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P is polarization; | is polarization current; E is applied electric field.
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Fig. 4 P-E loops and I-E curves for PLZS ceramics
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energy density; Wio is total energy density; # is efficiency.
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Energy Storage Properties of (Pbg.97L.a9,02)(Zr(.6Sn¢.4)O3 Antiferroelectric Ceramics

ZHANG Nan, ZHANG Ji, WANG Yaojin
(School of Materials Science and Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Extended Abstract

Introduction As one of the important electronic components in pulsed power devices, dielectric capacitors have wide applications
in hybrid vehicles, and distributed power system. However, a relatively low energy density affects their application in portable and
light-weight devices. The dielectric capacitors store and release energy in form of electrostatic polarization and depolarization of
dielectric materials. Hence, achieving the maximum polarization (P,.x), small remanent polarization (P,) and large electric breakdown
strength (Ep) in dielectric materials is an effective approach to improve the energy storage properties. The antiferroelectric ceramics
are one of the most prospect materials for energy storage due to their unique antiferroelectric—ferroelectric (AFE-FE) phase transition
during charging and discharging process. As one of the classic antiferroelectric ceramics, Pb(Zr,Ti)O; antiferroelectric ceramics are
widely investigated. However, the content of Ti should be lower than 10% to stabilize the antiferroelectric phase, leading to the
narrow windows for compositional regulation. In recent years, Pb(Zr,Sn)O; antiferroelectric ceramics become popular because of the
electric field induced multistage phase transition. In this paper, (PbgosLagy)(ZrgSng4)O3 (PLZS) antiferroelectric ceramic was
synthesized via solid-state sintering at different temperatures. In addition, the crystal structures, microstructures, dielectric properties
and energy storage properties of the ceramic were also investigated.

Methods PbO, La,0;, ZrO, and SnO, were used as raw materials, and weighted and mixed according to the stoichiometry. The
mixed materials with alcohol were ground in a ball mill for 12 h. Afterwards, the suspension was dried, the powders were calcined at
900 ‘C for 3 h, and then ground with alcohol for another 12 h. The dried powders with polyvinyl alcohol were pressed into disks with
the diameter of 10 mm and the thickness of 1 mm. Finally, the green disks were sintered at 12001250 ‘C for 2 h to obtain the
densified ceramics.

The crystal structures of ceramics were determined by X-ray diffraction (XRD). The surface microstructure of ceramics was
characterized by scanning electron microscopy (SEM). For the measurement of dielectric properties, the ceramics were polished and
covered with a silver paste, which was dried at 550 ‘C for 10 min. The dielectric properties were analyzed by a dielectric test system
at room temperature to 450 “C, and the P—E loops of ceramics were determined by a ferroelectric analyzer.

Results and discussion All the prepared ceramics show an orthorhombic perovskite structure without secondary phase. Moreover,
some weak diffractions appear due to an antiparallel aligned adjacent Pb*" in antiferroelectric ceramics. The microstructure of
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ceramics becomes denser with decreasing holes and increasing grain size as sintering temperature increases, which is beneficial to
enhancing E,. All the samples show three dielectric anomalies in a temperature-dependent dielectric constant (g;), indicating a
successive phase transition between orthorhombic antiferroelectric phase (AFE), tetragonal antiferroelectric phase (AFEr), multicell
cubic phase (MCC) and cubic paraelectric phase (PEc) as the temperature increases. In addition, the dielectric loss (tand) for all the
samples is quite low (<0.2%) at a low temperature, which is also helpful to enhance E,. All the samples sintered at different
temperatures show double P—E loops and I-E curves, having the typical antiferroelectric properties. Furthermore, the polarization
increases slowly at a relatively low electric field, and increases quickly at a moderate electric field due to the electric field induced
AFE-FE phase transition., the polarization increases more quickly with further increasing electric field because of the electric field
induced FE-FE phase transition. Hence, the corresponding I-E curves exhibit electric field induced current peaks. As a result, the
PLZS ceramic sintered at 1225 ‘C has the optimal energy storage properties (i.e., Wy, of 13.3 J/em® and 5 of 83.6%) at 480 kV/cm,
indicating great potential applications in pulsed power devices. Note that a large E, plays an important role in achieving superior
energy storage properties, and a large E,, can be attributed to dense microstructure, small thickness and electrode area, moderate ¢, and
low tand.

Conclusions PLZS antiferroelectric ceramics were fabricated via solid—state reaction. The crystal structure, microstructure
morphologies, antiferroelectric properties and energy storage behavior of PLZS ceramics sintered at different temperatures were
investigated. All the samples exhibited an orthorhombic antiferroelectric phase. Also, the density of prepared ceramics improved, and
grain size increased with increasing sintering temperature. Therefore, the sample sintered at 1225 C achieved the optimum energy
storage properties (i.€., recoverable energy density of 13.3 J/cm® and efficiency of 83.6%).

Keywords solid—state reaction; antiferroelectric ceramics; dielectric properties; energy storage properties



