U\ a W [~}
mnmwN"lv\lﬁmaz’nwmnmwmmmiazmmmam
(1-x)BiZnTi, .O,-xBaFe, Nb, O,
ELECTRICAL PROPERTIES AND PHASE EVOLUTION OF

(1-x)BiZn,Ti, ,O,-xBaFe  Nb, O,

= a d %
nasangy 1ams

INNAAATUHIVUNA

a LY d
VNP NIAANT

i INeNmans
=) U \l
urINenaeuvalg

2556

d
©AVANTUBINYNINNAUNNITIAIS



U a v [~}
ﬁNUﬂﬂ1QﬂT\Iﬁ1!!ﬂ3’J’JWﬂ1ﬂ]ﬁ!ﬂﬁﬂlﬂﬁﬁ1iﬁ$ﬂ1ﬂﬂlﬂﬂ!ﬂlﬁ
(1-x)BiZn, Ti, O,-xBaFe  Nb O,
ELECTRICAL PROPERTIES AND PHASE EVOLUTION OF

(1-x)BiZn, Ti, ;0,-xBaFe  Nb, O,

= Aa d Y
NesAney lams

a a (A U = =
Inentinusiniuaiurisvesmsann
muranga sl Inenmansuriladia

a (Y] J
a1VNIBPNIAAATAT

ANINITINNMaNS
=) U |
wrINeaeiIna

2556

a A Qd a2 U |
©a5llﬁ1’lﬁ"ll®\13»l‘I’ﬂ’J‘ﬂEﬂﬂm!Nﬁﬁ’iﬁN



U\ a W [~}
ETN‘Uﬂ‘ﬂ1Qulcll\l‘I/g‘h!!ﬁg'J’JW‘L!1ﬂ]ﬁ!ﬂﬁﬂlﬂﬁﬁ1iﬁ$ﬂ1ﬂﬂlf’)ﬁ!ﬂlﬁ
(1-x)BiZn, . Ti, O,-xBaFe  Nb O,
ELECTRICAL PROPERTIES AND PHASE EVOLUTION OF

(1-x)BiZn, Ti, .O,-xBaFe, Nb O,

= a 4 Y
mosanay lans

a a n'dy Yo a waq Y o 1 = =
entinusi lasumsnnsanewia ldiududiuviisvesnsanen
muvangasliyuInemansuniiaie

a o 4
TUNBNITAAFTAT

2556

a a 4
AUTNTTUNTADUINYIUNUD

1J5¢51UNTTUNT

<2 LA '
...................... e NS A
a (%))
(93. 915735 BuAzN)
/\f%., 405 6N oa :
............................................................................................ 91913613 P13
Jd o a
(509PNAATIN36 Aagyn ABATIAT)
?1
.............. OO SO 1 £ V1 1 1

’ % 0 a
(93. 2igen Az lwe)

'
©ammzmmmuwnv1mammﬂmma



=\ =)
fnanssudszma

Iy o

I Jd o a { o o
HIVYUDUDUNTEAW TDIATATIVNITY NAUNT A1TATIAN ﬁﬂ§m11ﬁlﬂ1llu$u11uﬂ15
Y Y Aa A a 49! o Aw dy o Y = Ao a 4 dy
Ll,ﬂulsllsllﬂWﬂWﬁWﬂ‘VILﬂﬂﬂluGlUﬂ']ﬁﬂTJﬂfJu 1/]']114?(']%13'0!,511ﬂuﬁWfNWu'JﬂleﬁiJ‘Uuﬁﬂ!iJ']ﬂsllu

v
Y v v A

g £
@1aeﬂﬁ]u“lﬁ’ﬁamaﬂumimafﬂmumuaummwwwuauumuuﬁ"lmmﬂﬁu

a [44 ~ Y o =3 o
UVDUBUNISHAW AT Q"lijﬁﬁﬂl BUATD VlGh’iﬂ’]ﬂ3ﬂE1LLﬁ$L!U$U’]LLu'JV]'Nhluﬂ’]ﬁ
o A Ao Y q v 9 A A4 v o aw vy o
ANVUUITUINY 333\1VlQiﬁﬂﬂ’]llgcluluﬂﬁTV]LﬂfJ'JGU'ﬂQﬂ‘UQ']u'J%fJ ﬁaﬂﬂﬁ]uﬂlﬁﬂlﬂlluzu'ﬂuﬂ'ﬁ
o A Ao 4 Y < Y 9
ANUUITIUIY Llazllﬂuleuﬂfgﬁ'ﬁ]uﬁ'lu'ﬁﬂﬁ]u!lﬁﬁlﬁﬁiﬂ 3'33Jﬂ\1hlﬂﬁagl'3a']1uﬂ']§@]§3ﬂ‘ﬂ']u

ao ao C4
T1GUIVY ﬁ]uﬁWNWimlﬁmlsUﬁ'lfJ\‘l"lu’ﬁ]ﬂulﬁ}ﬁllﬂuiﬂ!

9 7 a A o @ A Y ¥g ¥
ﬂJ@mﬂUWﬁ%ﬂmEj“KﬁﬂﬁTﬁﬂﬁT%Wiﬂ A9. Q"QJJ LAYV LD AT. U ﬂ%ﬁul‘b'ﬂ Vlulﬂﬂl‘ﬂ
o o Y dy 9 dsj o Y = Aa v 9
muugumaz:ummqGluﬂ1mﬂ”lmuawwmiwamauuu ‘Vnclﬂﬁﬂﬂiflﬂlﬂuiﬁbﬂu"l Elllﬂ
7 A 2
ﬁmyimmﬂﬂwu

= J A A

Jd o a Y 4 e
VDUDUNISAWU B19138 uﬂﬁﬂ‘lel'lﬁ'l"lﬂ'ﬁ%'nﬁﬂﬁ'lﬁﬂi i')ilﬂﬁl%’lﬂf!’ﬁﬂﬂuﬂmiﬂﬁuﬁ

a 4 = 1 ~ o ] 1 o Aa awv
'J“Iflfﬂﬁ'lﬁﬁiuﬁm‘ﬂﬂTUIﬁElnﬂ‘ﬂ'lu %Glﬁ’muuzuma$mmmamﬁ’aiummuummnmmz

Y A A o ' o A ao Yy 9 <3
ﬂ151615!,ﬂ5f]\11]f]51uﬂ'151/'|@ﬁﬂﬂﬁ'ﬁﬂfﬂﬂ Fﬂua’lu’liﬂﬂ’lluuﬁ’]u’)ﬂEl]lﬂl,!,ﬁ'glﬁﬁﬁ]

Y dal o o a g’; o A
FANeH VONTIVVDUNTZAMNAIIVDITAT H1597 iﬂhﬂﬂnﬂﬂuiuﬂiﬂﬂﬂiﬂ Nnnoy

Q £

9
Tihasluanow Jevoveunszamu o Tonmail

~ Aa 4 Y
mosansy Tans

3



A

A a a d VN av <
FOLIOIINUTUNUD ’éﬂlﬁ@]TINIIWﬁHLaz’J’J@HHﬂWiLWﬁﬂlﬁ]ﬂﬁﬁﬂza1ﬂﬂl’0\1uﬂl\1

(1-x)BiZn, ,Ti, ;0,-xBaFe, Nb O,

d‘ Y = a 4 Y

BorjueH Mosaney lams

nangns Iermaasuiiama (@113 7d9emeans)
¢ a o

21013850 3. 9137350 DuUAYO

d 4 d o a
'i’]”l‘iﬂﬁﬂﬁlﬁﬂ‘tﬂﬁ'gu TOIFAITNTI1TY NAUNT A1FTATIA

[ A o

a 2 s A = G a Y < . .
NuIBINTagUszaseAnyIMTes e 1dn 13a15a2n 7 (1-x)BiZn, T, O,
gas A < <3 9 ' 1o
xBaFe, Nb, .0, :(BZT-BFN) Tagl9itwseuiluaisazargvesas lomsualsan x m1au 0.6,
' ~ a A 9 J v
0.7, 0.8 1182 0.9 WUNAPNTAUATONFT N BZT-BFN 1 Insaadauuumessonalnd 1an
4 ' 1w a J J a
Qouly x 1IANIMTRIMIND 0.7 WaATIZHIIN XRD W1 IA59a3 1990955100 BZT-BFN
A I a a A a A é! a a s A é’ A
veilaou lilluAadnieusuaves BEN 1nau vuiavesuaaiswisdnesinuaiuiie
] Y ' Y
31 Ue9 BEN 1NN AIANUAUIUUYDU45 130 BZT-BEN Huun Tduminduamfsua
1 ' ' 4 s A aan J
Y94 BFN TagliA1n1umuiuiun1angugandi 95 wledwud Nguvgidumes 1100 9aen
walBod INHANITIATIZHAIIMATA SEM WU YUIAINTUInaevedss1iinIzanauilo
2 2 v A Aaa s A X A A 2 °
UTuuuee BEN INNAY 1Al g gusuine siiuyuyvnaveun s unagasiuyuuas i1
a J . ad a a A 2 =
FNFUVOUTTITNIZAAAL A1AST IABIANNT NVOUFTINNIZINNTUA T U0 BEN Loy
Aa FY 1 = ad a a A 49!
anaamuaNudR ldlunsnadeu mmsgasdelasiannsnueuwsiiin BZT-BFN dZiNuay
=Y A EY =1 a adg a
awfSuaves BEN uazguvgiinldlumsnagey minmsanyimganssuvedladiannin

G

a 1 a a ad a
VOUBIIUN BZT-BFN WUNET1UN BZT-BFN LLﬁﬂQWQﬁﬂiiNLLUULW%Ti@Laﬂ‘i/lﬁﬂ‘%uaﬂl%i’)%

o o W a 9 J A v A ~ o ag a2
AaIALY: L“]iﬂllﬂul,iﬁﬁﬁgﬂ’)/‘]Jﬁiﬂ/]%\iﬂ‘{ul‘ﬂ‘i/luuﬁ/uﬂl‘iﬂhll@if]ulluiﬂmﬂ/ﬁﬁﬁl”lﬂﬂmﬂ‘ﬂ‘iﬂ

“4)



Thesis Title Electrical Properties and Phase Evolution of

(1-x)BiZn, ,Ti, ;0,-xBaFe, Nb O,

Author Keattipong Daikarn

Degree Master of Science (Material Science)

Advisor Lecturer Uraiwan Intatha

Co-Advisor Assoc. Prof. Gannaga Satitthada
ABSTRACT

This research aims to study the preparation of lead-free ceramic (1-x)Bi(Zn,Ti,;)O, —
xBa(Fe, ,Nb,,)O, :(BZT-BFN). The BZT-BFN ceramic were prepared by solid-state reaction
method where x = 0.6, 0.7, 0.8 and 0.9. The pure perovskite phase was found to be stable for x =
0.7 and higher. The XRD results demonstrated that the structure of ceramics changed to the cubic
phase with increasing BFN content. The lattice parameter is increased when increasing BFN
content. The density of BZT-BFN ceramics tended to increase with increasing amounts of BFN.
The theoretical density is more than 95% at 1100°C sintering temperature. From SEM
micrographs, the grain sizes of ceramics were decreased with increasing BFN content. However,
when the sintering temperature increased, the average grain size is increases and porous of
ceramics is reduced. Dielectric constant of ceramics tended to increase with increasing amounts
of BFN and decreased with increasing frequency of measurement. The dielectric loss of the
ceramics was increased when increasing temperature and BFN content. The study of the dielectric

behavior of BZT-BFN ceramics, the BZT-BFN ceramics show Relaxor Ferroelectrics behavior.

Keywords: lead-free ceramic/bismuth zinc titanate/barium iron niobate/dielectric material
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Normal Ferroelectric ERelaxor Ferroelectric

—— 10" Hz
--10"'Hz
- 10°Hz 406

£'x10°

(c)

0.2

T(K)

esharp narrowxfransitions ¢ very broad €'(T) peaks
*¢'(T) follows Curie-Weiss law » strong deviation from Curie-Weiss law
*No frequency dispersion * strong frequency dispersion

* 1st - or 2nd - order phase transition with * No structural phase transition across T,
macroscopic symmetry change at 7, * Critical slowing down of dipolar motion below 7,
* Strong optical anisotropy across 7, * No optical anistropy across T;,

3 (Samara, 2003)
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flan (Kingery et al., 1976)
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{a) random orlentation of polar {b) polarization in DC electric field (c) remanent polarization after
domaing prior to polarization electric field removed
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P 1

axis of polarization
>
>
b 4
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flan (“Piezoelectric Ceramics: Principles and Applications™ 2002)
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