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Preparation, Microstructure and Dielectric Properties of Nano-sized
BaTiO;-CeO, Ceramics

Student: W.C. Hsieh Adpvisor: Dr. Tsung-Eong Hsieh

Department of Materials Science and Engineering

National Chiao-Tung University

Abstract

The addition of CeO, to BaTiO; and its effects on the improvement of dielectric
properties and sintering process were studied. After the grinding and dispersion of
nano-sized BaTiOs and CeO, powders, the sintering at temperatures ranging from 700
to 1200°C was carried out. X-ray-diffraction (XRD) and transmission electron
microscopy (TEM) in conjunction with: energy dispersive spectrometer (EDS)
revealed the embedment of cubic ‘CeO; (lattice parameter a = 5.411 nm) phase in
tetragonal BaTiO; matrix (lattice parameters'a = b = 3.994 nm; ¢ = 4.038 nm).
Scanning electron microscopy (SEM) observations showed that the average grain size
of the samples containing CeO,, sintering at 900 to 1200°C, were about 1 to 2 pm and
had a relative sintering density of 93 to 96%. Dielectric properties measurements
revealed that the addition of 10 mol.% of CeO, in BaTiO; provides the best result
with dielectric constant and dielectric loss equals to 5369 and 0.83, respectively. It
also shows that the addition of CeO, lowers the sintering temperature down to 900°C.
The measurements of dielectric constant as a function of temperature and differential
scanning calorimetry (DSC) analysis indicated that the Curie temperature (7¢) of all
samples are around 120 to 130°C, and verified that the the addition of CeO, barely

affect the phase transition temperature. The phenomena of polarizations relative to the
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dielectric constant of the samples were characterized by hysteresis loops, which also
confirmed that the nano-sized BaTiO; possesses higher dielectric constant than
micro-sized one. This was attributed to the weaker coupling in between the electric
dipoles induced by the existence of grain boundaries in fine-grained samples. The
anti-parallel arrangement of dipoles, as seen in coarse-grained samples, hence less
likely occurs in fine-grained samples. This reduces mutual annihilation of electric
dipoles. Furthermore, the weak coupling between electric dipoles enables them to
align along the direction of external field much easier than those in coarse-grained
samples and, thereby, the net polarization and dielectric constant of the samples

Increase.
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B [ Te [ > SRES f REESFEIS lAs & I0 75— (W Fripply = = ¢ S8
Tk ol 7 PRI e P 2 O 227 (B) A e AR o HER
TCE\:*] ’/LHF“ Cubic {Hig 1T Tetragonal » ¢ JlIlET =11 a flINK - i i[001]7% [HJ iad
BLA [ 3 SRS SRR BE S IV [ AT AR T 25 o VAT
SRR ko PV ke RO ARTRL > /7 s U IR SRR 1% CAnisotropy ) » TR 2-8
R o T RN ) E] R {6 T AT 0°C BT Cubic EAER L A
(' Orthorhombic ) ; ’g.[ 6% B A = -90°C [ o R F] AR TR Y
(Rhombohedral ) - BaTiOs il fi5#H Bkl & frofiiasi e Y 2-9 5 [F‘ﬁ
BRI L FORR IR 2-10 - [2,5,13-16] «
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P29k BaTiO; “"Ejirﬁ?f,’ﬁgjﬁ ’”'?“T‘”ﬁ]?ﬁ?‘ 1500~2000 » PRIF=RLH {5, £

PR » R AT SRR 0 A e STk
(1715 B9 > BOPIfof (55 )« RS e FAPRAE 3 AP T 5
FRRIFVE 14 F PRy 3 [18] -

1660 _ A
Liguid
1620
________ —_ Hex.BaTiO,
1625 | Al £1580 +
| | o 4 Liquid
1600 | | 21540 gario,
g Hex. + Cubic BT
I | 3 1500 |- ex ubic
=
I I 21460 | Cubic BaTiO,
+
1550 s
1420 Liquid
I I Cubic BaTiO, ‘qu]
Hex. BaTio, 1380 L .
| I 50 51 52 53
I
1500| Mol % TiO, —
|
= I TiO,+ Liquid
g | Cubic BaTiO, 1945
EMSEI ! Liquid
a | 1 BaTi,0,+ TiO,
E
21400 | 1393°
e N
1350 |
1332° Ba,Ti,0.
+
Tio,
1300 [
Cubic BaTiO,+ Ba,Ti,;0, 4 a
9 9 4la
o I =
m m™ m| @
Ba0 | 1 1 1 m| o ot 1 1 |
50 60 70 80 90 100
Mol % TiO, TiO,

[l 2-6. BaO-TiO, AHIIHI[S] -
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27 (o) 1% 0 TP SRR AR (b) 1% (597 TR
SRYfEFE2] - : =

10,000 T T T T T T T T T T T T T T —%
8000
c
E = -
&
S 6000F .
é 2 id
o 4000+ -
a
2000+ -
L ke gFi -
0 I L L L
- 200 -160 —120 - 80 40 0 40 80 120

Temperature, °C

ﬁ%ﬂ 2-8. BaTiO; Fﬁ'%#ﬂ/ fi %ﬁ*ﬁ%ﬁﬂ@@[’“‘j/‘[‘ﬁ%[lﬂ °
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Unit-cell parameters, {A}

T>120°C Cubic
- A
e 7
5 |
5°C < T < 120°C T = Tetragonal
J
Py &
[——
/ a-axis
o —==
f
—90°C < T < 5°C i Orthorhombic
|
Py parallel with (110}
12 equivalent {110} b-axis

or Py directions

e |

P, parallel with ¢(111)
8 P, directions

Rhombohedral

E

i 2-9. BaTIOSBhiigRinti e (- [16] -

4.04 T T

4.03+

4.02

4.01+

4.00 28
P-"—H
3.99 Rhombo-
hedral

Orthorhombic

3.98F

Lot

3.97

Tetragonal

1 1 1

- 100 —:50

- 150

0 50 100

Temperature (°C)

[l 2-10. BaTiOs #1yif, Vil ff Hy WeHEDEN 2 fiom (= [16] -
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2.2.2 VIRHEHPRSEY FLEERHREE /1 T

fjiecl BaTiOs RLGHEAH flAHAEY e o (R skt I 22 LR il
A o 7 HLY BaTiOs B ZSBR » [b & Tl (Grain) fOsdifl ol IR 2 i
FET RIS P i e (Domain Wall) 553|757 % ildsi (Domain) > J[1fgf 2-11
R [19] U e AR 2R oty % HIER e g WNG
Ay (= [ AE = 180 » PP RIS /7 [ PR EY 180 It » 21 2 5 el
FSRA [~ Ak 4 Efﬁ%‘}qﬁ: (Electrostatic Energy ) + [fij %2 1 VRl {1 [y
fE2E 90° » [y PIHPEES 90°IsE » 7 AP [P ] 1 43 g oy
[5,20] =

?Eﬁ#, BaTiOs 1Y /1 %{?E’Tﬁ»[‘ Jﬁ[ﬁﬁ#[ﬁﬁﬁﬁﬁ% > T.I'J M5 > BaTiOs #[‘ﬁp@#[
BAHAR 1 Cubic ALY Tetragonal » JSAEAL [~ fL— 70T ( Diffusionless ) »
HilE (Athermal ) ~ 2 2% | TR [ /AU o S S A R 5 1% R
| “‘ﬁﬂ [FEA o e ﬁjﬁ%p l%—éﬁ#,'(:"rwin) g 551 R (S oA o o
I o PFEAE () BaTiOs f¥.a 27 b AT c (= - -3¢~ R[]t o =
bl & ) ES§EE T o filiE F e ok ll%]}f 0 EE U §955 (Relaxation )

MRF [ 2 BaTios ['fif - H #[ﬁwﬁ [l Ll e
MEIFF Cubic §EWALL Tetragonal |1 % [y P # Fef IS Pl (Ferroelectric
Domain) 1% 551" [ (S8 » [l 00°f)iss [21] -

1955 & > Little £ 90° s BRI E 45 0.4 pm > 278 1 pm [0 Fo gl
[J20E T T 90° ks » [l [ BEFOEHE— [flis [22]5 1966 & > Buessem %7
* I3 Devonshire {1 1Ifi= A 3 FTaE2H BaTiOs I/ /7 e Bty | e proer o

(@Evpg, TRV R 640 kg/em® o E:Iq B 3000 ; F[f ]
800 kg/em’ [ » H /i PRI 6000 ) » SRFI Tl 110 90° i 1t 7 »
AR [ R Fr 2 JT;%‘JJrj: Tl | R R & 90° s, 203l [N
SRy PRI ET(23,24]
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[H 2-11. flimsdAEIs] -

2.2.3 il | EERPREE S EHL T YR
Kniepkamp <7 Ui P B S259 1 pm =18 207 iR 4]
=5 3500[25] : Hirata 3~ B1E¢E]55.800. 2 1100°C %V #5f 7% BaTiOs 5' 7|
FEVHT o 3639 30 = 40 ¥0k% * el ?‘*”fl Wepge T (79 4400) 58 7 7
ﬁg,ﬁ{ 155 14 um %7 [26] :r%’FIEzI“JE"i_ﬁ L' BaTiO; .V /7 Fqﬁ %mﬁ FREEF if T
PR R 2 LR AR £ %‘ﬁ'ﬂfﬁﬂﬁﬁ | VRS o Ardt Z7 I 90°
A e R /7 PR > SRR A0 pm R L e
- EffiA¥ 1500 = 2000 > =" H 90°§g,i§§ﬁ?£lf@@ £50.7 = 0.8 um ; EQ’F%#,%EJ\'J‘
fIEE 1 210 pm VRAE] - g ARG & T g 2 90% Ik EE
B ASTEA o AP P (1o NEDR( J TR 1S T b - RS,
B ] [y 5> YR 2-12 5 o [l SEM AT TEM [R>S 5@ | i
FIIES 90 g A1 - [y E /7 PR PO LN B A By R e A ) - o
AL 1 AT R IR A S A (27 -
il J/gkﬁffijj 2| A UR i ﬁic'sr@flﬂmj RN
O0° SN BF(IVRIE T[] » 2 BB B P e A S I
7 eV 90° S i [

15



i Ep BaTiQy . dense ceramics

= measufed al 25°C

« megsured of 70%C

Er calkc with [9) o caleulated with (91
—

t — T — T T T
gr 0203 0% 10 23 5 w3 s
afpm -

[fl 2-12. BaTiO; [ /7 § ﬁf@’r&éﬁgl%f*'Jd/@f“‘[27] °

224 SRPAGI ST 1E[13-16]
= E PP YRR Ay A S SRR A R A [ [ P
PR SRR - RS ol ISl - 1 p 38
[ - (L E 5 R i P A F'\Jﬁr‘hn:? % 4 TR 2-13 [ > P-E
{irsses 721 £ 136 ( Hystetesis Loop )=
S OB 5 (5 195 8K (R sig » o [~y
GRS B SRR - B TR T » 115 ) T
A [T [T 905 180°) » Ay [ 91 gIRTRY o A 19 R A R AN
j%ﬁ %@FJ@%jﬁ e[ gﬂ@ : n—ﬁti 2 ZJB@ ANy (= Py ( Saturation
Polarization ) » Jfi#7°¢ | FOS F il 45 A A [ 7 o T PRI > B
%[ JRFH [ P, (Remanent Polarization ) - fﬁ:ﬁﬁu FLPRIE, %%Hﬁ&@l 4 [EE
JURERR e > fol S ABEIRETRRA ST B o [yt R (™ 55 % o
SETIR O3 e - LTS Ee (Coercive Field ) « Er’[‘{@wu%@j = E
e ¥ ST G (% S SR [ 8 R
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]

il 2-13. SRR P-E ?ﬁﬁgllﬁﬁqzs] o

3 GRPRSEID AT (5 £
FEPRTROAEREEAR 1 > E 1 fLpSAYR | RL#EY - (L (Entropy ) - PR
BB SRR 1 T R [« USG5
B (e ) AR R RAERR 00 K1 - AT [ ( First-order
Transition ) ~ = [ [~ ( Second-order Transition) Fl = % W:AfE (== o Afigh (=
FBiE( Order ) pl AR [ 4 2 K > Gibbs [ I IF=[EET /S ARAL PR e 55 -
P 2 (§]=VT@%L*S FEAP B VAV S T
A+ A~ W (Latent Heat) T % » FIFAEARR:— HIEA [~ U1 2-14
Ca) BF o &b o Wi A AR R (LA 0 F IR R S

28) 5) % (29) ~(3) o (B8 2 e
or’) ~\er), 1 \orP*) \or). "' opor ) \or ),
2o HEHE G~ SEIPIRHY o R ESHTHY B S T [ F A
FERBRPS AT (= - I 2-14 (b) 7 [20,29-30] -

S~ SSTERTR H GBI R AR (O I 2-15
T T Tl FURR = BRI R g 20 5 8 B s B
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IRIR R ¥e E\ﬂj 530t ?nfﬁfj E‘\fﬁﬁ FFI T — (B 2 & ( Curie-Weiss Law
C

k= 7 ) PIIESEL T [t [~[5,31]- A48 Chaves =7 * ;[/W‘a’%f# [32]°BaTiOs
—ic

VS (T Te Bl EUBIRI L S 8 g R
H T > 255 T B HIPEDE VSR [ ONR o % [0 Topf sl
& il o5 "jj LTFJI”J 2 l/ﬁlfﬁ%@wwrﬁi[l BaTiOs 1 Cubic f#lighT Tetragonal
A £ WA -

B

(___ ) . S /

;“
| : |
|
I
| — | i~
T T T T
(a) (b)

i 2-14. (a) ~ BOAEAESE (b) = A 2 | SR BISeposp B 429 -
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' Permittivity €

Y
]
' \
eous ! Inverse
L]
]

' permittivjey
L

Physicsl properties

Tc
(Curie Temp.)

i 2-15. B EFHRLY R3] -

Temperature

FhpRef! /1 ik ax A2 5]

G BaTiOy 5! Ut/ JrI 0T > [URLE /1 eI U ¢ i o
R Te IR fr e 2 AR ™ > 2 FUSGERE L (59 1300°C) > 7 MLCC {1
TP L T T P e o R B % YA - B BaTios
’Fﬁéﬁl MR ﬁf'ﬁﬁﬁ* [Fir’vp ﬁﬂwpﬁﬁip&l“ Fpal e JEIF—?[&& [EEEN
Do AR R - SR R AT ¢ R m T
(1) FE(SEEREE - (9755 (i BaTiOspiod 147 i » [#fai )

(2) [ BaTiOs 19 Tce57 {2y BaTiOn J LT i iP5 i Shifter )
(3) [flr BaTiOs & /1 FEHHrpoiEl & Ea@gh R PR T SR
FE} ( Depresser ) ;

(4) [ Tl po e e

2.4.1 SFIPE S BB
LRRAp o SRS SE R RIS R Ce*' A1 Ce’ » H 1 Ce* pAIv it
Ti* [ Ce™ fIl pofei Ba®s pIot - iy Ce“*[wwg i A AURRIET 30 mol. %
i JC63+[B°‘¥F" Ba S {HUAGIEEL 8 mol.% [6] °
1973 # > Guha 2" * B FIFER Ce*'pi DFIPEIES % o [ Te 12 {(SIEFEEI7] 1 1983

B Tssa S0 SR CV OIS To [0 4 RHR 1 o e fiugE
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TR T o PP PO R S RIS B > ) a i e s
il o SR TS Cubic » VA r/’@pljﬁﬁé‘liﬁ fi FHR[8] 5 T F % > Ang
Chen & * %7~ 7] Ba(Ti1-,Ce,)Os IURHAF A1 /7 1% - 203 T XRD [l
| Ce4+[a°[q’g\ Ti* AR 30 mol. % HR P Ce‘“%@wmw » HIR=
BaTiO; = ffFRARY CeO, V9t - Tﬁﬁgﬁm BaCeO; » ™ “' [ I 1B & 2 X
U [ [ (5(9,10] -

FEWEERS Cet oy ] 17 F‘* Ce3+EIU £ ﬁﬁ TUPBEEFSE ¢ Ang Chen =7+
IR~ I (BaisCen) Tiiva(Vr)wuOs [I9 /1 1% » SEFUFEF Ce™ PO IRy
%o H [etrr;j« [FH#-# [11] 5 Marin Cernea 3 * || zg@:@%# (Sol-gel) L
Ce’ #3551 BaTiOs» 535! Bag.oasCeo ssTiO3 7 100 Hz [ E ﬁ [ B 10,130

R B 0.018[12] -

2.5 [ 33,34]

S T 5T 5 2 (RS o DRI EY (Initial Stage) ~ fl1iVIFE S
(Intermediate Stage ) == HEEE ( Final Stage) NI 2-16 5 o & IUPRRE

S T AL AT S P DT ¢ ot s i ¥ AR > pie
AF< i (Surface Free Energy) F=H RIIETT=Sbdfel fly - £+ [T R v
IR E: e = AN IR 2 XA i ST DA ] g e B P e SR L o m N o
(Driving Force) » FEFBIIF= PEE[0 RIIR » P F O8I 091 @ 74l
00 (S AT L O S £ e R 2 % e )
SRS > 0Py BRIl (R e = RIS RRAE S St [ g e o SR
S VPR VB R AT ST g B e 9
BV BRI PR E IR R S AT E o> PR 2Rk ™ (Densification )
OB < TR [ PO RE SURCY T R PR gl E P ey
R R ORI S BRI G IR 2 T il [ R
AUV SRR SRlAT (UL 2-17 = H{ 0 seadpy s IR - PIRTRE T
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%j%'Fé?JEIfJ§T§$~FE[#I%jE9 A EERSREE I > AP BRI S e
Hp Y ?L?EH‘?J%"J Fale o BRI IE SIS B L pt sy = s T s S
FHPHEi 2 R FEE ) it @ TRl = = = R0 F - i e e
L Eﬁﬁﬁﬁ%: IR e TR LIRS = - (LRt oty

PR B I -

loose powder initial stage

intermediate stage final stage

i 2-16. St e R 3] -

Grain boundary

. Surface diffusion

. Lattice diffusion (from the
surface)

. Vapor transport

. Grain boundary diffusion

. Lattice diffusion (from the
grain boundary)

. Plastic flow

=] (5 I ] M =

il 2-17. SEESEPR T VBB [34] -
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2.6 TR
FIF] MLCC 57 g5 it (REIFERY 4 1| 0o fUAfiag [ =1 g R e — [
PRFEE & i 0 RS 4 T Fr BaTio; W?“M’%*E » {7 MLCC Hrf
HIELE BT o T s iR > T R AASRSR  — ABT e e L
Voo FFF VR T [ﬂ AP FEP%E BaTiOs / ,/? EEFIE R ZE 5 s R b Tﬁ
PR % BaTiOs v Fiou @it 5o = 2 BEAEIEARRY /T I ET
FRIPERL (Sr) H05 ok BaTiOs it f[HEA 5 40 1 /7 ke (EORL 7 Fapi AR
S RIS LasOn 0 (Ba,SOTIOn 276 BEZRE S0 (St 1 i
[il Eﬂjﬁk (RE %FJ—LL
ST CeOs b BaTiOs 8 1 (17 .0 ¥ 5] 1 T (LA S
B R AR A [gm W2 AR I'jﬁ,qﬁ_?l@[tlﬁr:( i B
VRS RURELRE K CeO, A1BaTIO; iy & KA PR i » 35 755~ MR
T 54 [ R e R 1 -
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WRHE

3.1 BPRPVEH
311 BRI

FIAuK] BaTiOs (A7 =99.99% > #F & = 100 nm > R 1L Seedchem ) ==
CeO, (#TH#, =99.99% > ## @ = 100 nm > H T:%\ﬁfﬂ £ Seedchem ) I'J 7 [ﬁ]{tﬁ'\lf'?lﬁ
fb;l/fbﬁrﬁﬁiﬁ > PPEREIYI 3-1 B o ARt LSRR EL R T PR
74 30 wt.%Elfinff%’:‘l P F]I 3 we.%f1 PMAA-Na ( Poly(Methacrylic Acid, Sodium
Salt) f<iHifke » 30 wr.% <1k » [HEH EG Aldrich) S5 PRl £ o 20 fED RS
B (MiniZeta 03 > Gl NETZSCH) » A[MIS741 (ALO) B5#S'| 3600 rpm 48
AP 1S ST i o AV D ENZEEREE FREE AT ORI SR TRV
A} 85°C Hiiizig o I') ALOs A e an (Mesh 100) - S5 B BREIIH) > 19
S R 7 AR BATION R 09/8%, » £ i7 = 1 pm > gy S
Seedchem > I'] pum-BTO = 7 ) » &G AR A 18K 7 7 BaTiOs i /1 ”F_,’ Eupe

B ERTIR I 3-1 T -

%31, BRI A o (mol% )

Eaintd BaTiOs Ce0;,
um-BTO = nm-BTO 100 0
BTC4 90 4
BTC6 94 6
BTC10 96 10
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(AMEEIL I o Sl
A 4
22
A 4
Ead < T
|
v v v v
PR 53 T B 55 53 A BT SR
; \ 4 ; A \ 4 v v
X || & e . i 7 &
K| || El =S
e | 2 il il Gl Rl
F|F| T fr i
2 IS A S N E
el G e 5 W | |

[f3=1. FEERAA R -

312 B EIHT
T H R P R 7 55 A7 (Zeta Sizer(1000) HSA > Malvern ) 3§ i 55
MENR CEORIEET! 2 0.009 2 1.06 pm) « 2V DRI RSEERIE! BRI - 1R Ebik
] (FrfFae 1.33) ﬁ#ﬁfi;.ﬁﬁ- o AR RCE R (R
WP IR FIE Y > F R 5 5]

3.2 % PRy EEEEE
321 FFHE]

?Vi%’é PRSP 12 mm VP asiisis [°) - AR EEsEhs p 1
S IR R S “QJ’#‘/@[ 3912 mm~ A SF 1.2 = 1.5 mm V| [EGE

oy Rl
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3.2.2 %E&5E
ASIF RS VAR ALOs it by RV & S AR ﬂﬁfﬂ
i 3°C/3EH > 20 SRR 700 ~ 800 ~ 900 ~ 1000 ~ 1100 % 1200°C » FiEAFF] ¢

6 1 - ﬁ%&ﬁ.ﬁiﬁh@?@%‘%@’af |55 5548 3°C gfj[@fﬁiﬁ@wﬁﬁrﬁ EST

3.3 HET RN
3.3.1 %k
7 R 7 5L R R 3 R O B R R
VIIFAE T A HIPVEZE o RN SET R A BT 100°C F 1]
[ L AT R e Rl ORI 1 Jeb AT SRR )
BRI BT S R R T

(3-1)

Hilp WYY (gomd )l i@ 4 R 1V iz (g) 0 W2 baaes

7I/§@%DA TE (g)° W3tvu«H§@fD|:A'7j<|&jJ—/\7j<Hl VENZEN (g) p, KL DI water
ik (glem’) ; ¥ N R e [ﬁﬁl B AP -

3.3.2 XRD 57
SRS e PR A, 1) XA BaZ 7 57 (Xeray Diffractometer » M18
XHF » MacScience ) £/ 557 » X AVRENE R EL 0.154 nm fY Cu-K, éﬁfﬁy& T
]‘ngiﬂ??ﬁ T G 200 mA ® 50KV > A 5,20 = 60 4 R
3°/535# 0 '] 6-2 Gfiag HF }””[ » PR Joint Committee on Powder Diffraction Standards

(JCPDS) F¥RIf 53 17t 2 A -
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333 BABIRHEERY 51 1A
PR RYEATIT] BOE (& S fl) » =7 & F[9 S8 4575 B0, g - Tty
(Pt) s F 58§55 5 Bk (FE-SEM Hitachi S-4700 F% FE-SEM
JSM-6500F ) il 17 k17l » % ' #[|#] ImagePro 5.0 7 El?&l%%@ﬁﬂ?ﬁ( sl
FIAHAF A FI%EE T 2000 % 5000 (.1 (e o SEM [fiH =]
NP =Ry s BT 90°F1 180°F Uﬁh&«[ﬁlfﬂ” [ 80 FE# FrREER A T IV
AT # Fﬁldﬂ“ VB ) A R R (TEM > Jeol 2010) B1%38H I/ 8
s o 5 Bh skt (Selected Area Diffraction » SAD) q*;‘q\‘:;t » I FEgJFF# Jﬁgﬁ?
Tﬂ ﬁ B R B[T%Jﬁ" TEM I/ F:i} 77 ﬁrﬁ i % ( Energy Dispersive

Spectrometer » EDS » Link ISIS 300) &5 7% 2 I (=255 47 -

334 ?&ﬂ‘f_kﬁliﬁ[]
3341 f1 T

5 [ U B I [ 2V = MR A SRR, » ekt EL i B VU (spi
#5002 » Structure Probe ) » f£f *SIEH AT 85°C Az > FI] HP 4194 A [ 5
&% (Impedance Analyzer ) ?jﬁzi;’f‘u}%’ﬁ’tl \aN% %™ > ENHFFER 1~ 10 ~ 100 kHz
= 1 MHz [ 75 FLI il CHI/ P tand F [l C=e k( j /FTJ[’ SR R
AR £ F{Tﬁ Bl ko B A ] HP 4291 B [ 4i55 A ENFFF=E 10 ~ 100 MHz =
1 GHz Eﬂj k {1 tanof 5 #[H | i/[lqa[ 3-2 A I g R }%P&F" » I'] LCZ Meter ( Model
2343>NF Electronic Instruments )7t 4 i F e EESTV VR > ENE 1 kHz Eﬂj nm-BTO

=2 BTC 5[l 5 s (/7 RIT VRO, I /1 el o pora (= » TIIEH Teff -

%%j‘fr]ﬁ%?ﬁiﬁl‘ ( Pyris Diamond DSC > PerkinElmer ) **[f ff@lﬁl; T RAIEE Te
i HPERTETR R 20 mI/5T AV B G (S IEIEE] 150°C » PSR g

10°C/55 & = BN » BHTHRAF D Tefif » 20 Tcﬁ'] iV ELsL (Baseline ) Pﬂ%

[3511 ) M & o SRR A R AT IR (= ol B o
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biEE

/ Thermal Couple
£

| =

KT
B 3-2. BV o REE A 1 R

3.3.42 B

4 BOERF | RTOOA SEFRHIRE ARk (T S ATR = TR E R R ) BHHI
ECFIFRGHIT R TRl RIEVR T - s f e 20 Vo
IV 200 RETEA S RIS @R GEOD BAR MR (P) ZRERMG
B (P> ™ S E N nm-BTO =2 um-BTO [ = £ > S/ F[“Tﬁ Dl
Efiﬁ,h*f*'ﬁ;'/%%fﬁ > I Bk BIC A9 [FI S e - S (=B F‘%ﬁ i
Y IEUFTF\HI °
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EN) “'%Tl

4.1 BT
4.1.1 XRD kg 55 #7
SR 5 F BaTiOs ™ CeO, BIfE  XRD A 53 47 ELAHI T Y1 4-1
(a) % 4-1 (b) Fra. » =2 JCPDS 79-2263 F{1 81-0792 ¥R| F¥]i% » G Fyfeks
PISED Cubic 5#AE - [0 T RLZE#IRE (Amorphous ) » PRI AR T F A5
%% (Calcination ) » [ & FRp R

2500 ] (110) 3500 (111)
.1 3000
2000 4 ol W adth Y
2500 (220)
- 1500 + 2 2000 -
= [72] 4
g - 1500
o] - = w1
£ 1000 =
E (117) (200) (211) ; ]
(100) 1000 .
500 1
0 il
T T T T T T T T T T T T T T
20 30 40 50 60 20 30 40 50 60
20 (°) 20 (°)
(a) (b)

[fi' 4-1. (a) BaTiOs == (b) CeO#5fH) XRD WFF‘

4.1.2 ¥ T 33H

i“ﬁf’ﬁ“’ﬁ{ﬁ[l AN (alliire £ Ik'if‘{'fﬁ'l ﬁ“J f R S S A A e
[36] - Q%ql 4-2 £ 3]*\ 13 we.%[1Y PMAA-Na 5j ﬁﬁ' Pl ? St N L ﬁrmﬂj%ﬂfllﬂ'ﬁﬁ
AR EA] (dsg) PRI ATRGRN o LR T ESRE 255 70.5 nm > ZRIE[TERE 55

ISR 185+ A7 TV 150 fe) L 53 ] R L <
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—&— 3wt.%

20
~ 154
X | |
5 [ ]
o
£ 10+
>
c
5] =

OT' P ——

0.0 0.2 0.4 0.6 0.8 1.0 1.2
particle size (um)

[ 4-2. 3Fp 3 we 96 53 el Vot 55 T -

4.2 WA {ERET I
421 %FE[FIJFEIJ/%%—;
4.2.1.1 XRD ;ﬁ’ﬂ%ﬁ}ﬁ

Bl o A B L S P ] L B s (555 T [RBER TV e
XRD i H7 o [ﬁ[ 4-3 (a) = 4-3 (e) (AHE, um-BTO ~ nm-BTO ~ BTC10 ~ BTC6
== BTC4 I') 700 = 1200°C - }‘:ﬁiﬂ’“f:'“? O Eﬂj %/ XRD q%‘['% - =2 JCPDS 83-1880
PR SRR 0 Y um-BTO #1 nm-BTO pUERH [ 1142 Tetragonal fﬁg D
20 ~ 45°[1(200)= (00255 e R Erfkl & ¥ £ 05 21 (Split) il R
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