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Effect of Cooling Rate on Structure and Properties of Potassium Sodium Niobate-based Single
Crystals Prepared by Seed-free Solid-state Crystal Growth Method

LI Dedong, JIANG Minhong, LI Lin, XU Yaping, YAO Xiaoyu, LI Wendi, NI Shuangyang, RAO Guanghui
(Guangxi Key Laboratory of Information Materials, Guilin University of Electronic Technology, Guilin 541004, Guangxi, China)

Abstract: The potassium sodium niobate (KNN) single crystal was successfully prepared by the seed-free solid-state crystal growth
method, and the effect of cooling rate on the structure and electricity properties of KNN single crystal was systematically studied. The
results show that optimizing the cooling rate can promote the growth of single crystals, and it is easy to grow single crystals with
larger sizes; when the cooling rate is lower, the crystal surface is flatter and the quality of the crystal is higher; The effect of the crystal
structure of the single crystal is small; when the temperature reduction rate is 2.0 ‘C/min, the prepared potassium-sodium niobate
piezoelectric single crystal exhibits excellent piezoelectric properties, and its positive piezoelectric coefficient ds; reaches 510 pC/N,
the inverse piezoelectric coefficient d'5; is 1425 pm/V, and the crystal also has a lower dielectric loss tand=0.02, a higher Curie
temperature 7c=416 °C, and a larger remanent polarization P=20 pC/cm?. This shows that the potassium-sodium niobate-based single
crystals grown by seed-free solid-state crystal growth method by optimizing the cooling rate is a promising piezoelectric ferroelectric
single crystal material and has great potential application value.
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respectively.
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Figure 1 physical sample with different cooling rates
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Fig.2 SEM images of KNN-based single crystals with different cooling rates
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Table 1 Element contents of single crystal samples at
different cooling rates

x/%

Cooling rates

Na Nb (6} Mn Bi
0.5 ‘C/min 7.77 11.17 1917 61.80 0.06  0.03
1.0 ‘C/min 871 1053  20.13  60.57 0.05 0.01
2.0 ‘C/min 9.22 1040 20.55 59.76 0.01 0.06
4.0 C/min 9.57 10.14 2155 58.67 0.06 0.0l

Theoretical content ~ 9.94 9.94 19.88  60.08 0.08 0.08

x—DMole fraction.
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(g) EDS spectrum of Mn in Fig. 4(a) (h) EDS spectrum of B in Fig. 4(a)
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Fig. 4 EDS surface scanning of single crystal samples grown at a cooling rate of 2.0 ‘C/min
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