ceramics; (d) pulsed discharge current curves, (e) discharge
energy density Wy, and (f) the comparative figures of Wy, and W, under different electric fields of the 0.85KNN-0.15BMT ceramic.
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Table 1.  Comparison of energy storage properties of 0.85 KNN-0.15 BMT ceramics and other lead-free ceramics.

160

200

Material systerm Wioo/J-cm 3 n/% BDS /kV-cm! Wi/ J-cm ™3 tgo/ 1S Reference
0.88BT-0.12BMT 1.81 88 224 — [20]
0.85BT-0.15BY 0.50 — 100 — 22]
0.61BF-0.33BT-0.06BMN 1.56 75 125 — [24]
0.7BNT-0.3ST + 0.05MnO, 0.96 74.6 95 — [25]
0.8KNN-0.2SSN 2.02 81.4 295 — (31]
0.85KNN-0.155T 4.03 52 400 — [32]

0.85KNN-0.15BMT 2.25 84 275 1.54 88 This work
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SPECIAL TOPIC—Dielectric materials and physics

Dielectric, ferroelectric and high energy storage behavior of
(I_X)K0.5N30.5Nb03_XBi(Mg0.5Ti0.5)03 lead free
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Abstract

Lead-free dielectric ceramics with high energy-storage density and efficiency are ideal energy materials for
sustainable development of the enery resource. In this paper, (1-2)K, 5Nagy sNbOs—aBi(Mgj 5Tig5) O3 ((1-2)KNN-
aBMT, z = 0.05, 0.10, 0.15, 0.20) lead-free relaxor ferroelectric ceramics are prepared by the traditional solid-
state method. The effects of BMT on the phase structure, microstructure, dielectric properties and energy
storage behavior of KNN based ceramics are studied. With the increase of BMT content, the crystal structures
of (1-2)KNN-2BMT ceramics gradually change from orthorhombic to pseudo-cubic phase, and transform into
cubic phase finally. The addition of BMT can suppress grain growth of the ceramics, resulting in the average
grain size decreasing from 850 to 195 nm when z increases from 0.05 to 0.20. Dielectric properties exhibit that
the Curie temperature decreases with BMT content increasing, and dielectric peak at Curie temperature is
broadened due to the addition of BMT. In addition, ferroelectric properties demonstrate that the addition of
BMT reduces the remnant polarization (P,) and coercive field (E,) of the ceramics. The results indicate that
(1-2)KNN-zBMT ceramics transform from ferroelectric to relaxor ferroelectric phase. Based on the calculation
of hysteresis loop, the best energy storage performance is obtained at z = 0.15, of which the recoverable energy
storage density (W,..) and the energy storage efficiency (n) are 2.25 J-cm ® and 84% at its dielectric breakdown
strength of 275 kV-cm !. Meanwhile, the ceramic with x = 0.15 exhibits good stability in a frequency range of
1-50 Hz, with an energy density variation of less than 5%, and temperature stability in a range of 25-125 °C
with change of less than 8%. Moreover, based on direct measurement, the energy storage density (Wy;) of the
ceramic with x = 0.15 is 1.54 J-cm 3, and the discharge time is only 88 ns. The research shows that (1-z)KNN-
aBMT ceramics have a wide application prospect in the field of environmentally friendly capacitors with high

energy storage density.

Keywords: K ;Naj ;NbOs-base, energy storage, lead-free, relaxor ferroelectric, direct measurement
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