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Abstract

Project Code : MRG5080198

Project Title : Piezoelectric materials of B-site substituted complex perovskite
lead zinc niobate compound based and barium iron niobate

compound based

Investigator : Dr.Sukum Eitssayeam
Department of Physics and Materials Science,

Faculty of Science, Chiang Mai University

E-mail Address : sukum99@yahoo.com
Project Period : 2 years
Abstract:

Relaxor ferroelectrics with A’A”(B’B”)O; — type perovskite structures have
attracted much attention because of their excellent dielectric and electromechanical
properties. The physical properties or device parameters of PZT can be tailored by
improved synthesis and processing techniques and by making suitable substitutions
into the A and/or B sites. In this study, three different ceramic systems were carried
out. Firstly, Dielectric properties and phase transition behaviors of lead zinc
magnesium niobate — lead zirconate titanate solid solution ceramics have been
investigated. The ceramics were prepared by a normal solid-state method from lead
oxide, zinc magnesium niobate and zirconate titanate (1:(1-x):x). The ratio of starting
materials were varied from x = 0, 0.2, 0.4, 0.6, 0.8 and 1.0. The high dielectric

constant was observed at ceramic with compositions x = 0.6 and 0.8. Secondly,



Pbg.gsBag 16(Zro.44Tig a0F €0.08Nbg 08)O3 ceramics were prepared by solid state reaction
and the effect of the processing parameters on their properties was determined.
Optimal dielectric properties were achieved in PbggsBag 16(Zrg.44Tig40F€0.0sNDg.08)O3
ceramics by calcination at 1100°C and sintering at 1250°C. Hysteresis loop
measurements of these materials indicated a remanent polarization (P,) and
spontaneous polarization (P;) of 15.88 MC/cm2 and 26.29 ]VLC/cmz, respectively. The
dielectric properties also show ferroelectric behavior, with a Curie temperature of
approximately 220°C. Lastly, BaFeysNby 505 (BFN) was added to BaTiO; (BT) to form
the solid solution. The investigation of phase evolution, physical properties and
electrical properties of the binary system (1-x)BT-xBFN where x = 0, 0.2, 0.4 and 0.6
was carried out. It is inferred that the morphotropic phase boundary occurs around the

composition x = 0.4.

Keywords :  Dielectric properties, Piezoelectric ceramics, Ferroelectric properties,

Complex perovskite,
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2.1 AlgdannSnydin (Piezoelectric ceramics) [10-13]
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31 2.7 @1 loss tangent tinduluiag ladidnnin

O ,c = ®g,€, tand (2.2)
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D = dT + €E  (generator) (2.3)
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n’lﬁf‘mma{ﬁwqﬂnﬁﬂl (final stage of sintering)
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wiaununnuluans ccTo lagannmsdnmaae impedance spectroscopy WUINUILITW
& A, o | = 5 ' A A& A o o
LNTULRZVBLLATHIRTAIANUAMUMUAIAKES 10 111 wazaA1AIn ladidann3Ingaudsnu
A a o 1Y o i A A o A
AN wasilanwmaaany debye-relaxation Muilieeanuih Chao-Yu Chung Was@mhe
% [ = s a é I { 1 A« a 1
[27] SeldmulafinsnawanauiGuesniin BFN Sudussnddnladiannings udd

dnsgadsgiaaludie lavnade La dhldlulassaihe wodnlddeanlagiannin

' ' 4 5 A { oA o ' o
ag‘lumwaa 10-10° NAND 1 kHz udtiatda La 1 1a1nn37 20 mol% waIwuLWe
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J o Vo { A & a ol 1 ] =3
wandaanvad LaNbO, Aunn wazvinliaasnladiannindias wdagebsfianuniside

= ] v 4 o A a o AN e a ' a & a
La ﬂm&niﬂa@mﬂ’ligryLﬁEJVL@L?mﬂu Gﬁﬂﬂmzjﬂﬂﬂauﬁq@aﬁﬂqUﬂﬂvl;ﬂ"ﬂaﬂﬂ’]vl,@]al,ﬂﬂ‘ﬂ?ﬂ

]
' a

N1§9917A9N interfacial polarization NLUSIAVALLNTH

Tutl @.¢1. 2005 Jianjun Liu uazame [28] la¥innsansiessndn ACusTi,0q, a8
MITaAURUI A site @38 Ca , Biys, Yos WAT Lays wWUINoMAnluszuulauis
A« a d' 3 =3 s A Aa a d' .4:3/ [ d' a
ladidannInfadroafanu Imum"l,@at,aﬂmﬂwgmm LLa:vLumuﬂUﬂawwnLLa:qm%Qu
91NNNILT impedance spectroscopy MAMNTANEIWLN LS ANTHLATDAULNTUIRNTA
@ A o A [ a .
MR NG9 LLazmmiﬂaﬁuﬂﬂ"[@@%ﬂm]wg“uad Maxwell-Wagner relaxation

WA EINY CCTO

lui) @.@. 2006 Sonali Saha Waz T P Sinha [29] la¥inmsdnsiasndn
SrFe,,Nb,, 05 WU InThahilassanswuulaluadin wasdd1aan ladannsnuds
A a [ . a & . A A &
AuANND lasannsnatune ldeuaunIIed Debye relaxation  BNNIANAIN bABLEN
nan wdsaugsudsaugunnd I@wmmmmuaqm%{]umﬂmummmnn space-
. . a A > ._-f . vV o =< a
charge polarization wagluth@eanuit Z. Abdelkafi Lazatue [30] lav¥nsansianiin
. 1 a a .:3’.:4 U Aa a dl 1 A:llc:
BaTiggs(Fe1oNbip  )o1503 WU ANTHAOT m"l@al,aﬂmﬂﬂga laslugrsanudén

81015085018 16311 AAN space-charge  polarization waranUAN1S TV ILATHLAS

YAULNIBLANG1INT

Tull @@, 2007 Fei Zhao uwazAme [31]  lavinins@nmLoAn

BaTig o(Ni12W42)0.103 LLazv‘i’m’mmNﬁﬂlwﬁaaqmﬂgﬁ 1250 - 1280°C WUIVUALNTUR
a £ = A o \ LN a a

vaRuduan 1 — 2 Thiu 20 - 40 um Tessulnadeautanisladidnnsn lagas
woaniinfifawainsulugzddladidnninfigeuin heaswnandninavasvey
I Wwili@eanuik Z. Wang wazame [32] le¥inmsdnmnaudd ladiannInueasndn
BaFe;,Tay, O; lusastisamngil leun 153 — 382 K uaz 440 — 623 K WUIININaITN
A A A& a A | Ao 1 A A& A A 'Y A
derasnladianninfigannn laslutisgmnpiddasiladianniniimulsiuanad

AREMUANBMIZY0Y Debye relaxation udlutisamngiiginudrninladidnnininisuls
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o { ' o o A \  a & o a
nuaMudegTatan lasauignuitialuan defect lulassasns niamaiia oxygen

X
vacancy U

MNMIANNUWIBNHMINLT e dnfiidasilaBidnnIingaann (giant

dielectric  constant)  g3lumilitnNniduinaunla waziinswau ludnuin lesanany

Y %

v a a & a 6 a ' Y v A

(ﬂﬂdﬂﬂﬁl%ﬂ’]ﬂ"ﬁdﬂq(ﬂﬂ’]%ﬂ'ﬁ‘iwaLﬂﬂﬂia%ﬂﬁ I(ﬂF;l“{]uﬂ’?l’i]Elﬁ’)%l"ﬂ‘l(ﬂlidLu%vLﬂVlﬁ’]'iLWﬂ'iaW
6 ] o A ] A ! ) '

avlﬂ@aaaﬂqwaﬂ fa ﬂQ&ILGﬁS’mﬂEW%vL‘YWﬂLu@] LD LLﬂaLEﬁﬁﬂJﬂaﬂLﬂﬂﬂﬂﬂ’]L%@ LLazﬂﬁj‘&l

fingwwesang lnalisiaundanylosauassdunis B site 11w uuSenlosanlu

=<

lawa danuameAdsdslianuddyiunsvamnaimizainduit lasnsidadiunis

]
a

A site, B site LAXNNIRTIIRITRZANLVAILD I L‘ﬁaﬁumLqmﬁﬂﬁﬁmﬂaﬁvlmal,ﬁﬂﬂ%ﬂwga
' P ° ' o & v & ' ° A &
WazAIMIFRYLRDNAG uﬂﬂqmswwuuﬂummuﬂs:ﬁ; LRZRUILAINNININANANIGADT

DUz vaILT I 11

2.11 HAWIVLNLNLIV DI (Literature review)

¥

watraslawmalnnuue  (PzT) [33] Husnsdlodianninninmshouyinanls

{ wa A a a Ui U Qs a Qf
af;l’NLLWTﬁﬂ’]Ul%ﬁdﬂ?‘ig@lﬁ’]%ﬂ‘i‘i&l Lﬁﬂd"ﬂ’]ﬂtLﬁ@dﬁ&lU@lWIsﬁaLgﬂﬂ‘iﬂvl,@a Negudyzdnd

a val

@'mﬂﬂﬂnﬁ?magu ﬁqmﬂguﬂ%ﬁgmaNaiﬁawwwinlﬂﬁawuﬁqmﬁgﬁgoq@% e

2"

v

sanneioylaieg  uszgunndnlfieonldgannin waweslawmalnniua (PZT)
& o g o . A Ada o & & o & &
wugnialiaglungurauaninidlanaiauuuiwassanalnd lassaiuneivanalng
Wuuaauad (Ideal perovskite) (ABO;) duwniiazaay A Uz azaad B W udunibsves
nariadn dulanaiamwessenalnduuuigidan (Complex perovskite) (AA'BB'O5)
o 1 I [ L 1 v té I
o duntzatazaen A uazazaen B iunsagvinnuvesmqadniay 2 medaiu

a [ s d' o ] < dl [ dld
mimmmlmmumimmﬂ@fm W ALAWIBEADN A ﬁ]ZLﬂTWIB%jl“llﬂdﬁ"]@!ﬂ&l‘ll%’]@ﬂzﬁlﬂu

]
=y [l

lonmgilag o dunisezaan B lassaaweitawalnandnmsdnmiuadng
uwinaeidulasiafndumisezaan A \u azm (Pb) Timwnsaifaguuuuiietan

lenannay lasandandnauianladiannin wassniainaslsalannInvadsin



32

ﬁﬁ@ ﬁ?Lﬂuadﬂﬂi”ﬂaU%aﬂ (lead base) Gﬁx‘lﬁ’lu’ﬁﬂLLUGUaﬁlaaﬂvL(ﬂLﬂuLLll‘Llﬂﬂ@ (normal)
o aa a a & a A T wn a o
BIRNUAVDILTINNNLA aﬂiaLaﬂﬂiﬂW’muﬂa ﬁlzvl,&l LW RBLUIIRNUANINAINNDNINYN

A & & & wn a a
LAZWIANILANLTEY (Relaxor) TIRNUAELURBULYaIaNAND

WINAIINENT A lagn lvadirniniaarraslama lnnuuwe  azilaseasis
wULLAATElNUaa (tetragonal) I@Uﬁqmﬁgﬁﬂ azlmhwmm 390° a1 [7] F90 m%gﬁgﬁﬁ P
Wasulasiiaasddsznavvadsntddowudadliles ﬁqmwgﬁgendwqm%gﬁg%
atraslaua lnmiuavzdlassaenanduiuumaisenalng Adnshomasguuudin
J 1 v A & A« a di o a 9/0' 1 Aa A
FIFINA IALFAIRNUALTUWITIBLAANIN L&Jammia@qm%gwl%maamﬂqmﬂgugs
anwraadninsimaaazilfouudad lilunuuiaaszlnuaa  (Tetragonal) #3asauly
a 2 o en A & A & a o a
Fav08 (Rhombohedral) T9sdnaliautavasaninidunaslsdiannin wazdinudni

en o o & en A ' o
RNUANIITW AT ILAALTAT AL INNIL A LRAIFNITAN LAALALINN IWRARIUD D

|all A & ] a allal 1 Al A
ZrTi agi 52/48 wiIn 53/47 T9ay ™ UIIMNLRLNI vaslwInstniwauiaies

£

(Morphotropic Phase Boundary : MPB) a14l5Aau tiedannans PZT feanyszand
IWfiganagaiunigaann  udas  PZT  Alalfuasinimigyionasnudaudnigs
Py a aa A Aa | g v A a

Luaammaaamaisﬁmaamﬂu@umm@lmy uananians PZT gelanniies (Curie

temperature :T¢) Neiautnags St doamslemns PZT IWldTudszlomigegaazdaari

ad v A o & A w awva o &R o« a o
qm‘ﬂ{]mﬂg\‘]lﬂal’ﬂﬂﬁﬂﬂ Te sﬁGVLNLﬂuﬂ@aﬂﬂqiluﬂqﬂﬂQU@] @G%u'ﬂﬂLﬂu?@LiN@uTaﬂﬂqi

=p

%

a dl a wa a ] v a s
FVUNWENAVIRIUGUDY PZT Auae1dnINguINg I@UNLLWJ‘YI’N‘V\N]G] PYaynaodsznis
W maReansueshainllulasesins  (doped) msaeaTacansvednds  (solid
. A v < o v & a . . dl' cl' =3
solution) wiaunsenInM I iidwoninuasa g (Composite ceramics) tNBNILA

en JE g ' -4
LQWﬁ&I‘U(ﬂL@]‘WllElx‘l&?i‘ﬂ%’?vl,ﬂNRNLLGIGZBEJ’]\‘]?J%&I’]

a v = ¢:§/

18a%9A lulaiua (Lead Zinc Niobate (Pb(ZnisNbys)Os), PZN) lanniaTuaiu

Tuan91) 1960 [34] NNMNIATITIUAUFULTAWLT PZN Jusssuanisasineslsdiann
30 (Relaxor Ferroelectric) N lasuanuanlannnlusig 5-10 U% 1hasan PZN uaas

autamalwifilaaduann fie1 dyg~ 60000 figndm PZN fen Key ~ 92% [2-7] maa
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InlafisunURaLTaslama e (Lead Zirconate Titanate,PZT) (Aflen~ 50%)
A . ] A a 2 A Y o @ o
WRZUAT strain~1.7% ﬁmgdﬂq@luwm’mﬂ ﬁmwmmau’mez‘L%mmmmynu PZN nu
\ ] o a wn < & A = & A&
BUNILLNINIRY GIT\‘]WmW'%’ﬁfLL']ﬁ&lU@lI@U‘YI'JVL‘]J‘?Ja\‘] PZN Lﬂuﬁ’]‘ﬁLLﬂﬂL‘D’aiLwaﬂiaLﬂﬂ‘ﬂ
Aa . A A o & & . A
3N (Relaxor Ferroelectric) FaillasaguuuIwasTana Ing (Perovskite) LWaJINNLRA

Diffuse Phase Transiton @9 m Namwnivaddlavasuuusanludasas

9 U

FUUA

o

a AI ‘3‘ dl % a
(Rhombohedral) LLa:qm%Qmwmmuﬁo 140°C  zdsulasszisansenludasea
(Rhombohedral) lhilu@ddn (cubic) lasiiaNansan PZN-PT wazdasiuiaulauasld
o o A s .
ANURIALUAD T ~9 mol%PT Grj\‘ll,ﬂmg@ MBP (Morphotropic Phase Boundary) [45] V&4
a o A ' o [ 9 .
REAIMS @dLLamlugﬂ mmmmuammﬂ%ﬂﬂmuwaadmﬂavlww] (electromechanical

coupling cofficent )~92% %dgdmﬂ

'
o

@139 2.2 audanladidnrinvasaninnduiiiaznuiuesdusznaunan [35]

0

o

I AN T k,(%) ki (%)  dy(pCIN) T C)
PZT 53/47 LBIINN 0.52 0.67 220 370
PZT 53/47+Nb LBIINN 0.67 0.76 400 360
PZNT 88/12 L yIAN 0.5 0.48 235 222
PZNT 91/9 WANEUAL - 0.92 1500 190
PMNT 67/33 LBIINN 0.63 0.73 690 160
PMNT 70/30 WANEUAY - >0.9 1500 150
PSTT 55/45 Eipatly 0.61 0.73 655 205
PSNT 58/42 LIIINN 0.71 0.77 540 260
PSMNT 29/34/37  15314N 0.72 0.78 640 215
PSZNT 29/40/31  15314N 0.60 0.72 480 230
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. A A oA A L& A A A
uwddywivas PZN damuaisulilinnuuigninueinann iiasnniliaiaioy
3 ada [ [ . . ' 0 a A A [
e3tiindean o (Mixed Oxide) wuin sntiatWa PbsNb,O45 [8, 36] Tedilassainsuuy
a A . s 1 v A & 1 A« a . .
A10n (cubic) TearaINalAaNTRagg VaIE1TAARd TINNIA lABLANNSA  (dielectric)
A A & a . . o & K A a 7 ada [
uazlodlann3n (piezoelectric) adnudslanunenenulumaasen PZN me3sindg
ganlwd (Mixed Oxide) lagMILAEULULMTATEN PMN @nuluIN1euad Swartz LAz
A ° o . o
Shrout @1URUNT [37] FaUszauaNUENITINUMILGILY Lead-base perovskite B8
lagl# Mgo i §Aseniu Nb,Os rawiaiiewlu MgNb,0g W&ITINEN PO swartz
=) g Y A Qg =)
uaz shrout WUINITMIRENNTOGTUN Pb(Mg;sNb,5)0; MHLTENT 100% HINAANTIMN
2+ 2+ a Y o Aaaa o 5+ a (% .
Mg~ usz zn  fldszuallounuuazdvinujienau Nbo ifialaseaine columbite
ULAEINY  FIRAMUNENEINFIATIER PZN 1ag3T columbite [37] ialdiiadn
1as98$19 ZnNb,Og ua23aUHASeNND PbO wef lidszauanudusa ldswsn
a a Qr v
3N PZN U3gNT e
] & W @ { o v A . .
Faiisnuwinduldldldiaofazgnnsied PZN deA% conventional solid
state reaction L8z sol-gel method [8] MIFIATER PZN AT8ufa NIRIATIZA
muldanuaugs uaziasoaiilu single crystal §183F flux method [8] TefilnanaaTLy
=) a v 6 6 . 3 A
AaminATaNlATIRIUNESIaNA NG lun19  thermodynamies  LRINNINITENNNTD

fauanzdliinalanaianefvenalnd lduwazdasfiansan 2 wqua (8] ldun auaas

azaaNNIzd lUiRalaTagawassanws Ing LasWubeIzIN9 cation WA anion

RINWINTMIRUNITVDY  Goldschmidt ﬁloﬁﬁmm@h tolerance factor ML
“ o ¢ o & & , o & ¢ &
mmawwu‘ﬁmm@amawaﬁmamwLwassawavl,ﬂﬂ WU Imaaﬁomaﬁawavlﬂﬂ Wb
= o v o A . . . A . .

924N tolerance factor ~ 0.77 — 0.99 [8] fnTuTaillesan (ionic radii) N¥ coordiation
Winnu 8 wazdnsusaiilosan adwnils A -site 13 coordiation number LYY 12 @1
tolerance factor ~ 0.88-1.09 [8] LAtBNIAANAAE WUDILWIN cation WAz anion WiaA1
ANWLANGNY  electronegatinity ANNENNNTDMANNIUEITIBIANATOR FINITAEIWITALS

MNFUNIT[8]
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ANNITRINANLITAINIAFIALANULIN MNNTFILATIZH lead-based

perovskite a18NT030 beasit [8]
PZN > PCN > PIN > PSN > PNN > PMN > PFN > PFW > PZ > PT

] d . . ! o .
&3 PZN snnannfaziaIoadu single phase perovskite 81anan2ladn PzN lianunsa
a v Y ada 6 6 1 1 =3 a 1 1 1
w3snlaaeisindeanlod udatnslsfianuriniansan PZ uaz PZN wuin fdnd 9
ni wuszlassaohinandrenuin  Salasnalazenansaeioy PZ  leud lianunsa
@388 PZN e G'fiammmagﬂvl,@i”ﬁ fNHaINITLAIBLN lead-based perovskite AITWANTIMN
= ' A &
DIVWINBLABULLAE AN tolerance factor AINANTITN
di wa Y 1 g; = >3 3; SfR A A
HaInnaut a1 I NG9 9 189 PZN tudann aenulslanunensnuiaisu
A i A A, L. A A , -
lasnnsi3e BaTiO; w3dA1 electrongativity NLWd LLRE toleance factor WLIINTILAD
BaTiO; ~ 6-7 mol% 11 PZN sunsawesonlasianamwassenatng PZN o aanuiell
A o & A ' AaA o & &
ANuUNNENUNIEFILATIER PZN  lasmsideasdand 9 Nillassasuuuinessenalng
Wald PZN anunsaiiainswassenalng la 111 138 SrTiO; ~ 9-10 mol% 138 PbTiO; ~
25-30 mol% 138 Ba(Zn;sNbys)05 ~15-18 mol% #3a 138 PbZrO; ~55-60 mol% A4t e
' ' A I o A A ° ' . A
11 sunsaussnsilandeanily 2 anwucda MIdeludiunils A-site waznsiialu

@AY B-site TIN13130 luduniedng g uastSunmand srdinadeautiaves PZN uay

NATBINNTLI0 ARG 9 LT [36]

o myRaludunis A-site lFUSNN (mol %) wesnitmTidaluduni
. A A o a & & oA A oA
B-site [NanazTnEaNUED sTIadNRIwassana NG wwAatiaaln
FURUS A-site a21TUSNNIL ~10-15 mol % usiialdaludunis B-site
v LR
Azdasltng ~40-50 mol %
® M3l NUI  A-site  TLANAMVUTILIITING  AAAINAWILUUNI
N udaziiugunndlunsin
o nmIFalud iy A-site TLANNAMNF WU INHT LaztNuNITHAINY

SoUAE
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e midaludunis Asite zanamngiia3 (Curie Temperature :Tc) Waz
' A a & a A
Aasnladianniniigega

e midaluduniy B-site LNgUNNTGT (Curie Temperature :Tc) UAZAA

I Flumsan

tﬂl J J v g: v 3 dl v QI/ =S o v Aa
gsnnaulududunusiwdussndsznavlddrnsnsazna 39virldifa
vafindadiuiadon uszluiuizuafieuyniszmaldinsimndlutesiuiaden

AWaLIININ IV IR AANTAWATNIFLRIRIITTRA MAN U N AUNURI TN LB LA NN NIRRT

Y

ﬂ%fﬁ'ﬂ‘ﬁmmmﬂﬂeﬁ’aﬂaﬁnmauﬁ'@%%Lﬁﬂvﬁﬂm A9RT

]
v A '

ANMITABAINNNIBUTND ﬁ

'
[ =

a Aa & a [ 0'/ =1 U 6 6 Aa £ d' & =1 d'
AldlannInlsazninazilavsasuuuinassana Ina LT iTan aduwiagniinsiasu

sy

\WRWULWWT (diffuse phase transition) wialiuniinguiuanised lasnguiilauianlaa

v

. & i A v A A A a a \ ad
L1 LLazLﬂuﬂi}NﬂvL@iUﬂquJaulﬁ]Luaﬁﬁ]qﬂuﬂqﬂﬁ‘ﬂ‘l@E]Laﬂﬂiﬂq@luﬁaﬁqm“{]uﬂﬂ N

v
v

Ao A A a & a \ Aad & A
38, 39]. ninisqUimaniddainledidnringeludrsgunninniteun heunan
a s 1 1 & = o 1 v 6 6
m3oadradnebiilussidovvedlessuasediunis B lulassaisuuuimwaisenalng
d‘ o 1 1 ul a a dd‘ 1 s 1 a
o lgmsliadusnavesaslzney uazligannlginuandranulundazuiinmues
wiin [39] asuuisenleseululaiua (BaFeysNbgsOs : BFN) tuaniniteninawla was

% %

din3dsnanguldrinsdnsuneinumseail 15U YokoSuka [40], Tezuka et al. [41],

. = o ' { ' {
Raevski et al. [42] way Saha [29] TIWINLYN FINL9IUINETT BEN 1uasnianasd
P a \ ad o o = = g A A o
vlmamnmngﬂumaqmﬂgum 19 wdag19 RNl NIz UIRTINTENRI TN N2 16
] & a o Id % L% Aa =1 [o] =3

AMURUIUUUFINU mmmnLﬂm}aﬂmqamgmmwuﬂgamﬂ Uszunms 1350-1400°C 39
gl ninnidiasn ladiannInyszu1m 40,000 Mmiﬁaza@qmﬁgﬁmumwﬁﬂﬁu
Tasnaldazinadusnsdn ldina i wnand o m{lumjmnﬁamaaatﬁw #IaLNaa
Waaalsd 91039804 Intatha uazamzlull 2006 [43] Anwinsidaans LiF adldlu BFN
lagviinsiaion BFN aannszuaumsvildiiadnisenvasvauds (solid-state reaction)
URFITNUINRNRIT LiIF @800 318I% 1-5% GNUIRTN T9921R% La1UT0we131398 LiF

LLazqmwgﬁmsLmwﬁﬂﬁaﬂ'ﬁwa@iamw%muuumawmﬁﬁﬂ TagiiatAuyIanm LiF v

& o § o ' { a &
?l%ﬁ]z“f]’]l%ﬂ’]ﬂ’l’]&lﬂ%’] LUHaaad Lhasu1anniiaiw ’ﬁ‘ﬂﬂx‘i“llBGL%G’JT%I%ﬂSZU’J%ﬂ'WiLN’]
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é a J d {
Nﬁﬂ TILNAVBINTNNITRRBNVBIRNT LiF ﬁﬁa@mawmmﬁ 845 0C BasNIISEiaandyad

q

[ =3

13 LiF ngduuumaidsiiuuesiifldndazduldiasimedmniianlaniniams
LiF % tiaWavasansdadn BFN 1iesatnaden lafliwavasasudandaanlag ladu

'
=

WATHANNINARSIN laiaanARaInLNKITLVaI Rama et al. [44] NiaSuNans BFN lag

%

nyzuawmatiedjisenveswasudaugwdoine udadielsiauded

LY %

N ﬂ‘é‘ﬂﬂ&jw Saha
wae Sinha [6] @ kFlUsunINABNRIL@ES (POWD) luﬂﬂiﬁmiﬂ:ﬁgﬂLLuumiLﬁmmmad
FIMBNTWUTN &1 BEN %isdi lasdainauuuuanaafin (monoclinic) 3NasI3sauaNyia
A & a 1 1 d' A& a g = A« a =l QI J
ladidnn3nwuin eeenladidannsn (€) LLazmgtyLaﬂma"L@aLaﬂwiﬂ (tan &) WAL AL
a A . d‘ a A dld 1
ANUSNIINNTLAa LiF 81315ha9u19nNIanTwatadtanlanan lagnina lnn1suwsuas
LiF 1" g9 uauinsuuas BFN @99 luwszozusniianisvaauvas LiF Namnyil 845 °c
v a dll dl ] 3 v g o Y a = . 1 a
uaLAanTtaRannatITIaSdN lddsrauintw vinlwuSimauinsui LiF 2t uazifia
Y X ao Y q e C W e
anionic (F O") substitution 4% Yszwgdandunarsdsvinldaamsinwiveszns Tud
2006 Eitssayeam Wazfme [9] %dﬁﬂ%%’ﬂLflu,ﬂéj:uLLSﬂﬁ"L@Tﬁ'mTiﬁﬂmmsm%wmmﬁﬂ
YRIRNTRZANLVBINDITZNRING PZT  wae BFN  lasulsaasnainsening (1-x)PZT-xBFN
AILE x = 0.1, 0.2, 0.3, 0.4 LAz 0.5 MNNIWIBUNLIN USu10wans BFN andwadaguia
NNNYAIN FNUALABLANNTA wazautatWaslyalanniIn lagnaiwlsznaunNziuisn
Uiudysruti@vasianin PZT fa Ganlaniaainaiuwued x = 2 é’amqwaﬁndnm

TG UIZLAY LAT19IUIDENIIH BFN  Neinwangardln llluiSasuasnsnawiansinis

v
a

& a A2 A A [ ad A LY
LUURITIRSATLVUBILDN 17 Uuﬁ]duﬂaﬁwauiaﬂﬁlzwwuﬁaﬁi BFN SLu'JﬁLLUUL"ﬂE]a']iL"U’]VLU

¥

o 1 { > wa = 1 v U =) { J
duniiad o iiNa W aNLAVa9815 BEN mﬂmﬂﬁmmmlmmluqmwgw?'m 9%

> A

a té s d o Qs v o Qs o
VL@MT']’J%‘H%G NMIAALRNRIINASHNNEUNL BNT %Z@ﬂdﬂ?ﬁdﬁd%aﬂﬂ’]iﬁ’]ﬂm"ﬂﬂ AU

LaNANIVBITANazaaNUad cation °lladﬂ’ﬁiﬁ"ﬂzlﬂNﬁ&lﬂ’)iﬁ]:&ﬂﬂﬂj’]vlaaa%&l,%l,&m%ﬂgg

Uszumm 15%

é’aﬁfumu’?aﬁ'ﬂﬁauﬁfﬂuﬁawaamswﬁﬂumwmwﬁnlumjwaai’aqﬂsﬁ&ﬁn
a 6 6 A (%% a a
nInwassanr N EstauasaIUsznauLaadd latua wazatdsznaunuisanlasan

& & o A a A ° P oA & o =
Tulatuatduadndsznauvan launinisunuNocaad@1unusd loa LazgIdn=
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a v A &

3 @JmmﬂlaaLWaLLa:Iﬂiaa%“ﬂaqaﬂﬂﬂmadL‘NaﬁLﬁ@%ﬂ@ﬁ%ﬁmﬂ:ﬁuuu IRLONTUA
MIUATIZANGUIANTIAEBIANATaYU (Electron  Microscopy) WONINHEIIZAN W
sutanamanadlsaidannsn ladidnnsnuazAladiannsn ernnsdsounaniise
maamiﬁy’daaaﬂﬁiu LLazmmmLﬂuvlﬂvl,@ﬂumiﬁwme?ﬁm’%w%u"l,ﬂ“ﬁmLmumﬂuﬂq’u

Aa < = &
nuRIIRzNLnaIndsznay



UNN 3

A5N1TNAany

¢ LR a A 4 > o ¢ ad =
1%U°ﬂ%"ﬂ$ﬂaq?ﬂ\‘]§'qﬂlﬂ$lﬂFJ@W]LﬂUTIJE]{'Iﬂ‘]J "Jﬁ@l qﬂm‘m ADNNINGO[DY AU

YUABUIUMIATIINATNEALTINRNG I T IHEND aﬂvLSITGTLL‘LI‘]J ROITUNDW I@ O IN

saniiuszuulng 3 szuufa PZMN-PZT, 32UU Pbg 6,Bag.16(Zro.44 Tio.s0F €0.0sNDo 05) O3 LAZ

(7

J2UU (1-x)BaTiO; —xBaFegsNbys0; T9az¥inmMIAN®aNLa NI wnIAn®IIMwINIg

PYaIW FNUANIINLATW Imoa%’nagamﬂ RUUANIABLANNIN  UazRNUANIIN Lar

ALANNIN

3.1 &1L BINN 1wIzUL PZMN-PZT

3.1.1 @19ARN 1T lwn1INaag

1.

) A€ =) a @
waganlod (PbO) ANUIANT 99.0% WAalAuUIEN Fluka Uszing
a [ 4 6
fIALTasLAUA
a 6 a £ a a o

woslaflnaanlod (2r0,) AnwLIaNT 99.0% wialapu3un Fluka
Usunasi alrasuana

=] 6 . a £ a a o
Inmiftealasanlad (Tio,) anuuIgnd 99.0-1005% wialanuIsn
Riedel-deHaen

= 6 a Af a A e
lulaifounuazaanlad (Nb,Os) AMWULIINT 99.9% wAalapuIun
Aldrich Uszinaanigatasn

Aa A 6 6 ~ Ag
wunfiidoalaasanlodansuaiua (MgCO,) Mg(OH), 5H,0 aMuLIgNT
99% WRalayuTEn Aldrich Uszinaanigataim
a 6 6 a nf a A o
Fifoanlod (ZnO) ANuUIFNT 99% WAalasuIEn Fluka Uszine
a [ [
AT TuaUd

2z9lW (alumina) HAalaBUIEM Fluka



10.

11.

40

\afialaanagas (ethyl alcohol) mwu%q‘ﬂ'§ 99.5% WAAlABLIHN Merck
Uszinaloa i

wad hilauaanagas (PVA) anultudu 3%

N1 (silver paint)

PN

3.1.2 aunind uazmlasdafldlumonaaas

1.

10.

1.

12.

13.

14.

15.

16.

anuaiwaslawily (zirconia balls) N3INaN vIALFUHIUGUEINA1 0.95
LTUALNGT

LA309T9TULARaR (ANNAZIBEA 0.0001 N3W) WAAlABLSHN AND plt
HM-300

nyetlasnaa@nnsaurddadnIuuanay

PIOWAIRANFINIVUANY

WUn1Iwangan

Lﬂ%'aamwawmmuwgmu (ball-milling)

AZUNTINANREN

dninasuazTowanaIVWIA6AII

uHuazgiiitouwasd (aluminium foil)

L@ﬁﬂﬂ"lﬂﬁﬂqmﬁgﬁ 120 29eLTALTUE

LA MW (furnace)

LwiaLL&imﬁﬂén%%'wguwaums (magnetic bar)

wiglAauTau (hot plate)

Lﬂ%ﬂdﬁ&guwﬁuﬁ’ﬁLLTUTIJLL&iL‘Hﬁﬂ (magnetic  stirrer) W3aN@lANNTEH
(hot-plate) HAAlABLSEN Schott Gerate GMBH 3% SLK4

fezaliun (alumina crucible) wiaurhla

FN3aUAAIUIAKI (nylon sieve) vWa 120 lulasiuas



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
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1n39UAENTIUNALAN (agate mortar)
& .

1ngaAuTU (dessicator)

1 a [ . o v ' 6
WNANUW  (punch and die) Tﬂunﬁia@aﬁimuﬁﬂLaumuquﬂﬂma 1.0
LTUALNAT

dl Qs ‘; ~
wasdetugtszuylalasin

6 A A 6 Aana a Aa a
a3 HEAIAULLTIUUAINN ANNAZLEA 0.01 UaRLNAT
ATEAHNTIBILES 400, 600, 1000 WAL1200
WINBILRRDY (stub)
6

INUa1Tuaw (carbon tape)
ﬂﬁ’adqaﬂiiﬁﬁﬁLﬁﬂmammudaoﬂi’m (scanning electron microscopy:
SEM) 7#@ Low vacuum (JEOL JSM 5910LV) §% 7274 NARlasUszmne
29N0

A . ' a A o A
LA389 sputtering 3% JFC-1100E NAAlasL3¥n JEOL dseinaiilu

A o A v A« 6 . 1 a a
LIDINILUANRLENT  (x-ray diffractometer) 3% D500 NAAlaUTEN
Siemens UvzineaIng i

di a 6 1 Yo e 1 1
389 LCZ fi@ay 31 HP 4276A 1°Ijmmmmmm"mﬁ;vl,ww LRZAINTT
gudeladdnnn (dielectric loss) Tutsanad 100 1&wnd Gs 10 Ala
Aa 6
LFING
1389 LCR HITESTER 3 3532-50 WAalauyu3sn HIOKI lEdmiuiasn
m']mﬂ%lf\h Lm:mmsgtyl,ﬁﬂvlﬂﬁl,ﬁﬂw’%ﬂ Iu*’ﬁ’mqmﬁgﬁ 0-300 a4

L RIGHEG!
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3.1.3 35nm1naaad
i g . & & o o A a & A ' =
lunmIneaesdh azutseantiu 2 Tuaaunans adl fda Tuaaw 1 3zna1IN9
a A A ) & A o
MIATHNRITIA Wlatua (ZN) waz aatsasladionlnnuua (PZT) neu Tuh 2 ey
g; L dq‘ a & v ad a 6 L 1 d’
nigadaabunasuaiuns PZMN-PZT uad3tmIamaseuiianeinguainiaiasned

e le

3.1.3.1 N1SLATUNAITAD LY

- NSLASHARIBIA Iwlatua (2ZN)
NIVTFNNNT

ZnO + Nb,O; —» ZnNb,Og
TIRIIANNNENWIHIGINFNNNT YIMTa38n ZN USunos 100 NN la ey
USINowa 3N MEAI9 ZnO Wikn 23.4389 N3N LAz Nb,Os WikN 76.5611 NN NWUINE1ITN
%’a"LeTmNauﬁ'ulu%ﬁamwma@ﬂﬁﬁgﬂmmaﬂmﬁmsaﬂa&mﬁﬁ;agiﬂﬂ%mﬂﬁmaa
WWuaanasiNagIInsawNaNnwlatdna19@ taclwzin annwinldualasinndaua
wanaanlaadlulaIasua wuy Vibro miling aanuisnldlunisuafa 150 saudauwfi ua
wwwan 2 Tl et nwwnUadNau laasnininaslaslfazunssarariolunns
NI0I3NUABANINVDINGY P1UBINFNA LANITZIRLLDLaNTIRanaan vnualas s
A A A ~ & = A o A
aaditituulatassuuthndninafianzgiang LNE TN LN TIWARLAZHN 1NIUMLATa
nwsIwsannulwanudan e sunua b dwnanain linas liile U’L"ffaqqu]ﬁ
o [ A £ a A fe) P & & o
975 °q 8@ M IANTWANRI VaIgunANTENAe 10wl tiuduian 4 1 lu9 1
FInNNUaazlBsatNatin lUwianemslanizlagdsnns XRD waiin ldiSuusuny

iagalu JCPDS

- MSASENHILTaslaea lnnwa (PZT)
TIFNTAIGWULAREAIATNNATWI DA LA ATUFNNT DINIBUNEINTI LA UTNRNN W b1k

o a_da a ' @ Q) @ o~
ﬁuau@wa’]a@ﬂwwaﬂ‘ﬂ@LﬁaﬂﬂLuﬂWiﬂﬂaNUiiﬁgﬂ%I@ UI%Lawﬁ’luElaLﬂu@’Jﬂa’NLwaa’li
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v
Y o

AadwNaunw gt duan9a Uarrlwginanuuwinldualagiindauanatzdnlaaslu
LA3BILA WU Plenary ball milling anutsAlslunsuadia 150 saudewf vawiwdn
1281 2 T lad vsé’dmﬂﬁfummaawauﬁvlﬁaﬂuﬁnmaﬂ@ﬂl%@lzl,l,mom@"ﬁau‘lumimaagﬂ

Aa A

uaaanIINVaINEN ivasnaui lduszinoiatiansiuaasanlinuae laslfagdiiioy
wWarlassuuthndninefianzgidng ihaszunoiensuaauazin ldinsuuaIaaniuas
wiaunulwanusan  sihssunualdidunsnstinldimnnas lmilasssudazidon lats
1 6 & d' 1 A L% a 6 & > 1
wisnTRnLaa i widan lutas ﬂalmqmﬁgwmﬂmtma"lfmmu 4 3200 lasuday

A

JeAUA1IN® 50 e L’%umnmnmLmavl,sﬁﬁﬁqmmq}u 1250 °a . 1300 % |, 1350 Ce
fo) [ a X PN P o P «

ez 1400 °w danmuAindwansszasgmnniniada 10w induiaa 4

Tlad  dRIivueazidsaiNasin luransmsanizlagdsns XRD  waqiin 1y

Lﬂ%mmﬁﬂuﬁuﬁa;‘gah JCPDS

s a 6 A A ~
- NNLASENEY tandaunnktdanlwlatua-tantgaslatias lnniuwe

(PZMN-PZT)

R1INIGWNLTAD W9 ZN, W9 PZT 7a3salea1nd edn  way PbO  @1wdmen
YSunmasasaunazdadlddnsundazidonluvad x azA1auds y = 0.25 a1 59aud
dwmmldihunasuiuadluniouanlanuaseflafivansinasusied uazldiansuea
WuanataiNalwansasdnuaunwuag1satanr lwainanuwin lualagsiividaua
wanaanlaasliuiaIadsua WUy Plenary ball miling anuislslunisuade 150 Jeude

= I ) (% g; al' v =) ¥
W7 Va1 dwIan 2 T2lN9 BasanbwnTaINaNN eadluininaslayltazunsiane
tolunminsssgnuasaninednay  vasnaai ldanszinaianansuansanlinue

% Aa A A =1 6 =3 dll o
laglfegfifinadassuuthndninasianzaién 9 eszunoensueauaziildniu
dl U e v v o YV & £ o v
IadmnanInsaunulwainusan  dsrsunuabimiduesnsrvinluinnas lmilas s
aunnd 900 %1 darmuindwanaszasamn)inaknfe 10 Caand nduaa 2

19 PRIINNINILARZL A AL N DTN L RIR N B LANIZA U NATANITL AU U ITIF

\and (XRD) ud i luisuifisuiugudays
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W PZMN-PZT

< a
MIIATIUTAETINA PZMN-

PZT

A 4

LW sinter
o a A o)
1025 ° o gUUQNWL/AA 5 =%

UIU 2 BU.

ATIVAOUANIA

l

AVVANIINIYNIN

XRD

!

ANUHUIUY

!

FouazmIviaa

953105

l

auriania i

' A ad a
ﬂTﬂQ‘Vlulﬂ’t)Laﬂ‘Vliﬂ

E‘ll 3.1 LNBNNLEAITBABWNNILAILURIIIZUY PZMN-PZT




45

31 3.3 LATDILANFUATUL LAY WY (ball-milling)
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51U35 Lmau"lvxlﬁﬁqm%{}ﬁ 120 29ANLTRLDYE
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31 3.6 AINUASNIVWALAN (agate mortar)

31 3.7 fhoazafiwn (alumina crucible)

31 3.8 lngaAuTU (dessicator)
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3.2 §1SLBIINN WIZUY Pb, . Ba, ,(Zr, ., Ti, 1oF€,;sND, 10)O,

3.21 @SN 1T IWNIINAaDd

10.

a a€ a s o
waganlod (PbO) ANUIANT 99.0% WAAlABUIEN Fluka Uszing
a 6 6
fIALTASUAUR
= 6 a c&( a a o
waslalonaanlod (2r0,) ANwLIENT 99.0% wAAlawuS¥h Fluka
UsinaalalTasuana
= 6 . a £ a a o
Inmuftowlasenlod (Tio,) awwTand 99.0-100.5% wialanu3sn
Riedel-deHaen
=) Qg a a
uwuiSouaniualua (BaCOs) ANALIFNT >99% wWAalauuIsh Fluka
Uszinaal alTasuaug
=) Qg a a @
lovauaanlod (Fe,05) a1uLIgnT 99% Wialaou3sm Fluka Uszing
a 6 6
fIALTaSUAUR
a [ a nsl a a o
lulaifpunuazaanlad (Nb,Os) AMULIINT 99.9% wAalapuiun
Aldrich Yssinaanigainsm
=) =) Qg =) a
\afiauaanagaa (ethyl alcohol) AINLIANT 99.5% WAALALLTEN Merck
Uszineiuavan
azgiun (alumina) HAalanUIEN Fluka
N33 (silver paint)

WNAW

3.2.2 gunind uazmlasdafildlumonaaas

1.

2.

anuaiwailaliios (zro, balls) nsanszuanvwaLFudUgUanand 1/2 i

LATBIUANFNETLULWYUIN (ball-milling)

\AI8973d3naaANaI8LA 0.0001 NFM WAALABUTEN AND §4 HM-300
Y a o

wnaulnihgmnnd 120 “o

LA IWHN (furnace)



10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
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ualkaNTau (hot plate)
ﬂﬁ’adﬁ;aﬂiiﬂﬁﬁLﬁﬂmammm&adﬂi’m (Scanning Electron Microscopy :
SEM) %iia Field Emission (SEM), JEOL, JSM-6335fE w@alauiszine
Fiu
A . ‘ a A o A
L3809 sputtering 3% JFC-1100E NARlasLSEN JEOL szsinadiilu
A o A v A& [ . ' Aa A o
LAIBINILUANEENT (X-ray Diffractometer) 34 D500 NAAlAsLIHN
Siemens Utzin@aIng
dl' a 6 1 Yo o 1 Y 1
1A309 LCZ Hiaas 3u HP 4276 A sl,mﬂmm@mmmq"l,wm LRZAINTT
a a & a . . [} d'
gy e laBLannin (Dielectric loss) lu124a2700 100-10KHz
1A 6 . s [ 1 6
WNANUWN  (punch and die) Iﬂuﬂ’]‘ia@a’limu’lﬂLauwﬂuﬂuﬂﬂm\‘] 1.5
LTUALNAT
dll Q J a
wsdetugizuylalasin
Lﬂ%aamquwaummuuLL&imﬁﬂ (magnetic stirrer) W3au@aalAaNNTEH
(hot-plate) WAAlABILSHN Schott Gerate GMBH 7% SLK4
6 A aa = a A
83 HuAINER ANNAZLEA 0.01 VARLNAT
ATEAENINLLLDS 220, 800 WAL 1200
teazaliwn (alumina crucible) WiaurTa
FseuAnIwIaNg 120 luatan
WYIWLARNIWILWYUNENATT (magnetic bar)
nyztlasnang@nwIandasnIuuansw
AZULNIIWAFEN
fninasuazTowanaIkIaag g
v a . . Yo a 0 A 4
\wmaanazgiul (alumina crucible) lEdniulasainainuaaloiuag
a 6
LTI T
FNTadaua 120 lunsau

' Aa A 6
LLN%QZQNL%UNWSUQ
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25.  InSIUARITUWIALAN
26.  lngaAuTU (Dessicator)
27. TouANRIIWARAN

28. TOUANEIIRULABLAE

3.2.3 A5 INAand
TN INaae st larinnSaSuNET Pbg s4Bag 16(Zro.4TiosoF €0.0sNDo0s)Os F283F
a é I 1 a
findeanloavadunsuauszning waasanlaq (PbO) wasladionsanlad (2r0,) lnm
dienlaaanlod (Tio,) wuissuAsuaIua (BaCO;,) lasauaan loq (Fe,05) wazlulaidsow

WWUAzaan ke (Nb,Os)

- NILAIYNNI Pby5,Bay 6(Zr, 0t Tio40F €0 0sNPy 05)O;

Tunsnasaditlarnmsasounsadanslznay
Pby 84Ba0 16(Zr0.44Tio 40F€0.0sNDo 0s)03  ANNNTTIENTAIABHINNILOTBNEITA20819UIN D
100 nsulasnisldarvinazansiiuiaanagas  NHBEIINIITIENIUIZNAUANAATIEIW
LLﬁw‘hﬂﬁmwaulummmI@ﬂl"i’i’mﬂﬁﬂmm@wauLLuummu W%’awﬁ'umé'ygﬂumsna%
Tawielunisnaw T@Umﬁ'ﬂmeumﬂmﬂgﬂmdawaﬁﬂﬁmsﬁdﬁmﬁ@mwau P
m:mumia@mm@mgmﬂlﬁﬁmmmﬁﬂm mﬂﬁfuv‘hmmmmvl,énﬁﬁaqmvs{]ﬁ 1100
o ' < o £ A o A
Tagldrzalunausuin - 2 TIlNILaaa T NI TWLALAIN 5 /w7 REVIBTIT

Aa

MIwezlil 3.9 ntwihnanaseusesAlznaungmngiidni g deomailans

u

3 €

\REILUBVBITIRLANG (X-ray diffractometer)



51

Soaking time 2511w

1100°C__

5°C/min 5°C/min

\ 4

na1(Hr.)

511 3.9 RN1ITNNINARBIVBINITHLAR LB I Pbg 54Ba0.16(Zr0.44 Tio 40P €0.06NPo.0s)Os

v

HAINTIINITF W WD ATIFIUVDIRITUG ST RALEY Az TUaaulwn1TaTy

v
e A4

Pbg g4Bag 16(Zro.44 Tig. 40F €0.08NDg 05)O3 9I1A1D

1.

%’aﬁmﬁfﬂmaomnlﬁiawﬁ@mwﬁﬁﬁmmﬁﬁuﬁ’aﬁﬂﬂmuﬁ'ﬂum:ﬁn
NRIFAN

L3 6 a
NRNAIYLDAND TN TN Y maans:ﬁnwmamﬂ
o A =1 a (3 % 1
mmsﬂwunmzﬂnwma@ﬂmsjmﬂmﬂmmu
ﬁ,’mszﬂqﬂwmaaﬂvlﬂmwum%aamNammummu (ball-milling) ¥
nsuaLuIan 24 T4
nasnuanauluaIaUaLal  inn1InTadrIIcuaznIIwanaanlayld
waanNagaa kN1 TaILa3aNT Y A s nuRs AN Ta (hot
plate) WIBNAUAIUYIILAIAANNYWHENENT (magnetic stirrer)
ﬁwmiﬁvlmwlﬂaulﬁuﬁaaﬁwiuﬁaﬂﬂ%ﬁaqmvsgﬁ 120 o w1 YN
24 1309

v = ' = A o

1_|<ﬂm*ﬂ,‘mwm@Laﬂa\ﬂ@UlﬂﬂswmmimmﬂLamuaamﬂmiaulug}au

Tz vinlwansauailuianud
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e lalals crucible tarimsiuaaloil (calcination) a1nwwin

a

ﬂgé’fnﬁavlﬂld‘l,mml,mVLWWW MmN 1100°s anudaulayi

U
' <o a o J A o

5$U$L’J§IW1%H'15LN"ILL°H%’1H 2 ‘75’311]\‘] LRENDATINITLNIVULAESRIN 5 o/

=
wInNn
° AV o &l Aa 6
‘HﬂNGV]VLﬂﬁl’lﬂﬂﬂiLN’]LLﬂavL‘ﬁuﬂqm%Qll@’N ﬂiﬂ@li’)ﬁ]ﬁ@ﬂLWﬁ@dﬂﬂiZﬂaU

[ & 6

a Qg a ¥ dd
LLﬂ&ﬂ’)’]NU'ﬁiﬁ‘ﬂﬁ(ﬂ’) BNARANIILRL UL UVITIFENSD (X-ray

diffractometer)

- NITUIBNITLATYIEINNN Pb, ;,Ba, (21, 4. Tiy 10F€05NDg05)O;

RRINNNTATUNHIIUITZUY Pbo ssBag 16(Zr0.44Tio 40F€0.0sNDo 0s)Os W3 bt

= =

nsvadr T dniasoylduivinmaiasoulimiduanin lagniunisoa lwians et

WHWNAY (disk) ﬁﬁmm@Lé“umuguﬁﬂmmi:mm 1.5 LTWALNAT ABLATEIDATEUL

%

lalasAnuuy uniaxial pressing laguaawlumstasouisAniiasd

1.

2.

TINIUDS Py 34Bag 16(Zr.44 Tio 40F €0 08NDg 0g) O IR LIz 1 NTW
o A < o o A [ a .. .
RN T i aameaiaiadaateuu lalasanuuy uniaxial pressing
o [ o = a a Py A ¢ Ao
Moanuan 1 6% 1Duwaaiwn 10 3w lasdunui laazlansm:
< 1 . Aa 9 1 6 Aa
\uwsunaw (disk) NTvwaIEwRIRgUINAILZAN M 1.5 LOUGLGT
0o & { o £ o @ a &
hTwnuidumidaluglandaitoaasdudioezglivn - nuurinig
ﬂau%u\j’]uéf’)UNd Pb0_84Bao_16(Zr0_44Ti0_40Feo_08Nbo_og)Og L‘ﬁi]ﬂ’.l‘]JﬂqSJ
yyssnmalumsien  wastlesnunsrzmsvasdainaanainduauly
1 dl o =1 v a v A g; ‘é tﬂl ) va
wwiuiimaen  widanaudonsazaliviiudnaunilaiatnlwi
miradsusasanuiawdigdunuri giulunndians

ﬁﬂ%mmvl,ﬂﬁﬁmﬂm%uma"Jﬁqmﬂ@uﬁ 1150°w, 1200w, 1250 ,

1300° ez 1350 0
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BBz aRUN
TUIIU

N RALAEIN LTI
BBz RUN

51 3.12 LLamLmuﬁoﬁnwmzn’mwmsﬁaaahﬂuﬁazla:@ﬁm
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31 3.13 e Wi (fumnace)

U N(°C)
A

Sintering temperature

10°C/min

1hr 10 'C/min

1an(hr)

»

51 3.14 RNNITMIENTULAB TV ILTIIAN Pbg 54830 16(Zr0 .44 Tio.40F €0.0sNPo.08) O3
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3.3 @151 31ANIWIZUY BT-BFN
3.3.1 @13LANN 1B IkN1INAaDY
1. WULSENATUBLLA (BaCOy) mwu‘%qw§ >99% WAAlANLI®N Fluka

UsznagialraShane

= Qr a a
2. levousenlad (Fe,05) anuu3gnt 99% Wialaou3sn Fluka Uszing
a [ 4 6
fIALTaSUAUR
a [ a &£ a A o
3. luladounuazeanlad (Nb,Os) auLIgNT 99.9% WAalanuIun

Aldrich Uszinaanigaiaini
4. Inmuftowlasenlod (Tio,) AwLTaNT 99.0-100.5% wAaAlauuIun

Riedel-deHaen

5. lafiaaanagas (ethyl alcohol) mmu'%qﬂ%{ 99.5% WAAlALUTHN Merck
Uszinaeasnu

6. 2zalw (alumina) KAalanUIEN Fluka

7. Wad NAauaanagas (PVA) AnuLiudu 3%

8. N2 (silver paint)

0.  hdudalaw (silicone oil)

10. WNaw

3.3.2 aunind uazimdasdafildlumonaaas

1, gﬂmmaﬂmﬁﬂ (zirconia balls) MTINAN VWIALEUHIUGUENAIS 0.95
LTUALUAT

2. LASaITITTULRIREn (ANAZLBUa 0.0001 n3W) WaalasUSHN AND plt
HM-300

3. nyztlaswana@nniaurddasnIuuanas

4. PIOWARANF IR IVUANT

5. WMUNINAIRAN



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
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A3 ILIANTNENTULLRAMIY (ball-milling)

AZUNIIWANFAN

fnnasuaztauanaIIwIaag 9

wruazgiliitauwasd (aluminium foil)

mwaﬂﬂﬂwqmwnﬂﬁ 120 D9ANTALTR

L@ WA (furnace)

LwiaLL&imﬁﬂﬁm%'ummaums (magnetic bar)

w9 liaNTau (hot plate)

Lﬂ%ﬂdﬁ&guwﬁuﬁﬁﬂmuuﬂL‘ﬂaﬂ (magnetic  stirrer) WiauaalRANNTan
(hot-plate) HAAlaLSEN Schott Gerate GMBH 3% SLK4

taeazaliwd (alumina crucible) WiaurLa

FN3aUAAYUIANI (nylon sieve) vua 120 lulasiuas
1n3IUARTVMNALEN (agate mortar)

Iﬂ@@m’m‘ﬁu (desiccators)

WA (punch and die) lFlumsdassvwaidurnugudnas 1.0
LTUGALUANT

Lﬂéaaé"@%ugﬂiwuvlaimﬁﬂ

nastiumsauesTuualnes ANazBea 0.01 AadLNaT
ATLANENTIBLLES 400, 600, 1000 WaL1200

LN BILRAB9 (stub)

wiaSuan (carbon tape)

né’aaﬁ}‘aﬂﬁﬂﬁaL’gﬂmammuﬁadm’m (scanning electron microscopy:
SEM) o%@ Low vacuum (JEOL JSM 5910LV) I 7274 NARlasUTzina
29ND

1A389 sputtering 1 JFC-1100E wAalasu3shn JEOL ﬂizmmﬂﬂu
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wiasiiiaTafand (xray diffractometer) ju D500 WA®lapuIwm
Siemens Uyzineaingw
1783 HIPOT TESTER 14 HD100 legnTulnafignIaasing

dl' a 6 1 Y o o o ] £ 1
1389 LCZ fiaad ju HP 4276A lFdwiviad1anugvin uazdims
gryl,ﬁﬂ"lmal,ﬁﬂﬂ%ﬂ (dielectric loss) Tug29a % 100 Fsng §19 10 Ala
a 6
\ SN
\A789 LCR HITESTER 1 3532-50 WAalauu3un HIOKI lddwiuiasn

Aa

Al wazdmagiFeledidnnin (dielectric loss) luzragmnnil

U

0-500 AIFALTRLTEE

\ATaINaFauaNTAR TBIANTIN (dys meter J14 35865)

3.3.3 35n13NA!D9I

v
% o

lunmIneassh azutseantiu 2 Tuaaunans aih Ao JuaawN 1 3znNa1I09

MIesuNRITUSTNauAIaEne Joleun wuisonlnnua (BT) wuisonlasewlulaiua

(BFN) wazuuisudinnmiuanannuuuiselesenlulaiualudnsndiudrag (1-x)BT-xBFN

Fuluanaawn 2 HwdudTNNINTRaLAATIEAIISNBUILANIE  ’FNUANIINNLATN

uazENUANI A8 IA18L19

3.3.3.1 N5LATYNFITA089

- MIta3saRsnSaa nnwa (BaTio,: BT)

lumIneassh  vnmseSounsvasrnsdsznaunuisonnnue  (barium

titanate: BT) §n3 BaTiO, suitindaanlad lasisuanmshaiasedn leud wuiSow

M3uaa (BaCO,) wazlnnufieylesenlod (Tio,) wdieudSunmisuiaalaann

gUN1ILAN (3.1)

BaCO; + TiO, --—memmr - BaTiO, + CO, (3.1)
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ML uNaNIA089UTIN I 100 N3¥ 1awsingnIndg 2 Tiau g RN

v

luneuaniangnuaiseslaifis udvihnsuanaudie3Tuaaiiad (ball milling) duiadas
& < o Q) @ A Y

vawsuauuunywwdunm 24 Hlus  laslfueamueaidudinanangaslians

agniadnuldd  ntwhawauananuihldudlasnnin  (stired) daouri

LL;im§ﬂw§auﬁulﬁ@mu%”amumzﬁ'amsﬁuLLﬁmm@ﬁazlLﬂ%amguwaummuuLszmﬁﬂ

warhantngaunamwnnidszanm 120 adesadas 1 Jwnan 24 ‘%”)I&N WA

U 9 U

dq’ dl dl £ a o I v g; g; = £Z ) 1 =3
ANNTY TR laazauainwduian asuudsdasihunualulnsiuassvwadn (agate
mortar) fiawih llgludasazgfiviudivhmanuaalodngunnil 1200 lasldszuziam

IuﬂWiLNWLL"E%TH) 2 "Ii’JIﬂJ\‘]LLa amﬂmﬂuawaaamw N 5 eveniwalSoadauwi LII%VL‘]J

[
a

mugﬂLLuumiLmLma"Lsﬁﬁﬁagﬂﬁ 3.15 NWHUIINRIIN b9 LU aTarauaasdlsznaun
6

a J v a ¥ a v v a
AT UAILNARANIRUUNLUVDITIFLAND (XRD) LL&Zﬁﬂiﬂ"IIﬂidﬁi’]dﬁgﬂﬂ’lﬂ@‘l’)m‘ﬂﬂ%ﬂ

ﬁ;amiﬂﬁ?}Lﬁﬂmauuuua&aaﬂﬁ@ (SEM)

GRIVERIEe)

Soaking time 2 hr
1200°C

)4

5°C/min 5°C/min

>

> 1na1(hr)

Eﬂ 3.15 RN1ITNNINARBIVBINTENLAR LTiaas BT

L L
- NILAIBNHNILD L‘SEIN1§J§?J%1%I§J tu®

J= S ~ = .
lunmaassit ¥imsesoupsvadansUsznaunuison lasanlulaiua (barium

ada

a o &< o A
iron niobate: BFN) §03 BaFeosNbg 505 eAdindean lodlagSuannIvnaInIann G4



59

ldun wuissnasuaua (BaCo,) losauaanled (Fe,05) uwaylulaifouinwuazaanlad

(Nb,Os) 379 lagLa3 895332
BaCO3 + 0. 25Fezo3 + 0.25 Nb205 9 BaFeo_5Nb0_503 + C02 (32)

AN THNEIIA019USIN T 100 NN 1a8singINg 4 sRau NN IWTnw

1%“11’]@]U@]W§8&l§ﬂﬂ@]L%ﬂﬂﬂLﬁﬂ waINMSLANENIBITUaalA] (ball milling) FR8LAT
p < A o ¢ = o A 1Y

UaHENEIUUURYWIL  (uan 24 77lu9  Giltuaanazasiiuainarsnaiulizns

agniadnuldd  ntwhamwsuananuihlduilasnmnin  (stired)  daeuri

waanwTaunulianusan ﬁlumzﬁdmiﬁmﬁwmmﬁaULﬂ%aamuwaua’me

a

. = @ o v o A a & < A
waiadin udhandhdeufiganpiidszanm 120 aseaados wan 24 Talug e
o d‘f & cl' 3 s o o & 3 gj gj = v o 1 53

AR NNTY TInsf beazavanwmdudon asnudsdasihanualulnisuaans smaan
(agate mortar) fiauthldlaludazazafivy udwhnswnuesloingungiidngg lagld

) QI/ Qs J a { 1
itﬁlzL’]ﬂﬁiuﬂ’]iLNWLL?ju’]% 4 °11’]IJJ<]LLﬂza@li’]ﬂﬁiﬂluﬂdﬂlaGQMﬂﬂ&lﬁ 5 a9ALTaLToaGD

U

a & = o A & A a & o A &
“IN ﬁ]qﬂuu"ﬂﬁuqaqiwqm‘ﬂmiﬁaﬁauLwaaﬂﬂﬂizﬂauﬂ"ﬂzLﬂ@TuﬂjﬂLﬂﬂuﬂﬂqiLaﬂ?LUu

v A & € = v v a fa & '
VayNRLAND  (XRD) LLﬂzﬁﬂE"IIﬂix‘]ﬁiﬁx‘]?aﬂﬁﬂ@?ﬂLﬂﬂuﬂ?‘ﬂﬂiiﬁ%aLﬁﬂ@]iauLL‘Ll'Llﬁad

A9 (SEM)

- MLASaNNIANUsznay BT-BFN
luniseTuusnsdsznay BT-BFN % 221ilwn13i1a1s BT wazans BFN N1
€ a 6 A (% . v o

MIHLAR koA ulinaasdUsenauifenueilasiainy  perovskite WA NIHENAUANY
8a3NEIMUIZTUY (1-x)BT-xBFN L2 x Hevinnu 0.2, 0.4, 0.6, uaz 0.8 laui3NANNNT
TIRUNVDING BFN a2 BT enuUSamsNa b le WasnNIuaIanInIgadniainga
ELﬁLﬁﬁﬁ'uslummuaw%”augnuaLeﬁaﬂﬂLﬁﬂ LaLYINMTUANRNAI8ITUaaNAS tTunan 24
321309 I(ﬂylfLaﬁaLLaaﬂaaaﬁLﬂuﬁaﬂma%aU’LﬁmiﬂqﬂLﬂﬁﬂﬁuﬁ%aﬂsxmﬂﬁﬂﬁa

AMNBWINRIINFNAINaNATN TR la s nINIRe I B LA NTaun U TR
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A

ANNTO UG LIUNTENIRNTTUUAIRNNG LLﬁaﬁwLﬁﬂﬁauﬁqmﬁguﬂs:mm 120 @d9en
a & < A o @ & AN v A e v o o g o
EraLdes 1Hwaan 24 T2lN9 INafIaaNNTwean b NN ezl anemIUAIN W Wi a%
MGt ualInTIuaRTY LAINTRIRIENUENAATIABYNNA (nylon sieve) TN
120 lulesiwas walwwsniesouladamwalnatfosni ﬁauﬁﬂﬂﬁﬂi‘lﬂngmmm%u

N - .
Lwasamvlﬂa@mugmﬂmsmmﬂ BT-BFN s¢ia |1/

- NSLASYNLEIIAN BT-BFN
ARINNLATBNRILUITZUY (1-x)BT-xBFN tda x AAwr1Ay 0.2, 0.4, 0.6 ua
0.8 U&7 WNIFNINLeTuN e T nEnUszunns 0.80 NIV NIUANNNUWE 1A
& v o ' ° o £ I ' Ao
LaanNadaa (PVA) aNULTNI% 3% Uszunms 1 waa ﬂaumvl,ﬂamugﬂtﬂmmunaum
mmmﬁumug{uﬁﬂma 1.0 LTUALNGT @nwgﬂLLmJLLﬁﬁuﬁﬁﬁﬂmmﬂm§ﬂﬂ§wvl§aﬁuﬁdgﬂ
A [ A o a A a . . . (Y o o
7 3.10 droaTetaaszuulalasanuuufianiad@en (uniaxial pressing) MIBLITIAK 1 A1
I3 =) = g: o : dl 1 Qs J = £ a £ o
Wuaww 7 3w mﬂuum"ﬁmmﬂmumsa@wgﬂmmaLm\ﬂ,umﬂazgum LAY
NMINBUTUINUA I NINFNVDININ LA Lﬁmhﬂﬁﬁmsdamzlmm%fauﬁ'];j%m'mwhﬁ'u
nﬂﬁﬂmumzﬁamﬂa@migfyL‘é‘fwaaé'mwmmaamsﬁszﬂau WRIINHWIN TV NI
=4

TuiaaT (sintering) duiairn WA Ngunnil 1250 f9 1350 aseimaifos Wunawn

< s £ Aad = ' )
2 °U’)I§N LLa:amwmiﬂmawaaqm%Qw 5 DIANLTRLEDURGDUIN

3.4 350 1IIALALNITATIVIATIZHMA NBWLIANIZVDIAITAIDEN
(Characterization and Measurement Method)
wasand lenaesoursuazendnluszuy Sr doped 0.8PZT-0.2PNN,
J2UY Pbo 54B.16(Zf0.44Tio 4oF €00sNbo.0s)Os UAZIZUL (1-x)BaTiO; —xBaFe, sNbo 505 @28
maltSawlaengg Ltﬁﬁaﬁﬁaqﬁvlﬁmﬁmﬁmé’ﬂwmzmm: TogisuannmInTIesay
siiavasnrasdsznavfitnng suiamemaniw lawsaiegamea uazaud@nislwiy

Y o A s A a o ¢
@'JUﬂ']ii"ULV]ﬂ%ﬂ@’]\‘]e] Tﬂmi’]ﬂﬂzl;aﬂ@@ﬂ@]avlﬂu
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¢ o A & v & ¢
3.4.1 MIaTRdaudaInlsznauAIgNARANISIR S LBYITIRLEBNT (XRD)
ao A @ a g v A& v A .
NWIeRlalmnaiamaasunsadTFmsnglaylfiaias  Siemens-D500
. ~a =) dl =Y g Q
diffractometer (31 3.16) lumsaTagaumirianazdSanmaanziiialulasande
o [ & A o v A a . ¥ £
vaaﬂmmﬂm:‘nwaasaﬁl,aﬂsfawumaa@;umm@miﬂs:m (scattering) WRZLREILUHUL
a n}' ' [ J > £ =3 d'u/ A
Immgulumnammmmﬂmaﬂu"l,ﬂmuagﬂuimaaﬁawaﬂuazszmu (hk)  N39FAN
[ 1 n:? v A & 6 s 1 a g: =3 a
ﬂsmumﬂlma@; I@mmuamamsmmLumomaﬂsﬁmaa’mqLma:"ﬁu@uum:wmm
DANZIRWIATLIRGIH Y A9t Liaia309lladWILATINNG (detector) 317ITL
v A & (d‘ a g o ] 1 ~ L2 g g: &
IRLON ‘nm:maanmmmaq1u@1LLﬂuo@1N6] ﬂazmmmmmaaﬂmnaqumﬂu
i'a@gﬁ%amﬂﬁ@lm I@aﬁmsmﬁmﬂﬁagammmwé’uﬁuiﬁ”szmwmwmammnﬁ
, o A e A& € ' g P 2 o AN o
(Bragg's angle) uazAnuduvasiaIdandrasuuvatimadeuwnlnng deenla
1 LU 1 1 a = dq, d' & u/ 1 %]
ﬂﬁmmLmemsLmawum:ugﬂu,‘uwaomnamm‘ufnLﬂuaﬂwm:mmnmﬂmaﬂﬂﬂ
=< ° ' hg e A& ed o ~ A o o
ﬁ]dﬁ’]&l’]iﬂ%’]LL‘iJ‘lJE]Zl’Nﬂ’]SLaZI’JLU%SGETLE]T]‘]JYIG]TJ%TE]UVL@M’]LSLISEJULV]EJ‘iJﬂ‘iJ‘IJE]%Iﬂ‘UﬂG&’]S
a 1 t:lld ] v . dl a dl a tg/ v
TR maglugmmgammﬁm (JCPDS files) \aaTarausiavadnaniialinle
a g; r=| L [ Qs d‘p
TaudUuaawlnILATUNRITA 0879 ATk
1. 11’1mLLaz%mmLsﬁswﬁﬂﬁm‘%mu"l,ﬁmmiaﬂdlu holder 37N%441i0 112190
U UTRIRNITLINITUNBIULATad  Xray diffractometer  (NTBIRNS
@TaashaLﬂumlﬁﬁmm@lﬁauﬁsmLLé’dUiﬁﬁ;aﬂmmumsﬁ;miﬁaazm
& a o , oo o &
NnuundsrIaasliSoulasltnszanalas)
a o a a % a o A ] % (o]
2. memimumsaamaauim‘lmuLsmu‘n 20 Wiy 107 uszyju
gavine 20 iy 60°
3. Naﬁuamaaﬂma:a%ilugﬂma\mﬁwmﬂwé’wﬁ'uﬁs:mwmmL°f1’u ﬁ'u&ql:u
20 mﬂﬁfumNaﬁ"l@i”mLﬂ%mmﬁmuﬁuﬁagahuﬁu JCPDS 1@

A £ o | {a & o 1 {
(ﬂijaaauLWﬁLLa:ﬁﬂjqﬂJ‘Ujﬁi‘nﬁma\TN\j@qaﬂ’]dﬁlﬂ(ﬂmui(ﬂﬂu’]ﬂ’uﬂu 20 ﬁ

l@unwnen d-spacing MnngVaILLINGIRUNITA 3.5

d= (3.5)
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=p.

lagfl d @ Jr8s¥1eTenIngszuny (d-spacing)

A A9 ANVEMARUVITIRENTIUATE (A = 1.54 "A)

51 3.16 X-ray diffractometer, JEOL

3.4.2 NIAIVFADUANT ANIINIYNTNVDILLINNN
- NMSUIATAITNAL LI
MInasadih  leriinsrneanunILinastuwainiesoy lalayls

o P . 4 o a_ d a v o y 4
RAINNIILWNUNVYBY  Archimedes ‘ﬁ\‘l‘l’]'m’]?ﬂ(ﬂaa\‘lI(ﬂEl‘l«lf]leﬁ'lllﬂ‘ﬂL@I‘SEI%JVL@]&I"I@WIH%’IHGM

=

Hwnan 5 talus Aelslwiduluonme wdsshandsiminluia (w,) asuaadlugy
3.17 ﬁv’afﬁ‘ﬁaLﬂumsﬁﬁ@wamaagw;umwanmaamnsﬁﬁﬁn WEITINTUTN T UL ENT
Fwm TG aiwinluama  (W,) %é’amnffuﬁwLsnswﬁnvl,ﬂauluﬁauqmvxgﬁ 120
psenmades Wuaan 24 alusliuinewiandsiminluanmesnasowits (w,) ud

FIMTATWI BRI ATAMNNRWILUUY DITWITWINNRNNNT 3.6
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W ps AT pg A8 ANURMWILUBTBITINANLAzTaINaNE1aU

v

W, A8 NNV ITININNRAINNAL LA
= :’ a a cl' <

W, fa shntnvasaninATsluene
A s @ A A4 &

W, fa dhnnnvastaninnaslui

31 3.17 LAIAITITZUUAINDR FIRILIAAIAMNAW LU

- MIWIATNTRAAIVDILB IR NRAILHID LA DS
PRIV TN TULADTLTTIANLEY FIUT U LGUITINITNTIIANITAG
é’amawmwﬁn%é’aLwﬂugﬂmaonﬁmé’alﬁalﬁu (linear shrinkage) AIUNITIAVUIALE

muﬂuﬁﬂmwao%umwﬁrﬁ’]ﬁﬂriauuaz%é'ammm%uma‘? ﬁnnﬁfuﬁaﬁ'}@hﬁ"lﬁmﬁ’lmm

PIAINITRAAIRAILAT LagaAoRINIT 3.7

S=—X100 (3.7)
Do
P A ! ¢ < & o o \ =<
L8 S A9 ALUDILTUANITHANIRRIINNHIBNITLNINGN
D ﬁi’] Lﬁuﬁhuﬂugﬂa’]ﬂmI’NLﬁ@]?ﬂTﬁé/\‘l"i]’]ﬂﬁ»j’]%ﬂ’liLN']Nﬁﬂ

D, fa Lﬁumuﬂuﬁnmwamﬁﬂmsﬁaumnmwﬁﬂ
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P v L fa & 1
3.4.3 ﬂ’lsﬂnﬂ’lfﬂidai’mqan’lﬂfﬂ ﬂiﬁﬂaﬂﬂqaﬂiiﬂ%ﬂ LAaNAIDBLUUADINIIA

(SEM)

ﬂ’]iﬁﬂ‘hﬁiﬂidﬁ%’]ﬂﬂﬂﬂ’]ﬂ ﬁ]x‘ﬁ']ﬂ'ﬁ@li'l‘ﬂﬁﬂﬂiﬂidﬁ%’]d?@ﬂﬁﬂmﬂx‘]a’]‘i Sr

doped OSPZT‘OZPNN, Uy Pb0_84Bao_1S(Zr0_44Ti0_40Feo_08Nb0‘08)03 LLNSIeUl (1-X)BaTiO3

—xBaFeg sNby 505 niesoaldnaluzivasmsuazianin drumslindasgansia
A & ) A o o AV o o A R o o
BLANATAUULULFRINTIA iwathdayaf launllsznaumseSunsisansnzlassaing

[

= A a % a a = o \ g
QﬂﬂqﬂmﬂﬁﬁqﬁLLﬂZﬁuﬂquﬂL@iﬂ&l‘l@l I@]ﬂNTu@lauluﬂ']sL@iﬂ&l‘ﬁu@']u@?aﬂ’m iU a8

1.

PTUIN LTI ﬁﬂﬁ L(ﬂ%ﬂ NVL@‘TSJ’] el P Ehalolole! ﬂmﬂ"ﬁm%aa ﬁﬂﬁiqisﬁﬁﬂ

1wan 15 W Lﬁ'aﬁﬁ@Lﬂuaaanﬂsﬂslﬁﬁgﬂaan"Lﬂmﬂﬁa%mm

v
o A

mmmmvl,i.lau‘luﬁau 1wnan 24 T lug N lATwIT MRS La¥innT

(2
o s 1

AnTuNuaatn i lvinaanasnewiin lUfaunurinasnias  (stub)
dondaniven lapdaldusiimsesin (fracture surface) 119daaglu
wwfmanzuimMIasIagey

Ymsedaufnrasiwnudionasdr  lagldineda sputtering L

/=3

LAWK 1 wN (3UN 3.18) ﬁauﬁa:ﬁﬂﬂmnaauﬁaﬂﬂé’aa@awﬁﬂﬁ

U

fidneven (FUA 3.19) NevhnsAnmanwuzlasiaianAves

Fuwauaa bl
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TR AT L

'-'.rau\l%
Wy, " :

31] 3.19 ﬂﬁﬂx‘]'ﬂﬁﬂiiﬂﬁaLgﬂﬁﬁﬂuLLﬂﬂﬁaﬂﬂiq@]"ﬁﬁ@] Low vacuum

(JEOL JSM 5910LV) §% 7274
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3.4.4 MINTRFDUANT AN INHBasEIdn
1 { A& a . .
- NIATIVFDUAIAIN bABLENNSIN (dielectric constant, €))
1 A« a . .
Ltazmmigzytﬁﬂv[mmanﬂsn (dielectric loss, tand)
[ en A & a A A A o a o & oo
MIARNLA lBLAANINVadrAnAeasoyla Suannsvinan i lwny
FTwua20879  lagtinrniniiassylduvinnstaalanIzaenIetiniuas 400, 800,
o > g; =1 o v & <4 v AR ° o
1000 uaz 1200 eNd1ey nnuavinldavudaduing 24 Tlud wa39NIYa
A WA e T T NF WU LN LI IR TN NI I WU IRITAN8L1Y a2 LN

=) v [l U s J
9UNNA 750 B TALTHR Tagltyzozlwnisnswin 15 Wi wazltaaInIITuasasg

zvmn“ﬁ 5 AIALTALTURADUIN 3NN LYIIN1IATIIRURNLG O BLANNINA8NNTIA
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' v o ¢ ' a a < a ° o ' A =

ARNINLDNTNANT LLa:mmsgryLan"l@maﬂmﬂ Tagvinm sl fuuuasaranuniiu
A & A A I A A & o @ S o o ¢

100 1&5E, 1 AlatETG uaz 10 AlalEng aNEI0U TIFIRNINYDNFUNNTVIRNT

dadiuumanInm ldannmriadianug Wil (capacitance: C) lawlfis3as LCZ

Sieas 'g'u HP 4276A @T@gﬂ 3.20 WaziA389 LCR HITESTER ;‘u 3532-50 G9¥iNm3

Lﬂﬁﬂmmaaqm%gﬁﬁum 30-450 A9FLTRLTE R @T@gﬂ 3.21 LLﬁﬁaﬁwﬁ'}mmaﬂWWwﬁdm

1@ A E AN NFNANT NANUFNAUTAIFNANT (3.8) wazluvet@edInud

o 1 a & a & 1 { a
vnmdmigyidelediannin (tand) Svduldlasassaniaies LCZ Aiaat

g =—— (3.8)

Wa g fa AFNIINLBNFNANTURIFNTAIBENS

O
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©

danag Wi dwiduia (F)

AMUNWIVBIENIA28879 Wrshetduiuas (m)

[

o
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©

2
o

o o ' ' = 2
AN ihesansaeng Snioluannauas (m)

>
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©
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©

: ' | o -12
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31 3.21 1389 LCR HITESTER 3% 3532-50
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-7 fLarT a & a . . . .
- MInssauaandszandiladiannia (piezoelectric coefficient, d,,)

> 1 ﬂl =Y ;A A & =) o AI o :
UM TIMFUUTANTAIBANNIA 810DV b LS NN NI TN T I

a

198193 NMIMABNIER  (silver paint)  lagmlEniuSmwasiintinnigasves

FTUINUADLNY LD IRENTADa89 TN NFINITD LNNTHN TN ALS I RN TN KRIINTH

a

ﬁ'}%umuéhazmmﬁ'mm,mﬁqmﬁnu 750 avanaardus lagldszazlunisianguwi

U

A oo £ A A ' A v o = o A

15 wifl uwazlddannituaszesgunni 5 asroaidoadouwil udihTunudiainm
HUMISENNIEUINYNNNIATIIRELVELITUNY  Liedasnumsansasannmld
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s Wihadianudwdndgadily  lususasnsaraseuddudszaniAlodiannin
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Tutuuduasyn e saninaunTaugasnganssumsiiaautan lodiannin  lasvinns
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=

Inadalwinduddlan (U 3.22) Ngannd 50 aseoados uazlianuesdnd 4 Ala

Taddadadiuay tuszuziiaiwiw 15 W mﬂﬁfuﬁﬂ%mmaaﬂﬁnﬂ"g@]mimaamﬁaﬁa

17 24 Talus faunzindunuldyinasaseusui@lediannin (U7 3.23)
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Abstract

Relaxor ferroelectrics with A’A’/(B’B’")O5 — type perovskite structures have attracted much attention because of their excellent dielec-
tric and electromechanical properties. The physical properties or device parameters of PZT can be tailored by improved synthesis and
processing techniques and by making suitable substitutions into the A and/or B sites. In this study, PbggsBag 16(Z1.44Ti040-
Feg.0sNbg 03)O3 ceramics were prepared by solid state reaction and the effect of the processing parameters on the ferroelectric, dielectric
and pyroelectric properties was determined. Optimal dielectric properties were achieved in Pbg g4Bag 16(Zrg 44Tig.40F€0.0sNbg 05)O3 ceram-
ics by calcination at 1100 °C and sintering at 1250 °C. Hysteresis loop measurements of these materials indicated a remanent polarization
(P;) and spontaneous polarization (Ps) of 15.88 nC/ecm? and 26.29 pC/cm?, respectively. TEM micrographs showed nano-domains in the
calcined powder confirming their ferroelectric properties. The dielectric properties also show ferroelectric behavior, with a Curie temper-
ature of approximately 220 °C. The values of p;, show a continuous increase with increasing temperature up to a maximum value

~800 nC/em” K at ~120 °C.
© 2007 Elsevier B.V. All rights reserved.

PACS: 71.22.—d; 77.70.+a; 77.80.Dj; 77.84.Dy

Keywords: Perovskite; Ferroelectric; Pyroelectric and dielectric properties

1. Introduction

Piezoelectricity is a coupling between the mechanical
and electrical behaviour of a material. In the simplest of
terms, when a piezoelectric material is squeezed, an electric
charge collects on its surface. Conversely, when a piezoelec-
tric material is subjected to a voltage drop, it mechanically
deforms. Many crystalline materials exhibit piezoelectric
behaviour. A few materials exhibit the phenomenon
strongly enough to be used in applications that take advan-
tage of their properties. These include quartz, Rochelle salt,
lead titanate zirconate (PZT) ceramics, barium titanate,

* Corresponding author. Tel.: +66 5394 3376; fax: +66 5335 7512.
E-mail address: 1 uraiwan@yahoo.com (U. Intatha).

1567-1739/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.cap.2007.10.012

and polyvinylidene fluoride (a polymer film) [1,2]. Of all
these materials, lead zirconate titanate (PZT) has been
most extensively used in piezoelectric applications. These
ceramics have high values for the piezoelectric charge coef-
ficient (ds3), electromechanical coupling coefficient (k) and
dielectric constant (K) [3]. They also have low electric
losses. Modifications to PZT ceramics, including the effect
of dopants and the preparation method have been studied
to determine the optimum processing conditions for PZT
ceramic applications.

Due to the rapid development of functional ceramics,
many different of piezoelectric materials have been
employed as ceramic actuators to exploit the advantages
of fast response, high generating force, and low power con-
sumption. BaFe, sNbj ;05 (BFN) is an interesting perov-
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skite compound which possesses a high dielectric constant.
The present work is aimed at developing the dielectric and
piezoelectric properties of PZT by adding BFN. For this
purpose, PZT-BFN ceramics were prepared by a conven-
tional mixed oxide method to determine the suitable condi-
tions for actuator applications. In earlier work [4],
(l—X)szroiszTiOAgO3*XBaFeo_5Nb0.503 (X = 01, 02, 03,
0.4 and 0.5) ceramic systems were investigated. It was
reported that (1—x)PZT-xBFN ceramics with x between
0.1-0.2 have interesting dielectric and piezoelectric proper-
ties. The present study examines the composition x = 0.16
in the ceramic system (1—x)PZT-xBFN. The phase evolu-
tion of the samples was investigated by X-ray diffraction
and the pyroelectric, ferroelectric and dielectric properties
of PZT-BFN ceramics were determined.

2. Experimental

The PbyggaBag.16(Z1r0.44Tig.40F€0.08Nbg.08)O3 (0.84PZT-
0.16BFN) ceramics used in this study were prepared from
powders by the conventional mixed-oxide method. The
0.84PZT-0.16BFN powders were prepared by mixing the
starting materials PbO, ZrO,, TiO,, BaCO;, Fe,O; and
Nb,Os. These powders were ball-milled in ethanol for
24 h in a polyethylene container with zirconia balls. After
drying, the mixed powders were calcined at 1100 °C for
2 h at heating and cooling rates of 5 °C/min. Subsequently,
the most appropriate calcined samples were pressed into
disc shapes and sintered at various temperatures from
1150 to 1300 °C depending upon the compositions. The
samples were sintered for 2 h at constant heating and cool-
ing rates of 5 °C/min. The densities of the sintered ceramics
were measured by the Archimedes method. The phases
formed in the calcined powders were determined by X-
ray diffraction (Philips Model PW 1729), using CoKa radi-
ation. The dielectric measurements were carried out using
automated systems, including a precision impedance ana-
lyzer (Agilent 4294 A), an environmental chamber (Delta
9023), and a desktop computer. This system was capable
of making dielectric measurements in the frequency range
from 1 kHz to 1 MHz and temperature range from room
temperature to 300 °C. Prior to the measurement, the sur-
faces of the samples were polished and electrodes deposited
using silver paste. The polarization versus electric field hys-
teresis loop was measured using a Sawyer—Tower circuit at
room temperature. The temperature dependence of the
pyroelectric coefficient was measured using a radiant preci-
sion test system.

3. Results and discussion

Powder XRD patterns of the calcined powders are
shown in Fig. 1. The XRD results of calcined 0.84PZT-
0.16BFN powders show that the perovskite structure of
PZT begins to form at 800 °C and becomes more pro-
nounced at higher calcining temperatures. The pyrochlore
phase was not observed in this system. To ensure the sam-
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Flg 1. XRD patterns of Pbotg4Baol]G(Zrol52Ti0.4gF60.08Nb0.08)03 pOWdCl‘
calcined at various temperatures.

ples were completely reacted, powders calcined at 1100 °C
were employed to prepare the ceramic samples. The XRD
results for the sintered 0.84PZT-0.16BFN ceramics also
show the perovskite structure, with no pyrochlore phase.
The lattice parameters of the two co-existing ferroelectric
phases in the ceramics were calculated by the refinement
method to be a=4.1045 A and b =4.0484 A. The value
of the c¢/a parameter was 1.0139. The crystal symmetry of
pure PZT at room temperature is tetragonal with lattice
parameters ¢ =4.036 A and ¢ =4.146 A. The crystal sym-
metry of pure BFN at room temperature is cubic with a lat-
tice parameter a = 4.085 A. The XRD phase analysis was
based on the JCPDS file No 33-784 [5] for PZT and ICSD
No0.43622 [6] for BFN. The densities of the sintered ceram-
ics, measured by Archimedes method, shows that the opti-
mum density depends on the sintering temperature. The
maximum density is 7.52 g/cm® for the samples sintered
at 1250 °C.

TEM was used to determine the morphology of calcined
powders (Fig. 2). It is seen that the powders are small and
agglomerated and some particles are nanometer-sized.
Some nano-domains were found (Fig. 2), confirming the
ferroelectric properties of these ceramics. The TEM results
show that all the calcined powders are mixtures of microm-
eter-sized powder and nanometer-sized powder, which can
produce ceramics of higher density [7] because the intersti-
tial holes between the large particles are filled with fine par-
ticles, leading to increased density.

The temperature dependence of the dielectric constant at
various frequencies (Fig. 3a) clearly shows that the dielec-
tric constant varies with both temperature and frequency.
The Curie temperature of the ceramic is 220 °C, lower than
that of pure PZT. The dielectric constant at room temper-
ature at 1 KHz was 3500, increasing to 7400 at the Curie
point. The maximum value of the dielectric constant
decreased with increasing frequency. These samples display
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Fig. 2. TEM micrographs of Pbgg4Bag 16(Zrg 52Tig 45Fe€0.0sNbg 03)O3 cal-
cined powder.

normal ferroelectric behavior, based on the Curie-Weiss
law. Thus, the characteristics of the phase transition of this
ceramic can be expressed in terms of a generalized empiri-
cal equation of the type:

1:i+(T_7T”’)? (1)

& &m 2¢,,0°

where &, is the maximum permittivity, y the diffusivity and
0 is the diffuseness parameter. [8] For the 0.84PZT-
0.16BFN composition, the diffusivity (y) and diffuseness
parameter (J), estimated from the slope and intercept of
the dielectric data of Fig. 3b, have values of 1.902 and
7.423, respectively. The diffusivity value is expected to be
2 for relaxsors, but in this work it was less than 2, suggest-
ing that the phase transition may not be purely diffuse. [9]
The ferroelectric behaviour was also investigated by mak-
ing hysteresis loop measurements. Fig. 4 shows the polari-
zation versus electric field (P—FE) hysteresis loops in room
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temperature. A typical ferroelectric hysteresis loop was
seen in this sample. The remanent polarization (P,) and
spontaneous polarization (P;) was 15.88 and 26.29 uC/
cm? respectively. The value of P, at room temperature is
a little higher than reported previously [10].

Fig. 5 shows the variation of the pyroelectric coeffi-
cient, p; with temperature for 0.84PZT-0.16BFN sam-
ples. The values of p; show a continuous increase with
temperature up to a maximum value ~800 nC/cm?*K
at ~120 °C.

4. Conclusions

In this work, ceramics based on the solid solution
Pbo 34Bao.16(Zro.44Tip.40F€0.0sNbg.0)O3 were prepared by
the mixed oxide method. The 0.84PZT-0.16BFN ceram-
ics with optimum properties were fabricated by calcining
at 1100 °C and sintering at 1250 °C. The XRD pattern
shows a single phase perovskite structure without a
pyrochlore phase. The dielectric properties of the
ceramics depend on temperature and frequency. The
phase transition temperature (7.) was decreased to
220 °C, compared with that of pure PZT. The typical fer-
roelectric behavior of the sample was confirmed by its
hysteresis loop and follows the Curie-Weiss law. The
values of p; show a continuous increase with increasing
temperature up to a maximum value ~800 nC/cm” K at
~120 °C.
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Single-phase cubic Ba(Fe,Nb)o 505 (BFN) powder was synthesized by solid-state reaction at 900, 1000,
1100, 1200 °C for 4 h in air. X-ray diffraction indicated that the BFN oxide mixture calcined at 1200 °C
crystallizes to the pure cubic perovskite phase. The crystallite size of the BFN increases slightly with
increasing temperature, while the lattice strain progressively decreases. BFN ceramics were produced

from this powder by sintering at 1350-1400 °C for 4 h in air. Samples prepared under these conditions
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achieved up to 97.4% of the theoretical density. The temperature dependence of their dielectric constant
and loss tangent, measured at difference frequencies, shows an increase in the dielectric constant with
sintering temperature and measurement frequency which is probably due to disorder on the B site ion
of the perovskite. The Mdssbauer spectra of these sintered BFN ceramics suggests the presence of a super-

structure on the B-cation sublattice.

Keywords:

Solid-state reaction
Dielectric properties
Barium iron niobate

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Perovskite - type ceramics ABOs; are widely used in the
electronics industry. Of these materials, the complex perovskites
A(BB;)O3, are particularly attractive for applications such as
microwave frequency resonators, capacitors or various types of
detectors. The high value of the dielectric constant of perovskites
over a very wide temperature interval is due to disorder in the dis-
tribution of the B-site ions in the perovskite unit cell. This may lead
to composition fluctuations and, as a consequence, to different lo-
cal Curie temperatures in the different regions of the ceramic [1].
High values of the dielectric constant (&) over a wide temperature
range have recently been reported by Yokosuka [2], Tezuka et al.
[3], Raevskite et al. [1], and Saha and Sinha [4,5] in ceramic sam-
ples of the ternary perovskite Ba(Fe,Nb)y 503 (BFN). Some of these
workers have assumed that BFN is a relaxor ferroelectric, but the
phenomenon of its dielectric behavior is not clearly understood.
In general, BFN ceramics require very high sintering temperatures
to achieve satisfactory density and high dielectric constant. Sinter-
ing at about 1350-1400 °C produces materials with a dielectric
constant (&) of 30,000. This study focuses on the solid-state prep-

* Corresponding author. Tel.: +66 5394 3376; fax: +66 5335 7512.
E-mail address: sukum99@yahoo.com (S. Eitssayeam).

1567-1739/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.cap.2008.10.003

aration of BFN ceramics, with particular reference to the effect of
the calcination and sintering conditions on the dielectric behavior
and physical properties of the ceramic, with the aim of achieving
optimal properties at moderate processing temperatures.

2. Experimental

Barium iron niobate (Ba(FeNb)ys03: BFN) was synthesized by
solid-state reaction of appropriate mixtures of barium carbonate,
BaCOs (Fluka, 99.0% purity), iron oxide, Fe,O3; (Riedel — deHaén,
99.0% purity) and niobium oxide, Nb,Os (Aldrich, 99.9% purity).
The powders were milled together in ethanol for 24 h in a polyeth-
ylene container with zirconia balls, dried at 120 °C and calcined at
temperatures ranging from 900 to 1200 °C, with a dwell time of 4 h
and a heating/cooling rate of 5 °C/min. The thermal reactions of
these powder mixtures were investigated by thermogravimetry
and differential thermal analysis, using a heating rate of 10 °C/
min in air from room temperature to 1250 °C. The calcined pow-
ders were subsequently examined at room temperature by X-ray
diffraction using Cu Ko radiation (XRD; Siemens D500/D501) to
identify the phase composition of each calcined sample. The pow-
der produced under the optimum calcining conditions was pressed
into discs using polyvinyl alcohol as a binder and sintered at vari-
ous temperatures from 1250 to 1400 °C, with a dwell time of 4 h at
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a heating and cooling rate of 5 °C/min. The densities of the sintered
discs were determined using the Archimedes principle. The sin-
tered samples were polished to obtain plane and parallel surfaces
and silver paste electrodes were applied for the purpose of the
dielectric measurements which were made at 1KHz to 1 MHz
and temperatures of —50 to 300 °C using a precision impedance
analyzer (Agilent 4294A). The room temperature Mdssbauer spec-
tra of the powdered sintered samples were recorded using a con-
ventional —microcomputer-controlled spectrometer in the
sinusoidal mode. The 3’Co/Rh source had a maximum activity of
1.85 GBq and the isomer shifts are quoted with respect to the mid-
point of the magnetic spectrum of natural iron. The spectra were
fitted to Lorentzian lineshapes using the commercially available
fitting program NORMOS written by R.A. Brand (distributed by
Wissenschaftliche Elektronik GmbH, Germany).

3. Results and discussion

TGA and DTA curves of the BFN precursor mixture are shown in
Fig. 1. The solid-state reactions in this precursor are marked by two
distinct weight losses, one above ~600 °C and the other above
1000 °C. In the temperature range from room temperature to
~600 °C, the sample shows a small broad exothermic DTA peak
at 524 °C, attributed to the decomposition of the organic species
from the milling process and the carbonate reactant. The calculated
loss of CO, corresponds well with the weight loss indicated by the
TGA curve. The endothermic peak at 814 °C corresponds to the
transition of a-Fe;03 to B-Fe O3 as reported by Cahn and Lifshin
[6]. The exothermic peak at ~1000 °C arises from the solid-state
reaction between barium oxide, iron oxide and niobium oxide. An-
other small exothermic peak at ~1200 °C probably corresponds to
a phase transition.

The X-ray diffraction (XRD) patterns of the calcined powders
(Fig. 2) indicate that the formation of pure cubic Ba(FeNb)y 503
(BFN) begins at about 900 °C and is complete at about 1200 °C
(ICSD file number 52835 [7]), consistent with the DTA peak at
1200 °C (Fig. 1). Therefore, the optimum calcination temperature
of 1200 °C was chosen to subsequently produce BFN powder in this
work in order to confirm the complete reaction and high purity.
The cubic cell parameter (a) of this compound is 4.080 A, in the
space group Pm3m. Our results are in agreement with Rama
et al. [8] and Tezaka et al. [3] who also prepared this compound
by solid-state reaction. However, Saha and Sinha [4] deduced a
monoclinic-type BFN structure by using a standard computer pro-
gram (POWD) analysis. Based on the DTA and XRD data we con-
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Fig. 1. DTA and TGA curves of the BFN precursor.
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Fig. 2. XRD patterns of calcined BFN powder.

clude that over a wide range of calcination conditions, pure BFN
can be formed by a solid-state mixed oxide synthetic route. The
present results suggest that the optimal calcination conditions
for producing single-phase BFN are 1200 °C for 4 h with heating/
cooling rates of 5 °C/min.

The crystallite size and lattice strain of powder were also esti-
mated from the XRD profiles. The crystallite size thus measured
is the size of coherently diffracting domains and is not necessarily
the same as the size of the polycrystalline aggregates. The crystal-
lite size was estimated from the Scherrer formula [9]:

0.894
~Bcoso (1)

where B is the broadening of diffraction line (in radians), t is the
diameter of the crystal particle, 6 is the maximum intensity peak
angle and 4 is the wavelength of the X-rays used. The lattice strain,
defined as the change in length per unit length, is determined as the
change in the d spacing of the strained sample by comparison with
the unstrained state. The relationship between the strain (¢) and the
line broadening g is defined as [10]:

B
€= Ztano (2)

where f is the integral breadth of line profile (8=A/Imax A is the
peak area and I, is the maximum height of the peak). The calcu-
lated crystallite sizes and lattice strain of the powders produced un-
der different calcination conditions are shown in Table 1. In general,
the crystallite size of the BFN powder increases slightly with
increasing temperature, while the lattice strain progressively de-
creases, in good agreement with Tunkasiri and Lewis [11]. The
strain in the diffracting planes originates from microstresses caused
by structural imperfections which may be related to the grain size
[12]. At lower temperatures the kinetic energy is not sufficient to
decompose the powder, whereas at high temperatures the kinetic
and chemical driving forces increase sufficiently to promote diffu-
sional processes and influence the reaction kinetics, reducing the
imperfections in the crystal [13].

Table 1
Effect of calcination temperature on the variation of crystallite size and strain of BFN
powder.

Calcination Temperature (°C) Crystallite size (nm) Lattice strain (%)

900 62 1.13
1000 83 0.55
1100 97 0.44
1200 105 0.38
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The densities of the BFN ceramics increase with sintering tem-
perature, these are 4.6, 4.8, 6.1 and 6.2 g/cm? for sintering at 1250,
1300, 1350 and 1400 °C, respectively, the maximum density being
recorded for a sample sintered at 1400 °C (6.2 g/cm>, or 94.7% of
the theoretical density (reported in ICSD) [7]). It is known that
the relative density is the most important factor for a dielectric
material since the dielectric constants are in good correlation with
relative density, hence the highly dense samples sintered at 1350
and 1400 °C were selected for the dielectric property measure-
ments, made as a function of temperature from —50 to 300 °C at
different frequencies. The variation of dielectric constant and
dielectric loss with temperature is shown in Figs. 3 and 4. Both
dielectric constant (¢;) and dielectric loss (tan ) were found to de-
crease for a given frequency. There are two possible explanations
for the systematic increase in dielectric constant with sintering
temperature. One possibility is that it is due to increased conduc-
tivity in the samples, suggested by Ananta and Thomas [14] to re-
sult from the presence of Fe?* in sintered BFN ceramics. The
concentration of such species is known to be highly sensitive to
the sintering temperature, increasing with increasing temperature
[15]. It is known that the co-existence of Fe?* and Fe3* on equiva-
lent crystallographic sites can give rise to an electron-hopping con-
duction mechanism, which, owing to its finite hopping (or jump)
probability, tends to come into effect at lower frequencies. An
alternative explanation is related to disorder in the B site cations,
as suggested by Majumder et al. [16] to occur in complex perovsk-
ites. In A(B;By)O3-type perovskites such as Pb(Feg_ngofg)O3. the
Fe*3(B,) and Nb*>(By) ions randomly occupy the octahedral B sites
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Fig. 3. Dielectric constant of BFN ceramics at various frequencies.
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surrounded by O~2 anions. Due to the presence of larger Fe™>(B;)
cations, a larger “rattling space” is available for the relatively smal-
ler Nb*>(By;) cations. When an oscillating ac signal is applied to
such disordered systems, the smaller By, cations (with a large rat-
tling space) can readily move without distorting the oxygen frame-
work. In an ordered perovskite, a comparatively smaller rattling
space is available for B site cations. Therefore a larger dielectric
constant is expected in disordered complex perovskites such as
PFN compared with ordered perovskites (e.g., PbTiOs3).

To attempt to distinguish between these two possible explana-
tions, the room temperature Mossbauer spectra were determined
of the present BFN ceramics sintered at 1350 and 1400 °C
(Fig. 5). The spectra of BFN prepared at both temperatures can be
fitted to two quadrupole doublets with isomer shifts (6) and quad-
rupole splitting (AEq) values shown in Table 2. In both sintered
samples, the occupancy of the site corresponding to the wider-
spaced doublet 2, as determined from the fitted peak area, is con-
siderably less than the site occupancy of doublet 1, and decreases
slightly with increased sintering temperature (24.3% and 22.7% in
the samples sintered at 1350 °C and 1400 °C, respectively). The iso-
mer shift values for both doublets in both samples are similar, fall-
ing in the range for high-spin ferric iron [17]. However, these
values also overlap with the values for low-spin ferrous ion,
making it impossible to distinguish between these two valency
states on the basis of isomer shifts alone. The doublets of site 1
with quadrupole splitting values in the range 0.43-0.45 mm/s fall
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Fig. 5. Mossbauer spectra of (a) BFN sintered 1350 °C and (b) BFN sintered 1400 °C
at 293 K.

Table 2
Mossbauer hyperfine parameters of BFN samples.

Sample Isomer shift (5), Quadrupole splitting (AEg),
mm s’ mm s’

BFN sintered at 1350 °C

Doublet site 1 0.312 0.462

Doublet site 2 0.306 0.803

BFN sintered at 1400 °C

Doublet site 1 0.316 0.487

Doublet site 2 0.301 0.865

within the range for high-spin ferric iron in an octahedral configu-
ration, and are assigned as such. The doublets of site 2, with
slightly wider separation fall within the range of high-spin ferric
iron, but the possibility that they arise from low-spin ferrous iron
cannot be ruled out on the basis of their quadrupole splitting, since
the parameters of these two species also overlap to some extent.
However, the decrease in the concentration of sites corresponding
to doublet 2 with increasing sintering temperature is contrary to
the reported behavior of Fe?*, which increases in concentration

with increasing sintering temperature [15]. It is therefore more
likely that both doublets arise from high-spin ferric iron, since
the nearest and next-nearest neighbors are the same in both sam-
ples, explaining the similarity of the isomer shifts of each site. The
differences in the quadrupole splitting values could arise from dif-
ferences in the site occupation of the nearest and next-nearest
neighbor sites, possibly related to the presence of a superstructure
on the B-cation sublattice.

4. Conclusions

BaFey sNbg 503 ceramics were prepared by solid-state reaction,
producing single-phase cubic BaFeysNbgsOs3 powders when cal-
cined at 1200 °C. The sintering temperature affects the density
and dielectric properties of BaFey sNbg 503, densities 94.7% of theo-
retical being achieved upon sintering at 1400 °C. The plot of dielec-
tric constant as a function of temperature exhibits a broad curve
with the highest value of dielectric constant (¢;). The increase of
dielectric constant with sintering temperature and frequency is
likely to be due to increased conductivity in the samples. The
Mossbauer spectra of these sintered BFN ceramics suggest that
the behavior of the dielectric properties with temperature is not
due to the presence of Fe?*,
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The solid solution 0.8PbZrg s52Tip4803-0.2BaFey sNby 503 (P8B2) ceramic was pre-
pared by the mixed oxide method. The aim of this work is to focus on the ferroelectric
and pyroelectric properties of the ceramic. The phase formation behavior was studied
using X-ray diffraction (XRD) methods. The ferroelectric properties were measured by
a Sawyer-Tower circuit. Particularly, we measured the dielectric and pyroelectric prop-
erties by an automatic corrected data with Hewlett-Packard LCZ meter in the environ-
mental chamber. The optimum conditions for fabrication of 0.8PZT-0.2BFN ceramics
were found at 1100°C for calcination and 1200°C for sintering temperature. From the
hysteresis loop measurement, the remanent polarization (P,) and coercive field were
21 uClem?and 6.4 kVicm, respectively. The phase transition temperatures (T..) obtained
by pyroelectric measurements are in good agreement with the values obtained from the
dielectric study.

Keywords Ferroelectric properties; Pyroelectric properties; PZT

PACS numbers: 77.65.-j; 77.70.4+a; 77.84.Dy

1. Introduction

Piezoelectricity is the ability of certain crystalline materials to develop an electric charge
proportional to a mechanical stress. It was discovered by J. and P. Curie in 1880 [1, 2]. It
was realized that materials showing this phenomenon must also show the converse effect,
a geometric strain (deformation) proportional to an applied voltage. Among all of these
materials, lead zirconate titanate (PZT) has been most extensively used in piezoelectric
applications. These ceramics have high values for the piezoelectric charge coefficient (ds3),
electromechanical coupling coefficient (k) and dielectric constant (g,) [3]. They also have
low dielectric loss. Modifications of the PZT ceramics, the effects of dopants and preparation
method had been studied to find out the optimum condition for PZT ceramics applications.
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Due to the rapid development of functional ceramics, many kinds of piezoelectric ma-
terials have been employed for ceramic actuators to find out the advantages of fast response,
high generating force, and low power consumption. BaFe( sNby 503 is also another inter-
esting perovskite compound which possesses a considerably high dielectric constant. This
work then aimed at developing the dielectric and piezoelectric properties of PZT by adding
BFN. For this purpose, we first prepared the PZT-BFN ceramics by the conventional mixed
oxide method to find out the suitable condition for actuator applications. In earlier work [4],
(1-x)PbZr( 55 Tip.4303 — xBaFe sNbysO3 (x = 0.1, 0.2, 0.3, 0.4 and 0.5) ceramic system
was investigated. It was reported that the (1-x)PZT-xBFN ceramic of x = 0.2 has inter-
esting dielectric and piezoelectric properties. Therefore, in this study we have emphasized
the composition of x = 0.2 on (1-x)PZT-xBFN ceramic system. The phase evolution of
the samples was investigated by an x-ray diffractometer. The pyroelectric, ferroelectric and
dielectric properties of PZT-BFN ceramics were determined.

2. Experimental

The 0.8PZT-0.2BFN ceramics used in this study are prepared from powders using the con-
ventional mixed-oxide method. The 0.8PbZr( s, Tip 4s03—0.2BaFe( sNbg 503 powders were
first prepared by mixing the starting materials of PbO, ZrO,, TiO,, BaCOs3, Fe,03 and
Nb,Os powders in the desired ratio. These powders were ball-milled for 24 h in polyethy-
lene container with zirconia balls. Ethanol was used as a milling medium. After drying,
the mixed powders were then calcined at 800-1100°C for 2 h with heating and cooling
rate of 5°C/min. Subsequently, the most appropriate calcined samples were pressed into
disc shape and sintered at various temperatures ranging from 1150 to 1300°C. The samples
were heated for 2 h with constant heating and cooling rates of 5°C/min. The densities of
the sintered ceramics were measured by the Archimedes method. The phase formations of
the calcined powders were studied by an X-ray diffractometer (Philips Model PW 1729).
The diffractometer was operated at the voltage and current of 30 kV and 40 mA respec-
tively. Monochromatic Cokyradiation of wavelength 1.78901 A was used throughout the
measurement. The dielectric measurements were carried out on the automated systems.
The system consists of a precision impedance analyzer (Agilent 4294A), an environmental
chamber (Delta 9023), and a desktop computer. This system was capable of making di-
electric measurements in the frequency range from 1 kHz to 1 MHz and temperature range
from room temperature to 300°C. Prior to measurement, the surfaces of the samples were
polished with 1 um Al,O3 powders and electroded by silver paste. The P-E hysteresis loops
were measured using a Sawyer-Tower circuit at temperature between room temperature and
155°C. The temperature dependence of pyroelectric coefficient was determined by direct
measurement method.

3. Result and Discussion

Powder XRD patterns of the calcined powders are given in Fig. 1. The XRD results of
calcined 0.8PZT-0.2BFN powders show that the perovskite structure of PZT started to
form at 800°C and more pronounced at higher calcining temperature. The pyrochlore phase
was not observed by this method. The XRD phase analysis was based on the JCPDS file No
33-784 [5] for PZT and ICSD No.43622 [6] for BFN. The powder calcined at 1100°C was
employed to prepare ceramic samples. The density results show that the density depends
on the sintering temperatures, varying from 5.95, 6.94, 7.50 and 7.33 g/cm? for the samples
sintered at 1150, 1200, 1250 and 1300°C, respectively.
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Figure 1. XRD patterns of 0.8PZT-0.2BFN powder at various calcination temperatures.

The temperature dependence of dielectric constant at various frequencies is illustrated
in Fig. 2. It was clearly shown that the dielectric constant depends on temperature, but no
significant change on the dielectric loss was observed in the temperature range 50-220°C.
The Curie temperature of the ceramic is 200°C lower than that of pure PZT (390°C). The
dielecric constant at room temperature measured at 1 KHz was 3270 and increased up
to 7620 at the curie point. The maximum value of dielectric constant and dielectric loss
slightly decreased with increasing frequency. The sample displays a normal ferroelectric
behavior, based on the Curie—Weiss law. Thus, the characteristics of the phase transition of
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Figure 2. (a) Temperature and frequency dependence of dielectric constant and dielectric loss of
0.8PZT-0.2BFN ceramics and (b) plots of log((1/¢) — (1/&,,)) vs. log(T — T,,) for 0.8PZT-0.2BFN

ceramics.
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Figure 3. P-E hysteresis loops of 0.8PZT-0.2BFN ceramics at various temperatures.

this ceramic can be explained in term of a generalized empirical equation of the type:

L_1T, T—T,\" .
ra[*( A )] M

where ¢, is maximum permittivity, y and A are the index showing the roundness and a
parameter indicating the temperature width of the peak of the dielectric constant, respec-
tively. For 0.8PZT-0.2BFN composition, y can be estimated from the slope of the dielectric
data and A can be calculated from the intercept of the dielectric data as shown in Fig. 2(b).
The y and A values are 1.734 and 91, respectively. The y value is normally equal to 2 for
relaxor, but the y value in this work was less than 2 [7].

The ferroelectric behaviour was also investigated by the hyteresis loop measurement.
Fig. 3 shows the polarization vs. electric field (P — E) hysteresis loops of various tempera-
tures. It can be seen that the higher temperature the thinner of hysteresis loop was obtained.
P, were found to be 21, 22, 12 and 7 [,LC/CI’I]2 with coercive fields were 6.4, 5.6, 2.3 and 2.2
kV/cm for measurement at 50, 100, 150 and 200°C, respectively. The value of P, at room
temperature of 0.8PZT-0.2BFN is slightly higher than that reported in the previous work
[8].

Figure 4 shows the variation of pyroelectric coefficient, p;, with temperature for
0.8PZT-0.2BFN samples. The value of p; was found to be 0.72 nC/cm? K at 60°C. This
curve shows continuous increase in p; with the increase in temperature up to the transi-
tion temperature with a maximum value of 3.2 nC/cm? K at 200°C. It is clearly seen from
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Figure 4. Variation of pyroelectric coefficient (p;) with temperatures of 0.8PZT-0.2BFN ceramics.

Fig. 2(a) and Fig. 4 that the phase transition temperatures (7,) obtained by pyroelectric
measurement is in good agreement with the values obtained from the dielectric study.

4. Conclusion

In this work the solid solution 0.8PbZr 5,Tig4303—0.2BaFeq sNbg sO3 ceramic was pre-
pared by the mixed oxide method. The 0.8PZT-0.2BFN ceramics of optimum properties
were fabricated by using 1100°C and 1200°C for calcination and sintering temperatures re-
spectively. The XRD patterns present single phase of perovskite structure without pyrochlore
phase. The dielectric properties of the ceramics depend on temperature and frequency to a
certain extent. However, the dielectric constants were found to slightly decrease with the
temperature and frequency. The phase transition temperature (7, ) decreased to 200°C, lower
than that of pure PZT (390°C) and this value is in good agreement with that obtained from
pyroelectric measurement. The typical ferroelectric behavior of the sample was confirmed
by its hyteresis loop and based on the Curie—Weiss law.
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