0.020 5.77 x 10° 1.73x10°
0.030 7.59x 10° 1.32x10°
0.000 3.03 x 10° 3.31x10°
0.005 2.93 x 10° 3.41x10°
100 0.010 2.84 x 10° 3.52x10°
0.020 2.94 x 10° 3.39%x10°
0.030 3.83x 10° 261x10°

wAa A a g a

auiaalsdidnnsn

o [ va A ad a 09/, dy Yo 1 o a & a ad a

dmsvauiaiieTedianniniy lunmsnaassil ldiamduilszansiiie lsdannsn (d,,)

o s A o o J @ aa v A A &
Tagm 51 FuaIUs 130 Bi, Na, . Ti, Co,0,, lidrluihdugalau uaiflosninviamissiie
4

lumsiadamesda 31l liawsonswaraun Tihavd () Mldlunisiida
a1 i lmhunm s inauisedu Iaeldanaassldaun i nszuaasunidy

! Y v Y
3.5 KV/mm tag 4.5 kv/mm #9a11130%11n13911972 14 Tagnruau linamsaaiaas Tag laiinsg
[ LY a Q(d Aad a a Y o qu < v A [ o 3 I
Samdudszansiie TeDann3 nuou¥INANAIMINIVATS VN UNLazHaINITMT N U 24
¥ T4

AMNAN319 436 uazgll 499 wududeauinlndnldluntsindadauanauen

a

AutlszAnsiia TaaLanyanaadmaRnNA14911 HetiiasuinainaA1gud A L nauna i

a

AN aEeasaradlalna luimusmuau N A wnTY et auin IndaanTnan lsebdimns

¥ KX A ! [

N9aaRNINIUAIRa 1A AN TN AN AN AN TNINTY e T AN IA WA NANSURN LA

'
a A A a

£ o | o a £ a a = a o ! X
uﬂ'ﬁu@ﬂﬂ’]ﬂ’]’&ﬂﬂ?Z@VIﬁLWﬂIeﬂ@L@ﬂ‘l/lfl‘ﬂllﬁq’&ﬂ LN@W“’\']?EL«L”IQ\‘]L'J@WVIi‘%ﬂuﬂ’]?QmWU’J”I [ARENIN

U

A
T

v
o v <

wandinldiilunan 24 daluandsnismndaudaaminisin i dudlscanaialagianvsnganan

o o A o o :J/ <3 & Z// -gl/ dl o a o [ ] Aﬂl
nedaRuAnAINIsvindaiantias MellenailieannainnisdnBessinredlainaluimuiuiedoun
feldanysaiudsarnniseawalwinesnidanaidiull 24 dalus ik inanlserdunsdng

X a & 9 | e a £ a A G a & X A a & ]
Zﬂ\ﬁm@m@ﬂu@ﬂ ﬂ’lzﬁuﬂi‘:m%’lﬁmﬂisﬁﬂL@ﬂ‘t’l?ﬂ@ﬂ@j\ﬁm LL@ZLN’BW@']?MW?J?N"]DAT]’]?L@@ Co Nu1n

o a

! a £~ A g a o % a o A a A
A1 Nﬂ?Z@WﬁLWETGﬁ@L@ﬂm?ﬂﬂLLNQINNVLUIHVM\?Lmﬂ"JﬂUﬁ’]ﬂQVﬂﬁ]@L@ﬂm?ﬂ ﬁﬂNﬂﬁQﬂ@ﬂLL@‘:

&

&
ANgANTNI Co Wi 0.010 waz 0.030 wndaulnalua aana1su Tnarnduilszans e 48

175



LANVINgeqANLTuIns Co Winri 0.010 tamdaulaeTua analliasunainaini A uy
a v 1 o/ a ar = a a al 1 o ‘dl o %’/
aagauarignguties InaAdudscAnainela8ianysngegaiA1viniy 104.5 pC/N Nin19vindn

Fnedtnd WA NILLaRTe 4.5 kKV/mm Fanadannnisindalilungn 24 dalug

110

100-_ i —— - Sigy =

90 - i S *
. S = g o T

80 - v/ T

. i

60 il

50 - /
40 _ .‘I
] 7 —a— 3.5 kV/mm (after poled)
304 7 - ®--3.5 kV/mm (after 24 hr.)
20_‘ # + 4.5 kV/mm (after poled)
d - v --4.5 kV/mm (after 24 hr.)

Piezoelectric coefficient
d33 (PC/N)

10

T T T ¥ T ¥ T T T T T T T
0.000 0.005 0.010 0.015 0.020 0.025 0.030
Co content (mol fraction)

Piezoelectric coefficient ; d,,
Piezoelectric coefficient ; d,, (pC/N)
(pC/N)
Co content (3.5 kV/mm DC field poled)
(4.5 kV/mm DC field poled)
(mol fraction)

9
o

1 o a & a ad a a . . A o
51 4.99 nsmlmduszansiiie Tadiannsnveuwsin Bij Na, . Ti, Co,0,, Miidae
4 4
aww rlihnszuaass 3.5 kv/mm uaz 4.5 kv/mm Janasmsiiniuiivagnaesiing

Wunan 24 $2 79

176



after poled after 24 hr. after poled after 24 hr.
0.000 19.0 £ 1.41 21.0 £ 1.41 22.0+1.41 24.0 + 1.41
0.005 86.0 + 0.00 90.5+0.71 89.0 + 0.00 97.0+ 0.00
0.010 92.5+0.71 98.0 = 1.41 99.5 + 3.54 104.5 + 3.54
0.020 85.5+0.71 89.0 = 1.41 98.0+4.24 101.0 + 5.66
0.030 81.5+0.71 84.5+0.71 90.5+0.71 95.0 + 1.41

Y a ad a a . . { o z
M54 4.36 MduilszaniiieTavann3nveussiin Bi) Na, . Ti, Co 0, Mhdaareauyluih

@ @ o o o Y] o o | )
NILUANTI 3.5 kKV/mm iag 4.5 kV/mm ’Jﬂﬂa\jﬂ']ﬁﬂ']quﬂuﬁ llagwa\iﬂ'ﬁﬂ’]qjjlﬂulja'] 24 6]5’311]\1

UNN 5
A7UNANSIRALATTDLAUALUE

5.1 @gUnan1s3e

a 4 . . A, 4 ]

MIAATIZH IATITTHANVOINT Bi, Na, TiO, TaeatiEennade1dollsunsu General
Structure  Analysis  System (GSAS)  HIWuIINAMMNUBINIT IFuazdoyavosuHunIn
dy v A J Y = =1 1 o Y a o '
@enuuvessidens awnsalie R veamafSeuiisusznituuuiiaoazdeyasiadind

1 ' Y 1 1
5% Gaaadldisiun Tassaduwnaninldaiadulsndsulasululdsunsylinalaseadie

A A \ a @ e o a P <
Wannwodold  TaewuImMIUATIEH IATIa5 1NUAHLMWASNDUSIFNT 19 Taseas1uilu
=S
uuusenludasoa

A3 Bij Na, ;Ti, Zr, 0, Wn1siasziisaenbiaaaiuusaiedanduda wud &
o = ¥ = d! v @ KR o 1 & dgl a
nsasuresialinedeniia Tewassliiiuinisrensfvesemad wanaini naiin
o = ° . PP = °
nsuenFaveIiARssRunegae 20 = 45-50° uaz 55-60° Tuananid Zr 1nadlusiaus x = 0.55
Auly) wansliiindntaseairananiniadasuulas deliaonuiullldnasiladuluag usinag

A tﬂl v = a Y % 1 o
1RaLuaUNARUAZARIHNT9D Lﬂﬁ"]xﬂﬂ’]utﬂ?\‘iﬂﬁ"’lﬂ"}@ﬂ’]ﬂL‘ﬁuﬂu AMNNITATINRDUNATEN

a

Qd‘ o/ o 1 a ° A d‘dd‘ dl al
AUUNAN M lunNsduAIzinugn AUIN 800 °C @mm@muﬂu@muqummm@m BANAINA

Q u Q

e aauiRaluaINin

177



1
aaal

NIEITUNEITEY Biy Na, . ZrO, wudiNaulanangalunisssaunsmsnin BNZ fae

1
a

nIzLRUNTLANANan|Es An BNZ/10wt%Na,CO, Tatnsziqunis double calcination #

gomni 800 °C lunan 2 dalng lesanliimavesnesiasi Bi,O, waz Zr0, Usnget

Q a 2

FUNINaNN 20 = 25-30° WelFauiiauiune BNZ Msranfsaniozaw] fadunszuaunisi

R
—
L
R
)
R

NRTINAABNEUNINeN wanaIntl MswENEsAn BNZ IiHAnumuuiugariudafeg

1
¥ 1

aAetladeaudnNN e fae 1 NBANANTTRELN (sintering aid) UFR aN19TNNTIFTNEN

| v
calal o

BNZ faedsuanaanlidangn Ao nMaiuiSunumeessii Na,CO, Wi 10 wt% UasiILAf

q

o

Tofananfaansdsznavaiinlvd BNZ udanniilaseadreuwuy perovskite wazlszuunaniiu

Q

orthorhombic Tneidl Bi*" uaz Na' Us9qmaamIumie A uaz Zr' ussqmsasiumu B lulasaaing

= a . ) o 9 o ! a A
NTWATEINLEIINN Big Nay Tiy 126 500, FABAELAUNIUN WUINTUIALBLNTULAALIHNAN

' '
o A

a o X X el a @ a a A v Ao
m’]Z‘NLN@ﬂ?‘quﬂ’]?LmNLL@MWWHN@]QTH UaNINU mmumlm@L@ﬂ‘mﬂ%\iLﬁ?ﬁmﬂumLLuQTumwm

TudeRsuaun NIy dafuliaudnezaeinistedanialegidnvEndas leaaui
Uszagandleasuluamman Tnaazdsnalinisinaeunaesdamulninaau eenglsfisnng antds
manlsgidnyanda liain  enaazillesinanndangil  Annsgoyidaiiesainnisin ing
e o q v o R R o = a e a o A
AoudnageinliA nan lardursvaedAnnilafiauiuansialedidnvsnatinou

NSEITINIESIAN Biy Nay s Tiy 412", 505 lasae iulaiden wudiauinaasnsuiluun iy

1 o 4‘ A 1 | 3 a dl A 1% o 4 o
anaguiu daguidawinaviuww idunfaasansiiaasaasioli (donor) aannisdnanin

1 a

Frunulninnguugivieswugn SuualiunmaadeSualuladongeln Tauansiiu

1% '
a

nFapfinisin ity daudnasiladidnyinnudndingegaiiedialuleden il
0.05 LAndaulnelug

AMNNNIANHIANT Bi0_5Na0_5Ti1_XCOXog_Xﬁﬂ‘%mmmaﬁ@ Co w1y 0.000, 0.005, 0.010,
0.020, 0.030 HlAsairnandianiuniusentudnsenituiAtaiy BNT 15qns wazlinuima

A

wandaauifintiu Tudouneamsfin nnsi@a Co lunldiinnisasunlaama wazni1spaay

pRpm

o N A ¥ Y e : = o = P e |
ForasiaRuua Tt laidaian wsitlsng NANRAN L ILANANTUANLEN AHIWILLLTBY
epsnfAnAuws lruiaaulussAunile uazanaailaiiuiFu1ns Co g9aiu taedl Co 0.010 LAMAIY

TneTua dAraouuuinlugegn Iaseairanisqaniadinsugliauuudainand wazdauin

178



= va a

nsulunjaumudiununisiae Co  nsAnEndntREna wudnAtAuudswuLininesal
wn T U UAIAN NI TasiANg9gANUFHIUNN9IAE Co 0.010 teingnulae lua

a 9

AN aNTANIe AN 199w RN nudAAsi leaIaNYIN ANdNLsrANan1uN WA uay

Aullse@nnineladidnyisn AuwelilinaulugdosusnlneiArgeganiiuininisas Co winiu

4
=K

0.010 wndaulne s tariunlduanaaiatsuins Co N

5.2 URLAUALUE

o o’ a 1% =2 ad a s ° ] =2
A miunaresndwazilasaiananinedsGannas aunsatiildaangllgnisdn
= = 1 dl o 1 o b4 a G a
w1 AW ) 11 Wensusuniiredeznana st i iaseaiimnegidnnsetindues
ansusznaveenladnawlald wrelensudsauinreanisduresernen auisninllesunn
wanmipniauredand usiu Inedeyadanans annsagnldllssdivantmniemes
wadnvisnaesian Teazifludslamiieanidauaznisimungdnsainaztiinitlszynsisiu

naguaLnusalilluaunam

179



[1]

[2]

(3]

[4]

(5]

[6]

[7]

(8]

LANAITANDY

H.M. Rietveld, Line profiles of netron powder-diffraction peaks for structure refinement,

Acta Crystallographica 22 (1967) 151-152.

H.M. Rietveld, A profile refinement method for nuclear and mangnetic structure, Journal

of Appied. Crystallography 2 (1969) 65-71.

G.L. Lager, T. Armbruster and J. Faber, Neutron and X-ray diffraction study of

hydrogarnet Ca,Al,(O,H,),, American Mineral 69 (1987) 756-765.

A. Williams, G.H. Kwei, R.B. Von Dreele, A.C. Larson, |.D. Raistrick and D.L. Bish, Joint
X-ray and neutron refinement of the structure of superconducting YBa,Cu,O..:
Precision structure, anisotropic thermal parameters, strain, and cation disorder.

Physical Review B37 (1988) 7960-7962.

R.A. Young, The Rietveld Method, edited by R.A. Young, Ch.1, Oxford University Press

(1993), pp. 1-38.

A.C. Larson and R.B. Von Dreele, "General Structure Analysis System (GSAS)", Los

Alamos National Laboratory Report LAUR 86-748 (2000).

B.H. Toby, EXPGUI, a graphical user interface for GSAS, Journal of Applied

Crystallography 34 (2001) 210-213.

S. Bid, P. Sahu and S.K. Pradhan, Microstructure characterization of
mechanosynthesized nanocrystalline NiFe,O, by Rietveld's analysis, Physica E: Low-

dimensional Systems and Nanostructures 39, 2 (2007) 175-184.

180



[9] P. Pourghahramani and E. Forssberg, The characterization of structural changes in
hematite ground in a confined particle bed using Rietveld analysis, International

Journal of Mineral Processing, Volume 83, Issues 1-2, 4 July 2007, Pages 47-59.

[10] H. Dutta, M. Sinha, Y.C. Lee and S.K. Pradhan, Microstructure characterization and
phase transformation kinetics of ball-mill prepared nanocrystalline Mg-Zn-ferrite by
Rietveld's analysis and electron microscopy, Materials Chemistry and Physics 105, 1,

(2007) 31-37.

[11] M. Mir, C.C de Paula, D. Garcia, R.H.G.A. Kiminami, J.A. Eiras and Y.P. Mascarenhas,
Microstructural characterization using the Rietveld method in lead lanthanum titanate
ceramics system produced by combustion synthesis, Journal of the European Ceramic

Society 27, 13-15 (2007) 3719-3721.

[12] H. Wei, Z. Jiliang and Z. Lingmin, Rietveld Refinement of New Ternary Compound

Al,,Dy.Si, Journal of Rare Earths 24, 1, Suppl.1 (2006) 78-81.

[13]J.R. Martinez, S. Palomares-Sanchez, G. Ortega-Zarzosa, Facundo Ruiz and Yurii
Chumakov, Rietveld refinement of amorphous SiO, prepared via sol-gel method,

Materials Letters 60, 29-30 (2006) 3526-3529.

[14] F. Guirado and S. Gali Quantitative Rietveld analysis of CAC clinker phases using

synchrotron radiation, Cement and Concrete Research 36, 11 (2006) 2021-2032.

[15] M. Karolus and E. Lagiewka, Structure studies of Fey,Nb.B,, annealed alloys by

Rietveld refinement, Journal of Alloys and Compounds 423, 1-2, 26 (2006) 92-95.

181



[16] R.M. Wilson, S.E.P. Dowker and J.C. Elliott, Rietveld refinements and spectroscopic
structural studies of a Na-free carbonate apatite made by hydrolysis of monetite,

Biomaterials 27, 27 (2006) 4682-4692.

[17] P. Jha and A.K. Ganguli, New perovskite oxides of the type (Ln,,Ba,,Ca,,)(Zn,,Ti,,)0,

1/3
§: Rietveld analysis and dielectric properties, Materials Chemistry and Physics 97, 2-3

(2006) 337-342.

[18] W. Paszkowicz and J.A. Leiro, Rietveld refinement study of pyrite crystals, Journal of

Alloys and Compounds 401, 1-2 (2005) 289-295.

[19]T. Yao, N. Ozawa, T. Aikawa and S. Yoshinaga, Analysis of layered structures of
lithium—graphite intercalation compounds by one-dimensional Rietveld method, Solid

State lonics 175, 1-4 (2004) 199-202.

[20] D. Dermatas and M. S. Dadachov, Rietveld quantification of montmorillonites in lead-

contaminated soils, Applied Clay Science 23, 1-4 (2003) 245-255.

[21] P. Bonneau, P. Garnier, G. Calvarin, E. Husson, J. R. Gavarri, A. W. Hewat and A.
Morell, X-ray and neutron diffraction studies of the diffuse phase transition in

PbMg, ;,Nb,,O, ceramics, Journal of Solid State Chemistry 91, 2 (1991) 350-361.

[22] H. Liu and H. Toraya, Study on a new tetragonal phase of Nb-doped lead titanate
zirconate by synchrotron X-ray powder diffraction, Journal of Physics and Chemistry of

Solids 60, 6 (1999) 729-735.

182



[23] C. Bedoya, Ch. Muller, J. -L. Baudour, V. Madigou, M. Anne and M. Roubin, Sr-doped
Pbzr, Ti O, ceramic: structural study and field-induced reorientation of ferroelectric

domains, Materials Science and Engineering B 75, 1 (2000) 43-52.

[24]W. Dmowski, M. K. Akbas, T. Egami and P. K. Davies, Structure refinement of large
domain relaxors in the Pb(Mg,,Ta,,)0,-PbZrO, system, Journal of Physics and

Chemistry of Solids 63, 1 (2002) 15-22.

[25] R. Bertram, G. Reck and R. Uecker, Growth and correlation between composition and
structure of (1-x)Pb(Zn,,Nb,,)O,-xPbTiO, crystals near the morphotropic phase

boundary, Journal of Crystal Growth 253, 1-4 (2003) 212-220.

[26] J. C. Bruno, A. A. Cavalheiro, M. A. Zaghete, M. Cilense and J. A. Varela, Structural
effects of Li and K additives on the columbite precursor and 0.9PMN-0.1PT powders,

Materials Chemistry and Physics 84, 1 (2004) 120-125.

[27]1 M. Mir, C.C de Paula, D. Garcia, R.H.G.A. Kiminami, J.A. Eiras and Y.P. Mascarenhas,
Microstructural characterization using the Rietveld method in lead lanthanum titanate

ceramics system produced by combustion synthesis, Journal of the European Ceramic

Society 27, 13-15 (2007) 3719-3721.

[28] J.R.R. Siqueira, A.Z. Simbes, B.D. Stojanovic, C.O. Paiva-Santos, L.P.S. Santos, E.
Longo and J.A. Varela, Influence of milling time on mechanically assisted synthesis of

Pb,,Ca,,TiO, powders, Ceramics International 33, 6 (2007) 937-941.

183



[29] A. Sani, M. Hanfland and D. Levy, Pressure and temperature dependence of the
ferroelectric-paraelectric phase transition in PoTiO,, Journal of Solid State Chemistry

167 (2002) 446-452.

[30] S. Suasmoro, S. Pratapa, D. Hartanto, D. Setyoko and U. M. Dani, The characterization
of mixed titanate Ba, Sr, TiO, phase formation from oxalate coprecipitated precursor,

Journal of the European Ceramic Society 20, 3 (2000) 309-314.

[31] A. Feteira, G. M. Keith, M. J. Rampling, C. A. Kirk, I. M. Reaney, K. Sarma, N. Mc.
Alford and D. C. Sinclair, Synthesis and characterisation of Ga-doped hexagonal

BaTiO,, Crystal Engineering 5, 3-4 (2002) 439-448.

[32] S. Khemakhem, S. Yahyaoui, R. B. Hassen, H. Khemakhem and A. B. Salah, Crystal
structure and electrical behavior of the new ceramic Ba,,Na,,Ti,,Nb,,O,, Solid State

Sciences 5, 2 (2003) 367-371.

[33] J.R. Sambrano, E. Orhan, M.F.C. Gurgel, A.B. Campos, M.S. Gées, C.O. Paiva-Santos,
J.A. Varela and E. Longo, Theoretical analysis of the structural deformation in Mn-

doped BaTiO,, Chemical Physics Letters 402, 4-6 (2005) 491-496.

[34] K. Suzuki and K. Kijima, Phase transformation of BaTiO, nanoparticles synthesized by

RF-plasma CVD, Journal of Alloys and Compounds 419, 1-2 ( 2006) 234-242.

[35] S. Anwar, P.R. Sagdeo, N.P. Lalla, Locating the normal to relaxor phase boundary in

Ba(Ti, Hf,)O, ceramics, Materials Research Bulletin (2007) (in press).

[36] C.F. Buhrer, Journal of Chemistry and Physics 36 (1962) 798.

184



[37] K. Roleder, J. Suchanicz and A. Kania, Ferroelectrics 89 (1989) 1.

[38] A. Sasaki, T. Chiba, Y. Mamiya and E. Otsuki, Japanese Journal of Applied Physics 38

(1999) 5564.

[39] T. Takenaka, K.-I. Maruyama and K. Sakata, Japanese Journal of Applied Physics 30,

9B (1991) 2236.

[40] G.O. Jones and P.A. Thomas, Investigation of the structure and phase transitions in the
novel A-site substituted distorted perovskite compound Na,Bi . TiO,, Acta

Crystallographica B58 (2002) 168-178.

[41]Nolze G., and Kraus W., Powder Cell — a program for the representation and
manipulation of crystal structures and calculation of the resulting X-ray powder

patterns. Journal of Applied Crystallography, 1996; 29: 301-303.

[42] R. D. Shannon, Revised effective ionic radii and systematic studies of interatomic

distances in halides and chalcogenides, Acta Crystallographica A32 (1976) 751-767.

[43]H. Nagata and T. Takenaka, Effects of substitution on electrical properties of
(Bi,,Na,,)TiO,-based lead-free ferroelectrics, IEEE. Xplore.

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

[45] M. H. Lin, H. Y. Lu, Densification retardation in the sintering of La,0, — doped barium

titanate ceramic, Materials Science and Engineering A323 (2002) 167-176.

185



[46] P. Siriprapa, A. Watcharapasorn, S. Jiansirisomboon, Effect of La-doped of phase,
microstructure and dielectric properties of Bi,Ti,O,, ceramics, Advanced Materials 93-
94 (2010) 251-254.

[47]P. Siriprapa, A. Watcharapasorn, S. Jiansirisomboon, Electrical and mechanical
characteristics of (Bi, La,)Ti,O,,, Ferroelectrics 382 (2009) 1-6.

[48]S. Chopra, S. Sharma, T. C. Goel, R. G. Mendiratta, Structural dielectric and
ferroelectric properties of La doped PbTiO, sol gel derived thin films, Ferroelectrics 327
(2005) 97-101.

[49]T. Yu, KW. Kwok, H. L.W. Chan, Preparation and properties of Sol-Gel-derived
Bi,sNa, ;TiO, lead-free ferroelectric thin film, Thin Solid Films 515 [7-8] (2007) 3563-
3566.

[50]H. Nagata and T. Takenaka, Effects of substitution on electrical properties of
(Bi, ,Na,,)TiO,-based lead-free ferroelectrics, IEEE. Xplore.
[51] E. Brzozowski, M.S. Castro, Grain growth control in Nb-doped BaTiO,, Journal of

Materials Processing Technology 168 (2005) 464-470.

[562] B.-J. Chu, J.-H. Cho, Y.-H. Lee, B.-l. Kim, D.-R. Chen, The potential application of BNT
based ceramics in large displacement actuation, Journal of Ceramics Processing
Research 3 (2002) 231-243.

[53] Liu C, Lan Z, Jiang X, Yu Z, Sun K, Li L, Liu P (2008), Effect of sintering temperature
and Bi,O, content on microstructure and magnetic properties of LiZn ferrites. J Magn
Magn Mater 320, 1335-39.

[54] Bomlai, P., Wichianrat, P., Muensit, S. and Steven, J. M. 2007. Effect of calcinations and
excess alkali carbonate on the phase formation and particle morphology of
Na, K, sNb, ;O, powders. Journal of American Ceramic Society. 90: 1650-1655.

0.5 0.5

186



[65] M. V. Makarova, P. E. Kazin, D. D. Zaitsev, N. S. Eremina, Y. D. Tretyakov and M.
Jansen: Preparation of Submicron Strontium Sodium Zirconate Powder in Alkaline

Solutions /norganic Materials. Vol. 39 (5) (2003), p. 514-519

[56] W.D.Kingery, H.K.Bowen, D.R.Uhimann, Introduction to Ceramic, 2", Jhon wiley &

Sons,Inc, New York 1960

[571Y. Qu, D. Shan and J. Song, Effect of A-site substitution on crystal component and
dielectric properties in Bi; .Na,.TiO, ceramics, Materials Science English, 121 (2005)

148.

187



Output AMnTASINIFIAENLATUNUAIN AND. WAZ ANY.

1. MANURNNN LUNsAITITINsuasNMsiiduananulunislszgudgnnig

1.1 NFHUANUBNNALUNFAIFITINFTTTAUUIUITE (ANIANWIN)

1.

2.

3.

4.

P. Jaiban, S. Jiansirisomboon, A. Watcharapasorn, Effect of lanthanum substitution
on microstructure and electrical properties of (Bi; Na, ), , 5,La,Tiy ,,Zr, 5,0, ceramics,

accepted to be published in Ceramics International. Impact Factor = 1.686

A. Rachakom, S. Jiansirisomboon, A. Watcharapasorn, Physical and Electrical
Properties of Nb doped Bi,.Na,.[Zr,,Ti,,]JO, accepted to be published in

Ceramics International. Impact Factor = 1.686

A. Watcharapasorn, P. Siriprapa, S. Jiansirisomboon, Grain growth behavior in
bismuth titanate based ceramics. Journal of the European Ceramics Society 30
(2010) 87-93. Impact factor = 1.562)

A. Watcharapasorn, S. Jiansirisomboon, Dielectric and Piezoelectric Properties of
Zirconium-Doped Bismuth Sodium Titanate Ceramics, Advanced Materials

Research 55-57 (2008) 133-136

1.2 NMFURNUBNNALUNTATITINNTTZALTNE (ANANUEIN)

1.

2.

P. Jaiban, S. Jiansirisomboon, A. Watcharapasorn, Synthesis of Lead-free
Bi, sNa, .ZrO, powder, Journal of Matals, Materials and Minerals, 20(2010) 141-144

A. Rachakom, S.Jiansirisomboon, A. Watcharapasorn, Microstructures and
Mechanical Properties of Lead-Free Bismuth Sodium Titanate Zirconate Ceramics,

Journal of Microscopy of Thailand 23, 1 (2009) 107-110.

188



1.3 NM15UNAUANANUIUNITUSEINITINIFTLALUIUTR (ANIANUIN)

1.

P. Jaiban, A. Rachakom, N. Petnoi, S. Buntham, S. Jiansirisomboon, A.
Watcharapasorn, Preparation of Bismuth Sodium Zirconate Powder by Mixed-Oxide
method, The 12" International Symposium on Eco-Materials Processing and Design,
The empress Hotel, Chiang Mai, Thailand, 8-11 January (2011).

A. Rachakom, P. Jaiban, N. Petnoi, S. Jiansirisomboon, A. Watcharapasorn,
Investigation of Morphotropic Phase Boundary for Bi, Na,Ti, .Zr,O, Solid Solutions
by X-ray Diffraction Technique. The 12" International Symposium on Eco-Materials
Processing and Design, The empress Hotel, Chiang Mai, Thailand, 8-11 January
(2011).

P. Jaiban, S. Jiansirisomboon, A. Watcharapasorn, Effect of lanthanum substitution
on microstructure and electrical properties of (Bi, Na, ), , s,.La,Ti, ,,Zr, 5,0, ceramics,
The 7th Asian Meeting on Ferroelectricity and 7th Asian Meeting on Electroceramics

(AMF-AMEC-2010), Ramada Plaza Jeju Hotel, Jeju, Korea, 28 June — 1 July (2010).

A. Rachakom, S. Jiansirisomboon, A. Watcharapasorn, Physical and Electrical
Properties of Nb doped Bi,.Na,[Zr,Ti,,,]J0,, The 7th Asian Meeting on
Ferroelectricity and 7th Asian Meeting on Electroceramics (AMF-AMEC-2010),

Ramada Plaza Jeju Hotel, Jeju, Korea, 28 June — 1 July (2010)

189



1.4 nsUAUANANUIUNTUSEINITINSTLALTIR (AN1ANUIN)

1.

P. Jaiban, A. Rachakom, P. Petnoi, S. Jiansirisomboon, A. Watcharapasorn, Effect of
Sintering Temperature on Preparation of BNZ ceramics, The 28" Annual conference
of the Microscopy Society of Thailand, Mae Fah Luang University, Chiang Rai,
Thailand, 5-7 January 2011

A. Rachakom, P. Jaiban, S. Jiansirisomboon, A. Watcharapasorn, Characteriistics of
Nb doped Bi,.Na,.Ti,,Zr, 0, ceramics, The 28" Annual conference of the
Microscopy Society of Thailand, Mae Fah Luang University, Chiang Rai, Thailand, 5-7
January 2011

P. Jaiban, S. Jiansirisomboon, A. Watcharapasorn, Synthesis of Lead-free
Bi,sNa,.ZrO, powder, The 6" Thailand Materials Science and Technology
Conference (MSAT6), Miracle Grand Convention Hotel, Bangkok, Thailand, 26-27
August (2010).

A. Rachakom, P. Jaiban, S. Jiansirisomboon, A. Watcharapasorn, Effect of
calcination time on phase formation of Bi,.Na,.Ti,,.Zr O,, The 36" Congress on
Science and Technology of Thailand, Faculty of Science, Bangkok International

Trade and Exhibition Center (BITEC), Bangkok, Thailand, 26 -28 October (2010).

P. Jaiban, A. Rachakom, S. Jiansirisomboon, A. Watcharapasorn, Effects of
calcination temperature and excess Na,CO, on phase characteristics of bismuth
sodium zirconate powder, The 36th Congress on Science and Technology of
Thailand, Faculty of Science, Bangkok International Trade and Exhibition Center

(BITEC), Bangkok, Thailand, 26 -28 October (2010).

190



6. P. Jaiban, A. Rachakom, S. Jiansirisomboon, A. Watcharapasorn,
Fabrication of lead-free bismuth sodium zirconate ceramics, The 35"
Congress on Science and Technology of Thailand, Burapha University, Bang

Saean beach, Chonburi, 15 - 17 October 2009.

7. A. Rachakom, P. Jaiban, S. Jiansirisomboon, A. Watcharapasorn, Physical
and dielectric properties of lead-free bismuth sodium titanate zirconate
ceramics, The 35" Congress on Science and Technology of Thailand,

Burapha University, Bang Saean beach, Chonburi, 15 - 17 October 2009.

8. A. Rachakom, S. Jiansirisomboon, A. Watcharapasorn, Microstructures and
mechanical properties of lead-free bismuth sodium titanate zirconate
ceramics, The 26" Annual Conference of the Microscopy Society of

Thailand, Chiang Mai, Thailand, 28-30 January (2009).

2. nmsiuanuldldlsslaail

2 1 gnunsnasaauissluinunaulanazdqs 1R an 19w UIN1IIS LA UNNTANEN

a K o

TassafrananiisanaasiagslsdianvsnamsdnFansnyialulsemealnals

(%
a o A

2.2 awnan s ifludouniiarasnisFaunisaeuluamndandanaans nadn
WAnd pruvanenaans unnanendendes o
2.3 ANNIHARNAMNUIAE e aua LAz AN ATuRAIA At Tun sl szudang Ty
SLAUTNAUAZUNWNEE b6
2.4 gnunsnudmiudia lusesuBynes Wusaiuau 3 au By 1 Au
S dl o a
neluszezinarandnaniiuliasanig

2 5 n19aiaAradnaLaANInta lun1mdsaiuAnanseTuaziiniada el

mmﬁmmzmifgmmrfmju@ﬂmmﬁuiﬁ

191



3. mananulifldlszTaninuau g

v 1
o C

3.1 Iiiauelunstssguirnisunlumaluladuwinsamelng a3 1 Fos

Tanulu At gunand uaznistszens 19 o Tasusniduniancensdu
Samdndelvad 14-16 Asvnan 2550

Anucha Watcharapasorn and Sukanda Jiansirisomboon @Luﬁﬁ@lﬁ:@\‘i Effects of
Al,O, Nano-particle Addition on Electrical and Mechanical Properties of PLZT
Ceramics.

3.2 lgiin Lzﬁu@slumiﬂﬁ?mu%ﬁm? International Conference on Smart Materials:
Smart/Intelligen Materials and Nanotechnology and 2" International Workship on
Functional Materials and Nanomaterials, Chiang Mai, Thailand, 22-25 April 2008

A. Watcharapasorn and S. Jiansirisomboon lusiada3a4 Dielectric and Piezoelectric

Properties of Zr-doped Bismuth Sodium Titanate Ceramics

192



AMARNUIN



NARITUANNN LUAINTHITITINITUIUNTR



L]
G I"I I I anucha watcharapasorn <anucha.watcharapasorn@gmail.com>

Request Final Manuscript_2e-P03

Publication Committee <7th.amec@gmail.com> Fri, Jan 7, 2011 at 9:21 AM
To: "Dr. A.\Watcharapasorn" <anucha@stanfordalumni.org>

Dear Dr. A.Watcharapasorn:

We are pleased to inform you that your manuscript entitled, “Effect of lanthanum
substitution on microstructure and electrical properties of titanium doped BNZ based
ceramics” (2e-P03) has been accepted for publication in the proceedings of AMEC-7,
Ceramics International.

Although we announced the accepted papers will be published with page charges by
authors, your page charges will be covered by the organizing committee of AMEC-7 if
some editorial works will be given by each author due to the tight budget for page
charges.

We would deeply appreciate it if you could check once again your manuscript in
accordance with Editorial Tips attached. Especially, be sure to paper length; maximum
4 printed pages allowed for contributed authors and 6 printed pages allowed for invited
authors. Your manuscript will not be included in the Proceedings of AMEC-7 if any
editorial faults and any deception for paper length were found in final manuscript.

Due to the tight schedule of publication process, we strongly ask your Final Manuscript
(Only one MS-Word file including Tables and Figures) with Final Paper Length
form before January 10, 2011 to Publication Committee of AMEC-7
(fth.amec@gmail.com)

IMPORTANT: Any changes other than minor ones such as corrections for typos or
English for your accepted manuscript are not allowed. In case more significant
corrections or changes are necessary, please submit your modified manuscript to me
for review as early as possible with a clear indication where the changes are made so
that | may grant final approval. Late changes may incur a heavy editorial cost and
should therefore be avoided as much as possible.

Sincerely,
Publication Committee
AMEC-7



Final manuscript

Effect of lanthanum substitution on microstructure and electrical properties of
(BigsNags)11.s:LasTig 417219 5003 ceramics
Panupong Jaiban ®, Sukanda Jiansirisomboon *°. Anucha Watcharapasorn * °*
* Department of Phvsics and Materials Science, Faculty of Science,
Chiang Mai University, Chiang Mai 50200, Thailand
® Materials Science Research Center, Facultv of Science, Chiang Mai University,
50200 Chiang Mai, Thailand
* Corresponding author. Tel.: +66-53-94-1921 ext 631; fax: +66-53-94-3445,

E-mail address: anucha@stanfordalumni.org (A. Watcharapasorn).

Abstract

Bismuth sodium zirconate (BNZ) based ceramics with a composition of
(BigsNag 5)1-1.5:LaxT1041Z1p 5003 where x = 0, 0.005, 0.01, 0.02 and 0.03 were prepared
by a solid-state mixed oxide method and sintered at the temperature of 900°C for 2 h.
All the samples had relative density between 91 -97% of their theoretical values. Phase
analysis using X-ray diffraction indicated single rhombohedral or pseudo-cubic
perovskite structure. SEM micrographs showed that addition of La caused the average
grain size of the BNTZ ceramics to decrease as well as an improvement of sample
density. Dielectric properties at room temperature measured at 10 kHz indicated that
addition of La increased the dielectric constant. The results of ferroelectric
characterization also revealed that adding La caused a decrease in coercive field without
affecting the remanent polarization.
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Abstract

This research studied the effect of Nb doping on BigsNag s [Tig41Z1050] O3 (when Nb
concentration = 0.00, 0.01, 0.03, 0.05, 0.07 and 0.09 mole fraction). Nb doped BNTZ
ceramics were fabricated using a conventional mixed-oxide method. All samples were
calcined at a temperature of 700 °C for 2 h and sintered at a temperature of 900 °C for 2
h. X-ray diffraction patterns suggested that the compounds possessed rhombohedral
perovskite structure. SEM micrographs indicated that average grain size decreased as
the amount of Nb additives increased. The electrical resistivity showed a decreasing

trend with increasing Nb concentration due to excess charge present in the sample. The



dielectric constant and dielectric loss of samples showed no particular trend when Nb

was added but the optimum was observed when 0.05-0.07 Nb mole fraction was present

in BNTZ ceramics. In this study. both microstructure and donor-type effects played an

important role in determining electrical resistivity and dielectric properties of these

ceramics.

Keyvwords: D. Bismuth sodium titanate; B. X—ray method; C. Dielectric properties; C.

Electrical properties.
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Abstract

Bismuth titanate and lanthanum-doped bismuth titanate ceramics were prepared from freeze-dried powders employing conventional solid state
reaction and sintering procedures. The sintering process was carried out at 1150°C from 4 up to 48 h. X-ray diffraction analysis showed that
preferred orientation was reduced in bismuth titanate ceramic as sintering time increased while lanthanum-doped sample showed much less degree
of preferred orientation and was independent of sintering time. Grain growth studies also showed that initial anisotropic grain growth rate was
the main factor controlling the grain morphology, rendering the plate-shaped grain in both pure and lanthanum-doped bismuth ttanate ceramics.
Based on established grain growth law, pore-controlled diffusion could be the major mechanism determining the observed microstiucture in these

layered compounds.
© 2000 Elsevier Ltd. All rights reserved.

Keywords: Sintering: Grain growth: Powders-solid state reaction: Bismuth titanate-based compound

1. Introduction

Pure and doped bismuth titanate (BiyTiz0y2 or BIT) have
been under investigation recently due to their good electrical
fatigue resistance behavior and their possible use in ferroelectric
random access memories or FRAM applications.! A number of
techniques have been employed to synthesize these materials
both in thin film and ceramic forms.>~® For thin films, a number
of research work have shown that highly c-axis oriented grain
morphology could be produced by several processing techniques
particularly the templated grain growth method which enabled
measurements of anisotropic properties of these films, ™19

In ceramics, it has been well known that both pure and
doped BIT possess plate-like grains and properties which are
also orientation dependent. For example, dielectric properties
along the direction perpendicular and parallel to c-axis were
found to be quite different.!! Hence, due to anisotropic behav-
ior of this material, a number of researchers have fabricated
BIT ceramics with grains aligned in certain direction by various
techniques such as templated grain growth and tape-casting, !>
Others have found that employing external parameters such as

* Corresponding author. Tel.: +66 53 941921%631; fax: +66 53 943445,
E-mail address: sukanda@ chiangmai.ac.th (S. Jiansirisomboon).

0955-2219/% — see ront matter © 2009 Elsevier Ltd. All rights reserved
doi: 10,1016/ jeurceramsoc. 2009.07.031

magnetic field or pressure could also produce ceramics with ori-
ented grains,''=!* Inoue et al.'? had shown that BIT ceramics
with highly oriented grains could be fabricated from com-
pacted plate-shaped powders which were originally prepared
from salt solutions. However, the prepared ceramics contained
large pores between well sintered plate-shaped grain colonies. !>
The authors also briefly mentioned the anisotropic grain growth
behavior of sintered green compact prepared from convention-
ally prepared BIT powder. Based on these previous studies and
the fact that grain growth kinetics and time dependence of grain
morphology of BIT ceramics prepared by conventional sinter-
ing method have not been investigated in detail, this research
therefore attempts to quantitatively study the effects of sinter-
ing time on microstructures, grain orientation and density of
BIT ceramics. The results are discussed and compared to those
of Biz2slag75Tia0p2 (BLT) ceramics to elucidate the effects
of lanthanum ion addition on grain growth behavior of BIT
ceramics.

2. Experimental procedure

Bi4Ti;0); and BizasLag7sTia0); powders were prepared
from binary oxides i.e. Bi»O5 (=98.0%, Fluka), La; O5 (99.99%,
Cerac) and TiOz (>99%, Riedel-de Haén). The stoichiometric
amounts of starting powders were mixed using ball milling with
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Fig. |. X-ray diffraction patterns of calcined powder and sintered ceramics of (a) BiyTiaOy2 and (b) Biz2sLag7sTiz 0.

zirconia balls and distilled water for 24 h at arate of 60 rpm. The
mixtures were then transferred to a spherical flask and placed
in a shell freezer. The flask was rotated in an ethanol bath for at
least 1 h to produce frozen slurry, which was immediately dried
in a vacuum drier for at least 24 h. After all ice was sublimated,
fine freeze-dried powders were obtained. The powders were then
calcined at 750 °C for 4 h before being re-ground, pressed into
small pellets and sintered at 1150°C for 4, 10, 24 and 48 h. X-
ray diffraction analysis was employed to study phase formation
and crystal structure of calcined powder and polished surfaces of
ceramics using an X-ray diffractometer (Philips model X-pert)
with CuKy, radiation. Density was measured using Archimedes
method. Microstructure of ceramic surfaces thermally etched
in air at 1000°C for 15min was investigated using a scan-
ning electron microscope (JEOL JSM-6335F). Grain size was
obtained from SEM micrographs using direct measurement of
grain length and thickness across the center of each grain. Aver-
aged values for each sample were obtained from measuring one
hundred grains. For degree of grain orientation, the following
equations were used

3 Ip(0010)
s g TR 1
o > holh kD) |
_ Y1001
TN IhkD) @

In the above equations, Py and P are the fraction of (00/) X-
ray peaks with respect to all peaks for powders and ceramics,
respectively. Ip(00/) and fO0]) are the integrated X-ray 00/
peak intensities of powder and ceramic samples, respectively.
To(h k Iy and I(h k1) are their corresponding integrated intensities
of all peaks within the 28 range (i.e. 10-60%) under investiga-
tion. After Py and P were calculated, a Lotgering factor! was
obtained using equation

_P*Po
T 1-P

F (3)

3. Results and discussion

Fig. 1(a) shows X-ray diffraction patterns of BIT ceramics.
For sintering time of 4 h. the ceramic surface showed relatively

high degree of preferred orientation of 00 /-type indices. As
the sintering time increased, the degree of preferred orientation
decreased. Quantitatively. the 00 [-oriented grain contribution
approximated from integrated intensity of X-ray peaks relative
to other grain orientation is also shown in Fig. 2. It seems there-
fore that for short sintering time (4 and 10h), the compacted
particles with c-axis oriented parallel to the pressing direction
tended to grow and contribute to high degree of 00/ preferred
orientation observed. At longer sintering time (24 and 48 h), the
influence of grains with c-axis oriented perpendicular to pressing
direction became more pronounced (Fig. 1{a)) with a corre-
sponding reduction in 00/ preferred orientation (Fig. 2). These
grains seemed to grow over some of the 00 /-oriented grains,
hence rendering smaller fraction of the latter on the ceramic sur-
face. It should be noted that a slight shift of X-ray peaks of BIT
ceramics compared to that of powder was probably due to instru-
mental error since the weight loss during sintering was found
to be negligible, indicating that stoichiometry did not change
and, therefore, X-ray patterns of ceramics and powder should
be identical.

Fig. 1(b) shows X-ray diffraction of BLT calcined powder
and sintered ceramics. Although the X-ray pattern of calcined

0.5
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Fig.2. Lotgering factor as afunction of sintering time for BIT and BLT ceramics
with respect to their calcined powders.
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Fig. 3. SEM micrographs of thermally etched surfaces of BIT ceramics at various sintering times: (a) 4 h, (by 10h, () 24 h and (d) 48 h.

BLT powder was nearly the same as that of BIT, it could be seen
that the degree of 0 0/ preferred orientation of BLT ceramics was
much less than that of BIT ceramics when compared at the same
sintering time. The effect of sintering time on degree of preferred
orientation based on calculated Lotgering factor of 00 /l-oriented

grains is also shown in Fig. 2. It could be seen that, compared
to BIT ceramics, the degree of grain orientation of BLT was
nearly independent of sintering time. For long sintering period,
the degree of 00/-type preferred orientation in BIT and BLT
ceramics was nearly the same. This suggested that the grain

Fig. 4. SEM micrographs of thermally etched surfaces of BLT ceramics at various sintering times: (a) 4 h, (b) 10h. (c) 24 h and (d) 48 h.
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Table 1
Grain length and thickness of BiyTizO) 2 and Biazs Lag 75 Tiz 0 2.
Sintering time (h) Grain length: [ (pum) Grain thickness: f {jum) it
BIT BLT BIT BLT BIT BLT

4 588 4+ 1.99 215 +£0.73 098 £ 0.30 0.54 £0.132 6.00 308
10 B44 £ 158 2.33 £ 0.66 146 + 0.46 0.62 £ 0.16 578 374
24 0.62 + 396 281 £ 1.00 1.67 & 0,57 0.63 £ 0.15 576 445
48 10.38 £ 452 301 £ 1.21 177 £ 0,64 0.73 £0.21 5.86 412

Table 2
Density of BiyTizOy2 and BizasLag75Tiz0 g2 ceramics.

Sintering time (h) BigTia02

BizasLan s Tia0nz

Density {gfom? )

Relative density® (%)

Density (g/em®) Relative density® (%)

4 755 £ 001 94.15
10 741 £ 0.08 9240
24 731 £ 001 a1.14
48 TR £ 001 92.00

TAD £ 0.03 96.47
TA43 £ 002 06.88
TA44 £ 003 06.95
TAT £ 013 93.51

a 3-ray density of BiyTi,0 5 = 8.02 gfem? and Biy 25La, 75Ti30), =7.67 glem?.

growth kinetics of these two systems might be similar at long
sintering time.

Figs. 3 and 4 show thermally etched surfaces of BIT and BLT
ceramics, respectively. For the same sintering time, the grain
size of BIT was much larger than that of BLT ceramic. As the
sintering time increased, the grain size became increased both
in terms of grain length and thickness. Their values are listed in
Table 1. The density for both compounds did not vary much with
sintering time (see Table 2). It could be observed however that
the relative density of BIT ceramics was slightly less than that
of BLT due to the larger plate-like grains, causing greater diffi-
culties in having high packing density. Their low density values
were also confirmed in the micrographs in which relatively high
fraction of large pores was observed in BIT compared to that of
BLT ceramics.

To study grain growth behavior in these compounds, the grain
size in terms of grain length and thickness as a function of time
was plotted and shown in Fig. 5. It could be observed that,

11
10+
9 BIT: grain length
84
E 7
= B4
8
5 54
£ 4
o BIT: grain thickness
O 34
21 FEPRTREREEE TR 5 |
11 e BLT: grain thickness
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0 10 20 30 40 50
Time (h})

Fig. 5. Grain size of BIT and BLT ceramics as a function of sintering time.

in both BIT and BLT ceramics, the grain size along ab-plane
initially increased abruptly and then increased more slowly at
longer sintering time. Regardless of sintering time, both grain
length and thickness of BIT ceramics were much larger than
that of BLT ceramics. This indicates the well known effect of
grain growth inhibition by lanthanum ions. To further quan-
tify this point, the grain growth rate was obtained by fitting an
empirical curve to the data points. It was found that the best
fitted curve was obtained using the power function in the form
G=abt! ~¢/(1 +br' %), where G is the grain size (length or thick-
ness), { is the time, and a, b, ¢ are the fitting constants. After the
fitting, the slope was calculated to obtain instantaneous grain
growth rate.

Fig. 6 shows the growth rate as a function of sintering time.
It is apparent that the initial growth rate along ab-plane (grain
length) was much faster than that along c-axis (grain thickness)
for both BIT and BLT ceramics. This grain growth anisotropy
could be largely due to the different atomic attachment/diffusion

1.000
g 0.100+
g BIT: grain length
2
Jud @ -
£ 00104 el - i i
g e \_D_I_EIT. grain thicknes:
8 o BLT grain length

BLT: grain thickness
0,001+
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Fig. 6. Grain growth rate of BIT and BLT ceramics as a function of sintering
time.
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Fig. 7. Grain size distribution as a function of sintering time: (a) BIT and (b) BLT ceramics.

rates along different directions which, in turn, were influenced
by the orthorhombic crystal structure of BIT and BLT. From
the figure, it could be observed that the grain growth rate of
BIT ceramic in both directions was about 10 times faster than
that of BLT ceramic. This further proved the effectiveness of
lanthanum in grain growth inhibition. As the sintering time
increased, the growth rates in both directions decreased until
their values became comparable at long sintering time. This
reduction in grain growth rate should be expected since as the
grain grew, more time would be needed to complete each atomic
layer on each grain. This comparable grain growth along ab-
plane and c-axis at long sintering time in both BIT and BLT
ceramics also seemed to play a large part in determining the

amount of preferred orientation in these ceramics. Hence, the
initial anisotropic grain growth rate seemed to be the main factor
causing the plate-shaped microstructures in both BIT and BLT
ceramics. For long sintering time, the grain growth rate became
more isotropic with reduced preferred orientation as observed
in this study. The effect of lanthanum on grain growth inhibition
also resulted in narrower grain size distribution in BLT ceramics
compared to that of BIT ceramics, as shown in Fig. 7.

In terms of grain growth mechanism in BIT and BLT ceram-
ics, attempts to find the values of exponent m in the grain growth
law ie. having a relationship G™ — G = kt,'® where Gy is
grain size at time =0 and k is a constant, were not very suc-
cessful. Fig. 8 shows the plot of a straight line fit through data
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Fig. 8. Grain growth law applied to BIT and BLT ceramics: (a) linear fitting for m=4 and (b) goodness of fit as a function of exponent m.

points (using m =4 in this case) and the goodness of fit (having
an ideal value of 1) as a function of exponent m. It could be
seen that the best fit, though still having relatively large resid-
ual error, was found for m equals 4 which corresponded to the
pore-controlled surface diffusion or boundary-controlled diffu-
sion due to coalescence of second phase.'® However, the samples
investigated in this study were mostly single phase so it was
unlikely that the latter mechanism would play much role. Hence,
pore-controlled surface diffusion may be a major mechanism in
this material. Care should be taken however that other diffusion
mechanisms may also play a role in these materials. The difficul-
ties in applying grain growth law to BIT and BLT ceramics were
due to the fact that these materials possessed anisotropic grain
growth behavior as well as the fact that the grain growth law was
established based on the assumption that the material must be
a homogeneous compact with isotropic grain boundary energy
and isolated spherical pores at the grain boundary. These prop-
erties were not closely followed in BIT and BLT ceramics due
to their un-equiaxed grains. Nevertheless, based on the informa-
tion obtained in this study, the rate controlling factors of grain
growth could be the interfacial energy as well as the mobility of
lanthanum ions. Further detailed investigation of lanthanum ion
diffusion in BIT ceramic would be beneficial.

4. Conclusions

The BiyTia0» and Bizaslag75Tiz0); ceramics sintered
at various sintering times up to 48 h were successfully fabri-
cated. X-ray diffraction analysis showed that while BigTizO)2
ceramics showed greater 00/-type preferred orientation than
Bia2sLag 75TiaO 2 ceramics at short sintering time, both materi-
als had similar degree of 0 0 [-type preferred orientation at longer
sintering period. In both BiyTizOz and BizasLap75Ti30)2
ceramics, the anisotropic grain growth rate was observed at
short sintering period while at long sintering time, the growth
rate along ab- and c-plane became comparable. This study
showed that the plate-shaped morphology in BiyTiaO2 and
BizasLag75Tia0 )2 ceramics was mainly the results of initial
anisotropic grain growth rate. Sintering these ceramics at longer
time could render a material with more isotropic microstructure
with reduced preferred orientation.
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Dielectric and Piezoelectric Properties of Zirconium-Doped Bismuth
Sodium Titanate Ceramics
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Abstract. Zirconium-doped bismuth sodium titanate ceramics were prepared using the conventional
processing method. X-ray diffraction analysis indicated the materials were single phase with a
systematic shift due to increased unit cell size. The measured densities and grain size of the ceramic
samples were found to range from 5.79-6.03 g/em’ and 0.5-1.6 um, respectively. The dielectric
constant as a function of temperature became broader as Zr content increased. The piezoelectric
constant was found to decrease with increasing Zr. Within the range of the solid solutions
investigated, the materials seem to be promising for high temperature applications where stable
dielectric constant 1s required.

Introduction

It is well known that a number of solid solution systems in ferroelectric ceramics are scientifically
and technologically important. These include Pb(Zr.Ti)Os;, Pb(Mg;;3Nb,;)05;-PbTiO; and
Pb(Zn;3Nb,3)03-PbTi03, which have already been widely used in many sensor and actuator
applications [1, 2]. However, the lead-containing compounds are currently of environmental
concerns for future devices. Therefore, a number of non-lead material systems have been
investigated in order to to find suitable replacement for lead-based compounds. One of these non-
lead systems is the solid solution of BaTi03;-BaZrO; (BZT) which was found to possess high
dielectric constant, low loss, high-strain capability and large piezoelectric coefficient [3-9].

Besides BZT, bismuth sodium titanate having chemical formula, BigsNagsTiO; or BNT, has
recently been recerved more attention due to their interesting ferroelectric properties. These include
remanent polarization of 38 ;l('fcmz, coercive field of 73 kV/em and high Curie temperature (T, =
320 °C) [10-13]. Although a number of dopants have been used to modify properties of BNT
ceramics [13-15], the solid solution Big sNag 5(T1,Z1)0; have not vet been investigated in detail.

In this paper, the effects of Zr concentration on physical, dielectric and piezoelectric properties
of BNT are studied and discussed.

Experimental

Big sNag sT1;Z1r,03 (where x = 0, 0.05, 0.10. 0.15 and 0.20) powders were prepared from binary
oxides, i.e. Bi,O; (>98%, Fluka ), Na,CO; (99.5%, Carlo Erba), TiO, (>99%, Riedel-de Haén) and
710, (»99%, Fluka). The powder mixtures were ball-milled for 24 h using zirconia milling media in
ethanol prior to calcination in alumina crucible at 800 °C for 2 h. After phase analysis by X-ray
diffraction technique (XRD, JDX-8030), the powders were pressed into small pellets and sintered at
1100 °C for 2 h. The sintered ceramics were characterized for their densities using Archimedes
method. The surface morphologies were studied using a scanning electron microscope (JEOL JSM-
5910LV) and the grain size was obtained using a linear interception method. The dielectric constant
as a function of temperature was measured using an LCR HITESTER connected to a high
temperature furnace. The piezoelectric constant was measured using a d;;-meter (KCF PM-3001)
after poling each sample for 5 minutes m 60 °C silicone oil under 40 kV/em electric field.

All rights reserved. No part of contents of this paper may be repreduced or transmitted in any form or by any means without the written permission of the
publisher: Trans Tech Publications Lid, Switzerland, www ttp_net. (ID: 202 .28 244 211-20/08/08,04:03:31)
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Results and Discussion

X-ray diffraction patterns of Bij sNag sT1;.ZrxO3 (BNTZ) caleined powders and sintered ceramics
are shown in Fig.1. For samples having the same composition, there was virtually no difference
between X-ray patterns of powders and ceramics. The X-ray diffraction pattern of undoped BNT
indicated the rhombohedral crystal structure, in agreement with the standard powder diffraction file
no. 36-0340 and the pattern reported in literature [13.15]. Incorporation of Zr 1ons into BNT lattice
caused a slight systematic shift of X-ray patterns to the left without changing relative peak
intensities which suggested that the rhombohedral structure was maintained while the size of unit
cell increased with increasing amount of Zr. Similar increase in lattice parameter was also observed
for Zr-doped BaTiO: due to the larger Zr-ion substitution in Ti* site [16].

(@ g (b) g
1 v _ & = = _ g =
g I = & s & g | = &8 & &
= S BNTZ20 | = % = 2 BNTZ20 = -
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Figure 1. X-ray diffraction patterns of BNTZ: (a) calcined powder and (b) sintered ceramics

The density and the average grain size of BNT and BNTZ ceramics are listed in Table 1. The
densities were within the range of 5.79-6.03 g/cm’. corresponding to the relative density of at least
95% of theoretical value. The average grain size ranged from 0.5-1.6 pm and increased with
increasing Zr content. This indicated that the addition of ZrO, did not significantly affect the
microstructures of BNTZ ceramics compared with that of BNT.

Table 1. Some room temperature properties of BNTZ ceramics.

BNT BNTZ05 BNTZ10 BNTZI15 BNTZ20
Density (gfcm;) 5.95 5.79 5.94 5.93 6.03
Grain size (jun) 0.5 1.0 L1 12 1.6
dsz (pC/N) 68 57 52 47 40
- 524 620 655 572 562
tan & 0.06 0.04 0.04 0.04 0.05

The dielectric constant and dielectric loss plotted as a function of temperature at 10 kHz are shown
in Fig. 2. The dielectric curve for BNT showed a normal behavior and had the maximum value at
320 °C, which was the transition temperature commonly found by other researchers [10-15]. The
room temperature dielectric constant value of BNT (see Table 1) agreed well with the values
reported [13-15]. The room temperature dielectric constant slightly increased with increasing Zr
content up to 10 mol%Zr and then decreased with further addtion of Zr. Unlike the BaTi03:-BaZrO3
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system [8,9] where addition of Zr decreased the T. of the ceramics, the effect of Zr on the transition
temperature of BNTZ was rather small.

In Fig. 2. it can be seen that increasing Zr concentration caused the dielectric-temperature
curves to become more diffused with corresponding lower values of high-temperature dielectric
constant. Since no frequency dependence of the dielectric constant was observed (not shown), the
amount of Zr used in this study did not render the relaxor behavior of this material. This seems to be
in agreement with the study on BaTi0;-BaZrO; solid solution in which the frequency dependence
of the dielectric constant was observed only when the amount of Zr used was equal to or greater
then 30 mol% [8.9].

From Fig. 2 (b), except for BNTZ20, the dielectric loss of other BNTZ ceramics showed a
relatively constant value for all samples up to about 150 °C. Above this temperature, the values
slightly decreased and then mcreased as the loss became more significant at high temperature. This
behavior was also observed in BZT system [8.9]. The room temperature dielectric loss values for
BNTZ ceramics were comparable to that of BNT sample. The ds; piezoelectric constant of BNTZ
showed a decreasing trend with increasing Zr content (see Table 1). It seems therefore that the
random distribution of larger Zr ions inside BNT lattice caused some reduction in polarizability of
material. It would be interesting, however, to further imvestigate the BNTZ system 1n order to find
out whether the morphotropic phase boundary is present in order to obtain materials with good
dielectric and piezoelectric properties following the PZT and BZT systems.

0.4
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Figure 2. Graph of (a) dielectric constant and (b) dielectric loss of BNTZ ceramics at 10 kHz plotted
as a function of temperature.

Summary

The single-phase BigsNapsTi; «Z150; ceramics with x varied from 0 to 0.2 were successfully
prepared using conventional ceramic processing method. X-ray diffraction analysis showed a single
rthombohedral perovskite phase with systematic shift in peak position, indicating that substitution of
Zr'" ions into Ti'" site caused lattice expansion. The piezoelectric coefficient (dss) showed a
decreasing trend while the dielectric constant-temperature curves showed a broader peak with
increasing Zr concentration. This seems to suggest that the material might be used as a high-

stability dielectric material.
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Synthesis of Lead—Free BigsNagsZrO; Powder
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Abstract

In this study, an approach to synthesize bismuth sodium zirconate powders with the formula
Nag sBig s2r0; by mixed oxide method was investigated. The reaction involved mixtures of reagent grade
Bi,Os, Na,COy and Zr0, powders. The mixtures were calcined at temperatures in the range of 700 - 850°C,
and the starting composition was also subsequently changed by addition of Bi,O;, Na,CO, or ZrO, powder at
5, 10 and 15 wt%. The calcined powders were analyzed using X—ray diffractometry. The result revealed that
BNZ/Na,CO, powders caleined at 800°C for 2 hours produced BNZ compound with maximum purity.

Key words: Lead-free ceramics, BNZ, Synthesis, Powder

Introduction

In the past. many clectrical devices such as
multilayer capacitors (MLCCs), piezoelectric
transcucers, pyroelectric detectors/sensors, electrostrictive
actuators, precision micropositioners, MEMs, elc.
were all made from lead bearing compounds, e.g.
lead titanate (PbTi0,), lead zirconate titanate
(Pb7r,,Ti,04), lead magnesium niobate (PbMg;aNb2Os),
cte. However, volatilization of toxic PbO during
high-temperature sintering causes environmental
pollution.” Nowadays, several studies have attempled
to find non-lead ceramics which may replace lead-
based ceramics.” Examples are barium titanate
(BaTi(), sodium niobate (NaNbQO,), bismuth
potassium titanate (BigsKsTiOs) Nakata, et al®,
bismuth litium titanate (BipsLiysTi(s). bismuth
sodium titanate (BigsNapsT10s), cle. Recently,
bismuth sodium titanate (BNT) has received
particular attention because of its interesting
ferroelectricity at room temperature and high Curie
temperature at 320°C. This solid solution was
discovered by Smolenskii, ef o/.® and has been studied
further by a number of researchers.***® On the other
hand, this material had drawbacks such as high
coercive field (E, = 73 kV/em) and high
conductivity, resulting in the difficulty in poling
process."” Many researchers also atlempted to
improve microstructure, mechanical propertics,
piczoclectric and electrical properties. Zirconium 1s
one of many elements used as a modifier for the
development of well-known Pb(Zr Ti,)Os and
Ba(Zr, . T1,)0, ceramics. Watcharapasorn, et al®”
attempted to study this problem by investigating
Big sNag o( Tiy, 71, )0, with x = 0, 0.05, 0.1,0.15 and

0.20. The result revealed that the density, grain size
and hardness were inereased with increasing Zr
contents. The purpose of this study is to synthesize
a new lead-free Big<Nag:ZrQ; in which Ti was
totally replaced by Zr and various conditions such
as calcination temperature and starting compositions
were varied to investigate their effect on compound
formation.

Materials and Experimental Procedures

Biy sNag s 710 (BNZ) powders were prepared
by the conventional mixed oxide method. The starting
chemieals used were Biy(Oy (99.9%, Aldrich), Na,(CO,
(99.5-100.5%, RAH) and ZrO, (99%, Ricdel-de Haén).
The starting powders were weighed and ball milled
in ethanol for 24 hours. The slurry was dried at
120°C for 24 hours. The mixed powders contained
in alumina crucible were caleined at temperature
ranging from 700 - 8530°C for 2 hours. Then, the
calcined powders were checked by X-ray diffraction
method technigque to find the appropriate temperature.
After that, the starting composition which was
subsequently changed by addition of Bi,Os,
Na,CO, or ZrO, powder at 5. 10 and 15 wi% was
prepared by above process and then it was calcined
at the appropriate temperature. Finally, the caleined
powders were investigated once more by using an
X-ray diffractometer and measurement of the
amount of sccond phascs was performed.

Results and Discussion

After as-mixed Bi, sNa, s7r0, (BNZ) powder
was caleined at different temperatures, phase

*Comesponding author Tel: +66 5394 1921; Fax: +66 5394 3445; E-mail: anucha(@stanfordalumni.org
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formation was investigated by XRD as shown in
Figure 1. From the results, it was found that the
temperatures in range of 700°C - 750°C were not
enough for completing the reaction. X-ray diffraction
analysis showed that the sample contained a large
amount of second phases. On the other hand, BNZ
powders calcined at 850°C indicated that the
materials began to partially react with alumina
crucible and produced less pure BNZ powder.
Therefore, based on this study, optimized calcination
temperature was found to be 800°C. Figure 2
showed that the second phases appeared in range of
20 =25 —30, 33, 46 and 50° which were most likely
the phases of Bi,O; and ZrO,. However, Na,COs
phase was not exhibited at temperature above
600°C. " Tt was expected therefore that addition of
Na,CO; should help complete the reaction. Hence,
addition of 5, 10, 15 wit% Na,CO; was carried out
and the results are shown in X-ray pattemns in
Figure 3. The amount of second phases as
indicated by a decrease in peak intensity in the
region of 20 from 25-30° was clearly observed.
Although beoth Na,CO; and Bi,O; have low
melting point i.e. 850 and 820°C, respectively, the
volatilization of Na,CO; is not as well known as
Bi,0s;. In this study, it showed that Na,COs
volatilized more than Bi,O; and/or had dissociation
problem at calcination temperature used. In order
to check this hypothesis, Bi,O; and ZrO, were also
separately added info starting mixture. Figures 4
and 5 showed X-ray diffraction results of adding
these two compounds, respectively. It showed that
both Bi,O; and ZrO, had nearly no effect on phase
formation of Bi; sNag sZrCOs. This seemed to be in
agreement with the existing second phases
observed in Figure 2. The amount of second phases
approximated from X-ray peak analysis of calcined
powders with separately added Na,COs, Bi;O; and
Z1rQ, are shown in Table 1. Tt was found that the
relative concentration of impurity phase was =~
10.7 wt% in un-doped BNZ powder. Theses phases
were decreased with increasing Na,CO; content.
However, at 15 wi% Na,CO; content, it showed
the second phase reduction was not significantly
different from 10 wi% Na,CO;. For separate

addition of Bi,0O; and ZrQ, in BNZ powder, both
can be seen that the amount of second phases
clearly increased when compared with BNZ
powder without their addition. Thus, from these
results, reduction of second phases by using
Wa,CO; additive could be confinmed. Hence, based
on this study, the calcination temperature of 800°C
and addition of excess Na,CO; improved BNZ
phase purity. Further improvement of phase purity
by re-calcination and changing calcination time
will be carried out and reported in the near future.
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Figure 1. XRD patterns of BNZ powders calcined at
different temperature for 2 hours.
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Figure 2. XRD pattern of BNZ powder calcined at
800°C for 2 hours compared with starting
powder XRD pattern.

Table 1. amount of second phases of BNZ/Na;COs5, BNZ/Bi;05 and BNZ/Zr0, powders.

Amount of addition Second phases (%wt) of Second phases (%owt) of Second phases (%owt) of
(Yowt) BNZ/Na,CO; BNZ/Bi, 05 BNZ/ZrO;
0 10.69 10.69 10.69
5 9.76 26.7F 24.11
10 9.33 43.98 39.78
15 936 44.10 43.53
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Figure 3. XRD patterns of BNZ/Na,CO; powders
calcined at 800°C for 2 hours.
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Figure 4. XRD patterns of BNZ/Bi,0; powders
calcined at 800°C for 2 hours.

= 15wt% ZrO,
= |

3 | ' A A

a p— “diu L
s ‘ 10wt% Zr0,
2 [ W |

R R arhi! A

2 Swt'% ZrO,
=

\ i \

IS TTE | PR | PRSI VIS | WSRO, USSR NSSTEOT S

Owt% ZrO,
ml f A I
i e N CUTRBUIES | ST WIPRDY | USSR G—
T T T T T T
20 30 40 50 60 70 80 %0
20 (degrees)

Figure 5. XRD patterns of BNZ/ZrO; powders calcined
at 800°C for 2 hours.

Conclusions

Thiz research studied several factors
affecting phase formation of new lead-free
Bij sNay s7Zr0; compound. Optimized conditions
included calcination temperature of 800°C for
2 hours with addition of excess Na,COs.
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Microstructures and Mechanical Properties of Lead-
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Abstract

Lead-free bismuth sodium titanate zirconate ceramics (Big sNagsTi,Zr,O; where x = 0.20, 0.35, 0.40, 0.45,
0.60 and 0.80) were fabricated using a conventional mixed-oxide method. All samples were calcined at
temperatures ranging from 700-800 °C for 2 h and sintered at a temperature of 900 °C for 2 h. Higher sintering
temperatures caused the ceramics, particularly those containing high Zr content, to melt and/or react with
alumina crucible. The density of BNTZ ceramics was found to be in the range of 5.1-6.1 g/cm’. Since the
density values were found to increase with Zr concentration, it seemed that the ability to use low sintering
temperature in this study was likely to be due to the lower melting point of ceramics with possible partial aid
from very small amount of second liquid phase present as detected by X-ray diffraction analysis. SEM
micrographs indicated a presence of small grains embedded between large grains especially in high Zr
containing samples, causing a rather wide grain size distribution. Average grain size of BNTZ ceramics was
found to range from 0.8 to 5.4 pm. In terms of mechanical properties, their dependence on Zr concentration was
not obvious. Knoop hardness of BNTZ samples ranged from 2.8-4.8 GPa while Vickers showed the values of
3.2-5.4 GPa. Fracture toughness of these ceramics was found to be in the range of 1.1-2.9 MPam"?. These
values were comparable to those of commercialized and widely investigated PZT and PLZT ceramics.

Background ethanol using zirconia ball milling media. After
It is well known that currently the PZT-based drying, the calcination was carried out at 800 °C/2h
solid solutions have been widely used as actuators, for composition x = 0.20, 0.35, 0.40 and 0.45, and
transducers and sensors due to their excellent at 700 °C/2 h for composition x = 0.60 and 0.80.
piezoelectric properties [1-3]. Currently, many The calcined powders were then ball milled again
other materials that possess high dielectric and for 6 h. Phase development and crystallographic
piezoelectric coefficients still contain lead ions, for structure of the powders were examined by X-ray
example, PMN-PT and PZN-PT [1-3]. Due to diffraction. The calcined powders were uniaxially
environmental concerns, many attempts to study pressed into the pellets before being sintered at 900
non-lead systems with comparable electrical °C for 2 hours and re-checked for phase purity
properties to those of lead-based ones have been using  X-ray diffraction  technique.  For
carried out. Starting with Ba(Ti,Zr)O; solid microstructural investigation, the ceramics were
solutions, several investigators have shown that polished and thermally etched at 800°C for 15
these systems possessed broad dielectric contant- minutes.
temperature curves indicating that addition of Zr The density and microstructure of ceramics
into BaTiO; produced more diffused phase were evaluated by Archimedes method and
transition [4,5]. In addition, above 30 mol% Zr, the scanning electron microscopy (SEM), respectively.
material showed relaxor behavior and these The theoretical density was approximated from the
materials seemed to be suitable for tunable unit cell size and its constituent ions with an
capacitors applications. The purpose of the present assumption that the lattice type remained the same
study is to investigate the microstructure and and only the lattice parameter changed with
mechanical properties for bismuth sodium titanate composition. The grain size was determined from
zirconate  ceramics  fabricated by  using the SEM micrograph using mean linear
conventional mixed-oxide method. interception. The well-polished ceramics were
subjected to Knoop (Matsuzawa MXT-a) and
Materials and Methods Vickers (Galileo Microscan 2) indentations for
The BigsNag sTiZr,0; ceramics with x = 0.20, hardness (i.e. H, and H,) measurements. Young's
0.35, 0.40, 0.45, 0.60 and 0.80 were prepared by modulus (£) and fracture toughness (Kyc) were
mixed oxide method powders. The starting determined following method described by Antais
powders of Bi,O; (>98%, Fluka), Na,CO; (99.5%. et al. [5] and Marshall et al. [6]. SEM images of
Carlo Erba), TiO, (>99%. Riedel de Haén) and indented areas were employed to determine all of
Zr0, (>99%, Riedel de Haén) were mixed in these mechanical properties.
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Fig.1 XRD pattern of BigsNagsTi;Zr,O5 ceramics.

Results and Discussion

X-ray diffraction pattern of BipsNagsTi Zr,04
(where x = 0.20, 0.35, 0.40, 0.45, 0.60 and 0.80)
ceramics were show in Fig. 1. It can be seen the
peaks of  BipsNagsTipsZrg»0;  systematically
shifted to the left. This indicated that the unit cell
expanded. This is in agreement with th

e fact that the ionic size of Zr ion (rgy, = 0.72
13;) is larger than the ionic size of Ti ion (r.= 0.61
A). Based on the relative intensities of X-ray
diffractions peaks, one of the apparent feature
observed was the reduction in peak intensity of
(100) and (111) reflections.

From preliminary investigation of crystal
structure change due to the replacement of Zr in Ti
lattices, it was found that the reduction of these
reflections came from the differences in scattering
factor and ionic size of Zr compared to those of Ti
when the rhombohedral lattice was kept the same.
This suggested that the lattice was distorted such
that the reflecting planes of atoms for these
reflections caused higher degree of destructive
interference with increasing Zr concentration.
Another observable feature was the splitting of X-
ray peaks especially in the sample with x = 0.60
and 0.80. From crystal structure investigation, if the
unit cell expanded while maintaining the
rhombohedral structure, this peak splitting seemed
to be naturally occurred. Small amount of second
phases was also present in the samples which could
possibly be bismuth oxide or some Zr-rich phase
based on SEM-EDS results. However, these second
phase were not expected to have significant effects
on mechanical properties of BNTZ ceramics.

The microstructures of the BNTZ ceramics are
illustrated in Fig. 2. The density of sample with x =

Journal of Microscopy Society of Thailand 2009, 23(1): 107-110

108

Fig.2

SEM  micrograph
ceramics, where x = (a) 0.20, (b) 0.35, (c) 0.40, (d)
0.45, (e) 0.60 and (f) 0.80

of  BigsNagsTi,,Zr, 05

0.2 was relatively low compared to those
containing higher Zr content. The density for most
samples was found to be in the range of 5.9-6.1
g/em’® which corresponded to the relative density of
at least 95% of their theoretical values. The average
grain size was found to range from 0.8-5.4 pm.
Although it seemed that the grain size increased
with Zr content but the change was only observed
in low-Zr sample. In high-Zr sample, nearly no
change in grain size was observed but there was
smaller grains along the grain boundaries of the
matrix grains which could be part of the grain
growth inhibition in high Zr sample. These smaller
grains were found to be Zrrich phase as
determined from SEM-EDS technique.

Figure 3 shows backscattered electron images
of representative BNTZ ceramic samples along
with their corresponding EDS spectrum. It could be
observed that relative intensity of Zr peaks were
different between these two samples indicating the
different amount of Zr present in the matrix phase.
Despite the fact that there are some uncertainties
associated with quantitative analysis using this
technique, the EDS spectrum still gave higher
concentration of Zr for Bij sNag sTiy2Zry 305 sample
than the one containing lower Zr content. This
higher amount of substitution corresponded well to
the shift in X-ray peaks.
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Fig.3 Backscattered electron images and EDS spectra of BipsNagsTi, . Zr,Osceramics: (a) x = 0.2 and (b) x = 0.8.

Fig.4 SEM micrograph of BigsNagsTi; Zr,05 where x=0.40, showing (a) Vickers and (b) Knoops

indentation impressions.

Table 1Physical and mechanical property of BNTZ ceramics

BigsNagsTi . 1 — Mechanical property
205 Density (g/cm’) Grain size (um) Hy Hy E(GPa) K (MPa ")
0.20 L1 | 0.78+0.10 445+049 433+0.32 60 1.25
0.35 6.0 2.63+0.17 3.63+0.14 397+0.26 89 1.34
0.40 3.9 537047 476+0.62 524047 143 2.86
045 59 4.18+029 278+078 3241050 63 1.06
0.60 6.0 4.77+0.52 426+0.10 5441024 140 1.95
0.80 6.1 4.63 +0.38 3.17+076 4.09+0.16 110 1.49
Mechanical properties of the ceramics in terms found to be about 60-140 GPa and 1.1-2.9

of Knoop hardness (Hg), Vickers hardness (Hy),
Young's modulus (E) and fracture toughness (Ky-)
were investigated and their values are listed in
Table 1. The hardness value dependence on Zr
concentration was not obvious. The Knoop
hardness was found to range from 2.8-4.8 GPa,
while Vickers hardness was 3.2-5.4 GPa. The
Young's modulus and fracture toughness were

MPam'”, respectively. Therefore, compared to the
values obtained for the widely investigated PZT
and PLZT ceramics which had the hardness and
fracture toughness of about 3-5 GPa and 1.0-1.5
MPam'? [1], the BNTZ ceramics seemed to
possess good mechanical properties suitable for
actuator applications.



Figure 4 shows Vickers and Knoop hardness
indentation impressions of a BNTZ ceramic.
Compared to the grain size, the indented area was
much larger and therefore the variation in
mechanical properties of the samples could be
largely due to microstructural inhomogeneities.
Further studies will be needed to separate the effect
of grain boundaries from the grains themselves.

Conclusion

Lead-free BigsNagsTiZr,O: ceramics (where
x = 020, 0.35. 0.40, 0.45, 0.60 and 0.80) were
successfully fabricated. X-ray diffraction patterns
showed a systematic shift to the left, indicating the
expansion of unit cell when Zr concentration
increased in agreement with ionic  size
consideration. All ceramic samples showed dense
microstructure with grain size variation dependence
on Zr content. The mechanical properties of BNTZ
ceramics did not show significant dependence on
composition. Nevertheless, their values especially
the hardness and fracture toughness were found to
be comparable to those of PZT and PLZT which
suggested that these materials may be suitable for
actuator applications.
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Poly(ethersulfone)s carrying pendant sulfonated imide side group. The first step in the preparation involved nitration
of poly(ethersulfone) (u](rasan"é’—Sﬁ()IU), with ammonium nitrate and trifluoroacetic anhydride resulting in the nitrated
poly(ethersulfone) (NO2-PES). In the second step, the nitro groups on polymer were reacted with tin{IT)chloride and sodium
iodide as reducing agents for creating the amino poly(ethersulfone) (NH2-PES). The imide-poly{ethersulfone)s (IPES) were
obtained by reaction of phthalic anhydride and the amino-poly(ethersulfone) with triethyl amine. The sulfonated
imide-poly(ethersulfone)s (SIPES) were prepared by chlorosulfonic acid. The different degrees of sulfonated imide units
of poly(ethersulfone) were successfully synthesized by an optimized condition. The Sulfonated imide-poly(ethersulfone)s
(SIPES) were studied by FT-IR, 1TH-NMR spectroscopy and thermo gravimetric analysis {TGA). Sorption experiments
were conducted to observe the interaction of sulfonated polymers with water. The ion exchange capacity (IEC) and proton
conductivity of SIPES membranes were evaluated with increase of degree of sulfonation. The water uptake of synthesized
SIPES membranes exhibit 30~65% compared with 28% of Nafion 211%. The SIPES membranes exhibit proton
conduetivities (25°C) of 1.21-2.62x10-3 S/em compared with 3.37x10-3 S/ecm of Nafion 211%

Keywords: Polvimide, Poly(ethersulfone), Membrane, PEMFC, Proton exchange membrane, Proton conductivity
P-A37

Preparation of Bismuth Sodium Zirconate Powder by Mixed Oxide Method
Panupong Jaiban, Ampika Rachakom, Napatporn Petnoi, Suwapitcha Buntham, Sukanda Jiansirisomboon, Anucha
Watcharapasorn

Department of Physics and Materials Science, Facully of Science, Chiang Mai University, Chiang Mai 50200, Thailand

Lead-free bismuth sodium zirconate powder with formula Na0.5Bi0.5Zr03 was prepared by conventional mixed oxide
method. Bismuth sodium zirconate (BNZ) powder with 10 wi% Na2CO03 was calcined at 800°C for 2 h dwell time.
Investigation of the effects of re-calcination and dwell time on phase formation of powders was also carried out. The
results revealed that re-calcinaton significantly affected the formation of single-phase BNZ powder. Phase characteristics
were checked by X-ray diffraction (XRD). Powder cell software was emploved to simulate crystal structure of BNZ
powder. It was found that BNZ powder most likely possessed an orthorhombic structure. Microstructure and chemical
composition were characterized by scanning electron microscopy (SEM) and energy-dispersive (EDX) technigues,
respectively. Thermo-gravimetric analyzer (TGA) and differential scanning calorimetry (DSC) were used to study thermal
transformation of starting compound. Relationships between these properties and phase formation were discussed in details.

Keywords: BNZ powder, Crystal structure, Lead-free powder, Preparation, Mixed oxide method
P-A38

Preparation, Electrochemical Properties and Cytotoxicity Assessment of Nanosized
CuO/La203/Ce02 Composite for the Decomposition of Gaseous Ammonia
Chang-Mao Hung

Department of Vehicle Engineering, Yung-Ta Insttute of Technology and Commerce, Taiwan

This work considers the CuQ/La203/CeO2 nano-rare earth composite materials were synthesized by coprecipitation
method with aqueous solutions of copper nitrate, lanthanum nitrate and cerium nitrate. The performance of the selective
catalytic oxidation of ammonia to N2 (NH3-3CO) over a CuQ/La203/Ce02 nano-rare earth composite materials in a
tubular fixed-bed reactor (TFBR) at temperatures from 423 to 673 K in the presence of oxygen was reported. The catalytic
redox behaviors were determined by cyclic voltammetry (CV). Further, cell eytotoxicity and the percentage cell survival

were determined by using MTS assay on human fetal lung tissue cell (MRC-3). The experimental results show that the
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Influence of Ramp Time of Close Spaced Sublimation on Crystal Structure, Optical and Electrical
Properties of CdTe Thin Films
Thitinai Gaewdang, Ngamnit Wongcharoen, Waraporn Bunkua, Chanya Thaisatuen

School of Physics, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang

CdTe thin films were deposited by close-spaced sublimation(CSS) method on glass substrate in vacuum at a pressure
of 3.0x10 “mbar. The samples were prepared under four ramp time conditions: 20, 30, 40 and 50 minutes. During this
work, the temperature of the precursor and the substrate were fixed at 550 and 450°C respectively. Crystal structure of
these films were checked by X-ray diffraction method. CdTe thin films are polycrystalline belonging to cubic structure
with a preferential orientation of (111) plane.The grain size and surface morphology of the films was studied by using
Scanning Electron Microsope (SEM). The biggest grain size about 8.16 ;#m were observed at ramp time 40 min. The
optical transmission spectrum of CdTe thin films were performed by UV-Vis spectrophotometer with wavelength in the
range 600~1,000 nm. Thus, energy gap value of each ramp time was obtained from the spectral transmission data. The
electrical properties of CdTe thin films were performed by using dark current-voltage and light current-voltage
measurements. The resistivity of the films around 1%10° £2+cm was observed at room temperature. Resistivity values of
all samples decrease under illumination by ELH halogen lamp.

Keywords: CdTe thin films, Close-spaced sublimation, XRD
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Investigation of Morphotropic Phase Boundary for Bil.5Na0.5Til-xZrx03 Solid Solutions by X-ray
Diffraction Technique
Ampika Rachakom, Anucha Watcharapasorn, Panupong Jaiban, Napatporn Petnoi, Sukanda Jiansirisomboon

Physics and Materials Faculty of Science, Thailand

Binary solid solutions system of lead-free bismuth sodium titanate zirconate (Bi0.5Na0.5ZrxTil-xO3 or BNTZ) powders
were prepared by a conventional mixed-oxide method with varied composition of x = 0.40, 0.45, 0.50, 0.55, 0.60 and
0.65 mole fraction. Preliminary X-ray diffraction analysis of BNTZ at low Zr (x<0.40) showed the unit cell expansion
while maintaining rhombohedral structure. At high Zr (x>0.60) however, peak splitting occurred and this scemed to
indicate a distorted tetragonal or orthorhombic structure. Thus, this study intended to investigation the existence of
morphotropic phase boundary (MPB) using the change in crystal structure and graphical analysis based on X-ray diffraction
patterns.

Keywords: BNT, BNZ, Morphotropic phase boundary, X-ray diffraction
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Kinetic Study of CdS Thin Films Prepared by Chemical Bath Deposition Method and Their

Characteristics for Solar Cell Applications
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Synthesis and Characterization of Bismuth Sodium Zirconate Powders
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In this study. an approach to synthesize bismuth sodium zirconate powders with a formula
Nag sBipsZrO:; by mixed oxide method was investigated. Bismuth sodium zirconate (BNZ)
powders were characterized by X — ray diffraction (XRD), scanning electron microscopy (SEM)
and energy — dispersive X — ray (EDX) techniques. The effect of calcination temperature and
dwell time on phase formation of the powders was examined. It was found that the calcination
temperature and dwell time had a pronounced effect on phase formation of the calcined BNZ
powders. Optimization of calcination conditions could produce single-phase NagsBigsZrO3
having most likely a distorted tetragonal structure. Rietveld analysis was employed to
characterize the exact crystal structure and its relationship to ferroelectric and piezoelectric

properties.
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Preparation and Phase Transformation of BigpsNagsZrTi; O3
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Chiang Mai. 50200, Thailand

*E-mail of the first author: a.rachakom@hotmail.com
“E-mail of the corresponding author: anucha@stanfordalumni.org

In this research. lead-free bismuth sodium titanate zirconate (BigsNagsZrT1;.403 or
BNTZ) powders (x = 0.20, 0.35, 0.40, 0.45, 0.60 and 0.80 mole fraction) were prepared by a
conventional mixed-oxide method by varying factor of time, temperature calcinations and
excess NayCOjs. Preliminary, X-ray diffraction analysis showed a systematic peak shift in the
pattern indicating that the unit cell size increased with increasing Zr content. From crystal
structure investigation, at low Zr concentration the unit cell expanded while maintaining
thombohedral structure. At high Zr concentration, however, peak splitting occurred and this
seemed to indicate a distorted tetragonal structure. Thus, author was studied Quantitative
analysis using Rietveld refinement analysis on X-ray diffraction pattern data of BNTZ powder
were carried out in order to relate the crystallographic information to their ferroelectric and

piezoelectric properties.
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Effects of Sintering Temperatures on Preparation of
BNZ Ceramic

P_ Jaiban', A. Rachakom'. P. Petnoi', S. Jiansirisomboon' and A. Watcharapasorn '

'Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai,
Thailand

*Corrcsponding author. e-mail: anucha(@stanfordalumni.org

Abstract

In this rescarch, cffects of sintering temperatures on preparation of lead-free bismuth sodium zirconate
ceramic were investigated. BNZ powder with 10 wit% Na,CO: was prepared by mixed oxide methed. Phase
characteristic of calcined powder was checked by X-ray diffraction technique. It was found that BNZ powder
has an orthorhombically distorted perovskite (ABOs) structure. Then, BNZ ceramics were fabricated by solid-
state sintering and were sintered in a temperature range of 900 — 1100 OC for 2 h. From the results, BNZ
ceramic sintered at 1050 °C showed maximum relative density. XRD patterns indicated that complete solid
solution ceramic appeared at 900 and 950 °C. Non-perovskile phase existing in BNZ ceramics was found to be
Zr0,. Scanning clectron microscopy was used to study microstructure. It could be scen that gram growth of all
BNZ ceramics increased with increasing sintering temperatures. However, evaporations of bismuth or sodium
based composition seemed to affect grain growth and induced perosity in this system. Relationship between
competing mechanism of evaporation and densification of BNZ ceramic were discussed in details.
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Abstract

Lead-free Nb doped Bismuth Sedium Titanate Zirconate (Bip sNa, <Ti0 4, 71y 5005, BNTZ)
=0, 001, 0.03, 0.05, 0 07 and 0.00% mole fraction was synthcsized by the conventional mixed
All samples were calcined at 700 C for 2h, pressed into the pellet and sintered at 900°C for 25
BNTZ ceramics were characterized using X-ray diffraction (XRD) and scanning electron mi
The results showed that the crystal structure was rhombohedral phase. The SEM micrographs
average grain sizes tended to decrcase with increasing Nb concentration while the relative density
lcast 95% of theoretical value. In addition, the phases found in these ceramics were also identified
dispersive X-ray analysis (EDX).These information will be correlate to their measured properties.
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Synthesis of Lead—free BiysNaysZrOz Powder

Panupong Jaiban. Sukanda Jiansirisomboon and Anucha Watcharapasom*
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Abstract

In this study, an approach to synthesize bismuth sodium
zirconate powders with a formula Nag sBigsZrO; by mixed
oxide method was investigated. The reaction involved
mixtures of reagent grade Bi:Os, NaxCO: and ZrO;
powders. The mixtures were calcined at temperature in the
range of 700 - 850 °C and the starting composition was also
subsequently changed by addition of Bi,0; Na,CO, or
ZrO, powder at 5, 10 and 15 wt%. The calcined powders
were analyzed using X-ray diffractrometry. The result
revealed that BNZ/Na,CO, powders calcined at 800 °C for

2 h produced BNZ compound with maximum purity.

Keywords: Lead-free ceramics; BNZ; Synthesis; Powder

1. Introduction
In the past, many electrical applications such as multilayer
capacitors (MLCCs), piezoelectric transducers, pyroelectric
detectors/sensors, electrostrictive  actuators, precision
micropositioners, MEMSs, etc. were all lead bearing
compounds, e.g. lead titanate (PbTiOi), lead =zirconate
(PbZr;,Ti,0;),  lead

(PbMg; sNb»»04), etc. However, volatilization of toxic PbO

titanate magnesium  niobate
during high-temperature sintering causes environmental
pollution [1]. Nowadays, several studies attempted to find
non-lead ceramics which could replace lead-based
ceramics. Examples were barium titanate (BaTiO,), sodium

(NaNbQOs),
(BipsKgsTiO4) [2], bismuth litum titanate (BiysLipsTiOs),

niobate bismuth  potassium titanate

bismuth sodium titanate (BigsNagsTi0O:), etc. Recently,
bismuth sodium titanate (BNT) has been widely studied
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because of its interesting ferroelectricity at room
temperature and high Curie temperature at 320 “C. This
solid solution was discovered by Smolenskii ez al. [3]
and has been studied further by a number of researchers
[3-6]. On the other hand, this material had drawbacks of
high coercive field (E. = 73 kV/em) and high
conductivity, resulting in the difficulty in poling process
[7]. Many researchers attempted to improve
microstructure, mechanical properties, piezoelectric and
electrical properties. Zirconium is one of many elements
used as a modifier for the development of well-known
Pb(ZrTi )04 and Ba(Zr Ti,)0s ceramics.
Watcharapasorn er al. [8] attempted to study this
problem by investigating BipsNag s(Tiy.1Zr)O03 with x =
0, 0.05, 0.1, 0.15 and 0.20. The result revealed that the
density, grain size and hardness were increased with
increasing Zr contents. The purpose of this study is to
synthesize a new lead-free BijsNaysZrO, in which Ti
was totally replaced by Zr and various conditions such
as calcination temperature and starting compositions
were varied to investigate their effect on compound

formation.

2. Experimental procedures and methods

BiysNaysZrQ; (BNZ) powders were prepared by the
conventional mixed oxide method The starting
chemicals used were Bi 0y (99.9%, Aldrich), Na,CO4
(99.5-100.5%, RdH) and ZrO, (99%, Riedel-de Haén).
The starting powders were weighed and ball milled in
ethanol for 24 h. The slurry was dried at 120 °C for 24 h.
The mixed powders contained in alumina crucible were

calcined at temperature ranging from 700 - 850 °C for 2



h. Then, the calcined powders were checked by X-ray
diffraction method technique to find the appropriate
temperature. Finally, the starting composition which was
subsequently changed by addition of BiOi Na;COs or
ZrO> powder at 5, 10 and 15 wit% was prepared by above
process and then it was calcined at the appropriate
temperature. The calcined powders were investigated once

more by using X-ray diffractometer.

3. Results and discussion

After as-mixed BipsNapsZrO: (BNZ) powder was calcined
at different temperatures, phase formation was investigated
by XRD as shown in Fig. 1. From the results, it was found
that the temperatures in range of 700 °C - 750 °C were not
enough for completing the reaction. X-ray diffraction
analysis showed that the sample contained a large amount
of second phases. On the other hand, BNZ powders
calcined at 850 °C indicated that the materials began to
partially react with alumina crucible and produced less pure
BNZ powder. Therefore, based on this study, optimized
calcination temperature was found to be 800 °C. Figure 2
showed that the second phases appeared in range of 20 = 25
— 30, 33, 46 and 50" which were most likely to be the
phases of Bi,O; and ZrO,. It was expected therefore that
addition of Na,CO,; should help complete the reaction.
Hence, addition of 5, 10, 15 wt% Na,CO, was carried out
and the results are shown in X-ray pattems in Fig. 3. The
amount of second phases by a decrease in peak intensity in
the region of 20 from 25-30° was clearly observed.
Although both Na;CO; and Bi;0O; have low melting point
Le. 850 and 820 °C, respectively, the volatilization of
Na,CO; is not as well known as Bi,O,. In this study, it
showed that Na,CO; might be more volatile than Bi,O,
and/or had dissociation problem at calcination temperature
used. In order to check this hypothesis, Bi,O; and ZrO,
were also separately added into starting mixture. Figure 4
and 5 showed X-ray diffraction results of adding these two
compounds, respectively. It showed that both Bi»O: and
ZrQ),

had nearly no effect on phase formation of

BigsNag sZr0s. This seemed to be in agreement with the
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existing second phases observed in Fig. 2. Hence, based

on this study, the calcination temperature of 800 °C and

addition of excess Na;COs both affected phase purity of

synthesized compound. Further improvement of phasc

purity by re-calcination and changing calcination time

will be carried out and reported in the near future.
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Figure 1. XRD patterns of BNZ powders calcined at

different temperature for 2 h.
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Figure 2. XRD pattern of BNZ powder calcined at 800

“C for 2 h compared with starting powder XRD pattern.
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Figure 3. XRD patterns of BNZ/Na,CO: powders
calcined at 800 °C for 2 h.
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Figure 5. XRD patterns of BNZ/Zr0: powders calcined at
800 °C for 2 h.

4. Conclusion

This rescarch studied several factors affecting phase
formation of new lead-free BipsNagsZrOs; compound.
Optimized conditions included calcination temperature of

800 “C for 2 h with addition of excess Na;COa.
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: In this work. effect of sintering temperature and W* deping content on phase, densification and
ostructure of Bi:xsLag»s(Ti;— W, ):0,z or BLTW ceramics when x = 0, 0.01, 0.03, 0.05 0.07, 0.09 and
was investigated. The BLTW ceramics were sintered at 1000-1150°C for 4 h. The result of phase
- s by X—ray diffraction indicated the existence of crthorhombic phase for all sintering temperatures. At

WO; doping content (< 0.01 mol) showed small increase of particular set of plane {001}, Microstructure
TW ceramics showed plate-like grains with random orientation. Increase in WO; doping concentration
d both grain size and degree of preferred orientation of the grains. Increasing the WOs content
sed densification of the ceramics. The microstructural result was well corresponded to the X-ray
ion result.

8: Effects of calcination temperature and excess Na.CO; on phase characteristics of bismuth
im zirconate powder
mpong Jaiban, Ampika Rachakom. Sukanda Jainsirisomboon, Anucha Watcharapasorn”
iment of Physics and Materials Science, Faculty of Science. Chiang Mai University, Chiang Mai
200, Thailand

-mail: anuchaf@stanfordalumni.org

ct: This research studied the effects of calcination temperature and excess NazCO: on phase
mrzcteristics of bismuth sodium zirconate powder. BiysNa,sZrO; powder was prepared by mixed oxide
#==20d. The calcination temperature used was in a range of 700 — 850°C. Afier that. the starting
mpositions were changed by adding Na:CO; in the amount of 0, 5, 10, 15, 20, 25 and 30 wt%. Phase
s=cteristics of powders were analyzed using X-ray diffraction technigue. The second phases appearing in
powdcr were Bi»0; and ZrO; starting powders. These phases were decreased with increasing Na.CO;

139: Effects of Nb,O< on microstructure, phase, and densification of bismuth sodium titanate
orn Petnoi, Sukanda Jiansirisomboon, Anucha Watcharapasorn”

iment of Physics and Malcnalu Science, Faculty of Science, Chiang Mai University. Chiang Mai,

), Thailand

2il: anuchacZzstanfordalumni.org

et In this research, the effects of Nb-Os (0, 1. 5, 10, 15 and 20 mol%) on microstructure, phase, and
cation of himuth sodium titanate [(BiysNa,s)TiO; or BNT] ceramics were studied. The powder for
BNT ceramics was prepared by a cenventional solid state reaction method. Using calcinations
e of 500 °C for 2 h. After uniaxial pressing of the powder into discs, green samples were sintered
°C for 2 h. The results showed that the solubility limit of Nb,O; it the BNT system could be as high
mol%. The density of the ceramics tended to increase with NbyOs addition up to 5 mol% and then,
of the ceramics was slightly reduced. The grain size showed a decreasing trend with increasing
%0 concentration. These results indicated that suitable amount of Nb,Os addition could help improve
sification and reduce grain growth in BNT ceramics.

40: Effect of calcination time on phase formation of BigsNaysTi,  Zr,0,

sika Rachakom, Panupeng Jaiban, Sukanda Jiansirisomboon, Anucha Watcharapasorn”

unent of Physics and Materials science, Faculty of Science, Chiang Mai Umverslty Chiang Mai
). Thailand

ail: anuchai@stanfordalumni.org

: The Biy<NagsTi) ZrO; solid solutions when x= 0.20, 0.35. 0.40, 045, 0,60 and 0.80 mole
1 were prepared using a conventional mixed-oxide method. The raw materials were mixed in ethanal
= zirconia ball media for 24 h. The calcination temperature was at 700 °C and 2 h dwell time. Phase
ion of the powders was examined by X-ray diffraction. The XRD patterns demonstrated nearly all
‘s possessed rhombohedral structure with increasing Zr concentration. all peaks systematically shifted
5 left indicated that the unit cell expanded in agreement with larger Zr*™ jons were substituting smaller

~ sons. At Zr additives up to 0.60 and 0.80 mole fraction secondary phases appeared which could possibly

Zr-rlch phase. Thus, the experimental procedure to decrease the amount of secondary phase using
sssasing dwell time of calcination from 2 h 10 4 h. The results showed those secondary phases were
reduced. In addition, it was hypothesized that besides varying dwell time, changing temperature and
sng/ cooling rate of caleination should further increase phase purity of BNTZ powder.

163

36" Congress on Science and Technology of Thailand ~




A Stracts

THE 35" CONGRESS
on SCIENCE and TECHNOLOGY
of THAILAND (STT 35)

misus:pudpImsanenAaasna:inalulagénrous:inAlng
ASbn 35 (Onn 35)

snenAaasna:inalulaéiwoournanddu
SCIENCE AND TECHNOLOGY FOR A BETTER FUTURE

i N A AL ¥ 4 /

To Celebrate the 35" Anniversary of Faculty of Science, Burapha University
To Celebrate the 30" Anniversary of Ministry of Science and Technology

October 15 - 17, 2009

Venue : The Tide Resort (Bangsaen Beach), Chonburi, Thailand.
15-17 aau 2552 cu 10e: Ind Saosn (mauoiiau) Sondasaus




nanofiber. If these patterns were used as a scaffold, it mimicked the fibrillar structure of collagen in n2
having nonwoven and aligned fiber, on extracellular matrix. Extracellular matrix (ECM) is a strucs
surrounding and supporting cells which composed of ground substance or proteoglycan and collagen s
which embedded as a 3D network in proteoglycan.

E_E0005 PROTEIN ANALYSIS BY MALDI-TOF MS USING PLA NANOFIBER MAT S
FOR PROTEIN ABSORPTION.

Noppavan Chanunpanich'~, Watana Pinsem ', Boonmee Boonyaphalanant', Chonlada Suwanboon’.
Samlee Mankhetkom®, Djohan®, Honsik Byun®, Jun seo Park’

'Integrated Nano Science Research Center, Science and Technology Research Institute,
*Industrial Chemistry, Faculty of Applied Science, King Mongkut's University of Technology Nes
Bangkok, Thailand

*Chemistry, Faculty of Science and Technology, Suan Dusit Rajabhat University, Thailand

* Radiologic Technology, Associated Medical Sciences, Chiangmai University, Thailand

* Shimazu (Asia Pacific) Pte Ltd, Singapore,

Chemical System Engineering, Keimyung University, Daegu

” Chemical Engineering, Hankyong National University, Anseong, Korea Email : nen(@kmutnb.ac.th

Abstract: Various PLA nanofiber patterns were successfully fabricated. This paper showed 3 p
having different on aligned fiber mats. L3, L4 and L6 exhibited %alignment of 39, 66 and 35, res =
When these nanofiber mat patterns were used for support standard Pepmix-1, having 5 proteins; angic

11, angiotensin I, neurotensin, ACTH[1-17], ACTH[18-39], for MALDI-TOF MS investigation, it was fo
that the L4 pattern exhibited the highest intensity peaks of protein and the less S/N ratio, This is bec:
contained high aligned fiber, resulting large surface area, and enhancing protein adsorption.

E_E0006 EFFECT OF EXCESS Pb CONTENT AND ANNEALING TEMPERATURE ON PH.
EVOLUTION IN THIN FILMS PZT

Tharathip Sreesattabud, Manoch Naksata, Anucha Watcharapasorn and Sukanda Jiansirisomboon !
Department of Physics and Materials Science, Faculty of Science., Chiang Mai University, Chiang M
50200 Thailand. E-mail: sukanda@chiangmai.ac.th

Abstract: This research studies effect of annealing temperature and excess Pb addition on phase of 8
films lead zirconate titanate (PZT). Sol PZT was synthesized using a modified triol sol-gel proce

method. PZT films were prepared by spin coating on (111) platinized silicon substrate. Phase of PZT &
films were investigated using X-ray diffraction technique. The experimental results showed that anmesi
temperature and excess Pb content were found to affect on phase and orientation of PZT thin films. _
results indicated that (111) PZT orientation started to present after being annealed at 400°C and its infes

reduced with increasing annealing temperature. On the other hand, at annealing temperature > 500°C. ¢

and (110) orientations tended to increase with increasing annealing temperature. However, pyrochlore pis
still appeared even though at annealing temperature 650°C. Increase in excess Pb addition was foe
increase crystalline phase, with affected the stability of perovskite crystallization in PZT thin films.

E_E0007 GRAIN GROWTH AND CRYSTALLOGRAPHIC ORIENTATION OF Mo*-DOP
BLT CERAMICS

Pasinee Siriprapa, Anucha Watcharapasorn and Sukanda Jiansirisomboon I
Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang M
50200, Thailand. E-mail: sukanda@chiangmai.ac.th

Abstract: In this work, effect of Mo® doping concentration on morphology, growth and crystsis
orientation on bismuth lanthanum titanate grain, i.e. BijosLag7s(Ti;.,Mo,):0p2 (BLTM); when x = 0,
0.03, 0.05 0.07, 0.09 and 0.1 mol, respectively. The BLTM powder were prepared by mixed-oxide mese
and calcined at 750 °C for 4 h dwell time before being pressed and sintered at 1000-1150°C for 4 b
result showed that BLTM ceramics composed of plate-like grains. Increase in Mo® doping concentrss
increased both grain size and degree of preferred orientation of the grains. The result of microstrue
investigation was found to be well agreed with observed X-ray diffraction patterns.

E_E0008 PHYSICAL AND DIELECTRIC PROPERTIES OF LEAD-FREE BISMUTH SODIL
TITANATE ZIRCONATE CERAMICS

Ampika Rachakom, Sukanda Jiansirisomboon and Anucha Watcharapasorn

Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang
50200, Thailand. E-mail: anucha@stanfordalumni.org



Abstract: This research studied phase formation, microstructure and dielectric properties of lead-free
e muth sodium titanate zirconate (BigsNagsTi;..Zr,0s, BNTZ) ceramics when x = 0.20, 0.35, 040, 0.45.
960 and 0.80 mole fraction, respectively. BNTZ powders were prepared by the conventional mixed oxide
method. The synthesized powders were pressed and sintered at 900 °C for 2 h. The experimental results
suogested that BNTZ ceramics still possessed rhombohedral phase with the relative density of 95 % of
-oretical value. The grain size seemed to increase with Zr content. In terms of dielectric properties, it was
'd that addition of Zr caused a decreasing trend in dielectric constant. It was postulated that the
—ansion of unit cell was the main cause in changing the electrical properties.

£_E0009 EFFECT OF BNT ADDITION ON PHYSICAL AND DIELECTRIC PROPERTIES OF
PZT CERAMICS

Sharatree Jaita, Anucha Watcharapasorn and Sukanda Jiansirisomboon

Jepartment of Physics and Material Science, Faculty of Science, Chiang Mai University, Chiang Mai
0200, Thailand. E-mail: sukanda@chiangmai.ac.th

tract: This research studicd effect of bismuth sodium titanate (BNT) addition on physical and dielectric
arties of lead zirconate titanate (PZT) ceramics. The BNT additional content used in this study were 0,
1. 0.5, 1.0 and 3.0 wt%. The ceramics were sintered at 1050-1200 °C in atmosphere. Density,
—icrostructure and phase identifications were carried out using Archimedes’ method, scanning electron
sicroscopy and X-ray diffraction technique, respectively. Electrical properties such as dielectric constant
end dielectric loss at room temperature were also measured. The results showed that density and grain size
1 '_ the ceramics tended to decrease with increasing content of BNT addition. Dielectric constant and
@electric loss of the ceramics, however, were found to increase with increasing of BNT content.

£0010 EFFECT OF CuO NANO-PARTICULATES ADDITION ON PHASE AND
ROSTRUCTURE OF PZT CERAMICS

‘Methee Promsawat, Anucha Watcharapasom and Sukanda Jiansirisomboon

‘Devartment of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai,
59200, Thailand. E-mail: sukanda@chiangmai.ac.th

stract: This research studies effect of CuO nano-particulates addition on phase and microstructure of
ceramics. Firstly, PZT/xCuO powders were prepared using a mixed oxide method, when x =0, 0.1, 0.5

i 1 wi%. The powders were then pressed and sintered at 1250 °C for 2 h. PZT/xCuO were investigated in
serm of phase, density and microstructure using X-ray diffraction technique, Archimedes’s method and
aning clectron microscope, respectively. The results showed that tetragonality and density of PZT
ceramics increased with 0.1 wi% CuO addition, Both parameters, however, tended to decrease with further
=crease in CuO content. Average grain size was found to sharply decrease with only 0.1 wt% CuO addition.

20011 EFFECT OF Si;Ngy NANO-PARTICLES ON PHASE AND MICROSTRUCTURE OF
i0; CERAMICS
im Namsar, Anucha Watcharapasorn and Sukanda Jiansirisomboon
artment of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai,
50200, Thailand, E-mail: sukanda@chiangmai.ac.th

stract: This research studies effect of Si;N; nano-particle on phase and microstructure of BaTiO;
eramics. BaTiO/xSisN; powders; x = 0, 0.1, 0.5, 1 and 3 wi% were prepared, pressed and sintered at
semperature 1400 °C for 2 h. The BaTiO5/xSisN; ceramics were investigated in terms of phase, density and
scrostructure using X-ray diffraction technique, Archimedes’s method and scanning electron microscope,
sespectively. The experimental results indicated crystal structure changes, ie. tetragonality tended to
screase, while relative density of the ceramics with 0.1 wt% Si;N; addition was maximum. However, the
relative density tended to reduce with increasing content of Si:N; > 0.1w1%. Average grain size was found to
crease with increasing content of added SisN4 nano-particles.

£ E0012 FABRICATION, ELECTRICAL AND MECHANICAL PROPERTIES OF PZT/PVDF 0-3
() [POITES

ongsanitgarn, Anucha Watcharapasorn and Sukanda Jiansirisomboon

Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai,
50200, Thailand, E-mail: sukanda@chiangmai.ac.th
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Abstract: This research studied fabrication and properties of xPZT/(1-x)PVDF compaosites with
connectivity, where x = 0, 0.05. 0.1, 0.2, 0.3, 0.4 and 0.5 volume fraction. The experimental results inds
that densities of the composites tended to increase with increasing PZT ceramic content. Investig 4
phase and microstructure of the composites revealed well dispersion of PZT in PVDF phase. Dicles
measurement of the composites showed that the dielectric constant increased with increasing of PZT pis
while dielectric loss tangent value reduced. The maximum value of dielectric constant was fouss
0.5PZTA.5PVDF composite (& = 96). The results of mechanical measurements in terms of has
Young's modulus and fracture toughness were found to be improved with increase in PZT content.

E_E0013 STUDY ON MELT SPINNING OF POLY METHYL METHACRYLATE, FIBER FOR
OPTIC APPLICATIONS . '
Nanjaporn Sumransin'’, Churcerat Prahsarn', Sirada Phadee’, Lalita € hnmp:mgj
'National Metal and Materials Technology Center, 114 Paholvothin Rd., Klong Luang, Pathumthani 12
Thailand *e-mail: nanjaprs@mtec.or.th y
“Department of Textile Engineering, Rajamangala University of Technology Thanvaburi, Pathus

12110, Thailand

Abstract: Melt spinning of polv(methyl methacrylate) fibers was studied for its potential use in o
PMMA fibers were made, using single screw extruder, under different spinning conditions: exts
temperatures, throughputs rates, and draw ratios to investigate their effects on fiber spinnability and
properties. Experimental results showed that best spinnability was obtained at extruding temperature
and throughput rate § rpm such that fibers could be spun continuously without breakage. Poor fiber spas
was obtamed at low extruding temperature (230°C) as fiber breakage occurred quite often. This is
to be due to higher stress acting on fibers when low temperature was employed. PMMA fibers obias
showed geod light transmission, thus, have potential for applications on optics in new areas, i
decoration and clothing.

E_E0014 FABRICATION OF LEAD-FREE BISMUTH SODIUM ZIRCONATE CERAMICS
Panupong laiban, Sukanda Jiansirisomboen and Anucha Watcharapasorn |
Department of Physics and Materials Science. Faculty of” Science, Chiang Mai University, Chiang

30200, Thailand. E-mail. anucha@stanfordalummi.org

Abstract: This research studied fabrication of lead-free bismuth sodium zirconate ceramics with forms
Bij sNay sZr0:. The Biy :Nay :ZrO5 ceramic powder was prepared using a mixed-oxide method and ches
for phase purity by X-ray diffraction technique. The powder was pressed into small pellets and si
various femperatures ranging from 850-1100 °C. Afier checking phase purity of ceramics by
diffraction technique and measuring density of the sintered samples. their microstructure was invest
using scanning electron microscopy. Reles of variables such as temperature and time in sintering pees
were discussed in order to find an optimum condition for fabrication of high-quality bismuth sods
zirconate ceramic.

E_E0015 MICROSTRUCTURE AND TARNISHING RESISTANCE OF SILVER-COPPER-
PALLADIUM JEWELRY STERLING

Kanchana Rithidate, Jirawan Mala and Chutimun Chanmuang”

Faculty of Gems, Burapha University, Chantaburi Campus, Chantaburi, 22170, Thailand

E-mail: chutimun(@buu.ac.th

Abstract: The Ap-Cu-Pd jewelry sterling in various compositions was casted at 1025°C with the 58
temperature by lost-wax technique. Pd950 commercial alloy 0-1.5 wt% was used in order to determine
effect of Pd on silver sterling. The tarnish test was performed by immersing the sample in 0.1% Na-s
3% NaCl solutions for 1, 2. 3, 5 and 10 hours. To specify the color space from tarnishing, the surface
difference (DE*) were measured by follow the Commission International d* Eclairage (CIELAB) stz d
It was found that the tarnish was impreved with high Pd950 content. Microstructural investigation of the

cast was studied by using an optical microscope (OM) and scanning electron microscope (SEM) equs
with an energy dispersive spectroscopy (EDS). Dendritic phase formations were existed in all the
structure. Secondary arms width suggested the improvement of dendrite increasing Pd950. The EDS 2
analysis confirmed the dissolution of Pd not only in silver matrix but also in eutectic phase which presess
higher Cu content than that of matrix. However. the mechanical test by Vicker microhardness at 300 £
15 s shows no significantly difference in hardness for all the samples.
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