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Abstract

This project investicated the synthesis and characterization of barium zirconate

titanate (Ba(Zr,Ti;, )O3, BZT (when x = 0.1 and 0.3)) by autocombustion method. Barium
chloride dihydrate (BaCl,-2H,0), zirconium oxychloride octahydrate (ZrOCl,-8H,0) and

titanium tetrachloride (TiCly) were used as starting materials. Nitric acid (HNO3) and glycine
(NH,CH,COOH) were used as oxidizer and fuel, respectively. The effects of synthesis
condition and calcination temperature on phase formation and microstructure of the BZT
were investigated using Fourier transform infrared spectroscopy (FTIR), X-ray diffraction
technique (XRD), Raman spectroscopy and scanning electron microscopy (SEM). XRD FT-IR
and Raman study indicated that single phase BZT with cubic perovskite-type structure can
be obtained from the synthesis condition using nitrate to glycine molar ratio of 4:2.20 and
calcined in air at 1200 °C for 4 h. The microstructure examined by SEM showed that BZT had
irregular shape with the average particles sizes of 300 nm for Ba(Zrq;Tig9)O3 and 1.159 pm
for Ba(Zry3Tip7)O5. The dielectric measurements showed that doping BZT with 5 or 10 mol%
of MgO or Al,0; decreased the relative permittivity (€..,) and the dielectric loss (tanO) of
BZT.

Keywords: Autocombustion, glycine-nitrate, barium zirconate titanate, dielectric property
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-0

UM 4.16  wanspuduiiusseninman neeuduinsuasainisgydenisladidnnsniieudu

€aN

[y

auvniivesianesinka BZT-MgO fidman MgO 5 % lnelua 56

-0
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fidamszeieneds sl
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unil 1

UNI

1.1 anuddgyuaznuvaslymniiniside

Id = v oA a = ay 1 a & a ¢ & =

Wuiinsududdngeaivnsssunisuanasesldlniuasdudiudiannsetndidunily
geamnssunaniasiselasgrsumaaliunilszma wiogalsinulaealiudinisndndu
a o a 4 [ I3 ~ ) [ v oA 4
dianysedndniglulszime itazilwienisinldldauluaiitou nesnisuund nenisineas
VNN9RAGINNTIN LU NIHAREIUEUA NSHENQUNTIFRaT Ten1ewudu o uu tnediulngas
Jululudnvagreanmsihdidudwansslszmaiionusznaudugunsalionisldanululszne
wseodsanludwnssene Jadenavilimsiaumesumeluladdidnnsefndnelulsemaduly

& Y a

1 Y v 3 va v a g = S o g Y a =]
a8t Ins1rv1nenAuiLasunsilundnnalulaguas anedadunalifinnisandy
selilesainnsinddudiudidnnseiindiiisnanaindsusenadniig mewmninsfnyiwas
Waunalulagieldlunisudnianildluiesdiannseiindagludszmedadinnudidg luegs
wn valudsasegiaiieannisdndiwaziiuyar iiudu anviedsdmailuiivenisiauiesa
oot < °o v [ ! & A '
anugeziusngudAglunsiaunUssmaegnddustely
] (% =

dwsunisfnwinaziinuniandidnnselindeiinmig q du nsfinwuazimunJaguieldly

mydsdyrnuazdoyaunisaauinglulasian (ud 1-300 GHz) Liieldlunisdearsuagnis

A}

v A A

muaulimeieifinuihauladuegeds iWesaniduinsuiudinmaluladnisdeanslianed
unumddyduogannlulantagiu fefudedausidussanniasiamu Tandiensuaues
ausosnslunslfeumeding wesidosnlunumeiumeluladlianedu fanudesnistan
idnmsedndifinruninasidnsnisuudioteyage (High speed and high data rate) ansn
iUl nuldlunanetianiud (Multiband  operation) anansausudswiiethluldauldegig
wainvane (Adaptability and flexible) §uLﬂﬁmwé’ﬁmﬂumﬁmmmﬁaa Snvtadivuinidn wagsran
gn vilimsidonasiauntanfianunsausuasuandinislulasialadidnaindaoauilin

(Electric field tunable microwave dielectric materials) tosuanuaulasgtansvatelugilan

o I3

Aulruund [1-4] eeTagUsznnilfand®ng narfelian neoudusing (Permittivity, €) 9
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aunsanldsunlaslavuivauulninainnisuen mswmgiidainliianUssinnilanunsausuildeu
Aladidnmsnlaniuaunazinluly wazarursavlulgnulalunanetiremnun danaliieasining

Usznauuanianiiannsausuildeualadidnasnlaiauiafidnas ieswinnisannislddudiud

a =

MuLARMIEIANEAe 9 Gedwmaliliduddemdinuiildlunisaivauuwazinlillisimfgnas

v
a o

nde ndefmaridiliianfiamsausuasuantiladidnadnfeaunulniiigniilulde
NATUAN 9] DYNNTNVIN
Fapionisldaumasunisuiuasuandfmsladidnadnseausliiiaunsousznoy
Fuanaguaneuszian [1] TasarunsoutseaniBungulng) q 16du YaquiesTsdidnnin
(Ferroelectric) wazianuennguinaslsdiannin (Non-ferroelectric)  fegnadu Yaqlunguimén
(Ferrite-based materials) fanansniaginnd1 PIN lalen (Semiconductor PIN diodes) uag iannaives
viomsuauvuIAIly (Carbon nano-tube composites) aenslsfinanilarUTeuifioufiuuda Yan
uennguieslsdidnaindaiidesesnitagmeslsdidnnin nande Tnovhluudnasiwiiszney
Junarlunguindndniioualug) Timiings wasdsdinsmevauownslifinfith Fedamalsdanm
Foamandsenilaiinlumsniuaugs danasaslifhdivssneutuaintagansisiat PN Ialondu &
%’aL?ﬁ81145@@60@&migﬁgﬁaﬁwé’qé’mmm (Insertion  loss) wagnisnevauesitilugiuaiud
lulesian  dnfanuauvesionfveuawiauluiy Seflaudinldfdniofeusutagdu q fign
iharldlunumsdunsuiuddsuailadidnein ffudodleutuTanuindu 4 ud 29asluihi
Usgnaviuaniaqeslsdidnainiifdvunadn faladidneingauasdesnisndseulillunis
muAue Jsfinmssnzaufigalunsianldlunumaduisesiwihfiausausuasueiladidn

73N

2+

A: Ba

Polarisation down

Polarisation up

JUT 2.1 uanslasadramesenialng (ABO,) waznmsiinlnanlsiwduvesiagmelsdianasnuuiely

v

NuUR (BaTiOs) [10]
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ﬁ'lﬁ%JU’TﬂﬂL‘WﬁlﬂiaLﬁﬂG]%ﬂﬁaﬂu’lia‘lj’luﬂ%ﬂWUﬁWﬂAﬂ’liﬂ%ULﬂgﬂuﬁﬁiﬂaﬁﬂm%ﬂﬁu GUIGETY
wisoenlailu Tanlunquiwesendalnd (Perovskite) naulnlslas (Pyrochlore) nquvisawuusoud
(Tungsten-bronze) LLﬁSﬂ’sjiJIﬂi\‘lﬁ%’NLLUU%‘LA%@Qﬁﬂﬁﬁ (Bismuth layer structure) agnslsnaulu
ussnTanuanil guiloutfannduansussneumesenldlndoonladldsuauaulanazgnihunldly
umsduiiinniian TneiluudrTammesalndeanlediliassadafiuguuuy ABO; Tae A finaz
Juuanlesoudifivuelvgjnin wu Pb, Bi, La, Ca, Sr wieo Ba dw B fnauidulavensuddudis
yunaleeeulidnnin 1w Ti, Fe, Sn, Nb, Zr w3e Cu uaz O Aosendiauneulossu Tnsuaslessu A
zegluiiingsening BO, octahedra uazgndenseusesandiaueulossu 12 f dalassaiiam
osovalnduaznisiinlnanlsiedy (Polarisation) vesTanuielsdidnninuuiBexlvmiun (BaTios) ¢

wamalilugui 1.1

[y

anwesealndeanladiiuansaudfimaslsdianasnfigniildunnuiiunisusuilaeualng

o d‘

dinasnmeauiliihansaudseenliluianivsenaumeasnemuaz Jaglsansnens dwsuian

q

a ® a aa o & L3 & Y a s a 1 =
waslsdianasniitingnidussAlsenauiy ‘W‘U’JTJﬁQLW@ﬁi@LaﬂGﬁﬂ bYU Lamamam%ﬂwmmm

'
[ =

(Pb,Sry,TiOs, PST) [11] Haud@natunisldanwduianiaunsavsulasualadiannsnaoe

q

aulii egslsfanuilesnndgnimeiudwndausazanuduiveeswmsi nsiwuian

U = A

wleslsdidnainuuuliansnemiadeumadeniiinit ageenledliansnzi wWu anseudeslnm
WA (SITI05,  STO) waakdealvmue (CaTio,, CTO) wuissuwaslawumbnmiiun (Ba(Ti,, Zr,)0s,
BZT) uaznuissuansoudeulvniiun (Ba,Sr,, TiOs, BST) iéJ%JUmiﬁﬂwasmLLwéwmsLﬁ@iﬁiﬁﬁui’a@
fannsauiudsuladidnninsgaunliinlg usainnis@nwinuinag STO uag CTO &4l
forovagthadiofivuiy BST waz BZT Taglunsdlves STO tu wuhauifinisusudeurladidn
minvesian STO wAniedazyeliflogumaiiganin 80 K vilssaslwihiindnainian STO

aunsaihaulangamgininitgamaiivieswinttu [5] dwdan CTO tufwwdagdanisgaydeni

9 Y

lpdianasnenusiiaauanunsalunisidsusasanladidnasnmeauuliiiligeanndn (e

gamadl 21 °C lrawwluih 30kv/cm Wasiune CTO w1 1 m A1 tand < 0.005 wag T= 6%

[6) dm3utan BST fawdizfiaudflunsusuasunladidnssnifuaslasuauaulalunisiaun

v &Y Y

iwan1sunlulfunisdnuiidusgnaunn [7] wadiidesssluseswasnnuiadesivasanladidnasn

aeldgannll [8] dmiutan BZT Wu nuidaudfdiunsiasuuvasaladianasnillndifisaiu

[y

Fan BST wag PST [9] (tand ~ 0.002-0.005 uag T~ 40-60% [1]) ufndunuinseaunsided

WNenfunsusulgsautfves BZT wisldlununisusudsumladidnasnmeauulniingdliuind

diavleuiu BST duansliiutsanudululinaz@nwinazimunian BZT lillautanagau ae

nsUsuUgeladenesnusing 4 ndsluladnisfnwiunneu dumulumnuddeiisdanugudunisfinw

9

wazWawrautAvesian BZT wisldlusudiunisusuasualadianasnarsauulni lneay

nsfnwnslundresdninavesnsdunsied lassaingania uaznisiivaisideniineaudalad
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Bne3nues BZT dmunsdaesed  BZT duaunsnyilivaieis wu Uiitenaniusvomuds
(Solid state reaction) n121 35lwa-1aa (Sol-gel technique) 13 A5talsinesusa na IoANAZNOUTIU
(Co-precipitation method) 15 waz3sn 15w lvdsmlug® (Auto-combustion) e Tnelundseiile
Gonld3insunlvyl fosnduisivhldne MWnalunisiaufatendu warldnismuaalydi
gauvniilaigenntn nvsdailflduseonlediifanuuianias SvweilndiAsstuuasduiings

9 Y
'

=

famsdaaseilasimamnlndidenavhlilétan 2T ifauamitetu Snvsdsannisldndenuild
Tumsdaasesivinliiagilatisnafignasasfuiinsdedsuindendnde
éﬁ’ﬂﬁgumu%%’aﬁﬁﬂﬁmmﬁﬁ@ﬁamiﬁﬂmLLazmiﬁwmamﬁ’ﬁmsU%’ULﬂ?ﬂ'aumlmﬁlﬁﬂm%ﬂ
peauulii1ves BZT (Ba(TiggsZross)03) Immmg'uﬁuiﬂﬁmiﬂ%’uﬂqamié’qmwﬁ BZT lagisnns
wlvdfifielild BZT #iflnnuuiansae wazannsaanndanunagdunuililunisudn eugly
mMsnwmareIMTANasienvuIneynauluves MgO way ALO; Tu BZT lasazvinnsdnwina
yossndmuazviinvesansiieiflioantinisusuiasudiladidnaindnoaunulyiiies BZT &
Atetiuenazfunsiauaudivestanlvindeluuda Ssennsnadaaduesdanuiiugnludos

[

voIsdunsziian dnvarlassaiuazaninnsladidnainveiandneie

1.2 nquszas

1.2.1 LﬁaﬁﬂmLLazﬁwmaqﬁm’mﬁiumzmuﬁqLﬂ'i’]g'?a@ Ba(Zro5Tio7)03) wag Ba(Zro,Tigg)Os
gl duTanfianunsauudsualadidnsdnseaunildi

1.2.2 tevimsduasie BZT TagdSnsuwnlnd

1.2.3 uitelanunsawidentan BZT Advuneyneuilusazianuuiansas

1.2.4 \lefnwdninavedlasaiisganiauazuiavesansiiovuineyniaulures MgO uas
ALO, Tifldeausladiann3nseawlnives BZT

125 ietmansifedldluiRuilunsasivnsssiuunmed sutinsauenauu

UNIPINITNI b ULBLANUTLNA

1.3 YaULYANISIYY
1.3.1 ANWISNN5EUATIZIBAZYINNITAWATIIRINAN BZT Ineisnnswnlugd
1.3.2 Anwdadelumsdunsgrigeusenauliiig nsrdiuvesansisiuiargumgilunisien

whalwil NilkasiolasiasnganiAves BZT

1.3.3 Anwantiladiann3nues BZT wag (MgO %38 Al,Os)-doped BZT wwsndind

1.4 nana1ninazlasu

1.4.1 @nusatnladadnniswazisnisdaunsiedt BZT Ineasniswntugl
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1.4.2 nudsiadelunsdunsgiifinarelasadgamauarauuiavives BZT iduasies
16 wazanansnthesdnnuilsifetunsdansizsd 82T idganmgalasismamnindluuszondld
Tumsdanseitaguiindu q ienshauideseluluouan

1.4.3 n51UAmWavedlATIET199an1ALAYAYE3E5TD (MO waw AlO,) FflseautRinidledidn
p3nves BZT wazihesarnuiildluldlunsiannanielilumsgnannssuseld

1.4.4 aunsoiwanuifonnlassnsiimeunslunsasdadsmslussduund dae

I~ 6 1 'y} 3 a I3
WuUselawUinon1swauIN1aeUINeANEAS L UBIAT I
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uni 2

nEfiazauITeNngItes

2.1 Taseaduazaudaladidnasnvasuussuwasiawalnniwe (Ba(Ti, Zr, )05, BZT)

wutSeaasiawmlnniug (Ba(Ti, Zr,)0s, BZT) dmduaisuseneunesen- alndeanlan

'
=

Watou [17] Muasazargveudevoaiuioulnniiun (BaTiOs, BT) wazwulSuulwaslaum
(BaZrOs, BZ) FuAntuanmsunuiveseesladon zr') lusundsedmmden (M) wdwiily
szuufenuafiosinnndtu Tassasnens BZT lduandlilusuil 2.1 Taenuinflefiumesladen
lossuaslululassadredwaldiimasiladidnnsniniu Sadunsfivaudffieledidnnsnuazauds

£ ! o a a a 14 U

weslsdinnn Snisdsdamariliiandronmginiasdnde TasaudRlndidneinues BZT agturiy
dandwmeawesladeudelymden (2rTh Tussduszneu [18] Tneilednsndiues 0 < 7r () <
0.15 BZT azuansantfiduasineslsdidnain uaziilodnsndiuves Zr () = 0.15 BZT azifinnns
Wasuwladlassadfigumpilutisnirafsudadafor fadunaannissuiveanisddsy
Tssadafnnes BaTiO; fianugamail wasilodnsrdiuves zr ismnndstudu 0.15 < 7r () <
042  BZT axwdswdunansantdiduarsneslsdidnninfiuansand@suaniees (Relaxor

(% s

ferroelectric) NA1IAD ILUAAIAIANNYDUANIMGNGY  UazuanangAnIsunIsUAyuLUaIA1EN

wepnduivsTuiugaumgiliuntn wazllednsduues Zr () > 0.42 BZT azwansautmduans

wauAmaslsBlanm3n (antiferroelectric)

Ui 2.1 Tassadsvesuuisamaslaiunlvyniun (BZT) [19]
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a s

= 2 o A saa a & a ~ = a a o
LUD9A1NNNT BZT Lﬂuaa@@LaﬂWﬁaTJﬂaV]iJﬂ’]lﬂ@Laﬂmsﬂq@ Nﬂ']ﬂ'ﬁ'sjiyll,aﬂﬂ'mlﬂal,aﬂ@]iﬂ@n

9

I
a Y

Snadafiuansandfinisusudsualadidnesndaeaunulng vildanunsiluldeoumediusing 1
agentrere wu Milusnsesdyaias (Tunable filtters) ffiladyanaseidesfiusuasuls
(Tunable oscillators) Aa5Udgyey1ad (Antennas) AUSUYE1ad (Phase  Shifters) @Idudyeyad
(Matching network) LsT,SziLuma%ﬁﬁméfwizﬂau@mmwgq (High Q resonators) WagILIALADT

o

(Veractors) tngvialuanmihunldluswiienisusuildsualadidnasnaeauulnisndudead

1. fewensolumsdsuulasdledidnainasaualnihgs (High tunability (7))

TagA1 T% a@1u15amtaanNaunIsaan

Egy — &
%T =2 ~¥) «100% Eq. 2.1
€0

o g e Aasiladidnasndeldldedneldaunulih (E=0)

€y Ao masfiladidnssndloagnelsauului

2. fdnnsagyidenisladidnainel (Low dielectric loss) @saunsauszfiuliained
dissipation factor (D) %38 loss tangent (tand) la® D wag tand anunsamululaaIndnsidu
sErieAnan e eNduivSauyAnazAan ngaNduinsISwesianinudnile o

&
D= tan0 = — Eq. 2.2

&

L% 6

dle & fie Aanweauduingasa (real part of complex permittivity)
€

” fe Aan ngesNduinSauyd (imaginary part of complex permittivity)

3. A1 Figure of Merit (FOM) %138 K-factor g4 Fvanunsamwinidaannaunisnsdl
Ewgy — € 1
K — factor = -2~ Eq. 2.3
() tano
4. Iemanmeenduinsiminzauiunuiaviluld wavlrianuadesimugumnias

(High temperature stability)
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dmsunsth BZT Wldnumedutasiianunsofudsualadidnasnliiu nauideves
Bhalla Wwiie Pennsylvania state University [3, 20-22] lalviaauaulalunisnwininuanunsalu
UsuiAsuriladidnainues BZT afleglusUresesiinduagfladunaduagnaun tagmssd 2.1
Ipuansanladidnasnuazautinisusuiasuailadidnasnvonassifing BZT  (Ba(TiggsZrgs5)0s,
Ba(Tip s0Zr0.40)03, Wa® Ba(TigssZro45)05) ﬁLm%umﬂf‘ﬁﬂﬁﬁ%mamuwaaufia drumsei 2.2 1g
wanaanladianvdnuazaudinisusuildsualadidnasnaesilatiung  BZT (Ba(TigasZro 15)0s,
Ba(TigsZr0)05 4a% Ba(Tig-Zre5)05) MiaAseuduaIn3sluaiaa (sol-gel technique) UuF5833UTivh

[

nlanzunaitiy Faannainandl i lumisen 2.1 wazmnsed 2.2 asmiulenlaevialuuds BZT i

! = a & a 4o a o a i a & a ada = A
ﬂ’]miqml,aﬂmdiﬂal,aﬂmﬂwm LLa%llﬂ']ﬂ'l']iJa']iJ']iﬂIUﬂ']iﬂiUL‘UaEJ‘U?’\I']VLﬂaLaﬂmiﬂ‘m@ YILUD

¥
1 LY =

finsanfanavesdngdinves ZrTi Mseaulfves BZT agnuin ilednsrdiuves ZrTi ifiugsiuas
denali¥an BZT fernsiiladinmdniiansiias Bnfadedidnisgaidenialadidnninuagiian
arwaninsalunisUiudsuladidnainiiansasdngne uenaintu BZT lduansaauanusaly
mMsUsudsuaninladidnainfiguugiiviesdia uasildinadiladidnadniifdanuaiosilundas
gaunailas Fadlofarsanandadoneiiunng 5 WA WU Ba(Tig00Zr0.10)05 Wag Ba(Tig702r0.30)05

1 = 1 = v a Y & [ . o a 1 a « a 1%
‘Lﬂ’ﬂEllﬂ’JWQJU’]ﬁu&LQIUﬂﬂiﬂﬂ‘HWLL@%‘W@J‘U’]LW@I%LUU’J&@WZ“H@JW?O‘UiULUa aumlmmaﬂmﬂma
aulvilasiely

A15199 2.4 AnleddnmsnuasauUinisuSudsurladidnssnued Ba(Ti,Zr, )05 w1And [3]

Sniigaungiivias

549 € i tan® 7 %T i K factor #i gmaxﬁ %T max i K-factor max i

! 0 bias 0 bias 40 kV/cm bias 40 kV/cm 0 bias 40 kV/cm 40 kV/cm

bias bias bias

Ba(TipesZross)O 1632 0.002 44 23G 91657  93% 7 468 7
3 ~187K  ~182K ~ 212K

Ba(TipeoZroae)O 1071  0.003 36 208 49787 85% 400 7
3 ~168  ~164K ~ 237K

Ba(TipssZr0qs)O 382 0.003 24 97 10607  56% 7 160 7
3 ~155  ~154K  ~ 232K

[ 1

ag19lsAmudwg BZT asflauddlunisusuilasualadidnasnmeauulninNfoguan we

Y

Ly

sianudndulunisusuugsandfves BZT wiewiuuszanSnimaesasiuil waziieliaiunse
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inlUldnulaegamainvalsundu Jeaudfnanvesian BZT ideinisnisusuugaienisldau

=

Tun1susulasumladianasn Ae n1sanAinisaadenisladidnasnuagiiinaiiuaiunsalunns

Y

' ' v
Y aaa a s a a [ YY) =

USuilaeualadidnesn waziilosain BZT HfafnAladianasniigeeguad Aalunisannisand

miledidnnineravildlasnisiinnanleseuviinduvienisiduarnieisidinisgadenidladian
#3061 (low loss oxides) [23] Falaevirluiniduansiifianladdnesnsmselufiaudiladidna3nasly
Tu BZT WisliAansunufivesuanlessusulusuviwes Ba, Ti wse Zr wio1vhliiadudan
NauSEWing BZT wazansiiotu %ﬂéfﬁmmmmﬁ%’aLﬁaﬁ%’uﬂqqauﬁ’amaa Ba(Tigs0Zr020)05 Wag
Ba(Tio10Zr030)05 0anuntneuddslaiunsnasin endegnadu Cai wazanie [18] laANwIN15HHNEI9)
Wouwsniila (Mn) aslulu Ba(TiggZroz0)05 waznuitrmnisgedenisladidnmsn vea Mn-doped
Ba(Tigg0Zr020)05 HANUOEAIN Ba(Tigs0Zr0.20)03 §ﬂ‘1713ﬂE‘Tﬂﬁqamqﬁmuﬂ?ﬁm‘imm%ﬁﬁﬂaq%ﬂﬁaEJ
Fadunamannsi Mn" W luunuilusundaes T was Zr ' iesaindvundeillosadniidn
n17 (ionic radius (6-fold coordination) ¥4 Mn"" = 0.054 nm T = 0.0605 nm  wag 7=

0.072 nm)

A1519% 2.5 AledanmsnuazandRnisusuasuanladidnasnvesiluduns Ba(Ti,, Zr,)05 lagsin

NsnT19TATiAAE 100 Hz [20]

3 ANUNUIVDY € Max tan® T% T.

" Wuune (Um)  figaumgiivias figugiivies (K
Ba(TigsZr0.15)05 0.55 516 0.05 64 310
Ba(Tips0Zr0.20)05 0.55 606 0.05 67 260
Ba(Tio0Zr050)05 0.59 335 0.03 49 212

dmfunmsuuussantfives BZT Taemaiiuansidefiidinisgydenidladidneindby
Maiti wazaas (8] isaunsuiuussantfives BZT Tasmsiiuanside MeO (dasndru BZT 50
WE%: MO 50 wt.%) FwwiliAndutanuay BZT-MgO du tnensadl 2.3 duansaladifinndn
wazaudAnisusuilasuailadidnn3nves BZT (Ba(Tigg0Zr020)03, Ba(Tig 75270 40)O3,
Ba(Tig 1 Zro5)05 War Ba(TioesZress)0s THNNSIANAI5IED MeO 50 wt.9% Fanudinisiinans MeO
a1unsaanAin1saqidenisladianasnlaiduegad uwilunianduiuiaguay BZT-MgO nduiian
mnuawnsalunsiasundasdladidnasndisnasen 82T duduldldiirerafunamiainnisid
dandures MgO (50 wt.%) Fefimuanansalunisiasundasanladidnainiliganninegly
aeRUsEnauvesianNal BZT-MgO uniiuly Fansandnsnarures MeO TnenisldansiFefifivun

v ' '
aa A 1

aunAulugdifuARINNINn ey ladiauansalunsenedily BZT 915n11 o1adanalile
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% [%
= LYY

Faniiflaudinsuiunasuledidnadndoaunlnihifgedu didunsfnvinasesnisuuasy
YUInyMALaSRTdUTessie MgO viemaiiuansidesidu q Ndliliinsmenunsidein
Ao WU ALO; FalAmsgapdemsladidnainiinunnlutasanudlalasim (10° dmdunesudy
uag 10° dwiuanswdnifervosenlng (1) eufuunsauiinsuuasualadidnninde

aunylnirves BZT fetimnuthauladusgnada

A15197 2.6 ArladianasnuazautAnisusSuldsualadidnasnves Ba(Ti,, Zr)05:MeO  (50:50

wt.%) Imﬂﬁwmimaﬁmﬁmmﬁ 10 Hz [8]

]
v

Tagamalives (25 °C)

Yan € i tand i %T 4 K-factor fi € i %T max i K—factormax‘ﬁ
) 0 bias 0 bias 30 kV/cm 30 kV/cm 0 bias 30 kV/cm 30 kV/cm
bias bias bias bias
Ba(Tigs0Zro20)05:MgO 219  0.0008 22 273 3900 45% 9 368 1

~187K ~ 175K ~ 260K
Ba(Tigs5Zr00s)05:MgO 161 0.0007 12 211 3647 327 3874
~152 ~146K ~ 238K
Ba(Tigr0Zros0)0s:MeO 103 0.0005 17 141 2067 24% @ 3539
~132  ~132K  ~ 223K
Ba(TiggsZross)05: MeO 96 0.0004 10 216 20191 21% % 297 9
~126 ~131K ~ 190K

2.2 MIAWATIEA BZT

WaKEN BZT Huannsodunsnesildannisniseng q Wy UiAsenanuzvesds (Solid state
reaction) [12] 3814a-13a (Sol-gel technique) [13] 35lalsinosusa [14] WannznausIN (Co-
precipitation method) [15] waz3sn s lnsenlugii (Auto-combustion) [16] Ine Bhalla wazmne
(3, 21, 22] las1earunsAnwia1suseney Ba(Tiy,Zr,)0; dlo x = 0.15, 0.20, 0.30, 0.35. 0.40,
0.45, 0.50 Waz 0.60) AFIBATUINN BaCOs, Zr0, war TiO, Indd solid-state reaction wayinIsg
wumalwy (calcination) #igamgil 1200 °C 1Huan 2 dalus mudienisiwndn (sintering) 7
gaunndl 1500-1560 °C LHuiaan 10-15 $2las uaznudntan BZT fwdeuldannisidaailadidn

pnUasuwawudasd@Ives ZrTi Wnefialadlana3nuazaamginisdeulasadne (@aumagiies

(T.) ansauilednsidiu ZrTi NNy jawdn BZT Saanunsawmseulalaedsiunlud dadu
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nszuaumsaiidon (Wet-chemical process) 3avinlalaenswanansaaduivansitemndnarans
2NTUAUG (Fuel-oxidant &nAI0E19TU BLasn-lulesy (citrate-nitrate), lnadu-luimsm (glycine-
nitrate) waz gi3o-luimsm (urea-nitrate)) LielsiAinnsaansfannsaeaiuiou (Exothermic
decomposition) tissannsilewnsdu (Dehydration) vesEsazanBvetans.tomaLazaIseand
waudnaslmndaduaseonleniiilassadmudidesnis Tnelul a.a. 1996 Nibedita Chakrabarti
wae Himadri S. Maiti [16] lédaasiziuudonweslauslmniuagieiznsunlusiagldansaedy
TanglumsnueanuBen (Ba), wedlawey (), nmilon (T) waznsadnsnduansidomas ldvinns
USusnsnaruseninadmsnaelumsy (CN) Tugas 0.2 - 0.8 Tnemsdaaseisuainaauansiamun

dhnefunaliaamall 80 - 90 °C Juniuauansazanenateiliuig udiinnisnesiavuegiad o

a

A s vgd anduthutkigumad 800 C a1n wuinduwdn BZT fiduasizilaain

Y

9n31dU O/N = 0.6 HlaseaieuaniuuiansylnueawuUaNiIng - 115383191098 UNALAY
yuaduruguinasedveseynailu 1.36 lulasiuns

mounlul a.A. 2008 Pornsatit Sookchoo way Laddawan Pdungsap [24] las1891un159u
MSANINNTEUATIEN Ba(TigesZro 15005 WAL Ba(TiosoZr0r0)05 IABISUHUININNITHALENTH IR

BaCOs, TiOy, ZrONOs),xH,0, HNOs wag gi38 (CH4N,0) 1ineiefiu antuihnsliauSeud

gaumall 120 °C aunsevisansavareiianisnedmiluauaziinniswt ndlaednlud@luiian Tnewii

' ¥
a v fal a =

& fuaiiiindugnitlumiuaaleuiigamgd 1150 °C {Wuan 4 Falus anuiien1stuguuasing

a

niinfigaangdl 1400 °C WUwnan 4 alus lnenuiriagfiduaseilauansdnvuglassadiawuum

Y

psonalndlludiulug wazArnsladlanasnues Ba(TigssZreis)0s Wag Ba(TiggoZres0)0s 9

Yal |

FuaTerladiauszunn 2000 wag 3500 ANA1AU LaelliaiUSyulisuiuisou 9 waa wuaniens

aaada a

w1 Juisniivszansam vlddeuaziisnaign Felaeinluuds nmswnlvdanunsaldlunis

dunneinseenleaniivwineuniauily [25, 26] lngldaaumgilunisimuaaleuiliawnntnuazd

[%
[y

THnalumasniidu r3eluvnnsdannsadunneinsesnldiilassairsmuiidesnisidlae il
fowiuntsunuaaled [27) Snedsldnseanlediiarunianias dvueilndiAssdiu fiuiiings
wazannsavinsenduguldiendt egndlsfioums BZT fdaesigildanisnisunlndl fiseeu
Tat  Sookchoo afianuudanddiligeiin Faduldinfnannsldarsdefuiilidosldeudasen
Wigane w3e inannnsld urea Wu ansiiviiliiAnansi@sdou (Complexing agent) 1iesain urea
Ju ansiviliiAnansifsdeufiven (Weak complexing agent) #iiiAn pH WasuuUasseninenis
\Aaufiseleainsdu Ssenvdenasienuatiosiivesaanagiliiaaduiliiadosddannaliiy
dadenfuuasyhlmaanisulwdiflianusaity dwaliianildinnuuiandligainuasddosns
Fosmsinnuealeiiiionmgiigdnme Tny Lenka wazane [27] IidTouifisunsdansesidion
aanlad (CeO,) lnensld i3 uaz nadiu (C,HsNO,) JuansfivhlfifnasiBedou waznuinnig

19 Tnadugaduarsnyilmninansdedousslimaaniianuiaiossi dawmaling CeO, Adunsizilad
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I '

[
2 a v 2/

YIRBUNIAUIIY (~0.43 m) UagiiaauTansas anieauseuiiinainujisenaeninusoues
lnadu-luesn Fafisanedmivufisenisenlniinliaunsadunssineeanlonnilaseasd

Aoin1slalaeiilidesinunisniwaalel Fwinannstdyise Wuasiiiiinasdetou  lavng

s

Ce0, fiiimiliviavdinuazfosiumanunalediigumgil 700 °C 3ndhe 1esanarmdeud
AnnnufAseraeanudoureseiFe-lunslifsmedmivufaseinmsenind - Sndelul aa.
2004 Chyi-Ching Hwang Wazane [28] 151’1/‘1"1m§ﬁﬂmwaﬁuaqmsL%@Lwaqﬁuﬁmmq 9 fldlunis
WAnUAAze Rl Tnevinn1sdaasisians NigsZnesFe,O, Mdansdowdsnswiaiu wuiiUsun
AfusureINAnfasiduaedlinnnsldySouarnsatningsnindomaduuasiidauioud
Udegoanunsemrinmawlngin fauandunsed 2.4 SsoravilfansdsiuAaufaseldldauysal
uiidlevinsiuAsuaadomddildifulnadu wuiiwdesaeiildanmsdaasgidieisnawilndd
A mATusazdssanlnaTudifisalsigannin fanianisifomaiuandifuieenmduly
IefazinIonns BZT fiflanningeannisnisunlvisnlug@laenisldlnaduiduansivinlnanans

WU

o a a ¢ wa . Ao ¢y aa
AN 2.4 LEAAINAVDIANTDUNTULLALAUUNLANILUDIANT NIOA5ZHOA5FQZO4 NFILAIITNNIYIDNIT
wlusl [28]

Fuel Th Amount | Crystallite | Surface | Carbon Ni*":zn”":Fe’" M,
(@) of gas size (nm) area | content | (molar ratio) (Amz/kg)
produced (m’/g) | wt.%)
(mole)
Alanine 1245 20.7 38.6 247 1.64 0.500:0.467:1.920 60.8
Glycine 1150 26.2 32.7 31.2 1.53 0.500:0.471:1.922 62.4
Carbohydrazide | 1380 24.0 43.7 20.6 1.87 0.500:0.462:1.917 58.5
Urea 785 30.7 20.2 48.5 3.82 0.500:0.483:1.936 57.2
Citric acid 725 26.2 22.7 44.1 5.75 0.500:0.490:1.947 55.8

2.3 vinmsiugilunisdaaseidenszuaunismnlg
nszvaumsenndifuisnsdaunsgimaniihunldlunssdontanlsogmanmane Tag
annsaldlunisiwdvunsazideavesasusznevoonladiidvuinveseyninogluszivunluwnsle
Tasnsdansesilagismsilnsiannsafaujisoldes el desiionmaiias (Self-propagating
high-temperature ~ synthesis, SHS) T%L’saﬂuﬂmﬁmﬂﬁﬁ%mégu (Quszezanduiufivseunil)

= I~ (%4 1 1 = o 6 = 2 aad o
?ﬂll’]iﬂLﬁiEJiJN\‘iﬁSL@EJ@VLgﬂ@EJING]@QNWUWW‘U@868@@‘U‘LAW@%?@U’W"LULN’]LLF’]QI"UU AWUUITNUTENER
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s
a a

A8 WAL lANIALLDEAUDIE1SUTENBUDBN bIANLAINUUSANSAY JVUNATNENALAEIIY AANUNRNIE

9 Y Y

wazaunIinsnTugUlade lnendnnsiiugiuredisnmsduasgiwuuimnivg fe nslviaiy
Souunanssssiuionaduasusznounsovesnaussninediieandladiuansianads lnaiansaasui
gosUsznniuannsainUuizensnendniinnisaeainuseuseniils Fandsnuissuuneeanu

azgninlUldlumsdniiulivesuiseneddeiiios Insgamglivesufisensiaastia 700 4 6000

=l

"C i arunsamnlnduasindnansusenevdunidviaarsyuieuduniiyanennioantuls (lu

anuzuia) Jadiaudululinazanseduassiarseiiunidldlunsifnujise e siunousion

v
a a

wazilasnnlunisiiaufisenliindndusiiegluanuguiausuiaun Fearunsatdeaiunissiusi

a

fuvateunald i lvinanduailadauuiansg ﬁé’ﬂwmzLﬂumazlﬁamsuumaymﬂiuamzé’um

q
[

Tuwasfitvunalndidestulaziiiuinngs snnedadudsivlade azain wavuszndaiiesan

&

=

ansalfgunsaifugiuiifeglufos fifinisld uasisedndamifleurinfuisnisdansiesiuuy
S

FBnsduaszsiuuuwnlndannsautsesnaudnuazvesasnaduldidu 2 Jszan fe
UssamiiansusznouannsaiiaufAseninendls (Redox compound) wazdssianiildansaasudy
vasnau (Redox mixture) sewitsanseandladivarsidomas Feuszinnndsdsgnuualseiavlay
anuzvesassarilasarelud Ao UfAsemswmlngdaniuzyesuda (Solid state combustion, SSC)
Ufisensmnludiluansazans (Solution combustion synthesis, SCS) wagUfAzenismnlugily
anuzlia (Gas-phase (flame) combustion) [29]

=

Bnsldasusznevanunsainufisensnendla (Redox compound) wiea1susenay

' ' [ o
1 o Y a <] a = !

lavgidadouiusenaunigvyvimihnduansieainds (Fuel rich metal complex) Bailviadiuivin

o [

ninmduseendladuazdisang arsusy ﬂaummuiﬁuammﬂummmuLumlmmu 500 °C v4u

)

wonlundlenlalasiam (NH,),Cr0-) Tnaieondlas fio Cr0- wazfisaag de NHy AnUATen

i lglRaalnns

(NHq)Zcrzo7 (S) — Cr203 (S) + Nz(g) + 4H20(g)
Eq. 2.4

a

Tagdsnisdaasigiwuuwn ndlagldasusenauiiarnnsaiinlfisensnendlaitednin A

[
(%

FunsumsssNasaetldinauy Sevazvewansusifiouiuanssiuilindes Ussunadevas

0) WianunsnwSenarsuszneveenlusiilianmaiias 1wu Tashwiviesgiiunld uazlessuveslans
vgmliaunsaiinansuseneuldsgaunuaunudnminlensduaisuendianta

38nsldansaeduiiduvesnay (Redox mixture) Ao nsldansiiuveanansewine

2aNTLAGAUAITAD (milfuat,waﬂ) 1ngdnI1dIUTEINenT ladiudi AU uAdAgy ﬁamiu

]
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msdnnszd iesnutenmawnlvsiduenalaifindu mndadindsnanlimengay Tasufisen
mMswvdanansawddlaidu ujasensunindluaniuzvends vouvad uay ufid
Ufsemswmnludlugaiuzuasuds (Solid state combustion, SSC) w3 sduATIZ
fansstarunazansnansusiogluanuzaesuds aunsafnuiiteld 2 wu fo wuiindduns
dngiiiseannsaiatuesedadesiigumgias Inedinslienufeuiigumnifiazinnis

sziln 2 gamginila  drunvuigenduufizernismlndiiiiniaszuu (Volume  combustion

v

synthesis, VCS) shemslaudeustsasinausluimfiansnsaniuaugumgiile daufisennisiun
Infsansuvutiagiimsldudmdsnuarudounnnisuaniag

Ufisemswnluduuuansazans (Solution combustion, SC) iumsduaszilagldans
sesuuasaranefidanuduidodientu Fusvneuseaseendladuazarsidomas Tudiuves
arseendladinlfifuasseneulanglunm ilosnndqavasumaiuarazareildd dauans
Fomawiosaaad (Reducing agent) sinldansdunsdiisznaudmelulnsiau wWu 8158 (Urea)
lnadu (Glycine) wavlans1@u (Hydrazide) wsgisiangnuavaninsatiuntdaulaiaslaglidosinu
AsTLILMSWSE Teianslewmasiiivaduduiinii 2 e fie Wuunaddensueutulelaauds
Tlunsinuiiseninduasilfanasuszneuidsdoutulessuvedany viliAnanuduile
Feafuresansavans wenanieasiduseninesiieendlad (@sUszneulunsn) FTusasing (@3
Houndy) Safnadeniainuiieniswlndndne Sannddadnitlimaneanuiasonwlndiaz

ldanursaifaduld dregrsuisennmsmnlnduuvasazanglunmsdunsigsiegililovesnles uang

AIFUANT

2AlNOs)@g) + 5NH,CONH,(ag) — > ALOs(s) + 5CO,(s) + 8N,(g) + 10H,0(¢) (Eg. 2.5)

(Foondleg)  (@15LTDInE)

Ufsenswnludaniuzuia (Gas phase reaction) 3o Ujfise1niswlivndianaslv

(Flame synthesis) {uuisenmsilnsinnntuneuszegluanuziiavun usaslindnsumdu

¥
ada A ] U

wiaziduadiegluanuzvesuds tefvesitiifloisuiunmaAnufitoluaauzvesudmvdeveaman
Aoannsondnneiifienuseiounnniiwagnandusinldfiaauigusinnn
Tngnszuaumsunivilumsazarefiunssuaunmsnivsluaniugveauds (umedailiy
arudisuduegnanniadeFouiisuisasunaiiod wuiinssurumsenindluasazaneildie
i1 MasinuesUssndnaldinendt Wesnlunssuiunisunindluaouzvesuds ansfeduild
Wuvendeiiflvunmeymauszana 10 - 100 ilasiuns Faduruineyaiadilug msduaseids
Fudusosdinsmuaalet (Calcination) igamaligs Wuszeznatuu AoliAnuaideig o 1wy

N133UAINUYDIBYNIA (Agglomerate) AINAINITALUNTNTUMBSAN (Poor  sinterability) A3
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U3gnduesasiidunszils wazdgymanududeifeiiuvesdadiuvesdusznou Wudu dwmsu
Uffsernmiswrludiluansazareiiilalaenisinieuasaeruluguresansasagnauseninedy

a A

sondladiiduansusznoulumsnivaiswamdsiuiiven Ao awnsamuauanuluilowsiuwas
AuRAudndIueIAUszneuroINdnduelaluaged Snisdalumatiafifiusz@nsnin vilddne
< %% v e = o 9 ¢ o =
avain 30657 wazludedldaunsaingenn Jsamunsailuldlumsdunsigiaisusenauninigde
sludinamsdesnislanasdianunsaldlunmsduaseniansinlniniivselovinmeugaaimnssy

19 1wy & ansFeuadldlaluteaungliniwasfanluadwomas (Jusu
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UNA 3

AT HUIUIY

3.1 1Asaiiauazaunsal
3.1.1 Unenasauim 50 wag 1000 Hadans
3.1.2 WNWNIAUEIS
3.1.3 Yausnansnanan
3.1.4 Faudnanslany
3.1.5 Ywawm 1, 2, 5 wag 10 Jadans
a I3
3.1.6 NSLANUIRNIVUIALAN

3.1.7 wasluiwasvuia 100 °C

3.1.8 NADINANERN

3.1.9 gNEUAY

3.1.10 WALLIUWANIUIA 4 LWURLLUAT

3.1.11 wAlawanuuIn 1 URInS

3.1.12 NTeM¥NTIY LUas 1000

3.1.13 viaoanen

3.1.14 nszUemnay

3.1.15 Rude

3.1.16 wedlvirudourduniu

3.1.17 sgilileuvlosd

3.1.18 ATNUEN

3.1.19 dou WanlaguIEM Fisher Scientific Useimnaansgalaisni
3.1.20 eululasiav wdnlagu3un Sharp Ju R-240 mdalvifh 800 Fad Usinelng

3.1.21 A309097n0n NAALABUTEN Fisher Scientific Usemeansgalusn
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3122 1A3esyienstuanesudususaaiualnsines (Fourier  transform infrared
spectrometer, FTIR) #&alaguTem Perkin Elmer Ju spectrum GX

3.1.23 1A30en 5T ansa s ULYesS IS g (X-ray diffractrometer, XRD) w@nlagusen Bruker
AXS GmbH 3u D8 Advance

3.1.24 1A30995793AzRaR9IB9AINSoU (Differential thermal analyzer, DTA) udnalag
UWN Perkin Elmer g1 DTA7

3.1.25 m‘%'aﬁmswﬁmaqwﬂL%&Jﬁ;’mﬁmﬁﬂﬁ%’umm%@u (Thermogravimetric analyzer, TGA)
HARlAEUTEN Perkin Elmer §u TGA 7

3.1.26 NADIYANITIAUBLANATOULUUABINTIA (Scanning electron microscope, SEM) uanlng
UTEN Carl Zeiss 3U EVO MA25

3.1.27 iAesanuaalnsiines (Raman Spectrometers) KARABUTEM Thermo scientific Ju
DXR

3.1.28 \Aseainaudaladidnmasn LCR (Inductance, Capacitance and Resistance meter)

3.2 d15.A8
3.2.1 Tnafiu (NH,CH,COOH) U3guis 99.7 % U3t Sigma-Aldrich

3.2.2 wuissuraslsabalewnse (BaCl,-2H,0) ‘U%E‘j‘Vlé 99.0 % USHEM Sigma-Aldrich

3.2.3 lnmidlouanszaaslss (TICL,) U3ans 99.0 % U3 Wako

3.2.4 weslalsupandmaslsneanaslawnsea (ZrOCL,-8H,0) ‘U%?j‘ﬂ%‘ 99.5 % USE Sigma-

Aldrich
3.2.5 nsatuman (HNOs) [Wiuduseeay 65 lagusuins uSww Carlo Erba
3.2.6 tusAannlesau (Deionized water)
3.2.7 uunil@ensenled (MgO) UTqW3 99.0 % U3 Fluka
3.2.8 agiifloneenlust (ALO,) U3aV5 98.0 % UM Carlo Erba

3.2.9 t1a57u0a (Ethanol) U%?jwé 99.0 % USWN Carlo Erba

3.3 nszuluNsdaaszinuEsuwaslawalnniunlaedsnrswn lug
TusuiseiavinsdaaseiuuSougeslawsinniun (Ba(Zr,TiL)0s Wlo x = 0.1 uag

0.3) lmesn st tugl Ineddnisarwrnsnsidrunisintudlavanslilunianuin n Lagsinnis

USudsusnsanlngluaszuinansalussnrslnadulugag 1:0.55 - 5:5 Wemdnsdiuszninnsa

lupSnsialnaguimngaulunsiinufiseinisinlugd

3.3.1 dun15nN1Sn Idkuissaasiaua lnniun
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U '3 = 6" b2 aa ¥ a a
N15AWATIEILULS LTS LA NN UAA835 15 bl Tnedlhuseunaslsabnlawnse,
woslaeusandmaslsneanszlawmsn, Inmidsuanseaaalsmduaisiedu dnsalunsnduans
pondladuarinaduduansitainds aun1snsenludnldlun1sduasizinuisoumasiaunlnniug

AonTduszInIalunsndalnaduidu 3:2 wanslasaaunisi 3.1

10BaCl,2H,0 + TTiCly + 3ZrOCL,8H,0 + 210, + 30HNO; + 20NH,CH,COOH =

10BaZry5Tig;05 + 27CL, + 25N, + 40CO, + 109H,0 (Eq 3.1)

3.3.2 JunauNsaaaszinUSswesTaalmmun
3.3.2.1 Falnadunudasiaudisrunldldaddutnnes auim 1000 fadans avaredoiin
Usanlossundendumuavazay
3.3.2.2 Uwansalusneusnsduiisunalaldadudnnesiflasazarslnadu ndouiu
muasavarenaduaan 10 wi
3323 FawuiSsunaslsalalamsamudasiduiimualaldadudnnesauin 50 Hadans
avanansieiUsranlessu niouunuauazans
3.3.2 4 Fugesladuueoninaslsreenaylansamusnsduiicwaldldadudnnasauin
50 fiadans azanvanstetiusEanlessy wientlunmuauazans
3.3.2.5 wssuasazanglninillsuenseaaslse
3.3.2.5.1 Dimiusienlesouuiung 20 §08ans (felfaunsarhnsingungiily
sywinanswssuansle) ldlutninedauin 50 fadans thdnnedluutlusnsiudsunseiaig
gaumgiiAndy 5 °C
3.3.2.5.2 wlnmdouenssaaslsradudnnesfiuisain wddnmulsunsfidenis
3.3.25.3 wealnniflouanszraslsifiazvenaduiiusminlesoudnedy wieufuiy
nua1TaragaunId@ITaravarlademeevienasienialy
3.3.2.6 Uia1sazatguuissumanlsalalainsn aisavansiwesladluueandmaslsneannyle
wsnuazansazaglmmdonnnssaaslsafiviouliwanadudninesvesasazasnauszninense
TusnAulnadu mudeu ndeudumuansazansnauduna 15 wii
3.3.2.7 thasazaefildulimudeulpsldinilulasion Avanudouiidslni 800 Snd
wazldinan 15 W) nsefsansazaneifin fisornsiwnlnsedrsanysal
3.3.2 8 thansfilanmswnnsiuualazidensensnen

3.3.2.9 thansilduvihnsiuealsdiigamai 600, 800, 1000 uaz 1200 “C 1Juan 4

CRIET
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3.3.2.10 ihansiduasgilalunsiafigadiendnualmewmaila FT-IR, Raman, XRD, TGA,

DTA UaznsI99duguing1sigimnaila SEM

newmg - IUTInausmnleseusviaiun 100 dadanslunisazangansaasiu

- msmwuag uansiluniaruan o

A15190 3.1 Ans1ananUSunaa s lunsdwATIEI Ba(Zry 5 Tip7)05 AU 1d@IuvInsaluasn

AolnaduionsaIuag o

dnsdilaslueves | USinawes | USunawes | USuiesves | Usaesves | Usunawes
nsnlussnsiolna®y | BaCl,-2H, | ZrOCl,-8H,0 TiCl, HNO; NH,CH,COOH
o (%) ({addns) | (Haddn9) (nfu)
(nFu)
1:0.55 5.0108 1.9732 1.5780 1.41 0.8410
2:1 5.0108 1.9732 1.5780 2.81 1.5291
3:1.65 5.0108 1.9732 1.5780 4.22 2.5230
3:2 5.0108 1.9732 1.5780 4.22 3.0582
3:3 5.0108 1.9732 1.5780 4.22 4.5873
3:4 5.0108 1.9732 1.5780 4.22 6.1164
4.2.20 5.0108 1.9732 1.5780 5.63 3.3640
4:4 5.0108 1.9732 1.5780 5.63 6.1164
5:5 5.0108 1.9732 1.5780 7.03 7.6455

A15190 3.2 ans1anansUSunaansiulunsdauasieit Ba(Zry, Tige)Os AU 1@IuvInIAluasn

! IS Ao ! I
A lNaTUNORIEIUANS i

snsdlasluaves | Usinaes | USuiames | Ysuiesees | YTunesees | USuiawes
nsalunsnsialna®u | BaCl,-2H,0 | ZrOCL,-8H,0 |  TiClg HNOs; | NH,CH,COOH
(%) (%) (Haddns) | (Hadans) (n3%)
3:1.65 5.1937 0.6818 2.1031 4.37 2.6165
4.2.20 5.1937 0.6818 2.1031 5.83 3.4868
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Glycine HNO; BaCl,.H,0O ZrOCL,.8H,0 TiClq

v

[ Jumuaisazateaula ]

v

[ TianuSeusuinuisemlndogsauysal }

l
o)
|

[ thansildlusniuaalerdgamgil 600, 800, 1000 uag 1200 °C LWuran 4 dala 1

A 4

[ Ipsevlagldimaia FTIR, XRD, DTA, TGA, Raman wag SEM }

JUN 3.1 unudauanstunaunssuuMsduaTsiLusgaslaunnnualag B s ng

3.4 nsAnwaulladidnasn

3.4.1 NSANaI5ae MeO s Al,O5 Seway 5 e 10 laglua (mol. %) aslunsndn BZT (lu
nsfnvnavenTivasFeldldnmEn BZT fwieatuanisufisenaniuzveauds (Solid state
reaction) Liosnanunsaviineteunamdnldlutiinadinnnitluusasady) Taetuanay (Ball
milling) Ingldinanaduiesiuea (ethanol) 1usvasiaan 48 dalug

342 vmmmauiildueuliutudvinissatusudalusivuumadusiugugnats 6 mm
9ntiuinsiwin (Sintering) fignmaii 1400 °C iuiian 4 Falus

3.4.3 yinsAinwwaznisnsaeuaudinigladidnainvesian BZT waz (MgO s ALO,)-
doped BZT lngnnsliiedesmsnaia LCR iensiaaoudnasiiladidnain (9 uazargapdomaladidn

a ol

w30 (tand) meldrnuduazammgiisn
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3.5  A1SATUIN
3.5.1  NISAUIUEUNITATISIH bS]

NSANUIUTNITIEIUNTT bR bag]

= n( fuel ) (Eq. 3.2)
¢ Nitrate 4>
el @ Ao dndiussninvanswaindsiuieandladuuneay
n Ao Puuluavesaselndsialuimsm

Fuel @B @1SL¥aLNaY
Nitrate A® Alean@lng

LAVORNTLATUYDY O = -2, H = +1, C = +4 kag N = 0

. 0 = n( Fuel )

Nitrate
+8+5—4
1=n( +1-6 )
1=n®)
5
n= -
9

. 5 .
~ 1 molNitrate = 5 molGlycin
dguniswludannsunisdaasisiuuissawasiaualnniue (Ba(ZrysTig7)0s)

gasdrusenInansalussnaalnazwdu 1:0.55

,L L

100BaCl,-2H,0 + 70TiCl, + 30ZrOCl,-8H,0 + 1850, +100 HNO; + 55NH,CH,COOH
100BaZro5Tig:05 + 270CL, + 78N, + 111CO, + 729H, (Eq.
3.3)

dnsaunsalumsnaalnady 2:1

10BaCl,-2H,0 + T7TiCl, + 3ZrOCl,-8H,0 + 110, + 20HNO; + 1ONH,CH,COOH
10BaZry5Tig ;05 + 27CL, + 15N, +20C0O, + 79H,0 (Eq. 3.4)

dnsa@unsalumsnaalnady 3:165

33



100BaCl,2H,0 + 70TiCly + 30ZrOCL,-8H,0 + 1320, + 300HNO; + 165NH,CH,COOH =
100BaZrysTig;05 + 27CL, + 234N, +330CO, + 1003H,0 (Eq. 3.5)

onsaunsalumsnaalnadu 3:2
10BaCl,2H,0 + T7TiCl, + 3ZrOCL,8H,0 + 210, + 30HNO; + 20NH,CH,COOH
10BaZrysTig ;05 + 27CL, + 25N, + 40CO, + 109H,0 (Eq. 3.6)

,L L=

dnsa@IunsAbumsNAalnaTy 3:3
100BaCl,2H,0 + 70TiCly + 30ZrOClL,-8H,0 + 4350, + 300HNO; + 300NH,CH,COOH =
100BaZry5Tig;05 + 270CL, + 300N, + 600CO, + 1340H,0 (Eq. 3.7)

dnsaunsalumsnaalnadu 3:4
10BaCl,2H,0 + 7TiCly + 3ZrOCL,-8H,0 + 660, + 30HNO, + GONH,CH,COOH =
1OBaZr03T|07O3 + 27(:[2 + 35N2 + 80(:02 + 159H20 (Eq 38)

dnsaunsalumsnaalnadu 4:2.20
1OBaCL22Hzo + 7T|CL4 + 3Z|’OCL28H20 + 2602 + 40HNO3 + 22NH2CH2COOH :}
10BaZr5Tig05 + 27CL, + 31N, +44CO, + 119H,0 (Eq. 3.9)

dnsaunsalumsnaalnadu 4:4
100BaCl,2H,0 + 70TiCly + 30ZrOCL,-8H,0 + 5350, + 400HNO5 + 400NH,CH,COOH =
100BaZro5Tig705 + 270CL, + 400N, + 800CO, + 1640H,0 (Eq. 3.10)

dnsa@Iunsabumsnaalnady 5:5
100BaCl,-2H,0 + 70TiCly + 30ZrOCL,-8H,0 + 6350, + 500HNO,; + 500NH,CH,COOH =
100BaZry5Tig;05 + 270CL, + 500N, + 1000CO, + 1940H,0 (Eq. 3.11)

dguniswludannsunisdaasisiuuissawasiaualnmiue (Ba(Zry,Tigs)Os)

dnsaunsalumsnaalnady 3:1.65
100BaCl,-2H,0 + 90TiCl, + 10ZrOCL,-8H,0 + 1420, + 300HNO,; + 165NH,CH,COOH =
100BaZry; TigsO5 + 290CL, + 234N, +330C0O, + 843H,0 (Eq. 3.12)

ansraunsalumsneelnadu 4:2.2
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1OBaCl22Hzo + 9T|CL4 + ZrOCl28Hzo + 1402 + 40HNO3 + 22NH2CH2COOH :}

10BaZrg; TigsOs + 29CL, + 31N, +44C0O, + 103H,0
(Eqg. 3.13)

3.5.3 nMIAuIMMIALanivwisiaes
mMInsIvfigatiendnuaimewaianisieauussdiond awnsadamakanivniniivesialay

ldngueswusnd (Bragg’s law) lngAuaniivmsiiwesvedlasaiagnuirimlangns

a

dv, = ———— (Eqg. 3.14)
Rkl = prrie+r i
e hkl A8 STUIUVDIWEN
a Ao wanfivnnsdlneidalassaiimanwuugnuian (cubic)
d Ao szezsznINTzuulaglvaun1svesLuTnA (Bragg’s law)
At d Awsnileanans
ni
d= Eqg. 3.15
2 sin@ (Eq )
A Ao A1ANETIAAUNIAIAIT 1.5405 Saanseu (CUKOL)
n e TruufuAdawi 1

D
o)

9 YuAnINNIsaeULYeIsdiond

ANSATUIUVIVUIANANVBILULSBULY DS LALUA lNNILUA

NIAUIUMTUIANENVBIRULS BLLER S LALuR I unagldgaslunisAuiaaInaunisves

\weLa93 (Scherrer equation)

kA
B cos6

(Eq. 3.16)

Tngd D Ao VUIANEN
k Ao ANANNLANLYINAU 0.9
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B AB AIAINNETIAAUYBITIAONGTITAT 1.5405 Seansau (CuKoL)

Ao A1 FWHM vasiinlugaisifeuin 20

=

0 AD UNVDINTLAEIUUVRITIELONG

o B Fuwaildainans

FWHMx* 1t

lngfiAn FWHM fis vwiapnuninianugadupsmiavesauasanuesiia luniseeas
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uni 4

NaN1578LazaNUs1gNa

TuunillduaninanisisonazeAsionaannnisdansiziuuidsureslawnluniius
(Ba(Zr, Ti,, )05, BZT) menszuiunsnbnglagldsnsidiuseninaesiadaunsnmieuwinnu
0.3:0.7 (Ba(Zrg5Tig7)05) 482 0.1:0.9 (Ba(ZryTins)Os) Msnsndrulneluavesnsalundnselnadui
dandsing 9 lnglduansuansnmafigationdnualioinioslizonsunesudunsisnaalng
fimes  (FTIR) w3eudndisdinunsninsiwes  (XRD) wazimedasiuiuaalnsalad (Raman
Spectroscopy) M3asIvdeUALTATIANSoUfEASes Thermogravimetric Analyzer (TGA) wag
Differential Thermal Analyzer (DTA) 4agn130533aUdngIWINGMIENADIRaNIIAIBIANATOU

WUUERINTIA (SEM) wiouseduenan1siasznilaannmailaeig 9

4.1 NMSANYINITANATIZR Ba(Zr, Ty, )05 A2835n 15t Ladi
4.1.1 Anwrwsasdruimunzauvesaiseanduaudneasiomaildlunisdansiz
Ba(Zr,Ti;, )05
4.1.1.1 N1589LA512H Ba(Zry5Tip7)05
1§vinnsAnemnsnsdrunesanseenduaudneansitemaimunsauiildlunisduasies
Ba(Zry5Tio-)0s) lasni1susutlasusnsndivvesnsalunin (@1500n3uaud) LazaNsITeLNAY
(lnadu) Asasnduene 4 nn1sAun Ginsiualduandilunanuin n) nuidnsdiulag
TuasgninansoondunudsoandomasimnsauivinldAauiasonsmlndiiafianie 1:0.55
Tngdiageaun s ntdnsudnsidulagluaseninansalunsnselnadudu 1:0.55 lauansliss
aums? 4.1 Fansdaasieivinldlagnisnananssaduiaualidniu anduriinisldautounn
asmsdudieliAnufiselunlulasi lnsravesdnrdndlflumsdianeiiol i fisen

ﬂ’]iLNWI‘ViQJLLaSaﬂiﬁm%ﬂﬁiﬂ/}l@%a\i"ﬂ’mﬂ’ﬁmﬂﬂgﬂiEJ’] AauanslunIsen 4.1
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100BaCl,2H,0 + 70TiCl; + 30ZrOCl,-8H,0 + 1850, +100 HNO; + 55NH,CH,COOH

100BaZrysTig;05 + 270CL, + 78N, + 111CO, + 729H,0

A
-3

(Eq. 4.1)

A15197 4.1 LanINaNlAINASEUATIER Ba(Zry5Ti,)05 Lagvinn1susullasusnsidiuseninensa

lunsnealnadiundnsiaiunig o

Snsrdalaeluasening | UiAseaiandwiileliatiufou | Snvazvesansiidauamels
nsntussnlnadu | Tweneululasiaw wasn1sAnUfATe Wl
1:0.55 LdiAnufAsenmngd tinvesuwdedvn LNAREYT
wisRnnudnines
2:1 LiiAnufAsemlvgd inaveudedun HIBELDEAFATY
wisinnuinines
3:1.65 dloraneuly 10 und inatuliuay NazLDYAFLNT
wanlvistuudduasiu
3:2 dlorawuly 13 uwifiAeasuliaiy NIaELDUAELNT
FrowalAntuetrelioseunm
1 WTILAIAUAY
3:3 dlorandiuly 10 wit eatuluany NaazlDYndAddv1IUY
srolanli Anetereiiiednusyana @ntion
2 WLaIfUas
3:4 dlonansiuly 10 undt Aawadlndu | neezBonds ddvnuy
athsmoiiieadnuszinm 2 unfiudsuas
4:2.20 dloraduly 11wt heatuliuay NazLDYAFLNT
Warlviwsduudduasiud
4:4 dlonawiuly 10 wiliRawarlvegns NaZLDYAFLNT
Aowflosuulszana ¢ uiiindriaiuas
5:5 dlonawiuly 10 wiiliawadlvedns NIaELDUAELNT
ewflosuiulszana ¢ uiiindrieiuas

PNANTFUATIZIA Ba(Zrg5Tip7)05 TUSRITEIUNNUIUINETO0NTUAUGADAI T DI WA DY

WUSRIIdIU 1:0.55 Gadudnsrdrunlaarinnisaruialuaunisnisiea vl wuarliiisy
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Il FafuuTuudanduasoonduauddearsifomaanniudos 1 10y 211 wag 3:1.65 wuiily
Sns1du 3:1.65 iaURRzelFedvauysifedivadlisiuudduaduaiufiuasliiAnufisese
Fadudnsdiusiuig 3 wihwes 1:055 Weiludmiudnsdiunindunuinludndiudiians
L%aLwaqagjmav‘iﬂﬁﬁmﬂﬁﬁ%mLmlwﬁashwiaLﬁaq uldlefiusmsndanauia 4:2.20 Fadu 4 wiwes
§n91dau 1:0.55 dunuiiAeufiseuniiousudamdiu 3:1.56 Aefiualristuundaduadlundufen
TnglAnuiisewnlndie Weiusnsduvedlnaduinniulugnlusasd a4 uay 55 wui
Aeuffsenersaidosiumliintunuiigausinuiasidunmefldfidnuaes Dunsasdondn
Fahandunanannsliviinamsdomasdiunniunesavinlidandomamannielundeiosl

o annnsAinwitesdunuingnsdunmanzaulunisiiaufisernlvdegsauysal Aednsidiu
3:1.65 way 4:2.20

4.1.1.2 N1589LA5129 Ba(Zrg, Tige)Os

U 6

PMAUULAYINNITEUASIEY BaZrg Tigs)Os tenszUIunIsivgl auaunisy 4.2 lagla
WenldgnsdunyiiiiAnujisenisimnlvdnangailaainnisAinwnsdansie BaZrg, Tips)Os
Ao dmsrdrusyuinansalunsneelnadwdy  3:1.65 war 4:220 anwaza1sTeNasannng

AR fananslunigeit 4.2

100BaCl,2H,0 + 90TiCly + 10ZrOCl,-8H,0 + 1420, + 300HNO; + 165NH,CH,COOH >

100BaZry, TigoOs5 + 290CL, + 234N, +330C0O, + 843H,0 (Eq. 4.2)

A15197 4.2 LanINaNlaaInNA1SELATIES Ba(Zry, Tige)O5 lnaUsulldsusmnstdiuseninensalunsn

! IS Ao ! I
A lNaTUNORIIEIUANS i

gnsdmlagluasening | UAseievwielirnuieuly | anvuzvesarsidunsieila

nsnlussn:lnadu wiaululasuan AendINSAnU Az R Ll

3:1.65 Waraiuiuld 12 wil iieadulu NIAELBUAALNT
wavianlwidn o udduasyiud

o X < v
AIYRITULENUDE

4:2.20 Wanauuly 12 wdl visdanla NIAZLBUAALNT

JUBNUDELAITUAIVTUT

ANNSFWATIEN Ba(Zrg, Tigs)O5 laelddnsidiuseninansalunsnaelnadudy 3:1.65 way
4:2.20 wuininiadliuaidniesuazarsiimvuunlduntdndefisuiunsdaunsiziludasdm

WEINUYBY Ba(Zrg5Tig-)05
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4.2 MInsiaigatiandnual
4.2.1 NSANEINTEANERMIALSBURI8LATEY Thermogravimetric Analyzer (TGA) @z
Differential Thermal Analyzer (DTA)
MIfnuINgANTIUNIeAINNSeufeIATes  Thermogravimetric  Analyzer (TGA) uaz
Differential Thermal Analyzer (DTA) vibinsiufisteyanisaangdiinisaiuseulunisiinufizen
wazmsasuudaslassainavesans iethdeyaildunldlunsivuatisgumgilunisiunalsy

WIKAN Ba(ZrysTig7)05

UM 4.1 nsmluansanisaanesiinieanuieulumsiiaufitewarnisiudsundadasasneans
Tuaegaumagll 50 - 1300 “C vaawIs Ba(Zry;Tip,)05 Inelddnsndiuseninnsalunindelnadu
W 3:1.65

NAYDINITAANYAINIIANUSDULABNATA TGA Way DTA UBUIAWAINIAIINASNANF1TAIAUY

BaCl,-2H,0 , TiCl, , ZrOCL,-8H,0 , HNO; wavansidieiwas NH,CH,COOH Tnglddnsidrusyning

nantumsnaolnadudu 3:1.65 uaz 44 lauandlilugun 4.1 waz 4.2 auadu Tunswseuaunis
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111509 AL AENNTUIEITAIAULATEI ST BLNATLAREAUNENTY kA lUTRA S aunSaunulu
A Y dov g o o YR Ao v = & o = °
MU Wesemeinilndumvinazatgeanaunselnarsnianwausiduaa a1nduieantaluinnis
aulviuvissgmauigumail 90 °C aglpansniidnvasdundmdssidsliinuiseniswnlnd
3n5UN 4.1 wanaHaveINITgyLdsiInnvesatsaigmaila TGA  YBILIAUNY
Ba(Zry5Tig )05 Ngnsndiuseninansalumsnsdelnadulu 3:1.65 wuinfimsagdeuntiney 3 47
Mg 93991 1 1NeNYIegaumnisendng 100 - 250 °C fnsadeiininUszanuiovay 16 Fadennded
[y} a Ao ¥ = a o) = = %,’ %} 1 2" a
funaainwatia DTA NINANSRAANNToUNRMAN 154 C Bamsgadeiniinlugiaiiinainns
szmgvonfinndvegluvaveasiy Y99l 2 aflgamglisswing 250 - 600 “C finsgeyde
uminuszanafesay 31 uaznannaila DTA wuiillian1sagainuieugeuniigumgil 511.3,
524.14 uay 569.31 “C lnsmsgaydetminlugdiafiaesiidunaunannsaaiedvedlnaduilidu
asweInas waznsiinuisevesarsissuiiaiindulangeenles fe wuissugoslalunlnniiug
[30] wazdaafl 3 afivaegamall 600 “C JulU Insgapdeumdnidntesyszanasesas 5 3019
ANAINNNTARANYFIVBILUS IUASUBLUA [31] hazansdiommdslnadundsaaadlinunwazwuinbidl

msgadsimindelingamaituauils 1300 °C

UM 4.2 avmikanwanisaatediniauseulunsiinuiisenaznisiudsunadasasneans
Tugaegaumagll 50 - 1300 “C veaauits Ba(Zry;Tip,)05 Inelddnsdiuseninnsalunindelnadu
W 4:2.20

A

1NJUN 4.2 waAINAYRINTFYdsIniinvedasalemailn TGA 189 Ba(ZrgsTig,)0s ¥

(% '
v A 1 =

Fasdruszninnsalunsnsalnadudu 4:2.20 wuinnsaatesusaztrndusad 9ef 1 1HaNya9
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gamafiszndng 10 - 250 °C dnsgagdetminUszanadosas 24 Fanssiunanmada DTA 4

9 Y

wansiinnsgaauseuiigaumgll 124.49 uaz 238.73 C Jansgeydedminlugieiiinainnig
szgvonfinndvegluvaveasiy 497 2 eflgamglisswing 250 - 600 “C finsgeyde
uminUszanudesay 25 waznannala DTA wuldiianisaigainuseuganaumil 499.72,

521.64 way 591.93 °C &9 Wunau1annisaatediveslnaduildiduaisiowds [28] waznis

o ] ' '
aaa v Y A = a =

Aauisevesasasiuiiofnlulanzeenled Ao wuSsugestaunlnniun wazyied 3 A

a

il 600 - 1300 °C ImsgeydeuminUszanafosaz 9 nasnmaila DTA wufiafignaiusou

Y

]
Tgaunnd 12229 uay 1264.65 C Tao19inINN15aaIefueLuisaunIsueLun [31] uazais

Y

[
A a

Weunddlnadufidsaarsialinun uaznuilifinisgaydeiwdndiofugaumgituauia 1300 C
NFUN 4.1 waz 4.2 zdiulddndunsivves DTA duflauusnaiulaglugen 1 1
gamgiliszning 10 - 250 °C 1u Adnsdulaginaseninnsaluninaelnaduiu 3:1.65 fifian1sge

9 Y

v & A a o = = = 1 [ ! ' a ! = <
ANuTouTLguUngll 154 C iigafianfen wiludnsdiulaeuiaseninansalunsnselnadudu

=

4:2.20 Wuilfingeeudouintu 2 finfigamall 150 waz 210 °C Fauazdunasnnisaaiasdiives

9 Y

InafuidlofiuTunanntu diuthed 2 figungisswing 250 - 600 °C Aishsanlasinasewinnse
lusdnselnatudu 3:1.65 dunaaninaiin DTA nudrdifinmsansnufeufigumgf 511.3, 524.14
uay 569.31 °C uiludnsdnlnemassrinsalusinsolnadudu 4:2.20 duilfiansaeanudeu
geunniigamndl 499.72, 521.64 Wag 591.93 °C uavtiasil 3 \Anfivaseaumad 600 - 1300 °C 7
dasdnlaginaszninnsalupindelnaduiu 4:2.20 fifingaanueufigungl 12229  uaz
1264.65 °C  wandliiiuindlesnindrulaoinassninainsalunindelnaduineiu vinlidnwauenns
AnufizeuieRadu BZT ey

MnuamITaTzianuieuiildanmedia TGA uax DTA Jadonlfonmgieus 600 -
1200 °C Tumsieuaalend Lﬁaﬁﬂmmqmmﬁﬁmmzaﬂ,ﬂum{h’fé’qmeﬁmmﬁﬂ Ba(Zr o5 Tip )05 il

uIgnd

4.22 minsrviigadienanuaifeiaesyizansurafudursusaaunnsiines (Fourier
Transform infrared spectroscopy, FT-IR)
4.2.2.1 N1589LA129 Ba(Zry5Tig )05
INATHUNATIZARINEN Ba(ZrsTie )05 Ma8nszurun1swilug wdrinendndilalunsaa
figationdnwaldeiniesiTonsiunesudunsnsaauninsiiines Taon1siiarsfaedns
Ba(Zr o5 Tio )05 Wmanfulnuvadesluslug (Potassium bromide, KBr) Faduansidesisexliniu
Sipunsusadosinuly Tusnsndiu 1:10 wh anduthansildundaduduwiuus 4 udar¥ade

wieaSensunesuBursusaaUnlnsilves duanmaluun 4.3
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UM 4.3 wansnsiafigadiendnualaleiases FT-IR 989 Ba(Zry;Tig ;)05 tnelddnsndulaglua

sewinansalunindelnadulu 3:3 15e @) arsildannisdaaneiuasiniunaledioumad (o)
600 °C, (c) 800 °C, (d) 1000 °C waw (e) 1200 C

UM 4.4 wansnsiafigadiendnualaleiases FT-IR 983 Ba(Zry;Tig ;)05 tnelddnsndulaglua

semiensnlusindelnadu 4:2.20 wuealutifigamgdl (a) 600 °C, (b) 800 °C, () 1000 °C uaz (d)
1200 °C



N3V 4.3 uaz 4.4 uanamansATIIdeULenAnwalneIAs ST enTudle TN LA
WalnsiwosvesrsrdnuuSenwoslawalymiuaidnmaiu 3:3 uag 4:2.20 auddu wuinasile
nnmsdannzilaedlslldinsmuealed dnnsgandunasdusrisusaiiavadu 3420 cm’ waz
1650 e Bansaiuiuszn1sduLuUEaves O-H (O-H stretching) [16, 32] Fahazduwannannis
anALTuYDY KBr TuusssniawasinlundnuesuuSemeeslauslymiusmudiiu andunudag
mi@@ﬂﬁuLLaqaquLimﬁ'mmﬂ?{u 2343 cm 6’??&mﬂﬁ’umi@mﬂ%uuawawﬁ’uﬁz CO, 1Ag1AiN3N
Uinamfueuiwnlndliauysaivaundesgnioeiaiinandyniusuniu (Noise) 91nN5UUNNT
n wuthsnsganAunadumsisafiauaay 1760 cm - saduiusznsduuuudaves C=0 [16] 3n
Fasamudenisgandunasdursnanfiavedulugag 1210 - 1163 cm ' uax1360 cm’ Sensafuns
gAnduLawoIiusEAsdULULTATes C-O (C-O stretching) @naLAna1nuuEBRUfAS oA
msvaulnoanledlueinie uazdmunisganduuasiiiavndu 600 cm Bemsedunsduvesius:
sewilavgfueendiau (M-O o M e Ti vi¥e 20) [16] Tagwuindlevinisiwiunaletiiignmgd
QQ%‘UL%U 600, 800, 1000 wag 1200 C wuinavdunaiuiinnsduvesiuszsenindaneiuoendiau
fanufuaunagiinisgandunasnniu uandfidiuimamnuaalsifigumgigeduasyinlawu Ty

AR VDILULSHULLDS LALUA NN WUATALIUNINTU

4.2.2.2 AN589A5129 Ba(Zrg ;1 Tige)Os
PNATHUATIERHINGN Ba(Zrg 1 Tipe)Os AIENTLUIUNTNIMLTNERS1dUTneluaseningnsa
lup3nselnadumindu 4:2.20 Fadudnsdulaeluaszninansaluninaslnaduiiunzauiign wad

wandnfilalunsiafigaiiendnualmeinsenlilensiunesudursusaanlvsiines

UM 4.5 Han13nTIfigallendnualaielsed FTIR ¥83 Ba(Zrg;Tips)Os Wnelddnandiulaelua

v

szyisnsalusnsiolnadu 4:2.20 wnuealuiifienmgdl (a) 1000 °C wag (b) 1200 °C
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1NJUN 4.5 LaAIHANITATIIdRULeNANEAlAIeLIATITenTudnaTuB U s WIAanlnS

NnoSVRHIHEN Ba(Zro;Tigs)Os NMT1EIN 4:2.20 wazyiinsikaalyiigumngll 1000 uaz

1200 C wudndlevhnswnupaleuigumgligadursdunaiuiiniianisdusuudnves O-H uaznis

FUBINUSY CO, HUUNANAY WATNANITAUVDINUSLILNINLANL A UDDATLIUTULIUNNNTY LaAILA

iuhmsuealgiigaumgiiguaznuignin veauisenwesiawalnniuniniy

4.2.3 nsnsavseulasiadrandnlnemadanisideauuvesisdiend (X-ray diffractrometer,
XRD)
4.2.3.1 NM589A12H Ba(Zry5Tig7)O05
Tavimsdaanginanuuissagesiaun lumiuasgnssuaun s lndlusnsdiudig o
wdrthiasaaeulassadrendndemaiianaideauuvesdsdiend (XRD) ilefnunavesgngd

wazNavaIns1dulnsluasenIensalunsneaalnaduimunz ey

g‘dﬁl 4.6 nan13nTIaaeUlATIESNENIBATA XRD Ya9HEN Ba(ZrysTio1)05 ¥nstkuaa leid
aumgdl 600 °C 1unan 4 $lus Inglddmsdmlneluaszninansaluninselnadudisil @) 3:2, (b)
3:3, () 3:4, (d) 4:2.20, (e) 4:4 wag (f) 5:5

-0
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dovhmsiesgrinalasnsisioudisudnsdiulasluassninsnsalundnselnadu wesih
maunalstinadEnuuEsuweslatunlmiundigamginii 600 °C iunan ¢ $alus Fauanslugy
il 4.6 Sorguuuumadsnuuvesisdiondildluifieututoyauinsgiuves BZT JCPDS No. 36-
0019) wuin Ahsdlasluaszrinansalunindelnadusiniu 3:3 uwar 4:2.20 azuansaay

Nan BZT ladisau waziianlanUasuindutiae

JUM 4.7 wansnsivaeulasiasiawanimemailn XRD ¥0NaAn Ba(ZrsTip,)0; ludnsndiulaglua
sznansatunsnealnatu 3:3 o9l (@) @15NEAAINNNTEUATIZI Laza1SNYINNISIHILAR bR
aamgl (b) 600 “C, (c) 800 “C uaz (d) 1000 °C

mﬂgﬂ‘ﬁ 4.7 WAAINANITNTIANATIES1NAN Ba(Zrg5Tig )05 mremalia XRD nglasnsidiu
Tngluaszwinnsalusdndelnadusindy 3:3 Tnewlevhsuuuumsidenvuresisdonddilaluifiauiy
U8YANINTFIUVDS BZT (JCPDS No. 36-0019) wuﬁﬂﬁﬁ%mﬁqﬁ'gu 20 winfiu 22.08, 31.38, 38.64,
44.84, 50.58, 55.82, 65.46, 69.98, 73.98 uay 78.58 wanslmdiuiiansiduaszils fe wuiSeuwes
Tawuslnmiuadislassasranuugnuiadinesenalns (Cubic  perovskite)  Tnewudnguuuunns

LAEIUUSIFBNTURIa1sRAAINNNTAAs 1z gelalavinnsiwaaladwasansalasunswmakaa L
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Tugaumgdl 600 uaz 800 C znuiiauUanUasuveauuiioum1suaiun (BaCOs) Fauandgunuunis

& ea

Benuusaddndiuy 20 Ussuna 24.18, 34.24 waz 43.44 warwoslatiausanled (t-2r0,; JCPDS

q

no.79-1769)) ?z’faLLamgUqumnﬁmwu%’q&%ﬂeﬁﬁgu 20 Uszanas 28.36, 30.42 way 57.88 [32, 33]

I a

v & = a & Ao Yo £ = &
LLa@ﬂI‘VTLVIu’JWNQNaﬂSU@QLLULiﬂNL%@iIﬂLu@VLWWWLu@]%aﬂl’ﬂiqgﬂﬂl@ﬁNlNU§aﬂﬁ F991UUNANIIN

q
1%

samafifivhniswsealeddnivluleedernswiuaaleifionmgiiga@uded 1000 °C wud
JULUUNSEEULYEY XRD n1suendvesfinffvusniadafamnuduresinfigauwaniii
famnudundniiiuasdu SnsdmuiinulanUasuvesuiiouansvaiunuazigesiallouoanlas

AnAY wARIIHIENLUS BLLER Sl ALUA N LUR R IAT1eAlATA N UM NN Y

3UM 4.8 nansnsvaeulasiasiawanimemailn XRD ¥0WaAN Ba(ZrsTip,)0; udnsdiulaglua

ssisnsalusnsiolnaduiu 4:2.20 uazvhmssnuealuifigumgiissil (@) 600 °C (b) 800 °C, ()
1000 °C uae (d) 1200 °C

idevmsieseinalasnisiisuiisugungivesdasdiulasluassninansaluninsde
nadu 3:3 lugudl 4.7 wuindei¥gnia wanUasuduegisivhnmawuaalsifigungias Juins
USuiBsudnadussninnsalunindelnafudeiidu 3:1.65 uaz 4:2.20 9n3U7 4.8 wanwans
A5990AS9AS19NEN  Ba(ZrysTio,)05 miewmnaila XRD lagldonsndiulasluaseninnsalunsne

Inaduwiniu 4:2.20 Fadudnadruseninnsalusindelnaduiinunzauiian anuudNynIsm)
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waalwuigumgisie o wunarsnlasuniskikaalediaungien Wy feamail 600, 800 uay

(0]

1000 C agwuiiauUanUasuduegunn dwseneulumefinulanyuasuvauiseuasusiun §9

[ < o

wansguuuunsdeauusdidndiiyu 20 Ussuw 24.18 weslalleueonled  Fuwanaguuuunis
BeLuusadidndiiyy 20 Ussuna 28.36, 35.56 uay 58.89 uazhuisauwaslaLug (BaZrO,) Jauans

sUsuUMaAEILUL BN gy 20 Ussann 30.63, 43.13 uay 50.06 [15, 32, 33] wandlffiuiing
wAnvesLuiSeuwoslawslymiuniidaunmesdladsivians Wevhnisdugamadlunisiwiuaaled
Dy 1200 °C LinufiauvanUasuvesnuissunsuaiun weosladouoanlen wazuuiSougeslaug
FadamuingUuuunisidisauures XRD fimsuendvesfindiituuasiimarnduvesiinfigelu uans
TwawdnuuiFesnseslawnlmmiusiduaszsiliuazyhniswiuaalutifigumg 1200 °C iunan 4
Hlusdanuuigrsuasiinnunundngs

uananinsduanedt BZT fedsmauwninduuusaludfidenssufisufuismsduasey
1nUFATeanuzveaLd (Solid state reaction) [19] fiFadltgamailunsiuaaleifs 1350 °C

= A 1 ad 2/ [ a aw & a =2 [¢]
‘Nﬂ@’l’]’)ﬁﬂ’]iLN’Wl‘MNLLUUBG]IU&JG]I‘LN’M’HEJD‘U'JEJﬁﬂQﬁJMQNI‘Uﬂ'ﬁLN’]aQOQ 150 C

3UM 4.9 Han1snsraeulasaasawanalenaia XRD vaaHan Ba(ZrysTip,)0s YNISMIkAa YN

¥
v A

gaumgil 1200 °C Wunan 4 $alus lnglddnsndiulaeluasewinansalusinsdelnaduseil () 3:1.65
wag (b) 4:2.20

a

nsieszindnndiulaeluassninensalusinselnadu 4:2.20 lunisiwealeuigumgd

Y

=

! o P~ a A a o =~ a £ A
AN 9 WU’J’WI’]miLN’mﬂNaﬂLLULiEJ?,JL%aﬁmumlﬂmmmmqmﬁgu 1200 C mmm‘lﬁqwﬁmﬂmm%

nsanUSinasnsdiulagluavesnsalunindelnaduaaiu 3:1.65 fsgui 4.9 wuindnsdiulay
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lasgninansalunsnsislnafuviiiu 3:1.65 nfiaudanyasuveawuiiouasusiunlansguiuunis

Beauusadidndiiya 20 Ussuna 24.20 [45] wansnansidunszdiladaliduians enadunaunan
Usunaansianddliiiesmeiviiujizerdunsalussn usdlovinnisdunsizinawdniuieugeosie
wolnnuelaglddnsidmlasluaszninansalun3ndelnaduiiindwdu 4220  wuinlififia

wanUaenvesnuiFsumiveiunvaandesy SeBuduldimmanuudsmgoilaualnniund

daresildfanuuianiguielisnadrlagluasswinnsalusindelnaduidu 4:2.20
MnduldhmtindunumauaniisnnsfinesuazauiakEninaunsvontoiaos

(Scherrer) 9nsUuuuNsABULEondlasaun sl unuas S masunlduandliluund 3

1A8HAT EHAINNITAIUIUBERIAINITIN 4.3

A15197 4.3 LEAAIATLANTITNIS LN DILATIUIANANTBY Ba(ZrsTig7)03

snsdulagluasening RINIHE a=b=c Crystal size
nialunsnaelnadu o) A) (nm)
33 Tadlgimn 4.0234 16.0697
3:3 600 4.0305 19.9120
3:3 800 4.0362 7.8683
3:3 1000 4.0343 28.6350
3:1.65 1200 4.0476 37.7176
4:2.20 600 4.0333 9.4116
4:2.20 800 4.0333 9.1137
4:2.20 1000 4.0468 21.2487
4:2.20 1200 4.0522 40.7136

PNKAVBINITANWIIAaNTTNTEmeslaAlndlAssiulugae 4.02 - 4.05 A dauvuin
NANVDY Ba(ZrosTig7)05 Wudﬂﬁmimé"auLLanmﬂwﬁﬂiuﬁqﬂqamqﬁLm'Lﬁulé’%’miué’MiwdauImaIua
syrinansalunsnaelnaduidy 4:2.20 LﬁaLﬁmqmmﬁmiLmLmalszfﬁmmﬁuﬁaa 9 YUIANANUDY
Ba(ZrosTig7)05 ﬁLLuﬂﬁmwﬁﬁummimgﬁﬁuﬁTfﬂawLﬁ@mﬂmilﬁdmmmwﬁmﬁaqﬁwqmummmLma
lorfifingety Teedlevhnsussuiflevmmandniidunildfuislelund (sonochemical method)

[34] WUIVUIANEN BZT AA1ulalaanndsnsen insiwuusnludifxunismwaa bsunauniad
9 Y Y

vualngnIwdn BZT Mwseulaainisleluiadl
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4.2.3.2 N15894A5129 Ba(Zrg, Tige)Os

PINNTEUATIZARIHEN Ba(Zro 1 Tigs)O5 M8NsEUIUNSHA ST dulnsluaseninense
lupSndelnaduindy 4:2.20 Fududasdiusenitansalunindelnaduilimnzaudign L
nraaeulassairandndemaianindsiuuvesiediond (XRD) fauandluzuil 4.9 Auandiy

P15 TADILATVUIARAN AN LA NFUNITVDNYDLADS  LAAIHNARINNGTITN 4.4

sUM 4.10 wan1sasivaeulaseas1amanmewatlan XRD YaINan Ba(Zry,Tigs)Os tuensiarulaglua

Y

¥
a v A

sewinansalusinsiolnadudu 4:220 uagyimswnuaalvifigaumaided @) 1000 °C uaz (o)
1200 °C

mﬂgﬂ‘ﬁ 4.10 LEAINANISASILATIASIHEN Ba(Zry5Tig )05 Aenalia XRD Inalyonsndiu
Tneluasewinnsalusinaelna@uiiu 4:220 9ndutiavhnissuealedfigumgli 1000 °C

wag 1200 “C wudhfigamall 1000 °C wufiawlanUasuvotuuiseuasusiun Gauansguhuuns

<

Beauusdondiyy 20 Usvann 24.18 uay 34.24 finudanvasuveaweslalousanled Jauana

v a &

sULUUNMSEULSEOngNY 20 Uszuna 24.5, 28.36 uaz 30.42 uazkulSEuEoIlALLA JIUENS

sULUUNMsEEuLSEndNyu 20 Uszane 43.13 waz 54.06 [15, 32, 33]
PINNITATUIUALANTINIINALADSUALVUIANENVDY  Ba(Zry 1 Tige)O578ns1dulnelua
sgninsabuninaolnadudu 4:2.20 Turandn Ba(Zry; Tigs)O5 WuiNNsMmILAAlUTR MM Tgetu

HaNAzHUUIATRYTUU LarATLANTATNITIHIADTUDS Ba(Zry;Tigs)Os ¢iAI1UOENI1UD

Ba(ZrosTig7)05 Laadianuseana 4.02 A 11999107 Ba(Zrg; Tipe)O5 38Tn1sunufivesgeslaiiau
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(RZ™ = 0.0860 wiluwes) Wrluwnudlmsdey (RT] = 0.0745 wilwwns [35] TuuSunoud

Hoen 11 Ba(Zro5Tig7)05

A15199 4.4 LEAAIAILANTTNITIRLADSLATVUIARANUDY Ba(Zro, Tige)Os

snsdulagluasening RINIHE a=b=c Crystal size
nsnlunsndelnady ge) (A) (nm)
4:2.20 1000 4.0243 21.3987
4:2.20 1200 4.0196 23.4572

4.2.4 N130329NgIUBNENBAIAIMALATINIY (Raman spectroscopy)

JUN 4.11 wan13059aNgtiondnualaiemAlnsuueNEn Ba(ZrgsTi, )05 tusnsdulaglug

senIansalunsndalnadu 4:2.20 ﬁﬂmmmﬂa%ﬂﬁqmmﬁ (@) 600 °C, (b) 800 °C, (c) 1000 °C
wa (d) 1200 °C Wunan 4 Falus

IINNTIATIENNITATIINGIULONANwAlAI8NATATINIUVDINAN BalZrgsTip,)0;5 Tu

dnsndlasluassninansalunsndolnadiu 4:2.20  wazwwaaleifigungdl 600 °C, 800 °C,
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1000 °C uag 1200 °C Wurian 4 $9lus Tugudl 4.11 nuswnufiadisums 178 e’ (A,(TO) uaz
300 cm” (A,(TO) /E(TO) Fadulmuniluaninisduaes BO, (ne B Ao tnmudley (T) Tulpssadi
LUUBaNATEEATaa (Octrahedral) wazfifia 515 cm  (A,(TO,)) Fsaenadasfun1sduvesiuse Ba
O uar 717 cm - (A,(LOY/E(LO) Fsdenpaasiunmsduresweslaliousenles (2rO,) [36, 37] 39
Suduinansiidaunsisils fe ndnvesuuSsuweslawunlnnium (BaZrysTio-)05) lnewlovinisiu
uaalwiifigumgll 600 °C wufiaudanyUasuvesnuiSeuasusiun (BaCO;) lavadu 155 cm’ [38,

39] waziilovhnsmigungige@udu 800 °C dmenufiaudanlasuvenuissuasuoiunog us

[ '
= =

fadivavananudy Ba(Zry5Tip7)04 i (Intensity) qﬁuuamﬁmmqmmﬁqu
1000 °C fiaudanvasuvesnuiSeuasvsiunanasuaziilowuaaledfigumnll 1200 °C linufia
wanUasy JeasuldiwaniiduaseildfundnuuSoueslawalmmuauiansidomsiuaa
lotifigamgdl 1200 °C iunan 4 $alus Inenaaenadesiunavesnisniaaeutondnualiieinio

Bensunasudunsusaaninslwashasnan1snsI9daaulAsIas1aNaneemala XRD

U 4.12 nanmsnTiafigationanualmewmaiasuuvesdniiviinswiwaaleuiigamall 1200 °C

Wunan & 9lus (a) Ba(Zre, Tigs)0s  tudasidiulasluaseuinensalunsnaolnadu 4:2.20, (b)

Ba(Zro 5 Tig1)0s 8AF18U 3:1.65 Uaz (C) Ba(ZresTig )05 TiSns1dIU 4:2.20
mﬂguﬁ 4.12 WANITIUAUNASUYDS Ba(Zro, Tigs)Os TduaAszAlelnsldsnsdulnelua

szninansnluninaelnadu 4:2.20 wazviniswwaaleufioamgll 1200 °C Wunan 4 Falus wuile

s i -1 1Y) . ) '
wlanUapuvaduiSeuasuatuni 155 cm dduaidnnsuves Ba(ZrysTig ;)05 8AS187U 3:1.65 way
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'
a a v A

Adas1dIu 4:2.20  Minsuaalsdfounaiitieafun 1200 °C 1Human 4 Falus luwudia

9 Y

wUaNUaN eI UL IUASUBLUAVIIED IR INEIU

4.25  N13ATI9ERUAMFIUINGIA8NFRIRaNIIANBLIANATOULUUHBINTIA (Scanning
electron microscope, SEM)
mﬂgﬂﬁ 4.13 (a) wag (b) wamnan1m SEM Tunisdaasiest Ba(ZrysTig,)0s tusnsidiulae
Tuaszwinnsalunindelnafuminiu 4:2.20 Hu vinssuaaleiiigungli 1000 °C uay 1200 °C
Taewuindleldgamgiinismuaaletdiviniu 1000 °C wandilafidnunrsusieiliuiueuivdiudy
fiou (Agglomerated) Tneflvunnayniauszana 50 - 350 ulummsuazSsnundngusraduuriasnni
wansfieignin wlandaeuvensesladeuoanlesudeouuiiounsueumintudnies Tnonadls
AonndofiuNa XRD fuansiasuil 4.7 Wevinswuealeifigamadastudu 1200 °C nudreynia
wuiFemgeslaualimiundvuelvgiu Juinannissudiuresdndnveousudueynia

yuaglaedivuneunamienindu 1.1587 lulasues wazlinuignia wanUasunaaviont

(a)
2 pm 2 pm
— —
(c)
2 pm 1 pm
— =

U 4.13 uananiw SEM vessss@nuuizenlslawslnmualusnsdmlngluaszninanaluninse
Tnaduindu 4:2.20 wsealetiidunan 4 $9lusii () Ba(ZrosTie,)0s Lmﬁqmmﬁ 1000 °C, (b)
Ba(Zro s Tio7)O5 W91 1200 °C, (c) Ba(Zro, Tigs)Os figausindl 1000 °C, (d) Ba(Zro,Tigs)05 gaunigl
1200 °C
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http://en.wikipedia.org/wiki/Scanning_electron_microscope�
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'
a

JUN 4.13 (0 uaz (d)  wanIn W SEM  YoIHINEN Ba(Zrg,Tige)Os LAENUIIHINEN

Ba(Zr(; Tigs)O5 Mnswupaleufinamgil 1000 °C (3U7 4.13 (o)) fdnwazoyniafivnizsiudiiu

Ingdvuinveteunineglugiesendng 50 - 350 wiluwas 8nvisdanudgain ulanuasuves
wosladousenlydvsenussunsvaiunlziueging wazdieviiniswiwealeuiaamnlgau iy

1200 °C (3U (d) WU Ba(Zrg,Tigs)Os finsnasusiuiuauiioyniavuialvgiulagvuineynia

WALMIAY 300 WILULLAS

4.3 MsAnwaudAladianasn
Nan15ATITIRAEaN e LduTINSLazANTaadevndlaBidnvinues Ba(zr, Ti,, )0, Ndndiu
93AUTENBU (x) = 0.35, 0.30, 0.25 Waw 0.10 NYUNHINBIIUAT 300°C NANUAAY UaARIFRIFUN

aaa <

4.14 (Munewe BZT Mlglun1svadeuwisnduainisuisenaniugveuds) annwanlanuinndngdiu
93AUsZNOU X = 0.35-0.25 lalusingfiauanigrsnsiudeuinniay (Phase transition) Fudunasn

911389 Ba(Zr, Ti, )05 Tutad x = 0.35-0.25 azfigaenisiasuigninanainmlestsidnnin (FE) U

[
a =

JunisBianvsn  (PE) Tudnniwesiintulugungfinainingisgamgdildvinniséinwn [40)

1 (3

INUULLDENEILIAUTENBUAAAIAIAUDNENAIUBIAUSENDU X = 0.10 WUINNATBIANENINY DY

s (% s

duivsaziianwaziiau (Sharp peak) Imaﬁqmwgﬁﬂizmwm 95°C UANANNEBNFUNNTFIAN (€ 1)
fiuszana 17950 wavAgadonsladiannin (tand) Ussaa 9.2 iflesanndidadiuesduszney
fana1d BZT  fvsunamenwesliallsuanasilinisiniedlasadiainanuiuszidovuasd
Tassaddlndidsstunuidenlymiun (BaTio,) Fufuidlegnmgiiiivastuauisgaungininudeuty
e awfemaasuigmauuudunduisiuiinvesaaniweenduivsludnuusiuan uasnuin
Aaneenduingyes BZT idndmesdusznaviagdsuniastutugamgl uiaglituiuaniud
fauandlugud 4.14
AdNTuSIEnIAIan ne snduinsuazAnsgadenladidnniniieuivanmgives
BZT fidndiuesdusznau x = 0.10 (Ba(Zry, Tips)Os) fithanvhnisidinanside ALO, Tusnsidru 5%
(BZT-AL,05(5%)) wag 10% (BZT-Al,05(5%)) Imaimauamlugﬂﬁ 4.15 nwafilawudn BZT i
Mifaside ALO;  wansfiannsidsuutasipaiavesAtanmeouduimsfigungfigsnia
punniivies Sniienanmeeuduinsdldduiuediuisgumaivasanud tae BZT fhirunnsiis
a19130 ALO; Hanmeonduinsgsanananiudu 350 Agumgil 60 °C dmiu BZT-ALO5(5%)
(Angayidensladidnain 1Ju 8) waz 38 figaungdl 125 °C dmu BZT-ALO,(10%) (Agayidenis
Tadidnesn 1Ju 6.1) Fsnsanamesmanmesuduivdidernisde ALO, adlulu BZT tasiduna

Y] Aa A

11NN AL O; Fadutaniilrnsiladidnasndadluly BZT [1] usedelsAmunisiiuanside

q

=

ALO; danadlukdvasnisanainsaadenieladianasnves BZT Tdansias  SUN 4.16 wans

v Y

v 6

ANNduRusIEnIAanIneenduimsuasAnsagdenidladidnniniieuivaamgives BZT
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(Ba(Zro 1 Tig )05) fithuvinsifivanside MgO Tudnsidu 5% nslua (BZT-MeO(5%)) 2 nuadils

[

wuddlevinisinansiie MeO AAINsgaydenisladianaina (8] aslu BZT agvilulaianysn

a

findway fderanneonduinsaananasduu 3700 Ngamagll 275 °C wazfidn1sgadenaled

Y

lAnesnaninadneie (tand = 7)

4000 80 4000 60
— 1 kHz - —_—
BZT x-0.35 - BZT x=0.30 Y
——100kHz| o 35004 ——100kHz | oo
—tkz [ — ke |
_—~
= 20004 — 10Kz 7 w00 oKz
» — 100 kHz IR — 100 kHz o
;‘ F490 o 2= L40 o
= & 5 25004 =
2 sz =
E 2 = 2
E 2000 F0o £ 2000w\ r0o
L (5] 5 \ (=
s E % o B
- — far —
= L = ©
E 1000 - a8 o 1000 A
500 -
— ]
0
0 T T T T T 0 T T T T T 0
50 100 150 200 250 300 350 50 100 150 200 250 300 350
0
Temperature ('C) Temperature ('C)
(@ x=0.35 (b) x =0.30
4000 80 20000 10
= —— 1 kHz —1 kHz
BZT x=0.25 iz | o
35004 ——100kHz| —— 100 kHz
J— )
——1kHe “~ 15000 - 1 kHz
- 3000 —— 10 kHz o~ B, .1 —— 10 kHz
L —— 100 kH. “ o =
= | 4o o é‘ 1 100 kHz 2
= 2500 S .z \ g
2 < g \ re £
= % E 10000+ i »
- w
= 2000 reog 5 \ ]
S e & o
Ay = 5] =
o 1500+ S .z 5
2 F20 & 2 5000 3
= B = B
] = 9 =
- 1000 A @ A
o 10
500 - 0
0 0
T T T T T T T T T T T T T T T
50 100 150 200 250 300 350 50 100 150 200 250 300
0 0
Temperature (°C) Temperature ( C)
() x=0.25 (d) x=0.10

JUT 4.14  wanspuduiusszninsmanineeuduivsuasainisgaidenisladidnninifisuiu

'
[

QoML IdN Ba(zr, Ti, )0, WdAdINBIAUTENBU (x) = (a) 0.35, (b) 0.30, (<) 0.25 uaw (d) 0.10
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400 10

50 10
BZT-ALO, (5 %) ——1kHz BZI-ALO, (10%) .
350 - —10kHz 45 ) ——10kHz
——100kHz g b — 100Kz
_ —— 1kHz —1kHz |
3004 —— 10kHz 40 4 ——10kHz
—— 100 kHz —— 100 kHz
2504 N 18 35 4 16

/
200 4

150

Relative Permuttivity (g )
Dielectric loss (tan 8)
Relative Permittivity (s)
Dielectric loss (tan &)

100

50

v T T T T T T
50 100 150 200 250 300 J T T T T T
50 100 150 200 250 300

Temperature ('C) Temperature (OC)

UM 4.15  wanspuduiusseninemaningesuduinsuazanisgadenisladdnniniieuiu

aunnivesTaneslinuay BZT-ALO; Ndadu AlL,Os 5 waz 10 % laglua

-0

5000 10
BZT-MgO (5 %) ——— 1 kHz 1kHz
4500 —— 10kHz 10kHz
100 kHz 100 kHz
4000 - 18

3500

3000

2500 -

2000

Relative Permittivity (gl_)

Dielectric loss (tan 8)

T T T T T T v
50 100 150 200 250 300

Temperature (°C)

JUN 4.16  uanspuduiussznivsaan neenduivsuasansgaydenladiinniniiisudiv

auvniivesianesinka BZT-MgO fidman MgO 5 % lnelua

-0
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UNN 5

ayunaddeuasdatauauus

5.1 #5UNAUIY
TuauddeilvinsduasizrikasAnwiantRvesnenanius sawasiawa lniug (BaZr,Ti,.
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Anannisssmevesifinnésegluavesarsiadu 927 2 ieftgumndseming 250 - 600 °C 1y
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Abstract

A new route for preparing barium zirconate titanate nanoparticles (BaZry3Tip,03 (BZT)) has been developed by ultrasonication of
BaCl, - 2H,0, ZrOCl, - 8H,0 and TiCly precursors in a high concentration of NaOH aqueous solution. The as-prepared powders were
identified by X-ray diffraction (XRD) as cubic perovskite BZT. The phase formation was confirmed by FT-IR and Raman
spectroscopy. The increase of NaOH concentration resulted in BZT powders with smaller particle size and less BaCO; contamination.
The microstructure of BZT powders prepared in 20 M NaOH examined by scanning electron microscopy (SEM) showed nanosized
spherical morphology with the average particle sizes of 51 + 6 nm.
© 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

Keywords: A. Powders chemical preparation; Barium zirconate titanate

1. Introduction

In recent year, environmentally friendly lead-free barium
zirconate titanate ceramics (Ba(Zr,Ti;_,)O3 (BZT)) have
been extensively studied due to their potentiality for
tunable microwave applications e.g. phase shifters, reso-
nator, antennas, MEMS based sensors and actuators [1-3].
BZT has great benefits for such applications as it exhibits
high dielectric constant, low dielectric loss and particularly
high tunability. BZT with perovskite structure (ABO;) is
formed by a complete solid solution of ferroelectric
BaTiO; and paraelectric BaZrOs. Substitution of Ti**
ions (ionic radius=0.745 A) by chemically more stable
Zr*" ions (ionic radius=0.860 A) on the B-sites leads to
stability of the system and single diffuse phase transition
temperature [3,4]. The dielectric properties of Ba(Zr,.
Ti; _,)O3 ceramics are found to depend on Zr concentra-
tion. It has been reported that for Ba(Zr,Ti;_,)O3 with x

*Corresponding author. Tel.: 466 23298400; fax: 466 23298428.
E-mail address: kspanpai@kmitl.ac.th (P. Seeharaj).

in the compositional range of 0.26 < x <0.42, the solid
solution exhibits typical relaxor-like behavior in both bulk
and thin film materials [4,5].

BZT powders can be prepared by various methods includ-
ing solid state reaction [1] auto-combustion [6], sol-gel [7],
hydrothermal [8] and co-precipitation [9] techniques. For the
wet chemical processes, it has been suggested by Reddy et al.
[9] that a strong alkaline condition (>15M NaOH) is
favored for the chemical equilibrium of reaction of the BZT
formation. In addition, precipitation of oxides in highly basic
solution was found to increase the purity of products [10]. In
order to improve sinterability and dielectric properties, BZT
powders are expected to be nanosized with homogeneous
distribution of the composition [4,9]. Among the various
preparing methods, sonochemical synthesis based on irradia-
tion of high-intensity ultrasound (20 kHz to 10 MHz) into a
liquid medium seems to be an interesting method to fulfill the
requirements. Sonochemistry yields the benefits of an acoustic
cavitation phenomenon i.e. the formation, growth and implo-
sive collapse of the bubbles stimulated by ultrasonication.
This phenomenon can create an extreme condition (intense

0272-8842/$ - see front matter © 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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local heat ~5000 K, high pressure ~20 MPa and rapid
heating and cooling rates > 10" K s™") [11,12] initiating a
wide range of chemical reactions and resulting in novel
materials with unique properties. To the best of our knowl-
edge, the study on preparation of BaZr,3Tiy-,0; nanoparti-
cles by a sonochemical method in a highly basic solution has
not been reported yet. Therefore, the effects of ultrasound
irradiation and concentration of alkaline solution on the
phase formation and morphology of BZT were investigated in
this work.

2. Material and methods

The stoichiometric amounts of barium chloride dihydrate
(BaCl, - 2 H,O, Fluka, 99% purity), zirconium oxychloride
octahydrate (ZrOCl,- 8 H,O, Sigma-Aldrich, 99.5% purity)
and titanium chloride (TiCl,, Waka, 99% purity) were
dissolved in de-ionized water. The mixed solution was added
into a sonication chamber containing 15 or 20 M (mol/l)
sodium hydroxide solution (NaOH, Carla Erba, 97% purity).
A pH of the synthesis solution was maintained at pH ~ 14
during the reaction. The irradiation process was carried out
by direct immersion of a high-intensity ultrasonic probe (Ti-
horn (Sonic and Material Inc., VC 750), 2.5 cm diameter,
20 kHz, 150 W/cm?) into the reaction solution under flowing
of argon gas for 30 min. After the reaction finished and
cooled down to room temperature, products were separated
and washed with de-ionized water until the washed solution
was neutralized (pH~7) followed by drying in an oven at
100 °C for 24 h. Phase characterization was carried out using
an X-ray diffractometer (XRD, Bruker D8 Advance, CuKa
radiation 1.5418 A, 260 =20-80°), Fourier-transform infrared
spectrometer (FT-TR, Perkin-Elmer GX 8500, KBr mixing,
measuring in the range of 400-4000 cm™') and a Raman
spectrometer (Thermo scientific DXR, measuring in the range
of 100-1000 cm ~"). The microstructure was examined by a
scanning electron microscope (SEM, Hitachi 54700).

3. Results and discussion

XRD patterns of as-prepared powders obtained after
ultrasonication in different concentrations of NaOH solu-
tion for 30 min are shown in Fig. 1. The XRD patterns
showed well-defined diffraction peaks and the major peaks
were identified to cubic perovskite BZT phase (JCPDS no.
31-0174) indicating that well-crystallized BZT powders can
be achieved by ultrasonication in > 15 M NaOH solution.
Diffraction peaks assigned to BaCO; phase were also
detected in the XRD patterns. The formation of BaCOj
was probably a result of the open-air synthesis system.
This contamination was suggested to be eliminated by
using a closed system or washing the products with formic
acid [13]. The calculated crystallite sizes using Debye—
Scherrer equation were 13.9 + 0.02 nm and 16.1 + 0.02 nm
for BZT powders prepared in 15M and 20 M NaOH,
respectively.
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* BaZry5Tig;0; b
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Fig. 1. XRD patterns of as-prepared BZT powders obtained from
ultrasonication in (a) 15 M NaOH and (b) 20 M NaOH aqueous solution
for 30 min.

(b)

@

% Relative transmittance

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cm™)

Fig. 2. IR spectra of BZT powders prepared using (a) 15M NaOH and
(b) 20 M NaOH solution.

The phase identification of BZT powders prepared by
the sonochemical method was further investigated by FT-
IR and Raman spectroscopy. IR spectra of BZT powders
prepared using 15M and 20 M NaOH (Fig. 2) showed
strong absorption bands at 540 cm ~ ' corresponding to the
characteristic absorption bands of the perovskite phase
(vibration of BOg octahedra, when B=Ti or Zr) [6] along
with absorption bands of the carbonate phase at
1450 cm ~ ' [14].

Room temperature Raman spectra of BZT powders
prepared by ultrasonication in different NaOH concentra-
tions (Fig. 3) compared well with literature reports [4,15].
The characteristic Raman modes of BZT were observed at
185, 220, 300 and 512cm ™" (A(TO) modes) associating
with the asymmetry within the BOg octahedra along with
the modes at region 600-800 cm ™' assigned to the locally
distorted ZrOg octahedra and a signature of the ferro-
electric relaxor phase. The bands related to BaCO; were
also observed at 135, 155 and 694 cm ™' [14,16]. As shown
in Fig. 3, these bands exhibited less intensity in the spectra
of BZT prepared using the higher NaOH concentration.
This observation is in good agreement with the XRD
investigation (Fig. 1) in which low intensity of BaCO;
diffraction peaks was detected in the XRD pattern of BZT
prepared from 20 M NaOH. These results suggest that
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Fig. 3. Room temperature Raman spectra of BZT powders prepared
using (a) 15 M NaOH and (b) 20 M NaOH solution.

Fig. 4. SEM images of BZT powders prepared using (a) 15 M NaOH and
(b) 20 M NaOH solution.

using higher concentration of NaOH (20 M) can reduce
the formation of BaCO; impurity and it could be due to
the effect of pH condition. Since at high hydroxide ion
(OH™) concentration, the chemical equilibrium of the
reaction favors the BZT formation over the carbonate
formation [9].

Fig. 4 shows SEM images of BZT powders prepared using
different NaOH concentrations. The BZT powders showed
spherical morphology with the average particles sizes of
137 + 14 nm and 51 4+ 6 nm for the powders prepared using
15 M and 20 M NaOH solution, respectively. As can be seen
in Fig. 4, especially for the powders prepared using 15 M
NaOH, the BZT particles were aggregates formed by
epitaxial growth of primary nanocrystals. This result is
consistent with the calculated crystallite size obtained from

the XRD study (13.9+0.02nm for 15M NaOH and
16.1 +0.02 nm for 20 M NaOH). Similar observations have
been reported by Dang et al. in the preparation of BaTiO3 by
the sonochemical method [17,18]. The unique morphology of
the oxides was suggested to be due to the effect of ultrasonic
irradiation. The smaller particle size obtained from BZT
powders prepared using 20 M NaOH is consistent with the
lower intensity of XRD peaks shown in Fig. 1. The decrease
of particle size observed in BZT prepared using 20 M NaOH
solution could be a result of the higher concentration of
hydrolyzed metal species leading to supersaturated solution,
thus the nucleation process is more favorable than the grain
growth process [10].

4. Conclusions

Barium zirconate titanate nanoparticles (BaZr( ;Tig703)
were successfully prepared by a sonochemical method in a
strong alkaline environment (15M and 20 M NaOH
aqueous solution) using BaCl, - 2H,0, ZrOCl, - 8H,O and
TiCl, as precursors. The as-prepared powders were char-
acterized to cubic perovskite BZT with a nanosized
spherical shape. The concentration of NaOH solution
was found to affect the phase formation and morphology
of the BZT products in which using higher NaOH
concentration resulted in BZT with smaller particle size
and less BaCO5; contamination. BZT powders prepared by
ultrasonication in 20 M NaOH showed well-crystallized
materials with the average particle sizes of 51 + 6 nm and
the crystal sizes of 16.1 +0.02 nm. These results indicate
that the sonochemical method could offer a new approach
to produce BZT nonoparticles.
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Introduction

Barium titanate (BaTiO3) ceramics are the well known lead-free ferroelectric
materials. The dielectric properties of BaTiO3 (perovskite-type oxide structure (ABQO3)) can
be modified by doping a variety of additives e.g. zirconium or strontium [1-3]. For example,
the replacement of titanium cations (Ti**) by higher chemical stability cations, zirconium
(Zr*"), in BaTiO3 leads to the materials with diffuse phase transition and shift in the Curie
temperatures [4, 5]. The incorporation of zirconium is, therefore, benefits in improving the
structural and temperature stabilities, lowering dielectric loss together with inducing
microwave tunability. These advantages make barium zirconate titanate ceramics (Ba(ZryTi-
x)O3 (BZT)) having potential for using in dynamic random access memory (DRAM) and

tunable microwave dielectric applications [1-3].

To produce BZT powders, chemical synthesizes such as autocombustion [6], co-
precipitation [7], sol-gel [8] and sonochemical methods [9] are preferred for the advantage of
mixing the stating materials in a molecular level. These methods provide great benefits in
reducing the impurity formation and phase heterogeneity, resulting in BZT materials with
good sinterability and optimizing the dielectric properties [5, 7]. Combustion synthesis is a
self-propagating high temperature technique. It is a rapid, effective, energy saving and low
cost technique for preparing multi-component oxides with a precise stoichiometry. The
precursors used for combustion synthesis of metal oxide powders are typically a mixture of
high oxygen content metal salts e.g. metal nitrates and an organic complexant, acting as a
reducing agent, e.g. urea, glycine and citric acid. In this method, the heat generating from
exothermic and redox reactions during the combustion (can be > 2000 K) [10] provides the
energy for initiating and propagating the chemical reactions. The large amount of gases

released from the combustion process rapidly cools down the product stimulating the



nucleation process and inhibiting the substantial crystal growth [11]] These phenomena
result in high purity and homogeneous nanopowders with (or without in some cases)
requiring low calcination temperature and short soaking time [1]. For preparing BZT by
combustion technique, organic complexants such as urea [12] and citric acid [6] have been
used as sources of fuels for combustion, however, glycine which is an inexpensive fuel and
provides more negative heat of combustion than urea and citric acid (heat of combustion of
glycine = - 3.24 kcal/g, urea = - 2.98 kcal/g and citric acid = - 2.76 kcal/g [13]) has not been
reported for preparing BZT yet. In addition, the use of glycine could benefit in increasing the
solubility of metal complexes and preventing selective precipitation during evaporation

process [14].

The work described the synthesis and characterization of BaZry3Tip7O3 by glycine-
nitrate autocombustion technique. The effects of glycine-to-nitrate ratio and calcination
temperature on phase formation and microstructure of the BZT were examined by TG-DTA,

XRD FT-IR, SEM and TEM.

Experimental Procedure

Barium zirconium titanate (BaZrsTio;O3) nanoparticles were prepared by microwave-
assisted autocombustion method. Barium chloride dihydrate (BaCl,.2H,0, Fluka, 99%
purity), zirconium oxychloride octahydrate (ZrOCl,.8H,0, Sigma-Aldrich, 99.5% purity),
titanium chloride (TiCl4, Waka, 99% purity), nitric acid (HNO3, Carlo Erba, 65%) and
glycine (NH,CH,COOH, Sigma-Aldrich, 99.7% purity) were used as starting materials. In
this method, nitrate acted as an oxidant and glycine fuel was used as a reducing reagent.
Stoichiometry of redox mixture for combustion was calculated based on the propellant

chemistry to give the equivalent ratio (total valencies of the fuel to oxidizer) [15]. Since



the total valencies of the reducing (NH,CH,COOH) and oxidizing species (HNOj3), are +9
and -5 (valencies of N =0, H = +1, C = +4, and O = -2), the stoichiometric condition for
combustion is at fuel to oxidizer molar ratio (glycine-to-nitrate) of 0.56:1. In this study,
the glycine-to-nitrate ratios were varied at 0.56:1, 1:1, 2:1, 2:2, 2:3, 3:2, and 3:3. The
precursors with required molar ratio were dissolved in a minimum volume of deionized
water and after obtaining a homogeneous solution, the mixture was heated in a microwave
oven (Shape R248, 700 W). Upon heating the aqueous solution turned into a viscous gel
and became swelling followed by an autocombustion in which producing a short flame
and gaseous decomposition products i.e. CO2, N, Cl, and H,0. As the heat is generated
by the interaction between microwave and the materials in a molecular level, the used of
microwave irradiation resulting in uniform heating and shorter reaction time (in this study,
all reactions were finished within 30 min) compared the conventional combustion method
carried out in a hot plate. It should be noted that the autoignition reaction occurred only in
the conditions using glycine-to-nitrate molar ratios of 2:2, 2:3, 3:2 and 3:3. There was no
flame produced in the conditions prepared using glycine-to-nitrate molar ratios of 0.56:1,
1:1 and 2:1. This was suggested to be because a small amount of the fuel and oxidant used
in these conditions was not sufficient for initiating the autoignition process. After the
reactions completed, the as-synthesized powders were calcined in air at 500 and 1000 °C
for 4 h. The thermal decomposition of BZT dried gel in static air was examined by
thermogravimetric and differential thermal analyses (TG-DTA, Perkin Elmer TG-DTA 7,
heating rate 10 °C/min, 50-1300 °C). The phase formation of the BZT powders was
characterized by X-ray diffraction (XRD, Bruker D8 Advance, CuKa radiation 1.5418 A,
20 = 20-80°) and Fourier-transform infrared spectroscopy (FT-TR, Perkin-Elmer GX

8500, KBr mixing, measuring between 400-4000 cm™). The microstructure was studied



using scanning electron microscopy (SEM, LEO 1450 VP) and transmission electron

microscopy (TEM, JEOL JSM-2100).

Results and Discussion

TG-DTA analyses of BZT dried gel prepared by glycine-nitrate autocombustion
(molar ratio of 2:3) are presented in Figure 1. TG-DTA curves showed multi-step
decomposition with both endothermic and exothermic reactions. The thermal decomposition
of the BZT dried gel with total weight loss of ~59 wt.% could be roughly divided into four
stages. The first weight loss (~7 wt.%) in TG curve occurred below 200 °C. This loss could
be associated with the dehydration of water as indicated by an endothermic peak centered at
120 °C in the DTA measurement. The second weight loss of ~16 wt.% was observed between
200-300 °C. This loss was correlated with an endothermic peak centered at 210 °C in the
DTA curve and it was probably a result of the decomposition of volatile matters i.e. ammonia
(NH3) from glycine (melting point of glycine is 233 °C) [13]. The major weight loss of ~29
wt.% was observed between 300-600 °C corresponding to sharp exothermic peaks at 488, 510
and 544 °C. This observation was attributed to the combustion reaction occurred during the
decomposition of glycine-nitrate dried gel. The final weight losses (~7 wt.%) in TG curve
exhibited between 700-1200 °C associating with the DTA exothermic peaks at 820, 970 and
1200 °C. These losses could be due to the decomposition of the carbonate species [[16]] and

the reaction of oxide materials [12].

The X-ray diffraction patterns of BZT powders prepared using various glycine-to-
nitrate ratios and calcined in air at 500 °C for 4 h are presented in Figure 2. XRD analysis of
the samples obtained from the molar ratios of 0.56:1, 1:1, 2:1, 2:2, 3:2, and 3:3 showed a

mixture of crystalline and amorphous phases with the phases identified to barium carbonate



(BaCOg3; JCPDS 45-1471), barium orthotitanate (Ba,TiO,4 ; JCPDS 38-1481) and tetragonal
zirconia (t-ZrO,; JCPDS no.79-1769) [17, 18] . The formation of cubic perovskite BZT
(JCPDS n0.36-0019) occurred only in the sample prepared using glycine-to-nitrate molar
ratio of 2:3. The trace of BaTiO3, BaCO3 and t-ZrO, impurity phases was also observed in
the XRD pattern. This indicates that BZT powders can be synthesized via the condition
containing the glycine-to-nitrate molar ratio of 2:3. Figure 3 shows XRD patterns of BZT (the
molar ratio of 2:3) calcined in air at 500 and 1000 C° for 4 h. By increasing the calcination
temperature to 1000 °C, the diffraction peaks corresponded to BZT exhibited high intensity
and well-defined peaks indicating the higher degree of crystallinity and the increase of
crystallite size. The average crystallite sizes of BZT powders calculated using the Debye-
Scherrer equation (D = KA/(Bcos0), where D is a crystal size, K is a constant taken as 0.9, A is
the wavelength of the X-ray radiation, B is a full width at half maximum of intensity of the
diffraction peak and 0 is the Bragg angle [17]) were 7.7 £ 0.03 nm and 20.6 + 0.02 nm for the
powders calcined at 500 and 1000 C°, respectively. Figure 4 shows IR spectra of BZT
powders prepared by glycine-nitrate combustion calcined in air at 500 and 1000 °C for 4 h.
The FT-IR study supported the XRD data by showing strong absorption band of
characteristic perovskite oxide, BOg octahedra (B = Ti or Zr) at 540 cm™[6], indicating the
formation of the perovskite oxide phase. The absorption bands corresponded to hydroxyl
group of physically absorbed water at 3400 and 1600 cm™ and carbonate group at 2900, 1400
and 1010 cm™ were also observed in the IR spectra [6, 17]. The XRD and FT-IR results
showed that the BZT powder calcined at 1000 °C for 4 h contained some impurity phases of
BaTiO3;, BaCO3; and t-ZrO,. To obtain high purity of BZT powders, the calcination
temperature up to 1200 °C might be necessary as indicated by the TG-DTA analyses. In
addition, to improve the BZT quality and to reduce the calcination temperature, the glycine-

to-nitrate molar ratio used might need to be optimized. Generally, highly exothermic reaction



with shape single step decomposition in TG-DTA curves is preferred for autocombustion
synthesis as it could produce much higher heat of combustion resulting in the products with

homogeneous composition and lowering the calcination temperature [6, 19].

The microstructure of BZT powders examined by SEM is shown in Figure 5. The
BZT powders calcined in air at 500 °C for 4 h exhibited loose aggregated particles with
spherical morphology. The particle sizes were in the range between 50-100 nm. By
increasing the calcinations temperature to 1000 °C, the higher degree of agglomeration and
the increase in particle sizes (70-120 nm) were observed as expected. The impurity phases of
BaCO3s, Ba,TiO,4 and t-ZrO, were also observed in the SEM images. TEM image of BZT
powders calcined at in air 1000 °C for 4 h is presented in Figure 6. As can be seen, TEM
study agreed well with the SEM analysis by showing agglomerate BZT particles formed by
primary spherical nanocrystals. The crystallite sizes of BZT observed by TEM were 8-20

nm. These values were consistent with those estimated by XRD.

Summary

This study investigated the preparation of BaZrogsTip7O3 nanoparticles by
autocombustion method using glycine as a fuel and nitric acid as an oxidizer. XRD analysis
indicated that cubic perovskite BZT with the trace of impurities can be obtained from the
synthesis condition using glycine-to-nitrate molar ratio of 2:3 and calcined in air at 1000 °C
for 4 h. The microstructure the BZT examined by SEM and TEM showed agglomerate
particles consisted of primary spherical nanocrystals. The crystal sizes of BZT obtained by
TEM analysis were 8-20 nm. These results suggested that nanocrystalline BZT can be

prepared using the glycine-nitrate autocombustion method.
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FIGURE 1. TG and DTA curves of the BZT dried gel.
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FIGURE 2. XRD patterns of BZT powders as a function of glycine-nitrate molar ratios of

0.56:1, 1:1, 2:1, 2:2, 3:2, 2:3 and 3:3 calcined in air at 500 for 4 h.
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FIGURE 3. XRD patterns of BZT powders calcined in air at 500 and 1000 °C for 4 h.
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FIGURE 4. IR spectra of BZT powders calcined in air at 500 and 1000 °C for 4 h.
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FIGURE 5. SEM images of BZT powders calcined in air at 500 and 1000 °C for 4 h.
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FIGURE 6. TEM image of BZT powders calcined in air at 1000 °C for 4 h.
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