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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 (CaC0O3), 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,04 CagNb,Oy CaZrOs
CaWO,4 CaCu;Tiq047 and CazCo404. 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 CaWQ, a suitable temperature in the calcination at 600°C, for CasNb,0 and
CaCus3TiqO4, a suitable temperature in the calcination at 800°C, for CaNb,Og CaZrOs
and CasCo40y a suitable temperature the calcination at 900°C. After being calcined,
phése formation of the powders was studied X-ray diffraction (XRD). The XRD pattern
of 6 sys;tems 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.

Keywords: Electroceramic, Calcium carbonate, Dielectric
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CaWO, UnILUNISLAN 300 - 800 ONRILBIGTIEG]
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E; = / A 1 1 ] 1
AsuaLuR (CaCo,) Jeiiailuasdusznoundnideglundenld Tnewdonldezsidng annnd
10000 § FRgyszUIsANNTULazSUa Nl ansindouinvztedesiuiouuaiiiFelailn
|74 1 L2 =f A 2/ 1 1 I
W luluvlesly agfidnwilundnsigyuinusznaudae 2 nqulve lnenduusniiu

1 4 1

a58un3d (d%veniminiuBenuit) Fevhmihfldenseninslassadremdnelusfiundenm
IngBuUN3E (Organic  matrix)  dunguassssneusmisetiunidaisiieg fe unaidou
A15UBLURA (CaCOs) 94% UaalTouniaaina (Cas;(PO,),) 1% wazuuniidsuaisusiun
(MgCOs) 1% wostminiudanusis uenainil gassas [10] Wuansosdusenaumaaiingg
yoavenld oun sadusznouduiitnii 1.6% uasesdussnauiiduinguia 98.4% B

¢ ' a & ' o
mﬂﬂssnaumqGmag”LuLUaan“L‘uLLam’lumst 1

A191499 2.1 99RUsEnavraLUdanly

YineAUsenay Usune (%) NUNGLNG
1.1 1.6

o Y a o W = 5 [~ =]
2. WU 98.4 - BunIeing 3.3 % Heunauadulushiu

- ailuvding 95.1%

3 100

2.1.3 lpseasawoadenla

wasnlldnuglAsindudorulduaglfsannauiuiuiad (adial) andud

1% = ) < o 1 o a o v o A 1
nanen1siseeRvendndeuvady 2 wan wanndadudunIsarsvimifideusening

. . v W . o g W
\ad (organicmatrix) lWlUsAuluuRgaiuRsinnszgn (collagen-like) MUszanulassdariy

2/ = 1 A 1 a = 1

fuszanm 1/5 vedlassadradenly wanfasududiulsznevanseiiunddarsaieg deed

| 1 & a ¢ S o v & & & & .
Usgnavdidlnglluumaidvuaifuaiun fleguniisuueniadeunguiluiionu (metrix)

Ypaldnn [11]

2.1.4 druvsznovvedonlvaninsawvadutunieg faeluil
2.1.4.1 \ndeuhly (cuticle) Usznousmelsiudundniadousguuian
uenvasdenlyvianun dauvundszann 10 luaseu [12]  fwdhiideatunisgayde

a

augu Mk lvluldeeadeqfuniduarinuantildfranuideenls wndouialy
asavgaoenlidislaegnisaaivisudluansazaionsa
2.1.4.2 jdenly (pore) WuglnuinnfuudenlifdnuasiBuguiieg

a a v ' | YR a A 1 .
Wwenlssanaeuandiludilunei@ouniugesomaniiendulu (mammillary layer) au1n



waagmﬁaﬂlﬂﬁﬁ"’md 10-30 Tunsou Tnesssuaisidenlyasilodussuna 7,500-10,000 3

Y

&

rewFenlavilanos Fluurasiufiveaufenldadstuaughivhi [11,12)

2.1.4.3 \Wienduuen (spongy layer) Wisnladuuaniininumun 2 Tu 3 ves
Wienliamunaginduudenduluussneudiondnuaaled (Calcite)  Enquinfuuty
Jundnuazeedndnueradeuroamndusdussnausesann Wisnliduusniagliay

) [ 1 < 1 1 < 3 ] da w =
LUUEUWNLLaﬂﬂ’JWQJLL‘U\iLLﬂLUaaﬂl‘U IﬂEJﬂ’J"lﬂJLLUULLﬁ:ﬁLL‘U\‘ILLﬂ’N‘\]BﬁJﬁJ’mV]N’Jﬂ”IUU’OﬂLWi’WﬁJ

2
o/

@ [ = 1 1 a2 [ < A 1 o d &
anwasiluninaguwiy wenaniliisidngdwiuunizenlesniuienlydulunitandui

\Wugnguuuureniusdudasannegime

2 O

2144 Wasnldulu (mammillary layer) WHuduiiunsweaddende 1/3
vosmumuvadenlyagntuidoriuldduuen Ussnaudeduitunrusiuauinn
(mammillae) Yuwariindnduiuioegintudeiulivaetumsoenlulaiderulidy
Tudumehuwessermealinssagluidonduil ﬂmﬁmﬂﬁanﬂisnauﬁaaLﬂﬁaLLéﬁlmﬂu
WAnnszarwegseuinulusiuroaden (granular metrix material)

2.1.4.5 Wovjulal (membrane) Wovuldusznoumeidulonoysauiudy
aesuauInuUadu 2 4 Tdun Lﬁa‘g’u’lué’amaﬂmndwuanLLauLﬁa%’uuanaa"i“wm
Laaw’lunmﬂaanwmuﬂwmamﬂaaﬂlwLuawamamLLanaaﬂmﬂnumwaammmaqlw
mmwm‘uawuLaawm"l,‘umwmﬂi“mm 0.07-0.11 mm [13]

21451 LEJEJ‘UUIU (Inner membrane) .
BuduuneSeumndsvana 2.7 luaseuvimiideusouldan
Tnevhludedulunazduuenasidouintu snfuideliforgunniuduitthuvsaudenlaey
nfudeseimevedlinielnsserne (Air cel) Wolvoonunlumiq gamgfivesladgedalid
forine eliibuamosvaineluldesvadvilfiAndulnsionmeatunasdmndseive
ponlann Aagvilfinssormelugdu
2.1.4.5.2 Léa%’uuan (Out membrane)
Lﬂu%uﬁagjiswhmﬁa%'u‘luﬁ'uLﬂﬁan \WetubesAauvusuiden
Hulunazauulusuddenls Wetuueniuvenenu 2 u Fausasdulsranutudieiiun
Tusiu Suuengaiuidulslusiudssiamiasfuilsnuasdudunuumnn 2-15 luasey 1
Totunansdulngifudssianinduussany suutudenldoun 8 luasoulidnuasu 2
Hudosinnusuvaineudeuduioiemunasuonesnanduldsnn druduluszsdu
mmum‘m‘umLaumiwmmanq Uszanufiudusraundaifunuasdanniuiinly vilodud

LU EJ'D‘U‘iJLLﬂ%ﬂJﬂ'D"IEJ%U']UiSQJ’Im 14.8 lumsou
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Lwnmumaan”L‘anU”LmJ'nLLaaLaammusuwmaaag INUUNAMUALDIALEIVIINITUAER
nlvandt 150 lulasiuns desenisdnvuineyniauazaimelad dewuirdnalunis
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neliifinuafiwilelinsdnnisedligndaansglifunisafuauunisnseyimmegadaine
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aeMNUuauludu

2.3 upalfieun1fusium (Calcium carbonate; CaCO5) _
a 1 ) a 1
ueasunTusiuniignaiedl Ao CaCo, Wuusifleglavinlvlusssund lnswui
aglusua 5% vesdminveaudenlan wealeuaisusiunusznousie uradeusanlys

(Calcium oxide; Ca0) Fouay 56 wazasuaulasenled (Carbon dioxide; CO,) Yaway 44
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¥ 1 ’n’ t ’0’ A (14
snwazniantenniduneduililazanei [5, 6] wagu1saaranedladlodfineg

¢ I'd e & - o v W o
Asuaulaeanlas wraleuaisuaiunlnelullaseas1andn 3 wuualeiu fanIwi 2.3

e (O : Caleium
® : Carben

: Oxygen

b} vaterite

o % o «
AT 2.3 LanslASsas1ananveilAaldelAIsUBULLR (CaCOs)

P P o v ¢ . o ar % P
Ingviiandeguinfiaalain 1. uaaled (Calcite) Tneidu Caco, nillassadawndn

a 's . PP v
\Uuuvuseslusaseu (Rhombohedral) 2. aganlnlud (Aragonite) 1¥u CaCo, fiillaseadig

o P . I's . o o Y
uaniduselnsseudn (orthorhombic) wag 3. 1walsea (Vaterite) Wi CaCO, Nillassade

= < % = Y o v <
nanidunvuiengzinuea (hexagonal) Felassadrandnuuuiifunuuinudosiign lny

3 ) a o wa { v w o
Iﬂi\?aiq\jwaﬂ'ﬂ\j 3 ‘Uu@l]ﬁl]UWV]'NﬂqEJﬂqWﬁLLﬂﬂﬁq\?ﬂUﬂ\?ﬂqtiW 2

P wa ¢
15199 2.2 LEAAENURNIINIENNY DAL BLAISUB LA [5, 6]

AUUANIINIBATN Calcite Aragonite Vaterite
Solubility product (K,) ~ 3.36 x 10” 6x 10" 1x 107"
Density (g/cm’) 271 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 Ujfisenisaanesvesiaalfuunisuaiun (CaCo,) [24]
Uisenmsaangsiivesiuyunsaunaiduuaisusiun (CaCos) mMeanusou
aglufiamisueulaeenlyn (CO,) wavyuvmssuaaidaueanled (Cao) dnanldlu
gaavnssumsnanyududdsiyunafudunauvdn Uiisosenisiuyunieusaiden

4 [y o o <y a o & o i a aaa = e =
msvsluniunsafuzduvsensnauUssaitelogludunse auifinujisenadiduumaidey

(2

Faln (CasO,) niouralBuuluinse (CaiNO,),) uazuhaasusulnesnlan (CO,) fedunis

ansa & < doagyv Y v o= v a 1 y do w
ujnserdiduanmendenvinliguiu suunzadn fnenars druSeuuazBeneadianivingae
Yunseiusauinnisdnniou

=)

U

Ufisenmsaanemvasiuyunennuiou

CaCOss) —anusou—> CaO(s) + CO(g) (2.1)

Ufjisenseninnsaiunisueiun
CaCOs(s) + HpSO4aq) —>  CaSO4ls) + COLg) + H,0() (2.2)
CaCOs(s) + 2HNOs(ag) —>  CalNO4),(s) + CO,(g) + H,O() (2.3)

2.3.1 mMsigusEleminpaifuun1suaiun [25]
a ¢ v w a o a
wraguasuaiungnliliuingivlugnaivnssuvaty q Ussin iilesannil
UQA v v = (-3 = 1
AaNTRnunlvazBanlidy Inemazidunvesinafsumsvauninnuaiosmaniivasly
[ a é‘l’ wa a 4 1 . (Y g LY} .
WUy uBNNUANENUANLAYDY 9 LU AUV (Brightness) N13ATUUIIY (Oil
. A ¥ €0 1
absorption) 9eUselevifegnaIvnITuUNUSEAN LU @RENANIINTEANY GRENVNTTN

WaNERNLAZYNY qmmwnssuﬁ L‘ﬂué‘fu

mahueadeunsusmluliuselemilugramnssusns q Taun
4 ° </ a ¢ < & @

- QAN TUNSEATBLAsLEaNTEMY dmSunseauiiunidey nseamveisadulay
v o o 1 < 4 a8 a L3 =
munszaeildludinnu nssmwinelenans nsgawlsilien nszarviedsiurinnuin
FIWNINTEMUNADIUTIAU AT A 9

=) Lo | < ! 2/ <l '
- guanmnssud dmudgnanvnssy dnldlununeaiisemsuasAFlununnues
- gEMNIINNATEAn Ly vdufisy wanafnuanglvuazanslnsdns e id W8
o ol [ < a a (2 a, v o

wazdil Usegii® iawanadin wanafndmnssulusosud mulaguassasud anululnsiow
wazmyuzldaewns savsusiuiidunaradniildlumenisunng wu ddsudusasy doundy

- QAEIYNTINYNN LU B LULATEIUDNTOBUA LaTTOINTEIULUA 58IV SIUW

anenudmsudndgauuaiyduei
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o 1 o € 4 = v [ =
- QAAMNTIUDU 9 1TU 0 sdR) Yo ey wednen USuussaninmuesfunas

Y1unu

snsuivlauna@euasuaiunvedlve Jagduegludnsidesas 10 el
Utmsanuaaiduniuoiuslulssmadsiui 9 s Tustuiifuuidmondenid 2 s
fyarnaasuUszana 2,000 &wum Tesueaifeuaiivelun dnlvgrdntuliiesly
Useine SInuAaTnaUsLuneguszaal 1000-8000 /Ry ﬁg\aﬁ'ﬁuﬁ’uqmmw AIIUI
qVS UaEIUINTBIBYNIA [2, 3]

Heforsans msldnuuaadeumivaiunlugnamnssuasifindmsuanu
Sidnnselindudaiu wuiilugramnssuesindidnnseindinsifunadsuaiveiuny
TmgRvdsdudiniunisdaasziiesfindugmaseia erfidu lulasianladidnnsn
CaNb,05 CagNb,0, Tanladiina3n 8ene Wu CaCusTigOp, SlUTe Yaqmesludidnvsn -

CasCo40y tHusiuy

2.4 3iEnnswsinfifunaideuduasduszsnounan
Sinlysiesfindursiintugsfildsunmatauntuniefesdnmaniuuans
autAmalwidlansueninuaglderuauiinneg wahlumeddnnsnin d1a1nauide
‘WU'JITSLﬁﬂIWiL‘OﬁﬁﬂﬁﬁLLﬂaL%HNLﬂuaﬂﬁUiL’ﬂBUMﬁﬂﬁagjﬂaﬂﬂ‘Viﬁ']EJGT’) 26,  27] vy
LulasianilaBidnm3n CaNb,0g CagNb,0, TanlaBiinm3n ae1a 19U CaCusTisOy, 2lUs
FanosTudianmin CayCo0, FuluTaniddnluransdidnnseniin
2.4.1 upaideululolun (CaNb,Oy)
weaideululowsdutaglulasvladidnvinudandeiilasaddnuuy
polnsaudnlaeduaniiowisnimes a = 14.92, b = 5.752, ua¢ c = 5.204 A [28, 29] 4%y
anuaileedreguilomnnTanifladidnydndilalasmilaniiu Tneuans QF = 21500
wazdle Tf = 133 awnsaussendliidutanlulasiladidnnin Selundndu canb,0, {u
anstdthiuansauifnlauanalafnuaziannisiseuasdin@u Blue Luminescence)
figamgiives n13daAs1ev CaNb,0; lnealuannsnissesldnnugisenanusunaudslae
n15vUATensendne CaCo, uay Nb,Os Ifrnudouiigamgfl 900°C [29] Fenndayaills
Anwmuindsldfinnsd caco, mnwdenlunfuasaedulunisdansieiiae
2.4.2 upalBenpaUivaslmiium (CaCusTi,Oy; CCTO)
uradeumeuiaslmiundusiinfignéuwulud 2000 [30,31] Tnegs

fnvflalilaseadrednidunuuditn nsAnwidewmaila Neutron  diffraction WUl
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space group A Im3 Juanfiewrsfiwesviniua = b = ¢ = 7.391 A [30] :nnsinled
dnvidnwuinesiin cCTO dnsitladidinvingann € = 10™° wagenladinviniivalélal
Futuanuiaufennud 10 MHz Belundiiu CCTO [29] Juamadudsyaninsidsundas
ndLdnv3nitnludasgumgifindre (100-600 K) uenantudmuiindnienves CCTO
memmﬁ‘lmaﬁnw?nqﬁq 350,000 8ndae [30,  31] WeRasunaudiladiann3nves

) 1 1 A ! o/ E‘J’ =3 2/ Q) o b 74
CCTO gy BT wuindur1iigand dedu CCTO Faldumuaulauasgnirluussyndld

Y 9

nuiiufivdsey Mduiswazaunssifiundinuanumnuiugdugunsaiidnnselind
wuvin Nsduasigd CCTO  ausavilduainranedsadsnsmssuniaaiivagdsnis
o aaa < adda vy a aaa g &
wignwuuliisenaniugveuds lngdonievldfemsmIsuuvvujiseraaiuzusdady
-] gﬁ 2/ . Q/ L7 1 2/ o :‘ a
M3EsAsAL CaCo; CuO  way TIO, NwaNTWRUmNSATIEMLEMINTINTIgnMY T
Uszunad 900-1200°C wnugifuiianuny 2-48 7lua [30, 31] fagldnandn CCTO §aann
toyailadnwwuindalidfinisdr Caco, anwdenlaunfuansisiulunisdunseiae
2.4.3 LaalTauvisaing (Cawo,)
L7 " =Y A o L d! (-] 1% 1
uwaaLduviammduanedunddndWnahluussyndldlunans g fuwsy
a v = ) N v =
nsUsegnaltlusunginssun1eiunsiieauas (uminescent behavior) Tdifuansiiss
Ufif5e16199 gunsalnsadndudunsad (Scintillation  counter)  1aes Wusnsiada
anurunasidulewihuadlnlngfivaisus (Photoluminescence)  [32] n1sdaasiest
o [-] OIJ’ v L/ LY L t A o
a1susznavansoilAlagnsunensfenu CaCo, naudhiu WO, Tudnsiaufivanzauyin
2] a [ a Y o
NsuAHANLagIH Rl 1200°C Aaansalaesiiin Cawo, mufesns [32, 33] F491n
9 v ey I WMo 0 a ' Y o
toyafiladnwnuindaldiinisu CaCo, anwdenlinnfuasiaiulunisdunseiiae
a W al al 1% 1 u 1 o = L4 1
MnUITeNhedemudddinisniueadenaisusiunainiudenlaun
a [ a o [ a o a 4 A a =1 [ «
namuwsiindwivgeamnssuBiannseiindiag wazllofiarsanddlomalunisldusslemn
& g a & v & aa a o ° A 1 v g \ a
wWasnleduduveudemdens duidadluuianuaaiaziivdsnlsuldiduuranade
ASUBLUA (CaCOs) Tunsgviumsnanesldnugavanssa ofitdu CaNb,0s  CagNb,Oy
CaZtO; CaWO, CaCusTifO;, Was CasCos0p Faaunsaifiuyarnaaianmaofisliidy

cda &

1 fa o a a v o a <) v
duussnavlugunsalBidnviiniindniisinigeduls Fenszurunswdndunssuunsilyl

s

v 5% d A oA ¢ a a o4 g a 1 aw a
utiou lddesmsinsesieviogunsaliiufndadunsiiuamldaglunisuan

v o o
2.5 nszuaunsuszgndliueaidenaisusiunainidenluiveiduaisnsdulunis
wSpuBidnInsiwsfindre38Ufiseaaruzvacuds (Solid state reaction)

Tunszuunisussgnalduaadennisusiunandonluieduarsisiuly

Ad:‘ a

Mswssueseudidninssidn A5alasuanuiiouunn fAe nseseulaeldnanuidung

1

= o agd a Y @ 1 wa
(powder)  FemsimizuanIsilnnninveswsgsifinfiwisutuiinud AgyeautRirs



14

induegrann FeTeunarsinditnmsiessusgnansdsfety Wy mamnnznausau (co-
precipitation) lalasinasuen (hydrothermal) 35UfA3e1an1uzassnis (solid state
reaction) Twaiaa (sol-gel) 1udu Filusuidoiasfinnsanmanieulnefisonanius
wpeud (solid state reaction) iilesmnifuisniswdeudlaidudou wsedldluuuadun

] [V

] M Y v d ¢ A ¢ & o acde v a
DA a’]im\jﬁuL‘UuaqiﬂigﬂaU@aﬂl%ﬂﬁiaﬂ’]i‘U@Lum‘UBQIaﬁgﬁﬂuiqﬂqQﬂ LLAIDUNYIU

'
£ 2/ [

Y o oA a d a Vel a d o v ad a =
Tolde Ao nawsiinfiwseuldfauuigrdroudeindefisufuismansouniaadl
lunisinisudle3sufisenaniuzasuda uvsoontfiu 2 Juneu Ao

NTEUIUMSUAHANMEENUA (Ball-milling) waznsiiaufiiseanusasuds

2.5.1 nsEUUNTUARENMEENUA (Ball-milling)
NSEUUNTUAKELAIEGNUA (Ball-milling)  1unisuanenlngld
: & ' < o o o
wsanalunsuananuaslusenivnisuananiiazlifiniswasuuvamaail fifeanns
4 Y a4 ve a ° v
Whguwlawmnamenwvindy  nssvaumsiflaSuanuieugdunisihnldifieanuuin

'
4 &

< o da d Vv v
aymANaede vihagaynArniiznguvsedeuuantasunilegdnluliuanoon awisn

Y 9
[

thunldlumsuaneynensinsinduliibudedetulunion q fumsanvunnveseyme
o v da o c = P a o v =
lngadumsmyuvemiiounniidnvaziunsenszuonnans Seuiteldlun1silaladunils
v & | o v | = a | Y
lunfounilagldansidoinisuanaugnuanasanstslunmsmdeduluusuuiivusauty
3 d v < %Y Y o 4 4 vooo
wnvemloun Tagluvugividouanyugnuaiussyegiulussfesimaiafoudindratu
e/ L ld
AIDNYT D PN 2.4
a 4 | o 1 = = o 1 v
gnuasslimsiadounandumida B Julusufissiunis A udianas
Y v 1 o g P 4 P y oA
wnsEUnnnuaynIAmuanuasinsvyudendiy Sasinisindeuiitduisesiduiluises q
° & v = o o o ' 9 @
vlioynevesssivuinanadilosainnisnssunnuesgnun N1SLdEAdIEMINMIBUANUYN
o 2 o 1 Foayw 2 SV 089 va o a v oW
un luvuginisnssunnuagnisidendinarivhlfeymeadinasfdohlrandasevuldiguiu
1 ay £ o/ L d a = ] o &
W Fuduvesgnuavizeniiemiioun Miinnsdnnseungaesnundstiguunaiidaiuise
v vy & v Ao Y v d e v d o w v
Jeatuldl Insnsidenldgnuanifinuningeuasldmieunivhaniagiaransaddneenlei

gamgilen vy vdauananaiin Hudy
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wnansiiduenarsianubidnsunislynuiionsfnwmtu lueygsinilulsdsslosuaunisan

lunsdllagvsau Snvimuiiludawdasilon waznesedadaarvesenarsynasaminisinluly
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[24 = 1 § o d a aaan 14 1 5 1 LY -
vasufiavivomsBushunniuninufisentlunudosgnsulutudiequeas JadedAsy
d a a 1 a aaa a 1 L o aaa Q‘I’ 1
Afidvsnaronsiinufizennsifinvesudsswineymansesivhufiseduiivargetig

Wy sssuvIAvaAdivesUjieuanandue 111AY890UNIALAENITNSERIEUDY

BUNIA YUIAVDININAN ANNANILANDYDININEN UTTEINA guugduaziiailunis

a

\AnUFR3en InefdnsnisinufRtenszanauilevunvesininuiisend fu  ilesen
szugMaveINTIIUNIIIN ULz ST MU eiutuidoguugiifuty  Tunsdlid
uiaAntulussnitnimiisevsssmassinasondsunatveanisifau§isendu
9E143N uanmnﬁmmaﬁwLaua‘ummiwamsdawadaswsm5LLW'§LLa361uau‘uaaﬁ;mﬁuﬁa

SEMINAIUGATeN

2.5.3 N139nK4 (Powder pressing)
[ <) ad X a da v < o W &
M3pNutuIsNsTugUsdnilinuasegafeiununmstugulane
L Vo :‘}” IS P=3 L = ] L 1% A 1

we nldiun1sTusuiwsdnuszinvudndasipumdmsunulasaiaazUssinmdu o wu
[y a o a o = ¢ 1 =4 ad & [ ° a da
Jaanulw wslinildlunmiBiannselinduagauudndn Bnstugdlumsinaeningdl
1 L2 . d! o v A U A v = A L2 s 1
UNFNveIIUTYEI (Binder) Fwazviminflunisnasaulinagsidnindoussawuuly

v

la 3 5 % v Ia v Y v o o VAV |
BEUWUNW ‘iﬂﬂuu‘i)ﬂlﬂﬂLLUULLJJW&JW‘IG]EJI%PYN&Iﬂu Im&Jmiammwﬁﬂﬂm‘uumuwﬁiwsuuaEJ

Y 9

o & v = 1 1 [-3 o ] | 1a4 o
Inunselinsnauszrinesualaguazvunainludnsidiuivuns s luifimsivasugy

) s 1 d LY
TN dnAuUnNUluN1SO AR ARy

o ] 2 o 1 =]
MsonILUIlaLdY 3 szuvdoy Ao
Y . . Y la o
2.5.3.1 aMULNUALT (Uniaxial)  weazgndnluudfiuilaenseian
Nnienaaey  Junuaglagusiandouduseslunifius nsonfusUnuviindnlalaniy

ﬂy d 1 1o k74 ] q‘.’l 1 =
Fusuilgusnlidudouriniu uidnsnisudags s1a1gn
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2.5.4 NSEUIUMSIITUABS (Sintering) [36]
n1swndn (Sintering) Aanszuaunsmennusouihlieynmaiin
msawiuseiuegauga Ahasiindulussiussney msfiaiussifourefudna vy
szuufimnuudausigeunasiindiuanas  uenanifenaazndnldnswiinu
mngfisnshidagnsuiogsenineymansiuduiasiaumuwiuinndy Taserdunisme

o/ )%

Y (3 o 4 12 a a v o = 2/ o d 2
G\')‘UENENF’]UiSﬂEJUV]L‘U@N@EJG\ﬂﬂULLa'JLﬂﬂﬂ’]iLG\‘UIGl‘L‘Uﬂ'JEJﬂ'L! IﬂEJiJﬂ’]iﬂi’NWUﬁSVILL"UGLLN

Y

i 12 o & < x|

1 = 1 } 1 A 1;1 A 1 :B'!
FMINBUNIANBYRAANUTUNTYNTURD UNBgTE I NSRBI UGN WIUUAR U TUgY T
1% | 1% o ) 1 v i | <t &
\ulassadganafivsznaumenisdanefureansusng 9 dundiduduviesiunoy
MSWHTINYIaEY

9 w

=Y 0'3 b b A v 1
N3EBUNDIUUAzUSENa UMY 3 FaeidAty Taln
1) Msntng5uAY (Initial sintering) UssnaumenisdnsSess
lyslveseynia (Rearrangement  of particles) uwagiinnsiiulnvesUdnasEnINLAay
L A =9 yQ 1 1
UMANIEAD (Neck) uwanensnni 2.8 (@) lnsmsiivlailiinainnisuns n1svudeuuule
nmsauvunanainvienisivania dusunsfivsznaufeeymansanauasiinisvasvie
1 v w a ° v ' v da
AsLUUALAATUNSDUAUNISIRUTAYRIAD Yinlmiuuananerasaulasniawe U
I=3 1 . . . 1 o
2) MIWINTINGNNAN (Intermediate sintering) WuYNVUIAYDY
- & a & a ' P a %
AaLFUlRTULAs U Mvesn Ul LR SuAnaID 89T AL \WeasnaynaFuLINn
TnagadnnuN1ndedy vhlifuauindnisvamawednoy Sudinsulasvauinsuinty
v o/ A A QI I dy -] vV a = o - :n'( 5 -4 o =Y
wipunuiinmsindeunvesdanad liAsinsiAulaveunsuuiansudy Juneuiaesidy
A 1 t & a 1 a P | Y a :
IULsa&Jqa&mmaLuaa‘lummzmaqmwmgw;uasLimnmmimamanu (Wingwyuln) uazaz
‘;/ = % -7} = A =3 L) [ 3 ) =Y
auejmwqmﬂsiuﬁluwumLuagwgummﬁmiLwﬂqumaaﬂlﬂaqmqmﬂ (WINWULe) n1swa
Mesiunusinduinngalunsninginateil fanmi 2.8 (a)
IR Y . . . o
3) MswNiingasgaving (Final state sintering) tlugaefigwsuly
FuruiBulaimiowasaoy gnmdalinualuaintunuedising Taserdunalnnsunsves
8INIAIINGWIUODNUIANUUIVBUINTY  UngeeanlUaniivestiuey sasvhldifanis
WA LRLTU NI nIfes &Nty uAgeunsuIsinTulumsindngegaineidaanw
o ' < Y a Y 2 a o P d < !
n 28 (1) amalinm'mn'mmmuimmLniuuummulﬂwauLniun%maaumsaﬂﬂgwqu
dawalvigwyuunendaluoglunsu LﬁaLﬂsuLﬁuimﬁialﬂasv‘fﬂﬁgw;ugmt&maaﬂmnmaumsu 9
v 0 w Yy v U o o a ] 1 a4
wlanlenianisgnrindnoantuls Asudsmasiinsauaunisiiulaveansuiluedeiiiie

R o w v o
ilvin1sidngngundululsunian
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UNN 3

ATaiiuauI Y

TuunilaznanfeneasiBeavesasiail qunal indesile nsruruniainion wasns
avivdeuendnvaliawzrewndn TneasiBusaurtunaunsiassunaUaen el duans
Fadulunsdanseinaman waznisduasenadnlussuy CaNb,0Og CasNb,0y CaZrOs
CaWO, CaCu;Ti;O;; Uag CasCo,0, e BufATednuzunds Mntunsnaeulasai
wEn MswAsula audRivnanisnm audinisaiadou audRladidnnsn wazdyginen

o a o« [ a = o w 1 &
Yassnanmaseula Invilsvazideanuasunsluil

3.1 asniildlunismaass
3.1.1 luleoueenlan (Nb,Os) m’m‘u%qm‘é 99.9 % wWARlaeUSYN Advanced
Materials Usginaansgaiisn
3.1.2 woslalousenlan (Zr0,) mmu‘%qmé 99.9 % wAmlawUSYM Advanced
Materials Ussinaanigaiaism
3.1.3 Vedupenlen (WOs) m’mﬁqmé 99.98 % WaMlABUSWW Advanced

Materials UseinAansgawsn,

3.1.4 paUivesoonled (CUO) AuUsans = 99.9 % wAnlasu3n Sigma-
Aldrich Usginaddu

3.1.5 lnindleuleeanled (Ti0,) mmu‘%qwé 99.9 % WaAnlABUSYM Advanced
Materials Usemaansgaisn

3.1.6 \ofiaueanaged (Ethyl alcohol) ALU3awE 95 % HARIREUTIM Usine
ng

3.1.7 ndlflaueanagen (PVA) Winlneu3om Fluka Ussinaeinigesuaud

3.1.8 agin

3.1.9 MIdu

3.1.10 1nduy

3.2 gunsaluazirFesilofldluntsmaaes
3.2.1 TnvanaanwseurUa
3.2.2 g19lusndnseUBuR
3.2.3 gnuaweslalily (ZrO,) vinadurugudnas 2 5 way 10 Nadluns

3.2.4 WmUNTINUNB
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3.2.5 nszA1uved (Foil)

3.2.6 TouRnalswanadn

3.2.7 dousinansaunuiad (Spatula)

3.2.8 ANNLU (Forceps)

3.2.9 Uninesauia 1000 daddns

3.2.10 dninesaun 500 faddns

3.2.11 Uninesvun 100 daddns

3.2.12 Jninesaun 50 daddns

3.2.13 nssueniafauoanoses

3.2.14 azunsanIen

3.2.15 wisudwmdnd miuniuans (Magnetic bar)
3.2.16 AasnuUAans (Agate mortar)

3.2.17 geiuwanaRndmiuldans

3.2.18 N3TATYNINBLUDS 600 1000 Way 1200
3.2.19 sy

3.2.20 Mypgiu (Alumina crucible) wiaun1ln
3.2.21 LLajﬁuw‘Tawsﬁm%'Ué'mﬂﬁugﬂfummLé’umuguénma 10 Uadluns

3.2.22 wuiulvian1usou (Hot plate) wisudwauashuuudingn (Magnetic

stirrer)

3.2.23 |ASBdUngENaNETLUUUAtadeinun (Ball-milling)

3.2.24 \e3essnsvuulelasan

3.2.25 \Asedaidneanuasiden 0.0001 n¥u WARTABUSYM Fisher Scientific
Ussineangy

3.2.26 \A3psansTlein nanlaeusem Flight Ustmeainiesiaus

3.2.27 gouasgnvgil 200 sargalded nAnlaaUIEW Fisher Scientific Usvine
BINg

3.2.28 R lifgungll 1200 esrvalfod nAnlagu3dn Nabertherm
Uszimnalyasudl

4 ¢ ¢ a ¢
3.2.29 p3palenalsdvigeaisalunalUnlnsiines (X-ray Fluorescence
Spectrometer) ninlagu3um Bruker 3uU SRS 3400
4 a a ¢ . . 2
3.2.30 w3oamaslunsimasneunlawes (Thermogravimetric Analyzer) H&®

g u3en Perkin Elmer 3u Pyris 1
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3.2.31 IADIRTIERUNSABIVuTasStilend (Xray diffractometer) nAnTne
U¥W Philips 31 X'Pert MPD

3.2.32 \nTesFusnauaieudunsusaainlnsiiinod (FT-IR  spectrometer)
HARLAEUTEN Perkin Elmer 4 Spectrum GX

3.2.33 \a3essunuanlnsfines (Raman spectrometer) HAnlagUSEM Thermo
Scientific 4 DXR Smart Raman

3.2.34 né’mqamiﬂﬂﬁLﬁﬂmsauLL‘U‘Udmﬂi’m (Scanning electron microscope)
HARLAEUTEN Zeiss U EVO MA10

3.2.35 1303 LCR meter WARInEU3EM Agilent Ju 4284A

3.3 nszurumanieunaudenldaindenlvifiefiuansasduludunsizvinanin

3.3.1 v azenUdonldetnedneny 2 soulasiarnaliarenn

3.3.2 ﬁﬁmmasmﬂLﬂﬁanlﬂiéhEJLaﬁaLLaanasaéLLasﬁﬂUL%é’auLﬁaau’lﬁuﬁq

3.3.3 flenlunuiwnunmensnunans

3.3.4 HaUFonlgiikunisuasiuau 50 nfuasuunseaulesd

335 inUdenldasluvaananainfiussegnuateeflaliioguasiiu
ioiausanegedasluauugnuawestaleifiodusmdeluniswdedu JnehlFainuasiu
shemunmawurieletostunishidy

3.3.6 thwawanafinimsungeemegnun (Ball-milling) Wutian 24 43law

3.3.7 ﬁwmwmaﬁnﬁmumwﬂﬂaaﬁwgmﬂ (Ball-milling) I38USpBUAY 3
nsadlneldnzunsenseslddnineasvuin 1000 fladdnsuazldiefianeansgaddngnunau

¥91M

3.3.8 ldunudimdnasludninesuaviluszmeiofiaueansgoduuurulyainy

%ou vhmstuniumaeaiian wazsiluaulsiu

o < IA 1 v v 1 =Y
3.3.9 ihsaUdenlvfkuNsauLRINURmEASNUAdTSLas AUlda 9Ty

9
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3.4.4 ﬁwmwmaanﬁmumsuméaaﬁaagn‘um (Ball-milling) 138USBLET U1
nsedlagldnzunsansadldininesuun 1000 Taddnsuacldiofiaweanagaddrsgnuasu
dx07n

3.4.5 lTduvudidnasludninesuasiilussmeiafiansanagaduuniuliiainy
ou vhmstlumusaeniias wazdlueulusie

° a0 v v I v a a v
3.4.6 UrnauiunseuwiauanlgasnuaaisuazldluiieagiunUnsn T

3.4.7 dhanslunuealnilaednwigumgRlumsiuealeiaindeya TGA
° @ avyw ¢ v a & v o
3.4.8 hrandnfilaannnisiupaleduinsisdeumemaiianisifeduuvesed

¢ o o a o &
lendiivedudunisiinmauigns

3.5 ASYUIUNSIASENLYSEN
o o a o = d o -1 v 9 . v ~
msiessusiinlagdmadniieseuliunduguamenssn (Pressing) Thauaudl
anunuzituusiuna (Disc) awadurugudnans 10 Taduins
] = d o v w o av o ¢
3.5.1 FanananwIsnlaussuna 1.2 ndu waudulwdlidaweanased (PVA) a1
v v v H | ) ) v @ [y 4 )
WintuSeway 5 lnedminifieiduiiuseau (Binden)  Tinanefulanty vanalmdasiu
AIBATNUAES
o [ [ v o [ a v [y o/ [
3.5.2 imsontutdfiuilanemionissonlussuulalasanmeniudu 2 sudu
e 2 wiilagAnuiy 3 fuduai 1 und
353 L;Jalm‘uumuwamuiﬂl,m (Green body) dndnsedlufeegiuinaznay
‘uumumaammLwam&J’lmumﬂuaLa&Ju‘Ua\ammaauLsmgis?iumul,mq fuluynfiaviauazdn
theneegiulviadin
3.5.4 hihgegilnfiSetunudeuioaudidunieyiniswduines Tneawiud
A a a'J [ é! a sy
fgaumadl 500 ssrwaleailua 2 lalneilidnsnstu-asvesamgiae 2 oeen
o | a A o w Y o ag v 4 = ady a
\waluasoui wefda PVA sonly antuifugumgilgelusuigumaiindesnismndy

¢ 1 o prgY & aa o i P
WasilaziigLduan 4 ‘U'JIJNIG]Umaﬁiﬂﬂﬂi‘uu—aﬂ‘uadqmﬁﬂuMﬂa 5 29A YLD YENDUIN

3.6 nsdevasAlsznavratsinnislunalienlilnemaiiaenaisdvgenisa
wunawWnlnsalnd (X-ray Fluorescence Spectroscopy; XRF)
irsAenliinIsuldluvinmsnsisevesiussnauvessinnelunaudenlalag
a ¢ < a s LY o [ ¢ &
welaensgvigeaisawudtaUnlnsdlny Funelan XRF averfovdnnisiSesiedifng Ao
d vag ¢ a . V- e o | <
WosvdLdnaUguagil (Primary X-ray photon) annviaenssdidndwadwuasaingaziuna

T¥ianmseudlugn (Kshel) veteznounmeluasiedimanesnanesnosluzuvadnin
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/ey a o a a
3.12 ﬂi?ﬁ]ﬁﬂUﬁ&lUﬂ‘lﬂaLaﬂﬂiﬂ?]a\‘ﬂ"lﬁ']&lﬂ

[ .4

AsIvdamdan nsgeNdvS (€) uazArdiUsznaunmsgyidenaladidnnin
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SlanAsauLUUdeansIn (scanning electron microscope; SEM)
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383, 290, 260, 239, 224, 195, 162 Uag 136 cm FaaTafulMuANTAUYDI vs(Byg), Vs(A),
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SlanmseulUUdeIng 1A (scanning electron microscope; SEM)
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NN 4.53 waesdursiseanasuvemeninuradsunoUoslumiunrou
LLazwﬁdf\ﬂﬂﬂﬁLmLLﬂﬁl%ﬂﬁquQﬁ 800 aerlwaleauazlananlunisinue A 15-240
w1t Tne¥alutag 4000-400 cm™ Ainsneumwaaladasnuiniiavaay 1442 uay 876
e’ andulvusnisduwes co,” Fuilegamgilumsimuealsiifiuduaslawuiinansduil
Usngdn uenanildawuiiniliavau 463 cm™ Faudulnuanisduves T-O-Ti wuluuanis
duves Cu-0 Afiniavadu 525 cm™ wulviuannsduwes Ca-O Mavalu 606 cm” wazdany
finfllavedulugae 380-700 cm’ Fudulnunnisduves CuO, Haz TiO, lulpseasng
CaCusTigOy; [47]
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4.7 aruihiluigluiinsiduaadsumsveniivdeuldandenldiduasae

fulunisdansizvinananlavaanaanlun (Ca;Co,0s)

- psduaTsirandnuealuulauaaneenlan (CasCo,00) Tnel¥ansaady Ao
Lrad s duslunTiwIealaaniudenliuaslausananlas (Co,0,) Meaun1s CaCos +
Cos04 —> CasCo40 + CO, ﬁ?ﬂagﬂﬁﬁ%mﬂﬂ’luwadl,rﬁﬁ (Solid state reaction) laan1sun
dosfunan 18 Hilus ilussvsuazeuliuimin Mndufinumgfinssumannufoures
ansuauszuinsarsaadulaomadameslunsidiuninesuilada (Thermogravimetric
Analysis; TGA) LﬁamﬂhqqmmﬁlumsLmLmalsuﬁl,l,asﬁ']msLw'lealszju“léqmmﬁLﬁaﬁﬂm
Svswarespuupimskaaluifiinaremsiiamaveasuaaieluloln sniuthne
NEnTRuNsIELealiinAnvnsfiomaraslaswadademaianisidsuuresdidiond

(X-Ray Diffraction; XRD)
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a1sumaldum1susiun (CaCoy) sonunluzUnaalduusenle (Cao) wagfing
asuaulapenlan (CO,) [37] fedunis
CaCOs (s) €— ANusaU —> Ca0 (s) + CO, (9)
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UNA 5

d3Unan1sIeuasvalauauUL

5.1 ayUnan1saidy
Pnnsfnwnsdaasedasussnoviiiuaadoufussisnoundnna 6 szuy
A8 CaNb,O, CagNb,Oy CaZrO; CaWO, CaCusTiqOy, Wag CasCo0s MEIdUfATe @ U
983ud4 (solid state reaction) IﬂEJﬂ’]'iL‘LJg‘EJ‘uLLUaﬂﬁﬂW’J:ﬂ‘US\‘lqmﬂgﬁLLa:ﬂL’Ja’ﬂ,uﬂﬁ

Anujfsenanansoasuualsined

5.1.1 waaidedlulaium (CaNb,Oy)

5.1.1.1 Mnwanmsnsivdevlassadrendnlnomaianisiisivuvesediond
wuiausndunswiinauignivesaaidenluloiundeisufateraoussesudlsi
aamgfl 900 ssnwalvauaziiailunsutviy 120 ud Fanauiqvisvesnaaideulu
IaLumﬁﬁaLﬂi']w”lﬁ?’{ﬁmmaamﬂé’aaﬁugﬂuwﬂmgmLuwawa\‘l%’qﬁwn%mmLLﬂaLf‘?isJaJlu
Totumangudeyaunnsgiu JCPDS Laul 71-2406 Raillassadran@nuuvosissendn

5.1.1.2 3NNaN1IM59dUsIRUTENoUMIATURRHENAIEmATlAs1UuE
Wilasaln? wulnumnisduluufdinues Nb-O TuthaUszana 490-900 cm™ aswudinflias
AR 905, 848, 661, 626, 537 lLay 494 o™ FemsafuTvunnsduves Vi(Ag), V1(Big), VoA,
Va(Bag), Va(Ag) LAY vq(B;e) MUAIRU UaENUNSHULUUDYB O-Nb-O Tuthwiind 450 cm’”
JzwuRnillandu 428, 383, 290, 260, 239, 224, 195, 162 Wag 136 cm - %qmsaﬁyiwmmi
duves Vs(Big), Vs(Ag), Ve(Ay), Vo(B1g), VelAy), Vo(Ag), ViglAy), Vix(B1,) Uae vii(Ag) AUAIRAU

&

51.1.3 mnNamimwaauaaﬁﬂisﬂaumaLﬂﬁwmmmﬁn@hsmﬂﬁﬂnlﬁss

& o A d -1 ull 2-
nuanesuBunsseaUnlnsalal wunnfitauadu 1417 am” asidulnuanisduves CO,

LaznuUNsdULUURIEaD Nb-O Tutheussanas 900-400 cm” eenuiinliaundu 852, 742,
661, 566 wag 478 e’ %amsaﬁ'uiummiﬁ'wm vi(Bal), VaBi+v/(Biy) , VoBay), Va(Bi)
WAz vq(By,) AINEIGU

5.1.1.4 Mnean1sasvaeunduguinelngldndosganssaididnnseu

1 ! oo a ed )
bUUADINTA WU’)']HQ@']U’J‘VIEJ']‘U@QNQLLﬂaL%EJQJI‘UI@LUG]LN']LLﬂavL‘ZiU‘VIE}ﬂJWQQJ 900 83N

4 | w = :
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1 A =3 a 1 1 1 =3 =) [ 1
InvildasiladidnninegludisUszinm 12.9-14.1 uasilinisaideladidnnineglud
Uszaa 0.006-0.03

5.1.2 umaldenluloiun (CaNb,O)
5.1.2.1 9ARan1snsIvdsulaseas1andnlnematan1sideniuuyeSdiend

a

wuihansadauasieinaudanivesunadoululoivndaeisuiiseanusveaudald
gauvgfl 800 serigaifeauaviialunisinudvihiy 240 uiil asau3avdveaunaideily
IaLvmﬁ'ﬁqLﬂsnzw’lﬁ'ﬁﬂaﬂuaamﬂﬁaaﬁugﬂLLuumngmLUmJawaa%’qﬁLansz?mamﬂaL%ﬂulu
Towmangudeyaunnsgiu JCPDS taufl 49-0911 Fellassadrasdnuuulauadiin

5.1.2.2 MNHANIIATIE@DUBIAUTENOUNALAR YRR EnAumaTins U ua
wWilnsalnd nulnunnisduuuufiedaues Nb-O TutheUssanm 500-800 cm agnufiniias
AR 794 605 WAy 519 cm” Famsafulmunmsduves Va(Ag) vi(Big) Uag v4(By)) MUEIAY
LAENUNSTAULULDTBY O-Nb-O  Tughedindt 450 cm™ azwufinfliavady 449 403 380
327 260 234 202 148 uaz 135 cm BamsaFuIANTAULES vs(Byy) Vs(A) Ve(A) Vs(Bs)
V(Ag) Vo(Ag) V1o(Ag) Vi5(B1g) Ua® viy(Ag) ANUEIAY

5.1.2.3 annwan1sasiadeuesAussnaumuaiivemanindeimaiayides
nuavlasudunsusaanlnsalad nufinflavuadu 1411 cm™ aufunsduaes CO,” uay
wulnunnsduuuUREages No-O  TudneUssanas 1100-500 cm” sgwufinflavadu 1106
867 686 uaz 518 cm %nmsqﬁv‘lwmmsﬁuwaq V3(B1)+Vv7(B1y) Vo(Bay) va(Biy) Wae va(Byy)
ANEIAU

5.1.2.4 nuan1sasvaeunsduguingilagldndosgansseididnnseu

1 ' a/ = A a
wuvdeInsia wuirdugrinervessuaaidoululoiunmiuaalaufigumugd 1000 oeen

A ! </ d! !
walsailvuneyniadewiniu 0.86 T 0.22 lulasiumsdadlvinnoymadnnimanealde

a

ed P o Y
Tulownwuaaledngumgll 1200 ssmwaduadalvuinoymadowiniu 1.47 £ 0.28
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5.1.25 wnuanmsasmeuandaladianyin wuiillegaumglasluwsiing

! A‘L a < J < aac o 4 < = 1 v a </ dd o Y
Apasilndidnvnuagrmsgadeladiinyininsuasiianlnaidetiulunnanudiviinsd
! o a a 1 1 1 a C=) i 1

Ineilrnsfiladianvidnegludisseaa 16.6-16.7 uasilinisgaydeladidnvineglutag

Ys¥aned 0.005-0.015

5.1.3 upal@euieslaum (Cazro,)
5.1.3.1 9ARaN1505dUlASIA1MNEN InemATANSI R8I UNYDIS I L ONS

1 o ¢ a £ o & Y  ad aaa 2 v wal
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gumgdl 900 esmwadeauazatlumsiuduiniu 120 unil Jarausgvsvesunaidey
weslawnfidaasesilifinnuaenafestusiuuumadsauuvewesdidiendvounafon
woslaumangudeyauasgiu JCPDS wauil 35-0790 Fefllassasndnuueslssoudn

5.1.3.2 MMNNANIATIEUDIAUSENUNILATiTasNendndEImnaliAT I uA
Wnlnsalnl wulvusnsduvesuanfiviiavadu 146 cm’ Tansefulnuanisdures A, WU
M3FULULIDYRY Zr-0 Tutiedszan 200-300 cm™ azwufinflavadu 191 213 233 262
uay 286 cm’” damsafulvunnsduTes By uay A, wumsduwuudasslutasszanos 300-
450 cm’* agnufindavedu 310, 358 uae 438 cm” Famsefuimianisdues By, vde B,
Aq UBZ By AUERU uazwUNISEULUURIEAYee Zr-O Tavadu 470 uay 547 cm” Famse
fuluuams@umes By, Uas By, w30 Bs, My

a ¢

5.1.3.3 'ﬂ]’]ﬂNaﬂ’]iGli’)’i]ﬂ’e)UE)x‘]ﬁﬂSSﬂ’ﬂUWNLﬂﬁ‘UENNQNﬁﬂﬁ’)EJLVIﬂﬁﬂWuLSEJS

a < < -1 @
nswanesnBunsusaawnlasalad wufinfitauniiu 1417 876 uas 716 cm asdunisdy
2- o | -1 3| 4
993 CO;” wumsiuluuidaues Zr-0 Tugasuszana 600-500 cm’ azwufinillauadu 515
-1 Y < 4 -1

538 Waw 596 cm - Wasnulnannsduyes m-Zro, Mlavadu 744 cm

5.1.3.4 ynwansnsdeunidugiuivenlagldndosganssmididnnseu

1 1 o/ a A a
LuudaensIn wudrdagruivenvesnawaadenluleiuninwaaleidfigaumall 900 aeem
a4 o d 0w = o ] ' a

walgaivnneynaRasvigy 0.12 £ 0.01 hilasuasTdlawneymadnniwaunaide

o

ed & < 1w
Tulewaiuealeifigaungd 1200 esmwadvadfiouneymaiadewiiu 0.41 £ 0.07
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Y
dd o o

: a\L ag a ' < ag a d 4 o v ow
Ampladianvinuasimsgideladidnniniinaiuasdidlndidsstuluynanudivhngg

! A a a i 1 I a a i !
IneilinpanladidnvinegludisUsennn 27.8-28.9 uavildnisgdsladidnvinogludas
Uszanad 0.003-0.03

5.1.4 upaldeNiseinn (Cawo,)
5.1.4.1 91NNAN1IATI80ULASIASNENTAeMATIANISIR UL UNYEIS B Lo NG

aaa

wuhannsaduanziinauigvivesunadoutisannseisuiiseanusvewddlsa
gl 600 psmwadvanazaTlunswviiAY 180 unit Farauiavivosuaaidey
Tannfidaaseildtamuaenndosiuguuuumsdeiuursweididiondveunaidos
vidmmangudeyauinsgIu JCPDS taafl 41-1431 Fellassadednuuuanstlnuea
5.1.4.2 MnuamInsRdevssfUsnaunvailvessndndemadasunua
wWrlasaln® wulnuanisdumelu (ntemal mode) fiaund 912 838 796 400 uas 333

-l Y o ° w
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da¢ (Free rotation) flavadiu 210 cm™ waslnunnsdunieuen (External mode) fav
Ay 115 cm” Selmamsduilifiatudsvenisruamsdunuuisdnuuuaannsues W-0 Tu
luanaves WO~

5.1.4.3 91NWaNIATIAAeURIRUTENUMIAlYNINEnAanaTiayies
nuanesudursnsnaUninsalal wufinfllaendu 1442 cm™ sfumisduves CO° wu
NSAULULIET8Y W-0 Thauadu 440 cm’ FensafuTuunnisduues Fylv,) waswumsdu
wuuRsdauuuldaumnsves W-0 Tu (Wo” flavadu 817 am” Femsafulnuanisduras
Fo(vs)

5.1.4.4 nwan13nTvaeundugivelagldndosganssamidiannsou

1 1 </ =3 !4 o
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anudviimsin Inedidmanladdinvinegludaeussana 12.6-35.9 uaziidnmsgeydeled

Anvidneglutisszanm 0.6-36.0

5.1.5 WpaldsuppuiUasinviun (CaCusTi,Oy)
5.1.5.1 Minwamsansaeulassainnlnemadamsdeivuuesisdiond
wuhansaduaneiauigvivasunafunsuieslmmiundeisuiaanusveauds
1ngamall 800 eerwaldyauaziiatlunmsmiugiiagy 240 wii Fasauiandves
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lendrasunaidounsdilaslnniiunaingrudoyaninsgiu JCPDS aafl 75-2188 Fadl
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5.1.5.2 IMWANIATIERUBIAUIENDUNNAATIUBINNENfemATiaTIL A
Wnlnsaln® wulnuamsuyuuuudassiaiiou (Rotation like) Mavadu 481 cm™ wulnun
M3ved THO-Ti - Mawedu 617 cm”  waswuluuanisduwes TIO,  eenmxdast (TIO,
octahedra) fiavndu 830 cm’”

o ¢

5.1.5.3 1INNAN1IATINEBUBIAUSENBUNILANVBININENAIEmATlaYiS Y S

)
e/

¢ a - o = -1
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P e -1 o o = -1 o e

ANNEYAdN 525 cm WUlnuAN1SAUYRY Ca-O MauAaY 606 cm  wazwufinfllawady
| -l &4 ) X 14 .
Tut29 380-700 cm™ Fafulynn1sduves CuO, uae Tio, WlAseade CaCusTiO,

5.1.5.4 NRANSASIvERUANTRINBIENTSN wuIdlogauvigetuigsndng
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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 CaCO; from chicken eggshell waste as a
starting material for synthesizing CaWO, powder via conventional solid state
reaction. Scheelite Phase formation of CaWQy4 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 CaWO4 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 CaCO;
from chicken eggshell waste is an alternative starting material for synthesizing
luminescent CaWQ, ceramic.
Keywords : CaWQyq, 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 (Wéi 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 CaCO; 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 (CaCOs), synthesized from chicken eggshell and reagent grade
oxide powders of tungsten trioxide (WO3, 99.90% purity), according to the equation,
CaCOs + WO; — CaWO, + CO,. After being ball milled for 18 hours with ethyl
alcohol using thé 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 CaWOQO,; 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™, 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 20 = 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 CaWO, 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.l The eggshell is composed mainly of calcium in the
form of calcium carbonate oxide (CaCOs), which represents more than 96 wt%. Other
oxides that appear at around 1% are MgO, with those lower than 1% being NayO,
K70, 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 (CaWO,) 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 (CaCQs) 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: CaCQj(s) < heat —
CaO0(s) + COz(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 Cng' is vsin 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 CaCO; decomposition
at around 600°C. In addition, a strong peak at 817 cm” shows W-O asymmetric
stretching vibration in the molecular jonic of [WO4]2', in which the vibration mode is
Fa(v3), and a weak peak at 440 cm’} shows W-O bending in the vibration mode of
Fa(v4) (Thongtem et al., 2010; Vidya et al., 2013),

Raman spectra of calcium tungstate (CaWQy4) 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 [WO4]2'.



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
(CaWQ4) 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 (CaWOy) phase as the main phase, while the substrates of calcium carbonate
(CaCOs JCPDS file no. 85-1108, 0) and tungsten trioxide (WOs; JCPDS file no. 83-
0950, ) phase was seen as the minor one. When the calciﬁation temperature was
increased to 400-500°C, the peak intensity of substrate phase was reduced gradually.
The XRD pattern was consistent with calcium tungstate (CaWQO4 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 (CaWO,) 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,4 when temperature in the caléination and crystallinity of CaWQyj increases.

Rietveld refinement analysis performed on the XRD patterns of CaWO4
powder calcined at 600°C are shown in Figure 5. All the diffraction peaks of CaWQy4
matched the model peaks very well, with a chi square (32) 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 oo = f = v = 90° assigned to a type-scheelite tetragonal
structure in the I41/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 um, 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 CaWO4 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 CaWOy4
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 a is the absorbance, h is the Planck constant, v is the photon frequency, Eg 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 CaWO4 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 (Eg) of CaWOy is 3.78 eV.

Conclusion

In this study, calcium tungstate (CaWOy,) powder was synthesized by the
conventional solid state reaction method using CaCOs 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 célcined CaWO, powder. This
resulted in the phase formation and particle of CaWQy4 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 CaWOQx.

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 (CaWOQOy)
powder after calcination at 300-800°C.

Figure 5 Rietveld analysis of XRD patterns of CaW0O4 powder after calcination
at 600°C.

Figure 6 SEM image of CaWO, 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 CaWO,4 powder after calcination at 600°C (a)

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



Table 1

Oxide Wt. %
CaCO; 96.2
MgO 1.16
NaO 0.99
SO; 0.72
P,0s 0.34
CuO 0.21
Fe 03 0.19
K20 0.07
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Abstract

This study focused on the possibility of using CaCOj; from chicken eggshell
waste as a starting material for synthesizing Ca;Nb,Og powder via conventional solid
state reaction. The heat behavior of CaCO; and Nb,Os raw material mixture was
studied by thermogravimetric analysis (TGA). Phase formation of CasNb,Og 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 CaCOs by weight. The XRD pattern peaks matched the

peaks of calcite CaCO3; ICDD No. 85-11108 very well. Furthermore, the XRD results



and Rietveld refinement analysis confirmed that the. purity and single phase of
CasNb,0g corresponded to the monoclinic structure (ICDD: 49-0911) obtained after
the calcination process. The non-isothermal kinetic of CasNb,Oy also was investigated
by the Ozawa methods. This study indicated that CaCO; from chicken eggshell waste

is an alternative starting material for synthesizing CasNb,Og powder.
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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 componehts. 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,Oyg is one of the
Ca-Nb-O compounds which has been explored as a potential candidate for the
microwave dielectric ceramics.The CasNb,Oy powder can be synthesized by the
conventional solid state reaction using high purity of CaCO; and Nb,Os.
Nevertheless, using CaCO; form eggshell waste as a starting material for synthesizing
the CasNb,Oy has not been reported previously. This study presents the possibility of
using CaCO; from chicken eggshell waste as a starting material for synthesizing
CasNb,O9 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,Og powder was synthesized by the solid state reaction of mixtures of CaCQO;

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



according to the equation CaCO3; + NbyOs — CasNbyOy + 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,Oy 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,0, SO;, P,0s, CuO
and Fe,0;. 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 CaCO; and Nb,Os in
the stoichiometric proportion of CasNb,O¢ 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 (CaCOs) 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 (CaCO;) substance occurred in the form of carbon dioxide (CO,) and
calcium oxide (CaO) [14] following the reaction: CaCOs(s) « heat — CaO(s) +
COa(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 CO,?% 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 CaCOs substrate in calcined powder in the TGA result
previously. Furthermore, the metal oxide band was observed at 400-900 cm'l, the
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
octahédra [15] and Nb-O stretching vibrations [17,18] respectively. The result of FT-
IR spectra shows that the estimate CasNb,Og 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

! corresponded to Nb-O stretching - vibrations

the vibration mode at around 844 cm’
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 CaCO; 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 CasNb,Oy peaks was further increased. The XRD pattern was consistent with
Ca;Nby,Oy (JCPDS file number 49-0911) as a pure phase at the calcination
temperature at 1000°C. The precursor phases of CaCQO; and Nb,Os disappeared
completely. Upon calcination at a higher temperature of 1100-1200°C, all intensity of
the CasNb,Oy peaks was increased and peak at (114) and (310) separated obviously
which indicating that CasNb,QOy 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* anijon 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 CaCOj; substrate in calcined powder.
Furthermore, the metal oxide band was observed at 400-900 cm‘l, 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 éhows that CayNb,Oq 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=0 terminal asymmetric [19]. The vibration mode at 794 ¢cm’ corresponded to
stfetching 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,Oq 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 CaCOj; and Nb,Os phase. The CasNb,Oq

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 CasNb,Oy peaks increased significantly. The XRD pattern
was consistent with CayNbyOg (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 § displays Rietveld refinement analysis of Ca4Nb,Og
powder calcined at 1200°C. All the diffraction peaks of CasNb,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 c = 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 pm, 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]:

1 1 w 1.0516—
nf=ln g(W)R RT

(D
where E is the activation energy (kJ mol'l), R is the ideal gas constant (8.314 mol! K
1, A is the pre-exponential factor (min™), Bis the heating rate. Results from four TG
curves (Figure 10) in the composition range were used to assign a (extent of
conversion, a = (m;-my)/(m;-my), where m;, my 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,Og
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,Og powder by using CaCOj3 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 CasNb,Oo



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 kI mol™. This study indicated that CaCQO; from chicken eggshell waste is

an alternative starting material for synthesizing CasNb,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 CayNb,Oq.

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

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

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

Figure 5 FT-IR spectra of calcium niobate (CasNb,Oy) 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 (Ca4Nb,Oy)
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 Ca4Nb,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 X 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 Ca4Nb,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
P,0s 0.34
CuO 0.21
Fe,0; 0.19
K,O 0.07
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