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Abstract

The research project investigated the effects of CoO additive on dielectric,
ferroelectric, physical and mechanical properties of modified Bigs(Nagg:,Ko.19)05T103
ceramics were investigated. The samples were synthesized by solid state reaction
technique, where powders were calcined at 850 °C for 4 h and ceramics were
sintered at 1,050 °C for 4 h which difference heating rate controlled i.e. 100, 300, and
600 °C/h for. The ceramics of BNKT/x wt.% CoO was added CoO by various x=0.00,
0.10, 0.20, 0.30, 0.60 and 0.90. Phase formation was determined by X-ray diffraction
technique (XRD). The X-ray diffraction analysis of the ceramics suggests that all
samples exhibited a perovskite structure. The dielectric properties under room
temperature and various temperatures were also determined. Dielectric
measurement data showed that the additive and heating rate controlled influenced
dielectric constant and dielectric loss. Furthermore, the hysteresis loop behaviors

slightly changed with increasing the CoO contents.
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L‘U‘Llaﬂwmgﬁ/}ﬂﬂﬂiUVWl’]I‘ViLﬂ@Ui'mQﬂ’lim W laBlannsnganung 20 nay aﬂﬂqwuwmaaluu

<

<

amwdudieledidnvinudazeglunguilifianunasvosqudnaransiziinusngmisaifie
y9eg1s msliflansmsvesqudnaraduanngiddgiviliAnanmiieledidnvdn 1esan
usanafilsifusandunuuiiausasueagudnats uazliansoviliAnlnanlsedy 1wu nsin
Tnanlsiwdunuunnes (vector-quality-like  polarization) uaﬂmﬂdﬁa@ﬂgu%ﬁé’ﬂwmshj
AuASYRIAUINa1IeYes TeassilinaTINvesnsIAdeuTivesUsEqUINLAzaUaINsaaisle
TnalwihduiviefiGont maAalnanlasdu enuusndrswestagidufieledinnintums
I58idnv3n Aeanuisledidnvinlianunsafnlnadlswdusodies uiaziAndleliusmiana
sonAnuinty

anmifieledidnrinintuldaosuufe wuuidunanss (direct effect) waznuufundy
(converse effect) Fafifio MaUAsuUamdsnunafundsnuliin eadesiunsidasunlas

v
a1

Tnanlsigduiioansgnusenansyyin n3otinAIuLAY (stress) SenUsINgN1Tali
UsingnisaliiieleBianvsnuuunienss waznisiuasundsuliiidundsnunazifentostu

AstlaguruInkazUsunsnlasuldadld satinanueseatuauubwinilddnly Senqan



U7 2.2 Uningmisaiiintuluansiiieledidnydn [24]

I d" d' o [ d' o Y a =l a o a a 6*
nszuaunsina Wunszuiunilsndragnaziinliifinanniieledidnninlulgsinngls
a < a = a 1 d' EZ 1 = < =1 a & a ] Y &
ailinnsn mnlufinislwawsfinaglidsuan nuddusasndnsluieledianvsneguain
A a1 = L3 ~ v d‘ Al a a o .
Ay wsiiniiunsinaiivsglevdinnieldnungamgiildiiugamgila3 (curie temperature
: T wiszwiinasidvaninlnanlsiwduiiinannnisinangamgianin T,



..I-

Ly ittt
APy
NS

5UN 2.3 lalwanigluiloans (a) neuvinsinads uag (b) wawilnads [24]

2.1.2 W$l5818nn3n (ferroelectric)

a15u$158L18nn3n (ferroelectric)  [1,24-25] %’magﬂuwﬁﬂﬂsxanmﬂﬁlﬁﬁaummmaﬂ
FuENaT3 (noncentro-symmetric) Tnedl 21 ngu wudidl 20 ngudumnidieledidnnindaiuis
nanledn Fanuislsdianvznasiluansiielydidnnin wadasiieledianvsnagliiduans
wilsBidnyEn anansnialnatlsieduiuedld  (spontaneous  polarization) lufasiufe
Frlwihiignsdadedulufiemaforiuiusiarbiflaummnnssiifng veiidesandaluihi
Antunielutananuisadeussiifiouingannne Aagvilidalnihiioglndidesindedufions
FenfuuasYananunsandufia (reverse) Tnsnslsaunilnfindlulg Tneflauulwildudoslais
Aaendian dielectric breakdown Fafudaunilniigsanneuifagiuaenaneidugariilui
(electric conductor)

Tanulslsdiann3niiiniswdeuwdasiuaudvesawulnihuazgungiivne fodnludan

3 q‘

ladidnvsnadiameiiladidnn3nuinndy 1000 Wutagidaudffmeigniiunldeusgis

Y

v Ql'dy | = o w a a ¥ 4 [~ [}
N9 Tunfaznanfenisihdaguislsdidnvsnunlausslesiamgluguusavesnisduiag
laddnnsn



y E

JUN 2.4 anuduiusseninsaunuliihiulnalswduvesansnslsdidnvsn

Fefinmiansladidnyinunsluaualriiasiansnalseduiuneluasiu uas
deanaunilwihilieunarefugud nalsiwduluansladidnyinAaznanedugudiud ued
asuedadlasiaulwihanguendly siliAanisinanlswdunazideanauiliiiag
udugud nanlsiwduazliidugudluasladidnyin withandugudidle £ = - £ (o - E.
= mawavdstnailswdu) iliAninuvesdameida (hysteresis loop) Jududnuaezves
anailSlsBidnyn fagudl 2.4 uanshluanstuillasuddianmses wilaifinslfaunslaiwinle
fnsangamniiuny Insundaauzmslsdidnninlivsngfigungiganitfiutueusnisd
$end aungdad (TJ) u gumpiifiganiiguvgliniiundnazedaniugnisdidnnin

(paraelectric)

2.1.3 Qm%qﬁ@%uazmmﬂ?amﬂﬁ (Curie temperature and phase transition) [26]

nslasukUasvaunaluanswslsdidnnsn azasnndastunisiinnisasunlaived

¥ =

lasaadandn Fadunainnisidsuwlatvesaungiuaznisinanlswdunislnitvesiag

a o

gl (Curie temperature, T.) WugamgiifiAnnsivdsundasiassaiaveamiannnis
S18nvi3n (paraelectric phase) figamail T>T. FefanalinansautinisTnailaetuiifintues
& (spontaneous polarization) ludanansisdianysn (ferroelectric phase) ﬁqmugﬁ T<T.
5’3@;1“:%LLamamﬁ’aiwmlsmﬁ?j’uquLﬁm?gmaa wonandaraningeudusing (relative

permittivity) vesianaziin1silfsundasuaziiaiudugigaounniininie Naamgiainii



2.1.4 Inanlsiwdu (polarization) [24, 27]

dlelaunnliiniutagesiin Usslwihangluianaziinnsidoutagnisinatlsisdu
wgnindenhlmAntududndusuauslnih Juegiurmavesninuildfunanseyindu Tay
Usgnaulselvuadisneiu 4 Tvuavesmsifalnanlsiwduannsoedurelife nmsiinlnalse
JuszAudiannsau (electronic polarization) mslwanlswduseiuleseu (ionic polarization)
nslnanlswuuuudag (dipole  polarization) nstwanlsisduresszgeina wasuuulsey
#{uf (space and surface charge polarization) ﬂ’lﬂwaﬂiL%%’u%lﬁﬂﬁqmwgﬁlﬁﬁmi
Waguula mﬂ'wmliL%%’uﬁuaﬁa@mmsaLﬁmmqu?iEJuLLiJaqmmammlﬂﬂwﬁwmlummq
auBinann wazdeanudgatunisinalastusslidunuudemauninuisuulasmes
aunalli warlumsmsstudiunianszaeavasladidnninasfntuiloanuiianiudy
(wansluguil 2.5)

Er
—
—
"
L

l =& -tan b
1 1 1 1 1 _
flcls) 10° 108 10" 10" 108
o > |—|—|# al
. Electron polarization Microwaves, Infrared / |
g4 Dipole polarization Milliwaves Visible light |
o & Space charge and Ultraviolet
g lon polarization surface charge polarization

U7 2.5 nsnsganelulnanlswduvesianladidnyin [27]
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a a d' v = 3 Ql't:l:; 1 [y Ql'
PINNANTUIE5:0510N NUTENBUMENANIUIAENNTNAN1IVDI A nas19L N5l
waseasnliiduszidou Suavinliwsinllaunsananandd wazinandisledidnnsnls waiile
Ansliauuinidiinll asdunisadratilinnans Fssvinlminlnanlswdu vselalnanielu
Woeanslegluiirnidlndifeaiu vefiamadeifiuitenisvesauuliialidily dagui 2.6
d' a' wa @ = a a wa 4
WariuandRnsiduisledldnnsn wazautnialniiaie

0

DON:
i &-C

JUN 2.6 M3dasedlalnanigluilleansmendmasasneunisiiauuli [24]

2.1.5 autRladianysn (dielectric properties)

ansnailaUszneumediugesde Wanalaeunfivszneusmengulisnounazdidnnsou

fyeAudnansuiasiuiy uagegnigldusidamiiseninduananazussdamieivesoznay

[28] Wailussnauulniunnseyiiuluana asvhlvinguussauingnuanluluiianisvesauy

uwaznguuszaauazindounlUluiianimsaiuiy
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Dielectric —

[

JUT 2.7 dnvagdniudszguruguunudlslvivseqanly (a) semirsunuguunuduagyyine

q @

waz (b) szwinwduguunnduansindianysn (28]

Fedulaanannluianavesansrnsnafuduluianadag (dipole moment) aefitaidny
Fosteruluiemdeatumiisvesauuliih egilsfouasindidnrinussinmiiduasussny
Tuianalifidn (non-polar  molecule)  asladidnvinurseiafiiluananedadudaglni
(dielectric dipole) Fuiemalifusaifov wasdlefusinaunlwihaeusnunnssviresiu
wwitlitadidn q waniiFesluimmadeatuesnaiussdeu SuFenlumanaussanid 4ag
0173 (permanent  dipole) ﬁa’ﬁmaa&mﬁﬁimLaqaL%ﬁﬂé'f'sﬁ'uiﬁl,mim&Jhiéfaﬂ%’au’mlw%mﬂ
meuen Benansviaii asnslsdidnmin lnevhlutagladidnninasidutandiifidnanineniu
fumugs Tunisiansaniagladidnnindinaznanimalasiladidnyidnuasagapdomalas
dnnin Tnelunsdudulansdguuiuiiansiadidnninegsenitsurulanzguuiu wuind

v o 6 ' ! ' Al a c a o &
ﬂ')']llﬁﬂJWUﬁiS‘lﬁ’J'Nﬂ’m’J’HJ’QVLWW’]LLazﬂﬂﬂx‘leLWz]Laﬂ‘Vliﬂﬂx‘m
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d (2.1)

¥ '
=) ]

da ¢ fe Amanladiann3n C Ao Areugliih d - fie Amuvwivestiuau A Aefiui

vy %0 Ao Aran ngauniivesgayyinia ardeudyaadiiinsewaadulviudn
Auvseq nsvuaninasudafvdssaiiladivthausadndiduys 90 ssm uilunmsufifes
finmsgadsidesannisiledidnnindanudumulifsetiud silnAnmavesnszualin
Wmheusnsdngddesndn 90 e Band1 urnwasnisgadenieladianysn (dielectric loss

tangent)

251 mmmqmtﬁd@@tﬁﬂw‘%ﬂ (Dielectric loss; tan© )

' [
= ]

Arrugadeladidnvsndwsusdntuduaruagdeiiiauainnislingenu

T

uEuAnnsasuamdnuluidusuuuudug wu Wasuudaadundanuanuieu iudu dq
anunsaUszanadliandnduveeruliUTEUN AU TLH ALY kaTa1NNTD
faldanaeasduiiuaud FeUsuavesaanugydsledidnninduaninsouszanaldlutag
P 1 Aladsnd

2.1.6 Tainluhesulnunaideulnniug (Bips(Na K)o sTiOs)

Faquieledidnnineninildiusgunivaredmivvingunsaldidnnsednd viwnann
a15UsENau 2 %3e 3 99AUsEneU (binary and ternary system) Yosasiwsiingaingiuiu
dunanfidrfglaoianizediadeansiiindud Aeanweslaunlnmiiun (ead  zirconate
titanate)PZT agdlsfiniu nsfieenledvoansiudussdusenoundnvestanussianil delviin

Yaynmaneuszns Niluniswdanaznisldanuiilosann

1. eanlynvamziiiansewme (Useann 800 °C) YlifeanIuALuIseINIALENISHM

'
[

auniln (sintering) ageianuIeldnI1dIUVRBIEIUNANTDITANTIYNHNYNABY
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2. sonledvesnzaszineladievinlnaiuainisalunisuanglimioutiu
(reproducibility) yilaenn
3. sonlwnvesnsnuduie neliAndamnaniignisernie Famaneusemdalagianiy
Ussineansgaiuinilaiudedniadinsuisunanisldvesasusennilunniu wazly
Uaguuansviiniiluingdunsesilan 3 suszideunsensisgeamnssululszme
Iy
o & Ao 9 \ 9 =~ a & a v & Qll s
AeiunTIdEkasiaduvesTagieledidnnin Iiiduansusenouiivasnainaenlys
Y - vy X o s a Y = o A Ao o |
9azn NIelllansuszinnillluosnusznoululsinudesdadusesndiAylazannsotivan
Tymmananngannisldeenlenvesmziuasenaiinansenudeanamnssudulng

Jaimlafoulnunal@enlnniiue Bips(NaKy,)osTiO;  n3aNlgsiaegadn BNKT WJu
asUsznauiilassaitauuumessenalng (perovskite) Mdamdudou Taevluaisusznauds

(3 a

flpssasruwuumlessenalndvziignslassadaduiuy ABO; dsgu 2.8

JUN 2.8 lassasnandnuuuinessenalng

MNNsANANwaHANNTiAATlaBIany3N (dielectric  constant)  igenuinansndan

AnuaEnsalunisinanlsdidalndin (electronic  polarizability)  geila@ingu131n oxygen
= 1Al . . = & 2

octahedral ~ vedlosaulszquindeedil Bsite  uay Asite  lunsdilosouvewnzia (Pb )
- Aa @ PRI N T = o § val | ¢ a =

WesnniiBidnaseuililagnuusedlutu 6s Fuhlvdaranuausalunisinanlsdidlninnas

Faillnadearsusznevvatlesouviail wazananudgIunitaualuisatuniIsinanlsdies
(spontaneous polarizability) vesansuszneundlassairanesenalnavloooures A-site &3
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Wosls518nn5n (bismuth sodium titanate ferroelectric)
~ Ha ] vl ~ wa a ° v aa
Wosanasusenaussuuidenudululsnasiiaudfnauisatuimawnunisldasusenauid
sanlwrvasnsudusisusznou

BNKT 1Juaisazangvesudearndaimladedlnniunua Jadvlnunadeoulnniun yBNT-
(1-y)BKT Tndnwazlnssainawdn o gumgiviosszidsuulamuuiinadadiuvoddnunaides
a15UsEneu kaznudl dadrunaudilndiAssdvuinusesdomaniidagiumioudtuy
(morphotropic phase boundary; MPB) iile 0.16 < y < 0.20 liaaud@vslniifinden
uaﬂaﬂﬂﬁﬁaﬁﬂﬂiLﬂﬁauLLiJaﬁzuwﬁﬂmmqmmﬁﬁLﬂﬁauLLﬂaalﬂ 2 gaumiivies (25°C) syuuy
wanved BNKT Lusesludasea (thombohedral) @sfland@ymsluindumeslsdidnvinile
gaungiastu sruuadnaziudsuluidumnszinuea (tetragonauagndngnuias
(cubic)nugd ey Fanvaziinansznudeantanislniiiduiulasfiazidsuluduneud

wWaslsdiannsn (antiferroelectric) wag W15181@nN3n (paraferroelectric) MuaRU
2.2 UReNNY2999

TudU 2010 Ky-Nam Pham uagaaug [19] ladnwnanisidelulaileuluigsifindadvigif
InnmiuaiarSasdnlnunadoulnnius lnewsiiinTaimlaneulnniuaiasdadninuvadeuln
MUATUAREIU Bips(Nag Ko 18)05 TIOs WUINBUULULARB0gluYe MBP  Tagiimaseulus

aseakasinnszlnueasy ntuinisvasunlawennaluilufdndedeluledennusuu
Wnfusiagy 2.9
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E s °Bi , 1,0,
F ~ 88 &=
i =2 Z 28 Z5 as (10, ul:m,,
foag gi o = -~ = r i
£ aks
"IR LA A nna_J\_w_/JL
“n L UL
- =il w/f\‘_‘_ '_/-L
JTR = S——— ) .
E .J- | w3 .._/-/L,,___
) =002 _L A
O [N __JL I N A _=0m)| _ » .
MLJ_LA‘_.LA_‘_&E m (2““!1
A L 2 L i L ) i ) ; . ““!. [lllnlz]l‘
20 30 40 50 60 70 40 46 48
20 (deg)

JUN 2.9 sdnvunsideauuvessidendidiaelulowlenluwsindainlafeulvmiue
wazdadinlnunaaulnniun [19]

wazdanudninnnmsiisluleioudsas 3 Insluaduausmsgrshiaianuaseantnietii

naunlniinieuen gedia 641 Alnunsdeliad

1ud 2011 Aman Ullah wagmeug [20] 1aynsAnwnaveInsduduuesnunaideuse
Tnssadauazautinsliihveaesmfinindadvladeulnnadeoulnue Tnedadiud
FMsAneRe 0.975[Bi s(Nay.K )5 TIO5)-0.025BIAl0; Tneil x 8g/luy39 0-0.25 WU X Wihiu
0.22 Wemnsieseaiimienhonaumlwihaieuen geie 533 flnwnasdeliadn wazaw

Wndurednunadeniunntudsmalildvunnnsuidnasianduud 2.10
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SUT 2.10 JUsihe SEM veaissiin BNKT-BA Adslwuvaiouiidnaiu x wiriu 0.15, 0.20,
0.22 wag 0.25 [20]

11 2013 Han Bak Lee wazAmuy [21] lovinnisdumsizvivaz@nuaudfuesansazans
YoaudaseninessuudarmlafsulnunadsulnniiusdussuuikuSsuLAa @ suLg S lALAMAIL
FRdIUAIH (1-X)Big.s(Nag 52Ko 18)0.5s TIO5-X(BagsCan)ZrOs  NdmdIu x Ay 0.01-0.05 WU ke

Y ° ') a e A ) ~ a e v Py = =
Yosdndiu x  ililiandamesidanuavasiawandlu su 2.11 SnnslimliAianuasend
willgnhnaunuliianeuen aaniis 549 filnunsdeliad
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P (uClem’)

S (%)

E (kV/cm)

U7 2.11 wawed BCZ Minaulu BNKT wsniindeaudfmslsdidnninuazaudfienuaien
(21]

1ud 2014 Chanade Wichasilp wagauz [22] lavinnisdaasizinasiinsiziautiue e

finTJainlufenlnuwva@eulvniusiifumedsdoanlanuilunuinnisifiveyniauluidesn
lyddlanunsausuupantinnulundn ladidnnin wazieslsdidnvinveaesfinszuuila
wagdsanusavinbienagdenisladidnninanatlunsiduluiisninties Faustinangaydenig

lpdidnvsnanunsausuugslaenisiiveynaulull BslunhduaudfineslsBianninidedivy ¢
wandlugun 2.12

| x=0.0 vol.% ZnO
404 O x=0.5vol.% ZnO
A x=1.0vol.% ZnO ARKAAK
Y trurs mﬂ%w
A x=2.0 vol.% ZnO }ggig;;m&*mmkﬂ Al
«'E 204 * x=30vol% Znuigg .‘..Jl guEEEENEEN :Gi‘.. )
) xH gu® Lg W
@8] *ﬁé' @] & ]
“3 0 * A
g " x4 I!_ng
g 20 I. A L L . .-'ﬁ Ha
E T .-ﬁ.....-'...'ékéii S
A AAALAR
kAR
bkt daaasansd
404
1 . " 1
-40 0 40

Electric field (kV/cm)

JUN 2.12 wansrnuduiusseninseninanlsiwduivawnluivesssiin BNKT/xZnO [22]
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1ud 2015 Nguyen van Quyet wazaug [23] lnin1sAnwimanisidedisuluesiiindads
TopgulnundidoulnniiuniuwAaLdougastatum TUdaa3u 0.97BigsNag.a,Liky,TiOs-
0.03CaZrO; (BNKTCZ-xLi) (x= 0.00,0.01,0.02,0.03,0.04,ua% 0.05) wudnifinsideluledey
Sovay 5 lnsluatunuiedidliraeieafidenianauslnihniguen gais 567 Aln
WATABLIAA aa"mliﬁmﬂmﬂu‘ié‘]’alé’imum%’agaﬁmau%L?{mﬁ’umslﬂmaammm‘%m (strain)
FovhmsuSulgsantivesssindasmledeulnunadoslymiunddlugui 2.13

800 ——T——7T 11— —_—
BMKT-La
BNKT-Ta |
BNKT-Nb
-
BNKT-Sn o @Skt (Lisn)

00 - BNKT-Ta “Glumir

BNKT<{LI,CaZrOy)

—m— pure (MR
—i— BHKTCu
00 - BNKT-Zn' W  BMNKT<{Cu,Nb) e |
—— BHK T
BNKT-Y KT i
| i KT M)
—— BHKTTa
pure BNKT A —#— BHKT LI CaZroy
.. —5— KT S
200 —— BNKTZr .
BNKT-Cu —a— BHKT il
—4— BHKTTa
—— KT 4L %]
e KT L
o BMKTHL.Ta)

D 1 X 1 i 1 i 1 i 1 " 1 " 1 i L " L " 'l " 1
Ceramic compounds

[=1]

3 I'I'lIl'Ii EI'I'I an tm’lvj
B

JUN 2.13 andRvesrnuesuaiignivilenihanauulninvestiuaudiegaignuiuuys
autAlagltansidonng o du [23]



UNN 3

A5 HUNTSIAY

luunilagnanianeazdeanineinuaisall JangunsaiuasnszuiunIsnIsuseavy
a < ad a vy < a o = = [ I3 @
widnwlslsdianyisnlinemlussvudainleeulnunadeulnniunduesduseneundn
iethlunsiaasunuaudanialiin memenmuaidanag lneliseasidunswielull

3.1 grsediflelunside
answeiiildlunsvaaedlaun
Jatimeanlan
loLAguAISUBLUA
TnunadauAIsusLun
Inndeueanlen

1

2

3

a

5. lausansanlyn
6. lwahilauvansged
7. wweaiiunlaoenly
8. L@yuea

9. thufalausend
10. ozdlau

11, n1Nu

12, Wnau

3.2 Yaggunsniuazia3asilaldlunside
fanaunsniuazieiosiofldlunismeans dxwiolud

1. dauawesladesnsinay

2. wiulwan dmsumyuNanans

3. dninesuunm 100,500 wag 1,000 daddns

4. nsglemanainniaudn dmsuvinsunteyans
5

YOUANANTYINPYALAULAE
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wUnMINa@dvILazaen
afonluduaziendrsanu

gagudmsuldans

9. AUAUETS

10. AZWNIS d1USUTOURNT

11. ASNVNEAUARITUIALEN

12. 6780wl niourUn

13. wednaygiiun

14. W15eu

15. @fs dmsugannsou

16. AsEAuNeUd

17. nsEAeMsIBLUes 800, 1,000 wag 1,200
18. gaile

19. WLAUANNSDU E1SUSTLRYLIAS

20. LL;JﬂuW‘Iawﬁm%’Ué’m%ugﬂ YUALFUEUANENA1S 10 Taduwns
21. 1HESAINDEA AMNAELDYA 0.001 Hadlums
22. wilhgaumgiias 1,200 sarwaded

23. fauaseuuNiiusEann 100 a3FwaIgyd
24. w3essnsyuulalasan

25. |ASIUANEL

26. P30staRANeaRINAzIEER 0.0001 NSy

27. unyudmIvinas

28. in3eaiamnrmglrlihuazangadeladidnyiinUssimasanguy

a

29. dselioYnautRwslsBdanysn

® N oo

3.3 An1sduaTziesdin
3.3.1 NSLUIUNITLHTEURT BNKT -CoO

Tunsmseuns Tuseuu BNKT- xCoO 1o x Wiy 0.00, 0.10, 0.20, 0.30, 0.60 uaz 0.90
apaglnnimiin Tngldiansuannuuiindoonlas (mixed oxide) wazldansdafunuysun
ansduitug fisavdundasioluid

1.L‘%Mﬁﬂﬂ%’qmié?qﬁuﬁﬁmmu’%qméqammé’@dauﬁé]’mmi louA Bi,O; Na,COs K,CO;
TiO, way CoO uwanhuuanauiulunsydomaaanfitidauneeslaios (zirconia mil
ball Feinsesunnasa sk UL Wunau 24 $ludlagltienueaiduinans dsgy
7132

2 nduinsuendauneenanveal wauwin i Tnediveumainauang
vumusulinuou (Hot plate) lgamail 220 esrwaldea LavauaIFIoLRALAS
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3anduihasuauilalameesgluntanilvainianihuaiuaales (calcination) iy
wlwihfigaumgll 850 ssrwalea Wwna 4 $3lus WeliAnUgisenseninveuninues
anssesulilaiduansusznau BNKT fsguil 3.1 21ntuti1ng BNKT- xCoO snuasignsnienun

@19 (agate mortar)

A
4 hr
850°C d-cmcmmmemems
100 °c/hr
1h
200 °C {---- =
0 300 °C /hr
g 300 “C /hr
Qmﬂ{]ﬂﬂ@\‘i |
» 17131 (hr)

JUN 3.1 wnudansldoamaiilunisiiiwnale (calcination)
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%Jﬂaﬁ’iBizOﬁ Na2C03+ K2C03+ TiO,+ CoO

thasitanarluldvawsouun waslddinuamaslaie
adluUszanal 3 @1 4 VBIUIN WAFULEVNIUDAAY

TulAnauLfLuIn

i

Y1@1590NIINVIA




23

| 115111,131’@

v

anslliunaledngamgil 850 aeriualdea

|

d19 BNKT-xCoO
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3.3.2 NTEUIUNSA3EILEALETIINBNKT -CoO
JUABUNSLHS BTN BNKT- CoOfisuazidensmenaludl
1.UANS BNKT-  CoOuaa@uanstatuilya (binder) wodliflaloanagea (PVA) A
Y v oy ¥ Y] & P v o v vas X %y
Wntueuay 3laeumin Wuiuseauielineneiulaavulunmsvuguligunulssaa
1 veadunan 5 Wil auaziden
o A v [ [ dy Aa o Id 1 . = v 1 G4
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3.41AUUNHIUNTTUFULET (Green body) hindaisesasluiigegiiuniinegiiuied
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3.4 FN1INTIVERUANUALYTEN
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3.4.4 N1ATIVADUAURUILUY

NM5NAaRILlAYININISINAIANNR LU LY TR IENTWwS U le Tneendendnnis

d' saaa . = o ° A A a Y v S
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nansnsdevaNTRladdnvindfwiolui
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4.1.2 Apsiladiany3nuanazanayideladidnrsnidnsinstuaswetgnmgil 100

asmaduadatilus Tuyn 9 Usunanisiuas Coo

ﬁé’mwmaﬁuawaaqmmﬁ 100 s ngalduanedilus lun1siansaInaves
wsfinDammladeulnunadenlvniunBNKT) wWemelaueas (Co0) Aifluarannsiilad
\EnvsnuasAngaydeladidnnin ar gumaiisies irwuA 1000 B3ad A9 1 wnzdsadidei
LearUSuaaniIsLiy CoO unUdsutfisuiudeiainsfiladianninuas

Ansgadeladidnninfioamgivieadia dwm151en 4.1 wazagldnsmaafiladidnysn d

=

SUT 4.13 uagnsmanisadeladdnysn Asgun 4.14 wudnllewdiu CoO Sosas 0.1 &9

0.3 laeiwmin Aladidnnsnazdanasliizes q umdlewfu CoO wWinlusesay 0.6 lny

Y [

il sxyilvA gy wasdeuiniganusunanisiiuiesaz 0.9 Taedmiln Faiean

[y

Wiy 644.85 dauAnisgaydaladidnviniiaianadielinisidin CoO Sevax 0.1 lnguwiin
a1 A XA = a a a = = a v S o =
wazdlAindude USinunisidu CoOwiy audleunniigainisiiiudesay 0.9 lngrntn 39

-

FgAwnfiu 0.05

2000

= BNET/0.0wt% Co

. BNKT/0.1wt% Co

BNKT/0.2wt% Co

v BNKT/03wt% Co

BNKT/0.6wt% Co

r

> BNKT/0.9wt% Co

1000 -

Dielectric constants; €

1000 10000 100000 1000000

frequency (Hz)

JUT 4.13 anuduiiusanaanladidnvsnduaiud Tugael,000 Esed G 1 wneigsed 7
QUNQITBY NNIINTTUAWBIRUNYI 100 DerwaLdeanotilig



40
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waznsmlansgadeladidnvin fsgui 4.18 nulndewdiuu3uia CoO Sewaz 0.1 63 0.9
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1319 4.1 AeaniladidnysnuarAnisgadsladianninigaumgliveveaesiinfinanud
1 Wngigsnd

Snsnsuag A | Yinansiin Coo | masiiledidnnin | Anisgande
vosgamgll | (wnwdwd) | Sowarlastwiin lpBidnwsn
100 1 0.00 521.52 0.06
0.10 340.87 0.03

0.20 254.97 0.03

0.30 296.92 0.04

0.60 523.22 0.05

0.90 644.85 0.05

300 1 0.00 418.82 0.07
0.10 357.58 0.03

0.20 348.22 0.02

0.30 250.59 0.01

0.60 330.36 0.04

0.90 366.38 0.02

600 1 0.00 328.81 0.08
0.10 273.49 0.02

0.20 305.10 0.02

0.30 254.34 0.02

0.60 285.69 0.02
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Abstract. Lead-free powders of Bi(WNag 5K 1:)0; doped 0.3 wt.% Co0 were prepared using a
simple conventional mixed oxide techmigue. The heating rate during sintering process was
controlled with various rates up temperature. The samples were sintered at 1,050°C and the
dwelling time for 4 h which difference heating rate controlled ie. 100, 300, and 600°C/h. The XRD
pattern amalysis of all stodied samples showed a single phase perovslate structure. Dielectric
constant value at higher than 200°C of studied samples increased as a function of the rate controlled
sintering temperature as well as ferroelectric properties at room temperature. The heating rate at
600°C/h sample showed maximum dielectric constant (~5961) at T, In addition, the ferroelectric
properties were analyzed and discussed.

Imtroduction

Recently, the solid solution of (1-x)BipsNagsT10:-xB1g 5B 5Ti0s ((1-y)BNT-xBET) binary
system has been consider attention due to their good ferroelectric, piezoelectric and environmental
friendliness. Many solid solutions of ferrcelectric materials show the enhancement of electrical
properties at the two phase coexistent which is called morphotropic phase boundary (MPB) as well
as the occuming of (1-x)BNT-xBKT solid solution. The previcus researchers reported that the MPB
of (1-x)BNT-xBKT solid selution is abeout 0.165x<0.22 [1-3] which consist of tetragonal and
rhombehedral perovskite phases. This composition produces good electromechanical properties e.g.
large strain behavior (ds:"> 500 pm/V at electric field 60 kV/cm) [1]. Many reports have shown that
properties of (1-x)BNT-xBET can be modified further by dopants and solid solmtion [4-T].
However, it 15 kmown that the properties of many ceramics are also influenced by the technigues of
sintering. Therefore, various techmiques have been reported such as rapid-rate sintering, rate-
controlled sintering, and two-step sintering [8-10]. Therefore, the heating rate sintering controlled is
highly potential for determining physical and electrical properties of many electrical perovskite
ceramics [9,11]. To our knowledge, a Bi(MNaps1Ka19)0s doped 0.3 wt % CoO and the effects of
heating rate sintering have not been investigated. For these reasons, that is prompt us to synthesize
and mvestigate their properties.

Material and Methods

The conventional solid state techmique was used for synthesis Bip s(NapsKo16)0sTi05; (BNET)
powders. The high purity grade oxide power of Biy0;, Na,CO;, K;CO; and TiO, were weighed
following stoichiometry and nuxed for 24 h. Then, the blended powders were calcined at 850 °C for
4 h. The calcined powders were added 0.3 wt% of CoQ. The green pellets were sintered at
1,050 °C for 4 b and difference heating rate including 100, 300 and 600 *C/h. The phase formation

Al rights reserved. Mo part of conlznts of this paper may be reprocuced or ransmitied In any form or by any means wkhout e weitien permission of Trans
Tech Publcations, maw_sclentic.net. (#107E03513, Furdue University Lioraries, West Lafayeti=, USA-20/03/18,06:17:05)
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of sintered ceramics was determuned using X-ray diffraction techmique. After that, silver pamt of the
both side of ceramics, the dielectric constant and dielectric loss at room temperature to 300 °C were
measured via LCE meter coupled to a fumace with the controlled heating rate at 5 °C/h. The
fermoelectric response was determined by ferroelectric test station.

EResults and Discussion

The X-ray diffraction (XED) spectroscopy of all studied samples was shown n Fig. 1. The XED
pattern of all studied samples exhibited a pure phase perovskite structure without second phase such
as B1y7:T1:0g gy and BiyT1:04; [4]. It mndicates that CoO can be diffused in BNET structure.
Moreover, it can be cbserved from XEBD pattern that all studied samples show the overlap of mult
peak in the range of 39.30-40.08 and 45.90-46.47 degree, respectively. It indicates that this state 15
MPE state wlich coexisted of tetragonal and rhombohedral phase. This result well agress with
previcus works [12,13].
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Fig. 1 ¥ED pattemn of BKET-0.3 wt.%s Co0 with various heating rate controlled sintering.
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Fig. 2 Dielectric constant (a) and loss (b) of BNET-0.3 wt.% CoO with the various heating rate at
ToON temperature.

Figure 2 shows dielectric constant and dielectric less value as a function of frequency for BNET-
0.3 wt.% CoO with the vanous heating rate which 15 measured at room temperature. The highest
dielectric constant value was found for 100 *C/h heating rate sample as well as dielectric loss.
Therefore, all of the samples show the decreasing of a dielectnic constant which can explain by
dielectric response behawvior [14].
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Fig. 3 Dnelectric constant (a) and loss (b) of BNET-0.3 wt.%s Co0Q with the various heating rate
at 1 MHz and temperature range 30-500 =C.

Figure 3 shows the dielectric constant and the dielectric loss of BNET-0.3 wt.% CoO by heating
rate sintering at 100, 300 and 600 *C'h with various temperatures. The dielectric constant and the
dielectric loss behavior of all heating rate samples were measured in the temperature range 30 *C up
to 300 *C at 1 MHz. The dielectric constants at Ty (~278 °C), the temperature that the sample
shows the maximum dielectric constant, were displayed 3961, 5070 and 4625 for heating rate
sintering at 100, 300 and 600 *C/h, respectively. The dielectric loss was alsc measurad at the same
temperature range and frequency. The trend and value of dielectric loss show sinularly for all of the
heating rate conditions at a temperature below 300 =C.
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Fig. 4 Ferroelectric properties of BNKT-0.3 wt.% CoO with the various heating rate at reom
temperature and 1 hMHz.

The ferroelectric hysteresis loop (P-E loop) was shown in Fig. 4. The P-E leop was investigated by
Sawyer-Tower circmit at fields up te 30 k¥V/em and 1 Hz. The hysteresiz loops showed slightly
increasing of remanent polarization for increasing heating rate which was shown the highest value
(~33.37 pC/em®) at 600 °C/h heating rate sample. It should be noted that the faster heating rate can
produce higher remanent polanzation.
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Concluzion

Lead-free ceramics BWKT-03 wt% CoQ was prepared by conventional solid state reaction
technigue. The effects of heating rate sintering of BNKT-0.3 wt % CoO were studied. The 600 *C/h
heating rate sample can improved dielectric constant at high temperature and remanent polanization
at room temperature. However, the strain property 15 the other mteresting property of this ceramics
that should be studied in the future. Based on this data suggests that the high heating rate sintering
may be an effective factor for preparation of other BNKKT based lead-free ceramics.
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