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ABSTRACT

The preparation of adsorbent from oyster shell waste used in water treatment for removing heavy metal ions
and phosphate has been investigated in this study. The adsorbent used in the heavy metal removal was prepared
by heating the oyster shell under air atmosphere at 700°C. It showed removal efficiency of 92.19%, 91.82%,
90.62%, 72.06% and 24.30% in the removing ion of Fe, Zn, Cd, Pb and Cr, respectively, when the adsorption was
tested in a small batch equipment. When the adsorption was tested using a continuous mode equipment, the
adsorbent had efficiency of 3.6 and 2.9 mg/g for removal of Fe and Cd, respectively. From the test using the water
containing all of the 5 metal ions, the adsorbent successfully used for water treatment only when no existing of iron.
It could adsorb 33 and 38 mg/g of Cd and Zn, respectively. The study on the phosphate removal revealed that the
adsorbents prepared under different conditions had different phosphate adsorption isotherms. Among all the
prepared adsorbents, the one prepared using air at 700°C was the most effective adsorbent for phosphate removal
from household waste water with phosphate concentration of < 50 ppm. It had saturated adsorption capacity of
583.5 mg-P/g. The adsorbent (15 g) was able to treat the household waste water under the level stricted by law

with the treatment rate of 1 dm3/h for 10 h.
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3.9579d
NwWispiiuaminasssaenidu 3 & de (1) MILEIBITAQATY, (2) mysaeieInTasinamaLEnd iy
AsalanewiniialdlunirBan uss (3) mishaeiashiaidusmiuisanemna safunemeszdualuinge
3.1, 3.2 Uz 3.3 MURIAU
3.1 MaaTINIaAaATY
3.1.1 qﬂﬂsrﬁm:mimﬁﬁw

3.1.1.1 Lﬂ'%fadﬁaﬁl%m’%wmigmsffm:ﬁuﬁmﬂg’jﬁ@mi (gﬂ'ﬁ' 3.1-1)
3.1.1.2 w3ssuauuulufiada

3.1.1.3 AzuNT9AaWIA 150 uaz 200 lulasiuas

3.1.1.4 WRannauwNINLe

3.1.1.5 ufalulasian (99.99%)

3.1.1.6 81n¢ (air zero)

3.1.1.7 ihnau

thermocouple

(1
-
furnace —» -
N, or Air
Oyster shell 2
reactor — ¥ f > CO,

3UN 3.1-1 1eTasdlataRsuanIgadunnfanveswITy (szauvaddjiane)



3.1.2 ADLGTUNFIANTU

3.1.2.1 NIN9aadITzauk sl iuans

mim%wmi@@sﬁ'mﬁal‘*ﬁ’[umwmam‘;:é’uﬁaaﬂﬁﬂ'@\mﬁﬁﬂ@Uﬁm'ﬂﬁaﬂmUmqﬁuvlﬂﬁw

@8918019 I TUANNUAS UAREEA LRTINNITOUAAIUIAAILATUATI ﬁ]’mﬁfuﬁﬂﬂmsa}aﬂu
v 6 v v v 123 A . A s '
naaaumnansuazlianuseunioldusssmeavatuiaidan (N, air 138 N, W&y H,0 lusasin
50:50 WAz 98.5:1.5) NIgaennil 500, 600, 700 Wia 800°C Wk 6 Talug dwiaasiialuguf 3.1-1
= o A o & o A A & o A A \
Lﬂ‘]JLLﬂa‘Yl'ﬂ’m‘YlNaaﬂwﬂﬂa\‘iﬂﬂi:ﬂa‘uen?JLﬂiad’lLﬂ‘S’]Z%LLﬂﬁIﬂiﬁJWI@miWWYJﬂ 30 w17 waldwy
[ 4 &€ v K a A A v & o A .

msuauvlmaaﬂvl,smLmea@Qmﬂguadmﬂqmugwm mumsg]@snuﬂé’m desiccators

0S wununlAanraswIITNNHIBNNTANTaNN 500°C Tapasdlsznavlaiiaonias
FnsuiRenraswasNNEInns ey TauLalaIndsznaulaunLlaazadBalilu “OS-treated
rhauns/gmwni” ldun OS-treated N,/600°C, OS-treated N,/700°C, OS-treated N,/800°C, OS-
treated air/700°C, OS-treated 50N,-50H,0/700°C 1az OS-treated 98.5N,-1.5H,0/700°C

sigaduildazgnih luiienziesduaznavuazlassaiisdisinaiia XRF, XRD, BET uaz

SEM

3.1.2.2 MilEnNuIdUTNTY

a o

mim%'mwmi@@%uLﬁanﬁﬂ%\a’mﬁa'smuqmuﬁaaL@%wﬂ%'m:ﬂ%mmmﬂﬁamﬂ%mﬁaﬁvm
o % o ' a o gﬁ s d' é a
Fudan Hnawite uazmengn  wITekliaaudadanriunay (30 3.1-2) Sadszneuainds
g/ b a 1 =3 o tg/ U a a s a A e A I
W% 200 FATLAVIOLAAN YiNTwladne fnegn LLa:mmmsnimaqmmamaLma"mmwmu
ﬁ‘y a v v v
WawadlrauTawle
a o A ° A o [y b4 o W 1o & o
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gﬂﬁ 3.1-2 L@nl,mﬁ'm%'uLm%ﬁums@@%’ué’rm%’un'lisl,"ﬁa'lm'%aslm:ﬁuqmu

{ & & o o o @ Y { o
3.2 N13F3 AT BINTBIRIZWIALA NFIAS U A lans e 12 lwas 5 an
3.2.1 gARN b

3.2.1.1 Pb(NO;), analytical grade
3.2.1.2 Cd(NO,),"4H,0O analytical grade
3.2.1.3 K,Cr,0; analytical grade
3.2.1.4 ZnSO,-7H,0 analytical grade

3.2.1.5 FeCl;-6H,0 analytical grade

3.2.1.6 nau

3.2.1.7 1899@TU OS-treated, air/700°C
3.2.2 1DNaa09

3.2.2.1 mMIneaasdtuing

m'%zmmsazmuiamﬂﬁfﬂﬁm']mﬁu*’ﬁu@m6]sl,afl,wumgﬂm‘ld niwh g doeses
meﬁqmﬁgﬁ 25 °C 1iluam 1 Tu sewmdngauganisgady Jaiuasdiaing 5 Jaaaas lalu
Mafuasmetfidmiazaonsaluasnidudu 2 Ssdaas (Resneanwuesiods uazilas
msldlwlosaulansmindafintinoug) isssadreftlalddiamnzdmdsunadanswin Tagld

1A389 AAS  @N519N 3.1 me“ﬁagmﬁmﬁ‘uan’n:ﬁslfﬁ‘luﬂﬁmaaaéﬁ%%’uiaﬁzﬁﬁ'ﬂLwiawﬁﬂ



AN319N 3.1 FAEN T INIITNARBILUUNZEIMIU Pb, Cd, Zn, Fe uway Cr

Tanenin AT HSNEN (ppm) U3uney (ml) | dSanmdgedu (g)
Pb 5, 10, 15, 20 1000 0.1
Cd 5, 10, 15, 20, 25, 30, 35 200 0.02
Zn 2.5,5,7.5,10, 15, 20, 25, 30 200 0.02
Fe 3, 5, 10, 15, 20, 25, 30, 35 200 0.02
Cr 25, 50, 100, 200, 250, 350 100 0.01

3.2.2.2 MInaaasuuudaLitad

o A

A v o a 6 a % 1 6

gananasnliianaeduinaadn (Fudiugudnats 0.3 cm §9 0.7 om) Meluussdd
> % ~ £ I o s g; s til o g/ a d 6
gadu (0.1 g) uaztdauidudieudu muamiugﬂﬂ 3.1 mMInaassrinlautlaniRuFILATIH
dld £ v Lz L2 1 s € v ' v o . 1 J/ [
niilanzwinuidudu 6 ppm idgaaaniandussdisaamlng (6 mimin) ddaslilnatnating
@aiilad (Up flow-fed) laeld Diaphragm Pump annuuiAuanIasaIealatngf aaanannanaanit
6 ml) laluzraninialuadnidudu 2 m iweThannaredauasilasnulililesauvaslans

v a d o o Y ' a & a v o A & &

WENAANNIIAITUE 1813818620819 M AmIUSu s larsniindla1aad AAS N9RAN
RIBTAHAIDEITANNT VT ARTIINLATEI AAS &INIDATIIA LG =@ aIL@NINauwLNaLIa9
RIRTALFIDENIN AU IUVIANTNIA IUATNLT WD 2 ml MIAUMIAEANAIBLI99YIIMN 3 W

w9 30 wfiwsn mﬂﬁfuanﬁunn 5 417 30 30 w9, nn 10 w7 8n 2 TalN9 WAz 20 w19 an

1 2lu9

Qutlet

[

o a
A9

#13nAdu

o a
a4

5 v
LNALLNA




U 3.2-1 Lmumwéhé'unﬁmsaqmﬂuﬂaﬁuﬁ@ﬂ%’uﬂlﬂumiwﬂaaaLLumimﬁm

3.2.2.3 minaaadlaslsiasninsasvinduuuy

A 2’ v A o o 6 Aa v ' 6
WATINTaNARRULN ML T naaaNiNaaAn (LEWRUAREINANG 2.4 cm g9 30 cm) aolu
UT1INQATU 10 g ﬁnL%ﬂauuamﬁﬂumsazmﬂwmﬂlaﬂam‘mﬁfﬂnﬂ“ﬁﬁ@ﬁﬁﬂmlmmﬁ”ﬂﬁ
< P~ < [ A a o v @ o ' A Y a
(A= LAaLeN LAan §9ned uazlanilon) lasdinuaanududuuadlansrinudazsialuinige
ad ] s
FUNANAYINNY 10 ppm
mnaaasinlasiawinFuauudale Diaphragm Pump fuuaaasinsatdu 1 h was
uaIazatgalagtantinniseanluvinnisdiasvinidsunmuSuimlancninaauiaIas AAS

EWLALINUNIINARDS b T D 3.2.2.2

3.3 n1sasvsAsavinlaundgdrsunisanaaine

3.3.1 §13LARuaraUnIa b

3.3.1.1 dnnasuuia 250 m
3.3.1.2 LAT8INIBULLLAILARN (magnetic stirrer)

a

3.3.1.3 70072910 NN

3.3.1.4 Spectrophotometer @9iidunssafirtdnsulEiuanusiniu 880 nm

3.3.1.5 1a%esumifidesainnauauazana

3.3.1.6 Anhydrous KH,PO,

3.3.1.7 nau

3.3.1.8 niadanIaLdudn 5 N

3.3.1.9 uaud lufalnaaidouaiiasa (K(SbO)C,H,040.5H,0)

3.3.1.10 wanluiiouluduea ((NH,)Mo,0,-4H,0)

3.3.1.11 n3auasaaiin

3.3.1.12 mm@%‘u 0S, OS-treated N,/600°C, OS-treated N,/700°C, OS-treated N,/800°C, OS-treated
air/700°C, OS-treated 50N,-50H,0/700°C W&z OS-treated 98.5N,-1.5H,0/ 700°C

3.3.2 muaUSunaneanaal83suaaaasia

a =1

MTASLNEITAH

1. L@%ﬂuniﬂ%’avﬂ%ﬂ 5N I@m@mw%’avﬁmﬁuﬁuﬂ%mm 70 ml aslwinan uwadtduinanandusines
NN 500 ml

2. e3suasazansuaundlufialnasdonasiasa laads K(SbO)C,H,040.5H,0 1in 0.2743 g azanuad
Tusinnauuadtaeasanddsunasyinny 100 ml luwradavsuias inuluwaiawia

3. ww3snaTazansuaNlaiionluduiea lasds (NH,)eMo,0,-4H,0 wiin 4 g azansadlusiinauuaiie
9uNYSasvinny 100 ml Lﬁulum@wmaﬁﬂﬁqm%{}ﬁ 4°C

4. \@3puntauasnasia 0.1 M lagtsnsauasnastanin 1.76 g azarsluihnauuaiiaansauniiSunas

winnu 100 ml v liRamnadl 4°C (szoznamaiauine liis 1 §ans)

9 U



o

5. 1@3UNINY1TIY LaUNININSNATT AW IWEAFIREINIU 20 ml A9

nIagania 5 N 10 ml
FIRTANLLAUG LuAa WA LT aNA LA TA 1 ml
sazansuan o luduies 3 ml
fIazAENIALaFAasA 6 ml

mswam’%m’mﬁ'}msa:m:JLL@iawﬁﬂmﬁaﬁavﬁﬁmﬂqmwgﬁLmﬁ'uqm%auﬁﬁaa INBUIIERITAZAY
LARZTRANINENN (I@m@m’%mﬁwé’uLm:ﬁaowaulﬁﬁwﬁunﬂﬂ%ﬁLﬁaLawmuwamL@iawﬁ@) AN

' a

& by % a ay. A o a
muanulum YIFINUNRINELANRIIRCAN EJLLB%@II&J%BI‘U@E‘TL%&INGW%L@]?@I NIDRIIRSAYLLD NISJ LﬁﬂﬁJIlJ

9

a

sutaalmwgnieeiiuiaisly 2 - 3 wf ﬁluﬂi:ﬁ"ammﬁumﬂﬂ L3 sezdntinendaude’ly
Ghonmuitaasldanunsl 4 $2lu9)

AT

1. 1@3BANINNNAIFIN: LFBNRITRzABNIaIgIwHasIWaLTNTY 10, 25, 50, 75 WAz 100 ppm  F1WIK 5
ml lurazUnmisawia 100 mi wdndntinenmuadly 0.8 ml ntwaglwdtn wazasnieliasng
Won 10 w7 udliifn 30 wiit s lellsa %T Aeueniaan 880 nm Tagldinnawduuuased
LSIDHUNIHHIAITPIULEAIANNFNRUTIzAIANUTNT U asWasWa (ppm) NUAT log (%T)

2. myernzAneanedaluasazaiualatng: Taasazansaiadnewn 5 mi Iﬁaalummgﬂmm 1P
dushensiwasly 0.8 m antwagliidnts uazasielTagestan 10 wif udliifin 30 Wit shans
Aalusa %T Aenuenaw 880 nm Tagldinawduuuasd

3.3.3 33naand

[

3.3.3.1 NMINAFBILUUNT NIUAaUAIH

1. @ssusReFLATzRANUdUTUA19 ) lagld Anhydrous KH,PO, NaunLsinnaw
wispugUnIniauzUf 3.3-1 lasldiidednamzy 200 mi
\Anasgadudiuan 0.1 g aslwibiioFuamzi

in@atniliunes 5 mlillemigaduaginnizauqauda (6 Talud)

o > w0 BN

YaUsunanasiwa luinFaun@AdsiTuasaasia

thermocouple

gﬂ‘ﬁ 3.3-1 qﬂwﬂaaumig@sﬁuwamW@ém%’umﬁmﬂaaaLmun:

3.3.3.2 NMINARBILULdaLias

lunmInaassuuudatiasazfansaniannz OS-treated N,/700°C L¥inthis Lila931n OS-treated

]
=

N,/700°C Jszansnmasiiaalusmiaasunasmnasfian LadosaagunasLwa
2 a q U Q a a
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o

wuudaiftasdiznaudin duilouasnfiansinslua 0.1-1 Vh uazviedmnivuIsaasgady (1§
Hugudnand 2.5 cm 811 20 cm) Augugmrnillastindaiiulu jacket dunan Gaasasuaadlu
dl & v v 1 1 A ' o s L3
3U7 3.3-2 lasmsazapazgniudimeduazasroussansazaoiiumiiaasinaudias
Inasanmaeduunadvia minasauvinlaslfiufasaanzindanududusas

1 L A I 1 U v dl v v
WasWavinnu 15, 20, 25 uaz 100 ppm (TatdudranudnInnasaunguaNUTNTRIaINasLNG
lwihlsguruuazluiifoanlssnugasmnim) uazliiageadu 0.3 g iinnanadlasiauin

o o [

\FuFianeiitngriafiusniageadudinaannisiva 0.3 th wazifiudlatnafinaaanyne 20 -

'
A

30 U Lﬁai’@ﬂ%mmwamW@mmﬁaagﬁaﬁﬁmaﬂﬁﬁﬂ

NN

v
NN

;iﬂ“?'] 3.3-2 mmaaumi@@%uwaaLWmLumiaLﬁm

3.3.3.3 nmnaaadlaslfaTastiuatinfoaiEauduwuy

gﬂ‘ﬁ 3.3-3 LAAILHUWAINYBILATOITNU AN UNFEATISOUAURUUN T Usznaudunaan b
(31N 3.3-4), TanvBI8EN3Y (3UN 3.3-5) UAzviaLIIIAIIQATU OS-treated N,/700°C (3L 3.3-6)

v v e e e e A e e de . fw e

mma:gﬂﬂaum;;ma@ﬂvlfnuwﬁam'ﬁmﬁ@mﬂwmmma:ﬂﬁﬂmuu Lﬁavlmwugmwﬂaaﬂ
mnﬁwﬁm%’aL%aul,l,ﬁnz"l,mnﬁgﬁﬂniaoaﬁ"mci'lzJLﬁansaamui’aqﬁ%amﬁmmiﬁmwnﬁwﬂuﬁn
éné’u%’umaomiﬂiaﬂwgﬂniaaaﬂ'wdnUﬂi:nauﬁaﬂ%’uni’mﬁmtu, NIINRLLBEA, NIILRLIL,
NINBALLBHA, B1% LAZER ﬁnL%ﬂﬁaaﬂﬁnﬂmmaaaﬂndwUﬁ):"l:vamiﬁg&ﬁamiﬁ;mi@@%ﬂwﬁ’u
gaving I@wiamsqmsgm%’mﬂmiaam%’u NaTUUANTINGIDWARGN Yia%'ueluﬁmiag‘m‘igwﬁ'uﬁﬂ

' A A v a ' o '
PMNUHKATUNTIVUAZLTA 1 mm LwaiwuwLauvl,v\amum@maamsg]muLLaz"I,mmumLmioaaﬂvlﬂ
9V aTUEN b LAURAINNAUAAF

A A o o & a o A o d o X o S a
UM 3.3-7 umaaiatesthdaiiFoa o uduLLUNEII % nInaaadninlastaninigey

@

A a = | [ o v A ° Aa o o
wgmjwnm@mnmﬂnmquﬂamﬂm 12 ppm ﬂ?ﬁﬂ@]i’]ﬂ’]i‘l%ﬂ 11/h L“ﬂ?gLﬂiﬂdUﬁUﬂﬂN’)ﬁ@]‘(ﬂﬂ‘ﬁUlu
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gﬂﬁ 3.3-3 LHWANVBILAIBILNU AL REATITOUAUUUL
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gﬂ‘ﬁ 3.3-5 gAnadainsiy

31N 3.3-6 MUTINEAAATL (ANNIIRQAATL 150 NF4)
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4. HAN1SNAADY ALK uazIasab
4.1 MAATINIAAAADTY

Weavwdenweswssuue (0S) TWawmskesdlsznaudomaiin XRF wuinfunadouensuaiua (Caco,)
\uasdsznaunan (fewar 93.3 lapiwiin) wasilansusznaveenloduaslansdug nidntes aeaneft 4.1-1
Wahwdenweswssnlulfenasenmeldusssimevesusaiion (OS-treated) ﬁqmwgﬁ 600, 700 uaz 800°C
wuifiudaaivanlasanlodaanunaniedasdfnaal LL@iLfialﬁmwmﬁ"auﬁqmwgﬁ 500°C duamuunnnin 10
Flus linpufsansuenlasanlodfivnmsesanieiesnaahias ﬁaagﬂ"L@T'j'm'lﬂﬁﬂmu%auﬁqm‘ﬁqﬁe‘iﬂ (<500°C)
livhlwassUsznavveadfonnesussulfouuas LL@inﬂﬂﬁﬂmﬁauﬁqmﬁgﬁga (2600°C) ¥inlWasnLsznavvad
\wiRannasunssuidswan Caco, 1w Ca0 auilfAzen

CaCO, - CaO+CO,

NANNTILATIZAIBANTIN 4.1-1 (OS-treated, air/700°C Lag OS-treated, N,/700°C) uaadintlfannaswasuns1nns
Tanufeumuldusssmeavesuim@esnamnnd 700°C win 6 Talus i Cao (iluasddsznaunan uazlif caco,
wadmdoey  miaTaeulanainEndisinafia XRD (U 4.1-1) usasindfenwenwissaiilassasrondnidu
CaCo; arunslianuiaumeldurmmesasudaidosigungil 700°C udilassaivazifowiu Ca0 nivua
BN isggadunneswsnlunuidsilasnmldanuieunmaldummmeaseudadesigungil 2600°C 34
o o a o & & o a & A o & & 1Y
inmylamusunaudiaaivenlasan loanihnmessnaeaniasdnsolanlitiuizanisvanlassnlodaanuusy
wwalwuilainlaill caco, mdearluiaggadu
P a ed Aa o o A o P A @ o oA
TN 4.1-2 ugeINAM LTz T Iwzsssssgaduilaldinaiia BET aldanuiauuriifannas
P A a Y @ A A o @ A & da o o o o '
wwwfigampiiideaniu (700°C) muldusimenlifn  nsldomeaszifiniunfasinzaesdigaduldunnh
mslg lulasian lay OS-treated, air/700°C AAUNRITUNIZINANIIABNAITUNZV8S OS-treated, N,/700°C L7 2
' A ¥ 1% o o da o o o AN ea X . a
wh wazllonay lohaslddsazildnunfindinzvesisggadunldlauniu las OS-treated, dried N,/700°C &
AuNAITUNzkENEa Uaz OS-treated, wet N,/700°C HNuniIdumizaniga UM 4.12 URAIANHAULABAING
mamwaasaumailfannasuwismuilinnuieuluusismevasaimeauszlulanan  anduisfiaveudanliing
ldrmaauniavasmsgaduilduandranu lasdalfoimeasumaszdinsdsmalngniniieldlulanau  anua
BET uaz SEM myuldinsldaimenzldmgadundanunuinnniinialslulasiau lasswevasgwgunmalu
a A o a = oA o & o v A a o 2 Aev o v @ '
waslalfermedsmaidnniufeldlulanau  denudmgaduiieioulasldamaisddainadunmauninely
aumaannniigaduiieioulasldlulasia

! v 4 a % a
AN 4.1-1 ﬂdﬁﬂitﬂﬂﬂ“ﬂﬁ]da’ﬁﬂ@‘ﬁﬂ‘ﬁx‘l’]Lﬂ'ﬁ’]tﬁ@’)ﬂwlﬂ%ﬂ XRF

. YSunmwasansasndsznau (%wt)
81IQATU
CaCO;| CaO MgO SiO, | Fe,04 SrO Al,O, CuO | Others
(O] 93.300 - 1.270 | 1.910 | 0.622 | 0.307 | 0.839 | 0.487 | 1.752
OS-treated, air/700°C - 97.000 | 0.917 | 0.588 | 0.252 | 0.244 | 0.235 | 0.232 | 0.532
OS-treated, N,/700°C - 95.700 | 1.280 | 0.804 | 0.341 | 0.246 | 0.309 | 0.277 | 1.043
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AN 4.1-2 ﬁuﬁﬁaf{hwazmaoi'aemwﬁ'uﬁvlﬁl,ﬁaiﬁﬂaﬂui”auLﬂﬁaﬂ%amuﬁoiuﬁ 700°C e lduITEINNATAILA RN

TUAGI 9
”‘Jﬁ@l’%ﬂﬁ'ﬁ@m@%’umn 0S | Surface area (m’ig)
OS-treated, dried air/700°C 5.85
OS-treated, dried N,/700°C 2.39
OS-treated, wet N,/700°C 14.79

3N 412 mwdig SEM ya3ilfonnesuIsunrumsliauseusl 700°C win 6 Talud lusTENMATe (a, b)

21 Uaz (c, d) Twlasiau
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4.2 n"?a;’)\”ﬂ?a\fﬂ?ad%'ﬂl%'?ﬁlanﬂ'TWsﬂﬂ?aﬂTaWgﬂunlﬁaiﬂul%ﬂsvtga%

4.2.1013N9aadbuuNe

4211 ms@@eﬁuvl,aaaml:ﬁ"a

gﬂﬁ 4.2-1 memmé‘uﬁuﬁiwdwmmL’:Tuﬁwaamm:a’mmﬁ"’sﬁauqa ©) fudsunnweslosauasnaf
aNAaTU (q) Lﬁaamﬂmwué’uﬁuﬁ“’[ahma%uﬁvlé)hi%mawjuﬂunﬁ@@%uLmﬂ@ sunsnasunelansnnusuRug
WULLAILEIES (Langmiur) uazuUUWIUART (Freundlich) 39310 q uazd C saladluwasanuenudunuiidodu
anuztuuuraIMIgaduuaniled (gﬂ“?'i 4.2-2) UALMIQATUNIUART (gﬂﬁ 4.2-3) NNMTAOTNZALSBURsUNaNT
'ﬂ@aaaLLazmmamwﬁwudwLﬁaﬁmsmmLﬂumigwﬁ'mmuuaaLﬁﬁaﬂﬁm R (coefficient of determination) L¥inny
0.9852 Iummzﬁl,i‘iaﬁmsm'jwLﬂumsgwﬁ'uLLuquuﬂﬁmzvl,@‘T@h R’ iy 0.9803

wamﬁmﬁzﬁﬁaﬂﬁh’ﬁaa;ﬂvl,éﬁ']LLuuﬁmaqms@@sﬁumammLﬁm’u,azme‘haaamigwﬁ'mmuw?u@ﬁ%
mmmi’ﬁﬁnmUﬂ'}ig@%’umaa"l,aaaum:ﬁaﬁwéﬁga%’u (OS-treated, air/700°C) l@lnalAssnu WALLUI1RDINNTQATL
vasuadiiasaunsariwglawindiniantes lasfinniees K uaz g, innu 934 adnsudadag uaz 23,474
ﬁaﬁn%’m:%@ian%’ué’ag@%’u ANRAL

a7 4.2-1 LLammﬁ@jWﬁ'umﬁ"aﬁazrmig@%’Uﬁé’dme:ﬂumuﬁﬁ'ﬂfﬁﬂ%ﬂmﬁﬂuﬁ'umiﬂ@ﬁffumﬁmm6] ii
Feulunuisein axLﬁu'hwqﬁmmmsg@sﬁumﬁqﬁaUmig}@sfwﬁmme] aansnatuelddmauuudraaslelamn
afunIgatuuLuuANdeT Immi@@fﬁ'u OS-treated, air/700°C ﬁé’amswzﬁmmﬂﬁanvsammamlmmﬁ%’zjﬁﬂ’nm;
maaﬁag@%’u (9) gaﬁq@] aghslsfimuiiionnd K uazen do a3 4.2-1 Il q wastl ¢ @199 a2e
wuudnaeLaaies (Eﬂﬁ 4.2-4) 1571391 Dolomite Tuuised [1] g@]sﬁ'ml:ﬁ"’svlﬁ?m'j'] OS-treated, air/700°C 10
Tugrsanududufivnnmsnasey neiiiasunainusiinen qo U8Y OS-treated, air/700°C 9:§INIA1 g, V89 Dolomite
kAf1 K U84 OS-treated, air/700°C ﬁgdmfﬂﬂ'ﬂ K 284 Dolomite INNLTWA
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g (mg adsorbate/mg adsorbent)
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c{mg adsorbate/ml of solution)

3U7 4.2-1 lalmnesunigaduaasasna (gunnil 25°C)

30

25 ~

y =0.0399x-0.0126

R?=0.9852
20 -

1/q
-
un

0 100 200 300 400 500 600 700

1/c

3UN 422 anwAuRIBLdweIMIgaduazmMaaIUkuULaLEDT (gunpil 25°C)
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2 -

1 -

o fal
[ T T T o
-7 3 -2 1

_1 -

_2 -

y = 1.0406x+ 3.4664 -3 -

R?=0.9803
Inc
gﬂﬁ' 4.2-3 mmé’wﬁ'uﬁ%{lLé’umaam‘sg@%’umﬁamugﬂLmquu@E"n (aaennil 25°C)
a7 4.2-1 msg@%umﬁ"uﬁumm’s@@%’uwﬁﬂ@m6]
- - . A q K K
ThasIaTy §1989 [sUupvlelonesu| R® oL n C
“ b (¥N./N.AIQATV) | (WN./8.) (VR./uN.)
OS-treated, air/700°C |414338% ugaLdss 0.99 23,474 934 | - -
Dolomite 1] uasLiies 0.97 21.76 0.067 | - -
Phosphate rock [2] wRLIES 0.99 12.78 5.88 - -
Activated phosphate 2 TRt 0.99 15.47 526 | - -
rock WInaaT 0.99 - - | 263 | 266

Limestone [3] uasLies 0.96 0.017 0.5 - -
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1.4
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o
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—
@ 038
©
o
E
2 06
o
[1+]
[=T:]
g 04
o

0.2

0 o T 0

0] 0.001 0.002 0.003 0.004 0.005 0.006

¢ (mg adsorbate/ml of solution)

3U7 4.2-4 Tlalamneiunisgadurasazniveisigadusiiadisg Sdwimanuunisesusaiisilaslddn K uaz
do PMNANTNN 4.2-1 (Phosphate rock, Activated phosphate rock L8z Limestone ﬁﬂ%mmmi@jﬂ%ﬂ

Insdsanuanuny ldiRuanuuandnd)

4.2.1.2 migadulonauasuaaiiioy

gﬂﬁ 4.2-5 LLa@aﬂaﬂmé'uﬁuﬁi:M'jW\iﬂ'sﬂmL"iTmTumaamia:mmmmﬁwﬁ'amqa () nudsumvaslonan
meﬁwﬁgﬂ@@ﬁffu Q) Lﬁadmnmmé’uﬁ’uﬁ“’[aiﬁnma%uﬁvLﬁ'lsJ%'@Lﬁ]u'j%ﬂunw@@ﬁﬁ’uLmulﬂ sansnatuelara
ANMUFNNBSUULLAILEES  (Langmiur) WAzUUUWIUART (Freundlich) A1 g wazd C Plaluwaaansm
mmé’uﬁuﬁ%aLﬁumugﬂLmumigﬂﬁfi’mmmmaLﬁmf (gﬂ‘ﬁ 4.2-6) LATNINATUULLNTUART (3‘1J°7i 42-7)  NNY
"3Lﬂi’]:ﬁl,ﬂ%'ﬂuLﬁyuwamimaaaLLazmmmqwﬁwmwLﬁaﬁmsmﬁwLﬂumsgﬂsﬁ'mmmmuﬁU‘jfazvlﬁm R® iy
0.9894 IummzﬁlLfiaﬁmsmﬁﬁL'ﬂums@ﬂ%'uLLuuwgmamﬂﬁm R’ i 0.9637

HanIeTzRaInandasdldhuuuiiseinmigadurasuanisfuazuuuiisainigadunuunuads
sanInldusnigadusaslessuwaalondiodigady (OS-treated, air/700°C) lalndlAssnn uduuuiiaainis
gadurasususimansnimelduiniinindnias lasfinnfileed K uaz g, i 2.3 Sadniudediay uaz 410
fadanfuuaalsudaniudady aua1ay

TN 4.2-2 LLammsgﬂ'Sﬁ'mmmﬁwﬁaUm‘sg@%ﬂﬁéﬁLmﬁ:ﬂumuﬁmﬁm%uLﬁUuﬁ'umiﬂ@%'wﬁmm6]
fronulunuisein anfuhwgdnsumigadunaaifisudisangadunnafiasmaninafusldmeuuuiiaaslels

ma*?uﬂﬁ@@%'mmmmuﬁﬂ‘js I@ﬂﬁ'}'ﬁ@@]ﬁﬁ'ﬂ OS-treated, air/700°C ﬁmmmmmlumi@@ﬁﬁuLLﬂmﬁwﬁﬁq@
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y=1.4147x-3.8289

H R?=0.9637
5 -
_6 -
_7 -
8 -
InC
3UN 427 anwdniuiiBudueImIgaduuaailsuauULuuWTuady (mngil 25°C)
30N 4.2-2 MIgaduLAaLisNIIFIQaTUTRAI 9
R . v - RR1 T30 ) o K K
FRAARIIAATL 871989 b . | R . . n "
u lolmnasy (Un./n.drgadu)|(un./a.) (VR./4N.)
OS-treated, air/700°C NwIeh | uaaldes | 0.99 410 2.3 - -
Phosphate rock [2] uasLies 0.98 10.46 21.28 - -
Activated phosphate rock [2] uastiias | 0.98 13.56 25.00 - -
Limestone [3] uadLies 0.97 0.018 0.41 - -

4213 mi@@wsffu"laaaumaaé'aﬂ:%
d’ o . 6 1 v 2 g d::' a a a dd‘
U 4.2-8 usaseNuENNUTIzRINANNTNTRIaITIIRE A BFINEENFNAS (C) nutsunvadlooansInzgn

5 3 1 s a 6 A v d' v v 6 a d' o 1

NAATU (q) mngﬂa:mmwmmawwuﬂaImeasuuLLuaIustaa@maaaﬂu"l,a‘[énmasmmuw?mm uaztilaunen q
ezl C ﬁi‘@vlé”lﬂwaa@mmemé‘uﬁqu%dLﬁumugﬂLLUU‘Uaami@ﬂﬁi?uwiuﬂam:"lﬁﬁagﬂﬁ 42-9  3NNNI
a & A a ' a oA 2 . e A 4 a . @
WANAUTIUNBUNANINARBILATAINWINBIWUTIAAT R™ 1¥I1NU 0.8718 Uazw13HLA83 K, waz n Jevinny

1/0.8
)

A aa i a a_ w 5 o o
395.84 (URARATADNRANTN ez 0.85 AU IaU

'
A

Tt 4.2-3 LLammig]ﬂf'ﬁ'ué’aﬂ:ﬁﬁaUm'sg]ﬂ%'uﬁé’umﬂzﬂumuﬁaﬁ'ﬂfﬁﬂ%ymﬁﬂuﬁ'umig]ﬂ%umﬁmme]
Feulnnuddein  WeRnsandiwemniees K uaz n Tuunydraesnuads (q = kc'™) a:wudwmsgwﬁ'uﬁﬁ
fin K, gauazdn n @‘i'w:mmmmm‘lums@@sﬁuga G939 M INAEANTINANUFNRHETZRININ g uaz A1 ¢ B9
duwmannuuuiiaaswuadzlasldd K uaze n NN 4.2-3 ImﬂﬂiWWQawué'wﬁufﬁaﬂéﬁ'sLLamﬁdgﬂﬁ' 4.2-10
Lﬁam”%wLﬁmJssmwmmiﬂunw@@sﬁ'ué‘amﬁmaam‘sgmsﬁ‘uﬁé}‘amezﬁﬁnﬂLﬂﬁarmaUmaiﬂumuﬁﬁ'ﬁﬁﬁumigwﬁ’u
ﬁl‘*ﬂmm”?%’waaﬂm:'é‘uazl,ﬁwﬁ'ﬂLauhms@@sﬁ‘u OS-treated, air/700°C AiFsLaszwanasnnoswasuluuwisedl

sanIngaduinzdlddnitnigaduriiadus uadrsun lutsanaududunimfinm
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1391 4.2-3 MIQATUFINEFIIUENIATUTHAGI

A o v a & 2 qO K Kf
TRAR1IQaTU 81989 |3uuvulelmneiu| R .. n "
“ “ (¥N./N.aIQATU)| (WN./8.) (VR./uN.)
OS-treated, air/700°C |31%398h WnaaD 0.87 - - 0.85 | 395.84
uadles 0.97 8.54 5556 | - -
Phosphate rock [2] -
WInaaT 0.97 - - 1.59 0.24
Activated phosphate wRIES 0.97 13.56 25.00 - -
(2] =
rock WIna T 0.97 - - 1.54 0.31
uadLies 0.98 0.012 1.7 - -
Limestone [3] -~
WIna T 0.97 - - 079 | 0.013
2.5
—&— OS-treated, air/7000C
c 2 —m— Phosphaterock
[+F]
'g Activated phosphate rock
(%]
= .
g 15 —&— Limestone
£
S~
4]
(1]
=
5 1
=]
(1]
T4}
E
> 0.5
0 B e = -
0 0.0005 0.001 0.0015 0.002 0.0025

¢ (mg adsorbate/ml of solution)

{ ) o o a ' A o o a 2R
3U7 4.2-10 lalmmasumigadurasdinsirasmigaduriiadsg  Ssdwnanuuuiinesueds laoldd K
LAz @1 n NNANT9N 4.2-3 (Phosphate rock, Activated phosphate rock LLas Limestone ﬁﬂ%mmmig}@
Fulnaidssnuanunuliidiuanuuanen)
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4.2.1.4 ngaduloaauvenin
A e @ 6 1 v v =3 A a a = A
3UN 4.2-11 wsesanuFNRRTIzRINeNUTNTUaIm IRz BREnAIFNgs (C) AuLTumvaslasaunini
angatu (q)  Wesnanudunuslalameiunlalitanuindunsgaduuunle sansnesulanianudunus
LA (Langmiur) uazuUUWTUART (Freundlich) 34410 q waz C Malalunaaanwanuaunusigadua
sluupvainIgadunalofuaznsgadunIuais dsuaaslugun 4.2-12 uaz 4.2-13 anuday PNNMINATIER
a a : a oA A L& o A € v 2 L
Wisuifisuwanianasasuazdmmgeinuinlefasanindunisgeadununnsaiiofazlddn R™ iy 0.9034
{ A A & o A [ 2 >
lwynznilafnsandndunsgadunuunuadzazladn R iy 0.9243
Hamanzidinasslldhuuuiineinmigadusasusaiissuazununiuadraannliiwisnigady
v09 1800 WNANGI8AI9ATY (OS-treated,  air/700°C) ldlndidsaru  uduuudiassnsgaduresWuaizaanm
° @ 1 o 1 a a > A aa A a o 1128 o o
Muwneldutingrnit lasfwniiiees K waz n winnu 27.41 (Jafaatdaladniy)  Uaz 1.28 auiau
aN3WN 4.2-4 usasdayailIouiisunisgaduinandin  OS-treated, air/700°C NiFlATzRINLRaNaY
aer & o a o { A o ' v
w9l widand AU Activated carbon 3nUATBIBIAMEAY [4] TyannaiTeufisunuinds limunsaagylduy
Faiasgaduriialamaningaduminiadniinu asnilafansanaindt K, wu wudn OS-treated, air/700°C
wazgadumanld@dnin Activated carbon udiliaRa1sanand n udd wodwaflaiduldlunnauiu Fsasanmu
v o g ' ' ' A o @ o a _da ' o A @
AMUFNNUITERINA g uaz @1 ¢ Adwiulaslfuuuiinesnuadnniden K uazd n asuaasluannif 424 1d
nmWanuFuRuEaIuaasluglf 4.2-14 azduldtanniienuamaninlunsgadunanuesmigady  OS-treated,

air/700°C ﬁé’amm:ﬁmnLﬂﬁaﬂv\awwam’tumu%%'ﬂﬁgaﬂhmwummmlums@@%’umﬁﬂmm Activated carbon N7
Twinwidunarsdaduagienin
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A13191 4.2-4 MIQATUIRANIUININATUTHRAG

a o v a ¢ 2 o K Ky
sRaa ATy 81989 |stunvlelmnasu| R L. n "
" " (Wn./n.a3gawy)| (Wn./a.) (Va./4n.)
OS-treated, air/700°C |[s1u3aedh Wiuad 0.92 - - 128 | 27.41
uaaLilas 0.98 81.89 6.25%10"| - -
Activated carbon [4] -
WnaaT 0.98 - - 2.00 | 3.484
0.02
- —e— OS-treated, air/7000C
=
ﬂ 0.016 - —&— Activated carbon
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=]
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3UN 4.2-14 "Laisﬁmamms@mwaamanmaumig}mwuﬂmo6] TIFWIRNUULIIRINTUART lagldaK, uaz
@1 n INNAIIN 4.2-4

4.2.1.5 ngadulosauvailanduu

gﬂﬁ 4.2-15 memwé'uﬁ'uﬁszijmmLﬁuﬁu"uaamia:myIﬂsLﬁwﬁau@;a () nudsunmveslesau
mﬁﬂﬁgﬂg}mﬁu (q) sanInafunglddisanuauiusuuunguadT (Freundiich) Wathen q uaz ¢ Aalelunaaan
TaNUFEIURITLFwa UL DI IaTUNTUART (Eﬂﬁ 4.2-16) FAW1A@es K, iy 11.17 (Iadaaide
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4.2-5 Iﬂzmiwlmwué’uﬁufﬁoﬂﬁhmamﬁdgﬂﬁ 4.2-1753 0NN LﬁaLaﬁsmLﬁsmmmmmmlumigwﬁ'ﬂﬂﬂﬁmJ
mmmiﬂ@sﬁ'uﬁﬁqme:ﬁmmﬂﬁanmmmaswlumu’i%‘mﬁﬁumigﬂﬁu Limestone NITIwinu3d8uasnmsdn a1u13a
nana ladnlusrsanududuwnyinnisdne m*:gwffu OS-treated,  air/700°C N&ILATIZHANALURIAOLUIITNIIN

awuﬁﬁ'ﬂﬁmmm@@%’ﬂﬂﬂﬁﬂuvlﬁﬁﬂd'lmsgwﬁ'u Limestone ls1u3aunasdadluagienin

1.6
*

1.4 -
=
o
2 1.2 -
2
B 1.0 -
<15}
£
o 0.8 +
T
2 L 2
o 0.6 + rS
=]
[1+]
E" 0.4 - *
o

0.2 ¢

*
00 ¢ : : : :
0.00 0.05 0.10 0.15 0.20 0.25
c{mg/ml)

3U7 4.2-15 Tlalamasumigaduveslandon (aunni 25°C)

2
=

y=14861x+2.4134
R?=0.9390

Ing
n
[an]

i

InC

U 4.2-16 m’mé’uﬁ’uﬂ%aLﬁumaamsg@%ﬂﬂﬂﬂmumugﬂuuuw;mam (annd 25°C)

@135197 4.2-5 nsgadulandoudinasgadusiiaciag
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- o v a ¢ 2 Yo K Ks
sRaaIaaty #1989 |stunulelamnasu| R L. n "

" " (Wn./n.a3gawy)| (Wn./a.) (Va./4n.)
OS-treated, air/700°C [31%398h Wyuad 0.94 - - 067 | 1117

wadies 0.99 0.016 1.87 - -

Limestone [3] -~
WIna T 0.97 - - 0.71 0.016
4

—¢o— OS-treated, air/7000C

—&— Limestone

q (mg adsorbate/mg adsorbent
e8]

0 *—0 @ —@ L T
0 0.05 0.1 0.15 0.2 0.25

¢ {mg adsorbate/ml of solution)

{ Q o a 1 & o o a ol
307 4.2-17 lalamasumigaduveslendonvaimigaduriiadeg Sdwnanuuniiaeauads laslddn K,
WA A1 n NN 4.2-5

4.2.1.6 lalmnasunigaduvaslanzninsiiasiag

TN 426 usasnasgdldanmilienzitayaniinasasuuunzfiguingdll 25°C ianuauuuiiaes
lalmnafuimivldafunewndnssunigadurasiesaulansninaiiadeg wisudmimlweivasuuudnes (M3

) A & A a v a o Y a ' >

QATULULUANTET: A1eNFNga (K) WaLTNmnIgadudu (o), MIQafuLUUNIRART: AaiNauga (K) uas
[ ' 2 A oA oA o a o
AUAL (n)) wAZAN R TILRAIANNUNLTEN 00U LI RDININLEWD

§139ATY (OS-treated, air/700°C) ﬁwqaﬂiwmsg@%’umﬁaLLazLLﬂﬂLﬁﬂuLﬂuLLumLmLﬁﬁﬂmmmm@@ﬁl
armldaniuaaloy waslnndnssunmigadudon:d, wan uaz laafisuduuuunueds lassansngadusoneg

va A A = A o @
VL@@TY]EE@I F0IRINND LWRAN LIRS IﬂiLNfJN 28PN
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=i & A o o s s a ' v
@1 NN 4.2-6 E‘].]LL?JUVLBI‘HLYIQSNY]L%M']ZQNﬁ'l‘ﬁillﬂ?i@@‘ﬁﬂiﬂﬁ:ﬁ%ﬂ“ﬁu@]ﬂﬂdG] AIUNISUIBNITLTUNS (qnmnu

U

25 °C)
lasznsin | stuwuulalonasu ?,0 . n R’ « “ "
o (Wn./n.drgadu) (wn/a) | (Wa./an.)

Az uasLies 23,474 - 0.9852 934 -

TCRIRIEY uadLiles 410 - 0.9894 2.1 -
RINeH Winaas - 0.85 | 0.8718 - 395.84
WAAN Wiuady - 128 | 0.9243 - 27.41

lasdio Winads - 0.67 | 0.9390 - 11.17

4.2.1.7 UY32ENTMNNIQQTU

97 4.2-7 ugastizniniwnisgadulanzniinaiiadng g veia13gady OS-treated, air 700°C Lilavhn1s

@@%’uuuun: Imﬂszaﬂ%mwmig@fﬁuLLuun:ﬁwmmmmumsﬁ (4.2-3)

C-C
Effilirn;Fc— % loo %
i (4.2-3)
A A v o a o 'Y
Wa G fa anududuisuduredloaaulansnin
C fAa anuduTusIEIREMENANEANgA

N3N 4.2-7 ﬂiz%‘ﬂ%ﬂ’lwmEldﬂ']i%]@]‘fﬁJLL‘.lJiJﬂZI@]ﬂLﬂﬁUTﬂdIa%ZLL@iaﬁ’ﬂﬁ@]

Tanenin Ui:'ﬁﬂ%mwmi@@%mmunﬂ@ﬂm’é‘ﬂ (%)
A 72.06

uAALN 90.62
GARET 91.82
AN 92.19

JCR ALY 24.30

v

magasl,umiwﬁ 4.2-7 LLa@ﬂﬁLﬁudﬂumigwﬁuLmun: OS-treated, air 700°C mmm@@ifumﬁﬂ N

a
5
a a
il

waznaatdonladrulssanTnwanlndfssnwdoUszuos 90% LLa:mmm@@%’um:ﬁ'ﬂﬁm:é’maommﬁa

UszAnBmwmagaduilszanm 72% Lm:mmsng@ﬁﬁ'ﬂﬂﬂﬁﬂuvlﬁv‘hﬁq@ﬁa ﬁﬂsz%w%mwmi@@fﬁmﬁm 24%
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4.2.2 MINAaaILUUGaLha

f,%m%'umiﬂ@aaams@@%’uLLuwiaLﬁmaﬁLm’]:ﬁmmmL%’Jsl,um'igwﬁ'uﬁaﬁ A8 WIAANNLTNT U
awsazawﬂa%:%ﬁfmﬁﬂwnwwaan%a@@%’uﬁnm@m6] (€) udihe c Aldlddsunmnifouiuna ¢ lanw

\w3AN34 (breakthrough curve) %auamé’agﬂﬁ 4.2-18 014 4.2-22

11
1.0 -
0.9 7 . - @

0.7 -
06 -
G5 -

ciC,
cic,
[ ]

a2 ee

01 4 "

oo T T T T T T T T T T T T
o 20 40 60 3¢ 100 12¢ 140 160 180 20¢ 220 240

time {min}

gﬂﬁ 4.2-18 fmwLusﬂwgﬁmaamigwﬁ'ﬂaaaumam:ﬁa (2amwnnil 25°C)

1.2 o

1.0 + . ° . . .

0.8 -
0.7 -
0.6 - .
0.5 - .
0.4 -
0.3 -
0.2 -
014 °
0.0 +*—— | . . . . . . . . .
0 20 40 60 80 100 120 140 160 180 200 220 240

cic,
[ ]

time (min)

U 4.2-19 fmwLmﬂﬂﬁmaams@@%’ﬂaaaumaum@Lﬁs;m (awnnil 25°C)
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cic,

gﬂﬁ 4.2-20 ﬂiﬂwLmﬂwﬁmmmﬁ@@fﬁ'ﬂaaaumaaé’aﬂ:

c/c,

CiCo

1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

1.1

20

40

60

80

100 120 140 160 180 200 220 240
time (min)

a

¥ (awnnd 25°C)

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0 4

20

40

60

80

100 120 140 160 180 200 220 240
time (min)

3N 4.2-21 rmwLmﬂwﬁmaonﬁgwﬁ'ﬂaaawuaomﬁﬂ (awnnd 25°C)
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1.1 d
.
1.0 'uw\.*. - e o . ®

09 - . "o.o . 0.o° .
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -

c/c,

00 T T T T T T T T T T T T T

0 100 200 300 400 500 600 700 800 S00 1000 11001200 1300 1400
time (min)

Eﬂﬁ 4.2-22 ﬂ‘i'mlmi@@sﬁ'uvlaaaumaﬂml,ﬁﬂwluﬂwsmaam,l,umial,ﬁm (awnnd 25°C)

mmmimh:Lﬁumwmmmlumig}@%ﬂam%ﬁnmaamig]@{fuﬁauﬁmsg@%’mu‘%uﬁuﬁ’;LLa:vl,aJ'mmm
fdalanswinlilddaliannmvinsangivesmigaduluglvasinmlanzninfinnaadusdaiminuasmgady
o A A A Y A v o A v @ o A ' Y a A
uu‘nL'ammquwmwmﬂmdaaﬂmaaﬂaawusauﬂaﬂuLmumuIa%:%uﬂ ©) ldifudrnrasgiwinuslanaun
° A A AN vo [ o ' A
ngnaneinue @390 4.2-8 ugasnanmstsnlui lasminlaneninudazadia lag

ANNNAITIUNNNYRUBTINALA
CIC,y = (4.2-1)

Aanududusadlanzuinlwinfoaundisudu 6 Jadnsudadiag)

u,ammaJmmmlumig@%’uia%:%ﬁnﬁnmmmnnmﬁwawmsﬁ (4.2-2)

anusanInlunsgadulansuin = G, x dammitlauas x 1im (4.2-2)
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797 4.2-8 Langagafiasgaduihtai ldanumasguwihyilnaingnansimuauazanuaaninly

m‘sg@%’uiam%ﬁfﬂ ARz TUA

- . | funasgiwenungnane | CIC, na | aneswsnlumigadulanenin
R lanzniin _ . . UYL
(UN./3a7) ) (W) (&laamﬂamvﬁun/mwm@mu)
Az <0.05 0.008 * -
TGITEVEEY < 0.01 0.002 5 2.9
FINTR <5 0.8 * -
VAN <05 0.08 10 3.6
Tasduw <0.05 0.008 - -

WANBLAG * Vl,ajmmsmza_qlL'valﬁuwﬁ'@LﬁaamﬂmigmﬁuL’%wauﬁﬂunmimﬁamﬂ

4.2.3 MinaasdlasltiaiainIaIinduiuy

Lﬂéaansaaﬁﬂﬁmmum%aamwjﬂcﬂmlmmlumqﬂﬂsﬂﬁ'l’ﬁmaaumig@%’ﬂam%ﬁfmmu@iaLﬁaa S119)
ﬂaé‘uﬁﬁﬁﬁumuquﬁnmamﬂu 2.4 \TUANAT UTTIEIQATUNRN 10 N3N WEsauNanlEezm, uaalloy, nan
, Foned uazlasflounansiuny I@Uﬁmmlﬁmﬂmﬁuﬁmaﬂam%ﬁnnnmﬁ@ﬁmm'lﬁ’umﬂﬁ’u 10 UaANITUADRAT
samnmstlewinduauudrinny 1 aasdadalus

ﬂﬂ‘i@@‘fiﬂuﬂmﬁﬂuLLaxﬂWi@@%ﬂg{lﬂ:aﬁ’]u’]‘iﬂLLﬁ@Oﬂ‘i’]‘NLUiﬂﬂEﬂﬁﬁ{lEﬂﬁl 4.2-23 uaz 4.2-24 SNIUNIQA
%’umamzﬁ"’aLLazmgﬂvl,ajmmin'ﬁ'@ﬂ’%mmmsg@%’uﬁ@i’ﬁ%fﬁﬁaammﬂmmaumiazmwaaiaﬁzﬁﬁﬂﬁa 5 whaLdn
dranurlfiAansanaznanaasaznIuaznan ﬁ%m%'ﬂﬂuﬁwwuduﬁwmsga%’uﬁuﬁaﬂmﬂaa@ﬂﬁaaﬁums
mmadnﬁ@wﬁ'ﬂam%ﬁfmmmaLﬁaaluﬁ'ﬁaﬁ 422

LﬁaﬁﬁnimﬁniﬂwLUSﬂﬂEﬂuﬂﬁ@WffuLLﬂ@LﬁsuLLazé'dnzﬁlugﬂﬁ 4.2-23 URT 4.2-24 WUIEIQATUREN 10
N3 mmml‘ﬁ@@ﬁﬁmmmﬁtmLm:é'dﬂ:%ﬁﬁmwmim]”uasma: 10 Dasnsudodaslawindszanm 33 uaz 38 52l
AUEGU NowilunazisuBueA %amﬂmiﬁﬂmmwuiwmsga%’uﬂ%mm 10 ﬂ%’&lmmmgwﬁ'mmmﬁﬂuvlﬁ 330
faansudaviniulszanm 2.9 Hsdlua uazQaTuFINLF L 380 faansudawinnudszanm 5.8 Sadlua lwandaann

é’aﬁfﬂ@mmuﬁaawndn"lﬁdwmsgﬂfﬁ'u 10 ﬂ%'wmmsng@%’uiamﬂﬁfﬂﬁwvlﬁﬂizmm 8.7 Indluaniadaiin 0.87

Jadluadansuy admigwﬁ'u
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1.2

0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 A
0.3 A
0.2 A
0.1 A

c/C,

ciC,

0 & —e * —o® :

time (h)

3UN 4.2-23 ﬂiwxlLmﬂwﬁmaamig}wﬁﬂaaauu,ﬂ@Lﬁslmﬁasl,ﬁﬂ%aamaaﬁ'lﬁuuuu

50

0.9 -
0.8

0.6 -
0.5 4

c/C,

c/C,

0.4 *

0.3

0.2

0 ‘ T LI" T . T

time {h)

gﬂﬁ 4.2-24 fmwLusﬂwgﬁmaami@wﬁ'ﬂaaaué‘an:ﬁl,ﬁalfLﬂ%aoﬂsaaﬁwﬁuLLuu
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j n:!' o o o" o o o @
4.3 n1sasvsAsavinuavndedisumanaaina
4.3.1 MINARBILULNZ

gﬂﬁ' 431 uaasmaasuulaswassansuanududunasaindolwinFosuuddonnududuEud
C

sasnlamwalwindosund (Co ) Anaeneg Lfiai%uﬁanmmwmﬁﬂ%’uﬂyauﬁﬁhUmﬂﬁm’m%auﬁ 700°C
muldusimeavasufialulasian (OS-treated, N,/700°C) iluasgadu wazenudutuasamwaluindosuud
Winnu 15, 20, 40, 50, 75 Waz 100 ppm ‘wm'uﬁamﬂmﬁwﬁuﬁuﬁmmwameqaﬁﬂﬁmi@@@Lﬁﬂgiam;aﬁaﬂd'\
anuTuTwENduasasWadn LLazmsg@%ua%m%’unﬂ@hmmLﬁuﬁuﬁwﬁumﬁgauqaﬂ'aunm 4l esiuln
mnasasmeldaninziug Bl ngaduihgauganisluian 4 5 lus wasfiudiodefiven 6 alus e
"3mezﬁﬂ‘%mmmi@@ﬁﬁlﬁamamuqa

gﬂﬁ' 4.3-2 melﬁl,ﬁuﬂd”mig@sﬁ'u OS-treated, N,/700°C WazdNIQaATU OS-treated, 98.5N,-1.5H,0/700°C i

a Py L] @ a ¢ -a a & @ iHa A ) an o AV o o & a &
WHANIIULRNBUNW i]\‘lﬁ?‘]_]vl,@n’lﬂ’limllu'lﬂiﬁﬂml,wSJ\‘JLaﬂuaf;lvl,ﬁJllaﬂﬁwa@]aaNU@lmadaﬁigﬂmUﬂiﬂ AIBUWITUILW
%G‘ﬁ’m’li‘ﬂ@]aﬂx‘l‘v&’lvl,ﬂiﬁlilma%wﬂ’li@@lsﬁ"]_mSGNWSQQ%ULLﬁaz’Eﬁ@ Uﬂlf:)’u OS-treated, 985N2-1 5H20/700°C
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1.2 -

1wy
€ g
0.8 | u
SN
o 2
O 06
o o) ° ° ° °
X ) 4 L ]
0.4+ ¢ X X X X
n A
024 . .
0 4 ‘ ‘ ‘ ‘ ‘ ‘ ‘ |
0 50 100 150 200 250 300 350 400
time (min)

3UN 4.3-1 migatudamwanNiLEIENNGI8AIQATY (OS-treated, N,/700°C) 71 25°C ANULTNTHINAUA1I 9

C/Co

1.2 -

0.8 -

0.6 -

0.4 -

0.2 -

¢ 15ppm m 20 ppm - 40 ppm x 50 ppm x 75 ppm e 100 ppm

e

50 100 150 200 250 300 350 400

time (min)

Eﬂ‘ﬁ' 4.3-2 mi@@ﬁfj’uwamvxlmmﬂﬁnL%Uamaﬂ’nmﬁuﬁuﬁ'uﬁu 50 ppm 71 25°C fBEIQATL
() OS-treated, N,/700°C Was ( m) OS-treated, 98.5N,-1.5H,0/700°C
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lalamasunisaady
JUN 433, 434, 435 uaz 4.3-6 uaeadlelmneiunigadunamnaluinfosuuduesssgady 0S, OS-

treated air, OS-treated N, Waz OS-treated, 98.5N,-1.5H,0 @u&1aU Wathnanmnaaaf e Ll aunaw
mwé’wﬁuﬁgﬂLLuuL%aLﬁumamumsvlaisnmas‘wwgmamammLﬁﬂﬂﬁwaﬁmamlugﬂﬁ 437 89 4313 uazle
' A o o & ) ) ' A o A =S o ) AN o
Aasfidmivlalmnefunigadurasmsgaduudaziiaaiuaadluaef 4.3-1 Saaqldianigadu cao Aldan
a ) \ o & o A o { { { &

waennaswesudnn@nssunsgaduuandviuiunusiavasuiadesnlslumadfougy caco, iilu cao

UM 4.3-14 usesmadisudisulalmmesunigedurasasgaduudazafiafigunnil 25°C angUazwd
f139aTU OS-treated N,/700°C iussgadunasnaniidszaninngiga  asmunuidvludinnieanuuuiaiod

nasaunsgadunamWanuuiloumidaliies uaziaTasduuuudmividaduFoguTuIEen OS-treated N,/700°C

I o
Lﬂuaﬁ@@mu

0.1

0.09 1

Al
J

0.08 | .
0.07 |
0.06 |
0.05 | .
0.04 |

0.03 1

g (mg-adsorb P/mg-CaO

0.02 1 *

0.01 - ¢

0 T T T T T T )
0 10 20 30 40 50 60 70

Ce (ppm)

31N 4.3-3 "laTmma%mnwmwfquameﬁ 25°C Lﬁaslfﬁmﬁaﬂmzlmamumﬂumi@]@%u (0S)
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317 4.3-4

0.1
0.09 -

Al
J

0.08 -
0.07 A
0.06 - *
0.05 -
0.04 -
0.03 * (a)
0.02

q (mg-adsorb P/mg-CaO

0.01

Ce (ppm)

0.14 4

Al
J

0.12 4
0.1
0.08 -
0.06 -

0.04 o (b)

q (mg-adsorb P/mg-CaO

0.02 - ¢ ¢

0 10 20 30 40 50 60 70
Ce (ppm)

VLaanai’mngwﬁ'uWamwmﬁ 25°C Lﬁa‘lfﬁmﬁaﬂv.aﬂmaiwﬁmumiﬂ%'uﬂpauﬂ'@ﬁmmmﬂﬁ
(a) 700°C (OS-treated, air/700°C) Waz (b) 800°C (OS-treated, air/800°C) Lua1Igady
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gﬂ"?‘i 435 "LaTmmai’umsgwfquameﬁ 25°C Lﬁalﬁﬂﬁan%aﬂmqwﬁmumsﬂ%'uﬂym\lﬂ'@ﬁam N, i(a) 600°C
(OS-treated, N,/600°C), (b) 700°C (OS-treated, N,/700°C) Loz (c) 800°C (OS-treated, N,/800°C) Wuans

@Wffu
0.12+
¢
0.10
,Oc;
(8] ¢
L, 0.08
=
N
[a
2 0.06
o
3
@ ¢
o 0.04
E
(on
0.02+ ¢
0 T T T T 1
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Ce (ppm)

3UM 4.3-6 lalmnasunsgadunasminan 25°C WialdidfannaswssuiuSudpaut@dan N, naalathludandiu
1:1 91 700°C (OS-treated, N,-H,0/700°C)
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0.2 0.4 0.6 0.8 1 12 1.4 16 18 2

-0.5 1
y = 1.3702x - 3.3189
s M R? = 0.9768 ¢
[=2)
S
-1.51
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1/c
(b)

3UN 4.3-7 dayanIgaduveImInady OS-treated, N,/500°C lugﬂmmé'mﬁuﬁ%aLﬁuﬁm%'u"la‘[sﬁma%uﬂﬁgm%’u

WUy (a) Fruendlich waz (b) Langmuir
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02§ 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
-0.4 1
-0.6
-0.8 1 y=0.6187x-2.2477
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o 1
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log ¢
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1/c
(b)

gﬂﬁ 4.3-8 ﬁa;&ams@ﬂﬁwaamigwﬁ’u OS-treated, air/700°C lugﬂmmé’mﬁuﬂ%oLﬁuﬁwu%'uvlaimtﬂaﬁ‘uﬂﬁsgﬂsﬁ'u

WUy (a) Fruendlich Wz (b) Langmuir
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216 4
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0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 18 2

y = 0.9149x - 2.6897
R? = 0.9675

*

log ¢

(a)

y = 532.22x + 4.8223
R% = 0.9514

0.02 0.04 0.06 0.08 0.1 0.12 0.14
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WUy (a) Fruendlich wae (b) Langmuir
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WUY (a) Fruendlich lae (b) Langmuir
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WUY (a) Fruendlich LLae (b) Langmuir
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IRk 1,685
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Abstract

In this study, an oyster shell waste was used as a raw material to synthesize an adsorbent for
phosphate removal from wastewater. Experimental results showed that calcium carbonate was
transformed into calcium oxide when the oyster shell was treated under inert atmosphere at high
temperature (= 873 K). Both the type of atmospheric gas and the treating temperature significantly
affected the physical properties and the adsorption capacity toward phosphate of the obtained adsorbents.
The adsorption isotherms of the obtained adsorbents were corresponded well with Langmuir or Freundlich
models and the adsorption parameters in each isotherm depended on the synthesis condition. The
adsorbent with the highest adsorption capacity toward phosphate was obtamed when the oyster shell was
treated under mitrogen atmosphere at the temperature of 873 K. Its adsorption capacity was 583.5 mg-P/g.

Key words: phosphate removal, wastewater, oyster shell, adsorption isotherm, caleium oxide
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Abstract — The utilization of oyster shell wastes as the adsorbent for phosphate removal was studied.

Oyster shell after thermal treatment has high CaO content which is active component for the

phosphate adsorption from wastewater.

The treating conditions influencing the adsorption capacity

were investigated. The results indicated that the treating temperature and type of inert gas strongly

effected on the phosphate removal capacity.

The

maximum adsorption capacity calculated from

Langmuir isotherm was 583.5 mg-P/g when the oyster shell treated at 873 K in N, atmosphere was

used as the adsorbent. The obtained adsorbent was successfully used for phosphate removal in the

continuous system as well.

Keywords: Oyster shell, phosphate removal, adsorption, CaO, wastewater

1. INTRODUCTION

Recently, the amount of domestic wastewater has been

discharged increasingly. In 2007, the wastewater was
discharged to the surroundings about 15,000 million liters/day
and it is likely to reach 20,000 million liters/day by 2017 [1].
The household wastewater contains 4 — 15 mg/l of phosphate
and the discharge of high concentration of phosphate into the
river, sea or other reservoirs cause the rapid growth of algae
called the eutrophication phenomena [2].  Therefore, the
maximum allowable of phosphate in the discharged wastewater
was set as 2 mg/l.

The methods for removal of phosphate from the wastewater
have been proposed by many researchers [2-5]. The chemical
precipitation with alum, Al(OH); and ferric oxide are widely used

to remove phosphate at industrial level [3]. However, a toxic

- 65 -

chemical was also generated and difficult to handle these

wastes. The phosphate removal by adsorption is an attractive

method due to the environmental friendly and simplicity

operation [4-9]. The adsorption material such as dolomite, red
mud, fly ash are considered as a low cost adsorbent and can
be used to remove the phosphate economically but these
materials have low capacity [4-6].

The oyster shell enriched with CaCO5; seems to be the one
of the suitable materials for phosphate removal because CaO
which is an active component for phosphate adsorption could
be produced from CaCO; [7]. Furthermore, a large amount of
oyster shells discharging from the restaurant as waste cause
the environmental problem as well. Therefore, the recycling of
the abundant oyster shells into the useful materials can be the

method to reduce the oyster shells wastes.
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The objective of this research was to study the feasibility of

the recycling oyster shell wastes as the absorbent for

phosphate removal. The effect of the treatment condition on

the phosphate removal was investigated. In the addition, the

phosphate removal in the continuous system was also
performed.

2. METHODOLOGY
2.1.  Materials

Opyster shells (OS) were obtained from Surat Thani province.
The dried shell was crushed into the size of 1-3 mm. The
obtained powder was treated under the different atmospheric
gas (dry N,, wet N,, dry air and wet air). The treating
temperature was varied in the range of 773 — 1073 K. The
shell

treated oyster was denoted as OS-treated, gas-T

hereafter.

2.2. Adsorption studies

The test of phosphate adsorption over the treated oyster
shells was divided into 2 parts. The first part was the batch
experiment and the second part was the continuous experiment.
Standard phosphate solution was prepared from dissolving
anhydrous KH,PO, (Ajax Finechem Pty Ltd.( in the distilled
water to obtain the 15 — 100 mg/l of phosphate solution. For
the batch experiment, 0.1 g of treated oyster shell was mixed
with 200 ml of standard solution and magnetically stirred. The
solution was collected every 20 min in order to measure the
residue phosphate according to the ascorbic method [8] with
UV-Vis spectrophotometer.

The second part was the continuous experiment, the 15 mg/I
of phosphate solution was fed into the stainless tube which
packed with the 0.3 g of adsorbent. The volumetric flow rate
was 300 cm3/h. The phosphate concentration at the outlet was
measured by the same method employed in the case of batch

experiment.
RESULTS AND DISCUSSIONS

3.1.  Properties of oyster shell and treated oyster shell

Fig.1 shows the XRD patterns of the oyster shell (OS) and
treated oyster shell under the temperature of 973 K in air
atmosphere (OS-treated, air-973). The peaks corresponding to
the CaCO3; was found in the XRD pattern of OS and the peak
corresponding to the CaO appeared in the XRD pattern of OS-
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treated, air-973. The results indicated that CaCOj; existed in
the oyster shell transformed into the CaO after the thermal
results

The

treating at a high enough temperature. These
corresponded to the XRF results as showed in Table 1.
oyster shell had 93% of CaCOj;.  After treating at the
temperature of 973 K, the oyster shell treated under air and N,
atmosphere contained 97 and 95.7% of CaO respectively. The
previous studies reported that the efficiency of phosphate
removal increased with the increasing of CaO content [7].
Therefore, the obtained adsorbent material in this study seems
suitable for phosphate removal.

Fig.2 shows the SEM image of the OS-treated, air-973 and
OS-treated, N,-973. It was found that the surfaces of oyster
shells treated under the air atmosphere were smooth and had
the larger size particle than those of oyster shell treated under

the N, atmosphere.

A
| s:caco, @
A : CaO
{
- A A
E ‘( - 4| ? L A A, b L
(2]
2 T (b)
<
A | A T
| |'. A"l A
| it
t Il a
- ﬂw.m,.J‘JJM ”
20 30 40 50 60 70 80

20 / degree

Fig. 1 XRD spectrum of (a) OS and (b) OS-treated, air-973

Table 1 The composition of OS and OS treated from XRF

Sample CaCO;, CaO Others
[%] [%] [%]
(ON] 93.3 - 6.7
OS treated, air-973 - 97.0 3.0
OS treated, N,-973 - 95.7 4.3
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Fig.2 Scanning electron microscopy (SEM) micrograph of

(a) OS-treated, air-973; (b) OS-treated, N,-973

3.2.  Phosphate removal

Fig.3 showed the effect of treating temperature on the
percentage of phosphate removal. It could be seen that at a
lower temperature of 873 K, the percentage of phosphate
removal was approximately 50% and the adsorption capacity
increased to 80% when the treating temperature was raised to
973 K. After reaching the maximum value, the percentage of
phosphate removal dropped to 40% when the treating
temperature increased to 1073 K. The results suggested that
the treating temperature strongly affected on the removal
capacity of the adsorbent.

In order to study the effect of water and type of inert gas on
the phosphate removal, the oyster shell was treated under the
difference of gas atmosphere (dried N,, dried air and wet N,).
It was found that the adsorption capacity of OS-treated, air-973
was lower than those of OS-treated, N,-973 about 1.7 times as
showed in Fig.4. In the addition, the difference of adsorption
capacity was no observed when a small amount of water was
added (Fig.4). It could be said that the addition of water
showed negligible effect on the capacity of adsorbent in this
study.

Fig.5 shows the adsorption of phosphate by OS-treated, N,-
973 at various initial phosphate concentrations. It could be
seen that phosphate quickly adsorbed over OS-treated, N,-973
in the first 120 min. After that the concentration of phosphate
was almost constant and the adsorption reached equilibrium at
180 min for all initial phosphate concentrations. Therefore, the
phosphate concentration at the time of 180 min was selected to
investigate the adsorption isotherm.

In order to describe the adsorption behavior of OS treated,
the Langmuir and Freundlich isotherm equation was employed

as listed in eq.(1) —(4).

Langmuir equation;

q __ACe ™)
° K_+C,
1 K 1 2)
qe qOCe qO

Freundlich equation;

C/Co [-]
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q, = K:C.”" @®)

log (a,) = log (K,) +%log (C.) @

100

80

60

40

20

Phosphate removal [%]

0
673 773 873 973 1073 1173

Treating temperature [K]

Fig.3 Effect of treating temperature on the phosphate

removal (Cy = 25 mg/l, N, as inert gas)
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Fig.4 The percentage of phosphate removal at various
atmospheric conditions (Cy = 50 mgl/l);
M ) OS-treated, N,-973, (@) OS-treated, air-973 and
A ) OS-treated,1.5%H,0+N»-973
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Fig.5 Phosphate removal with time at various initial

phosphate concentrations (OS-treated, N»,-973 as adsorbent)

Co = (@) 15; (M) 20; (A) 40; (A) 50; (O) 75 and ( ®100 mg/l

The linear form of Langmuir and Freundlich isotherm
equation (eq.2 and 4) were used to estimate the adsorption
isotherm constants and the correlation coefficients (Rz). Table 2
shows the adsorption isotherm equation and its constants with
the highest value of R2 for each adsorbent. It should be noted
that the oyster shell treated under air atmosphere fitted better
with Freundlich equation. Contrary to the treating in air, the
oyster shell treated under N, atmosphere was well fitted by
Langmuir equation. These results indicated that the type of inert
gas had strongly effect on the adsorption behavior of the
adsorbent and the phosphate adsorbed over the oyster treated
under N, atmosphere was the monolayer adsorption.
Furthermore, the adsorption constants listed in Table 2 also
indicated the adsorption capacity of the adsorbent. The
maximum adsorption capacity determined by Langmuir isotherm
equation was 583.5 mg-P/g obtained from OS-treated, N,-873
which greater than the adsorption capacity of 108.9 and 23 mg-
P/g obtained from the treated crab shell and scallop shell,
respectively [9-10]. Fig.6 shows the adsorption isotherm of the
OS-treated, N,-873, the symbol represented the data obtained
from the experiment and the line represented the calculated
data from Langmuir isotherm equation and its constants from
Table 2. The result shows that the adsorption model showed a
good correlation between the experimental and calculation
results.
Table 2 Adsorption isotherm equation and its constants of OS

and OS treated

adsorbent Isotherm equation | constants R2
oS Freundlich n =0.7298 -
K = 4.8x10"
OS-treated, air-973 Freundlich n = 1.5625
3 0.98
K = 5.22x10
OS-treated, air-1073 Freundlich n = 1.0930
K, =2.04x10° | 0.95
OS-treated, N,-873 Langmuir qo = 0.5835
K, = 249.95 0.99
OS-treated, N,-973 Langmuir qo= 0.1230
K_=15.216
) _ 0.97
OS-treated, N,-1073 Langmuir qo= 0.2719
K, = 67.7910
0.94
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Fig.6 Langmuir isotherm of the phosphate adsorption

on the OS-treated,N,-873

In order to study the possibility of the using of the treated
oyster shell as the adsorbent for phosphate removal from
in the

household wastewater, the phosphate adsorption

continuous system was carried out. Fig. 6 shows the
adsorption of phosphate when the phosphate solution was
continuously feed through the bed of OS-treated, N»-973. The
result shows that the adsorbent could be used to maintain the
phosphate concentration under the regulation limit (2 mg/l or
C/Cy, =0.13) for 2 hours when the initial concentration of

phosphate solution was 15 mg/l.

1.0

/

0.8

0.6

CICy []

0.4

0.2

0
0 60 120 180 240 300 360 420 480 540

time [min]

Fig. 7 Phosphate adsorption on the OS-treated, N,-973

in the continuous experiment (Cy = 15 mg/l)

sp008-4



4.  CONCLUSION

The waste oyster shell could be used as the adsorbent for
phosphate removal. The adsorption capacity of the adsorbent
was strongly affected by the treating temperature and type of
inert gas. The highest adsorption capacity of 583.5 mg-P/g was
obtained when the oyster shell was treated at the temperature
of 873 K under N, atmosphere. Furthermore, the obtained
adsorbent was also successfully used for phosphate removal in

the continuous system.
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6. NOMENCLATURE

C concentration of phosphate (mg/l)

Co initial concentration of phosphate (mg/l)

Jde amount of adsorbed phosphate per gram of
adsorbent (mg-P/g)

Ce phosphate concentration in the solution at
equilibrium (mg/l)

do, K adsorption isotherm constant for the Langmuir
equation

n, K adsorption isotherm constant for the Freundlich
equation
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