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Abstract: We investigated the sintering behavior and piezoelectric properties of lead-free (KosNags)NbO; ceramics

co-doped with excess 0.01 mol ZnO and x mol MnO,, where x was varied from 0 to 0.03. Excess MnO, addition

was found to retard the grain growth and densification during sintering. However,

improved the piezoelectric properties of 0.01 mol ZnO added (KosNags)NbOs

0.005 mol MnO, addition

The planar mode

piezoelectric coupling coefficient, electromechanical quality factor, and piezoelectric constant ds; of 0.01 mol ZnO

and 0.005 mol MnO, added specimen were 0.40, 304, and 214 pC/N, respectively.

Keywords: Lead-free piezoelectric, Sintering aid, Ferroelectric, Potassium sodium niobate

1. M B
A8 dAxAE 7IAA FRAASIT =1 SRS
d?t 2 EAE 7HRAL QoA = VY AIE 7]
AR W= Hesh= ARoolg o= o]&& 1 gl
o 22 WS B e A4 R ddAAe A
S oA 24 "M #7420l (K,Na)NbOs (KNN)
91 alikali niobate A2} (Bi,Na)TiO3 (BNT)7} £A4&

9l Bi-perovskite 7|9 & 7IX|2 ZA jE=E} [1].
o8] 7] A 4A ARE FolA 5sl 20049
Toyota ZYA+49] Saito 5 [2]0] AAAQ sh=A]|

a. Corresponding author; jslee@ulsan.ac.kr

Copyright ©2016 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.

Ta, Sb2 W% KNNA A A2tel x5 Eds)
Aol Hasto] tidet 252 St 22y oAl
T o] Ad3ZAME RTGG (reactive templated grain
growth)2t= =45t 572 URstL QlojA 4540
2 ZRo] 27 gl

J2y 3 o]% Li, Ta, Sb &0z HASH KNN A
S HHAQ AN2tr] 3o s ARste 542 Aqet
Atzo] Wol et} [3]. 53] Litf Tag &Al
Lgst KNN Axfjof] digh A47F &dstAl Z138= 3l
ou, AAA YA gS dZt 190 ~ 276 pC/Noj| o] =
7oz HuEoict [4-9].
Z6] AlYehe KNN Al A2t 2115 doH
1,100°C o]Ate] AAMdLwrt Q=th J8u A-site
HA4Ql Kot Nao] git/do]l HA 44 Fo ¥ g4
o] A/GE AL, TiA3AE Al Al2tR] BiR] Ui Rof

rr



=

A7 AAA 83 3] = A, #1299 A435 pp. 210-214, 2016 4€:

=7t Agolstel 24 2wtd/dol AXNA AME 4
(]

WL o
i
-
rlr
>
K1
)

Aedelo] gioh [10-19]. 22t AAF Al2he) ax§of 4
2xAz 22 ol&Eol2 ZnO% MnO & &A[
KNN A Al2tejo]l Artsto] Aledh @At dR7HA]
fle JEiolt. metd 2 Ao s A2ada A
574 7hdolzts = 7HAl &5 91sto] KNN A A2t

=
e

o 270 ZnO% Mn0,2 Al A7Istol 2271%
7o 54 ARSIt

2. ME wy

2 d7olHE Qusel At 34 wEes Az
£ AAsHATE =7 99.5%  OJARRl AJoFgo)
Na,CO3, Ky,CO3, NbyOs, ZnO, MnO, 22 Zdldg
2 0]8&35}9 (KagsNags)NbO; + 0.01ZnO + xMnO;

(x = 0, 0.005, 0.01, 0.02, 0.03) &2 =¥ & 4=S

of. WY U Radngu x2ayor AU
S olgsto] BUY WOz 24N7 ETsIUT &
7] gk A ohg F7o] 9k Lol 870
Fobd B71917] ol 850°ColA 2417 FoF sta
g ore, 2 NS 9dstel staE Burg guwm
S22 o8N Baf 3 850°ColA 2417F St Afst
& slnt

stafl Hao] AYAE PVAS AR A7tstel
196 MPacl 2istold 7127t HEWoR 15 mm
Aol A@gos HHstAck. ¥PANaT Loy

4729 A= 5359

1, XA 3]ABAM7] (XRD, RAD III, Rigaku, Japan)
£ olgslof AlRO| AYPES PHIYL AR E
%

UN2E WAEsted AAYE FARI01d (FE-
SEM, JEOL, JSM-650FF, Japan)Z ©]-&3}%ct A7]
= Hstd AlgE 0.7 mm £z #H
gJrlo] & FUHIS AFAQHoR
. 700°CollA 3023 A5t A8E
AAG © AEiolA 130°C2 $2A17A 30%
kV/mmeo] A7 stolA ZFA2 st oF,
Berlincourt di-meter (IAAS 7J-2, Beijing, China)&

olols

211

ol

el

L 22 oo
Ty ok

% Q

32 N

>

2
&,
re

24 eEo WHeto] g 244582
0.01 mol ZnOE AJIst A B2EL AZALEV}
= 2YPHECl F7Istel 1.050°Co] ol2
16%9] F&et Ae&EeS e 22y
1} 7o) Mn0,2 718 A7Ist A9 AXNLAES0
ashs AFE UEUI. of2iet A= MnOy7t
42 Attt AE uistes 222 MnOZt A7t
H KNNo] 47Zo] &XIgltt= o]xlo]

=

tlo
- 2P =

v

o ki

o]

3
|
L

— o

>

as

o
=
B

<3

ZnOg olo] A7iet AJefat
WA =e=cl7l mZ oln] B-site
Rlgro] mebel AJEf=tAl Mno] B-siteof] X|RE|A] X
stel7] WEo= Atm®dt. o e MnOx= dA
=waR EAfstel AZIPoAM GA ols2 Wshst
Ui 225 AAlete Aoz Holt

MnO,o £749A sit= 422 £ Alzo] oish Al
Ang e Aol g5 Sdsl sEt 4
dstr] Aol Algol Y WS 23 °F 0.5 pmo]
itk 22t 0.01 mol ZnOES AZAZA 2 A7tsto

N
N

- A A N
~ O o O
T T T "1
/

®_ o ®
—

=
8]
T

Linear shrinkage (%

o N A O ®
T

0.00 0.01 0.02 0.03
Excess MnO, amount (mol)

Fig. 1. Linear shrinkage of KNN ceramics sintered with excess

ZnO and MnO, as a function of MnO, amount.
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surface FE-SEM micrographs
ceramics sintered with excess 0.01 mol ZnO and x mol MnO;:
(@) x =0, (b) x = 0.005, (¢c) x = 0.1, and (d) x = 0.3.
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Fig. 3. Average grain size of KNN ceramics sintered with

excess ZnO and MnO, as a function of MnO, amount.
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Fig. 4. X-ray diffraction patterns of KNN ceramics sintered
with excess ZnO and MnO, with different MnO, amounts.
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Fig. 5. Planar mode electromechanical coupling coefficient of
KNN ceramics sintered with excess ZnO and MnO, as a

function of MnO, amount.
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Fig. 6. Electromechanical quality factor (Qm) of KNN ceramics
sintered with excess ZnO and MnO, as a function of MnO, amount.
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Fig. 7. Piezoelectric constant ds3 of KNN ceramics sintered
with excess ZnO and MnQO, as a function of MnO, amount.
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