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Title The Fabrication and Study the Characteristic of SrTiO, Ceramics

Prepare from Nanoparticle via auto-combustion Sol-Gel

Researcher Sarawut Thountom, Ph.D.
Keywords SrTiO,, Sol-gel, Dielectric constants
ABSTRACT

The effect of calcination and sintering  condition on phase structure,
microstructure, density and dielectric properties of strontium titanaie (SrTiO,; ST)
ceramics were investigated. The SrTiO, ceramic were prepared via sol-gel combustion
method. The molar ratio of ST sol; citric acid were 1:1, 1:2 and 1:3andcalcined at 500-
900°C for 2h. The crystalline structure of ST nanopowder is pbure cubic perovskite
structure (No. 35-0734). The spherical shape with agglomerate was observed and
particles sizes were in therange of 94-140 nm. The SrTiO,ceramic were fabricated from
ST powder (calcination at 600°Cratio sol ST: citric acid= 1:2) used as a raw material. The
pellets were compacted into disk shape under pressure 110MPa and sintered at
900-1300 °C with varied dwelling times (2h and 4h). ST ceramic were characterized by
X-ray diffractometer (XRD), scanning electron microscope (SEM), the Archimedes

method and dielectric properties measurement.



It was found that the SrTiO, ceramic exhibits a pure cubic perovskite structure
atlow sintering temperature (900°C for 2h). A spherical morphology with agglomerates
formed was observed, the porous were found on the ST surface. The grain size were
about 140-230 nm, grain size were increased with the increasing of sintering
temperature. The highest density and dielectric constant were about 2.14 g/cm3 and 162,
respectively. The SrliO, ceramic grain which sintering for 4h were spherical shape,
agglomerated and low porous. The grain size were about 124-360 nm. The SrTio,
ceramic sintering at thetemperature of 1300°C exhibited highest density and dielectric

constant (4.42 g/om3 and 382, respectively).
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Roy, et al. [14, 15} ll¥aiusrasarstanzaunid 1y Si(OEY), avgfiiiten laly

Twswsanlas (AI(O--P),) LL@:‘LWWLﬂﬂmmm:ﬁqmn‘bﬁﬁ(Ti(OBu)f) INANARNILEFNTNUAS
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= =

Jagadaufieniivaraesflsznay iy ALO, S0, Tnndlalneanlad Saneulneen o
(Ti0,-Si0,) 1lupiu u@nmnumimﬁnm&g ARNARLBINE (Phase equilibrium) a1ngnsazans
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1. sanlas (Visalansanlas)
= o 'S 1 b7 ¥ Qs ] 1
dunInenanivataviuldean laslaalunszuiunisTaa-laa faae19idi Luth
and Ingamells [16] 1l1a90s Sioununaslilaaaas Si(ORY), Wuansfiamnsaszme iy
TUTEUNSZUIUNTY T0usT Rabinovich, et al. [17] M3anauaanlad-uasnoean s

k24 } v
(Si0,-B,0,) hiassissiudaisisenlfainnisiin sio, uuaouaeelugisazaananaadsin

W
G e

= v 27 di’ = ar & 9 =
WATAN9aRIENIALETN (H,BO,) Tameaven1s1i3aiAe nsliugindndnsi eslignmni

A & g

1 dl = e 2 = ui: 2 C&I L e o e"d' QOI 1
gandnameununsUlaneBwidiluasisiiindnineimonmafisnda
LQ/

siaun Matijevic [18] laiTauumaanies “Tulufamesalany (lansa) eon'las
(Monodispersed Metal Hydrous Oxides)” Saunanaiifluimanuninsgneeiuanlases

unangnaaninasdinuansuatuaeeliinnn uazaquninasesdoulasing 1w 0N

N8
=4 ] = =4 = W c:ll 1 ¥ asy ¥ rdlnl
AAITIUNTA-A1e uavBeaual Wieasidsiauner lussundeauiifaasaynireenla s
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waanageadiveanladmaiianiiuliiandiounaulfuazatngiunsalunisazansoeg
¥ e ol o
aanlgdaziiiauiialinnsuaniiean

MO, +2xROH < MO

n-x

(OR),, +xH,0 _—

M(OH ), + xROH <> M(OH) _(OR),, +x/2 H,0 22

finsAnmnisiinlfitenaes H,BO, vt lasuasfavaiss (R,BO,) fuimmsy
wanAaaalsda@inm (SiOR),) ludavnazarafianunsodenaansgisiass Tnaldmaila
= = & = = =1 ej = d"
Hoeaafunnudnslomnd (NMR) uavaunieg (IR) avlalmsalpil L M IRER PTG TN

huwslazdumen Gudusissazarsdanenlodadanismnluduneugading Semud fiusy
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Tulslgaaniau (Borosiloxane bond, =B-0-Si=) Iilei andiaslutasednisiineg was
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(| ! ¥
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AWM (Lantanum, La) Innadlen weladlan Zirconium, zr) finifa (Nickle, Ni) uag
» z d -
wnalew (Galium, Ga) nisldlanslwnsniluanssadey S liunaziiananveslimnsy
i o 9 9 [=1 d” = ar % 1 1 =
szndnimsinlituiie Tneavsunaumnuiihudlades furessun saasnedy Tamein lumsn
(Sodium nitrate, NaNO,) e liumsn (Lead nitrate, Pb(NO,),) wazuugeylumm (Barium
nitrate, Ba(NO,),) wsitlyunilarmisoufilalélaanisszimedaniiiiuineanluianioz i
o = _— ¥ = all & P el °
N7 naunasazinaaa et ey hunemduganseendladansduigly FIUNNATIAZNN
Wimuguaanubeunljfeangeentneann ilfidesmdnluane il
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=

=3 & v = b7 o = v 1 ] o 9 dy Qs =
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Tauvzazdwnnligauninazsiusing wigrsrsaudilalilnanisldnsma=ginluntstunanu
Whinsmsing
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nsuizenlas-1an Inanislilansdananladfnausiinag UANMNTUGDUNN AL
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viwmgeiuns ldastanzesdinnsluansiadi uiadrelsian A5 uanTIAaTua NS

anlilnansl¥lanzdananlasuaniulansassmm
M (OR), + M (O,CCH,), <> (OR),,M.O.M (O, CCH,), ,+CH,COOR (2.3)

NNaNns (2.3)aztiulddn UjMensendez@innuassananlafauisafaly uaz1d
= or & o W c:‘d Oi’ o d} s 9 1 s ¥ & [ i
HanAsii s auRiiimin uanag mmlus:uuﬂszﬂ@ummm@amfaﬂLsmmﬂmﬂw
azdinn e lianutaulaelifidaniazane anslsznauaameiniindudeuianua
(90-85%) azgnnianeenlilnanisnay wzennusIesanen laffigneaaaaieifies
undauaunsoazana i lusnissaneduidiiaadouan
619U Tio,-8i0,  fifinsaeneilaanauteunazingsaiin 1Wge @119
= LB aa " ¥ ﬁr =4 = 5
wize lfanwadinalulaaania (Poly titanosiloxane) 1aa Taasenlaaniswaaelsfuuy
AU (Condensation  polymerization) 184nN3AFARN (Silisic, Si(OH), w78 H,Si0,)

feainanarsazarelnieuwnzdaing (Sodium metasilicate)  faennnselalnyusn
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(tetrahydrofuran) - Audia  (avdeez@lomln) (nonidloylalelainsnsanlas [y
(Bis(acetylacetonato) titanium diisopropoxide, ATP))] visella (leaesdmin) Tnmiian

IolalaTwswsanlad 39 (Bis(ethylacetato) titanium diisopropoxide, ETP))] avndsi

!
=<

Viiluinalnel¥nsminde (Hl dain dhalfisenseudnsnsedadniueines 5 nluasiaa

7 Tio, fiandn 20 Tua wilinl¥anRaz 5 luluasangn TiO,-Si0, Wluliela uazdl Tio,
Uszan0s 57-94 % Tua

2

nszUUNIslga-1aa 1unszununsiiAnes fuurui ey 200 3 wazildan

-5 Aogrmell a W & =y
WuenszuN1 LT linaneisznns Tneanaznaniinlanzeanladite L198EN
maligaiuniisn Si(OE), Lﬂum?UsznﬂuLﬁ’qLLsnﬁﬁﬂﬁLﬁmmmﬁﬂﬂ@lun?zmummam

Tanzeanlad vidassdnlnariunsyiaunis

‘quﬂ%’qamfasfawsﬂnﬁ (perovskite structure) [19, 20]

lassairanasanalnifiigrsmanail fie ABO, Usznavdesnenaadleaauuanii

]
s 1=l o

dFddleznonnalugjidegfisumis A (Asite) Gang TNy NyuIBIMILLTAR (Unit

cell) uaziidnaruiihulszq i dndrendiciu k' Na* ca % Ba*uas Pb* douf
AU B (B-site) ?ﬁqagljmqﬂmwmmifmLmﬁ%ﬁﬂ:mmmlfa@@umﬂﬁﬁ?ﬂﬁﬂzm@u
“1114'1mlﬁﬂLLﬂzﬁﬂ"lﬂ'z’mLﬂuﬂﬁ‘z’iiﬂgﬂﬂgdﬂ'ﬁ")‘lﬂx?ﬁ'l’f)’ﬂgl; a1hiu Ta® Nb®™ Ti** 2" uas s

ar  or o

lot/leeautnnilazgndausaudonlesauauanseandau 6 d weaiwilugilaanaszdnsan

&

(Octahedral) Aauanslunamn 1

N 1 Tﬂﬁﬂ%’ﬁmmuLw'as'aﬂﬂ'lnﬁ(ABoa) [19]



vieldRianisn (piezoelectric) [19, 21, 22, 23]

il e, 2423 HnisAumudanunanguiiiananieladidnyiniag Pierre Curie
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FaRganetlssing PB4 (Quartz) T9ALLAY (Zincblende) WaZANIAY (Tourmaline)

A el wneannasaien wadn "ner daiuautimfie 8 nyen Aeniaiia
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1
o voa
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AudnanaiiuaniazivinlinAnanmwfeled @nvin Lﬁ@qmmmnmﬁlﬁﬁuﬁ’a@Lﬂmmuﬁﬁ
ANNIATVRIUANAI ﬁqﬁﬂﬁumqmmma‘m‘é}é@uﬁmmﬁszamnLm:ﬂ?:@qaummmﬂ’éw
Intwainan Wiaiisand nsiatnadlsad AINIANAs189TanL e TaBLanyiEn L5 TsE
ianvisnfe JaqitaleBdnyEnldanansaiatnadlsfudonmaeusasiinielfussnase
wdnuiniu anowile B EmBnAnin Ese e wunss (Direct effect) wazuuLfuNAL
(Converse effect) #4fiAa nslaesumdsaunadlundeadlaiia Taeinsuldauulasd
AnduiliFeatesiunmsufouadnanlsadudlerius NANTEUTAL (Stress) HANTENN
f‘}ﬂﬂﬂs']ngmmﬁdﬂﬂmng]mmﬁﬁa%&é‘nﬁnunumﬁ uaznsulaeulasdaalalii
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t 2

NsTUNNIINGa (Poling) lunszuaunisidrduivaliiRaan wiilalesinyisn

k73
o o

hwagsiingfiawlflsBidnvinluszndnanszuaunisinda fagazianisaenafamuuuauny

L7
s

awnlidndias waziianisuadaluiisniiseandiedasfimniadniiesduti seay

L 78
AuLssansa i uazgoimgilunisindaiiuadadrdlunistinwunnissnfimnig
uazautlan fvesdan usdinnaiiaiinunsusefufiaasiisniilaasnfimiouiulumn
a ) TR T o Wl o ; = pe s
#iAn19 (Isotropic) wanlifinaeinda wsinazldulfausnwuidudazndnaziaui®

= a o 5 o a Al 1 4 3 = Ly =4 9 W
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Symmetry Point Groups
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( 21 11
Noncentrosymmetry Cenlrosymmetry
S ) 4 {Non-piezoelectric)
\
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Piezoelectric
Polarized under stress
o l P

N
10

Pyroelectric

Spontaneously polarized

N
I
( Subgroup

Ferroelectric

\/

Spontangously polarized

Polarization reversible

/

; }
Tungsten ( Oxegen Pyrochlore Layer
Bronze Octrahedral Cd,Nb,O, Structure
PbiNbD,Og ABO, Bi, Ti;0,,
.

Ceramic

Perovskites

(oo, ) (rer ) (mr (o | =

AN 2 RHUMALERINMsIINg RS nIasdEn [19]
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. Slrain ¢
E c‘fode \ .......................... ..-...-..Lu......; ................ T“.
P alaalr R P High
Piezoeledric f‘&. f.ﬁ'ﬁ P 7 A Voltage
R PIREAD AR A Applied
Electrode — | C N }
Piezoeledtic
Doiraing Force Applied
.
R SN SATS 4 High
B AN AR P Tah A igh
R\ 9" ’--‘.!\ o ‘\f Voilage
RiPhlalif AR AV A generated
A

o o a @ o s s s
AN 3 ﬂﬂngjn'la‘ml,wal‘l:‘ﬁmanwsn"lmﬁﬁ;Lmumsal,mmmuwunau [21]

INERE,

S IPEP N ([ 71} 2
R TR NI
ST rr s n bt g
—®

(n) () (@)

! :}' 1 o dg [+] D’j s o Qi/'
w4 lalwanglutiiasng Taa(n) nauvida (@) ameyinda () #asnisvinga [21]

w5TsL8n¥En (ferroeletric) [21, 22, 23]

210 20 nguaasndnibiflansnsgudnan siiludanfaladidnvinasdag

a

9
o

10 nquiHd9 (Polar) uazialalwalffeimiaudidnlalldsuaunfinuinssin Banans

! i 1\ o Rt - : o R ey e T

nannwanidinanlasrfuuuiiiniiues (Spontaneous polarization) Taefinanildaimannazs

anwiihuiialadiniidn?ia lunsdinliauswirusswefina i anisaeennimefinanls

wdunlaeuuladls GaarsnguiiFands wWilsBidinvin ndnRessflsdidnyinynaiing
anwihuielsdidnvisnusiansitelatidnydn lianilugesianinunslss s nyan

v
nanHElsBidnyEnazuaasamiRluufiag (Dipole  moment) Aaufidnazlals

b= A & ¥ (34 i o
awiludafiony anmgraiqaduinaaaeslszauansesndnlaildeddumiaisety
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drzqauiluainliifaluwudigasuanosaglundnluanuzslsdidnyin uaziilatians
wilsaianyiznunegluaunaninseusisanaun inasaumiludud azwudnTna sty

nelugnsmslsaildnyisnazliidumgud FadandnTnanlaadunsing (Remnant polarization,

ar s 1 =1 & § d =3 1 ﬂ;’
p) uanfeam p, lunm 5 uazlnanlsaduaclidnfugudiile E=E Jauanslfifiudnansiisl

2

Tumwsigasuanseguio sidanansliivindaniudinsianwihunilstidnvisning lifiaq

&

Faunlnwiliae

=

E/Vm?

2N 5 AnuduNutszuIedun Wil () nulwsilswadu (P) aasanginsls

= 63 =
ALANYNISN [22]

WASIBLANNSN (paraelectric) [24]

wanassidnvzniiadungunggandn

]

unnigislsdanvsnuazing

Oy
= -2 =] = { = ~ -~ = c’
nauRFlsBianyin deasniBidndnanlszngidaiiuavauniuilng Alaseat1ed

= ar

ann1ng a9 lidganasainina lsmduldfoanues iatinastlavauiyWin 1 ugns

wanaanynin iiiatwealairdu widlengatlawannu i lunaffalifina s

d":i o ar gl

e s u@uan Gad@auauduriuslBaaanin
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W
(n) ()

o = ' & a
NN 6 299AUTAINDS BTN IWa Larggunuaunlifi-lu (n) #swaun
WslsARnYan (1) #19WI91BLRNYIIN [24]

=Y

guiiAladlanyan (dielectric properties) [23, 25]

os < o

Toqleddnydndurliailassauuilit sz damsaiiuinlszq i
I4@ndos Fanauarunsalumsimifiulszqliiinassansladidinin undnaaug Wi
(capacitance) iialdaunalWiin lunansladidnyan @asleddnyinaziiantsinals i
(polarization) Fawinfiunasantaswan lsidusaviiamioen Buans lnatintwanlsuadugeiag
daualiiansladidniiiniannonuqg iinganwlidon Tneauialaddnvizniinisafinesd

as &

Wnendiasiiannn 3 fa Ae Arannaenduing (relative permittivity: - €) RANNAINU

=

Lpganyian (dielectric strength) uazAnsgrydeladiinyian (dielectric loss)

1. ATBNNEIBNFNYING (relative permittivity: €) Lﬁ@ﬁ@’]ﬁ‘ﬂmﬁ%ﬁu’ﬂﬁ’]\iﬂﬁ‘x’ﬂﬂﬁ’ld
dne An Huncinlanzanevinafuiussaznig d Huflresurinindi A Ldaesenn 7 szudng
weluanadiugeyeyanaa lafidndluiin v ﬁlﬂﬂ‘iﬂuN"]‘MLLFJWHu’l‘lﬁﬂ‘ﬁzLLEju%ﬁ\Wmﬂuﬂﬁ‘:’i
mnum%mwi'tmﬁwuﬂuﬂa:fag@u %Gﬁ’]ﬂﬁ‘:’ﬁ‘i@ﬁLﬂHﬁ@ﬁQﬂﬁﬂ V AIaNNIe

Q=W (2.4)

‘ —_— e :

4 ' &) 1 | '
iila C Aa Avmauq i (capacitance) Siwmiaenilu gaauireliad (CV) 1ite

W13 (F)
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AN 7 ﬁ"uﬁuﬂﬁz@ﬁmuﬂumum (parallel-plate capacitor)[23]
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o (2.14)
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1. Strontium nitrate [Sr(NO,), ] mmu‘i‘qﬁ%‘ 98% 131N Merck
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4. Ammonium hydroxide A2N1ITgN 28.0 - 30.0% 1i38% J.T. Baker
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