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Abstract

Project Code: MRG4980014
Project Title: Development of Ferroelectric Ceramics Fabrication Process

Utilizing Transition and Rare-Earth Metal Oxide Compounds

Investigator: Asst. Prof. Dr. Anucha Watcharapasorn Chiang Mai University
E-mail Address: anucha@stanfordalumni.org
Project Period: 2 years

The objective of this research is to study the effects of adding dopants such as
transition and rare-earth metal oxides on densification and microstructure of ferroelectric
bismuth sodium titanate and lead lanthanum zirconate titanate ceramics.

The results on lead lanthanum zirconate titanate showed that addition of
tungsten caused the ceramics to be highly dense with well-defined grain structure. For
aluminum and iron, the produced ceramics had high porosity with lower density than the
ones doped with tungsten. It seems therefore that the donor type dopant like tungsten
enhanced the densification of ceramics. However, based on optical photographs, it
seems that the sintering conditions used were still not able to render ceramics
transparent. Therefore, the sintering process may need to be improved in addition to
using dopants.

For bismuth sodium titanate, addition of acceptor dopants such as iron, copper
and zinc enabled the use of lower sintering temperature. Addition of other types of
dopants such as zirconium and dysprosium caused the density to be reduced with
increasing dopant concentration. Therefore, it seems that for this material system,
addition of acceptor can improve the sintering process such that high-quality ceramics

can be produced at lower temperature.

Keywords: lead lanthanum zirconate titanate, bismuth sodium titanate,

microstructure, dopant, sintering, dielectric
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antimanslsaidnvanilide  axduaniRedeanniandsznauiuduren In@niu
=< 9 9 . y = ~ =< , P
Tetasanvasusazildaazgnnaunulngdanuasaninani daqunsidasunlag
antTmlunisqaniaty  axfusy vanaeslasenisddail aanisAnsnisasuulasaunis
manelgdianyenuazledianyvantee  BNT-Based 37Hn  aziimannnnuis  dopant

1 ¥
Wnldluans BNT Ime?l  dopant  sananaazidnldsududlameniuiugnsud  (Matrix)
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Aruiffunnuaed dopant Narlddndn ity ausgiuauinueslasauuazAtaud (Valency)
109a97tat) Amduiladauen  fhauinvesleseures dopant wazawia wedleasulu
Matrix HAAN9TUERsNg 15% Aazilaniaa519a13azane 109udanuy Wi (Substitutional
Solid Solution) 411 usidnunsineiunnngn 15% 158104 dopant MmN li/ldazgnanina
Wwaetasndn 1% [34] (@13u1uanninuInngnil azneliine waautuwnuiazidly wa
= D | o o A a P = a .
Wewiniy) dautladefides vnnleeeuimndnldtnaudse aanleesulu Matrix n19 wnw
~ ANy o o P Y = P Iy X A o
fuaglesauazidaandn esainasdasininasunlas TAsaai19a89 defects AuiNainm
AL UNa19289A M IWHN (Electrical Neutrality)
nsAnsuazimunasiadalnpanmuusiniuen douninaziiunisdnundan
Tuszuuans azateaaauds (Solid solutions) 11w BNT-BaTiO, [35], BNT-PbTiO, [36,37], BNT-
1/2(Bi,0,-5¢,0,) [38], BNT-(Bi,.K,.)TiO, [39], BNT-KNbO, [40] uaz BNT-PbZrO, [41]

'
= {

| v dl o P :j/ o | dl ! o
1lumu sﬁ\‘i%m\‘immimm TTUUYNUNAAN ‘Vlﬂ@’nll’]Lﬂuﬁ‘Z'LI‘LI‘VlLLmﬂﬁl’NﬂuLL@Zﬂ’]ﬁ‘Lﬂ?‘ﬂU

'
o

= 1 dy | 4 dl [ % a o 3| d‘d
mﬂummmixuummmﬂﬂﬂimmﬂLu@wﬁmm@wmmmu Wugnsdsznauniauimien

] [ d” all o [ % o Y a A
m\‘muvLﬂ UaNaINU ﬂ’W?Lﬂ@ﬂuLLﬂ@\‘I’&NUlﬂ‘ll@\ﬂ@QI@“‘]@WNW?GVI’]1®@QHT]’]? Anansianl

o o

Paannsuaranaazin lilaseairanieqaniauansielyfos Whethedy  nisnans

a o

unnfd@aneanlas (MgO) ustfluansus Ae ergiiueanlss (ALO,) widvinliimsndin

1
[

Ap9agRiNean Il AvNUILLNgS gwa;ué'iwum:mﬂmﬂLﬂummﬁﬂl@ié’ [4,5]
dndluannlazneudadalnfon lnmundalffneluFesnafinasdatonnn - &
£ ﬂfnmﬁﬁﬁﬁmm‘iﬂwmﬁﬁﬂﬁ ﬁ@miﬁm:mmiLﬂ'ﬁﬂuiﬂiam%qmﬂamm ANtTRAN1aLAR
azauiANe i seqmnindiefinsfuandead LAsem e duERRINTILETY N
Fuleoouuauniiiuasiuans BNT aenudnliamnalniiiaty [42.43] m@ﬁ@%'uj A&

frinnn iy @19 BNT 11 Na, K, Ca, Ba, Pb {lusiu [44-49]
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UNN 3

285N15NARDY

31 mewsaNpLaziEsAnanwaumtNaslaua s aansian

anssaduildAe wwneenlad (PbO, 99.9%, Cerac) waumntiueenlas (La,0,,
99.995%, Cerac) wafladlanaanlas (2r0, 99.95%, Cerac) wazlnmiflauaanls (TiO,,
99.9%, Cerac)

NN9LFTLNENT PLZT (9/65/35) T304 959A UM NENN1TLAH

0.91PbO + 0.045La,0, + (0.9775 % 0.65)ZrO, + (0.9775x 0.35)TiO,
= PbgLa o (Zr65Tig 550977503

TnaaunisluaneoiedlAANINAN Bz I999ALINNSRY  (defect)  MARTIUAINNIS

. 4 o o e o8 A . . 4

winilaseuiiepiaelessundAaeuisiaiu lunsalil  Weuaunniinlesswdnllunud
waleaauazn iiagesing (vacancy) Arasuiareaesiadlanuazinnilanleany

papesunld  dniuenaniulaedd  pal-miling  teeldgnuamesiadiauazieta

weanagea uma1 6 dalne wdlunldevlsude wdsantiy A ldwnwealoilludos

a

agiu N Nenmnd 900 °C luan 2 d9lus ANt ANRNIINIg ball-mill BnAR

u
| |

1nan 18 dalug Aaunazinliuaugnsaanlbsa

AuFunisrenNaarasialg (PZ) Manssasuludduandullnnannig

PbO +ZrO, — PbZrO,

Tneansmasudil azgnuANLAZLIARLAE ball-miling e 24 T wdeanniu
s lnuealnlludasagiunded fgnimgd 800 °C Wuaan 3 alus Avhwaanimes
lAAsURABnASsdaEATNLAGNS

nepenlasTidlunsuantiune PLZT lun sesmueenlas (WO, 99.9%, Fluka)
wianaanlas (Fe,0,, >99%, Fluka) wazagitnaanlas (ALO,, 99%, Sigma-Aldrich)

tiee PLZT snugafunseanlafaiinlaaiauiislulsunn 0.25, 0.50, 0.75 uaz 1.00

wit% Taeldnie ball-mill Wluwan 6 dalne udsanitu trldeuldude  udqtinlildmau
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sthiludnrunduriuguenats 1.5 a1, anty asihudallinniin (sinter) Agaumni 1200

°C lunan 8 40lus Inedinsianasawanauidnly ludasagiuitlac

3.2 NMATENRILAsIEFI AN DR Al A INMUATAaNTAe
AR Imeaesgautilsznaudas Bi,O, (>98%, Fluka) Na,CO, (99.5%,
Carlo Erba) TiO, (>99%, Riedel de Haén) ZrO, (99%, Fluka) Fe,O, (99.9%, Fluka) CuO
(99%, Nanostructured&Amorphous Materials Inc.) ZnO (99%, Nanostructured&Amorphous
Materials Inc.) iag Dy,0, (99.9%, Cerac)
naztaumemeaafeui diuansiaalnion lnnumnnafinasiidnsoadunas
fusauanslugl 3.1 (a) duFunisuaalad wazgl 3.1 (b) AWFUNITMNTIRes dauguuni

waza g lunismndumesazunnseiullainatinaesans@aanld lugl 3.1 (o) aounnd T

q a

dl ¥ |dl dl o 1 =S dl I dl QI a = an
mslmz@gmﬂ@:mm 500 °C Lwammﬂamafﬂmmumn@umuwmmmmumgmmmu

wag (T,)

UM () Ln)
'y

(°1)

=)
p=d ]

Teal 2d3ls 2

a1 (‘EI"JTuql 1281 (datua)

(a) (b)

91l 3.1 uARINIZLAUNIINIIAINTBUAINTL (a) NsuARlEING UAY (b) NINTUABSEsINN

321  MSLASENNNLAZLESINNDANA LD AN I UALRanltLEas ALl N

]
% %

W9 (Biy Na,.TiO, : BNT) MAasaeg zr foedsnaniuuindaanlas (mixed oxide)
TraEuannnisiiassesu  dun Jadveanlssd (Bi,0,) TmAsuAfuaum  (Na,CO,)

Tnuitieneanlad (Tio,) wazmefilanaanlds (2r0,) ludnsdrussannig

Bi,O, + Na,CO, + 4xZr0, + 4(1-X)TiO, - > 4(Bi,.Na,Ti, Zr)O, + CO,
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Tpe?l x = 0.21, 0.22, 0.23, 0.24, 0.25, 0.30, 0.45, 0.55 Uaz 0.65 ANAIAL

% =3 % = 3| QI/ 1% dl 1
‘]_IﬂN’&NWJEILN@U@@G’]QHQﬂU@L"ﬁ@ﬂﬂLu?;l Wuman 24 dqluslueniuea  AosAsasuntiag

1 1
a

HANATWLL Ball-millingtiansnanidiavlumiauigmugi 200 °C lwaan 24 dalusunng
nan  elfeymefinziuduteuuaneananiy  wuealnfsuaufigumgi 800 °C
wudifhunan 2 dalue aedastu-as 5 °C/min Az lfndwinmnans lummeaes
azldgungilunisuaalal 800 °C MnswiranminInE 8 AETENIAIUNUNNLAAS Fag
3.1 (b) ﬁqamﬁ?ﬁwmﬁm’?‘miﬁmﬁﬁmiﬁmﬁugﬂ Ine/ld Polyvinyl Alcohol (PVA) AMudiNdw
Sawaz 3 laginwin Lﬂuﬁfaﬁiqf;l"l,uﬂqi%ugﬂ%uaquiﬁﬁﬁﬂﬂmzLﬂmﬁmmmLéﬁumu@uﬁﬂmq

a

15 Raaumg IneldAzaednseuulansafanuazulANWlany fremanus 2 MPa Wlunan 10

a

a v K ) QgJ Adl 1 g v o 1 a [~ 2 o :

T WAAITINTUNUAEIUNTTUgL RN R TN UL LAWY EFaudatin Tl
Fumasngmuugd 1100 °C Taawnudiiunan 2 dlus fednsau-as 5 © C/min iy
nseenldauunit zuiARNNANINaIa9N9Re Zr w520 wlafimus

Tnalua arliualinuainsuuazanumuuuiAgay

a a LY [~3
3.2.2 NISLASENNILAZLISINNUANA I AN NN UALADAILLUAN

TevnngAnns@Raseuanadlubadalanas nniumlud3unn 0-15 mol% 1agl

ANUITUANNANNNT
Bi,O.+ Na,CO,+4(1-x) TIO,+2xFe,0, - > 4Bi,Na,,Ti, Fe 0., .+ CO,

WAIAMNHIUNTZLIUNILA NANLAzWAR ligunnd 800 °C wlunan 2 daTuqudn

wednlsgninllaugilidanaziinlilen Fumasiguugil 850 - 1000 °C luan 2 dalus e

'
KX a a

ANED9ENENATRIANTRBLAT U HN N AR aNTTEN NN BN N LAz TATNEF199aN 1AL EN

uanani SlAAnw g innRmanReluet 1.5 mol% tnasinnismnNguumni 1050 °C

04N 2, 10, 24 1Ay 48 dqlud NaAnHINATaduanNRAan1aALTnaadnsuluLEsan

3.2.3  NISLASENNSLAZIESINNUANA LA AN NN UALADAIANDILAY

16MN19ANE NYTRaffaNadnalulEinnd 0.5, 1.5, 3 LAY 5 mol% ANNANNITLAN

Bi,O, + Na,CO, + 4(1-x)TiO2 + 4xCuO ------- > 4Bi,Na,Ti, Cu O, + CO,
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o

panuanudagniinlilun wanuazwaalsi® 800 °C lunan 2 dalue Tuniswnwmes

'
Y o

arlddnanaw/agunnin 5 °C/min InaEuaingaumnivies wasiinswnuaigomni 500 °C

a u q k1l
1 ' 1

Whman 1 dalue wawnlagnstinuiien  (PVA) Tuawanu  wazlipauiausalianauna

Qd‘ o ] dll 1 G nI/ Z’/ =2 a dl a v
TUNYNNNIUUR LLW@ZN@L&?JLL@ZLN’]LL?JL‘]JMLQ@'\ 2 daTuq AMNPUINAAYUNTINNINGTUNHNUBN

q u

== ]

gauunRNaEnuN1IMAaedLA® 950 ,1000 UAT 1050 °C ANNATAL

)

3.24 NISLASENNALATLTISINNUANA AN NN UALARA2dINS R

=

1B UR9RINLANNANAD 0.5, 1.5, 3 LAY 5 mol% ANNANNITLAL
|3i2O3 + NaZCO3 + 4(1—X)Tio2 + 4xZnQ ------ >4 Bio.sNao.5Ti1»xznxos-x + CO2

ennanudagninlilus nanuazwaalin 800 °C unan 2 dalus lunismndumas

Az 18RI AaUNRT 5 °C/min InaBuanguu)ivias waslinawuangmad 500 °C

k)

a

{unan 1 dalus e laanstinmilan (PVA) ludiuanu uazlinonufausalianaudsgnmni
=) dl

invun  wiszReulauazenudiduna 2 dalus  anduARsasgmnunamnive

3

Lo

3
o a

U HNENuNN534aEAS 1000 uaz 1050 °C AMNAIAL

=)

3.2.5 NISLASENNILAZLISINNUANA ML AaNAALUAAan e laallside s

13unnuraelealindeunldlueuddaiiae 0.5, 1.0, 1.5 WAz 2.0 mol% lALAILIIAIN

ANNNT

0.25(1-1.5x)Bi,0, + 0.25(1-1.5x)Na,CO, + 0.5xDy,0, + TiO, --—-->
(BigsNag s) 11 50Dy, IO, + 0.25(1-1.5x)CO,

WAIAINANIFIFUgNUANANLATILAR iR 800 °C 1luan 2 dalusudn et ldasgnii

Taugfudauasiniendueesiguugil 1050 °C Wuwan 2, 10, 24 uaz 48 daluaiadn

HINITHUUAILAZNTLAL IAUD9LNT14
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3.3 NI9IAATIEVANLATRINILASLEIIRN
3.3.1  n1gsAATzLIE

lun1smanziinaeammindadalsfen inniunnasiaauaunisiumniuwem
fituarliflanside azldiedes Powder X-ray diffractometer lundnlunsinmey Taedaq
U FldSpaziirntsvanns 10-80 e lnafipnuazidanlunsiaasneion 0.02 a3

wraeienldAadi JEOL JDX-8030 uaz Siemens D500

3.3.2 MSIATISRANITANIGNILAIN
NN AAIHUUNLLUUNIAINAD Archimedes wazlutnansmiazlduianazizuingsns

dl = 1
PNBENELAN

3.3.3  N5AATITULATIASIININGANIA
Tnseainamneqania (Microstructure) azgnAanuninalindesqanssriBidnmsen wuy
AB9NTA (Scanning electron microscope, SEM) :g'u JEOL JSM 5910LV ay JEOL JSM-
6335F Tnauenaninseainaqaniaude  esdlsznaumuaiingdssunudeainisonnléain
dl dy o a oo Al e‘dl ay a} = J o
wises SEM 1l Inel a1Aannsimsziiadiendneaninaindiey nizendin1sdnlu Mode EDX

(Energy- dispersive X-ray analysis)

3.3.4 nsIRANLBlaaanInwazinalaaLannan

Aps lnBLaAsENLATANgLAe lnBIAAFENTAANIATEY LCZ Meter (HP 4276A) 1
danseuwn Inaanudnldinegludag 1 kHz 19 1 MHz Waz1a9g ) RaesT e uilen
1gzannu 30-450 °C

Tun133mAduLscdnsine TaaLanviana u1an1 LA lae FNaINNNTUN TN U8 NN
NININIAILNNIRWIFNILTIUIAIRINTNG 2 ULNUAITUINN UAIRINLULNTUINY  FIn
atNNIMININNgUUYH 750 °C Taalddmnsnisiuasesgmuunin 5 °C/andt w1 wiiflu

a 3;// 1 o a S« Aa a o 1 dl
FrULNAUIYE 15 W ludupauaasnsnmagauAdulszansnalaaidnyisn  aflunay
% = v 9;/ a dl U a o o s o 9 a
FagNN13851997 a1 Rnia lifinannse9nBeaasnaaalainaluwusd  wasnld a1sumein
a a aa a s a o v ?:/ aa dl

aNsuanIngAnssunannantFRe lg8dnyien tnevinnieaiedoluy alau Rawwln

U104 3-4 kv/cm Ngauuni 60 °C 1segandn iluszazinaiuiu 5 wi
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UNN 4

NAanN1Tn mamummﬁmmzﬁwa

41 \@ARAUNIUNIDSLALUA LNNILURA
4.1.1 N15AIATIERNATDINILAALAUNIUNLEDSLALUA NN URA

g1l 4.1 UAASDSUANUNINNNTALIILUTSA NG aINe PLZT (9/65/35) NdaiAsizif 16

wudneniFilaseairadunuuAadnmesenalngd daniaulfiuinduinsgiu JCPDS nuneiaa

46-0336

200

(110)

150 +

100 +

(100)

50 +

Intensity (arb. unit)

46-0336 ]

10 20 30 40 50 60
20 (degrees)

g1 4.1 wnunINNSRELLWIRssAlendues PLZT (9/65/35)

4.1.2 msiaszidgraugsinaasaumuNiasiaua lnnuafidanlgaanldn
TUAFN )
4.1.2.1 iWwanaumiNItaslaum lnmiualdananssiauaanldn (PLZT/WO,)
gl 4.2 uamaununNIsideaLUNIesisAlendues PLZT war PLZT/WO, NHisunns
1 o =3 A ¥ XK o di/ v & K 1 < a a
189 WO, sine)in azdindiigtuuueadandeiu Insuwmnwadliviuiaudammindiae

v A 1

aFwaniiluwuu@ain Aslnaansds (JCPDS file no. 46-0336) 19H Liasanifunnsaas WO,

Pddsle PLZT fAan Adlivinlilassafwnanidasn  uazannununnlugl 42 &

20



danunsndanmdiuiia (peaks) 289 WO, I st Bunnmes WO, tenifuliuazsite
WO, vedawierunldararednlluanfitres PLZT Fwsinliazes wo,
Usngluununwiguiu dsulunsdindaiu Iinsieesiuuniemneiasiiuan it
(lattice constant) Teudsdin PLZTWO, ilefiasineiauuniinaeenisilaausumis

103fim Tne/1938 least square U84 Bragg’s reflection peaks IxAAalumngna 4.1

|
1 =

' ' ! dl a tdl v al dp =2
@'mmﬂumifm%wummmwLL@mwnwVLmum@mmmaﬂ?mmmm WO, IWHTIUIU 09

'
ISP a

0.5 wt.% ety WO, 1nnnanil azinliAasnuanfiadaiuau nasiasuudasn lduiueuil

a tél [ :// 1 o dl [ dl a
a1aaziinTuldanisauazAlszquadlesawivamuid  Tdununlessuluuaniinues

6+ Ao A 1 o

PLZT asanilszanaslaaauivamu W 85aRwiniy 0.6 A dow W™ uaz W' 8Awwin i
0.62 WAy 0.66 A mNasu Wewsudusaiaes zr" (072 A) way Ti" (0.605 A) 4
uleasusasrtinnfaualndimsaiuivaey azwiulddn wnlesawisamudilszq +6 1u

wapie PLZT Tdnazdnldunud ze' viza Ti' Ansazninldiudasiaas (unit cell) HIUIAANAS

pgalsimn  Wesannlesauresivamy  dAnwud  (valency) WuaeeAn  wasdeinanu
- | o y ~ ~ P ~ > N o -
Taduduauinieamuazidnldunungesiadanvsa nnflen  suialunstin leaeuiamui

Amiawigandmasiafianuaslnnuilon azinliisawmunanaiudalilszy (donor) enns

a  Aa e

Hilszqauiiuunil axinlMifnsannsaudasyyizataddng (vacancy) 19slaaauiian (cation)

[ 1
=X %

u tvnnalnasnanail eaunFaniuaziilunisainiiazaiaefana199ns By WO, aglu

| '
= a

PLZT  uaznalnmanitenaaziluanmnuilsninlirasiuaniialidueldull lunnglantg

uiliiuFunoiaes wo, iuadly
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g
. g = g E —_ P
= T 8§ ¢ & =
= =~ N Q€ PLZT+1.00wt.%WO,
) L A R o h A N »
=
5 - PLZT+0.75wt. % WO
+0./owi
. ﬂ. N | A.‘__.AJ A A ° 2
o0 4
—
@©
e -

PLZT+0.50wt. % WO
= .\ L S 4WO,
5 -

o
o
= PLZT+0.25wt. %WO
- a 1. L A J‘\_,\_.___ﬂ A ° 3
PLZT
1 A Jt A h__,J A Y
- | ‘ | | 46-0336
T y m T T
0 20 40 60 80

20 (degrees)

71l 4.2 wnunwnIsaERBIesiAlendues PLZT/WO3

A3 4.1 ANASTLARTATIaLsniin PLZT/WO, Ranuanls

100

a7

ANPILARTT (A)

PLZT

4.0766 + 0.0016

PLZT+0.25wt.%WO,

4.0757 = 0.0011

PLZT+0.50wt.%WO,

4.0676 + 0.0025

PLZT+0.75Wt.%WO,

4.0779 + 0.0036

PLZT+1.00wt.%WO,

4.0826 + 0.0014

4.1.2.2 \@ARAUMUNLIRSLALUARANLUALRaAEag NUNaan R (PLZT/ALO,)

1 !
71 4.3 uaRIUNUAINNNTAEILWTIBNTARNTIae PLZT/ALO, NSNIaus9a897 ALO,

gl aziiudumin PLZT/ALO,

1 dl a dl o 4
ﬂ’]ﬂ\?V]LL@ﬁW]"ﬁVIﬂ’]H’JMi@ (@ﬁ]'ﬁ"’lﬁ

o % =2 | | a o
fatTassatnaniuguwmeniu

PLZT & 15U

42)  AEWLINTUIALBINUNIETARHAIUNALANAILND
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Fnuees ALO, Winau 4 miuiadasdlesau A7 HA1 0535 A uawiliasainegiiud
' an o A P A A 9 = = = = o g v
AaudlAnasAnaen e lduunlesewde flafiauvie lnndanazyinldaun g
' o=l @ & = Ao a Ny ' =
WNHTARNIUIAANAY  UBNANE 19 lesausgiilndnauitennd leaswmasladiay
= o Y a 1 J a é( dl ] & 1 ol <3
wazlnnflen  azinlfifadesdnwendiauiy - ANardaua I ATl A SN TUNALAN

o | A a o 9 | I~
Z\Niﬂ AINUANITANUILANASNLARATN LI H UL LT Lﬂﬂﬂmmm?m QMNWHGLHW’NVIE]H{]

o

sAnaneldlunnsg 4.2

g
7 g = 5 = N
| < T 8§ ¢ RS
| I ~ S & @ PLZT+1.00wt%ALO

- _ U R v !
=
S PLZT+0 75wt %ALO),
- SRR W Y N SR “
o
—
m —
-

0,
2> - . | PLZT+0.50wt. %ALO
n I
C —
©
T 4 PLZT+0.25wWt %ALO
- A A f\_._,___h A ) , ) e

7] PLZT
- A { A A_A_.A A IS
. | | | 46-0336
T I T II T I . T l T
0 20 40 60 80 100

20 (degrees)

71 4.3 uHuNINISALILNIeNS R NdUemsiN PLZT/AI203

AN94 4.2 ANASTLaRTITIedimsnin PLZT/ALO,

a9 Lattice constant (A)

PLZT 4.0766 + 0.0016
PLZT+0.25wWt%Al,0, 4.0713 £ 0.0023
PLZT+0.50wt%Al,0, 4.0659 + 0.0048
PLZT+0.75Wi%Al,0, 4.0654 + 0.0071
PLZT+1.00wt%Al,0, 4.0662 + 0.0046
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4.1.2.3 W@auaumintiasiaua lnmiunidamawanaanlas (PLZT/Fe,0,)
WHBNNNNSAEDILLIeNAlendaadszuy PLZT/Fe,0, gnuandlugl 4.4 aingd
dnwnuzaaani i inaienantuAcdnEdudant PLZT  wazlidiudipues  Fe203
AvdusundaesiannlasulilineuiuBunnaes Fe,0, Menasly PLZT wudnigiuiw
A A o = o o o & o oA Y =
Aluwdvauduaaqiulunsmaaaiaany 415U leaautednantiy JANNRLTIARaILLL AD
» by X ., I
Fe™ uar Fe* avaunvaslasauuanainazauiuAauidude Sauiuansmeng wyu
. a i]/ v 1 = 3+ R | . .
(spin) gasaianasaululeantiugae Wy lunsmaee Fe¥ AnsANlaaauuag high spin (HS)
A . . A o ~ 24 1 oAl . LA
dA1 0.645 A 491 low spin (LS) §A1 0.55 A wazlunsuues Fe® ANsARTa9 high spin 4AN
0.78 A @91 low spin {A1 0.61 A ey nsdlilununaeslasaumanasdl aududanat)
X = & A o \ - ~ =~
UANANT A9 laaaumanieAniauiaindn laaauimasiaiiaumiza lnnn e
3 v dl [~3 b dl b 1 v a 1 1 a d%l
e lessuwwmandnldununugn  azneldiiadesineeeandian  (oxygen vacancy) 2w

FID1RAZAINAA DU AUDINUAEI T AR LT PRzl lARNNAASALARREN AN TUANN

Bragg's reflection peaks uazuanalilumsng 4.3

(200)

10)
@11)

310)

© PLZT+1.00wt.%Fe,0,

PLZT+0.75wt. %Fe,O,
— A e

PLZT+0.50wt. %Fe,0,

1
(100)
— (110)

= (111)

Eg

L (220)

Intensity (arb. unit)

1 | ) PLZT+0.25wt %Fe,0]
A L .

l A W SN

— 46-0336

0 20 40 60 80 100
20 (degrees)

3
71l 4.4 umunINNIIALNWUWIRNTALanduas PLZT/Fe,0,
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N9 4.3 ANASTILARTITUR9EIEN PLZT/Fe,O,

a19 Lattice constant (A)

PLZT 4.0766 + 0.0016
PLZT+0.25Wt.%Fe,0, 4.0736 + 0.0020
PLZT+0.50wt.%Fe, O, 4.0765 + 0.0057
PLZT+0.75Wt.%Fe,0, 4.0698 + 0.0038
PLZT+1.00wt.%Fe, O, 4.0745 + 0.0058

1 -dl a o g’/ ] -dl = 14 o
AMNATANNLARNTURIIAAVNATNTEUL ZQ’]N’]?NLHN’]Q’]ﬂﬂ?’W\lLW@Lﬂ?‘HULV]HUiﬁ PN

uanalugy 4.5 azlfindnA1AMNARIARALUNIATTIY (standard error) MIHAINNT1ERT least

v
o o

square  HeAAeudnegs Al nsa¥reunaliiresdaduanimiieui Sunnses
aseenladipuadly PLZT Sefesfimuszinre athdlafionn waliuildauwilaudiay
A9ARFBNTLAIRBLNEAINNNNG M NOANATS a?’m?umiﬁmﬁﬁﬁ@%ummmqwﬁﬁu
fludeslinmimmsiecneazidenlnga1aasldia X-ray Photoelectron Spectroscopy (XPS)

W18 Auger Electron Spectroscopy (AES) ludiu iegivAmaudueslasaunag

u

Tuwanyiduaa PLZT
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4.10

4.09

:h

(@]

[o¢]
|

B

o

2
1

Lattice Parameter (A)

4.06 -

405 —— ———
0.0 0.2 0.4 0.6 0.8 1.0

Weight Percent of Oxide

g1 4.5 ApsuanfieuiulEuuaesanseanlasniEely PLZT

a | (=3 a a
4.1.3 ﬂ']‘i’.]Lﬂ‘i"’lgﬁﬂu‘]ﬁ‘l’n\iﬂﬁﬂﬂﬁwLLﬂgiﬂ‘iﬂﬂ‘iﬂﬁ'iﬂﬂ']ﬂ‘ﬂﬂﬁLNﬂL‘ﬁ‘iﬁNﬂL@ﬂLLﬂuWﬁ‘HN
o a = a o v 4 '
L‘ﬁ’ﬂ%‘iﬂlumiﬂﬂ'ﬂuﬁlﬂ‘ii!ﬂﬁ LL@&%L@@ﬂQﬂﬂﬂﬂi‘ﬁﬂﬂi$Lﬂﬂm"N6]

4.1.3.1 ANTANINLASTDILNALESIRN

v 1

' (=3 a Qid v a g a <
AMNANNDBURILLALTIIRNNHAMNUUNU Iz 1 wn. et PLZT UIANTUAT

Sy s oa ' )y 2 a A A
WL@ﬂﬂQﬂ@ﬂﬂ1sﬁﬂmu®quﬂWqu AAENTCUIUNITINITINOITUALLANS ‘L@N’]m@’m‘m%i‘ﬁu

a o o

nuddel fldamnsarinidamedn PLZT fanwurlilialalsd (ggildsenauluniauuan)

o

wasannudaedin WAnwga wdamng  (cross-section)  WLFNHIWIUNIZANE

1
o

agiamuanu Inalunstiinin dos WO, azligngunaeudnelvn) Asuanslugl 4.6
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(m)

71 4.6 nnefRI9eNEINEn PLZT nandatlavzesnlafaiinsneumian wt%: WO,
(a) 0.25 (b) 0.50 (c) 0.75 (d) 1.00 ; AlO, (e) 0.25 (f) 0.50 (g) 0.75) (h) 1.00; Fe,O, (i) 0.25 ())
0.50 (k) 0.75 (1) 1.00 WA (m) PLZT 13403
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4.1.3.2 ANNUUMUBARLAALTFIRN
AINNIELAUNaNEENesdaEsin PLZT 13gnsuazinansoaeanladeta e
| | @ a o vl Y, A4 = o
WUTANNILLWTad AR NTIEEEN IR A MILLLASUEN9ge  WalauiuATMw
WdUAINANINIMIFIU  (PLZT, JCPDS file no. 46-0336) #HAWNAL 7.94 glem’
TnaaounududimsaeindausnniivisenldiAatnatdes  95%  aull  dariu
ananalfdrmsinisranliianuwiugananazinlddnananinld  edslafinan
AmmuuER lgananasin I dnianeaeiilsda  Adldanunsoiazinaandnly 14
¥ 14 1 z a Qll = a o ‘11
NUNEULERLS AuvLLuIasTuIE RN AEEaN e lulasansadeiignuane Tusnang
dl al o [ 1 1 Qi 9/d9/ o dl a
4.4 Weanasaudiiay dmFuAtaunnuiuildiinainnisdaneauaiinnmng Genaudng
azlipmandnudsdauuy  Archimedes @ntias  asinslsfimunismianunun  wuduwuy

3|

wadoutlFunmaiy  azldeiianatnegiinglunsiindamaniniizisen ldiduginsanuiuen

a a

1
o o | 3 1

, ~ ] o A LA o = = A Iy
LLm“]qﬂﬂqﬁ‘Lﬂ?ﬂULV]HU?%MQW\?ﬂ'\?QﬂLLUU@@\nﬁWUQ'}Nﬂ'ﬂ,ﬂ@lﬁﬂ\ﬁﬂu @\‘luﬁﬂ’mﬁnﬂms\lmx‘ﬂ'}

T1m1974

PN 4.4 AOTNVLULLEEY PLZT WiiHuaziansiae luilFunneine

Sample density (g/cm3) relative density (%)
PLZT 7.42 94
PLZT + 0.25wt.%WO, 7.19 91
PLZT + 0.50wt.%WO, 7.64 96
PLZT + 0.75wt.%WO, 7.51 95
PLZT + 1.00wt.%WO, 7.51 95
PLZT + 0.25wt.%AlL0, 7.57 95
PLZT + 0.50wt.%Al,0, 7.42 93
PLZT + 0.75wt.%Al0, 7.55 95
PLZT + 1.00wt.%Al,0, 7.56 95
PLZT + 0.25wt.%Fe,O, 7.16 90
PLZT + 0.50wt.%Fe,0, 7.37 93
PLZT + 0.75wt.%Fe,O, 7.09 89
PLZT + 1.00wt.%Fe,O, 7.46 94
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4.1.3.3 Tasedsn99amMATaLdnLgs AN

anmsfnmnlasaineqaninteassndin - PLZT  13gvisuar  PLZT feandag
aanladatinsine) wudilannusenadediuninaieanniesqanssAliuag fufte lunsriives
PLZT 1i3gva igsfinfilédanumuuiugauasfifiunngngusin Gsaenndasiunindagann
ndasqanssrfBiinasau (g1 4.7) Adnsudasdeiatuuazlunadon iy lidgngu

lunsdlaes PLZT fmauden WO, tu (U 4.8) lasea¥reqanieiildguilowiy
AzABUTNUAN ANALNINAINNABIAANTTALLAY %ﬁ‘ﬁﬂ’]ﬂ]L‘ﬁﬂ\‘iN’]@’]ﬂ’i’]éuxﬁ’]uLsﬁ?’]ﬁﬂiﬁQﬂﬁ/ﬁ
waziNTaLT fUNNNGa (thermal etching) ‘lmmmmz%uj s Wufareadsninead

= 1 =< A

nsanizessnuduazinsuinTUAUNALINTUNNSE  A991AATAUNAUINEIIHNEANULLLL

u a

49 uslannInanaves s EnazwiudtAumuudaligananazin liiau il dala

71l 4.7 nanagaINNAe9ansTALBIANATRUIRATINHN PLZT
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p

-

1Bhm BE88 EMRSC, CMU A

e

1Bpe BEEE I:_‘\l"'lR :
Y

nAOH O

71l 4.8 NMNENHAINNABIFANITAUBLANATRUVRTINHN PLZT HaN WO,

1
%

dnulunstlaay PLZT Mi@esan ALO, uar Fe,0, 1 wudn Hiffunnugwguatviall

1 ¥
< o

wazdnmuznIsuiudads anysalilemeauiy PLZT 13qns Avlugll 4.9 uaz 4.10 wanainil
A:lld A 1 d’l a 1 v o nﬂl o o
PLZT #dasRewal  nisdvinzeunsuazasudef  lesaindnwuzaeansudady
A o dl dl [ 1 o 1 dl 1o c = :I/
wileuiueynAreNdansaiuuf s nnsmenseiulneanysnl lunstives ALO, 1l
dl & AI 5 o A o o | 1
Werfunnaeseenlafiingy  Ansuzaesnsuazmleniuvaensaniuiluinsuawinlng

. ca & Y y a .
wrignguiiaieguasiavnlug/iu dou Fe,0, 1 TasvaFremisqaniaguiiaudiasliauiy

PN

1 o a

Psunnuaeseanlasnifinasll vguawaluAfaauiuemdnid 1.00 wt%Fe,0, 1Azl

@URAINNNITAT Y
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r

71l 4.9 NINENLAINNABIANITAUBIANATOUVRTINEN PLZT HaN ALLO,
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B Vel
Aloedib, Tom

go 5 A A

71l 4.10 nndeaNNARgRaNIIAELANATRUYBNLTINHN PLZT HAN Fe,O,

414 mﬂﬂ?amﬁﬂwhmﬁ‘lmatgnﬁnﬁqmﬂgﬁﬁ'\ (50 °C) firuDFNg Y
andayalunsinmasiladidnvinuazengodeladinysniigumgiuazenad
sirar@nananinasnagdIflug 411413 anglazdiulddn lunsdlees wo, easiila
BdnvanluiuBinnmes Wo, Adn idifimadla dalunsdlzes ALO, AnAsiiled
wnvisndunltiuanas  dmdu Fe,O, asiudnflednadluiunosien  AasiilaBidn

a A

é’ 1 dl QI 49( U
NINNATEILY TN Y 1 Er Valo! Fe,O, NI ANATANR
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Weight Percent of Fe,O,

71l 4.13 ApsilpBidnvisnineuiuLlEnTmaes Fe,0, NANDAIN

Q

4.1.5 uarnsrlauazilSanuuasansidanineauugiiasnanad 10 kHz

a s o

~ | < g yy o = = a
N@@ﬂ@ﬁl’]ﬂ‘ﬂuﬂ‘ﬂLﬁuvl,ﬁ@’ﬁﬂﬂﬁﬁ")W‘]']ﬁﬁ%iﬁ]'ﬂL@ﬂ%?ﬂLWﬂUﬂU@MﬁﬂNﬂ@ﬂmﬁﬂ”N AT [N

Q

|
o [ %

> Ay =& o ! A ad A o Ad o a
mﬂﬂu@'ﬂim ﬂﬂuWLﬂWﬂﬂﬂmMQN N?VIﬂQ’mm 10  kHz NqﬂﬂHqLu@\‘]”‘]’]ﬂLﬂuﬂquﬂw NIl

dounndnazaeudeyauaziflupanunn

a

1 dl [~ a 1 al a a all
Aps lnBLanTENuaTAgaLds laBIanyiang

o 4

awnsneuAnls aingll 4.14 auuiudn anslRenAneuilufaiy (acceptor) uazdnli

(donor) azluualifusinaiy dukhe Awmdudaiuu ALO, war Fe,0, azvinligmugies

'
=

WNAuANTRIeIaNsRe daudald e WO, %ﬁﬂﬁ@qmmﬁ@iﬁLLmT‘L’Immm Tetaya

a

Hanaazanunsnin I dundninoeilunisassmnansimefivunzanseldld  viediedfiudy

v

mﬂm@mmmmmi NEANEILAY

a

34



o)

> o

o e T
T
100_: -<: %:\_\_

8
e
o
=
& 80
[}
o
£ 604
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O | 273
—A—Fe0,
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Weight Percent of Oxide
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31l 4.14 qruungiesauiuadauas Funnaedasiae

42  dadslndsnlnnunidaniaigasiaiiay
421 waanmaesanasdaNalafannnunRanlagasiaiian
pelaAuudsinTIumNEuees Zr Taedl 45mol%Zr, 55mol%Zr uay 65
= < a o =3 [<3 =3 % k74 4
mol%Zr azdANudeNn  uazidnwusiudaudadng  dedldnaimulunisun
= dll % Azll = % o dl v dl a daf v a da’
azifen W ldrsnaziasaudatinsiidunnmssaumaniialusamaian A LIuIeY
o al ¢
5sdiand
HANTIATIEINATaSNG Biy Na, TiO, NiAasae zr  lutlfunnusiaus 21- 65mol%
ANANAL Auanslugil 4.15 wudn WatBunnaes Zr Wnaw Aiunisresniaaziaau ey
AUNHATNN 20 daaas (Anwine) Wemauiunauanues Bi) Na, TiO, waasliiiuienng

q

PenefTewnTag Turenadesiunuanaewaleney 7 (r,,,=0.72 A) uaz
Ti*(r,,,=0.61 A) Taefilazes Bi, Na, .TiO, Midedan 21- 23mol%zr fensaanadumainen
maziandnildderaenadesiulnsainanaes B, Na, TiO, uwaznawes Bi, Na,.TiO,
fidadan 24 - 35mol%zr Hwladulziluey Feanmafieuiugiudeya JOPDS ud wudama
filusnAe Bi,TIO,, (34-0097) Fatlenailunasnanniianneesans zr Adsdu wnldns

afEAIYeeedTaNIN U Re A RsTidsesudsiwindisen Idanysal  Asin e
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wladulzilueg daumaans Bij Na, TiO, NAasae 45 - 65mol%Zr diannnalil eaglugn

LULARANN 20 1w 22° daRsannadn ldunuiaeslesas zr Twleeau T asneaw

q

==&

ysnd denaazilunislasuulasiaseairanelusonanias

B, TiO,)
¥ 1cPps (36-0340)
[ cPDS [43-0845)

65mol%Zr
J\_ 55mol%Zr

45mol¥%Zr

Intensity (a.u)

s
. z . i — T
10 15 20 25 30 35 40 45 50 55 60
20 (degree)
1 ¥

g1l 4.15 gluuuMsRsLUNIRIRAIaNd096e Bij Na, TiO, MAasae Zr fugluiiunig ien
Wi 9esiedendaesans BiNa, TiO, fiafwaingudeya JCPDS wmneias 36-0340

warguuunsiagsiuneesidienduesans  Bi,,Zr,,0, Nafwaingudeya  JCPDS

7.38770.62

nueLa 43-0445

422 NAAINNITLASENLESIRNUANA LG ALNAANLUANLADALLTDS LALTEIN

1 1 14
wistmsinlaeNIsUINg Bij Na, TiO, MAasae Zr Alduiinsdntugiuda tinld
o a o‘d‘ a ° [ nI/ a o d%, a °
NN NgUu)N 1100 g uwna 2 dalue Inedansnistu-aeegoamnil 5
C/min lunamndumefriuazldasnausnsnresiiueslutiauergivn windaainnismng

wmafliaurnunameinaanun s ez ENNTNNZAUAUNTINANNITININ dounNasifnu

a

o A o | (] dl "y J A o ¥ ] dl o v !
UUTIASHAN B TUL LTI WA LARIUNBELATUAWNATHANBUS AR RIUNUADN NSy XA VO NA ot

v i
o o A o

Qia a =X mdnﬂl a s A o < é’ ¥ 1
NARNLDILBSYNTN pativasldnaaulunismndumas Ae Wde mwgﬂummmmmmu
a d? 2 a

azgiun WadwaasudatiminilfinnmasauMaNAsTIuA I ATANNTRENLIY 199

F@end dawanslugt 4.16
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MJ\*«H-—R‘WW ——35mol%Zr
WHJL,W_HJL_‘WW, A 25motvzr

o A

Intensity (a.u)

-24mol%Zr

i .,L..__JJL,. 23mol%Zr
R %MVLW_JWW.J‘\_szmoi%Zr

. 21mol%Zr

| |  /CPDS [36-0340]
v T . L . L . L v T ¥ T 1 ¥ T \ T . 1
10 15 20 25 30 as 40 45 50 55 60

2p (degree)

g1l 417 gUununisiRevuuaesii@endaeqenin Bi,Na, TiO, NiRasqe Zr Ilavinig

WTWAR TR 1100 °C

Wansnungl 4.17 wudiieaasasin Bi, Na, TiO, MAasag 21-35mol%2Zr § AN
ARAARBINLINATBING By Na, . TIO, MAesaa zr lwiiuinmwiiuaninglaziiuinfiaingg
P 9 = 1 = Y @ o a 4+ Y, =
@ew msdadaninau Sewassliviuimdsnisendumeslesauaes zr ' azdnldunui
lanau Ti'" wnau M lfaunpvesiamadiauna T unnay 4auTuanuiil 45-65mol%Zr

1A dl o dl a a 1
wuanEmaautluunifluaiuauuin fennaaziilumezg g lunsdueesldmunzan
=S o ¥ a a = o anna o 1 a 1 dl dl a d%/ ZJ/ v
awinlil ladnifianamaenwaz/vzan Ui duuinergiun dawnagauniinauiy sxylé
AaudgenIuale

o 1 = =R QI a a a & |

Anuasinan  asldAnsidEniasnsanguuugiluniamn Swmediily 900 °C

v 1 1 ¥
ANVFUTWNWETIANTLRRAE 45-65mol%Zr  ANKANTILATIziNaTneRBNNsRLLLUTIeY 59E
wand faanundsgy 4.18 dawudn IfidumamenduneaiuTueuau annanlan a1aazLi

. X o . 0o

UANTY WATHUIEY Zr 493U QANANINAN189AIaTANttauden finaranas Mnliisas
anguugiTumesaclilden  adwlafinn  nauldauudasiasa¥enanianadnasouimilan

o &£ o @ A 9 o v | P A a 4o o o = X
ﬂuGTN"V\Lﬂum@zm@ﬁﬂﬂ’]?ﬂuﬂqq@ﬂqﬂﬂ5[@?]@LWNLmNLﬂEQﬂUIﬂ?Q@?'NN@ﬂﬁl@\‘]?:ﬁu‘ﬂu
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- 65mol% Zr

Intensity (a.u)

55mol%w Zr

45mol% Zr

10 20 30 40 50 60
2p (degree)
=

g1l 4.18 gUuuunsReawIesi@andaeqetsin Bi Na,TiO, 7lAasae 45-65mol%Zr

WHannsndunasignmn 900 °C

423 HNANITATIAFEDUANLANINNENINURILTFINN

ANNIAUNAANHUTIBNAINEN Biy Na,  TIO, 7ARaIE Zr WLINMAINIZLIUNNIEA

WanarNIamNTumafiasdln Bij Na, Ti0, 7Rasae 21 - 35mol%Zr azlfdatmsninnis

a

| @ a o‘d‘ I 1 ] =) a d” A % 1 ] dl
TatlupgnnAauleandau VLNNH’W?UG]LUE’JM?@ WANTIY LA @QQW%QQQNMﬂNVIiﬁMﬂ’]?LNW

a
2 '

a o \ A A o Ao a = a
BULAATHAMUNLUNICAN AAULETINNNLRBAIEY 45 - 65MOol%Zr AagdaNHUsUALLIER FIRT1ALNA

dl 4? o o= 5 ' [ a a '8
ANUTNI Zr NUINTU Wﬂiﬂﬂﬂﬁﬂﬂi‘zﬂﬂum‘ﬂ\‘]’&’]ﬁ‘iﬂLMN’]Z’&NﬂU @mmﬂummmeﬁumm

petiwrulasuguunnlunisenduwmediilu 900 °C Feaslidnmsinnfigliadufainaey

a4

dvandau liinisdaiden nsmsasauAIANNUBILLNISTINEN B, Na, TIO, 7laasae

Zr NANeYAIus 21-65mol% ANNAAL IREIUNNTINNTUARTGUNAR 1100°C wazlEanEN

Bi,sNa, . TIO, 71A8sI8 45-65mol%Zr NEUNIUNTWABTHUUYHE 900 °C THANIIATIA

AU IHLAAIAIANIIN 45 UAY 4.6 AIMNANIN AZWIUAIAMNULN UL EI ANNYNINATY

= 1

14 1
1100 °C Aawdnege Tnadaoumuududimsunnndt 90% aull Wemsuiumnumuiuiy

1 |
= =

Tunangey) dausinAgninaf 900 °C HAnuvtkiuAeudng Fais annismaaedil
agsiaeiinsAnsielulneanizlunsiniliunn zr ge Wenaglilfiganininmunings

= 1 dl o =] e | 4 1 =3 ¥ dl 4 dgj L%
wazdanuwiuganeazi l@nsantmsield agnelsinin deyanididesuaineu
a o dgj

33eil flamwanuin I ltinlean naEN Zr a9lu BNT fldmnuuunniuanas 9il ana

Hunaanninsea¥wqaniannlasuliuazlaseairauananalunulaaullsos
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FIN39 4.5 ARNULNLUWIBNLITIEN BNT A8 Zr NYNLUNGueesn 1100 °C

Zr (mol%) ANNNTILUL (g/cm”)
21 6.01 £ 0.08
22 598 + 0.02
23 5.83 £ 0.10
24 576 + 0.03
25 572 + 0.02
35 570 + 0.06
45 555 + 012
55 558 + 0.16
65 5.38 + 0.04

FI1979 4.6 ARNULNLLUIBNLIINHN BNT Raf08 Zr NYNLEGueesi 900 °C

Zr (mol%) AYNUMUNLUL (glom”)
45 5.37 + 0.05
55 5.12 + 0.02
65 5.01 + 0.10

424 Nﬂﬂ’]‘iﬁl‘é")'ﬂﬂ@ﬁtﬂ‘iﬂﬂ‘}l’m‘ﬂ@ﬂ’] ALRILESINN

1
=

fansanngl 419 wudn nisRelulEann Zr 91 21-23mol% AnNMTURINTY
Py = = | a = @ -
Aaudnaznanidunsuwmeelawialig  wasiiagnuinenandes  daui - 24-35mol%Zr
1 1 1 14 1
nsuazEniumaen warBNinstowiuil  NAFRIUNINTY UATA 45-65mol%Zr 1N9L

= < | all é’ = < v a o a
aziuIAaNaY unaaunnu LL@%NLﬂ?uLﬂﬂTﬁ‘ﬂuﬁlﬁﬂu@ﬂu IAFNILNIN
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31l 4.18 31ldne SEM 1aa1318n Biy Na, TiO, Naasag Zr 13nuiaui e niinismn
TunasNgounnd 1100 °C (N) 21mol%Zr (2) 22mol%Zr  (A) 23mol%Zr (1) 24mol%Zr  (a)

25mol%Zr (a) 35mol%Zr (1) 45mol%Zr (1) 55mol%Zr () 65mol%Zr

Wansnugl 4.19 Usnausesinaas@slnasnudan 21-65mol%2Zr wlasuainnisuen
wnuuunzgqewne Wunisuaninauaeun wilunstinBunns Zr g9 nsuAninenass
165y

el Fauiaugy 4.18 uay 4.19 aznudiiiaire Zr lulunn 21-23mol% 111m 199

2 X & 9 = A X o @ = X =
NIUATINTWANTDY ULHBIAS Zr [NIUANTIWIATEUNTUAZIANALATTWMANNNTY T4
anafinnnanilatinnm zr 49 azifanaasulassa¥enanainseniudasealy BNT liily

KX A =3

TseairandanenusiiiuAadn Asinawandslu Awmneng 4.7 ethslsfinan aynipaunaan

vwasuanalumaduinldldarsndeanslziluag)
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g1l 4.19 gilde SEM wes@snin Bi0.5Na0.5TiIO3 7lRasae Zr 1FnnisaainidanInIsmn
Funasngnamn 1100 °C (N) 21mol%Zr (1) 22mol%Zr  (A) 23mol%Zr  (4) 24mol%Zr ()

25mol%Zr (8) 35mol%Zr (1) 45mol%Zr (1) 55mol%Zr () 65mol%Zr
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AN94 4.7 LAASIUIAINIULRALIRIEEIINN BNT laasne Zr

Zr (mol%) AUIALNTY (Um)
21 1.54 + 0.04
22 2.32 £ 0.08
23 242 + 018
24 1.41 + 0.08
25 1.30 £ 0.19
35 1.21 + 0.03
45 1.06 = 0.07
55 1.18 £ 0.10
65 1.01 £+ 0.14

4.2 5 antipladianvsnaasanindadalnaanlnmiunianaigasiaiia
\Watiaedn Bij Na, TiO, Maafae Zr f6l 21 - 45mol%2Zr Nwsised laun At
‘dl o a a o a -dl 1 4 o
nslazuulasanti® lnBidnyisn dugnamniuazaaunsinee] nanimeass Asgll 4.20 uas
4.21 druwdunanisdneasiladianvsndalianysal Wasanwsdn Bi Na, TiO, 7lRasae
1 o o v 1 = v K o 1 [ % 1
55-65 mol%Zr lausnyinnisdnlauayludfinaniesnaluniein aedsldiinaasasdaingin
waANT TUNUANLETN Zr geviu Dulagudeilues inlinnsagdnanisdasiniginduly

1Genn

a

a1ngtl 4.20 wudn AnAsnlaBLanYENNIgMnITeasNaunnTINRlduANG1euNIN

o ] 1 all a a dl aday 1 o all aiol aI/ A 1 dl
Uun @Quﬁqﬂ\ﬂ/lllﬁ’ﬂL@ﬂW?ﬂ@Q@ﬂW@MMQNNﬂIﬂLLMﬂﬁ]’NﬂMIﬁEIL@W']ﬁVIﬂ'J’]NﬂB‘]T"I UUAR ATAIN

a e a QI dgl a i’ dld :j/ = dl = a
VL@@LZ\]ﬂ‘V]’i‘ﬂLWN?JH@HNPY]QQQ@IM?JMQWHV]N 24mol%Zr AMNUURIAAN LN@LLE‘EIULV]‘EIU@MVJWN

u

= oA

y o a X o a X ada A o &  a
7 WUINH WA TN NTUA N UTUN 89 Zr DLNNaW LL@Z’QMVQNV]Nﬁ’]ﬂ\i‘l’]bl,ﬁ@mﬂﬂ?ﬂ@]ﬂ@lﬂ

A
HenlauiuAND Al guideudndagiazfumlsaidnvianing ldlddisuanisas

'
a v a

W84 (31 4.21) 1AND 10 kHz WLINHAAARS

o

Avdurngoyda ladianyisniigung

o % =

dntiae uiiAnIndAesiumelszinm 0.05 Tededndadannaniaziindag il 14 s
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U 420 PhasiileBidnvEninauiugMniuaTAINDaes BNT @asae Zr (n)  21mol%Zr

(@) 22mol%Zr (A) 23mol%Zr (1) 24mol%Zr (/) 25mol%Zr (8) 35mol%Zr (%) 45mol%Zr
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g1l 4.21 ArgeydeleBianyisnineuiuguungiuazaauiaed BNT 1@asog Zr () 21mol%Zr

Qo

(@) 22mol%Zr (A) 23mol%Zr () 24mol%Zr () 25mol%Zr (8) 35mol%Zr (%) 45mol%Zr

VN a a a a LY
4.2.6 antinnalgalannsnuadds I AndaNalaaanlnnuanRanedas AN

|
= o a

\Hatinasndn Bi, Na,  TiO, Maasae Zr faus 21-35 mol% nvinnisdna e laaian

1
a 1 3 o

30 NuRAAeRdeAHe U LANT89 BNT (=70 pC/N) LazlAanasmNLlzunns Zr 7

WNTY (R399 4.8) Tauanalififiudinisunuiees Zr adlu T dananildnnsiniatnan st

b

X - o § vl o A a X o a9 Y o X X A \
SNAU M?@@q@“]gmqlﬂﬂﬂﬂqwquLWW']mLWNmquiuﬂq?@?qﬂmQﬂqﬂﬂu UBANAINU LHBALINTINTL

1
a a A =

1 1 1 v
1 Avpe Mnalsddnninlauneanas TauanslfiuiednIn aging 1893 aRMANTN d115L

q

a b2

T TN JAN NAasae 45 - 65mol%Zr A N1IndaA e lEaLanyan e e anemsnin

1% v
o = ¥

= a o 4 o L4 a A =X 1 1% o ¥
Aaneode Jawden fesdalmduszuny MlFEs8niAuuemin ’Q\‘I1N’5“I’]N’]?ﬂ@i"]\‘]°ﬂ@1ﬂ
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F1974 4.8 ArAniie TaRAnvENNgauMnRiedaes BNT wasae Zr

Zr A Tadidnnsn (pC/N)

(mol%) 0 hr 2 hr 4 hr 6hr | 24hr | 48 hr
21 38 | 38 | 37 | 35 | 32 | 31
22 35 | 33 | 32 | 30 | 28 | 26
23 35 | 34 | 32 | 30 | 28 | 25
24 30 [ 28 | 28 | 25 | 23 | 20
25 29 | 27 | 24 | 20 | 17 | 15
35 27 | 25 | 23 | 19 | 14 | 12

43  dadaldmaanlnnunlRanetuan
431 waannsiesannstaNaldaanlnnunaaniguan

g1l 4.22 ugAUNUNIWARDIUUBENT A NGt Iindsanuaa lmingungi 800

¥ [

P i o =< o P Ay @
°C  WudiAedNINRefaamAn T Funugegadindnaaaiunen ligniRedaeman  uang
i Bunnmesmdnnainnsnazaeeg lulassairananaasdadalnman lnniuafeu 419
1 (=3 o 1 dl 14 to 1 [ 1 | dl =
as edwlafinn dldiiduinaulfuidadianuzaassinaiafuaniuziaaies (meta-

stable state) s li WHasanue ligninlivinduasminiieAnmanifau

——

0.15Fe,0 800°C

0.1Fe,0, 800%C

. =

0.05Fe,0, 800°C

Intensity (s.u.)

0.02Fe,0, 800%

Pure 800°C

| e s

" ". r; "’ - L]
20 ( degres)

I dgj o a s = o = A 1'% (<3
gﬂ 4.22 LLNuﬂ’W‘WLZQEIQLLIH?.I@\‘IN@L@ﬂsﬁﬂ.l‘ﬂ\‘]NQU@N@T"TJL@EIN1‘V]V]’]Luﬁ]L@@WﬁﬂL‘Vmﬂ
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432 WAMNMSLAsaNIEsIRNLANA LM AL NAALUATILARAQLLUAN

71 4.23 waRIUNUNINALILWIBS A BN TIB N AT HNTILTIUAYH Tuiees 619

Wud1 Aeusigoauni 850 °C Al 1000 °C linwudieguaetuey dou goumnd

Fumeingandriinudidaginnisuaenuarsrenidiseniudonezgiun lild aiwie

a

P (=3 a = dgj ¥ dgl o L% P2 a (=3
VL@LﬂuLNﬂLsﬁﬁ"mﬂ AMNNITANTILLUDNA LY V]']ELMVI?’]‘I_IVLGW'] NITLANLNANAINTDAA D UUNH
dl ¥ a A o a ¥ o o ] an o‘ndl ¥ 1 g
N indadalnman niuals dvduluwiazguunidunesnld wudn wauniwiaes
o a 1 ' o o ! a dl A 1 A % <3 1 <3
L‘]_Iu°1|‘ﬂﬂﬁ\‘1’&L‘ﬂﬂsﬁwLNLL[ﬂﬂGI’]\‘]ﬂuN’muﬂ ?3‘1/]'3’1\‘]L"Tj?WNﬂWQﬂL"\‘ﬂLLﬂ‘fJiNQﬂL“]‘ﬂﬂ’)ﬂmﬂﬂ ‘ﬂﬂ%‘liﬁ‘ﬂ
o ' o A P a A 9 & o ¥
AN [MNFANULNTNUBINANG N 20 Q\‘l’l "'\]ZWU’J’]WV‘W“H@\?Lsﬁ?’mﬂm@@'}ﬂm@ﬂﬂﬂﬂiﬂﬂ’]ﬂ iabNG
= o < ' P =< = o & = ) e
WeiAntay avtisuandnlanaiananinisaanasianiay asanaaziilunaniainnisnigas

deeandiauet luuani

N A .ﬁL A Jll. B N A } 0.15Fe,0,
. P N L 20N | AU SR
? W ) 00sFe0, i}' - " M p ) ossFeo,
\ 002Fe0, -J Y W 0.02Fa.0,
a t * Pure M A L A A__Pwe A
A A \ . A
| ] - | Ll
10 0 0 ) 0 Y 10 20 0 40 50 a0
20(degree) 20{degree)

Intensity (a.u.)

Intensity (a.w.)

dal o a 9 a A o a A 14 < dl 4
g‘ﬂ 4.23 ununwiagaluveessdienduasasindadalnan Innwniaesaawmani 6

AINNIINTUABSNGMNRFNNT (2) 850 °C (b) 900 °C (c) 950 °C uax (d) 1000 °C
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4.3.3 HANITASIAFDAUANUANIINILAINURILTEFTINA

pEvLUuadasdnwEanls gnuandlugtl 4.24 ainguaziiudnlumsiin

b

[

Taialnmsnlnnusigninnfigaumnil 850 °C HANNMLILLLAEAARBINTLIANNNIWA AN
o « S . o o X Lo d

1lugtl 4.13 WetFunnaamANANTY WUFIANMLULILIRAEINHNANTN A1 Nziviie 7
YT NANGIQAANNUWINLLLBNTIIIANTANLTTNIDL 95% 289ANUWY wlunImem])
IHA UM NTURD TGN ANULNLLUTIBgE IR NUAaaNANANEIT a1nglaziiuin Avw
1 a A o = A 1% <3 dl ISP |§ o

i widwresaindadalnmenlnniuniRaesamann 15 mol% aziAgegaine gy

acda s
ATUNANT LT LN

Q U

Density (g/cm’)

2 L L L) T v 1 . L
002 000 002 004 008 008 010 012 014 0.16
Fe,0, content

-

31l 4.24 namugssaruuduaasadniadaloneslnniuniidesdeamanluFuins

5197 uaTNgUN)RTwnafsneiu

434 N@ﬂ"l‘iﬁl‘i’JQﬂ’ﬂUTﬂ‘Nﬂ‘;‘l’N‘i@nﬁ ALRILESINN

Tassa¥rsqanimaasaniniadalaneonnniuaiae s anng g NN Eu

wefsina gnuanslugll 4.25-4.28 anngl aziudnluusazaiinaesian Wegnmniiumes

a <3 4

guuazn lvaaresniuleay duluisazauunidueesiu Wamsmdanda iy
% =

! o L4 b4 dwI ! L4 dl e 49{
QW’Q%V]WIMQ@QNEW@:HM@H@\‘] smmmiw.l?mmmmLm‘umwimmmwu BASTUNAUBN
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ySkl gianEee ™ LA 851 0) - iendbon - &Ll BBETERA
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Ya VU

1SKU X118, 8o

g1l 4.25 padie SEM aediuiiowmsndnundiunasi 850 °C (a) BNT (b) 0.02Fe,0, (c)

0.05Fe,0, (d) 0.10Fe,0, (€) 0.15Fe,0,

48



"8 "
aeas ErRS

3

\'I
15k 18, aga

91l 4.26 nwte SEM weau@sdAnnGueesf 900 °C (a) BNT (b) 0.02Fe,0, (c) 0.05Fe,0,
(d) 0.10Fe,0, () 0.15Fe,0,
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4
1 BEEB0  EMRSEsC

15kU X1, o8B 1w BEBE8 EMRSC. CHMU

1um BEB68 1

=%

31l 4.27 nawtne SEM 2eaumsinnGuLeesn 950 °C (a) BNT (b) 0.02Fe,0, (c) 0.05Fe,0,
(d) 0.10Fe,0, (e) 0.15F¢,0,
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-

aEe EMRSE; CMU

91l 4.28 nawane SEM 1aisinmnGuLeesa 1000 °C (a) BNT (b) 0.02Fe,0, (c) 0.05Fe,0,
(d) 0.10Fe,0, (e) 0.15Fe,0,
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435 HAURIIANHITULABSNNADIATIASINAANIATRILESIHN
o [ g‘/ dl 1o ! dla é’ a <
AFun1mmaaesil iNegdnanEUzIadaAUNNTad (defect) MAATUAINNITANMANK
douang insumuintuze ) aglgvinnismnaandindadalanan mniunndmaneslu
50y 1.5 mol% Ngaunni 1050 °C luaansineiu dsuansly gu 4.29 anuanismeaed
wudn dsunnuaesmdnild deliarunsnseyliuidadn amnsodaelinausulald Waiiay

]
o a

Aurwinrensuluiadalnmen nniunngninnngamniineaiunnaisine (giade 4.6.2)

9

1 4
a a o

ZI/ t:l’ 7 1 1 a =3 = dl 1 v a a

atlanaaziiluldlfan  Eunnaestasdnsaandmuinaie  Seldineananaznaliinanisimy
IPraansusnadnI ARNIuls atnalsfinin AaINN1ITAANNMLNLUUTBITUNWUANT (F9lu
B3N 4.9) WUINTWITUIANNAUIUULEY ABNANUNLUWANANSNINNGN 95% T89A1 1Y

manneniull fedanasasiulanzeaseaanianls
014 )

i ) : y £ - e
1S5kl - X&s. 888 _i) . EMRSc,CMU , X6:.0088 Zum . (EMRSc.CMU

. s -

71l 4.29 Tassa¥reqaniavesdaialnman lniuwaiae Aamansunn 1.5 mol% wad

fuNNH 1050 °C 11uiaan (a) 2 (b) 10 (c) 24 uax (d) 48 Talus
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AN 4.9 AuTuniuaaedadalaRAg N N IAResuan 1.5 mol% LWITunasn

goumMnH 1050 °C MARFN]

LIAN (%Tm) ANTNUUNLLUL (g/cm3)
2 6.11
10 5.85
24 5.80
48 5.87

44  DaNFlEAANNMILUALRDAIENDILAY
441 paanmsiasanasdaalgnanlnmiunidanianadung

AN meassdansisdaiminfonlnniwn (BNT) Haadianasuas Wnllne
faUAEINATAN AL EINd (XRD) ilefiansanuaniInsagaunLdsdasals

=

Ry - = X o = - [y
LmﬂNVLVWnLum NABAMIEI ‘V]‘ﬂﬁLL@\‘]SLunﬂ‘ﬂ\‘}ﬂﬂ?:ﬁﬂ@UNgﬂLLUUﬂq?L@ﬂQLUH"ﬂ@Q?\T'&L’ﬂﬂsﬁm‘ﬂ@ﬂ@’ﬂ\?

o ¥

AU daya189a19 BNT gm3 Bi,Na,,TiO, Tuuilndayanuieiay 36-0340 Fefilaseadne wuu
saulufinsen (thombohedral) fiifinANNdigeqnaEfiF UM 20 A 32.438, 32.683 uaz
46.700 B9ANANNANAL kAR FEUDINNTRANA TR NadLAsadlans BNT TuilSunns T 1Au
0.050 Ta avausnasadiiumaaaa(single phase)ld wanslugil 4.30 dwdusumia

gaafiANa TN aaanadiaal asull Tuasunlasunniin
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x = 0.015

Intensity (a.u)
L_

-

E%

J
v ¥ T
10 20 30 40

[%

¥
71l 4.30 waBnWAILLIRITR e NFU9Ns Biy Na, i, Cu,0,,

442 aaanmaesaNgaRndaNaldaadlnnundananaung
uasaINNTLENTUaa fudq ld ANt NinnnsRasaUaAlsynauaTassAngog
wATAnsiAgaLLeiadiend wudn TugnuunRdumes 950 °C 1m9ndn BNT fiflrediles iy
asAtszney luFunalaifu 0.030 Tua axfidnmnizaasfinadiafuiazes BNT 13gva nu
da3ya109a19 Bi, Na,,TiO, luuindaya JCPDS uuneiat 36-0340 finlasea¥ne uunsenty
fmnsaa (Rhombohedral) gquniamnAatlilasluifFunns 0.050 uaazifiafpradANm dad
17;3434 20 wirriu 28.32° Genudniunsinmavesiainennlaiietu magil 4.31
Lﬁﬂ@ﬂMgﬁ%LﬁlﬂiﬁﬁMﬂi; 1000 Uaz 1050 °C A93l 4.32 UAT 4.33 ANNATAL WU

an %

31 dnmouzresiadersiluseniudnseaumaniu BNT atnglafinu luwsiazgumng)idunes
o o X o da o d ’ - y
Waunumeduasiaay  asnuiaiidumadulunndos  annisiiaaeiilasia¥eaanie
Tnald SEM Tu mode EDS wudnifluansilszneunamesupaiunan asanaaziiulylifdndy
aanladresnaduay  wiFuuseaanAnauiifFuldunin - addiiasiinansenuann
. om o o X A Hoyn a2y, R
siaaniiRresian 19l iasannuaunninNasesr LR iy avliarunmezyuidalidian
a0 lun9azanereanedwasiy BNT daArinle uwsanneuddeil anaazuanlsniinedn lu
1 an I8 dl 1 = = 1 A o dll = o

usavguUNNTURes Nedunsiazaeaglu BNT azimonualesldvieniu wedmauiuma
Tupsndsanuaa il azwugn Weguungigeau nesuasanaazduunldunazuangdaaanuiy

o A a0
IN@RUNINNINNA NN TR

9 a
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intensity (a.u.)

1 20 40 50
20 (degree)

91l 4.31 uunWALALIBIasTANdIaeENEN Bi, Na,  Ti, ,Cu,0,  NYNLuNTuEasn 950 °C

intensity (a.u.)

---__.__,| ¢ | . x=0.015
- ) B\ RS '005,_
S . 1 sl T

]
10 20 £

J I PORY | i
20(degres) 7 ¥

31l 4.32 ununwAERLIBIes A NGIae@NEN B Nay  Ti, ,Cu,0,  NYNENGWEa N 1000

°C
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Intensity (a.u)
i
o
L =]
{ o

L A . .
10 20 30 40 50 60 70 80
20 (degres)

91l 4.33 wnunwAERLUBeNAendIas@sln Bi, Na,  Ti,,Cu,0,, NG Tuaasn 1050

°C

4.43 HANITATIARDAUANUANIINILAINURILTEFINA

NAIRINNNIRNTURESUAL IE RN 9T RNNINNN1IATIRda L AAIAN IR LA

IHinatia 3819989 015ANAE TedoyalA1nINA1I9 4.10 ULaTIUNARAAN U AN LY
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4 o !

e RN et U1 el uiinegadaIiy N1UNTURIEABNNIUTAIINNIENINAZADN TIG1UIN

' a W vl o s v @ o g w a = oA X P
Qﬁ‘ﬂszﬂmLﬂﬂﬂ’]ﬁ‘LLWﬂ@msluﬂﬁ‘::‘]_lQumﬁ?sﬁuLWﬂﬁ?LLMﬂ@zwﬂﬁL"Tj"a"]zt\lﬂmﬂmsmuﬁLLuuLWNﬂJu N

'
Al

grunnRgeiuazin liinan1sunsaetenan liANI g RA NI NG RgIRsiNATes
. . a4 4 4 - o -
INIENINBZABNNIN TIazdnasianIsadeunvedaznantedlesaulin uazlunisiimnans

aaa '

A ¥ o tZ a 1 1 1 ydl dl dl ol

@a Wnlilenaasinldaunsniiatesdnessuivesaan lAngumnInadnisunsian  anaunis
A oA, = v v 24 | o dl P

W ANA1INHLANT9LL Teeauaaanadwsd (Cu®) Urazidnluuwnui leasuueslnniidau

(Ti") ez iialszqaululassadenaniiunn 2 dszq Geasinliiiaaauldades ane

Tulaseairamanzeasndn - Asenani Wesnenseseendiaufeangreanuiieine  auna

nmelulass afeuanalidagianindunaen el Asenaasmldifailudesdne vas
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lanauaandiauniglulangine  deananuani iinanisundrasarnanlFauardinananiy

1 dl Ql d? 4 ! o
NUILLUL mwmﬂmmmmmu

A9 4.10 AauLduaesamindadalnnaumniuniaesianeand

founiidumes(°c)
Cu content (mol) 950 1000 1050
0 547 +£0.01 574 +0.05 583 007
0.005 593 £0.00 581 10.08 584 £0.05
0.015 565 +0.03 564 007 572 +004
0.030 570 %0.01 567 £0.05 564 +0.02
0.050 575 +0.00 574 10.01 576 $0.00

TunisnaadaaurkinesinaInnimesedtt  udstnaiudunsnuans
AN U sz A AN Ui L efiduAlae Tuas1e) 2eansiianedwas A9 lugl

dl 1 dl My a a 1 g 1o a A a '8
4.34 TINUIN BNT wiuimmwmLLm\mmmumuuumuﬂgﬂugmugu AR NITLHNITULART

|
a o

Ny Rgazyn I INNAMNMUMUNNGIUANNG R WeNITFANNeIwndadly BNT

1 dl an rol A 1 % 1 o a dd? 1 < dl
Wud1 Neun)RTwnesanT neussasidoudonlinisurudarecsninaay atnalafiann 7
AUUYNTUATAITU NNINDLTBINDIUAINALNN IHANULILUUARAS TI9H B1RATHANMENN
AINNIALIRBL1NIALEITeINIY NRATUIENWATI8IMAY (liquid phase) Waz/vFanisiag
roqnatutendu Selunsdiil denaliliaonungundsetlusamsdnlignindnean iyl
wNA ae9lsfAN ANNMUNULLEEEINEN BNT NR8a08naauaal AMANUL LUWANTNS
1NN91 94% awly anidi BNT USgMangnmty 950 °C azilanumunuiuaeudiei Wasain

grunnRaenan lildidugumninaindngomnuUnan ldwn BNT

q a
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8.0

A9 —u— sifiter 950°¢

5.8+ —e— ginter 1000°c
—a— ginter 106Q0°c
-lg 5.8
5.7
§ 4
6.8
554
5‘ L] . L] e Ll - Ll I 1 v T
0.00 0.01 0.02 0.03 0.04 0.05
CuOQ content (mol)

71l 4.34 N3 luanIAINANTUS Tz UIIAINULNLLUTIBNIINHN BNT Wguiuisunnmesmes

|8

wALATg N NT WA S

444 Nﬂﬂ’]ﬁ‘ﬁli')qa’ﬂUTﬂ%‘Qﬂ;ﬁﬂ'ﬂ@ﬂ’]ﬂ“ll’ﬂ\? LE5INN

! v ¥ v mn @ !
ﬂ’]ﬁ‘ﬂ’]ilﬂ’]WIﬁN@ﬁ"NVﬁ\ﬂ@ﬂﬁ ﬂiﬂﬂlﬁiﬂ@@\‘]“ﬂ@‘ﬂﬁ‘?ﬂu@ NATAULLUARINTIA (SEM)

1
= [l

dewudn  BNT - dlilifuneuasiinsea¥eqaniaiiuansliiviuindgnguanuunanlunig

2 rdl a ° = r:i L2 dl o a o‘d‘ Qd‘ d’f dl
b TUABINYIUUNNATALAZHINTUNAAUBLRILNDNINTITINTUAR TN EUNYNNEITU TIRDA

a a u

14 o 1 1 dl o 1% dl a 3 % o 4 = 1
AXBANNLATAITNUUN LLuuVIQﬂ1ﬂ bNRLANNANLLAN Lﬂqiﬂiuiﬂ?ﬂ@?’]\‘lﬂﬁimqiﬂ NTUNAITH UUILLUU

1
= L2

QI d? % a o a rdl Qa‘lﬂl =X
AN ZG\TNZ\IGL‘MEW'E‘H mmfsummu@ﬂ@ﬂun’mm%ummmmmmm@um 0.050 Tuawaq

Q a
] 1

BUIIAINITANNAIAY  TNNANNGRAARAIALANNALILUUATINTAlE  TunnRAu
a X = , o § v - o X S
NaguAg L FuNiNNANdTAuie 0.015 e WUINHEAN N IURILN AN I UNITLANAL
&ane winlddnluyngungiiumes uarnaANTTNNUIINAIALAIFIUF 0.015 - 0.050 Tua
D ~ g ! % = s o = A a Y
wudndinsun v idaunsrendrspeiuazanaadntiesdaluniidnaadide fidqldlu
1Buiuunn analna M lrlddnaanenisintueesnsuni lfinsuiaunnesitasanadidniias)

o

[ % dI a % [ % 3 a rdl a
ANRNTIN 4.11 miumamwmLLm\ﬂuﬂ?mmmnwmmummiLm’mumem@mugN@;q T NN

1 o

WgsAninisiaatuaaanaausng deananuanililldaunenisinluaaansulssng b
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(e) 0.050 mol .
91l 4.35 TA29251998N1AARINUREEIIRA BNT lﬁ@é’qmmLLmﬂuﬂ?mmﬁmﬂ]Lm%uLm%ﬁ

G 9

AUNN 950 °C

q a
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(e) 0.050 mol .
71l 4.36 Tnseai1aqan1ATeeuRamaNln BNT adaemeuad it Buimusne it unesh

BRUNNH 1000 °C
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(c) 0.015 mol (d) 0.030 mol

(e) 0.050 mol

71 4.35 Tn3aain9qan1AT09NUEEIHN BNT 1aadnenesundlutFuasneundunesn

BRUNNH 1050 °C
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R34 4.11 21U1AT89NTUIRLEIIENN BNT ﬁ@ﬁfmmmm

GRVEFY Cu (mol)
(°c) 0 0.005 0.015 0.030 0.050
950 1.07x£0.07 | 2.20 £0.25| 7.36x 0.73| 5.18% 0.87| 3.01x 0.21
1000 1.11 £0.04 | 1.66 £0.07 | 551 £0.23| 7.82+ 0.32| 3.58% 0.33
1050 147+ 005 | 251+ 015 | 7.52+ 0.94 | 7.75+ 0.34 | 516+ 0.47
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| I
=

F11979 4.11 aN1TR ABIANYENTB9LIIAN BNT RBAI8MDIUAINGNIHTWAB5T 950 °C

quugQiiduiaed | BNT-Cu | mud | Dielectric constant | dielectric loss
(°C) (mol) (KHz) g, tan &
30°C 320°C 30°C 320°C

1 976.70 | 2147.46 1.41 0.59

10 695.88 | 2044.56 0.34 0.07

pure 100 620.97 | 2083.03 0.09 0.01

500 631.35 | 2174.39 -0.04 -0.07

1000 621.35 | 2215.74 -0.12 -0.14

1 754.35 | 254223 1.16 0.39

10 718.30 | 2367.93 0.13 0.04

950 0.005 100 733.85| 2455.08 0.04 0.01

500 763.86 | 2664.02 -0.056 -0.06

1000 746.73 | 2653.15 -0.12 -0.13

1 625.37 | 3348.79 1.77 0.14

10 618.59 | 3099.21 1.84 0.03

0.015 100 623.32 | 2997.60 0.06 0.04

500 634.55 | 3115.26 -0.05 -0.03

1000 825.37 | 3187.45 -0.12 -0.10
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AN 4.12 AduLlsednsine a1 anvanaa9Esin BNT lAasngnagiad

- Piezoelectric coefficient d,, (10"C/N)
auuniitulned(°’C) o - .
pure 0.005 Tua 0.015 Tug 0.030 g
950 Break down 22 72 60
1000 24 27 73 .
1050 29 28 83 -
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v 1
71 4.40 Tnzaainsqanipresiuiasindadalnfes lnnumnaedisdansAwndune i
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v 1
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1050 °C
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a

71 4.42 TnzaaineqanATesNUEN e NN IgNINTUAS S 1050 °C lwinan 2 4l (a)

0at.%Dy (b) 0.5at.%Dy (c) 1.0at.%Dy (d) 1.5at.%Dy wag (e) 2.0at.%Dy
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Abstract
Fe-doped Big <Nay, J’O, ceramics with Fe-ion content varied from 0 to 0.15 at% were fully prepared by | solid state
reaction method. The g temp used was t 850 and 1000 °C. X-ray diffraction pattems showed that all produced ceramics were
single phase with a rhombohedral SEM mi phs of the ceramics showed a dramatic change in demnrcahcn behavior as a result of

Fe-ion doping. At 850 °C, the undoped BNT ceramic had a very porous structure. As the Fe-ion d, the showed
denser microstructures and, for the sample containing 0.15 ar.% Fe, a very dense grain structure with almost no pumsny was obtained. This
microstructural observation agreed well with the measured density whose value increased with irlcreasing Fe content. The relative density of at
least 95% was achieved in 0.15 at.% Fe-doped BNT ceramics even when it was si d at 850 °C. L g the sinteri p only had
an effect of increasing the grain size of this sample without appreciably affecting its density. The results of ﬂus :nvmngahon showed that addition

of Fes0; in BNT could help improve the densification process and significantly reduced the sintering temperature of BNT ceramics.

© 2006 Elsevier B.V. All rights reserved.

Kevwords: Bismuth sodium titanate; S:nlmng, Microstructure; Ceramics; Defects

1. Introduction

In ceramic processing, the use of low sintering temperature is
often desired. Apart from energy cost consideration, the lower
the sintering temperature, the closer stoichiometric or nominal
composition the produced ceramics will have. This is because at
high temperature the presence of intrinsic point defects as well
as the loss of volatile compounds usually occur.

Consequently, various techniques have been utilized in order
to lower the sintering temperature and improve the densification
process of ceramics. These include the use of non-conventional
sintering processes such as spark plasma sintering [1] and
microwave sintering [2]. Other processes such as multi-step
sintering and heating [3,4] and reactive sintering [5] were also
employed. These methods, though found very effective in
producing high-density ceramics, involve a rather complicated
experimental set up and/or need longer processing time than
conventional single-step firing process. An alternative method

* Comesponding author. Tel.: +66 53 941 921x632; fax: +66 53 892 271.
E-mail address: anuchal@: i.org (A

0167-577X/S - sec front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/.matlet.2006.10.059

is to fabricate ceramics by utilizing fine particles in sub-
micrometer or nanometer range that are produced by high-
energy ball milling or some chemical routes [1,6]. The former
has some risk of contamination from milling media while the
latter still faces the problem of mass production capability.

One method that has been utilized the most to lower the
sintering temperature is to use sintering aid which can be in the
form of a single compound (e.g. B;O;, LiF, LiCO;, MnO,,
CaF,) or mixture of these compounds [7-13], glassy phase
(e.g. PbO+Si0;) [14] and complex oxides (e.g. Pb(Yb,Nb; )
0;-PbTi0;-PbZr0; system) [15]. The purpose of these sin-
tering aids is to provide a low melting point material where
liquid phase can form along the grain boundaries of the
ceramics and, hence, help promote atomic diffusion. However,
it is often found that the presence of the low melting tem-
perature phase along grain boundaries degrade the properties of
materials.

Apart from these methods, one can add a small amount of
aliovalent dopant that substitutes ions in the lattice sites in ionic
compounds to produce point defect such as vacancies that can
help promote diffusion during sintering. Notable for this effect
is the oxygen vacancies whose number can be increased by
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introducing an acceptor dopant to substitute for cations [16,17].
Based on this defect chemistry, this paper attempts to
investigate the effect of doping Fe ions into BiysNagsTiO;
(BNT) compound, which is currently considered as a potential
lead-free ferroelectric material [18-20]. The phase formation,
microstructure and density of Fe-doped BNT ceramics in
relation with sintering temperature are presented and discussed.

2. Experimental procedure

Fe-doped Bip sNag sTiO; powders were prepared from
binary oxides and carbonate, i.e. Bi,0; (>98%, Fluka),
Na,CO; (99.5%, Carlo Erba), TiO; (>99%, Riedel-de Haén)
and Fe;0, (99.9%, Fluka). The amount of Fe,0; varied from 0
to 0.075 mol%. This corresponds to the nominal composition,
Biy sMay sTi; - Fe, 05 5., where x varied from 0 to 0.0015. The
powder mixtures were ball milled in ethanol using zirconia
milling media for 24 h, calcined at 800 °C for 2 h, and checked
for phase purity using a powder X-ray diffractometer (XRD,
JEOL JDX-8030). The calcined powders were re-ground using
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densities using Archimedes method and the surface morphol-
ogies were studied using a scanning electron microscope (JEOL
JSM-5910LV).

3. Results and discussion

X-ray diffraction patterns of undoped and Fe-doped BNT powders
are shown in Fig. 1{a). The materials were single phase with a
rhombohedral structure, in ag) with the | reported in the
literature [21,22]. The relative peak intensities in all samples were
virtually the same which suggested that the presence of small amount
of Fe ions in BNT lattice did not cause any significant change in crystal
structure. Investigation of peak position indicated a very small peak
shift to lower angle for all reflections. Assuming the rhombohedral
symmetry and using the peak positions of (200) reflections, the lattice
constants of all samples were approximated and listed in Table 1. X-ray
diffraction pattemns of undoped and Fe-doped BNT ceramics sintered at
various temperatures were virtually the same as their correponding
powder patterns. Fig. 1(b) showed X-ray diffraction patterns of the
ceramic samples sintered at 1000 *C,

SEM micrographs of undoped and Fe-doped BNT ceramics sintered
at 850 °C are shown in Fig. 2. It can be noticed that, in undoped BNT
ceramics, the surface morphologies showed a very porous structure. As
the amount of Fe concentration in BNT lattice increased, the structure
became more dense and a well developed grain morphology with almost
no porosity was finally obtained in BNT ceramics doped with 0.15 at.%
Fe. Increasing the sintering temperature had the effect of enhancing the
densification in low-density samples while for the 0.15 at.% Fe-doped
BNT ceramics, the only observed effect was a slight increase in grain
size.
The resulting microstructures of these ceramics were in good
agreement with their measured densities. From Fig. 3, the undoped
BNT ceramics possessed lowest density among all samples. At 850 °C,
the sample was so porous that its density could not be measured using
the Archimedes method. I ing the sintering temperature caused
the sample to be better densified and therefore to possess higher
density. As the amount of Fe increased, the density of the ceramics
increased and became less dependent on sintering temperature.
Eventually, the samples with highest Fe ion had about the
same density regardless of their sintering temperature. The highest

1 density corresponded to about 95% of the theoretical value.
Based on these results, the Fe-doped BNT ceramics apparently could be
sintered at a much lower temperature than typical sintering tempera-
tures, which ranged between 1050 and 1200 °C [21-24].

This densification behavior may be explained in terms of defect
chemistry and the creation of oxygen vacancies. As it has been known
theoretically and experimentally that the number of ies g Ity
increase with 1 ing )y and therefore, allows better
atomic diffusion during the sintering process. At a lower temperature,
the number of these vacancies is reduced and the ability for atoms to
diffuse is also less. The creation of vacancies by using dopant is
therefore thought to have some benefit in sintering process. For the

Table 1
Peak position of (200) reflections and determined lattice constants

agate mortar and pestle, sieved, pressed into small p
sintered at temperature ranging between 850 and 1000 °C for
2 h and re-checked for phase purity using X-ray diffraction
technique. The sintered ceramics were characterized for their

BNT  0.05au%  0.10at%  0.15aL%
llets and Fe Fe Fe
Position of (200) reflection 46.801  46.761 46.701 46.739
)
Lattice constant (A) 38792 3.8823 3.8870 3.8840
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Fig. 2. SEM micrographs of Big sNag sTi;—,Fe,05 g <, ceramics sintered at 850 °C.

system under investigation, the defect equation could be written as the
following:

Fe,03 = 2Fey; + 305 + Vi (1)

It has to be noted that the above defect reaction only assumed ionic
defect compensation. In addition, it was assumed that Fe ions
preferentially substituted Ti sites. The latter assumption was based
on the fact that the ionic radius of Fe ion (rpe-=0.69 A) was much
closer to the ionic radius of Ti ion (rr; =0.61 A) than those of Bi ion
(rgp- ~1.38 A) and Na ion (ry,-=1.39 A). Furthermore, the ratio of
cationic radius to anionic radius (rge = 1.40 A) would exclude the Fe
ion from residing at the Bi or Na site due to the instability of the
structure [17]. Based on the nominal charge of Fe', the amount of
oxygen vacancies could be approximated from this equation and it
obviously increased with increasing amount of Fe'* ions substituting
Ti*" sites.

Although exact mechanisms involved in the sintering behavior of
Fe-doped BNT ceramics still needs further investigation, this study

7
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Fig. 3. Density variation of Fe-doped BNT ceramics as a function of Fe
1on and si

clearly showed that the addition of small amount of FesO; in
Big sNag sTiO; during synthesis based on the defect Eq. (1) could
significantly improve the densification of the ceramics and the sintering
temperature as low as 850 °C could be used to sinter this ceramic to a
near theoretical value.

4. Conclusions

Fe-doped Big sNag sTiO; ceramics were successfully pre-
pared using the conventional method with the starting
compositions based on defect chemistry consideration. SEM
micrographs of the undoped BNT ceramics sintered at 850 °C
showed a rather porous structure. Increasing the amount of Fe
ions in BNT lattice caused the BNT ceramics to be better
densified, and in the sample containing 0.15 at.% Fe, a very
dense grain morphology with nearly no porosity was obtained.
The well developed grain structure in 0.15 at.% Fe-doped BNT
ceramics also agreed with its measured density which was
found to be at least 95% of the theoretical value. This
experiment clearly showed that the presence of Fe' acceptor
ions which induced the oxygen vacancies in BNT lattice helped
promote the densification process and dramatically reduced the
sintering temperature used in BNT ceramic processing.
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Abstract

Dysprosium-doped bismuth sodium titanate ceramics were prepared using the conventional mixed-oxide method. The of dysp

used was varied from 0 to 2 at.%. The mixed powders were calcined at 800 °C and checked for phase purity using X-ray diffraction technique. The
calcined powders were then cold-pressed into pellets and sintered at 1050 °C for the time ranging from 2 to 48 h. The ceramics were checked for
phases and microstructures using an X-ray diffrac and a ing electron microscope, respectively. The analysis showed that undoped
BNT ceramics sintered at longer time exhibited a significant grain growth with non-uniform grain size distribution and shape. The Dy-doped BNT
however showed a much more limited grain growth behavior, resulting in smaller grain size and more equiaxed grain shape. It was also found that
all Dy-doped BNT jcs si datd48h p 4 lower porosity than those sintered for shorter time.

© 2007 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

Keywonds: A. Grain growth; A. Sintering; B. Electron microscopy; B. Defects

1. Introduction Furthermore, Yi et al. [10] found that the inhibition of grain
growth was much more effective when La** ions substituted the
Bismuth sodium titanate (BigsNagsTiO; or BNT) is  A-site of BNT, inducing the B-site vacancies. The substitution
currently considered as a potential lead-free ferroelectric  at A-site of BNT by Pb** ions was also found to have the same
material [1-3]. Although this material has been investigated in  effect as other previously mentioned dopants [8].
terms of variation in their dielectric and piezoelectric properties Besides La** and Pb?*, the dysprosium ion was also used to
due to various dopants [4-6) and the formation of solid solution ~ dope BaTiO; and it was found that it also caused a reduction in
with other compounds [7-9], the studies on grain growth  grain growth. Unlike La** and Pb**, Dy ion could substitute
behavior of pure and doped BNT has not been studied much.  either A-site or B-site [13,14] and this seemed to suggest a
Yi et al. [10] has investigated the microstructure of complex role in densification and grain growth behavior of
lanthanum-doped BNT and it was found that the substitution  ceramics. In this study, Dy-doped BNT ceramics are prepared
of La** ions in the A-site (Bi** or Na* ions), inducing A-sitt  and their grain growth behavior is investigated in order to
vacancies, resulted in grain growth inhibition as well as  provide some insight in terms of dopant substitution and its
improvement of densification. Based on the study of aliovalent  effects on grain morphology.
doping in BaTiO; by Desu and Payne [11] and Rahaman and
Manalert [12], similar reduction in grain boundary mobility 5 Experimental procedure
was observed regardless of whether the dopants were donors or
acceptors if their concentration was above the threshold values. The Dy-doped BNT powders were prepared from the mixed
The effects of these dopants were attributed to the segregation  powder of Bi, O, (>98%, Fluka), NayCO; (99.5%, Carlo Erba),
of cation vacancies as well as acceptor solutes at the grain (), (>99%, Riedel-de Haén) and Dy,0; (99.9%, Cerac). The
bounda:ries‘ i‘} which the space-charge r‘egion Was, induced  amount of Dy,0; used was calculated according to the
and this limited the movement of grain boundaries [12]. chemical formula (Big sNag )1 —1.5:Dy,TiOs, where x = 0.005,
0.010, 0.015 and 0.020. The starting powder mixtures were ball
milled for 24 h, calcined at 800 °C for 2 h, and checked for
* Corresponding author. Tel.: +66 53 941921x632; fax: +66 53 943445. phase purity using a powder X-ray diffractometer (Siemens
E-mail add) ha@stanfordalumni.org (A. Watch D500). The calcined powders were then ball milled for another

0272-8842/$34.00 © 2007 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
doi:10.1016/j.ceramint.2007.09.098
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24 h and pressed into small pellets, which were subsequently
sintered at 1050 °C for 2, 10, 24 and 48 h in a presence of BNT
powder. X-ray diffraction analysis was performed on these
samples to re-check for phase purity. The ceramic samples were
then polished and thermally etched at 950 °C for 15 min prior to
microstructural investigation using a scanning electron micro-
scope (JEOL JSM-5910LV). The grain size was measured from
the SEM micrographs using a mean linear intercept method.

3. Results and discussion

X-ray diffraction patterns of Dy-doped BNT ceramics
sintered at 1050 °C for 2 and 48 h are shown in Fig. 1. The
results showed that all ceramic samples were virtually single
phase with rhombohedral structure. The peak splitting due to
rhombohedral symmetry was difficult to observed in this
compound since peak overlapping occurred and it was known
that its lattice dimension was nearly cubic [1]. As the Dy
concentration increased, there was a slight shift of peaks to
greater 20 angle corresponding to smaller lattice size. This
seemed to indicate that the substitution of smaller Dy** ion
(rpys+ ~1.2 A) in larger Bi** ion (rg+ ~1.38 A) or Na* ion
(rna+ ~1.39 A) occurred during synthesis.

SEM micrographs of Dy-doped BNT ceramics sintered at
1050 °C for 2 h are shown in Fig. 2. The micrographs showed
that the grain size generally decreased when Dy content was
increased. The grain size values ranged from about 3.2 pm in
pure BNT to about 0.8 pm in 2.0 at.% Dy-doped BNT. For
these ceramics, a rather wide grain size distribution could be
observed from the figure and in this study, the standard
deviation (S.D.) from grain size measurement was used to
represent the distribution. The S.D. for pure BNT was about 1.3
while that for 2.0 at.% Dy-doped sample was about 0.3. The
grain size as well as the standard deviation for these two
samples were also plotted and are shown in Fig. 4 (note that all
samples had a range of grain size with their corresponding
S.D.'s but were omitted form Fig. 4 for clarity in comparison).
The general trend was that the standard deviation decreased
with increasing Dy content. This indicated that not only was the
grain size reduced but the grain size distribution also decreased,

I 34 (2008) 769-772

suggesting a more uniform grain size in the samples containing
high Dy concentration.

It could also be seen from Fig. 2 that the porosity increased
with increasing Dy concentration. This observation was in
agreement with the slightly higher measured density of pure
BNT compared to Dy-doped BNT ceramics. Nevertheless, all
samples were found to have densities of at least about 95% of
their theoretical values. The effect of Dy ions in a reduction of
grain size but with a somewhat non-uniform grain size
distribution was observed by Yamaji et al. for BaTiO, system
[15]. The authors attributed this observation to the original
particle size prior to sintering and they also found that a use of
fine starting BaTiO; powder having the size in nanometer range
could produced Dy-doped BaTiO; ceramics having small
grains with narrower size distribution [16). Since the average
starting particle size for powders used in this study was about
0.3 pm, these were probably not small enough to allow uniform
distribution of Dy ions.

After increasing the sintering time to 10, 24 and 48 h, the
grain sizes of all samples increased. SEM micrographs of
ceramic samples sintered for 48 h are shown in Fig. 3. In pure
BNT and lowly doped samples, the grain size increased such
that some grains grew faster than other grains which resulted in
the presence of very large grains as well as very small grains
and, hence, a wider grain size distribution. From grain size
measurement, it was found that the pure BNT ceramic sintered
for 48 h contained grains as small as 0.7 um and grains as large
as 14.2 um. At such long sintering time, the effect of grain
growth inhibition was more pronounced for 2.0% Dy-doped
BNT ceramics and, hence, resulting in narrower grain size
distribution. The 2.0% Dy-doped BNT ceramics sintered for
48 h contained grains having minimum size of ~0.5 pm and
maximum size of ~8.7 wm. It could also be noticed from Fig. 3
that all Dy-doped samples showed denser microstructures when
sintered at longer time.

The effects of sintering time on grain size and grain size
distribution for all pure and Dy-doped BNT ceramics
investigated are summarized in Fig. 4. It could be seen that
regardless of sintering time, the 2.0 at.% Dy-doped samples had
the smallest grain size compared to the rest of samples. The
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Fig. 1. XRD patterns of Dy-doped BNT ceramics sintered at 1050 °C for (a) 2h and (b} 48 h.
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Fig. 2. SEM micrographs of Dy-doped BNT ceramics sintered at 1050 “C for 2 h: (a) 0 at.%, (b) 1.0 at.% and (c) 2.0 at.%.

error bars for samples sintered as 2 and 48 h indicated the
standard deviation from grain size measurement. These rather
large standard deviations indicated that, for all samples, the
grain growth was not truly uniform. Therefore, the study on the
rate of increase in grain size in order to determine the effect of
Dy ions on grain boundary mobility was difficult. Comparing to

the work by Yi et al. [10], it seemed that doping BNT with La
ions were more effective in producing ceramics with uniform
grain size and hence, grain growth kinetics based on grain
growth law could be studied in details.

From this study, it has been shown that addition of Dy
ions into BNT lattice could inhibit grain growth but the

Fig. 3. SEM micrographs of Dy-doped BNT ceramics sintered at 1050 °C for 48 h: (a) 0 at.%, (b) 1.0 aL.% and (c) 2.0 at.%.
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Effects of AL,O; Nano-particle Addition on Electrical and Mechanical
Properties of PLZT Ceramics

Anucha Watcharapasorn and Sukanda Jiansirisomboon"

Department of Physics, Faculty of Science, Chiang Mai University, Chiang Mai 50200,
Thailand

*Corresponding author. E-mail: sukanda@chiangmai.ac.th

ABSTRACT

PLZT (9/65/35) ceramics with addition of 0-2 vol% y-Al,0; nano-particles (~40
nm) were sintered at various temperature ranging from 1100-1250 °C. X-ray diffraction
analysis of these ceramics indicated that they were single phase with cubic structure. At
sintering temperature of 1100 and 1150 °C, the density of PLZT/AL,O; ceramics
decreased with increasing Al;O; content. At higher sintering temperatures, the
ceramics were densified to at least 95% of their theoretical densities regardless of Al,0;
content. The samples sintered at 1200 °C were used for mechanical and electrical
property measurements. It was found that the Knoop and Vickers hardness values were
improved with addition of Al,0; nano-particles up to 1.0 vol% at which the Young’s
modulus was also optimized. The fracture toughness was also found to be improved
with increasing amount of Al;O; especially at higher applied mechanical load. The
dielectric constant and dielectric loss at 1 kHz of 0.5 vol% Al,O; added PLZT ceramics
were found to be about 4000 and 0.04, respectively. These values were comparable to
those of pure PLZT. The ferroelectric measurements of PLZT/AL,O; ceramics indicated
that all samples showed similar hysteresis behavior with comparable values of
remanent polarization and coercive field. These results suggested that small addition of
ALO; nano-particles could improve mechanical properties while maintain good
electrical properties of PLZT ceramics.

Key words: PLZT, Al;O; nano-particles, Mechanical, Dielectric, Ferroelectric properties
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Dielectric and Piezoelectric Properties of Zr-doped
Bismuth Sodium Titanate Ceramics

A. Watcharapasom* and S. Jiansirisomboon

Department of Physics, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand
* Corresponding author : anucha@stanfordalumni.org

BiMNaO‘STi I_"Zr"‘O:‘, where x = 0, 0.05, 0.10, 0.15 and 0.20, were prepared by solid state reaction
between stoichiometric mixture of Bizos, NajCOJ, TiOz and Zr*Cl2 powders. The mixture was calcined at
800 °C for 2 h and checked for phase purity using X-ray diffraction analysis. The calcined powders were
pressed into pellets and sintered at 1100 °C for 2 h to form dense ceramics. These ceramics were re-checked
for second phases using X-ray diffraction analysis. It was found that single phase solid solution could be
produced, indicating that high solid solubility limit is possible for this system. The approximate relative
density of all sintered samples was found to be at least 95% of theoretical value. Microstructural
investigation using a scanning electron microscope of fractured surface showed that the fracture mode
changed from intergranular to intragranular mode when Zr concentration increased. The grain size of these
ceramics was found to slightly increase with Zr content. Dielectric properties of Zr-doped BNT ceramics
showed more diffused behavior with addition of Zr. However, the piezoelectric properties seemed to be
degraded possibly due to the aging effect typically found in isovalent-ion substituted solid solutions. These
behaviors were discussed and compared to the more common systems such as PZT and Ba{Zr,Ti)O,.
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