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Utilization of Synthetic Zeolite from Sludge
for Heavy Metals Contaminant Wastewater Treatment
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Metal contamination, non-biodegradability and toxic substance, are a major problem
in industrial wastewater. The low-cost adsorbents that popularly used for heavy metal
adsorption from wastewater are activated carbon because of its high surface area, resulting
to high efficiency in wastewater treatment. However, activated carbon is relatively expensive.
The synthetic zeolites have been considered as heavy metal adsorbents. This work, water
treatment sludge was used as raw material to synthesize zeolite using alkali fusion method.
The structural characterization of the zeolite was performed using XRD, XRF, SEM, FTIR and
BET. The synthetic zeolite was used for two heavy metals treatment including Cd(Il) and
Mn(ll). The adsorption efficiency to removal Cd(ll) and Mn(ll) with different adsorption
parameters were investigated. The optimum parameters of adsorbent of the removal of
Cd(ll) ions and Mn(ll) ions at 50 me/L of initial Cd(ll) ions and Mn(ll) concentration in aqueous
solution were elucidated. The optimum dosage of adsorbent is 4 g¢/L and optimum
adsorption time is 30 minutes with 98 % adsorption efficiency of Cd(ll) ions in aqueous
solution. For Mn(ll) ions in aqueous solution, the optimum dosage of adsorbent is 8 ¢/L and
optimum adsorption time is 30 minutes with 92 % adsorption efficiency. The adsorption
isotherm and adsorption kinetic of Cd(ll) ions and Mn(ll) ions are corresponded to Langmuir
adsorption and pseudo second order kinetic model. Moreover, thermodynamic properties of
the adsorption for Cd(ll) ions, entropy AS°, enthalpy AH° and Gibb s free energy AG® were
determined to be 168.42 J/mol K, 39.04 kJ/mol and -10.69 (299K) kJ/mol, respectively. For
Mn(ll) ions, entropy AS°, enthalpy AH® and Gibb’s free energy AG® were determined to be
151.06 J/mol K, 34.27 kJ/mol and -6.58 (299K) kJ/mol, respectively. The obtained results of
thermodynamics parameters suggested that this adsorption process is an endothermic and
spontaneous physisorption process driven by entropy. Based on the obove results, the
synthesized zeolite from water treatment sludge are a highly efficient and low-cost

adsorbent for the removal of Cd(ll) ions and Mn(ll) ions in aqueous solution.
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Manganese  ACGIH : TLV 0.2 mg/m3

OSHA : PEL 5 mg/m’
wsnildlasenles  ACGIH : TLV (uguusuania) 5me/m’ ( dust 1 mg/m’ (fume)
ACGIH : STEL 3 mg/m3 (fume)
MMT ACGIH : TLV (lugdusiannila) 0.2 mg/m’ (skin)

2) nslduszlevnuaenaia

wimiafiujisemaaiiuazamesadigluinbuidudlegliauiou Snisiluld
Uselovulugaanmnssusngg wwu

1. Mdmiulanenauwuindauazuusniiaegiiiosanamnssufanuimangaavnssuad
wayIngAuddnau o Avalals

2 Mlulansnanuds in3esilowmes Jandon wumned windn msiRuudsegiiden

3. wuntweunsltluniswundeulesiuatiu@@nau polycrystalline waznisuaslansug

4. wanndusmilatigiiueuudsusmunusdensinusernuudauazauantEou o

5. TavguusnilauIavsiduuuy ferromagnetic wgndsanldsumstdadufivagriili
Alanegnauiiiu ferromagnetic quﬁai’mﬁ’uazgﬁlﬁwLLazLLauaimﬁw%mama

3) NaYBINISIASUNINTY

mavslaauaadeunasrloaresagasilunisiivaudesniswusniila n1slisuwueniialy
USinauiiunn ssiinavinivsinavesnanigniiulianas waznisldimdnanasiae givinanululseanu
geamnssuildansuusnidasssiovinegeszdnsz i imseldunsienesiineiluegiswnn nanie
A v | a ! | a | a | a
Wemeladrlulunmeesdusglulinadessvuussamaiunans lngaslionn1soouniesoauadl
ANEIEINTUNITHIY wjmlﬁ%’mﬁﬂawlﬂa WaENIANIA FaAnualuunTnazidusinsess



nafe Weunanfadhgsramelasnsmelaisiuusnifisameszluansszuutszam Tagly
spzusn fo sewin 6 ouds 2 ¥ awhliiArormaduld visdswendradeolifiuse ileamslal
aulaluanmdawandey fufesilerlsudsuuladufliaulalidelalifle veulinduduadsns
yationas arwiEnmanadounes somnoinisazanniu Hungaiives vaismundnileveslides
yaadonaynazyadudsaielifidesgadesh yat uarlisanainisgndudenidlui
Tumih @esmnanduiionsnszansvevanineeinsineg azguusedety vduunidluunden #1
11du 9 duheguluioiiudnuuzediadn anduesiinsdunsegnvesansurutaten vg
sefiorsuailiniuou vieadise visedsdedli niuharedwn shlshaneBanaeainan walid
Fos veaudomsdumaiissnmofuuidnduneigamelaeins nisleszimevesusenialy
1nq ldAavinvlaedenssudusiensiiuae Wuld lefaumanniu q udrezuiudnss
yelalalonn fivienuRsrtuuanida mseziianug sziuasiindanaiionnudasafoveanuies
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g97Un9 600 UaapAIIEUYIAD 100 nsuludloladdunsey LUBIINAUNUTRIGININA U IO ATY
seineqlavaeviia wulnwnaden (K) waaldeu (Ca) wuniligen (Mg) leidisu (Na) wuiSes (Ba)

Y LY v | = . a a a & £ a &
naenvulavginuazarsiudunsad wu buwilley (T) 0ReY (Rb) wazd@i@yy (Cs) Wudu 8ns
anunsauaniUagusiniifiuszauindinaaladnmenuauifnunUsznisnieife usyletifleidn
U198n (Dehydration) a@u1sagaduteluianavesansduniduazanseiunid dedulngindu
a1sfiwvseingiiy Wy weanegeduaxlully lunasenled lalasiaudalrduazaus Insluanaves
answalasinluunsnegunuiluanaifnveaiiiuies

2. AENUANIINIEAN

FloladiduusluseFailan Bulk density tadsuszdnad 2-2.3 n./av.au.8n3uydadii

= | a ' & oA oA = & =y % ad da

WUSENegINTardelUswnIudn Ao 2.5-2.8 n./au.ay. uendndlelaniilnssnigluninIadnuni
galuielneiA1agsening750-880 ns.ou./n. druAnNamisalunsaaduinfazantuiu uiluey
furdnvesdloladlundn Unfunluluanavesdleladazszineeanluidloauwisiigumgd 200 °C
fauwdavagydeinly wilassasivesdleladazilnnsanilowfuuazanunsagaduivseanssunsd
wazansatiun3e nasnausInAe L nuluanavesilundnla

2) Usglevilvasdlalan
anwuzdrAginlidleladnateiluaisaisiausslevinfe lassademdugnuegiady
= = ¢ = DY) v a ' = L8]

seilurasdlolad dsonaldiludinsesansndesnsiasluananidnnitvuisalnssdleladiazaunse
iululaluvasiluananiivunlvgasliaunsadueenuuarluanaiisenisgadvunneafiulngs
Floladivzgninlintelulnss wilunisuszgndld@leladlunisnaulasdenliuidugomas
wazuandunUlnsidonduguu Jadvdragluldseswuinvednssdleladegiansr uad audfinig
\wnilveserneufiagseulassaiananfddiwhlvifiananideinismeuluuiansanisnesnisvili
aslalasansusuluanalug)(lunszuiuntstiesiead) unneennateiduluanaidnas wieliaunse
dnunlduseleniliiu nsuaneenvedluanalvgq Ainannisiluanaiuiisenivesneuiag
souqnssdloladtiues

lngasuuainsldusgleviandlolas asgnivuameaudinugiulusyiuluanavesans 34
= 1 o [ g [ v ] Ly A . I Y U
faganumunanimeiulauniduiiuanilfsulseq (ion exchanger) Wudigadu (adsorbent) wag
Judssufisen (catalyst)
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1. fuanaeuuszy

Homndszauanuedangiinzfuileladiunzogosnmaing suimisuiiosuandsey
fulavedudlonglumsaransld Fondnnisiitsannsntszgndldfunisanaunsedsesh Tag
Tangdanla wulwifon vie Inunaidon Minzdudlelad azuaniuasulszafuuaalfouuay
wunilidendaduvsequeddangluihfiduinisilidinggde wasiinnsidleladuldanay
nszdsreshunuoamslunsinlen Wosneamniufoinduiudedundoy

Fendnnsuanivdsuyszqil lianunsalddlelaflumsmiaueslindsoonantndelng
nsuandsulszauanvesueslindefulavelfeuiioglulnsswesdlelas mustsanansaldviafie
Tulasiauesnles (NOY) anloidsniessudlinatsiduinglulasiay wasiweonduiivasnde
(gunsaiiienih ezarlafinreunesined ivsduinlifivieleidevessosudulml nndy) wazada
Lolglny Ausfunadve@iBeuuazansoudouanniniiuedesladnee

uana1nil natdaeunsedns (Water softeners) dloladanunsouaniudeulessuuinly
TnsshandnfuuaaifelesuniouuniifeuloseuldFetneanmiunsedswenit uazlHdusduuan
Waewleoou (lon exchange resins) AnAnantAnsuaniUdsulossuuInvestlolassinliannsa
iUl 8usdu ileuanidsuiulessuuin Univalent w3e Divalent

(%

Selectivity vasdloladvadlossuuiniidu Univalent anunnluwitdes &l
A >Ti">Na >K >NH, >Rb >Li">Cs

[

Selectivity vastlolafvadleaauuin?iidu Divalent annannlumtes ¢l

Zn” > >Ba >Ca > Co >N s HE > Mg

woAnssuMsLanisulossuuinavtueyiv sysunduazviinvedlosauuin 1wy wun
Us¥q gaumigil Anududuvadlessuuinluaisazane dwhazaty (Mswandgudiuunniindules
Tuansazaty) wezdnvazlasiadwosdloled Wudu

2. @155nwanudusng (Detergent builder)

FolaiJunenluvarsussmelaelfifudiunanvosasinmeniosandleladiinuandan
wisnzandmivyirsdnilon AeiliAiug (Capacity) uazdaunaaans (Kinetics) @evirlnns
wanwasulossuuinidululfinnuazds venanildleladdsldunueamalddnie Gavoannsili
fiwthrSomnadiinuundng windulnedemasailiidymlumsmdnuasdedinismeonds

o o
1%
a

WaufuIvilmiidotasdaiiinsduaninuivatlaiiosainvineendaulunisgesaans

3. Apadu
Yoy ¢ & W v O evY o § v v . o 8 ¥ a £
nslegleladlusigaduiuldvslunseuiunisviliusia (dehydration)  nisvinlwusans
(purification) wag N15UENANT (separation) Fe@leladuuilaudflunisidenyiuisernugusiadu

Jundnnisiiugiuresnssuiunisgadussivluana lnvaiunsadeniiinisidengaduanizung
luiana daunisvinliwieiu Wesndleladniuseauinaunsagaduinlamdufivesiazaiunse
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Andiiseuuueunduls ndmie efinslianudou ihivvsumeeenlunue undefleladivanil
fudatulotdnadafianunsogaduiinlésn vie o1vluldpeduansduuny iwu fAglelefiu nin
visouenludle wuudounduliauiy Famsliidushgeduidesanlassairsiidusniuvesiloladii
Wienunsanaduanseingg limuvuauaslassaiisvesdloladusiavelin wu Tdluvuunis wen CO,
uazansUsznaudamosanuiasssuvAuenansivildiAnaisuaniig wu SO, NO, uax O, A
01 wenINEedlFlunsuenineg FeluanavesiasssinagianuuandaiuluFomwesUfjizen
mslwihadatulessulans lunendudu Fleladursiinagldvhufisetuiurggaduiams
Taanaduvidvhiiy

4. AaseugnTen
onali@loladifuiussufiisedy lelasiudyu (Hydrogenation), weadiatu (Alkylation),
plsfiAledy (Aromatization) uaglelawalsiadu (somerization) Wudu

2.5 M3gadu (Adsorption) [7]

nsgaduifunisueneaduszneuvesansiigngadusenainaisazaisvosival lagls
asarangdulaiuansnadu asrusenaukiazyiinluansaratelinuaunsaluninszaneuuiouag
Anussgaduldmatumagaduiuegiudiadevatsesns ldun dnvurlasiaisfitudouvesansgndy
auantRaeiivesagatusaransiigngadu Suruduvestuianavesansiignaaduiiinvesansgn
U uaraavesgwsuiviminfigeduld Fafuisendenansgaduliivang fuasiignaadu dmiy
nsgeduniensiadeudteansvesasiigngaduindinvesansgaduiintu 2 dnwae laun

- mi"l,ajszjausummawm&hgﬂazms (Hydrophobic of Solute) Tunsdifivesnanduansily
Ut (Hydrophobic) ﬂzwmmmwwéfuaﬂL%’Wﬁj%y’uﬁaguiﬁwdwﬁﬁumiaﬂ%’uLLaz@m%’Uﬁﬁwaﬂmiaﬂ
Fulufian

- mm%wmmiﬁgﬂ@m%’uﬁagVL'ULmza@ﬁﬂwmmi@m%’u (High Affinity of Solute to
Solid) s33nvAvesUTIsEINlIanaTignanduLazinvesasgaduiutaduddnlunisuenviinves
nszvIuMIgedu dussdamiondunsdamioviauiuineiinadesinnisgadunisnionn
(Physical  Adsorption) wagiussdamieiaiuseiaiiseninalaiana ﬁgﬂ@@%’uﬁ’umi@m%’mg
3enInsgaduniaadl (Chemical Adsorption)

1) Msgadun1enenm (Physical Adsorption)
ANINLTIRINATENINREARL NRIMTNYBasOaduivaIsignandunisussdamilednuy

Y
o Aa %

wIumasnad iusunsnselundansanazlifiwussiaiiiinty Lﬁumi@mwummmiau’[,umi@jm

'
[ ¥ [

Fudszana 20Alagasiolua ietesnindunszurunisameanufoudiiindanunsedus liflns
uansinvasituszuaylivinlilassaiswesinvesansgaduidsuntasiulussninamsgeduiiletinng
Lﬁmqmmﬁﬂﬁ@@%’wwmamwaﬂgjLﬁ@ﬁﬁuﬁmﬁmﬁuﬁaaum sReTUTNINEANENLTaTIaEsilY
Annssunduldogaauysaifsanusafnwldianssuiunsgeaduuagaedy (Desorption) N13gady
wuuiiunuuliionsiangas asfigngaduannsofiasinizegseuninvesasgadulduansy du

(Multilayer)
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2) msgadumaail (Chemical Adsorption)

AnduldAfonmgigudunnfnufiteneiissniseznouiiianiivesansgadunuoznon
yieluianavesansfigngaduiiiussiaiiintuiadunstuiinduss Wunisgeduiidaanuieuly
n1sgaduLszanm 50-900 Alagasiolua MIgadunuuiidunuuiemeinraasgaduasiigngady
Hludsinatiosdenionheiminvesasgedu ominnisgadulasisemaeiiaglannsn
Fansmeduld wuiansusznevuiwideiioamaiundliianisgadunaeiiuside fivgamnii
anusaiansaaduniaeila

2.6 NUNIUITIUNTTU
A. Chojnacki  uazamg (8] lfinwinisgadulansninaiudloladsssuyialagnisiin
. ! a . . . o o 2+ 2+ 2+ 2+
ion-exchange 5¥#119@lelafsssuv1@ Clinoptilolite Aulanenin Co™, Cu”, Zn" wag Mn~ 7
= o A I ' oA Y v
LW3ENIINAITATANBAI98 190 AMUTNTUIUYIS 100-400 mg/L WuiLiloAUITNTUTDIEITAYAY
langniniudusesan1IgatukadnTdun1INTEAEM (K 2anad S1AUAIILAIN1TAY8INIT
a . o v o & 2+ 2+ 2+ 2+ A
\Ain ion-exchange waslangniinanuinludesasil Co” > Cu” > Zn > Mn~ Llesanlessuaes
Tanendnfdauinlngjaziin ion-exchange latipanitlopsurnlanentnfdauiaan 91nn5ANY
Langmuir isotherm wuindiA1 Langmuir constant #uluauanunsanisgadulansuiin lneddidu
9 v o & 2+ 2+ 2+ 2+ . . |
mmmmaaﬁuaamsqmm’mmﬂﬂuaamﬁ Co” > Cu" >Zn" > Mn" @ Freundlich isotherm
a1nsaviueIagaduiaunale wWazkadan Dubinin-Kaganer- Radushkevich laAmaanunisaadu
v o & 2+ 2+ 2+ 2+ a ]
geannuntutosdsil Cu” (11.95) > Co™ (11.03) > Zn" (9.77) > Mn” (8.81) Alagasielua

A. Ansari  Mahabadi wagaeg [9] ladnwin1slddlalansssuuRannUseinadnsiuaiina
Clinoptilolite @méz?ULLﬂmLﬁauﬁUuLﬁauiuﬁu 4 9@l Ao Clay, Sand, Loam uag Loamy Sand lagly
33 batchwuidlonauusunamesdlolasluiufuiuaranmnududuvewandloniivud suluiu
Igunniu Tneild3esay 15 vesdloladnaulufuazylimududuvoaniionanassiinia 0.1
mg/LImaUazﬁm%mwmsam%’Umeﬁaﬂuﬁuﬁﬁﬁumﬂmﬂlﬂﬁaaﬁ’ﬂﬁ Loam > Loamy Sand > Clay
> Sand wazidleld33 column nuiidewar 9 vesdlelanfinaulufuazanaududurouwandoud
Judlouluiuldgeiian uazargaduuandelufusia Clay uar Sand lénnnd1 Loam uay Loamy
sand n§anmsiiudleladlufiunds wuin Aranudunsa-rwesiuazifiududuUsyana 9.1 uay
nsnaudloladlufuaziinane pore size wazA hydraulic conductivity vesAulngazilnane pore
size 111N21A" hydraulic conductivity

E.A. Ayvso wagamy [10] laAanwinisundlelanduasizi (NaP1) wazdlelansssuwifvin
Clinoptilolite Tunisgadulossuvaslangniin o', cu™, N™', cd™ uay zn”" smindediilany
srifnidudauie 10-200 me/LanmaUFsuidisuaruannsnvesnsgadulaveminmeaninut dlolad
duns1e9t (NaP1) aefiesidudnisanduunnningloladsssuifviia Clinoptilolite 3 10 111 us
nslitleladsssumalumagadulanendnluideasdduuinidloladdun e

S.K. Pitcher wazmniy [11] InAnwinisihalelanduasigiunldlunisanysunalaneninlu
a A Y = o vao . ° P ¢ a A
dengnyzdnsanauy Fuihnisnaaedasldis batch experiment lasnisuendlelad 2 viia Ae
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Folandansiet (MAP) wazdlelansssuvi@vin Mordenite unageuaNa@Innsalunisanusuie
Tanguinfiazatsoglutinds TunimaassldiniovarsararslanguindunniioIsuiiioy
Uszansawlunisanusunalavendniusegawenings wuindleladduasvianunsardnlans
wiin (Cd™, NP, cd” way Zn”h) annansazaneeaesinlafuinUszanadesas 91 drudlelad
sssumfaglausransnnteeninlasanisaandsunuvedane ninainaisazatefiog 19laUsEuNM
Yoz 42-89 uavaninogwennEsUstinudenay 6-44

. Y o o Y] 2 2 H
L. Curkovic wazame [12] ladnwinisninanlessuvsdlaneniin Pb™ waz Cd™ anuiLde
Munnlssnugaamnssy lngldds Batch- type method @eaglidleladiioge 3 vila fio wliad 1
& & a A A 2 'z s o ) | P’ Y ]
Jualeladsssuwd diueliag 2 way 3 awdudleladdunsiz N 3 degrsasigailassasielngly
=~ < ca Y a o 2+ 2+ & = ¥
W509LanULsIRANwNsNTY Tunswisulaoauvadansnidn Pb” way Cd- duwssulaainaisazaie
Pb(NOs), hag CA(NOs), 4HZO RFGRILT LLaavammi’] yyiREmALlA Atomic Absorption
Spectrophotometer Weaududundueu mﬂmsmwwvwmw Floladsssuvfaziie
waniaeuleseudu Pb " waz Cd” 1AfU exchangeable Wu K > 2™ > Na” luvnieidlelad
Fuasrziazdulaneulossulaznuidiegsves@loladvsaurdatuaziinniswaniUdsulesauiu
2 a =% 1 a 1 2 a a 1 a
Pb”" wazilu 0.38, 0.41 waz 0.44 fadluasiodns d1u Cd” 1Ju 0.12, 0.16 wax0.21 Jadluasoans
Y ! ) & W o ) | a a 2+
Tnedesngnawasdlaladnin 1 n5U Wity kazaznwuInnisianiskansUdsulessuwes Pb” ag
' 2 ¢ o o X d A a &£ d I
311N Cd Fansgaduasiiuduilegungliiudunazazanadilenududuvesansazarvlossy
Y99laNENI@DIUUNNTUY

E. Siswoyo wagag [13] nsfinwmsgeduuanideslooauluilagldfangaduduyusain
nnmgneauvedlsaidainde (DWTP) uazvesyadosainnszuiunisanaznauly DWTP  las
nsfinwimsdwesuiediautuliunavesiagedu Arnudunsa-asvesasazaleuaziiaity
nsien ielimsnuisansfivanzauuazanuanunsalunisgaduuesansgadu ninazneugn
wisslngyautunoures DWTP wagasivdeunanszvuresnIndainfiaiaainagnou DWTP Lo
o3uwasdUsEnauiidfyuaranuannsalunsgduresasgadu msnwidnuinindafeuay
mﬁﬂ@aﬂlszjﬁl,ﬁuehuﬂizﬂauﬁwﬁﬁyjmmﬁ’a@@m%’ﬂumi@m%’umeﬁﬂulaaaﬂuﬁw lelginauvoinisgn
Fuifuuuy Langmuir anusngauuagiinnuannsolumagadu Cd (1) waanmsfnuadild
Ao siaL Tangaduunusiliussan aluniagadulaneviinldgetu

C. Belviso wavaeg [14] v‘hmiﬂ%’wqqnizmuﬂWiﬂﬁﬁﬂﬁwﬁwuauNWﬂﬁuiﬂstﬁ'sJmﬂ%’i’a@
Fuyusiiiszavsamm lunsiidauaiin lunuideilidassussdloladduameinntidassgnld
\Huaggeduiifiuszansaimgs insmeaeunisgaduasdutifielUisuiiieunginssunisgadu
wsmilavestiinasssufivindnduardleladdunsigyt uenanidslévinnisinuinisgaduuund
domnafmungaulunsgadusienisiainie Mn - wanisvaaeawandliiiuiiiassTan
UsyAnsninlunisidnansazans Mn narsazarsluinlaenannagnouiesanamdunsn-ang
gevosvoads / veaman eghslsfinunsnaasunisardnamuindinou Mn fignadaeenatniiiase
geaniildsumswenandleladdauandiifiuinlanzunsdiugngadulnedlolad
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B. Nowak Wazany [15] Anwinisuauiidneeneunagninfiunzneu (SSA) luedesufnsal
wuulsn3iuszana 1000 °C illansdiranasegrsiifoddynismaassdidunisluniesfnsal
TsnFuuumpidsunsdendilinuieuluiesufifinisain ssA wdsnsiiuly 10 uiifigamad
1050 °C @11150M13A Ca, Pb uay Zn eanlauinnitseuas 95 n1smdnlanentinainvusyanosves
wiAu1a (MSW) sfiuluegnstnquagiiuszansnmiiosas wdsansuly 45 uniiigmgdl 1050 °C
annsaida Cd, Cu, Pb waw Zn lé¥ewar 95, 60, 98 uar 80 muAWU uenaINildvhnisAny
aunansguvnamand nui Sio, dududntszneundnludngneuninazneutindedisisenis
An HCL wag Cl,CaO Failogflu CaO-bearing faases luidhases MSW vinlisasinisiinufAzeanas
ALO; Beussaluinassuuy MSW agiilugnisiin aluminates Cd-aluminate 8719l#3unanszny
911 HCL wag CL, Fedsmalidnsinmsidnansanas Zn-aluminate aunsasunansznuan Cl, ¢
Wity Cu-aluminate Safiosniwnneldianniedil (L Cu uar zn anwnsasandrfunnaeneuls
9819918018

X. Kong  wazamez [16] vn1s@nwdleladndsmmandlifisisman (Z-mzv) 1Ju
[ o % 2+ 6+
ssdusznougnduaszvinagldlunisiidnlessulavenin (Cd™) uazlosou (Cr) sonanaisazany
Tuih wenandldaihnmsfnuniuivesdleladnduaszildsamaiin ndosganssmididnaseuluy
] ! \ o Y o 6+ 24 v v ] Y )
doar1u (TEM) Fleladnduasziladiauaiunsalumsgedu Cr way Cd- logendudleieuiy
= sav 1A < = s 2 ' P a a o i 6+ 2+
Floladvlidsmnan wazdloladuuuiudesivdn lnedeusednsamnisgadunud O uag Cd
Wiy 77% waz 99% mua1diu Unsenniseaduilusuudusuniaaiiou aannisiigadiondnynl
i 1% a o o 6+ i 3+

vosdlaladniismumaniemailiaaUnlasalnUvessadiond (XPS) Buduin ¢ gniddewdu Cr wa

= Y & = o & o dAa jaaa da a a = ¥ A o
nMsAnwuandliiudsdnenmlunisiluian niugisenidussansamuasiuwilduniazdilans
wiinanggeenanideniethldnuiilunaivla

N.Moreno waganiz [17] Anwidlelandunsizianidiass (NaP1) fildunainlssuaesuma
v03aUY (Narcea uag Teruel Power Station) Haannnsdnwimuindleladiiléfidesduseneuves
NaP1 1udeas 65 uaz 45 sy uaziimuanansalunisuaniUdsuussquan (CEC) widu 2.7
uag 2.0 Haddainuvinensy auasu dmsudlelanann Narcea way Teruel Power Station N3
frfmansuideuluthanndiesusanuuwisnnee unnidsdduesaugnnaaoulaelddloladitlian
dhaesuazdleladdaunsziidmngdivd nanisvaasinuii Fleladfildainidrassaiunsatluldly
nsgedulangutinlunssuiunmsvinthliusandld Vinaivanzaumesdleladgninluldmamiinves
Tolaruarlavzminge 530 nfu uenaninsifindures pH Tun1slédleladvinlalansudafaiteri
ThAamsanasneunazdieiiiulssansamlunszuiumsminasdudeu



undl 3
32108U357Y
3.1 369 gUnsal wazansLAll
Tuusazmnaneseyi 3 41 Ineld¥an gunsal wazansiedl dail
- Cadmium nitrate (CA(NOs),+4H,0) ez Manganese chloride (MnCl,-4H,0)
- Tanaedu (Aunznauuasdlaladdunsie)
-lwdulansenlasn (NaOH)
- NTEAENTBY No.1
- dnines
- NTIYUAT
- I IUTUINT
- YiUnonluslm
ASEINIUEAS (magnetic stirrer)
- Inssdusuuanznou
- ABLNTITOUVLIN 60 luATOU (sieve NO.60)
~ 1At 4 g
~ A3 AAS
- 1384 XRD
- \A399 XRF
- 1383 SEM
- 384 FTIR
- \A384 BET

3.2 NSLASUUAIDE

1. mawdsuRunznauaninyszUn

1. thiusgneunninyssurilduvinmsuslulnssuazseuungnauainiiussriiualéae
arunsesouIwIn 60 luaseu (sieve No.60) tislilanznoufifawindn

2. sdunzneunninyssudsiinduldaven washdldRunynouaninyssUmnazneu
Pnturesinfivhnsdseensgreseinsy Sdaeildlf Aunsnouainissdieenumdonfuii
deldRupgnouaniussihiavenaudailurliusienseuiigumgf 100 °C unan 24 Falus
aeldRunzneunninUszUnfigosnis

2. nmsdaaendlalad
2.1 Faiminfupgnounmissifiiiunseu 10.00 n¥u uardaniutnledeulaasen
los 12.00 nSuastudnines 91w 4 yan1snaaes
2.2 valiBudlodertufuladeulensenles (msilugaeniu masludolensenled
ferurashremuduishlnduamsssmedaisunsedeane)
2.3 witgamndl 600 °C Wunan 6 Halus nduriliBuiigumgives

Y
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2.4 WuthnduaslupungnouainiiussUitldannniswia ¢ gan1nnaes lugnsndiu
0.5 n¥usio 2 mL wérnhuduedes Shaking Incubator iunan 24 d2lus figamaiivies
2.5 dyansnaansil 12 3 way 4 uuvlugrsemuaugumgil 80 °C Wuan 3, 6, 9 uay
10 $alas pudrey densusmunnuatazih AusneuantUssdndildundeaetinduauldan
ALdunIn-Ag (pH) Wi 7 wageuliuis
3.3 nsdnwdnuurdugiuineuasigaiiondnealvasaunznauainiiussiuasdlalad
daasizi
AnvdnuarduguiveuasfigaiiendnualvesiunznaunninussUuasdleladduase
MndAuazneuantUsstiesenld feil
1. wAllA X-ray Diffraction
tpunzneuaninUszUnazdleladdunszd limseimusnaanudundn was
AATIeisAUsTnaUNIuAll ¢y X-Ray Diffraction (XRD) PANalytical; §u : X'Pert Pro MPD lagly
gmasuu Holder plate uagld diffraction angle (20) Tuyas 2-35

2. wAlA X-ray Fluorexcence

= a @ 3 a =~ s @ ¢ o Y oA

Anwisunusmiiluesddsenavlufungnaunazdloladdunsiey ladnaisdiegiai
UABELBLALAIUTTIASUNIYULUTTRENSH0E19NUTENBUIWIMIUNAERAN Sample Holder wagiaiy
a3 (Mylar) wWsheriu anunUssann 0.50 wuRwng kagiinsznen1iUan19usussyans
mograiedasiunisianszatevesansmegdluvngyinnTiaseineseuugyyINA

3. wAlA Fourier-transform infrared spectroscopy (FTIR)

dRunznauaniivsyUnazdleladildannnisduasizdundnuiiussdae Fourer
transform infrared (FTIR) Spectrum Spotlight 300 FT-IR Imaging System lusa ATR lngaunu
Tut9 400-6000 cm* Beshognefithanindiosusi

4. AnwnanwardugIuinen d1e Scaning Electron Microscope (SEM)

ihAusgnouuardlelafdunmeiu@nulasadisnanauaziuiafie Scaning Electron
Microscope (SEM) Tnsthdegnslufiauu Stub Teyniadesiludnunstudeliingg nqui
dislrnnsanuiisilevags

5. Surface Area and Porosity Analyzer (BET)

thiusgnaunmiszduerdloladdienesiuiinnedunaiuiiiouazauinvossnudg
Surface Area Analyzer (BET) Ingussqinegnsfifesnismeaeuiiuiiindinldlueads 1 daudniead
laildsegnafumadéneds nougumeadiaedululasiouman deudalulasinudrulueadasviil
anusumeluwadinetanas Tuvasfiwadsnadanmiuazaail deyatiadestufinua fe Aradu

v v 6

suduiusuarUSunauialulasiungnaaduauainuiunsian
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3.4 nspadulansuinlasldaunznauaintituszuiuasdleladdunsneianfunznousin
usetn
3.4.1 W3BUATALANENINTFIULALAT1NTINUIATFIU
1) 139313 Cd(ll)-stock solution %38 Mn(ll)-stock solution LUaUU 1000 mg/L USNRT 5 mL
e Dl-water lurindnd3unns 50 mL agliansazansunsgrulaneninidudy 100 me/L
2) RN Taza1eNInIgIulanentinidudy 100 me/LUsuns 0.50, 0.75, 1.00, 1.25 uag
1.50 mL ¢e Di-water 50 mL Tuwindnuiung 50 mL $1uu 4 Tu laansazatsuinsgiulanemin
WU 1.00, 1.50, 2.00, 2.50 wag 3.00 mg/L auasu
3) dransazangluinAinisganiuuas FeLp3ae Atomic absorption spectrophotometer
(AAS) Rianmendu 228.8 wag 279.5 uluwasdmivuaaiflen(l) uazuasniiadl) auadu Tngld
Dl-water 1u Blank
4) thensgandusataraududuresasavargliadansvunsgiu lagliunu X 10y
Anududuvedansazane (me/L) uaznu Y 1uAn1saanduues

3.4.2 n13Anw1UsEENSAnvesAunsnauuazdlaladduasizilunisgadulasauvas

wAALHEN(l) wazwasnlal) nasazarefleg1sluiasufjinnis
1. wanudutuvesasazanguanileu(l) uazuianal) neunisgadu

1.1 wisuansazatsuaatiiou(l) wazwuenidall) 1wty 1000 me/L

1.2 \3p9n9a5azranguanlan(l) wazaandall) wWudu 1000 me/L Tidy 10 me/L

1.3 ﬁm’liazmaﬁiﬁlﬂi’mmmi@mﬂﬁuum fiPNUB1IAAY 228.8 WAy 279.5 WIlULUAS
drusu wamdeu(n warwuan1dall) musdu faewn3es Atomic absorption spectrophotometer
91UANAZTUTIANANITNAADY

1.4 ﬁ'}ﬂ'ﬂmwgymﬁuLLmﬁlﬁlﬂﬁ’]mmmmmmLsi’fwﬁuﬁummiazmsmeﬁam(ll) wazlienIlea
(1N g AIUINANAUNTHFUATIVBINTINLINTTIU

2. MANUTNTUVBIANTALAENRINTAATU
2.1 Feiangeduldludninesauin 250 miL winay 3lu luas 2 n$u Tagludt 1 10 blank
2.2 diluiduasazarelansuiin Mwsell dninedas 50 mL ududislidu van 1 Falus
Tneweniivian 30 wift Wuan 30 3wt ¢ magnetic stirrer AEIERU 2
2.3 nsesmnsaranefiutsmetangedu fenszaunsoaues 1
2.4 Ynerarsazarefinsesldludinsizinianududufisaeindes Atomic absorption
spectrophotometer lagld Dl-water \Ju blank

3.5 nsAnwnasimesimunzanlunisgadulessulanzuinainarsazarsdegiely
WosufuRng

3.5.1 mMsAnwUTIuvedgadu

1. wisnasavanslaveviinanududu 10 me/L wagmenududuiiviusuieunisgadu
Tagld38msns 3.4.2 foil 1

2. 1/1"1msam%’ﬂawwﬁfﬂimaLU?{auﬁmﬁﬂmaﬁa@@Wﬁmﬂu 0.5, 1.0, 1.5, 2.0, 2.5 uag 3.0
n$u uazvihnsveaeTuREiufUIBNIRe 3.4.2 o7 2
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3.5.2 nsAnwaimanzaslunsgadu

1. wdsnansazanslavgniinanududu 10 me/luaymanududuiiviueunounisgadu
Tngl438nseta 3.4.2 doil 1

2. ¥magadulanguin Tngldhminvestaggaduduihmdnimnzaniianainnisgaduly
fo 3.5.1 Tngdsunailumsgaduiliu 15, 30, 60, 90, 120, 180, 240 uag 480 W17 Lyeiiaan 30
uiidunan 30 Juit eniumsfinui 15 uil wagihnmsmeasatuiedfufiuisnisie 3.4.2 defl 2

3.5.3 anududuBuduvesansasaelavsviiniiinadenisgadu

3.1 wsguansavatglangninAuuTy 250, 500, 750, 1000, 1500, 2000 wag 3000 me/L
wazvauduuiuiueuresnnduduieunsgadulaeliisnisss 3.4.2 o7 1

3.2 vhimsgadulanguiin Taslddminvesiangeduiduihminfmngauiigaainnisgadu
Tude 3.5.1 Tagldnalunsgaduifunailumsgeduinzasluden 3.5.2 weriinan 30 wiiidy
nan 30 it wazvhnmsmaasatuRedfuAUIBANds 3.4.2 doi 2

3.5.4 gugiifiiinasnenisgadu

4.1 wisuansazanslangudinanududu 100 me/L wazmanududufiuiuouneunisgadu
Tngld38ms 3.4.2 fedfoil 1

4.2 vnmsgadulanguiin tnelddminvestaggaduifuimdnimngaufignannsgadu
Tude 3.5.1 lngldnanlumsgeduifunarlumsgeduiinzasluded 3.5.2 weriinan 30 wiiidu
a1 30 Juit wazvhnsneaetuABIfuRUIB NS 3.4.2 deit 2 Tnefnundigamaiivies, 40, 50,
60 uag 70 °C

3.6 nMsAnwlelamasunisgaduasazany

3.6.1 M3Anwisaeavlelanasyu (Freundlich Isotherm)

1. thenfildanmsfnmanududuvestansuiinfitinasionisgadude Sangadusunualy
muUsvesaunslelewmesunisaagdunuaunisves Freundlich Isotherm

log (X,/m) = (1/nlogC+ logK:

2. ihaflaluasenslagliinu X Ao logC, unu Y Ae log (X,/m)
3. PNAUNTLEUATINILG ATIIAIASves Freundlich Isotherm @g K: ey 1/n
4. \WSeUguAIAIN NANUlAAUNANISNAaRIINTAINLEDAAR BN UAI B bl

3.6.2 nMsAnwuasdisslolamasy (Langmuir Isotherm)
1. ihAnlianmsfinmanuidutuveswanieudl) wazwiandall) dnadenisgaduaig

[y o

Tangaduanunualuiiudsvesaunislelemesunisgaduniuaunisves Langmuir Isotherm
Co/ X/ m) = (1 /K Npp) + (C/ Npy)

2. thandilgluadransmlagliunuy X Ao C. unu Y fe (X,/m)
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3. MNAUMSIEURTINLA AuIAIATIves Langmuir Isotherm #g K tag N,
4. Wsuleuaeai Renunalanunan1snaassniauaenndasnunrs kil

3.7 nM3fn¥IRaUNaAIAASNITALU
3.7.1 AnwnRaunamansn1saaduluy Pseudo-first Order
1ihAdildannsfnwinanifnasenisgadunandenl) wazwuaniidaln fevangady
Floladduasgruunueluiiulsvesaunissaunamansnisandunuaunis Pseudo-First Order
n (ge-ap) = INge = kyt

2. thailaluasenswlagliunu X Ao tuau Y Ao tn (g - o)
3. NAUNSEUATINILA ANIUMIANAINYBY Pseudo-first Order Aa k;
4. W3suisuapanlamuialafunaniIsnaassdimnuasnnasaiuns ol

3.7.2 Anwvaunaransn1sgaduiuy Pseudo-second Order
1. 1hilfannsinwinaniifinasenisgaduuamdesl) uazussnidal) Mmetangady
Flaladduasgiuunuarludiulsvesaunisaaunaniansnisgaduniuaunis Pseudo-Second
Order
(/) = (kg + (/)

2. thalaluassnsmlagliunu X Ao t unu Y Ae t/q
3. IINAUNTEUATINLG ANLIMIANAINVDY Pseudo-Second Order fa k,
4. Wisuguamanlamuiadlanunan1snaassinilnNudenna oI Uns o ki

3.8 N3ANYIRUVINAAEASNISAALY
imnliannsfinweumgininanenisgaduwandienudl) wazwusnidad) melangaduin
WU ALY TVRIAINTRUVNAAANTNSYATUAILENNTT van't Hoff

InK.= (-AH/RT)+( AS"/R)

wagtAlaluasiensan Tnefiunu X Ao 1/T way wnu Y @As n Ko annaunisidunseiila
) o o o ! { = Y y
ANNTY Fio -AH /RT gasiawnu Y Aim AS /R wae K fin ArAafiauna $enilann Ke=Coey/Ce om0
AN Ke wd ntufwinm AG” fiflnasen1sgaduls 91naun1s AG =-RTInK.
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NAN1SIBLAZ DI

nsdueszidleladduanedt awwiouniunznouanihssuivesiminguasiusnd G
Tdansazanawadudinas lnevinmsfnuanvagdugiuineuasigatiendnualvesfungnauain
thuszuasdleladidaasiesi fewaiia XRD XRF SEM FTIR wag BET

nsfnwnUszendlitleladdunseiandusenouissuivesiminguanasid luns
fdauanidon(l) uazusmial) Avudiousgluihiogsaniesuifintg danisiasgimany
Wuduvasasazatsuaaden(l) waziaanidad) asldmatia Atomic absorption spectrometry
(AAS) ilvmsuiasyansamnisaeduansazanguandlen(l) wazwusnidal) vesdleladdunsies
Mnfunznaut szt uarAny i iwesiuneadlunisgadu Senadimesfivhnsfinu Tiud
USnamigaduiiiinzay wagnanfimanzaslunisgeduuaniflendl) uazansansazatouusniilaln
nasazargluiosu)innis

msfnwinmsgaduuaniend) waguuenidal) nnasazargluriesufUanissedlelad
deseinniungnouthlszun ddnulelamesunisgadu Tasfnwleluwesunagaduiuuuas
diesuaglolawmeiunisaaduiuunsesdy Anwiaaunamaninisgadu lnefinwiaaunadansnisgn
Funvuuizonsusuniaaiiounarujizendusvasaaiiou wasdnwonmmwamansnisgadu Tngm
Aeulnsy teunal uasnasnudaseivd

4.1 mawdeudlaladdaunnziniussnauamisslvesiminguasiusi

mﬂmiﬁﬂmaumﬂaumﬂﬁmizﬂwaﬁmi’mquaiwmﬁ WTATIEIIUTIIE A LA
a1susenausieinalla X-Ray  Fluorescence  (XRF) WU&WLL'ﬁ'ﬁmmaaﬁumnauma‘fwizm
Usenaude ALO; SIO, uay Fe,05 #ams1efl 1 83 ALOsuaz S0, Huudusznauitugiuresiu
AzNaUNNYLA @1 Fe,05 L’f]uLLi'ﬁw@Iuﬁumzﬂauﬁléfmﬂmimamﬁﬂﬂizm waz ALOwaz SO, wu
asfusznoundnlulassaisvesdlelad Kudufussneurnissuvesiminguasssiiannsn
wwseudloladdunseila

] (3 a %)’ (% v =
f1919% 1 E'J\‘iﬂ‘Ui%ﬂE’J‘UI‘L!@‘LW]8ﬂ@u%']ﬂ‘Lﬂ‘Uigﬂﬁéﬂaﬂﬂ\‘iﬁjﬂ@daiﬁsﬁﬁﬁu

29AUsZNAUMLA Sovaz (%) 29AUsZNBUNILAL] fovaz (%)
SiO, 44.37 Na,O 0.11
ALO, 26.76 MnO 0.09
Fe,O5 7.21 V5,05 0.04
K,O 1.21 21O, 0.03
TiO, 0.81 BaO 0.03
MgQO 0.71 Zn0O 0.02
Cao 0.52 Cr,04 0.01
P,Os 0.42 LOI 17.29
SO, 0.38
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a15Usznaveyaiiludding (Crystallme Aluminosilicates) nihgtosussilolanusznaunie
oznoNvRITAne (iazgiiilon) nilseznou uazoonBludesnouairsiussiudunmasmaoyd
w1 (Tetrahedron) Tngernauveiddneu (M3ooxaiiiiluy) 0gnITINA1Y AOUTBUAILDLADUVDY
pondiaufiyuied ddlassadraunasudnindesdeusdetuiiyy (4eendiaudmiv) nelAadu
Tnssadilngiusaninduterisseninuana vilrdloladidundnufadusnsunasterimie
Inssiseideutusgraudussfovluawia dlelad vie ogiludainm (aluninosilicates) Tulassains
wilUszqauveseendiauey 1 ozmey vilvaunsagadulansiitiussquinvideddouiiuszquanls

4.2 Msdazautaning q vestunznauaninUszUazdlsladdunsizianiunznauain
tuseun
4.2.1 msigatiandnwealfiemaila X-Ray Diffraction (XRD)
aumzﬂaumﬂﬁ’jmizmLLaze?an”Laﬁé’qmeﬁﬁf]mﬁqaﬁwﬂé’ﬂmﬁ lAssasnanmawmaina
XRD waveIsfigatiendnualuansisnmil 1 (gamvuielugfianauuin 9

[UBONSIucges-80 xrdmi]

20004

)
L=

Intensity(Counts)

10004

[UEON Ze 2 h.xemi]

1280

1000

g

Intensity(Counts)
2
o

2504

I 42.1045> Quartz, syn - SO2

2-0248> Fagjasae-Na, syn - Na2ARS2 403 38 THZO

|| | | T N |

I 330223 NaATHSS0384 - Zaoie A, (Na)

420212> NaS{AISO4RI4H20 - Unnamed 2ecite
1 | | | e i By :

472003 020300 2Na20A20313 0SO2EH20 - Unnamed 2eckie

| 38023%> Faviasae-Na, syn - Nat BBAIRSH 5013 24'5H20

10 20 30 %0 50 &0 70
Two-Theta (deg)

29 1 XRD pattern 984 (a) Aungnauainiiuszun wag (b) Flelandunsien
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nmsigatiendnuaifoimadia X-Ray Diffraction (XRD) vesAunznouaImindszd (nmil
12) Unngfiavesiungneuaniiszuidsenousiousaend finves S0, Usingsuna 20 7 25
wazdailfinves Kaolinite Usingsuvta 20 1 20 [18] uagilofinrsandleladidunsiei (nwil 1b)
Usnguirmendiszneusgil Unnamed Zeolite Usingilsiumiis 20 1 22 uaz Zeolite A U104
funs 20 7 2 Buduanamuuumsidsnuuresidionddunmuuurennadlolad wanyiidsd
lassasradunvvedugiudueg osuelFisgninenssuaumsiiaudeudiuinniunsnsyatei
YoIgnUIINTuAHaroRiufias ATy [19-20]

4.2.2 mMsAneRuiinIsmnzéemaiia The Brunauer- Emmett-Teller (BET)

ihaleladduassnuaziunsnouaninyssUn lUnufiuiiinsungdemaia BET uanass
1397 2 Inptsngfuiiiadunevestleladfuasesidsuauduiunnniiuiiivesiusneu
91ni1UszUn wazsuiagnguanas uandlviiuiedloladdunevasivssansnmluniagady
wamdlon(l) wazussnaiialn Ténnnindunzneuanindssdn

[
4

AN5199 2 AASIZINUNRIVDIRURENOUINNUNIUTEU LT Lo laf i daAsIz

o o ﬁuﬁﬁ’n YUIAINIU ‘U%&I’]G\S‘J‘W'iu
ANAYU , vl o
Y (M5.3.68 n.) W luLuns) (M5.94.69 n.)
AunzNauINUIUsEUN 60.2629 9.2378 0.1391
Foladdansiei 140.7380 4.3063 0.1515

4.2.3 anwazduguingrdiemaia Scanning Electron Microscope (SEM)
dunznaunuUssiasdleladdunsisiuniinszinianyusdugiuinesgasiden
VDINURIFDE198MATA SEM  IAAIWLUU 3 T/ WanIsanIng 2 wudndungnauainiilszuni
a Y oA a v < v a [y} P [} ¢ @ a & o [~ 1 =
YuIRRINTNNSsuiianwaz dunaunaufniu (2a) waviiladaunsiziidudleladanuwaeiJunay Tl
ANNTVULBUTALY (2b)

P S AR N L Y L) "SR T ol e s

!
3.0kV 7.4mm x50.0k SE(UL) 1/00um*= 3.0kV 7.6mm x50.0k SE(UL) 1.00um

A 2 SEM 994 (a) Aunznauaininussunas (b) laladdunsiy
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4.2.4 nsignliendnuainisdsunvamyilsidudremaida Fourier-transform
infrared spectroscopy (FTIR)

awnadu FTIR vesiunzneuantnyszd (Al 3a) e 3,.436.12 cm Junisvesnsdu
Yaan1sdamkuuldanunsves VIO-H) Insusinguesianddnmevaiilen (W) v3edannegd
Jewlolasn 7 1,638.92 cm”' H,O 7 1,035.36 cm” Fadunau1annsduTes Si-0-Si vesdana
d2u 797.45 cm way 468.79 cm | uusmenduaz@aninudeu FTIR vesdleladdunsisi (amdl

3b) wansaUnasulugng 650-745 cm’ @ symmetric V(T-O-T) Feuanfirvasdlelasd 664.52,
776.26 waz 796.26 cm  @wsu hydroxysodalite vosdlelas ag/lurag 420-500 cm’ ﬁmsé"uagu
Melunnszdnseues S-O waz ALO vasluuan1sduves sodalite (T-O-T) oglur29 991.10 cm’’
Lazdnwarsruinnsduuuyldaunas 1,250 cm” - 950 cm daimunifuiirvesdlelad

1000

(a)

1388.05

/|
395,90 -
0 )[\\\// b

00

4000.0 3600 3200 2800 400 2000 1800 1600 1400 4000
wavenumber cm-1
UBSL trans.sp UBSL (H Mo. 004281 run 28/12/2560)

1000

i

4 ‘45/:1,
346473 9.54
3433
30
0
10 99110
o . : . . .
4000.0 3600 kL 2800 U0 1000 1800 1600 1400 1200 1000 ] 600 400.0
wavemmber cm-1
UBZeo trans.sp UBZeo (H No. 004361; run 28/12/2560)

AN 3 @UnasU FTIR 984 (a) Aunznauaininuszuway (b) Flalandunsiei
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4.3 msenwuszaniamlunisaaduuaadisu(l) wagarsarsasarsuuaniia(l) anndrsazansly
Fosfiansvasdleladduaneiniunznauanissvasiwinguasvsii

nswiendleladdunsied agvhlasnisuadungneuniniivszunlindudedenfusy
Tnidenlansonled wdnilunilgamadl 600 °C iunan 6 $lus Yilmbuigumgiivies

msfnyInIsgeduueidion() anasazansluosfoing Tdsendusag dil

1. aumzﬂaumﬂﬁ’]ﬂizmmaﬁawﬁ'@Quaiwmﬁ (Su_UB)

2. luulnluyi (Bn(benitro))

3. floladduaneinniungneurniivszdvesiminguasesil Afudunoudeines
naul LU (shaker) 25 w1l (Zeo UB shacking 25 w1i)

4. foladdunseinniunznouainissuivesiininguasesid Awnfudu o $lus
(Zeo UB 9 9la1)

5. Aloladdnasneianndunznaunmissuvesiminguasssifiwiouund (Zeo UB)

6. Faladsssuvif sitto* @lalad sitto)

7. @loladsssuvif granular* @lelas granular)

VINOAR *ToN9n15A

nsgadunanden(l) anansavarglueslfUAnsaududy 50 me/L Ysuns 25 mL
o a = a & = S o y = 1 | N )
N5 30 Tund 9ng 30 Wil Wunat 60 Wi antufd luduiswdgaeduilaun am
ANNNTUNA A UMEImATiA Atomic absorption spectrometry (AAS) AULTNTUYDIATTATANY
wAALilgu(l) noun13RATU dAadudy 53.25 me/L karAITNTUNGINITNATU WARIRINIT1N 3
WaZNIINY 1

M15199 3 Usgavsnmnisgaduuanidiendl) vesaadusiingnee

v o A1 AULTUTUNAY Useandaw
FrRnTy nsgandiules | aadu (mg/L) | n1sgadu (%)
Su_UB 0.114 44.92 15.65 £ 0.017
Bn(benitro) 0.180 36.21 32.00 % 0.043
Zeo UB w1 9 4alaig 0.071 1.03 97.94 % 0.010
@lolasiniiu)
Zeo UB shacking 25 u1il 0.067 1.10 98.07 % 0.010
@olad shacking 25 w1#)
Zeo UB (@laladund) 0.038 0.53 99.01 £ 0.010
Flolad sitto 0.050 0.03 99.95 £ 0.012
Flolad granular 0.059 0.05 99.96 £ 0.014
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97.94 98.07 99.01 99.95 99.96

7 90
o
o

100

80

gnnlunisgadu (%)
(&)
o

NI

40 32.00

=
0\
3—2

S 0 15.65

[ e

..-.....

]

N

O .-.....l

™ su_UB(@umenawgua) |1 Bn(benitro) = Floladrii) — Flolasi(checking 25u19)
Flolad Und = lolad sitto = &lolad granular

nIA 1 Wisuiguriiavesgaduivuseansnnlunisgadu
nsAnwINsaedulusnitall) mnasazangluesufirinis Tdmgadusiiegeail
1. fiunznauniiusel1vesdaninguasivsiil (Su_UB)
2. laladduasizianniungnouainiiUsenresdswninguanys1inwsey (Zeo UB)

n1saaduansazareuusnilal) 19dgeadu 2 vila gaduuuanidadl) annansazatelu
vipa fuAn sttty 50 mg/L USnng 25 mL viin1snau 30 3undl vng 30 wndt iunan 60
udl 9ndufiluiumdsadagaordiuiilanfamaududundigaduimaiia Atomic
absorption spectrometry (AAS) AMLTNTUYRsANTarangusn1da(ll) Aeunisaaduilaaudutu
58.04 mg/LLLazm'mL%'m%uué’a@m%’uLLamﬁqmiNﬁ 4 AN NG 2

M15197 4 Usgansnmnisaaduuianifall) vesiigaduns 2 ila

. A AU tunaInady Useansan
FrRnTy N1INANAULES (mg/L) n13AAtU (%)
Su_UB (a‘L!G]SﬂE)uQ‘U’d) 0.002 55.24 4.82 + 0.0002
Zeo UB (@lalas) 0.055 4.25 92.67 % 0.0082
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100 92.67

U (%)
(o]
(@]

Y

[N
o

Jszansamlunisan
N iy
(@) (@]

4.82
0 [

Aunznaugua Flolad

N3N 2 Wisuieusiinvessgaduiuusednsamlunisgadu

n1sgadunaniea(l) AnansazatsluiesuUsinig sredunznauainiiuseu1vesdamin
a A a a 2 IS " oA o a ’6’ % (%

guas1ws il dusednsamnsgedunaniiien(l) 15.65% udiiloiiiunyneuainitusziivesdanin
guas5nl induaszilidudleladnuinduss@nsawlunisgaduwaedend) gy 99.01%
FelnalAueiuleladniinising 2 vile

nsgaduuaendall) mnansavangluviesludinis meiunzneuainiivssUivesimin
guasvsll dusgansamnisaadunusnidadl) 4.82% nasaninanduasgiludleladnuing
Usvansamlunisaaduuuaniialn) disvudu 92.67%

4.4 msfnuUSunasagaduiiangauvesdleladdauaseianaunznauainitvssuivasima
auas1¥sil Tunsaaduuanleadl) wazuusniladl) anarsazargluasufinns

Tumsfnviviinasigaduiivmnzauresdleladduaszian fungneuainiiussives
Jadnguasvsillunisgadunaniden(n) wazwuanilal) anarsazangluiesuuRnig lagusunu
é]’a@m%’uﬁﬁﬂmmsaﬂ%meﬁsm(ll) A8 0.01, 0.03, 0.05, 0.10, 0.15 @Az 0.20 N3U uazUIUUMAA
Fuiidnwinsgaduussniiall fie 0.01, 0.03, 0.05, 0.10, 0.15, 0.25, 0.30, 0.35 waz 0.40 n$u Ty
nsgaduuanilon(l) uaguusmdaln anarsazaneluries fiRnsiautudu 50.00 me/L
U31705 25 mL ¥n1ssuniuszuy 30 3unil vne 30 widl Wuaan 60 wndl MnudeTgiUing
wanoa(l) uazuusnia(l fadeugaduuazudagadu Tnsduinanaunmadunssilldann
1P5g TR mdituresasazareuanlen(l wazunanidall neunisgaduldivindu
54.20 mg/L wag 58.04 mg/L A1UAINU LLazmmL%m%’uwé’qawﬁulﬁmamawmaaqé’qmswﬁ 5-6 Wag
Wi 3 -4
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a a 7 IS

a Yy ¢ o ¢ a -
M15199 5 Usgdnsamnisgadunaaiiieu(l) sedleladduasigiainfaungnouainiiuszuives

v =

JniInguas eIl (Zeo UB) MUMmMTINGNe)

]

YSuuigady AINT3 AMULNd Usednsnw

(9 AANAULEN | naeN1Iaadu (mg/L) | n1sadu (%)
0.01 0.2810 50.39 7.731£0.24
0.03 0.2230 39.34 28.15+1.12
0.05 0.1433 22.76 56.02+ 1.22
0.10 0.2097 0.74 98.63 £ 0.06
0.15 0.2290 0.81 98.50 £ 0.05
0.20 0.2917 1.05 98.06 £ 0.02
100 ' B Gmm——

S

o 80

P

&>

= 60

<

=

S

w

=

S 20

el

)

0
0.00 0.05 0.10 0.15 0.20 0.25

Jrminvesdlalad (nSu)

N3N 3 ANuduTussEndIteTunavesilgaduiulseansanlunisaadunaaideu(l) a1n
asazangluneslunnis



29

a a o =

a Yy ¢ o ¢ a -
M13199 6 Usgansamnisgaduuasniiiall) medleladdunsigiiainfungnouainiiuszuives

v =

JniInguas eIl (Zeo UB) MUMmMTINGNe)

]

YSuuigadu AINT3 AMULNd Usednsnw
(9 AANAULEN | ¥AeN1IRdu (mg/L) | M3gadu (%)
0.01 0.002 55.24 4.82 £ 0.0003
0.03 0.008 46.85 19.28 = 0.0004
0.05 0.006 40.91 29.52 £ 0.0001
0.10 0.010 26.75 53.92 £ 0.0004
0.15 0.004 16.43 71.69 £ 0.0005
0.20 0.066 5.02 91.35 £ 0.0076
0.25 0.061 a.67 91.95 £ 0.0050
0.30 0.041 3.27 94.36 + 0.0032
0.35 0.011 0.05 99.91 £ 0.0010
0.40 0.008 0.01 99.98 + 0.0004
100
80
&
& 60
[t
[
&>
2 40
o
&
20
0

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

sudnuesdlalad (n¥u)

NIINT 4 AuduiusseninelSuaresingaduiudszdniamlunisgaduuusnidadin) aan
asaraeluvieslfunnis

MnmsfnwUinaiivnzanvesdloladdaasgianfungneunniissiivesianin
guas1w5nil Tunisgadunaniflonn wazuusnndal) anarsazarsluvesfiinng wuirusunwd
wngauvesdleladduaszinnfusgnouaninssdvesiminguanesdflumspaduieniden
() wazuusnfad) mﬂa'ﬁazmaiuﬁaquﬁﬁaﬂ'ﬁﬁmmﬁmiu 54.20 mg/L WAz 58.04 mg/L
U3u1ns 25 mL Ag 0.10 nSu uag 0.20 nfu laeilusedninmnisgaduvintiu 98.63% wag 91.35%
ALEINY
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4.5 n1sAnwnaafimunzauvesdlaladdunsiziainaunznausiniiuszurvasdanda
guanwsrilunisaadusandien(l) wazwuaniad) anasazangluesujinnis
Tunsnuinanfimanzasresdleladduainzinfunzneuainiivssiivesim e
guasivsifilunisgadunaailisn(iDuazuusnidadl) anarsagasluesdjuanislagldfgadu
USuay 0.10 NS war 0.20 nsu lunsgadunaniden(ll) wazuusniall) audwu anansazanely
ﬁawﬁﬁ’amiﬁmmvﬁu%’u 50.00 mg/LU3ung 25 mL viN155UNIUTEUY 30 FU9 N9 30 U9l
Tnenanfidnulunisgaduuandlendl fe 15, 30, 60, 90 way 120 WIF munmmﬂm‘lumsm%
waaniall) #o 15, 30, 60 uaz 120 WAl MnFUARTIIUTINULARE () wazuwsnTa(l) Tis
rougaduuarrdsgadulaefuinanaunadunsedildannsminpsgiusunamamindudues
ansavarewanlen(l) wasuaendaln) feunisgadulavintiu 55.93 me/L uag 56.30 me/L MNE1AU
wazdamanuifuresansazanauanion(l) wagaduinmisieil 7 - 8 uagns i 5 - 6

a a a ) - Yy o ¢ v ¢ a H
A13197 7 Yszansamlunisgadunanideud) medleladduasieianaungnauainiivssiives
Jainguas¥snil (Zeo UB) Mlianenee

aniildlu ANS AULTUTY Uszansnn
n13AAdU (U19) AANAULEN nagadu (mg/L) N13AAtU (%)
15 0.2690 1.01 98.21 + 0.05
30 0.2437 0.90 98.38 + 0.15
60 0.2237 0.81 98.52 + 0.04
90 0.2173 0.65 98.57 + 0.31
120 0.0320 0.09 99.84 + 0.02
.. 100 = ! e o )
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= 80
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[CN
& 60
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220
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15 30 a5 60 75 90 105 120
LIa1 (W9)

N3N 5 anuduiussenitsantunmsaaduivusganiamlunisgaduuaaidiondn nasazangly
o uRng
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a

=] a o = Y o ¢ o ¢ a -
M13199 8 Usgansanlunisgadunusniilal) medleladduaseiainfunsneuainiiussuives

[

Jainguas¥snil (Zeo UB) Miiansnee

aniildlu AINS AULTUTY Uszansnn
n13AAdU (U19) AANAULEN nagadu (mg/L) N13AAtU (%)
15 0.115 8.77 84.42 + 0.0101
30 0.096 7.36 86.92 + 0.0029
60 0.066 5.14 90.87 + 0.0063
120 0.052 a4.10 92.71 4+ 0.0025
100 .
— o
& 60
@P
> 40
~
=
= 20
0

15 30 45 60 7d5 90 105 120
1381 (1)

A5 6 mmé’mﬁuﬁ‘iwdwnaﬂ,umiam%’uﬁwizﬁm‘émﬂumi@mSiYULLmmﬁa(ll) 91N@15a¥ANY
TuresuuRnis

1nnsAnwafmuranvesdloladdaaseiainfungnouniniiussiivesdmin
guaTwsillunisgeduuaniien(n) wazuusniia() nansazansludesuifinns laeldfgadu
U311 0.10 n3uuay 0.20 i MUy Anwdananisnaaosfansei 7 - 8 LazNIIA 5 - 6
wuindenarlunisgaduinniulssainnlunisgeaduiiuualindutudndes Wosnmaiue
yhlifuiiiovesgeduiigilifinmagaduuanfion(n uazusanial) Tenadudatuuaadou()
wazuanfal) SsiliAnnmsgaduifiunnniu Wenatlumgedureaden() Wiuduain 15 ui
Hu 60wt UssAvsamlumisgaduifindudndenain 9821 % u 98.38 % muddy dau

UsgdnSnmuesnisgaduwianidall) Wenaniinguain 15 wiil Wu 60 wiivssanganlunisen

FULNLIUNINAIN 84.42% DU 90.87% wakilaaiuan 60 Wiy 120w Uszansainlunis

1Y

o ] ~ vy A X o~ & v a4 o v N | 1
QW%USU@\TLL?WWLN‘EJN(”) wazuan1ua(l) lILLu’JIUlILWN%ULWSQLﬁﬂU@UVﬁ@LiEJﬂVL@'J'WLUaEJULL‘UaQE]EJ'NIQJlI

WAy muunammmvamawialaﬁﬁqm'iwﬁmﬂaumzﬂam'1ﬂugm'sxﬂﬁéuaq%’qﬁmquaiwﬁﬂﬁ
Tumsgaduuandlen(l) wazusandall) anasazaneluiesufifinisfiaanadudu 55.93 me/L uaz
56.30 mg/L MU USuns 25 mL fevian 30 Wil laeilusgansamnisgaduiviniu 98.38%
uaz 90.87% Auady 1 15 undi ﬁﬂixﬁw%mﬂum'ﬁ@m%’uqqLLmﬁy’qﬁivuumaqu"LaJLSi’J’ﬂajam@amﬂﬁﬂ

= A d' v & ~
"NLa@ﬂLUaWVlLVNWgaQJIUﬂ']iQWWULUu 30 UM
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4.6 nsAnwmanIIRUNaAIARSN1saatuTasdlaladdaaTzianfungnauninitussivas
Jwdnguasivsiil Tunrspeduuaalisndn wazussnidadl) anarsasargluriasufinns

lunsfinwsaunamanslunisaaduiandleu(Duazuasniilall) sedleladduasiziainiu
pznauaniilszuvesdinguanesidl Usinm 0.10 ndu wag 020 ndu lunisgaduuandlou(n
waguasniall) anarsazansluiesfuAnts Ananududu 50.00 me/L USias 25 mL v
JUNIUTEUY 30 1Undl 909 30 wdl Tesanii@nwlunisgadu Ae 15, 30, 60, 90 wag 120 unFt &
Tinan1svaaes wanslumsned 7 - 8 mntuaztimavesnisdnuinarlunsgaduandiuinma
saunamans faufiserdusuniuaiiou (Pseudo-fist  order) uazUfjAsendusuasnaiiou

(Pseudo-second order)

4.6.1 Uﬁﬁ'%mé’uﬁ’wﬁuaﬁau (Pseudo-first order)

ln(Qe - Qt) = Inq, — k4t

'
v a

lagf g fie ANNEINTAlUNSAAdUTIANITaNna (Me/g)

'
v

q Ao ANNaInsalunsgaduialag (me/g)

= ' gy < aca v o oA -1
ki fie AnAsndnsnsivesuizendusiuniaiien (i)
t fio anfildlunisgadu (Ui

lundennsmlasunuy x Ae L3a1lun1sgadu uasunu y A In(g-q) ala ns1vldunss

A1RTIonsISvesUAsedusuniaaiion (k) wilaanauduvesdunss Galanviiiu -k, lena
NINAADIAINITITN 9 - 10 WagnI g 7 - 8

A15199 9 wan1sAnwuaseduduniaaisulunisgaduiandeu(l) anaisazaiey Tu

ol UAnTs medleladdainsiziainfunznauainiiussyn

a1 (uh) 9e (Mg/g) g: (mg/s) n(ge-ay) ky
15 13.94 13.71 5.44
30 13.92 13.70 5.40
60 13.93 13.75 5.19 0.0067
90 13.93 13.79 494
120 13.94 13.94 -
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o .. y = -0.0067x + 5.5693
R = 0.981

0O 10 20 30 40 50 60 70 80 90 100
381 (W)

N3N 7 ANNFURUSTEnIIeIan(t) AU In(ge-q) naumsUisendusunilaaiioulunisgady
waatdeu(l) annaisazarsluesufuainis dedleladdansiziann Aunznauain
1sedn

A19199 10 wan1sAnwUasendusuniiaaiioulunisaadunuenilad) 3nnaisazaglu
el UiAns sedleladdunsenanfunsnauainuisyl

1381 (ul) e (Mg/g) a: (mg/g) In(ge-ay) ki
15 6.47 5.89 6.37
30 6.47 6.06 6.01
0.0341
60 6.47 6.34 4.86
120 6.47 6.47 -
8.00
7.00
- ... y =-0.0341x + 6.9398
(?; 600 - T QS Rz = 0.9896
g, | el
- 5.00 °
4.00
3.00

0 10 20 30 40 50 60 70
1381 (W)

N3# 8 ANduTUSIENINAIan() Audl Inlge-q) naunsufiserdusunilaaiiou lun1sgadu
wantadn anansazangluiesufuiinag aredleladduasizriann Aungnauain
1dsen
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4.6.2 Uisendunuaauaiiou (Pseudo-second order)

t 1 t
+ R
2
qc  k2q: Qe
lagfl g fie ANERNTalUNSeAdUTIanTIzaNna (me/g)
q: A fia ANNaINTaluNSgAduTIailag (me/g)

k, fio AAsTismsnFesUfisendusuanaiion (i)
t Ao anfililunisgedu (i)
ilundennsilasunu x Aonal (t) wazwnu y e t/qg aglansidunss danmnududy
1/q. wazadawny y dandu koo awmaammmﬁﬂﬁﬁ%m Susuaeaiiou (k) Wdwmnsnedi 11
- 12 wagns 9l 9 - 10

] = aaa v o - @ = v
M13199 11 wansAnwufisendudivassaiioulunmsaaduuanden(l) a1n ansazareluvios
TR Medleladdunsizianfiungneuainiiuszdn

1381 (W) 9e (Mg/g) g: (mg/s) t/q, k,
15 13.94 13.71 0.0011
30 13.92 13.70 0.0022
60 13.93 13.75 0.0044 131.46
90 13.93 13.79 0.0065
120 13.94 13.94 0.0086
0.010
e
0.008
o 0008 y = TE-05x + 4E-05
“ 0004 e R? = 0.9999
0.002 L
o
0.000

0 15 30 45 60 75 90 105 120 135

LIa1 (W9)

N3N 9 Arudiusseniiena t Auel g naunsuisendusiuasaaiiou lunsgady
waatleu(l) anansazareluiesdjuinis aavdlelad duasizRainfuaznauain
sz
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P = aaa v (% IS 7 S
A191991 12 wan1sAnwufiserdudvasaaiioulunisaadunusniilad) nnaisazaiglu
wesuinismedleladdunszinniunznauainiiussin

1381 (W) 9e (Mg/g) g: (mg/g) t/q, ky
15 6.47 5.89 0.0025
30 6.47 6.06 0.0050 a
1.33x10
60 6.47 6.34 0.0095
120 6.47 6.47 0.0185
0.020
)
y = 0.0002x + 0.0003
0.015
Re=0.9999
0.005 s
o
0.000

0 20 a0 60 80 100 120 140
381 (W)

N3A 10 AnuduTussEninala t Aud gt naumsuisendudvassaileu lunsgady
wuan1dadl) annansazatgluiesufiinisiedleladdunsier anfunznauain
sz

1nNNsAnwIIaunaranslunisgadukandieu(iDuaziusnidal) anaisazaiely
Hesufuinis dedleladdunsginnfungnouininssivesiminguasivsnil Tunsedl 11 -
12 uazns i 9 - 10 Tunisgaduuandlon(n wuirenaunisufiserdusuniaaiiouldaunns
Wunsaduy = -0.0067x + 55693 ile1 R winfu 0.9810 A ky Wiy 5.5693 daunisgady
wasniZadl wuinnaumsuiisedusuniaatoulfaunadunsadu y = -0.0341x + 6.9398 e
R’ 11U 0.9896 A1 k, 1irfu 0.0341 uazlumnsnedl 10-11 uazns it 9-10 Tumsgaduuaniflen
wuhufAsedusuassatiouldaunisidunsadu y = (7 x107) + (@ x10°) fd1 R winifu 0.9999
wagAn k, winiu 131.46 war Tumsgaduuusnilaln) wuindjisedudvasaailouldaunisidunse
Wy = 0.0002x + 0.0003 ilf1 R winfu 0.9999 uawen k, Wity 1.33x10" faduainnisine
Faunamanslunisgaduuandisu(iuazusaniilal) Jeagdladnalnlunisgaduuaniiouinuas
wanila() fedleladdasesianfungneunminussuivestaninguasestil iulumuaunis
Uisendusuasaailou

nnnsfinyeaunamaingaduuaniioailuazusmialn) mnasasarsluios jiins
Fedlolardunmeiniungnouaininszdwesiminguasssdanninosuetunsunisgadu
fiAnognadeiiiondudidu ¥l
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1. iAan1swnsvaskaatiiou() wazkusnidal) ludsnnvesdloladdunsiviainiu

pznauniszdmesiminguasesiiling Subsurface

2. \innsunskuSubsurfacevasilolafdaaszsiannfunznouainituszuivesdanta
quaTw1l Fanseununisiiiend Film Diffusion

3. wandeu(ll) wazwasnidad) anisunsduludsgniuvedleladduasiziainfunznau
Mnuszdminguasesil anszuaumsiliendy Pore Diffusion

4. \AndunsAzensewinsiiuinvesdloladduanmeianfunznouainiiussuivesdanda
auaT1w51H Auuanleu(l) uazusaniad)

PNMsAnwIIaunamansnisaadusandendl) wazuwianidadl) dwalulumadeaiy
fio AonndosiuUfAsedusuasaatiou (Pseudo-second Order) Tnsduneuil 4 Wutufmundng
Tunsgeduiindunsitenseniniuinvesdleladdunsesinnfungnouaininssuivesdmina
guaswsniiuuanilen(l) uazunsnia(l wansliifiuinujisensgaduidunsgaduiitinainuss
N149LA3 (Chemisorptions)

4.7  asAnelalemesunisgaduvssdleladdauaseiainfunznauaniszuivesiomin
guas19s1il Tunsaadunaalle(l) wazuusniiladl) anarsazargluriasuinns
Tunsfnwlelsmosunmgaduvesileladduasegiain Aungnouamitussdivesdanin
auas1¥sil lunisgaduuaaideu(Duazuusndall) narsazargluviesuianisiaglddnadu
U310 0.10 nFY uaz 0.20 N3y auddu Tunsgadunaniiieu(Duay wuenidad) annaisazanely
viosUfrRnsfiaandudu 50, 80, 120 wag 150 mg/L U3aas 25 mlL lneyiin1ssuniuszuy 30
it 09 30 Wit geduidunan 30 uid Pntulesginuiauandennuay wsnida()
rougatuLazvdagadu Tnsthnanisnaaesildndmummuaunsidunsaiievanudaudunounas
aIN13RAdu drunsauamilelunesunisgaduarldaunsiuieuiisunanisnaassitgenades
fulelowmesunuuuanilesvielelowmesuuuunsosdv

4.7.1 msanwlelewasunispaduiuuraliss (Langmuir Isotherm)

Ce 1 +( 1 )C
X—m KL(Nm) Nm ¢

m

nsnaennsnlag WA x Ae C. kag WA y Ao C/X,/m) agldnanisnisanuilelanesy
nsgadusuukandesiunisaaduuandien(l) sedlelas duasenandunznauainiiuseiives
M INQUATIVEIRNNRDIRNINTIN 13 wagnsIui 11
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a = s o A s ) = v = ¢
A13197 13 wanisfnwilelemesunisgadusuunandeslunisgadunanden(l) dedlolad

duAT1ETNAURENaUINNUIUTEUN

ANUTUTU ANUTUTU Usuau X
' @ [} @ LY} 1Y) (X/m) Ce/(X/m)
naugaAwy (mg/L) | wasgawy (mg/L) | M39aau (g) | (Co-Co)
5593 1.02 0.1003 54.91 54751 0.0019
75.51 20.00 0.1001 55.51 55481 0.0361
134.89 78.96 0.1002 5593 558.19 0.1415
144.63 115.83 0.1001 28.79 287.62 0.4027
0.5
o
04 y = 0.0029x + 0.0002
— 2 - 08792 et
2 s R? = 0.8723 )
g .....
L o2 LT
U ..... .
0.1 e
----- ‘o
00 ®
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0
C. (mg/L)

n3MA 11 ANUFTUSIENING C, iU C/(X/m) vadlalewmesumsgadunuuiauiled lunsgady
wanilew(l) sredlelanduasizinnfunznouaniiuss

Han1snsAnwilelenesunisaadusuukaudeslunisgaduwusnilall) aredlalad

o & a go/ v Y ] v PN d'
E’NLﬁi’]%‘ﬁf\ﬂﬂWUG]SﬂEJ‘Ll"i]’]ﬂuqﬂigﬂqﬂENR]\‘]‘WJ@QU@i’WﬁWUWﬂﬁ@Q@QWﬁNV} 14 hagnsvg 12

= = s 9 o s o = Y o~ s
A13197 14 wan1sAnwilelemesunisaaduiuukaudeslunisaaduiuenitadl) aqedlelad

AUATITINAUNZNBUINNUIUTEUN

AU ANUTUTU Usuau X
: v v o v v (X/m) Co/(x/m)
naugAYu (mg/L) | asgagu (mg/L) | A39aau (g) | (Co-Co)
56.30 4.64 0.2000 51.66 258.30 0.0180
78.52 28.15 0.2001 50.37 251.73 0.1118
127.41 71.11 0.2003 56.30 281.07 0.2530
140.74 108.15 0.2003 32.59 162.72 0.6646
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C : 1
/-E\
: .--------'----------"""""""""" """"‘""""""""""""

NI 12 Anuduiussendng C. Au C/(/m) veslalgnesunisgadunuunaniesiunisgady
wusn1daln medlaladdunszianfungneuainiiusell

nuanIsAneleleinesunisgadunuunaiivivesdloladduasigiainiungnouain
ihussUvesfminguasiestd luntsgadunandion() wazussnidal) 91narsazatsly
vipafuAns wandlumssil 15 wui msdnwiseglelumesunsgadunuuuaades Tunisgady
uanlen(l) Ifaun1sidunsede y = 0.0029x + 0.0002 1 R’ wirfu 0.8723 uavilmmuglunisga
Fu (K) wiriu 8.94 drunsAinwimelelamesunisgaduiuusaadies lunisgaduwusnidadn) 1o
AuNSEUATIAD y = 0.0053x + 0.0009 I R’ wirfu 0.8961 uawilmmnuglunsgadu (k) wiidu
0.0011

M99 15 Apsiinnaunstelewmeiunisgaduuuuianiesvesdleladdunsigiainiunenauain
sz lunsgadunaniendn) uazuianifial) anansazangluiesljuinig

Lalemasumsaadunuunandes nsanduwandeu()
AUNTLEUNTS R’ N, K, R,
y = 0.0029x + 0.0002 0.8723 559.35 8.94 0.0007
lalomasumsgadunuunandies nsaaduiusnilall)
AUNTLEUNTS R’ N, K, R,
y = 0.0053x + 0.0009 0.8961 172.41 6.44 0.0011

4.7.2 mifnwlelwimasunisgadunuunsesdy (Freundlich Isotherm)

] (X)—l K +<1)1 C
08\ ) = 'OBRF T () 108

nsnaennsnlag wau x Ae log Co way WA y Av log X/m lananis@nwilelumesunns
andunuunsesdyvein1saadunamileu(l) sedleladduaseiainfunrnouainuiuselives
JmTNUATIV MINNTNT 16 kAN 13
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a ¢ & ) a ) ~ Y =~ I3
M1519% 16 Naﬂﬁﬂm‘fﬂlai%maiuﬂ’li@jﬂ“ﬂULLUUWiBEJa%“U’eNﬂ’ﬁQWZIULLﬂ(ﬂLiJEJiJ(II) aredlalan
duAT1ETNAURENaUINNUIUTEUN

AUt AMNLTUTU Usueu
rougadu (mg/L) | wdsgadu (mg/l) | dagadu (@ | ©8Ce | logbv/m)
55.93 1.02 0.1003 0.0069 2.7384
75.51 20.00 0.1001 1.3010 2.7441
134.89 78.96 0.1002 1.8974 2.7468
144.63 115.83 0.1001 2.0638 2.4589
2.8
o ° °
27 4 e
= e
:e 2.6 y = -0.0781x + 2.7749
ES R? = 0.2626
2.5
[ J
2.4
0.0 0.5 1.0 15 2.0 2.5
logC,

n3IUR 13 AnudiussEndng log Ce AU log (x/m)vedlelumesunmsaaduuuurlasedslunisgadu
wankles() medleladduasenainfunznauainiiuseun

Han1sfnwlelewmesunisgaduiuunsesdyresnisgaduutanilall) medleladdainsien
NNAURENUIINUNUTEUIRRMINQUATIVEIH AemN51eN 17 wagnsiil 14

a ~ I ) a ) a 1Y) a ¢
M1519% 17 maﬂﬁﬁﬂmlaism,msmwm%LLUUWiaaawaqmi@ﬂ%Lmeua(II) aedlolan
duAT1ERNAURENAUINNUIUTZUN

AMUTUTY AMUTUTY Usun
faugadu (me/L) | %aRATY (mg/L) fanadu (g) log Ce | log(x/m)
56.30 4.64 0.2000 0.0069 2.4120
78.52 28.15 0.2001 1.4494 2.4010
127.41 71.11 0.2003 1.8519 2.4490
140.74 108.15 0.2003 2.0340 2.2110
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25
24 ®

B .
23 y = -0.0480x + 2.4329

2.3 R2 = 0.1738

log(x_/m)

2.2

0.0 0.5 1.0 1.5 2.0 2.5
logC,

n37 14 Anuduiudsening log C. i log (x/m)vadlelawmesunmsgaduiuunasedylunisge
Fuusanall) medleladduaszinnaunznauaininyuszi

= 4 2 I & o L4 a io’ % Y

Nnuan1sAnwlelameiunisgaduvedleladdunmziainiungneuainiilszurvesimin

auas1ws1il lunsgaduuaadiond) wazusanida (1) Rnansazarsluvioauians wandlunisned
18 - 19

= i = s @ ¢ 13 Y a
M13197 18 Aasiiannleleimesunisgaduuuunasilesuazlelaimesunisgaduiuunsesdyves
Floladduasginnfungneuainuiusyln lumsgeduuwanideu(n)

Lalomasumsgaduuuunaaies
2

AUNNTHEUNT R N, K, R,
y = 0.0029x + 0.0002 0.8723 559.35 8.94 0.0007
lalymasunsaadunuunsasay
AUNTLEUNTS R’ 1/n K
y =-0.0781x + 2.7749 0.2626 225.85 595.53

o ! a s Y] a6 s ) a
M19197M 19 ﬂ']ﬂﬂV]ﬁ]"lﬂl@I%LV]@iﬂJﬂqiaﬂﬁULLUULLENL@JEJiLLagl@IsleV]@illﬂ']i@@%ULL‘U‘UWi@ﬂaGUGUEN

Floladduarenanaunznauainiilszln Tunisgadunusnita)

lalemasunisgadunuunaiios

2

AUNTLAUAST R N, K, R,
y = 0.0053x + 0.0009 0.8961 172.41 6.44 0.0011
laleiwasun1sgaduuuunsosdy
AUNTLAUATS R’ 1/n Ke
y = -0.0484x + 2.4329 0.1738 20.66 270.96
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nansfnwilelumosunisgaduresileladduameinin Aunznauainiiussivesdmia
guasvsnil Tunsgadunanidon(n wanslumsisit 17 wuin msdnsdelelomesunisgadunuy
uaadles Ifaunsidunsafio y = 0.0029x + 0.0002 id R’ Wiy 0.8723 wagdiAnuglunisgady
(K) wirfiu 8.94 dauleleinesunisgaduiuunsesdylaaunisidunss fie y = -0.0781x + 2.7749
A R’ Wiy 0.2626 uaziirauglunsgadu (K. wihifu 595.53

nansfnwlelumosunisgaduresdleladiameginin Aunzneuainiissiivesimia
guasvs il Tumsgaduuuenidal) wansluasisil 18 wuin msdnwselelemesunmsgaduuuy
uaadles Ifaunsdunsede y = 0.0053x + 0.0009 did1 R’ Wiy 0.8961 wazdiAnuglunisgadu
(KD iy 0.0011 diulelemesunisgadunuulsesdylaaunisidunss Ao y = -0.0484x + 2.4329
fiAn R winfu 0.1738 wazilrmuglunisgadu (K) winiu 270.96

Mnwan1sing a1 R veslelemesumagaduisvaauanidion(n) uazusanida) dauansis
fusgailifoddry Taglelumesunsgeduuuunaades a1 R snndtlelumesunsgaduuuunses
dauaziiandlng 1 fudufsaguldhmageduuandlon(n uazusnialn dedleladdunsesian
AupgnoumniUszUwesdminguanesidl sxliauaenndestulelumeiunisgaduuuunanies
%ﬁLﬂumzmums@mﬂuﬁLﬁmwu%gmﬁm (Monolayer Adsorption)

4.8 nsAnwiguunariaasluntsgaduuaailisud) wazunenalad) annansazansly
eafiRnmafedlaladduasziandunznouanitszinvssiwinguanesiil

lumsfnwemmgiinisaaduwanidendl) wazwdanidal) nasazangluiesluifinig A
Toladdunmgianfungnauaninussuivesdainguasustil ddldmgaduyiinm 0.10 nfu uas
0.20 n¥u lunsgadunanioulnuazusenial) anasazaneluiesufifinisfinrdudu 50.00
mg/LUINNT 25 mL LLazqmwgﬁﬁiﬁﬂumiﬁﬂmmsam%’uﬁa 20, Qmmﬁﬁaa (26), 30, 40 way 50 °C
Tngldgrsiudaudlahadulugraiudessanm 70 % ?JENWJ’]&J‘&]“U@\‘]EJIWME’]LL%QLL@%I‘I%@T]&J%’EJUIWJ
gavnan (Hot plate) Imﬂmmmmmummmaﬂmmaimmh hmasunIuszuL 30 Wi i 30
wiit Tnsgaduiuian 30 wit nduiiasgimanududuresiandien(l) wazussnal) faou
gaTuLarndIgadufuIMmINAINTEURTIveINIINLRTIUTIAIL TududougatuAe 53.25
mg/L ag 51.59 mg/L duANIINTUNAIATULARIRINTIE 20 — 21

= = a a o = Y o s o ¢ a
M13°99 20 HansfnuUseansnmeesnsgaduiandlenu(l Mmedleladduasied andungnouain
szl wesdminguasusniifigaumngilsng

QaUUQH A aadudundgadu | Uszansnawnis S.D
(K) | MIpanauuss (mg/L) angu (%)
293 0.2000 0.8283 98.48 +0.03
299 0.1600 0.6450 98.80 + 0.02
303 0.0920 0.3547 99.33 + 0.03
313 0.0690 0.2561 99.51 + 0.04
323 0.0520 0.1825 99.64 + 0.01
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M15199 21 HansfnuUseansnmeesnsaaduianaln) Mmedleladduasied andungnouain
szl vesdaninguasusniingamgilang

gaumnll A aNududundgadu | Uszdnsaiwnis S.D
(K) N1INANAULLES (mg/L) 209U (%)
293 0.2000 0.4090 89.24 + 0.082
299 0.1600 0.2550 93.37 + 0.014
303 0.0920 0.1210 96.96 + 0.006
313 0.0690 0.0330 99.32 + 0.005
323 0.0520 0.0140 99.83 + 0.003

PINAINAI919 20 — 21 UIANTUIUAINANNITVDIUTON LiNeW1ALaULNSY Laun1al way

(v a a 6 4" % ) % I3 ¥

nasudaszivd Felananiseulalaunanalunisne 22 — 23 wazndannsaiuauniIsusanazsle
FAUATEUATI Y = mX + C WAAIAINTING 15 — 16

dgunisveaiugan
InK _ASO AH®°
ML= TR T RT

] Y A o < U IS
N394 22 ﬂ’Wl’JLL‘UiV]‘lﬂ%J"I‘Wﬁ@Glﬂi’]WG]']llﬁiJﬂ'ﬁsU@ﬂL’Ju‘eﬁ@‘if\lsﬂaﬂﬂ’ﬁ@@‘?j‘ULLﬂﬂLiJEJlI(”)

T 1/T Cc(solution) | C.(absorbent) K InK.
293 0.0034 0.81 52.44 64.94 4.17
299 0.0033 0.64 52.61 82.09 4.41
303 0.0033 0.36 52.89 147.95 5.00
313 0.0032 0.26 52.99 202.50 5.31
323 0.0031 0.19 53.06 278.04 5.63

6.0

o =-4122.1x + 18.169

5o ’ .......... R? = 0.9769
w T T e
< o .

4.0

3.0

0.0030 0.0031 0.0032 0.0033 0.0034 0.0035
T (KY)

NIA 15 ARUAURUSIENIN 1/TAU InK. suaun1svediugenvein1saaduianiile()
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T 1/T Ce(solution) | C.(absorbent) K InK.
293 0.0034 5.55 46.04 8.29 2.12
299 0.0033 3.42 48.17 14.08 2.64
303 0.0033 1.57 50.02 31.92 3.46
313 0.0032 0.35 51.24 146.43 4.99
323 0.0031 0.09 51.50 591.06 6.38

7.0
o
6.0
5.0 e
EU 4.0 y =-13931x + 49.469
®.. R2=0.9923
3.0
2.0 -8
1.0
0.0030 0.0031 0.0032 0.0033 0.0034 0.0035

1/T(K)

WA 16 AuduiUSsEINgG 1/TAU InK. snuaumsvesnugevesnisgeduusenidal)
mMsfnwwavesguuniinfidonisgaduasazarsuandondl) vosdleladdunsigiainiu
-4122.1x  +
18.169 uay R? = 0.9769 Fanaunisidunsadlothaunvan AH® (Enthalpy) lunsgaduuaniiien(n)
fiAndu 39.04 k/mol Fens1eit 24 N3t AH fanduvanuansinszuiunisgaduiiindudy
UfATeganmdeu @ AS’ (Entropy) IAwindu  168.43 J/mol K nsil AS® luuan uanain
luanavewignaedularimgaduusnusessessningnaaduuuigeduiinnudulidussdeu

RenauINUIUTEl1 v minguasus il wullnaunsidunsaidanuduius y =

390U uaz n137 AG” Wuauuansinszuiunsgaduiianansaiintuliies

M1519% 24 Aneumatl (AH) leulnst (AS) uagnasudaseivd (AG) vasnsgaduuaniie(l)

T (K) AH (kJ/mol) AS (J/mol K) AG (kJ/mol )
293 -10.17
299 -10.96
303 39.04 168.43 -12.59
313 -13.82
323 -15.11




aa

ada v =

nsfnyinavesguniinddenisaaduaisazatowuenidall) vedleladduasiznainiu
pznauIIntUszUtestininguasesdl wuiildaunsdunseiidauduius y = -13031x +
49.469 waz R? = 0.9923 Favnaunisdunsudiothumean AH° (Enthalpy) wag AS’ (Entropy) Tu
msgaduiasndaln Sandu 34.27 ki/mol wag 151.06 J/mol K auddiu fan1s1ed 25 n1sit AH
fanduuinuansinszuiunisgaduiiindudul fisengaanufou waz AS® Huvan uansiy
luanavessigngadunasigeduusnusessoseninsgnaatuuuimgaduiinnudulidussdeu
29U uaz M3l AG” Wuauuanshnszuaumagaduiannsaiatuldios

M15199 25 Aneunial (AH) Leulnsy (AS) wazndsnudaseivd (AG) vasnisaaduusanilal)

T (K) AH (kJ/mol ) AS (J/mol K) AG (kJ/mol )
293 -5.15
299 -6.58
303 34.27 151.06 -8.72
313 -12.98
323 -17.14




unil 5
dyUuazdalauauue

1. \fiofinyiesdusznauvesfiungnouaininussin wuisniifanniigaie ALOs, SIO; uay
Fe,0; 33 ALO,,  SiO; 1ussAUsEneundnvesdlolas wilufunznoussdl Fe,0, o1atAnaInnig
PAALNDUINNIHARLTS2U1T9E Fe,0; 9EuN

2. dlefigatiendnuaivesdlolafdauaszfanfungneuaintissuinu

- 970 BET vasdungnauildiadefuiiedi 60.2629 masumssensu wasdleladdnase
filuiifeg 140.7389 msnammssionsu Twasdfiuvindniafiuturessngy uivuareIsnILanas

- mafinwlassadisdiemaiia XRD wesfungneuanitszdisinginvesfungnauan
ihussUsenoudeniniond dfinves SO, Usngiunis 20 9 25 uazdsfifinves Kaolinite
Usingdtunis 20 7 20 fnnsandleladfidsiasigst Usingusatendiiusznousyil Unnamed
Zeolite UsIngfisumis 20 A 22 wag Zeolite A Usingdumia 20 2 Buduainamuuunig
devuvesfadiendiiunmuuuvesvadloladuansidillassaaduuuvedugulusgesuield
Tsgwienszurumslieudoussnniunsnszatedossmusntudmarefuiifies 1z Aty

- floviiiesigidae SEM  wudidusgnouaiminvssiiifiniiFeunasivunanay (e
duasendudleladnuiddnvasduwiu awsslddaau Insnszaredmesuiagngu dynsu
1Ny

- ilethindAnwinsasuutaswesvyiladdu Tae FTIR wuirdleladfidaameildsingiia
vosdloladiu uasnufinves Si-0 lufunzneu

3. Wlednwusravsnmnsgadunanden( wazusendaln anansazans Tuesuifnng
Frefunznouninssuwesiminguasvstd wu

- Usgansamnisgadunaniilou(ll) anatsazatgluesdjuinas wuinAungnauain
511J33‘1Jwaaa5’aw‘3’mquaiwmﬁﬁﬂiz?ﬁm%mmﬁ@ﬂ%’umeﬁﬂm(ll) 161 15.65% wstiilothAungneuain
ihuszUmesiminguanestdl sndnamedldduileladnuindussaniamlunsgaduuanido)
datwdu 99.01% uanidlevnnisuisudleladfidunsgituilolasmanisdmud dleladd
duemesitiuszavsamlunisgaduuaniondn) Indidesiudlelasmenisénia 4 win

UsgdAnsamnisaadusaenillad) anarsazargluiesufianis wudnfunznauann
isgmesiminguasvsnifussaniamnisgaduusniiiac) 16 4.82% wadlevhunduase
Hudleladnuhilussansamlunmsgaduussniat) wutudu 92.67%

LLam’hmiﬁflaumﬂaumﬂfwﬂszﬂwmaﬁwi’mquaawmﬂmé’qmelzﬁl,ﬁu%lala@?mmsaﬁ'}
Tlfspaduiidusyansnimlunisgeduiiinty

4. widwesndanuminzaudenisgadulaneniinveadloladdunsizinuinyunud
wigaureInsgaduuanilen(l) waziaenial) Ae 4 nSusedng uay 8 niusednT awadu Lag
nafiomnzadlumagaduveslaveii 2 wiafe 30 uni

5. wuudaedlelemesunisgaduwaniden(l) uazusaniial) vugleladdasizvidenndes
funaadleslolamesy Wunsgaduuuuduien
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6. NM3ANwILUUTIARRauNamanslunIsaaduwaadeu(ll) wazuuanidal) vesdlolad
dunseriaenndesiududuaatailou

7. Anwguvnamanslunisgaduuanileu(l) uazusanidal) vesdleladduasigviuandli
wiieumalfialuuinuansinlulfiseiganinuiou wwulnstiduuin wansiluanavesiign
@J@SB’ULLazéf’;@ﬂ%’w%nmaEJGiaﬁzmwéhgﬂ@m%’uuuﬁ’;@m%’uﬁmmLﬂ‘fluhjl,i‘;lu'iuﬂauQﬁu uag
wé’mu@aszﬁuﬁﬂuawLLamdwﬂizmumiam%’ummmLﬁm%ulé’l,aa

8. ImEJ‘Uﬂﬁﬁumﬂaumﬂﬁmszmﬁﬂ%gﬂﬁﬂlﬂﬂmﬁ IneyaoanlUlvinuain sludge lagoon
whify Fedunsihiuszneunnivsstunedsndudloladdanseid wndunsfugadvesiu
pznouantUszUn Seamnsmidleladdnaneiieiould TUduTangeduiitusyanamadlums
andulangminfivuidouluamsazarsluseduiesfifintg Geaninlugnsussgndlilunstada
Tengntinuandon(l) wazuusnidal) anindeadsdluguruiaslugnamnssusely
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narunsthauenddeilunmuuuluamesluny (n) The 43 Congress on Science and
Technology of Thailand (STT 43) uaz(v) Pure and Applied Chemistry International Conference
(PACCON)

(n) The 43" Congress on Science and Technology of Thailand (STT 43)
Issaraporn Seanglam, Uthai Donkwang, Kotchakorn Yotyiamkrae, Warangkana Kittiwongwisan,
Bonchochawan Pakamwong, Nittaya Phankon, Chayanin Hanwarinroj, Malee Prajuabsuk,
Saisamon LamLong, Daungdao Sattayakul, Pharit Kamsri, Parjaree Thavorniti, Pornpan Pungpo
Utilization of zeolites synthesized from water sludge for heavy metal treatment in
wastewater. The 43" Congress on Science and Technology of Thailand (STT 43). 10,
Chulalongkorn University, Bangkok, Thailand, 17-19 October, 2017
Abstract:

Nowadays, heavy metal contamination in the soil, surface water and groundwater is one of
the major environmental problems due to their non-biodegradability and toxicity. Thus, how
to solve efficiently the heavy metal pollution in groundwater has become the most essential
issue around the world. Commercialized adsorbents such as activated carbon are effective in
removing heavy metals but remain costly. In this study, the synthetic zeolite water sludge
was used as raw material to synthesize zeolite using alkali fusion method. The removal of Cd
(I ion from aqueous solutions using the zeolite synthesized was investigated under static
conditions. The zeolite had higher surface area compared to water sludge. The structural
characterization of the zeolite was performed using XRD and the surface morphology of the
activated sludge was studied using scanning electron microscope studies and the functional
groups were characterized using Fourier transform infrared spectroscopic method. The
suitable conditions for removal of Cd (Il) ion from solutions were investigated using batch
method. The parameters including adsorption equilibrium and adsorption kinetics were
studied. The adsorption isotherms for the adsorption of the metal ion were defined by
Langmuir relation. The adsorption kinetics for Cd (Il) ion followed pseudo-second order
model. Therefore, we presented a highly potential adsorbent using synthetic zeolite from
water sludge as a highly efficient adsorbent with economic for the removal of Cd (II) ions

from aqueous solution.
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Utilization of zeolites synthesized from water sludge for heavy metal treatment
in wastewater.
The 18" Pure and Applied Chemistry International Conference (PACCON 2018). The 60"
Anniversary of His Majesty the King's Accession to The Throne International Convention
Center, Hat Yai, Songkhla, Thailand, 7-9 February, 2018, 266-270.

Abstract:

Metal contamination is a major problem in industrial wastewater. Because it non-
biodegradability and toxic. The adsorbent popularly used for heavy metal adsorption of
wastewater is activated carbon because of its high surface area, resulting in high efficiency in
wastewater treatment. But activated charcoal is relatively expensive, so the synthetic
zeolites have been considered as heavy metal adsorbent. This work, water sludge was used
as raw material to synthesize zeolite using alkali fusion method. The structural
characterization of the zeolite was performed using XRD, SEM and FTIR. The adsorption
efficiency to removal Cd(ll) with different adsorption parameters were investigated. The
optimum parameters for adsorbent of the removal of Cd(ll) ions at 50 mg/L initial Cd(ll) ions
in aqueous solution concentration were elucidated. The optimum dosage of adsorbent is 4
¢/L and optimum adsorption time is 30 minutes with 98 % of Cd (Il) ions in aqueous solution.
The adsorption isotherm and adsorption kinetic are corresponded well to Langmuir
adsorption and pseudo second order kinetic model, respectively. Based on the obtained
results, the synthesized zeolite is a highly efficient adsorbent for the removal of Cd(ll) ions in

aqueous solution.
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Therefore, the synthesized zeolite s a highly efficient adsorbent for the removal of Cd (TT) fons in aqueous solution.

Metal contamination is a major problem in industrial wastewater. Because it non-biodegradability and toxic. The adsorbent popularly used for heavy metal adsorption of wastewater is activated carbon because of its high surface area, resulting in high
efficiency in wastewater treatment. But activated charcoal is relatively expensive, so the synthetic zeolites have been considered as heavy metal adsorbent. This work, synthetic zeolite from water sludge for the removal of Cd (II) fons in aqueous solution.
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2 Adswpton sther

The synthesized zeolite is adsorbent for the removal of Cd (IT) ions in aqueous solution. Zeolite is a Cd (II) absorber
in aqueous solutions. Study the appropriate parameters and adsorption isotherm. The calibration curve of cadmium
solution was used as a comparator in the analysis. The adsorption percentage of Cd (II) adsorbed on synthetic zeolite was
calculated from the equation.

% adsorption = [A,[{A)[A,]X100% (1)
Where [Ag] and [A] are the initial and final concentrations of Cd (1) solution.

Zeolites 0.01, 0.03, 0.05, 0.10,
0.15 and 0.20 g

» Optimal contract time

Add 25mL,
50 ppm €4 (ID)

i
d-~C-

Atomic Absorption
Spectrophotometer (AAS)

Zeolites 0.10g

2. Adsorption isotherm

15, 30, 60, 90 and
120 min

Add 25mL,
|50, 80, 120 and 150 ppm Cd (11) |

B - /:J-’& = ‘E

Zeolites 0.10g

30 min

Results

1. Efficiency adsorption
# Optimum dosage

Study of optimum dosage zeolite in for adsorption of cadmium solution. The amount of sorbent was inereased to
001, 0.03, 0.05, 0.10, 0.15 and 0.20 g in the adsorption of cadmium solution at 50.00 mg / L in 25.00 mL at 60.00
minutes. As a result, the adsorption efficiency increased. The appropriate amount of adsorbent was 0.10 g and the
adsorption efficiency was as high as 98.63% as shown in Fig 1

S - .
fa -
- /
=20 ~
e
0 005 01 015 02
Weight (g)

Fig 1. Efficiency adsorption of the optimal dosage at 50 ppm of Cd (II).

» Opt ont;

me

Optimal contract time for Cd (1) adsorption on zeolite. Dosage of zeolite 0.10 g It was found that the increase in
time of 15.00, 30.00, 60.00, 90.00 and 120.00 minutes in the adsorption of Cd (II) solution at 50.00 mg / L in 25.00 mL
resulted in increased adsorption efficiency. The adsorption time was 30.00 minutes and the adsorption efficiency was
98.38%, as shown in Fig 2.

=
5

Efficiency (%)
R X S £ 8

100 120 140

60 80
Time (minutes)

Fig 2. Efficiency adsorption of the optimal contact time at 50 ppm of Cd (II).

% Pure and Applied Chemistry International Conference 2018 (PACCON2018), Hat Yai, Songkhla, Thailand, February 7-9,2018

The adsorption isotherm is the relationship between the amount of substance adsorbed at the surface and the pressure
of the gas, or the concentration of the solution at constant temperature. The adsorption isotherms are as follows.

2.1. Freundlich isotherm
The Freundlich isotherm describing equilibrium on heterogeneous system is described by the following equation

%kt @
The logarithmic form of the equation becomes
log (q,) = log (ke) + (Vmjlog (C)  (3)

‘Where k; and n are Freundlich constants were caleulated from the slope and intercept of the Freundlich plot.

2.2. Langmuir isotherm

The Langmuir isotherm is assumed that the adsorbent molecules adsorbed on the surface of the adsorbent and
adsorbed on a single layerby the following equation.

Cog, = lggh +Cgy O]

Where C, is the equilibrium concentration (mg/L), q, the amount adsorbed at equilibrium (mg/g), gy, the maximum
amount adsorbed (mg/g) and b is the energy of adsorption (Langmuir constant, L/mg). The values of g, and b were
calculated from the slope and intercept of the linear plot C./q, versus C..

The adsorption isothem of cadmium solution with 0.10 g of zeolite showed that when the concentration of
cadmium solution was increased to 50.00, 80.00, 120.00 and 150.00 mg / L, in 25.00 mL at 30.00 minutes. The
adsorption efficiency was decreased in sequence. Freundlich and Langmuir isotherms are summarized in Table 1.
Therefore, the experimental data into Langmuir isotherm model indicate the formation of monelayer coverage of Cd (1)
molecules at the surface of zeolite.

Table 1. Freundlich and Langmuir constants for the adsorption of Cd (IT) onto zeolite.

Freundlich parameter

Linear equation R 1h Ky
¥y=-0078Ix +2.7749 0.2626 22585 183
Langmuir parameter
Linear equation R ' b Ry
¥ =0.002% +0.0002 0.8723 559.35 8.94 0.0007
3. Adsorption kinetic
Two type of kinetic models including pseudo-first-order and pseudo-second-order kinetic models were selected to

clucidate the adsorption mechanism of Cd (IT) ento the zeolite. The rate constant of adsorption is determined from the
pseudo-first-order equation given by Lagergren and Svenska
Infg, )= g, - kit )

Where g, and g, are the amount of Cd (II) ions in aqueous solution adsorbed (mg g™) at equilibrium and at time €
(min), respectively, and k; is rate constant of adsorption.

A pseudo second-order equation based on equilibrium adsorption is expressed as
tg =1k,g.’ * (1/g.)

Where k, is the rate constant of second-order adsorption.

The kinetic constant parameters and linear correlation coefficients (R?) of pseudo-first and pseudo-second-order
kinetic model of Cd (IT) were concluded in Table 2. Based on the R” of kinetic model fitting of cationic heavy metal on
zeolite surface, the adsorption data of Cd (II) were fitted well to the pseudo-second-order kinetic model due to high
correlation parameters. Moreover, the g, values obtained from kinetic model is closely to g, value from the experimental
adsorption. Based on the results indicated that heavy metal interacted with surface of zeolite are rate determining step.

Table 2. Kinetic constants for the adsorption of heavy metal ento zeolite.

(©)

pseudo-first-order

Linear equation Gefeal
R? b {eal) k
qe{np)( /g) (mg/y) 1
¥ =-0.0067x + 5.5693 0.9810 13.93 1370 5.5693
pseudo second-order
Linear equation ) Gefeal)
R! / k,
ey (M) (mg2) 3
y=710%x+410¢ 0.9995 13.93 13.79 13146

Conclusion

The present study, synthetic zeolite from water sludge was used to investigate the adsorption efficiency of cationic heavy
metal (Cd (II)) from aqueous solution. Zeolite has been demonstrated as excellent adsorbent for the removal of the cationic
heavy metal (Cd (I1)). The best-fit adsorption isotherm was achieved with Langmuir model for zeolite. Kinetic adsorption
model was corresponded well to pseudo-second order model. Based on the obtained results, the synthesized zeolite is a
highly efficient adsorbent for the removal of Cd (II) ions in aqueous solution.

The Young Scientist and Technologist Program (YSTP) (SCA-CO-2360-4663-TH) National Metal and Materials
Technology Center (MTEC) and Faculty of Science, Ubon Ratchathani University are gratefully acknowledged for
supporting this research.
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Abstract:

Due to economic growth technology development industrial expansion, the waste is
released into the environment beyond the limit. As a result, environmental problems are
severe and difficult to resolve. One of the effects is heavy metal contamination in water,
adsorption is one effective method to fix the problem. Manganese is widely used in the
industry, resulting in the discharge of waste into the river, resulting in manganese
contamination. The aim of this work is to synthesize zeolite as low-cost adsorbent from
water sludge for Mn(ll) adsorption from aqueous solutions. Because the major components in
water sludge were found AlOs;, SiO, and Fe,O; by XRF. The optimum parameters of
adsorbent of the removal of Mn(ll) ions are at 50 mg/L of initial Mn(ll) concentration in
aqueous solution were elucidated. Amount of zeolite used in the Mn(ll) adsorption from 0.4
to 16.0 ¢/L to find the optimum dosage of adsorbent. Adsorption times were studied from 15
to 120 minutes. The optimum dosage of adsorbent is 8.0 ¢/L and optimum adsorption time
is 30 minutes with 86 % adsorption efficiency. The adsorption isotherm and adsorption
kinetic of Mn(ll) ions are corresponded well to Langmuir adsorption and pseudo second order

kinetic model, respectively. Moreover, thermodynamic properties of the adsorption for Mn(ll)

ions, entropy (As), enthalpy (AH*) and Gibb’s free energy (AG®) were determined to be
151.06 J/mol K, 34.27 kJ/mol and -6.58 (299K) kJ/mol, respectively. The obtained results of
thermodynamics parameters suggested that this adsorption process an endothermic and
spontaneous physisorption process driven by entropy. Based on the obtained results, the
synthesized zeolite from water sludge are a highly efficient and low-cost adsorbent for the

removal of Mn(ll) ions in aqueous solution.
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Manganese is quite abundant metal in the earth crust and its presence in groundwater from leaching
processes varies widely depending on rock types. Thus, it has been reported that the groundwater used
as drinking water supply upwelled from the Ema voleano aquifer excceds the maximum Dumxrmnsm
level more than 30 times. Also, manganese has a variety of ions such as in

processes, manufacture mining, ceramics, dry cell batteries, pugm:ms and paints, which all can be the
underground pollution sources. Therefore, this research the synthesized zeolite from water sludge are
a highly efficient and low-cost adsorbent for the removal of Mn (11) ions in aqueous solution.

# Synthesis zeolite

The synthetic zeolite was prepared from water sludge using hydrothermal transformation. Brfly,
zeolite synthesis process was carried by water sludge mixed with sodium hydroxide in ratio 12 2 wiw
and burn out at 600 “C for 6 h. Water were added into mixture with ratio of 1 - 4 wiv and shaked for
24 h. Then, the mixture were heated at $0°C by water bath for 3 h. The mixture were then washed with
distilled water and dried.

# Metal removals

< Optimal dosage
[ Add 25mL, | Add 25mL, g ’:,P'
i’ i DI water Mn(IT) 50 ppm = — ! =5
04,12,,20, 60, 80, ﬁﬂg 60 min
10.0, 120, 14.0 and AAs specirophatometer
16.0 gfL of Zeolite

+ Optimal contract time

Add 25ml, | Add25mL,
= Diwater Mn(11) 50 ppm =+ \g -; - E

T
Nt
IDepariment of Chemusiry, Faculty of Science, Ubon i Universify, LUban i, Thailand f PA@N \3‘
*Faculty of Science, Nakhon Phanom University, Nakhon Phanom, Thailand R
M TEC % ‘mummwr«wmfmrmrqu i mnrmmmxwm;pmm Thailand e

“ Adsorption isotherms
F lich and Langmuir ion i were analyze the adsorption data at equilibrium process. The
Freundlich adsorption isotherm model iders a b ption surface that has uncqual available
sites with different energies of ption. The F lich adsorption isotherm model is represented as follows ©
ge=kC! (2)
The logarithmic form of the equation becomes.
log (g,) = log (k) + (Ln)log (C,) (3

‘Where k. and n are Freundlich constants were calculated from the slope and intercept of the Freundlich plot.
The Langmuir adsorption isotherm model assumed that adsorption takes place at specific homogeneous snrs

within the adsorbent, and it has been used ly for many pion p of T
The Langmuir equation is expressed by the following relation :
CJg,= lig,h+C g, “)

‘Where g, is the amount of Mn (11) adsorbed at equilibrium time (mg/g), C, is the equilibrium concentration of
Mn (II) in solution (mgfL), g,, is the maximum adsorption capacity (mg/g) and b were calculated from the slope
and intercept of the linear plot C /g, versus C,.

The results showed that the adsorption of cationic Mn (11) in to zeolite corresponds well to the Langmuir
adsorption isotherm for Mn (1) ions in agueous solution. So, the information of Langmuir isotherm model indicate
the formation of monolayer coverage of Mn (11) molecules at the surface of zeolite.

Table 1. Freundlich and Langmuir constants for the adsorption of Mn (I1) onto zeolite.
Freundlich ram The adsorption of cationic Mn (11} in to
L'—"TE“IMT'K_'* zeolite corresponds well to the Langmuir
Miear cquation E ption isotherm for Mn (11} ions in

y= 00484x+ 24320 | 00738 | 2066 | 27096

aqueous solution. So, the information of

Langmuir
L.sngmmr |5u|ln:rm model indicate the
Lincar cquation R® [ gy [ b [ R | of ge of Mn
y=00020x+00002 | 08961 | 17241 | 644 [ 0.0011 {11) molecul at the surface of zeolite.
4 The kinetic for adsorption

The rate constant of adsorption 15 determined from the pseudo-first-order equation given by Lagergren and
Svenska :

- Infg, ~g,)=Ing,~kt )
0.20g of Zeolite Um . Where g, and g, are the amount of Mn {11} ions in aqueous solution adsorbed (mg/g) at equilibrium and at time t
15,30, 60 and 120 min  AAs spectrophotometer (min), respectively, and k; is rate constant of adsorption.
% Adsorption isotherms A pscudo sccond-order equation based on equilibrium adsorption is expressed as :
-
Add 25mL | Add 25mL, @ g, =l +(lg ) (6)
Diwater | Mn(ll) 50, 80 120 and 150 ppm | - Where ky is the rate constant of second-order adsorption.
0.20g of Zeolite | - | 10min Table 2. Kinetic constants for the adsorption of heavy metal onto zeolite.
pseudo-first-order Based on the R? of kinetic model fitting
Linear equation Rt Qg Qyeaty K, ni‘rf::ﬁunic heavy ) m:;l m:‘ zeolite
“* The kinetic for adsorption (mgig) | (mg/g) surface, the adsorption data of Mn (1)
| y=-0.0341x + were fitted well to the pscudo-second-
:“_;! - | AGA2SHL, | AdA2SHL, g - p- - 69398 09896 | 647 O06 | ML order kinctic model duc to high
- DI water Mn{ll} 50 ppm ! ‘ second-order correlation parameters. Moreover, the
o X § L . Linear equation B Qg Qe g, values obtained from kinetic model
0.20g of Zeolite Uﬂﬁ 15.30,60and 120min A A5 spectrophotomecr R (mgly) | (mglg) k is closcly o g valie from the
% Thermodynamic far adsorption =TI x+ cxperimental  adsorption. The resulis
4x10° 0995 | 647 634 [L3RI0Y iied that heavy melal interacied

Add 25mL | Add 25mL, 3lmin Q
-
Diwater | Mo 50ppm™* |

0.20g of Zealite Uﬁﬁ (26). 30, 40 and 50°C Ads spectrophotometer
4 Optimal dusage

The adsorption percentage of Mn (11) adsorbed on synthetic zeolite at time (t) was calculated as:

%o Adsorption=[AHAD /[AJ100% (1)
The results show that synthetic zeolite was
successfully used to adsorb Mn (11) with
higher adsorption efficiency than 91.35%. the
optimal adsorbent dosage for adsorption Mn
(11} 2t 50 mg/L is § g/l

Figure 1. Effect of adsorbent dosage on adsorption efficiency of Mn (11) ions in aqueous solution using zeolite.

% Optimal contract time
]

zeoliic is an cfficicni adsorbent to adsorb Mn (11)
ions in aqueous solution and the optimal time for
Mn (1) adsorption is 30 minutcs with 56 %
adsorption efficiency.

i

Figure 2. Effect of contact time on adsorption efficiency of Mn (11) ions in aqueous solution using zeolite.

with surface of zeolitc are rate
determining step.

Thermodynamic parameters such as Gibb's free energy (AG"), enthalpy change (AH") and change in entropy
(AS") for the adsorption of Mn (II) on pine cone biomass have been determined by using the following

% Thermodynamic for adsorption

equations :
AGY = AHO TASY ™
AG"=-RTInK, (8)
AH" and AS® arc estimated from the slope and intercept of the Van't Hoff plot of 1T with log K,
InK, = AHYRT - ASUR o)
Table 3 Tt . . for the adsomtion of Mn (1)~ Positive value of AHY indicates that the
¢ _ Prion of Ma (I adsorption process 15 endothermic in
T(K) | AH" (klimol ) | AS® (Mmol K) | AG® (kiimol ) nature.
293 .13 # The negative values of AGY indicate the
pi -6.58 spontancous nature of adsomtion.
303 M7 151.06 572 #AS" s positive value showed the
313 -12.98 adsorbent scam arca and the adsorbate
B -17.14 was high disorganized
An cffective adsorbent is developed from water sludge used lly and low-cost adsorbent for the

removal of Mn (11) from the aqueous solution. Adsorption isotherm was achieved with Langmuir model for
zeolite. I(.mmc adsorption model was corresponded well to pscudo-second order model. In addition,
i perties of the adsorption for Mn (11) ions, entropy (AS®), enthalpy (AH®) and Gibb's free

energy (AG°) wm‘: determined to be 151.06 Jmol K, 34.27 klfmol and -6.58 (299K klfmol, respectively.
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Tasavasiiivigoolsd msduangilaslailéh Hudu nsdanssiuuuduia TWarsazansiua
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ansUszneu meldauna nsluansazanewasiaaseniingsuiunsiea-taa (Sol-Gel Process)
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H F unit
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\anau Aluminosilicate  Gel  Muillateniu Weliauiou waz/mseausu agiinnng
WaguuwlasinunszuIunIs Hydrolysis wag condensation lugiawsnuiadiuazifia hydrolysis aglu
sUasavarelavegluguvanauves monomer uay oligomer Wuaiiliiafios (Unstable Gel) lny

= Ql' ! ) [ o  a o 1 4
giinsivaguulasgusnemaaniian Luaadugiu Amorphous  Gel  n1sdatsesdalusiaglv
aluminosilicate gel MIuszidovanniu Foni1 wanwuaies (Metastable Gel) fianzlidAeyeeis
8¢ lumsnendnlagaiunsaiin Condensation Uiy unstable gel Hydrolysis luidu primary
building unit FailAAnansazaredudiBeein (Supersaturated Solution) Condensation 1Uu

. . . & a = o 13
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Silicate particles cluster around template
raolecules to form Primary Units.
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puvgiigaiuly ansaraisazdiuszqge avaeuildd aluminosiicate  species  agLafieslugy
asazarsuayliifnidundndleladmnaiuguliiAn metastable gel wnfazilonaasuluifu
SBUs wnu viliAndudlelad 3entasusniin vaamienth (induction Period) ndsaniiuiafn
Y1noKEN (Growth Period)

Crystallinity

Induction period Growth period
A p p

D ——— T TV fEBPTRT

Nucleation

Crystallisation time

TuNSTFIAANEN (Nucleation) 18 aluminosilicate gel Lgan1n metastable gel wan

. a v« v & 1% < . . . 5

zeolite precursors Iugﬂ SBUs t3udntaesandulassasnavuinian Nucleation Alumina species &

unumanAyegun dmsudlolas Si/Al A1 alumina species Azt leosuuanluaisazais
e ssmiuazdnsedassasliiivunlugdu SVAL gsmsanuanazmileidilag Template
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TuanngNaaumgiuasAuAugs a15asa18duf5789%U 939981 Induction  9zanal Lin

a a o ~

nucleation 57 Migaungiinn asavanefinunilnganisdniiesdiaves aluminosilicate species 1
= o

91371349 nucleation 3991 Nuclei liwafies awnsagn hydrolysis naululu sol gel la Tugasil
nslnveandnazdnaufisszduauiningn (Critical Size) Fsamiadosegld tumaiisswdn (Crystal
Growth) wle Nuclei flvunn critical size NARUMSAAZININ (Free Energy of Formation) wagiiin
madivlsvesmdnegmndilagnisdndes aluminosilicate species Tuiaalugvansazansluanined
wanzauaylaiiin Nucleation ludumeu crystal growth léndnaunslndidesiu laseaineazgn

a

fsrumanntu nucleation #lelandidl SVAL gauasdvwandnlngeonafiosddsznoumaeivemdn 4
Rauandananludendnlfidomnnsnnudnizgninieninnesduszneuiil AL egisenad
Ve Al Tuilondnunnninitusnaiituenidlendnaualngiu axile Free Enersy of Formation
AoE anad SI/AL ¢ Free Energy qmaza@aqa&i’mam%aLﬁamﬁﬂimﬁu SiI/AL g4 V3oNIduATIZIN
paunniguuarsUnaniifiuiiogs iwundnguifu asil free Energy gandtguimdsu Tudisirevesty
Crystal growth mﬁn%mm‘ﬂmﬁaﬂ%mm aluminosilicate species gnlglulun1siiandnaunun w
N free energy of formation gnldluaunun udgunde aluminosilicate species agja131i1lUg
n13 nucleation  Tvailgvinlvurandnlaivindu viligloladfildliuianiuazenadl  Amorphous
Aluminosilicate  Uu ﬂ’]imﬂmﬁﬂﬁamgim%lﬁﬂlﬁ \dlon1s nucleation 19 nuclei §f critical  size
TndiAssiu waziindu crystal growth lunarsndasusield aluminosilicate species aumuAlugas
TemIdaaTsimnensInIsiulaveandn (Crystal Growth) $1n318m511153150 (Nucleation Rate)

1Mn2LYALNA nucleation IUNENRFILAZIINITNTLANYVDIVUIAKEN

nsaaaINIsaNNanIilala Asu (Aging) LaavesNaunsunnkanlaedunuaiudy 9
amndanlagldlianusewdunaiuiy 913l aging 6-24 wu. dwsunisdansizsidlelas SiZAL @n

9
ﬁqmmﬁ 80-120 °C dwi5u Si/Al geenaldianunnnin 1 §Uasi N5 aging Awils metastable gel

Y LY
a 19/‘:141'

AnldAidlolianugeu ns nucleation Anlddas1uan nuclei 1nsanstalddnnie Jadefifinase
NSEUATIENR (Synthesis Variables)

- 918U Si ;9 Al Si/Al ratio

- Ansdulud Basicity

- @15nUwan Template

- Qm‘wgﬁuaznm Temperature and Time Si/Al ratio

- 194713 S/AL ratio #aziin 1ASIET1NWUU Cage Structureius Zeolite A d@auiaadidl Si/Al
ratio g4 finaziAnlassang Channel Structure Tloladiidl Si/Al fazanudnlsiandn Flelad Si/Al
ij‘iLﬁ’eNﬁ]’]ﬂ alumina species luaanelyilin interaction 5¥#i19 negative charge AU looauuan
1y Zeolite A (SI/AL 1) 71 80-100 °C THfaanlunisanwdn 1-2 . luvauedl Zeolite Y 91 100-110 °C
Tdhalunisanudn 12-48 v dmsumin SAL geawlinn13nni3easives silica species soUNBKEN
(Template) Tunsdlil alumina species LUAVINNITIALTLIAITOU template ViNlinANENTT LU
Silicalite (Si/Al o) 71 150-180 °C Tfarlunisanudn 2-3 Ju luvasii ZSM-5 (S/AL 15) Taan 5-7
Fu enudunsa-ua (pH) waszaaneiuszlalasiau (Hydrogen Bonding) weewy Silanol: Si-OH
wazlsaliAnUARTeY Hydrolysis Lileliin SFO-Si wag ALO-AL ANUTUNIA-LUARIVANNISLAR
metastable gel uazn1snendn mnguiull ashlvgdnasanglafifiuluaulidnendn
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Tunsdfienududuivanindumnld si/al safuaglilassasiaunnsieiu Tunsdianuiu
nsa-varstuaglivilidleladudsulassadandasiounidnas wWeaudunsn-uagatu
iles91n ansaraneingannizduidaen wag metastable gel 151 yiliiidns1 nucleation ga
wazin nuclei 11n lindnfawadndsusuanndledisuiunsdansiedd pH a1 7 pH sy
nuclei LAnlAee aluminosilicate species findeddluides nuclei Tndu lvnaniluwinlng
Freghatu M3dnasIzd ZSM5 7 pH 13 aldailunisdaesizidesniild wdndnndinis
Fuasgaid pH 12 1Sudu winld pH a9l winawd SiZAl teaninfiasesiu minanudunsa-ua
gufuly ndnvgliiafosuavazatonduundu aluminosilicate species 1w N15duATIEH zeolite A
Template aswilenthlfiAnudn Template Feaslossuuin § 2 wilafe asmuwanefuvss
(Inorganic Template) waza1svuwandunse (Organic Template)

nsdaAsIzvtlelan menseulunsialasmesia (Hydrothermal)

SiO;
ALOs
H,O
M*OH™(F7)

Si-0, Al-O bonds

Si-O-Al bonds

https://www.hindawi.com/journals/isrn/2013/257047/fig3/
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