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LI Haitao'*>, LI Ran', WANG Guangxinz, ZHANG Han', WANG Yajunl, WANG Xiaobingl, ZHANG Xiaozhen'
(1. School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471023, Henan, China;
2. Research Center for High Purity Materials, Henan University of Science and Technology, Luoyang 471023, Henan, China;
3. Collaborative Innovation Center of Nonferrous Metals Henan Province, Luoyang 471023, Henan, China)

Abstract: (Nag 535K0.45)Nbg 91 Sbg 0903+x%Ca0-B,0; (NKNS-xCB) lead-free piezoelectric ceramics were fabricated by conventional
and microwave heating processes. The prepared samples were characterized by X-ray diffraction, differential scanning calorimetry
and scanning electron microscopy, and the effects of dopant content and heating process on the phase structure and properties of
as-prepared ceramics were also investigated. The results reveal that the duration used to synthesize NKNS ceramic powder by
microwave heating process is 1/6 of that by conventional heating process. The duration of microwave heating process is only 3/4
times shorter than that of conventional heating process for the fabrication of NKNS—xCB ceramic, and the samples prepared by
microwave heating process have a greater density and better electrical properties. The excellent piezoelectric properties (i.e., ds;=
225pC/N, k,=40.2%, and &=647) are obtained for the sample with x=0.50 fabricated by microwave heating process at 1 020 ‘C for
30 min, indicating that microwave heating is a promising method for the fabriction of NKN-based lead-free piezoelectric ceramic.

Keywords: traditional solid-phase sintering; microwave sintering; lead-free piezoelectric ceramics; sodium potassium niobate
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Fig. 2 X-ray diffraction patterns of NKNS ceramics powders
calcinated by different technology and holding time at
750 C
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Table 1 Results of the Rietveld refinement for X-ray
diffraction patterns of NKNS ceramics powders
calcinated by different processes

. . Crystallinity/ Crystal Cell volume/
Time/min ; 5 a/mm  b/mm  c¢/nm
% size/nm nm

0.1250
0.1254
0.1273

0.5507 0.5707 0.3976
0.5497 0.5736 03977
0.5612 0.5689 0.398 8

10 (MC) 77.88 25.3
30 (MC) 78.26 31.7
240 (MC)  79.82 42.1
Note: 10 (MC) and 30 (MC) are powders synthesized by microwave
technology at 750 C for 10 min and 30 min respectively; 240 (CC) is

powders synthesized by conventional technology at 750 C for 240 min.
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Fig. 4 X-ray diffraction patterns of NKNS—xCB ceramics
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Table 2 Results of the Rietveld refinement for X-ray
diffraction patterns of NKNS—xCB ceramics

x/% pd(g-em™) Cell volume/nm® a/nm b/nm c/nm

0.00 4.667 0.1252 0.5557  0.5632 0.4000
0.25 4.716 0.1250 0.5507 0.5707 03976
0.50 4.737 0.123 5 0.5518 0.5628 03978
0.75 4.733 0.123 8 0.5590 0.5575 03972
1.00 4.724 0.1239 0.5548 0.5613 03979
1.25 4.723 0.1239 05488 0.5681 03975
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Fig. 5 SEM images of the fracture surface of NKNS—xCB ceramics
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Fig. 7 SEM images of the fracture surface of NKNS—-0.5CB ceramics prepared by two sintering methods
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Table 3 Properties of NKNS—0.5CB ceramics prepared by
two sintering methods

Sintering Grain . 5

. . d3/(pC'N") k/% pl(gem™) & tand
temperature/ C  size/pum
1000 (MS) 2.14 185 34.8 419 516 0.062
1020 (MS) 3.25 225 40.2 442 647 0.048
1050 (MS) 3.68 214 37.5 448 668 0.036
1000 (CS) 1.28 148 16.8 392 356 0.094
1020 (CS) 3.05 165 28.4 422 462 0.087
1050 (CS) 3.24 203 32.6 436 542 0.071

Kl 8 i A 1020 CHeSE 30 min FT il 4 11
Wi ke (1 020 ‘C—30 min—-WS) 51546+ A 1050 °C
T RESS 120 min Jr 6] £ 1) B B A (1 050 C—
120 min—-CS) /il it . H I 8 FTLLE . BEIEEE
Thirs PR A e 4h B il £ 1R B B S A A v
B I 2 ANEA, 43 RN, Curie LS 55 Te FIIE
AL-WUTT ARSI Tos T M Ty 539008 275°C RN
85 °C, WA KRB i AR Bk s . 534k,
TR RELERE S, {E Curie MM HAB KN HE
WAL, ARG AR S A AR R I (MR L
%, Feizpour 25NN Ny, A e b 4 s B2 808
R RS (P M A OR, - 308 B2 A R 1A L 4
(IBE, BORIRR RT B BRI o A B, 1)
PRI A )T B s (1SS , A r s 2. 5941,
H ¥ Buixaderas 253, R B R RE B L
GRS, SR X H s (K B8 Sl T 4L I
YRR, DRI 32 P 7 Ak A v 50 118 sk AR A ek 8
oK. R 3 nfEUEH, 1020 'C-30 min—WS ¥
A 1050 “C—120 min—CS # fi A3 558 1 1) 2 5 Fl
KIGEk R ~F, 5 Feizpour Z5H1 Buixaderas 25234
I 1) 45 F A — 3L

6000f r=275 ¢
1020 C-30 w_s/

5000f y
1050 C-120 min-CS

4000t

-
3000f
2000 T, =85C mmﬂ/
!'AM"@%&/
1000F S
0

0 50 100 150 200 250 300 350
7/°C
K8 PRhBeLt B A HI 4 B NKNS—0.5CB B A i BAH X A
P B U S A A it 2k
Fig. 8  Temperature dependence dielectric constant of
NKNS—-0.5CB ceramics prepared by two sintering
methods
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