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ﬂné'l,wﬁma”ﬂ'i~:.LalwﬁmLnﬂ'ziulﬂL’uaqmﬂﬂfammnmwaqamwm Tuvnrinuautima
mudeussiinmiindestufiamemslvavesnssudlnin Faieiuldiilasandamusig
Anglntiinlutan dafy Unngmsalneiludidnvinaduusngmivesnaiudsugundsan
sgwnandsnuauiouasndulnilutagueads slisaunsoadranssudladile
fearufeunazshaufeulddensaualniy Mot Yingrsalnesludidnninie
awnsagnuuieenliiu 2 usgiin-awanuiizvain1sivdsusundsay duie 1)
ﬂswngmmmaﬂumﬁnﬂimﬂ" auwmqm‘lwﬂﬁmuwmqmm’ma'u 2) Usingmsaiiveslud
Laﬂmmﬂaauwamummsaul:’t‘luwamulﬂﬁ'r Tngiivta 2 Usiigiadannsadoundumiiu
uwagfiula muuﬂmngmmmﬂﬁuﬂtanm‘nwi‘!uﬂﬁngnﬁmuuuuuﬂau‘lﬂ (Reversible
effect) 'luﬂ'ﬁﬁmsmﬂalnvfm fiAgferiuinagirimesludidnvinlutan sxiduan
?‘IanawugﬂuwLnen‘uaaﬁuﬂiwﬂgmﬁmmaﬁumﬁnﬂm Iﬂﬂuﬂnwmsmﬂﬁngmmmmg
veuneldlatniind (Thermodynarics dlaw) Ao utlnﬁmmmLUuﬂi"mgmmmunaulm
(Reversible effect) iagisinginsniifundulsil ¥ freversible effect)

U3 n;]ﬂwm‘?lﬁ’unﬁulﬁ‘luz}'mﬂgmsmmam’aﬂnﬁ;ﬁﬂmnuuﬂwnwlﬂma 3
Usangnisaifia) \l‘nngmmﬂmﬂ (Se’fé*eck effect) Umngmmmamm (Peltier effect)
uavﬂs’mgmmwaué'u (Thomson ._ectj mﬂﬁngnmﬁmunaululm iadedy
Usngnaniviasladidnus 8 Ag ﬂﬁ'mgmsmmsammﬂumuga (Jﬁule heatmg)

2.2.3 Usingnidiua. (Seebeck effect)

Luil ee.1821 Wil il Fia (Thomas Johann Seebedk) tinfildnda
wasiuAungy, “mammmmuﬁndw%wmqmﬂnm‘iaammmﬁ’:maawum i
ussuuaznszudlitivagiune s ileiwstn ™ 7/

Usingnisalfiue msww.uaummLMnﬂquwnﬁlmaﬂmaﬁua;aﬂwsn

Av
§ = — (2.9)
AT

Tnefl S = Ssyaviaiun (Seebeck coefficient)
V = anusadngluiln (v)
T = gauuadl (K)
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anheiifiemanisuy AamuieafiunUnasiemeamail (Temperature
Gradient) muiigmeX Mvsmiladaufounn \ w3 Uiy

aasmulaivinny

v 4 v oo & a ol a ' . "
wwvmamnumaﬁmmmmaawum anAn1anIsung  (Diffusion)
LUu‘Lﬂmu 3UT 23 fie wiveimsluanudievnenisenemgamg pilnngnmgiigeludigamad
f1 msuwsvemmedann fazsianisivaveanseua

2.2.4 Usingmiinauiies (Peltier effect)
Tu A.e. 1834 Bu v15iaa oys1iua aliied Jean Charles Athanase Peltier)
namin “ilefinszudlnilnasefimudouiniuiisessevesdni Anuteusniuiunie
anasdusgiuiianisinavesnseuglyiii” Faguil 2.4
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Lﬂadﬂanﬁvua"l,ﬂﬂm‘:wuﬁmﬂﬁ'ﬁmwaﬂua‘ﬁnw‘%naku'jnﬁﬁwwﬁwaﬁam
ma'ﬁumaﬂmnemﬂnmvmuavanmuwmqmwnm“m ﬂmﬁwamnmmwsm"nmau'um
mwmvmaauwmaamﬂnﬁlmmmn'ivwﬂlﬂﬁn Wmlwmumaﬂaﬁqmﬂum iy
AUALNUG S vmqmmﬁauﬁmummmmuﬁ‘umsuﬁ'lwﬁmu

nham’b

"--*(H Hn i, (2.5)

Q m‘r mwwummgmwmmmm‘lﬂlﬂ (W) _
n Fda ﬂ1z'j‘u1hsﬁwﬁmammw’%@wamum'mauﬁﬂ‘i..a'l.ﬂﬁﬂ 1 Us¥q

A ﬁa Niz uaﬂwa@gmaﬂuﬁ'aﬁ'l

2.3 ﬁuﬁﬁmﬁmaﬂuﬁlanmn ﬂ' hermoelectnc propertnes)

auumﬂnmﬂﬁumanwﬁn ﬂ"uﬁbn’avﬁm 5uv‘swﬁﬂsmwﬁ (Seebeck Coefficient),
anwnlwiln (Electncal conductivity) ﬂmwmumu'l.ﬂﬁ'l (Resistivity), anmiiraudey
(Thermal ~ Conduietivity), mtf]um1uﬂsmﬂ:y’lumﬂ‘ssﬁﬂ’ﬁmwamaﬂma-ﬂuaLanwsn
Dimensionless Flgure of.meiit (ZT) ‘Mi}%ﬁwa“tamﬁﬂﬁ

2.3.1 fuuszavadiun (Seebeck coefficient)

duszAvidiua (Seebeck coefficient; S) Wintuiiesniniimumavesgungi

m"mmwmamwnuuuasm’lwmwzmqmnmaaum1nmnmmaumnamnmmaumw Wl
Sidnaseudaszanunanindouillivaaefians TmsmanmsaunamusmvLﬂaauwmnummw
Foundluguinmdidunia LuaamﬂgmmLﬂaau‘lmawamumwmauﬁimu AN TazaL
vesdidnasouiauil swviligamgiluiimbugedu uazdelmaauseiulii (v) uazdn
Fusvdvsauadegniiomdn Wushsdiuveswadiisvesranusadng (AV) funasives

aumnnil (AT)

]

S=——— (2.6)
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2.3.2 @gn wunamiau (Thermal Conductivity)
Wunsaheleumnufeunnuinaiiigamgiige (Thermal Conductivity) ({u
m'ifi’miaumm%’aumnu‘%nm'ﬁﬁqmmqﬁqqlﬂé’w%nmﬁﬁqmmqﬁﬁwn*i*zma'[uﬁaﬂmq
e ‘vﬁas“vzi'}a@:"Jﬂmaﬁhwﬁmﬁas}é’mﬁuimamﬁ’awmjaqnmaﬁauﬁwm‘[wanamu’iu
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\nioufivesdidnasoudase Naﬂwaqamwmmmsau (K azUsznaulumeassdiufe
wienwsnazuresdidnnseudassuazuaniiy fail

K=(K,+K) (2.7)

< <4 L] g 4 =3 o
o K e anmuriuseuiiosmeannseydass

K, A8 ammihruseuiiewinnisiuvesianiiy

afheemrioulngfidnasew lneitddnnsomiurenaingsdunmeadlnin
LLa'm'muLmaamm-ml,ﬂuwme:mmm‘saulmma Bedohwarniruietgedidinaseuty
ufedgtfuanammasalaingsiiy Tﬂﬂﬂumﬂ&ﬂuatﬁnmﬂu wgnasyIslnongves
Tasiusiug (Widemann- Franz {aw)

s A\ ey 28

ma Lo Ao Rinsiiceting 240 10-3¢W QIKEY "

O D mamwm‘lﬂﬁ'} (S/m)
b o Qwe}uﬁwwt& ®

amwm‘a'mm’:maumnm'sé’wm'iﬂwnaﬂmauanm Tefinsduvadlasandn
(Lattice) Wunalnnilesnsddinundssuaiden Iganizdonsadunalanisiaiy
Jouwan waa:mmmaﬂumanmﬂ maavmau'lu'ummemsaulﬂmmnmwuaauﬂawaauu
ﬂ'|sam;aaavmaummuuvamansvmwae"ﬂawﬂﬂamm’luanumvmﬂuﬂau muuamgmﬂ
AreuflTeIARuUMIAuIINTAsINENIT 193N TWuay (Phonon) WatAmnsiisusues
gamgll naumLsuszgnashunguaiuiiinannsduvelaswEn anmnistia
%’autﬁaamnﬂ'ﬁé‘f"u‘uae‘lﬂiwﬁnmmsﬂﬂizmmlﬂma'l*ﬁ’wquﬁaaﬁﬂaau,ﬁa (Classical kinetic
theory of gases) warnuirtadeddyiidwmadodranmnisiiamiuioussraniie
ngvmnsfiensnszidsedwuey Wuliewdnivildinanméumumiufouty



11
K, =—C,IV 2.9)

o - [ ° A a o
LD Cv A8 AUTBUIWNIENUSUNTAIN

a <
I Ae szegvaabeUasan1syu
=y = £ = - o
vV fie muniudsaaieluian

2.3.3 dnilwi (Electrical conductivity)
[} ) =5 i alen ar o e ar [l é‘l’l
AN IMAISUILNNA (O) Ao ANANAUUANINNIBAINYDIIER MUUAIVITN
mﬂ‘lwawﬁwamnamu'lﬂﬁﬂmﬂuquu 'Jam.,um'1ua1n'1m'lun'riu'flﬂﬁ1m11m LAZAIENIN
3 wamumwsamﬁuwamu

¢ o ' ar .. _' :—“_ o Vel 1
Aud FeeznulunguvesarsdnieIndy TERTan s Wil Al nssuansaunans
e © o o« ) ] (| & el
Anhendanvaluegsila (closed loop) nizuageulvasgiutunasald Inglufinis

& Y 2 1o & w % 4 & o W e
gudsluilundsnuauiou lagldduludediusuadoulniainasuen viednifenia
YOwY o e a v Aoy v D Y 1 & '
mlhsinhdaiimmusumuiialddusdinmils nsuanlvaluisiussosq anas
utueud
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2.3.5 UsziinSnmvasidamasludianvdn
UszAninmuesTanmesludidnnin ZT wse Dimensionless figure of merit
s o € s é’
milaanauduRusAell
SOT
IT=——
K

(2.11)

Iagy ZT @@ Dimensionless figure of merit
S fe duuszAvisiun (V/K)
c Ao anmilwih (e tem™t)
K fe_aniunerdowrWmK)
T ~he " gunall () \
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1 e e, : ————
m'mwumﬁ'lww%ﬂuwgnmﬂﬂmmﬁﬂﬁ StasdY (Solid State reaction) 33
UifSerapauti (SOUE state reaction) NABMSAS DR INIT Dt N i TABnns
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‘umu.'zmm%‘qmwun‘lv‘ﬂ.maﬂmummmmmsumumﬁmmﬂmmﬂumaLﬁa'mu 3Fildanldane
0w usiiifol@eRe wananTildinTiaT s gusn amswdy hltﬂw.uammnu YUINYB
aumﬂmum‘mzyuﬁumﬂua'ﬁﬂﬁ"namﬂﬁu‘}wamﬁg Lﬁ]aUumnaﬁmmumamnmaﬂnmz
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mlmm’luamwmm witien uaﬂfo'|nummmmmlﬂmwammwamiaaﬂmﬂuaa
ﬂi“U?Uﬂ?i‘ﬂﬂiﬂuﬁa’!ﬂﬂiuI.ﬂ"ﬂﬂ'ltlﬂu WU 1399 (Pressing) N1INABULUU (Castmg) uae
nszUIUMTBuUEnINIItEsaiNansid (additive) mama’lumwugﬂmuﬂnma 8149
vt wetn binder adluagiuns Wediensininslunszuunstuguuuusn
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Fanluguvesns (Powder) anmnsaiiluiugudionszuaunisdh (pressing) sty
anmzuiavidewmilen nssviunssaiivatsUsuanisiundlufiiesnanianszuiunissnai
Wlumidded e msdaumudien uniaxial pressing) M3sawnuAendunseuviumssaiide
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n's.,U'mm'sﬁm'twaqmﬂﬁanamnmuﬁmqﬁ'uuavﬁ T,mﬂmimem‘uamﬂmqmwnmmﬂ
memwmaaummﬂm?ﬁﬁ n'riLmmaaaun1ﬂsJsmmmm"m'iwmmaummmaqmﬂ

- a8 A 511 8 .'.":'-j' 3
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2.6 asunIamalulag (Concrete Technology) [7] [8]
2.6.1 lgnuvanaunIn

ABUNIA AD "i’aﬂriaa%”lwﬁwﬁaﬁ‘[‘&'ﬁ’uaEi'lquwiwawﬁy‘qusiaﬁmauwﬂﬁmﬁu
z.wmvnJu:1aﬂwmammu%aummuﬂmuﬂvﬂmamummwq PaUNTAUTEAR UM UNEY 2
du fia ';aﬂu'ssmu Suldiun Yudumdsuiin LLﬂuU’lﬂ'lNﬂiiﬂﬂ‘Uﬂﬁﬂ paufulandulawn vy
AunIensam mammwauﬂuwﬁmnwmmaemmamua weflazhlumaslunuunaeidl
JUTALTIFRINg uaﬂmﬁ’umuﬂiamﬂmuﬂaqma frmulisauseiuimintdunntuna
mwaeﬂaunimﬁmu SN

2.6.2 p9fUSznoUYRIRBUNSA .

ﬂaun‘smﬂszﬂaUﬂ'w‘tJumuum il W08 1T tatseanasinaunin Tneiion
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2.6.4 Yafuazdaiduvanounin
nounimduiagreadeiifieulifuesrannduseinilesanauannsalunis
ildldnuldegreniierne uimsiheeundaluldnudesmilifetesitauiasenisie Tag
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mMENINSTULTIFI Taudadash SnsBsuwlaBues sasidsethuing
2.6.5 JeQHFNADUNTA
1. Yudugd (Cement)

YuBunddundafusinldonsuayudio «'zfaﬁ‘Juwé‘ﬂﬁtﬁﬂmnmm’ldwmqs]
ws'mmnuwaﬂ fidulsenpuniilaimdnnne. u#raweuummgm.uamam Yududi
nanmuwmamﬂwmwﬂawu.auﬂ (Portland ~ Cefnenit) %dtﬂuﬂumnum‘lamaaﬂ
(Hydraullc Cement). 'vmaunummnmwmmmmﬂamua.,uwr%"a'lum‘lﬂ maamnﬂgnim

mﬂqmnummh.,nawmﬂ_wmuﬁw nﬂgnﬁmﬂue‘fﬂﬂa'ﬂmmsw (Hydration)
dinselawsutugamd fintuletu 2 Snwaiy Ae.l) ordgEsavany Tl
swazanslinh deliifelesenlumsasany Uazlosauilnznanimiiliiiachiusznaulmity
2) mi:.nﬂﬂgﬁ"aﬁ,,mqwaaum mmu‘ﬂﬂmﬁmmmmwmﬁq TaelgsUubadldansezans
Uiielalastive Wiuday YRATLIET 2 anﬂiuu Tﬂaiu'u'zaw:ﬂmmﬁ’ﬂmsavmﬂ wazlutag
relUasiinUAseewinseude
2. 4385 (Aggregate) .

ATl A 'zamﬂaa Suldar fu 3e N3 ﬁsﬂumumﬁnﬁmﬂmmﬂaunw
iflos mnmaﬁumﬁmm 70-80% ‘umﬂ%mmwmd'mnﬁuﬁmuﬂ muum'lumuﬂa nlaaedn
ﬂ1‘luﬂmmwmmmmmﬁmaemqmnmaﬂmauumamaunﬁm uazdntuandsiivedale
mmau'lmluﬁawamamn Tuofin ma‘;'mgnﬂmﬂﬂmﬁmnamnaa if'l.mi',‘h.;mumnﬂsvmu
‘Iman-svmaaﬂmmmuﬁmammuu Iuﬂsrqnuu N9 mm*mmmmmawmmyan UsznIy
u,smuaqvmu'm'samfluﬁ'mmammﬂauﬂ?wﬁusﬁﬂ'mnmwwmuﬂmuu‘lumuwawum
nounIndemsluitamaasninomne Lwamz'lwﬂsmm,jmmumaﬂuaaaa Usenis
seupuanTRveananiradelinouniniasnifiant (Durability) wazuiunslal
wWasuuvaswan Volume Stability) ~ $3T S8 s davhuiidumuiminfinaacuy
ABUNTARNIEY

3.1h (Water)

USunnuazaunmussinduilieddyiiisninastranndeidisaves
peundn Tnedadevuseqluihennesiinadenuauifvesnounin iy nanisuei g
& ilidvesneunnliasiuaue shewmmiiniadendiiifaumtRmnyaudmiusauazys
paunindeiliuiesfiansanagnseunau
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anUszdslalianinund wu msvinadusssun wrsunInsause
- @IMINNIINeRY (Retarder)
asvilaiifguanidrslireuniadeddrnitsssumdmiulilunsdides
udsreunIANamaIlusTazmalngg
- msnivmanﬂﬂaaﬂmm (Air-entrainine-Admixtures)
mwumumanani’mnmaunimwmlwmﬂﬂmmmman f]aﬂml,ﬁaﬂaunm
LLmﬁmuav‘lquﬁqﬁulm aﬂwuﬂumsaﬂmiqmmauwaqﬂauﬂimwﬂmaunimuLua
aviane wiuAusHdu sammummﬁmmuﬁatﬂﬂma
JansaniBiiani (Water-red ucmg Adrixture)!
mwumwwn'zemmhmmm’lumuwamam@unmma’[ﬁ‘lammwmm
Lmqnumamﬂunumuhsﬁﬁsmm Lﬁa’lﬁmuaaaawma’iumamumawaaﬂaumm
- msi‘uumawum i
aw'uuﬁmﬁumnaaﬂﬂau%amﬁ (Alkaline: Suiacates) ﬂ~m‘lwﬂaun'§mﬂuuuu
fuilafldiaglule Vi JEEEES
2.6.6 ABUNSANIAUY (Lightwe;ght Concrete)
umwaeaauﬂ'mmamfl &
AOUNINLIANA AB maﬁnmmﬂaunmﬂgnwmuwun.wa’l‘né'm'mmuﬂaas'mwua
wazity mmjmauumwﬁmunammmﬁnmmwumuuuaauavumm‘smmmiauwm Y
ﬂ'nmaulm'mqmﬂnnqma"n‘wﬂaﬂé’nﬂi~aaaanﬂﬁﬁuatyua“ﬁauﬂsnnaaﬁmlu 2-4 Wi
Ussiwivadraunnulaiun _ :
AounImhalvaiiaEl el ingfunld wasnTruruntskdniinneiuay
w'flwﬂzuau'umaqﬂaunsmmawmﬁnm»mu ﬂaunimmmu'ﬂﬂamlﬂmaummun'svmuﬂﬁ
wanliidu 3 Ussiam sail
1 AsuNIAIALIYdaYinauIy (Insulating ngh‘twaght Concrete) fin714
WUILUY mu,m 315-1,100 kg/mA3 Ltasumaaaﬂﬂizawmwnm 28 U $¥NIN 7-70
ke/cmA2
2. apunimnaialdilulaseads (Structural Lightweight Concrete) Sianu
VUMY 1,400-1,800 kg/mA3  uasiifdsdausedadinisuu 28 Su ludesndt 7-70
kg/cmA2

3. AaunImAITdnRaLUT (Semi-Lightweight Concrete) SiAnTumuinyy
1,800-2,050 ke/mA3 uaefifdssnuasdiinisum 28 $u laifesndy 120 ke/cmn2
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NIHARABUNTANIALUN

ﬂauﬂmmatmmuwamnmmﬂaunm'uum'l.wumammn'mnﬂuasimm Toun
Yudluuduasauaun nse Yuv1 8 Sudu 1h Laza1INTLIunNedI9INIA muwauwmw’lu
amﬂmumﬂuqmmmv fogndmuUsEneuesmauNmNaTwanlnY VST AmedRAeY
ansadulusdnd $1im Usgnaudrensisandendesas 50 Buduiesar 9 Yurniesar 9
Yuduniiosas 30 megiillonfosar 2 nszvrunisudniiieiussviliquanifves
ADUNINIIALUUANFT LAY

i miwamuuulumunﬁau‘l,au'sma'lmmmmuaa (Non-autoclaved System)
mﬁwarn151.:ujum'sunaﬂmmaulfm'ﬁaumzur»z..umaﬂmmmmauﬂnmwawaan AGNLAR
aunanliduiiodenty unammamummmau‘hmaq’lumiawauﬂaﬂmmmawmum
ﬂ1nuumuuwaa‘[ﬂaanmmuﬂuafiﬁuamma aamﬂmmalunsvmaf;unam'smuu}uLuammm
mm‘lﬂamﬂusﬂmmumﬁmmn"ri v NneARUURIM AN L TUszInm 3 Tu ﬂEJ'LIﬂ‘SGl
ma::u1ﬁlﬂavumaﬂwa'lmmu‘ﬂtﬂ'umlm WigFSemmsndaliiy 2 Ussam foil

Usghanil 1 Iﬁqaﬁmmmﬂmm‘umu T LAYl 16 Budes nlwu vinlw
ARUNTRiinYANMLLUTIdba uﬁqwawmﬂmwau Wudussausadega Wemniindnalw

dizianil 2 hmimu (Circular Lightweight Concrete) Lwa'l.muaﬂaun'smw way
Aalviud ﬂaun';'mﬁsvmwmum'imﬁ’}mnm': m‘lwﬁumuu,wﬂinlmw Juidadn
Usedelodes '

% n'rmmuwmun"n‘mulammﬂ'[mm'mﬂugfo (Auitoctavéd System) N5HAAIS
umunTsm'mQMaﬂﬂa NIy mummﬂ‘%‘awﬂumwanﬁww WUl sHEalduA
YU weegliielin gy Fame . Mu uanmnumnamwehumamémmm 'lum'swazu
(Mixing) mm'wuﬁwauﬂ'numaununau 'lu'vm...tﬁm nuqmmnannwmum ntuain
muuﬂmwauﬂuua.,amannuaqumﬁm mLmu:mmwua":w'ﬁ"mmuuma'LmnmﬂgniennJu
waammﬂu.azﬂwm mLmsﬂ%aﬁ’ﬁuaem‘;mm‘lﬁwﬂ'wm mmummmav‘[mmawm
audeq «uamewmmmm‘&‘lﬁummamlmﬁu 2Usuian Ao

Uszuhyi, 1 Vithe Base Teuwm 'uemmuﬂfumw'lﬂmﬂml.ﬂmmmwan’lums
wamm‘l&nﬂmmwﬁaunsm'ﬂﬂ’lmaﬂﬁmmm um‘mmnm (Absorptlon 1NN

Usgiand 2 Cement “Base. I‘UUu‘fuumUaimuﬁum Useinn 1 Lﬂuamﬂﬂuwaﬂlu
msdmduseuuiivensnazdaslvaeunss T mlsnanguaiiausuds Suaeliie
n'15mnwanu,ﬂammsnaLnm‘l.uLuaﬂlunsmm’lmﬂaun-sﬂum'mwqumwumumnmsmaw’lu
srUUdy

' 28 = c‘x’
2.7 UWENAUIDULADNS
ﬁi o/ yé’ = ¥ 1 4 4 &’ - =Y &’ - |
mMsasugunas N lriidendasing laud Womdmeadaemathna
= o aa a a £ g ¥ s v o o aa o as v
wisufitertiumdeiduiluidundinuanuiouie lusslonludinused funasausy
1 1 L4 ] a ar ’0’ A - v
guEunIIuA1ee Wy nsldmuieudmiuinsnaleviendnnszualviinisldnnuieu
- ar = 3 ) -3

WoudsgUlanenisdumuiaiessudnisimivesluszuulanaznisviianaduuuy
Absorption tJudunuinUssanininveinisiiaudeusinunadinasusanadlule
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Usglomidhildies 30%-20% winfumfeuduiudedalufussuuszueaudeuly
swuuu.anLuﬁ'suﬂ'nu%'auwml.ﬂ?aﬁ"mamm%’au%}ﬁamzyLﬁﬂwé’wmlﬂ 60%-70% Lﬁaa
mmﬂuamﬂmwaaﬂﬁwawamwmﬂusﬂun'amﬂiwuwaemummmnimﬂum Senaudeudl
lmnaUsﬂa‘uuummnmaumaamﬂivmummﬂﬁﬂwamuﬂmmau wagtinmusewnde
i
2.7.1 swiugamgiiveumasauiauimiails
mm%’aumﬁa'ﬁqmﬂLma'an“wLﬁﬂmm%’aumu'm'lwm”i,uimmqmmwnisﬂamuax
Lanvesiuiluundaninuounsegs (high grade source) fgaumgiininnds 650°C dau
Tsaumdandsnulni uavwnmaumnﬂaaﬂaLﬁmﬂsaqaumvuamuﬂumunawﬂsumm
120°-650°C Ygue ﬂmm‘mumnm-smmmﬁansvm‘umﬁmaamamnsﬁuﬁlﬁammmum%
WumuFeuinsndr (low grade-stliice) uawugnqﬂww 60°-120°C lng Usvanudauany
Yayaw3 ﬂumfmivmuqmﬂmaqLmaam'imaumaemﬂs*'mwmq‘]'Lumnm 2.2 ,2.3 uay
2.4 ezmm'm'saumnwnaamm‘faumaaﬁamnanmm‘mmnaumﬂu'l,{flmmum sialuy
'ivw’svmsJm*&aﬁauamimmﬂTﬂmﬂmUs“bwanﬂs"mwmanvmuﬂaaﬂmmamﬂu
mewamuﬁwmﬂmaumatuwaeﬁqcumuﬁlnLﬂawmaamnmmmmu'lm'lﬁnmvuu
namlﬂﬁwmawaammsmuwaﬂunauwﬂwrumaamu1:Uuwamu1ﬂﬁwau%mEﬁ,mnmms
‘Lﬂwamu'l.wﬁm.asmmwﬁnmﬁaqmwﬁmu

5T 2.2 uami.,ﬂuamnnmmuﬁmmmsaumﬁammﬁmga

Type of devlce 2/ ‘Femperature, €] T'erd;‘:‘zer;ature, °F
Nickel refining furiace || ") Kizzas ;-'1371 16490"|| 24w , 2500/~ 3000
Aluminum refining farnace 6494760 TAFIE @200 £ 1400
Zinc refining fartace ) L, 2\ 7601093 C o | “Ma60'- 2000
Copper refining flrace_, © ) 760 a 8160 .. | o0 4400 - 1500
Steel heating«fUrmace:: AN R R 3 ZAT700 - 1900
Glass melting fumdee ““5. | 982- 1538, 1800 - 2800
Solid waste incinerators. . * = 4/, 1) 649'-"082." 1200 - 1800

= w = 1 . WL
AT 2.3 uﬁﬂﬁizﬂuqmﬂqu?}muﬂmﬂ'J']ﬂJ'%@UL‘ﬂﬁEWNLﬂ‘SﬂU']Hﬂﬁ'N

Type of device Temperature, °C Temperature, °F
Steam boiler exhausts 123 - 482 450 - 900
Gas turbine exhausts 371 - 538 700 - 1000
Reciprocating engine exhausts 516 =593 600 - 1100
Heat treating furnace 427 - 649 800 - 1200
Drying and backing ovens 232 - 593 450 - 1100
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= at o 1 &/ < .::l s
M990 2.4 LLﬂmaimuqmﬂnumaeuwaqmmsaumaammmm

Type of device Temperature, °C Temperature, °F
Process steam condensate 54 - 88 130 - 190
Furnace 32 -55 90 - 130
Bearing 32 - 88 90 - 190
Welding machines 32 - 88 90 - 190
Injection molding machines 32 - 88 90 - 190
Air compressor 27 -49 80 - 120
Intemal combustion engines 66 - 121 150 - 250
Air-cond, and refrig. condensers= 62-.43 90 -110

2.8 uannwmﬂmmmsw (Heat Transfer) (91

nsanewmALSeu (heat transfer) mmwmﬁm’mumnmwaaanmnu 138N driving
force mummﬂunﬁvua‘l.ﬂﬁ’llwamaummmqﬁ’na F9r-dtivine.force ﬁm’lmnm nsivia
aramm-snmmmwsaumﬁmqu;uua'u%un'um':ml.mnm&'uammwnmwmammma
5N Lml.ﬂuummaquu (Temperatire cradient) %38 aﬁﬁﬂmﬂaauuﬂmamwnﬂu
fimnatug 'Usgvmamwmﬂmﬂﬂmauﬁuﬁm%ﬂumwgumu,uqaanlmflu 2 ngu Ag
'5-"uuﬁmnuﬂmwuﬂﬂmem'[mwamamﬂﬂﬁmt}mmm'sauu.a-'mimﬂuwuaﬁvw
mimazn'wmm‘imau'[ué'm?waqmwuﬁmmaqmwnuwnmﬁmln Thweadutoyaitldan
n'ﬁmamwjﬂun1i'uﬂi':wnamnm'smmmiﬂ%’unuammmuwmm‘lﬂ -

mithenaTiFeulinaln 3 Wy Ae m'smmqmau AT W WAz UK Sed
ALTOY na'lnm 3 u,wavermsmﬂmmmsﬂuﬂulmuimmmumfimwmammu WAy
mmiaumaawamqmwnuga ’lﬂé’qqfuugum &N

M3AINTow (Heat ™ conduction) s m':imﬂ'[auwmmumnaqmﬂwaamim
waqmumﬂm'1'[Umaummma'[.nammﬂmwé’aemuaanﬂ Huratosdunsisonsening
aumﬁmqq Funntulfuyeauds vauval M astihaetiseulufewasveswvaiia
Luaqmnmwunuu,avn'1'5umwﬂmaqai-'m'mma'mﬁawLmuau nsamseulu
ﬂequmm’mn'rs'nml,avnﬁﬁwm'[ul.ana'lu‘iﬂiwanua gN1sdNIuUndulng
Sidnaseudase shvwesmstherdeudiuinanstuiy JUnsasvIAdinvaiIna AW
wuwaac?r"sﬂamLasﬁﬁmaqi’aqﬁﬁ’Juﬁ"zna'wﬁuwsqmmumﬂmwaqqmwgﬁmum'maa
AInan

MMsWIAIL5BY (Heat convection) Ao n1seheloundruiiatuseninivesudly
awaammmamwaa’tnamuuwmamaauw nsaelouniswianuieulsuinuseties
Fufumsindevuiiveweslvaimiedn lunsdliilaifinisindeuiivestouvesinalag nisane
loumudousewiviivesewdwazvetlvaieglndia andunsihamndousgraiion
(pure conduction) Mswinuieuntutunswuuugndadiu (force convection) dloves
vagnyiliilvasniialasussnnmeusn Tiud Waau ty vie au uaznsmmaudeuuuy
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53307 (natural  %3e free convection) 3ainanussassfvasvesluaiesninnis
LLUiLUﬁﬂuwaaamwnﬁ'me‘lwa MMAnALMUIRLLLRNANeTY

NTWHSIAAINTOY (Heat radiation) Ap waamwmﬂaaﬂaaHaaﬂmnami (matter)
'lusﬂﬂuamauuuman‘lwﬁ’n (electromagnetic waves) 38 Trneu (photon) Hiewa1nnis
Lﬂaﬂumjaqgtli'm'wNaumauma“lmaqamqq nsaelaunasnulaenisurSedlidesede
fna waziinlaluggyainie

Fourier’s law conduction

Lmﬂav:.,ummuqLuaﬂmauﬂemuwuasauwm‘lwﬂmﬂmuauuamwnmwumEJ Ag
mamwaaqwwuuLﬁunammnmsé’uua..n’rs'uuﬂwaﬂmaﬂaumaa"[ﬂawﬂmqmwuuau
fmmaaumm‘[maﬂmflu'lﬂamaauﬁmmqm.,mammnqmwnuwgqm't'lﬂmqmwmm'1
nidaeninsi

qmvl.qu Tsi muu guj, uqmwnmmnu Tso Y mmgnvzumaamu

mudou i am@ﬂ)ﬁ | Tszuuﬁaq'luﬁmazmﬁ"a
Newton’s law of =, —
n'1ﬁmﬂmmmsauansﬂuwvlmﬁam'smmmﬂa1nnwmwmaamamm‘lwaiauqm

=

ﬁumﬂmiuﬁmﬂaﬂuwma'm Wandn? "IJJTE)‘L!‘NN'J ’«J""‘U‘U‘E}Hﬂ Uﬂsmmmawamea Eu'ﬂﬂii‘l.l‘i bIEU

o

Mfuggiiveswadlva

q "=h(T —T) (2.12)
e o &
Wle q " fie vdndmmioudin
S
T #e gaugiiviianin
T #e gugiivesvastlvaiiinasinia
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Svo w = e =W < a £ ]
aunmsiiiniuluuuvesngmaduiivesiiu Tas h fio fuuszaninisarsleumny
foudsiufugunsasvindin auanifvesvedlva

2.9 msdedremadinii
nsdeaneidsligegaiatudieundsdneidalniiinruduumely (R ) 4

s

o o o ' 2 v o o sw &
auyariulvan (R ) wiegunaaindese Tasmudumumslumldananuduiussed

R-.. =Vm /I,c (2.13)

) funsewalnn

(2.14)
(2.15)
(2.16)
e R =R _fldruseiulaiin as fdalniingegn (Vopms) foil
¥ =V 2 (2.17)

at n’; = o as v L 3 :
Aausnunsalisumasiwihgeaaldnuniuduiusrelui

P =V /AR (2.18)
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2.10 noufjuasuannisiasieiidnusdaviunsady (X-ray Diffraction : XRD)

mﬂﬁﬂmitgmwwaq%’aﬁtam?ﬁ‘Jumaﬁﬂmﬁmswﬁuwlsiﬁwawemﬁ"satm (non-
destructive analysis) muﬂm‘lﬁumwsamLﬂ'mmumwauwﬁwﬂ's';ngluqamuaqmu‘uauaw
ldnnnsanelinnginemeiiamsidoiuuresfadiendazsenaugay 4 ToYavRIYAA" d-
spacing uwazmuiveSidTnT iUl Fimnusath Ul sA e duaniienisiiies
(Lattice Parameters) lasaarimdn (Crystal Structure) ae19AT 1Y ﬁuﬂwaamamﬂng
YUIMVBANTU (Grain Size) wazluvnnsdifannsaldlunisinsevidnunuenisinsuawes
dwuusgneuveslasads (Texture Analysis) lagndae Sefendilunduusivdnluifiden
mmmaﬂﬁuaﬂu‘dw 0.01 f3 10 wlums Lﬁa%’qﬁtanﬁﬁmﬁumﬂ%mﬁ’uamsmﬁﬂﬁ
LnmJ'i']ngm'immq']mun’mﬂamaaﬂﬁmnau minﬁvmuam'samsLammumﬂ's’mg
ma-m'«auuaﬂmua:Lam.,mjuaerf’i‘ua'ﬁmammma..'tmmummnﬂmmwLUumanavumi
amsmavwanasmLUm“mﬂU'iua’muﬁuauwa1a«qﬂssmu@asaﬁmnﬂmmnnsmuuum
waa‘qﬂsvmumwmwuuwmmumq m'lmnﬂwqmnsﬁnmﬁLamn,uu'uﬂﬁmanwummLﬂzm
(Intensity, ) vaqsqﬁtaﬂwuﬂunﬁvua'lﬂﬂﬂ (Current)_anusefing Wotage,V) waziaw
a.,mamaqmqmﬂu;ﬂﬂ (Z) muﬂwmmummﬁwuﬁmmmﬁ

1% ki’Z‘V’ Y o (2.19)
mumma‘uaa%’aﬁmnﬁuumamswmuﬁqn%’unma’uawmummngmawaa“ ]
(Moseley ‘s-Law) '

L ZEE | A (2.20)

miLgmwu'um%’aﬁzaﬂ'ﬁgﬁwﬁﬂiﬁuﬂﬁ‘wﬁﬁﬁﬂﬁm%ﬁ’aaei'lqﬁlfl‘lum (Powder X-ray
Diffraction) uadwiuiapsentuninies(Sinele Crystal X-ray Difffation)

1. Powder"X*ray Oiffraction mmmimLm’lvmummmﬂlﬂLuaamﬂmmcﬂ 9
\ond Diffraction a¢lvidnaRsuMduShBLL NI dtAay yahatinsovenigmadandnues
'aaﬂ'l.mmm'mrduNaﬂmaaﬁms'lumﬁuﬁuﬁﬂﬂﬂﬁu“luﬂ'mLﬂﬁvwanumwaqmm
UiiTenidanug ms'].,mmmuanﬁumeaaﬁwag‘lumLsmgn'sm'imm':gmﬂﬂm'aaQM

2. Single-Crystal X-ray Diffraction 58 X-ray Crystallography a#u1sanilaseasng
vesluianald AvauisavenmsiniTeeiivetesnauAILEIRLSE gauTENINeLaauly
lananals A ﬂammmuaﬂn'mmmmﬂaaavmaummm’muﬁvumvmwzza~mau’£u1mana
'Lmuaammaﬂmamammumﬂuﬂumawuwaﬂmm muuwmaummﬂwanammmmﬂsg
mﬂ'Lummﬂmmmﬂgﬂ'ﬁmmﬁwuﬁuwummmm'zﬂamjaﬁqataﬂsuaaﬂ,umqmmﬂu
TEYENNITII ool UNENYEIB LT mwﬂmaﬁwn«ummiﬂmmﬂmammulﬂmu,am’lu
U7 2.8
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<l = a =t
JUM 2.9 uammaidenuuvesisdiandlundn

ﬂ'z':lﬁtmumh srauie 2 ‘uumauﬂumauusnﬂamﬁﬂ*swm (scattering) wa4¥3dnn
naenudavings 0 ﬁuﬁmuwawamﬁamamﬁn‘:ymfa.,mmwmamﬁmnnkum’tw,m
avswmwaa‘[ﬂﬂaﬁmammmirmwwmsqalaﬂﬁﬁumauﬂamﬂ’amsanmmmmnaem
(interference)’  vaass@nTeidaMmAntunselrvsTTdhnasuns rdeadunuuady
(Construgtive interference) mmmnwmﬁuwmaﬁ‘umnw1ewmumanuwm’lwiqﬁnivLﬁ)q
umawmﬂaumuwﬂaLﬁaﬁﬁauuﬁaﬁumﬁuﬂuqﬁm'wiwmwm1msumnaamﬂmwu
vinds (destrictive interferende) ifpnatninvdmadraumisaniusdnshisariimuey
waaﬂamaamu'maummmwLﬁmﬂuqﬂw'emnnﬂ‘éa“lumutaammﬂmwﬂawammumm
TnwmguilsaevITeeAanIy1AG: g aseﬁmn%ﬁusvEJ-*mﬁwﬁa'm-sumuwﬁnu.a.,mmﬂ
ﬂskuaﬁm‘ma ﬁU’lﬂTﬂﬂI‘lfﬂ{]ﬁadLLU‘iﬂﬂ fBragg "law)

241 Tﬂsaaiw'[nsawanﬂm CaMn03

ABXs (sﬂw 2 10) Immﬁmsmnm:ﬁimeéﬁwﬂmﬂ CaTO3 mﬂuwﬂﬁaﬂmﬁniﬂﬂ Gustav
Rose tnssdiingagaiaide. uavmwmﬂul.na'ﬁmlw.l,n Lev Perdvskiatnssiiveiiive des
wiade Talulasea$ad~ARX, ThiB: nalaaaumﬂwaﬂaw “u Pb,sn Tuvausdl X As
gaouiglan uas A Aelosduull mmmmqaﬁﬁgq‘lmﬂunma (Fsemazananlavevie
anslalasmsueu) F¥an perovskite Manana dannanend 100 ¥ila Meuvvefuviduas
wuuleuda @nsunuitlessuuan wyj Alugns ABX; Meansduvid) uarilaud@disunay
Usgnis Loy antiferromagnetic,  piezoelectric,  thermoelectric,  semiconducting,
conducting, Wa¥ superconducting
Tnssadrauuumesenalndiiitugrusnainmuineieaduuu Face-center cubic closed
packing (FCC) Tagleasuuan A uaresnduuiadulossuau sxdaleelassadrawuu FCC
levouuan A avegiiyuvemnitewad sendiauazegiviiivesmisiad warloseuuan B
zunsnegludasitnatmsaamin (octahedral side)
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A
@s
@ X

ion wudnluwdenly
yneundniavas

5 @alding

itio

o 16 }Ll‘ﬂ'lﬂ

. ST GRRE R tiwﬁﬁnﬂmﬂﬁﬂ X-ray
*ﬂ‘f\'ﬁ; Hq.,u PG 600 °C fladuuna
veduAaleianad luoneiiidlytiveturaideneenles (Cao)

QTR 100 6 900~

sy

laasranesludianvinluga v nTaqmesTuddnvsn 12 § P- CasCo,00N-
CaMnO; 4u1A 0.5x5x3 mm’ Tagvihentanaiagn 19 caco, mnwdenvesived Tunis
Fupsesifanmeiludidnudn linewaadudaliih uesgnniuening fgugiiduiou
473 K waiwgaigil 200 K uagAnnuduniunieusn (R) wihiu 0.1-0.75 ke I# Output
Voltage (Vo) wiiu 0.8 V, Output Current (o) 41U 2.46 mA maslihasan (P, =
1.98 mwW
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ASN15ANRUUIY

Tuun#l 3 didunsheuenissdumsidlneazaduneii

3.1 TgRunazarsiediildluamide

3.1.1 wWienldld (ssewnslmi aaginermad anrdunaluladnszaoundninn
nsAeNsEds krasanansell weatanszds ngamne)

3.1.2 wawanilalaeanies : MnO, (reagent grade 99.0%) wamlaeu3®w HiMedia
Laboratories Pvt. Ltd. Usewmaduiie

3.1.3 Apuasanuli Cast 154W HBRALASUSET Siam Refractory Industry Co., LTD.

3.1.4 LITE MORTAR(IW Hiaalas U3t Siam Refractony Industry Co., LTD.

315 ﬁ'ﬂné"uua ﬁﬂﬂﬂﬂmﬂ‘[aau (Deuomzecl Water)

3.1.6 WeanBgoAM MIUIaN 3oy 95 %"
3.2 gunsalilaziadasiianidluinady

323 uaanmwsuaﬁa'ﬁwvmﬁwniwan (’lﬁmﬁgﬂnﬂm guaniuiviinia10mm)

3.22 Lﬂ?mmﬁaﬂaﬁmwmmaﬂﬂ 0.0001 nak-gi Pioneer waﬂimamw OHAU

Usgme amgamsm h
3P mfﬁuzé'mmma'ﬁ (L m&azgum(/—\tumma cmable) Usuaas 50 ml uas
NI4ULIRIUY (Alumlna GTUClble boat) Yum 350:(657(20 mm

324 Lﬂsamf’h T Unmawmn 1000t | <

3.25 Wi AT LaRlAL TS S VESSTER ﬂ‘z‘”mﬂé'anqﬁ _

3.2.6 g einilvind iTeu (Kot plate) JWC-MAG HS7 NﬁﬁIﬂHU‘iW KA Yszmeiu

327 oga‘um'samwnu 200 B9 wALTEa naw'(wwmm Memmert Ust wirgasiuil

3.2.8 Lmawaumi (Batt rmllmg) 2

3.2.9 Induction Heat 3Ph 10 KW 300V mam‘[mum lnduction Heat.Co., LTD.
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Abstract

The removal capacity of toxi¢ heavy metals by the. reused eggshiell was Studied, As 4 \pretreatment, precess for the preparation
of reused material from waste eggshells-ealcination\was performed in’the firnace at 800°C for2-h after crushing the dried waste
eggshell. Calcination behavior, qualitative and quantitative elemental information, mineral fype.and surface characteristics before and
after calcination of eggshell were examined by therntal gravimetric analysis(TGA),X-ray fluorescence¢XRF), X-ray diffraction (XRD)
and scanning electron microscopy (SEM)y tespectively. Afiér celcination, the major-indrganic composition was identified as Ca (lime,
99.63%) and K, P and Sr were identified as minor components. When caléined éggshell was applied in‘ihe treatment of synthetic
wastewater containing heavy metals; a_complete removal of Cd as well as. above 99% removal of Cr was observed after 10 min.
Although the natural eggshell-had sonie removal capacity of Cd and Cr, a complete remoyal'svas not-deconiplished ieven after 60 min
due to quite slower removal.sate. However; in‘contrast t6 Cd and Cr; an-efficient removal of Pb was observed. with the natural eggshell
rather than the calcined eggshell. From the application of the caleined eggshel] in. the freatrment of real electroplating wastewater,

the calcined eggshell showed.a promising removakeapacity, of heavy. metal ions a8 well a5 had-a.good neutralization capacity in the

treatment of strong acidic wastewater. .

Key words: wasted eggshell; Cd0; removak; heavy metals Y

Introduction

Industrial wastewater contaminated ‘wyith heavy. metals
is commonly produced from many kind$ of industrial
processes. Therefore, if this wastewateris not treated with
a suitable process or leaked from storage'tanks, it can cause
a serious environmental problem in the naturaleco-§ystem.

Whenever toxic heavy metals are exposed to the natural
eco-system, accumulation of metal ions such as lead,
cadmium and mercury in human body will be occurred
through either direct intake or food chains (Yoo er al.,
2002). Therefore, heavy metal should be prevented before
it reaches to the natural environments because of its
toxicity.

In order to remove toxic heavy metals from water
systems, several methods have been suggested and inves-
tigated. Although chemical precipitation, coagulation, ion
exchange, solvent extraction, filtration, evaporation and
membrane methods have been applied in this purpose,
most techniques have some limitations such as requirement
of several pre-treatments as well as additional treatments.
In addition, some of them are less effective and require

Project supported by the Grant from Inje University, 2000.
*“Corresponding author. E-mail: phjenv@yahoo.co r.

high capital cost (Kam er al,,-2002; Kim, 2002; Volesky,
1990). Generally-activated: carbon, silica gel, activated
aluminaandion exchange resin have higher capacity in the
removal of toxic heavy metals. However, their utilization
is not common and confined to special treatment due
to high installation and operating cost. Therefore, many
researchers haveapplied regenerated natural wastes to treat
heavy‘metals from aqueous solutions (Chiron et al., 2003;
Mukami, 1981; Dipak ez al., 1993; Lee, 1994; Cho et al.,
1994). Dipak et al. (1993) studied the adsorption capacity
of heavy metals with rice hulls and green algae. And Lee
(1994) and Cho et al. (1994) reported adsorption results
of heavy metals on the shell of crab and shell of shrimp,
respectively. From the removal of lead by shell of crab,
Lee suggested potential possibility of regenerated wastes
as adsorbents (Lee, 1994). In addition, the applicability of
wastes such as scoria, fly ash, zeolite, chitosan, sawdust
and coal has been studied (Kwon et al., 2005; Nugteren et
al., 2002; Inglezakis and Grigoropoulou, 2004; Cao et al.,
2004; Kim and Ryu, 1995).

Important issues in the industrial process are mini-
mization of wastes, recovery of precious material, and
maximum regeneration of wastes and energy. Eggshell
waste is widely produced from house, restaurant and
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bakery. Eggshell has a little developed porosity and pure
CaCOj as an important constituent. In this work, reuse of
eggshell was investigated in the viewpoint of the recycle
of wastes and minimization of contaminants. Physical and
chemical properties of the treated eggshell were investigat-
ed and potential applicability of the treated eggshell in the
removal of heavy metals was studied with both synthetic
and real wastewater.

1 Materials and methods

1.1 Materials

Eggshell sample was collected from bakeries in Busan
City in Korea. To remove impurity and interference ma-
terial such as organics and salts, the sample“Was. rinsed
several times with deionized water. Then, the"Sample was

dried at 100°C for 24 h in the dry oven'after filtering the \
sample with 0.45 pm membraneé filters. Calcination" was
performed in the furnace at 800°C for 2 h-after crushing"

the dried sample. Finally, samples-having-40-100 ‘mesh
separated with a vibration selector were-used: This fraction
was approximately 60% of the total dried sample:

The real electroplating wastewaters containing Cr, Pb

and Cd were obtained from (ha wastewater -treatment

facility located at a Noksan Electrop!aﬂng Cooperative

Association in Busan City. in Korea! The:composition of

each real electroplating Wastewateris- shown in Table 1.

The pH of all real electioplating wastewaters. containing’
heavy metals was below 3: To study the nentralization’ of

acidic wastewater by caleined eggshelly acidie wastewater
below pH 2 (pH 1.73) was.used.

1.2 Methods

In order to characterize calcination of eggshell, Thermal
gravimetric analyzer (TGA-951 PuPont Instruments ‘Co.,
USA) was used. A portion'ofthe dried eggshell-previously
removed impurity and interference material such as organs
ics and salts was loaded in the TGA analyzer and then
pyrolysis was performed up to 900°€. at an-elevation of
temperature 40°C/min with continuou$iinjection of Na,

X-ray fluorescence (XRF-1500, Shimadzu, Japan) was
used for the qualitative and quantitative analyses of'the.in-
organic compositions in the natural and calcined eggshells.
The mineralogy of the natural and calcined eggshells was
characterized by X-ray Diffractor (X-ray Diffractometer,
Rikaku PMG-S2, 30 kV x 16 mA). The image of the
surface of natural and calcined eggshell was obtained by
Scanning electron microscope (SM-300, Topcon, Japan).

Table 1 Composition of real electroplating wastewater and dosage of

calcined eggshells
Wastewater Concentra- pH Dosage of calcined
tion (mg/L) eggshell (g)

Cr 451 2.94 1-32
Pb (RUNI) 165 2.84 0.01-0.11

(RUN2) 20.6 2.34 0.01-0.11
Cd 17.0 2.61 0.01-0.1
Acid - 1.75 1-3.5

All synthetic wastewaters containing heavy metals (3
mg/L. of Pb, Cd, and Cr) were prepared with dilution
of 1000 mg/L standard solution (Sigma, USA). In batch
experiments, 20.0 g of eggshell was mixed with 800 ml
solution containing heavy metals at 200 r/min and at room
temperatures (23-25°C). A portion of supernatant was
removed from solution at a constant time interval and
then each dissolved metal ion was measured with Induced
coupling plasma (ICP, GBC XMP).

A jar-tester was used in the treatment of real electro-
plating wastewater. Different amount of calcined eggshell
as shown in Table 1 was mixed with each 500 ml of
real electroplating wastewater. All experiments were per-
formed at 120 r/min initially as a rapid mixing and then at

30 r/min-as a slow mixing. After 20 min of slow mixing,

the supernatani Was filtered with 0.45 pm membrane filter.
The dissolved metal jon, was measured with the ICP.

2 Resu_lts_-and discussion

2.1 Caleinations of eggshell

TGA Wwas used o characterize caleination of eggshell.

TGA profile of taw eggshellwith vatiation of temperature

is' shown in-Fig.l. When' the sample was burned up to
800°C’ at ' heating, speed- of 40°C/min, calcination of

eggshell began approximately at 650°C and then near
‘complete -calcination was ©Observed at 770°C, resulting
in phase-change in the sample. A8 most organics and

humidity was removed during the pre-treatment process,
a major composition of the sample was identified as pure
CaCOj7 in’a temperawre tanging from 0-640°C. When
temperature was between 670-750°C, both CaCO; and
€Ca0 'was’ identified ‘as an important gomposition of the
sample. As the TGA curve was parallel with X-axis after
750°C, it was assumed that mest fraction of the sample was
changed to CaO by final pyrolysis.The description for the
identification of CaCQ3.and CaQ was mentioned in XRD
measurement.

2.2 Composition of samples

Before calCination, Ca as limestone (91.94%) and Si
(4.30%)-were the important inorganic compositions of
eggshell. A similar result was reported from the investiga-
tion of the chemical composition of natural and boiled hen
and duck egg shells by X-ray fluorescence spectrometer
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Fig. | TGA profile of raw eggshell due to thermal decomposition.
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(Arunlertaree et al., 2007). They reported that all egg shells
had similar chemical contents which mainly composed of
CaCO; and a few of other elements; i.e. S, Mg, P, Al, K
and Sr. After calcination, the major inorganic composition
was identified as lime (99.63%) and K, P and St was minor
compositions. This result indicates that the compositions
of eggshell can be changed by calcination as shown in
Table 2 and suggests that relatively pure sample can
be obtained from eggshell by removal of mere organic
compositions.

X-ray diffraction spectra of natural and calcined
eggshell samples were obtained with CuK,, radiation (A =
0.15406 nm) at 30 kV, 16 mA, scan speed of 8.0 6/min
and scan range 10-90 0. Fig.2a shows a X-ray diffraction
spectrum of natural eggshell. Main peak appeared at-20'=
29.5. In addition, this spectrum shows several peaks at 20

=23.2, 31.5, 36.1, 39.5, 43.3, 47.3, 47.6,_.48}‘?'..56.7, 57.6,,
60.8, 61.1, 64.8 and 65.8. The XRD.peak information of.
natural and calcined eggshell i§ summarized in. Tables 3.
and 4, respectively. Comparingthe XRD peak information

of Fig.2a with JCPDS file, the peaks ate well matched
with that of limestone (CaCO3)~Fig:2b shows a X-ray

diffraction spectrum of the calcined eggshell at-800°C-for

2 h. Main peak appeared at 26-=37.4. In addition, Séveral

peaks appeared at 28 = 32.3, 53.9,464.2,.67.5,7and 79,7,

Also comparing this XRD-peak information of Fig:2b with
the JCPDS file, the peaks)were well matched, with, that
of lime (CaO). As the peak of Ca as limestone (20 =

of the calcined eggshell, most limestone (CaCO3) might
be transformed to lime (CaO). Compared to other résults
with chitosan, corbicular“japonicé and, ostrea'virginica,

Table 2 Composition of eggshells (natural aiid caléined) by X-ray

7000 |
6000
~ 5000 -
£ 4000
= 3000 -
2000

1000 :"“‘"--L.....- “___,

10 20 30 40 50 60 70 80 90
20 (degree)

Intensity (counts

10 20 30 40

50
_ 26 (degree)
Fig:2 Xeray-diffraction speetra.of (a) CaCO3in natural eggshell and ()
CaO invealeined eggshell. | '

limestone (CaCQ) in eggshell i susceptible to change
into lime (€a0) (Choi andyAhn, 1990; Park et al., 2001).

2.3 Surface analysis of calcined samples
o= _;S'EMfim_a_'gesZof"cg_g_she'll sample before and after calci-

29.5) was not shown in.the Xray-diffraction_spectrum " nation. are shown in Figs.3a dand 3b, respectively. Before

caleination, ' natural eggshell had @ generally irregular
erystal structure. ‘After’ calcination“at 800°C for 2 h, as
shown, in/Fig.3b, the crystal“structure has been changed

-and much-developed pore was observeéd from the emission

of CO;. The formation of CO, ‘Was assumed to follow an

fluorescence i %
L endothermic reaction as described in Reaction (1).
Compound ~ Namral ~ Calcined, ‘Compound Nawral'. Cilcined _ (" ‘ ~ Y (0
(%) (%) (%) ey ¥/ .
Ca 91.94 9963 WP 032 006 CalO: ~=5"Ca0 + X folion 1
o s H bos CaC0O; Ca0 + COQ; (calei ) (1)
Al 1.44 Sr 0.16: 0.16
Na 0.53 Fe 0.09 _
K 0.48 0.14 Zn 0.07 Borgwardt (1985) teported that the BET surface area of
F Al a 0.58 CaOformed by rapid calcination of limestones is 50 to 90
m2/e.
Table 3 Chart list of X-ray diffraction on natural eggshell
Peak No. d-Value Intensity 20 Peak No. d-Value Intensity 28
1 3.834 236 23.18 8 1.869 615 48.66
2 3.023 4325 29.52 9 1.622 11 56.70
3 2.484 362 36.12 10 1.599 251 57.56
4 2.278 616 39.52 11 1.521 149 60.82
5 2.089 496 43.28 12 1:515 99 61.10
6 1.920 196 47.30 13 1.436 155 64.84
7 1.908 799 47.62 14 1.418 145 65.76
Table 4 Chart list of X-ray diffraction on calcined eggshell
Peak No. d-Value Intensity 20 Peak No. d-Value Intensity 26
1 2.769 625 32.30 4 1.449 347 64.22
2 2.401 1964 3742 5 1.387 336 67.46
3 1.699 989 53.92 6 1.201 144 79.72
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¢

Fig. 3 SEM images for natural eggshell (a) and calcined eggshell (b).

2.4 Removal of heavy metal

Removal trends of Cd"Pb and Cr as a function of
time are shown in Figs.4a, 4b and 4¢. During the removal
experiments, solution pH was rapidly in¢réased from 6.55
to around 12.0 within, 20 s Rapid removal of Cd-and
Cr was observed with the calcined eggshell compared to
the natural eggshell. By using the  calcined samples, a
complete removal of Cd as. well as above 99% removal
of Cr was observed after 10vmin. This_result indicates
that alkalinity of the calcined eggshell (CaO)eflcts on the
efficient removal of heavy metal ions through precipitation.
The resultant high solution pH (alkalinity) could be ex*
plained by the dissolution of CaO as described in-Reaction
(2.

CaO + HyO — Ca®* +20H" @)

Although natural eggshell also had some removal ca-
pacity of Cd and Cr, the removal rate was quite slow
and complete removal was not accomplished even after
60 min. Removal of Cd and Cr with natural eggshell was
approximately 24% and 30%, respectively, after 10 min.
However, in contrast to removal trends of Cd and Cr,
removal of Pb was favorable in the presence of natural
eggshell and was 86% after 10 min and then reached 100%
after 40 min. Removal of Pb in the presence calcined
sample was quite slow and approached to just 70% even
after 1 h. In the absence of any complexing species,
the speciation of dissolved lead depends only on the
solution pH, causing a different distribution of the metal-
hydroxyl complex. This was confirmed by the distribution
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Fig. 4 Removal of hedvy metal from syntlietic wastewater with variation
of time. (a) Cd; (b)Cry(e) Pb: :

of hydrolyzed lead species (3 mg/L), ‘as calculated by the
MINEQL spftware-as shown in Fig.5. In this simulation
result; free Pb>* ion was the major'species up to pH 6. And
precipitation of lead as Pb(OH), was predicted above pH
6. However'solubleé lead/Species as Pb(OH),>~ was again
predicted ‘above pH-12.This simulation result supports
the observed favorable removal of lead in the presence of
natural eggshell rather than in the presence of the calcined
eggshell. In the presence of natural eggshell, lead was

100 ¢
_ 80
£
3 o0 | —e— Pb?(aq)
o —-0— Pb(OH)*(aq)
g —=v-= Pb(OH)>(aq)
€ 40 %~ Pb(OH):(ppt)
&

pH

Fig. 5 Speciation of lead ion (3 mg/L) in aqueous solution predicted by
MINEQL software.
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removed through precipitation because the solution pH
was below 10, while this removal through precipitation did
not occur in the presence of the calcined eggshell due to a
soluble lead species. In case of Cd and Cr, simulation result
predicted precipitation of Cd and Cr even at high alkaline
pH in contrast to Pb.

Generally hydroxide and sulfide precipitation methods
were widely used in the treatment of heavy metal ions
through precipitations. Hydroxide precipitation was known
efficient only at high pH values > 9.0 (Zhou et al., 1999).
Therefore pH adjustment by considering optimum pH
ranges is a key process in the treatment of heavy metal
ions through precipitation. As observed in Fig.4, solution
pH in all cases (data not shown) was rapidly increased
from 6.55 to above 12.0 within 20 s with calcined eggshell.
This clearly suggests that calcined eggshellis a promising

material in the treatment of waste watercontaminated with

heavy metal ions.
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Fig. 6 Removal of heavy metal from real electroplating wastewater and

pH variation. (a) Cd; (b) Cr; (c) Pb.

2.5 Application of calcined eggshell on the treatment of
real electroplating wastewater

Figure 6a shows a removal trend of Cd as well as pH
variation in real electroplating wastewater with variation
of the dosage of calcined eggshell. Compared with re-
moval trends of Cr and Pb, a different removal trend was
observed. The removed amount of Cd linearly increased
as the dosage of the calcined eggshell increased up to
0.06 g and then dissolved Cd concentration dropped below
detection limit after 0.06 g. This trend was also observed
in the pH variation in wastewater. A linear increase of
solution pH was observed up to 0.06 g of the calcined
eggshell, however, a sharp increase of the solution pH
was observed above 0.06 g of the calcined eggshell. From
thissstudy, removal of Cd might occur through more than
one type of meehanism i.e., adsorption and precipitation,
especially at the high:doses of eggshell.

Figure 6b shows a removal trend of Cr as well as pH
variation-in_real electroplating wastewater with variation
of the dosage-of-caleined eggshell. The rapid removal
of Cr and neutralization of solution pH was observed at
an addition of calcined eggshell up to 4 g. 75.8% of Cr
was removed by addition of 2 g of ealcined eggshell and

the\ solution pH. was teached to 7.2, However, no more
significantremoval of Cr was observed by addition of more

than 4 g of calcined -eggshell. 82:5% of Cr was removed
by addition-of 4 g of caleined eggshell and the solution

~pH was around, ['1. This result suggests that an optimum

dosage of the calcined eggshell is-2 g. In this condition,
the removal capacity of Cr with the calcined eggshell was
92.8 mg/g.

Figure 6¢ shows a removal trend of Pb as well as pH
variation in real electioplating wastewater with variation
of the dosage of calcined eggshell:’ As similar with the
treatment of wastewater containing Cr, rapid removal of Pb
and neutralization of solution pHwas observed by addition
of calcined eggshell up.t0'0.03 gi' A complete removal of
Pb:was observed by. addition of 0.03 g of calcined eggshell
and the solution\pH-was around 6. In this condition, the
removed amount_of Pb'by calcined eggshell was 343.3

mg/g.

pH of acidic wastewater

0 L \ I L 1 | 1
0 05 10 15 20 25 30 35 40

Amount of calcined eggshell (g)

Fig. 7 Neutralization of strong acidic wastewater with variation of the
calcined eggshell.
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Figure 7 shows neutralization capacity of the calcined
eggshell in the treatment of strong acidic real wastewater
(pH 1.75). Although a little pH variation was noted by
addition of the calcined eggshell up to 1.5 g, an important
neutralization effect was observed by addition of 2-2.5 g
of the calcined eggshell.

3 Conclusions

The changes of the properties of eggshell before and
after calcination were identified with TGA, XRF, XRD
and SEM analyses. After calcination, most composition
of eggshell was transformed to lime (CaO) as well as
enlargement of pore and grain was observed. These results
strongly suggest plausible reuse of calcinated. eggshell
in the treatment of wastewater contaminated with heavy

metal. From the studies on the reuse of ‘Wwaste eggshell|
in the removal of toxic heavy mietals, removal of both |
Cd and Cr in synthetic wasteWatér was_much-enhanced..

in the presence of calcined nggshell however, removal of
Pb was rather favorable with natural egg:shell. This | may

be related with different/major composition in the sample |

before and after calcinations as well-as different affinity
of each composition in’ the-rémoval of each metal” jon. |

When the calcined eggshell was/applied in the'reatmenf |

of real electroplating wastewater, the calcined eggshell was. <~
identified as a good matétial-in the treatment, of stfong . ..
acidic wastewater through a plausible uptake of heavy

metal ions as well a good neytralization capacity.
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Abstract

legs with novelty dlmmsms of 0. %353 i’ was ﬁibncatcd usmg Iow cost of'Cu e!ec!rodes md ec:rmmc substratcs
With a hot-side temperature of the module at 473 K and A7 of 200 K in air.with load resistance of 0.140.75 kQ, the
module generated up to.an aulpul. voltage (¥, }of 08 WV, output current /(. I,._.,,,] of 246 mA mzmmum output power

(P,,+) of 1.98 mW and maximum cgnversnon cﬂ“c.'loncv (r}} of 0.15 %
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Keywords: thermoelectric energy, wuvermm, p—Cn;(.mWﬂ—(.aMnQ: mahdm:mw}ly TE legs ¢ dlmmsmu. thermoelectric

pmpcrl:es

1. Introduction

Because of global energy and environmental problems, research and development has been promoted in
the field of thermoelectric (TE) modules which use heat energy that can be converted directly into
electrical energy. Such modules offer alternative energy, low—cost electricity, and green energy
technology without the use of moving parts or production of environmentally deleterious wastes [1-2].
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TE modules have been used in military, aerospace, instrument, industrial and commercial products, as
power—generation devices for specific purposes. The old TE modules based on Bi,;Te; and Sb,Te; provide
1 of about 4-5% [3] but they are toxic and cannot be used at high temperatures. Several pieces of work

have investigated the fabrication, performance and application of oxide—based TE modules such as the
P—Ca7Cug24C0400/mCagsDyo2MnO; 31, P—Cay7Big3Cos0y/ n—LageBio NIO3 [4],
P—Caz75Cdy25C040¢/m—CaggrLapgMnO; [5], p—CazCosO n~ZnO)In,0; [6], p~CazCosOs/n—CagosSmysMnO; [7],
P—Bag;StgPbOy/n-Li-doped NiO [8], p—Cay;Biy3C0,0¢/n—CaMigosMogpnOs [9] In this study, we purposed the
module using 12 pairs of p—~CCO and #»~CMO, Cu electrodes, and ceramic substrates for low cost. The TE
type, TE properties, power generation and 7 were measured and analysed. Furthermore, we extracted
CaCOj; from environmentally friendly golden apple snail to synthesis CCO and CMO materials by solid
state reaction (SSR) method.

2. Materials and Method

2.1. Preparation of Materials and T?rermoelecﬁfc. ]"jrbperﬁes _

- The CCO material was Obtained by, mixing CaC03 wlth CbgO.;, calsiﬁed at 1173 K for12 h and sintered

at 1193 K for 24 h in/air. The CMQO.material was prepared by mixing GaCO; with'MnO,. Polyvinyl
acohol was added as a binder with CMO-at a ratio-of 1/g ;' mL_Calcination was conductediat 1073 K for
24 h and sintering at 1423 K for 36 h in air“Both bulk materials were cut- and polished. by using a
precision saw and grinder tolmeasure crystal structure (XRD: SHIMUDZU);- mlcmstructure{SEM TEM;
JEOL) and TE propemes (ZEM3 ULVAC) ' ;

2.2. Preparation of Fhiemme!ewic-Madu!e

The module was fabricated, from p-CCO and n—CMO pan‘s with dunensmn of 0. 51533 mm?, using Cu
electrodes of 0,05 thickness and cerami¢ substrate dimensions of 5%5%1.0 mm-asishown in F;g 1. The
Cu electrodes were attached on.the ceramic plates using epoxy adhesive fo achieve electrical conduction.
The twelve p—n legs and Cu electrodes on the ceramic substrate were adhered by-silver paint./The internal
resistance (R,,), V5, and 1, of the module were measured. The maximunt-7,, was calculated by the

Vour et . Whmh were _found by changing a small amount of current.with a source meter. The heat
source T}, had a value of473'K and AT (7}, —1,,.5)y 0F 200 K The t,,,u, in a close cu'cun on electrical
load condition, can be, deduéed by the relation” ] Ao (R,“+R;) and the Lyu/is given by the
relation 7, =V,(R,, + R "The madule was placed-on a ot plate, heatedffom273 K to 473 K, and
continuously measured to%, evaluate” the, efficiency, 5 . The efficienéy,” n , is defined as

T]=]2RL/QI =IZRLJII'1S

p_,,TH1+K,,mAT—-;-Isz where_ QS heat flow from the source to the

sink and the thermal conductance is given by K, , =x,A, / L, +&,4,/L,.
(a) (b) (©)
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Fig. 1. Schematic diagram of the module (a) p and » legs input to ceramic substrate, (b) attract Cu electrodes, (¢) attract p and » legs
and (d) fabricate TE module

3. Results and Discussion
3.1. Microstructure, Thermoelectric Type and Thermoelectric Properties
Fig. 2(a), (d) show the results of microstructure of CCO and CMO materials of agglomerated powder

having sizes of 1-5 um. The diffraction patterns indicate CCO has orthorhombic structure while CMO
has cubic structure, in agreement with the XRD results. The high theoretical densities of 87.52% for CCO

and 96.47% for CMO were obtained for both materials.

ol (). ' T
(g) ] g-ﬂ“ﬁﬁmmg
T : n-CaMnO, -
= (n-type)
r \“‘. -
L - F
'b p-ClaGg‘O’
JB-ply (p-typely,
B Epnmg ag

- 30 P !U ) *
TUK)

Fig. 2. (a) SEM micrographs of CCO: po'mier (b) TEM d:ﬂra&nn patwm showing Ca,Co, O phase (¢) Bright field (BE) image of
CCO, (d) SEM micrographs-of CMO powder. (e) TEM dllﬁ'ﬂctlmr puttemahowlm CalMn©y phase.(1) BF image of CMO, and (g)
Vovs T of p-CCO/M-CMO fromhot probe '

Fig. 3 (a-b) show results of‘ the electrical resmnvlty 1§ p} Seebeck coeiﬁc:ent (.S) thermal conductivity

(x) versus temperature, followmgﬂle relatlonship o iZT -S T ,‘ K .

@ o N Whaog T by 2o 4L - h s
" E“* etlhe™ ‘ﬂ' | A= . y e e
144 . o fa.co O] AN . y [ :
1] Bl P 19 ' B~ g camno, (710 %
— ~ Al - e
E 104 <SARE @ o N o9
o~ B cun?; 2o =~ g 1.04 * PN L 0,04 4
g U & ¢ & et @ ciap, 9
E 6 __m._g_: = 39/ / .__l 008
a4 4 B 054 Y=, ] go2

2 488001

0 0o B—— o8 000

soo;m 360, 390, 420 450,480,510 540
T (K)

Fig. 3. (@) p and § of CCO nndCMU materials v§ 77 (b)' x and ZT' of€CQand CMO materials vs T
3.2. Thermoelectric Power Generation

for the same module and A7 with different loads of 0.1-0.75 kL.
Linear relationship obtained enabled ¥}, to be calculated (as intercept on y—axis). The estimated };, value
is 23.03 mV in these temperature conditions. The R,, resistance obtained by this method reaches 0.36
kQ. The inset of Fig. 4 (b) shows the P,,, curve of this module had a maximum value of 1.98 mW. The
ot =08, =5, Doy

Fig. 4(a) shows V,,, versus I

out

theoretical open circuit voltage (V,,;) value is given by the relation 7/ T 1a). where
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n is the number of pairs [10]. For the module comprising twelve p—n pairs, V., =1.55 V was calculated
for (S, =123.09 pV/K, §, =-526.79 uwV/K, T, =T, 1, =200 K, n =12) ; however, the measured open

circuit voltage (V,,,,) of 1.5 V corresponds to only 96.16% of V,,; . The results of n versus AT are

pen
shown in Fig. 4(b) and the 7,,,, value is 0.15% at A7 =200K . This low value is due to the high internal
and contact resistances of the module which are known to be the main problem for TE module
performance. For the manufacturing factor (MF) defined as MF =R,/ R,, [11] where R, is the
ideal resistance, the results show an AMF value of 0.3 in agreement with results shown by Shin W et al.
[8].

@ -, [N,

12}F KV ourve Z 0.16

4. Conclusion

A TE module,
was fabricated.

increasing A7
Electricity Ge
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