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Abstract

Project Code : MRG5280135

Project Title : Effects of Uniaxial Stress on Electrical Properties of Lithium

Modified Potassium Sodium Niobate Ceramics

Investigator : Dr. Supattra Wongsaenmai
Program in Materials Science, Faculty of Science,

Maejo University, Sansai, Chiang Mai

E-mail Address : wongsaenmai@yahoo.com
Project Period : 2 years (16 March 2009 -15 March 2011)
Abstract :

In this study, effects of uniaxial stress on electrical properties of lithium modified
potassium sodium niobate ceramic were investigated. The high purity and density
were prepared by a conventional mixed-oxide method. The prepared ceramics were
characterized and measured the electrical properties without and under the uniaxial
stress. It found that the electrical properties without the uniaxial stress depended on
the Li content. Furthermore, the effect of uniaxial stress on dielectric properties of
lithium modified potassium sodium niobate ceramic show the dielectric properties
increase with increasing stress. However, the change of dielectric properties under

the compressive stress depends on the composition and the grain size.

Keywords : Lead Free Ceramics; Conventional Mixed-Oxide; Dielectric Properties;
Uniaxial Stress
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(conventional mixed oxide) LAZNITLHITULN asuuulNG (pressureless sintering) Tuane
[13, 14] %odwaimmmaawﬂ‘amﬂwﬂ’mwﬁwa@iaﬂszaw%mwmaaqﬂﬂitﬁ

'
A v A

aLgﬂﬂ‘iﬂﬁﬂﬁﬂuL%\‘iﬂq@ﬁﬁﬂﬂiﬁJﬁ’JFJ "ﬂ']ﬂi']Ux‘]’]%ﬂ’ﬁ’)"ﬂUﬂvlﬁﬁﬁﬂ’]ﬂ@]%ﬂuﬁﬁﬂsﬁiqﬁﬂ

~a qu/ a L a
KNN USE?Y]ﬁ@’)EJ’)%ﬂ’]SL@I%&I&JLLU‘UNaNQQﬂVL‘ﬁGTLL‘]J‘]J@GL@&J [14-17] RUTOLATUURIT

AN KNN N8A10R%UINA ~ 4.20-430 glem' &9Walidn k ~ 0.23-039 uas

'
1 o

d,, ~ 80-110 pC/N Feineinlildae ’5&ﬁﬁfﬂ’iﬁ'mmﬂmjwvl,ﬁﬁ'@ummﬂﬁﬂﬁu6] aladon
§13LTI30N KNN ﬁﬁmﬂwmLLuugaLLa:ﬁauﬁ'@ma"LWﬁhﬁ ANG2BLILTY INABALLLU
hot pressing LAZNIZUIBNIRILATIEAENTLTINANUUL Spark Plasma Sintering (SPS) [4,
13, 14, 18, 23-26] Aawsinefiamaniitseaunagisalwnaasouasianin KNN A
mwmmLLﬂugaLLazﬁawﬂ'ﬁma"LWWWﬁ LL@iﬁ"L&immzauém%’umiﬁﬂmﬂs:qﬂ@‘l‘*ﬁ
I@ULamﬂm%aq@mﬁmimauﬁaoﬁnﬂdﬂ‘*ﬁﬁhﬂum*sm’%wéﬁﬂmﬂﬁﬂf:@iawﬁngo
Lwiashdvl,iﬁmwﬁoﬂdﬁﬁfﬂ"i%‘wmsméjuﬁﬁaﬂaﬁ’]ﬂwﬁﬂmLLasz@ummiLﬁm’\ﬁﬂmﬁ@f:
Tosidanlfinafiemaedouuuunauaan loduuuanduuaznMsrSwnafuuuUnglu
mmmﬂuﬁugm MIANEN T8I UNTZUINA TN TULN DT (sintering aids) Lﬁaﬁﬂvl,ﬂé
MIAANIENTWNaSUUUTIWEV89L%a7 (liquid phase sintering) Qﬂﬁ’]&l’llﬁﬁl T8l
ANMURIIULUUDBIFTLTTIHN KNN DGofiTeawinmadusns BaTiO, W& SrTio, ¥in 1w
laansioiin KNN ﬁﬁm’m%muﬂugq [23, 24, 27] LRZRITLINANURAINGANTINANT
duSuanirasineslsBina3n (relaxor ferroelectrics) al3anmsuad BaTio, uaz SrTiO,
Ruannan udaghslsfanwauiaiie s nrsnnauaaaaiiowsauReuiuasias
Un KNN u‘%qw‘?; WANINHINNTNNWANTITHUDS Matsubara UAZAD [28, 29] hhes
{3 K, CuNb,0,, (KCN) Wz K, ,Cu, Ta,,0,, (KCT) wuiranansnifiaausianalniinle
lapfidn k= 039 uaz k= 042 AMWEIAU Uaz d,, = 180 pC/N Uaz d,, = 180 pC/N
audau wdethslsfiaumafiaiiidesnanrld T, veeszuudininluszuufia KN
u%qm%
Usziduiigosasasduiiiuansdsznoudszianuaanladslidannuiuss

ildglymnsuanaaisdzendamninnaianniunszuinn i duinasuazds



ﬁﬁvlﬂgimﬂﬁ@Lwaﬁaaw%ammmaﬂﬂaaw (secondary  phase) LH8921NNITTLLAL
naeiulavas K0 Namngiiginit s40°a Asvildnmsmuquiianmaiduiuives
ssuuiuldldein s1sumsfnsnavesnsiivezaanvad LiT wi0 Ta GERIM
fIrAn KNN LivedTudssaninenutaiiosdannudn dienaununuiag Saito
t& L a v {
ILREATUEAIN Toyota Central R&D Laboratories [30, 31] GIiGSL"Ij’J%ﬂ’]SL@I&Iﬁ’IQL"II’]LLYmﬁ
USIIDh Assite a2 B-site 289831900 KNN Nillassasnsuuuiwasawalne (ABO,)
laz1sinsin KNN ﬁﬁmﬁmmwugmazﬁamﬂ'@Lﬁﬂ%ﬁlﬁﬂﬂ%ﬂgo dy, ~ 300-400
A 4d a oAl < IS N o o

pCN lasssiniiniieaionlddgasnaluiidu (K, Na, L(Nb, Ta, Sb)o, vl#asion
a { a v QUas @ A QI ‘g/
n KNN ﬁgmmumsm@g"lmummaulaa’mumamwumnmu 1agRNITMIANEINE
PBINILAN LINDO, §3zUUAITLTININ KNN Lﬁalﬂﬁa’mfﬁﬁﬁﬂﬁﬁﬂ’nmmuﬂugo
uwazEN U@ IWAAG ansdieadl T, g9 ihesadadrnalumniludszgndldaui
DIWANNR
9 U U

MIL@N LiNbO, §3zuuaaiasin KNN lapflazaanvad Li' dhunuiyiim
Assite Ml lagasnalduassadsznanibiu (K, Na, LONbO, %38 KNNL lafimsanu
MIILANLIToINUETTINRN KNNL nIanuniuuuile audaniswialasessns

s

& { & ' a a 4 a o A
‘Y]’Nﬁgﬂﬂ?ﬂ 3N T, NIwagNUUINIINNTLAN LiNbO, TINAANNITWITLLAR LT

U
2

o Ao o o A A = v A A
uwrsstayandAYALIUITE R 1u1 2003 S-Y Chu wazame [32] lataIuugnsinsnan
KNNL lagfdSunaswad Li 1w 1%-5%mol Li lagldisn1inanaan Mauuuadtas a1n
ANSNARBINUIN NSUSV Bz eaNDI Li ‘mﬂa@qm%{]ﬁmaamnm%uma‘iwﬂu

a o ' A a a Y A AV A a .
PULLALIN® 61 k, aaadtlaidTouisuAuaILeTn KNN Aludinsdu Li - 91

a v :hIL 1 U 1 = wa A & a A wa Aa & a 1 =

NI lenatigula ledlannInwIaantainaslsalannIn dannlull 2004 Guo

2 a a U ada 6 5 a n:l'
WRZADLY [33]  MAL@IUNENILEINNN KNNL 628330 IHadaan Mawuuadtanlasn
USurawa9 Li 1% 4%-20%mol Li WuinastsnindlasigssealssasdnilalSuno
#oun31 5%mol  Li  wazfSuimuinnidd 7%mol  Li tiatWaNgay K,Li,Nb,O . T3
Iﬂidﬁ%’]dﬁd&@%ﬂﬁ@%‘f (tungsten bronze structure) Lz MPB maaszuuﬁaglumwm
USunow Li b1 5%-7%mol  Li  wananilaasiagauauianis il lasa1aan
ladiannin (€) vasszuuiiddininszuy KNN wazluwilvuanas lusmeh T, 1du

& @ A L Ada o ! v a [ A
YINTW WAZHINUIUTNI Li NR0aTEWINALA8INL MPB Jen k, ~ 0.38-0.44 Uaz
d,, ~ 200-235 pC/N ¢aa138N1INTI98Uad Klein wazame [34] laugunaninanad
284 Guo lagatunewgdnsruvasasioiniuszuuiluuSialnaifssiy MPB lag

=i a 6 wa A& a . . . a a a €
MIANBIURAATZRRNIG LABLANNSA (dielectric properties) bNe lrBLANNINLT I TWUUS

(piezoelectric resonance measurement) RS Tunadnlnsalnil (Raman spectroscopy)



Iuﬁidqm‘ﬁ{]ﬁ ~100-600°¢x LLazwmﬂwﬁqu%Qﬁ@‘h MPB maas:uuagﬂﬂﬁlﬁm
5%mol Li ¢1831 Song WazamE [35] "L@Tﬁﬂﬂ'ﬁ?iﬂmimaa%’mmdgamﬂLLazauﬂaLﬁ'sl
A& a A A a L= .oa ]
15818150 VaIaNTLEINAN KNNL laaNSanmuas Li tiw 0%-9%mol Li ta3aw lagls
ad 6 & a 1 a A . S &
ABmInsuaan MALULAIAY wudtAawauadwaiLazinanaad K .Li,Nb, 0, T
HANNIINNITIELALUEI Na,O  aszningnszuawn i duinas angutanielwin
€, ~ 400-750 k ~ 0.26-0.35 Uz d,, ~ 125-195 pC/N TIRINIDUKAIUTLIMUUES MPB 71
AATEIWIUTI 5%-8%mol Li
v =Y A & = e ] v U &
luﬂwilmaﬁuasaqﬂﬂmfamnmauﬂ?? um:agmalmann:mwmu (stress) 9
a ] d' a a 6fa & a Fd' o U
uma@lamstﬂaUuu;ﬂmﬂizaﬂﬁmwmmqﬂmmaLaﬂmauﬂawgﬂmmimm [36-38]
aanwnIaisfanavasanuandasntans IWivass st indslanudanyde
miaamwuLLa:Lﬁansl,‘*ﬁi'a@ﬂﬁmm:auﬁﬁmmmﬁfﬁ'yﬁtﬁmﬁaoﬁ'umsﬁﬂmmamaa
£ dl 1 o a A& a t:lld 0'/
AMULABLULLN WA daguTaN19 NN Dassn LTI aniWaslsBlannInnNs1sazna
I 6 g L 1 dw 1 £ dl = 1
Wuasddsznaunanadsialdsh Zhao LazAAs [39] WUIIANULABLULLNWLALITNAGE
M3 aswnla9a9auTR MR TINAVIRITIINN soft PZT hard PZT W&z 0.9PMN-
0.1PT laawuinnistlfuniladsuaddn k, LANGANIN L1 soft PZT WAz 0.9PMN-0.1PT &
, ~ o A v A & A a =
Ak T ITNRna L an UL AWANNINT (0-150 MPa) 1buasN hard PZT 36N k, &
v a £ A v £ = o
Wi LN W 8NN AL NN (0-150 MPa) wazlud) 2000 Yang [40] uazaoue 1o
= £ A a ] d' wa U
ANPINAANULABLUULNWASI T NadaN T U Rawnlasasgu T ani19 A 1aI813LE T
3N soft PZT hard PZT GNANIINARaINLWI IENAS1HARINLIWITLUEI Zhao LAZATE
nhlL P =< o =i ' en o Aa
#ANANH LA UNITANEINAVAIANNULA WLLLLARLALIdagNT AN AN Tz N ans
azniiuasnlsenaunanluszuudueg BT-PZT PMN-PT Waz PMN-PZT 910914398
o A ' LN A & a £ o o {
YPITAANTUATADAE [41, 42] wmﬂaum"l,@al,aﬂmﬂmuagﬂummmmmumeﬁmLLaz
a { 1 et J 1 et 1 a 1 =Y ¢ &
m@mnﬂﬁUuLLaJaaLmﬂmaﬂumuagﬂuamwmumaamnmmmmamu@ T UNaN
A A % . 6 A . '
NMILAREUNTBINII ALK (domain wall) wazUIINMITANTILEAY (de-aging) U
289 IIAAI NI AT INUNITANBINAVBIAN VLA WLULLNWLA LA D FUT AN
Iihvasmandndnannasaznilunguueanlalulawadslidanng denulu
Aa e cfd &) n:{' 1 nﬂl & 6 1 dl GV =y a a
N RIndunvinaula Lwal,ﬂuammmj’l,mLwawmmﬂimmmwmaomsmiwm
ﬁfﬂ:gﬂﬁnvlﬂﬂi:qn@“l:ﬁmuluqﬂnmf’ﬁLﬁﬂmaﬁﬂéfﬁﬂi:?m%mwgaq@ WRZRINID LT
uuwimilunsidoiiaiaiunnuiAugiwds nunsmanIninam iR

A oA .
LLNSLNELLWNIRU Lua\'j(ﬂavlll



2. 35n1INaaaY

2.1 suiiguisiay

ada

ac A 3 = a v 0 a = a 6
Iﬂidﬂ’]i’ﬁ]ﬂuﬂitﬂﬂﬂ@’)ﬂiuﬂﬂﬂ FI98 2 RIUKRAN A ﬂ’ﬁl]i$@‘l‘i:l’§u,a$

ATIVFOLANWIULLAWIZVAIRIILTINAN  ((KapsNag 5)1..Li)NDO, ﬁgmm‘%ﬂmmmau

& & a A Y A _Aa a £ a ' 2
aaﬂvléﬁ@LLUU@GL@N LWalﬁﬂl@]ﬁqiL‘ﬁiqNﬂ“ﬂ&ltwauif%ﬂﬁuﬂzwﬂ?’]wﬂuqLLuufﬁGﬂ"ﬁﬂﬂjﬂq

a A v n:l' 1 wva Y Aa n:l' a 1 1 =3
BNITWRUDIAIMULA WL ULLNLA IR ﬂﬁ&m@]‘ﬂ’NVLWW”I"H ANRNILDINUNNEAILAN LL@]E]U"IGVIJT]

mmﬁ%’zlv[ﬁm;ﬂium AUNIRNAAI

1.
2.

>

ﬁﬂmﬁuﬂ%mmmﬁaym’mLaﬂmiwlﬁ*’n’mﬁﬁ,ﬁmﬁaa
MIMIANEEANBUIANZVBIENTAIGY% KCO, NaCO, Nb,0, a2 LiCO, lasiauua

a%NAVDY Ei’]i(?i‘i A (ﬁ’JULﬂ‘%E]\‘I Particle size analyzer (laser diffraction)
ANIFILAIIZRENT  ((Ka,Na, ), Li )NbO, Aa3snuuRayan IR LUUAILAY
anwanswavasilasslunszuiwmssaardasilaands 2 laun mafans
vagas waziiawlalunisinawaaloid (calcinations) (qm%gﬁ‘ﬁ'lﬂumum
LU A TLHLT LLa:éTm']msﬁu/mqm%Qﬁ) Afdenganssunmsnatiaa
LRTRTAIWINGN (U9 PINAUAZNNITUANUIVBIVIABYANA)
Fmsanadnnssaiaioulddonsldinaiadne 9390NW LT% TGA, DTA,
XRD, SEM, TEM 182 EDX 1J%a1h

13Uz Angsnarndin - ((Ka,Na, ), Li )NbO, nnuafitasenldluda 3 @
FEMIENTUNETULULUNG (pressureless sintering) L4a1ne

Fm s DS an ol anasona Ineua AN URIILUREURNEA LN N TLAN
Funaslundaziionly ﬁﬂmuaﬂa"l,mﬁaa%mywq@msumsﬁmﬁmﬂa NNIULUBAD
YDIRIITIAN ((KaO'SNaO'S)l_XLiX)NbO3W%'E]&Jﬁ’:ﬁLﬂi’]zﬁwaﬂ’]iﬂ@aadﬁvlﬁ
imsenwaudane i vesasenin (Ka,Na, ), Li )NbO, neldan1izuuy
Uné Alaifianaudn

FINTAN BN ANTWaTaIAN IR BLLLLNWLAE daguTa laBLannSnuasanta
wasladianvinaassssniin (Ka,Na, ), Li )NbO,
agﬂwamiﬁnmﬁw%wamaam’mL@Tul,mumeﬁlm@iaauﬂ'ﬂ@‘étﬁﬂﬁmmmuﬁa

wWaliBlannInveaIs aain (Kay,Na,), Li)NbO, WIiaunIaglanuaunus
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sznindadplunszuaunisieisa nmanafiaa lassasganmauazaudanig
Tl 23 7mQInAY

10. ﬁnmwujﬁ"l@mmm’i%’mﬁﬁuﬁmml,ws'wamﬁ%’maﬂmﬁmﬁmmﬁzﬁu

WIWITIR TIUNINTIN LA LU ‘]Jiz‘lj&ﬁ‘lﬁ ﬂ’ﬁﬁiﬁl%LLﬂt@hdﬂiz INet

= ao
AN 2.1 LN

BHBAL R I

1. ﬁﬂmﬁuﬂ%nmwﬁagaﬁl,ﬁmil'aa

2. ®Tamvaluazizgadninidngg

3. BINITFILATIEA &1 T ((KagsNag s)1Liy

NbO, WiauAUMIAIIan luNwunzanly

ﬂﬁiL@%UNNGQMﬂ’]‘W@EG

a

4. ANB1ANTWAVDITAILRANLBATEUIUNNT
[ {d'd 1 a 1 a
FANTRNNdang@nssunisneiawa

WATRLTIWINGVBIRNIUARLEAT

5. eJLﬂi’WﬁNﬂLLN&L"TI HUILITWANTIRUN

6. MN13U3Aua1 I INAN ((KagsNags):.

Li )NbO,

7. ANEIANTWAVAILAFUWAN MANTZUIWANT
a 6 dld 1 a 1 a
WITWinas  NRdawnanITunIInaLie

IR Iﬂidﬁ%’]dﬁlaﬂﬁﬂLL&:@Nﬁ@'ﬂNMW’]

mammﬁﬁﬂnﬂgm

a & a Y v A , Aa &
8. IATIEVNA LATHUAUAUULNARIANUN

=

1 =1 o A
LN IR I8 BU 323U N
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AT UHITNIVY (AD)

BHWAL R I

9. YnIAnwaNanNIg Wi IaILEIIEN

((KagsNaps),Li)NbO;  neldaniizuuy

1né Aliianudn

10. ﬁ’]ﬂ’]iﬁﬂ‘]ﬂ"]aﬂ%WaTﬂGﬂ’J’]NLﬁ’uLLUULLﬂ%
dl 3 A A & a A
L(?']HQ@IBQNU@IVL@BLﬂﬂ'ﬂiﬂuﬂzﬁ&lﬂ@]

6 a 3 a a
LWGSI?E’JLaﬂ'ﬂSﬂ"Dadﬁ']il,‘lii’]&lﬂ

((Kag sNag 5)1Lix)NbOg

11. ﬁmiﬂ:ﬁwauauﬁ HUINLITWANTIRUN

12, a7UHANIANBIENTWAVIAULA LY
dl 1 s U =Y
wWAWLAEIAaFNL AN IWHwesa TN
((Kag sNag 5)1Li)NbO; wiaunIayy
- % 6 1 o
ANUFNNUTITnI19T9nlunszuIung

@3N nsnatiang Iﬂidﬁ%ﬁd"gaﬂﬂﬂuﬂz

auﬁ'ﬁma"l%lﬂwaai’a@;mmﬁ

a & a Y v A , Aa &
13. ATICHNR LATYUABRUULNDRIGNUN

LW ILRZLTIHIN mwuaﬁuaugizﬁ

12



2.2 srsiadiuazainsaiily

© «© N o

24.

25.

o

IwunaiBouasuaua  (K,COs) ANVLIFNDINLRE  99.9 NARLALUSEN
Aldrich Uszindieainn

o

lg@onasuaiue (Na,CO,) AMNUIFNDTILRE 99.9 NAAlABLSHN Aldrich
Uszineeava

o

Afsuasuaua (Li,COs) ANLIFNDIBLAZ 99.9 NAAlAUUSEN Aldrich
Uszineieava

o

lulaidoy (NbOs) AMWLTgNTTasaz 99.9 WRalasy3sn Aldrich szine
LEIDTAW

Iwdhilaueanasaa  (polyvinyl alcohol: PVA) HAalawuSun  Fluka
UszinasialraSuaua

afiauaanaaaa (ethyl alcohol) HAALABLIEN Merck Useinaioasa
309793 n08 WaAlABLSHN AND 34 HM-300

nyedlasnansdnwsaneha ltnauans

anuaizaslaiily

- nUnIwaIREn
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

LS DINENENIULUY ball-milling

dninasuuna 500 wae 1000 AaaAT

UASNIUEITIUIN 6 LTUALNAT

LANLERAINTE (hot plate) HRALABLIHN Schott Gerate GMBH31 SLK4
douss wialauu3uh Griffin Grundy

TOUANRIY

AINUANINITNEIBMEN (agate)

teagiliuw (alumina crucible)

LALHES WEALABLTEN Lenton Fumnaces 3% 4280
Lszﬁmﬂamﬁw%’uﬁﬂﬁugﬂmmmﬁumuguﬁﬂmo 10 UARLNGT
wsovsaszuylalasan

NITABNTIBLLET 400 800 LAL1200

LAAIATIVFOUMTAL NNV SI TN (X-ray diffractometer) HN@@alag
U3 SIEMENS 4 D500

ﬂaq'adﬁ;aﬂﬁﬂﬁaLﬁﬂmammudadﬂ‘i’m (scanning electron microscope) W&®
1ae 158N JEOL JSN 840A

N334 (silver paste)

13



26. LCZ-meter WA@lALTHN Hewlett Packard ju HP4276A

27. 1A309300AULLLNKLALY (compressometer)

2.3 mathasfinguazmaasndauaseninlnunafoalndsaluwlawad
andsulyalafiiiaa
mﬂwmes"ﬁwimﬁﬂw"l,ulam@ﬁgnﬂ%’uﬂgoﬁ’m&ﬁw ((KagsNag 5)1Li,NbO;
o x = 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.065 uaz 0.07) anLaREU T M IHEY
aaﬂvlmi(wi.lug\‘uau (Conventional Mixed-Oxide) laginafinnnsuatasuuy Ball Milling
93530380 lamTluITUY (KagsNags),LiNbO; UaTHANITIAIZHNIT
e ldassio Uit

2.3.1. msm%zmm‘[‘wLLﬂﬂL%ﬂNT%LﬁﬂM%T@Jmmﬁgnﬂ%’uﬂ‘gaﬁwﬁtﬁﬂu

AaUinMNILARHNESR 3% T3nsdn Tnunaduuniuaiue (K,C0,) lomdsu
ATuaIUA (Na,COs) ifiuuaniuaiua (Li,CO,) lulaifiua (Nb,Os) gninldiiasest
mmﬂmgmﬂﬁ’smﬂ%aa Particle Size Analyzer (Laser Diffraction) W‘Ll’i’]"llm@mgnﬁﬂ
maams@?\aﬁuag’lumo 2-4 lulaswas Wasannasasdu K,CO, a2 Na,CO; F9ilamna
20-90 lulasiuas %aﬁmm@mgmﬂLmﬂ@mmnmm@mgmﬂmaa Li,CO3 Uaz Nb,Os 39
fa9rinMIuatasy K,CO; a2 Na,CO, Lﬁaa@mm@mgn’]ﬂmaaaﬁgﬂﬁuﬁv’aaaa il
asmaduransaduualndldssnu nasanindumnessunsszuulnunsdoy
Imﬁwvl,uiaw@lﬁgnﬂ%'uﬂ;aﬁaﬁﬁLﬁwnﬂé'mﬁmu X §AUMTTITNIRIGN NS

APTULGAZAATIEIW X AIRNAT6 b7
0.25(1-X)K,CO5+ 0.25(1-x)Na,COs + (0.5%)Li,CO5 + 0.5Nb,05— (Ko sNag s,)1.Li,NbOs+0.5CO,

mMIassuaIaedLdazaanandInm 15 038 uauananlualaua
druanuatseilauiiy dasinafianIuadesuuy Ball Miling w1 24 21w lagld
LaﬁaLLaanaaaﬁLﬂuﬁ’mmaLﬁa"ﬁ’mlﬁﬂqﬂﬂﬁﬂﬁa washasHaurinliuielasnns
N (stirred) drourisuatanwiounulianuouannensSuuiinana wdaal3lu
LU MARN 200 BIFLTALTUN W% 24 T lug iamdannutu oz ldmInauiisy
andudon M dunsaziduamismslilniiua (agate mortar) ué’amnﬁ?umwawgﬂ
aruas loitluga9gaunnil 700-1000 aseioaiBos  daoszoziIa lUNITHILD
Wit 4 2109 uazsa TN Waain 10 aamLﬁﬁaLS’fma@iamﬁ@]’mgﬂﬁ 1 9 niurn
mimwaaquaﬂsmmnﬁ@LWaﬁqm%QﬁLmLma%ﬁ@m6] % A8LNARANIT
R ENLUWBISITENT (X-ray Diffraction W38 XRD)
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=

(DIALHALBYT)

1000°C

UMY

U

7

v

a1 119

31 2.1 RNNITNNTNARDIHILAR LTHVBING (KagsNag 5)1.Li,NbO;

IMNNIINANDININFNIZUY (KagsNag 5)1xLixNbO, VL@Tgmm%munné’@mdmuﬁq
ANTLHLAR LU BININRN (KapsNags),LiNbO; Lial# latian lanisiniuaa bain
WANNZEN PEIUUBINANITIATIEHAL N ARANITLALIL LU B ITIFLONDN b TLHN

v 1 dy Y o A 4 o o J
waaloilasnndasain wonandlaimeniiunsniuaa laduniinisdatugy
(pressing) da8LalRANN lanzuazinIadoaszuulalasfin (hydraulic press) 8auUy
AN19L@e7 (uniaxial  pressing) @28ANA® 0.5 a1 LTwIa WK 30 AwA Lasld
PVA fNilanududusesas 5 lassiwminidusnsiawiien (binder) Watholwaynia
A > A [y AA o & . . 0o & a 'Y PN
Feudanu aladununansusiduudunay (disk) hnnuwnadssluiioegiv
wan 1o KNNLnau%umuLLaﬂ@ulﬁmagﬁmﬂauﬁﬂuuuuazﬁmmwaam KNNL 8n
& ~ v o L A a
Tunis udi ldeluianimnans lasiwusngmnnil 500 asaaaidos 1w
w1 Tl iiald PVA udnnduimeifigunnmanzaaduiainiu

) 2 s J A & a A £3 a
2 7alas drodansiwadasgunniidu 5 asensaFos il azldmsianin
PNNUWINFITETNINNGToN eNNIN22BLENINTA (electrode) FI8NNTNIAIBAIIU
(silver paste) NRINITBIAIUYDIRITLTIINN LLﬁ?ﬁﬂvLﬂLNWIHLGIWLNWBTW‘Sﬁ’Jqu%@uﬁ
| v Q J = I
750 asenimaldus uwawn 12 wif drsdannwasasgungiiii 5 asen
waBuaufl wenanimsaninfdiunmaiudd ldgnihanamseusudanig

MYUAIW LT% AMNRWILLL (density)
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~a ‘g % 6
2.3.2. n13ARFUNEAIUINARANITIRLUWYDITIRLEND (XRD)
Ta39RINANTaIRSETNANNeTuN e R IN1InATaRa L be launI T ez Ren s
o A & 2 A a & o o o ' ]
FIReNTG (x-ray) GITAMNEIARUEUIUITAULAIINUTZHZHIITERINI02ABNYBILTT

dl Q

in e SsmendanniznuiwsIinazian1InIzide (scatter) luqﬂﬁﬂwwaiﬂﬂ%'aﬁ

)]

dq, o = o ﬁl o dl Q dl
Wonuwezyil yu 20 AUTIEANNIzNU WelATa4nTI99U (detector) 11219
ﬁﬁmeQwﬁLﬁﬂms LRUILLWARINNIINATIVFOL LA I1TIRNATIIUNINTEWU LA
= a 1 1 U d‘p dl né
wazdUSurmvinle T,@UgmnmgmmzmwmmaagﬂLmumil,ammuﬂﬂsmgm

LL&@@@T@EU 22

a & a o a . &
TNFRYIUWIINTATLWILLALINUIINANENY (in phase) szl ldanunguas

y & e dl =3 v =
WuIn (Bragg's law) TILRAIAIRNNITIN 3.4 ﬂ%mmmmmﬂi:mmaﬂmam’mwaﬂ

o
nA=2dsin@ (2.1)

\Wa n @8 1.2,3,

A A
A8 ANMULIIARL (wavelength)

= 1

A ITYLHINILHINNILUIU (interplanar spacing)

> 2 >

Ao JuLAEALLL (diffraction angle)

Powdered
sample

______ 3~ X-ray
source

Tl
X-ray detecior

;Jﬂﬁ 2.2 WNBMWNNIATIARDLLWRAIBINATA XRD
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2.3.3. N1IAIVFDUINTANIINIBAIN
NITRIATAITNABILUUDDILTINNN 672 ﬂﬂ']il“ﬁ%é’ﬂﬂ"l‘iu‘ﬂ%ﬁm ARV RN

Archimedes lagiintasinniasoaladuluwsinnaniduiian 2 $alug n9lilwmawln

o ma ud i ldTahwinluin (we) uaztavmidon (wy) udahldavlugaumaiu

2
o e

DAY 24 T3 ABWINNITITNABN LU (W;) BAIFIWITAAIAURUI LT

YDIFINUNAIRNNNT 3.8

— | X
P e PH5O0
Wy - Ws

Al A | S
LB szO A8 AIMNUAWILLWWUIWN

Pc A9 ANNAWIMUUDBILTINNN
w, fAa mdnvassndnnoslwanme

A & a N =
w, Ao ihwinvasernidnngsluanmeamdon
w, fAa dmnnaagrndnnoaluin

2.3.4. NMIARFIULAIEIINIANA

éﬂ%%ﬁﬂﬂsﬁﬂuﬂﬂsaa%amaqamﬂma\‘iLqmﬁﬂﬁL@%qulﬁazﬁaamwaauﬁaEJ

L% U 6fa & 1 o a d' a 3 o
nmilindeasgansiaddidnateuunudaining (SEM) lasknaniniiaTowldunri

o A o a & a A o o a o

anuazatadioiatadsgaaiiloliiaiduiia 30 wifl thamdaasisandinlvnge
aanldanfitsndin ﬁusﬁ'ﬁﬁﬂ"l,ﬂauﬁ’sﬂﬁaumnﬂunm 24 T 1u9 tNavinlw

a v L= a va =3 £ o a 1 A v
LAt snesninldlawaidnas warin lUfauuurianaaniad (stub) areimny
nmagasni lapdaliusnansniduansuzaasfioamiii (free surface) 19dnagluuun
AMUIZRULANITATIIRAY INNIsLafauRvadtrsdnarenaddlasldinadia
sputtering Luiia1  win 4 wit dewazihldasameudiondasaanisaidianasan

LUURRINING (SEM)

[ A A ® a
2.3.5. ms‘mﬂuumiﬂmaﬂ‘mn

U Qs wa =) =) a A wa a a {
luﬂﬂiﬂﬂaadvlﬂ’ma&m@lvl(ﬂaLﬁﬂm‘iﬂ"Uadm‘iLsﬁ‘i’l&m sﬁﬁﬁNU@le@aLgﬂ@‘iﬂﬁ

o A ! A a & a ! a a & a A a
ﬁ’]l]’]iﬂ')@vl,@ e ﬂ’]ﬂdﬂvL@aLﬂﬂWSﬂ (Sr) LLazﬂ’]ﬂ’]iiﬂmVLaﬂﬂ’]\‘]vl,@ﬂlaﬂﬂfﬂiﬂ (tan 8) N

It aswniaslugisanun 1 Alatdsad 09 1000 Alatdsad LLazluﬁaoqmwnuﬁﬁaa

17



= =} £ s é/ A & = 1 =
014 500 adeTaLTos AIsannIwasaigmniidu 2 aseiraiToadam Tag
1%1a389 LCR meter 34 HP 4284A LAZENNIINAIWI ARSI e BLANNIN IaaNaNN1T

23

g, = (2.3)
EgA
o C @8 @1 capacitance

d @8 ANNRWITaIEIETEN

[ '
A A

a AwNRITaIEIAN

>
o) ¥

& #a i permittivity vasgyaInaiien 8.854 X 107 F/m

& @a fasnladlanasn (dielectric constant)

v 7= Aa & a

2.3.6. naaaniatwaslsdlannsn

fnTuMTIarNtaLWas I alannInzIN1IN laa18n13IaI I aInaIdavin
laumyuazyndl$1933 Sawyer-Tower  Nignasnuuulawiziialidmiunisnasay

wa a a A Qs dl' A £ dl' ) a dl' s

GENREENIEELEVLARED) laginsaslatsznavldroiadasiiianfuaypimnig
1WA aasdalaslall Twyazvimriasui@snaaniingnusly siicone oil inailoru
AMILAANITLRIRILVBILTINNN uanmnﬁmm%aaﬁa@iaﬁ'uq@ﬂauﬁumaﬂﬁmﬁu

v

& v a aa A & @ A
VoY LLa:ﬂizmawma.luma;&amammuaamaisﬁa sm‘*g@qllmml,l,ammgﬂ 23

A

A A A o a aa
31]7' 2.3 LLEI@G“];@L@SEN&J@’J@&NU ARINDIDR
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a A ¥ ai 1 wa
24 m‘sﬁnma‘nﬁwamaa ANNLABLUVUAWIALINDANY Glﬂ'ldvlﬂﬁ'l’ll 29813

A A o
LHINNNNLAILN

Tuni1maaadlFANHIBNENATRIANLAULLLLNWLALINHAANTIU AU A

o a o a a dJ o a a dl o v A 1 dl a o
ANTRLARLANYIINURIANTLTINNN TIANITR IPBLANYIINNAIN190TAle Aa AR IABLAN
B3N (g ) WATANNIGALNNIABLANYEN (tan  §) FeAINITNEUATIHANNLATEY LCZ-

meter Tnaginsnilunimaaes wansdsgyl 2.4 Geusaiduinldaslu 499 0-180 wnny

aana udeuAIaIn LCZ-meter F9iluAnANqu8sLiUlszq (capacitance) uaz

ANTQIUALNNIABLANYIEN (tan 8) AzFaNAIUANS AN & AMNANNIGN 2.3

519 2.4 uansginaninldinantd lndianvsnnnglsaninzaauAy
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3. HANIINARDY

31 wansanzdlnunaBoaludsalwlawaniandiudyasfiisaais

A g o 6 . .
INABANITLIRYNUWVBITIFLANT (X-ray Diffraction 1138 XRD)
ANATNARBINININITZUY (KagsNag s)1.Li NbO; VL@‘TQm@‘%wnﬂé'mwmmLﬁ’;
ANTLHILAR LU BININRN (KapsNags),LiNbO; LNal# latianlanisiniuaa baiin
LANNZEY TWEIUNYBINANITILATISRAILNARANITLR LI UBVDITIRLANGN LAV NI TLNA
[-% 1 L dl =4 J w A 6

uaaloilasnndnnain uaadea3UR 3.1 iugduuunisiionuuyasiifianduon
(Kag sNag 5)1,Li,NbO; ﬁqmﬁ{]ﬁtma%ﬁmm:auﬁq@ Ao 9Nl 800 AIFNLTRLTER
o ' < o £ & A '
2852828 NI TLLT I 4 T2 a9 LazAAIINIILNNAWSILT N 10 aseLraldasda
U LATWUINHITIUY (KagsNags),LiNbO; Niassulailassainsuuuinasana ing
W\Iamm:ﬂauaanﬂé'mwmu

317 3.1 URAIFUUULMTAEILUUIBITIRIBNTVBING (KagsNags);.LiNDOs

A &
NNIBNIILNLLA RVLGIT‘H
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(M)

(200)

(002)

x=0.07

Intensity (a.u.)

(202)
(020)

x=0.03

43 o 45 4 47 8
20 (degrees)
(V)

311 3.2 () LLamgﬂLmumiLﬁmmwnaﬁa%l,aﬂ%maamilfﬁﬁﬁﬂ (Kag sNag 5)1xLixNbO;

uaz (1) wEa9gL WUUMILRELUWYBITIRIaNDY aamimﬁﬁﬂﬁgmﬁanmq i}
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1NN3UN 3.2 waeaguuumsisnuusesIFenduadlalsiin (KagsNags):.
Li,NbO; NHEATIFIUUANGANY UazHIUM TN TUNaTNAUWNA 1070 addTaLTya
v 1 UL v ™ t&l | 1
Tz A UMTEIRTUWL 2 T2 1a9 @288aIINTRNDWTN 5 adm oAl Tuada
a | a Aa a £ ‘A A . o
wifl wuhmanaifaaidanuuigntgouas ldimaudandaen Ssunsananld
' a Tt BN ) [ [ '
Pleseuvasfifion (L) sansnuniruwdhglasaiiawatenalnduas KNN ldatng
A [% o A o . {
FUYIHE TINANINARIREAARDINUNUITHTAS Lin  uazame [43]  lugdi 3.2 (1)
LEAIEINIENEVRI UMM IRENDUBITIFaNT Tugayuiaeun (20) 1w 43
= A Ao ] A g o A &
0371 D4 48 29eN T9NOATNEIUVDI X < 0.05 VFUUUUMIRDUUUVBITITONTUFAS
A v =Y {
AMILENVBINA (2 0 2)(0 2 0) Tugaddalassgisnuvaalssondn Tuamei x >
0.06505 &3ULUUMTALINUUVDITIFANTURAINITUENTBINA (00 2)/(2 O 0) B3
=2 o A g A A A AN o A
waaInIlaTIasuuUIaaTenanas sadunvranlainfinsuenvesfanlitaann
@ \ = A a v & 4 & .. [ o
gandm x = 0.06 TaugasihivTualiiduindunsegiiunuaasdasasiuuy
salsvauinuazuuuiaasznaues uazdanuinnngduuumaisiuusesfidend
1 =) dl v =) I3
fag 9 Lianmsiufsuutasvadlassaisuuuuuuealssendnliiiuuuuiaasznanes
{ =) =) QI Jl
WalSUNURNNLANNNINTY [23-24 UaT 29]
¥ v U [} Q =) 1 Q 1 -5 { A
UONINHLAL I AUFAIAIAILLTLA AN TUBILARZDATIRINAIANTIIN 3.1 T4
L e - . . S X4 a4
WUIANALUTURANT a waz ¢ VaaaadlusisusnuaziANTuat ddaLitasiialiy
a Aa A & Aa a J % 6 All dl
USuavasdiioy Jafansdadoivadlasiananaseona indwiasannmsunuiaad
a Tt .t o & [ { o 1 .
losaudifioni) (L Rawresaiilosauidu 0.90 d3aasan) NELALI A-site B30
o 1 =) + r=| + =1 w A I
Funiivadlasaulnunadon (K ) wasloday (Na') Guwasailosawdn 0.33 uay

o o o A o ) a v a X ' = A
0.97 adravad @]’]Na’]@‘U) Iudﬂmzﬂaﬁjqﬁju cl/a NLL“’JI%NLWN%%QU'\T?’J@L?Q N

o . ] a v A P a [% !
8a3§I% x 0.065 TINAIINNTIANZRENTOFUABFIRIAINUTIM a0 T8% X
006 fyx = 007 wendusepdoiWaNTamgIuwnlonnu (Morphotropic Phase

Boundary %438 MPB) 2898130 ANIZUY ((KagsNag s)1.Li,)NbO; [23-24 Uaz 29]

A19199 3.1 LFAIAILUTURANTVOIFNTLTIINN ((KagsNag )L )NDO;

Lattice ((Kag sNag 5)1.4Li, )NbO4

parameters x = 0.03 x = 0.04 x = 0.05 x =0.06 x = 0.065 x =0.07

a (A) 5.6458 5.6421 5.6417 5.6392 3.9463 3.9512
b (A) 3.9503 3.9499 3.9475 3.9458 3.9463 3.9512
c (A) 5.6748 5.669 5.6678 5.664 4.0232 4.0265

c/a 1.0051 1.0048 1.0046 1.0044 1.0195 1.0191
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a v a ~ =

3.2 wamﬁnLﬂ‘nzﬁTﬂsaa‘s'mma'gamﬂmaamsm‘swnfwmesﬁﬂufmﬂsm
A Y [ A A [V [ fa ®
1%Tamm‘ngnﬂsuﬂ‘gamﬂamﬂa\lmﬂnaaeqaﬂ‘s‘m%aLanmammn
dLLNibI (Scanning Electron Microscope ED) SEM)

dl £ a n:l.d =) n( a v o £
L;ua”l,@mwm’mnﬂum’]umqmgo mwmmﬂvl,@gﬂm"l,ﬂ@iaﬁ]aauiﬂiaaiﬁa
mdﬁ;amﬂé‘ma@ﬂugﬂﬁ 3.3 WUINANHULLATUURN BT UFAR VLAV UIIFINNY
MIAUTALUURAAUNA NOATIEIWIZHING x = 0.03 09 x = 0.06 LRAINIILAVAILNT
ugduuuiesanu TuameNoaIaIw x = 0.065 WAz x = 0.07 IN1TLaVaILNTH bal
% o'/ 1 1 J [
LﬂugﬂuuuL(’?ﬁmmﬂ@almvl,ﬂmum‘*uammuagsl,uma 0.2 919 5 lulasiuay Juagnu
USU U aIBLNLN YUIAVDINTULARUUFAIAT IATITVNN 3.2 WUTIUWIALNTULRR LN

J a Aa A dl | a Aa A [ a

NTReNUSuT IR sy Fadunantanmsiauaiisusigluna lnnindulavas

A o o . { Ao '
WNIUTIREAAAINLIIBINUVDY Saito Uas Takao [44] waztdunvraulainnaasain
X = 0.065 WaY x = 0.07 NUWIANTULARULANNINUUDENIDLUNAW TIFINIIDDDTUNEY

t:ll a 131 £ > @ A d' o v a ] n:l 13‘ ]
nalnflielnldannmsaassasussiuauinganiilinsuivwmalnaifiutneadng

e A ™ a a A X A & o
031N UTN UV IR NS VLN NV WLNESLAN D S [45]

A1319N 3.2 LRAIAIAINABIUUBUAZT W ALNIWLARLV D

813NN ((KagsNags)1xLiy)NbO;

Composition Density Average grain

(x) (9/cm?) size (um)
0.03 4.15+0.02 1.00+ 0.06
0.04 4.25 +0.05 1.07+0.14
0.05 4.13 +0.03 1.11+0.12
0.06 4.17 +0.03 1.17+0.09
0.065 4.11 +0.09 2.02+0.33
0.07 4.20+0.01 2.08+0.51
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(1) (a)

gﬂﬁ 3.3 LLamImaa%f'mmaﬁ;an'mmaoaﬁl,m’]ﬁﬂ ((KagsNag 5)1Li )NbO5 73
DATFIBLANGIINY Aa (N) x = 0.03 (V) x = 0.04 (A) x = 0.05 (3) x = 0.06 () X =
0.065 and (&) x = 0.07.
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Aa I3 A A& a A ~ a
3.3 WANIIIAIITHANUG LABLANNINVaaIT I RN nwna Sanlnfaa
A o Y A A A [Y)
TulawafigniSudysarsfiisaluanizfidanainanaan
ﬁnﬂwamaaauﬂ‘avl,@&ﬁﬂw%ﬂ@iaﬂ’m,ﬂﬁUuLLﬂaaqmﬁQﬁLLa:mmﬁ 1, 10, 100
a A6 6 o d' ] A A & a a
uaz 1000 Alaidiad asurasluguh 3.4 wudhauddladidnninvessaninluszuy
(KagsNap 5)1.Li,NbO; WaadnganssNaatua1siweslsdannInuuuyUné (Normal
. = & | e A g ! \ A A A
Ferroelectrics) @9 liuagiuaad uananiwuianaiu x < 0.05 usasiafigunnd
nmaaswnaainlassaisealseuinldgiaasznanea (T,) uazluwilinanasiiie
A A X < . o .
USRI DANTUIUNTING X > 0.06 MINUNAGINGI 3NNTILNUVEI Matsubara
LRZATAS [29] wudﬂmaaﬁ*nLLUUL@Imzﬂauaaﬁmﬁmaﬁmﬁqmﬁ{]ﬁﬁao wanani

a

' Aa t:ll 1 ;:!I A & a [l @ A o t:i A
WUIAANTLA El%LL‘]_]a\‘i“llEl\‘iﬂ’]ﬂ\‘va@aLﬂﬂﬂﬁﬂﬂﬂ’]dﬂ%ﬂﬂ%ﬂﬂﬂﬂqm‘ﬁﬂ&lﬂ‘i (Tg) 3NNY

u
~ a ! A a < a . o : ! A a a &
LﬂiﬂlllfﬂElllﬂ']ﬂ\j'ﬂvl@]ﬂLaﬂ'ﬂﬁﬂ"llaﬂLL@ﬂzamiqﬁ']uWU’Jqqm%ﬁ&]ﬂsLWNTuﬁ]’]ﬂ 443 93¢

= a d LU Ql J
walBaaidn 471 asraaifaganudIumuadiainew GIT\‘]L{]%‘IL?JVL@ NNV VDB

A A a A A < = o . A A A A 2
qmﬁgwﬂ‘m’mﬂ‘immamElwuuLﬂuNam‘ﬂﬁﬂIﬂ‘Na‘i’lwad LINbO35ﬁGNam%ﬂNQ‘§§\7ﬂ\‘]

9 U
~

{1 A ad a { a AaA
1200 asentmares [29] Tuavmziained ladannIngeganguwgiastuua Ty luna

E]

= [ A A A d? a a A dyl = ac a A ]
ReNU AsNANNNYUMNLTINMVeIaIsY l.l’é]ﬂiﬂﬂuf’ﬂﬂTﬁﬁmlﬁﬁm%‘ﬂﬂ@mﬂﬂ‘iﬂhﬂﬂﬂ

U o

a y ay 1 a A 3 < 4 a A
1NU 10% Lﬁaqmwgu"lumu 300 mmwm%mmmwumﬂéﬁu@mﬂmmﬁazﬁaqmwgmwmm

Y v
suguiumamanmaii ihvesansasiin

A15199 3.3 LEAIANRNTA LABLANNINVBIENTLTINAN ((KagsNag s)1.Li,)NbO,

Composition T & tans
x) (°C) (at 25°C, 1 kHz) (at 25 °C, 1 kHz)
0.03 443 407 0.027
0.04 445 611 0.070
0.05 452 572 0.128
0.06 455 719 0.032
0.065 465 744 0.030
0.07 471 736 0.038
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(n) (1)

() (=)

3‘1]‘7; 3.4 LFAIRNUA LADLANNINVBIRNTLTINRN (KagsNag 5)1.Li,NDO, Alasnuyas
mugmnniuazaud 1, 10, 100, 1000 kHz e (n) x = 0.03 (1) x = 0.04
(M) x =0.05 ) x=0.06 (3) x = 0.065 and (a) x = 0.07.
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a 4 Aa A & a a ~
3.4 Wan1vaIIERaNuWaslsBLaNNINVaIFIILBINNNINUNA LT 8 W
landsaluwlowafignuiudyaladaiias
MNNNNUFAINANTIAFNU R IRNSITRUDITTLTINNN (Kag sNag 5)1,LiNbO; 11
g dsuaaslugun 3.5 smsandngnldaualuia 64 50 Alaliatide
LTURLNAT é’ﬂum:mama’mﬁama”%e”ﬁaﬁmmaummﬁnné’mwmu wazanlsdanad
Ba fa drlwarlaimduasdns (P) uazdawmnnihauda (E) ldurasluzlin 3.6 o4
o z X e A - . L . .
mLuJimaaamwagﬂuﬂimmmaamﬁw N Iwan Lt uaIa 98w LR NI
J a Aa A QL =3 Qs 1 1 GL U n::l
WAV UTVI MV IR A NAUNTENIDIDATIEIN X = 0.065 finlwan s suaadaving
J { v { a2 =) QI J
mﬂmug\aq@ﬁ P, = 19.5 pC/em? uaziiumilsinaaadilatsunmuasfiiouiiuunas
a%’: K% £ a v A' J dl' a a A n' é/ 1
#aNANHEFWI WA UA 9T [ AN WL LS bR LA VAL AL AN AIDEN
& Ao ' ') A £ a A A '
FIAL59N903187I% X = 0.065 LazNAUNIANARANUSN U0 IRNLY N1TAARIVAIAN
U v | { { { ™ U t-‘-g/
gy ihauaaluananmsnefewnaadnts lawn lainodu [46] NRANTT
maaawudwmnau&ﬁﬂm%g} F13L59310N KNN ﬁw"l,ﬂg'mﬁﬁwmauﬁ'aL'V\Iaﬂial,ﬁﬂ
a { Q 1 v > 1 { > > é
n3n lagawizsandwlnaifoinusosdawanismgrwnlownn  (MPB) @il
[-% { v e e a ‘é v e v o a
ANBUaNIENARNYARIAUAURIIEIEN PZT [11]  Siseaadadnudaduilugin

L D9A UL BEIUYBINAVAINITLRLINLUVAITIRL NS

v

311 3.5 LEAIUTaNEITEVRIA TN (KagsNags)LiNbO; N manniivias
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22 22

— 20 20
g
s 18 «—— 18 =
=2 )
\-fh "S
as 16| 16 2
= o
S u 14 =
o: - -
s =
.E g @
I 12 iz
° —_—> v
- .z
s 10} {10 g
L %]
= (=]
8 &L 18 @
%]
=4

6 16

4 | ) | N | | 4

0.02 0.03 0.04 0.05 0.06 0.07 0.08

Compsition (x)

311 3.6 urAIAILUITRINDITRVBITTLTTINN (KagsNag s)Li,NDO;

3.5 WANSANEIDNENAVDIAMNLABULLLNWALIGaaNITANIS INH 209813
iwnfinlnunaGoalndoalulowafignuiudyeaefifies
@ wn A & a A a o Aa o
AINNANINARDINARNUA LaBLANNINALURswLasn e ldan1rendanuLedn
goﬁa 180 tunzinaa1a N aud 1 Alatdsad N3N 3.7 LRAIANAIN LABLANNIN
Mulagn1ENRA NN UV BIFNTLTINAN (KagsNags)iLi,NbO; annTWuaasliiAnin
1 A:ll A« a a v nl &/ ‘ﬂl cal £ tg/ 1 ‘ﬂl LU 1
FAIN o BLANNINH L I NN ND LT BN UANNLA BT LALNDAAAINULABAINLIT
ANBHLFWNIINNAU LILYLAN nanemenTUwul89209a710990 LaBLANNI N
v A a £ ° @ =i o A
ANMULARNLANTULAZANAY &IU1IDTwNanEmen1TtURwLladldsaslszinnda
~ A Aa ~ v o~ & o = A o '
LUUN 1 AanTINNIMTURULLRIANNANNLAWLNESLANGDE TINUNAATIFINYDI X
- d a A A X ' d ~ v a £
= 0.03 019 0.06 TIFANAIN LABLANNINLANNTWIUTII 1-5% WL ANANUAWANTUFIFA
d' ] A 1 1 A Aa & a A A' &/ 1 g =1
180 WNZUEAA lumm:wﬂgm 2 WUIANAIN LABLANNINA AL NN LI TALID
A ~ v a £ P P a
16% LUBINUANNIALLANTUFIFA 180 Lunzihaana uaﬂafmuﬂ’]msgtyl,amma"lma
A ~ & ' { A v a &
LRNNSNLANANAWIUWTI9 50 119 68% WaliuANULABLANTIEIFA 180 Lunz1aAa
N8aTMAI% x = 0.06 Uaz 0.07 luvmeNanTaIn x = 0.03 uaz 0.05 AINIIFYLFEN
P A P’ £ { ~ v a £
laBLannInNNNINTW 25% WaliuANULABLANTLEIFA 180 nzlFANa
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Dielectric Const:

1400

| [P KR —m—v=N N3
| v v
800 | ——
L Ve W
600 |- R N N : e o .
400 | Il ---------------- { IEETETSTTSIRTPe Poooeeeeee e ] ]
200 -I I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1

gﬂﬁ 3.7 N9 NLAAIANNANRUS TN 9A AN P BLENY N LA NLAL

0.3

02

0.1

0.0

YAIAILEETINN (Kag sNag 5)1.LiNDO3

l!l e a 6 1 1 a a & a 01
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Abstract:

In this work, the solid solution of ((KagsNags)1«xLix)NbOsceramics with x = 0.03, 0.04, 0.05,
0.06, 0.65 and 0.07 were prepared by a conventional mixed-oxide method and

conventional sintering. The structural phase formation and microstructure were
characterized by x-ray diffraction technique (XRD) and scanning electron microscopy
(SEM). It has found that at x = 0.06-0.07 near a morphotropic phase boundary (MPB)
between orthorhombic phase and tetragonal phase. Finally, dielectric and ferroelectric
properties were investigated. The Li modified on (KagsNags)NbO3 ceramics plays an

important role on the Curie temperature, dielectric constant and hysteresis loop.

Keywords:  Li modified KNN, Conventional Mixed-Oxide, Dielectric Properties,

Ferroelectric Properties

1. INTRODUCTION
The Pb(Zr, Ti)O; or PZT ceramics have been widely used as sensors,
actuators and transducers because of their excellent electrical properties [1-2].

However, the PZT contains lead oxide, which pollutes the environment and is
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harmful to human body. In the last decades, a large number of researches have
been carried out on lead-free piezoelectric ceramics to substitute for the widely
used PZT for high performance applications [3-5]. Besides the developed
potassium sodium niobate ((K, Na)NbO; abbreviated as KNN) based ceramics
with properties comparable to those of unmodified PZT ceramics were reported by
Saito et al [6]. KNN has been considered a good candidate for lead-free
piezoelectric ceramics because high Curie temperature (T.~400°C) and high
piezoelectric properties close to Morphotropic Phase Boundary (MPB) at around
50% K and 50% Na separating two orthorhombic phase as for PZT [7-8]. However
the KNN has many problems arise, especially during the synthesis. Alkaline based
starting powders are moisture sensitive leading often to disintegration of the
samples after sintering. Another drawback is the poor densification during
sintering which prepared by the conventional mixed oxide. A good densification of
the samples was achieved by other techniques as hot-pressing and Spark Plasma
Sintering (SPS), however, these techniques quite expensive and not suitable for
industrial productability [9-10]. Li, Ta and Sb modified KNN were reported in
2004 to exhibit properties comparable to those of PZT [11-13]. These modified
composition promise to be a new generation of environmentally safer piezoelectric
materials. In this work the Li modified KNN ceramics were chosen to produce high

quality ceramics by conventional mixed oxide technique.

2. EXPERIMENTAL
The powders of ((KagsNaps)1xLix)NbO; (x = 0.03, 0.04, 0.05, 0.06, 0.65 and
0.07, abbreviated as KNNL) were synthesized by a conventional mixed-oxide method.

Potassium carbonate (K>COs, 99.9% purity), Sodium carbonate (Na,CO3, 99.9%
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purity), Lithium carbonate (Li,COs, 99.9% purity) and Niobium oxide (Nb,Os,
99.9% purity) were used as starting powders. Mixed powder was milled for 24 h
with the ZrO, balls in isopropanal. Two calcinations at temperature 800 °C for 4
hours were then performed to obtain the single phase formation. Pellets were
pressed into 10 mm diameter with 1% PVA. The pressed pellets were sintered with
the soaking time of 2 hours in a double crucible configuration at optimum
temperature 1070 °C. To prevent the evaporation of K,O above 840 °C, the pellets
were buried in protective powders [14].

The phase formation of the sintered ceramics were analyzed by X-ray
diffraction (XRD), using CuK,, radiation to determine the phases formed and
optimum firing temperatures for the formation of desired phase. The
microstructure was investigated by scanning electron microscopy (SEM, JEOL
Model JSM 840A). For the evaluation of electrical properties, gold electrodes were
sputtered on both sides of the samples. The samples were applied in a 50 kV/cm
field with a temperature of 50 °C for 15 minutes, and the samples were cooled to
room temperature in the electric field. The dielectric properties were measured
with an LCR meter (HP-4284A, Hewlett-Packard, Santa Clara, CA) in conjunction
with an environmental chamber (9023, Delta Design, Poway, CA). A heating rate
of 2 °C/min and frequency of 1 kHz were used during measurement. Ferroelectric
hysteresis loops were evaluated at room temperatures (~25 °C) with a standardized
ferroelectric test system (RT-66A, Radiant Technologies, Albuquerque, NM). A

peak electric field of 50 kV/cm was applied.
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3. RESULTS AND DISCUSSION

The XRD patterns of the ((KapsNaps)1«Lix)NbOs; ceramics with various X
values are shown in Figure 1(a). It can be seen that a complete crystalline solution
of perovskite structure is formed throughout the whole composition without
unwanted phases. This indicates that the Li* have completely diffused in to the
KNN lattice to form a new solid solution [15]. Figure 1(b) is the magnification of
XRD patterns in the range of 20 from 43 to 48°. The ceramics with x < 0.05, the
XRD patterns show only (2 0 2)/(0 2 0) peak splitting confirm its orthorhombic
symmetry. For x > 0.065, the XRD patterns show only (0 0 2)/(2 0 0) peak splitting
confirm its tetragonal symmetry. More interestingly, the composition with x = 0.06
exhibited broadening peak, indicating the coexistent of orthorhombic and
tetragonal phases. It seems that the structure of the ((KapsNays)1xLix)NbOs ceramics
compositions is gradually changing from orthorhombic to tetragonal with
increasing X contents [11-12, 16]. This observation is obviously associated with
lattice parameters as shown in Table 1. The parameters a and ¢ decrease initially
and then increase with Li contents. Thus, distortion and deformation of the
structure took place when K* and Na* ions were substituted into the site with Li*
ions, because the ionic radius of Li* (0.90 A) is smaller than the ionic radii of K*
and Na* (1.33 and 0.97 A, respectively). The calculation c/a ratio decrease slightly
from x = 0.03 to x = 0.05 and then increase sharply at x =0.065. The result further
confirms that the phase transition from orthorhombic to tetragonal is found near the
composition of x =0.06-0.07. To a first approximation, it could be said that the
composition around x = 0.06-0.07 is close to the morphotropic phase boundary

(MPB) of the ((KapsNaps)ixLix)NbO; ceramics, where the structure of the
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((KagsNags)1xLix)NbO3  ceramics compositions is gradually changing from
orthorhombic to tetragonal [11-12, 16].

Figure 2 shows microstructure of ((KagsNays)1xLix)NbO3 ceramics sintered at
their optimum sintering temperature. The microstructure of the ceramics shows
square or rectangular grain shape and some large abnormal grains. The
composition of x = 0.03 up to x = 0.06 show uniform grain growth, whereas the
compositions of x = 0.065 and x = 0.07 exhibit non-uniform grain growth patterns.
The average grain size was determined with the linear intercept method and is
summarized in Table 2. The grains have difference size and size distributions from
<0.2 to 5 um depending on the Li content. It evident that the average grain size
increase with increasing Li content, indicating Li promote grain growth [17]. The
micrographs show abnormal grain growth especially the composition of x = 0.065
and x = 0.07, indicating the population of abnormal grain increase with Li addition.
It can be explained in term of a reduction of the critical driving force for rapid
grain growth by addition of Li. The critical driving force for rapid grain growth
decrease by adding Li, leading the number of grain growth increased [18].

The temperature dependence of the dielectric constant in ((KagsNags)i-
«Lix)NbO; ceramics measured at 1 kHz is show in Figure 3. All samples show
typical temperature dependence of the dielectric constant curves. Its evident that
two phase transitions corresponding the orthorhombic to tetragonal (T.) and
ferroelectric tetragonal to paraelectric cubic (T¢) phase transition, respectively. For
X < 0.05, the broaden peak at T, shifted toward the lower temperature regions with
increasing Li content. On the other hand, x > 0.06 shows no peak corresponding to
Tot, Which means the tetragonal phase, was stabilized at room temperature [16].

The room temperature dielectric constant (e;), dielectric loss (tand) and Curie
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temperature (T;) of the ceramics are listed in Table 2. It found that Curie
temperature generally increases from 443 to 471 °C with increasing amount of Li
content. The maximum dielectric constant also follows trend. Clearly, this
observation can be expected because LiNbO; has a large crystal anisotropy and
high Curie temperature of 1200 °C [16]. The temperature dependence of the
dielectric loss for ((KapsNags):«Lix)NbO; ceramics measured at 1 kHz is show in
Figure 4. It can be seen that the dielectric loss is lower than 10% from room
temperature up to 300 °C and reach a peak at the Curie temperature, after which it
increased rapidly owning to conductive losses.

The polarization-field (P-E) hysteresis loops of ((KagsNags)ixLix)NbO3
ceramics are shown in Figure 5. The well-developed and fairly symmetric
hysteresis loops with the field are observed for all compositions. To further assess
ferroelectric characteristics in ((KagsNags)1xLix)NbOs ceramics, the ferroelectric
parameters, remnant polarization (P;) and coercive field (E;), have been exacted
from the experimental data given in Fig 6. Both of the remnant polarization (P;)
and the coercive field (E.) exhibited a clear dependency on composition x. It can
be seen that the remnant polarization (P;) increase with increasing with Li content,
when the composition x is 0.065, the remnant polarization (P;) achieves its
maximum of 19.5 uC/cm? and further increase Li content cause the decrease the
remnant polarization (P;). On the other hand, the coercive field (E) increase with
increasing with Li content, when the composition x is 0.065, the coercive field (E;)
show slightly decrease and then increase with increasing composition x. For x =
0.065, lower coercive field can facilitate the domain movement [19]. The result
indicate that the addition of Li improve the ferroelectric characteristic of KNN

ceramics especially the composition of x =0.065 show maximum the remnant
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polarization (P;), indicating near the MPB between orthorhombic and tetragonal
phase of this system. The MPB compositions are well known to posses enhanced
properties, with the most important example being Pb(Zr,Ti)O3 ceramics [7].
Interestingly, the XRD results described earlier also points to the composition

between x = 0.06 and x = 0.07 is close to MPB of the system.

4. CONCLUSIONS

In this study, ceramics in the ((KagsNags)1xLix)NbOs system (when x = 0.03,
0.04, 0.05, 0.06, 0.065 and 0.07) were successfully prepared by the conventional
mixed-oxide technique. The ceramics were identified by XRD as a single-phase
perovskite structure, which the mixed composition showed gradual change from
orthorhombic to tetragonal symmetry, with a possible morphotropic phase
boundary (MPB) between two phase near composition between x = 0.06 and x =
0.07. The Curie temperature (T;) of the ceramics shifted to higher temperature
with the increasing of Li content. In addition, the ferroelectric properties were
found enhance at composition of x = 0.065. This study showed that the addition
of Li could improve the dielectric and ferroelectric behavior in (KagsNags)NbO3

ceramics.
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Table 1 Lattice parameters of ((KagsNags)1.xLix)NbOs ceramics.

Lattice ((KaOSNaOS)l-xLIX)NbOS
parameters
x=0.03 x=004 x=0.05 x=006 x=0.065 x=0.07
a(A) 5.6458 5.6421 5.6417 5.6392 3.9463 3.9512
b (A) 3.9503 3.9499 3.9475 3.9458 3.9463 3.9512
c(A) 5.6748 5.669 5.6678 5.664 4.0232 4.0265
cla 1.0051 1.0048 1.0046 1.0044 1.0195 1.0191
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Table 2 Physical and electrical properties of ((KaysNaps)1xLix)NbOzceramics.

Composition

(X)
0.03

0.04

0.05

0.06
0.065

0.07

Density
(g/cm®)

4.15+0.02
4.25+0.05
4.13+0.03
4.17 +0.03
411 +0.09

4.20+0.01

Average grain

size (um)

1.00+ 0.06
1.07+0.14
1.11+0.12
1.17+0.09
2.02+0.33

2.08+0.51

Te

(°C)

443

445

452

455

465

471

Er
(at 25°C, 1 kHz)

407

611

572

719

744

736

tanod
(at 25 °C, 1 kHz)

0.027

0.070

0.128

0.032

0.030

0.038
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List of Figure Captions

Figure 1 (a) XRD patterns of ((KaypsNaps)1xLix)NbO3 ceramics; (b) selected region of
the diffraction patterns.

Figure 2 SEM micrographs of ((KagsNaos)1-xLix)NbO3 ceramics with various
compositions:

(a) x=0.03 (b) x = 0.04, (c) x = 0.05, (d) x = 0.06, (e) x = 0.065 and (f) x = 0.07.
Figure 3 Temperature dependence of the dielectric constant at 1 kHz
((KagsNags)1-xLix)NbO3 ceramics.

Figure 4 Temperature dependence of the dielectric loss at 1 kHz ((KagsNags)1-
xLIx)NbO3 ceramics.

Figure 5 Hysteresis loops of ((KagsNags)1-xLix)NbO3 ceramics at room
temperature.

Figure 6 P, and E. of ((KagsNags)1-xLix)NbO3 ceramics at room temperature.
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(@)

(b)
Figure 1 (a) XRD patterns of ((KagsNaos)1xLix)NbO3 ceramics; (b) selected region

of the diffraction patterns.
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(a) (b)

(b) (d)

(e) ()
Figure 2 SEM micrographs of ((KagsNags)1-xLix)NbO3 with various
compositions: (a) x = 0.03 (b) x =0.04, (c) x = 0.05, (d) x = 0.06, (e) x =0.065

and (f) x = 0.07.
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Figure 3 Temperature dependence of the dielectric constant at 1 kHz

((KapsNags)1-xLix)NbO3 ceramics.
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Figure 4 Temperature dependence of the dielectric loss at 1 kHz ((KagsNags)1-

xLIx)NbO3 ceramics.
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Figure 5 Hysteresis loops of ((KagsNags)1-xLix)NbO3 ceramics at room

temperature.
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Figure 6 P, and E. of ((KagsNays)1-xLix)NbO3 ceramics at room temperature.
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Abstract:

In this work, the solid solution of ((KagsNags)1.xLix)NbOs; ceramics with x = 0.03, 0.04,
0.05, 0.06 and 0.07 were prepared by a conventional mixed-oxide method and
conventional sintering. The structural phase formation and microstructure were

characterized by x-ray diffraction technique and scanning electron microscopy. The
ceramics were identified by XRD as a single-phase perovskite structure, which
the mixed composition showed gradual change from orthorhombic to tetragonal
symmetry. The grain size and the optimum density of sintered ceramics are
relatively composition dependent. The dielectric properties under the uniaxial
compressive stress of the ((KagsNags)1«Lix)NbO; ceramics are observed at stress up
to 180 MPa. The results show the dielectric constant and the dielectric loss
tangent increase with increasing the applied stress. The change of dielectric
properties under the compressive stress depends on the composition and the grain
size. The observations are interpreted on terms of a superposition of the intrinsic

and extrinsic contributions to the dielectric properties change upon applied stress.
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1. Introduction

The Pb(Zr, Ti)O3 or PZT ceramics have been widely used as sensors,
actuators and transducers because of their excellent electrical properties [1-2].
However, the PZT contains lead oxide, which pollutes the environment and is
harmful to human body. In the last decades, a large number of researches have
been carried out on lead-free piezoelectric ceramics to substitute for the widely
used PZT for high performance applications [3-5]. Besides the developed
potassium sodium niobate ((K, Na)NbO3; abbreviated as KNN) based ceramics
with properties comparable to those of unmodified PZT ceramics were reported by
Saito et al [6]. KNN has been considered a good candidate for lead-free
piezoelectric ceramics because high Curie temperature (T.~400°C) and high
piezoelectric properties close to Morphotropic Phase Boundary (MPB) at around
50% K and 50% Na separating two orthorhombic phase as for PZT [7-8]. However
the KNN has many problems arise, especially during the synthesis. Alkaline based
starting powders are moisture sensitive leading often to disintegration of the
samples after sintering. Another drawback is the poor densification during
sintering which prepared by the conventional mixed oxide. A good densification of
the samples was achieved by other techniques as hot-pressing and Spark Plasma
Sintering (SPS), however, these techniques quite expensive and not suitable for
industrial productability [9-10]. Li, Ta and Sb modified KNN were reported in
2004 to exhibit properties comparable to those of PZT [11-13]. These modified

composition promise to be a new generation of environmentally safer piezoelectric
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materials. In this work the Li modified KNN ceramics were chosen to produce high
quality ceramics by conventional mixed oxide technique. Furthermore, there has
been no report on the influences of the applied stress on the dielectric properties of
Li modified KNN ceramics. Therefore, the goals of this work are to investigate

dielectric properties under compressive stress of Li modified KNN ceramics.

2. Experimental

The powders of ((KagsNags)1Li,)NbO; (x = 0.03, 0.04, 0.05, 0.06 and 0.07,
abbreviated as KNNL) were synthesized by a conventional mixed-oxide method.
Potassium carbonate (K,COs, 99.9% purity), Sodium carbonate (Na,COs, 99.9%
purity), Lithium carbonate (Li,COs, 99.9% purity) and Niobium oxide (Nb,Os,
99.9% purity) were used as starting powders. Mixed powder was milled for 24 h
with the ZrO, balls in isopropanal. Two calcinations at temperature 800 °C for 4
hours were then performed to obtain the single phase formation. Pellets were
pressed into 10 mm diameter with 1% PVA. The pressed pellets were sintered with
the soaking time of 2 hours in a double crucible configuration at optimum
temperature 1070 °C. To prevent the evaporation of K,O above 840 °C, the pellets
were buried in protective powders [14].

The phase formation of the sintered ceramics were analyzed by X-ray
diffraction (XRD), using CuK,, radiation to determine the phases formed and
optimum firing temperatures for the formation of desired phase. The
microstructure was investigated by scanning electron microscopy (SEM, JEOL
Model JSM 840A). For the evaluation of electrical properties, gold electrodes were
sputtered on both sides of the samples. The samples were applied in a 50 kV/cm

field with a temperature of 50 °C for 15 minutes, and the samples were cooled to
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room temperature in the electric field. The dielectric properties were measured
with an LCR meter (Instrek LCR-821). The capacitance and the dielectric loss
tangent were determined at room temperature and with various the frequency of 1
to 100 kHz. The dielectric constant was then calculated from a parallel-plate
capacitor equation, g, = Cd/goA, where C is the capacitance of the sample, d and A
are the thickness and the area of the electrode, respectively and ¢ is the dielectric

permittivity of vacuum (8.854 x 10" F/m).

3. Results and Discussion

The XRD patterns of the ((KapsNaps)1«Lix)NbO; ceramics with various X
values are showed in Fig. 1. It can be seen that a complete crystalline solution of
perovskite structure is formed throughout the whole composition without unwanted
phases. This indicates that the Li* have completely diffused in to the KNN lattice
to form a new solid solution [15]. It seems that the structure of the ((KagsNags);-
«Lix)NbO; ceramics compositions is gradually changing from orthorhombic to
tetragonal with increasing x contents [11-12, 16]. The optimized density of sintered
((KagsNags)1xLix)NbO3 ceramics is listed in Table I. It is observed that the density of
((KapsNaps)1xLix)NbO; ceramics is not significant changed with amount of Li. The
average grain size was determined with the linear intercept method and is also
summarized in Table I. The grains have difference size and size distributions from
<0.2 to 5 um depending on the Li content. Its evident that the average grain size
increase with increasing Li content, indicating Li promote grain growth [17]. In
addition, the dielectric properties at 1 kHz under stress-free are also showed in
Table 1. It can be observed that the dielectric constant increases with increasing

amount of Li, while the dielectric loss tangent no significant changes with Li
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contents. These results are important in the discussion of the influence of stress on
the dielectric properties of the ceramics.

The uniaxial compressive stress dependence of dielectric properties of
((KagsNags)1xLix)NbO3; ceramics at 1 kHz are showed in Figs. 2 and 3. The
compressive stress first increases up to 180 MPa and then down to the initial value of 0
MPa. There is a significant change of the dielectric constant and dielectric loss
tangent of the ceramics when the applied stress increase and by decreasing the
applied stress; the initial values could not be recovered for all compositions. The
changes of the dielectric constant with the applied stress can be divided into two
different groups. For the small compositions between of x = 0.03 and 0.06, the
dielectric constant raise slightly with increasing the applied stress. It can be seen that
the dielectric constants are enhanced varies between 1 and 5% of the dielectric
constant at 180 MPa applied stress. On the other hand, for the compositions of x =
0.07, the dielectric constant increases drastically with increasing the applied stress
and by decreasing the applied stress. The enhancements in the dielectric constant
are observed nearly 16% at 180 MPa applied stress. Furthermore, the dielectric loss
tangent shows similar trend with the dielectric constant as the function of applied
stress. The largest change occur in composition of x = 0.06 and 0.07 with the
dielectric loss tangent enhancement of nearly 50% and 68% at 180 MPa applied
stress. For other compositions, the increase in the dielectric loss tangent varies
between 10 and 25% at 180 MPa applied stress.

In order to understand the observations, the experimental results are
interpreted in terms of a superposition of the intrinsic and extrinsic contributions to
the dielectric properties change upon applied stress. The intrinsic contribution is

the respond of a single domain crystal under appropriate conditions. The other
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extrinsic contributions are related to the existence of domains and domain walls
[18, 19]. When the mechanical stress is applied to a ferroelectric material, the
domain structure in the material will change to maintain the domain energy at a
minimum; during this process some of the domains engulf other domains or change
shape irreversibly. Under a uniaxial stress, the domain structure of ferroelectric
ceramics may undergo domain switching through non-180° domain walls,
clamping of domain walls, de-aging, and de-poling [19].

The response of ((KagsNaogs)1xLix)NbO3 ceramics in the function of the
uniaxial compressive stress is influenced by many mechanisms possibly as showed
in previous statements. Under the compressive applied stress, domain switching
processes create non-180° domain walls that increase the extrinsic contribution to
the response [19]. The de-ageing mechanism is also expected to play role here [19-
21]. The combination of both effects leads to increase the dielectric constant during
the applied stress. It should be noticed that the dominating change of the dielectric
constant under the applied stress at the compositions of x = 0.07, possibly due to
highest average grain size in comparison with other compositions as showed in
Table 1. The grain size influences the domain wall motion, which in turn affects the
extrinsic contribution of the response. For small grain sizes, the irreversible
movement of the domain wall is more difficult due to internal stresses, which
lowers the extrinsic contribution, as reported previously in barium titanate
ceramics [22]. On the other hand, the dielectric loss tangent change similar trend
with the dielectric constant as the function of applied stress. The increase of
domain wall mobility leads to enhance the dielectric loss tangent for all

compositions [19, 20].
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4. Conclusions

In this study, ceramics in the ((KagsNags)1xLix)NbOs system (when x = 0.03,
0.04, 0.05, 0.06 and 0.07) were successfully prepared by the conventional mixed-
oxide technique. The ceramics were identified by XRD as a single-phase
perovskite structure, which the mixed composition showed gradual change from
orthorhombic to tetragonal symmetry. The grain size and the optimum density of
sintered ceramics are relatively composition dependent. The dielectric properties
under the uniaxial compressive stress of the ((KapsNags):«Lix)NbOs; ceramics are
observed at stress up to 180 MPa. The results show the dielectric constant
increase with increasing the applied stress. On the other hand, the dielectric loss
tangents are also show similar trend with the dielectric constant under the
increasing compressive stress. The observations are interpreted on terms of a
superposition of the intrinsic and extrinsic contributions to the dielectric

properties change upon applied stress.
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Table I Characteristics of KNN-LN ceramics with optimized processing condition.

Stress-free dielectric properties

Composition Density Average grain T, (25°C and 1 kHz)
(x) (g/cm?) size (um)  (°C)

Er tand
0.03 4.15+0.02 1.00 443 407 0.027
0.04 4.25+0.05 1.07 445 611 0.070
0.05 4.13+£0.03 1.11 452 572 0.128
0.06 4.17 £0.03 1.17 455 719 0.032
0.07 4.20+0.01 2.08 471 736 0.038
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Fig. 1 XRD patterns of sintered ((KagsNags)1xLix)NbO; ceramics.
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Fig. 3 Uniaxial stress dependence of dielectric loss tangent of ((KagsNays)1-

«Lix)NbOs ceramics.
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Fig. 1 XRD patterns of sintered ((KagsNags)1.xLix)NbO; ceramics.
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Fig. 2 Uniaxial stress dependence of dielectric constant of ((KagsNags)1.xLix)NbOs
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Abstract: The solid solution of ((KagsNags)i<Lix)NbO; ceramics with x = 0.03, 0.04, 0.05,
0.06, 0.065 and 0.07 are prepared by a conventional mixed-oxide method. The structural
phase formation is characterized by x-ray diffraction technique. XRD analysis shows that the
possible morphotropic phase boundary (MPB) between orthorhombic phase and tetragonal
phase is identified near the composition of x = 0.06-0.065. In addition, the dielectric
properties of ((KagsNags)iaLix)NbO3 ceramics are found to enhance at the ceramics
composition with x = 0.06-0.065. This clearly implies that the MPB of this system lies near
the x = 0.06-0.065 composition. This study shows that the addifion of Li can improve the
dielectric properties of KNN ceramics.

Introduction: The Pb(Zr. Ti)Oz or PZT ceramics have been widely used as sensors. actuators
and ftransducers because of their excellent electrical properties [1]. However, the PZT
contains lead oxide. which pollutes the environment and is harmful to human body. In the
last decades. a large number of researches have been carried out on lead-free piezoelectric
ceramics to substitute for the widely used PZT for high performance applications [2]. Besides
the developed potassium sodium niobate ((K. Na)NbO; abbreviated as KNN) based ceramics
with properties comparable to those of unmodified PZT ceramics were reported by Saito er al
[3]. KNN has been considered a good candidate for lead-free piezoelectric ceramics because
high Curie temperature (T ~400°C) and high piezoelectric properties close to Morphotropic
Phase Boundary (MPB) at around 50% K and 50% Na separating two orthorhombic phase as
for PZT [4]. However the KNN has many problems arise. especially during the synthesis.
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Alkaline based starting powders are moisture sensitive leading often fo disintegration of the
samples after sintering. Another drawback is the poor densification during sintering which
prepared by the conventional mixed oxide. A good densification of the samples was achieved
by other techniques as hot-pressing and Spark Plasma Sintering (SPS). however. these
techniques quite expensive and not suitable for industrial productability [5-6]. Li, Ta and Sb
modified KNN were reported in 2004 to exhibit properties comparable to those of PZT [7-9].
These modified composition promise to be a new generation of environmentally safer
piezoelectric materials. In this work the Li modified KNN ceramics were chosen to produce
high quality ceramics by conventional mixed oxide technique.

Methodology: The powders of ((KagsNags)1.:Liy)NbO; (x = 0.03, 0.04, 0.05, 0,06, 0.065 and
0.07. abbreviated as KNNL) were synthesized by a conventional mixed-oxide method.
Potassium carbonate (K)CO3, 99.9% purity), Sodium carbonate (NaxCOsz. 99.9% purity),
Lithium carbonate (Li>zCQ3, 99.9% purity) and Niobium oxide (NbD2Os. 99.9% purity) were
used as starting powders. Mixed powder was milled for 24 h with the ZrO, balls in
isopropanal. Two calcinations at temperature §00 °C for 4 hours were then performed to
obtain the single phase formation. Pellets were pressed into 10 mm diameter with 1% PVA.
The pressed pellets were sintered with the soaking time of 2 hours in a double crucible
configuration at optimum temperature 1070 °C. To prevent the evaporation of K;O above 840
°C. the pellets were buried in protective powders [10].

The phase formation of the sintered ceramics were analyzed by X-ray diffraction
(XRD), using CuK, radiation to determine the phases formed and optimum firing
temperatures for the formation of desired phase. For the evaluation of electrical properties.
gold electrodes were sputtered on both sides of the samples. The samples were applied in a
50 kV/em field with a temperature of 50 °C for 15 minutes, and the samples were cooled to
room temperature in the electric field. The dielectric properties were measured with an LCR
meter (HP-4284A, Hewlett-Packard, Santa Clara. CA) in conjunction with an environmental
chamber (9023, Delta Design. Poway, CA). A heating rate of 2 °C/min and frequency of 1
kHz were used during measurement.

Results, Discussion and Conclusion: The XRD patterns of the ((KagsNaps)ixLix)NDbO;
ceramics with various x values are shown in Fig. 1. It can be seen that a complete crystalline
solution of perovskite structure is formed throughout the whole composition with out
unwanted phases, indicating that Li replaces Na and K in the A-sites of the perovskite
structure. The substitute of Li on A-site effects on a linear shift Curie temperature (T.) to
higher temperature as show in next part [7]. In addition, the broadened peak at 26~44.5-46.5°
indicate the structure transformation from orthorhombic phase to the tetragonal phase. This
observation is obviously associated with the composition with coexistence of two
symimetries. which in this case are orthorhombic and tetragonal phase [9]. To a first
approximation, it could be said that the composition around x = 0.06-0.065 is close fo the
morphotropic phase boundary (MPB) of the ((KagsNaps)i=Lix)NbO: ceramics, where the
structure of the ((KagsNags)xLiy)NbO; ceramics compositions is gradually changing from
orthorhombic to tetragonal [7-8. 11]. More inferesting. it have been reported that pure
(KagsNaps)NbO3; ceramics underwent two phase transition at temperature above room
temperature —from orthorhombic to tetragonal phase (at 200 °C, Ty) and from tetragonal
phase to cubic phase (at 420 °C, T.) [11]. The XRD patterns indicates that the lower phase
transition temperature (T,) decrease with increasing Li content. Electrical properties
described later further supports this assumption.
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In this study, ceramics in the (KapsNags)1«LidNDbOz system (when x = 0.03, 0.04,
0.05, 0.06, 0.065 and 0.07) were successfully prepared by the conventional mixed-oxide
technique. The ceramics were identified by XRD as a single-phase perovskite structure.
which the mixed composition showed gradual change from orthorhombic to fetragonal
symmetry. with a possible morphotropic phase boundary (MPB) between two phase near
composition ¥ = 0.06-0.065. In addition, the dielectric properties were found enhance at
composition of x = 0.06-0.065. This study showed that the addition of Li could improve the
dielectric and ferroelectric behavior in (KagsNags)NbOs ceramics.
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Abstract: Potassium sodium niobate (KNN) is the most important lead-free piezoelectric
material because of its excellent properties such as piezoelectric[1]. It has been used in
various applications especially electronic dewvices[2]. The performance of KNN ceramics
depend on the ability of ferroelectric domain switching. In this work, electrical fatigue
behavior of KNN-LN was investigated. KNN samples were subjected to an electrical cyclic
load at =3 kV. and 50 hertz for more than 10.000 cycles. Then. ferroelectric/piezoelectric
properties such as a ferroelectric hysteresis loop, and dielectric constant (ds3) were measured.
The change of domam orientation direction in KNN was detected by using X-ray diffraction
(XRD). It has been found that electrical fatigue behavior of KNN significantly depends on
the number of loading cycles. The degree of electrical fatigue increases with the number of
loading eycles. This leads to the decrease of KNN performance.
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Abstract: In this study, effect of poling temperature on piezoeleciric property of
(Ko sNags)NbO; prepared by using conventional mixed oxide method was investigated. The
materials were fabricated by using the calcinations temperature at 850°C. The caleined
powder was formed into a pellet shape and sintered at the temperature 1080°C. It was found
that the piezoelectric dis coefficient increased when poling temperature increased. When the
poling temperature was equal to 50°C. the dsz was equal to 28 pC/N. When the poling
temperature was 90°C, the ds;; was 84 pC/N, and the maximum poling temperature of 120°C
gave the ds; value of 99 pC/N.
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