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Abstract

Project Code: R2560B097

Project Title: Mechanical properties and dielectric properties of (1-x)NaCusTizNbO,—(x)BaTiOx

ceramics prepared by conventional solid-state reaction method

Researcher: Assistant Professor Dr. Chompoonuch Warangkanagool

Department of Physics, Faculty of Science, Naresuan University, Phitsanulok
E-mail Address: chompoonuchp@nu.ac.th
Project Period: 1 Year (1 October 2016 — 30 September 2017)

In this research, mechanical properties and dielectric properties of (1-x)NaCusTisNbO;s—
(x)BaTiOz or (1-x)INCTNO-(x)BT ceramics prepared by conventional solid-state reaction method.
The optimum caicination of NaCusTisNbOy, or NCTNO powders was found at 950 °C for 24 h. The
NCTNO and BT powders were mixed with various molecular weight of BT or % between 0.1-0.5
and sintered at 975, 1000, 1025 and 1050 °C for 10 h. The properties of (1-x)NCTNO-(x)BT
ceramics were investigated. It was found that, all of ceramics were found the second phase of
- BaTiO5 presents in phase structure of NaCusTisNbO,;, ceramics. The 4 optimum  condition of
ceramics for application present in (0.6)NCTNO-(0.4)BT ceramic sintered at 1025 °C. It has the
hightest density and dielectric constant (4.96 g/cm3 and 94580, respectively), the dielectric loss is
0.2 and the Vickers micro-hardness is 6.57 GPa. The 2™ optimum conditional present in
(O.7)NCTNO-(0.3)BT ceramic sintered at the same temperature. It has 4.87 g/cm5 in density and
dielectric constant is 80500, the lowest dielectric loss is 0.1, the Vickers micro-hardness is 4.25

GPa.

Keywords : {1-x)NaCusTizNbO,—-(x)BaTiOsceramics, density, dielectric properties, Vickers

micro-hardness.
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2.1 AlBnlnsigsadin (Electroceramics)

= = e o ' & . A
Binnaiganin nisaiiegunguasingugs (advanced ceramics) fisjaiths
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Besaninaliiuassindndiumdn dotrasninbunguiiossdinflsdidnen
i wsnilniasieslmunmwimm  (lead zirconatetitanate,  Ph(Zr,Ti)0s) dmsuldvin
qunsallmniliaan i duwisialidulauayaaaedudyaios iwadnladidnndn
unuBsn iy (barum titanate, BaTiOy) & wiutvindnifiudsyglwin uazimaniin
WHWAN (magnetic ceramics) a3 lsd (ferrite, Fes0,) %a?%aﬁué’ﬂﬂﬁuﬁﬂﬁﬂgmﬁuﬁu
ssuundnzasiaqiinifadunmuasniusciifnnsmsininadnmansteuie
wamiflu 32 nguuenaanidn 2 ssiandewaniifiguinansensdnunizannnns
(centrosymmetric) # 11 ﬂ@juLLﬂzWQﬂﬁTﬂﬂﬂumm“ﬂmquﬁnme (non centro-symmetric) &
21 gy Tagmudndl 20 ngauibmaniledidnydn uazdl 10 nguann 20 nguiliiuwanin
TaBidnvan (pyroelectric) Badamauifininanlsirduunialugasgomginie Tae
widisguidlsadnanibufiungudassasans wladidnmandeg) 2.1 Wasennielis
gunpsensguinanaduannzddoyiniineRleaidnmanileseanussnaiidudan
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SnvBnREnnnsfia na sududaadioee uasvinidnanmildaniestilasesdnenis
Lﬁﬂfwmf'iLeﬁ%’uﬁﬁﬂﬁiLﬂﬁﬂuLLﬂ@oqumﬁgﬁ fosuAadandranwinlsBidnninds
ﬁmﬂﬁﬁﬂmwﬁﬁxmuﬁy’qLmuLs:swq:mﬂ?m:uwﬁﬂﬁiﬁfﬂTwafuLmtw‘i (dipole  moment)
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Symmetry Point Group
|
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21 il
Nencentrosymntric Centrosymmitric (Non-piezoelectric)
]
20
Piezeelectric
Polarised Under stress

|
[
10

Pyrcelectric

Sponicneously Polarised
|
]
Subgroup

Ferrcelectric

Spontoneousty Polanised

Potarisation Reversible

Tungsten Oxygen Pyrochlore
Brenze Octohedrol
ABO;

[

Ceramics perovskite

BaTiOy PZT PLZT PT PMN (NG, KINBO,

51 2.1 nrsuthnguuaedanty 32 ngs (8]

2.2 RlaBiRny@n (Piezoelectric)

Twdl o161 1880 #aed wazflues @3 Uacques ond  Plerre  Curie)  [HANWY
ﬂ’iﬂﬂ{]ﬂ’]’iiﬁﬁt’ﬂ'@ﬁﬂﬂ%ﬂ {piezoelectric effect) TunAnaaaEsiBadien (single crystal
compound) w@uAIand (quartz), BIAWAN (zincblende) WaLVIANAAN (tourmaline) A1
“Wadidnndn”  srernneanindeulading fedulangnisoiRlediinvandain

| ~~ 3+ LI ‘é’ o4 os
ﬂﬁ’]ﬂﬁﬂqﬁiﬁﬁ LLﬂﬂﬁﬂdﬂq‘iﬂ‘iq\?ﬂ‘iﬁﬂfﬂﬁ’]Tﬂ Lﬂﬂ‘ﬂuﬂuLﬁuNﬂNﬂ@’]ﬂLL‘i\?ﬂﬂ’ﬂﬂt%\?ﬂﬂ



(mechanical force) waadnianilsie ifuangneoiitidsnnmfianssaunisusn
diaTw¥a (electric polarization) TulniamilalasuaadenBena (mechanical strain) @9
ansuandn Wi idaduil anfudadouduaaedeedYanmlisuhismnsofians
Tnanlsitulidaadusanilawiudagmslsalnmbn uaziwlsBidnnin anmitledidn
yEAATH 2 wuu e gnussnaningsyinhAnAaEY (stress) T IdnnsInavdansedn
azdanalfifianiauanda v wazifinnaarasEndlsEqUan uarauUNATIasiagins

Bumlsingniseiuiidn singmanings (direct effect) danRadinibmmasianasd

Uszquan vdeaudntunsadufibidinfdusandniunuuussiis (tensile stress) 3ause
A (compressive stress) Tuvimaanduriu dasnsisumnniviniinansdanadada
Usngnsolffaundil (converse effect) wiatsingnisninainead (motor effect) fidgul 2.2
sntsngansaiineding wudiBinameswanlaeduesiuiusnnsaadui s
sruazseq s uesilsnduad fusiineaussiinasinduiiusnavdauasioi
fin [9, 10]
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dwiuiwaeeslsseniniumnnndisenay 91 Safiudfguitadeududilfansdn
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2.3 WElsDany3n (Ferroelectrics) [9]

AW AAENNAN  (ferroelectrics) é’m@gﬁuwﬁﬂﬂ’ixmwmnﬁ‘fﬁﬁﬂummwm
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g1t 2.6 TAs9asn99m9615 BATiO; [13]

2.6 sAsaiiiiaada

BEuanT A.f. 2005 Bender uaz Pan [14] Wivnaswienirsfin ccTo Taeds
ﬂﬁﬁ%mﬂmuﬁdtmuﬁaﬂﬁu (conventional ceramic solid state reaction) WHYIINITINIEH
wasfidanladneg wudiinasfiladdnvandiatuilagomg il sdunesfistuen
990-1040 °C Tnznizfiunnnzaanss uazansmuuhdsadneii uazsdlanartunis
wgAniAagaUnwaasTilnssadnefidnemddiinas iavinnnseusau (anneal)
Tuussensesandnen vnliaailnddnvE mAsiu

Tl A6, 2006 Prakash t&s Varma [15] Yinmasfinensantswnduinaiise
Aasfileaiinyan laanadeudiey CCTO  wax LCTO  fistn1swiannsndnlaeds
UffiFenensuds ﬁqm‘nmuﬂﬂfﬁﬁﬁﬁqmmﬁ 1000 — 1025 °C LL@:Lm‘%’uLm%ﬁqmmgﬁ
1100 °C wiwaan 10, 20 uay 40 Falwg wudﬂfﬂiqﬂ%wqﬂmﬂwm CCTO HUIUIRVBINTI
Tmﬁmﬁu 10 Win 892898 NS ILEASEHIIN 2.5 ~ 10 F3 L D fEUngA 1100
°C davmmanany LCTO fluunm 4 - 5 pm wagdldnasiiladifinmdngadiusiownanty
AEELEUIEN Safiaanwd 100 kHz warhuiBeamd Prakash way varma [16] T4
ﬁﬁm’iﬁﬂmfﬂ‘mﬂ%wqﬂmﬂ warssn B lnBianvEnaadmsnfin ¢CTO Taanisund L
T ca™ wudnAuanfinntsfees “o” SiAnmaniu aan 7.37 A diu 7.307 A disuBunm
La s uasiannracinauanas AasfilaBidny3niignmgi 300 K 4afl 100 kHz
#1351 CCTO ﬁﬁ’]ﬁ\?ﬂ'ﬁ’] LcTO  wasTudl m.e. 2008 Prakash ugy Varma [17) 0
ﬁﬂm‘iﬁﬂmwwmmiLwﬁmmﬂ%ﬁﬁﬁiﬂ‘fﬂ‘ﬁqﬂ%wqamﬂ Tadannan m5lsdidn vdn

uarENRNEeadaas CCTO uas LCTO ﬁLﬁu@mﬂ%ﬂﬂmm:g@ﬂ@ﬂfﬁﬁﬁm ACusM401,
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BusBuamandn CCTO Uy LCTO Tneaguffsanesnds ﬁﬂﬂqﬁtwﬂLLﬂﬂT‘ﬁﬁﬁ?Qﬂéﬂgﬁ
1000 °C \fiuamn 10 Falie uaziwBrisas LCTO Ao 1100 °C iiuaan 10, 20 use
40 #Tne uazun@uand CCTO Agnmaf 1100 °C iuaan 2.5, 5, 7.5, 10 uaz 15 Falug
wusniianantuntswaudumdwin e arensuefsseagsniin CCTO Tmﬁu LAY
ﬁiﬁﬂ@ﬁfﬂﬁlﬁﬂﬂ%ﬂgﬁu dnaafin LCTO 1 s umavudifinadeauiaaaangy
wde wivinWienasf (nBdnmangetiu anmhilifinguinddavinasdesussianie

finffilaseadrendng €CTO  THur SrCusTiOm  BiysCusTisOm  CorulOngsCuzTisOrm

CG§_3XJ‘QGdXCU3Ti4O12 u:ﬂ::NOUzYHzCUSTidO‘]z [18—22] ﬁ/uﬂﬂ"]\m TN LL@&Tﬁﬁ‘i’mQ’m

&

Lﬁmﬁ’uﬁmm‘mﬁﬂfé’ﬂwm NaCusTizBO, @ila B AasSh, Ta,. umzNb) WU
NACu3TisSbO1, URE NaCusTisTaO:, fenmeiiladifinnangs [4, 51

simsn bt m.A. 2013 Liv uazans (23] BviannsfinmiasdflnBidnvdnansigsn
11 NaCusTisNbO,, ﬁTﬁﬁqﬂqﬁfﬂﬁLfﬁﬂwﬁﬂgﬁmﬂ Tﬂﬂm‘im%ﬁuL%iﬂﬁﬂﬁqﬁ%ﬂﬁﬁ%m

snaufauuufiadis iwnBunasfignmni 1060, 1070 uaz 1080 °C iwas 10 dalag

I r=9 A as’ =9 .t
wudngafinfindumesine 3 goangh flassedandndunnudaofufadiu body-

centered cubic perovskite-related Toaildnaai lnddnvanudsfiuaosdn g iuniadn

! = =3 . c!l ¢ =y A:%’ ) c?
AaafilpaLEnnanaealsaniin NaCusTisNbO, TR adiinnmg figsuaziidnsnntu

]
=

Wadafinand 10 kHz o gamgilvies widssin NaCusTisNbOy, fidwinaifigamagl

TR
1060, 1070 uaz 1080 °C fldnsdiladinyamiln 4332, 4566 nay 4655 auandiy
Regzifuinfngeiinasedasigsnin NaCusTisNbOr, Wiat iaidewlafimansandy
aslindasniniifidnasiilndidningai Sensliina uinnsmiudunm waedlis
mefnunasTRBenavasssfintuszuu defdninisinasfintuszuy BaTiOs  #17
AN WAZANHIENTEN 2 B9 evEeupiosnyas s wsassnin UiEaniR

nladianyin uassnifienafivsnzan feslfiosfinfiamsminngssyndtemls



3.1 #1508

311 TRENATAMNA (N0,COs) AIHLBEVE 99.5% WARLABLEEY Sigma-Aldrich

Do, 0

312  aodwladasn b (Cud) ArNLAgMENINndviniu3eaas 99 WARLALILSEN
Fluka

313 Tmudlenlasanlsd (T0,) Auudgrasesas 99.0 nanlamSE Sigma-
Aldrich

314 Dulaifasmiazaaniad (b,0,) ArmU3grtsesar 99.9 WanlnuAsh
Sigma Aldrich

315  WLBBNASUAIA (BaCOs) ATNUAENE 99% NARTRELEEY Fluka

3.1.6 afiauaanagad (Fthyl alcohol) mwu‘%qw‘%ﬂﬂﬂz 99.8 Y5EW Liquor
Distillery Organization Excise Department

317 W

3.1.8 Wililauaansgad (Polyvinyl alcohol: PYA) waslaguFEm Fluka

3.1.9 N1 WAnlaELSEy SPI Supplies Division of STRUCTURE PROBE

3110 2z@lau

310 i

3112 ATEPINES 2R 6, 3 uas 1 Biaamns @msidedinemniin

3.2 aUngol
321 ndesfoRGneannazBen 00001 NN USEM OHAUS 43 PA-214
ANAFBWINN
3.2.2 navtasmanafnwiausdde
3.2.3 gnuadifie-imesleds (Y-2r0,)
3.2.4  WumEn&mMSUNINE1T (magnetic bar)
525 Wwhmuwinnseapidmiumpnastiaaieundessassrsiy bal-miling

3.2.6 dnwnadusns 250, 600 uay 1000 AaAfns

3.2.7 nazaEHBYd (foil)



3.2.8 ﬂazmmm%’qma (weighing paper) U%5% Whiteman
3.2.9 MTUNIIBUENT

3.2.10 msnueds (agate)

3.2.11 FauAnea

3.2.12 AudiBueu

3.2.13 (A4l ﬁﬂw%’uLﬂﬂfgﬂﬂiﬂiﬂ%ﬂ%ﬁ’l%é’qﬁﬂﬂmﬂzmﬂ

3.2.14 WU59aN190

3.2.15 tfiawezgiing (alumina crucible)

3.2.16 widnmatduey

3.2.17 Wi lanzdmiudaiuglmnadsimgudngns 10 Aadnns

3.2.18 iansdmazuulalann Se Carvert fu € #3912

3219 oA TSNS AR aIANEISRABIB RN (hot plate & magneticstir)
fia IKA 94 C-MAG HS7 tazineianaiii

5.2.20 wnavlWin 8%e HOUSE WORTH 934 HW-8085

3.221 wnifgamgigedmsumnans nanlaoudin goleh d1iin gomgiigege
1200 °C 9w L9/M2P Uszineilng

3.2.22 FAanemnediflsafules 8%e ZIMM - ZEEM

3.2.23 FAneaia@fives 8 YUGO u M20

3.2.24 Fannameiuilnad fifia OAKTON

3.2.25 LAAENATITNOLNTIARINYa9SRend (X-ray diffractometer) 4% X'Pert
1/3EW Philips

3.2.26 Lﬁ?}’ﬂ\‘l Sputter Coater U5¥% The Polaron ';Iu SC7620

3.2.27 ﬂﬁm'g@wﬁﬁﬁﬁLﬁﬂﬁlﬁ@utl,‘i_luﬁ’ﬂﬁﬂi”lm (Scanning electron microscope) 113
LEO 934 1455VP

5.2.28 anmaMdmA RGNS @vn Struers 3 LaboPol —1

5.2.29 \WAneTnATmLTeTEAuqanIA (Microhardness  tester) &% Jinan  Testin
Equipment IE Corporation 3 HY — 1000 ianauuudnines (Vickers) waziang
wubyal (Knoop) Uazme@s

5.2.30 NiEeanIIFiILUSs e OPTO-EDU §u A13.0205
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3.2.31 ndmvAdmaasaiuaudni (Digital camera for Eyepiece) §1 DCM — PWI
13%% Pro.way optits&Electronies Hasineiaadsiu siavnsiuaanfiomas USB
PC Camera 301P liJ5unas T.DN - 2 Microscopy Image Processing System
3.2.32 NALAMEVTHILIRS 150, 240, 360, 400, 600, 800 &z 1000 ASTHANISIEN
3.2.55 1309 Precision LCR meter 41 E 4980 A, 20 Hz — 2 MHz L35 Aglent
3.2.34 n3zanudin Microcloth 15¥% Buehler Ussinaanigaiin

3.2.35 Hamngs 40 6, 3 Uay 1 GLATIIAS

£y Sy

3.3 NSEUINNSLATUNHINAN NaCusTisNbOy, Tﬂﬂ%‘%ﬁgﬂsmwmuﬁmuuﬁgxuﬁu
e aNAR NaCusTisNbOy, w38 NCTNO  #eAtufsanesnfauudodu Tne
sianasa Na,CO5, CuO, TiO, Uas Nb,Os ﬁ@:T%Tﬂﬁﬂﬂﬂi@uﬁQﬂmeﬂummgﬂ 3.1 911
NIHIETOaF Na,COs, CuO, TiO, Uaz Nb,Os ﬁﬂuuﬁqmmumiﬁ@aﬂumiLﬂﬁmu
&HM3 (3.1) nieansananBunadiananidae M iednsiemaitiliennandun 0.0001

ndu gy 3.2 nragaauntaaiiiudesmnietinegnadl

0.5(Na,COz) + 3(CUO) + 3(TiO,) + 0.5(Nby05) —> NaCusTisNbO, + 0.5(CO5) (3.1}

shanadodunlalunsslissmarafniiusaggnuadifls-weilmdaudafueia
LmﬂﬂﬂaﬂﬁmfﬂﬁfmLﬁmﬂuﬁ’qﬁw?uﬂﬁmi@ﬁuﬁmm?ﬁﬂﬁwLgﬁqﬁqfﬂm\mmwiumgu
wiasHB RS ES L na e faunsnsnanaIauIL bal-miling Asgl 3.3 ¥nns
umsipna et 24 9l (Eendunouiiiinisuasaniien) uFneansamas
finanndnlaiininad siluvintiusielne tmusiuliinouseunuuiindesauansdan
wimdnsagy 3.4 Wannadeukszin 120-120 °C \dereswaniudiudn sivluausn
pfaiteBiustastinfiuantadnetion 2 #als sinisteunsnandnaazunssson e
sandilladannzgintarudasinflwnaaleddaaawi (g1 3.5) Taoudsdn
qomgRtunvsruaglmifigoumgR 700, 800, 900, 950 uaz 1000 °C iluaanm 2

i fnedasnstiaandon 5 ‘Cnft wnmsnuas i 5.6
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51 3.2 WWnsdeanInaaniden 0.0001 N3y
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sU 3.4 e el senuansdasusivin
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st 3.5 wnliigmngiige dmdumnuaalsl

guungii (°C)

2 ??QTNQ

300 °C/dnlua 300 °Cffalne

+ 1387 (FaI09)

5U 3.6 usnmmswnuaalsd (ne 7. Aa gomgRAtilunamuealsd

=y

sivandniennrsmwaalniuda o gomndsneg Tyinsnaussdwagn

3 - o = I F=3 A =y ¥ & =Y cil L
39 ulahludwrssinatefiamsifisdufcamailianisidsaunensisiiond uay
asrereulasssinsgannssnandniililnetindasganssmid S naseunuusasnsn

at 3 at ars
WHAUAIUEASINABUNTIWELHUAEATI9BUNINAN NCTNO uasssausialusy 3.7
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9.4 24
FUNBUNISHTUNNINAN NaCusTiNbO,, Inedgufjiifurvawiuuuaafia uazuls

ﬁhqmwgﬁ ﬂ’liLN'lLLﬂﬂ\f‘ﬁﬁ

0.5(Na,CO3) 3(Cu0) 3(Ti0,) 0.5(Nb,05)

I |
v

4
AR NS TN R A =

'

< £ or
LAY ARNDNG

'

WAARTH 700-1000 °C w1 2 Falus

v

ARYUR

!

XRD, SEM

oy

gil 3.7 Wran IeFEssaan NaCusTiNbOy, ‘[ﬂﬂﬁ%ﬂﬁﬂ‘iﬂ’}ﬂﬂdwﬁﬂmuﬁ/@L?IN urzndagmngiinns

WLAR [T

HaNINT19R599FaUNINEN NCTNO #7838 n15519689 99n149189n
A b2 o’ a !
qmmﬁwmmzaﬂumim%u HIH DY RARBFRSTT @zmmmﬁﬂﬂqmwgﬂmﬂfﬁﬁﬁ
6 § o -] 1 1 A’ P | =
sndudasilUulsAneantunisenug Taetunisnaanst @engompRluntswiuag
' L o
Tanift 950 °C udautlamartunaginaud el 2, 4, 8, 12 was 24 F9lu9 99n3¥innIg
=y 1 = cJ = ¥ 2 =y cr ol &
AlaszinradafionafifiadudisalanisiAgaunaesssiiand Lasasiaal
Tassawgannaresnsndniitdlonndesqanssmidifnnsauuuudainsadnasoie
3 1 1 - or 3
RonReuleiimsnzsniigaun1gmiuaa ] wniuaneiumaunIeEEsuaT R ey

HINAN NCTNO usmasiaunniolugy 3.8
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24 g .
RADUNTSLASYNNINEN NaCusTisNbO;, Tﬂﬂ%fﬁ’ﬂﬁﬁ‘%mwﬂm%mmummu nazuils

IR HATS LT

0.5(Na,C05) 3(Cu0) 3(Ti0,) 0.5(Nb,05)

| l
Y

uansHilantioaayITues 24 92164

]

-3 £ as
L/ ABYHR

1

WARARTHT 950 °C WAN 2-24 Falag

v

ARDUIR

!

XRD, SEM

5 3.8 UANAINITORENAIHAN NaCusTiNbOy, TnedBufif5erueandsuunnadu wnuaalnt o

goumgAl 950 °C uazulsantunismng

3.4 ATEUINNISIASEHIGIIAN (1-X)NaCu;TizNbO,~(x)BaTiOs #3@ (1-x)NCTNO-
()BT

W NCTNO Tiwdes anndanfi@entiluinds 3.5 nandusandn BT 7
wiuslaeasufAsermes o Tneldenlaffiudenluenddutauniing vinnas
wruAslminenan BT figamnR 900 °C iffwasn 2 9T Taadndausmnuluauaoms
wAnTaanain (1-ONCTNO-(0BT Tag x Aedualiaunansndn BT uwsAndaud 0.1-0.5
T Taendis PVA Aislaasndisdig 3% adnetunisusyany) Tudnandan 1 nensamnan
1 03 shanuanandonansduaaudaniuaan 12 4l vnudsuasdnauns aansiia
WSHANNENTENI19 NCTNO 111 BT sndnaansinge mﬁ’mfngugﬂﬂ%g\mz 1 N3N Aot
azildnuoniiuudunan (Disk) Afliaduringudnaoazanm 10 fafwss Tasmi
nadntuusifailans fagu 5.9 famednsdnssunlalngin digil 3.10 freaanas 0.6

ot = y 4 I s ;é’ 9 )
st ilamnsi 25-30 Aundl ifleliBuemiisiunsdntugi (green body) ndaFeinun
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1
o=

FaBastunnanzgiiun gl 3.11 ilusnidednlszamesaniigomail 550 °C Taslh

aeT1RsEauatineng 1 ‘Chnd ﬁ’mwumw"fugﬂ 3.12

511 5.9 wlfailany 51 3.10 wissdaszuulalasdn

green body
(1-x)NCTNO-{x)BT

\
/

mm@sgﬁm

3t 3.11 n1SREEIBHIM (1-ONCTNO-(XIBT UHAABYEHMT

goungil c)

»

B50 |--eennrmnnee- ey

5 ocl ﬂf\q\

VA (u#)

51 3.12 wssnailanidn PVA (T, Aegoumgitfias)
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wisanyinnnainga PVA wda sindiagussnidesactufinarginafisnsfiuuay
naufaerazgiun faqu 315 Waasiulilintsmaendresianinaasdnemaemdng
natusesfinniouy waniiumatsaiunanadaueanarnimmlussndniiinn e
wiad sniitlas iafinudain i duseslaetia i (3U 3.4) o goumgd 975-
1050 °C iifaman 10 4alus Taesldnannialiinoadean 5 Candt uwuamniaing

%umﬂ%tﬁuﬁ'ﬁgﬂ 3.14 dlamn@umesudningsini @ g suasinansaranaduenu

Y 3 [ a o A e o 3¢
ﬁﬂﬂ‘i\?ﬂ'}ﬂlﬂ%ﬂﬂﬂﬂﬂ‘ﬁ‘[‘ﬁﬁﬂ ﬂﬁ‘gﬂ 3.15  dgsdnNaeinANgsatnLaaufaeian

aulng 3.1 huaan 2 0l SumsunmsieSanuavasosannaniBaasganfin (1-

3)NCTNO- ()BT usimasiauniialugy 3.16

537
Fream
{I-X)NCTNO-{x)BT

HIDE

eR
2

L

5U 3.13 NAAEHEIIN (-NCTNO-(BT TudinpnsgRundmiunisw@umey

anmgi ()

4

a1 (Faln9)

51 3.14 wmnmmssnduead (Ine T Ao gomgPalEumamnduesd uar T, Aagomniifiey)
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AnafanslHiln

AT

51 3,15 |

a4
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o4
AHAARNITAATHNURE NSIIRAUANITRUDNTIAN (1-x)NaCusTisNbO,~(x)BaTiOs

HINAN (-x)NCTNO-(x)BT; x=0.1-0.5 fheunalmiuda + PVA

Y

vandtiontiomanines 12 9a1u9

£
BULAY

h 4

vasam

h 4

Sedug

Y

wrSuses 975-1050 °¢
ihaaan 10 Falue

Y

vasiin
{i-XINCTNO-(x)BT

h 4 A 4 h 4

h 4

XRD SEM

Pensity Dielectric Hardness

71 3.16 uunan1amdENaznRFEaLENTRTBNEIEn (1-NCTNO-(X)BT
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1025744

s
3.5 N15A5I9ERLNHAIE L ARAN ISR URIBIS IR NG

/ (B ©L
2 2 Sy
8 O %)
T w/ MELY
/
’ 81 % 7 %6

N Ikt

hikd

iy o ¢
5u 3.17 ARINIRITREngnTTHLIBIaTaay [24]

=5 Ad =4 T 5 as
nAnfifinsredesdineavaraanadraiivanfuuiingug uugaszuu () degu
! =Y =3 s - 3 1 ¥ xr i i AJ
317 ladfianisnandeesiefiendanduesaanail o yn 6 daRuAidaY
g L ~ o wr Dy & ¥ oA o 4
aansafiilmapeadu sufienissaniuuuadaiuiiimsdesdassmiafinensna
sirarinagiindmaninesanag iy fessnsadeulfidenns (.2) Teedan

ﬂNﬂﬁiﬁdﬂﬂg‘ﬂ’mLm’iﬂﬁ (Bragg’s law)
2dsin 8 = nA (3.2)

Wl d iuszasdiessndnsssunuaaanan (h k1)
0 hapeainSslannsenurivszunuanwdn
n ihaazsmmudntag = 1,2,5,.

a WanngaaRuaasseiend

sAnusiazsiinesiinnauarmadnidesdannsarnannis ftunnsiriu e
pevesnURaEAinIaea s diand srliquuuunisiRanuuiiunndasiu Tnad
gﬂmemmiL%ﬂqLuuﬂm%'ﬁl,@ﬂsﬁﬂﬂﬁa@Lwiﬂzﬁﬁﬁm'ifuﬁ%ﬁmmqu:r«mzwﬁm%’u
aephey Frbudlaridasfiodiniunenada (detector) ansasiifidandfnazAesanun
A Fan i fezannsansaesaulidiaphuiuiagdemaials Tag
Aeraoneniayarssnu s sendteryNeaaLLant (Bragg’s angle) uzaaidia
ﬂmﬁm%’ﬁmﬂ%ﬂmgﬂLmumil,gmmuﬁﬂ‘mﬂg (51 3.18) Badafi [Fnarasnudadnansus

azﬁﬁﬂ%ﬁgmmmmmﬂﬁmLuuﬁLﬁuﬁﬂﬂmzquzummm{ﬁ’ufﬂ Fagnrandguuiy
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L

A o < Y oo <l
resnaldTuNIayiendinseseu Fundsuifisuiudoyaussasriinsineg ffleg
. oy o 4 ;
Tugmdyaunmagm (JCPDS files) Weansaeapusiinvaamsiniull TaaEusinnsi

4 =Y cl r 1 3 L | Py 1 ] as
Ndlhﬂzﬁud’]ul"ﬁﬁqﬂﬂwLﬁ%ﬂNTﬂN’]LLW ﬂ?ﬂ&fu holder mnuuuﬂﬂ PRSI LI IR TR

N

Buamuluaing X-ray diffractometer (51 3.19) wdaFuduasaslne Huwasuns (Cuke) i
WS sfandenaanueianfuilasnnm 1.540562 A aanuadiag step Yseanns 0.01 a9fse

= ' : = -‘:! ' ::J
Buf ansnas 20 7 20 a9 Uautiafidnsgs 20 7 80 Been

Powdared
apple

Ienaity

1 £ 14 i £ i H H {
0 16 ] w4 30 [ B &h Hi N

51 3.18 1P X-ray diffractometer 1 X’Pert U3 Philips
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3.6 MInsrasaulaTItsganAzanTsdfin (1-x)NaCu;TisNDOp-(x)BaTiO,
sinEein (1-INCTNO-(x)BT 1fle x = 0.1-0.5 luwnBumasfignimgfi 975, 1000,
1025 uay 1050 °C ihuiaan 10 Falas wvinianssseudnuaizendlnsiaiigana
Aantinuazsaainanngsnfin Tnasinduenusandin (1-INCTNO-(x)BT yyndanlanyin
pmazerafadaaedasdanalefin Wuasmam 15-30 wnft edinfsandanaanty
qnRatinduem s lauliui udrdewintuwmeandududng vwazdulusa

YNgIaNsiaatty ffadasmminansussuiuy InadatiRomti (suface) anadnmg]

A t o r r o ¥ or o
huafimunzsianisdimediaamatia SEM udinn1asdnufannsduemifioanasin
Tnalmaila sputtering  #asiaiag Sputter  Coater 61951 3.20 AMniWAwia{ivianng

ssnaneLdtenfesyansIiBiinasaunuudaInan (SEM) gy 3.21

51 3.20 e Sputter coater 414 SC7620
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st 3.21 ndsyavsemifidnasanuudssnsn U3En LEO 34 1456VP

3.7 ANSATIAFDUAIATIHIUINUK (Density)

r 4 : & c}
AINATANHEN I NEE AN (1-)NCTNO-(OBT nndanlzaaenisdunes 7

2

) ar A ¥ gt ; - e P
widen Flnaerdenannisunuiiineasesafifia (Archimedes) [25] Buannvinesniing
[ 1 3 ¥ & o ¥ T qy y.q' <
fasnnavaudtsdia unndnilmaanuan 2 9alas Aelaliiduluannis uasfelFsudn
o ¥ & o s ¥ & °
gnesindunan 1 Auenilidainandalinin W) Faoedian Wy wavsihllaulueisy
T uman 1 Au Waisndusancudie W) lealfedasiadidnasaruandan
0.0001 133t (31 3.2) wdaAsindafi [FsndnuaomemmmL Fiauns (3.5)

W, XD, 4 (3.3)

W2 —W3

Wa  p.  Aa anwsunwdueesmsin
=2 ] %’ ! o R
Pyo AP m'wmmLLuuﬂﬂquqﬁqmwgﬁwm:mqﬂﬁﬂﬂﬂm
2
= ¥ ar A b 0
W, A8 1runees I ANAF e NI DL U (H2ALYIY)
¥ o o e
W, #a UMnNB9EIRnTIH anien (HImIHIA)

¥ . o A 9 ¥
W; #n u'muﬂﬂmLﬁﬁimﬂﬁ‘ﬁﬁuﬂmmﬂum (Homuiisn)
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1 H =y di =3

3.8 mainuAasitladiinudn uasnsgyRafiasernanneauneladi@nuin

& =1 Ly =5 ﬂi g ° e

VN ae 3R fin (1-ONCTNO-()BT yniiaulvsasmsduines dmsy

o 1 dl‘f o & =y d’ 14 a & =
naneaaudaeasiilnBidnvidn ussnsggyduiiseenacaieunelndidnvan lae
nsinfanihaesBuiisnfindoenszauvsiawed 200, 400, 600, 800 uag 1000
sy Tnalansgudmiudnas () 3.22) Welifvissnsdmreagsnfinagh
é L g &5 bd ~ 2 y (J L g

wrszHiuuaiBeuaiane ddwulidsitneuazenafafamififidounansiien

&ymafeadntisafaiafeandsnimgananiniusiiinnsiafanineesrsiiin

s eutiutefinamgazsno 120 °¢ Tastimay hundhauapemamuuas
Wurngudnarasinaudesunisindafas e fifluadnlafuuufdses (U 3.23) vin
oo Q4 v Y o 2 4 ou
mannaduiavindalnevann Guiiazdneasdunsuudasi s llauie BinnnGu
3 24 ! = o L 2 ¥ 27
wheauATUNaEaIRIH i afusiuininuvinansszeiareuduesdusmdiannsdlnu
wWatesrunisfantiofuansianiin s1nibeigusmd Bl i Auitgamal 550 °C
9 as ¥ & Ae @ 1 o e
st 15 it Wdwsnstiwas goomgildu 5 canit aseaaviafivin(fdiAndiu
anaaiviinzesBwnaia bidaalavindiens sedmndnlinsmefinmeslonitfanteiu

=

L4 '
m%mquﬁfﬂmmmiqﬂmmmfg‘fﬂﬁq (©) uazAnagadeiiiasanaeudoun(ng

b

@ni3n (tand) Tnalfires LCZ meter dawasiummiuaiafiines auqu 3.24 Jaf
= | 8 ] o vy ¥ ° 3 ' 4"’( a & a
AT 1 kHz Aigomgiivios drnaugfidaianimsaisndsnumdiasindidnnin

2

(ANENTWEBUANANT) (FanNeung (3.4)

tC ;
g =— (3.4)
£,A
fla g A8 AATIlRAENYIEN WEaRNENWHBNA VIS IR
1 13 _15
€0 A8 FnENINEENBBNFRINEAIL TN 8.854x10T F/imm
¢ fa Armaug i
t 8 ANTHRLNYNEHITN

A fe fufivtindraasduen
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1l 3.23 fRmaansdidisandules

oy

511 3.24 1994 Precision LCR meter 41 E 4980 A
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3.9 N1SANEINNURIZINRaIE5HN (1-x)NaCusTisNbO,~(x)BaTiOs
nsAnunERBanavenssfinTusyuy (1-INCTNO-()BT flutlsen BT uazuds
ﬁqqamqﬁ?umﬂm%mmﬂ%ﬁ szliifasnasaumAtannniesziuganiauuAnnes
(Vickers micro-hardness)
ynadasdusulagsingsafin (1-ONCTNO-(BT  Nadanls aminnasin
Walilaseuny uasvinstaliuutiunssen Tnelnssaumansuad 150, 240, 360,

600, 800, 1000 wazliaulsdnsdnmzsauiaaynia 6 wm, 3 pm 4as 1 pm wuuu

nzAsn DP-Dac, DP-Pan, Microcloth ifladnwnifainsain Tna e myudm3idn
v dag 3.22 e lunnadefantinussbusu Wslanlineniunszanuds iduemesn
Fvinanuazenn suliude winilineaaudiamuuieseiuganiauuudninaséas
wasmarauAmLissTAUganTa fitiinteareudasianauuuinined fgy 3.25
Tnamsnadioaluansunn 300 n3u wianenflmasd 15 Aunfi daedeas 10 qn ufia

o 1 A
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AMERIAIAHLENLLUATINES FsrTaAIsiFananNnIG# (3.5) [26]
P
HV =1854.4] — (3.5)
2
d
We  Hy  Aedensudslonicseedinines (GPa)
p Ao lnaaf undana (N)

A A 2
d ﬂﬂﬂ']ﬂqq}!ﬂ’l’?L‘ﬂﬂﬂ’ﬂﬂ\‘lLﬂuﬂLLH@HNﬂ@Qiﬂﬂﬂﬂ (pm)
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NANTSIY LAZATISBAUS18NA

4.1 HEN1505998U L ASIHEMINAVDIHINAN NaCusTisNbO,, ﬁuﬂsqmwgﬁuﬂﬂ‘fﬁﬁ
FINNITAREHHINAN NaCusTiNbO,, Iaeiddsindaan e T@iﬁqmmﬂﬁﬁ'}qquﬂu
AnaauAR IR 700, 800, 900, 950 waz 1000 °C ifiuwaaiuu 2 Falus faedmsinng

&5 g5s =L o F~9 -3 Ll r=9 F=9 J ot
_ Biaonadau 5 ¢l sihwdweagdnsnafinmadlneHmefiamaidsnuusesiidend

i 4 a

(XRD) e 1FanlafimsnzanTunismuaalsiuda IRTHWaudgntonamendn giluny
= [ - { ! ] [
AMRBIUNEI s nF BN NEN NaCusTisNbOy, Aitiiuaa leiigomgfidneg uanald

gz 4.1

1000°C
e e
Lw

A [/ /N

I & H I 900°C
l I ! 300°C

I A H 700°C

& N
¢ + uncalcined

LR
+ ol

Intensity (a.u.)

20 (degrees)
* CuQ, % NbZOS, . NazCOJ

sy ar o . as ] &« { '3
51 4.1 pbuunsiEeunsss R Rianduaanan@n NoCusTiNDO, Afaluisnaaln uashivruwaala

a4 gl 700 - 1000 °C iwean 2 Falue Foesinamnsiiaonaiau 6 chndt
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1 & ar P = . ! o

77m91 4.1 WudngUuuumaiasuneee S fiendusannAn NaCusTisNbO,, 911
nawawaa el o gaungfl 700, 800, 900 °C i nuddibihuwausgnsuardofiing
3 I as 4;’ as | ol
sagasaeinaend lnanisufaufsuiugleuunisideawseesssdenduseansiids
Tlwwealad wazflagomgiuaamiRngudny 950-1000 °C wudadnrsnesusiaiin

- QQ‘ . * A)

INAUSENDIBINIHAN NaCusTisNbOy, WAT ANNI189 48 Liu WazAtiy [23] 91niles
‘I: 2 P . 4"(91 e - A - \‘E <
H379801 LATIFINGANAVBININEN NaCusTisNbOy, lAelsznaunisiandsnlad

wanzanlinswauaaloivaondni

4.2 N@msmwmufﬂiqﬂ%ﬂeqﬂmﬂwmNwﬁﬂ NaCu,TisNbO;, ﬁuﬂsqmwgﬁ?u
ANSLHIL AR (73]
= =2 . oy et o & g O L) -
RINNIIELHRINAN NaCusTisNbO,, InedfRndaantusl Byinnisuledngomgity
ATIWLAR (1937 700, 800, 900, 950 uag 1000 °C ihuaany 2 a1l fnednsins
Wiawdau 5 “Chrndt Tivinnsdnenwiaendasganssmifidnasouuuudense
(SEM) WingdnumurgUsnsunsnan@nfily dssnauduiudoyaiilfsnnnsnesinasan
a9 XRD  Wsinl@amdaulafimanzantuniswmwaa e il aantsasmasaudios

NEBIgaNIIAIULFBINIIVIIINAN NaCusTigNbOy, T tunalmifigomgfisngg uan

Téidtag) 4.2
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U 4.2 ndagdanfesqanssmituudans aunse@n NoCusTiNbO,, A lipnuanlni uazf
wvuaalsil o gomgf 700 - 1000 °C Whuast 2 §alaa Fasdmannistiannsdan 5 ‘cundt
() Sabiiunslnl (1) 700 °C (A) 800 °C (4) 900 °C (%) 950 °C ua (R) 1000 °C

a1ngU 4.2 ifiunmdasanndssganssniBifnaseunuusaeninn (SEM) 189n
AN NaCusTisNbOy, Aeslamnuanlmivasilinuna (67 ol aomgf 700, 800, 900, 950
¥aT 1000 °C snuasy fa:Lﬁudﬁmwfiwﬁ’ﬂmummwmmmmwﬁﬂ NaCusTisNbO,, 7
Faliupa oiftdnunniiamansaiannani #7931 4.2 (n) Wewnuaslnd o
Aomgil 700-900 °C wewdnfilAEddnuoilainane fogul 4.2 (1)-(4) anaadeety
Himyafi Fanguuuunisdeauesssdtendfieniuinfai Fddansdofuminngann
widafinaamginsmusalnidu 950 uaz 1000 °C wudwandnd Filasussiusee

,:? ar as § ~ o  as 53’
diniladteniu 4vg 4.2 (3) waz ®) WeResamlszneufuiualuuunisidaaunees



Seondusensndn NaCusTisNbOy, 7TH o asmafinamauaalsd 950 °C i 1000 °C

Tidapunnsneii Foimsulsanlunamunalsd o goumgl 950 °C salul

4.3 HAN9NTIANBULATIEE N BININEN NaCuzTisNbO;, findstaammudtunig
L AR (sl
FINNTTABHURINAN NaCusTisNbO,, IneAffindaaniae [#vinnisulsdrgomai

Tunsnuaa i 700, 800, 900, 950 usy 1000 °C_ihuamiwim 2 FaTag wudnit

gampfluaalnd 950 waz 1000 °C fsUuuunadsanessiidienduasdnumegildng
PEBINRN AT TE AN ﬁ\aﬁqmmﬂﬁmLm'ﬁuﬂﬂﬂmuﬁﬂﬂLﬁ@mmuﬁﬁqﬂmnﬁ 950 °C
dhaaan 2, 4, 8, 12 uay 24 Falus shaansinisdefamalne Hmefantsdgaum
gas¥adiend (RD) Wandenlofivarzan lunamuaa s ida i lHnm Sgniaas
Wan ‘gﬂLLU‘LIﬂ"l‘ﬁLéﬁl’n‘uu‘ﬂﬂﬁ%’\?ﬁLﬂﬂ%‘ﬂ’ﬂﬁNQNﬁﬂ NaCugTisNbO, Asuanled o OGN

950 °C \fiwammeusineg i wamslfisiagy 4.3

e AV I VA

)

:E‘ L_A " 12 h

w e A " ~

c

Q

- I A DU )
NP Y L)

20 30 40 50 60 70

20 (degrees)

51 43 uunREIIInFIRENFuB AN NaCusTiNDO,, nuas (sl o1 grimgR 950 °C

iwmn 2, 4, 8, 12 uay 24 $9lu9 Fnadnannganudau 5 "Cund
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! A} ar & - ! o

903U 4.3 WUTITURUUNIARENUNIBITIRONFUBIHIHAN NaCusTisNbOy, #ivin
& -~ Q 3 o & ar ~ 1 s

nauaalsd o4 gasigfl 950 °C ilwnauusingg i dnuauzensitasiuiaaeny

a i A’ = s = xg . L4
o fnuniaysRequnada fnrsvesudndunausgynioaamandn NaCusTiNbO,, a4

- 4 1 g o

ATHIIENTHBDY Liu wazAty [23] ilamnudundu juuuunmaideduseesisfiiendany
=2 gd st d:? Er =2 . i
penANHEA N E e Lo ”V’Tﬂ‘i«l@zm’iQ@ﬁ'ﬂuliﬂ?\%ﬂ%w‘gﬂﬂqﬂ‘ﬂ’ﬂdﬂx‘lwﬂﬂ NaCusTisNbOy, 7

B - 1 1 ‘4"
Taralsznaunts@an@aulafiumensan N 1SN ILAR EH I EININa T

. 4
4.4 wﬂmfimsq@muTm%aﬂ%wqamﬂmmmwﬁﬂ NaCusTisNbO,, fuilsiaatinnis

VAR (9]

FIATIPEEHHINET NaCusTisNDOy, TneAtAndaanlaed (fyinnsulsagumnfy
nvatnAs (il 700, 800, 900, 950 Az 1000 °C i 2 Falue wudnf
goumnRuaalmd 950 way 1000 °C Sidnunizglsnsasnsndnadneadaiu Feiinisuds
Aastunspudlnsdanendinomgs 950 °C iwaan 2, 4, 8, 12 waz 24 Fakw
dliyinmsdnaniwdanndasqanssmifidnaseuuuudninia (SEM)  ilagdnuoy
JUsnanEndH Jarnauduiidieyailiannisdiensinesinnis Xk ey
dendenaitvnzanunrsmuaalsniiall nanisnsseasuinaniasganssmiiu

1 r=] . 4 6’42{ ! 2 ad
ADINTINVBIRINAN NaCusTisNbOy, Trmnuaalnfigamgiisneg uamelfidesy 4.4
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U 4.4 nshefinendeaganaTAluLRsINIAREIHINEN NaCu,TiNDO,, Fiuaslm m goumnf
950 °C iluansingg i Haadnsnastinandam 5 “candt Taedt (n) 2 Falus (9) 4 Falae
(M) 8 dalus () 12 F9lse uae (3) 24 Falas

a3 4.4 iunmdwanndesqanssmiBidnesauuuudsnsin (SEM) 18989
AN NACusTisNbO 1, THATUARTH 0 goundl 950 °C luaasineg i ey audiu
FANHOTUDIDUATAUBININAN NaCuzTizNbOy, ﬁlfﬁﬁﬂﬂﬁNﬂﬁjﬂLﬂN@ﬁﬂﬂL'}ﬂﬂTuﬂ']‘im’]LL‘S
Lﬁ@ﬁmfimqﬂﬁ:ﬂﬂuﬁ’uﬁ’ugﬂLmum‘iuﬁmLuuﬂm%’\aﬁmﬂfﬁﬁﬂ\&mwﬁﬂ NaCusTizNbO 1, 44
Rondsulafmmnzasdu wwaalsd o goumgR 950 °C iffsamn 24 Falis ilalily

NILFBENNINAN NaCusTisNbOy, 1e [ asidusialy
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TAENITHANINAN NaCusTisNDOy, HEMTLNINAN BaTiO;  udndauduaulua
(1-XINGCUsTisNDOp—()BaTiO5 1aaift x = 0.1, 0.2, 0.3, 0.4 Uay 0.5 LLﬁqﬁﬂTﬂé’mﬁugmm

Funed o gomgil 975, 1000, 1025 uaz 1050 °C ifhuamn 10 False sudadiu

4.5 NAN159M599RDL LATIEE I NEDNT5IAN (1-x)NaCu,TisNbO,~(x)BaTiOs
WD (1-XINaCuUsTisNBO,—(x)BaTiOx ﬁ%ﬂ@i@fﬂﬁ%ﬁﬂﬂﬁﬂﬂj 91 195180

(1-X)NCTNO-(x)BT flr@uimasfigomnfl 975-1025 °C  ifiwiaan 10 #alug aaneany
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Tassadnmadanmafiantsdeniuueesofiand nugluuunisdaauneesysdiend
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g1 4.5 qUuiun e ndunamaifin (1sNCTNO-(IBT e x = 0.1-0.5 lBwmas o1

gounnft 975 °C st 10 Falwe daadinsnisiiarmiau 5 chnit



40

s = 8§ = _ 7 g 0.5NCTNO-0.58T
& & ¢ 2 g5 §$ £ 8 §¢< g
LU + & 8 1 E48,8 + g@
L]
3; j DENCTNG-04BT
3 WA_»MA#AM.M")ELJmWWwWMJﬂw frT -
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'a ST TS | S S AWJ!\_»A,‘.A R
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A 0.9NGTNO-0.1BT
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31 4.6 AL RenFIarIfn (1-ONCTNO-(JBT e x = 0.1-0.5 wBmnas o
o 1000°C s 10 $ali fassipannisWinuseu 5 Chnd

= - g _ g .. ® 0.5NCTNO-0,58T]
BB NS FETEREF, L1
il o S — — S —
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. m , PN g A PR W u TE by
-Ia, ﬂ A 0INCTNO-0.38T
‘a mmmmm S Y L..f._..,A - s ). S ISP . WO
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b P S Al A
=
0.9NCTNO-0.1BT
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3 4.7 Uy sRsNUNsFIRBNFnaEsIfin (1-ONCTNO-()BT il x = 0.1-0.5 v@umed o

goungf 1025 °C uoan 10 Falue Faednsanatinanaden 5 “chundl
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0.3NCTNO.0,68T
L 18
P S
3 %
L]
f DANEZTNG.ZagT
KL N DU S S — |
b QYNCTNO-0.387
s
Q L J\ 0.BNCTNO-0.2BT
E s o | — Aﬂ_ﬁ A
I
h 0.9NCTNO-0.1BT
A J A A A A
T r T v T i T i T T
20 30 40 50 60 70 80

20 (degrees)

g1 4.8 UuunsEeaesdinndunaranfin (1-NCTNO-(X)BT iif x = 0.1-0.5 WBumad o

goung# 1050 °C dhwamn 10 Falie Faadasnistiaonudau 5 it

31nq1) 4.5-4.8 Wiustiunsdenumisssyifionduauganiin (1-xINCTNO-(x)BT
e x = 0.1-0.5 wiBusesiigamg 925-1050 °C diwaan 10 $alue wudnwsniin
viamuasilaasasadhunwafaanalng body center cubic fiftanlanil /m3 (23] uagwu
Winftaasuas BaTiOs vide BT wynsnsdeydnunl € denssiudeyannsgmlugmdaya
JCPDS waneilae 85-1791 [27] TaswuduilauBsan x iflsitiu n1ansaanuLBanmaes BT
Afissnniu wazsrewn hmnaomgRduned

snilazmseesarlasedneganiaraassnfin (1-INCTNO-(BT 1ila x = 0.1-0.5
wBmeifigomgi 925-1050 °C fiwaan 10 dalus AldifnUsznaunafnuau®

yaaTiinias
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4.6 nantsnsiaRaulasIniiegan1ARaaEsfin (1-x)NaCusTisNbO,,~(x)BaTiO,
sianfin (1-ONCTNO-(BT \ila x = 0.1-0.5 Lm%mm@%ﬁqmmgﬁ 975-1025 °C
ihaaan 10 #ali vinnadheandanndesqanssmiBiAnasanundainsin (SEM) Lie
mavrsaulrssEigamannEIiin wudnengliwesarindudagl 4.9-4.12
#3980 (1-NCTNO-(XBT Lilf1 x = 0.1-0.5 Lm%mmﬂ%ﬁqmwﬂ“ﬂ 975 °C 1fiwiaan
10 #alna

m
L
g1 49  amidedaendssgansimituudandinaaangsilin (1-NCTNO-(x)BT M duiaed o

gomgh 975 °C iifwaan 10 i Howdnsnnnaliiaomsau 5 candt Toedt () x = 0.1
Wx=02 Mx=03 Wx=04uaz(9)x=05



9@ (1-INCTNO-(JBT ifle x = 0.1-0.5 e "ﬁqﬂmgﬁ 1000 °C uiluiam

10 %'QTm

51U 410 amidefrenfesyansamituudainataunaissnin (1-ONCTNO-(BT fivi@uiaad o
gomg# 1000 °C ffwaan 10 dlus Fedasnnstinendan 5 chnft Taedt (m x = 0.1

Wx=02 @x=03 @x=04uaz (@) x=05



1557510 (1-INCTNO-(BT 1B x = 0.1-0.5 Bnmadiiaamgf 1025 °C iiamn
10 alag
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it 411 amiseftunfasganasmivuudeInsnanaEatiin (1-)NCTNO-()BT fBuinns o
aranpdl 1025 °C fharan 10 Falus Faudasnastinanusen 5 ‘chnit Taefl () x = 0.1
Mx=02 (Mx=03 ®x=04uU8x3)x=05
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LN (T-x)NCTNO-(x)BT Lﬁﬂ x = 0.1-0.5 \W181LeD ‘ﬁ@mmgﬁ 1050 °C 1flwaan

10 aTaa

U 412 nwdnefoendeaganssmiuudaansnensssiiin (-NCTNO-(BT finBulnas o
ol 1050 °C imasn 10 Faluae fandnsnnnsliimanadeu 5 ‘cndt Taofl () x = 0.1
(Wx=02 (Mx=03 Mx=04u8z(3)x=05

71171 4.9-4.12 wudndlagomnf lunsiBusesgaiiyinllounainsuisdases
3R (1-ONCTNO-()BT Hamnangjds wasiflouuao BT iRadiudalidsasinnig
wWasuudlasauasansuunsinidafisuiugomgdfuees Sainisfnenauddisg
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4.7 AMHARTMHRYBILSIRA (1-%)NaCuTisNbO,-(x)BaTiOs

sugRn (1-)NCTNO-(JBT tile x = 0.1-.05 wnBuans o goumghl 975 -
1050 °C  iwamn 10 Falas svintsnegeuwAacsuingasdia s Aflie uas
WA BRI IR ENN5T (3.3)

158N (1-x) NCTNO—-()BT 1@ x = 0.1-0.5 i@nes o fomgfl 975 °C fidn

ATHIWTUNNRNNAIANTT 4.1 uaeag 4.13

st"rarm“*ﬂ*:,t"}smm‘tmmmLﬁ‘iﬁﬁﬂ*ﬁ“—?}NCTNO‘—“(x)BT“Lﬁﬂ*x?’0:1:0:*5*1;&:’1%14191% o

aomnfl 975 °C iann 10 alsg

V5N (1-x)NCTNO~(x)BT ATINRRILHEY (g/Cms)
(0. 9INCTNO-(0. BT 3.321+0.05
(0.8)NCTNO-(0.2)BT 3.6510.04
(0.7NCTNO-(0.3)BT 3.9510.08
(0.6)NCTNO-(0.4)BT 4.0310.03
(0.5NCTNO-(0.5)BT 3.6910.07

975 °C
5.0 +
ﬁ‘-.
E 4.5-
L
=2
£ 401 e A
3 e K
3.5
e
310 T T 1 T 1 v ) ¥ T
0.1 0.2 0.3 0.4 0.5

BaTiO, content (mole)

51 413 ArmamlEsaTRn (1-ONCTNO-(XBT na@uined o gaumgf 975 °C iflwmaan 10

#la
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15578in (1-x) NCTNO-()BT ifl| x = 0.1-0.5 wnBuimad o4 gomgf 1000 °C e

ATHRUILUHRNHAIATTNE 4.2 Az 4.14

M99 4.2 AHEUIUHKIBEINHN (1-XNCTNO-(x)BT e x = 0.1-0.5 WNBIsasd o

gaigfl 1000 °C iilwaan 10 Falug

g HN (1-X)NCTNO-(x)BT ATHARNIHN (g/cms)
(QOINCTNO--(0.1)BT , 3.9310.07
(0.8)NCTNO-(0.2)BT 4,0310.03
{0.7)NCTNO-{0.3)BT 4.3510.09
{0.6)NCTNO-(0.4)BT 4.66X0.10
(0.5)NCTNO-(0.5)BT - 4.24+0.04

1000 °C
5.0
o3 1] ‘%
g 4.5
%‘ L F S %
c
a
3.5
3-0 T ! H ¥ ¥ T 1 4 T
0.1 0.2 0.3 0.4 0.5

BaTiO, content (mole)

51 414 Arnnuieeadsnfin (1-NCTNO-()BT iwndwinas o4 gaumgi 1000 °C Wiwaan 10

il
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138N (1-x) NCTNO-(BT 1fla x = 0.1-0.5 wBuines o1 gaumgi 1025 °C

ANTHIHIMHHANAINNTN 4.3 uazsiagll 4.15

M54 4.3 ATTHRIILHNADHEIIHN (T-X)NCTNO-(x)BT Lf]@ x = 0.1-0.5 WIBWADT

gougl 1025 °C ifiwam 10 e

1510 (1-x)NCTNO-(x)BT ATHAWIHH (glcma)
(0.9)NCTNO-{0.1)BT 4,3110.05
(0.8)NCTNO-(0.2)BT 4.48+0.03
(0.7)NCTNO-(0.3)BT 4.8710.02
(0.6)NCTNO-(0.4)BT 4.9610.05
(Q.5NCTNO-(0.5)BT 4.8210.03

1025 °C
SP1~=>\C ] N e
/"‘ ------------- —‘®
cog /,—"/
o 41—\ -
'-n-.m @_.—
2 4.0
7))
o
A
3.5
3.0 T T T T 7
0.1 0.2 0.3 0.4 0.5

BaTiO, content (mole)

51 415 AUNHIHNIBAUTTIRN (1-NCTNO-(0BT teindwnas o goumighl 1025 °C s 10

slas
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57N (1-x) NCTNO-(x)BT ifla x = 0.1-0.5 Buimad gounqf 1050 C fid

AVTHNHIUUUINHAIANT N 4.4 LL@&ﬁ\?EU 4,16

1579 4.4 ATTHRHILHNIANLEFHN (1-X)NCTNO-(X)BT e x = 0.1-0.5 wBuaas o

anmgfl 1050 °C fwamn 10 Fale

\5din (1-x)NCTNO~-(x)BT AT (glem’)
(0.9)NCTNO-(0.1)BT 4.441+0.06
(0.8)NCTNO-(0.2)BT 4.1540.07
(0.7NCTNO=(0.3)BT 4.6040.04
(0.6)NCTNO-(0.4)BT 3.7810.31
(0.5INCTNO—(0.5)BT 4.5810.16

1050 °C

5.0-
~ I
E 903N ¢ 5978 P
:-ug’ -~ . - \ﬁ”,-"' “\.‘ y A
s !

3.5-

3:0 1 T L] 1 T

0.1 0.2 0.3 0.4 0.5

BaTiO, content (mole)

51U 4.16 AahEBaEs AN (1-INCTNO-(BT wimand o noumnfl 1050 °C wfhwasn 10

flug
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e NN a9 An (1-x) NCTNO-()BT ila x = 0.1-0.5 iW13ue85

o goamgfl 975-1050 °C snfisusanasiidmngnan 4.5 uazidgy 4.17

M1519 4.5 ATIHWHIREEIEIHn (1-x)NCTNO-(x)BT Li’ifa X = 0,1-0.5 WIBHANES 1

aoamg# 975 - 1050 °C ifiuaan 10 g

qmwgﬁ%uma% ATHARTMHRDBADSIN (1-X)NCTNO-(x)BT (g/em”)
(o x=01 | x=02 | x=03 | x=04 | x=05
a75 3.32+0.05 | 3.6520.04 | 3.95+0.08 | 4.03+0.03 | 3.69£0.07
1000 3.9310.07 | 4.03£0.03 | 4.3520.09 | 4.6630.10 | 4.2410.04
1025 4.3110.05 | 4.4810.03 | 4.8710.02 | 4.9610.05 | 4.8240.03
1050 4.4410.06 | 4.1510.07 | 4.60%0.04 | 3.7810.31 | 4.68+0.,16
55
-A- 975°C
1 [-++#--1000 °c
5.0|-@--1026°c| . &
&> ||-p-1050°C RN T -®
E A3 3 1
L 45 e AT %‘
o) %.,:: __________ i %< "
X @ B S ./', T " !I .‘ﬁ
2 B . ;
g 4.0- ,& ------------- % A _______ 5 \‘-\‘?: ’:‘{.
@ N 0 _ Y /.
A e J 4
3.5
A
3'0 ] t T ¥ 1
0.1 0.2 0.3 0.4 0.5

BaTiO, content (mole)

51! 4.17 AaENEBUETIRN (1-ONCTNO-(XBT wnBunad s gaumgf 975-1050 °C ifhwiaan

10 #alae

NEDYAAMUMHIHNIBIE N (1-X)NCTNO—(x)BT dauan x = 0.1-0.5 1
Bwmns o1 gomgR 975-1050 °C ifiuiaan 10 Falaa wudnanfin (1-INCTNO-(x)BT
WBees o gomghl 1025 °C Hdnacniwiigegaiiiauynnisuladzes BT uaz

wudusIfin (0.6NCTNO-(0.4BT WBuamsfignumgi 1025 °C famnamumuiugegn
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4.8 wansfnuidadfiladiinyin waznisgafndaseinaanudaunielaiiin
YISNDBINASIHD (1-X)NaCuzTizNbO;,~{x)BaTiO;

siugandn (1-ONCTNO-(0BT il x = 0.1-05 wdwmes ol AN 975 -

1050 °C ihuagn 10 $alas andpRaniineeagaiinieaasdnilfssudaanssay

WaRIUBS 200, 400, 600, 800 WAz 1000 mud sy duazauliuis Tauinnasidu

Homgninansuazanamnrserfiniidnuda srmisindofaeniaii i ludadiaag

T waznsmeydsisseinarinfaun leBidnnin (Dielectric loss) Tnaldnanadily

ANTR 1 kHz o aomgRdies wdavimadnaamnaasileAdnvdnansasns (3.4)

wanaRaTaaLAAsiiladIEnYEn wasAnagisilasannassaumnelad
LEANENEB9LE3HN (1-)NCTNO-()BT 19 x = 0.1-0.5 wafuwiead ol geumgf 975 °C

dhaaan 10 Falae dhafamnsns 4.6 wazdanambig 4.18

M99 4.6 AnasTilaBEnman (&) uavAnmagdniiissaineandaumaladiinyan
(tand) 2891 B30 (1-X)NCTNO-(x)BT ila x = 0.1-0.5 wW1Busnd t aomgl

975 °C i 10 s dmfiannad 1 kHz w goungivias

Lr5INN (1-x)NCTNO~(x)BT g tand
(0.9)NCTNO-(0.1)BT 1300 1.27
(0.8)NCTNO-(0.2)BT 1640 1.01
(0.7)NCTNO—(Q.3)BT 2690 0.49
(0.6)NCTNO-(0.4)BT 3100 0.55
(0.5NCTNO-(0.5)BT 1660 1.32
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511 4.18 faiiladiirin (e) vazdmIgaydaidasanacadaundlaBifngtn (tond) sassiin
(1-3NCTNO-()BT undsmas o goangfl 975 °C huaat 10 dalus dailaanad 1 khz o

familnas

31AANTN 4.6 uAENIM gL 4.18 WudNEIEN (1-X)NCTNO-(x)BT (18 x = 0.1-
:‘/’ ar 2 1 £ oY ! 1
0.5 wnBmad o gaamnd 975 °c i filidnasiileBidnvEnitlion uasiidnagayde
| & = = = i ::J e A
ilasenannniaunasindidnv3naaagsiinunn bimsnsaniazianlszgndlEeu

3 k2 o’ 1 1] 4 4 s T [} 3 (74
wilaanpdaeiufaunse eI Anfdeulfgamiilianlinnndn

WANYERTIREBUATASTA[ABLE VAN waztnagdeilesenasEaunaing
\RnyiBnasasnfln (1-ONCTNO-(BT 1ila x = 0.1-0.5 winBusasd o 9oumgit 1000 °C

Lﬂmqm 10 %’QTZN \udemnsne 4.7 LLﬂ%ﬁﬁ‘TIQﬂ‘i’lWTugﬂ 419

M54 4.7 AAiilRALANTAN (8) uazAinsgoydaiiasennaasieumalafifionin
(tand) 229138 (1-INCTNO--(x)BT &8 x = 0.1-0.5 wBuans ol gyl

1000 °C \ifaan 10 Falis Aaviransd 1 kHz a1 gomgiivias

gdn (1-x)NCTNO-(x)BT & tand
(0.9)NCTNO-(0.1)BT 2480 1,08
(0.8)NCTNO-(0.2)BT 2860 0.91
(0.7INCTNO-(0.3)BT 4100 0.87
(0.6)NCTNO—(0.4)BT 46010 0.45
(0.5)NCTNO-(0.5)BT 3420 0.46
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51 419 dnaefiTBidnyan e) uazrnsgaedlasainaonsdeun s liBdnydn tand) asagiin
(1-3ONCTNO-(0BT wn@wimed o oungfl 1000 °C ifiwant 10 dalus dafiaamd 1 kHz o

OMNRTng

31N911978 4.7 1aeng gl 4.19 wodrgandln (1-x)NCTNO-(x)BT e x = 0.1-
0.5 wnnas o gomn 1000 °C i WieiasAlnBilinvanigendnaa it
Bueed o gowindl 975 °C uazdsidmagaydilasennarsdermeladidnvinees
isfindaningeng SeelHumsnzanfianianlsrgndliom yiaans adaetuAIAY

: S Sy
W aasEsind Sau bl

NaNNIATITRBUAIAAABIENYEN uazAns gy Retiinsenacadaunaelad
FnvBnuaaranfiin (I-NCINO-(BT 1fla x = 0.1-0.5 wumes 0! goungd 1025 °C

iwamn 10 Fal ihuismiang 4.8 uazangambugy 4.20

An919 4.8 ANATilaBLEnYEn (&) wazdAtnagadaiiinsnnanadoune(nBIANYAN
(tand) BBAUEIIN (I-XNCTNO-()BT 188 x = 0.1-0.5 W idWnnd o4 gomgl

1025 °C \ilwiasn 10 4T Safleannd 1 kHz o1 gomgivies

wsHn (1-x)NCTNO-(x)BT g, tand
(0.9INCTNO—(0.1)BT 3990 0.35
(0.8INCTNO-(0.2)BT 5850 0.99
(0.7NCTNO—{0.3)BT 80500 0.10
(0.6)NCTNO~(0.4)BT 94590 0.20
(0.5)NCTNO-(0.5)BT 66100 0.10
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HansRTIREnLAA laBiRnvan LazAn1sgydeiiiaseinaaueunialad
|RnyENIBNE3ITIn (1-NCTNO-(BT ifla x = 0.1-05 w1Bueas ol gomgil 1050 C

omn 10 Fals fufianens 4.9 wazdsnamlugy 4.21

n1919 4.9 AasfilaBidinndn () wazdAnsgryiduilasnansdamlndidnyin
4 . -
(tand) Bo9133In (1-XNCTNO-(x)BT il x = 0.1-0.5 wBunas o gomgl

1050 °C ifuiaan 10 42T Anfinansd 1 kHz o goumgRvies

bSINA (1=x)NCTNO-(x)BT & tan®
{0.9NCTNO-{O.1)BT 5470 1.24
{0.8)NCTNO--(0.2)BT 7420 1.23
(0. 7INCTNO-(0.3)BT 7370 0.79
{0.6)INCTNO-{0.4)BT 6540 1.13
{0.5INCTNO-(0.5)BT 7280 0.25
20000 1080 58 2% 1050 °C
E | » 1.54
{315000 4 /
_gwoom .§ 1.0 \'\\ //"b\
g e P T El :3 Y\ 4 N
é soond > N Qg5 \> ___/// \
A \>
o 0.0

"oz 03 0.4 0.5

BaTiOa content {(mole}

Y 02 04 05 01

BaTiO, content {mole)

T
0.1

5U 4.21 AnasfiladinyiEn () uﬂthmigcgLﬁﬂLﬁﬂﬁ@’:ﬂmm%ﬂumquﬁﬁﬂw%ﬂ (tand) weaLE1dn
(1-NCTNO-()BT winisiad o4 aoumgR 1050 °C ifhwaan 10 dalie faflannud 1 kiz o

5
NN
1

91N919719 4.9 wazns gy 4.21 wudgsfin (1-xNCTNO-(x)BT e x = 0.1-
0.5 WBumad o goungi 1050 °C s BiemarlaBidnvansndssAnifeediuiing
Buwad o goingf 1025 °C uazfidnagaieiesainacmieumnslaidnanees
wrinaeuinegs Twmnzmdasisnszyndliom velannadasiudmommunuin

o o L z X4
ravigsdnfidaulnfeafiuiffacsmmnuilinesuiuew eliflesnangamgily
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Lﬁﬂuqﬂ’iﬂ\ﬁ’] FIELRTNIN T LLﬂa‘:mﬂ’}‘i’gfyLﬁEILum'ﬂi’mﬂqﬂuiﬂqudTﬂﬂLﬂﬂwiﬂﬂﬂd

580 (1-x) NCTNO—(x)BT e x =

Wenganarfanenumnigng 4.10 uaiagy 4.22

0.1-0.5 BnBumas o goagf 975-1050 °C w1

” £ -:‘.lv" ay ey 3 4 Sy L -
ATET9 410 FAT AT ANYIA T (6) WAZAN S GV AT I N AT S DRV (MR ATVIATT

(tand) BBaEIIHN (1-xINCTNO~(X)BT o x = 0.1-0.5 LBumes o UNGH
975 - 1050 °C Afluamn 10 Falus

gl ANTR BIANYENTDUTs N (1-x)NCTNO=(x)BT
FAmas % = 0.1 x = 0.2 x =03 x = 0.4 x = 0.5
o) g [tand| g |tand] & |tand| g |t | & |[tand
975 1300 | 1.27 | 1640 | 1.01 | 2680 |0.49 | 3100 | 0.65 | 1660 | 1.32
1000 2480 | 1.08 | 2860 | 0.91 | 4100 | 0.87 | 46010 | 0.45 | 3420 | 0.46
1025 3990 | 0.35 | 5850 | 0.99 | 80500 | 0.10 | 94590 | 0.20 | 66100 | O.10
1050 B470 | 1.24 | 7420 | 1.23 | 7370 | 0.79 | 6540 | 1.13 | 7280 | 0.25
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31A1979 4.10 uazna Wiy 4.22 widassndlln (1-ONCTNO-()BT e x =
0.1-0.5 wnBumed o gomindl 975-1050 °C 5 vilifiuniwsnansdasiilndidomin
uazAn1sgy e fasenaasiaunteladifnninsengnfin Sanudnganfin
(O.7INCTNO-(0.3)BT wazt#andin (0.6INCTNO-(0.4)BT tW1Bwinas o gaungfl 1025 °C &
5 c:i.T o 8 = o Al ' A A [4 o oo =
Arasfi ladidnvidnyiandl laseusin uasfidnniegoydadiasnaradauniadidnmin
P, ! ° 2 & A ar 1 \
ABgLEIRnean msnzanfiesinmlsrgnd lHen Aeflaanadeeiudiransmuin

= e ot A” 1 kA ] [ Y] s |
apgtranAnd SanlaFaaiufindasmnuiugeis 2 el sanadeiusndduren

[] ] 25 3
winfimflannamnueeagsfingsduszinWaniimelnfidnvinditu (28-30]

4.9 mﬂmsﬁnmmmwuﬁaizﬁ’uqﬂmmuuuﬁnLﬂ@%ﬂmm‘mﬁﬂ
(1-x)NaCusTisNbOp—(x)BaTiOs
Hnig593In (1-INCTNO-()BT 1la x = 0.1-0.5 1Bmas o goungil 975 -
1050 °C 1flsnan 10 $9lus wvinnsimndaanszaenseias 150, 240, 360, 600, 800
! &r L7 w o 8 - s A
waz 1000 WaliiiRavtideulfisnn uazdnindinasulsdusinmesifaynia 6 um, 3
= 3s ¥ p= = = o .:fy
(M UKz 1 Um sufaniinesiuenufianmueniunssen 39 3Reuilan au uRsNAgaY
AanadeuuLAnned feasawmaseudiasruiesiuganiauuudnnges dnsenne

AU RA RN LR A AR AN LA NN ESATHERN TS (3.5)

wafilAennniadnrinssuiessiuqaniauunaninesaeassiiln (1-xNCTNO-
(0BT B x = 0.1-05 1 Buwed o aeungdl 975 °C ilwaan 10 Fala iugamnang
4.11 wazsianawiligil 4.23

A19719 4.1 AvarsndessduganaunAninaduansandn (1-INCTNO-(x)BT e x =

0.1-0.5 wadmad o4 goagdl 975 °C ifiuaan 10 Falis

w5180 (1-x)NCTNO—-(x)BT ArAELIILULANLADS (GPa)
(0.9INCTNO-(0.1)BT 1.8510.07
(Q.8)NCTNO-(0.2)BT 2.0610.14
{Q.7INCTNO-(0.3)RT 3.101+0.13
(0.6)NCTNO-(0.4)BT 3.3610.86
(O.5INCTNO-(Q.5)BT 2.821+0.10
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Bwuned o gomgdl 975 °C wawn 10 Falie Taedl (M) x = 0.1 @ x = 0.2 (A x = 0.3
M x=04uss (A x=05



60

waflfannisdndannuudsssdiuganiauinineaassndin (1-NCTNO-
(xBT g x = 0.1-0.5 W Buined os gaumgd 1000 °C haaaa 10 Falus iiinudmnang

4.12 uazsianylugyl 4.25

f1519 4.12 ArrnuivssiuqanmauuAnineseessifin (1-)NCTNO-(BT 1fla x =

0.1-0.5 wnBramed o¢ gomigfl 1000 °C iffmarn 10 #alsig

15180 (1-x)NCTNO-(x)BT Araouudsuuuinnes (GPa)
{0.9INCTNO-{O. )BT 2.7940.20
{O.8INCTNO-{0.2)BT 3,9710.18
(0. 7INCTNO-(0.3)BT 3.8910.06
{0.6)NCTNO--{0.4)BT 4.58+0.36
{0.5NCTNO-(0.5)BT 3.77+0.15
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yndolrasniaiin BT usdansudeiiifigaligann sudiafnandasussuasienna
WULANNEsEBaEINEn (1-INCTNO-()BT e x = 0.1-0.5 LaaIAI 4.26
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nafildarnnisiadinannudeseiuqanianuuininedeaaiasaafin (1-NCTNO-

(x)BT 1ila x

4.13 wazsanswilugy 4.27

A9 4.13 Aransudeszduganiautuininedenansafin (1-xNCTNO-()BT ifla x

0.1-0.5 wdinas o gomgd 1025 °C dwoan 10 dalne ndsenans

0.1-0.5 wndwumad o1 gogil 1025 °C ifuann 10 Fals

215980 (1=x)NCTNO—-(x)BT. anpaudsuuuAnLaes (GPa)
(Q9INCTNO-(O.1)BT 3.241+0.24
(0.8INCTNO-(0.2)BT 3.761+0.19
{0.7INCTNQ-(0.3)BT 4.251+0.09
{0.6)NCTNO-{0.4)BT 6.57+0.26
{0.5INCTNO-(0.5)BT 6.2110.27
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1025 °C (flairan 10 Falue

anns gl 4.27 uarananaa 4.13 aziivitracaudeazduganiauundn

\nB489598N (1-NCTNO-(IBT 1fa x = 0.1-0.5 wdumns o1 gaumgf 1025 °C iilu

wan 10 Fala fenamudegendnaasssfinifaaiuilemnBuanifigamgll 925 °C



63

waz 1000 °C humnidewlosesanaidis BT Aannsudet iidaligeuarbisun qudne
FneNABEIIBISALNARLLANNE S22 EIAn (1-INCTNO-(x)BT 1§ x = 0.1-0.5 W1

Bumad s gounil 1025 °C uandiagil 4.28

51l 4.28 ampiiedicsndeganTimituuiassssaanauuAnnednaEaiin (1-ONCTNO-()BT w1
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wafiliannadarianunisisduganiauuuininesteagsnfin (1-ONCTNO--
()BT 1fla x = 0.1-0.5 WBans od gomaf 1050 °C fiwaan 10 Falue fiudamsng

4.14 uazsanamugy 4.29

1 o 2y A
A9 4.14 Areruuisssdiuqanmannfdninadienssnfin (1-ONCTNO-(x)BT fla x =

0.1-0.5 unBumes o gamghl 1050 °C wwaan 10 Falia

1518fin (1-xNCTNO-(x)BT aaanudsuunfninges (GPa)
(0.9INCTNO-(0.1)BT 6.61+0.69
(0.8INCTNO-(0.2)BT 6.1210.15
(0. 7)INCTNO-(0.3)BT 8.631+0.41
(0.6INCTNO-(0.4)BT 6.79+0.06
(0.5INCTNO—(0.5)BT 7.65+1.98
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gannamiugy 4.29 uazannasm 4.13 azdfiuddnaasuiessiuganiauuin
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1025 °C Tuynidenlarasnaifis BT Aawndefilifidngenn wiliressinauswinle
1N gudnedinendsauaIresas nARUUANINDI10UTIEN (1-NCTNO-(x)BT 1fla x =

0.1-0.5 wndumas o gougil 1050 °C uamadegy 4.30

51 4.30 amseditendesganssmiluuisnsptnaAmnafaadEsin (1-ONCTNO-()BT 11
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darharanuudsssriuganmauuudninadaeassnfin (1-x) NCTNO-(x)BT ifle x
= 0.1-0.5 WBuAeS o goamgi 975-1050 C nmdausanazfidmunisn 4.15 UazAe

g1 4.31

M99 4.15 Aransudessiugamanuudninadaadssnfin (1-x)NCTNO-(x)BT g x =

0.1-0.5 wW1Bwuimas o goangf 975 - 1050 C iffwaan 10 Falas

. ) ATANNLAILULANINDSUBnsIRN (1-x)NCTNO-(x)BT
AUNQNTHLADS
. (GPa)
(C)
X =0.1 x =02 x=0.3 x =04 x =05
975 1.8510.07 | 2.06+0.14 | 3.10£0.13 | 3.3610.86 | 2.8210.10
1000 2.7940.20 | 3.2710.18 | 3.8910.06 | 4.5810.36 | 3.77+0.15
1025 3.2410.24 | 3.763+0.19 | 4.25%+0.09 | 6.5710.26 | 6.2110.27
1050 6.6110.69 | 6.1240.15 | 8.631+0.41 | 6.7910.06 | 7.651+1.98
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51 4.31 AmonudvasdugennawuAnnaduanrsnfin (1-ONCTNO-(IBT wnBlimnd o goumgd

975-1050 °C huaan 10 Falus

gnnamtugy 431 uazanmaw 413 waenarsudessdiiqaniauuudningd

2891980 (1-XNCTNO-()BT 1fl x = 0.1-0.5 wWBuines v goamgi 975-1050 °C 1ffu
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1981 10 Falas Wudigsndin (0.9NCTNO-(0. )BT 1nBuines o goumgl 975 °C e
mqmm’fﬁzﬁuqamﬂLmuﬁmﬂﬂ%ﬁﬂﬂﬁqﬂmaﬁﬂ"}ﬂmmaﬁq 1.85%0.07 GPa uazigsfln
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Effects of BaTiO, on phase structure and microstructure of NaCu,Ti;NbO,, ceramics
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Anddry : nilntndumernlefivndudbilews amilnuuisdlmaus Thrsharda Tasdingamna
Absiract

in this research, the eifect of BaTiO, on phase struclure and microstructure of NaCu,THNBO,,
ceramics of (1-x)NaCu, TL,NbO,,-(x)BaTiO, ceramics with various molecular welght of BTorx = 0, 8.2 and G.4-
wera investigated, These ceramics ware sintered at 975, 1000, 1026 and 1050°C for 10h. The phase structure
and microstructure of these ceramics werg examined by x-ray diffraction technique (XRD) and scanning
alactron microscopy (SEM), respectively. Density of sintered samplas was measured by Archimedes method
with distiled water as the fluid medium, It was found that the secand phase of BaTiO, pressnls In phase
structure of NaCu,TLNbO,, cersmics. The BaTiO, second phase would inhibit grain growth of -the
{+x)NaCu,TiNbO,~(x)BaTiO, ceramics, The oplimum condition for the highest density of this ceramics was
sinter at 1025°C and x = 0.4 mol, '

Keywords : NaCu,TLNDO,, ceramics, 8aTiO, ceramics, Phase structure, Microslructurs
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e e ﬁ'a{uxﬂtﬂuuﬁunan ﬁﬂﬂmmﬁumuqutfnawﬂwmm 10 Hnfmas uarwunlisunm 2 fnfuins
Tautiiadesdnrzunlatasdn Sauanudunine 60 wngtgate duamiu 80 3und aamfusianendn
(1-x)NaCu,Ti,NBO,,- (}BaTIO, #z&wm:{unluﬁrﬁﬂwﬁumnf wgnunil 975, 1000, 1025 WRY 1050 8A7
waiFus Wunat 10 998 Faushrnariiiansieu 5 sernendusmn Anlansiidaussinnai
qaniavaamradinluszi (1)NaCu,TENBO,,- (X)BaTiO, Houmalams@oawnses¥iRiond (RD) uasnliss
qanzzmiBifinareusuudainsa (SEM) Rndadl mmmamnniuganiienfAlifa (Archimedes method)

0.5(Na,COy) + 3(Cu0) + 3{TIO) + 0.6(Nb,0,)  —>  NaCuTiNbO,, + 0.5(CO,) 0]

BaCO, + 7i0 -3 B8ati0, + CO {2
] ? 3 2

-PY98-



78

- o &
ﬂumuﬁuiﬂfz-:q'mmmhzqmmm:r EAIARTIY AR 8

3. uAuRsElMA
tssilntuszi (1-x)NaGu, TENDO, - (XIBaTIO, fatunel gruMiAnRY Hulsfin x WFimm o,
0.2 Ut 0.4 wassgeulasriiaksumellansduonnsesidiend 'lﬁnnﬁisgﬂﬁ 1

g i i VARG LNT] E E g ! ARNCTHD HART]

S| 9.8 | PeB fug) 13 | S|gEy0gs fE1; L 1f
: :

"E l i | mermoaey % ‘ A | St
g 2
- £

|y g e T et ) vmowe

20 30 40 60 € 70 80 20 3 46 & & 70 85

20 {deqiree) 2¢ {degree)
(i3] {1)
R 8 { § asemosa = X « -
Slec Loaateany i | Ela.eeaitegg! T

g :

= \RARAYAR IR IYA T DS .
]
g : £

| S o e

20 30 4 50 € J0 B 20 % 4 £ 6 710 0

20 (degree) ) 28 {degree)
(R} )

1 :duuumﬂﬁymmwaaﬁﬁmnﬁaaLﬁ:nﬂrﬂumm (1-)NaCu, T NBO, - (BaTIO, tfumed ol gaamngh
{n} 975 asanyaiius (v} 1000 esnnenBun (A} 1025 asrnisadun ey (4) 1050 suAnamidua

ﬂnngﬂuuumsz‘r‘{mmum’fqﬁmnﬁm verinlugsuy (1-x)NaCu, TLNDO, ,- (0BaTIo, Tuptf 1 iWlumnua
Suimef o1 gounnR 975, 1000, 1025 uns 1050 sarugaded uwuaen 10 49l nufh:ﬂuuumn?crmmu
rosfsdiandiimndenaisudnyesnin NaCu,TLNbO,, T (Liu ef 6l 2013) usfazTiviarsensayriin
gaTio, Rnsussiulupdudydnenwindivuauin ($) aeanfinafudioya BT Wywbeyauunuins
85-1791 (Powder Diffraction Flle, 2000, JCPOS fle no. 85-1791) sasnudfivisrashianniuidefinzdin
hnuges BaTio, s uﬁxtﬁaqmnqﬁlummﬁum&f&ué 1000 sarvssdeatil avmuiizeanntu
, Weviwrfinlirzuy (1-NaCu,Ti;NGO,- (9BaTIO, AerBumef o granniisae s x luBanu
0, 0.2 uaz 0.4 wiamsasuTArRiamrfnimiqanrmiBidnnsunuudeinia ‘Eﬁuasﬁ;ﬂi{ 2

-PY99-



79

NN G 10T #50%

o
v 3 J o - -
78 2 nawdrusanniosqanssadidnarsunuudasnmaiviondav e nsdintursiy
{1-X)NaGu, TUNDO,,~ (9BaTiO, inBinaef ar quisigd () 975 sernsaun (2) 1000 aemnwaon
(R) 1025 asAsRFuA unz (1) 1050 sarsaiua Tauntwuoaineiie x = 0 nvusanR1e x = 0.2

sazIEEe X = 0.4 ANdaR

'iu;dé 2 Wunwmiseannfsgannmitidnareunudennafubaubutiseasmiin luszuy
(15)NaCU, TN, - (BaTIO, axwurdaidlewnBinn§iaugrung g wadaiinsniusanandu syt
sfiutamimsasgufl 2 (n) e (o uazidaiimandiy Bat i0, Wutfiunm 0.2 usx 0.4 Tua azdaWinuasssinm
gstgz9fin NaCu,TiNbO,, Hmiasaas Aglumnanasasanasnanddy uamaedh BaTio, Wlddugsne
dutrzaunsy Ballisumnauesssiin (1:9NaCy,TiNDO,,- (IBaTiO, nndrsuamnTusansiln
NaCu,Ti;N6O,, tinaifins aeangsatiwiduzes Chalsan iazanis FeléAnmmmnBrenanfinlussuy PZT-
BT wirinitndin BT dilussuvsaassafin 2T ssinlfisunmnsusssssifinansa (Chaisan ef al,, 2009)

-PY 100 -



80

b
" -
neruduilesinninlzgisms Gnomadafide afsh o

davisinlursuu {(1-)NaCu,Ti,NBO, - (X)BaTIO, funfhinm x uazulsgrmgiTmsefuinids
ArIIEARFANRR GroAnd gaufainen wasAnaz, 2543) ssltimadimnel 1 uasdipdi 3

AT 1 AW iuseaETIfn (1-0NaCu,TLNDO,,- (JBaTIO, e x =0, 0.2 usz 0.4 wdumeFlgomgd
975, 1000, 1026 1% 1050 svAnEnden

ATHIUILLEBUSTEIN (1-50NaCu, TLNDO, - (x)BaTIO, {g/cm®)

W BaTIO, v -
e FumnT o anuwgd
Waax {fol) ==
976°C 1000°C 1025°C 1050°C
0 3851002 4.50£0.04 471 %002 4,87 1003
0.2 3.65 £ 0.04 4.03+0.03 4,48 +0.03 4.16 £ 007
0.4 : 403£0.03 466+0.10 498 £0.05 3764%031
]
504
~
g 48
&
§ 40
3.5
3.0

b0 01 0z 0% 04
Ba¥10, contont {mol)
U9 3 Arununaluseaslin (1-NaCu,TENDO, ,- (x)BaTIO, o x=0,02u804 mﬁumaﬁiqmuqﬁ

976, 1000, 1025 K6z 1050 BIAENELA

+

SN0 1 laEnFvRIMELSBNSITTIn (1-0NaCU,TLNbO,,+ ()BaTIO, (o %= 0, 0.2 usz 0.4
wiRumaffguunil 975, 1000, 1026 ung 1060 saATaBEA 'tup]iﬁ 3 195980 (150NaCuTiNBO,
(x)BaTIO, ﬁmﬁumaf o gouunl 875, 1000 uAx 1025 sswsnidug siu e BaTio, vite x Whifixnni 0.2
T allipananninuurasiin (1-9NaCu,Ti;NbO, - (4BaTiO, asnd uilewinBunn x 1y 0.4 Tur s
Wearnwsuwlieansalin (1-9NaCu,TLNDO, - (BATIO, tRnsannivilihAy BaTio, aaanksasiutazeaing
qenrsaaesHin (1-NaCu,TINDO, - (\)BaTiO, é’a;d% 20n)-(r) Feszitudnddodiy 8aTio, il 0.2
tun ashlifinrussuenfinflETnnadng: unsinsusadnasufinnmsiaatug uesdedy Batio, iy
Wuate 0.4 s suravsnsuresniln R lniRufulian 8aTI0, Wl 0.2 Tus wsinnaiush
s whilagrampitunisniumefidu 1050 ssieaiun wudusiiin (1-NaCu,TLNBO, » (IBaTIO, §
aruvurdusssmideduiian Bano, wha x uandu deandoatlieuidunes Chomehal 1at
Warangkanagoo! SaBENeyAANAUTTUEDY MgO adli NCTNO wliadinltieniin NCTNO finnaudusaunn
Fu o qrunpimzerfusesit 1000 asrwsndan unmﬁaqmuqﬁmﬁmqqﬁmu 1026 asmvisaiiun wuda
wrinTslaruufasane (Chomehal and Warangkanagoot, 2016) unzasandnifulasairigantnes

-PY 101 -



81

el
2 oo ¥
roenduilaanninlizpidnms Gnumanfise Ajan 9

15970 (1-29NaCu,TLNDO, ,- (X)BaTiO, s‘ﬁ:;ﬂi{ 2() ledislidn BaTiO, astfiuBniiiunarsanslugiinn
snziileidn BaTio, Tuifhinny 0.2 Te nsussasitndiinnadngs uﬁﬂ;ﬁ:ﬂtﬁn{u uazilaidy satio, iy

1 0.4 Tua BawihsesniinGufiammvsendapinl intfironmunuduseassiinaers

4. unagy

1R BaTio, finadataresironis Tanaingania ursanumuimiusoasmiln NaCu,TiNbO,, Tag

' ﬁiﬁﬁ?ﬁ?ﬂo;u‘}ﬂ“ﬁ"lﬁﬁiu'q::wumﬂfs'aiﬁ'ni';uiuiﬂ?m‘huﬂﬁﬁ":wﬂﬁn”n:R)NaCﬁsTt‘;NbO;;f(R)BaTios
uny BaTi0, Wilufens@ulassanaitiisnannsensnin (1-xNaCu,TLNDO, - ()BaTIO, Winss dentedl
murzanlunneinsef uashinm BaTio, Fonzatumisdilienin NaCu,TL,NBO,, Tromminudugy
e ﬁmuqﬁiuma?ﬁ 1025 aanRiFu uauiAn BaTIo, Wuthnn 0.4 Tue

5. imrAnssulTsnaA

ijureyauanmuYineduuasg ﬁ'iﬁ'tﬁqam{unuﬁﬁ'ﬂ Taunlszunm 2560 youmiEAmAEATIR
Wurfinn a3 funit nordriRnduszianmisas suiinundudestnl fwnsrmazsantuniiiqunead
WiisalfilRnn2 waznadsHAnd unringadiussar Rdauaowszanlunslégunsofutisnljifine
1uris

6. t8nagenede

Frind qoaialag ueraiy, (2643). witesdiaidimasinganand: nonfsesudnnimiouifedi, g,
renzaliAnudl, 129-142,

Almeida, AF.L., Fechine, PBA., éoes. 4.C., Valente, M.A., Miranda, MAR. and Sombra, A8.B. (2004).
Dielsctric pl‘épﬁrﬂ% of BaTiO,(BT0)-CaCu,T,0,,{CCTO) composile screen-printed thick films for
high disfectric conslant devices in the medium frequency (MF} rangs. Malerials Science and
Engineering B, 171, 113-123.

Chalsan, W. Yimnirun, R, and Ananta, S. (2009). Preparation and characierization of ceramic nanocomposites
in the PZT-BT system. Ceranics Intemational, 35, 121124, '

Chomchal, W. and Warangkanagool, C. {2016). Dielectric property of NaCu,Ti,NbO,, ceramics doped with
small amount MgO nanopowder. Key Engineering Malerials, 675-676, 93-965.

Hao, W.T., Zhang, J1.., Tan, Y.Q., Zhao, M.L. andt Wang, C.L. (2011}, Glant dislectic permittivity properties
and relevant mechanism of NaCu,TLSbO,, caramics, Joumal of the Amernican Ceramic Soclely, 94,
1067-1072. '

Homes, C.C., Vogt, T., Shapiio, S.M., Wakimoto, 8., Subramanian, M.A. and Ramirez, AP, {2003). Charge
transfar in the high dielectric constant matedals CaCu,Ti,0,, and CdCu,TI,0,,. Physical Review B.,

. 67,092108, 14,

Liy, Y Wang, W., Huang, J, Tang, F., Zhy, C. and Cao, Y. (20i3). Dielecinc propertiss of glant permittivity

NaCu,Ti,NbO,, ceramics. Ceramics Infemational, 39, 9201-9206.

-PY 102 -



82

|
mmuﬂutﬂmﬂnnm}rsqw“mmi AnnAnanfids akan o

Powder Diffraction File, ('2000)‘ Card No. 85-1791. Joint Committee for Powder Diffraction Standards {JCPDS)
PDF-4, Interational Centre for Diffraction Data (iCDD).

Sangwong, N., Somphan, W., Thongbal, P., Yarmwong, T. and Meansid, . {2012}, Electrcal raspoﬁsas and
dietectric relaxations in glant permitivity NaCu,TLTa0,, ceramics. Aopfiad Physics A, 108, 385-392,

Subramanian, M.A., LI, D., Duran, N,, Relsner, BA, and Slelght, AW. (2000). RAPID COMMUNICATION High
Diglectric Constant in ACU,Ti,0,, and ACu,Ti,Fe0,, Phases. Joumal of Solid State Chemislry, 161,

T —T——— PR ——— MM%M323_325'

-PY 103-



83

e .
e eacs  Integrated Ferroelectrics
FERROBECTRICS

T An Interpational journal

1554: 1058-4587 (Print) 1607-8489 {Ontine)} Journal homepage: http:tiwwvitandfanline.cemsloUginf20

Properties of (1-x)NaCu3TisNbO4,-(x)BaTiO3
ceramics with various sintering temperatures

prepared-by-conventienal-solid-state-reaction
method

C. Warangkanagool

To clte this article: C. Warangkanagool (2018) Properties of (1-x)NaCusTisNbO - (x)BaTiO;
caramics wilh various sintering temperaturas prepared by conventional solid-state reaction methed,
Integrated Ferreelectrics, 187:1, 173-180, DOI: 10.1080/10584587.2018.1445346

To link to this article: hitps://doi.org/10.1080/10584587,2018.1445346

BH) published online: 05 Apr 2018.

7 -
El, submit your article to this joumal &

£
& View related artictes &

@ View Crossmark data{#'

Craatvad,

Full Terms & Conditions of access and use can be found at
hutp:fvewwetandfonline cornfactionfournalinformationZjour natCode=ginf20



84

INTEGRATED FERROELECIRICS

2018, YOL. 187, 173-150 1gg) Taylor &Francis
hitps://dol.org/i0.1080/10584587.2018.1445346 Taybor &rands Group

Properties of (1-x)NaCusTisNbO;,-(x)BaTiO; ceramics with
various sintering temperatures prepared by conventional
solid-state reaction method

C.Warangkanagoor®

#Department of Physlcs, Faculty of Science, Naresuan University, Phitsanulok, Thailand; "Research Center
for Academic Excellent in Applied Physics, Faculty of Science, Naresuan University, Phitsanulok, Thaifand

ABS!’RACT ) ARTICLE HISTORY

In the research, the properties of sodium copper titanate niobate Received 31 May 207

— barium titanate_[(1-x)NaCusTisNbOy-(x)BaTiOs: {I-xINCTNO-~  Accepted 3t July 2017
(x)BT] ceramics prepared by conventional solid-state reaction XN onos

methed with various molecular weight of BT or x between 01,03 (1-INaCusTi-NbO - (4BaTIOS
and 0.5 were investigated. These ceramics were sintered at 975, ceramics;io?id-sta?e reaction
1000, 1025 and 1050 °C for 10 b in ambient atmosphere. The phase methed; dielectric constant;
structure, microstructure, density, micro-hardness and dielectric sintering tenperature
properties were examined by x-ray diffraction technique {XRDj},

scanning electron microscopy (SEM), Archimedes method, Vick-

ers micro-hardness tester and impeadance analyzer, respectively,

ltwas found that, the addition of BaTiO; resuited in the formation -

of second phase which increased upon increasing the BaTiO,

content. Compared to the base composition, the grain sizes of all

the (1-x)NCTNO-(x)BT were significantly reduced. The densities of

{1-)NCTNO-{x)BT ceramics and ' dielectric = properties . were

improved with the addition of BaTiO,. For the effect of sintering

temperatures, no substantial change in the crystal structure

and grain growth was found whereas an increase in densities

and hardness with increasing temperatures were observed,

The (07INCTNO-(03)BT ceramics sintered at 1025 °C showed

the highest density and dielectric constant (~80500) at room

temperature with 1kMz measurement.

1. introduction

Lead-based complex perovskites have been manutactured and accepted by mate-
rials scientists as being critical to the success of ferroelectric ceramics which are in
service throughout the world [1-5]. Especially, Pb(Zr,Ti)O3 or PZT ceramic (the
prototype of piezoelectrics) has attracted the attention with its dominant piezo-
electric properties which are suitable for the applications in area of transducers,
electromechanical sensors and actuators, etc [6]. However, PZT has many harmful
materials especially, Pb which cause environmental pollution in the manufacturing
process. To resolve this problem, many studies about the lead-free ferroelectric

CONTACT C.Wamngkanagool@chempoonuchpimu.ac.%h
Color versions of one or more of the figures in the article can be found online at wwawtandfonline.com/gind.

© 2018 Taylor & Francis Group, LLC
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ceramic have been done. Recently, synthesized giant dielectric constant material
CaCu;TigOy; or CCTO has attracted much attention because of its potential
technological applications. It shows extremely high dielectric constant (>10%) at
room temperature {7, 9], Therefore, other CCTO-like materials that have both
compositional and structural similarities as well as outstanding dielectric proper-
ties to that of CCTO have been extensively developed e.g. Caj_yLayy3CuaTigOys,
Cay_35x2GdCuyTig Oy and Nayp Y 120w TisO2 {10-14]. However, the properties
of NaCu;TizNbOj; (NCTNO) ceramics have not been widely studied, Barium

fitaniate (BaTiO3 or BT) s the first piezoelectric transducer ceramic ever devel-
oped [2]. It has good piezoelectric and ferroelectric properties, but relatively low
Curie temperature (T, = 120 °C) {15, 16], which would lead to lower temperature
stability.

Given that BT showed the excellent ferroelectric and piezoelectric proper-
ties, in this paper, we, therefore, interested in studying the properties of (1-x)
NaCu; TizNDO ;- (x)BaTiO; or (1-x)NCTNO-(x)BT ceramics with various sinter-
ing temperatures prepared by conventional solid-state reaction were discussed.

2. Experimental details

NaCu3 TizNbOy; and BaTiO; powders were prepared by conventional solid-state
reaction method. NaCusTizNbOy, precursors include NaCQs, CuO, TiO, and
NbzO5 were ball milling for 24 h with ethanol intermediate and calcined at 950°C
for 24 h as showed in Figare 1{a). The BaTiO; powder from BaCQOj and TiO, were
ball milling for 24 h and calcined at 900 °Cfor 2 h (Figare 1(b}). The (1-x)NCTNO-
(x)BT ceramics with various molecular weight of BT or x between 0.1, 0.3 and
0.5 were sintered at 975, 1000, 1025 and 1050 °C for 10 h in ambient atmosphere
(Figure 1{c}). The phase structure and microstructure of these ceramics were
examined by x-ray diffraction technique (XRD, X’Pert, Philips, Netherlands) and
scanning electron microscopy (SEN, LEO 1455VP, JOEL, England), respectively.
Bulk densities of the sintered ceramics were measured by the Archimedes method
with distilled waler as the fluid medium. Vickers micro-hardness of these ceramics

IN:;CO, + Caly + TIO, ¢ N0y | 5 BaCOy ¢ THO, I
I Ball gifledt 243 | I Bill'z_aﬁkd_N&ﬂf |
I Bried, Steved ‘ I % Drd, Sieved’ |

} i

Ic.m'md ££950°C for 144 | I"c-_s_ai{'@g_in}'e"cr'orz_h I

l (BT, TN, 4 {0)BaTH0,; s ~ 85, 0 aed .5 ool + PYA l

I Nried, Shened prd Peesy £a dse I

:

I Siatercd at ¥TRHEH CLr 160 l

F

Ih‘a(‘hmﬁbﬁ.;pwdal IE:‘!‘mppewdtr l ! XRD l I SEM I ! Duagiy I l um#mn] Ibk-kdml
(2) (b) ©

Figure 1. Mustrated synthesized process of (1-x)NCTNO-{x)BT ceramics.
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was investigated by Vickers micro-hardness tester. Indentations were applied on the
polished surfaces of (1-x)NCTNO-(x)BT ceramics. Applied loads were in the range
of 300 g with an indentation period of 15 s. Dielectric measurements were carried
out using an impedance analyzer in conjunction with a non-inductively wound
tube furnace. Fired-on silver electrodes were applied to pellets which had been
ground to a thickness of 1.0 mm. The permittivity was measured at a frequency of
| kHz of room temperature.

3. Results and discussion

Figure 2(a)-(d} shows the XRD patterns of (1-x)NCTNO-(x)BT ceramics when
molecular weight of x = 0.1, 0.3, 0.5 and sintered at 975, 1000, 1025, 1050 °C for
10 h. The same crystal structure, i.e., a body-centered cubic perovskite-related struc-
ture of space group Im3 [17], was observed in all ceramics. The second phase of
BaTiO; (indicated by 4} according to JCPDS file n0.85-1791 [18] presents in phase
structure of NaCus TiaNbOy» ceramics.

Figure 3 shows the SEM micrographs of (I-x)NCTNO-(x)BT ceramics when
molecular weight of BT = 0, 0.1, 0.3 and 0.5 with different temperatures, Their

= i z
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Figure 2. XRD patterns of (1-)NCTNO-{)BT when molecular weight of x = 01, 0.3, 0.5 and
sintered at (a} 975, {b) 1000, {c) 1025 and (d) 1050 °C for10 h.
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Figure 3, SEM photographs of (I-)NCTNO-{x)BT when molecular weight of x = 0, 0.1, 0.3, 0.5 and
sintered at: (a) 975, (b} 1000, {c} 1025 and {d} 1050 °Cfor 10 h,

microstructures reveal a monophase constitution with uniformly packed paratlelo-
gram shape in grain. Compared to NCTNO ceramics (the left side of all Figure 3),
it can be seen that the addition of BT resulted in a reduction of grain sizes in all
(1-x)NCTNO-(x)BT ceramics. This result agree well with the studies of PZT-BT,
Lip.12Nag sgNbOQ3-BaTiO3, NBT-BT where the grain size was also found to reduce
when BT content increase [19=21]. The densification of (1-x)NCTNO-(x)BT
ceramics was improved significantly by increasing the sintering temperature in the
range of 975-1025 °C as shown in Figure 4 and Table 1. The (0.7)NCTNO-(0.3)BT

53
A 978°C)
o 1000 *C3
5.0 - - 1025 °C) PP
"E “pel0s0 T
N S
8% B
£
g €16 & ,/{—“ ......
] ST T
e ST 2
3.54
o
04—, T U y
0.1 0.2 0.3 04 0.3

BaTiO, content {mole)

Figure 4. The density of (1-xJNCTNO-(x)BT ceramics (for x = 0.1, 0.3 and 0.5}.



88

INTEGRATED FERROELECTRICS 77

Table 1. Densities of (1-x)NCTNO-{x}BT ceramics.

Densitles of (1oNCTNO-{)BT ceramics (gicm?)
Sintering temperature (*C)

Compasitions 975 1600 1025 1050

{0.9INCTNO-(0.1}BT 332 + 005 393 + 007 4,31 + 0.05 444 + 006
{O.7INCTRO-(0.3)BT 395 £ 008 435 + 0.09 4,87 & 0,02 460 + 004
{05)NCTNO-(0.5)BT 369 + 0.07 424 + 004 4.82 £ 003 458 £+ 0.6

Ceramicsintered aE 1025 2C shiowed the highestdensity{4:87-gfenr j-corresponting
to SEM result (Figure 3(¢)} in which a highly dense grain-packing was observed.

The micro-hardness of the (1-x)NCTNO-{x)BT ceramics by measuring the Vick-
ers micro-hardness tester. SEM photographs of fracture inter-granular mode and
OM photographs of Vickers micro-hardness print show in Figure 5. The values of
Vickers micro-hardness of {(1-x)NCTNO-(x)BT ceramics as shown in Table 2.

The Vickers micro-hardness values of (1-x)NCINO-(x)BT ceramics when
x = 0.1, 0.3 and 0.5 mole were increased with increasing sintering tempera-
ture. Figure 5(a) shows SEM photographs of fracture inter-granular mode and
OM photographs of Vickers micro-hardness print of the lowest Vickers micro-
hardness value of (0.9)NCTNO-(0.1)BT ceramic sintered at 975 °C, Figure 5{b}
shows intra-granular fracture mode and Vickers micro-hardness of (0.7YNCTNO-
(0.3)BT ceramic sintered at 1050 °C (the highest value of Vickers micro-hardness).

x=0.1,975 °C}

x =0.3, 1050°C

()]
Figure 5. The SEM photographs of fracture and OM photographs of Vickers micro-hardness print of
(1-X)NCTNO-(x}BT ceramics: {a) inter-granular fracture mode and Vickers micro-hardness of

(0.9INCTNO-{0.1)BT cerarnic sintered at 975 °C; {b) intra-granular fracture mode and Vickers micro-
hardness of (0.7JNCTNO-(0.3)BT ceranic sintered at 1050 °C.



89

178 (&) C WARANGKANAGOOL

Table 2. Vickers micro-hardness of (1-NCTNOQ-(x}BT cerantics.

Vickers micro-hardness of (1-x)NCTNO-{x)}BT ceramics {GPa)
$intering temperature (°C)

Compositions 975 1000 1025 1056

{0.9INCTNO-(0.1)BT 1.85 &+ 0.07 279 4 020 324 £ 024 6.61 £ 0.69
{0.7JNCTNO-{03)8T 310 & 013 389 £ 0.06 425 + 0.09 8.63 & 0.41
{0.5)NCTNO-{0.5)8T 282 + 010 377 4 0I5 621 £ 027 765 1+ 198

Tahle 3 Dieleclricproperties ot {(FXINCTNO-{x]Bi-ceramics:

Dielectric properties of (1-ONCTNO-(x)BT ceramics Sintering temperature (°C)

975 1000 1025 1050
Compositions £ tand £, tand & tané & fan &
(0.9NCTNO-(0.TBT 300 127 2480 1.08 3990 035 5470 124
{0.7INCTNO-{0.3)BT 2690 0.49 4100 0.87 80500 010 7370 079
(0.5)NCTNO-{0.5;8T 1660 132 3420 0.46 66100 Q.10 7280 025

For all x, the Vickers micro-hardness increases as sintering temperature increase
and the maximuwm value Vickers micro-hardness of 8.63 GPa was found for
the (0.7)NCTNO-(0.3)BT samples sintered at 1050°C. This result confirmed the
improvement of Vickers micro-hardness could be related to an increased fracture
strength in the sintering temperature higher than 1000°C which is correspond to
change the fracture mode from inter-granular to intra-granular as show in Fig 5(b}
[22-24].

The study of the dielectric properties of the (I-x)NCTNO-(x)BT" ceramics by
measuring the dielectric constant (&,) and dielectric loss (tand) at room tem-
perature with | kHz frequency. Plots of diclectric constant and dielectric loss of
(1-x)NCTNO-(x)BT ceramics at room temperature and frequency 1 kHz are shown
in Figure 6 and Table 3.

Figure 6 and 'Table 3 show the dielectric properties of (1-x)NCTNO-(x)BT ceram-

ics with various molecular weight of BT and different temperatures. The highest
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Figure 6. The dielectric properties at room temperature and frequency 1 kHz of {1-XINCTNO-{x}BT
ceramics: (a) dlelectric constant and (b) dielectric loss.
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dielectric constant and the lowest dielectric loss present in (0.7)NCTNO-(0.3)BT
ceramic sintered at 1025 °C. This result is corresponding to the SEM micrographs
and densification results in the previous section where the highest grain packing and
density was observed in the composition (0.7)NCTNO-(0.3)BT. Generally, higher
density sample give rise to the improvement of dielectric properties {25-27].

4, Conclusion

(1-x)NCTNO-(x)BT ceramics at x = 0.1, 0.3 and 0.5 mole prepared by solid-state
reaction method at various sintering temperatures were investigated. The XRD
results showed that the addition of BaTiO; resulted in a formation of second phase
The microstructures revealed a similar morphology with the grain sizes of all the
(1-x)NCTNO-xBT that significantly reduced when compared to the base composi-
tion. The densities of {1-x)NCTNO-{x)BT ceramics and dielectric properties were
improved with the addition of BaTiO;. With increasing sintering temperatures, no
substantial change in the crystal structure and grain growth were found but a signif-
icantly increase in densities and hardness were observed. The (0.7)NCTNO-(0.3)BT
ceramics sintered at 1025°C showed the highest density and dielectric constant
(~80500) at room temperature with § kHz measurement.
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