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Abstract: In this study, KNbOs-substituted (LiNa,K)(Nb,Sb, Ta)Os ceramics were investigated to develop
Pb-free composition ceramics for multilayer actuator and energy harvester applications. The X-ray diffraction
analysis indicated that all samples were pure perovskite phase and no secondary phase was found. A
tetragonality as a function of KNbO; substitution showed the maximum value at 1.5 mol% KNbOs; and then
decreased. The SEM image analysis showed the maximum grain size of 3.14 um at 1.5mol% KNbOs. In the
composition ceramics with 1.5 mol% KNbO; sintered at 1,100°C, excellent properties of density= 4.75 g/cmg,
electromechanical coupling factor (kp)= 0.50 and piezoelectric constant(dss)= 290 pC/N were obtained, respectively,
suitable for piezoelectric actuator and energy harvester applications.
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1.ME WEkE cldte] ¢ 54 gast Al AgHe
5 TAE oIA7IH, FFdd A AR <
tA dFoolE H Ay A| s 2~EH $8&FH+= ¢ dle] WEEE (waste electrical and electronic
A Mgt 2as PhZr THOA Algtg =7 F55 ©]  equipment), RoHS  (restriction of  hazardous

Z9 o1}, PhO7F E8Eo] gl BAL 1000C Lt substance) 5o wE 37 1A A Ao wat PhE I

AN FAT HAwel W Eds o) wE Y fF A7 AAAF el Aww: 9
9 L webd, o PZTAl EAAE s

ol ot At~ Jfdto] & QE
A, Lead-free A9 F ¢
TR 5 Opn e, il diiouid e th o (NaosKos)NbO; (NKN)& 7]t

[e)
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) Oﬂ fH 3H E%—'% ?i :r"7 }‘ ] —E["— ] al ,\;]\E]'
% vk

a. Corresponding author; juhyun57@semyung.ac.kr

which permits unrestricted non-commercial use, distribution, and reproduction in any N ]
medium, provided the original work is properly cited. NKN 7:” é*é = Yxk —1 S A

eEN

of A &



A7 A A &

= A PZTA x40 wlate] v fd 2 A
(ds= 80[pC/NI, ky,= 36~40%, @n= 130)= H.O]
Atk ol d olf= A KoCOs (89

)<} NaoC03 (851 L) e R TV YdRloe=

tol Fits] AWste A as A7) ofgr] uf

olelgh @S =837l Skl oA 7hA W

2AEAA I ek [23] 2 FolA, SPS

(spark plasma sintering), hot pressing, hot forging,

ox 2

EFE =

e T L

i o o 2
ol

O

IﬂE]

and RTGG (reactive template grain growth)e} Z<
EW3 273 FAL =2 ASo AFgIdAE A xS
ko] &8 ofA] ‘QLE} [4-71.

Iy o3l A ZH] 7}
vt 2 e .T’_"é‘:— Alet =0 AzE AT A=
£ WS Bi, Li, Ta, Sb, BiFeOs, KNbO; [8-10] 5]
18t7} CuO, Zn0O 53 22 AstE &2 249
F3slol NKN Algtdl~o] UE s F4A1Z 5
Tk KNbOs AHAl= &850l 1,064TE w7 witol
NKN z"é"ﬂ S50l @ sHES XFATIE W

4 2D oA EA w3l A A F
7/\ o] Yi5 oA gkt
Arellrt= (10 LiooiNaoseKoasosNoogt - Tan550)Os
% CoO + xKNbOso] Aol tigtel KNbOs
G4 9 olx EAS FASHY U

xvr

il

£ of
ﬁgrmrlr%

wt%
of

et

rlm

>

® AfdAe ¢ 54S
FA Aol ol & >
(Ll,Na,K)(Nb,Ta,Sb)Og i’%‘ Al E]'U Z:O]] KNbO:% Z] :__

.
ol e f1 2 4A 542 wAs,

(1-x)Lio04(Naosa5Ko.46)0.98(Nbo g1 Ta0,155b0,04) O3
+ 0.1wt% CoO +xKNbOs(x=0, 1.5, 3, 4.5, 6 mol%)

99% 01*,:}94 FEE A E ABE 24 wet 107
g7HA OFHES FAME do 3 O
zirconia ballg AF&3sle] 24x17F b &3 E sy
oh T3 B A EE 90T, 6417 HoF ataetith
i ARES HAAE 01 wt% COOQ} KNbO;3
(x= 0, 15, 3, 45, 6)2 mol%o] A Z%3 T 221 &
g Bl AxE A8 PVA (05 wt% &)
5 wt%2 A7kt 170 AdBEe 2 ton/en’el IS 7t
st st A" AHEL 600TCAA 323 St

32

3] =], A269 A3E pp. 204-208, 2013 3¥:

=4 5 205

PVAE HYWHH % F34 &% FHIE 5C/minZ
sto] 1,100Col A 5413+ AZ kit

mm®] Pr A= <Awtstal Ag
T3 F 600CoNA 1083 EA2
&M 3 kV/mmel 2+ =4
Z7HA EiA 300l A
=3k B39 AHES 24X 7 A3 3 impedence
analyzer (Agilent 4294)& ©]-83}>] =3}~ 9 impedence
EAS 374593, LCR meter (ANDO AG 4304)E ©]
&3t 1 KHzo F3r2 d 545 S4skih A4
all A 5742 IEEECIA 11780l wet &% b
X s ol&sto] Alkstalon, Ale] mA 42 9
AR Tz ZH2F SEM (scanning electron microscope) ¥}t
y diffraction) & ©]-&3fo] s}

=
s 4

3. 43 ¢ 1

a8 12 KNbO; A|ghee] o2 A
A4S vERd 1Rlelth XRD 34 74 733} a9 1(a)
oA Holxo] BE AZAA dd HEH X~
%2 HolH tetragonal (WAA) A T+
ATt o)A} A LHE A eEgkh KNbOs | 3H2 4ol
iate] S7F AFrolmE o] Wt wgk whEA|
th 29 1(b)& 43°00A 4874412 e 1ot

[e23
3%

KNbO, 0Omol%

—_ (a) = KNbO, 1.5mol%
) = s
= = KNbO, 3.0mol%
= N KNbO, 4.5mol%
- %‘ a i KNbO, 6.0mol%
= = =
a PR g

= g8g5%% g3
£

w

=
=

- k \
(o=
T T
20 30 s0 50 70
lefractlon angle (20)
=

_ =3

& |(b) ) g

»E KNbO_6.0mol%|
= >

=

ot KNbO_ 4 5mol%o|
=

-

3;' KNbO,_ 3.0mol%

=

=

8 KNbO_1.5mo0l1%o

= Ehibibd
—_—

KNbO_ 0mol%o

4; 43 48
Diffraction angle (20)

Fig. 1. The X-ray diffraction pattern of specimens as a

function of the amount of KNbO3 substitution.
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Fig. 2. The scanning electron microscopy (SEM) of
pecimens as a function of the amount of KNbOs
substitution (0, 1.5, 3, 4.5, 6 mol% KNbOs).

KNbO;3 X gzFell F 7ol whe} tetragonality= 57+
o] 1.5 mol% KNbOsell Al 7Fd =2 3k 1.0129 B

9 F ool pas: AL mat 19 2%
KNbO; A@epo] me Ade nAF2E FAHA

Hul7 (SEM)S.2 e AR o]t KNbO; X &2k
o] Z7}3oll whel, grain size (Y74)& A F71éfo]
1.5 mol% KNbOsel A 7} =2 gt 314 ms K<l
T AAs] Fagrh Grain size (Y74)9 571 9<d

o2 KNbOze 718 22 a4 & 23d Ao
24 KNbOsoll Al Kol &e 27 % 3itals A-site
o] K' o] Aol 57} gy K o] HF3}
o 2ZAAE JMAEE L, Ee] 1,054T 9] ¥ &
AL 7HA = KNbOs7t &2 5 A4S PAd3to
Mg Aste] o] I A4 AE JNAAA FAVI

TOo2 ARHY. o] & A= ol R QA9
Fyorgk PA o] graine AAES AAH7) wWEOR
el

I 32 KNbO; A3k wE Alde] Ux &
A& R FEoh KNbOs | 8haFe] Srhel mel, =
A8 F7rskel 3 mol% KNbOSOM Holol %
4766 g/cm*S UEM ¥ gracth Zrlets o=
KNbO;s A gtel m& Age] FA, Ade 2He %

4.80

4.78

>

93

=N
1

Density (g/cms)

IS

9

S
1

T T T T T
0.0 15 3.0 4.5 6.0

KNbO, (mol%)

Fig. 3. Density of specimens as a function of the
amount of KNbOs substitution.
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