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Abstract

Preparation of modified sugarcane bagasse for phosphate removal from water
was investigated in this special project. Sugarcane bagasse that was ground and
sieved with 70 mesh was chemically pretreated using sodium hydroxide, nitric acid
and/or hydrogen peroxide. Results showed that highest cellulose content of 65.20%
and methylene blue adsorption number (MBN) of 367.44 mg/g in the modified
bagasse were achieved by the three-step processes at room temperature involving ,
firstly using 8% sodium hydroxide , following by the second step using 5% nitric acid
and the finishing step using 10% hydrogen peroxide. The impregnation of Mg, and Fe
through either direct precipitation of MgCl, or FeClyas well as co-precipitation of
Fe**/Fe® under atmospheric pressure were conducted to produce the cation
impregnated-modified bagasses. Results showed that the modified bagasse along
with the impregnation of cations demonstrate better phosphate removal efficiency
than the chemically modified bagasse and. the original bagasse. Among the modified
bagasse with three different types of the impregnated cations, Fe(lll)-impregnated
bagasse has the superior phosphorus removal efficiency with the maximum
phosphate sorption capacity (Qma) of 68.97 mg/s

Keywords : Phosphorus removal, Biomass pretreatment, Modified bagasse,

Cations'Impregnation
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Wy 135 sudulud wa. 2559 83 w.A. 2560 (NaRITINISLALETSEUNAGAEMNSSUSDBUAY
ihanansne, 2560) wEeufuiinisaansaiinananse st iutulud w.e. 2561
idesainiinisvereiuiion sugndesliiinnniu (o wlsuibuazumuiaunisinums
d1inuAsENINITNYAS, 2561) a"aafﬁ’mLﬂuﬁﬂjﬁmmsaﬁﬂﬂwﬂ5siaﬁvu“lﬁv1ﬂd';ut,ﬁaa§’m
yariiiy venannsudszdiduthmansends feanursathluldlugnamnssuseliesdn
yanevia U nswdnidenddanm waraindann inddanm wasefasitinm Judy
(U7 2.1)
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JUT 2.1 ﬂﬁ‘l‘tﬁﬂsvimjuanﬂaaal,l,a SNANAMNIND DY
fan - wead (2556)

2.2 ¥1udoy

Wudon viamndesiinandiuesdidudosiifuioniden dadutanmienms
mstnensaeluyssmaffiuiuadimamasldgeds 4.2 Suiulud 2556 (1131971 2.1)
yilinsthwusesanlfussloniierfiuyaa ity YanvaeisTadudeiisui



A15199 2.1 dadrudunamasidvasusenelnet w.e. 2552

¥iATINa naIuTunaman 1Y
G

208 VIUDDY 4.2
917 aKCTee! 25.6
wnau 3.5

HudUzunag LA 1.8
nIn 2.4

P1Ilne yon U Lagainuy 2
LSCTREIRTY 0.6

U7 NTLNTWNANUY (2552)

vudesdnfuiandnlutvaglaadiil 3 ssdusznaundn Wud wagloa Andu was
\wiliwaglaa (@197, 2557) %qmnmﬁL@swﬁwmﬂﬁwuﬂwmé’aaﬁé’mﬁaumaq‘laa
weiwaglaa wazdnduludTunngs (9151991 2.2) ImmawwLszjaaiaa?szsmauﬁmﬂaima
nane 9 wmamﬂumuwaamai LﬂmLﬂuiﬂsqaiwLaulamuammiumsu,aﬂLﬂaﬂulaaaulm
mammumsmsmuaaamiuﬂiaauumamaﬂ LLauwmeUum@mumujuaﬂmmaﬂwm
Iumﬁwmmmaaameaamﬂﬁmma@maam LLawmmmsmwmgaﬂﬂmmaqaﬂma

AN5199 2.2 uansdIuusEneuvNalivasudan (% Janui)

AATILANLAL dnan Aedudetazineimin)
\waglad 46
anilu 23
iediiwaglad ap
N q

fiun : Luengo (2011)

2.3 aeAUsznaUvRITanAnluaglas

dnluiwaglaa Wuansuszneudedoudszneviiswaglas Lollwaglaa uavaniu
FeansUsznevviainunduesdusznoundnuewusadit Iﬁaﬁ"'ﬂﬂwwﬂaqiaa 40-60%
welwaglaa 20-30% wazdniu 15-30% é’mwa";uﬁ'wudwqﬁuluﬁuﬁwﬁmaﬁam
aﬂIuL%aaIaaLLmavmuﬂ (S¥wa, 2558) aﬂwmiﬂiaaiwuauaqﬂﬂsvnawanamaﬂiuwadaa
LLammsUw 2.2 LuaqmﬂLeuaaiaaammummawuﬁuiaiﬂmu VlﬂMEJ’mG}aﬂ’ﬁLLVIiﬂGlTU@\m’]
mﬂumsﬂsuammaaaﬂiuwaqiaaﬂauuﬁlﬂwwmﬂﬁwqa@mauumamamaLﬂusuumauw
13U Feaenndosiuruiveves Sshnd (2560) lﬁﬁﬂmmiﬂ%’uamw%fa@mﬁaﬁqum
matensdnved unau udesthuvinduniuiudud Inenisnssdumeneninuas



naall wuhamnsaviiiagnsunundu wasiivssdnsamlunsgaduatslaneann (Rus
(3 aa
LWEY Laeanen,2560)

Cellulose
Hemicellulose
Plant Cell Wall NG
R PN A e

g B

JUN 2.2 dnwaiglassasnuazesAussnevvadnluagla
117: Jensen et al. (2017)

23 mag‘laa (Cellulose)

iwaglaadeiilassadramaiaiinanidssui 23 dmdussdusz nauitnuunnlutag
Useinmanluwaglaa Inewuludiuvvesndewadvesiiy egsiuiuieligaglasa wasanily
iesarnwaglaat Tulalulndwesiidnwaluduase luifisiu Ussneusnenihedes
fio B-D-Glucopyranose \ietisafeiusy B-1,4-glycosidic bond Hadu Glucan Ay
B17MNFITUIRY TS 10,000 e Bamdeamewusylalnsiau iwaglaanulsaly
2LUU A9 Crystalline Cellulose &g Amorphous Cellulose lagd@1uv09 Crystalline
Cellulose Azgneaaseaieuledlagnnnit amorphous cellulose (Suwa, 2558)

B-1,4-Glycosidic bond

O cH,0H

4 0]

HO L0
B HO OH

OH

4 CH,OH

D-Glucopyranose

D-Galactopyranose QN

sUTl 2.3 Tnssadrevaaitaglaa
#117: : Molecule of the Day: Disaccharides (2016)



2.3.2 \efwaglas (Hemicellulose)

wiiaglaaduesdiusznavlufananluwaglasdnalanis iWuenveslswediues
woshmavaneadananiu 1wy nglea uuulua demvagluguinaweslauau (U7l 2.0) Taedl
AnuEILRAsUsEINA) 200 Wiae Tunediuasleuay f-lalaa SuTmusniiaanufosay
85-93 daunglaa nsangAalsdn agwuusunates lnelelaafinuaziBendiowusy
B-1,4 Glycosidic (5ywa, 2558)

Xylanase Xylanase Xylanase

e B P
N Ao W/ 0 He 0 H/—0
H OH H OH H OH H OH

Xylan

Xylose

a

JUN 2.4 Ipssainaluanaveslouay

i - Godoy et al. (2018)

2.3.3 @nilu (Lignin)

Snduduansusenovyseianezlsuadniivuunnlundugaduesiia i fidesiu
wagladlildgndosaaulneiemeaulul Andudusmelmedmesiiflasiadiauuy 3 3
Usgnausmeazlsuifin 3 vlinfie trans-p-coumaryl alcohol, trans-coniferyl alcohol way
trans-p-coumaryl alcohol (5uwa, 2558) %qéﬂﬁu%mzﬁ’ua&vjswmLﬁulﬂ Yt iidainie
Iﬂ’ida%ﬂﬂﬁugmﬁa phenylpropane #39a15Us2n0U hydrocarbon fifl Carbon 9 ozmaw A
SU 25 Fuma, 2558) lesendnduduansusznavsmnveriuedivaglas uaswaglaa
Jedpsdinszuumsiainiueen Ssghlirdnssinasetunaunistovaans weeadawa
ADNTTUINIINER (Tuiiuyi Lasiady, 2555)

SUN 2.5 TAs9a5199asaniy

a

141 : Hai Wang et al. (2013)

e



2.4 nszurunsuTuannddnUssiananluaglad

nsusuamMwianuse LﬂmaﬂIUL%aaIaaLﬂumumauma‘ﬂs mu‘lmmmnﬂaauwaqmu
NENINAD mﬂmmmmﬂmamamaﬂiuwaaiaammm&J Faiwavloulvdanunsainey
Iaaehafiused@nSan aqwamamsmUgm‘mlaimlamammuimwuu AUsTAIATRINITUSY
amwifamﬂivanﬁﬂiumaaiaaﬁa Lﬁ'mﬂumaﬁﬁmﬁnﬁuLLavLaﬁwaaIaa duwalvilinn1san
Hinvouyagladlay memmmwsmamam aﬁmsﬂsuamma@aﬂiuwaaIaa aunsaila
NaNYIDd Imaiumuav‘wmmmaﬂs‘uamwﬂ%ﬂuimmuwmw leun

2.4.1 /MN8N (Physical pretreatment)

Bnsmenmeamiindesiumsliusamanaluiliingivnadnes aunsasild
9aneis 19U N1sUn Manu msweingiu Wudu wafinnanide gfudvunmdnasieny
\Jundnveawaglaaaziiranas LLaxLﬁmﬁuﬁﬁ’ﬂumﬂﬁmﬂﬁﬁ%mmﬂ%u

2.4.2 35n1917241A81 (Chemical pretreatment)

asafidealdluntsufuann W nse dre uasineendlad ansiadifananiions
Iumﬁcﬂﬂi'aw%aﬁmmmmaiﬂ,umiaam%lﬂsﬁﬁqwm dwaliansdiiannsaidndniu
uaziefiwaglaaldageiiuseaninm lunsilvoswhenuindeheuniswassmeluluiana
Aoanutiusyvedlyuauluiaiigaglaa wlfAANs v el iadunsiRuiuifinduda
dwalifagihumsusuanindanudusngu uasipmuasalunisvinfisefivanniu

2.5 nizu’aumi@ﬂfffu (Ywun tavmog, 2558)

nszuaunsgadu Wunssunsiiedesiunisasanuasansiaulaviefidoning
gnaadu (Adsorbate) AU IR WS TYWI AN (Interface) Y8 IQAdu (Adsorbent)
UivmmaamsmmuLLmaamﬂu 2 Uszinm mmum‘uaqLmaﬂmumﬁvwmimLaﬂaﬁuaamm
AnduiuvesiInndy it

1= mimmﬁv‘umamamw (Physical adsorption) Lﬂummm%’uﬁﬁmmmmﬁam
5% m'mimLaﬂammiamamamw IQEJLL'NV]’]\“]mEJﬂWWVlLﬂﬂ‘UuiuWJ’NINLﬁﬂa‘Uaﬂiﬂ’mﬂﬂ(ﬂ‘U‘U
ﬂuwwammmuwammﬂameumaimaa (Van der waals forces) Fainann1ssiuees
W53 2 ¥lAAD WIINTZIBKLUUABUADY (Landon dispersion force) hazusalnilnadn
(Electrostatic force) msm@mmaLLiaamqaauumﬂwmsﬂm%umqmEmeammm@msmu
nduladng uaﬂmﬂummmmmmmmsmmvmmmaqmm%ulwmwu (Multilayer)

2. n13gadun1eall (Chemical adsorption) msmm%ﬂﬁvmwua}vmmimﬂgﬂim
LﬂllLﬂWU‘L!i“’WJ’NG\’MWU‘Uﬂ‘Um’mﬂ(ﬂﬂSU‘U Tnevilufte ﬁ]vmmﬁasw‘wuﬁuLﬂummwalmnmmi
LUa&JuLLanmmwuaqm@m%muwuﬁumwmmumLUuwuﬁxwLLwLia wazdna9Iu
nsgfuianAyItos vlinsidesgngedueenaniniivhgeduilsonni deieu
fuNsSRATUNIINIENIN LLazﬁmi@m%’UL‘meLUU%uLﬁsn (Monolayer adsorption) iy



2.5.1 Uszianvasiagadu fie a1sidauamisalunisgadu wiald 5 dszinn
(Ue s uagAe, 2559)

1. ansBun3d wu Fanariudud wisduuswaneglidew

2. duiuifud duihgeduitissansam wasiinisiiluldnuagienn Wy wend
fdandu fdnnznou

3. AN3BUNBERUATIE 19U ansuanideuleasuminisdy

4. Faninm dnngduveandeldmsfunsinens 1y vudos 1 nn

5. asgaduinm 1wy toulel wuafilse

25,2 ﬂa%’aﬁﬁ%w%waﬁiammﬂeﬁ’u

1. andRvesfingady Auii uazlnssaiavessnsu fuffafinuduiusiulnedn
iwwmnwﬂmwwmmmsmmwmn mmmmazﬂ,ummWunmmmju FIVUINIHTU Uag
Uimmgwqulmﬂwmmmmiiﬂumiam‘umeu (TN uazag, 2559)

2. autivetansiigngndu finadenisgadu 2 Usenns e arwamnsalunisavans
Iffudmiinuagauialinana ansfllenwanunsalunsazansgaazgngadulitien esan
foafimsvhaneiuszieudterfiunnuannsalunisaadu LLavIuLaﬂamuimaaimwumm
grduiindalutanafiilassadauuuidunss @ams uazaous, 2559)

3. nenudunsn - se Suiuanmenuduthuesituiia Wu win pH ana dwa
T H vuiluffuiuty eawaunsdlunisgaduloseuauinuniusylusne

4. gounndl mnﬁwﬁumaaqmmﬁﬁﬂﬁmsgﬂ@@%‘ulﬂé’agwqumaaﬁa@m%’uﬁﬁu WAvin
ThussBawiiszminananaanas

5. andura Lﬂumufds‘wuNamaﬂsuawﬁmwiumwm%’mh%EJ \osanszoziianly

(%
Tt v (O

ASAUEAADINUL ATV mmsvamamwiumimumwegm WiTuiuAIgnanduLazia
AR
Y
2.5.3 lalumasuvainsgadu
lai%maimaqmmquLﬂuﬂﬁmmmmmamwuﬁﬁ gMINUSInuigngaduuy
ﬁuﬁammmwammmmwmﬂummwmu‘vlmaamaammmmﬁftmgmmaqmmma

[

U INPBauTa o) ARa wlifayaieaiunssuiunsgadutasSunumesasgnaaduuy
fuRvesigady iaiszjmaimmmmjuwmmmuLmﬂm’mﬂuwaaﬂwumaamsmm%
LLavaummmiva‘EmLaﬂaﬂuwummmmmmu iaisnL‘waﬁmmimmszmmmquaaﬂLﬂu
5 wuy ol (tdmm, 2558)

wuuil 1 lelumesudmiunisgaduuuududien (Monolayer Adsorption) #3auuy
waaidles Wuwuuidedian Juusingmsalnisgaduresansitlifianungu wuisnmsgeady
MaAT Lazn NI

wuufi 2 iaI%LmaﬁmiUmaLaa (S-shaped Isotherm) ﬁJLLU‘UlaIfamauiumsm%m
swguvnalvg deay mmmimmsﬁ‘uamamaLummﬂmiLsmmmaq Monolayer [Hosnu3nn
99 Break through wwuanensgeduiiauysal nndurnuduandugeiu onndenlelumesu

LLU‘U‘LD’] Sigmoid
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wuudt 3 leluwmesuilifigaiudeunsm sULUNsRRdUTius agasEnidinady
gounifigngadu avilitinnssufwesingngaduneuvin 2 avauysal iosnvia
3 fusansyviiuiiasgaduinnniiwdad 2 viliAadunsvuuulfseananuny Sufa
ﬂ”li@ﬂ‘%ﬁ’]’iﬁlﬁﬂ%ﬂﬁ@& 9

WU 4 TeTomasuimusnnluiagiifsngy wnm 2-50 uluums Frusnndeuty

q
o 1l
A A [ Y. U [

lelwmesuvilad 2 Mntunsgaduiiuduiislinududuinsgdu
wuud 5 lelawmesuuuuduiule (Stepped Isotherm) ldwudaeiin Tasunnuly
ssuuidunisgadunuudusiodu

Felanive povsaers, PO,

U 2.6 Usstanvedlelamesugaduiiugiu 5 wuy
137 : 2538 (2558)

Wuangilelumaiumsgadundenldiuuinia 35veq Langmuir Isotherm uay

= d

Freundlich Isotherm (lns@3, 2551) F9is10a2198nU9 o561l

1. lolwwmasuuvunaaiss (Langmuir Isotherm)
LLUUﬁwaaaﬁﬁuagjﬁ‘uﬁwawaqLL%dﬁaﬁfﬂm%msauaa“il,ﬁwﬁzmﬁm omnuidudu
YoamsgnaduLnay waneiiwesiigadugnuneameats dsdianududuvesanslu
ilaazanegetuatsgaduaBudaegeany ol wiinnidudugaindriagldifinnisgadu
(lnses, 2551) %qgﬂu:uummé’mﬁuéa‘%malﬁmmmmaﬁ 1 way 2 (Muasaad, 2558)

©T1HK Co (1)
- 1 1 1
%30 e e e (2)
Yran e o

o 1

Fu (mg) AvUINNUVRIFINATU (g) NanIzauna

U

Qn i YStnauansiignanduiniian (me/e) figngaduiiieassunuduien

Y Y

W Q. Ao YSuiuasianam

v u

5=
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Ce Ao Arundnduvesiignanduiiauna (me/L)
K. Al Apsiimendanureamsgady (L/mg)
Mnaumstelumenvasuaniios lendonnsvlszuing 1/ fu 1/Q. aeldnav
Wdunsaguil 2.7

slope=1/K Q_

1/Q.

Intercept=1/Q_

1/Ce

UM 2.7 nsmiidupsalelawmesunuunatdivs
N fupi (2558)

2. lalamasuuwuungudy (Freundlich Isotherm)

Snvaisaadlelomesud fe mageduazisiulues q Weifinarududuvesas
gndu (Insei, 2551) udo1funtsgaduluunatsty Icﬂaﬁuﬁﬁaﬂﬂ%’ﬂmﬂmﬁmﬁmﬁu
'g‘dLLUUmmé’uﬁuﬁ‘a%mammmmiﬁ 3 uag 4 (Auntinnl, 2558)

.. i
Qe =KCE (3)
a i

W Ce fin amnuiduduvasdigngadunayna (me/L)
Q. Aip USIauansignaadu (me) feulinaesiigadu (g) Mannizauga
Ke Ao A1ASTUARAIANNAINNTAIINSRATULUUMAIB9Y (Mg/g)

n fe AAsfiduiusiunasweIN s dudiusium Ity

naunslelenosunuunuRy Weandennsmszning logQe MU logCe axldns v
LAUATIgUN 2.8
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slope = 1/n

logQ.

| Intercept = logk_

logC.,

JUN 2.8 nsnidunsdlelameinuuuvsuiv
M1+ unand (2558)

2.6 Weanasd uazwasawn
WeaneFadusgndanudifysesiinieuyed dad uwazszuuiivng Jamuinnlugy

o
o

vaundoneainn wazdududwdrdyvesasloansliuadnensasyrewudn lnstaniz
a9 asinasineuily udesiduuvasemsuasmaiintiiname aredaunniiulens
danasioAiiTin BadwluainainAanssuveaywt iiu msliidnien iesanasdinend
drulsenevvesleaneialugy PO vivliiginsvosoane fatuasy (U 2.9) (1dud,
2556) Falaanosaluthossuea wazthiiseglugreamlaiisnaiu wu peslsveaa

unsdlann wazrounuanaIs Wy (@101, 2558)

avasmuvioginn

v v

sU 2.9 fpdnsvesvieanata

Y
Il
a

I : 03 (2560)



13

2.6.1 Ussinnvasansusznouaainn i 3 Ussuan fil

1. paslsnoainn (Orthophosphate) nieveanazateii iy NasPOs, NasHPO,,
NaH,POq, thaig (NHq),HPO4

2. pouLaUdnDdELWn (Condentphosphate) %39 Polyphosphate wusnnluthiteann
tnuseu lsanugaaInngsy losaniludiunanvestheminainuaszen Wy Nas(POus,
NasPsO10 Uae NagP,0; densuinudnaainaidu Dehydrate Phosphate muumgﬂlﬁﬂmﬂaa
navuduseslsneanauLAY

3. Bun3eoawln (Organic Phosphate) 1uasdunidifineanmduesdusznau
1 Nucleic Acid, Phospholipid tag Sugar Phosphate

2.6.2 wasiiunvasweanasaluth 11910 4 wds

1. wdsriiflnangury iWuuvdedinelfiAnueade lnainnnfonssudsedriuves
uwd iedsufga 19U mseuih esi Hioansa i

2. wndsindinaninussnasu Taefnnmaingtgn n1sidesdng dadinsvedesg
snsiisteglutloasgunasin gu Woawin luasm wasansauuas udy

3. WEANEATINNISUSNS warnalve 1y aa1udne 1saneiuna @andiindu
naman 139y \unu

4. updsridanlsenugnamnssy uumdidauafiviiinannlssnugamnssy
Udosupsidogundnit

2.6.3 NANIENUVDINDANDTH

weanoSaiifuntulut anmsaviliiAadymiglusiliaduluwmded dosnndy
Snamiie unassaeuivvaiildweanesaduasomsiienisesuivln Fuinens
sidrauiliunani@idends (Uil 2.10) thaldsdlonilild venainioraifnansiy
Nnamse LlesnddiUiinaahenane sl Tieluuasimeld sl
fiva wavnau Werhlundndudly Aouderlddialunsindngs wasdufanansevusanis
Vioaiien (2duR, 2556)

S

Uit 2.10 maingInsiladuluundsiy
#i17 : LG Sonic (2016)

CaNl
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av dd v

2.7 91U NNYIVD

4501 wazAuz (2560) vmsAnwinisduaeieaglaanaamnainiudendilne
iieldnsgadulangmiin 2uiin Usznoudenzia uazsuanidonluindedunszd 3ms
duasgivilalagnisadawagladuazdunsgiwaglaavoainaniudondninmsiiu
UfAsemeanalsiadu mﬂﬁ?umaaummmmmiumi@m%’uiawzmﬁn wuilSinaueaglas

flgAndusonaz 21.13 Tnemiin edaunsiziduvaglaanoamauazimuiiinsz
Vsunauleawinnuindiveaiindasas 0.415 Tnedmiin mﬂﬁ?uﬂwLsdaqiaaWaaLWmﬁﬁqmmzﬁ
G?Tumwmaaunﬁ@ﬂ%’w%mmiamwﬁnluﬁwLﬁaﬁ’qmmﬁuazw%auLﬁa‘ummmmsﬂumﬁ
andtulangninisaosiin wuihannsagadunsiliAniunadieuiinnanmgivhnsnass
uazUszivsamlumsgedulanswiniaestuegiunmuas Uinuvsssagiaaneaaild
Tunspady

Mu1d wazdvgT (2560) ¥ndsfnwanisuSuammievesdisiua 3 viade
wradenansueiun wnalteuleasenles uazluifeulansenlyd Wadeuuasndensasade
wagnihlviesisisemada FTR p1sidsivuresididnduaznisiinsisfideniuieu
mﬂnm%’u%uﬂsmmaqL?jaﬂ'aumiaﬁmmmﬁmmﬁﬂﬁuuazLaﬁLszfaqiaaﬁ 1733 uag 1522
cm'! Lﬁaﬁaﬁﬂﬁ’;mmm%smm%uaLumé’wsﬂﬂgﬁﬂ‘uaqﬁﬂﬁuLLazLaﬁLﬁzjaQIaaﬁ 1743 uag
1522 cm'! XRD weanszmwdagitiuntsafndolainlsnseniadiamuduningsiian
nndoya TGA muadesvessaglasunduilold Tufailensenledlunisadn esan
mevemaglaadnntndfunniudedausnannaniusasiefiaaglas

$Ans uazaai (2560) vnsinwinisindsaiagadusnuiudeniiielilunisida
Woawlalui1ide Tnsnnviudosiiun LavseuNILABINSISBUTUIR 70 1Y 1I¥AN"TUSY
anmmeansavareludenlansenled (NaOH) namsfnnuIran Iz fummsanlunisusy
anmudey Ao nsudl NaOH (udu 2.0% lasrmdndauunas Wunan 24 Falus 7
gaumgfl 30 asrueailua Jaanefindnianiisanuglunsgedusvsiuugasaawiny
38 mg/g LLazmama:mi"'fa@ﬁﬂ%’uaﬂwwﬁawhﬂumiazamLW@%’%ﬂﬂaaliﬁ WuIEAIET
wnzanlunsindsuRivusasfsandIwINmesIa Ae Asualy Fe® Wudu 0.20 Tuans
uy 2 lus Tannzdmdnsudesamnsogaiumesnlessulsts 48.36 fadnsusensy
Pnuansinwnsidaneamalutindedansgd wuhmudesfiadouindieimedin
lopauazdidndasiduinisdidnganin (99.13%) ol sufurudeeiiuuanindaesg
(38.37%) waz MusesliuTuanm (29.19%) anuansalunmsgadunedinauisaeiue
Taselelumasuuunaadies

0lgvn wazAmz (2559) vin1sAnuilsz@nsnmeuddondudssadnulsinge
wosialeseulunisidnlessuau ldun Woawn wazraslselui WiondudssailldinTon
Fulngn1suiuaninde 2.0% NaOH wazindoudameainlossumuanziiszyly
sniTeveafumian (2558) wan1sAnwnisidaneaialuinnuh faadenanaiuise
Mianean 1udy 1 me/L 1ageds 93.67% Lﬁ'awﬂ%mmfaqwhﬁu 20 ¢/L svesiianduna
winu 8 lue Wennasuanuamnsalunsidaaaslsflutmudr Yaadenaqad
UszdvBamlunsidanaslsddesuin (0.78%) Weldusinauuiendudssaiaudsiade
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wessalosauriiu 200 ¢/L fiszaznadudawiriu 4 Falus sgalsiniy wudnasud
Wasnduursadaulsiiuindomedsalessuluihanunsafinamnudsduresnaslsdlui

40197 wazadosnin (2560) Mmsusuugavsyansamiagadulaainlutinde
SheRENOUINTEUUNERNUTE U Imeflsé?éw”u@m's’uﬁﬁﬂwﬁmmﬂmxﬂauﬁukqwﬁmﬁmizm
narU§uusilaenisnszdufiensa HCL uag CH,COOH fimnududusietudad 0.1, 0.5,
1,2 uar 5 M na¥ovazmsidameaimavasfgady wuhdgaduiinseduiensaansn
ﬁﬁﬂWaaLwmié’aﬂfjﬂﬁa@m%ﬁhjﬁmiﬂizéjuﬁwﬂmﬁﬁﬁaEJaz N1SANALYINAY 68.77
wWosidud uay 50.10 Wosiud awdndu Fswanisiing Adsorption Isotherm vesfgadu
fifln1snsedudiie CH,COOH wazfigaduitlifinisns fudensa wudn Freundlich
Isotherm &A1 R* TnalAgsiiu Langmuir Isotherm @31 R? 91nuuudnaasvesnsufvasign
%UﬁmzﬁuﬂimLmzhjﬂs%’fuﬂsmﬁﬁu 0.9639 uaz.0.9613 pudsu WeRarsandseuiiou
71 Sorption capacity (Ky) maamm%wwns muLLauluﬂs gAUALNIANUIT T Kr Wiy
0.125 waz 0.118 L/g muansu mmumammmwwmminsmumEJ CHsCOOH HUszquan
99 H* mmmmmmsﬂummamﬂaaulaaaumﬂizagawmimmqavxlaamlm (POG”)

AUANRIY (2558) V‘f’lmsﬁﬂmmsLm%'ﬂmﬁ’a@msi'i’m]WﬂLUﬁaﬂﬁUUmmﬁaiﬁﬁﬁﬁm
Woaalutide Tngynudenduuysaiiniunsdy tazsour unzunsIse UL 200 13 1
Ufuanmeny 2.0% NaOH 1iunan 24 Halusiigumgd 50 osmmwawdoa anniuhlvhnig
sauUsiuineUdendudyse Tagnnsualy 0.10 M FeCls mugnensudlay 1.0 M NHiOH
wu 10 Wit nudt WaendulssauiuUTanmnIniag NaOH oy Fe® anunsathtn
WaaLW@lﬁq@mﬁL‘Uﬁaﬂé’uﬂximﬁﬂ%’uamwﬁwmq naswaenduizsafiliusuanin

93918 uazame (2554) ﬁﬂﬂﬂsﬁﬂmLfJumsﬁﬂmmsgm%’ufwﬁuiuﬁ%ﬁaé’amezﬁ
Tneldvudosuazmudesiiviuanmwmaniimeasazan slopalonsenlos (NaOH) g
0.1 Tuan$ RnmansAnumud anagiivmnzailunsadutiilaglinudosuazrusen
fin1sUSuaIN pH 6 sreziratlududa 120 wifia s dudusudud 10 fadndu
HOaAT U amwé’iﬁﬂa'nihsﬁw%mwmiam%’uﬁwﬂuﬁuaqsmué’ammwmﬁaaﬁﬂ%’uamw
Wiy 72.03 Wodidud uag 79.55 1esifus aunisleluwmesuilmuisanlunisesuienaln
M3gatuvesiniy Ao Langmuir Isotherm ANUENNT NIRRT U IR vRIN U DEULAY
Mudaefiusuan i 1.15 ey 2.55 daansuiedns wasilofnuinsaedunuid
Usgansnmniseeduiavinnusesay 99.8 uag 99.9 Aua1GU

Yang et al. (2018) s1AdsdAnwuAatunsiaulsaninlulan$ieansazans
Fe’* Lazansasalgnauszning Fe> uay Fe? mnﬂﬁsﬁ’mLLUilUIa%iw%LﬁaI%@@%UWaaLwm
wulmdnlulensiunsfivasazans Fe* widanuaansalunisgadunoainsly
dlgda 111 me/e wazdanelseansnimaindt 60% Ferunsldnugunnnia 5 ade

Supranto et al. (2015) nuisuiifnwiAfun s i useslidutaniiiidu
lowwaglaaasrenisiduans NaOH $3ufu HNOs wag H,0; FrnnsuSuanmanusesdng
ansiadliiinsfinfunuiniefiy 8% NaOH masae 5% HNOs way 10% Ho0, gy
90 DYAYALTE a'qmaiﬁﬁﬂ%mmwaq‘iamﬁmqaﬁa 90%
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Kulic and Radojicic (2011) mu%’%’aﬁﬁﬂmLﬁ'mﬁ’uﬂ%mmLsua@Iaa‘LuﬁmLLaz’Lwaq
auengu nel¥islun1sfinw 2 35fe Kurschner Hanack uay Updegraff 1nn1sanwinuin
W 23 ansondsunnaglagludueiaulalidenuunnssiuedelideddyvieada
Tnetadousunaivaglaangil 30% uii3es Kurschner Hanack fnnnuazaan san37 uas

Useniani1iove9 Updegraff
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Und 3
A5N15AL U UIIUAY

3.1 aunsnluazansiall
3.1.1 aunsal

iE

DI

10.

Al

14

15
14.
15.
16.

winsernoudnuavgasnduaunlnsinlaiine$ (Atomic Absorption
Spectrometer, AAS) 3:14 AAnalyst 200 USE PerkinElmer
i3aeySosmsuanesudursnsa anlastindines (Fourer Transform
Infrared Spectrometer, FT-IR) 'i:u IRTracer-100 U3®¥% SHIMADZU
\r3esgiATaaninsliladiwes (UV-Vis spectrophotometer) fu 5300 Eo
Hitachi

in3esdrminmadon 4 dumis (Balance) 31 MS204TS H%0 Metter toledo
1A309lwE1a15AugA ATl (Horizontal Shaker) {1 SHO-1D 8% Wisd
Laboratory instruments

winstumiomianvasn (Centrifuge) ig'u XZ-6GOB A Benehtop Centrifuge
\A3DIUANEY (Coarse grinding) i:'u B65 B1ia Bosco

130 URazBEALULABUIIES (Hammer mill) $u VLFJ-OD U3 8.6 8¢ 189
Uszinelug

é’au (Oven) 'i:‘u UN 55 %8 Memmert

Ia@mmm%u (Desiccator)

: Lﬂ?‘aﬂﬂiaquwmﬂ (Vacuum Filtration Apparafurus) 1 A-1000S f9f0 EYELA
Lﬂéaﬁmmﬁmgwm (X-ray Fluorescence Spectrometry,XRF) 3u SRS 3400
B0 Bruker AXS Useind Loasiiu
AZWNTITBU (Sieve) YUA 70 1ye 1INIgIU ASTM E1T Useind dangy
nszA e Intilas (pH Paper)

N3¥ANYNTOd Whatman tues 42
Ui fueiasaaut

3.1.2 @15:AY

R O O RO TS

liulansonlan (NaOH) AR Grade, Carlo Erba
wossnaaslsatanazlansn (FeCls6H,0) AR Grade, LobaChemie
wossatauwneunzlawsn (FeSO.7H,0) AR Grade, LobaChemie
lalasiaueasoanlan Wutu 10% (H,0,) AR Grade, Carlo Erba
megﬁuug (Methylene blue) AR Grade, Fisher Scientific, UK
Inunadeulalalasiauneavln (KH,POL) AR Grade, Fisher Scientific,UK
weanasla (Ascorbic acid) AR Grade, Carlo Erba
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10.
11.
12

15
14.
1he
16.
L
18.

18

Tnunadunuwoudluidnisinsaeiilawnsa (KSbO)CHOg1/2H,0) AR Grade,
Carlo Erba

Huann1au (phenolphthalein) AR Grade, Fisher Scientific
worluenludunannselawsn (NHg)sMorOgedH,0) AR Grade, Carlo Erba
n3ada3n WUty 98% (H,S04) AR Grade, Carlo Erba

nsaunaldealodan tdudu 99% (Glacial acetic acid) AR Grade, Carlo
Erba, Spain

nsalunsn lWudu 65% (HNOs) AR Grade, Carlo Erba, Spain

linunpanlsn (NaCl) AR Grade, Carlo Erba

wunilieumaslsa (MgCl,) AR Grade, Carlo Erba

NSAUDIN (HsBOs) AR Grade, Fisher Scientific, UK

wonlutloulensonlyn (NH,OH) AR Grade, Carlo Erba

vhndulsimannlessu (Deionized water)

3.2 nsw3envusesiildlunisanen

vudesfimdonnmsiuiidesndaisen 2 a3t Lasdasethnausn 2 ade
ntuthiudeslumniazavuiafiaumad 60 osmwaides tluuamoniasunneny
LaTLASBIUAALLBEN ANNAINY UAILILITOUMIRZLNIITON YU 70 WY YNANTIATIZ
audinenmeamiayainiaed Fuandumsed 3.1

A1519% 3.1 ﬁNﬁ&VI’Nﬂ']EJﬂ’]WLLaEWNLﬂﬁ‘UEN‘U'IUéJE]EJLLﬁE%WUﬁ@Hﬁ&i']Uﬂ’]iU’%JU?{ﬂ’]W

NI51TLHDST BIATILW/P30951D

vgfileriduniand iwsoiSEITudavosuBuns e anlns

Wniwas (Fourier Transform Infrared
Spectrometer, FT-IR)

USinauwaglad mamuTnaeaglaglagldinafia acid digestion

(Kurschner-Hernack , 1987)

NSATIFBUAUFIUINGT ndesyanIIAIBLaNATOULUUdeINIIA (Scanning

Electron Microscope, SEM)

A sgadumiauug nmsmmanuaunsalunsgadumsauug

91999MU LI VRIUTUNS (2551)
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3.3 fnwraveisnisuuanmanusesdaeasialifint s daniy
3.3.1 nswssuasiadnldusuann

mué’aaﬁiﬂumiﬁﬂmgﬂﬁmw%uamwé’aamsmﬁmwﬁ@ﬁu Aeuazidonisn1si
wnzay dWeldlunisinisufegevusssdauusdelany 1davesaisiaiinazisnisusu
anmAaLUagInIsN1suRsiuANMY (2558) Way Supranto et al. (2558) Tnefidunounis
fudunnssiedl

1. a1sazanslaiiovlensenlemdudu 29 (wA) wisulnedalaiioulonsenlas
(NaOH) 11 20 n3u dhanazaneseiindu ldaslurauiusinasuun 1000 Sadans Usu
Vinastethnauliasdnsnusinng

2. asazanslaifsulansenleddudu 8% (wiv) wioulnedalaiionlansonlas
(NaOH) 11 80 n%u dhanazanesaevindu ldasluuauiulsinasuunn 1000 fadans Uu
Binnstneinauliasdininusunns

3. @150ranenIalunsadudu 5% (w/iv) Wwseulngnsdnsazalonsalunsn (HNOs)
LWUTY 65 % (WA) 1137u3U 77 adans ldasluvialsudsuinsuuin 1000 Jadans Usu
Usmsetnduliaedndausums

4. g1sazarvlalasiaulesoanlanidudu 10 % (wiv) wssulaenisaisazans
lolasiauaseanlan (H0,) Wty 40 % (v/v) 4131wy 177 Jaddas ldasluvinusu

[ '

YSumsaune 1000 Tadans Usudsuinsegtinaulundaindsunns

3.3.2 Anwinavdein1suivannueengaisazatelafeulansanlas

1 deusesiiwieuldlude 3.2 sudluasasansloioulonsenlas (NaOH) Wudu
2% (w/v) fsuasastarussnitedmindunsunudosivusuasduiadansves
asazaneladelonsonled ity 1:30 seidlifigamafives Wuna 24 dalus

2. flonsusnnaandifnun Mn1snsesuuanASuEIUASEATYNT0s Whatman
wes 42 Endutnausnasazatsiinunisnsesiiritorlndidgsfudfevvasiinay

3. thvwdesiildeinnisnses Wouflgumaii 60 ssmisaidoa Wunan 24 Falug
wiialiEulundiemes

4. innnsAmsishantaniimenimuarniandvesian imdouldniniiseylu
A5 3.1

5. ¥hnsvaaesdn usasuaududutes NaoH 210 2% (wAv) i 8% (wav)

3.3.3 AnwNavein1susuanmnudeenlgansazareluneulansanludsauiunsa
Tum3n
1. dnvruseslude 3.2 wuwaludaisavarelaieulanseanlad (NaOH) [dudy 8%
(w/v) Avusdasidrusewiaimindunduvesnudesiulsinasiduiiaddnsvesansazans
Tudeulensonlast ity 1:30 fefidliigamgives Wunm 2 dalu
2. Eeasunuiarfifvue $n15nI8ILUUARALSUNILNTYAMYNTEY Whatman
a3 42 AndeindusuansasaneirunisnsosiimevlndiAesiurfievvesinngy
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3. fhevudesiildainnisnsesimunautluansazaransalussn (HNOs) Wudu
5% (w/Av) fvunsasiduszninsimdnlunuvesmudesfuuiuns duiiadansueanse
lun3n (HNOs) Wadu 5% (wav) winiu 1:30 sefisliTlgamgivies WWunan 24 Falus

4. Hansumua it vun ¥n1sNSeILUUANALTURIUNTEAIYNTDY Whatman
e 42 dreiehndusuasaransiinunisnsesimievlnddssiuaiioruesingdy

5. ihlueuigumnd 60 ssenwwaidea Wunan 24 dlus wdaiihfulundianes

6. innsitaseanAnienenmuazmaaivesianimionlinuiiseyly
a3 NT 3.1

3.3.4 AnwInavesn1sUSuaninvudesnledrsazatelafenlansenled sauiu

nsaluasnuazlalasiauaseanlan auansu

1. ihenueesluds 3. 2uuluansavanelaioulansanlan (NaOH) WWudu 8% (w/v)
Amunsnsdussritimindunfumusesiuliursiiuisadnsvesansazanelniole
asonled (NaOH) i1y 1:30 dialiTignmaiives \unan 24 dalus

2. \eAsuUnINRaTTit VLA ¥In15n5eeluUanAI IR UAIUNSEAENTEY Whatman
wed 42 §reinduauasazanefiiiunisnse Simitaslndifsstumiiovuesingy

3. ghevusesfilaannnsnsesuuvanauduasidluaisagaansalunsn (HNOs)
it 5% (W) daislifigamatdives Wuaan 24 dalug

4. {loATURIIAITRINLA FNNNTNTEILUUARAINLFUKIUNSEAYNSBY Whatman
wed 42 redehnduauasazaneiiunsnsasdrdie dindiRostusieveniingy

5. dhevusesfilaannisnsessanunatluaisasats lelasiaudoseanlas
(H,0,) W1 10% (w/iv) fanussnsidiuseniaimininusesuUsinnsvedalasiau
Wosoonlad (H,0) wiudu 10% (wav) ity 1:30 sl i gamaies lunan 24 Falus

6.1ilaASUAIIANTIAAIMUA INNSNTILUTANAINSUNIUNTEA1NTES Whatman
Wwad 42 SredethndusuansasaneiiiunisnsesdmdilorlndAssrusievvosiingu

7. thlveuilouvinil 60 samwaidoa [unan 24 1l wdadidvidulundianos

8. vi1n153AsIeRan TAnIanienmuasnsaivesian imIeuldnmuiiseylu
3T 3.1

3.4 MsAnwwarain1siuwanlossuiiiuasuuyudos
3.4.1 mswiuasazaneuantosauiildlunisinm

1. arsavanelasinaaslsmanvzlansn Wudu 027 Tuans danessnnaslsmen
aglawn s (FeCly6H,0) 11 72,67 n¥u ararelutindy ldasluvinudulsunsouin
1000 fiadans USuuSinnsietnduliadntausuns

2. arsararunaniiessnaaslsnenaslamsauarwlassadanaunglawmsn Wwudu
0.27 lwand damesdnmaslsianaslomsn (FeCls6H,0) 11 36.33 n¥u wazlesSadamn
tUazlatnsn (FeSOTH,0) §1uau 39.00 n$u azaneluingu Tdasluvisusuusunnsaun
1000 fiadans USutSunsieinduliadatausuns
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3. a1vazatsunnill@ounaslsnidudy 0.27 Tuans ?J@LLamuL%maalim (MgCl )m
25.67 Sy avmsﬂumﬂau TaasluvinusuusunasuuIn 1000 adans Uﬁwimmmam
naulvaalnTausnng

3.4.2 FnsiAuLanlosauasuuudasUSUFA N

1. thanudesiiumsuivaninluanneiiafignnnde 3.3 mudlumsazansiies
3nraslsdienelansn (FeCly6H,0) Wudu 0.27 Tuand Avuadnsidrusewiraiminey
soufulsnsasazaemesinaaslsaanazlomsn (FeCls6H,0) Wity 1¢:30mL

2. vnstumufinnnudiseu 150 sev/und wSeufuneaasazats NaOH Wudy
IN Flagvenauiiiervesvosnauiisaladawiiu 11.0 fitl3funan 120 wai

3. rvomanildlunsdumieeiimaudaseu 4500 seu/aunit Wunan 20 wnd
\iouunagnouLaraTazaIEeNI N

4. Yrarsagarefildannsduumilewnusufiovvesansasasliviiy 2 ndeufu
hlvisegimuzunamessnlessuivdeluaisasaisdaewmaiia Atomic Absorption
Spectrometry (AAS) wagmnsrgluntsgaduiiesinlossu (Fe*) voswudosiiniu
mssinuusiaeldaunisi 3.1

O Y= RHEE IR M (31 )
M
W Z @l AMILglUNIAdy Fe® vasyuday (me/g)
Co - AnuutuGuTuTee Fe** (me/L)
& = aududuiiviaves Fe® (mel)
v = Usunsuasansazane FeClse6H,0 (L)
M = drminuesudet (o)

5. 1@ NHOH Wty 1.0 Tnans asludrudifunznoudiald 10 unit (Fuawwmil
2558) \ilaATUMINATAAIMUAYINIIN TOIUU VAR INF LN U 52 AT Whatman
\wes 42

6. thaudosiiiumsdnuysiusufiagumgd 60 esreaidva iduna 24 Falus s
Tiduluadiameioniuiinsgiautinenenmuasnanifissylumsed 3.2

7. viganruan Tagsmsnaaeaniouded 1-5 udlindvudesands 3.3 adu
asaranglotnanalsaianelawmsn (FeCls6H,0)

8. viuuasd lnemsudaudesiiiunsufuamnluanisiiffanainds 3.3 lud

]
S

naudungn 120 wil wagdnsizvirusunaassnlosou (Fe) Tluinnauiiniuniswdany
daumemAlln Atomic Absorption Spectrometer (AAS)
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9. ¥NIINAARIEI fauade 1-8 wAllasuasaransuanlosaunldaniesinaaslsn
Lanazlansn (FeCls6H,0) Wudu 0.27 luans Wuasararsuuni@oumanlsn (MeCl) uay

wasSadawaaunglamsn (FeSO.7H,0) fuassnaaslsnanazlamsa (FeCls6H,0)

A157197 3.2 FUUANINIEAINLALNLATIUDIVIUD DEAALUTNYINNITANEN

N1510L905 AL/ 1AT0dile

wyaridumaadl \wsesiSesnsudaneaiuduvisnsn awnlasi
Inflmes (Fourier Transform Infrared
Spectrometer, FT-IR)

Usnasniidussdusznou wsosiaviuusnlaeldinaiasididng
(X-ray Fluorescence Spectrometry ,

XRF)

= 1 | ~ L =
Anwimanndunsn-aag pH Drift Method (gwauazaly, 2558)

[

Usgaiuianueug (pHos)

9

3.5 nsAnEIAMNEINIsaluUNNSANInE TazatgeaslsNadEn
3.5.1 vllnvesfaniiaAnyn
Sanddnuluiadof 3,53 uazaten 3.5.4 ldun viudeslude 3.2, vrudosiiusu
anmeansazansladenlansenlan srununsalussn waglalasiauleseanlan, wusse
Arnunsinnanlossuia 3 wie
3.5.2 WmssuaIsazatgafonaasisnadna
avan® KH,PO, 219.5 Naandu lutindu 1 ans a1sazasiagivsunseaia
WINAU 50.0 Hadansusedng
3.5.3 ANWINAVDITTHSLIANFUNE
1. Fe¥aniiresnisdnun 0.1 n3u ldasluansarmesaslsvoamnidudu 2.5 Tadniy
padns USuns 50 Taddns LLé’aﬁﬂULEU'&hﬁ‘/‘ﬂﬂ‘%"mméwaniﬂuqmmﬁﬁmmL%iiau 150 09U
gound Wuan 1 92lus
2. NTDIUUUANAIURUANILNTEAENTB Whatman wes 42 thansazansiinsaslaly
Fnszinivsuinesilsveanfimdesgluaisazatsfemaianisinlfiindde
Ascorbic acid (APHA et al. 2012)
3. nnsMeanedn umasuszezatdudan 1 $alus Ju 2, 4, 8, 24 d2lug
AINEINU
4. Yingarauau Tngvhnnsvaassvileudedt 1-3 udbildvudesaduasazarsensls
WaaLm
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3.5.4 AnwINaveIANUTNTUYRLENTATanaslsHad A

1. fa¥aniidosnnsfinu 0.1 n3u ldadluarsazaeoaslsveammdudu 2.5 Tadnsu
siodins asld 50 faddns wdnhluwewheiaieavgimsauaungiifinnuiasey 150 sou
doundl WWuan 24 Falus

2. NTRUUVANAIUAUANIUNTEAYNTES Whatman 1uas 42 thansazanefinseslaly
AnsimuinaeeslswoainiivdeegluasazarememaiamevhliAadde Ascorbic
acid (APHA et al. 2012)

3. fhmsnnasen uAlasunudLduresansaraweaslsvlealingin 2.5 Sadnd
feans W 5, 10, 25, 50 TadnSuredng AuaIAU

4. shagapruau Taevinnsvaasailouted 1-3 udbildvudesadumsavarwonsls
WaaLwn

5, v‘hmiﬁﬂmgmmula‘lmwa%mm'i@ﬂsﬁuaaﬁﬁvxlaaLWmmaamué’aaﬁﬁﬂm aelele
wesuluuuaues (Langmuir isotherm) waglolavasuuumlyuniay (Frendlich isotherm)
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Uni 4

NAN15228LaZN1500UIUNE

Tnssnufitawidahiudiofinuinianisumusosdauls felfiluTangadureauis
Tudlg Tneduneunisinwiudadu 2 dunou fil Ao duneud 1 n1sUSvanIngae
arsazarslaponlansenlan (NaOH) nsaluasn (HNO,) wag lalasiauileseanlan (H,0,)
Tumeudl 2 naiumlesinlessu (Fe™) wodalonou (Fe?) uavuuniideulesou (Mg?) as
Ve TiiunsUuann wadildiused

4.1 gUUANIINITAINLAENIULATVD YU 0NUSUININAYE5LAY

grusesTfusrvsinlaiieniunisinssugie nsimudeulugrsinainuan
TEnunigAaguil 41A n1evdsINNITEULIR U WazTaUMuAzUNTITBUTLIA 70 W agle
gusoshinumsuivanmidnvuziunasndon dmieou feguil 4.18 Hewunludiu
anninensualuansazans NaOH fianuidudunieiufe 2% (wAi) uag 8% (w/v) wuin
gudasfidumsuivanmilaidutu Uil 410 uay 397 4.10) dlaiteuiurudestouus
uaziietseehenusesiiuglu 8% NaOH luuddelu 5% HNOs wuiidvesusosladan
1949 (gﬂﬁ 4.1E) Wisuiususesfiualy NaOH Wiesed1aien wWuliefusurusssiiuiu
ANNEE 8% NaOH ANRAE 5% HNO; tag 10% H,0, Wuiimuseeiiniunisusuannila
91989 Fauandlugun 4.1F

4.1.1 wavesmsusuanIwagansaiisanisisunatesdusznounnaall

MAMsAnvHaTesasfifldUSuan WA MSIUAs UL UasBsAUTEAB U LA 984
WUy WUINIsUTUAN MM sIAlidinader1Tesas B AUsENOULYRg laa Lngsaeas
asfusznouwaglaalurudesiiuiuaninde NaOH fagedundu 54.15+11.30 wWosidud
(5197 4.1) msiiinTuenududuses NaOH 910 2% (wA) 1 8% (wv) lifinasternde
avorUsznauwaglaaniaziiuliinvsuiaveaaglaavesrudeendsuaniniie 2%
N2OH uag 8% NaOH farlndiAssfu veilnsildsuwaninnesdusznauvaasaglaa
wadeanudlu NaOH e1adunaunanaaisavesvalumsmdndniuuazielivaglad
annnudundnveslaseaireiananluwaglaauasiiiuaunguvesingivasnadeaiu
uiTevesiuaiand (2558) wariansuazame (2560) ieuwudesludsuaninde 8%
NaOH $211U 5% HNOs Wudwﬁﬁasammaﬁﬂszﬂaumaqiamﬁu%mﬂu 61.90+16.29
Wosiud asvieuliiiuiinisldnsawasivasiuiuainsamded nlunazisliwaglaaldfinid
Tvaitssegaion waziiethuiudosluusuaninge 8% NaOH fadie 5% HNO; was
10% H,0, mua"wéfuwudﬁaaamaqa@ﬁﬂizﬂauL%agiaaﬁmlﬂmﬁwﬂu 65.20+2.31
Weddud FududnnandeIsudisuiunisuivannineansieiiviafisuagaisiadl
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409900 LandlmiuinnsUSuanInemeLa NIn LarAieandtadsiuiy a@wnsandnaniy
= v = v ) ao = ' )

uazialiwagladlanvan FeaennaosiunuITeves Supranto et al. (2015) FsnudInIsUsu

anmilagldansiaiivieauiinsauiuaginiianiivsunaeagloagean

[

sUf 4.1 dnwasmenieamues (A) yudesrunisiainuddtilunnuen, (8) vudeslyl

tunisUSuanIn, (©) BusesiiusuanIngis 2% NaOH, (D) P1udsiusUAN N
#18 8% NaOH . (E) wiusoafiusuaningae 8% NaOH a1usiae 5% HNO; waz (F)
USRI UAN N8 8% NaOH A13#78 5% HNO; waz 10% H,0,

A19197 4.1 SevazerUsenauvesvagladluriudesieuLasrdsuanIw

YNV I USinauwaglad (Wosidus)
YUY 28.38+5.41
YU DENRIUSUFNINAIY 2% NaOH 54.15+11.30
YIUDBENAIUTUANINAY 8% NaOH 53.39+11.47

YUDDINAIUSUANINGAIY 8% NaOH way
5% HNOs

61.90+16.29
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:I' 1 v € § %4 1 (% Y]
A1357199 4.1 (71d) saUazaaﬂﬂsmau‘uaaLsziaaviaa'l,mj'maaaﬂauuawaaﬂsuamw

UL LNEPLERN Usinauwaglad (Wesidus)

YUDDENAIUSUANINAIY 8% NaOH way
5% HNOs Waz 10% H,O,

65.20+2.31

4.1.2 navain1susuanIndlsansialidanisilasunladlaseddranianiinag
W399 FT-IR

100
L
= 60 A f
U]
o A\ S
g 40 4
o . el M\ N
@ 20 \ NS S N ar
E “*Qm -~ WY
-
ES o)

4000 3500 3000 2500 2000 1500 1000 500 0

Wave number (cm-1)

gﬂﬁ 4.2 avlnndu FT-IR veenusesiliniunisusuanam (—), susosirunisusuann
&6 2% NaOH (), TudositumsUsuanwaiesie 8% NaOH (—), 1 udoeil
HUATUSUANNAE 8% NaOH AIadae 5% HNOs (—) wazyudosfiniun1susu
ANNAIY 8% NaOH m1uAae 5% HNOs ez 10% H,0, (=)

A19197 4.2 Snualy FT-IR alUanSuua9uesgnautkasnaan1susuanIn

FDE4 anasu (em™) Wusy
3420 (O-H stretching)
2924 C-H sp° stretching
1733 C=0 stretching

PUDOY 1634 O-H bending
1507 C=0 stretching
il 744 CH,,CH5 bending
1165 C-O stretching
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ANS199 4.2 (79) anuae FT-IR @UARSUYa9IUspnouasasnIsusuanIn

AL awnnsu (cm-1) Wusy
1103 C-H wagging
YIUODY 1050 C-O stretching
518 C-H rocking
3421 O-H stretching
2900 C-H sp stretching)
1637 O-H bending
grudesfiusuaningat 1426,1375 CH,,CHs bending
NaCH 2% (w/v) 1163 C-O stretching
107 C-H wagging
1035 C-O stretching
585 C-H rocking
3413 O-H stretching
2901 C-H sp’ stretching
1645 O-H bending
YudeeiiuTuanIne Iy 1428,1373 CHz,CH; bending
NaCH 8% (w/v) 1164 C-O stretching
1113 C-H wagging
1055 C-O stretching
558 C-H rocking
3422 O-H stretching
2901 C-H sp® stretching
udosfiuSuaninme L Clhe
NaOH 8% (w/v) , HNOs 1430,1372 CH,,CH3 bending
B L) 1163 C-O stretching
1115 C-H wagging
1059 C-O stretching
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AN5199 4.2 (719) anuale FT-IR aUAnsuvaauiusaunoubasviaan1susuan

EPRERK awnasu (cm™) Wusy
3421 O-H stretching
2901 C-H sp’ stretching
T o 1638 O-H bending
BIUDDENUTUENTNAY
NaOH 8% (w/v) , HNO; 1429,1374 CH,,CH3 bending
5% (w/v) uag H0, 163 C-O stretching
10% (w/v)
sl C-H wagging
10509 C-O stretching
610 C-H rocking

ofiansanang Uil 4.2 wagnsedl 4.2 Wuddnwaizaes FTIR Spectrum fiusang
Tugsnausineg Srunoenldidusiegmumyilsiduvanmaglaa 1ofvaglaauazaniu g
Funaniselasuiuatan FTIR Spectrum Y899 udaefilduiuanin lasdrvaad
3600-3200 cm ! WAAINIAUIBIVY] ~OH WagTIaLATAR 3000-2800 cm™? LaRINISdULD
aliphatic -CH; Fadulassasrsvesivaglas uazaisadu 1765-1715 cm Wanany C=0 Tu
iefiiwaglaa MavaauUszana 1000-1150 cmt Usinguaunisduain C-O stretching v84
ndu Alcohol @uBumilsdduiiiussddsznovvaiwaglaa tefitwaglad uaganiuiidu
gaRUsEneud i yue9v Udeas (Uddin et al. 2010) ndsnisusvaninnuingiauniy
1765-1715 cm? waaefafiava C=0 stretching AMnWus ¢ Carboxylate (COO) da1du
saRUsznavvaseliwagladwasiniy (Ning-Chuang et al. 2010) fiananasoguiuladn
sz Ester grlalasladly wanslifiuinnisusuanmndnasvharedniu e finnsand
FT-IR Spectrum fiUs1nglutasndu 3600-3200 em™ Lazviflsddu Carbonyl (C=0) T2a1a%
AU 1600-1650 cm™! wuTwidaNsUIuANIAT FT-IR Spectrum Sanunduifiugatuagiiu
Wimauiy idesmnuyiladdudandrduungflaiduidydlddmiunauandioulessy

[

fulany

4.1.3 wamaamiﬂ%'uamwﬁqamimﬁdamimgauuﬂmﬂ"]ﬂmua'\msa"lumigﬂ
Fulamsauya (Methylene blue number; M.B.N.)

mﬂmﬁﬂmmamaqmsLﬂﬁﬁlﬂi’fﬂ%’ﬂamwwiamimﬁauwaaﬁhmmmmiﬂumiam
FULUMBAUYAYDIVIUBRENUI YIUdRENMTUTUAN NAwaEsIAdnadeA A AN A lUNS
anduluvsauya Tnunisusuanmeng NaOH anusaifiudnisgeduamsauyaligaudy
205.50+2.45 fadnSusansy (AN3197 4.3) PsiiuTum LTI NaOH 210 2% (WAv)
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Hu 8% (wav) lalinasier MBN. fazifiuldainan MB.N. veswudesiiviuanimde 2%
NaOH wag 8% NaOH falnatAgeny ﬁgﬁmmmmm'ﬁﬂumﬁ@m%’uLw%ﬁuu”aﬁl,ﬁm%umaq
adpefiusuan nae NaOH onaiieaiilesiuueinnuanu1saves NaOH lunisindnandu
wazieliwaglaa awhliarudundnvedasaiietaninluwaglaaiuwliuanauaziiiy
AMUNTUYeLTRgAy denndefuauidevesiuniad (2558) fwunsiinduvoadn
AEINsalunITgRAduINSAuYAlIN 125.34+11.72 Jadniuneniy vJu 512.00+6.58
faanfusensy Tudondulysaiusuaningae 2% NaOH wiethwudesluusuaningie
8% NaOH mugensualy 5% HNO, wuindsnnssananansaviliudesfivuaning
AnsgaduimIauyagetudy 298.13+127.70 fadnFudensu uansliifiudinisldiva
sfunsnannsamdndniunazeiwagladlifninisldvaiioedaie dlovvudes
TUUSUANMEE 8% NaOH antidne 5% HNO, Wag 10% HyOp Anudndiu wuiiwuseeiilad
céhmmmuﬁa’tuﬂﬁ@m%uLw%ﬁugalﬂu%mﬁu 367049680 dadn3udendy Fadusn
anwansalunisgadursduyauinaailsissuifisuiunisuSuanwiisasazans
NaOH \fieaeraifieauagnsUsuanIngs NaOH anudhe HNOs il A1 MB.N. finduetihs
ftfuddnluisnsethands eralunaunaneauausalunisdusaoendladues H,0, Al

wanaldluguideass Supranto et al. (2015)

A13790 4.3 A1ANEIITALUNINNTUILNBALY ATRIYIUBRE NBULAYHATUTUANTN

EDRLN P LERR AMsQatuIsTiauYg (adnfusoniy)
Y1UDDY 46.65+11.46
Y UDRHUSIUSUANINAY 2% NaOH 205.50+2.45
Y UDENaIUSUANTNAEY 8% NaOH 172.05+2.97

PUBRENAIUSUANINAIY 8% NaOH Lag
5% HNOs3

20.12+92.68

%qugaﬂﬂé}Qﬂ%/Uaﬂ']Wéhﬂ 8% NaOH uag
5% HNOs tiag 10% H,0,

367.44+96.84

4.1.4 wavasn1sUsuanmEeasaiidensivdsunladneusnsdugiuinen
Y9V UBBYAIWNADY SEM

nnnsAnyravesmMsUsvanindsaseiflinensiasuuuadnuusnsdiugu
INY1VDIYIUDDEAENGADS Scanning Electron Microscope (SEM) (gﬂﬁ 4.3) fifdaveny
5,000 11 WUINBUBBEUSUANINAIY 2% NaOH uaz 8% NaOH d&nuwausiuinndreiu

naAednwuzvasuRNTuLHY Sseideou deunududue wasliduvesduleduiiuegn
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Forau (3UN 4.3A uaz JUN 4.38) iosananiuuavieliwaglaanivhmihndudidoussnia
wuleluiivgnidnesnly edhyudegludSuanindis 8% NaOH 398U 5% HNOs 11
A529A0UAN AL NFUFIVINGT WuTdnwauzaesiuidaunsuduuiugrssuasd
anudutudouduundu (Ui 4.30) uaasbiiiudegnslunisinniouvesuanaznindiuiu
1 L o L a L3 £ aa L 4 U

radnvaziduly densuiunanisinszianuausalunsaadumsauyavesianinuind
ANTuazilatyudeslUuTuanIngig 8% NaOH 5aufy 5% HNO; wag 10% H,0;

v & da = < g v v v =i = <
NUNANYUE NUNAI LAY ITUINTU LTUTUZUNUTALIW (JUN 4.3D) B9919tJunannn

msUuanmmeLg nse wazimesndlad anunsaidadniuuavislisagladalifnan

U 4.3 mwa’ww’h&méaqﬁ;amimﬁ%Léﬂmamw‘udaqnsm (SEM) ifdsaens 5,000 Wirves
(A) Ao B udosfiusuanInaag 2% NaOH (B) fie mudesiiuuaninde 8% NaOH
(C) Ao wudouiUTuaNIWAY 8% NaOH A1ude 5% HNOs uaz (D) fis v1udosd
USUaN A8 8% NaOH muaIe 5% HNOs az 109% H,0,

éhamqﬁmué’aa%w%mmwﬁw 8% NaOH AnuA8 5% HNO5 way 10% H,O, I
UsunaesAusenauiaglaaludndiugegauaziiaranuainsalumsgaduumsauyauingn
defeufiuidnisusuaniwdn 2 35 uaﬂa)1nﬁé’qwudﬂajLﬁﬂmuﬂ?{amwawyjﬂqﬁ%’ué’ﬁzﬁ
Tlunsuanivasulesousulany fulunsinuadd sadenldiinisusly NaOH ay
#78 HNO; wag H,0, 1J1Asnnsusuanmeusesiioldimionsus sosauUsaslossuves
langnald
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4.2 HavsIn1sAALUSNURIBIUDDR28TaNLNITUTTUY hazlanzwoa
a1laldss

lunsnwnded ﬁwmsﬁﬂ‘mLmeNﬂmﬂ'mizaw%mwmi@m’j’UWaaLWGwmawm
SoundauSuannivasiaiidneisnisfulessuvedany 3 sinasuuituiivesusosds
USuanIngie NaOH $2ufU HNOs way H,0, laun wianisiminiassnlessu (Fe®) wan
Smanesialoosu (Fe?) uazuuniidaulosou (Mg®) 91988I5n15inTeuTanauiuidey
984 Yang et al. (2018) uag fuaml (2558) wansAnun g dusiil

4.2.1 anwazdvasian

mssaulslasiadenusssdslessuresuuniideuuazivaniinasedvesdietad
IiRauandluguil 6.4 nvazvssnudosdauysie Mg falndiAsafuyudesnounis
GauUs (JUT 4.9A waggui 4.48) Audvgwindunaunnnmsfiasazasuuniidounaslsd
uarsaranoliiid Tuvnsfvusesfidaulsiuiige Fe* uazvudesfidaulsiuingae
asazaENaNve Fe®'/Fe?* (JUMN 4.4C waggun 4.40) sxildvesTanuansrsainviudesriou
ﬂﬁé’mms‘[,m%t,uﬁaumﬂm%auﬂuﬁﬁwmaLLamﬂﬁLﬁuﬁamiamamaamé’nﬁﬁwaamué’aa
Snuazvpddlurudegnnuusiiowaniianundteafsiuriudesfinulsnie FeCls Tu
TAssnuiABaIgRnshasany (2560)

4.2.2 Fhaviduszgausiugud (pHo,o

PHose aansntinantfuanauannsalunisianiUisulassuuan (Cation Exchange
Capacity, CEC) wazmauaruisalunisuaniieulesouay (Anion Exchange Capacity,
AEQ) suaaéh@ﬂ%“uﬁau% a filevunsansazansiiniwuala (Chintala et al. 2013) afiiaw
YOIATAZANWAANYINAUAT pHoe 0 BN1ILHINGT7 ﬂﬁzqﬁuﬁmaaﬁa@m%ﬁmLﬁu@uéu%
Snifenilsia CEC uay AEC vasianiaiiiu uddloifagdananldadluarsazanedsl
pH > pHo,c 103370 awaqﬁa@m%’mzmeﬂ'ﬂLﬂuaw%aaﬂﬁwﬁqﬁai’aqQm%’uvl,aaaumﬂlﬁ
7 lumenduifudle phassansazaeiiuiiadosnind pho.. Ravasigaduaznananiu
mﬂﬁ'am’axéfamdwﬁamz@ﬂ%’uaﬁﬁm’miaaauaulﬁﬁ defansananisiasit pHe
Y9 sFauUTTaa L ndy Fet Fe/Fe?* uay Mg®* WUIAT PHpzc ﬁuaﬁa@ﬁqam
sinannsaidssiuannariianiugean 16 fe wudesdauusiae Fe* (7.89) viudos
FalUsiny Fe*/Fe? (8.20) wazausaunnuusme MeCl, (8.83) avviouliisiufianisurluld
Tunistidaindeusu dediarfiioslnaiadoodi 6-8 (1sumuguuatiy, 2553) Filisyqd
FvosusosdauUsie 3 ade fanduuin dawalvaninsagadulossuauing 9 iudeyya
gosleawinlensu (PO, luthldifuetei
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= = o Y] 9 P & % ' Y] a
sun 4.4 dupsrudeenauusaielensulany (e (A) A 1usasnaunsaakls (B) An ¥u
v Ao 1% A % Ao % N Y Ao
PouNAnLUIA8 Me®" (C) An BudaLNfnlLUTAE Fe’t Lag (D) AB Y UDaENnn
wusene Fe*'/Fe*

4.2.3 m3fnenlassadanaaiidasndes FT-IR

ForhuudesiigauUsieleosuvadansluinymyilaiduiitdududsenoulagld
\A3049 Fourier Transform Infrared Spectroscopy (FTIR) fitauadulugaa 400-4000 cm'’®
ﬂsfmgwaﬁagﬂﬁl 4.5 uaEAns19i 4.4

91nNsAnYIRavesnsUuaninieniswWasunUastassadanianaiiveadule
Lsdaz;ﬁaaﬁw'wumﬂﬁulaaau‘uaqiamﬁwLﬂéaa FT-R Tngn1sAnwilassasnaniaaiany
asUsznavBun3dmensganduddunnsndsluanavewusarednas lianniuiidy
Laﬂé’ﬂwfﬂ‘uaaﬁuﬁﬂuimaqaﬁ?u Lﬁaﬁmsmmﬂgﬂﬁ 6.5 WasANSNT 4.4 NUIENYULVDS
FT-IR Spectrum fiusinglutsadusiieg Tnsdraani 3600-3200 cm' uanansduvomy
~OH uagtavadulsgana 1000-1150 cm’? Usmgumumﬁumﬂ C-O stretching dnwonly
AnuduiiATiudy uenaniiduiawusy Fe-O uumudesiitumsiiiu Fe® wag Fe*/Fe”
lughaavaduil 550-450 cm! Fauansliuinnsfnufisen Fe* furudosiiniunsusu
ANNé8 NaOH, HNO; uay H,0, uananiss wuiuss Me-O uuwudesitunisiiiy Mg
lugasiavnduil 3700-3600 cm ! uandlifiuindinininuiAsen Mg Aurudosdiinunis
UYsuanmeie NaOH, HNO; wag H,0, §u€fu’l,ﬁt,ﬁmfﬁqmiaﬂﬁmﬁa‘uaﬂaaawaﬂamﬁlﬁm
asluyudon



33

90
80
70

60

50

40

% Transmittance (%)

30

4000 3500 3000 2500 2000 1500 1000 500 0
Wave number (cm-1)

U7 4.5 awnnsu FT-IR vasnudesilaiunmsuiuann (), PUDDUNBUNITAALYS (—),
% a o [% 1% a o v o A
WuDeaNaaLlIae Fet («), vudaananulsnae Fe*'/Fe* (—) uazv1unoen

faLUTAIY Mg?* (—)

{ (2 o ¥ IJ L2 v
A1519% 4.4 dnwalz FT-IR ﬁL‘LJﬂGl‘jll‘UE]\‘I‘muaaEJVW]@LLUSWJEJ‘IEJE)'EJVUBQIE%S

DL awnedu (cm™) Wusy
3420 O-H stretching
2924 C-H sp’ stretching
1733 C=0 stretching
1634 O-H bending
), 1507 C=0 stretching
V1UBDRDY
1377 CHy,CHs bending
165 C-O stretching
1105 C-H wagging
1050 C-O stretching
518 C-H rocking




157197 4.4 (50) anwy FT-IR alansuvasvussenantkusaeleasuvasdany

34

AL awnadu (cm™) sy
3421 O-H stretching
2920,2854 C-H sp? stretching
1633 O-H bending
1401 C-H bending
udosidauUsiay Fe3* 1163 60 e i
1109 C-H wagging
1020 C-O stretching
606 C-H rocking
449 Fe-O stretching
3420 O-H stretching
2905 C-H sp? stretching
1638 O-H bending
: KA 20L03 73 C-H bending
%Wuaizzils:ﬁima 1163 C-O stretching
4111 C-H wagging
1058,1035 C-O stretching
558 C-H rocking
450 Fe-O stretching
3698 Mg-O stretching
3421 O-H stretching
2901 C-H sp? stretching
, 1650 O-H bending
Y UpENAALUIAIY Mg
1457,1383 C-H bending
1165 C-O stretching
1116 C-H wagging
1060 C-O stretching
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4.2.4 nsfnwresAlsznaunsaiidasmaia XRF

msinTissAlszneumuaifiiusauasiuasusznoumoindesitasesinig
3095581009 (XRF) v03v1usesfifnuUsae Fe*, mudosfinaulsme Fe*/Fe? uazuiu
Foufidauusse Me® aldnanmsiinnzsinuiduduiatimanduesidud (%) vessn
wararsUsznoulunsed 4.5 uag 4.6 nnsAnwmaraINsiAL TR LSoafENS
Wlossuvadlangsossrusznoumaaisiamaia XRF nUIMaNTIATIERAIAIUTLTY
deUianduiuedidud (%) vessiquazansusznauverudeifiaudsie Fe>t fisunm
59 Fe Wiy 50.74% wazUSunnaisusenau Fe,0; iU 68.89% ALl uduida
Usmanduesidud (%) vessinuaraisusznauvesnudosiifnulsing Fe*/Fe? il
USN1579 Fe Wiy 52.02% wagdSinuansusgneu.Fe,0s Wag SO WU 73.34% way
12.16% awanau uazArmnidududaSnandudosidun (%) vessmuazansusznautes
useLfinALUTEE M fUTnaisIm Mg Uag Cluvinfu 35.55% Wag 29.25% uazu3unm
ansUsznou MeO Lay CLuiu 56.60% uas 29.25% mudsu euiuliduiudesdn
wshewdnweruuniiduuinnneinvedlasounadansiansiavuiuinvesian aon

FununansisziesrUsgneuniaivesiaamewmaia FT-R An1313991 4.5 wae 4.6

A15197 4.5 asaUsznouTilusnuesriudesinnulsmeleasuaalans

PRIRN DIAUTZNBULALAITLIUNTYL (%) 5231(%)
wusesfisauls | Fe cl ¢ By | M| h Z0 | & [ [ca
My Fe®* 50.74 | 2731 | 1865 1.11 | 077 | 054 |-0.36 |.0.27 | 0.25 i
useefisauls | Fe cl ® S Si oD MnL°AS zn
gy Fe®*/Fe” | 5202 | 30.13 [10.08 | 4.92 | 1.13 | 096 | 0.32 | 0.24 | 0.19 e
yudeuiisauls | Mg cl ® A/ Ay Ca | K
My Mg** 35.55 1.30.53 [25:62 | 351 | 151 | 142 | 086 | 058 | 0.42 g
A1597 4.6 psrUszneuiduasussneuvesmusesdidnulsieleoouvodlans
AIBEN 29AUTENBULATALTNTY (%) 571(%)
sndeuinaauds | Fe0s | €U | S0, | CuO | MnO | P,Os | ZnO | CaO
My Fe’* 68.89 | 2593 | 226 | 092 | 066 | 059 | 043 | 0.33 gt
WudouineauUs | Fe20s | SOs | Cl | SO, | CuO | MnO | CaO | ZnO
me Fe’'/Fe™ | 7334 | 1216 | 9.95 | 2.38 041 | 033 | 0.24 pH
gugesifigauls | MgO | CL | SiO; | Cr0s | P0s | CuO | CaO | KO o
My Mg* 56.60 |29.25| 7.19 | 199 | 188 | 1.8 | 0.78 | 0.48
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4.3 n1sn13neaslsadun
ymsnwanuansalunisidnesslseanalusseznainisduiafiuananeiu
waslumnuiduduvesosslswoaminfiunnisiuvosudasvioma 5 wia taun (1) v1udes
Plalehunisusuanin (2) s1udesiuiuanIngae 8% NaOH ausag 5% HNO; uaz 10%
H,0, (3) WusesfisauUsane Fe* (4) suseadisaudsie Fe*/Fe? (5) wudasfidnuys

e Mg?*

4.3.1 NAYR9TEYLIAIN1SaUNdDas lsWaann

AINNTANYIAIUAINITOLUNITANIND DS L5 W dNMUDIT U BEVY 5 ¥in tagly
YU IUDEAINT 0.1000 AFY Tuasaratveasiswadnmdudy 2.5 Jadansusnadns
52U IANFUNALANAINIY WUIIAINEINITALUNITA9nDaS LeNBa AU UDRENT 5 YA

a n:l’l 1 < 1 & 5 6 & '3 o w 1Y) a Pu]
i AnTuageTIMEItUYe 1 9alusisn Mnduesidudnisinanduualduasn (U 4.6)
LS UL UAINEINITRIUAIS AR D ALNASENINNIIUDDENG 5 BUA WU YIUDDENAA
% 34 /= Py, o3 O & = Py’ ] a v 9

wlsee Fe®* fiasidudnisianeailonedinnginan sesainesie s 1o anulsme
Fe**/Fe?, y1usesfinnuusiieg Me?, 11ueesnusuanmnme 8% NaOH auaie 5% HNOs
waz 10% H,0, wazaudosfliniun1susvanIn auday wanslmiuiiviuseefuiunis
winleasuvinvadlanzdmaninessaluianniniun1susuannaaeiug nse Lagioandlad

1 = o as 9; Vi &, 1 a
ALANNTALANAINANITAIUNITAI AR a e UL n LU uaE19

100 ol /3 . =
% 80 ast |+ + +
3 R, © o o
T ONNS A A A
T NS
S 40 o O
°§ oo H
o=
220
(et
L

0
0 5 10 15 20 25

IRl L GRGRIER)!

U 4.6 Wasiuinsmdnesslsneaniissesnandudanieiuvesviudeslay (X) fie
WUDENfARUIAIE Fe, () Ao 1 udaeNnnklsnie Fe*t/Fe?, (O) Ap ¥1udDY
AaALUA2E M®F, (A) AIUBENUTUAN NG 8% NaOH AI3A2E 5% HNO;

war 10% H,0, kay () AY1uopeNHINNITYSUANIN
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4.3.2 Hava4ANUINTUYRIE1TazaNuas lswadwn

MNNsAENEIRaTasianNansalumsinTeaniveusess 3 vin Ingld
Usumwudon 2 nSusedns szevnan 24 $alus wasifuansazanseeslsvoamniiduduy
25, 5,10, 25 wag 50 TadnsunAeans wuTofduimsrdadanistununnaduduse
soslswoainvossudosns 5 ol fdnfutunuaududureesslsean fumnay
Wt 2.5 Taandudeansuariiiualiunsfindsaniy deowssuisumnuawnsalunis
Mineeslsroanvessiudenis 5 vla vusesidaulsey Fe fivasidudnisign
ooslsvoauingefian seansede Mudesiidinuusiy Fe’/Fe?" mudaniifaulsiy M
USDETUSUAN NG 8% NaOH A1udaY 5% HNO; uas 10% H,0, wazausasdilisi
msUsuanIn My wandlidiuinudsefidiunmaiulossuinveslanssmnlasia
TuYagiiunisufuanmieiua nsn uazieendladezauisatieriiumwaunsaluns

faavaawalutnlduagnef

100

X X X X X
80
+
¥ +
= + +
@
2 [0 ety 2 g
w
e A A A
@ |§0 oo 0 | o
e
o(_-
=S )
e
rm
R
0
0 10 20 30 40 50 60

ALY (Mg/L)

U7 4.7 Wesiiudnisidneeslsweainnanuduiuiniuvewiudeslag (X) fio ¥1u
PouNsauUsie Fe*t, (+) Ap v1udaaNaauwlsaieg Fe**/Fe? (O) fa ¥1udpuNAn
wUsAae Mg, (A) ArudesnusuanIneie 8% NaOH Anumae 5% HNO; uag

10% H,O, way (O) Apv1udoebin1un1sUsvanIw

Lﬁaﬁmimmmﬁuﬁuﬁ‘iwdwﬂ%mmWaaLWG}%@%’UW%%W%&J (ge) NUAIIN
duduvesessloveaaiindeluansazans (C.) niouidnuuuuiaosfiuzausons
sduwaunan1spadueilsveaiinvesviudesiUieuiis ussridlelumesuuuuuauiles
(Langmuir isotherm) waglelamonuuunsudt (Freundlich isotherm) ldnaniufiuansly

ANS19V 4.8



A15199 4.7 ﬂ'ﬂmﬁlaisama%mLLUULLaqLﬁ8§LLazW'§uﬁ%maami@m%’uaaﬁm\lamm\ﬁ’gamuéaaﬁmmﬁ@ﬂaaaumaﬂam

wauileslelumasy sudvlelnesy
upNLN eIl
AUNITLEUNT K, e R? AUNTTLAUAT Ke n R?

Yudeeidiaulsiy Fe® y = 0.1042x+0.0145 0.1445 | 68.97 | 0.9937 | —y = 1.0494x - 0.9761 | 9.4646 | 1.0716 | 0.9810
PuSuTiauUsiiy Fe*/Fe?" y = 0.6603x - 0.0150 0.0087 | 66.67 | 0.9989 | y=1.064x~0.1913 | 1.5535| 1.1635 | 0.9990
udosfiauleie M2 y = 1.3392x - 0.0174 0.0122 | 57.47 | 0.9985 | vy =1.0715x +0.1331 | 1.3586 | 0.9079 | 0.9979
PIUBLHIUNITUTUAN N y = 3.2904x - 0.0238 0.0118 | 4202 | 0.9989 | y=1.0346x + 0.5180 | 3.2961 | 0.9301 | 0.9977
yuveylinunsUSuanw y = 1.9604x - 0.0322 0.0092 | 31.06 | 0.9993 |y = 1.1357x + 0.3222 | 2.0999 | 0.9174 | 0.9967

8¢
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INA5197 4.8 WuIUUINasINsRatusuukaule iaumingalunsesuny
suuuumsgaduesilsveaindeTanis 5 slnmnnhuvuiassuunyudy osnie,
&usyAnSanduiiug (Correlation coefficient) Wilndniwnnniwandifiuinnsgadud
nduuuiuiiveswiusesiia 5 wiia ﬁé’nwmgLﬁuLLUU%ULﬁmLLazﬁﬁnmﬁqms@m%’uﬁ
wiuou (Ininduazang, 2551) nsvudesfauusiiunisiiu Fe** dAnnuqgeanluns
g (Qn) Wiy 68.97 fadinfusiensy uasdAasiivesuaaiiod (K) Wiy 0.1445 dau
s fALUSIHUNSIEY Fe/Fe? Mg?*, uUFpefiUSUaNNAI8 NaOH Augaeg HNO,
wag H,0, warrudasliiiunisuiuanin feranugaaalunisgadu Wi 66.67, 57.47,

42.02 way 31.06 adnsunensy AINaIAU
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unii 5
d5Unan133Iuuasvalduauus

nnsfnwInsnsusudesdanaitelfidufangadurleamaluit neuds
msanwlu 2 Funeu fid Aedunoud 1 insAnwmavesdnasaildlunisusuanin
AoauTRveirudey wardunauil 2 Anvnavesnisiiunesinleney (Fe*) wleisdlonoy
(Fe*) wazuuniiFoalonou (M) asuurusosiiiumsuiuanin awnsaasunansdny

[

Tamadl

5.1 dgunaniimaaas

1. 9NNSANWATRINIUSUTIUSDefsasIATnliafunu Mussefiusuaniw
A8 8% NaOH A13@78 5% HNOs way 10% H,0, iA1Sesavetnlsenauvaugagladaly
USiugegn donndesiunadiléoinnisinsizd FHR finunisanasesmyilaidures
efiwaglaanazaniu wenaniwuin Anvasveadulsiwaglaavasudasdiinunisuiy
anwisnsfinaniiaTwusaszinauiu Ssaoaiuiuiamslinsesianantaunsalunis
aadulunsauug nudiliafinduain 46.65+11.46 (Mouviuanan) iu 367.44:96.84
faanfurensy Turnuseefan g aedansld NaOH mugae HNO, e Hy0, madniy

2. dan1seandsTusesiviuanInsian1siudisuszneuseandn (Wessnuaz
wesdaloosu) wasindsveani@onluanneidumanuii udoefidaulsivanvse
winiifeusngegiitalassaiavestanfasngfiefiduununsdauesiusy Fe-O uagiia
fifunaunsdavesitusy Me-O lunansAinwiasrusznaumaaiivessiudosfauusaie
1A309 FT-IR manisiasizivsinameslsseumdnuaziunii@eusomiain XRF wuiteu
doudnuusay Fe fifouavaisin Fe oy 5074 Wosifud wasifosagvosasusznau
Fe,0s agiﬁ 68.89 \UaSIus Y 1UdBEAARYIAIE Fe®/Fe? uag Me® H5ouazunisis Fe
uag Mg agjﬁ 52.20 WAz 35,55 1Wasius ANuUasu wasilsasazvaansusenou Fe,0; Uay
MgO agj‘ﬁ 73.34 uaz 56,60 LUBILIUA MINAINU 1A8AT pHp maﬁaaﬁ%mmﬁﬂmmsa
Fosdrduanavanluasga Idsl fe vrusdesdmisiin Fe* (7.89) mudasdaulsdae
Fe>*/Fe?* (8.20) uaswudesnnwUsanIe MeCl, (8.83) muaau

3. anIMAgaUANNEILNsolunsSaneaaY B U ufALUS AT LU
PuBaefAwUIABIEN/MUNTiTe ﬁmmmmm‘iumsﬁﬁmﬂaaLWﬂﬁqqndflLﬁ'aLﬁauﬁu
PUBoETHIuNTUSUANIN wazvIuspnaun1sUsuann tnuiuseansainlunisiida
WaaLquqqmﬁiwzLaawé’uﬁaﬁmqﬁ’mﬂu5aaﬁmwiﬁw Fe* ¥1udaunnllsnie
Fe**/Fe?*, uonunnlisnig MeCly, USETIHIUNTUSUEN N wazuspsfounsUSU

a

AN WINAU 95.87% 77.88% 65.04% 57.88% Wag 41.07% anua1su wavuszansainlu
nmsmIaneanngeganiaududundaiusudesiaulsiie Fe®, vudosdnulsmie
Fe**/Fe?*, yuponannlsniy MeCly, 91udoeIun1sUSUanW wasaudesneun1susu

ANIWLYINU 95.21% 76.46% 61.51% 56.76% Laz 38.66% MUA1IAU
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4. wamsanwbolamnesy

wansAnuileluivesunisgaduresudesdnuusii 5 via nuinuudiassnsgadu
wwuuadlpsianumnzausnnniuuuaesuuurlsuiv Wesandmdussansandusiug
(Correlation coefficient) llndwiisnnnitlasyudosinuusiiriiunsifiu Fe>* fidanug
aegalun1sgadu (Q.) winfu 68.97 fiadnfureniu uasiidasivaauanilos (K) wifu
0.1445 drur USRI FALUTTIRIUNNSIRY Fe>*/Fe?, Mg, PuseeTUSUEN A NaOH A
P18 HNO; Wae H,0, wazyusssliunisusuanin ddanuiasgalunisgadu windu
66.67, 57.47, 42.02 wag 31.06 TadnSusansy m1uainu

5.2 UBLaUDIUL

1. pasnwifiudaluduenuaansalunsiidareamaluindsass n1sidn
Tulmsiuluh uagnsidnuuuseilos

2. sfnwaannsalunisildvudesiinunisgadunoamaunlivssleovd
Wuansusuugennnmludiu
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ATANUIN N

A5ATITHNITINLAD A9

n.1 n153AsIzvivsunaeeslswedwaluln (Orthophosphate)

a € 1a 6" 96’ o a & v a o Y a a ad
n1stATIzRUSIueaslsWeaalul1innisitasigimuemaidanisvinliiindlaeis

Ascorbic acid #1335v09 APHA et al. 2012 F9ils1eazidenIsn1s3LAs i usadl

= < $ 24 v
1. NMSwsguasazaIsafnnwWeaa WaLINIY
- azanglululnunasunoanm (KH,POL) 2195 adnsu luuinay 1 ans a1sazany

KH,PO, aziivsunmsnoawns 50.0 lulasnsuneaosanaliadans

2. NMIATYUANTALAIBLINTTIUAMTUVINNTWLIR ST IUND G

- 1N@1582a1991NU9% 1 11 50 Hadans Vin15UsuUsunsmetnauaniusuaswinny
1000 Hadans 9zlnaisazaleninsgiuneamanimnutuduneains 2.5 lulasnsy

Weavlesadeiiafians arsazarelazgniluldinienansararsinnsgiudmiuinns

mmgmmmmimﬁ n.1

P = ° o o
A13199 1.1 ATIATENANTAZAIEETS UVNASINLIn S IUNR dnn

AU TUTUVDY
% 'O Y3u10s Wodwn
A1582a08UR551U | €I8157U UINaU .
oo Rk & _ (& 574 (lulasnsy
wodwln (ladans) | (Haaans) | (Naaaas) o~ . Gl
(Uagaang) Wadnosdana
1aaans)
0 8 a2 50 0
2 8 40 50 0.1
6 8 26 50 0.3
10 8 32 50 0.5
16 8 26 50 0.8
24 8 18 50 1.2
32 8 10 50 1.6
a0 8 9 50 2.0
50 8 0 50 2.5




a8

3. Maa3eNthe1sIn (Combined reagent) nahenaiiludndrudivsu 100 mL Tngwa
asazany fall

- AIAARISALTNTY (H,SO4) 5.0 N USuIms 50 Hadans

- @saransuauRludlnuna@eunmse USuns 5 dadans

- gsavarguedlautionluduen USuns 15 Sadans

- nsauadanatn Ysuins 30 faqdnsg
4. Dnheehan 50 Taddns ldnninusinasaun 50 fadans Bufluadunau 1 ven

1%
a o

KlaAundliAunsadanin 5 N fasveasudunanmely wdaiahersw 8 fadans Rl
10 ur#t anduirluindigandunasdasiaiesgi-iddaauninsinlndines
(UV-Vis spectrophotometer) finueniadu 880 wiluung
5. ASAUIN

Woan (mg-P/L) = endignuldannnsan (ug)

YSumstiaeg e (mL)

n.2 AsnageuANNEINIsalunIIaatuLnSauLg (Methylene Blue Number, M.B.N.)

o

Junisvegeutiiodassviauainsnganliunsgadua sasateluvsauug By

Q

v A

NI VRIUTUNT (2551) FallTumpumTiias e ilagagunadl

Il
=

1. Fausssun 0.01 nSu ldasluarsasateumsauuadiiudy 10, 25, 50, 100, 250, 500

Y

a

fladnsusiedas udnhluwgreriosvgasaugannl 1ausaseu 150 seusauniitiu

u

1A 24 Falue

% o

2. Mniuldilatnesnsesdagadueeniainalsagasunsauug msiasisnusunm
wsauugmndemeiasesgIdailaainlnsinlndines (UV-Vis Spectrophotometer)
ANUEIIAAY 665 WILULLAT

3. MIAIUAANNINTAATULINTALLY

q-= (CO'Ce)XV
M

dfle  q= ANANURlUMIAATUINSAUUQURINUDDY (Me/g)
Co = mmvﬁwﬁ’uﬁmé\’ummLumﬁﬁuuq (mg/L)
Ce = mmnindufindevoauumdauug (meg/L)
V = USunsvesansavangiundauug (L)
M = thadnvesusss (o)
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n.3 N153ATIIUTINaYaglad(Cellulose Content)
Judsnsldanuliasaneiuazanudunmusensauaziua lngTanasgndoaansme

dunaLTRINIAlUASNLALNIABLTNSNAIBASI WAN ©194893971597A Kulic and Radojicic

(2554) Fauneunsinseilavasuaal
1. Y9A788NNEIUNITOU LAZUATDUNIUALLNTIVUIA 70 mesh 11 0.0500 N5y

2. 1ANAISNS I TaRLTANLDTA LTUTU 99% 80 HaBAAS NTALUASA LIUTU 5% 10

1288 LaruINaY 20 Jadans
2. auliion 5-10 w1l wdwihnssuanidunan 1 il Ralidy

4. ¥N13NTRIUUUAAANNALHIUNTEAIYNTOS Whatman Luas 42 a1niwileud
gamadl 60 evrnwadisaiiuna 24 Flus udidiiuluatiewmes udnheonudadmn

5. MIAwmmUsinaieaala

% Cellulose = M x 100

Mo

v

M = iuinsussundseu(g)

Mo = thutnaudesnauau(g)

i 1 d. &l a 3
n.4 n1sAnenAtAuLdunse-aneiivszaiuialugug (Point of zero charge , pHp.o) tnald

35 pH Drift Method 91989350150 NENALAL ALY (2558)
Dunsfinwimasamesssquuiiuiinvesiagaduliandueug
1. wIsumsazanelnfouaaalsansinnuidiudu 001 Tuans
2. 9 ntiutiransazatgainde 1 w1 100 Jaddns Usuaudunsaciua lrieglurag

LMINALLY 3.00 ~12.00 MuaITara1snsalunsn wazasazardloneulansanlas Nllanu

Wty 0.1 Tuans laesaanuidunse—tua lngldieiiinas
3. MNUULIVUDBINHUNISLRLLAN L8R AU LD RENUSUa NN 0.2000 NSy 14

adlurangUsun Uaurnviaguusiivadin
4. i lUgNANuET 120 o/ Tagldinan 24 92lus
5. WASUANLLATAAIMUALNYUD BETNIUNSHRuLAn laaaulUuTndlevardameiita sy

Tmod
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A15199 2.1 N15ATIEYAT Methylene Blue Number 2839ugaentun1sUSUanIm

ANLTNTIINERUUQITUAY

ANUdTUIMBAUUgIGe

T DUNNY ¥ 5
answinlgusy | srezan e YIAUNFIDYNN (NTU)
q-, GN:l (mg/L) (mg/L)
Ann (@lug) 5 E & T 3 z 3 z o P T T 2 T 2 T o
Wwawed) | A 1 | ASW 2 | AT 3 ASIN 1 ASIN 2 ASIN 3 AN 1 ASIN 2 ASIN 3
0.01 0.0101 0.0109 10.1832 10.0193 10 5.3235 5.4296 6.0222
0.0104 0.01 0.0101 25.7353 25.9326 25.9691 12.1085 12.8143 14.5376
Sl 0.0102 0.0101 0.0108 50.4918 | 50.4002 | 50.0988 | 23.1919 | 28.7001 28.5121
TaduSuanw 24 30
0.0102 0.0102 0.0102 99.513 98.8018 | 99.5443 | 55.0574 | 59.2791 58.9706
0.0104 0.0108 0.0106 | 249.0694 | 2495733 | 249.7131 | 236.3982 | 238.4908 | 236.4658
0.0103 0.0102 0.0107 498.662 | 502.6784 | 498.858 | 409.4769 | 409.0236 | 400.074
0.0117 0.0109 0.012 11.5204 11.5204 11.5204 5.0756 5.0756 5.0756
0.0105 0.0113 0.0101 26.3103 263103 26.3103 10.5739 10.0929 10.536
NaOH 2% lag o \ 0.0105 0.0116 0.0101 48.3653 48.3653 48.3653 22.8126 225532 22.5532
RUNUIUING 0.0101 0.0107 0.0103 | 102.5947 | 102.5947 | 102.5947 | 50.5589 57521 55.4452
0.0106 0.0104 0.0105 | 2458225 | 245.8225 | 245.8225 | 129.4914 | 139.7509 | 129.4914
0.0105 0.0105 0.0104 | 508.6663 | 508.6663 | 508.6663 | 290.1401 | 255.9896 | 257.2859

IS



A151497 0.1 (5i9)

AMUANTIIMSEuUgLNAY

ANUdNTUIMBSAUUg G

mn DUNN Uil e -
aAswaiinly | srezian I UINUNAD89 (N5U)
5 o (99AN (mg/L) (me/L)
Usuanin (Falaa) = z 3 T 3 oY z 4 z 4 o 7 R v 4
CRIGILG)) AN 1 AN 2 AN 3 ATIN 1 ATIN 2 ATIN 3 AN 1 AN 2 AN 3
0.0126 0.0117 0.0111 10.7421 10.7421 10.7421 4.0756 4.0756 4.0756
S 0.0101 0.0103 0.0101 26.0508 | 26.0508 | 26.0508 9.5739 9.0929 10.536
a
v ,,O 0.0101 0.0117 0.0105 49,9222 49.9222 49,9222 20.8126 20.5532 22.5532
Taendn 24 30
JBae1s 0.0103 0.0102 0.0107 | 103.6326 | 103.6326 | 103.6326 | 49.5589 51:521 55:4452
0.0102 0.01 0.0104 | 246.8604 | 246.8604 | 246.8604 | 139.4914 | 125.7509 | 135.4914
0.011 0.0119 0.0103 | 501.6606 | 501.6606 | 501.6606 | 270.1401 | 245.9896 | 267.2859
0.0102 0.0111 0.0109 9.1853 9.1853 9.1853 35756 3.5056 21756
NaOH 8% , 0.0107 0.01 0.0106 25.013 25.013 25018 8.5739 8.0929 7536
HNO3 5% o 0 0.0103 0.0103 0.0109 48.8843 48.8843 48.8843 16.8126 18.5532 18.5532
Tagunn 0.0122 | 0.0101 | 0.0102 | 102.0758 | 102.0758 | 102.0758 | 47.5589 | 47521 | 48.4452
Jsu1m15 0.0104 | 0.0101 0.0102 | 252.5688 | 252.5688 | 252.5688 | 129.4914 | 125.7509 | 125.4914
0.011 0.0107 | 0.0109 | 500.1038 | 500.1038 | 500.1038 | 265.1401 | 243.9896 | 255.2859

Zs



A15199 2.1 (919)

: NI s . D ﬂ’amﬁm’ful,w%ﬁuuqﬁmﬁu mmﬁwﬁmw%ﬁuuqﬁmﬁa
aandnld | szezien SEE; UIMUNAIBYN (N33)
5 % (GNGE (mg/L) (mg/L)
Uiuaﬂqw (SU’DINQ) St O o & o v & A & o & o il & o & o
waled) | afeii 1t | Asei2 | a3 | ASeli 1 | SN2 | ASeii3 | aseil | eASeii2 | Asedl 3
NaiT o 0.0110 0.0105 0.0108 11.7800 | 11.7800 | 11.7800 2.5756 2.0256 2.0756
a ;
NG £ 0.0102 0.0101 0.0109 2042326 | 24.2326 | 24.2326 5.5i(39 5.5929 5.5360
: 0.0105 0.0110 0.0102 49.1437 | 49.1437 | 49.1437 11.8126 12.5532.7.15.5532
5%,H,0, 10% 24 30
Imaﬁmﬁ’ﬂ 0.0107 0.0115 0.0106 | 101.0379 | 101.0379 | 101.0379 | 20.5589 | 20.5210 | 20.4452
\JRaiins 0.0100 0.0101 0.0103 | 250.4930 | 250.4930 | 250.4930 | 120.4914 | 120.7509 | 120.4914
0.0102 0.0102 0.0107 | 503.2174 | 503.2174 | 503.2174 | 245.1401 | 243.9896 | 245.2859

€5
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N1IATUIE

#19819115A1UIA" Methylene Blue Number 983t1udpefiniunisusuaningay
NaOH wliudu 29 w/v iuian 24 §2lus fgamgli 30 ssmiwaidoa aid 1 Tnedemudos
0.0117 nsu (M) IumiazmsJw%ﬁuuqﬁﬁmqm%’u%’uﬁuﬁu (Co) WINAU 11.5204 fadnsurodns
U319 10 fadans (V) tHuan 24 $2lue anntunsesnusosudinasazaefilgluiinsgs
mmvﬁmi’fwuaaLw%ﬁwqﬁmﬁa (Co) lawiniu 2.0756 fiad nSudedns whanAiwiueuaIuITe
lumsgadu umsiuug (Q.) Yeavudesmeauns

Q= (CO = Ce) x V
M
q = (11.5204 mg/L = 5.0756 mg/L) x 0.010 L

0.0117 ¢
g =5.5084 mg/¢

vi’wmamaaqsz?ul,mﬂ?{auﬂmmLﬁi’]u%’mmmuuw%ﬁwqmm 10 mg/g 1Yy
25,50,100,250,500 mg/L MNTUNAEAN TR ST 1/Ce fium 1/q %Ié’ﬂsww&f@gﬂﬁ 9.1
Ingdrunduvesgarnuny y 3eansivlaziiudininugggelunisgadumsauug (q) wiem
Methylene Blue Number #sfidnviniu me/e

0.08
007 &
0.06

y = 0.6820x + 0.0049
Rz =0.9788

0.05
0.04

1/Q,

0.03
0.02
0.01

0 0.02 0.04 0.06 0.08 0.1
1/C

JUN v.1 n3MLAUATIVB9 Methylene Blue Number 91uspeiin1un1susuan1nasg NaOH
Wity 2% w/v 1 0unan 24 alus gamadl 30 esrwaldva ass 1



0.25

0.2

0.15

1/Q,

0.1

0.05

]
J=1

y = 0.9023x + 0.0218

Rz = 0.8129

0.05

0.1
1/C

0.15

0.2

55

JUT 9.2 n31mlidunsaved Methylene Blue Number 91udsenliiiunisusuanin uiian

24 3l Ngnumail 30 BIANYATYE ATIN 1

0.25

0.2

0.15

1/Q,

0.1

0.05

y = 0.9623x + 0.0281

Rz = 0.7857

0.05

0.1
1/C

e

0.15

0.2

JUN .3 n3MLdUAT9909 Methylene Blue Number eudpeiiliiiunisusuanin iuiian

24 Flus Nigaumadl 30 veAwaLTyd ASIN 2
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0.3

0.25 = y = 1.4512x + 0.0171
R? = 0.8916

0.2
g 0.15
0.1

0.05

0 0.05 0.1 0.15 0.2
1/C

]
=

JUR 2.4 n39M1duns 1ved Methylene Blue Number #1ude afllaiiiunisuSuanin uiaan
24 Al Nigauviil 30 a4FTaLTYE ATIN 3

0.08

DOR S y = 0.6824x + 0.0049
R?=0.9788

0.06
0.05
gm 0.04 -
0.03
0.02
0.01

0 0.02 0.04 0.06 0.08 0il
1/C

sUN 2.5 n5mLdunTIv8e Methylene Blue Number 11ugpeiniun1susuanInglg NaOH
Wit 2% wv unan 24 9ilas Nignungil 30 anwalda Asa 1



1
=

y = 0.8037x + 0.0048

R2 = 0.9813

0.05

0.1 0.15
1/C

0.2

0.25

Sif

sUN 2.6 n31idunsIv89 Methylene Blue Number Mudaefieiun1sUsuanIngie NaOH

Wt 29 w/iv lunan 24 Halua gaumall 30 aarwa L Tud A3 2

0.07

0.06

0.05

y = 0.6483x + 0.0049
REe0.9798

0.02

0.04 0.06
1/C

0.08

0.1

sUN 4.7 n3miduns9999 Methylene Blue Number Mugaaiii1un1susuanImaie NaOH

Vindu 29 wiv Wunan 24 lue Ngamall 30 owrwadua ASs 3



0.07 -

0.06
0.05

» 0.04

1/Q

0.03

0.02

0.01

y = 0.5456x + 0.0058

R?z = 0.9886

0.02

0.04

0.06
1/C

0.08

0.1

0.12

58

sUN 9.8 N3 MLAUATIVOT Methylene Blue Number 11usaafitiiunisusuaningig NaOH

Wty 8% w/v gt 24 Falus igamadl 30 asrnigaided asa 1

0.07
0.06
0.05

v 0.04

1/Q

0.03
0.02

0.01

y = 0.5317x + 0.0057
R2 = 0.9566

0.02

0.04

0.06
1/C,

0.08

0.1

0.12

sUN 2.9 n51MidunTIVas Methylene Blue Number 1usoainIun1sUsuan1n#iIe NaOH

Viudu 8% wv unian 24 Falus igaumadl 30 esrnwaldva s 2



]
a

y = 0.6535x + 0.0059
R? = 0.9968

0.05

0.1 0.15
1/C

e

0.2

0.25

0:3

59

sUT 9.10 n9wlidunsevas Methylene Blue Number 91usaefi nun1susuan mae NaOH

Vi 8% w/v 1uiian 24 4alus gamall 30 ssrwalded ase 3

0.07
0.06
0.05

o 0.04
o

1/

0.03 -

0.02

0.01

y = 0.5047x + 0.0055
R? = 0.9745

0.02

0.04 0.06 0.08

1/C

e

0.1

0.12

0.14

$UT 2.11 n91MLdunTI99 Methylene Blue Number musoefiiun1susuanineig NaOH

\iudiu 8% w/v uag HNOs 5% w/v 1uaa1 24 §2lua figumgll 30 sernaidesa

Asq 1
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0.25 4

0:2 ~ y = 0.688x - 0.0036 °
Rz = 09729

0.15 =

1/Q,

01

0.05 -

0.05 0.1 0.15 0.2 0.25 0.3

-0.05
1/C

JUT 9.12 n5Ldun 39v83 Methylene Blue Number 9118871111505 Uan 1A NaOH
LIuTu 8% w/v kay HNOs 5% w/v \Tuiaan 24 Falus finamgil 30 esrwalfed

ASq 2
025! 3
y = 0.9094x - 0.0023
0.2 R? = 0.9955
015
o
oy
01 -
0.05 -
O =
0 0.05 0.1 0.15 0.2 0.25 0.3
1/C,

JUN 9.13 n5LdUATIY8Y Methylene Blue Number 11ugeefii1un15UTuanIwe8 NaOH
VN 8% w/v wag HNOs 5% w/v L1luiian 24 $alus finamall 30 seawaded
A3e 3
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0.14

i y = 0.2998x + 0.0022
Rz = 0.9975

0.1

o 0.08
o

1/

0.06

0.04 -

0.02

1/C

JUM ¥.14 n311dURT903 Methylene Blue Number 911u88e71:1un15UTUANWA8 NaOH
LU 8% w/v , HNOs 5% w/v 4ag H,0; 10% w/v iduiaan 24 4alus figaumail 30
NGRIL BTG !

£.26(
85.2(a y = 0.6596x - 0.0013 y
Rz = 0.9780
\0.12
o
>
0.1
0.05
0
0 0.05 0.1 0.15 0.2 0.25 0.3

1/C

JUT 9.15 N5 UATIY8Y Methylene Blue Number 1udaefiniun1susuanInae NaOH
Wit 8% w/v , HNOs 5% w/v waig H0, 10% w/v i0uian 24 93lus figaumgd 30
DIFNIATYE ATI 2
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(1200
y = 0.551x + 0.0025 b4
Rz = 0.9868

0.15
S
0.05

0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
1/C,

]
a

JUN .16 N5 uR9909 Methylene Blue Number 91udaensun1sUsuanInse NaOH
LULUU 8% W/, HNO3 5% w/v wae Hy05 10% wiv iWutaan 24 dala Ngaumail 30
2IAlYALTEE A9 3



A15199 0.2 M3eszimnUsInaaglaaluriudes

UINUNODUSUAY (NSU)

YN p8NDUDU (N5U)

YIMUNIReNaIBU (N5Y)

ansaile : > ’ , < ; -
ASI 1 | ASI 2 | A3 | Asan 1 AN 2 ASIN 3 AN 1 ASIN 2 | ASIN 3
TaiUSuaniw 0.0500 0.0501 0.0500 24.1614 32.0756 31.8208 24, W2 32.0923 31.8354
NaOH 2% lag
sy 0.0501 0.0502 0.0504 18.1491 17.9812 18.0472 18.1724 18.0149 18.0718
UINUNUSUINg
NaOH 8%laerimen
% 0.0501 0.0506 0.0510 29.5328 ST 31.8238 29.5619 2 .7432 | 31.8553
U31193
NaOH 8%,HNO3 5%
sriio e 0.0506 0.0511 0.0517 18.1082 18.4749 18.1470 18.1325 18.5157 18.1769
Tngundnyusunng
NaOH 8%,HNO3 5%
way H,O, 10%l08 0.0502 0.0510 0.0505 29.0529 29.9835 29.7874 29.0858 30.0155 | 29.8214

WIMUNUTUINS

€9
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ASATUI

feg1an1sAIumIUIINMwaglaavesruses1uN1TUTUaN1MAY NaOH 1wt 2% w/v
Wuan 24 9ilus Ngaumgll 30 smwaidea asen 1 lnedaiudeas 0.0501 N3N (Mo) asluansazaei
W3 8usaN1s3WANT 1 FrluarhlUauuasdsnusssadndatvingu 0.0233 A5y (M) thuAwumiusunu

WAYlAAYDIYIUBDYMILANNT

% Cellulose = M x 100
Mo

% Cellulose. = - 0.0233 ¢. x 100
0.0501 g.

% Cellulose = 46.50



A15199 2.3 N15IATIZIUSIN Blank way Control vaaassnlesau (Fe*) wavuunii@eulonou (Mg?) Tun1siadauiinudas

2 an AINTU (mg/L) AULTUTY (Mol/L)
FUAAIDEN =
(W) 27 Zn & g % ¥ ¥ 4
AsIn 1 ASIN 2 AN 3 ASIN 1 ASIN 2 ASIN 3
nd nd nd - - -
Blank 120 nd nd nd - - -
nd nd nd - - -
Fe* 14340 14292 14628 0.2568 0.2559 0.2619
Fe’t way
Control Fo2t i1 20 14210 14780 14530 0.2545 0.2647 0.2602
e
I\/\g2+ 6310 6420 6200 0.2596 0.2641 0.2551

59



A15197 2.4 MsiasiziinUsinannessnlessu (Fe*) uaz uunfi@enlonsu (Mg®) lunisindeuiitusdse

AU (me/L) ANUVUTU (Mmol/L)

g 1381 nou AN noU a4

fegna | (W)
adit 1 | adaii 2| adaft 3 | ndai 1| adedt 2 | adit 3 | ASeit 1 | et 2 | adait 3 | pdedi 1 | adadt 2 | Aadt 3

Fe’* 120 14441 | 14753 | 14689 8146 8148 8139 | 0.2586 | 0.2642 | 0.2630 | 0.1459 | 0.1459 | 0.1457
Fe’'uay

Fo2t 120 14290 | 13420 | 13080 9017 9237 9969 | 0.2559 | 0.2403 | 0.2342 | 0.1615 | 0.1654 | 0.1785

e
Mg2+ 120 6100 6500 6400 2863 2914 2768 0.2510 | 0.2674 | 0.2633 | 0.1178 | 0.1199 | 0.1139

99
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14
12

10 -

Final pH

Initial pH

¥.17 Apnandunsa-anfiussanuiaduauduos FeCls

Can
(=
=2

14
12
10

Final pH

Initial pH

' ' ¥

sUN .18 ﬂ'wmmLﬂuﬂim-ﬁmﬁﬂimﬁuﬂaLﬂuquémm FeCls way FeSOq

9



14

12

10

Final pH

=>

2 2 a4 5 6 i 8 9
Initial pH

1%

9.19 AAnutdunsa-AsnUszatiuR 1w

1

W= 11 12

AUdveI MgCl

135

14

68



1.6

1.4
y = 0.5757x + 0.0157

Rz = 0.9997

1.2

0.8
0.6

Absorbance

0.4
0.2

0 0.5 1 1.5 2

Concentration (me/L)

5UT .20 nsmlmsguleaine
0.7

0.6
y = 0.1852x - 0.0002

P R? = 0.9995

0.4

0.3

Absorbance

0.2

0.1

0 0.5 1 1o 2 2.5

Concentration (mg/L)

JUT .21 n9manmsgunSauYg

2.5

5.5

69



6
: y =0.9922x + 0.0215
Rz =0.9993
Ll
v
cC
83
>
= 2
1
0
0 1 2 3 a 5
Concentration (mg/L)
gih'?i .22 N5 MdnsgIuveanesnlensy (Fe*)
0.5
0.4 y = 1.0029x - 0.0008
G.) Rz = 0.9996
2 03
©
=
? 0.2
Q
<
0.1
0

0 0.4 0.2 0.3 0.4

Concentration (mg/L)

SUN 9.23 nsmanesgruvesiunilideulossy (Mg?)

0.5

70



A1590 0.5 nan1snadeunsiusiuszesanduialunisaaduensisneanalutifmed

£in ey STETLIE ntindegna (nSu) A ueaALEY (me/L) At ueamafimde (me/L)
TUARIGATY = oo 2 s 2 — o oo e 2 |
(W) ASIl | Ass2 | ASe 3 | eseit ANTI2 AN 3 AJIN1 ASIN2 AN 3
1 0.1007 0.1003 0.1004 2.3768 2.3345 2.3942 1.6040 1.6380 1.6108
. 2 0.1013 0.1002 0.1008 2.3960 2.32628 2.4078 1.6118 16177 1.6295
Yr1uDeunll
4 0.1000 0.1004 0.1006 2.4097 2.4027 2.4542 1.6170 1.4071 1.5922
Ugaann
8 0.1007 0.1005 0.1009 2.4732 2.4034 2.4036 1.4949 1.5598 1.3870
24 0.1001 0.1003 0.1002 2.4540 2.4716 2.4696 1.5075 1.4241 1.4263
SR 1 0.1012 0.1010 0.1002 2.4841 2.4669 2.4349 2721 1.2806 1.2376
Y1UDDUN
T 2 0.1006 | 0.1001 | 01004 | 24288 | 23928 | 23706 | 11527 | 12308 | 1.1446
A28 NaOH q 0.1007 0.1004 0.1003 2.3862 2.3627 2.4539 0.9825 1.1045 1.0832
8%, HNO5 5% 8 0.1005 | 0:1007 -{ 0.1011 | 24349 | 23959 | 23862 | 1.0469 | 1.1212 | 09722
ey H,O, 10%
24 0.1003 0.1005 0.1008 2.4733 2.4564 2.4390 1.0296 1.0110 1.0627

1L



A15719% V.5 (719)

Yneaga (nSu)

sdaden | szuziian anuutueamasuEY (me/l) | Anudiduneamnimie (me/L)

il (W) adafil adaqi adadi 3 ASafil ASa712 adafi 3 adaqil adaqi adafi 3

1 0.1019 | 0.1003 | 0.1001 23626 | 24338 | 23971 0.1651 0.1429 | 0.1276

TUBEY 2 0.1028 | 0.1001 0.1003 23954 | 2.4245 23784 | 0.1641 0.0951 0.1400
Ysuuse

5 4 0.1009 | 0.1007 | 0.1002 | 24095 | 24088 | 23954 | 00679 | 0.1458 | 0.0883
dAMNNIY

s 8 0.1029 | 24003 | o003 I 2GR, & 28 Y~ 2882, | 0.1\ | 00832 | 0.0932

24 0.1011 | 0.1002 | 0.1023 | 24562 | 24607 | 24066 | 0.1384 | 0.0965 | 0.1383

1 0.1014 [ Noaq02 J,[remE \WPeto 7 rops 2. dsges wmms 0%ZE30 | 06254 | 06122

Tivaagy 7 0.1009 | 0.1001 0.1004 | 24077 | 23744 | 23668 | 05962 | 0.6022 | 0.5900
J5uusa

4 i 0.1008 | 0.1007 | 0.1005 | 24096 | 24332 | 23670 | 05512 | 06113 | 05598
AdNTNMIY

e 8 0.1019 [\ '0.Tonz 4 Cg XoouaN| Y@ g | Ju#1es o800 W0 6050l J| 04875 | 0.5969

24 0.1002 0.1009 0.1001 2.4556 2.3950 2.4433 0.5733 0.6589 0.5974

¢l



A15199 2.5 (519)

YIUNAI9819 (NSL)

ANULTUN A ASUAY (Mme/L)

ANULTUWBARIMED (Mme/L)

mﬁméhﬂm SygzIan
if (W) it afiiz | a3 | adei Atz | ez | et adi2 | pdedi 3
1 0.1007 | 0.1004 | 0.1003 2.4841 24669 | 2.6086 1.1503 | 0.9218 1.0312
TIUBBYY 2 0.1010 | 0.1005 0.1006 2.4288 23928 | 2.3706 0.9160 0.9935 0.9767
Jsuusa
5 il 0.1019 | 0.1005 0.1001 9 38g2> |M23¢2F-J248B9 | oN¥ | 09728 | 0.8093
dNNMIY
M® 8 0.1003 | 0.1010 0.1003 2 a6aa,/ [0 e [V~ 388~ 0925%\| 08627 | 08332
24 0.1003 | 0.1003 0.1006 a5/ §972 4 A W ead NSO 8272\ N 09094 | 0.8981

¢l



M19199 2.6 HanINAdEUNTSWUSHUAMUIITure i tlunmsgaduaassaains

o s 1781 AL Yviindetng (nga) anudurloamasLRY (me/l) | Anududuneanaiivde (me/L)
TUNIRATUY < 3- oA & 7 e ol AR Ly &4 & 4 ]
(@) | PO"dme/L) | pSafil ASIN2 %973 AIN1 AIN2 ASIN3 Asan1 ASIN2 ASIN3
2.5 0.1001 0.1003 0.1009 2.4284 2.3998 2.4333 1.5508 1.5903 1.6094
. 5 0.1002 0.1002 0.1004 4.6473 4.5474 4.8753 2.9385 2.9804 3.1024
N RILRIEIEY
24 10 1011 0.1000 0.1001 9.6735 9.4343 9.4908 6.7492 5.9463 5.9836
Ugaann
25 0.1002 0.1002 0.1006 24.7653 23.6432 23.3453 15.1147 14.9574 13.9464
50 0.1001 0.1002 0.1001 47.0853 46.9525 48.0128 31.9373 27.9473 30.8463
‘mug{aﬁlﬁ‘ 2.5 0.1003 0.1002 0.1010 2.4564 2.4396 2.4107 1.2447 1.2385 1.3584
UEUU?Q?““W 5 0.1003 | 0.1002 | 01003 | 4.8953 | 4.9376 | 4.9187 | 25948 | 24149 | 2.5739
»38 NaOH
24 10 0.1003 0.1008 0.1003 9.7647 9.4638 9.5756 5.1839 5.1832 4.7182
8%, HNO;
5%uag H,0, 25 0.1007 0.1003 0.1001 23.7358 23.8353 23.2368 11.6469 10.3837 11.0364
10% 50 0.1002 0.1003 0.1001 47.8935 | 48.0138 | 47.9034 | 21.8736 | 19.9373 | 20.3657

12



A15199 0.6 (19)

UIMTNHI9819 (NSU)

ANULTNTUNDALWATUAY (Me/L)

ANUTNTUNDAWAIMED (mg/L)

SiEn sl 1280 ANMULUNTU
‘UUWG\’J@JWZJU ;JI 3 L o o oy S i o S el
(W) | POTme/L) | p&edds i ASIN3 ASIN1 ASIN2 ASIN3 ASIN1 ASIN2 ASIN3
25 6006 6300~ W00 7o r2—+ 2480\ 24107 | 01516 | 01402 | 0.1245
sruSon 5 0.1001 |~ 01002 | 10.1005 { 49072 | 48807 | 49071 | 02946 | 02861 | 03037
AR 24 10 0.1005 | 0.1003 | 01008 | 9.6462 | 93538 | 93646 | 05253 | 08176 | 0.8883
3+
Fe 25 040626102 € N 0. 100 \ & 25007 Aiaedes Lo 4838 | 1.2497 | 12651 | 1.5606
50 0.1006 | 0.1002 | 01002 | 475743 | 469744 | 469564 | 20974 | 21436 | 2.5437
2k 01008 | 0.1002 | <0.1003 | 24007 | 23901 | 23954 | 06385 | 06830 | 06547
e 5 0.1004| ‘0.100a- | 01005 | 48723 | 49712 |-49375 | 12598 | 13794 | 1.2284
LB URIAIY > 10 0100l [ TOORNID 1007 [ 475 LaTo%8 U Jebea | 25983 | 26846 | 25924
3+ o
Fe ZL"a” 25 01004 | 0.1004 -] 0.1009 | 23.9563 | 23.8674°| 224763 | 60934 | 53455 | 63745
Fe™
50 0.1003 | 0.1008 | 01009 | 46.8574 | 48.9564 | 47.4644 | 10.8748 | 10.3653 | 12.4547

Gl
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it nan ATy Yuiinaoghe (n5) AnuddunleanEuEY (me/l) | anududurleamaiude (me/L)
ki @Me) | PO"meL) | pdiit | adeil2 adaiis adafit adaii2 afadi3 afaiit ndadi2 nfait3
2.5 0.1008 0.1002 0.101 2.3978 2.4116 2.4023 1.0862 1.0284 1.0166

56’11458817% 5 0.1003 0.1002 0.1008 4.8711 4.9026 4.9234 2.0190 2.0891 2.0354
L\AADURIALE 24 10 0.101 0.1009 0.1006 9.5656 9.4643 9.8564 4.3823 4.0734 4.1973
f\/\g2+ 25 0.1001 0.1004 0.1002 23.8463 22.4733 24,3553 9.3933 9.1464 9.3432
50 0.1003 0.1007 0.1001 47.6744 | 47.6645 47.8964 17.8434 13134 19.9374

9/



77

0.8 y = 0.1042x + 0.0145
(] 2 = 5
o 0.6 R? = 0.9937
e
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4 y = 0.6603x - 0.015
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0.8 R? = 0.9989
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y = 1.3392x - 0.0174
R? = 0.9985
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1/C,

U .24 lelumesunisaaduessisneaiaiiie (A), (B) uaz (C) Ao lelumesuuuunauiies
YOIV IUDDETARDURIE Fe®*, Fe*'/Fe* uag Mg®* muaau
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(D)
2
iE y = 1.9604x - 0.0322
Rz = 0.9993
o 1
=
0.5
0
0 0.2 0.4 0.6 0.8 1
>
(E)
245
. y = 3.2904x - 0.0238
P = 09530
o5
O,
N
&) i
0.5
0
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&

U7 2.25 lelwinesunisanduassilswaaiiaiile (D) uax () An lolumesuuuuuauiissves
Y1udouNYSUANINA8 NaOH 8%, HNOs 5%Uag H,0, 10% Uag ¥1udee

ANUAINU
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-0.6 -0.4

log Q,

y = 1.0494x - 0.9761

z R2 = 0.9810
-1.5
log C,
(G)
0.5
-1.2 -1 -0.8 -0.6 -0.4 0.2 0.4
& y = 1.0644x - 0.1913
g R? = 0.9990
-1
-1.5
log Ce
(H)
y = 1.0715x + 0.1331
R2 = 0.9979 ig
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o
on
9

-1.5

log C,

U .26 leluinesunisgadussslsweanaiie (F), (G) uaz (H) e lelumesuuuy

WiUAwURwIUDRETAGOUNINEY Fe’', Fe’/Fe’ wag Mg® muddu
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0
-1.4 -1.2 -1 0
& 0.5
g y = 1.1357x + 0.3222
R = 0.9967
-1
-1.5
log C,
W)
0.5
0
-1.6 -0.6 -0.4 -0.2 0
4 = 1.0346x +0.518 0
E y = 1.0346x + 0.
R? = 0.9977
-1
-1.5

log C,

JUN v.27 leluimesumsgatuesslsvleaaile (1) uas (J) fe leleimesunuunguavues
PUDDLNUTUANINAIY NaOH 8%, HNO3 5%uay H,0; 10% uag ¥1udee

AIUAIAU
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