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    Due to growing concerns on environment and human health, the development of the lead-free piezoelectrics has drawn significant attention. Searching for lead-free ceramics with high piezoelectricity to meet the requirements of the industrial applications has always been a prime aim in this scientific field. Furthermore, the mechanism for property enhancement in lead-free piezoceramics is a hot topic but still controversial. In this work, we developed a new KNN-based lead-free ceramic material which afforded a large d33 over 500 pC/N and a high Tc ~200 oC. Apart from the property improvement from phase transition effects, we found additional contributions for the superior piezoelectric response, i.e. the composition-induced structural instability. This composition-induced structural instability which significantly enhances piezoelectricity even in absence of a phase transition can result from the reduced tetragonality (c/a) and more covalent lattice matrix. Hierarchical domain structure was observed in KNN-based piezoelectric materials by Transmission Electron Microscopy (TEM). Nano-size domains were found in side of submicron domains, further corroborating the structural instability in a microscopic perspective. These findings may provide new insight into the further enhancement of the properties in KNN-based ceramics. The future inspired work might break the bottleneck and bring the d33 value to a new height.
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