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Energy Storage Behavior of Inorganic Dielectric Materials
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Abstract: Dielectric energy storage materials as "the blood of modern industry" are the key components of various pulse power
electronic systems. These materials are attracted extensive attentions because of the high dielectric constant, low loss, high power
density, fast charge/discharge speed and excellent reliability. However, dielectric materials for multi-fields applications still have some
problems, such as low energy storage density, poor efficiency. Therefore, improving the energy storage performances of dielectric
materials becomes one of the research hotspots in recent years. This review represented the performance advantages of inorganic
dielectric energy storage materials, summarized the energy storage principle and the main parameters of energy storage performance,
and analyzed the energy storage performance of linear dielectrics, relax or ferroelectrics and antiferroelectrics from the viewpoint of
component design and multiple material forms (i.e., ceramics, films and multilayer ceramic capacitors). The performance control
methods and enhancement mechanisms from the aspects of material composition, structure and preparation technology were
discussed. Finally, the opportunities and challenges for inorganic dielectric energy storage materials were given, and the development
trend for pulse power capacitors in the future was prospected.
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Macroscopic/empirical design
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Fig. 10  Schematic diagram of enhancing W, by increasing the stability of the AFE phase
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Table 1 Energy-storage properties of AgNbOj-base antiferroelectric ceramics in some references

[89]

Composition E/(kV-cm™) Wi/ (J-cm ™) n/% Reference
AgNbO3 175 2.1 40 84
Ago.94sNbO2 97 209 3.1 49 85
Mn-doped AgNbO3 170 25 56 86
Ag(Nb;_,Ta,)O3 230 4.2 69 87
‘W-modified AgNbO; 190 33 51 88
(Smo.02Ag0.94)(Nbo.oTao.1)O3 280 4.87 63.5 89
Ag(NbossTag.15)03-1% Ag,O 262 4.8 50 90
0.45AgNbO3-0.55AgTa0; 500 6.3 90 91
Agi3,SmNbO3 290 4.5 63 92
Ago.97Ndo.01Tag 20Nbo 8003 370 6.5 72 93
Smo.03Ag0.91NbO3 290 5.2 68.5 94
0.99AN-0.01BZN 220 4.6 57.9 95
Ago.83Gdo.04NbO;3 290 4.5 65 96
Ago.97Ndo.0INbO3 420 4.6 62.5 97
Ago.76Lag.0sNbO3 476 7.01 77 98
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Fig. 11  Structural design diagram of MLCC
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