MSANBINMSIANEISID0 U PTCR BaTio, IagldimaiinanlnInsalnil

A A d
nIgaNAUIIaLDNY

a d
1!18]6’61!@13’1 NNADUNT

a a dt: I3 J d! = [y a LY a
IeniinusuaiunilsvesmsanmnmunangasfiyanIninssumansumuma
MVIBIAINTINIBTIND
uvIngnagmalulaggsus

Umsdnmn 2552



THE STUDY OF DOPED BaTiO; PTCR USING X-RAY

ABSORPTION SPECTROSCOPY

Onlamee Kamon -in

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Ceramic Engineering
Suranaree University of Technology

Academic Year 2009



msfinImsiAnmsdelu PTCR BaTio, Inaldimaiinanlnlnsalnl

A o A J
MIganaUuIIaIBdNY

ey

a @ @ oo o d o yd ' &
wInendoma Tuladgsuis eyd@ldiuinoniinusaiuiiduduniiavesmsanu

aunangesilSygnumudn
a a 4
AUTNITUMTADUINGIUNUS

yad

o

(WA, AT.JUINHY f?\i’)'lﬂﬂia“ﬂﬂ)

N

UsemrunssuNs

g

(W913.q535% Anandn) J

oSt a o o
ATIUNIT (6191§Uﬂlﬁﬂﬂ1ﬂl°ﬂﬂ1uwuﬁ)

Swid deumAdido

(@3. 74381 NAIUAIIAN)

ANITUMT

r;?{@/wr

(0 M35 aaﬂswgi)

IIUMS
é ‘,\:nf’\uoa‘( 0‘(
€
(A, as.gny Autldan) (57, w.0. A5 25NN T1fie)

50908MIuArIEITING auuadninI¥Imnssumaad



souail AuaduUNS : nM3fnuMsANasdelu PTCR BaTio, Tasldinaiin
auln Insalnilmsganduisdiond (THE STUDY OF DOPED BaTiO, PTCR USING
X-RAY ABSORPTION SPECTROSCOPY) 0191387%11/3n¥1 : §¥0rmans1913d

As.qEIIn Minaudn, 133 wih,

wuon'lnniua Batio,) Wumssyneuwsdnsdianieiiamisodr vy
actuators capacitors gas sensors Ufi¥ PTCR heating element ¢ Tn Uﬂﬂﬁuﬁaﬁqmwgﬁmnﬂiw
130°C nuidow lamiuavS qnivedi Tnssadradu perovskite (ABO,) #if) Ba azaswogas
Al A yuvesgilgnuad I Ti ezasuegaseiumis B fanarswesgdgouad uaedi o
oraouogassiunisnaveandiglgnuind uuden Innuuauignitaoudalia
Nigusaleiudu pTCRr 18 minez 194 PTCR seifinaiia1szinn donor doped 154

04 v =

[ 12 ¥
@y La™ Tdunu®i Ba® weneinthiindsedinezdy Mn™ 1 1 lumendune 1iuaasauia

v
a e

' v 4 3 [y a :
PTCR lRiaudatisiu Snqussasdvesauisoiitelddnynamsduasfendl La synow
W ldunun Ba®” ezasuludiunis A voelassadie uazwanis@naisiio Mn looou
aa ' ' o & . A 2
niwade Inssad1emugasdiunaudsil 0.01Mn+Ba, La TiO, 1iio x = 0.0 §13 0.2 Tagn1s
Y] I'd a, 4
Fdans1ena15UsenouR 1073 Solid-State Reaction 14ag Polymeric Precursor WOMINY
1 o Vv o 9 ey Q P o 5 o Y o
unnanvesanyue Inssad1an 1dnnIsnsdunsizinarsdu mndudmseidlomnaiin
X-ray diffraction (XRD) 11 Rietveld refinement (taZMAHA X-ray Absorption Spectroscopy
(XAS) U1 XANES ieosu1sdanavoenisiasuut/aslnssadreeinnisiduansio
g’ QU Q QA 4 é a
wonnUugIaauianm IWivesasisenouiormamuanumuniu Il #ztudu
wavesnsnaassszi g lenalnussmsifsundaslassadaazautianieInfhves
PTCR 14
wamsanyIMuIRan s asunasdunisvesezaoy Ti Julassad1a vnwanis
- m v a { ° [ Y o 1
wumside La’ uaz Pb™ ua lumeamsulasunilasdiuniisveiozaoy Ba uanantiudiny
wansiau Mn leeau lulinadenisilasuudaslnseadre daumanmindruniuldiiee

4 X 4 4 X
mwmﬁaﬂ?mm La ttag Pb (WYY

. - . . T P {
TV AN TUEFIN aellodoiindny_ OOUARA  TRNAOWWS

-

] o

UmsHnwn 2552 Muilo¥oo115eNUSnm

A A

aeieFoornsditinmiau_fuife Nem A3 50




ONLAMEE KAMON-IN : THE STUDY OF DOPED BaTiO3; PTCR USING
X-RAY ABSORPTION SPECTROSCOPY. THESIS ADVISOR :

ASST. PROF. SUTHAM SRILOMSAK, Ph.D., 133 PP.

PTCR BaTiOs/XANES/XRD/ELECTRICAL PROPERTIES

The barium titanate (BaTiO3;) ceramics is one of the most investigated
ferroelectric ceramics because of its numerous practical applications such as actuators
capacitors, gas sensors, and PTCR heating element. Normally, at the temperature
higher than 130°C, BaTiO; transforms ferroelectric to paraelectric at this temperature;
undoped BaTiO; has porovskite (ABO;) structure that the Ba atom is A position in
comner of cubic, Ti atom is B position in center of cubic and O atom is position in face
center of cubic. The pure BaTiO3 hasno PTCR properties. If itis used to make PTCR,,
donor dopant such La**ionhas to be added to subsititute Ba** ion. On the other hand,
the researcher usually adds Mn*" ion later to exhibit more disticnt PTCR properties.
This research aimed to study the effects of La atom doped as subsititue for Ba atom in
A position of the structure, and influence of Mn atom doped following 0.01Mn +
Ba;.xLasTiO3 formula where is x =0.0 - 0.2 by synthesis from Solid State Reaction and
Polymeric Precursor methods to find different structures from different syntheses. The
analysis by Rietveld refinement of X-ray diffraction (XRD) and XANES technique of
X-ray Absorption Spectroscopy (XAS) could explain the effects of displacement of
dopant in the structure. In addition, the electrical properties of PTCR were measured
to calculate electrical resistivity and dielectric constance to understand the mechanism
of transforming crystal structure and electrical properties of PTCR in confirming the

results of the experiment.




The results of the study suggest that La®* and Pb®* substitutions cause the
distortion around Ti atom while there is almost no change around Ba atom. Besides, it
was found that the addition of Mn ion had no effects on the reformed structure, and

that the electrical resistivity increases while the additions of La and Pb increase.
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d' 1 = d' a A 3+ as . .
M1 19N 3.2 qmmuwamammiﬂm‘lﬂmguwmumme La’ 1a@7% Solid-state reaction

13319 40 Y
X BaCO, TiO, La,0, | 39 (NFW)
BaTiO, 0.00 28.5773 11.4227 0.0000 40
Ba, ,.La, ,;TiO, 0.05 27.3187 | 114943 | 1.1869 40
Ba,, La,, TiO, 0.10 26.0443 | 11.5669 | 2.3889 40
Ba, .La, .TiO, 0.15 247536 | 11.6404 | 3.6061 40
Ba, , La, , TiO, 0.20 234464 | 11.7148 | 4.8388 40

~ ' ~ A a A 2+ ax . .
AT NN 3.3 qmmuwﬁmmumism”lﬂmu,um‘nmumma Pb Iﬂﬁl’)‘ﬁ Solid-state reaction

U 40 nS
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Ba, ,Pb, ,, TiO, 0.10 254810 | 11.3167 | 3.2022 40
Ba, ,Pb, ;TiO, 0.15 23.9543 | 11.2645 | 4.7812 40
Ba, ,,Pb,,, TiO, 0.20 224416 | 11.2127 | 6.3456 40
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1) G]Nﬁ1§Lﬂll@]111@39]3@'31&?1@'%1/]1@?]11&33!13 LEANANIAITINN 3.4 1A 3.5

Taelddumani/Sura 0.05 Tua v99 Ba,_La TiO, 11ag Ba, Pb TiO,

M1519% 3.4 gasdumanvewuBen Innuuai@uaisde La” 1aed5 Polymeric precursor

gaIaIUNAY Ba, La TiO,

RETGEY

x=0.00 | x=005 | x=010 | x=0.15 | x=0.20
Ti(OC,H,), (NFW) 17.0175 17.0175 | 17.0175 | 17.0175 | 17.0175
Ethylene glycol (N31) 62.0700 62.0700 | 62.0700 | 62.0700 | 62.0700
Citric acid (N5)) 48.0300 | 48.0300 | 48.0300 | 48.0300 | 48.0300
¥ (n5) 12.0075 12.0075 | 12.0075 | 12.0075 | 12.0075
LB BN UBIUA (N5) 9.8670 9.3737 8.8803 8.3869 7.8936
taunmivesn lud (nS1) - 0.4073 0.8146 1.2218 1.6291
Nitric acid (Haadn3) 1.5000 1.5000 1.5000 1.5000 1.5000
¥ (faaans) - 50.0000 | 50.0000 | 50.0000 | 50.0000
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ga3aIUNAN Ba, Pb TiO,

GAETGREY

x =0.00 x=005 | x=010 | x=0.15 | x=0.20
Ti(OC H,), (NF1) 17.0175 17.0175 | 17.0175 | 17.0175 | 17.0175
Ethylene glycol (N51) 62.0700 62.0700 | 62.0700 | 62.0700 | 62.0700
Citric acid (N5W) 48.0300 48.0300 | 48.0300 | 48.0300 | 48.0300
¥ (nd) 12.0075 12.0075 | 12.0075 | 12.0075 | 12.0075
wuiFsumsvena (NS) 9.8670 9.3737 8.8803 8.3869 7.8936
aa luwasa (nSy) . 0.8280 1.6560 2.4840 3.3120
Nitric acid (Ja@@ans) 1.5000 1.5000 1.5000 1.5000 1.5000

Y a an
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(M

(V)

517 3.6 (N) 1T 0IAUNAY (stirrer) (V) AUNANEITAZAI85ZHIN Ti(OC,H,), N1 Ethylene

Y =) A
glycol U ldensazaedimiaes
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9 A a I = Y
6) nde saudongmuugi 80°C 1duiaar 30 u1i vz ldasazae

tvaoslaonnsy

(V)

dl v ci = 9 o aan 1
E‘IJ‘VI 3.7(M) ’miazmmmumuu"lummmmﬂu'lﬂ V) uammimﬂgﬂimszmnmiazmﬂ

ﬂiﬂhluﬁ%ﬂ A ﬁ"li'IJ53ﬂﬂﬂ%ﬂﬁﬂ?%ﬂﬂlﬂ@]!tﬁ%qulﬁi@



44

1 <3 (% 1 a [ 1
7)  aveldvesnanlude 6 1dudasigurgiivos udrsuai pH 1914 7
4 1 o o < 1
Tagl¥arsazarouenTuiionlaasen lod Tuseni1anmsdsy pH szdunaiivinaisazaie
A 3 A Y o an A A a A 1w
waswdugunu (gel) tazaznavinimmvaodlamilowauie pH 0y 7
o [ 9 ) [ oA a I
8) wav91nU5u pHud  nduldaunanaefiguwgl 8o°C 1iuran
30 WA e I ansazanatnug

y A ad ' o
9) ﬂTﬂuuL‘Wll@m‘Viﬂmﬂu 140°C Ll,azﬂuﬁﬂ]‘lﬂ%ﬂﬂi'!ﬂiz‘ﬂiﬁﬁazaw

Q G

= A A I A A Aa 2 1 o o [ A
Aaeuldsuilugsnvialdrunesy Yin1asou Lag a1 ANa1aU Llﬁﬂﬂﬂigﬂ‘ﬂ 3.8 (N)

Y

() uag (n)

= A o 3 ' o ' 2 o
319 3.8 (n) Manlasuavesansiudsuyoou (v) Mhmaseu uaz (A) dam



45

a

o A A o ~ I
10) Mrdrsazareniladdr ldeouluiaieunguvgd 250°C 13 uiaan
< 91 A o
1 92119 92 ldauadeonin
o 1 o I o 1 a
11) @ ldualdmiume udnirldwldanuiounguugil 1000°C
I ] Aa @ I o
Hunar 8 ¥ Tue lunssemalnd Tasldeas1nsliaiudeu (heating) ag MsLEUAD
. 1w 1 ~ Y = A o aan @ < d 9
(cooling) 11U 5°C Ap WA 3z laemsszneudvnnhlgnsenuaivauyseingd,
o @ ] \ o J [ 4
12) dresaregendunsizd la ldasivaouigninale1nT e Xray
. d' Y 1 o d' A A 4 = a [
diffractometer #1® Bruker 31 D5005 mmqummmua’mmmﬁmuazmﬂiﬂaEJ UN1INY1[Y
malulaggsuts
' P f 10 @ o
13) Fniminaisaledialude 12 Ad1unsasrsaenigniaudisiuau
a 4
1 Tua vazi@uansievowuusmia lason lag (Mno,) Tuafsuna 0.01
° 1 a S
14) 91199 13 111 ldvraue vananlule TeTnsWiueaneaea 1umad
18 921219
{ o 1 a o
15) nseaerHanualailldulaleoTe Insnitoanosod 13 IMe00N
k) Y
aunua a2 1ara
o d‘ [ 1 Y [ = a o
16) Masndunsiz la lwausuaisazare Ina lnilausansgoa (PVA)
Yy 9 J 3 4 a [ 1 = A a A Y
AN UTU 1 15 ud (USu1al PVA 0.008 ASU 0 MILUTEN MNUUANANTITIIDUE)
@ I ¥ o o { A " Aa
1 n5u) auldithwiioferny i ldeuldudaigungilinu 60°C
9 o o < <3 [ 1
17) 911090 16 il udaian 9 (granule) TABTBUFIUAZLUNTIVUIA 100 1%
s ¥ @ o ' o v 3 & £ o 1 1l
udrFaihminaisdledian 2 nfu salallurudeianuurioguuaduriiuguinaig
16 iadmas g9 2 Tadwas aoin3eion laasosn 1915909 180 MPa
o W [l { a I
18) dredrauuumson limniinTagldar liihhguwgil 1300°C 11
na12 9T lunssemenng naasaagld 3.9 oz 1dared1uasiinuuumsen (pellet) N
=1 9
WNLAD

A o J

o ' =) { 4 [ A
19) uW@]'JfJEJ%HHJ’ULWiEJﬂJUV]ﬁﬁlﬂi1$ﬂ1@qﬂﬁi’3%ﬁ@ﬂ’3§]ﬂ1ﬂ INDUINTT
Lﬂaﬂullﬂ'LN"U@QIﬂiQﬁ%TQWﬁQﬂTﬁLNWNﬁﬂ @glj’lil XRD
o w ' a o a
20) u'lﬁ’J’E)EJNLL‘U‘]Jl“l’i":iEJﬂJuM'I’JLﬂi?%ﬂiﬂi\iﬁ%’lﬁﬁjﬂﬂlﬂﬂuﬂ XAS 1lag SEM

21) ManuruiuazIaauiania Wi



46

507 3.9 e lWihin1FlumsenIianudou (calcine) 1azwniin (sintering)

d vy A
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d (m)
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Cy (F)xd (m)
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dielectric constant (&, ) = (3.2)
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I | w1 T TR
20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

. BaTi205 PDF no. 34-0133
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b (A) 3.9991 4.0001 3.9962 3.9943 3.9903
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M131N 4.3 Nﬁﬂlﬂﬂﬁﬁl%ﬂ‘ﬂuﬂﬂﬁuﬂﬂ‘ﬂ'l\‘]ll‘ll‘h/‘h 1NAIVY NV Polymeric precursor

Resistivity Dielectric Resistivity Dielectric
A19814 (p) @ m) | constance (K’) (p) @ m) | constance (K’)

i 32°C i 32°C a9 7479
Bay ,sLa, , TiO;+0.01MnO, | 127 x 10’ 3307.4 1.51x 10° 3307.4
Ba,,,La, ,, TiO;+0.01MnO, | 2.12x 10’ 907.6 5.16x 10° 907.6
Ba, ;La, ,TiO;+0.01MnO, | 4.06 x 10° 630.4 5.92x 10° 630.4
Ba, ,,La,,, TiO;+0.01MnO, | 3.71 x 10° 618.9 8.93 x 10° 618.9
Ba, ,;Pb, ., TiO;+0.01MnO, | 2.56 x 10° 22224 1.12x 10° 3182.0
Ba, ,,Pb, ,, TiO;+0.01MnO, | 2.81 x 10" 1647.5 7.86 x 10’ 2321.2
Ba, ,;Pb, , TiO;+0.01MnO, | 4.71 x 10’ 1496.8 8.54x 10° 1843.4
Ba, ,Pb, ,,TiO,+0.01MnO, | 3.72x 10° 209.3 1.29x 10° 2082.4

A A A wa 9 v ' . .
M1TNNN 4.4 NaGll@\jﬁ'lﬁm'ﬂ‘ﬂilﬁ@ﬁﬂﬂﬁﬂ']\julww'] NNIVYNLLUU Solid-state reaction

Resistivity Dielectric Resistivity Dielectric
$19814 (P) ©@-m) | constance (K') (p) (Q-m) | constance (K,)

i 32°C i 32°C gaga gaga
Ba,,.La, . TiO;+0.01MnO, | 2.10x 10’ 4971.5 2.12x 10’ 4971.5
Ba,,,La,  TiO+0.01MnO, | 2.14x 10° 896.4 450 x 10° 896.4
Ba,La, . TiO;+0.01MnO, | 4.68 x 10° 583.9 9.65x 10° 583.9
Ba, ,La,, TiO+0.01MnO, | 2.22x 10° 409.2 436x 10° 409.2
Ba, ,,Pb, ., TiO,+0.01MnO, | 6.57 x 10’ 2411.1 1.86 x 107 4629.3
Ba, ,,Pb, ,,TiO,+0.01MnO, | 1.51 x 10° 864.0 1.52x 10° 5179.3
Ba, ;Pb, . TiO,+0.01MnO, | 1.07 x 10° 626.3 1.07 x 10° 6077.7
Ba, ,Pb, ,, TiO,+0.01MnO, | 9.94 x 10’ 681.8 9.94x 10" 6146.6




101

a 4
4.8 mi’;mswﬁmmﬁmuﬂumm PTCR amﬁﬂu"lﬂmmﬂ

a d ] a
NITAUATICUAITUHUILUUYD PTCRLLUL%EJJJVI,VWHLHGI mmmm”lﬁ'ﬁ’am%

4 2

. 9 A ¥ 1% A A =Y a A 3+ A
Archimedes Gllﬂyﬁﬂulﬂ Llﬁﬂ\iﬂ\‘]gﬂﬂ 450118 4.51 W‘IJ'J”ILﬁJle]Jﬁilﬁlﬂlﬂ']ﬁlﬁilﬁﬁlﬁmﬂ La 1WuUU
° ' @ ' A 2 Y o ' o ' )
ﬂgVl'lﬁlﬁlﬂ'l'uJﬁu'llluuGU@\‘]ﬁ'Jﬂfn\uWMﬁu ﬂﬁ@?@ﬂ13ﬁﬁﬁlﬂ§1$ﬁllﬂﬂ Polymeric precursor 401

. . A 1 [ v A 9 1 S I s A = @
Solid-state reaction IﬂEJ!JJﬂﬁ1ﬂ’ZﬂiJﬁuiLLuuﬁiJWTl‘ﬁ‘V]Ulﬂﬁ]wJ”lﬂﬂTl 90 1o SIFUA WaNeVNL

=

AU LUl UNINgERNAUIUIIN Rietveld refinement Tun15197 4.2 Fawah ldouduain

mMIlnziaondesgansimisianaseunuudednia AnuNligwguiosuin nansnaas

U q

Y v Y 1
ﬁﬁﬂﬂﬂéjﬂx‘]ﬂﬂﬂu’ﬁlﬂﬂlﬂﬂ Sukhleen, et al. (2006) wuam313mmuuu%muﬁmﬁaﬂﬁmmmﬁ

Y

a A 3+ = I J 9 A o ' =2 o Y
WMUE390 La® WINUU E]’]i]ﬁ]gflﬂulw5']$3'] La lel']]lﬂ!lmumslu@ulwu\iagﬁauGU@\? Ba N‘I/lﬂ‘ﬂ
Y

ANUHUWUINY G

(M
8.01 m Sample |
7.54 ® Sample2
7.0 A Sample 3
o —O— Average
E6 54
Bsol o
z 55 /
a 5.04
454 g4
4.0
3.54
T T T T T
a 5 10 15 20
La (%mol)
(V)
8.0 ® Sample |
7.54 ® Sample2
7.0 A Sample 3
= —O— Average
E 6.5
D60] o
£ss 8 a Q"—'§
z 5.54
£ Q/A
o 5.0
454 g
4.0
354
T T T T T
a 5 10 15 20
La (%mol)

{ k) ax

511 4.50 ANUUUNNINYDY La-doped BaTiO, NAUATIZHAI8ID Polymeric precursor

Y

@ J

(M) ANVHUILUY (V) ANVHUIUUTUNNS



102

(n)
75 T T T
| m Sample 1
7.0 ® Sample 2
A Sample 3
— 6.5 - —O— Average
=
3 6.0 * .
- t___c_____g————.
255 '/2 .
3] o) °
a 504 4
4.5+
40 T T T T T T T
0 5 10 15 20
La (%mol)
v
75 T T T
| m Sample 1
7.0 ® Sample 2
A Sample 3
— 6.5 - —O— Average
=
3 6.0 * .
- t___c_____g————.
255 '/2 .
3] o) °
a 504 4
4.5+
40 T T T T T T T T T
0 5 10 15 20
La (%mol)

{ k) ax

5111 4.51 AUHUNNINYDI La-doped BaTiO, NFUATIZHAIYID Solid-state reaction

U
o J

)] ANUHUWUY (v) ANUARUMUUTUNNT



103

J ] = A a = 2+ [ A =
AIUANUTUILUUYBLUG o1 InnuuaAuaE15199 Pb Llﬁﬂ\‘]ﬂ\igﬂﬂ 4.52 B3I
' A X 2 a A A A 2 Y o " Ao 4 .
NUMUUIZINLAUMUUT I UMIAUAIT100 Pb. NWUAU NIAIDINNTUATISH Polymeric

precursor e Solid-state reaction

(n)
7.5 T T
m Sample 1
7.0 ® Sample 2
A Sample 3
_ 65+ - —O— Average
“g
S 6.0 * .
= ___—__c’__g———i-
55 '/2 "
7] Q ®
A 5.0 d
4.5
4.0 T T T T T
0 5 10 15 20
La (%mol)
(V)
10 T T T T
1 m Sample 1
9
] ® Sample 2
8 A Sample 3
—_ ] —O— Average
E 7
5 71
0 - ° .
£ ] o} a—19
£ ] g—°% . A
8 54 A
1 ®
44
34
T v T T T x T r T
0 5 10 15 20
Pb (%emol)

3N 4.52 uEAIANUNUIUUYDI Pb-doped BaTiO, (N) Polymeric precursor

(v) Solid-state reaction



104

AN A

) v Y|
49 nSsuevitdanszhininelassadquazantiamalih
A = an 5% sy an . . g .
Wef5euneuITNMIFUATIZHIA287T Solid-state reaction N1 Polymeric precursor U8
a A 3+ = ' G Y ax . o 9
NITMNUTTI90 La 6l‘L‘!LL‘U!,'iEJiJulfVI“VH!’LWI NUIINITATINAIYID Polymeric precursor EU$°I/Hﬁl°1ﬁi'
a aaa =\ Y 1 ag . . 1 ~ = 2 as .
ﬁﬁlﬂﬂﬂi‘]ﬂiﬂuﬂwqﬂﬂﬂﬁn‘ﬁ Solid-state reaction LNI1EITHITNIATINAIYIT Polymeric
= < X o [ J @ ~
precursor 2 UANMWUBAIINUNINNIT ATINUNANITNAADI XRD Glugﬂ‘ﬂ 44110% 4.5
1 d' ) 9 an . 1" Aa Y @ []
NUNFITNATINRAIYIT Polymeric precursor %z"lmﬂm;]mﬂuﬂaﬂﬂaauﬁlumammuum
A o o A o Y ax . . J as o 4 Y asy .
WOMNYUNUAITNIATINAIYID Solid-state reaction FIUITNITAUATIEHAI1TAIYIT Solid-state
a { g @ [l 1
reaction ¥9IMTANA15190 Pb° Tunuisen Innuuaiiiludredrannuson Tugli 4.8(v)

=1 1 ~ 9 1 o = ~ I @ A ds! A a
3Jwaﬁ’amiyﬂafJ“LJLL‘]Jaﬂﬂ‘Nﬁ‘jNE]EJN%m%u IﬂEJNaﬂFﬂgiJﬂ'J'liJlﬂquﬂﬁgiﬂual‘WilsUu ey

A 4 A 4%1 [ [ [ = A o d Y an .
719199 Pb™ IWWAUU Ll@]iu@ﬂﬂﬂ?ﬁll'ﬂ'ﬂL‘Wiﬂﬂul‘ﬂﬁﬂlﬂi'lgﬁﬂﬂﬂﬂﬂ‘ﬁ Polymeric precursor
Y v

=2 1

{ I @ 1A a o Y
Tug 4.9 ) anwilumnsz Tnfase lumvaiu uaman15v818A2909 unit cell HONIIN
an @ S A ' 9 A = ° '
IBMsFuATIZHENNane 159319109 XANES nuiunamsiasuudasdumiisvesezaou

. Y o ' A A Y ad . 1 an . .
Ti Tu T35 190090208 19NN IUAITT Polymeric precursor ¥11N313% Solid-state reaction
Tugin 431 uaz 4.32

1 as [ S A 1 wa Y 1w 1 A A Y ax .

arudsmsduasiziniaeautianie il nuiidled19ne3eua1833 Solid-state
reaction N1 Polymeric precursor ¥04MIIANE150 La” unisen Innuua Idauaiania i
d' A (% d‘ 1 % 1 d‘ a A 2+ =) d'
Mmnilounu lugdd 446 naz 447 ualudredei@uarsie Pb” TunuiGenInnuuan
[ 4 3’, asn Y A Y d‘ 1 [ A (% 1 d‘ 1Y J Y am
FUATILHIANIT093T 1Fauan19 i Auana19ny Ao @089 NdUATILHA287F

. ' y A 3 J adg a2 ~
Polymeric precursor 1NUAAINITNIA PTCR tazanumiluasisznoumsTsamnnin Tugii

' o v Ao ’yY ax . . ' wa ' <3|

4.48 EIUAIPENNTUATIZHAIYID Solid-state reaction MLAAITNIA PTCR uauaainnuiu

asszaounls Isoiannsn lugalii 4.49



A
Unn s

unasil

51 ajdwaanide
nnravesmsanyImsiasunaslassadwuesns@naisiio La” Pb™ uag Mn
= 9 a A
Tooou TunuGoulnnuua Tasldimaiia XANES uag XRD uaznavesnisiasuuiaq
. ' wa a [ 4
Tassadrediinadeanya liives PTCR nuSou Inniua 91035 msduasigiuuy
. . . = [ S A
Solid-state reaction Li81& Polymeric precursor TaomsifSouneunaveIn1saaUnsIcHNIne
Tasead1egania Feazi InamnsneluronavesmsianasieNinanomsilasunilas
Y
TaseadrauuiFon lnnuuald awnsoaginamsidelanae 1l
511  MaveIMstAna1sde La’ nay Mn leseu flinemsiasumlasinssaing
a d
uuiBealnnuua 910M35AATIZT XRD 1az SEM
= A A 3+ A A
MNNSANYINANITIANAIT190 La’ 1Az Mn leoou Naemsiasunilaq
9 ~ A 3+ A 2 ° 9 =<
Taseadruuizony lnnuua wuruliolSuna La” wivuszihIdvinavesnananas nazaiu
3 Y a 4 4 1A
Wumnsz Tnifarzanaiare91nwan153A512H Rietveld refinement XRD 11949103 U0AN1S
H o [ . ] 1 [ [
uNUNAMLUIEzADN Ba® A189zA0N La. dadivuiananianniuaiidszy vihuinn
=L o Y = 1 A a A 3+ J 3 J
v ldvevewuGon lnnuuaasaslugrasni@uaisive La 5 Twanledigud uag
A 2 A a A 3+ - ¥ A a A 3+
YUIAILINNIUN OIS0 La” 10 Tnanlodidud apviniuiiemuaisiae La’ 15 uag 20
J J 1A o . o
Twaulesidud azwuinnaigmiaudaniaonves La,Tio, uaz BaTi,0, Fuhldviuaanasdn

4 = o a 4 1 1A @
Lﬁ@ljﬂd‘iﬂ'ﬂl‘ﬂ‘(’J'Uﬂ’]JWﬁﬂ'l‘i'JLﬂi'l%‘ﬁ%'lﬂ XRD LLZ‘]%ETJ’LHEJ@aiﬂiﬂﬁ%Wﬂﬂ%WUﬁ]’llﬂﬂﬂ]aﬂ1ﬂ

ulantasunszawegamuinauveunsy Tasvinamsumasszu 1992 luTasuas

=

512  WaveInsANa15129 La’ uaz Mn leeou fnnenis)asuuiaslnsaadia
= a d
sl nniua 2191533121 XANES
a J Y 1 a a [
A153A12HA28 XAS nudnnan1stlasuuilaailnasuves XANES
A o ! = = A ~ . 7 =
NAEMNUY pre-edge FILAAIDINITIAADUNVDIDEADN Ti VINYAFUINA ANV IATVOINAN
NNHAYEIMIAYEIT9e La TulnssadwuewuSen Innuua Seagdwalan
) Tmasenslasunasdiuriavesezasy i Tulaseade ua lidina

1 A o ' 2+
aomstlasuntasimmniavesoznon Ba



106

2) WaveIN15AYy Mn loeau L ldlaseadauuiFen Innuuananis
asunlauiiosnnd@uniue A, A, 1ag A, Y0IA2108 19U DAILAZLULLHTOYUANAIIN Y
vooun Jeazilma laan Mn Teoou lui'ladn luununezaonlulnseaing

3) WAYDIITNITIATIUAIBE19NA19N Y WUNWKHanon Tt asuuilag

@ [] o < {

Tasaai1e Taemsiasoudie81991n35 Polymeric precursor ¥ 1HHiums/asunlaslnsaaiia
Y o 1 . . 1 o Y o 1 = I dy = (%
1@¥a1a1un2111u1 Solid-state reaction tW31z 31921 1Fa15@I98190 AW WA 1A Y

1 = d' = 1
nnnNuazlivuneynIANazvean
513  WavdINMSIANE15190 La’ uaz Mn losau ninanisilasunlaslnssadig
=3 a d wAa Y v
uuEsInnuua ainmsdmnzvanamalnihuazanuvumiy
[ 1 { 1 1 H ad a
wuNIragenslasundasmamndriunmu ilazainanladidnnsn
[ 1 A 3 1 { adgd a 4 =)
Tagazwunaranindruniu liihezmviunazaninlasi@nninazanad tiodSuna La’
A 49! A [ [ 4 g’; as ] A 43! A a 3+
LAY (MO UAUIINATFUATIZHNIADIIT HALANMUUT UL UIZINVA U5 U1 La
2 2 A < A PN = ' @ v 7 ' s 4
MY eIIHnigu gl 1300°C Taglianur U uduWNsu1NN31 90 10515 ud
d’ = % ] ] =S
oMU AANUHIIMUUN NG BY
514  Wav2INMSIANEI5120 Pb™ waz Mn losau Ninanistlasunlaslnssadig
=3 a d
nuEe Innuua 910mM3A1ZY XRD 1ag SEM
= N A 24 A A
NAMTANHINANITIANTITIID Pb- 11ag Mn looou Nlasnislasunilag
9 = VA a 2+ A 2 ° 9 = A X
Tassad1auuiFen Inniue wurniedSuia Pb. invuazsin ldvuiaveananiiuyy 31aRa
a 4 A 1T A A o 1 24+ 9 24 [
1153AT121H XRD 11039107 NN sunuidniaezaoy Ba” Adgozaoy Pb™ 91n31a1e

1 1 Aa @ [ T A I~ Aa a 3
yalassadnunliinaigmauanidasy uanuimadlwnsuidadnaiululassadaey
=\ < [ AAa a
UINTUVAAN 9] NTWRYIO ) InTUNAALNGA

Aa A 21+ Ay = v
51.5 WaYRINMSANAI5120 Pb™ Haz Mn leoau fixnamsnlasumilaslassaiig
s lnniua 9191533121 XANES
a Y 1 a a [

N1531A12¥ A28 XAS wudunanisilasuuiasalnaiuve s XANES
A o ! = = A A . 7 =
NEMNUA pre-edge FILAAIDINITIARDUNVDIDEAON Ti VINYAFUINA ANV IATVOINAN
MNHAYRIMIIANEISIe Pb. TuTaseadwvewuizon lnnuua Ssagima’lan

) Nwasenslasuulasdiuvisvesezaen Tit luTaseade ua'liiing

v = o ' 2+
aomsiasuilasduiiivesoznon Ba



107

2 1 o Y 9 = a
2) WavedM Ay Mn loosu a2 luvildlassaauuiG ey Innuuamanis
v ] ' ] v
wasunlaadissnnidsuandesuin nedaluldlamn ldununvesezasululassada
Feagiwalaa Mn leseu lu'ldu lununezaenlulnseadrs
an ~ o ' A o ' ~ ' A
3) WAURIITAITIATINAIDE 1 NAIAUN YL IHanan T asunilag
o 1 a o < {
Taseade Taon151a3ouA296199103F Polymeric precursor 9¢ 1 17 1Hi U sidasundas
¥ Yo ' . . ' o q ¥ o 1A g KA
Tmmaw"lmmwmnmu Solid-state reaction LWiW’JW%‘V]ﬂ‘Hﬁ’WiG]’JE]EJNiJﬂ’JﬂJL‘]Juma
RIINUNINAN
51.6 WavRINSIANEI5190 Pb™ waz Mn losau Ninanisilasunlaslnssadig
=3 a d wAa Y v
uuEeInnuua ainmsdmnzvanamalnihuazanuvumniy
[ 1 { 1 1 H ad a
wuNIragenslasundasmianmindrunmu il azainanladidnnsn
[ [ A 2 1 { ad a A 2 4 =)
Tagazwunaanmmaiuniu lwihezminvvunazainanlasi@anninazmuayuiiodSua pb
A 2 o T Ao sant . ' 9 9
U 91NA0E19NTUATIZHID Polymeric precursor azamraamnaiumu liizanasuas
U ~ a d a A 2 A a 2+ A 2 o ] A o Jax .
AN LADLANNNI NN VA UINOUT U Pb™ (VAU 3 INAI10819NTIUATIZHAD Solid-state
. H Y o v ' A 2 A a 2+ A 1 A =
reaction UONINUUUAITINUINANUARUILUUILIANV UL 0UT U1 Pb™ N UV UILDININTIN

Ngangi 1300°C

%
5.2 VOLAUDUUS
aa a a d =3 b4 .
521  ABMSHILAANANISINIABIUATYHUIAVDINANAIE Rietveld refinement
(MANKIN .)
ad o &
VUUADUALL
D wwuyiaeslnseaievesarsnaulad@nyazvensieaziden space
Y
group ATWETUNU a b 1Az ¢ YUVOI o B 1ag y ;unsiunisvesezaoululaseada
o ~ [ ~ 9 9 [ .
2) hwnfFeuieunsunan1da1nn1Ineasidlen1ni Rietvled refinement
Taeld T1sunsusuiaanlda R Nfosndn 10
522  Asmsmlassaienie X-ray Absorption Near-edge Spectroscopy (XANES)
(MANUIN .)
ad o 2
VUUADUAIL

o 9 Ay Y ° o A v A 4
1) u']ellflialjﬁ‘1/]hl@ﬁ]'lﬂﬂ']ﬁ‘ﬂ@ﬁf)\iﬁJ1ﬂ1u3mﬁ1ﬁlﬂﬂ@]iﬂﬂ1i@ﬂﬂauiﬁﬁl@ﬂcﬁ

AeerunsN 2.6 10111115 Normallization Jo3a



108

9 H v
2) nntwihdeyan 1d ldnSeufeunumsuasgiunioansns Inseade

Y 1A 1 o A [
L!a’J'JHJﬂ'JHJLMﬂWNﬂuﬁﬁﬂulJJ

A

523  Yol@uauzaIHSUM I THaNuIY

@ g a o

111999101 119U 3T8115n13 3193129 Rietveld refinement 91AKNANITIATIZH
{ @ ' ] 4 4 { < o 1 o
nlagadian R geaguin iiesnininsesionlfinudeya XRD Tddan1 background pon 1 Terh

§y a 4 Y 1 { 1 a 4
Thidenszrindads1dan R fige aasez19a1 background Tumsnsizideyanie
524  YorauauuzniIduae il
Aw A1 o o a J Y Y
nnauIseiduulsedmaduialunsiinszd lassadwaie XRD wag

Y v
XAS tadga Tiansaihayuau PTer 1190 1da39 3adeaiimsanyunuanas 11



518N1591999

wagnyal 1Me4. (2553). 1153tA319¥Ye3ya X-ray Diffraction 1au3F Rietveld Refinement
d28115un35u X'Pert HighScore Plus. (1 - 16). YdULAY: AULINGIMTASUMNINNTY
VDU,

TUNUN ﬂﬁ1ﬂ§fﬂﬁiﬂi. (2552). 1NANANITNAAD I X-ray Absorption Spectroscopy Yioq
UfTAmsuaemenn. 1000. 3. ao1fuiTonasFulnsasou (@IANITUMIFU): UTHN
AuysaMInu .

Andrich, E. (1965 - 1966). Properties and Applications of PTC Thermistors. 26(1).

Aparna, M., Bhimasankaram, T., Suryanarayana, S., Prasad, G., and Kumar, G. (2001). Effect of
lanthanum doping on electrical and electromechanical properties of Ba, La TiO,.
Bulletin of Materials Science. 24(5): 497 - 504.

Arya, P.R., Jha, P., Subbanna, G.N., and Ganguli, A.K. (2003). Polymeric citrate precursor route
to the synthesis of nano-sized barium lead titanates. Materials Research Bulletin. 38(4):
617 - 628.

Boonchun, A., Smith, M.F., Cherdhirunkorn, B., and Limpijumnong, S. (2007). First principles
study of Mn impurities in PbTiO, and PbZrO,. Journal of Applied Physics. 101(4):
043521 - 043527.

Brutchey, R.L., Cheng, G., Gu, Q., and Morse, D.E. (2008). Positive temperature coefficient of
resistivity in donor-doped BaTiO, ceramics derived from nanocrystals synthesized at low
temperature. Advanced Materials. 20(5): 1029 - 1033.

Cao, W., Xu, Y., Wang, S., Lu, P., Huang, G., and Xu, C. (2005). Preparation of La(Zn,Ti,)O,
powders via citric acid precursor. Materials Letters. 59(14-15): 1914 - 1918.

Cabaret, D., Joly, Y., Renevier, H., and Natoli, C.R. (1999). Pre-edge structure analysis of Ti K-
edge polarized X-ray absorption spectra in TiO, by full-potential XANES calculations.

Journal of Synchrotron Radiation. 6(3): 258 - 260.



110

Cherdhirunkorn, B., Smith, M.F., Limpijumnong, S., and Hall, D.A. (2008). EXAFS study on the
site preference of Mn in perovskite structure of PZT ceramics. Ceramics International.
34(4): 727 - 729.

Cheung, M.C., Chan, H.L.W., and Choy, C.L. (2001). Study on barium titanate ceramics prepared
by various methods. Journal of Materials Science. 36(2): 381 - 387.

Cho, W.S., and Hamada, E. (1998). Synthesis of ultrafine BaTiO, particles from polymeric
precursor: their structure and surface property. Journal of Alloys and Compounds.
266(1-2): 118 - 122.

Daniels, J., Hardtl, K.H., and Wernicke, R. (1978). The PTC effect of barium titanate. Philips
Technical Review. 38(3): 73 - 82.

Darko, M., Nina, U., and Miha, D. (2001). Positive temperature coefficient of resistivity effect in
highly donor doped barium titanate. Journal of the American Ceramic Society. 84(6):
1273 - 1280.

Finlay, D.M., Derek, C.S., and Anthony, R.W. (2001). An alternative explanation for the origin of
the resistivity anomaly in La-doped BaTiO,. Journal of the American Ceramic Society.
84(2): 474 - 476.

Finlay, D.M., Derek, C.S., and Anthony, R.W. (2001). Characterization of lanthanum-doped
barium titanate ceramics using impedance spectroscopy. Journal of the American
Ceramic Society. 84(3): 531 - 538.

Finlay, D.M., Derek, C.S., and Anthony, R.W. (2001). Doping mechanisms and electrical
properties of La-doped BaTiO, ceramics. International Journal of Inorganic Materials.
3(8): 1205 - 1210.

Frenkel, AL, Ehre, D., Lyahovitskaya, V., Kanner, L., Wachtel, E., and Lubomirsky, I. (2007).
Origin of polarity in amorphous SrTiO,. Physical Review Letters. 99: 215502,

Fujita, M., Nakamatsu, H., Sugihara, S., Aihara, J.I., and Sekine, R. (2004). Origin of low-energy
peaks in the Ti-K XANES spectra of SrTiO, and CaTiO,. Journal of Computer
Chemistry, Japan. 3(1): 21 - 26.

Gheno, S.M., Hasegawa, H.L., and Paulin Filho, P.I. (2007). Direct probing of semiconductor

barium titanate via electrostatic force microscopy. Ceramica. 53: 200 - 204.



111

Hector, B., Eloisa, C., Purificacion, E., Derek, C.S., and Anthony, R.W. (2004). Insulating
properties of lanthanum-doped BaTiO, ceramics prepared by low-temperature synthesis.
Journal of the American Ceramic Society. 87(11): 2132 - 2134,

Heywang, W. (1961). Barium titanate as a semiconductor with blocking layers. Solid State
Electro. 3(1): 51 - 58.

Hsiang, H.I., Yen, F.S., and Chang, Y.H. (1996). Effects of doping with La and Mn on the
crystallite growth and phase transition of BaTiO, powders. Journal of Materials
Science. 31(9): 2417 - 2424.

Ianculescu, A., Berger, D., Viviani, M., Ciomaga, C.E., Mitoseriu, L., Vasile, E., et al. (2007).
Investigation of Ba, Sr TiO, ceramics prepared from powders synthesized by the
modified Pechini route. Journal of the European Ceramic Society. 27(13-15): 3655 -
3658.

Jaffe, B., Cook Jr, W.R., and Jaffe, H. (1971). Piezoelectric Ceramics. London: Academic Press.

Jalilehvand, F. (2002). Xray Absorption Spectroscopy (XAS) [Online]. Available:http:/www.
chem.ucalgary.ca/research/groups/faridehj/xas.pdf.

Jonker, G.H. (1964). Some aspects of semiconducting barium titanate. Solid-State Electronics.
7(12): 895 - 903.

Kasunic, M., Meden, A., Skapin, S.D., Suvorov, D., and Golobic, A. (2009). Order-disorder of
oxygen anions and vacancies in solid solutions of La,TiO; and La,Ga,0,. Acta
Crystallographica Section B. 65(5): 558 - 566.

Kay, H.F., and Vousden, P. (1949). XCV. Symmetry changes in barium titanate at low
temperatures and their relation to its ferroelectric properties. Philosophical Magazine
Series 7. 40(309): 1019 - 1040.

Kimura, T., Goto, T., Yamane, H., Iwata, H., Kajiwara, T., and Akashi, T. (2003). A ferroelectric
barium titanate, BaTi,O,. Acta Crystallographica Section C. 59(12): 1128-i130.
Kraizman, V.L., Navakovich, A.A., Vedrinski, I.R.V., and Timoshevskii, V.A. (1995). Local

structure and the phase transition of BaTiO,. Physical B. 35: 208 - 209.

Limpijumnong, S., Rujirawat, S., Boonchun, A., Smith, M.F., and Cherdhirunkorn, B. (2007).

Identification of Mn site in Pb(Zr,Ti)O, by synchrotron x-ray absorption near-edge

structure: theory and experiment. Applied Physics Letters. 90(10): 103113 - 103113.


http://www.chem.ucalgary.ca/research/groups/faridehj/xas.pdf

112

Lin, M.H., and Lu, H.-Y. (2002). Densification retardation in the sintering of La,0,-doped barium
titanate ceramic. Materials Science and Engineering A. 323(1-2): 167 - 176.

Luca, V., Djajanti, S., and Howe, R.F. (1998). Structural and electronic properties of sol-gel
titanium oxides studied by X-ray absorption spectroscopy. The Journal of Physical
Chemistry B. 102(52): 10650 - 10657.

Makoto, K., Hirofumi, M., Natsuko, K., and Eiji, M. (1997). Shift of the curie point of barium
titanate ceramics with sintering temperature. Journal of the American Ceramic Society.
80(10): 2590 - 2596.

Mancic, D., Paunovic, V., Vijatovic, M., Stojanovic, B.D., and Zivkovic, L. (2008). Electrical
characterization and impedance response of lanthanum doped barium titanate Ceramics.
Science of Sintering. 40: 283 - 294,

Manzoor, U., and Kim, D.K. (2007). Synthesis of nano-sized barium titanate powder by solid-
state reaction between barium carbonate and titania. Journal of Materials Sciences and
Technology. 23(5): 655 - 658.

Mao, C., Dong, X., and Zeng, T. (2007). Synthesis and characterization of nanocrystalline barium
strontium titanate powders prepared by citrate precursor method. Materials Letters.
61(8-9): 1633 - 1636.

Mastelaro, V.R., Neves, P.P., Michalowicz, A., and Eiras, J.A. (2007). Experimental and
calculated Ti K-edge XANES spectra of Pb, La TiO, ferroelectric ceramic compounds.
AIP Conference Proceedings. 882(1): 496 - 498.

Mirjana, M.V., Milos, R.V., Jelena, D.B., Ljiljana, M.Z., and Biljana, D.S. (2008). Effect of
powder synthesis method on BaTiO, ceramics. Processing and Application of
Ceramics. 2(1): 27 - 31.

Novikovskii, N., Nazarenko, E., Novakovich, A., and Vedrinskii, R. (2008). Influence of the a ion
on the K -edge absorption spectra of ATiO, ( A = Ba, Sr, or Ca) crystals with perovskite
structure. Bulletin of the Russian Academy of Sciences: Physics. 72(4): 431 - 433.

Om, P., Kumar, D., Dwivedi, R., Srivastava, K., Singh, P., and Singh, S. (2007). Effect of
simultaneous substitution of La and Mn on dielectric behavior of barium titanate ceramic.

Journal of Materials Science. 42(14): 5490 - 5496.



113

PANalytical, B.V. (2006). PANalytical X'Pert HighScore Plus version 2.2 [Computer software].
Netherlands.

Patino, E., and Stashans, A. (2001). Structural and electronic properties in cubic and tetragonal
BaTiO, crystal due to La impurity. Computational Materials Science. 22(3-4): 137 -
143.

Phanichphant, S., and Heimann, R.B. (2004). Hydrothermal synthesis of submicron to nano-sized
ferroelectric powders: properties and characterization. CMU. Journal. 3(2): 113 -132.

Ravel, B., and Newville, M. (2005). ATHENA, ARTEMIS, HEPHAESTUS: data analysis for X-
ray absorption spectroscopy using IFEFFIT. Journal of Synchrotron Radiation. 12: 537
- 541.

Ravel, B., and Stern, E.A. (1995). Local disorder and near edge structure in titanate perovskites.
Physica B: Condensed Matter. 208 - 209: 316 - 318.

Ravel, B., Stern, E.A., Vedrinskii, R.I., and Kraizman, V. (1998). Local structure and the phase
transitions of BaTiO,. Ferroelectrics. 206 - 207: 407 - 430.

Ries, A., Simoes, A.Z., Cilense, M., Zaghete, M.A., and Varela, J.A. (2003). Barium strontium
titanate powder obtained by polymeric precursor method. Materials Characterization.
50(2 - 3): 217 - 221.

Rumpf, H., Modrow, H., Hormes, J., Glasel, H.J., Hartmann, E., Erdem, E., et al. (2001).
Preparation of nanocrystalline BaTiO, characterized by in situ X-ray absorption
spectroscopy. The Journal of Physical Chemistry B. 105(17): 3415 - 3421.

Shirley, E.L. (2004). Ti 1s pre-edge features in rutile: a bethe-salpeter calculation. Journal of
Electron Spectroscopy and Related Phenomena. 136(1-2): 77 - 83.

Somphon, W., and Srilomsak, S. (2008). X-ray absorption spectroscopy study of Ba,_Sr TiO,
(x = 0.0 - 0.2) at the Ti-K and Ba-L,, edges. Advanced Materials Research. 55-57:
157 - 160.

Songhak, Y., Sunggi, B.,, Min Gyu, K., and Namsoo, S. (2006). Formation mechanisms of
tetragonal barium titanate nanoparticles in alkoxide-hydroxide sol-precipitation synthesis.

Journal of the American Ceramic Society. 89(6): 1816-1821.



114

Stojanovic, B.D., Mastelaro, V.R., Santos, C.O.P., and Varela, J.A. (2004). Structure study of
donor doped barium titanate prepared from citrate solutions. Science of Sintering. 36(3):
179 - 188.

Sukhleen, B.N., Dalveer, K., and Shalini, B. (2006). Dielectric properties of lanthanum substituted
barium titanate microwave ceramics. Materials Letters. 60: 3179 —3182.

Tang, Y.H., Tsai, M.H., Jan, J.C., and Pong, W.F. (2003). First-principles and X-ray absorption
studies of the electronic structures of Ba, Sr TiO, alloys. Chinese Journal of Physics.
41(2): 167 - 176.

Ueoka, H., and Yodogawa, M. (1974). Ceramic manufacturing technology for the high
performance PTC Themistor. Manufacturing Technology, IEEE Transactions. 32(2):
77 - 82.

Urek, S., Drofenik, M., and Makovec, D. (2000). Sintering and properties of highly donor-doped
barium titanate ceramics. Journal of Materials Science. 35(4): 895 - 901.

Vinothini, V., Singh, P., and Balasubramanian, M. (2006). Synthesis of barium titanate
nanopowder using polymeric precursor method. Ceramics International. 32(2): 99 -103.

Vold, R.E., Biederman, R., Rossetti, G.A., Sacco, A., Sjodin, T., and Rzhevskii, A. (2001).
Hydrothermal synthesis of lead doped barium titanate. Journal of Materials Science.
36(8): 2019 - 2026.

Wenhu, Y., Yongping, P.U., Xiaolong, C., and Jinfei, W. (2009). Study of reoxidation in heavily
La-doped barium titanate ceramics. Journal of Physics: Conference Series. 152(1):
012040 - 012046

Xiao, C.J., Jin, C.Q., and Wang, X.H. (2008). Crystal structure of dense nanocrystalline BaTiO,
ceramics. Materials Chemistry and Physics. 111(2-3): 209 - 212.

Xinle, Z., Zhimei, M., Zuojiang, X., and Guang, C. (2006). Preparation and characterization on
nano-sized barium titanate powder doped with lanthanum by sol-gel process. Journal of
Rare Earths. 24(1, Supplement 1): 82 - 85.

Yimnirun, R., Tangsritrakul, J., Rujirawat, S., and Limpijumnong, S. (2009). Identification of Mn
site in BaTiO, by synchrotron X-ray absorption spectroscopy measurements.

Ferroelectrics. 381(1): 130 - 143.



115

Yoon, S., Baik, S., Kim, M.G., and Shin, N. (2006). Formation mechanisms of tetragonal barium
titanate nanoparticles in alkoxide-hydroxide sol-precipitation synthesis. Journal of
American Ceramic Society. 86(6): 1816 - 1821.

Zivkovic, L., Paunovic, V.V., Stamenkov, N.L., and Miljkovic, M.M. (2006). The effect of

secondary abnormal grain growth on the dielectric properties of La/Mn co-doped BaTiO,

ceramics. Science of Sintering. 38(3): 273 - 281.



MANUHIN N

381%11/sunsu IFEFFIT 1.2.11 uag X Pert HighScore Plus 2.2



0.1 351915151 IFEFFIT 1.2.11
1) WaTdsunsy IFEFFIT Taesh 107 start—>all program —> IFEFFIT —> Athena

1931419819

ﬁ Arternis

Athena

i Feffal

E Hephaestus

1.? Ifeffit Documents
Ifeffit shell

X More Programs
& SixPack

2) Wielalisunsuudrnzuaasniaiedsgl

File: Edit Group Values Plot Mark Data Merge Analysis Settings  Help

Project F UI |

P

Current group

File: | |
Z: —II Edge: K | Eshift I Importance: |
Background removal Show additional parameters |

Eo: | X Rrokg [ X
kweight [ Edgestep: [: Dl T ofixstep

Pre-edge range: | X to| X B
Normalization range: | X to | |
Splinerange: K | X to| X

E | X to | X

S0 1 862 &3 & kw

Fornward Fourier transform .




118

3) Wa'llandesnis Iaet@eni File N manu bar FIazannso@enala lauuuias 1Wd

(open file) W3oilafiaznarslldanTouduld dsgidraans

Mame

J Analysis
| | Ba_BaCO3 0426
||| Ba_BaCO3 0438

4) rifordonluld 1ddna open file azls1nguiNAAIaaslugUdea1

#BLE: X-ray Absorption Spectroscopy

#5iam Photon Lakoratory, Synchrotron Light Research Institute (Public Organization)
FExperiment date: Tuesday, February 17, 2008

#Duration: 04:14:11 - 04:26:00

*

#Transmission-mode A4S

# EO (eV) = 5247

# Photon Energy Scan (eV) = -30,80

# PBhoton Energy Step (eV) = 0.2

# Step time (=) = 1

# Gain =0, O

# Scan number = 1

# Foints/scan = 552

Energy (eV) Bragg Angle (deg.) IO (counts) Il (counts) In{IO0/I1)
ER 3.64392E+1 1.68906E45 T.79610E+4 2.97036E40
ER 3.64386E+1 1.68649E45 T.TE430E+4 2.97035E40
ER 3.64362E+1 1.68501E45 T.TTEBE0E+4 2.97022E+0
ER 3.643439E+1 1.68419E45 T.TTEE0E+4 2.97008E40
5. 3.684333E+1 1.88250E+5 T.TEE40E+4 2.97003E+0
ER 3.64315E+1 1.88103E+5 T.TE330E+4 2.96981E+0
ER 3.64300E+1 1.68060E+5 T.7T6100E+4 2.96985E+0
ER 3.64283E+1 1.68031E+5 T.76110E+4 2.96966E+0D
ER 3.64268E+1 1.68013E45 T.TE0E0E+4 2.96962E40
ER 3.64249E+1 1.67950E45 7.75860E+4 2.96950E40
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Y] s [
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Pattern : 01-074-2491 Radiation = 1.540600 Quality : Deleted

BaTiOs 2h i h k|
22.034 107 0 0 1

22249 202 1 0 0

31.514 999 1 0 1

Barium Titanium Oxide 31.669 601 1 1 0
Also called: Barium titanate 38917 334 1 1 1
44940 154 0 0 2

45397 293 2 0 0

50699 40 1 0 2

51.012 43 2 0 1

51.117 54 2 1 0

56.017 151 1 1 2

g - = e e——y 56.310 294 2 1 1
o ot e 65.793 138 2 0 2
Lattice : Tetragonal Mol. weight = 23323 66148 72 5 2 0
5 & 69.961 4 0 0 3
S.G.: ii4mrﬁ (99) B i Volume [CD] = 64.25 70392 27 2 1 2
& - 70650 21 2 2 1
a= 3.99240 Dx = 6.028 74442 51 1 0 3
75115 60 3 0 1
75.198 61 3 1 0 ‘
= 78.828 23 1 1 3|
BRI 79488 45 3 1 1
- = 83.556 54 2 2 2

g% 1 oo T4 §7430 7 2 0 3

87.835 7 3 0 2

88.160 8 3 2 0

ICSD collection code: 028620

Temp e of data collection: REM  TEM 23 C.
Test from ICSD: No R value given.

Test from ICSD: At least one TF missing.

Deleted and rejected by: Delete: same as 81-2201, DH 6/01. |
Cancel:
Data collection flag: Ambient. 1

Venevtsev, Y.N., Bondarenko, V.S., Zhdanov, G.S., Chkalova, V.V.,
Stember, N.G., Kristallografiya, volume 6, page 375 (1961)
Calculated from ICSD using POWD-12++ (1997)

Radiation : CuKal Filter : Not specified

Lambda : 1.54060 d-sp : Calculated spacings
SS/FOM : F26=1000(0.0000,27)
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Pattern : 00-054-0179 Radiation = 1.540600 Quality : High

LazTiOs 2th
11.203

15.550

16.104

Lanthanum Titanium Oxide 17.522
17.908
22.453
23.879
24.773
25.232
25.502
27.845
— — ———— 28.541
Lattice : Orthorhombic Mol. weight = 405.71 Py
*28.944
32.536
32.727
33.509
33.745
33.959
34.305
35.440
37.005
39.955
40.366
40.759
41.144
41.793
42.425
43108
Sample preparation: Sample was prepared by solid state reaction from La2 44,096
03 and Ti 02 at 1400 C for 12 hours and at 1550 C for 1 hour, [Novikova, A., 45,830
Petrova, M., Grebenshchikov Inst. of Silicate Chemistry, RAS, Russia]. 46.033
Color: White 46.436
Melting point: 1710 46.804
Temperature of data collection: Pattern taken at room temperature. 47521
Additional pattern: To replace 00-015-0335. 47.816
Data collection flag: Ambient. 47996
48.580
49,608
49.753
50.071
51638
51.781
52.385
52.512
52.620
52.956
53.361
*53.361
54.180
54.335
55.039
55.255
*55,255
55.607
- 55.837

Bubnova, R., Filatov, S., St. Petersburg State Univ., Russia., ICDD Grant-in- 56.234

. 57.487
Aid (2002) 57838

58.118

58.222

58.408

59.048

59.313

59.556

59.943

61.120

62.327

] 62.851
| 63.898
Radiation ; CuKal Filter : Monochromator crystal 64.061
64.296

Lambda : 1.54060 d-sp : Diffractometer 64.914
65.268

SS/FOM : F30=73(0.0105,39) External standard : Al203 65.429
65.650

66.041

2th

-
E
-
=

*66.041
66.945
67.156
68.515
68.684
69.140
69.502
69.975
70.751
70.864
72.075
72.277
72.503
72.720
73.892
74.155
74711
74.970

*74.970
75.448

*75.448
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Pattern : 00-034-0133 Radiation = 1.540600 Quality : High
BaTi;0s 20 i h k| 20 i h k|
10.718 9 2 0 0 62463 12 -6 0 6
| 12.680 7 -2 0 1 63.045 b 4 2 3
| 19.344 19 0 0 2 63.362 8 9 1 2
Barium Titanium Oxide 19.893 4 -2 0 2 63.918 3 3 1 6
Also called: barium titanate, barium metadititanate 21537 28 4 0 1 64219 10 10 0 2
23.225 7 1 1 0 65.068 23 2 2 4
24.246 6 2 0 2 65224 25 -1 1 1
25632 100 4 0 1 65546 35 -8 2 2
28287 86 -3 1 1 66.500 5 -12 0 1
28727 35 -2 0 3 66.693 7 6 2 4
29200 23 0 0 3 67.098 19 1 1 6
29596 76 -1 1 2 67.362 25 -11 1 3
faais i Lo 30.764 59 3 1 1 67.523 20 6 0 5
Lattice : Base-centered monoclinic Mol. weight= 313.13 31207 62 1 1 2| 67665 20 8 0 4
; - 31.909 28 -3 1 2| 68.164 12 -8 2 3
S.G.: C2im (7@ - Volume [CD] = 610.03 322266 69 4 0 3 68164 12 5 1 5
- - 32581 28 6 0 0
a= 16.91400 Dx = 5114 33480 17 2 0 3
- = 34.008 4 -6 0 2
b= 3.93450 beta= 103.11 35141 28 5 1 1
- 35.520 8 5 1 0
e M2 %21 9 6 0 1
= . 36.627 5 - 1 3
a/b = 4.29889 r4 6 37511 5 5 1 2
= 37906 33 -3 1 3
o= doieant 38554 27 5 1 1
38624 26 1 1 3
39.294 16 0 0 4
40535 15 4 0 3
41.981 6 6 0 2
Sample preparation: The sample was prepared by fusing an equimolar 42.242 9 5 1 3
mixture of Ba Ti O3 and Ti O2 at 1375 C for one hour, then quenching in 42743 3 -8 0 1
water. 43274 57 2 0 4
Color: Light gray 43566 17 3 1 3
Structure: The structure of Ba Ti2 O5 was determined by Harrison (1956). 43893 70 -8 0 2
Additional pattern: See ICSD 16634 (PDF 01-085-0476). 44833 35 7 1 0
Data collection flag: Ambient. 44982 32 1 1 4
45401 25 -6 0 4
46100 53 0 2 0
47.252 T 1 1 4
*47.252 7 -8 0 3
47.372 6 8 0 1
48.313 5 -2 0 5
48.747 5 -5 3] 4
48.929 5 7 1 3
49.349 3 6 0 3
49.701 7 4 0 4
*49.701 7 0 0 5
50430 10 0 2 2
50.700 30 5 1 3
51.437 8 -4 2 1
*51.437 8 4 2 0
52.040 6 3 1 4
52.668 7 8 0 2
52.943 12 T 1 2
53400 20 -6 0 5
53.494 3 4 2 1
Harrison, F., Acta Crystallogr., volume 9, page 495 (1956) g:g:g %g 1‘8 (1) ?
Natl. Bur. Stand. (U.S.) Monogr. 25, volume 20, page 11 (1984) 54348 28 -7 1 4
54.779 5 9 1 2
55248 20 -2 2 3
55.302 21 9 1 0
56.606 5 5 1 5
57.137 7 -10 0 3
57396 20 -4 2 3
57.576 19 6 2 0
57.918 3 6 0 4
58.903 3 5 1 4
= S 59.138 10 10 0 1
59.514 5 8 0 3
Radiation : CuKal Filter : Monochromator crystal 59514 5 -4 0 6
59.638 5 4 0 5
Lambda : 1.54060 d-sp : Diffractometer 60.544 7 0 0 6
[ 61.270 3 7 1 5
SS/FOM : F30=90(0.0077,43) Internal standard : FP W | 61.480 7 3 1 5
[ 61.871 7 9 1 4
62.131 7 0 2 4
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Structural Studies of Ba, ;L.a;yTiO; using X-ray Absorption
Near-edge Spectroscopy

0. Kamon-in', W. Pattanasiriwisawa’, A. Yangthaisong’ and S. Srilomsak™”

'School of Ceramic Engineering, Suranaree University of Technology.
Nakhon ratchasima 30000, Thailand

*Synchrotron Light Research Institute, Nakhon ratchasima 30000, Thailand

*Department of Physics. Faculty of science, Ubonrajathanee University,
Ubonratchathanee 34190, Thailand

*E-mail: sriloms@hotmail.com

Abstract. La-doped barium titanate (Ba,.La,Ti0;) is an important electronic ceramic material
used in a wide variety of applications including in multilayer capacitor. transducers.
terroelectric thin film memories, and positive temperature coefficient resistor (PTCR). In this
work. we mvestigated the changes of the local atomic structure around barium and titanium
ions of Ba,La,Ti0; compounds prepared by solid state reaction using X-ray diffraction
(XRD) and X-ray absorption spectroscopy (XAS). The X-ray Absorption Near-Edge Structure
(XANES) spectra at the Ti K-edge (4966 eV) and Ba Ly-edge (5247 eV) were analyzed. Our
findings suggest that La’* doping can modify the degree of covalency of the Ti-O bonds. but
cause 10 change in the BaTiO; mnit cell volume and the atomic coordinate around Ti*' and
Ba"jons.

1. Introduction

Barium titanate (BaTi0O;) is one of the most investigated materials since it was discovered around
1943, It is known that electrical properties of BaTiO; can be modified by doping. Donor-doped
BaTiO; ceramics are widely used in many areas such as multilayer capacitors, transducers,
ferroelectric thin film memories, and positive temperature coefficient resistor (PTCRs) heaters. Many
studies have been done fo investigate the effect of replacing the host atoms in BaTiO; with several
kinds of doping ions; however, the understandings remain unsatisfactory. Recent works showed that
XANES and EXAFS were powerful techniques for studying the structural change around a particular
atom in a structure due to its sensitivity to the short range order. Researchers [1-2] found that the area
under a small peak in the pre-edge region of the Ti K-edge XANES spectrum can be used as a measure
of Ti-ion displacement from the centrosymmetry point in the ATiO; (A = Ba. Eu. Pb. Sr, efc.)
structures. A recent XAS study of Bay Sty TiO; with 0 < x < 0.2 showed that Ba®" did not change its
position with Sr*” substitution: however Ti*" was gradually displaced as Sr** doping level increased
[3]. Stojanovic er al. [4] examined Nb*" and Y3’-doped BaTiO; with XANES as well as EXAFS.
They reported that neither 0.4 mol% Y** doping on Ba® site nor 0.8 mol% Nd** doping on Ti*" site
introduced an important alternation in the local structure around Ti atom. Mastelaro ef al. [5]
mvestigated XANES spectra at the Ti K-edge of Pb,,La,T105 samples. They observed that the

(©) 2009 IOP Publishing Lid 1
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pre-edge feature depended slightly on the La*" concentration (x). Limpijumnong et a/. [6] studied the
effect of Mn doping on the structure of Pb(Zr, Ti)O; systems. Their recent XANES study in [6]
suggested that almost all of the Mn atoms occupied the Ti/Zr sites. While many XANES studies have
been done on doped-BaTiO; and related compounds, no literature on La-doped BaTiO; has been
reported. La-doped BaTiO; was shown to be suitable for making PTCR devices [7]. The objective of
this work is fo investigate the local atomic structure of La-doped BaTiO; samples using XANES
technique. In particular, XANES spectra at Ti K-edge. Ba Lyredge and La Lyr-edge will be taken.
Results of this study could provide additional information on the effect of La®>” doping on the BaTiOs
structure.

2. Experimental

Barium carbonate (BaCO;). Lanthanum oxide (La,03) and Titanium oxide (TiO,) were weighted to
form Ba; ;La,Ti0; compositions with 0.0 < x < 0.5. The raw materials were ground by an automatic
mortar grinder for 30 minutes. The mixtures were subsequently calcined at 900 °C in ambience
atmosphere for 4 hours at a heating and cooling rate of 5 °C/min. Six Ba;La,TiO; compositions,
where x = 0.0, 0.1, 0.2, 0.3, 0.4, and 0.5, were prepared. XRD patterns were obfained using a Bruker
Model D5005 instrument with a rotating anode and Cukl, radiation at 40 kV and 40 mA and were
scanned m the range of 20-80° 26 with 0.02° step size and 0.2 second/step scan speed. XANES
measurements were carried out at Beamline 8 (BLS8) of the Synchrotron Light Research Institute
(SLRI) in Thailand [8]. The double crystal monochromator Ge(220) was used to monochramatized
the X-ray beam for the Ti K-edge and Ba Ly-edge. Each of the powdered samples was ground
homogeneously in an agate mortar and filled in a 12 mm. x 6 mm. sample holder using a layer of
one-sided sticky Kapton tape. The sample was placed between two ionization chambers. The front
chamber was filled with Ar gas of 15 mbar, and the chamber behind the sample was filled with Ar gas
of 80 mbar. The photon energy was calibrated using the first derivative of Ti and V foils at 4966 eV
and 5465 eV, respectively. All XANES spectra were averaged and normalized using IFFEFIT
software version 1.2.11 Ravel & Newville [9].

3. Results and discussion

Figure 1 shows X-ray diffraction patterns measured at room temperature of the Baj,La,TiO;
(x=0.1,0.2,0.3, 0.4, and 0.5) samples. It can easily be seen that the peak intensities of BaTi0; phase
(the dash line) are systematically reduced with La doping. With increasing La doping level. the peak
positions of this BaTiOs phase do not shift, and no peak splitting can be observed, suggesting that La-
doping is unlikely to change the unit cell volume and crystal symmetry. In addition, with increasing
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Figure 1 a) X-ray diffraction spectra for samples with varying La doping level showing peak positions
of BaTiO; (dotted line). The spectra were collected over the 26 range of 20° to 80°. b) Limited 26
ranges are shown on an expanded scale for clarity.
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La content, new peaks at 20 = 27-30, 40 and 49 degrees become clearly detectable and grow in
amount. These positions (denoted as A, B, C, and D) correspond to the highest peak intensity of
Lay0s, TiO,, BagTi;704. and La;T1,0; phases respectively. This finding is well according to that of
Lin [10].

T T T T T T T T T T T T

Ti K-edge

Ba I -edge

“if

Normallized Absorption
Normallized Absorption

5230 5240 6250 5260 5270 6280 5290 6300 4950 4960 4970 4980 4960 5000 5010 5020 5030
Photon energy (eV)
Figure 2 Barium L y-edge XANES spectra

of Ba;La,TiO;

Photon energy (eV)
Figure 3 Titanium K-edge XANES spectra
of Ba;La,Ti0;

Figure 2 demonstrates the XANES spectra of the Ba Ly-edge of the Ba;,La,TiO; samples. It is clear
that the shape, position, and intensity of the main edge are almost identical at all La content, indicating
that the local structure around Ba** in BaTiOs does not alter with La doping. This result is consistent
with Somphon’s [3] and Stojanovic ef al.’s [4] findings on Sr* doped. Nb*™ doped and Y doped
BaTiO; systems. The Ti K-edge XANES spectra of the La-doped Ba;yLa,TiO; are illustrated in
Figure 3. The Ti K-edge XANES spectrum of the pure (undoped) sample of this study has similar
shape and intensity as shown in previous work [3, 4, 5]. Three interesting points can be observed from
Figure 3. A first observation of Figure 3 reveals that the pre-edge peak (at position A) retains its
position, shape, and intensity with La doping. The pre-edge peak is the most useful feature to
elucidate the oxidation state and coordination number of Ti. Its energy position depends mainly on the
Ti-oxidation state (which should be fixed at +4 in this experiment), where as its intensity depends on
the geometry around Ti. Since there is no change in both intensity and position of the Ti pre-K edge,
we can conclude that La doping does not displace Ti ion from its centrosymmetry point [1, 2]. This
finding is inconsistent with the previous findings by Somphon [3] and Mastelaro [5]. Both groups
found that the intensity of the Ti pre-edge peak (position A) changed while the intensity of the main
peak shoulder (as labeled B) remained the same with Sr doping on BaTiO; [3] and La doping on
PbTi0s [5] systems. It is possible that the dopants in the previous work can change the local structure
around Ti ion while La in this work can not. This is due to the fact that the ionic radius difference
between the host and the dopant in this work is larger than those of previous works as tabulated in
Table 1.

Tablel. Tonic radius of host and doped ions in this works were taken from reference [12]

host ion / radius | doped ion/ radius | Ionic radius difference
This work BE([E:NIZEI )A L?glefgi 0254
Somphon’s work B?E:le 1621 )A Sl(le:E )A 0.17A
Mastelaro’s work P](JE:NIZ g )A L?ENI: f26 )A 0.13A
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A second observation reveals that there are significant changes at the shoulder and location of the
main peak (white line) as marked by positions B and C. The intensity of peak B decreases as La
content increases. There is a slight shift of ~ 1eV to lower energy with increasing La doping level.
The peaks B and C are the main edge and represent the transition from 1s core electron state to an
unoccupied 4p bound state of Ti and Ti-O covalent bonding character [11]. These changes of the
shape and position of the white line indicate a change in the degree of covalency of Ti-O bonding by
La-doping. This may be due to the fact that Ti containing-secondary phases of different Ti-O bonding
characteristics formed and interfered with the scattering signals of the BaTiO; phase. This is
consistent with the XRD results as we can see from the XRD patterns (Figure 2) that TiO,, BagTi;704.
and La,Ti,07 have been formed indeed. The last observation of Figure 3 shows that the intensity of
the peaks labeled D, E and F slightly decrease and become broaden with La doping. The origin of
these peaks, which is called multiple scattering peaks, is due to the photoelectron scattering at the
neighboring atoms located within several coordination shells around Ti. This feature is very complex;
requires intensive computational refinements, and is a subject of future study.

Conclusion

Structural investigations of Bay[La,TiO; have been done using XRD and XAS techniques. The XRD
results show that the unit cell volume of the BaTiO; structure does not change with increasing La
content (because the peak positions of the main BaTiO; phase do not change as we change La doping
level). The Ba Ly-edge XANES measurements show the shape, position, and intensity of the XANES
spectra are almost identical at all La content, indicating that the local afomic structure around Ba®" in
BaTiO; does not alter with La doping. The Ti K-edge measurements show that there is no change in
both intensity and position of the pre-edge peak. suggesting that La doping does not displace Ti ion
from its centrosymmetry point. The analysis of the main Ti K-edge (the white line) indicates that La
doping modifies the degree of covalency of the Ti-O bond slightly. We conclude from present
findings that the local atomic structure around Ba and Ti atoms in the BaTi0; system does not change
significantly with La doping. In other words, the added La ions do not form a solid solution with
BaTiOs, but are most likely to accumulate around the grain boundaries. However. further electron
microscopy work needs to be done to confirm this hypothesis.

Acknowledgment. This research was financial supported by Synchrotron Light Research Institute
(SLRI).

References
[1] Kraizman V L, Navakovich A A, Vedrinskii R V and Timoshevskii V A, 1995 Physical B. 35
208-209

[2] RavelB. Stern E A, Vedrinskii R T and Kraizman V L, 1998 Ferroelectrics. 206(1) 407-430

[3] Somphon W and Srilomsak S, 2008 Advance Materials Research, 55-57 157-160

[4]  Stojanovic B C. Mastelaro V R, Paiva Santos C O and Varela J A. 2004 Science of Sintering, 36
179-188

[5] Mastelaro V R, Neves P P. Michalowicz A and Eiras J A, 2007 X-ray Absorption Fine Structure
XAFSI13: 13" International conference. 882 496-498

[6] Limpijumnong S, Rujirawat S and Boonchun A. 2007 dpplied Physics Letters, 90 103113

[71 Huang Z Z, 2002 Journal of Materials Science: Materials in electronics, 13 221-224

[8] Klysubun W, Sombunchoo P, Wongprachanukul N, Tarawarakarn P, Klinkhico S, Chaiprapa J

and Songsiriritthigul P. 2007 Nuel Instum Meth. A, 582 87-89

Ravel B and Newville M, 2005 J. Synchrotron Rad.., 12 537-541

Lin M H, Lu HY. 2002 Materials Science and Engineering 4. 323 167-176

Luca V. Djajanti S. and Howe R F. 1998 J. Physic. Chem. B. 102 (52) 10650-7

Atomistic Simulation Group, Department of Materials, Imperial college. * Radii for All

species”. Accessed on: June, 2009. Available at<http://abulafia.mt.ic.ac.uk/shannon/radius.php

= o
—

—_




sz IArIvaY

[ (3 v o 0o

weeouall Nuaduns maloTui 11 dguieu w.a. 2528 At ianuetindig d15

u

~ = v v Y

Y
MsANEITzAUTULTZoNANE191N 1595 8UNATNINGT BUNOATYNYIT 09 TINITANUTIEY

= A

9
Tud) w.a. 2541 szauNIBoNANYT 910 1595 oue3 Ynyi3099ne1A15 SunoAS Y509 39u

9

>

ArINTTuEIINn) urimeaema luTaggsuis Tl w.e. 2550

(% ) 2 [ = ) YR ' o a a
asnndusamsanuszaulSagaiuda laanuae luseaudsanIn luarvin

v Aa J

AINTINEINN d1ININIAINTINAETAT MriINeasna Ty Taggsuis 1ua) w.e. 2550 Tag

=2 o

[ v LY a a o a 4 J
”lﬁ’ﬁunuizﬂuummmﬂywmamuunmmwﬂmmau (DIANITUNIFU) Tuszrang

= 9Y o Av A [ Y] A dy a % o [ 14
ﬂ']'iﬁﬂ']s!']"lﬂ1’1'1\1'lu'Jﬁ]ﬂlﬂfJ'Jﬂ‘Uﬂ'liW@Ju'lmai’)U!La$Lu@ﬂu‘ﬂu@’f’]°ﬁﬁﬂQ@]fﬂ"ﬁﬂﬁﬁﬂﬁiﬂulﬂﬁ

o

I Yo o’d’ [ a o YR 9 a a [ 4 14
m‘lw"lmszzme'smmmﬂmmnmmﬂﬂﬁﬂywmiamunumiwamwammm dlauns

=2 o I Yy 9 [ o Awv X o Jq Yo Aa a 4 ya o 9
v ldlaGeuvann1siiaudde seeuisni lddszgna ldnuanerinusvesdide 1a
9
o [ Y

= YR a v d' [ a 4 a o I Yo 1
i’)ﬂ‘VI\‘lulﬂﬁﬂ‘lel”I\‘]Tl!’lﬂﬂlﬂﬂ’lﬂﬂﬂ”li’)&ﬂi?%ﬁ ﬁ@ﬂ’)ﬂuﬁ\i“ﬁl‘liﬂﬁﬁi@u Vlﬂﬁvlﬂi‘llﬂ”liﬂ”lﬂﬂﬂﬂ

Y P [ Av A YR
AMUINN ) AMNAWUINTUNYINVITU i]fJ‘ﬂhlﬂﬁﬂ‘HT

QU

A o

Y, a AY Yo Aa o ' o Ao A o
@'J lelWﬁ\‘l”Iu‘Vlhlﬂﬁ‘].lﬂ']ﬁ@]WNWLW?JLLW?1“53@“1«!11&1%19]%11&3” 113593 ﬂ\‘l‘ﬂﬁ']ﬂg

luaiawuan a.

[ %

Tuiln1sdni 2553 Ta5unuszauTadadny vnaniuidouassuinsasou

Y] a

J 1 [ a a
(2IANTUHIFU) Lﬁﬁﬂymaimmuﬂ‘%mumumyﬁ UNH VIV AN

L)



	01 ��˹������
	02 ��˹����ѧ��
	03 ͹�ѵ�����
	04 ���Ѵ������
	05 ���Ѵ����ѧ��
	06 �Ե�ԡ������
	07 �úѭ�����
	08 �úѭ��ҧ
	09 �úѭ��
	10 ���Ժ�����ɳ������
	11 ���� 1 ����
	12 ���� 2 ������������Чҹ�������Ǣ��
	13 ���� 3 ��ա����Թ�����
	14 ���� 4 ������С�������
	15 ���� 5 ���ػ
	16 �¡��ҧ��
	17 �Ҥ��ǡ �
	18 �Ҥ��ǡ �
	19 �Ҥ��ǡ �
	20 ����Լ��¹



