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Research Topic: The Effect of Sintering Temperature on Phase Formation,
Microstructure and the Dielectric Properties of BNT-BT Ceramics
near MPB Prepared using the Combustion Technique

Researcher: Assist. Prof. Dr.Theerachai Bongkarn

ABSTRACT

Characterization of lead-free bismuth sodium titanate based ferroelectric ceramics
prepared via combustion  method was studies. 1-X(BigsNags)TiO3-xBaTiOs
BNTBT100x with x = 0-0.12, were sintered between 1050 and 1210 °C. The crystal
structure, microstructure, density, average grain sizes and electrical properties of the
samples were investigated using X-ray diffraction (XRD), scanning electron microscopy
(SEM), the Archimedes method, the mean linear intercept method, a LCR impedance
analyzer, a ferroelectric test system and a quasistatic ds3 meter. The XRD results of
BNTBT100x ceramics showed mixed of rhombohedral and tetragonal phase. For x <
0.04, the sintered pellets were indexed in rhombohedral system which was similar to
pure BNT. The tetragonality increased with increase BT content. While x = 0.10, the
sintered pellets were indexed in tetragonall system which was similar to pure BT
ceramics. The microstructure of BNTBT100x ceramics exhibited an almost spherical
and irregular shape. The average grain size of the samples increased with the increase
of sintering temperatures, while the grain sizes decreased with the increase of BT
content. The density, linear shrinkage and maximum dielectric constant of BNTBT2
and BNTBT4 ceramics increased with increasing sintering temperatures up to 1150 €
and then evaporation of Bi%and Na'. While, the density, linear shrinkage and
maximum dielectric constant of BNTBT6 BNTBT8 BNTBT10 and BNTBT12 ceramics
increased with increasing sintering temperatures up to 1200 °C and then the impurity
phases were detected at higher sintering temperatures. Moreover, the BNTBT8
ceramics sintered at 1200 "C showed the highest dielectric constant at T, highest
density and highest piezoelectric constant of 7400, 5.80 g/crn3 and 169 pC/N,
respectively. The P, and £, (using electric flied at 40 kV) were 28.10 uC/cm3 and 21.02
kV/cm, respectively.
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NIFUIAINNULUY (Density) [28]
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AMMFUNIMIANUMLULANANS (relative density : p,) T drunsaAIaum LH

=
AINANNIY (17)
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p, (%) = [E’LJXIOO (17)
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T. Takennaka et al. [10] wispuwEsinTasinlane s lnniun-uuGenlnniuem

- Y o joa o
[(1- %)(Bi,;Na, ) TiO;xBaTiO, Tae?l 0 < x = 0.3 feeTUrenanuzsaudalneimn
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2 Falug
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=

at 10 kHz

800 -

Dielectric constant €5 and &3T/g)

b M3 483 15 bdr<si o
BaTiO4 [mol %]

MW 10 ApsilaBidnvidnuandsiiin BNBT flua (€7,,) walallalua (€, [10]
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o 1 = Aa a o = Ve a oa s
A8t BNBT-6 (x = 0.06) Hanasnfiledianvisngagaivind 125 pC/N duiss@vsidana
Wil 55 wazanungiigiegnlssunns 288 asdaidea
—10 : 15
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?‘: 3 —
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S g 2
5ol b 8
2 — e
= B\ =]
8 4 + : \ 16 %)D
3 ! 5 E
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g 2l ' Paraclectric 13 7
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A " Ferroelectric| ] 2 =, Wi ol 0
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400
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0 5 160 =225 34
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AW 13 A udnAnsuaslanm BiNa, TiO, wag BaTiO, lusyuil (BiNay,),. ,

Ba TiO, lna# F, Aawlasdilsfianvianyidlaseasrsnuusanludnsas Fg
o o a  aa =
aalalilsaanysniilasedsrauuimnseinuean AF Aawduaufig

Tsavanysndisilaseairanuusaniudnsas P Aatdanisra@nnan [10]

D. Lin et a. [31] wissngsindadnladasinniun-uuGanlnnie
[(1- x)(BiysNay ) TiO5xBaTiO, Tngfl 0 < x = 0.12 fnedstfsaaniuzaaudalnginn
uaalaiianmal 850 aadaaIde uaztnGumesTignumgil 1200 asAnaadaa huoan
2 dalas arnnsAiasEilasaadianandnemailan1ad aawunuuiadiand wuda f
« < 0.06 axillnseainawiion BNT amiinazilassasrafhuuusenludases athun
BT Windmasfinaziilaseaiafunummasinuaaunnay uazii x > 0.10 illasaing
witen BT Sagsfinagiilassairafhuuumnssinues dnfuBunsesdems (MPB) wufl

0.06 < x <0.10 AININ 14
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NN 15 WEPININENEAINNABI9ANSIANBLANATAULLLARINIIA (SEM) T84
19980(1- x)BNT-XBT WU Araoruviiuaasasiniiwdon s > 97% wax = 0
PUAANIURAENTNTY 4 — 6 pm wazile x = 0.06 TNANIUAREIINR 2 um Fovfuannn
inswadnasi Aana e Funos x T wazdt x = 0,06 memuu“ﬁiﬁiﬁl,ﬁnw?nﬁﬁqm Y
A1 d,, = 155 pC/N and k, = 36.7% luanuzil x = 0.08 fAaeTlaRidnyingsiian & = 1099

AININ 16

NN 15 u.ﬂmmwd'mmnné’maam?ﬁﬁ%tgnmsfauu_umimnﬁ'm (SEM) a1a914918n
(1- x)BNT-xBT ﬁmn%mmﬂ%ﬁ 1200 asALgaLded Tag (a) x = 0 WAL (b) x =
0.06 [31]
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B.H. Kim et al. [13]

[(1- x)(Bi, sNay)TIO;xBaTiO, taei 0 < x 2 0.10 Haednddadulaamiuaalnligoumgl
700 asdnraFea haoan 3 Fal uazinFunesguamail 1200 asraides hioa 3
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[(1- X)(BiysNay ) TIO,XSrTiO, neifi x = 0— 0.4 fnensUmean uzaasudslatmuaalsl
ﬁqmmﬁ 800 asAnaaides uaa 2 falu meﬁmmm‘%nmqﬁ 1100 - 1140
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(mszInuea) WU x = 0.26 — 0.28 FeazuansautAing Wiz i Aasifledidniin d,,
= 127 pC/N il x = 0.24

T. Takennaka et al. [33] wisaisndniasinladmenlnninn Tnadsanslussuy
1- X(Bi,Nay ) TIO,xATiO, [A = Ca’,, S*' usy Ba®'] ; BNBT100x, BNST100x W
BNCT100x Tl x = 0 — 0.08, x = 0.28 uax x = 0.20 AN FoeAsulFrenany
saadalaeunuaalniigamgfl 800 evinadee LLame%uLm?‘ﬁfanmﬁ 1100 - 1150
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RINNMN 20 wanaA1 AR ladIEnydnaaeigsfin BNST100x Mfiunns x 6197 (a)
x=0.04 (b) x=0.08, (c) x=0.14, (d) x=0.20 ua¥ () x=0.24 TnaidaNANND 10 kHz WuI1
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AALTNUNUIE

asiaiinldluntsnaans
1. niileslnaentad (Tio,) pemniqns 99%
2. uniEnAnFUawe (BaCO,) AYILREYS 99%
3. Tahanariuetun (Na,CO,) mmu?zgw%r 99%
4. fimsineanlas (Bi,0,) mmu’?‘qw’}; 99%
5, L@ﬁmm@naaaﬁu‘éqmﬁ (Ethanol absolute) mmu‘%ﬁqwé 99.7%

=
L3t

o)
e™®

7. lnadu

aungainldlunisisdaudns

1. nseilaswanainlinanans vidaaweRwmefidTlnaiin TnafidusiAudinans
Uszanne 10 cm AMagaszunns 19.5 cm

2. grusnsanauindurngudnanelszanas 5 mm

3. Magnetic stirrer bar

4. fininarnm 1000 co

5. nsEAHWaR

6. faurinans

7. RZWNSIRIA

8. fing) Crucible

wzasiianldlunsnnaas
1. rasdamsuunasidn nanlaeRn AND $14 HM-330
2. itnednlalnsan Vdnwiudugdans dnusasuligega 1000 kgiom’
3. wiesnaNATULLLAtn uULgNUeA (ball milling)
4. 1413 Eurotherm gnuugiigeiigalunisian 1700 arniaaidea

o
9. lAT9DY Hot plate
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6. fjauansiiio memmert DOG057 Model 100 gaunaiinllumssinlzan 200° C
7. udfinst (Punch and die) Mlunnsdnans

8. ASNUAGINIRIE Agate

AsasiianldlunsiiAsiEinan1snaaas

1 itadiamsinnsdtauiaasadiand (xray diffractrometer; Philip
PW3040/60 X' Pert Pro)

2. nfasqanssMiBIannseuLLLARINgIA (Scanning Electron Microscopy; LEO
1455 VP)

3. 1At LCR Meter (Agilent 4263B)

ABNMINARDS
= = o a . a =t
Aaud 1 nastasaNasnantasnlgianlnnitun (BNT)
nlz uij LT | o ar Y & = & ¥ = ! ! &
1 Saananadiuae Daimaanlas mdauafuaus wasnnflanlaaenlad a
smadaulnaTuanldannnizanians
o tihansraalalude 1) uiansnaniulunszilesnarafiniignuansainanawim
a8 e o = = aa dJ E73 n!;
7 Sadmas 2quan 200 Win Tnefmeniuaaluiiunos 200 Hafans azdas Iid1sieaas
dndullEadu Tladaliaiin wiaudainllnsuuresuadaauiugnuaaiiiuiag 24 §alug
- ok o = ; = e Als
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