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ABSTRACT

In this work, the major aspects have been carried out to establish the relationships
between preparation conditions and the ceramic properties in Barium Zirconate Titanate

(BaTi,,Zr, O, : BZT) — Barium Iron Niobate (BaFe, Nb O, : BEN) system.

Firstly, perovskite powders of BZT and BFN have been prepared separately by a solid
state reaction technique via ball milling. Particle size and thermal properties of the BZT precursor
mixture have been investigated in order to estimate calcination temperature. The BZT powder
was calcined between 900 - 1200 C. Phase formation and morphologies of calcined powders have
been investigated. It has been found that the presence of the major BaTiO, phase with tetragonal
symmetry and some wt% of cubic BaCO, obtained at a calcination temperature of 1200 'C. After
that, the BFN powder was also prepared with the same technique. From literature survey, BFN

powder having pure cubic perovskite, can be formed at calcination temperature of 1200 C.

Secondly, the solid solution of (1-x)BZT — xBFN powders (x = 0.2, 0.4, 0.6 and 0.8)

were prepared from the BFN and BZT powders via ball milling and then pressed and sintered

(6)



between 1350 - 1450 C. Maximum density of the ceramic was obtained at 1450 'C for every
mixing conditions. The evolution of the tetragonal phase, indicating phase transition from cubic
to tetragonal with increasing with BFN ratio. Lattice parameter increases depending on the BFN
content. The dielectric properties of (1-x)BZT — xBFN ceramics were studied. Dielectric constant
and broadness of dielectric constant peak of this ceramic system were increased with increasing
BFN content, with the dielectric loss measured at 1 kHz was show lower than 2.00 at working
temperature (room temperature to 400°C). Moreover, ferroelectric properties were studied via
hyterisis loop, only 0.2BZT — 0.8BFN condition was shown ferroelectric behavior that is

correspondent to their structure.

Keywords: Barium zirconate titanate / Barium iron niobate / Ferroelectric / Solid-state reaction /

Dielectric
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A ] 9 wad Y] = A 9
AINYANYU AITNIDU Llﬁgﬁﬂﬂﬂﬂuﬂjuﬁﬁﬂ saupemstlasundasvuianveslnsedseves

= & = = a & 4 ' = Aa L . Y
HAN PITUANUATIANAYULTINI “ANATIANNAVULDI” (Spontaneous strain) uaaeli

3 =2 A 1 A a dy A a g a 9
mummﬂﬂaauuﬂmmmm ﬂsllusluﬂ1§!‘ﬂﬁEJ‘L!LL']JENETEHL!Si]"lﬂW"IﬁWﬂLﬁﬂTliﬂLﬂl"lﬁ

Y

amu”w\lﬂimaﬂmﬂ (imﬂi sm ,2549)

v Aav 1 (% 1 4 a
Waddenateniu ladnyimansenuvesdasi@Iunauasies lation Tumsiiin
a o ' = A
puEswes Iawa Innuuanemslasuniasgungigs nasasdunEennnua
. A a A 9y
(BaTiO,) Qa3 130 pariwaFeod Fenaenn 1@l Teazy I lumaRertuie e
A [ 1 o 1 a Y aw
MNOATIAIUNENYOUTDS Iatiourzdenaliguigiinianal  onA10619TU IUITBVA
{ o [ 1 o J
Stephen M. Neirman (1988) N#IMsANYINANTENUVOIBATIAIUHANETIYOS IATloune
a A a ~ J ’ A
qmwguﬂﬂuzmimmmmmmaﬂmm"lwmm@ (BaZr,Ti, ,O,) 118 x = 0, 0.05, 0.10 1@ 0.20
wuhmeungiesnldnnmsisedu 126 105 85 waz3l esrusaFua deandeafiy
Y
NaN15I8UD 4 Kobune, Yamakawa i8¢ Yazawa (2005) DNNINUIVYVDI Liang HasntUe

o 1 4 A o =~ 1 1 a o
(2007) Fanuiuiieriaaes Iaionunnit 0.20 ¢ 1dmgangiinidnigudessivados
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v
A o C%

Aav a o 4 ag a o YA 9 [ A A [
NANUITENRAINaNTAvITas Tsaannin i ldumsaunudaglvunisenii

[ o ad a 4 % I Y] 4 ad a
Ferauls 1581ann3n3uanaes (Relaxor ferroclectrics 130 Relaxor) uiluiaamls 1sdiann3n
yia vl Nuaasmsiasuudasaniuzuuunszae (Diffusion phase transition) 1A8NAIAGN

a s a ' a 9 . ' A a s a =
laganningeluy19gungiind1e (Board maximum) uazA1nsi ladranninazinlaounila

A ] ~ Q; 1 A Y ~ ad a ~ a

awaNudn Tugigurgidind guugiinldmaai ladianningega uaziguigige

1 a v U [ 4 ] a 4
nQUNYIRINaTagsuanires 1z TuuaaINgAnTsuNDUYS- 19ad (Curie-Weiss behavior)

v W 1 [ = 4 4 ad a

(Moulson & Herbert, 2003) #46198197aa31ans0315 15016ANTN Pb,K(Nb, Ta,,).0,, 11

NN 2.6
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d' o 1 ~ ad a [ = o 4 adc a
HNN 2.6 L!’dﬂ\‘lﬂﬁﬂi$mﬁl@]’JGU’ENﬂWﬂQﬂHlﬂ’E)Laﬂ‘ﬂﬁﬂiu’]ﬁﬂil!ﬁﬂl%ﬂilﬂ‘ﬂﬁﬂlﬂﬂ‘VIiﬂ

(Elissald & Ravez, 2001)
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2.6 aNUANITIDEANNID

ad a A A = ' 1 A A [ J ad a
ANIANITDLANNITINNIDLIYNDNBDYININ ﬂflTL!Z“I/]llﬁﬂWWthHJuW\liiﬁﬂlﬁﬂVliﬂ 9

a 1 a

a dgl A a J a g a < Aa 1
Lﬂﬂ"lluﬂqmﬁﬂilﬁ\iﬂ’ﬂﬂmﬂﬂuﬂﬁlﬂﬂﬁﬂW‘WLWiIi@Lﬁﬂ“V]iﬂ Wuao1ueNNauuIasuINNIN
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gouzs 15oannsn U1AseasuUUAIDN FIUNANIAIVUAUNY 6 nayANYINYany

o a % -4 1 4
(Equivalent) s 1¥msina Tnan lssdudiuesiinuiuguéd (Barsoum, 2003)
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I8 =P N
I( o LT
\‘ 1 Ilr Iy _ \%\ II|' Vi
% \ ;'f 2 /ﬁf ) i / /{:I
(.//L > b/ ¢ o)
i Ps#0
Baz+ DI- TI'H
b Q9 e
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. APIUENITIDENNTNNN TATIa3 19U UYNUIAN
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v. gaouzls 1somnninny Iaseas 1 uuunase Inuea
~ a ) .
M 2.7 uaaamsnasulnsia3199o3es BaTio,

(Northwestern University, 2002-2007, 3zuua04 laif)
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a :JI 9 A A (% Aaad a 9 A adc a dy
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I~ wAa [ [ a = I~ wqd‘ [ 1 <
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a Q

[
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auianavesian lasiannin’la Taeusiseomilu 2 A1 (Yamashita, 1990) 69l
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1. msldmanuamunga
[ a Q( d‘ a 9 A1 9
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=

' A adg a
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Y
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2.8 mahulszguesdunuilszy

o v 1 @ o 1 [ a g a o
Taoma ldaunuilszgzdlsenoudsurudniaewwruniiiag lasianninaunais
2 o g 1 @ = =} v [ -
GlNﬂ’J!ﬂ‘]J‘IJ55@.!!’@]ﬂ%ﬂf]%%llﬂ')nJﬁUﬂiﬂﬁluﬂWﬂﬂ‘UﬁgﬁiJ'l]igﬂﬂlﬂﬁﬂﬁlﬂﬂﬂigiﬂﬂl‘ﬂWﬂu

(Moulson & Herbert, 2003) N5 2117 (Capacity)

S

1 Dielectric
Area A Aread. ‘11l (Ingulator)

R R

~ 9 v 3 A @ ad a
MNN 2.8 LlﬁﬂﬂIﬂﬁﬂﬁﬁ"N‘]Ji’]\i@]'ﬁlﬂ‘ﬂﬂﬁgﬂllﬂﬂﬂﬂiﬁﬂ?ﬁﬂqﬂﬂlaﬂﬂﬁﬂ

(Western Washington University, 2009, § zuuaau"laﬁ)

v [ k4

1100 Nd 2.8 uaasTaseadisvesd unulsey denowdsau IfdhAuurudning

Y v 3 Ao A ad a o 12 a 2 1

aesdevesdunulszyniidagnuiunie ladanninaunais sz lufinszua Tlduiadu ua
Y v 9

wiiszy ihidatiufidvesiudniuazuruladidaninfisaesing Tasiswiuvealszy

H [ 9

T ududniudazuiusifunaiiulszy Iihauazaia navalszy ihfududnings
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Y @ 1 1 v J 1 1 @ o :]1 [
UANIAUATINUAMANUANANGD (V) 5EHINUHUAINGGDY (Kasap, 2006) A4aNNT 2.3

Q=cV (2.3)
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mmuﬂam@umqwuma ‘VNL!‘I‘Llﬂ'IﬁLai’]ﬂ‘l"]N'luEJ\W]EN?]'I‘INiNﬂ'lﬂ’J'liJ!Lﬂi\‘iéll'fJ\i]’lﬂ@Laﬂ‘Vﬁﬂ‘ﬂ
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AITUMS
A
C=¢g6— (2.4)
d
{ 1 [l 3 @
Tasn C Ao manugimiaduihsa (F)
g, fo  anmeouna Wil (Electrical permittivity) Agaynnea
(8.854 x 10" F/m)
(% 1y 4
g, D ANNIONFNNNT (Relative permittivity)
2 J A as a . .
130 ANAIN 1ABIANNTN (Dielectric constant)
A dy Aa ] v o A ] I 2
A D NUNAIVBIA LA VU UAI519UAT (m))
A 1 [ ] ) 09: ~ ] I
fo FLYTHNITHIMAUAIINIF09 UnUe)umuas (m)
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4 &
e g, =— (2.5)
&)
A 1 [ Aag a
£ Ao earanmeaund Iihvesdinarsladidansn

< ac a % @ {
Tao ¢, Wluanamzvesars ladiannin Fee13su1ealeraiinisilasunasaiy
a A A o A 1 A adg a 1 A a 6 A J
PUNNUNITONNND AINIT NN 2.1 %gllﬁﬂ\‘iﬂ'lﬂ\i“lflulﬂ’f)mﬂﬂiﬂ“ll’f)\iﬁﬁ@NG] NANUD 10 LFTAY

a A

Y J { adg a adg a
3197 2.1 naaen1ned ladiannsnvesas ladiannsn (newqal 399110A, 2549)

Q Q

AL nsilasiEnn3niinaag 10° Ssnd (&)

Tnatonnau (Polyethylene) 2.3
mnaou (Telflon) 2.1
DNONF (Epoxy) 3.6

U Taran 7

ud lwignd 4

ALO, 6.5

Tum 7

TiO, FEUIN 14 D9 110
vh 78.3
AYYINA 1

'
o A =

o 4 adg a Aadg a 4 4 adg a
TL!ﬁ"Iiﬁ]”IW'JﬂW\I'iIiﬂLﬁﬂﬂﬁﬂﬂﬂﬂﬂ”lﬂ\iﬂhlﬂﬂlﬂﬂﬂiﬂq\i Lﬁ@ﬂ%?ﬂﬁTilWiIﬁﬂLﬁﬂV]ﬁﬂ
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v o

WhuesitiTaseadreTuana fldine Tnar lsmduanslulassadeld duiudedidigandn

13 ladiann3niiala (Barsoum, 2003)
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2.9 ANUNUMUVDI lADIAANID

(% =} a 1 { aa a o <
Tumsldauaunuilszy venvinazinsanainsi ladianninuaa suiludes
a [ ad a 9 £ Y o J =\ < A 1 9
wasanmaNunumuves lagiinnindie Fahdunvilszyiivinadniionns minegnield
1 v 7 o a 1 v 1 '
ANuANANIg 3z 1dnAn1sWIna1e (Breakdown) vosaunvuilszyld Tageranainlan
1 ad a { ad a
AMNUNUMUYD3 1ADIANNS N (Dielectric strength) Aoawm IWihgegantlouliars lad@nnn
A [} 1 1 9 ad a o [ I I Y A A
NogszninTanzguuu udras lasrannsndanesnmanmanuduauin 131 uadiemy
A ag a EZN < ag a c?/’
auw lihgeanhimanunumuvedlagiannsn autiaanuiluavuiuveslasidnninivez
A <3| v o o 1 ad a
vua lduazisududani ildseyaunsonse Taadwi s lagiannin1d  (Buchanan,
Y 3 Y ! v v 3 1 a ' 1A 1
2004) aariunssau lihgeganldnudunvilszquaazriia szdeslin linumanununu

ad a v :J' o A
Ellﬂﬁulﬂﬂlaﬂﬂiﬂ{’lu@]fllﬂﬂﬂﬁgﬂuu"] LEAIATNNITN 2.6

_ k=e
E. 7N (2.6)
A A ! adg a . .
\IQ] E, o MANUNUNIUVL 1ABIanNIN (Dielectric strength)
~ 9 1 =\ o
mﬂau"lﬂqqqﬂﬂaumi%umiwa‘wmﬂ
=\ ] I a 1 a A
Inelunlallannouaaung
1 v o 1 1 1
V., ﬁﬂ mmmqﬁﬂaﬁwawiamsﬂ@umu (mq@qm
[ [~ a o
Inedlunlalian
A 1 1 = ] I a A
d o izazﬁw3NTam@,mmuwmmﬂumamm

Y Y

o o 1 ac a @ a
ﬁ?ﬂiﬂﬂWﬂ?WﬁJﬂHﬂWUﬂlﬂﬂqﬂﬂlﬁﬂﬂﬁﬂﬁﬁuﬂﬂ%u@m@ﬂﬁTﬁ LLa%Iﬂiﬁﬁ%N‘ﬂ%‘]ﬂﬁﬂWﬂ
1 9 1 AAa I 9 09/’ dg’ Y] = Y
U VUIANTU VOUNNIDINAT 1T uau HUHINIINUUDNIVVYUNUANIUWIUVYDINITONAIY Tag

1 ag a a (% !
ﬂ'lﬂ'l']ﬂJ‘VIu‘Imusll@\‘]llﬂ@LaﬂﬂiﬂﬂlﬂﬂﬁTiUN“ﬁuﬂl!ﬂﬂﬂﬂ\‘]ﬁ?iﬁﬁ 2.2
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a A

4 J adg a
ﬂ1§1\1ﬁ 2.2 uﬁmmmmwumumaﬂ%l,aﬂmﬂ (ﬂ@'ﬂ’g@l 7IUNG, 2549)

Q Q

a3 E, (10°kV/mm)
Tnatennau (Polyethylene) 20
Twalhilanaelsd (Polyvinyl chloride) 40
1 Taran (Soda glass) 10
uin s ne (Pyrex) 14
ALO, 6
BaTiO, 12
TiO, 8
Tum 40

a

A N Aas a = [
2.10 auumﬂﬂsmanmﬂmﬂunuqm‘mu

U

vinmsfenaun i ldens Batio, nudimsnlasunlasiamaves Tnan Tssdu
wazgUsaveslamu Taadedmafinau ldihee i ld TanmiRanssasvadalnily
famuRersuivauyiihlfinnige vezidleanaun e lanmes hindudanas
a1 Tagozdunaldudeaun Tfhfiaudusud a1 Tnarlswduezdons liifugud udwind
msiumaun i luiameaseiudw asilda Inan lsiwduaadiasaudgudld an
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sl 15aidnnsn vazdaa Inan lsssunnldenlyl Tasanuduwusvosaun i lduay
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A A

1 % d' a lﬁ? = Aa A = ==
A lnan lssruiinaty uaaslunsBames Fa (Hyteresis) Tasunnteluvorsdames sa
A 1 = ad a 4 ad a [
AomMsgadon1a lagianninuesd1sins 159100050 (Moulson & Herbert, 2003) AILIEA

% 1 d'
d10819 UM NN 2.9
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P P
C/m? C/m?

03T

0.2 4+
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MV/m fo )4
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n. WANIFUALY BaTiO, . 15510N BaTio,

3 v o J
ﬂﬂ/‘lﬁ 2.9 UFAANANUTAUNUTIEUIN P LA E 6U’E’J\i[?»lﬁﬂ

2.11 msgaydamdladidnnsn

= ad a N . A @ A = v
mygaden1alagiannin (Dielectric loss) Ao wasnuigadsluglnasnuany

Y]

Fouvasdunuszyluaees ihaszuaady delimsnendsnu lwihl¥suiaq lagidania

q

1uﬁagﬁuﬂizg (Kasap, 2006) mldannaums

&
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" A 1 adgd a A
g, A lad@nninauanin
' A ad a a
£ Ao M ledlanninesa



23

4‘ a [ = v v A v v A d‘
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! 1% ' ad a
MNA 2.10 LAAIVUIA Hysteresis loop LﬁfJ‘.LIﬂ‘Umm’iquLﬁﬂ“ﬂNllﬂﬂmﬂﬂiﬂ

(Georgia State University, 2005, § zuuaau"laﬁ)

2.12 anudmumumalnlihvesiagladdnnsn

aszurumana Iwa lssuveawsiinluauy lihnszuaady ansomnaldna

Tulnsaadraveslooou (lonic crystals) looauNaeuso (Involve ionic migration) iazdlszy

F4

Q

= v A v £ Y o =R == [ Y4 A
UNTIATENINU  (Moulson & Herbert, 2003) “1)'\‘]%3ﬁ@\iﬂWH\?ﬂ\?Wﬁ\?\ﬂUﬁﬂﬂqT‘IﬁW AITUD
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1 a ad a ' ' (9' —8'
A1v34ladannin R (2.8)
I+t
1A ag a " ' ' T
Avuannladiannin ¢ = (s — ) (2.9
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(61 (@) = (o 4 8,)F 41 (0) = (= 2,.)°

v o Jdo {
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(Elissald & Ravez, 2001)
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2= +R;’ZTT2) (2.15)
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(Moulson & Herbert, 2003)
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QMY AMUANUAMUMY (Qm)
SHan0819 FUINDT °c 100 °C 200 °C 300 °C
°c Rg Rgb Rg R gb Rg R gb Rg R gb
1350 996.86 22606.73 867.94 3516.47 158.54 3396.48 64.88 266.39
0.2BZT - 0.8BFN 1400 802.95 4823.96 519.49 905.19 102.21 522.94 31.06 256.09
1450 44577 596.93 87.16 85.93 12.10 194.96 0.26 807.06
1350 2508.72 35838.65 2163.71 9787.63 839.19 4454.96 274.82 3896.94
0.4BZT - 0.6BFN 1400 1767.11 19704.81 1034.70 7250.90 389.64 2287.62 91.61 937.24
1450 829.69 2097.91 317.22 1087.84 97.70 224.56 40.16 164.17
1350 3835.17 4927061  3380.35  84107.53 1757.98 6745.72 663.27 5551.57
0.6BZT - 0.4BFN 1400 1879.41 3183044 139495  26270.14 1174.67 3692.81 369.53 1243.37
1450 1246.58 5361.71 538.39 4940.10 341.35 2182.98 173.74 308.48
1350 4540.11 169239.30 3417.50 768631.00 2238.15 117076.20 1550.65 6460.00
0.8BZT - 0.2BFN 1400 2891.13 30066.36 1900.00 26077.19 1440.25 16649.37 640.38 4161.37
1450 2331.54 18839.41 1270.34 16297.33 716.76 13156.52 460.71 3803.10
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