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Fig. 1. XRD patterns of KNNS-BNKZ-A,N, ,S-Fe ceramics:
(a) 20 = 20°- 70°% (b) 20 = 45°- 46°.
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Fig. 2. (a) ¢,-T curves measured at —150-200 °C and 10 kHz
and (b) the phase diagram of KNNS-BNKZ-A,N, ,S-Fe

ceramics.
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Fig. 3. (a) Raman spectra of KNNS-BNKZ-A N, ,S-Fe; (b) Gaussian fitting of Raman spectra for z = 0; (¢) Raman shift of v
mode; (d) full width at half maximum (FWHM) as a function of composition at v; mode.
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Fig. 4. SEM surface images of KNNS-BNKZ-A N, ,S-Fe ceramics.
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Fig. 5. (a) Piezoelectric, (b) dielectric and (c), (d) ferroelectric properties of KNNS-BNKZ-A N; ,S-Fe ceramics at room temperature.
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SPECIAL TOPIC—Centennial ferroelectricity: New materials and applications

Piezoelectric and electrocaloric properties of high
performance potassium sodium niobate-based
lead-free ceramics”

Wei Xiao-Wei  Tao Hong  Zhao Chun-Lin  Wu Jia-Gangf

(College of Materials Science and Engineering, Sichuan University, Chendu 610065, China)
( Received 12 April 2020; revised manuscript received 28 April 2020 )
Abstract

Piezoelectric ceramics, as a kind of functional material, can realize the mutual transformation between
mechanical energy and electrical energy, and has been widely used in civil and military fields. With the
improvement of people's awareness of environment protection and self-health care, the study of lead-free
piezoelectric ceramics with excellent performance and environmental friendliness has become an urgent task.
Among several kinds of lead-free piezoelectric materials, potassium sodium niobate [(K,Na)NbOs, KNN]J-based
ceramics has attracted much attention due to its good comprehensive properties, but there have been carried
out few studies focusing on the utilization of phase boundary to regulate the properties of high piezoelectric and
electrocaloric effect simultaneously. In this work, lead-free 0.944K, 4sNay 55Nbg g55bg 0505 -0.04Bi 5(Nag 52K 18)0.5
ZrO4-1.6%(Ag,Na; ,)Sb03-0.4%Fe,O53 ceramics is prepared via the conventional solid-state method, and the
effect of AS/NS ratio on phase structure, electrical properties, and electrocaloric effect are studied. The

43

obtained results show that the ceramics has a multiphase coexistence with “rhombohedral-orthorhombic-
tetragonal” (R-O-T) in all compositions. With the increase of AS content, the piezoelectric and ferroelectric
properties of the ceramics fluctuate (dz3 = 518-563 pC/N, k, = 0.45-0.56; Py, = 21-23 uC/cm? P, = 14~
17 uC/cm?). In addition, the electrocaloric effect (ECE) for each of the samples is studied by the indirect
method. Broadening temperature span (~90 K) of electrocaloric effect is obtained in the vicinity of O-T phase
transition region, while a low ECE value is observed. A stronger ECE peak (AT}« > 0.6 K) can be observed
when the measurement temperature reaches near the Curie temperature. Consequently, both large piezoelectric
property and high electrocaloric performance can be realized in KNN-based ceramics by new phase boundary

construction.

Keywords: potassium sodium niobate, phase boundary, piezoelectric effect, electrocaloric effect
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