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Research Title: Study on the possible use of calcium carbonate (CaCOs) from waste
as starting material to fabricate advanced ceramic in the electronic industry
Researcher: Asst. Prof. Doc. Naratip Vittayakorn

Faculty: Science Department: Chemistry

ABSTRACT

This research studied on the preparation of calcium carbonate (CaCO3), which
is found in natural waste. Most of them are used as fertilizer and additive for animal
feed, which adds value to these wastes less. The study found that the amount of
calcium carbonate is up to 96% in eggshell. This research is to bring to attention the
use of eggshell calcium carbonate as a starting material in the synthesis of
electroceramic. From previous research, it was found that compounds with calcium
are the main component of interest; the 6 system include CaNb,O4 CagNb,Og CaZrOs
CaWO, CaCusTigOq, and CazCoq04. By using calcium carbonate from the eggshell as a
starting material in the synthesis by solid state reaction method and then studying
the thermal behavior of a mixture by Thermogravimetric Analysis (TGA), it showed
that for CaWQy a suitable temperature in the calcination at 600°C, for CagNb,Og and
CaCusTigOy;, a suitable temperature in the calcination at 800°C, for CaNb,O4 CaZrOs
and Ca3Co40y a suitable temperature the calcination at 900°C. After being calcined,
phase formation of the powders was studied X-ray diffraction (XRD). The XRD pattern
of 6 systems showed peaks which matched the peaks of the standard database
JCPDS very well. From the results of Raman Spectroscopy (Raman) and Fourier
transformer infrared spectroscopy.(FT-IR) showed that the peak occurs in the
vibration mode of bonding of the powder in the system properly. In addition, the
microstructure of calcined powder was studied by Scanning electron microscope
(SEM) showed that the particles of the 6 systems are polygons shape and the
average particle size depends on the temperature of the calcination. And properties
of the dielectric of the ceramics show that when increasing the temperature, the
dielectric constant and dielectric loss values shows slight independence with

temperature and frequency of measurement.
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UTLUUA AAIMNTIUNAIERN QAAIMNTTUNTLAY QAAIMNTINE 9AAIMNTIULYIIHN
geanIsuwil saluidlugnaiunssudndeuin snsniulaupalenasuaiunvadlne (2,
3] agduegludninSevar 10 seol Tusvvndnuraluasusiunlulsemeadiuiug 9 578 [2,
3] TugruaudiduusEmaindaid 2 5o fyaA1naInsINUsEUI 2,000 S1UUIN LAy
waaLdeunsusiun dnluananiuldiedulssna AuAaTBuAFUBLUABETIUTEIM

s

1000-8000 Un/6iu [2, 3] MIUAUAUAMAIN AINUTENS UavIUINVBIBUNIA AUUTANS

1 v |

wazAuNNUBILAalsuAsUsluanildulugnarnssuBiannsetinduurout19asULANA1
PNYRAMNTINDY Llesangnannssusfind miunudidnnsedndlinnudnluazdodld
TAnAURITUTIIANUTEVITAWINY wagdosrntldisdaleovy WesnUsednSamveausniin
o ¢ Y o a a S v o a Lo N~ &
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SNa 4 | 1 =~ 3 A
wazANAMNANIlUgRaMINTTUBNY 1N dwaliisiauaa@euniivaiunilylugnaivnssy
S ! di Vv [ ¥ o ¥ ! =
UflAgendnlugeainnssugunatewing wagdnduneaindiansislssina lnsuaaigey
A1SUBLUAAINUIENSIINATITeEa 99 Hs1A1UsEua 10,000 umsdeilansu [4] ave
wialdmasiafununisuanideuingaarduisaiailunisvuds AuiuIedeiasanis
& v =~ 3 o 4 & A qu i =~
anudululavesnismueadsunisuaiunaindanmdeniaielinauny lnguvdunaidey
AsUBUAINIansTINAmAR N Inudlnglaun Waenvesnnuilia nszaesdn nTzgn
v ¢ A 1 o ¥ d’l’ v ! =) d a IS
d03 waziUfenly anmsvinismdeyailesiunudl nnswWseuiisudsunauaaLdey
s i i -dl s a =~ I3 - o =
A1SUBLUAINUUALIEY NudT LWRenludiuTunauaa@uasualungeian [5] lneiaads
96% wardn 4% WWuansdunsd [5, 6] WU LUSAU F991868n15ATnR8ANNSDUY Ll

Wisumeguiudenvey nulnldenresivsunnuaaideuasusiunagsening 40-60% 7
mﬁmﬂummﬁﬂ?}umsﬁu wunihden (Mg) 896 (zn) FamndesmsiidnesAusenaumani
FodldisMgeenuaziismgs

dlofinnsands mslduuaadouniveiunlugaamnssuesindmiva
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fngRvsdudmivnsduaneiesfindugmaevia erfitu lulanasledidnnin
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nundaluinisiueal@auaisuatunanniudenliunduaisaedulunisdunsizviias sty

N

[

FdvFeaulanas@nwanuduldlalunisldueaideunsuaunanniudenlumdenanedu

e

[%

A15PIRUANNSUNAASIHN I UTEUU CaNb,Og CagNb,Oy CaZrO; CaWO, CaCusTiO;, hag
Ca3CO4OQ



1.2 TnUTeaIAvaUITY

1.2.1 Anwanudululdvesnmsihupa@eumsvaiunainiddenlugaduianmie

1% (%
a a Y

fsangraimnssudieg dnnduingavasdudiniundaesniniildlugnaivnssy
diannsedind MeITURAseaa Uz oDl

1.2.2 vhmsanwigamgiiuealeduaznaudimunzanlunisdanseinssdnly
S¥UU CaNb,Og CagNb,Oy CaZrO; CaWO, CaCusTisOy, bay CazCosOg tTuARLT 8
ansusiunandenladuansiady

1.2.3 Anwlassadiandn nsdsua audivienienin audininnudou
anURladiannin wasdygnuinervesawdnluszuy  CaNb,Os CagNb,0y CaZrO; CaWo,
CaCusTiOy, WAy CasCo.0, Mduaadoumivaunanidenldduansady

1.2.4 diodmwan 3T AlaluafianluasasIvn1sseFuf LasuIuInd was

ANTUNT TIUNINTSLEUDNAUBLNUNIVINITNI LA AIUTENA

1.3 YaULUAVDIUIVY

1.3.1 guasrevmananlussuy CaNb,Og CagNb,Oy CaZrOs CaWO, CaCusTigO;p

way CasCos0g ﬁiﬁﬁt,mal,%smm%uaLummﬂmﬁaﬂlsu'Lﬁuaﬁ&”’qé’ulﬁaﬁlﬁﬁmmﬁﬂﬁﬁmmﬁqwé
BN EE RGO NITY

1.3.2 WIAA LY UNINANSZUU

CaNb,0g Wag CazrO; gaumiilunisig 600 — 1200  IALvALTYE
LA MUAITRLY 15wt -4 4l

CasNb,Oq 9aunHluUNITIHN 500 - 1200 peALvALTYE
LT UAT T 30u7 -8 Falug

CaWO, gaunIluNITIHN 300 - 800 DA LALTE
LTINS 15wt -4 4l

CaCusTigOp,  gaungIlunTsen 500 - 1000  aALwALTYE
LTINS 15wt -4 4l

Ca3C0404 gaun AN 600 — 1200  eALvALTYE

1.3.3 9519@9ulAT9@3s19uan audAnienienin n1swlasuwa audaledidnnsn
LAz dugIUINgT ¥a9anslusEuy 58U CaNb,Oy CagNb,0Oy CaZrO; CaWO, CaCusTisOs,

way CasCo,0, NituAaauasuaunandonluiduansadu
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1.4.2 nywiseumgiunalsiuaznaurfimnzaulunsdanneinmdnlussuy
CaNb,0Os CagNb,0Og CaZrO; CaWO, CaCusTi;Op, kg CasCo0 MLARLTENAITUBLUATIN
Waenluansaadu
1.4.3 n3uidlaseadrawdn nsiUasuia autinienienin audinisanudeu
aulRladlanysn wasdeyguine1vesmananluszuy  CaNb,Os CagNb,0O CaZrO; CaWo,
CaCusTiOy, WAy Ca:Co.0, Mduaadounivatunanidenldiduansmu
1.4.4 Wuyarvastagmdofionisnisinums wuwddenld annisdiduaaiden

AFUBLUAAMATNENNANIUTEINA
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1.4.5 1Anesdaulmidadudsslovdluideinanis Snvisdelddunuuves
ﬂismumié’qmeﬁlﬁzjiw:ﬁﬂﬁﬁguqaé’m%’uqmamnssﬁﬁﬂmaﬁﬂé e lUimunaz
Uszgnaldaulaasslunisgaamnssy

1.4.6 anunsatnausranuidelufivszuinnsuasAfuiineunsaanuly
NIANIMANNITTAVIAUALUIUNG TWFIN59nansTas iiedunsdinviuazdeya
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2.1 Waanla

2.1.1 gaamnssulalan

LY

lduingAundrAgglunssurunisudnewsidluszauaiaiseunarlussiv

o

goanvnssy esnlifisnegnniniednivargauludsansemns unlusiu 16.68%
Tusfu 13.26% indeus 1.09% dnfiud 0.58% saufiaimiudionasd (7] uenanillads
aansnthinugovnaitelduilne Taeasddvanovia wu luaan lden luann s uas
laigu videltiduingivsuiuingAvduglu nmsudavudlnsuianieg 1wy desves dauen
Nowmdu nesgeauaziuines MnuadiauTinaltluusaynivuanaianinil 2.1 Jaduan
wnliluwiasdfiudonligniindusiuiumnuazgnirdalasnisivliimauiatiluienay
wananluilalduselewianudenlanas dedenderldanelunisdnnisvuds wazoranala
Aadymiuduwndoumuandngae duimminddenlefidureundefivinduuild

TuiliAnUszlovilazdiwantymasnedounazdsivannsianinenssssugaveslan
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uansm EM 1a1dy ulsy TaiBu iy

A 2.1 USanadlalavilanuusnnumiu Grunes) (8]

2.1.2 aspUsenauvalaanty

Stadelman wag Cotterill  [9]l@s1891uBIRUSENRUN ALY YRR AN

Wasnlfuindnuszuna 11% vaetiunidnlivavas wWasnlumluasUusenaumewnaide
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ANSUBIUA (CaCo,) TatlailuesAusznoundnifiegluddenly Inawdenlvasgidng winns

Y
¥

10000 § BsagtanszuBauiukazsuanadn asadeuiinazdiedostudouuniidelaly
W llunesld esfidnwaziBundnsinyuiiuszneudie 2 nqulng Tanonguusnidy
a138un3d (%vesthwiiniuFenuiy) Fuhwiniideusenindlassadrendielusiuvion
3n98unse (Organic  matrix)  d@unguassusenaumivaiunsdansdien Ae wAaLduy
ANSUBLUA (CaCOs) 94% waatdauvlaainn (Cas(PO,),) 1% warkuniideuasuaium
(MgCOs) 1% vawuminudenuste uenani gr3504 [10] louansasAusenaumaniinieg
yoaudenld ldun asdusenevdwiidui 1.6% wavesdusznoufidutaguis 98.4%

asAUsEnauAeeglufenliuandlunisne 1

AN5199 2.1 a9RUsenauvaaldanla

viinasAusEnau Uunl (%) UL
1.1 1.6
2. Fngus 98.4 - uviseing 3.3 % isuianuadulushiu

a 6w

- 9HUNIEING 95.1%

33 100

2.1.3 lassassveavdenty
Waenlafidnwaldsiaduidenuliuazldaavauiudused (radial) 2neud
£ a Y = =t 1 I = 3 a a [ Y a A J
NaN9AENE BRI INaNTaLU U 2 wan wainndadudunisan s filiouszniig
wad (organicmatrix) Wulusfiunuuideniuisiinnszan (collagen-like) NUszaulasedniu
fuszua 1/5 vealassasnaudenld wanfaewdudiuusenevreseiiunsdasaieg oA
Usgnovdwlngiduneal@eunisvein ffleguniiduueniafounguiluiiloiiu (metrix)

YaaUdan [11]

2.1.4 dauusznovvenddenlrannsauvadudusine fuoluil
2.1.4.1 waeuRdld (cuticle) Usznaumelusiulunanindousguuiianu
uanvesdenlusianun farumuivszann 10 lueseu (121 fvdhittosiunisgande
aau mssudlululivesdeqduniduariinnaudilifivinutieonls indeuiialy
annsavaneanidielasnisdaimieurluasazanense
2.1.42 jwWienly (pore) JugiUavsnailienluldnuuzidugunieg

Woulvsanneuenialudlunsiteniuteseniaiiudentulu (mammillary layer) vu1n



'
] 1

voegiUdenlafidaus 10-30 Tunsou Tnesssuangfiudenldasdiogussana 7,500-10,000 3
Aowdenlindmes S?fﬂul,mazﬁuﬁsuaaLﬂﬁaﬂlﬁd%ﬁﬁwmuﬂmmﬁu [11,12]

2.1.4.3 Wiontuuen (spongy layer) Wasnldduuoniiniumn 2 lu 3 ves
Waenldvamuneginfuiudentduluusznousiendnuaaled (Calcte)  1nquiintuuiy

<

Wundnuazazindnueadsunaamsidusirlsynausesaun wWasnliduuanilayliaiu

<)

Wusunsakazaukdannuaonty Tnganusduwazhdanssaeduninis1uusningy

Y

Y
a o

Hl
snwaizdundneguuy uenaniiigdngsnunnidenlssndenlssulundeiidud
Fugnsuuuuresiusudausannegde

2144 wWaenltdulu (mammillary layen) uduiiunswesdiende 1/3
suaﬂmmvimsuaaLﬂﬁaﬂlﬁagﬁmﬁuL?Jaﬁ:mlﬁd%y’uuaﬂ Usznaudaeuiiuneugsiuaunn
(mammillae) Ywarindnduiuieregdatuiborulivaetumsooniudafiborfulddu
Tufunskuvesenmelinszangluidendutl Yufudenuszneudeindousiilaiiu
wAnnsrwegseuiniulusiureadon (granular metrix material)

2.1.4.5 1fevials (membrane) Hovfuliusznausieduloneuszanufiundy
peesuausnnuun 2 du i Wedulufeuseuldumauuenuandetuuenagsswing
Bodulusudeniidrutiwvenudenliideiderassuensanainfududesoiniavedls
m'mvimsuaaﬁﬁzm?jaﬁ:ﬂﬁdﬁg@wmﬂszmm 0.07-0.11 mm [13]

2.1.4.5.1 etulu (inner membrane)

Huduunadsunmuuszana 2.7 luasouvhuihdideusouldun
Tnehluietulunardunonisfoufndu sncudeldfionguniuduiithuresudenlyas
\Andudesenmieweadlaviolnssennie (Air cell) Wioldeenunlvaie gamgivesladsgedslsd
Fovin Weldibuasesvammeluldasnadahliindulnssemeduuasdwnihssme
panluinn Aavilinssennialugiy

2.1.4.5.2 \foduuen (Out membrane)

Hutuftegseviadetulutudon Wetulazfnuuuiudon
Hulusazauulusuudents Wetuueniuvsesnitu 3 du Fusazdulszausudesaun
Tusiu Fuuenanidudilelsiuussinmaniuidnuasduduuuoun 2-15 Tuaseu 1du

Tedunansd@rulugiluuseinniinfuuszau auuiudenldvunn 8 luaseulidnwasidu 2

(%
o I

Fugasnantuluvainauisutdudaiderdunazuensanainiulaein dutuluazidu

a

AesiuanvesduATRuany Ussanunudusiwnddiieuiutasamintiuiale vinlioull

WieTumarianunuIUseunas 14.8 luasou



v. thngnlden’ly

or = = "
_________ 1. ———— Tagadavdaly

a2 o= 2
S ulaanfunandlupinds

¥

waanruluTlsangu

I
———————— Juitunfaonluy

// l \\\ e oy
e } g ———— (Banfdanly
- I
thntasszineama fagiwnnTisduiithnresszineeme

awi 2.2 Wasnlrsusudnulng [14]

2.2 nMswiiuyannldiuaenly

Suguro et al. [15] s1891uluawideIn USEN Q.P. Corporation s[,uﬂixmﬁfljﬁu
Tugenlmiduemsdaiuasdsluyiinm 70% veavdenliumdedislunisnan Suguro et al
[15], Schaafsma [16] na1171 Waenlawng (eggshell powder) fivsunaumalfouuseanuios
az 38 uavovasiluunaweadenlunyudlanisndnuaadouanudentaluguuuusiieeg
nAdenanlasunnuaulasnniu Suguro et al [15] nmaonantUdenlung (eggshell
powders) Tngudenluraesndruaziiliunn anduienldvuagldunsoen wWienld
waziderudenldgnua wardnset ileusnieruudencen mnduiuiaddonly was
undnadslhdunsaziden wlddenlane vieunadeuanniudenld (egeshell calcium)
szdlupaidanyszunniosay 37.7 [16, 171 Tuussmaansgeiusn, finsandnsunsiieaiu
nsrurumadenlimdefiauuenesdusznevesniliudiudenliuazdiuvonde
wiu Wunsifiugadivesszndeiadondrudowmusuiulsznoufasaaiay
nsnlegrgsounaznsnozilufislyadigs lnsanunsnthlulidudiudsenevluedosdensd
[18] fegrauiiled a.e. 2003 [4] finsuseAusiaTosdionldlunisuoniomuiusunas
wWaenldeenandu lnedidnvuzdudsldvoanar Wewdenligndaitumdveanan diu
yeadeinlusuLazasUszneudunidazegluveunar druveaudenliaiunsagnuen

pantuls Wal a.a. 2011 [19] ladin15andnsUnsNeIfUNSEUIUNITHENLE DINLUTUDBNAN



& | < A oA yas ) = =
wWaenly Inedunszuiunisineiiles TsnsAnsualunIsuendouusueanaINUaen
19 9 nfduusspiamuusuluussduaniuangauiodiludnssuiunisuenasdusenauiive
HARa1sUsENaUBUARlY FeasAlsznauntalivesUdanliuy Usznaudiulaaldys
ASUBLUA (CaCOs) Seuay 96 @luilinaniouay 4 Usenaumeansusenaudunsdiasdves
wWaenly Wesanndenliuseneumenradeududiulug Fsiinisihdveaddonluunld
Usglowilunssuiunmsuanemsasuwaaasidawuuilin [20] Ineldvoaundedis 1du wWaen
lauazidenvesussy Wudu dnldduunawaa@euiiiaiuadluoims wenainduinig
nanuAageunsniUdenldioUszansuanisnisunmd [21] Ingldimatdanisdusieslunis
wondvdenlifiuldvnuaziBeuiusuimaesy 3ntuinauare1audiinIsunan
Al 150 lulasuns demen1sdnvuinounIAwaranestad Fanuinidnatunis
SnwilsAnszankasn1IZNIVINLAILLARLTNRINNN ARSI A LMD LOE19R

2.2.1 whaeudnSuNan el uemIveyyd [22]
= a d‘ [ = I3 [ ¥ U =

WienluAuieglugvanmradeuasuaunvasnelisaddnsalunisin aud
AMNEINNTaIUAITAaTATeA uaavaunsaiulduuvasea@oulunisdunsiviinie
WARBENEY 9 1Y Bwse, Weawln uanwniavnglaiun waaldeudnsaiilaandenly
anusaiunldlaenisazareunlanaslduna@ouludnsnvesdivszansnagaiiolddu
HEAR USRI

2.2.2 nadenlidmiumsinuns Jedivaiu ownsdaivseldlunisidnlany
nun [23]

UsglytveaudonludaiUssuifisuiunaa@eauilaanunasssusaoue
= )~ o a ! s o & )~ ° = & & v & o+
ArvziiszAvarsiivedlunaeiiia vieaseasiinisiiveadsandenletuldidule
= A a ~ Ql' oA 1Ay v =
Wesnniivsinavedaadeunazlulnsiauigs uidenlanlaunainvesdegnamnssuens
neliiAnuafiwilelin1sdnnisedeligndeansizlasunisatiuayunisnseyinieqadiine
nsanertiyaduluiinsinddenluludieldidusimsdnd (esnizdmivdnidn) laesy
= A =~ | & N a & |
Anwiuszana 80 asrwadua Ixisann1sUuiloungatvivevessddenly uanain
sviluumasupafouudy Sailusfiubeanlavn wazwdenludnsae fnssuaunsfindneiu
upldnseuldenlafn 105 esrmuwa@eadunal 72 Palusdmsunisldmdauanidounay

peMmnvulaulufu

2.3 upatdeuansuaiun (Calcium carbonate; CaCO,)
wralenmsusiuaiignsadl Ao CaCo, \Wuwsifieglaevilulusssuwd lnewuin
agluusunn 5% vesdminvesudenlan waa@eunisuaiunysenaume uaalleuoanlys

(Calcium oxide; CaO) Spway 56 wavAsuaulaaanlen (Carbon dioxide; CO,) Sauay 44
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[ < = 1 S 1 - Y A e
’dﬂ‘HﬂJB‘VﬂQﬂ’]EJﬂ']‘WLIJUNQﬁ“UTﬂiJaSa’WEJUW (5, 6] LLﬁ]ﬁ’]ll'ﬁﬂa%ﬁ’]UU’ﬂﬂLll’e)llﬂ']"?j

Asvaulneanlen waawauA1sUBLLAlAeIlUTTIASIES19NEN 3 wuuAIeiU AININA 2.3

b) aragonite

© o @ : Calcium
& : Carbon
@ : Oxygen

b) vaterite

AN 2.3 LanalASIas NNANTRILARTIENATUBWUA (CaCOs)

Ingyilanideguiniigalaun 1. wnaled (Calcite) lnewlu CaCo, fllasw@s1ann
Junvusenludasau (Rhombohedral) 2. azanlnlusg (Aragonite) 1u CaCO; NiilAsaasng
nanuealnsseudn (orthorhombic) wag 3. Mmnelsd (Vaterite) 1w CaCO; Nillasaasng

= & = o = ] 4:4' v dl
nantukuuianszlnues (hexagonal) Felassairsndnuuuiidunuuinuiesian lng

TASIASIHANTIS 3 YRANANURNIINIIANALANFIAUAIANTIN 2

P U = s
M99 2.2 LEANAUUANINAIEATNUDILARLLLUAITUBLUG [5, 6]

auUANI9NITAN Calcite Aragonite Vaterite
Solubility product (K,,) ~ 3.36 x 10 6x 10" 1x10""
Density (g/cm’) 2.71 2.93 2.54
Hardness (Mohs 3 3.5-4 3
scale)
Refractive index 1.58 1.63 1.65

Coordination number 6 9 6
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2.3.1 Uisensaanefmvatiaadennsusiun (CaCos,) [24]
Ufisennsaaneiiveiiuyunsounaideuaisuaiun (CaCos) AigaINusau

L3

lviufansveulaeanled (CO,) uazyurivieunafeussnled (Ca0)  wunldly
gRavnIsuM AR uTLAdsiiyuvdudiunaumdn Uiiseseuieiiuyurdounaifen
asuslunfunsaiuzduniensafuUsradsiiogludunsa asRnufisonaiifuunaidos
alnn (CaSO,) vionradaulumsn (Ca(NO,),) tazuianisuaulaeanlan (CO,) AaUNT
Aot fuanvmnisiviligudu suungadn finorans dhuiFeunarisnoasrsivihdng
Jursenugesuinnisannseu

Ufisemsaanemivesiiuyumeniuiou

CaCOs(s) —anusou—> Ca0(s) + CO(g) (2.1)

UfAzenseninansafiuasusiug
CaCOs4(s) + H,SO4aq) —>  CaSO4(s) + CO4(g) + H,O() (2.2)
CaCOs(s) + 2HNOs(ag) —>  CalNO3)4(s) + COx(g) + H,O(l) (2.3)

2.3.1 msldusgloniuaafouniivaiun [25]
waaweumsuaiungnlduingivluagnaivnssuvane 9 Usean Lleandl
wa o v = v = = 3 a = a 1
AaudinualiazBenlandiy IneraziBenraupadunaisuaiuninnuatosmaaiuag Ly
[ a dy va a a ' . 1Y ¥ o .
Wuiiy wonanfinuandfniauduy 9 Wy A3MuY17 (Brightness)  n1saaduugy (Oil
absorption) 7.89UselevUARAAIMNTTUUNUIELAN LU RAAIMNTIUNTEANY BRFINNTTH

wanafnuazens anannssud 1usu

nstueaennsuanlUldusslemilugnaimnssusng 4 lawn
- QAAMNTIUNTEABILALIEONTEATY dmSunTeauinillou nTeavensaiuuas
aunseaunldlud1ineu nsgarvaeienas nseawlsiden nszavdedaiurinnyin
FITINTEAUNABIUTIUT U YRGS 7
a4 o v = i v = = !
- guamnssud dwmsvdgeamnssy anldlununeasiseaswazanlvlununnues
a 1 U = a 4 [ [ ! aaa aa
- QRANMNTTUNAERN LU wAiey waraRnvuaeliuazaislnsdne viewid #id
a a aAaa I a a a i3 a ¥ &
waziid Useniid Wananain wanaindmnssulusaeus autlanuaesasus aululasiom
waznvuzldons Saunsluidunaafnildlunianisunng wu ddeudniagy doundie
- @RATMNTINEN LU B9 lULAZEIIUBNTOIUA KATTOINTUIULUS TBUNT TIUN

YN UA NS U ALIVUR1BEUAT
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- QRAMNTIUDU 9 U 9wnTdnd Ju endilu nednvlen USuuaaunnvesiuLas

Yrumnn

ansnAulaumaennTusiunveding Yagtuedludnsnesas 10 sell &
UitnAnLeaEeumSuaiurluUsEmAd L 9 1o Tuduuiiduuinanndend 2 5
fyadmanstssinn 2000 &uvm lnsuradounsueiun dulvgndndulfiodly
Uspina TAuAaLdBuATUaLunag sz 1000-8000 Uw/fu TituiuamnIn ANLUT
g5 UavIUINYRIRUNIA (2, 3]

definnsands msldnuneadeunfueiunlugnamnssuenindmiunu
Bidnnsefindudtu wuiilugramnssendindidnnsedndiinnsliunaieuaivowmdy
fnghvisdudmiunsdunneienfindugmaevia erfitu lulasanladidnnin
CaNb,0; CagNb,0y Tanladiann3n o819 Wy CaCusTiyO;, TaulUTR Tanmesludiannin

Ca3CO4OQ L{jug{u

2.4 BiEnswiiniituaa@eudussdusznaundn
didninswriinduesdnfugedldsumatautunnieliesdnmatuuans
dutimsliiilanuosnuuagldnuautinne warilumedidnsnin faaneise
wudidalnsienfinifunadoudussdusznoundndegnarnvaneda (26,  27] 19u
lulasnladidnmsn CaNb,0, CagNb,O

LY a 1

TanlaBianasn 919 19U CaCusTigO;, 5ulUS

[y

9
Januosludiann3n CasCo0; ﬁaLﬁuaa@;ﬁﬁm ylunsasdidnnsendn
2.4.1 waaweululaiun (CaNb,Og)
wna@eululowmduiaglulassiledidnvinviavdsiilassarssdnuuy
palnsaudnlnedinanfion1snines a = 14.92, b = 5.752, way c = 5.204 A [28, 29] l95uU
mmau%asmqaLﬁaqmﬂﬁauﬁ’mmaLﬁﬂw‘%ﬂéf’]uimimnwmmwiu TnguanA Q*f = 21500
wazdlen Tf = 13.3 aunsavssgnaldidutanlulasinladidnvin Selundndu CaNb,0; Hu
ansisthAnansaudinlauanailafnuasianinisiauasdingy Blue Luminescence)
ﬁqmw{]ﬁﬁaq ASEUATILI CaNb,Oy Imaﬂ"’ﬂﬂmmiaLm‘%aﬂéfﬁnﬂﬂﬁﬁ‘%a’lamumawﬁﬂma
MiUARTe1TEWINg CaCo;, wag Nb,Os Wianufeuigauvndll 900°C [29] Fsandeyaiils
Anwnuindslaifinngi caco, amnwdenitunuansasiulunsdaasizias
2.4.2 waaweumeUilasinmiium (CaCusTiyO,p; CCTO)
LmaL%mma‘dLﬂaﬂwmmmLﬂuL%swﬁﬂﬁgﬂﬁuwuiuﬂ 2000 [30,31] laeasn

a a A P = & a a = v a . . I
Nﬂ%u@umiﬂiﬂﬁiwwaﬂL“LJ‘LJLL'U‘UV’TJ‘Uﬂ ANTANYINIELNAUA Neutron  diffraction Wyl
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space group fe Im3 dlanfignsiimesivinnua = b = ¢ = 7.391 A [30] :nn5ialad
\EnviEanuinesiiin CCTO frmsiiladidnningann € = 107 wazAlndidnvEniiinldlsl
Juivanuiuieenud 10 MHz Bslundriiu CCTO [29] SauamsduuszAninisdsunas
lnBudnviniislutsgaungiifiniis (100-600 K) uenaniuamuimdniAsives CCTO Hu
wansAnnsfiladianysngsiia 350,000 8nde [30,  31] ileRiansanantiladidnninues
CCTO winuify BT wudndudfigsnd ey ccTo Feldsumnuaulanazgninluussgndld
sushuiufudsey fduisazgunsalifiundanuaamuiuiugslugunsadidnnsedind
unwin N15daATIEE CCTO  ansavildvainransisvieisnissfoumaainayinis
wisLuuuUFAzan1ugveuds lneiiideuldRenandsunuuuiisenanugveaudaiu
nsthanssafiu CaCo; CuO  uae T, wmawsufumudamamudvhmannfigamgd
Usg3184 900-1200°C wrudidunnanun 2-48 Falua [30, 31] Aagléfuandn CCTO Faann
foyaildnumuingdlifinisth Caco, mndenldufumsieiulunisdunseiae
2.4.3 uAaLTIsaLan (CaWo,)
weaeaiaanniutaneiunididdyduihluvssgndldlumaie dugu
msUszgndldluaumginssumasunisifeauas (uminescent behavion) 1Hiduansiiis
U699 aunsalngiadndudunssd (Scintillation  counter)  tawwes udinsiain
arwdunazidulouiniuastnlngfiuaeud (Photoluminescence)  [32) MadaLns1zs
ansusEnevannsasildlagnsihan sy Caco, wamdniu WO, Tudasiauilmanzaui
MsUANANLALINTIgamMYT 1200°C Aanansaldlesiiin Cawo, ausiesnis [32, 33] 39310
foyaildnumuingdlifinisth Caco, mnwdenldufumsieiulunisdunseiae
1nddsiRgteanuisilifinsiwea@ouafusiunainiudenlaan
wanduindmivgnamnssudidnnsedndias uazidlefiarsanidenmalunisliusslowd
Waenldaduresdomdods Mfuisduuanudefiazinudonldulfiiuundunadon
ATSUBLUA (CaCOs) 1uﬂ33mumim§mL%swﬁﬂ%qumEJ(#T’; 219U CaNb,Os  CagNb,Oy
CaZrO; CaWO, CaCusTi;O;, WAy CasCoO ?fammsmﬁmgaf’hﬁuaﬁammﬁaﬁﬂﬁlﬂu
dutsznoulugunsnididnyiniindifsaigeduld Senszurunandndunssuiunisiil

Fudou lidesnsesesdlionsogunsaliiudngadunmsiiualdineglunisude

2.5 nszuumsUszendlduaadounisuaunainuionlainaduasasduluns
= a a a v ad aaa < . .
W3BUBLANINSLYIIANATTUR N80 ULV (Solid state reaction)

Tunszuaunsuszendldwaaleuaisueiunaniudonlaiiaiduaisneiuly

'
ada ¥ a

nseseunSeudanInswIIdn Isnlasuaudeuunn fe n1steseulasldinafulduna

q

(powder)  GaN19LH38UIINTTUAMNINVDINBITITN AT BN HUTAIMUE Ay oau TR
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finiluegnaunn FBwseunsesfiniigniswienegnanedsieiu 1wu nsanazneusiu (co-
precipitation) lalasmesuea (hydrothermal) 35U{A3e a0 1uzv0ude (solid state
reaction) lwataa (sol-gel) tusiu Felusuideilasiansannismssnlneufiisetanius
< . . P & ad = a o v a a all
Y8auTs (solid state reaction) asanidudsMswieunlidudeu wisulaluuSuuiuin
Aonse arsnssuduansusznavsenleavionsuaiunveslans@adisnaign uwiisundadl
Toids Ae mawlinfwseuladianuuiansaout e lieieuiuisnswseuniuadl
Tun1sm3euedsuiisenaniuzvouds wiseanidu 2 Juneu Ae

NILUIMNTUARANTIEgNUA (Ball-milling) wagn1siinUfizenanus o

2.5.1 nsgUIUMIUARANMEgNUA (Ball-milling)
N3EUIUNITUARANAIEgNUA (Ball-milling)  \lun1suanaulagly
wssnalunisuanasuazlusenitanisuanauiaglifinisidsundasmaiad fifiesns
Wasuulaswnaimeamviii  nssviunsilduanufeugdlunsihanldifieanaun

o o

Ql' o Aa dl 5% v
’E]Téﬂ"lﬂN\TLQaEJ anqﬂauﬂqﬂmﬂwmiv\liuclﬁﬁ@ﬁﬂLL‘Uaﬂ‘Ua@ﬂJV]Ej\‘i@%ﬂ']ﬂiiﬂﬁ&@ﬂ@@ﬂ GHFMFL

Y 9

[y

dnldlunisuaneunansiniadulidudeferiulunien 4 dunisanvuievedeyniea
Tagandenisuyuveandiounifidnvazilunsanszuannads duuieldlunisdalnnumis
lunfiaunilagldansiidesnisuanaugnuanazarstislunisvaeduluusunanmagauiu

wnvemdoun lngluraeivdounnyugnuanusigedsuluagdesiinisindeunaaiuiy

Y

Y

18NY3 D AaNNi 2.4
IS « d‘ o 1 é’ =< o ! 1%
anuAlziinsindounanduvie B Aulaudisiumvis A udinnas
Y 1% ] = o ANy o= = = & oS A

WnsEunNAvayNIAIUALaEINsWEeAdiy Feazlinsiedeuliduiniuilluises
lreuN1ATeEN T IUINAAANLTEBIINNNTNTEUNNYRIRNUA MSIdeRdsEniaouaiuan
un Turaeinsnssunnuaznisideadinariinlieuniadnasidainliiindsdaulsauiu
WU Fuduvegnuanisentitvemdaun Minn1sannieunaneanudalymimaiidaiunse
Jasiuld lnenisidenldgnuaniamunimauaglindounnvihandaniiawisaiidneenlan

gaumnglien Wy nileuananadin Wusiu
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MW 2.4 UARINMTUARALAIEANUA [34]

2.5.2 mafnufiseranuzaasuds (Solid-state reaction)
ﬂﬁLﬁ@Uﬁﬁ%mamuzﬁuaﬂLL%ﬂL‘fJumiLﬁmJﬁﬁ%mﬂﬁmiamaé}’wm
Y o aaa a < < a (Y] v ¥ 1 5 Y aa I~
AirufAsenialuvewdsrialuiduing Inenislinnuseuinarsaenundaaiuzidu
yosudufioilminnisaatefmsoinuffsowaziinduveswlsvdalnad@uu Fan
NT2UAUNNSRIINSHARLYY (Calcination)  @15A9AULAADUASASEIRD AU LAYDIANITLNS

seyineiuveslonaulunisuisn1sanreuLURYBINISUNS IUTURBUN ST LA DS

® 7

a2 s ¢ = 3 o
Nﬂﬂﬂm“ﬂ‘l’ﬂﬂﬂ1ﬂﬂ1‘i‘l’n
: &
= o ey 1 a = ey o
HAIHTH Ndlﬂﬂﬂ1‘i1’l1ﬂ{]ﬂﬁﬂ1ﬂ1ﬂﬁ’.}u mmﬂgﬂsmﬁuy‘sm
§)

=1

JUT 2.5 uananuuinaesanvauzmainUisenaniusveswds [Aauwdasann; 34]

Y

maiaufisenaauzveuds (Solid state reaction) ille (n) nawauiup graunsAaUHAzeN

(v) Insvidiseninduuisdiuiay (A) WeUjisenineesauysal

lngnsaateiituazgnauauaisdadenisaunadans

Aaq@eladennaaunamansveinisaaleiiuetagnatuauanuisluauvenszuIuns

aaa

salullfe (1) URAseiurs (2) msaemanuiouludeiiininuiiseiwas (3) n15uns
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GUENLLﬁ”aﬁ‘%amﬁumumﬂﬁuﬂaﬁLﬁmﬂg‘jﬁ‘%mLﬁﬁ’wiﬂmmimgwquiu%wi’mSrumm UadudAgy
ﬁﬁ?ﬁw%waGiaﬂmﬁmﬂﬁﬁ%mﬂmﬁmaaLLsﬁﬁiwdnaqmﬂwwaaﬁaﬁwﬂﬁﬁ%mﬁuﬁwmaaEJ'N
WU SITNYIANILATYDIRWINULATUAENENIMY UINVBIDUNIALAENITNTEINEVD
DUNIA YUIAYDININAN ANANILANDVBINIHAL UTTOINA grungiuaziaanlunis

'
aaa IS

WinuAsen Inendnsnisiinufiseazanasievunvead iU jizeniudy  Wesin

] =1 Y a aaa & A a a & Nala
TLYENVDINTLNIUINVULAL BRI NSRS 1aziinTuleuvgliiady  Tunsdlidl
wianduluszninanisiuiisenusseiniaeziinasdondsusatvesnisiinuiisendu
2E9UIN UBNIINTUANUANLAUDVRIANTNALITAWAR D TEHEN TN TUAZ TV RIAFUR A

FEMINeAIUNTeN

2.5.3 N159AKY (Powder pressing)
v @ ad = a aa v =2 o o <
nsganaduisnstugleiniinnuadendsiuiunistugilavy
wa SinlgiunstusulesinUssinmmandaeifunndniunulasaiuasUssinmdu 9 1w
Fagnulnl wsdindldlunudidnvsednduarauwidman Bnsuguilunisinaesfinid
drunanvewUszay (Binder) Fwgvimthnlunisvaeduliraesininiousiionuiuly
wifiasd  anuudaduuusiinilagldnnuiy  Tnenssadinfaglavununiisngules
ndudedinsnanszninmawinlvguazvuadnludasduimunzay lfinnswisugy

DITVDINTITNATUNNUIUN1TO AR LAY

v ! Y < ! A
M3danse1anUslmiu 3 szuugey Ae
2.5.3.1 8AMUAULALY (Uniaxial) Haazgndnlunsiiusilagnseiiun

Pnfiamafey  Junuazlasuinanileuduseslundiiud  nsdadusuuuuiindnlaanie

Fuaundgudhidudeuyinu uwidnsinisndngs s1agn
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mIfI0uN

) )

v
v =

2NN 2.6 LLamsﬁ'umauﬂ'ﬁamugULLUUé’mmmmuLﬁm [ﬁﬂLLU\aﬂﬁ]’]ﬂ; 35]

(n) newsngnifuadlullRuiLarneesingnnadnlaglsenNIINARUUY

() FuuNgaTugluaIgnAueeniINLiuilaeidnm a4

2.5.3.2 sanuulelwaunin (Isostatic 939 Hydrostatic) Waws1dnay
A o v v Yo [y a e v addy
gnussglunivusivindigens waslasuaudulasseulunniianisnlvriuvedlua 354

A11150 HARTUINUAT AT UTaUTAUINNIIITUSN WALT AT UIUBAZTISTIATLLN

A A 4

Tuaga

=5
HWaWan

AARA
t1t )¢

111

1+ anudulaasedn

AN 2.7 wanan1soauuUlelaawnfn [Fawlasann; 35]

2.5.3.3 8pUz3oU (Hot pressing) n3sarduazn1shiAusouazyin

lunandeiiy  naesdnaggndmdiudiuringamgiigs  Fstmunziuwsdniifaua

(% '
a [ o o =

YouvaINgungiigunn q winl dwmduiledesnistununianuruiwiugaazliinnis

Y Y

& adaa =~

vegvaansu \WIsninmaddediavatedsenis damn wewndedddialunslv

AuSeuLnwiuiwazselidudledntuwmase wiiundsaunsuazongnisldnuduy
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2.5.4 NTEVIUNMTTUNRES (Sintering) [36]
nMswsiln (Sintering) Aensyuaunsnsaufouvivlioynieiin
nsadaiusefuedeauga Ainasindulussiuossen mafniussdeusefufinaaviily
sruvianundaussgalunasiindsnuanas  wennidienvnnanldinmamaindu

MERNIAMTAINTUNDYTENINOUNARLTUALLAZIANUMUIMININNTY Tnganduni1sve

a A

Y 3 a o Y a a 1% [y a [ Ly S &
AIUBIDIAUTENOUN ?IEJ@JEJEAG]G]ﬂ‘LJLLa’JLﬂﬂﬂ?'ﬁL@UIWlUﬂ’Jﬂﬂu 18NS 1IN UEL AT

sEniNeuNIANogRnfUANLYNTURBUNBYTENINNSUABNAN TR UNHIUNTUIY W
Julassasnsganiaiiusznaumenisianiziuveansunng q aauuidudiunisvesdunou
NIRIHENTIEY

[

AswWIBumesTuarUssneusie 3 Taefidifey e
1) nswniingaadugu (nitial sintering) Usznausenisdnide
Tmiveaaynia (Rearrangement of particles)  wagtinN1TAUlAVBIUTIUTEN LGRS
aunAvsona (Neck) uansfanmdl 2.8 (1) TnsmadulafiAnannsund nisvudsuule
nslvauuunanainuiensivania dmiunsiiuszneuseeymansinanaziinisadmie
nsudusifndundeutunisfiulnvesne yhlvauuandrsvesasldsiifmely

2) MsEingienans (Intermediate sintering) (WuaisAvunves

£
=

ABSLLATULAT U AUBIANN UL 3 NANA0E19TIALST LB INBYNIAEITINY

TnaTaRANUNINEITY YN IFTRINUNATINSYAFIAIDEN9TMAY LSUTLNTULALYDULNTULNATU

nsaunuinsedounvesdnattl vnlmindn1sAuln v NI UUIBATUIN TUABUTIEALTU

a1 !

lUiSayeenesiailindluvneivesinmesgniuasisuianisWeousaiu (wangngudn) wazay
Y a B o oA a a v ' a
duaangAnssudluiuiidegnuiniinisuendmvaneenliagsamn (Wingnguda) n1svn
AIYBUNUALAATULINGA LN TMINENYINAE I 2.8 (A)

3) nswningantine (Final state sintering) \Jugeignyuly
Furuisuladiewwazaoe gnidalivualuandunuegatn lngedenalnnisunsves
91N1AINFNTUDBNIUINNLUUIVBUNTY  UIMgeeanlUaniivediuay Fwgyihliiinnis
wdwisdunRudniiesdantes wuavesnsusiindulunswndngisgarineiaanin
o | < v a S & a < A4 o da
7 28 (1) sgulsimudmadviavesnsuiusuiuliveunsuiazinfouiiiiniignuy
deraligniunendiluagluinsuy Weansudulaseluagyilvignsugnuenesnamnveunsy o
swlianlenanisgnindnesntuld daudsmisiinisauaunisivlavaansuluegiefiiie

vibinnsidngnsululdldunian



19

MW 2.8 MsiawIN1sedlastadganIaiiannsiIndniuuanusvewds  (n)
BUNARIEANUBELUUMAINT (1) NITRIHTNTINTUAY (A) NMISWINTNYINEIN () NI

HiNYIaAvINY [36]
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UNA 3

ATAIUIUIY

luuntaznaniengasidenvesasiall gunsal 1ATedls NTEUIUNITNSEY LAENTT

) ¢ = a & & a a oA v <
HTIADULDNANWALANIZVDININEN INBLSUAILATURBUNTMSsuRaUdanluieluduans
FaAUlUNITFUATIEVNINAN WALAITHIATIZAHNINANLUTEUU CaNb,Oy CagNb,0y CaZrO;
CaWO, CaCusTigOy, kag CasCoy0y se3dUfATe @ UMDY 9nUUATIvdRUlATIASS
Wan nswdsung audinisnienn audinieauiou audRledidnysn wasdygiuine

YpanaNanwIoule Tnelisneazidunnuainunaludl

3.1 sswadidldlunianaaes
3.1.1 lulaweusanten (Nb,Os) mmu’%qwé 99.9 % WANlMEUSEN Advanced
Materials Usgineianigaiasng
3.1.2 woslawdloueanlas (Z0,) AMALIENS 99.9 % wAnlaeU3E Advanced
Materials Usgineianigaiasng
3.1.3 vhaanueenled (WO, AmuIans 99.98 % wanlasutm Advanced

Materials Usgineanigaiasng

3.1.4 peukafoonled (CLO) AMUTans = 99.9 % wAAlABUSHY Sigma-
Aldrich Uszinadiu

3.1.5 nindeulaoonled (TO,) auuIans 99.9 % wanlasustm Advanced
Materials Usgineanigaiasnd

3.1.6 ofiausanesed (Ethyl alcohol) ATWIUTAVS 95 % WaARlAUTHM Useine
Tne

3.1.7 wahilaueanasged (PVA) nanlagusem Fluka Useinaaingesuaus

3.1.8 agiun

3.1.9 N

3.1.10 11ndu

3.2 gUnsaluazialasilaldlunimeaas
3.2.1 vIanaadnnourUa
3.2.2 g1abusadnseueud
3.2.3 gnualwesiaily (Zr0,) vunaduluaudnas 2 5 uag 10 Tadiuns

3.2.4 Un1INUe
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3.2.5 nszmunesd (Foil)

3.2.6 ToUANAITNAERN

3.2.7 Fousnansaunuied (Spatula)

3.2.8 AU (Forceps)

3.2.9 Uninosuunn 1000 daddns

3.2.10 Jninesvuin 500 Jaaans

3.2.11 Untnasauin 100 Jadans

3.2.12 Unnasuuin 50 dadans

3.2.13 nszuentefiaueanagon

3.2.14 A¥UNTINTY

3.2.15 wyludwidndwmsuniuans (Magnetic bar)
3.2.16 ASAUAAIS (Agate mortar)

3.2.17 e@unanarndwmiuldans

3.2.18 N3EMENITIBLUBS 600 1000 Way 1200
3.2.19 osiily

3.2.20 §789a3iu (Alumina crucible) w3auH1Un
3.2.21 LLﬂﬂuw‘Iamﬁm%’Ué’msﬁugﬂwmLé’uﬂhu@uéﬂmq 10 Jadng

3.2.22 wuHulianiou (Hot plate) wioudwauaswuuLvan (Magnetic

stirrer)

3.2.23 \A3BIUAgaENALASLULURg e ELiaua (Ball-milling)

3.2.24 ip3es8nszuulalasan

3.2.25 \adesfiRdneamnuaziden 0.0001 n3u nanlaeu3em Fisher Scientific
UseinAdaney

3.2.26 30sdanslain nanlagu3em Flight Ussineadmaasuaus

3.2.27 fauansaumngil 200 asrwaldya HARlAgUTEN Fisher Scientific Useine
29N Y

3.2.28 w1 lnfgamgil 1200 esAnwaldud WanlaguTen Nabertherm
UseLnAleaTull

3.2.29 iATevlengisgngesisalgunaiinlasilines (Xray Fluorescence

Spectrometer) KanlAEUIEN Bruker Ju SRS 3400

3.2.30 seamesiunsniunsneunlawes (Thermogravimetric Analyzer) wam

IABUSEW Perkin Elmer U Pyris 1



22

3.2.31 1ARBINTIVEBUNSABNULIIZEeNT (Xray diffractometer) wAmlag
U Philips U X'Pert MPD

3.2.32 \AesSusnuanesudunsusnanlnsiines (FT-IR  spectrometer)
HARlAEUTEN Perkin Elmer $u Spectrum GX

3.2.33 in3pssnuanlnsiwes (Raman spectrometer) naalaaU3EM Thermo
Scientific 34 DXR Smart Raman

3.2.34 NADI9aNIIAUBLANATEULUUABINTIA (Scanning electron microscope)
HARlEUTEN Zeiss JU EVO MAL0

3.2.35 1309 LCR meter wanlnguT Agilent u 4284A

3.3 nszurumswssuraUdenldandenluiaduasrduluduasisvinawdn

3.3.1 ¥hanwazormdenlddeingndiay 2 seusavdrsiwalvazenn

3.3.2 Yinmnuazeaidenlimelefiaweaneseduaziluitrdeuiiioauliisi

3.3 3 YuUdenlefiuisnunsensnunans

3.3.4 Faddonlafiiunmsunsiuiu 50 nfuasuunszaunesd

335 mddenliasluvianaiainiiussggnuaieeslaifooguasziin
La‘ﬁaLLaaﬂaaaéaﬂﬂf\mmmqﬂummﬁﬂLﬁaLﬁaL‘TJuﬁaﬁdaﬂumwdaﬁu Unelrainiagiu
Framinniuedietestunsidy

3.3.6 thuiananainiinsungesfegnua (Ball-milling) Wuran 24 T

33.7 ﬁ’mmwmaﬁﬂﬁmumiuméaaé’aagﬂ‘um (Ball-milling) t3uuUsDELAD 11
nsedlagldnzunsansasldininesvuin 1000 daddnsuazldiefialeansgendiegnuaiu
SRRl

3.3.8 ldusudwanadludninesuazihlusemeieaweanaseauuunuliaiig
Zou vnmstuniumaenan wasihleuliuss

3.3.9 Ymsdanlufiniuniseuwianuameasnuaaisikasiiuldgedy
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AH 3.1 haasnmUaanty (n) NMeUaINISYNANNELeR (1) NENAINITUARILASAUAEANS
neutiluungesdignua (Ball-milling) () Mendan1sungesmegnua (Ball-milling) tJu

1387 24 Tlad

3.4 NSTUIUNISIASYUNINANLIUSEUU CaNb,Os CasNb,Oy CaZrO; CaWO,
CaCu;Tiz04, wag CazCo,0Oy

INNNSWIBURT CaNb,Oy CagNb,Og CaZrOs CaWO, CaCusTisOp, Wag CasCosOg
Imsfbi’ﬁmdumm%aum%uaLummmﬂﬁaﬂlﬁdﬁ?‘iLm%'amlﬁﬂé’hqﬁuuasmﬁ%ﬁu?’iuS] Felaun Nb,Os

ZrO, WO5 CuO TiO, wag Cos0, Inelnsuunnanvasd@1snaliil aswdun1saidn 3.1 - 3.6

CaCOsy + Nb,Osyy  —>  CaNb,Ogy + COyy (3.1)
CaCOsy + NbOsy  —>  CagNb,Ogg + 4COy (3.2)
CaCOs + ZrOyy —>  CaZrOyy + COyy (3.3)
CaCOs) + WOs —>  CaWOyq + COy (3.4)

CaCO3(S) + 3CUO(S) + 4—“02(5) —> CaCu3Ti4O12(S) + COZ@ (3.5)
9C8CO3(S) + 4CO3O4(S) —> 3C83C0409(S) + QCOz(g) (3.6)

3.4.1 Faansisfunudndiuideinisasuunseanulosd

3.4.2 mmiaﬁummwmaaﬂﬁUiiﬁ;QﬂumsﬁaﬁﬂLﬁaagjl,l,azLamaﬁauaaﬂaaaéaq
Wawhugnuaweslaleioifusiiglunismdedu Uadlvadnuazsiusomunniusie
wietlostun1ssadu

3.4.3 dhwenaiainyinisuageeiiegnua (Ball-milling) 1uvian 18 Halus
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3.4.4 u‘fwmwawaﬁﬂﬁmumiumiaaﬁaaqﬂum (Ball-milling) 38 UsDEWEAD U1
nsedlagldnzunsansasldininesvuin 1000 daddnsuazldiofialeansgendiegnuaiu
4z09

3.4.5 Tdunswsimanasludninesuaziilussinelofiateansgeauuliul ininy
ou vhnstiumunaenia waztlleulius

3.4.6 MnaNANTH U SOURAsINUAsIgATnUAashagldlutigegiunUndlv

3.4.7 hansluwnuealuilnefnwaamgiluniswnuaaleiaindeya TGA
3.4.8 MnANAlAINNITIILAR IR TIRE UM ATANISIA L UNYBISE

s A A o a a £
L@ﬂ%LW@EJUEJUﬂ'ﬁLﬂﬂLWﬁ‘Uiqmﬁ

3.5 NTTUIUNIATEUYIIAN
yhmawdsueniniasihnesdnfieieuldutuguienissn (Pressing THaumud
anwazluukunay (Disc) vuadurugudnans 10 Taduuns
3.5.1 Faamdninoalsuszana 1.2 n3u saudulnalbiaueanssed (PVA) A
dududesas 5 lastwdniiodufussay Binden  Tnaunizfulddtu vanalidsy
MYATNUAGNT
3.5.2 hmsdalunsifissilanssoadessaluszuulalasandonnusiu 2 dudy
VAN 2 witkarAud 3 Audunal 1 und
353 leldTuauitdniuguud (Green body) tnandndeddudegivuanan
Furumsegiiuifietgliinislnaioureseufoudrgiunumiig filunniianisuasn
Hneneagiiunlain
3.5.4 tifhwogiufiFedunueuiosududumiiionsundunes lemnus
flgaumad 500 esrwalduadunat 2 $rludlaeidninistu-awesgungife 2 oen
waduareun? ilerndn PVA sanly anduiingamgiligeiuaugamaifidesninanty

woskazwtiduna 4 Mludeelidnsinstu-awegumaiifie 5 swmwaiduanoui

3.6 n51vdauasAUIENaUYaIsInNglunsldanlYlnemaliataneisdngaalss
wudaiunlnsalny (X-ray Fluorescence Spectroscopy; XRF)

nsdenlanwssulaluinnisnsivgevesdusznavvessignelunaddenlylag
wiellaenusgrigessawudaunlasalnd Janailn XRF zefendnnissesssdiond fe
A v ad s a . o a2 61 Y o ! I
WeFaddndUgugil (Primary X-ray photon) 31nvaensaddndnadivuansiegiasiluna

Tidiannseuiluan (Kshel) wetozmaunigluansmegimgaesnaineznesluzvedinls
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dldnmsou (photoelectron) vilintesinsdululdidnnseutiu Feianzlloznouayly
w@ties oxmoudzndugan1isefiostulaen1sasussdundnuuedianasouisuendiun

A J [ 1 = a [y [ a & = ! v a & 3
LV UNYDIINAINGA ‘Ni‘Lm’]’iL‘lJaEJUiSQ‘UWGNWU“UEN@Lﬁﬂfﬂi@u‘ﬂ%llﬂ'ﬁ Uanuaoeseaons

o
fa A 1

WAl (Secondary  Xwray  photon)  @aUsingmsaliliTendt “waeelsaiwud”

(Fluorescence) wasnuvesssdidndniuginvanudeseenuivzdauandeiuduivaiig

A a

LANATIVDITLAUNS I US LA UVDIBLANATOUNUDNTLAANITHU AT UTEAUNTINUAUTEAU

'
a ad a

waauvesteriniiinniddndugugll  SddndyAeginiinannusingnisaingesisa

9 Y
v

3 2 v ad ead [ 3 ! a LY a =2
wudasduseddndniluendnualianizvessinudasyin dadunaia XRF 35ldlun1snsin
BaszimUsunasmesrUszneuresansiieddle uiegslsinumaia XRF agliaunse

AATIZIEW) 11 5I9HINVDINTNEIN

e \i
PR SO L%

2N 3.2 iesenenaisdvigeaisaudainlasilines (X-ray Fluorescence Spectrometer)
U SRS 3400

3.7 A5IHDUNHANTTUNIIMIIAMUTDUTRsEsInemaTdamasiuns1Iwasnauila
@a (Thermogravimetric Analysis; TGA)

thanswaufldndsannisuananluvinsasaaeungnssumaneaudeuresans
Taewedaweslunsiwsineunladafiomdigumailuniswnuealsd Taomeda TGA 1u
wedafldiinszinnuaiissvesasiogndlolduauiou Tnenstaiminvesans
fhegnafidsuuladunsazssgumgiiheindosdsfifiniligs lunsiinsziansiiois
asfegaazgnIsULIULNanATvINAENTaTeudeiuiATetar Buniidialasenis

wWaguuUasgs lnginsmunavegluinNaiunsaniuangumninasusseIniela ussenie
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1 [23 A ! = & aa ! 1 = a
meluenvaziduliainey VL‘UI(?’]?L"U‘U %i@LLﬂﬁWﬂJﬂ’J’m’J@ﬂl’J LYY 81AA K90 8BNYLIU

a

Inguninvesiieganildsunlasaziiniungamgiianigvedaisuiazyin laguimin
melUiufinu1aInnIssewme nstaudany w3en1inUisem19 Fadeyan1sinsienae

gnuuiiniduwesluunsuiuaninisisunaniminvesiegauazgaumgl

MW 3.3 p3eawmesiunsiwesneulawes (Thermogravimetric Analyzer) gu Pyris 1

3.8 asradeulonanvalianizlnemaiianisiaeauuiediond (Xray  Diffraction
Spectroscopy; XRD)

tusndnildanmsmunaledlurnisasadeviendnuwaifsmaiiansideuy
vo95sdiond Fuduisildvhaneansiietns (Non-destructive  method)  Iagldudnnis
Aeawuu (Diffraction)  vasdsdlondfimnnszmuniudnvesansinessfiyusinagfu wanis
AisgrnldazgnihluSeuiisuiugiudeyauinsgiu JCPDS  (Joint  committee  on
powder diffraction  standard) IileszyigniresAusEneuvesasieeis Insunindanasdl
Svarnssesveserneuduiug SdnvarmsSesiszunnieiululundnusazein
Fuduananzi desdendannsznundnasiliiinnisnszida (Scattering) v03§s@ond
mﬂﬁqmzummmﬁImm‘ﬁulﬂmmmammﬂ (Bragg’s law) F90LaU1ITAMNTLHEIITENIN

szuule lngandeaunis 3.7

2dsinQ = nA (3.7)

= 1 1 =
AD  TYYULIINTTIINNITUIUVDINAAN h k |

d
a A a & v a s
e AD  HUNLNAIINNITEAYILUUINELDNGY

9

n Ao @ waualeg (n =1, 2, 3,..)
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A 9 AanuseauYeISElengnlsantmeasliAUsENa 1.54056

deansay (A)

TRgAFILUSNIER T IARINANE NS UINUIVBLAINT A

gaungilun1siasient 25 DIFLIALTYH
yu 20 Budiu-dugn 10°-70°
9n91N1IATIIA 0.02°/1 3wl

AWl 3.4 LAdoaendisdaniunsndu (X-ray Diffractometer) §u X'Pert MPD

a 4

3.9 N15ASIVFIULBNANEAILANIEAWINATAN LS8 SNIUaNDTUBUNTUIAFUNIATE

v

1n¥ (FT-IR Spectroscopy)

o =

Wnanannlaannisawaaleuluvinisasisaeumvyileiduianizeaisaieg

a s

wmadayiFoiniuanesudunsisaanlnsaln? lnon1sinnisgandussdnegludas
dunssaiogluriaaunau (Wave number) Uszanai 4000-200 cm’ (Middle Infrared)
ileluanavesansiiogsganaussddunssadnluasiiiussluluanafinnisdunaznis
yyu ilAansdsusameduiana nisfiluanaszganduiddunsnsaliiunnuives
SaAsunsnsadesvifuauiinisduredluanavesansiug dsansudazeiaazdaniud
voamsduiisumzuasuananefuluilvasnsothmeaiindunldlunisiesesingfteiduves
a15ld  msuanmadildainnsiesgidemaiaiuanaduauduiusseniaadu

(Wave number) Aulasifunisdasiunas (%  Transmittance) 4158031 Infrared
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spectrum ¥1n130379@0uTngd nandnilaarnnisiniwaaletuiinisuanaufuns
Tnuna@ealuslus (KBr) lushsiau 1:10 9ntuinssnaersessalslasaniianusi 5
fuluna 1 wiiielilddudauns S KBr Saudinwsiilifinvesensuanilgiud
aulusenas uasiuldninlinanisnaassiladuiiivefidunisdesniiunas (%
Transmittance) figs antutidiniisaldluldluukusosfudegrnuusznunouing

Lﬂ%ﬁ FT-IR Spectrometer

WA 3.5 Weseulsuinsuaneiudurlsisaanlnsilines (FT-IR spectrometer) $u

Spectrum GX

3.10 asaadautenanwallanizaremnaiiasruuaiunlasalnl (Raman
Spectroscopy)

wedasuudusnisudfildlunisnsrsaeuiondnvaivesans deodeondnnis
nszidauaseslulanagiumnuivInatIInauineg Sauasiinsziiseenunaziindsnunie
ausmeauiiUasundasliudledisuiuanuenedusudureadinnnsznu vhlndadu
Fyanasunu dmsumiseiinsmedeuendnualvemwaniilaainnswuaaled Tng
Yransiieg1aUszua 0.5 nfuudadindeoasossaindniunieesiuu neutud

WATDINTITAATIZNTINIU (Raman Spectrometer) Asuandtusy 3.6 livevinisinsiely
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A 3.6 1Aseesnuanlasillies (Raman spectrometer) U DXR Smart Raman

3.11 m'aﬁ]aa‘ué’nﬁ:}mzmﬂt’i’mgﬂu%wmﬁwnﬁmqaw‘ssﬂﬁﬁLﬁnmautmudaﬂnsﬂﬂ
(Scanning electron microscope; SEM)

= o ] A o

wellatiagldfnwidnuae susisuasauinveseunavisedulanUasuiliiniy it

Y

tuneduneemnuduiudseninedadelunssuiunswioufiuansnefudedinadenndnd
wisld neisuannawieusegeiifidnvasdundiduansuviuase (Suspension) Tng
ilUavanedeefianeanesed (Ethyl alcohol) wdwheuazeaadewedesdansileiea
(Ultrasonic)  Usganad 5-30 U191 8UNIARIBE1998NTEANE6I00N TP AN ERIR
(Copper tapes) Uuiulinudou Wowduvewnasudouliidegefiwsenlivenamss
nanskHuneaIlszane 12 neauasiishilfiefiaueansgedsuimeaunun aantur iy
yesuAsRnasULLiuegiden (Stub) udnirllndeuimimestunufenesdavilag
Tdmatinalamasse (Sputtering)  1uiian 30 Funfiwazilunsivdeudnvuznisdugiu

WewhendeganssmiBlanasouluudangIn (SEM) duandlugy 3.7

MW 3.7 NADI9aNIIAUBLANATEULUUABINTIA (Scanning electron microscope)

U EVO MA10
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3.12 A579dUANURLADANNSNVRNYIIERN
ASIVIAAIFN N DUFUNNS (E) LLazmﬁ'gUizﬂaumsgzgL%&JmalméLﬁﬂfm%ﬂ

(tan0)  wpuwsiniile Weudunisivdsuiuasguvgiuazanud Inednesninidesnis
NAFDULITA LA VLA VU UAUNIADIMINA8LAT0ITRAYS  (Grinder—polisher)  Tagly
NIEATYNTIBLUDS 600 taz 1000 muaiau Tuldgsiiniilanunuilseina 1 dadwas v

ANLEzaInIinItaudenIedansleinduna 30 nil eulaanuruiigamgll 100

a

Cillunan 1 dalus thlufaeuvun dusiugudnanuasiuiininga aandutinsh
2wl (Electrode) TaglénmGuaiinu milfanthossesiinisasaiu (nese Tl
\deuvsnuveuwsniin) uaztiluniigumgd 750°C Wunanuiu 20 undt Fedninig
din/angaungdl 5 ssmeaida/und ielinmituwiuasinfufusndnlditu anduiily
farnannuglilih wazarduszneunsgapdemaladidnvindeiaies LCR meter uanasis
U7 3.8 way 3.9 winhemnugliihildndunmeanweouduinslngendoannis

Y

3.7

dC
g = (3.7)
A
1o g, Ao AmanImeaNduvs (Relative permittivity) 109813670814

d A9 ANuNUIYeIaITFnegne (Huulendu 9.1.)
1

Y

1 YR

a -12 -
g, A? mamwaamuwmﬂu@aﬁmﬂ (1A 8.854 x 10 ~ Fm )

¥ '
A A =

gj - 1 1 2
A A9 funvesnlwivesasiiedns @rbodu 9.

O

Ao Al (Capacitance) ¥04a15639E19

Y

Tngan1LluNTIASIEIN LG lLIUITeH A

6

aaunnTlunNIsIATIZI 25-250°C

q U

£
L2 =

9RIINNTTUAYUNYH 10 peAnATYE/ U

AU 1 10 uay 100 KHz
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uni 4

NAN1578

lugamasnszeziiainisldnisatuayuveddasinis augdidelaiinisfinwiuas
Fupiioyaseg Adeadesiunuitouasfatomaaifisndudensinulassadiamdn n1s
Wagua autinianenin andAinisauieu audAladidnnin uasdyguinevoss
nAnlUsEUY CaNb,0g CagNb,0y CaZrOs CaWO, CaCusTiaOp, U CasCo0, Mlduaade
asuatumanUdentuiduansasdiu findeufenszuiunisufaseranuzvonds (Solid

state reaction) FINANITNAADIN bAALLAUBNTOUNIBAUTIWANUANURDLUT

4.1 NMSW3ENRNILAALTENATSUBLUR (CaCO; powders) antUaanla
YUdonlefiniun1siinuaz o n3ausosLaIuI RN s R ILAaLE s
asustundae Tagvnisundesidunan 24 $alus arntuthlusemenaseuliutatdnay Ly
nLAadLASUBIUADeNYY  tnswaaldsususuafinIonlduAnvaudiisnienin
neRnIIUNNANSoUTRsasinawmaliamesluns ez ulada  (Thermogravimetric
Analysis;  TGA) warlasiasnwansomadianisiaeiunvesssdiond (X-Ray  Diffraction;
XRD)

= = s o
AN 4.1 NLLAALTYUATITUBDLUNNINNITAN
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P = 3 A = 1
AN 4.2 N\ﬁLLﬂaLGUEJlJﬁ']TU@LumVlL@iﬂu"ﬂqﬂlfua@ﬂlsﬂ

INANA 4.1 Wag 4.2 LAAIANURANIINIAINYDINILAALTIUAISUBDLUANIINITAN

a

LASHILARLYIUASUBLUATNILASoUNNUADALY  91NNTFUNPNIARIR AN BULARA8 Y
Ao 1 uneNvualdn aziden 8917108 LAZALARLTENATISUDIUANINNITANAETATIVNIINTIN

= s A a a @ v
LLﬂaLGU'EJlIﬂ'ﬁU@Lu@WLmﬁEJﬂJQ']ﬂLUaE]ﬂIGULaﬂu@EJ

100 -_\
1 AY =5.68 %

90
Lo
5 1 AY =44.86 %
S 804
-
_EIJ A\ = 4053 Yo
o 70-
-

60

——— Eggshell
504 —— Commercial CaCO,
I

T ' T ¥ T ’ T . T g T < T . ¥
100 200 300 400 500 600 700 800 900
Temperature (°C)

AN 4.3 HANTISANYINGANTIUNNAIUTDUTDINILABTHUAITUBLUANIINITATAZAS

wAagNAISUBUATIWIsuNABN Y Tnamadamasiunsiunsnazunlada
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PNAMNT 4.3 HANIANYINANTIUNAIINTOUVDIHIUALTELANTUBLLANNINTTAN
Wisuifleuiunauraideunsusiuaivisnannidenls Taemedameslunsiuminesunla
Fa lneInangaumniiviesiis 900 aerwalliyd WUIHIAATENAITUBIUANIANISANALENTS
aaeia9e9ans 1 Fregamgiivszanm 600-770 sseneaidea lnsninanaududosay
44.86 Tneniniindsuansnnianisaansfvesasuaaifosn1ivein (CaCos) aanunlugy
upalBeueenlan (Ca0) warinaasuaulnaanlen (CO,) [37] AENAS

CaCO; (s) «— mmdau —> CaO (s) + CO,(g)
Tuduvesssunraloumivsiuniinssnaniudenlinuindnisaanefvesas 2 ¥1gamngl
fio r9gumgiiil 1 Uszana 300 esrwaldvaduanifiainisiinnisaanefivesansusenay
Bunidangg neluFenly nedwinanandufesas 5.68 Tnstmiin uaztrsgumnii 2
Uszann 600-720 aeAalggauanin1siianisaalemvesasuaafenaisusiuneanuily
suuanBousanleduazingeivoulneenled lnsnsaansitsiiseniminananiuiesay

40.53 lngumtinuazaiswaadeuniivaiunvzsasuiuuaaduuoenlened sauysaii

gauniuszI 720 aeALTATYE

3 Eggshell
i —— Commercial CaCO,
~1| & e 8 § &g
S| % g £ T T g=2 =8 3558 <2 5 o8
5 et H = -2 okinhE= E5 = =z
G = 87 94238 &§& = §=
&
@
=
3
=
—
CaCO_,. JCPDS no. 85-1180
1 " I | | ||| II [P " "
Lt I L ] ¥, T ¥ I 2 ]
20 30 40 50 60 70 80

Degree (20)
AN 4.4 JULUUMSEEIUUYDITIFDNTVBIRILAALTILAITUBIUANINTATLATRY

LAALTEUASUBLATIAS LA NN

1NANA 4.4 UAAIFULUUNISIIYIUUYBITIALONTUBIHIUAATHUATTUBLUANS

NNSABALHILAALTIUAISUBUATIAS UL UFBNTIY NUINTINILARLTIUAITUBLUANIINITAN
~ & A a A P N A =~ YR g

wazHIkAALTENA1SUBIUA NS BNAINWARN lUTiULuUTinwTouiy Fegukuunisideiiuy

vaefsdiondnladasnadesiusuiuunsiienuuressidiondvasiaalfounisusiun 9In
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F1udeyau1nsgIu JCPDS Lau#l 85-1108 lagiilaseastndnuuuseuludnsoa

(Rhombohedral) waziszuunanidu R3c (167)

EMRSc CMU

[

a ) a = & Y o o '
AINN 4.5 ﬁmgﬁu3VlEJﬁ‘lJE)<1N<1LLﬂaL%ﬂllﬂ']i‘U’e]LUGWINﬂ’ﬁﬂWIﬂ']aQ‘UEJWIEJ 10,000 LN S
20,000 ¥

d' [ a = s d' a = ld' o v 1
NINN 4.6 ﬁmﬁ’m’mEJ’WJENNQLLﬂaL“UEJSJF’]']?UE)LUGWILG]?EJ&JQ’]ﬂLUﬁE)ﬂlﬂJVIﬂWﬁMJEJ’]EJ 9,500 L
ez 20,000 LN

NN 4.5 ULag 4.6 WARIFUFIUINGIVDIHILATTEUAITUDLUANIINITATLAZHS
wAaLdauAsUaluaiwIsNaIniUAenlYidasueen1eiy lnedugiuing1vesmalaaLdey
AISUBLUANNINISALANEN Yz Tsau A lukawaz UL TuNgu Y Fwnnsnsaindugiu

NIRRT BUAITUBLUATIIMT B NUR BN U TLanIdn v Yo UN 1A BIR LY

¥ '
a = 1

WUHINYTYTE IANuuansviureuIneNALasnsEemdowiuiuag UM

9
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4.2 anudululgluinnisldunafunivaunfiviealdandenluiluasaady
Tunsdaasziinananuaaideululaiun (CaNb,Oy)
nMsdupseinwmanuaadenlulown (CaNb,0)  Insldansiadu Ao wrade
asustuneIsnldandonliuazlulofommunyoanlas (Nb,Os) fedunis CaCo, +
Nb,Os — CaNb,04 + CO, fa8sUfA3e@n Uz veuTs (Solid state reaction) laen1sun
dosndunan 18 $alue wiluszmenazeuliuisaidn andufinsmgfnssumearudeunes
arsnausznieasfadulaemaiameslunsiwunineruilada (Thermogravimetric
Analysis; TGA) LﬁamszmqmmmumﬂmLmalszjﬁuazﬁwmst,mLmalézju“la'qmmﬁl,ﬁaﬁﬂm
Svdnavesgumginisimiuealuififinadenisiinavesasuaaioslulewun ntuLimg
wEnTRTuNsELaalsdinFnmnsinmauaslasadssemaiansidenuuresdidiond
(X-Ray Diffraction; XRD) m513@0UAUTENaUNNLANYBININENMBmATaTuaLUNInSd
1nU (Raman spectroscopy; Raman) K\JJL%a’i‘%imﬁﬂ@%u%uﬂﬂLimaLUﬂImaIﬂ?J (Fourier
transform infrared  spectroscopy; FTIR) kagAn®1lAsaas199anIAfIenaeIganssel

BlaNAIDULUUADINTIA (scanning electron microscope; SEM)

100

AY =1.62 %

AY =11.34 %

90 +

L —
100 200 300 400 500 600 700 800 900

Temperature (°C)
AT 4.7 NaNSANYINGANTTUNIAMLToUTRETIIRUlUNTEBATIEIRINENuAALTs LU

Towmseisufisenanusveswdilaomadamesiunsdmninezulads

NN 4.7 LEAINANIIANINGANTTUNIIAMUTIUVDIENTRIRUTUNTFUATIZNA
nandnupadenluleiunmeisuiisenaniuzvewdilaamaianeslunsiuminezunlads
lnginanngumgiviesiis 900 eemLaalda Wuindin1saalefivesans 2 ¥Quuil fie 4

aa =~ = a o a ¢
Qmﬁgllcl/] 1 Yszunad 300 29ALaLged Landindn1siNANISaaIgnIv8Iasussnauaunse
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ane Meluneralfsunsvoundiwsonlaanudenlalnetiminananduiesas 1.62 lag
Umiinuasy19gumaiin 2 Usvann 600-750 aeAgalluauansiansiinnisaaefivesans
wAaLgENATS BN (CaCO,) ponunlugUuma@eueanlen (Ca0) wavfingarsuaulnoanles

(CO,) [37] Aauns
CaCOs (s) ¢— muTau —> Ca0 (s) + CO, (9)

[
o Y

Tnen1saaefmenassimitnananusesay 11.34 laginntinLazainuanisanen

(%
Y A

NYRNIIUNIIANToUTOIATRIsuLRa LAt TlunisLAalel Aa 600-1200 836

9 U

LR E

(311)

1200°C

(310)

(110)

(200
(211)

1100°C

1000°C n
900°C n
800°C \
700°C m '
600°C " | \ N
Uncalcine Il l A |
P st

CaNbO, JCPDS no. 71-2406
I 1 I 1 1 . FEREPUPNTY W R 1 ISR AR
| CaCO, JCPDS no. 85-1108

Intensity (a. u.)

| Nb,O, JCPDS no. 37-1468

[ I.JJ [T 1 Al | PR Ind .

T LI e e S e e e m— + Lo
25

J I & ]
10 15 20 = 30 35 40 45 50 5
Degrees (20)

60 65 70

n

= X o = s = = ! Y]
AN 4.8 EULLU‘Uﬂ'ﬁLaEJ'JL‘UuSU@\ﬁQﬁL@ﬂ‘ﬁsﬂa\if}\l\?f}\laﬂLLﬂaL%EJQJIUI@LUG]ﬂBULLagwaQLNWLLﬂa

lenifigaungfl 600-1200 asruaaideaduial 4 9alug

NNl 4.8 wansgUiuuNEAE LR Rendremamdnieadeululaiuniay
wazndinmamkealeifigunglineg  wuihgluuunmadeiuuresidiondieusuna
Isiiannadasiudesuiuuniafenuuresiadiandvasansiaiu Ao unadauniueius
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nsualefigumgll 800 ssmwalduanazlanailunisiniug fie 30-480 undi Tagda
Tut29 4000-400 cm” finsineumAalelkaduNuAalYtTiNa 30-240 unflagwudin
flavedu 1411 cm anfunisdures Co;~ [40] Faudenalumamutifiugstuaglamuiin
nsduiiunngdn waruenanddmumsdunuuisiaues Nb-O  TutasuUszanm 1100-500
cm’ agwunfliavadu 1106 867 686 waz 518 cm FansafUINUANITAUVD

V3B )+V+(B1y) Va(Boy) Va(Byy) Uag vy(By,) Mua1aU [39, 41]

Ml 4.24 Fugruivenveasuaadenlulaiunwnuaalyifigamall 1000 ssmwadeaiu

a1 4 $2lus fifndsens 10,000 Wilas 20,000 win
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53400 20.0kV 4.2mm x5.00k SE 10.0um

Ml 4.25 dugruivenveasuaadenlulaiunwnuwnalyiiigamall 1200 ssmwadeuaiu

1381 4 9L Na9veny 5,000 Wikag 10,000 1N

RN 4.24 Uy 4.25 wansduguinevesauaadoululawanmiuaaleli
gaumail 1000 uaz 1200 ssmeardoaduiat 4 Slusmudiu Tnsdugiuinevens
upaBesluletummnuaaletifigamall 1000 ssrwaaLanIdNYAILYBIDYNIANTIVIANY
waoy Tvuiadnuazlngjuandisiuegsdmaudsiviudungudiou Tednvaziandnaain
Fugninevomanaadeslulernmuaaleifionmgll 1200 ssriwalvadslidnuuzes
pyMANTIMAIEALY HuiSeu Senuuendsturesmaeyninegtstaauduieadiy
Lagfivsnaveuvetusaveymaiinaidendatu lnedvuineyniadevinfu 1.47 £ 0.28

lulasiuns Fevwingunialugnitnsaadeslulowninuaalytii gungll 1000 8

wadeanivuneuniaraewintu 0.86 T 0.22 lulasuns
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e e ettt
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NN 4.26 uansaafiladiann3nuazainisgadsladidnvsniiieuiunis

a 1

Waguwlasgamgil Iaevinnsinaingumail 100-240 esmigaligaaudaeg wuinie

a X a A A ad a ' = ad a o 4 P Yy o
gaungiigadusiiniimanledidnninuazainisgadeladidnviniinsiuaziialndlAg iy
Tuynanudfiviinisin Inediaasiladiann3neglugieuszunn 16.6-16.7 uasiirnisgayde

lm'ecilﬁﬂw%ﬂagﬂmmﬂismm 0.005-0.015

4.4 arudululgluinsldunadeumivauniivioaldanudenluiduasa
aulunisdaasigiinananuaadeuwasiaiug (CaZro,)
nsdamseinmanuaadoumaslaun (Cazio,)  lneldaisdsdu fe wraldoy
asuaundimioalandenliuaziweNadoulaoenles (Z10,) faun1s CaCo, + ZrO,
— CaZrO; + CO, MuIBU{A3eanuzaaeuds (Solid state reaction) lnsnsuntosilu
nan 18 Halus ilusamenazeuliuisain mndufinwmefinssumisauSeunesansuay
sywinsansasulnemedameslunsuvisnezuilada (Thermogravimetric Analysis; TGA)
iemdrsamgilumsiunalediazimsmuaaledlagumgiiiiednuidninaves
gumgiimasnunaluiiduaiensiAaimavesasunaidesilulowun Pt RINENTIRIUNS
wuaalsdindnwinisiiaanarlasiadnedaomaianisiasiuuveadiond (X-Ray
Diffraction;  XRD) m513@8U0IAUsENauUNsAlvesnsndnmemaiasiuiuaunlasalnd
(Raman  spectroscopy;  Raman) iseinsuanesudunsusaaunlasalal (Fourier
transform infrared  spectroscopy; FTIR) kagAn®1lAsaas199anIARIeNaeIganssel

BlanmspULUUADINTIA (scanning electron microscope; SEM)

AY =2.38%
95 -

30 AY = 18.71%

Welght Yo (ﬂ/:i)

85 1

80

Bn—— T T T
100 200 300 400 500 600 700 800 900
Temperature (°C)

AN 4.27 NaN1SANYINGANITTUNIAUTOUVRIANTAIIUTUNTTIATIZRINANLAALT Y

woslaumme sufAseanusvesddlnmedameslunsiuminesuilada
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N7 4.27 wanmansEnwIngAnssuneeuSeuvesE SR LlunsFIATIZRS
nanuAaleugeslauniieisujisenanuzaesisasmadamesiunsiuninezuladea
laginangamniiviesdis 900 s At NUILNTARIEAIVBIET 2 YN FiD Y
grumndfl 1 Uszanal 300 ssAwaldea wansdanisiinnisaanefesansuszneudunie
sneq aeluneadsuasuaninssuldanudenldlneininanandudesas 2.38 Ine
ﬁmﬁmmmﬁqqmwgﬁﬁ 2 Uszanad 600-750 D4ALALTEaRaAIRNISIAANSAaNMIYRIENS
wAaLTEaAISUBLUA (CaCOs) panuntusUuAaiduueanien (Ca0) waziwAsuaulaeanlen
(CO,) [37] paanns

CaCO;(s) €— AUTDU —> CaO (s) + CO,(g)

(%
o Y

Tnsnsaaesgnassiininanaududesas 18.71 laguninuazainuanisanen

(%
4

noAnsIINAMHTouresanHanulislaYtgumgilunisuaalel fie 600-1200 B

a
LYY
s N - g i
il ] el gt - plol . s Jli DAl
1280°C I I A%: 382 §o=R g3z 3
= € Z8zE28 S8 8,8 2% 2. =8
1100°C 1 A
il NN M A
- | 1000°C A
3 A HHHAF R INHARRH
= | 900°C
— A A, A A
-
= | 800°C f|
g k A P N —— ]
& | 700°C L. )
: A, L A S —
—
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Uncalcine ﬂ A A
CaZrO3 JCPDS no. 35-0790 | |
] ! 1 " sails il ' Ly
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Zr0O, JCPDS no. 89-9066 I |
il L " il "
L 1 b 1 : I L I b 1

10 20 30 0 60 70

40 5
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o & o o s = = = i
AINN 4.28 EULLUUﬂWiLaEJ'JLUU?J@\‘]i\‘]ﬂLE]ﬂ"?ﬂl@\‘m\‘maﬂLLﬁaL‘U‘EJ@JLLﬂaLGZfEJNLGU@%IﬂLUG]ﬂEJULLag

waarwaaleifigamnl 600-1200 ssruaaideadual 4 $alug

- & o ¢ ¢ =
NANA 4.28 wansgluuumsideuuvesiidienduesnendnuaaideuitesiaiug
AouKkaENAIINMITHILARLYUNIAMANA19Y  WUIFULUUNSIEEIULYRITIEDND NBULH
wAa Lo UaoAAdRIUTIFULUUNSIALIULTDITIELBNGURIANTAIIU Ao wABLTEUAISUBLLA

(CaCO,) MMNgudioyaNInsg U JCPDS tavil 85-1108 uaziweslawdulaoonled (210,) 91
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gudeyannsgIu JCPDS 1avil 89-9066 1ulandn lneiliflaunadeuwoslaunuas
wlawdanUaeulag Usingegiay Lﬁat,ﬁuqmmﬁﬂmmLmalsziﬂqa%wﬂu 800 IANTALTYA
anudufinveanaasiiuanasaudusasonazarudufinvenraunadouseslaug
diutuaudumandnuny Wegnmgfimawmuaaletiviidy 900 esauealsasnugULUy
mainvuesidiondiiaonadostuunadoueesiaiun (Cazr0y) ngrudoyaminsgiu
JCPDS 1w 35-0790 LHuimauiavislnglanumavesanssadulsngeydn fasauianives
wradenweslaumiduaszildilasiaiendnuuueslssendn (Orthorhombic) uawilszuy
wAnu Prma (62) usiilevinisnuaalevifionmniagedudu 1000-1200 ssrieaioans
Unngfinudandaoufniuil 20 whiu 30.21
NnHaNMAaRsgumgiinIsIuAaletilvindy 900 ssrwaByaansaLrToAIE
U3avsues Cazr0; IdTsannndosiunansfinumnfingsumisanuieuTGA) Tasansnasy

AogauinsLAaleausawIsaauSansvesansillaagluyie 600-1200 sriwaidea

S, .2 A 5
.2 & 4° fle. A
Al -
p 1200°C
m M\AM
-
‘f' _NJ‘M\-/\/\W\ - 1000°C
33 0
2z N VNV VL SV N N 200°C
=
W
- 0
= " A e A~ 800°C
M " A . 700°C
600°C
L, I
M
v T T T v T T T v T d T ¥ T v T T
100 200 300 400 500 600 700 800 900 1000

Raman shift (cm™)

a [ = IS ! v 6
2R 4.29 57 UAUNASUVDININANLABLT YUY DS LALUANDULAE AIAINNNTN LA LY

Mgl 600-1200 aermwa@eadua 4 499

NN 4.29 wanssuanefuvemINANLAaLdsTasl AR DULALIEIANANS
wuaaletiigaumgdl 600-1200 ssrnwadea tneinisialugas 100-1000 cm ™ wulvaa
MsdureIanivTiauadY 146 cm  BensaulvunnISEUYE A, NUMTAULUUIEVDS Zr-O
Tuthauseana 200-300 cm sgwufinillavndu 191 213 233 262 way 286 cm * 39nseri

Y Y a o | -1 S A
UANTEUVRY By, Uag A, nun1saunuudamluglsuseana 300-450 cm - agnuinas
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d '1 ¢ U Q:l o U
AGY 310, 358 WAL 438 cm  BaNSINUIMUANITIUYRY By, Y130 By, A, WA By, ANNAIAU
1Y) = A = A -1 o= Y} 1Y)
WAZNUNITAURUUANEAURY Zr-O Mauadu 470 wag 547 cm Fenseiuluunnisauvad By,

WA By, %50 Bs, MNAIGIU [42]
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[ttt
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i I i I i 1 i 1 i 1 1 i I
4000 3500 3000 2500 2000 1500 1000 500
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Wavenumber (cm )

AN 4.30 BUNTUSAALUNASUVDININANLARLTUULY DT LAUANDULAL A IDINNITH AR L]

Ngaumnil 600-1200 aeriwadeoailuvan 4 Falus

PNAINT 4.30 WARIDUNINITAFUNASUVBIHINANLAALT YUY DS LALUANDULAY

ndsannsunaleiigamgil 600-1200 ssrwaidea Tngialurae 4000-400 cm’ 7
nywineuruaalsilazndssuaalefigumndl 600-800 ssmisaldsaaznufinfilavadu
1417 876 waw 716 cm * azifun1sdues CO;” [40] Gadlogrumailumawuealsiifisiy
alinufinnsduiiusngdn venanilmunisdunuuisinues -0 luthsszanm 600-
500 e’ azwuRiniliavaau 515 538 waw 596 cm  wazdanulnunn1sduves m-Zr0, faw

AAW 744 e Bnene [43]

L4 IS ° [ 1

wonanguungiilunisiiiuaaledaziinudrdydenisiinnisiinmanas

v

1ASIAS19UDILAALT LD S LALUALAD TA38Na1AUDNDE1NNLIABLIAN L UNNSINILI VLTINS

o

wuaaled Feldviniswuaaletnaumall 900 ssrmwaiBeanaylanailuniswiug fie 15

—240 WU
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= =) s
=) oass £af s
240 min L 2 S,i’k'é $°8 %
— el ¥ —
. | 120 min 'l
- M
% | 60 min l
: Y, ¢ A
1
@ | 30 min
=
£ A
- 5 mi r‘
E 15 min A

Uncalcine ’l ﬂ |

CaZrO3 JCPDS no. 35-0790
I

|| T |n sutle o il " L1

CaCO3 JCPDS no. 85-1108 |

Zr0O, JCPDS no. 89-9066 | l
" Ly " il ke "
I ' T d T T T T f

10 20 30 40 50 60 70
Degrees (20)

P & o o s = = a i
AN 4.31 E‘ULL‘UUﬂ']iLaEJ']L‘Uum@ﬂiﬂal@ﬂ‘ﬂm@ﬂmﬂmaﬂLLﬂaLSUFJ@JLLﬂaL%BNL%@ﬁﬂLUG}ﬂQULLag

MRINNT AR LgUTRaNM I 900 Berwaideauazlanailun1swug fe 15-240 Wi

Al 431 wansguuuunisidisuuresiidiendvesrandnuaaideumoslaiue
fouazndsInMsLaaleifigumgil 900 esrwailauarldnalunsmiu fe 15-
240 undl nuirgUuuunnAsIUuTesisilendieunuaaluiaenadestudeuiuunis
Benvuresiviionduasansieiu Ao unadouaniuaiun (CaCo;) angudoyaunsgiu
JCPDS 1@l 85-1108 waviwoNawduulneonles (2r0,) INFIUTRYANINTFIY JCPDS i
89-9066 1Humlavdn Tasilifinaunadeniweslaunuazmautanyaesilas Usingegias
Fonatlumamusindy 15-60 uiitaudufinveaassdafuanasudumasewuas
arudiufinvoavaueaiemeeslawniutuauduandnuny uandodonalumawud
Windu 120 wiitagnusUiuunisidenvuresdidiondiiaonadestuunaifougeslaius
(CazrOy) Mngudayaumsgiu JCPDS el 35-0790 Wumaudavilnglnumavosans
fulsingegdn durauigniveaaaifuveilauniiduaneildilasiamdnuuuesls

510N (Orthorhombic) kaziissuunan Uy Pnma (62)



57

1 SN A A TN il il i 2o

A A AN 60 min
MW\ 30 min

15 min

A EESE FESEUESE Eume suy Eeme Inne EETLEES) EEEE e FEEEUEE Eum
100 200 300 400 S00 600 700 800 9200 1000
Raman shift (cm™)

Intensity (a. u.)

a U = IS ! v 6
2R 4.32 573 UAUNASUVDININANLABLT YUY D S LALUANDULAE AIAINNITN LA LY

Mgaunqil 900 srwaldvaLazlanalunIswIwg Aa 15-240 W19

NI 4.32 wansuanefuveaNAnuAaLdsTaslALUANDULALIEIANNS
wuaaledfigaumai 900 ssmwaldoauarlanatlunsienug fe 15-240 udi Tagvinsin
Tuts 100-1000 cm” WumsAUvesHaRTIwTiAYAAY 146 cm BenseruTnunnsduLes A,
wumsduLULteves -0 Tugissanas 200-300 cm aswufinflavadu 191 213 233
262 wag 286 cm - BanSIAUIMLANITAUTRA By, oz A, nunnsdunuudaflutisusanm
300-450 cm agwuiindllavadu 310, 358  uay 438 Jenseiulvunnduves By, 1130 By
A, 48T By, MUAWU WagnunsduLUURAIEaues Z-0 Mlavadu 470 wag 547 cm’ B9A3e

AUMUANITAULDY By, UaE By, %39 By, ANNEAU [42]
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240 min

120 min

60 min
e

30nlin
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15 min

———

Uncalcine

W

i L N I i 1 N I N I i I N I
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-1
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‘:i a U = = I < 6
ANN 4.33 au‘l/\lﬁLiﬂaLUﬂmmaﬂmwammaL‘dEJiJLGIJEJﬂﬂLumﬂauLLaxﬁaﬂmﬂmiLmLLﬂaIGUu

Mgaunil 900 serwaldauazlanalun1smiug fis 15-240 Wil

NN 4.33 uansdunisnsnaUnniuvesnananuaadsnmeslauniouLardsan
nsuealetiigamaid 900 ssmwadsauazlanatlunisiniug de 15-240 udilaga
U729 4000-400 cm finsieurLAalduasdssnuaaledfnailunseug fe 15-60
unflagnuiinflavadu 1417 876 way 716 cm - awidunsduves CO;~ [40] Fadlerianly
msLmLLGﬁLﬁugqsﬁuazlaiwuﬁﬂmﬁé"uﬁﬂﬁﬂgﬁﬂ uananigamunisduuuuisdaves zr-0
Tura9Uszanas 600-500 cm ' awudiniavadu 515 538 waz 596 cm - wagdanulvunnis

Y] a A la v
AUVD9 M-ZrO, MavAau 744 cm - 9nmlY [43]

EMRSc CMU

MR 4.34 Fugrinenvesranaai@ougeslaunmiuaaleiiigamal 900 sargalTua

Hunan 4 $alus firndsvens 10,000 wiwag 20,000 L



MR 4.35 dugruinenvesanna@eigosiauninaaleiigamgi 1200 e ivaidua

Hunan 4 $alus firndsvens 10,000 wiwag 20,000 L

INANT 4.34 Uay 4.35 uansdugiuive1veasuaafougesiaunmuaalelin

gaunndl 900 way 1200 esAwaldoaduian 4 Taluemud1au Inedug uine1vous

9 Y

waaigeululowniiuaalegioumgil 900 BIA YT YALANIRN YUNLYDIOUNIANTINEY

v & Y =

widey dvwadntndlfesiu uazduiulunquiou Jsdnvasliwmnaisaindugiuiveives

9

maupaLeylulaiunmuaalyingumgll 1200 sargadeagalldnyneveiayn1ANTImvay

U 9

wiey uiusey dandlndifgaiuvesruineynineg1sdnau laglivuineyniawiewiiiu

a

0.41 £ 0.07 lulasiuns svwnaunialngnitnseadeululaiunuaaleiigamgd

Y

900 BrwagyaniivuneuMARaewiniu 0.12 £ 0.01 lulaswns
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a ! A a g a 1 a a & a I LY d' a
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<

NANT 4.36 uansaafiladidnninuazainisgadeladidnvsniiieuiunis

a 1

Waguwlasgamgil Inevinnsinangamail 100-250 esmgaliganaudn1eg wuintde

a X a A A ad a ' = ad a o 4 P Yy o
gaungiigedusiiniimasnladidnninuazainisgadeladidnvsniinsiuaziialndlAgaiu
Tuynanudfiviinisin Inefiaasiladiann3neglugisUszann 27.8-28.9 uasiirnisgayde

lpdidnvsneglugasuszuna 0.003-0.03

4.5 anudululgluinnsidunadeuafvauaiinieuldanudenleduansas
aulunisdauassiinenanuaaeunsann (Cawo,)

AsFLATIEARINENLAAIT AT IaLAR (CaWO,)  Tmeldanssedy Ao uaaldoy
msvatuaTesouldnUdenlduasiamulasoenles (WO,) fdunis CaCos + WO, —
CaWO, + CO, MeBUHATe @ uz0UT3 (Solid state reaction) Taenisundesidurian
18 Halus Wiluszmeuazeuliudsain  andufnwngiinssuneaudeuvesansuay
sywisansasulnomedameslunsavsnezuilada (Thermogravimetric Analysis; TGA)
iemdrsgamgilumsiunalediazimsmuaaledlagumgiiiiednuidninaves
gumgiimasnunalsiiduaiensiAaimavesasunaidesilulowun Pt RINENTIRIUNS
wuaalsdindnwinisiiaanarlasiadnedaomaianisiasiuuveadiond (X-Ray
Diffraction;  XRD) m513@8U0IAUsENauUNsAlvesnsndnmemaiasiuiuaunlasalnd
(Raman  spectroscopy;  Raman) iseinsuanesudunsusaaunlasalal (Fourier
transform infrared  spectroscopy; FTIR) kagAn®1lAsaas199anIARIeNaeIganssel

BlanmspULUUADINTIA (scanning electron microscope; SEM)

AY =230 %
98 4

96 AY =3.22%

Weight % (%)

94

—r—Tr—r—r—r——r— T T
100 200 300 400 500 600 700 800 900

Temperature ("C)

AT 4.37 NaN1SANYINGANTTUNIANUTOUVRIANTAIIUTUNTTIATIZRINANLAALT Y

awmameisufisenanuzvesuddaamaiiamesiunsdumEnezuilada



61

9INANT 4.37 WAAINANIIANYINGANTINNIAIUTDUTDIATAIIUTUNTEIATIZYIRS
nanuAadNTanneITU e aa s vedslnamadameslunsimninezunlada lag
TA1NQUNNY0an 900 a3 LwALBYd NUIINTAAUAIY0IAT 2 FI19QuUNH Ag Y39
QAUNANT 1 Useuad 300 aemwalfea wanidan1siinnisaalefiivesansusenaudunsd
i =~ 3 a % 2 I H 9 & v
a3 agluneaidauaisvaiuaimisulaanuienlulaeuiininanasludovas 2.30 lag

Uwiinuastisoumgiin 2 Uszana 500-700 sarmisailuanansienisiinnisaanedvesans
wABLTEaASUBLUA (CaCOs) panuntusUuAaiduueanien (Ca0) waziwmsuaulaeanlen
(CO,) [37] paanns

CaCO4(s) ¢— mUFaU —> CaO(s) + CO(g)
Tnensaaneindisiiaesiminanandudosas 3.22 nsdminuazainuanisine

ngAnssunaNuTeuvesasawuidlivisgungilunisiuaale A 300-800 a4e

AL e E
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(112)

e U2 S5 hi Bk %8t
_ 700°C ' Lo JJ |
=~ fove | o \
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2
=
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1 Il I - 1l P At aml

¥ T ¥ T . T : T : t .

10 20 30 40 S50 60 70

Degrees (26)
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AINN 4.38 E‘ULL‘U‘Uﬂ'ﬁLaEJ'JLUusUa\ii\iﬁL@ﬂeﬁsU@QN\‘iNaﬂLLﬂaL%HNWQaLWWﬂQULLaZMaQLN']LLﬂa

lenifigaung® 300-800 srnaaideaduiial 4 9alus

il 4.38 wansgUuUNTABIULYEsYsenduasnanuaaLdausaas
rouLazndrnnsswaalsifigungliongg  wuigUuuunsAsIvesisiendous
wnalwiiaenndasiudiguuuunnisiuuresiviionduesansieiu fo weadouaiivoius
(CaCO,) ngrudoyauInIgIU JCPDS 1A%l 85-1108  uawiisaimlnseenles (WO, 270

F1uteyaunIgIU JCPDS Lavuil 83-0950 Legaumginisiniuaalydiiniu 300 esmgaldes
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sUsuUNM AT LUUTesYdenduanuawadouiisanndusandnuasiiiavosanshedy
Humases ileifiugamgiimawiuaaloigedudu 400500 ssmusaivannuduiinyes
wiaanshsduros anasaudiogumainisiuaalsdiviiu 600 ssrsaiFeaaznuziuy
nMadsuvessidiendisonadosiuunaidoutisaan (CaWo,)  ngrudeyauinssu
JCPDS 1avil 41-1431 LﬁuLWaU'%qm%‘?fﬂmULWamaaaﬁ&”’aé}’uUsmgagjﬁﬂ waziilovnsan
waalytiigungigedudu 700-800 esaneasanusULuunsAsnuTosfsdiandd
aonndesiunaaduiiamndumauigniadiiunngiinuanvasslag Sunauiavives
whadeuiamaiidunsildiasadmdnuuunnsslinuea (Tetragonal) wazilssuundn
O 14, (88)

NnHansMaaegumgiinIsnAaletiviiiy 600 BsrwalduaaITALAS AL
UignsvesnaadenluloiunldfsaenadesfunanisfnuwgAnssumnennuiourossana
vosan sy Aogugfimawnealsifiawsnwisumauiansvesansildoglugag 300-800

DIALYALT Y

]
[ae]
Lae]

-~
-
=
S
£ 600°C
on
=
3 500°C
= s R —
—
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Raman shift (cm )
AT 4.39 S10UAUNHSUVBIHIHAN AR YU TIFLAANDULALIRIINNITRILAR Ll

Naumnil 300-800 asrwaduailuian 4 Falus

PINAINT 4.39 LAASTINIUALUNASUVDININANLAALTUNTIALAANDULAZNEIIN

¢ a a ° ) | -1
ﬂ?iLmLLﬂal%uVIquQ:u 300-800 oeALYAGYA I@EJVHMTMIUGU’N 100-1000 cm ‘W‘UI‘WNW
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n3&unelu (Internal mode) 7aunau 912 838 796 400 wag 333 cm danssiulnuans
Fu9 vi(A) V4By) Vs(E) va(By) UaE v A) AMEIY WUMTUY UL UUBEASY (Free rotation)
flavadu 210 cm uagluumnisdumeuen (External mode) auadu 115 cm” slvan
msduiiindutsuenidnunmsduuuuidauuvanunses W-0  luluianaves WO,

[44, 45]

800°C

700°C

_m&-\

\r—\.;

500°C

S .

1442 817

% Transmittance

L 1 L I . I o I . I
4000 3500 3000 2500 2000 1500
Wavenumber (cm’)

T T
1000 500
ANA 4.40 BUNTUSAAUNASUUDININENLAALTYLTSEANN B ULAE RRIRINNISHILAR b1iNn

aaungil 300-800 asmwaduailuia 4 4alus

AT 4.40 Lansdurlsusaanaduvesrindnuaaldouiaainnnounas
vdaannisuaaletliigumgdl 300-800 ssrniwaiiea Taefalutas 4000-400 cm” fins 1
Aousuaalsilazndanunalytiigamgi 300-500 ssmuwaluarnUTinfiavady 1442
cm anfunsduves €5~ (40 Fadlogaumpilunismuealeifing uaglinufinnsdud
Using3n uenanimumsduiuuteses W-0 fiavedu 440 cm’ Femsatulnuanisdu
294 F,(vg) aznunisdunuuidauuulilauuinsvos W-0 Tu Wo,” fitavadu 817 cm ' @4
maﬁ’dwmmsé’uﬁum Fy(vs) [44, 45]

wenngamniiluniswaalelaziinnudAgrenisfiansiiamatazlasas

vosuaatdeululatunna JadeiidrAgdnegrmilsAsnalunisinugvuzinnisiinaalel

Falgvimsnuealeiigamail 900 ssrwaldyanarlaiailunisniug fie 15 - 240 uril
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(101)
(204)

211)
(220)

114)

(
(105)
(213)

240 min j

180 minl
120 min ‘

60 min J

30 min JL

iﬂL._JLA_A A n A A
uncalcine A l“ ’k A ]
Ca\’\-"O_I JCPDS no.41-1431

| L1 1 - L.l

CaCO3 JCPDS no.85-1108

Intensity (a. u.)

¢

W03 JCPDS no.83-0950

| 1 u III‘.. TR II... Aspd aalo

L] T ' I I 1
10 20 30 40 50 60 70
Degrees (20)

AN 4.41 SULUUNSIAIULYRISIAN YD INENLABLT B IAN AN ULAL VUK ILAR

louiigaumgil 600 ssrmwa@eanazlananluniswiug fie 15-240 Wil

Nl 4.41 wansguuUNTAsIULYRsYRenduasnnanuaaLdosisaas
rounazndsanmsiniunaleifigamad 600 ssrnwaisauazlanalunisuug fe 15-
200 Wil wudhgUuuuNsAsIUTesidiendrounuaaleaenndeatuiesuuuunis
Benvuresiviionduasansieiu Ao unaduaniuaiun (CaCo;) angudoyaunigiu
JCPDS 1avil 85-1108 wazvisanulnsoonled (WO, :ngIudeyannsgiu JCPDS 1avdi 83-
0950 ilerailumawiutiviniy 15 wiisuuuuninidsiuuessidienduananauna o
Faamndumandnuasdinavesasiedudumases Weiiunatlunsmudgatudu 30-
120 witeuduiinvewlaasieiures s anas sudlenatluniswudiiy 180 wiiley
nugULUUNIs A LUuTessidiandfiaenndasfuunaidoudisann (Cawo,) 9ngiudeya
119357 JCPDS Wil 41-1431 LﬂuMﬁﬁ@m‘é?ﬁﬂﬂwuw\lamaqmi&u’aﬁuﬂi’lﬂga&ﬁmﬁams
davinrsiarlunsmnudlifsgedusiiu 240 wiiwuglkuumaisnvuvesisdiondd
aoandesiuuaadoasannlumauianddslivmngiinuUanuaesleg Gunauianiuves

upaLauYEaduaATzRladlaTiadenanuuunslnuea (Tetragonal) daziszuunan

vJu 14,,,(88)
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912

115
333
796

838

210
272
400

240 min

/‘_N’,A'-/‘——/L/\ 180 min J\J\i.

120 min %

196

Intensity (a. u.)

60 min

M-—-———""'-—-"\—A'—""ﬁ-_ _u\'b-—-L.__
30 min

L M J\..__/\...___A_______
15 min

PSS, _A"'—-—/\—-——-A-_.__

Uncalcine
LA N

— :

100 200 300 400 500 600 700 800 900 1000
. 1

Raman shift (cm ")

AW 4.42 513UAUNASUVDININANLARLT I UTIZAN N DUBALUNAINNATHN AR LY

Mgaungil 600 semwadeauazlanailuniswiug fe 15-240 Wi

9INANT 4.42 LARITIUAUNASUTOIRINENLARLT BT SR A DURAZ MAIN
mswunalwiigumai 600 ssrmwalduauazlanalunsinug fie 15-240 unit Tngsins
Salugaa 100-1000 crn - wulwunnisdunielu (internal mode) Tiaumdu 912 838 796 400
uay 333 cm - BensafuluunnIsEues vi(A) vaBy) Vi(Ee) Va(By) uar v(A) Ady nu
NI ULUUBASY (Free rotation) flaundu 210 cm waglvunnsduniouen (External
mode)  avmdu 115 cm’ @dlvuanisduiindulsuendsluuansdunuuiidauuy

auunsves W-O Tuluanaves [WO,)” [44, 45]
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w

180 min hhx\r-\—’
120 min ﬂ—:‘& h\(——d
60 min T:_ \r‘d
30 min N

S -

I S

% Transmittance

15 min

1442 817
M I 4 I v I v 1 M I i I M 1
4000 3500 3000 2500 2000 1500 1000 500
-1
Wavenumber (cm )

a a o = P~ o ! o ¢l
ATNN 4.43 ’e)u‘V\lﬁLiﬂﬁL‘dﬂmuﬁuaﬂmwaﬂLLﬂaL‘UEJ&JVIQﬁLGlGIﬂEJULLa%ManﬂmiLmLLﬂaIGUuVI

gaunil 600 sarwaldauazlanalun1swuy fie 15-240 Wil

NAA 4.43 uansdurlsusaanaduvesrindnuaaldouiaainniounas
niannsienuaalefigaumal 600 ssmwasauazlanailunsuiud fe 15-240 undi
Taenluraa 4000-400 cm Ansminoumwaaledaznufinfilavadu 1442 cm” azidunis
fuvpe COs [40] Fadlevinmamnuaaleiudiaglinufinnisduiiusngdn uenanidmy
MTAULULIOYES W-O Mlavadu 440 cm ' Bensafulvunnisduves Filvy) wagnunsdu
wuuAsdauuulsiaumasyes W-0 Tu WO,I” flauadu 817 cm’ Fansafulnuamsduves
Fa(vs) [44, 45]

S$3400 20.0kY 4.2mm x

A9 4.44 Fugruineveaupaidenriannniuaaluinaamgl 600 sarwaldeaidy

a1 4 Falus Afd@ens 10,000 Wiuag 20,000 117
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-

P J :
P i

]
S3400 20.0kV 4.0mm x10.0k SE : 5 ) $3400 20.0kV 4.0rmm x20.0k SE

a [ a . = (% sl a = )
AN 4.45 ﬁmi’W‘U'WIEJ']“UENN\‘iLLﬂﬁLSUEJSJ‘VN?ILGIMLN’]LLF’]@VL‘UUVIQN‘VIQSJ 800 peAnwaLtaE U

nan 4 dalus Aidd@ene 10,000 wituag 20,000 in

NNAMA 4.44 uay 4.45  uansdagIuIMYeIILAALTENTIAARLNLAAL T
gaumnll 600 way 800 ssAwaldoaduian 4 Frlusnudifu Ineduguing1veans
ueaidenvisannnunaluufigumgll 600 ssmiwalTyauanIdn vy Y9Iy ANTIVANY
waey TvuadnlndlAssiuduiudunguiouazfmuewmavuinlngUusguszusng B
Fnuazuandisandugiuingivessuaalfeuisanamiuaalotiigungd 800 e
waldvatsdidnuazreseyniavsmanemiey wufiidou famuwandsturestuineynia

dnuaglugjegnatniau uazudazaunialoudimiuiveuveteunia lnedvuinoynia
waewiiv 0.83 & 0.22 lulpsues Favungunialugnimsiaadenlulounwwaaleiin

gl 900 asAwaldanivnayMAmALiy 0.20 £ 0.03 lulasiuns

I

04 ---- 1 kHz
---- 10 kHz
---- 100 kHz

204 /

0 —

Dielectric constant

Dielectric loss

100 120 140 160 180 200 220 240
Temperature (°C)

a

Al 4.46 Aasfiladidnysnuaranisgadeladidnvindeuiunisiisundaseamal

Y

LATAINUD
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- | A ad a ' = ad a o 9
AT 4.46 uansemsiiladianniniazainsaadeladidnvsniiguiunig
Waguwlasgamgil Inevinnsinangamail 100-250 esmgaliganaudn1eg wuintde
a X a A M ad a ' = ad a a & a 2 v =
gaumngiigalueiindiaasiladidnrninuazanisgadeladidnvsniiuduissdnlosuasdl
AlnalAssiulunneaudnvihnsin Inefidasiladidnn3neglugisuseanm 12.6-35.9 way

fifnnsgaydsladidnvsneglugisusnana 0.6-36.0

4.6 anuduldldluinslduna@eumsvauniinionldandenleduanses

aulunisdaasziinananuaa@aunalilasnniun (CaCu,TiO;,)

MsdaesenawanLradenoUoslnnun (CaCusTi0y) Tntldansisdu Ao
wrasuasusluniiwIsuldanudentls aeueseanles (CuO) waglmmidovlaoonlen
(TiO,) $aeunT5 CaCOs + CuO + TiO, — CaCusTigOy, + CO, MEITURT@n Uz Yo U
(Solid state reaction) Tngnisusdosidunan 18 $alus Whlussvenazeuldursain aniu
ﬁﬂquaﬂﬁuwmm%ausuaqmsmﬁmwdwmsé?aé’uimEJmaﬁﬂmaﬁmaﬁLm'%ﬂazu'ﬂ,a
%a (Thermogravimetric  Analysis; TGA) Lﬁamﬁd’sﬂqmwgmumﬂmLLﬂalszjﬁLLazﬁﬂmiLm
waalwdldgungiiilefnwidninavesgumginismiunalediinasonisifinmavesans
wradeslulewn 9nduinerdnfiniunismnunalsdundnunsiinumauaslnsaiegie
wATANsLaEILULYeeSaElend (X-Ray Diffraction; XRD) n52980uUasRUsEnaumaaivstns
nanmematasanuaiUnlnsalnd (Raman  spectroscopy;  Raman) yisesnsuanasy

dunsusnanlasalat (Fourier transform infrared spectroscopy; FTIR)

AY =235%

AY =579 %

90.0 r— rr r r r 1t 1t 1 1T 17
100 200 300 400 500 600 700 800 900
Temperature ("C)

AT 4.47 Nan1SANYINGANTTUNIANTOUVRIANIAIRIUTUNTTIATIZRINANLARALT Y

aaa

AeUasinmusmeisuiisenaausvewdtdaamaiinmesiunsiuvsnosuilada
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NAMT 4.47 wanmansEnw g AnssuneeLSeuvesE SRR LlunEIATIZRS
nanuaafsumsUilasinniundieisujiseaaiusvecudslesmedameslunsiumines
wilada laeinainaumngiviesdis 900 semgadsd Wuinlinsaa1umivedans 2 Y19gumngd
fio drsgamnliil 1 Usvana 250 esmwaldea uanafenisiinnisaanefivesansuszney
Sunideneg meluwnadeuniveniwienldanddenldlaeiminanaaiudosay 2.35
Tnenmtinuast9nmngiifl 2 Ussunm 550-700 asmwadoauansdansinnisdansiaes
asuAaLBuNAITUBLUA (CaCOs) panutusluaaifieusanles (Cao) wazfing
Asuaulaeenlan (CO,) [37] AaNNT

CaCO;(s) €— AUTDU —> CaO (s) + CO,(g)

Tnensaanesitasiigeniminanandudesar 5.79 et minuazainuanisine

noANITINIAINToUvea SRR uiTslAdeungilunisiuaalel A 500-1000 BN

a
LYALY Y
1000°C é f ? ? ‘ g 2 l
_ke’c ) L a L i
= °
. [.800°C j
3 8 A A A A
e TS N )
§ 600°C A oA R s -
= | 500°C A AAL e
Uncalcine A_ N o % o

CaCu.Ti O  JCPDS no.75-2188 |

SR A ]

CaCO, JCPDS no.85-1108

T

] l CuO JCPDS no.89-5895
1 A 1

| TiO, JCPDS no.89-4921
L 1 ) "

T T v T v T v T ' T '

10 20 30 40 50 60 70

Degrees (20)

AW 4.48 JULUUNSIREIUNYDITFendranInAnwAalEnAaUUas innunnouwas
VaauAaleugaund 500-1000 asrnaadeadunian 4 dalus
NN 4.48 wanguiuunITiguUYesTIdiendvammanuaadeuneUiles
InmiupnaukazndInMswLaalguigamiisngg wuiiguwuunsidelivuvesssdiond
nowuAaleukaziHILAAYUT 500 BarwALTUdARAARDINUTIFULUUNTEENULYDITIE

LONFVBIANTAIAY D UABLTENATITUBLUA (CaCOs) 31N IUTBYANINTFIU JCPDS Lavil 85-
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1108 AeUiaseenlus (CuO) MngrutoyaumsgIL JCPDS 1avufl 89-5895 wazlninmiilesle
oonledt (TI0)  angIudeoyaninsgiu JCPDS 1avil 89-4921 iilegaumginisinuaaley
WU 600 srimadua sULUUNM TR LY denduansavesan s dumandn
uardiaunadeuaeuosinundumases Weiugamgdnswuaalsigdudu 700
ssrnwaduamuidufinvesnamsisiuanamuiumasewazanudufinveaawnaiden
potieslymiundiinturuuandnuny udogumpinismiwealsiivinfu 800 as
waldsargnuUnuunnisuuresiviiendfidenadesfuunafounauilaslumiiue
(CaCus3Tis0qy) mﬂgﬂu%’aqgammgm JCPDS a9l 75-2188 L‘T]uLWaU%qm'ée?ﬁlaimea%a
asmaiuUsIngegdn uasidlevhninmuealeufigumgfigetudu 900-1000 ssmiwaldea
nusUuUUNMBAILessAlendiaenndastuuaaidsunauiasinmiundunayiandas
Livsingiinuuanvasulag duvavigviveweadsunetileflnniuniiduasiewldd
lassasemdnuuuAadn (Cubic) uasdissuundniu Im3 (204)
NnHaNIMRaRsgumgiinIsnIuAaletilvindy 800 serwaTeaamnsaLrToIIE
UignsvesnaaidenluloiunléfsaenadasfunanisfnywgAnssumnennudourossana

Y9IA1IAY AogauiinsnwAaluiausawSsuauTansvesansillasgluyas 500-1000

DIATALTE
2 -
- o
’ = 2 1000°C
3 ' 900°C
- |
bt 800°C
z|
a 1
£ 700°C
—
=
| 600°C
500°C
Uncalcine
T . T . T . L) .
200 400 600 800 1000

Raman shift (cm™)
A 4.49 519UAUNHSUVBININAN AR BLABULUDS NN UANDULALARIIINNITHILAR

latifigaungi 500-1000 aseuaaideatuia 4 4alug
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9N 4.49 uanssunuaUnafuveserdnuaafeunsUieflnniunteu
wazndsannsunuaaledfigaumail 500-1000 ssrwadea ngsinsinlugaa 100-1000
cm’’ wulnuansvyuuuudasziaiion (Rotation lke) favadu 481 cm’ wulyunnisves
Ti-O-Ti fivavadu 617 cm” wazwulnuan1sduves TiO, 0nnzdnsn (TIO, octahedra) Titaw

AAYU 830 cm - [46]

1000°C

900°C

800°C

700°C

600°C @

500°C

Intensity (a. u.)

Uncalcine

N )

1424
876
608
4511

—
4000 3500 3000 2500 2000 1500 1000 5
Wavenumber (¢cm™)

=
=

AH 4.50 U5 UIAFUNASUVDININANLAALT BUADULUDS NN IUANDULALEIINNTTEN

wealetifigamni 500-1000 sarngadeaduia 4 4alus

INANA 4.50 WARIDUNTHIAFUNASUVDIINANWAALTBLABULDS NN UANDY

v 6 a = (% 1 -1 A
wagnaaInNMsAaledngungi 500-1000 s waldea lnginlugia 4000-400 cm ™ 9
nsmneukLAalrdlazndunLAalelguumll 500-700 BeAgAlsaIsHUTInlavARY

-1 ) 2- = A a ¢ a X
1442 uaz 876 cm - anlulnuansduves CO, [40] Fudlogaumgilunmsniuaalyliiiniu
' ~ 1 = Ko A A a Al g Y] .
rlinuiinmsduiiusngdn wenanlifamuiiniiavaiu 463 cm - Fululnuanisduves Ti-
) o e 4 1 & < 4
O-Ti wulyuan sduves Cu-O AnlarAdiu 525 cm wulnuansduves Ca-O MiavAdY
-1 o a A 4 ! 1o o .
606 cm - wazdmufiniaradulugg 380-700 cm Fadulvunnisduves CuO, uay TiO,
Tulpsease CaCusTiOy, [47]

L4 IS

wanngaumgilunsuaaletazinuddgrenisiianisiiamawalaseasi

'
2 a 1 =

Y9uAaeuARUlUas IMnIusLal Jadendfndnagnaniiemarianlunisiwgueinns

o
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wnaalel eldinisunuaaleiiigumgil 800 ssrwal@eauwazlanailunismiug fe 15-

=
240 U
240 min H s § 8 | 3 g JL
120 min N i 1
-
& | 60 min N } i
‘E 30 min | h
= A A A
2 .
= | 15 min J L h
Uncalcine A
A, A -H\. - -
CaCu,Ti 0, JCPDS no.75-2188 | | |
L 4 1 1 1
I CaCO, JCPDS no.85-1108
1 1 1 L1 i
l |l | CuO.JCPDS no.§9-5895
| TiO, JCPDS no.89-4921
1 1 il M
' ] ' I ' I L T Lt I
10 20 30 40 50 60 70
Degrees (20)

a X o = s = a !
AN 4.51 E‘ULL'U‘Uﬂ']iLaEJ'JLUusUa\ﬁ\TaL@ﬂgﬁsUa\‘m\‘maﬂLLﬂaL%ﬂ@JﬂBULU@ﬂWWWLu@ﬂ@‘NLLaS

vaakaaleunauvail 800 ssrwal@eanaylananluniswiug fie 15-240 Wi

N 4.51 wanssUuuunisiAenuuesiiiienduesandnuaaifouaauios
Inmiusdeuuazvdasunaledfigumgil 800 ssmwalsauarlanalunsuiug Ao 15-
200 Wil wudhgUuuuMsAsaUresidiendrounuaaleaenadeatuiesuuuunis
Aenvuresiviienduasansieiu fe unadouaniuaiun (CaCos) angudoyaunsgiu
JCPDS 1avil 85-1108 Apuiaseenlast (Cud) angutoyaumsgiu JCPDS 1aufl 89-5895
waglinifenlaoonled (TIO,) e ngruteyauinsgiu JCPDS 1avil 89-4921 iiletiatiunis
WU 15-120 wifisuuuunsdenuuvesisdionduananauaaifonnotivaslimiius
Dulandnuaznuimavesasiaiudntes audenarlunsmudviniu 240 wiftagwy
gUqumsﬁymLuuﬁuaq%’ﬁﬁt@ﬂsﬁﬁaaméjaaf"ﬁJLmaL%&Jmaﬂmai“lwml,um (CaCusTig0y,) 70
giudoyauinsgiu JCPDS tavfl 75-2188 Wumauigrddlinuimavesarsieiulsingegsn

FunauTansvewaaldeuneUilesinniunnduasigiladlasiasimdnuuudan (Cubic)

warilszuunanidu Im3 (204)
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481

617
830

240 min

A 120 min

N 30 min
ﬁ 15 min

_j\ Uncalcine

L) s T o I ol 1 ol
200 400 600 800 1000
Raman shift (cm™)

Intensity (a. u.)

AT 4.52 5101 UEUNHSUVBININAN AR BLABULUDS N UAN D ULALARIRINNITHILAR

latifigaumgil 800 ssrwal@eanaylavanluniswiug fie 15-240 Wi

9N WA 4.52 uanssenuaUnauveserdnuaaifeunsUiUeslnniunteu
wagndsannsieuaalediigungl 800 ssrwadsauazlanatlunisuiug Ao 15-240
und Tagvinsialutag 100-1000 cm ™ wumsvsuuUUdasziaiion (Rotation like) iav
Adu 481 cm wulnuannsves Ti-O-Ti Mlawadu 617 cm - waswulvnn1sduves TiO, 98N

mrdns (TiO, octahedra) aandu 830 cm* [46]

240 min
[Tt U |

120 min -

60 min

Intensity (a. u.)

Uncalcine

o T i L) f T i L) ad L) i 1 b 1
4000 3500 3000 2500 2000 1500 1000 500
1
Wavenumber (cm)

AH 4.53 U5 NIAFUNASUVDININANLAALT BUADULUDS N IUANDULALEIINNTTLN

waaleiligamgil 800 asmwaldvauazlanalun1sIuy Ao 15-240 Wil
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NN 4.53 uansdunsnsnanaiuvessdnuaaifeuneyaslmiunnen
wagndsannsieuaalediigumgll 800 ssrwadsauazlanatlunisuiug Ao 15-240
w1t Tagdalurag 4000-900 cm” AnsdeumLAaletagnuinilavadu 1442 uay 876
cm andulnuanisdures 05~ Fudlegamgilunisunuealedifinduaylamufinnsdud
Usingdn wenanifmufinfiavedu 463 cm’ ufulyuanisduves T-0-Ti wulwuanis
durea Cu-O Afinavadu 525 cm” wulvuansdures Ca-O Tavadu 606 cm ' wagdiny
finfilavaaulugng 380-700 cm ' Faduluuanisduves CuO, uaz TiO, lulaseadng
CaCusTiqOy, [47]

E—
= 150000
=~
-
wn
s
S 100000-
o
L E
e
g s00m
=
oo}
U L] L) L L]
2 64
= ---- 1 kHz
-2 44 --== 100 kHz
= - 100 kHz
=]
S 2
=
= o —

50 100 150 200 250
Temperature (°C)

a

=] | A ad  a ! = ad a a ) Ql'
AINN 4.54 ﬁ']ﬁﬁml@@LaﬂVl'iﬂLLagﬂ']ﬂrﬁ?,jiyJLaﬁl‘l@aLafWﬁﬂLWHUﬂUﬂqiLUaBULLUaQQﬁJﬁﬂM

U

&
a1 EAIUA

1A 4.54 uansanasiiladidnvdnuazAinisgadeladidnyEnifisuiunns
Wasuwasgamall Tnevihnsinaingamail 25-250 esmiwaidvaiianuisineg wuinile
puvgligatueninddnsiiladidnninfutusasiidiaasiladidnnEnuandisiulugn
ArwiifivhinisTn TuduAinisgapdeladidninnuindlogunnigduesdnddnsiins
aydeledidnvEnlndiAsstuiianud 10 uaz 100 Aladsnd lneddnailadidnvineglura

Usgana 11,000-130,000 wagdiannisgadeladidnnineglugasussunm 0.26-0.92
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4.7 anuduldldlusinslduna@euamsuauainionldandonleduanse

aulunisdaasisvineuanlauaanaanlan (Ca;Co,0,)

nsdupseRnendnueadonlaveaioonles (Ca,Co0,)  Ingldansdadiu Ao
wralsumsuaunTisoulanudenltuariaueasenles (Co,0,) @dunns CaCoO, +
C0304 —> CasCo40y + CO, meiTUASan Uz eIl (Solid state reaction) Iaun15un
doendunan 18 $alue wilusemenazeuliuisaidn andufinwmgfnssumearudeunes
drsnausznieasfadulaemaiiameslunsiiwunineruilada (Thermogravimetric
Analysis; TGA) Lﬁamszmqmmﬁiumst,mLmalszjﬂuazﬁwmswLmalézju“la'qmmﬁl,ﬁaﬁﬂm
Svdnavesgumginisiiunaleififinadenisiinmavesasuaaiosluleiun ntuLimg
NANTEUNSIILAa LN AR T AnmaLasTassas s smATan S AsULYesSEond
(X-Ray Diffraction; XRD)

AY =145 %
97.5 1

95.0 +
AY =9.08 %

92.5 4

Weight % (%)

90.0

. —
100 200 300 400 500 600 700 800 900
Temperature ("C)

AT 4.55 Nan13ANEINGRNIIUNIIANTOUTRIANTAIRUTUNTRIATIZRINANLAALT Y

laveaseanlenmeisuiisenaniuzvewdilasmatiamesiunsiuvsnesunlada

1NJUN 4.55 Uananan1sfnyInginssunisanusauvesasiaiulunsdunsizing
nanueadeulaveadeanlennieisujiseraniuzvesudslasmadameslunsiwvsnes
wlada e inaingamiiviedda 900 ssmgal@ed WUINLNTAAIERIVRIET 2 YRl

a | aa = = a o
A9 YIBUNNUN 1 UFeud 250 A Nwalged LanInINIstNaANIT@alenvasdaIsusenau

9 Y

a6 1

a IS s ~ a 1% A I H Y [ o
Bunsgnneg nelukealdsuasusiunileisulaainidenlalasuninasasduiovas 1.45

lngihwtinuazysgungin 2 Usyan 550-700 asriaaidsauanitianisiinnsaanefives
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5.1 #5UNan15aY
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INTANYINITHUATIENAITUTENDUNT AR LT UDIAUTZNOUNANIN 6 SEUU
A9 CaNb,0y CagNb,0y CaZrO; CaWO, CaCusTigO;, #a CasCo0y MeITUHATENE0 UL
Y9494 (solid state reaction) InenisiUdsunlasanitzvesgungiivaziiailunis

Y]

AnufAsenanunsaasUnalaeall

5.1.1 waaeululaium (CaNb,Oy)

5.1.1.1 Mnuansasavdeulasiadndninamedanisiaenuuredidiond
wuransaduneinauianivesunaidenlulaiundeiFuiisenantugvosudsldd
gaumgdl 900 esmwadyanazalumsEIudvindy 120 il Falauigrsvesuaaidosly
ToiunfidaaseRldiauaanadosfuguuuunsisivuresvesisdiondvosuanifouly
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5.1.1.2 RINNANITATIVEDUBIAUTENOUNISLATNYBININANABIATATILUE
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J PN a a a J = a & a A = a1 v LY a0 [
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5.1.4.1 IINNANISNSIIFBULATIAS 1NANLASMATANISLALUUVBISIFBND
WUIAINITaFILATIZRNEUTaVTV A TaNTvann AT U AT eda Uz audalan

=

9N 600 DIANIATHALALLIALUNITINIRGLYINAY 180 U9l FaunlauTansveuaaldey

9 Y

@ =

faawnfiduaseilddauaenadosiusuuuunnisnvuresuesisdiondvosuaaidon

viaaanangudeyannsgIu JCPDS tauil 41-1431 feflassainsndnuuunnsglnuea
5.1.4.2 9INHANINTIADUDIAYTENBUNNAATVBIHINANAIINATATINUE

Walnsalnd wulmanisdunielu (intemal mode) Mlavadu 912 838 796 400 Way 333

'1 d! U QIJ o U
cm - BansITULUANITEUVEI vi(A) va(By) Va(Ey) Va(By) HaE Vy(A,) ANNEIFU NUNTUYULUY



81

5a5% (Free rotation) MawAau 210 cm - wavlvuansdunieuen (External mode) ita
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5.1.5 waaldgunaUilasinmiun (CaCusTiO;y)
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Abstract

The effective treatment and utilization of biowaste have been emphasized in
Thai society for environmental and economic reasons. Chicken eggshell waste in the
poultry industry has been highlighted recently because of its reclamation potential.
This study presents the possibility of using CaCOs from chicken eggshell waste as a
starting material for synthesizing CaWOQO, powder via conventional solid state
reaction. Scheelite Phase formation of CaWQ, was investigated as a function of
calcination conditions by X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FT-IR) and Raman spectroscopy. The morphology and microstructure
were charaterized via Scanning electron microscope (SEM). The XRF results showed
that chicken eggshell contained more than 96.0% of CaCO; by weight. The XRD
pattern peaks matched the peaks of calcite CaCO; ICDD No. 47-1743 very well.

Furthermore, the XRD results and Rietveld refinement analysis confirmed that all the



diffraction peaks can be assigned to type-scheelite tetragonal structure after the
calcination process, which is in agreement with the respective Joint Committee on
Powder Diffraction Standards (ICDD) card No. 41-1431. The CaWO, powder, under
UV light or electron beam excitation, exhibited a blue emission band with a maximum
at 430 nm, originating from the [WO4]* groups. This study indicated that CaCOj;
from chicken eggshell waste is an alternative starting material for synthesizing
luminescent CaWQy, ceramic.
Keywords : CaWOy, eggshell
Introduction

Eggshell is a solid waste produced in food processing and manufacturing
plants (Stadelman, 2000), amounting to several tons per day. Most eggshell is sent to
the landfill at a high management cost without further processing. Therefore, it is
economical to use eggshell waste for transforming biomaterials into commercial
products and creating new values from these waste materials. The eggshell weighs
approximately 10% of the total mass (ca. 60 g) of a hen egg (Christmas and Harms,
1976). The chemical composition (by weight) of eggshell has been reported to consist
of calcium carbonate (94%), magnesium carbonate (1%), calcium phosphate (1%) and
organic matter (4%) (Stadelman, 2000). Eggshell is usually reused as a fertilizer, soil
conditioner or an additive for animal feed (Christmas and Harms, 1976), due to its
high nutritional contents such as calcium, magnesium and phosphorus (Tacon, 1982).
It can be used also in many applications such as filler in polymer, low cost absorbant
and a catalyst for biodiesel production because of its many valuable organic and
inorganic components.

Eggshell has been used as a filler for polymer composites (Toro et al., 2007)

and due to its pore structure, it offers an alternative to expensive activated carbon as a



low cost absorbent. Many researches proposed the effectiveness of heavy metal
sorption such as Cr, Cd and Cu (Chojnacka, 2005; Park et al.,2007; Vijayaraghavan et
al., 2005; Zheng et al., 2007) and the removal of dye effluents (Tsai et al., 2006,
2008). Furthermore, eggshells have been reported as a catalyst for biodiesel
production (Wei et al., 2009). However, the use of eggshell as a starting material for
electroceramic has not been reported previously. This study presents the possibility of
using CaCOs from chicken eggshell waste as a starting material for synthesizing
CaWO, powder via conventional solid state reaction. The point of applying chicken
eggshell waste was to study the possibility of using it as a replacement for commercial

calcium carbonate.

Experimental Procedure

Calcium tungstate (CaWO,) powder was synthesized using the substrate of
calcium carbonate (CaCQOs), synthesized from chicken eggshell and reagent grade
oxide powders of tungsten trioxide (WO3, 99.90% purity), according to the equation,
CaCO; + WO; — CaWO, + CO,. After being ball milled for 18 hours with ethyl
alcohol using the solid state reaction method, it was evaporated by drying to become
desiccant. The chemical composition of chicken eggshell powder was obtained by X-
ray fluorescence spectroscopy (SRS 3400, Bruker AG). After that, heat behavior of
the mixture was studied by Thermo gravimetric analysis (Pyris 1, Perkin Elmer) from
room temperature to 900°C, with a heating rate of 10°C/min in order to find the range
of temperature in calcination. After calcination in the range of 300-800°C in air for 4
h, with a heating/cooling rate of 10°C/min, the phase formation of CaWQ, was
investigated as a function of calcination conditions by Fourier transform infrared
spectroscopy (Spectrum GX spectrometer, Perkin Elmer) measured in the range of

400-4,000 cm'l, Raman spectroscopy (DXR smart raman, Thermo scientific)



measured in the range of 400-4,000 cm™ and X-ray diffraction (X'Pert MPD, Philips)
measured in the range of 26 = 10-70° with CuKa radiation. The morphology and
microstructure were charaterized via scanning electron microscope (S-3400N,
Hitachi). The optical absorbance spectrum was investigated by a UV-Vis
spectrophotometer (T60, PG Instruments Limited) in a wavelength range from 200 to
900 nm, with a 2 mM solution of CaWQ, sample prepared for analysis by dispersing
the powder in hydrogen peroxide taken at a 1:20 volume ratio. The same solvent was
used as a blank for analysis in order to calibrate the spectrophotometer.

Results and discussion

Chemical analysis using X-ray fluorescence spectroscopy (XRF) was
conducted to estimate the composition of chicken eggshell as a source of calcium
carbonate, as shown in Table.1 The eggshell is composed mainly of calcium in the
form of calcium carbonate oxide (CaCOs3), which represents more than 96 wt%. Other
oxides that appear at around 1% are MgO, with those lower than 1% being Na,O,
K,0, SO3, P,0s, CuO and Fe,0s. This indicates that eggshell is an attractive source of
high purity calcium carbonate for use as a starting material for fabricating
electroceramic, which requires high purity.

Figure 1 shows the heat behavior of the precursor mixture in the synthesis of
calcium tungstate (CaWQ,) powder, using the solid state reaction method and thermo
gravimetric analysis (TGA) technique. The decomposition of substance at two stages
of temperature was found from room temperature to 900°C with a heating rate of
10°C/min. At the first stage, organic compound decomposition occurred inside
calcium carbonate (CaCOs) that was synthesized from chicken eggshell (Murakami et
al., 2007) at a temperature of around 300°C, with a weight decrease of 2.30%. At the

second stage, decomposition of calcium carbonate (CaCQO3) substance occurred in the



form of calcium oxide (CaO) and carbon dioxide (CO;) (Fabio et al., 2007) at a
temperature of around 500-700°C by the following reaction: CaCOs;(s) < heat —
CaO(s) + CO,(g) (Murakami et al., 2007), with a weight decrease of 3.22%. This
study showed a calcination temperature for this substrate in the range of 300-800°C.

FT-IR spectra of calcium tungstate (CaWQ,) powder, with a calcination
temperature range of 300-800°C and wave number range of 400-4,000 cm™' are
shown in Figure 2. The IR band for calcined powder in the range of 300-500°C was
observed at 1,442 cm’! as the vibration of CO32' is vz in vibration mode (Andersen and
Brecevic, 1991). When the calcination temperature range was increased to 600-
800°C, the peak disappeared, which related to the disappearance of CaCO; substrate
in calcined powder, and this corresponded to the TGA result of CaCO3 decomposition
at around 600°C. In addition, a strong peak at 817 cm™ shows W-O asymmetric
stretching vibration in the molecular ionic of [WO4]2', in which the vibration mode is
Fy(v3), and a weak peak at 440 cm™ shows W-O bending in the vibration mode of
F>(v4) (Thongtem et al., 2010; Vidya et al., 2013).

Raman spectra of calcium tungstate (CaWQ,;) powder, with a calcination
temperature in the range of 300-800°C, are measured in the wave number range of
100-1,000 cm™ as shown in Figure 3. It was shown that the occurrence of vibration
peaks was not found at temperatures between 300 and 500°C, but when the
temperature increased to between 600 and 800°C an internal mode of vibration was
found at 912, 838, 796, 400 and 333 cm’ in a vibration mode of vi(Ag), v3(Bg),
v3(Eg), v4(Bg) and v,(Ag), respectively , with free rotation vibration at 210 cm’! and
external mode of vibration at 115 cm™. The vibration mode at Ag, Bg and Eg meant

that the vibration of W-O symmetric stretching was in the molecular ionic of [WO,]*.



This was consistent with a previous research (Titipun et al., 2010; Vidya S et al.,
2013).

Figure 4 shows the X-ray diffraction pattern (XRD) of calcium tungstate
(CaWOy) powder after calcination at 300-800°C for 4h. It was found that when the
calcination temperature reached 300°C, the XRD pattern showed the calcium
tungstate (CaWO,) phase as the main phase, while the substrates of calcium carbonate
(CaCOs3 JCPDS file no. 85-1108, ¢) and tungsten trioxide (WO3; JCPDS file no. 83-
0950, ¢) phase was seen as the minor one. When the calcination temperature was
increased to 400-500°C, the peak intensity of substrate phase was reduced gradually.
The XRD pattern was consistent with calcium tungstate (CaWO, JCPDS file no. 41-
1431) as a pure phase up to the calcination temperature of 600°C, while a substrate
phase was not found. When calcination was at a higher temperature of 700-800°C, the
XRD pattern was consistent with calcium tungstate (CaWOQy) as a pure phase without
a pyrochlore phase. When temperature in the calcination increases, intensity of the
CaWO, peak increases. Thus, the calcination temperature influences the crystallinity
of CaWO, when temperature in the calcination and crystallinity of CaWQy, increases.

Rietveld refinement analysis performed on the XRD patterns of CaWO,
powder calcined at 600°C are shown in Figure 5. All the diffraction peaks of CaWQOj4
matched the model peaks very well, with a chi square (y2) value of 1.51, which fits
well with the data. The lattice parameter was computed by using d-spacing values and
the respective (h, k, 1) parameters gave the results of a =b =5.2392 £ 0.0002 and ¢ =
11.3710 + 0.0005, with o = B = y = 90° assigned to a type-scheelite tetragonal
structure in the 141/a space group, which is consistent with a previous research (Shan

et al., 2009; Parhi et al., 2008).



The morphology of calcined powder was charaterized via a scanning electron
microscope (SEM), as shown in Figure 6, where the powder of CaWQ, was calcined
at 600°C for 4 h (a) and 800°C for 4 h (b) consecutively. The particle of powder was
found to be polygon shaped, on a micrometer scale. The uniformed size and
distribution of the particle were narrow, and the particle size distribution of the
calcined powder is shown in Figure 7. No other phase or pyrochlore phases were
found, which suggested that the powder was homogeneous. At 800°C [Figure 6(b)],
the particles are larger than 600°C [Figure 6(a)], and connection occurred on the edge.
The calcination temperature was expected to have enough power to cause melting at
the edge. The average particle sizes and standard deviation of CaWOQ, powder
calcined at 600°C and 800°C were 0.20 + 0.03 and 0.83 £ 0.22 pm, respectively.
Average particle sizes found that actual ones increased with increasing calcination
temperature. Therefore, the calcination temperature affected the particle size of
CaWOy, which corresponded to the XRD result.

The optical absorbance of the CaWO, powder shown in Figure 8(a) reached

maximum absorbance within the UV region, from which the absorbance decreased
with wavelength towards the NIR region. The optical energy gap (E;) of CaWO4

powder, calculated from UV absorbance using the equation proposed by Wood and
Tauc, is shown below in Equation (1) (Thongtem et al., 2010; Vidya et al., 2013).
ohv = (hv - E, )"

(D
where o is the absorbance, h is the Planck constant, v is the photon frequency, E, is
the energy gap, and n is a constant that characterizes the nature of the band transition.

The transitions for n = 1/2, 2, 3/2 and 3, are allowed directly, allowed indirectly,

forbidden directly, and forbidden indirectly, respectively. Thongtem et al., (2010)



showed CaWQ, with a scheelite tetragonal structure showing electronic transition
allowed directly (n = 1/2). The optical energy gap (E;) can be obtained from

1/n

extrapolation of the straight-line portion of the (ahv)™" versus hv plot to hv = 0, as

shown in Figure 8(b). Thus, the optical energy gap (E,) of CaWO, is 3.78 eV.

Conclusion

In this study, calcium tungstate (CaWQ,4) powder was synthesized by the
conventional solid state reaction method using CaCOs3 from chicken eggshell waste as
a starting material. The calcination temperature was found to have a pronounced
effect on the phase formation and particle size of calcined CaWO, powder. This
resulted in the phase formation and particle of CaWQ, depending on the calcination
condition.
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Table Headings

Table 1. Composition of eggshell waste powder obtained by X-ray fluorescence
spectroscopy (XRF)

Figure Legends

Figure 1 The TG-DTA curves of the precursor mixture of powders before
calcination of CaWOj.

Figure 2 FT-IR spectra of calcium tungstate (CaWO4) powder after calcination
at 300-800°C.

Figure 3 Raman spectra of calcium tungstate (CaWO4) powder after calcination
at 300-800°C.

Figure 4 The X-ray diffraction pattern (XRD) of calcium tungstate (CaWOy)
powder after calcination at 300-800°C.

Figure 5 Rietveld analysis of XRD patterns of CaWO4 powder after calcination
at 600°C.

Figure 6 SEM image of CaWQ,4 powder calcined at 600°C for 4 h (a) and 800°C
for 4 h (b) consecutively.

Figure 7 Particle size distribution of CaWO, powder calcined at 600°C for 4 h
(a) and 800°C for 4 h (b), consecutively.

Figure 8 Absorbance spectrum of CaWQO, powder after calcination at 600°C (a)

and the (ahv)? vs hv plots of CaWOy (b).



Table 1

Oxide Wt. %
CaCOs 96.2
MgO 1.16
Na,O 0.99
SO; 0.72
P05 0.34
CuO 0.21
Fe,0; 0.19
K,O 0.07
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Abstract

This study focused on the possibility of using CaCOs; from chicken eggshell
waste as a starting material for synthesizing Ca4sNb,Og powder via conventional solid
state reaction. The heat behavior of CaCOs and Nb,Os raw material mixture was
studied by thermogravimetric analysis (TGA). Phase formation of CasNb,Oy was
studied as a function of calcination conditions by Fourier transform infrared
spectroscopy (FT-IR), Raman spectroscopy and X-ray diffraction (XRD). The
morphology and microstructure were charaterized via Scanning electron microscope
(SEM). The X-ray fluorescence (XRF) results showed that the chicken eggshell
contained more than 96.0% of CaCOj3 by weight. The XRD pattern peaks matched the

peaks of calcite CaCO3z ICDD No. 85-11108 very well. Furthermore, the XRD results



and Rietveld refinement analysis confirmed that the purity and single phase of
CayNb,Og corresponded to the monoclinic structure (ICDD: 49-0911) obtained after
the calcination process. The non-isothermal kinetic of CasNb,Og also was investigated
by the Ozawa methods. This study indicated that CaCOs3 from chicken eggshell waste

is an alternative starting material for synthesizing CasNb,Og powder.

Keywords: Eggshell; CasNb,Oy; Non-isothermal kinetic
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1. Introduction

Eggshell is a solid waste produced in manufacturing plants and food
processing [1], amounting to several tons per day. Most eggshell is sent to the landfill
at a high management cost without further processing. Therefore, it is economical to
use eggshell waste for transforming biomaterials into commercial products and
creating new values from these waste materials. The weight of eggshell approximately
10% of the total mass (ca. 60 g) of a hen egg [2]. The chemical ratio (by weight) of
the eggshell has been reported to consist of calcium carbonate (94%), calcium
phosphate (1%), magnesium carbonate (1%) and organic matter (4%) [1]. Eggshell is
reused generally as a soil conditioner, fertilizer or an additive for animal feed [2], due
to it has high nutritional contents such as calcium, phosphorus and magnesium [3].

Eggshell was to be also used in many applications such as filler in polymer, low-cost



absorbent and a catalyst for biodiesel production because of its many valuable organic
and inorganic components. Eggshell has been applied as a filler for polymer
composites [4] and offered an alternative to expensive activated carbon as a low-cost
absorbent. Many researchers proposed the effectiveness of heavy metal sorption such
as Cu, Cr and Cd [5-8] and the removal of dye effluents [9, 10]. Furthermore,
eggshells have been reported as a catalyst for biodiesel production [11].

Due to the rapid growth of digital wireless communication, many microwave
dielectric ceramics have been developed. Calcium niobate;CasNb,Oy is one of the
Ca-Nb-O compounds which has been explored as a potential candidate for the
microwave dielectric ceramics.The CasNb,O9 powder can be synthesized by the
conventional solid state reaction using high purity of CaCO; and NbyOs.
Nevertheless, using CaCOj; form eggshell waste as a starting material for synthesizing
the CasNb,Og has not been reported previously. This study presents the possibility of
using CaCOs from chicken eggshell waste as a starting material for synthesizing
CayNb,Og powder via conventional solid state reaction. The point of applying chicken
eggshell waste is to explore the possibility of using it as a replacement for commercial

calcium carbonate.

2. Materials and methods

The starting materials were using calcium carbonate (CaCOs), synthesized
from chicken eggshell and commercially niobium oxide, Nb,Os (JCPDS file no. 37-
1468) (99.9% purity, Aldrich). The chemical composition of chicken eggshell
powder was analyzed by X-ray fluorescence spectroscopy (SRS 3400, Bruker AG). A
CasNb,Oy powder was synthesized by the solid state reaction of mixtures of CaCO;3

and Nb,Os powder that were ball milled in the required stoichiometric ratio,



according to the equation CaCOj3 + Nby,Os — CasNb,Og + CO,. After being ball
milled for 18 hours with ethyl alcohol. The mixture powder was dried and calcined at
various conditions, that the temperatures ranging from 500 °C to 1,200 °C and the
soaking times ranging from 0.5 h to 8 h with heating and cooling rates of 10 °C/min,
in closed alumina crucible. To prepare the ceramics, calcined powder was mixed with
5 wt% polyvinyl alcohol and then pressed into pellets with 10 mm in diameter. The
pellet was subsequently sintered at 1100 °C for 4 h with heating and cooling rates of 5
°C/min. The sintered pellets were polished in order to obtain flat and parallel surfaces.
Silver plate (Heraeus, C1000) was applied as electrodes for dielectric measurements
by firing at 750°C for 20 min.

The reaction of the mixture powder taking place during heat treatment was
investigated by thermo gravimetric analysis (Pyris 1, Perkin Elmer), by using the
heating rate of 10 °C/min in air from room temperature to 900 °C for find the range of
calcination temperature. After calcined, calcined powder was investigated by Fourier
transform infrared spectroscopy (Spectrum GX spectrometer, Perkin Elmer) measured
in the ranging from 400 to 4,000 cm’, raman spectroscopy (DXR smart Raman,
Thermo scientific) measured in the ranging from 100 to 1,000 cm™ and X-ray
diffraction (X'Pert MPD, Philips) measured in the ranging of 26 = 10-70°, using CuK,
radiation to explore the optimum calcination conditions and phases formed for the
formation of CasNb,O¢ powder. Particle sizes and powder morphology were
characterized via scanning electron microscope (JSM-6335F, JEOL). The dielectric
properties were determined by programmable furnace with the LCR analyzer
(Hewlett-Packard Inc., HP-4284) and measured at 10 and 100 kHz, and temperatures

varied between 30 and 400°C.



3. Results and discussion

Chemical analysis using X-ray fluorescence spectroscopy (XRF) was conducted
to estimate the composition of a chicken eggshell as a source of calcium carbonate as
shown in Table.1 The eggshell is consisted mainly of calcium in the form of calcium
carbonate (CaCOs), which represents more than 96 wt%. Other oxides that appear at
around 1% are MgO, with those lower than 1% being Na,O, K,0O, SOs, P,Os5, CuO
and Fe,03. The result indicates that an eggshell is an attractive source of high purity
calcium carbonate for use as a starting material for fabricating electroceramic, which
requires high purity. The heat behavior of the mixture powder of CaCO3; and Nb,Os in
the stoichiometric proportion of CasNb,Og9 was studied by thermo gravimetric
analysis. The TGA curve recorded at a heating rate of 10 °C/min from room
temperature to 900 °C in air is displayed in Figure 1. TGA curve shows two states of
weight losses. The first weight loss in the temperature ranging from 250 to 400 °C
with a weight decrease around 3.35%. This investigates correspondingly to the
decomposition of an organic compound inside calcium carbonate (CaCO;) that was
synthesized from chicken eggshell [14]. By increased the temperature up to 900 °C,
the second state of weight loss was observed within temperature range from 600 to
700 °C with a weight decrease around 25.05%. The decomposition of the calcium
carbonate (CaCQs3) substance occurred in the form of carbon dioxide (CO,) and
calcium oxide (CaO) [14] following the reaction: CaCOs(s) < heat — CaO(s) +
COy(g) [14]. These results were used to determine the range of the calcination
temperatures for study the effect of heat treatment on phase formation, the mixture

powder was calcined between 500 and 1200 °C for 4 h.



Figure 2 illustrates FT-IR spectra of calcined powder taken at room
temperature in temperature range of 500-1200°C and wave number range of 400-
4,000 cm™. The typical absorption band at 1411 cm’ corresponded to CO5> anion in
asymmetric stretching vibration mode [15, 16]. By increasing the calcination
temperature, carbonate band decreased significantly and disappeared at 900°C, which
related to the disappearance of CaCOj substrate in calcined powder in the TGA result

1, the

previously. Furthermore, the metal oxide band was observed at 400-900 cm
peaks at 518 cm™ corresponded to O-Nb-O bending vibration mode, while the two
peaks at 686 cm” and 867 cm™ corresponded to the internal stretching of the NbOg
octahedra [15] and Nb-O stretching vibrations [17,18] respectively. The result of FT-

IR spectra shows that the estimate CasNb,Oy phase formation temperature is above

900°C.

The results of vibrational analysis from the Raman spectrum are shown in
Figure 3. The spectrum presented for powder calcined at temperature range of 500-
1200°C in the range 100-1000 cm™. The occurrence of vibration peaks was not found
in uncalcined powder. Both spectra of the powder calcined at 500 and 600°C are very
similar, with vibration mode at 900 and 990 cm’! related to Nb = O terminal
asymmetric and symmetric stretching [19], respectively. Three vibration modes at
around 650, 260 and 100 cm™ related to Nb-O bridging stretching, O-Nb-O bending
[19] and lattice vibration [18], respectively. At 700°C, the Raman spectrum presented
the vibration mode at around 844 cm’ corresponded to Nb-O stretching vibrations
and band at around 100-450 cm™ related to O-Nb-O bending vibrations. By
increasing the calcination temperature, a high-intensity peak was observed at 794 cm™

corresponded to stretching vibrations mode of the NbOg octahedra [20]. The Nb-O



stretching vibrations band were occurred in the range 500-700 cm™ and O-Nb-O
bending vibrations band were occurred in the range 100-450 cm™ [18]. The results of

Raman spectra shows good agreement with the FT-IR result previously.

XRD pattern of the calcined powder with the corresponding JCPDS pattern
are shown in Figure 4. For uncalcined powder and powder calcined at 500-600°C, X-
ray peak presents only the precursors CaCOs; and Nb,Os phase which could be
matched very well with JCPDS file number 85-1108 and 37-1468, respectively. The
results supported that no reaction between the ball milling or at low calcination
temperature. Low intensity of CasNb,Og phase was formed in powder calcined at
700°C. This observation agrees well with results from the TGA, FT-IR and Raman
previously. After that, when the calcination temperature was increased, the intensity
of the CayNb,Oy peaks was further increased. The XRD pattern was consistent with
CayNb,O9 (JCPDS file number 49-0911) as a pure phase at the calcination
temperature at 1000°C. The precursor phases of CaCOs and Nb,Os disappeared
completely. Upon calcination at a higher temperature of 1100-1200°C, all intensity of
the CasNbyOy peaks was increased and peak at (114) and (310) separated obviously
which indicating that CasNb,Oy still a pure phase without a pyrochlore phase and no

significant differences of the powder calcined at 1100 and 1200 °C

In addition to calcination temperature, an effect of soaking time was also
indicated to be highly significant (Figure 5, 6 and 7). Figure 5 shows FT-IR spectrum
of powder calcined at 800°C in soaking time range from 0.5 to 8 h in wave number
range of 400-4,000 cm™'. The typical absorption band at 1411 cm™ corresponded to

the CO3> anion in asymmetric stretching vibration mode [15, 16]. By increasing the



calcination time, a carbonate band decreased significantly and little appears for 8 h,
which related to the disappearance of CaCO; substrate in calcined powder.
Furthermore, the metal oxide band was observed at 400-900 cm™, the peaks at 518
cm’ corresponded to the O-Nb-O bending vibrations, while the peak at
686 cm™ corresponded to the internal stretching of the NbOg octahedra [15] and the
peaks at 867 cm’ corresponded to Nb-O stretching vibrations mode [17, 18]. The
result of FT-IR spectra shows that CasNb,O9 phase was not formed in powder
calcined at 800°C for 8 h. Figure 6 shows Raman spectrum of powder calcined at
800°C in soaking time ranging from 0.5 to 8 h of the range 100-1000 cm™. The
occurrence of vibration peaks was not observed in uncalcined powder. The spectra of
the powder calcined at 0.5 and 1 h are very similar, with vibration mode at 900 related
to Nb=0O terminal asymmetric [19]. The vibration mode at 794 cm’ corresponded to
stretching vibrations of the NbOg octahedra [20]. Vibration mode at around 845 cm’!
related to Nb-O stretching vibrations. The Nb-O stretching vibrations band and O-Nb-
O bending vibrations band were occurred in the range 500-700 cm™ and range 100-
450 cm™ respectively[18]. By increasing the calcination time, intensity of vibration
mode at 794 cm™ increased and intensity of both vibration modes at 845 and 900 cm’
decreased significantly. The result of Raman spectra shows that CasNb,Og phase was
not formed in powder after calcined at 800°C for 8 h, in good compared with the FT-

IR result previously.

XRD pattern of powder calcined at 800°C in soaking time range from 0.5 to 8
h with the corresponding JCPDS pattern is shown in Figure 7. The XRD pattern of
uncalcined powder displayed only precursors CaCO3 and Nb,Os phase. The CasNb,Og

phase was formed in the powder calcined at 0.5 h. The XRD pattern of powder



calcined at 0.5 and 1 h are very similar, this observation agrees well with results from
the FT-IR and Raman previously. After that, with increasing soaking time of
calcination, intensity of the Ca4sNb,Og peaks increased significantly. The XRD pattern
was consistent with Ca4Nb,Og (JCPDS file number 49-0911) as a pure phase without
a pyrochlore phase at the calcined at 8 h, the precursor phases of CaCO3 and Nb,Os
disappeared completely. Figure 8 displays Rietveld refinement analysis of CasNb,Og
powder calcined at 1200°C. All the diffraction peaks of CasINb,Og matched the model
peaks very well, with a chi square (¥2) value of 1.72. The lattice parameter was
calculated by using the respective (h, k, 1) parameters and d-spacing values gave the
results of a = 9.7947 £ 0.0010 A, b = 5.5289 + 0.0006 A and ¢ = 14.0798 £ 0.0015 A,
with o =y = 90° and B = 91.0424 + 0.0039° assigned to a type corundum-like
monoclinic structure. The morphological development between difference calcination
conditions was studied by scanning electron microscopy (SEM). Micrographs of
CayNb,Oy powder calcined at 1000°C (a) and 1200°C (b) for 4 h are shown in Figure
9. The particle of powder shows polygon shaped with micrometer scale. Irregular
morphology with large particles was observed. No other phases or pyrochlore phases
were found, which suggested that the powder was homogeneous. Powder calcined at
1000°C illustrates two different of particles sizes (large and small) in polygon shape.
At 1200°C [Fig. 9(b)], the particles size is larger than 1000°C [Fig. 9(a)], and
connection occurred on the edge. The calcination temperature was expected to have
enough heat energy to cause melting at the edge. The average particle sizes and
standard deviation of CasNb,Og powder calcined at 1000°C and 1200°C were 0.86 *
0.22 and 1.47 £ 0.28 um, respectively. Average particle sizes tend to increases with

increasing the calcination temperature.



The non-isothermal kinetic such as the activation energy was calculated by TG
curves using different heating rate. This also according to the following equation was
proposed by Ozawa [21, 22]:

| | 0.0048AE L0516
nf=ln g(@W)R 7 RT

€]
where E is the activation energy (kJ mol™), R is the ideal gas constant (8.314 mol™ K
Y, A is the pre-exponential factor (min™), [ is the heating rate. Results from four TG
curves (Figure 10) in the composition range were used to assign o (extent of
conversion, a = (m;-m;)/(m;-my), where m;, m; and m; are the initial, final and current
sample mass, respectively, at moment ¢) from experiments at different heating rates
(8 =10, 20, 30, 40 K min™). The activation energy (E) was calculated from the slope
of any straight line from plotting the curve In B versus 1/T (Figure 11). So, the
activation energy was obtained as 1131 = 28 kJ mol ™. Figure 12 presents the
dielectric constant (g;) and loss tangent (tand) versus the temperature of CasNb,Oqg
ceramic at different frequencies (10 kHz and 100 kHz). With increased the
temperature, the ¢, and tand values show slightly independent with temperature and

frequency. Values of dielectric constant and loss from 10 kHz and 100 kHz have

nearly value around 16.6-16.7 and 0.005-0.015, respectively.

4. Conclusion

The conventional solid state reaction methodis explored in the
preparation of CasNb,O9 powder by using CaCOs3 from chicken eggshell waste as a
starting material. The temperature and soaking time of calcination were indicated to

have an evident effect on the particle size and phase formation of calcined CasNbyOy



powder. This resulted in the particle size and phase formation of CasNb,Oy depending
on the calcination condition. The activation energy calculated by OZAW A methods is
1131 + 28 kJ mol™. This study indicated that CaCO; from chicken eggshell waste is

an alternative starting material for synthesizing Ca4Nb,Og powder.
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Table Heading

Table 1. Composition of eggshell waste powder obtained by X-ray fluorescence
spectroscopy (XRF)

Figure Legends

Figure 1 The TGA curves of the precursor mixture of powders before

calcination of CasNb,QOg.

Figure 2 FT-IR spectra of calcium niobate (CasNb,Og) powder after calcination
at 500-1200°C.

Figure 3 Raman spectra of calcium niobate (CasNb,Og) powder after calcination
at 500-1200°C.

Figure 4 The X-ray diffraction pattern (XRD) of calcium niobate (CasNb,Og)
powder after calcination at 500-1200°C.

Figure 5 FT-IR spectra of calcium niobate (CasNb,Og) powder after calcination
at 800°C for different soaking times.

Figure 6 Raman spectra of calcium niobate (CasNb,Og) powder after calcination
at 800°C for different soaking times.

Figure 7 The X-ray diffraction pattern (XRD) of calcium niobate (CasNb,Og)
powder after calcination at 800°C for different soaking times.

Figure 8 Rietveld analyses of XRD patterns of CasNb,Oy powder after
calcination at 1200°C.

Figure 9 SEM image of CasNb,Og powder calcined at 1000°C for 4 h (a) and
1200°C for 4 h (b), respective.

Figure 10 TGA curves of the thermal decomposition of mixture powder at

heating rate of 10, 20, 30 and 40 K min™!



Figure 11 Ozawa plots for the decomposition process of mixture powder at four
heating rates in various conversion (o = 0.1-0.9)

Figure 12 Dielectric constant and loss of CasNb,Og sintered at 1100°C for 4 h



Table 1

Oxide Wt. %
CaCOs 96.2
MgO 1.16
Na,O 0.99
SO; 0.72
P05 0.34
CuO 0.21
Fe,0; 0.19
K,O 0.07
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