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Abstract (300 word limit)
The global popularity of portable electronics and electric vehicles has spurred the development of energy storage devices toward higher power densities and energy densities. Dielectric capacitor, as a kind of important energy storage devices, has attracted tremendous attentions based on the advantages of high power density and fast charge-discharge rate, thus has a critical role to play in decarbonizing the 21st century economy. Finding less toxic, lead-free materials has been a major scientific and technological challenge.
Relaxor ferroelectric and antiferroelectric lead-free ceramics are promising candidates due to their relatively small remanent polarizations and high dielectric breakdown strengths. Novel tailored dopant strategies in BiFeO3-SrTiO3 (BF-ST) relaxor ferroelectrics have been proposed in our work: i) Nb-doping to increase resistivity by eliminating hole conduction and promoting electrical homogeneity and ii) alloying with a third perovskite endmember, BiMg2/3Nb1/3O3 (BMN), to reduce polar coupling without decreasing the average ionic polarizability. Using these strategies, ultrahigh energy density of 15.8 J cm-3 for BF-ST has been attained in multilayer ceramics. In addition, we combined theoretical calculations, in-situ synchrotron X-Ray diffraction and transmission electron microscopy data to give evidence to the underlying mechanisms that underpin optimization of energy storage density (6.5 J cm-3) in AgNbO3-based antiferroelectric ceramics from micro to macro scales. It is the first observation of a field induced ferrielectric phase and the first time to propose 4 principles for the design of high energy density in antiferroelectric ceramics. These two works both define clear engineering guidelines to design lead-free ceramics for high energy density capacitors to support sustainable development.
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Schematic representation of the approach to obtain high energy density




