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Fig. 1 Polarization model of ceramics of Fig. 2 Polarization model of ceramics of Fig.3  Polarization model of ceramics of
perovskite structure with empty A sites normal perovskite structure perovskite structure with gap - filling ions

3 LR ST

3.1 EIFHX A IERFITERERL KRG

Kl 4 B TIEE RGO T Y « BORFE R FE 2ok
Je 37 R R ) C R . L 4 FTLUE Y, M 2 =0
B, AS Ak 2E T L P B vT LAAE 2 000 VT R )% 30
min, 4NN 37K F 3 000 VB, B %8 il ke T ek g oy
%2 1 =0.007 5 B, AN /8T 5 000 VS, F
BEAERT DA R 30 min A g2, MMM KT
6 000 VET, B Z i RE R S g o 28 2« =0. 012 5 B, Y
SMINEA/NT 3 000 VOB, B A AT LLOR R 30 min
Rk 2 MMM T 4 000 Vi, P it e K4 0.96(K0.5+xNa0.5 +x)NbO, 0. 04LiSh0,

Webgr, K 4 I HETTLE L x =0. 007 5 i, P 5 T A1 L 2 S £ 5 3R

R 7R I B A AR 28 3T LA A Ak Fig. 4 Relationship between voltage withstanding time of
KB, N L Rl LLE R T AERR s e A 0.96(K, 5., Nay 5., ) NbO, —0. 04LiShO,

B REAME S Y A 2R N T AR P and electric fields at room temperature

BRI 5 | R 2 (] LA T S SRR AR Al At o, i s [ FL AT O RS Bl T A AT 5, 25 ¢ =0..007 5
I, PR Re 2k i B v A i A (7 B 1 WA T DR i e 1 RO BB RS 1, AR SE R, A A (R Y
A AR AR 2 W] LU A8 TR R BT A 6 AP T RO AR B ES B S5 A A 2 ASE , At



53 SRELHEAE : A (AR O DR B 4 g e A A e HE A2 ) 93

XL AR . 2 v =0.012 5 B, s i A Bl TR R e g B A I TR N R, 2R
B A BT AR R T A 20 0/ I AR SS R A A 57 B 18], X RELE AR Ak it A vl Bt 25 FL 37 56 2 ) 34
K, SRR B SR AT /N 3 RS Bl 2
3.2 REX A IEKFEITE L EERL T

Ve B A Z B 7 g m, SRS A 2R, IWE 4 aTLIE H,x =0,0.007 5 F10.012 5 iX
3 ANHAF B ARSI 2 000 VALY FER AT LA 30 min, PO AS SCARSERFSEAE 2 000 V B HLIS T 3 N4
A3 AN [R) L R P R A AL e 2R, WLIEL S, Bl SR 0 = 0. 007 5 B B i8R v AFHIR 2] 150 °C il
o R TiRE P & BA YRR E A5 A . B2 R AR RY I | Bl IR Y s S - HRaz s s Rl 2
{HE2 000 V B HLE 1 FIIGE sl 77 0 A e DARE IR ES A 4544 (R RS 1, DR D P e R I A T 2, 2
=0 M x=0.012 5 B IR EEFRE] 60 °C BEFFGR R S I 28, 5 « =0. 007 5 (AR LE R I AR e
FIZER . M 1 AE 3 (AR AT DIE AR 2 000 V AN R | S IR 7 19 #aGa shid A 2 DL e iRk A
LS 5 %) SR O 25 S 6, 3R TR B B T ARG Sl i, A rR S A G S L EIFE AT JR R
BT S ) © A JE IS (1] F far FHSFU R S5 RO A T A (o7 5, 25 () LA AL R - #0  AE G2 Bl R
Y Ve FET AR 5 1 % 2l LR A BRI T X AhE s, A T e, R

Kl 6 ZIXZERI P 7E 10 kHz SR T A/ i BFERl . AT DA 7E 20 — 150 CHElF 3 A4 14
FAFE tanf<0. 04, A MR IE R E M, 2 x =0. 007 5 I A9/ B AR FEAR X A/ N . 3 32 B2 R Sl I s 4 2 1Y)
K* Na* it i K* Na* R EACEA  F5ER0 25 M 58 38 1A 25 0Bk B , AN 2T8 iUk Fa (B AR -, A8 23 %
B AR =R ETHLVE T B AR . M v =0, BeZ5 0T, T K™ Na* #8 5  BL A SRA (AR 7, B T R i 5K

OG5, B IR LAY TH R T R B R ARFE R . M & =0.012 5, 5 B A K A Na ™ RUARBRIE T B9 A7 18
BHERE LR FERAN , [RIRE S RS i K, 1 AR RE , 4 5 ik 5, DR ML B Y BB A
0. 101
0.09r
0. 08
0.07F
#0. 06
35 0. 05 o =0, 125
= 0. 04F '
<0. 03t M;\
0,02 x=0.007 5
0.01F
0. 00 I I 1 I I |
0 25 50 75 100 125 150
i/ C
Pl 5 i e P F P2 RS 7] 5 2% P Fl6 BRI T A i BRER
Fig. 5 Relationship between voltage withstanding time of Fig.6 Relationship between dielectric losses of
0.96(K, 5. Nag 5., ) NbO, —0.04LiSho, 0.96(K, 5, Nay 5..)NbO, ~0.04LiShO,
and temperatures during polarization ceramics and temperatures

3.3 A fIELZIT=EEXS KNN &R E B4R 0T

7 S 1% 25 0 P e M Ak R [T T e e
A, W H Al LLE 1, 76 20 - 160 °C YL N, x =
0.007 SH¥% M ERPEREIA S & T 4 =0 M x =0.012 5
W%, —A T 0 D DR S A H 3 B R R AR Ak
ATy, HE 4 FE S B Hr Al v =0 Flx =0.012 5
P e ialRE 1 A 23 (7 AR BRI 7 1) 7 A AR b i A
TS e A e R T o AR TR A MR, W F «
=0.007 5 P&, i T84 25 60 FER B 0 7= A RS B

TR 6 /St T IS, B k451 A7 ERIUR ATTR IO g
FU R ’ W e s R AR AR A 3ok A e , e A G = Fig. 7 Relationship between piezoelectric cor'lslants of
F14) Fh PRI 32 AR 7o A R R A 1 1 P L M i 0.96(K, 5., Nag 5., ) NbO, -0.04LiShO,

ceramics and temperatures



94

Y

FETRRZF2M(ARBHER) 2012 4F:

A Qi ARAESATT R HE KNN B Ae A B b, b it I il B AN R rEL PR RE AT BB IR . A (3 2 1Y
i AR P R A AR A e i mT AR 2 B g B R R TR AR T8 0, B S B e L PR BE . AR S, A 1S
Tk Z DB R TR T A SR T, A AL T BO, J\ A R HRET T 32 B 55 FEAR T R
BT LU SZ 0 S AR B A AN 38 00, s L PR RE - R T 52 25200

B2 3Lk ( References) -

[1]  Eric Cross. Lead —free at last [ J]. Nature, 2004, 432.24 -25.

[2] Maeder, Damjanovic,Setter. Lead free piezoelectric materials [ J]. Journal of electroceramics,2004, 13,385 —392.

[3] Zhao] B, QuS B, DuH L, et al. High stability of dielectric permittity for K, sNa, ;NbO, — based lead free piezoelectric ce-
ramics[ J|. Ferroelectrics, 2011, 404 (01) ;226 —232.

[4] Du Hong - liang, Zhou Wan — cheng, Luo Fa, et al. High T, lead — free relaxor ferroelectrics with broad temperature usage
tange :0. 04BiScO, - 0. 96 (K, sNa, s )NbO,[ J]. J appl phys, 2008, 104. 044104 -1 -5.

[5] WulL, Zhang J L, Wang C L, et al. Influence of compositional ratio K/Na on physical properties in (K Na,__) NbO, ceramics
[J]. J appl phys, 2008,103 . 084116 —1 -5.

[6] Alain Brice Kounga, Shan — Tao Zhang, Wook Jo, et al. Morphotropic phase boundary in (1 —x)Bi, sNa, s TiO; —xK, ;Na, s
NbO,lead - free piezoceramics[J]. Appl phys lett, 2008,92. 222902 -1 -3.

[7] Dai Ye —jing, Zhang Xiao — wen, Zhou Guo —yuan. Phase transitional behavior in K, sNa, NbO, LiTaO, ceramics [ J]. Appl
phys lett, 2007, 90: 262903 -1 -3.

[8] ZhaoJ B, QuS B, DuH L, et al. The effects of Bi(Mg,,;Nb, ;) O, on piezoelectric and ferroelectric properties of K, s Na, 5
NbO, lead - free piezoelectric ceramics[ J]. Journal of alloys and compounds,2011, 509 3537 - 3540.

[9] Lei C,Ye Z G. Lead - free piezoelectric ceramics derived from the K, ;Na, sNbO, — AgNbO, solid solution system [ J]. Appl
phys lett, 2008, 93. 042901 —1 -3.

(%418 H)

Effects of A - site Non - stoichiometry on Polarization
Degree of K, .Na, .NbO, Ead - free Piezoelectric Ceramics

ZHANG Hong — Mei' , ZHAO Jing — Bo', QU Shao — Bo', XU Zhuo’
( 1. School of Science, Air Force Engineering University, Xi’an 710051 ,China; 2. Electronic Materials Research
Laboratory,, Key Laboratory of the Ministry of Education, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract; This paper studies the effects of A —site non — stoichiometry on polarization degree of K, ;Na, ;NbO, —
AgNbO, lead — free piezoelectric ceramics. In the research, through the preparation of Lead — free piezoelectric 0.
96K, 5, Na, s, NbO, —0.04LiSbO, ceramics by solid state reaction and the building of polarization models of per-
ovskite structure, effects of electric fields and different temperatures on the polarization and piezoelectric properties
of ceramics are studied when x is at different values. Results show that the ceramics sample with the properly exces-
sive A —site ions is not highly dependent on polarization temperature and electric field, which can realize effective
polarization and improve the piezoelectric properties. On the contrary, the ceramics sample with normal A - site
stoichiometry is sensitive to polarization temperature and electric field, easy to be broken down, resulting in ineffec-
tive polarization and lowered piezoelectric properties.

Key words: K, ;Na, ;NbO, ; polarization ; piezoelectric



