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Abstract: In this paper, the 0.95(N,05Ko05)004 (NbosTa020)0994C00015]03(abbreviated as NKNT) + 0.05KNbO;
lead—free piezoelectric ceramics were synthesized by the conventional mixed oxide method route with

normal sintering. And also, dielectric

the effects of calcination temperature on the microstructure,
properties, and piezoelectric properties were investigated. A polymorphic phase transition(PPT) between
orthorhombic and tetragonal phases was observed in specimens calcined at 810C ~850C. The ceramics
calcined at 830°C showed excellent piezoelectric properties: dss= 179 pC/N, kp,= 0.384, Qum= 79.73). These

results indicate that the ceramic is a promising candidate material for lead-free piezoelectric ceramics.

Keywords: Lead—free, Piezoelectric properties, Calcinations temperature, NKN

3t PZT, PCM 5 &3 Perovskite %25 Zt& Al
s FAAeR Jdo] o]Folx] gt} kAR

AL

, 259 BE, A 9 2 EFLE 1,000C EAAA F435HA st
A, EALR{A 3 ol ZHHEREH Hdrle EoF PbOR Qlete] A9 ®iste WE o & t
7RA S SHAl AFEEHOIA AL glol 2 A & o Ao FUE dFE Frke AT Al
8 Ha dvk [1-5] dwbdow shdAete 2] A7 sto] PbO7E £3HEA fom =4 o] ¢
+ Barium Titana tes Al#to® &2]4 ddo] ¢ Fd b A5 /i 3 a7t S7HHE = FAlH
fEAel Fd9 gd ABEEE tungsten—bronze,
a. Corresponding author; juhyunb57@semyung.ac.kr Bi-layer "%, Bi-perovskite (BNKT), NaKNbO;

Copyright ©2013 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

(NKN), BaTiO; (BT) S°] Ut olE + 99 =4
% Bi-perovskite®} NKN<¢| 3}3tZ0] 7|&9] PZTA

Hd At as HAE Thedol M =2 lem



A7)V AAA 538 8] = A, #2648 A25 pp. 104-108, 2013 2€: #F1S & 105

th. NKNA| 7 Algpgzox Ko Naol o] @& dudx 545 43595, LCR meter
BE g4 IAHY 1,100C oo e 4~Z2  (ANDO AG 4304)5 AH&3te] 1 kHze F342 &

A4 Ao} £AAE AURAFY ol B ASHE ARG 4 2

A% 487 A% hotpress, Al ek 271 WS o) gatel A

RTGG (reactive templated grain growth) ®=+& SPS

(spark plasma sintering)®t 272 ZA| A7} wA &

=

jata)
S
32
o
o
T

T olg T2 T ALIE FHATI= AT A E 3. Adn o 1

T3 4ot CuO, 7Zn0, Ks54CuisTa;000, MnO2, KNbOs

G e 24 2AT A7 248 Fol GBS gy 1e haewEd wWael me ARe] XRDAUS

FAToR Aol Atk 1 F KNbOiE e Aolth shatwe] Wl meh 24 wAsA
o Bl AzusjolE TRE HAT HELEe

1,050C9] 2 =74, 435C9 =2 78 2= 30 9

= = % o] AZzAE AR W] we) Atz AP (orthorhombic) dellA A

g vk [91 3 AHHEE staALEE FHE AT A (tetragona)FoE WEE AL FAT S QUrh At

Ko} Na9l 3ae g8&8d0z AAT 4 gt} [6-8]. 2o 2 MPB (morphotropic phase boundary) 4}e] &A1&
A= 0.95[(NaosKos)ogsLiood [((ND osTaoz0) — FAAEt= 2o fd 2 9bd 54 A zIge &

0904C00015]03 + 0.05 KNbO32e] ZA & A= e W ] ATk K0T o]sF oA dFa3k AJ#He] XRDIE Q]

st7F Al el XRDIAHE, mlAlg-x22F sbd 54l vlA 9364 Kol Ay} zko] AP (orthorhombic) ¥ AW
= 9IS FAEA A (tetragonal)©] &3H= MPB  (morphotropic  phase
boundary) “e]l FAAE AT S 1t 5 Ut} F1K
T AR ETE 80T oo s UK wel A xR
2. A3 by Ao r Wgksisly. o] Ak st W
sh= XRD "ol &S mdoks 31S ofv| gt
2 AT ofge] A AS ARl AFskATh
0.95(Nao5Ko5)0.96L10.04[ (NDo.gT@0.20)0.994C00.015103 g s s
+ 005 KNbO; R gEssss
= fﬂ e i
z | ) Mt s
9% ol #E& 7HE d5E A&t A Zz | 8s0[C]
*‘Oﬂ el 107! g7bA A Feg o ol ES FAbu) = jW N [ sserc)
2 3sto] 24A3F A 2340l B& AR&ste] B9 k3 NQ\Q‘ i
o 80TeA 1243E o] Ax § dxd MRS * Diftél(zaction angle[2theta] @
810~890TC 9 ZZelA 6AIZF &<t dtistdlon st
24 IeHE ‘:}’\] 24413 Bete] &3 9 E4s)
Ak 1z AR 05 wt%e BIYE H7ske] _
27 17 mme 9%% E9E A3kl 1 ton/em’] E _ -
dHEoz 1 AYsiArk AFdE AHEL 600TCAA = g g e
_ < N
/\]7]' et ARAE B d -+, T34 2 E T g e \\77 870[C|
£ 5C/min® 3¢ 1,060CelA 5213 &k 2438l E 850/
A" AHe = 2 dulslgon A = 8301C]
E} ] ] ‘1‘771] 1—mm ]'Ol'M Eq ] 77/\/\\77 8101C]
o] o AgdFo=m =X3 F 600CeA 108 7+ . . — ;
43 44 45 46 47 48
dAgstar. S5 120C9 AFZfF FolA 3 Diffraction angle [ 2theta ]

kV/mmée| & F
=49 AH

Flo 2 r

AL 30& 7+ A7Fst] A sk
oA 24A13F agingAlZl ¥ Fig. 1. X-ray diffraction patterns of specimens as a

Impedance analyzer (Agilent 4294)E ©]-&3}4], 53}  function of calcination temperature.



106 J. KIEEME, Vol. 26, No. 2, pp. 104-108, February 2013: M. Park et al.

Fig. 2. Microstrocture of (a) 810, (b) 830T, (c) 807,
(d) 870C, (e) 890T specimens as a function of calcination

temperature.
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Fig. 3. Density of specimens as a function of calcination
temperature.
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Fig. 4. Electromechanical coupling coefficient(k,) of

specimens as a function of calcination temperature.
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Fig. 5. Piezoelectric coefficient(dss)of specimens as a
function of calcination temperature.
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Fig. 6. Electromechanical quality factor(Qu) of specimens

as a function of calcination temperature.
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Fig. 7. Temperature dependence of dielectric constant of
specimens as a function of calcination temperature.

Table 1. The physical properties of specimens as a
function of calcination temperature.

Sintering Calcination Density boQ dy  Dielectric
Tem[C] Tem[C] [gem’] ™ " [pCN] Constant

810 4746 0354 7018 153 850 38

830 476 0384 7565 179 926 388

1060 850 4749 0361 773 161 %0 378
§10 4817 0338 905 144 1070 378

§90 4837 0323 10001 141 1082 378
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