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ABSTRACT

This work describes a preparation and use of magnetic adsorbent materials from Montmorillonite clay and
activated carbon for the removal of methylene blue, which is one of the cationic dyes, from water. The
synthesis of magnetic adsorbent materials involved mixing a solution containing FeCl, and FeSO, with
either the precursor Montmorillonite or the activated carbon and using NaOH to form a magnetic
precipitate as Fe,O,. The Montmorillonite: iron oxide weight ratios were varied to be 1:1, 1.5:1 and 2:1.
The produced magnetic materials and, for comparison, the starting Montmorillonite were characterized in
term of interlayer spacing (d,,,), chemical compositions and surface area using X-ray diffraction (XRD),
X-ray fluorescence (XRF) and BET N, sorption by Micromeritics ASAP 2010 respectively. From the
XREF results, amount of iron content in the produced magnetic composites were considerably increased
from the precursor clay. This result confirms the combination of ferric compounds into the mineral and
activated carbon structure. Besides, from the BET N, adsorption, the surface area of the magnetic
materials was significantly different from those of the raw clay and the starting activated carbon.
Moreover, from the XRD data, the higher load of iron components in the magnetic products was the lower
their interlayer spacing.

In addition, the settling time of pristine and magnetic materials were found in the normal and magnetic
environments. Afterward, the uptake of methylene blue in both batch and fixed bed system were designed
to illustrate application of the magnetic sorbents in water treatment. The batch experimental data fitted
well with the Langmuir isotherm and the sorption capacity of magnetic adsorbents towards methylene
blue was calculated. The results showed that the presence of iron oxide in adsorbents affects their sorption
capacities toward methylene blue. Rates of methylene blue uptake by magnetic materials conformed to

pseudo-second order kinetics model. The regeneration of magnetic materials was possible.

Keywords

Activated carbon, Magnetic activated carbon, Clay, Magnetic clay, Methylene blue, Adsorption
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2.2 Point of Zero charge
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Gibbsite -Al(OH), 7.8-9.5 Hingston et al. (1972)
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Specific amount adsorbed n

Relative pressure p/p*

319 2.7 31uUYD9 Adsorption Isotherm

2.6 Tmﬂmauwamawfmsgﬂ%’u (Kinetic Models of Adsorption)
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2.6.2 Pseudo—Second Order Equation
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2.8 MIANAZNBU (Sedimentation)
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o NMSANAZNBULUVIINNGY (flocculent settling)
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2.8.1 MIANALNBULLIUBASE (discrete settling)
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2.8.3 MIANATABUUVUUYITY (zone of settling %30 hinder settling)

WP a (2 Iy
msanazneuLL LM Ravulen Ut uveseymaiifSinugs eynnezeglndiuuin
- 4 A 1w @ 1 o [~ 3
gaztimsanaznou lua G mMIAuY dnuazmsanazaouiungueih lfidudusuien

Ed E4
synailauazeymaseetaey nmsanagneulssmniinylufsanazneunasgii

(Secondary sedimentation tank)
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2.8.3 MIANATABUUVUUYIFY (zone of settling 39 hinder settling)
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317 2.10 Solid fluxes
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z o 's . . & Y o Y 1
YuAoUMIAUATIZH Magnetic  materials Fauaasnimsdsesnaumandr llunsnegly

(=Y o = d a
Inseardaveausauouanesala ludass

44 esszneumuniivesusAuneud usaTla lud uaz Magnetic clays
riComponent Montmorillonite Magnetic clay 1:1 | Magnetic clay 1.5:1 | Magnetic clay 2:1
j Na,0 2.4-3 N.D. N.D. N.D.
i MgO 1.5-2 0.795 0.952 0.98
: AL, 16-18 4.704 7.189 5.587

! 56-60 11.479 17.049 22.085
N.D. 0.015 0.035 0.048
N.D. 0.039 0.044 0.035
0.3-0.5 0.017 0.475 0.75
1.9-2.1 1.777 2.378 3.158
1.2-1.5 0.513 0.767 0.958
N.D. 0.545 0.441 0.417
57 65.116 55.695 50.981

4 ' -] ] 1 @ o a’n,l‘
MINMSINH 4.5 wuM asdszneoumanlu Magnetic activated carbon qmaﬂumuﬂuuuﬂm

] 1 [ 1 1 o w d 1 e
AuFuaashimslszneumandh lunsneglulassadsvesdmduiug uddSinumalse

v ¥ 9
s Funsedusauiautanmudmaneiiufaslsnamstudleulussuuveanar
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apumanlu Magnetic activated carbon WlimsilasunlaaudesiimaiudSinamsilszney

{ a & @ ¢
FeCl, 1A% FesO, Tuauna 1 lusunaunsdunsiew Magnetic materials

asuf 45 esrilszaeumaniivesausuiuduas Magnetic activated carbon
A
Component | Activated Carbon | Magnetic activated carbon 1:1 | Magnetic activated carbon 2:1

Na,O N.D. N.D. N.D.
MgO N.D. N.D. N.D.
ALO, 1.742 N.D. N.D.
Sio, 4.618 0.339 0.535
K,0 21.473 N.D. N.D.
Ca0 1.685 6.146 0.200
TiO, N.D. N.D. N.D.
Fe,O, 1.165 31.671 31.297

~ ' ' o @ T o
NNATTIIN 4.6 WU ﬂmmflmmmaﬂmm Magnetic clays YIANBYNIYHAINTT Regenerate

v [ a P ] ] ey 1 <
ﬁ"mmmﬁﬂu UAZANNIZYDINIIRAN Y (ﬂ'ﬂ’]’)Sﬂﬂﬂ Lmzﬁm’szmﬂuuumaﬂ) "lunwﬂﬁﬂﬂimm

Fe,0, VUAIRAHUNIIVAINT Regenerate

MSN‘#} 4.6 panlszneumamiives Magnetic clays MBVAIMNI Regenerate
Component | Magnetic clay 1:1 | Magnetic clay 1:1 | Magnetic clay 1.5:1 | Magnetic clay 1.5:1
(A) (B) (A) (B)

Na,O N.D. N.D. N.D. N.D.
MgO N.D. 0.547 0.597 0.714
AL, 4.078 3.818 6.437 6.667
SiO, 14.015 13.459 23.286 23.382
K,0 N.D. N.D. 0.0965 0.119
CaO 1.168 0.257 1.699 1.643
TiO, N.D. 0.621 1.023 1.048

3203 76.686 77.288 63.945 63.502

nneme) A = Magnetic clays ﬁmumi@,ﬂcﬁu Methylene blue Tuan1izilnd

A [ { 1 <
B = Magnetic clays NH1UN139A% U Methylene blue Tuanrznduuwiman

-
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v
-

wa ' o q o = 4
HoutamanimaniediugiaatSinamsduileulussvuvearan
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Y o < v @ w 0'3 t @ d' wa 1
wenonfifSinmveunanludduiuddsduiasdmiuiudilguaidmanimingn
203 wﬁtﬁaﬁuéfummgﬂﬁmiﬂﬂ%’f'maﬁﬂ Energy Dispersive Spectrometer (EDS) 'lﬁ’ﬂﬁﬁ’ﬂ

uanalugiin 4.4-4.7

H y = 1 o @ 5’3 o o . .
1ngUN 4.4 Tiny Peak voundnludusuiuddedy d11$U Magnetic activated carbon 93WY

F4 v
=< -

=3 v Y a = a 3
Peak vBUMANBENTAY lasanugevosns zmviiolSinaumanmudy

Operator : Anuchit R.
Client : Customer

Job : Analytical
not-modify (8/28/06 13:34)
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3UN 44 EDS Spectrums vastufiusiudnady

Operator : Anuchit R.
Client : Customer
Job : Analytical

6.6 (8/28/06 13:16)
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gﬂﬁ 4.5 EDS Spectrums 484 Magnetic activated carbon ¥4@ 1:1
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Operator : Anuchit R.
Cliant : Customer

Job : Analytical
8.6 (8/28/06 13:16)
cps
40
Fe
30
20
10
Fe
0 I —
o 5 10 15 20
Energy {keV)
P . .
g‘ﬂ‘ﬂ 4.6 EDS Spectrums Y83 Magnetic activated carbon 1.5:1
Operator : Anuchit R.
Client : Customer
Job : Analytical
9.9 (8/28/06 13:27)
cs — _
] Fe
40—
30—
20—
10— | Fe
1 i
5‘ W\"'L'J"') ”’;anw
=1 A h K
0|l - S Wr o i aa——
] 5 10 15 20
Energy (keV}

gﬂﬁ 4.7 EDS Spectrums U84 Magnetic activated carbon %@ 2:1

4 = o v @ o d :
WennsandTinamsuesunusuiuiudiag Magnetic activated carbon aglin3 09 CHNS
o o ' by 4 . . v [Y
analyzer A3A15199 4.7 WuNn Sunamsveuuu Magnetic activated carbon 803NN TUNY

¥
o g

VUARIAY

@ ta A @ v =] q @ Ty 3
mimmswﬁuiﬂu'ﬂuﬁwwmmmam‘ﬁmﬂumaﬂﬂsmmmiﬂmﬂﬂulusz‘ummmm
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' mﬂdﬁ 4.7 Ultimate analysis ¥89 Magnetic activated carbon
e /

E4
on5 189U lagiivinues
SasausEnINmUA TR - ansisznouman
"« :’ 1Yy v v o
. | Zpvaz Tamninin DIUANNUA 1:1 1.5:1 2:1
L }—’;’———"
msueu 64.28 32.25 40.86 43.89
1alasiau 1.139 0.811 0.848 1.184
Padiiiotas
Tulasau 0.071 0.048 0.092 0.119
N )
Fanos 0.012 0 0 0.015
Rl

d a d a v LYY d
43 MIANATNBMUBINIAUNBUANBIAIAIHATITNYIA 9 1UANTUA Uaz Magnetic
o a " .
materials flaazUnftasanIzINdn

foyanisanaznou LAz Settling Curve Tavazdsauans 3 lumanuin n

~ 1 o w d R .
ATHN 4.8 IANTANAZNOUVDINTUAVNUA LDS Magnetic activated carbon

FHUAVDIA AN anududuves | annzilnd | aanzusimn
mgau‘ﬂg(mg/l) Time (sec) Time (sec)

s 70 6.94 5.752
40 7.03 7.143

20 7.76 6.439

Magnetic activated carbon 1:1 70 6.20 5.188
40 7.08 6.179

20 7.49 6.892

Magnetic activated carbon 1.5:1 70 6.01 5.558
40 6.60 5.953

20 8.09 8.559

Magnetic activated carbon 2:1 70 7.07 6.502
40 8.26 7.531

20 9.66 7.744

o ¢ 1a da a v g A ﬂ @ = 1
AT TUATIWHUIAUNVAUDAVNUI ANINDL umaﬂﬂsu1mmsﬂmﬂau‘lm:uummmm
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H 1 . . o g P
q1ﬂm§N‘ﬁ 4.8 uag 4.9 WU Magnetic materials mmmﬂﬂmmu"lﬁwwuiuﬁmazmi‘lu
. [~ 1 v o A P
uu'mﬁﬂ TABRN1E Magnetic clays UM ANAZNOU TUANISUUMANAAAINIINTINTS

yoaan1zUnd

AN 49 1IAINSANAZNBUYDS Magnetic clays

yilaveadagadu | anududuves | amizilnd | annzuiman
m%‘ﬁunq (mg/) | Time (min) Time (min)
magnetic clay 1:1 70 47.41 28.45
40 51.933 26.097
20 48.61 24.803
magnetic clay 1:1.5 70 72 46.46
40 68.277 34.873
20 80.693 28.56

d U ot b 1 d a d a v e e d
44 ilauwamammsqmumﬁauugﬂJmssﬂuueuﬂuamidluﬂﬁsswm DUNHNUA Ha

Magnetic materials

~ »

JUn 4.8 an

wduduveundauugluihdienariuly
o <1 T Ao °y ' ] ]
g 4.8 wfiunanududuveantavugluhasaudenawn’y ssoznandigauga
1Y ac :I 9 1a o a o o .
veansgadunsauugunth TasldusAuueuduaialalunsssuma uas Magnetic clays iiu
@ 1Y s i ] 1 o a (4 =
Mgaduezlfinmszana 40 i Fuaaslugilii 4.9 nohusdureudueialaludsssumna
¥ 3
fanuannsalumsidaniduuglini118unnd1 Magnetic clays tilesnnuiauugilud

o

= S o A ad 1e ¢ a o a
ﬂu‘”iﬂ'ﬂi’l’ﬁzq‘u’)ﬂ !lazﬂﬁ‘lﬂﬂ'ﬁﬂﬂqﬂ.lﬁluﬁauuguulﬁﬂu“ﬂuﬁuaﬁaiﬂquﬁﬁiiﬂ‘lﬂﬂ

@ ¢ 1o da ara vood A @ =) H
MIAUAITHUTAUNUATVUAN NUUNR aﬂmm‘ﬂumaﬂﬂimmmiﬂuﬁjﬂu‘luixv‘ummm (18]
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-~ 3 9/ - ] ad Q + 24 o (] (P o Py

Arduslonsuanasutlizguinssnhansanuugiy Na uag Ca™ ifleg luusauusuduesa

Ta'ludB359A (Dentel, 1996) UAF MU Magnetic clays 3¥3¥04 Na' oz Ca* Niiogluusay

vousweialaludsssundgauanaldoudy Fe,0, Tuud13 lumaderssquanvea Na' uag
2+ .3' N o £y 1Y ad = 3 ¥y v

ca” yuiurAnnawesildanumnsalumsgadundduugiaduldios anumuisely

¥ ]
o o a o . o =3 .
nafiamiauugINIves Magnetic clays anaaiiolsuaimstseneumanuy Magnetic

2
clays ¥MNUY

120.00 , , : , o
g | |
€ 100.00 %
] ;
[
g  80.00
C -
g
S D 60.00 %" .
S E
e X
8 4000 Ta,
c $
S 2000
> 00 -
8 |
= 0.00 ‘ - B |

0 200 400 600 800

Time (min.)

¢ Montmorillonite m Magnetic clay 1:1  Magnetic clay 1.5:1 x Magnetic clay 2:1

a9 wunanans msgadunBaug

A =} - -~ ¢ o aa v . = 4
WenlFeuisumsAnvisaunamansmsgaduniauugTaslausduuouauesalalud
FITUTIALAL Magnetic clays Taelwaun1s Pseudo-First Order 142 Pseudo-Second Order WU

Y a ¥ In < Y L4 a - oW
migaduasdunidlaolsusAuuounueialaluasssuma uag Magnetic clays Idnyaizms

AU Pseudo-Second Order Aauaaalugili 4.10

v . b d
msdaunseiusduntaudamutimaniediuimandSnaasdudlenlussuuveanar
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Y =0.0025¢ +00064

y =0.0018x +0.0028
R =0 8%

vl 4.10 Mnshvesnisgadu () dwaaslumsnd 4.10 swsamidananusunas
ydaunuveuduns WenSuuRoummie Magnetic clays 1 k, (Rate constant of Pseudo-

a :3 & o ' 1 v o 3 1 . a
Second Order) 9$HMAAULIBEATIHMITHIINAUADIMANUINAYY LLAAITI Magnetic clay 2:1 T

@ o d A
BRI IN1SAFUI N A

AT 4.10 ‘ﬂﬁﬂﬁﬁ"llmﬂ’ﬁﬂﬂcffu INAUNTT Pseudo-Second order

¥iAveIRIGATY R k, (g.min " mg-1)
Magnetic clay 1:1 0.9814 0.00048
Magnetic clay 1.5:1 0.9957 0.00127
Magnetic clay  2:1 0.9892 0.00224
Montmorillonite 0.9302 0.0032

u‘jm'ﬂ‘%truyﬁﬂmauwamﬁﬁ§mi@,ﬂc§mu§§uugé’fmdmﬁuﬁuﬁua: Magnetic activated carbon
wud suduiudsgaduniauug 188 7iqa uasnisgaduidiuluauaums Pseudo-First
Order fauaraalugldi 4.1 uazmnsfivesmsgasy (k) uaasluasied 4.10 denlSouidion
WMN1E Magnetic clays f k, (rate constant of Pseudo-First Order) %zaﬁ'uﬁmﬁaﬁmwdaui FATRRN

! ¥ @ d < g ' A o - |
NUANTUARBIMANIINAY UaAIN Magnetic activated carbon 2:1 uﬂmwmi@,mumﬁqﬂ

v
a oo

¥ Ed
asdunsievusauniruidmaunimdndmediudansnamstudleulussunveunan
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ﬁ‘li]ﬂﬁ 4.11 ?‘hﬂﬂﬁi}mmiﬂwfﬁj VINAUNTT Pseudo first order

=\ QU o 2 .
FHAVDINIGAND R k,(mg/g.min)
aufuud 0.9347 0.00345
Magnetic activated carbon  1:1 0.8024 0.00120
Magnetic activated carbon 1.5:1 0.8195 ‘ 0.00207
Magnetic activated carbon  2:1 0.8221 0.00299
1.800
1750 o = -0.0015x + 1.7501
' R? = 0.9347
1.700 -
1650 e y = -0.0012x + 1.5535
. . R? = 0.8024
1.600 T -

log (qe-qt)
s &
3 8

v = -0.0000x + 1.5257
R? = 0.8195

| B
1.400 o starting activated
1.350 carbon
[
1300 T T T T T T
0 20 40 60 80 100 120 140 41501
time {min) <21

- 4 Qs aa 1 v o d R .
Iﬂ“n 4.10 %auwamﬁmmsg},ﬂmmmauugﬁ'aﬂmunuuummz Magnetic activated carbon

s a a J a J v o/ s &
4.5 MsgAFuINBaUUgABNIANNEUANEIAlA IMASIINYIA B 1UTNIUA uaz
Magnetic materials
o ad 9 1 o a o a a @ &
nnMsAnpIANUAIsaMIgaduEauugAlsusAuueuauesala luasssuma auduliua
3 2 4 1 ] ] 1 v o s
U Magnetic materials WU Tuan1izlnd (@nzit lullawwuiman) swduiudszgadu
b4 ] ]
wFAuugami1d@nd  Magnetic activated carbon AwdAslumsnn 411 1fieInnd
o 9 ¥ 4 o @ do Sldy da a § @ o d
msilsznevveamand leglugwguvesmudududdh Idnunidassvesnuiuindanas
o @ 9 . . ad da o v A (a ] ' o
111% Magnetic activated carbon fiftufinsanasiludduiedsmaisilsznoumanuusiudiy
o ¢4 2 = o ad Sy ' Y . @ aa
Tuamuiudgadunsauugnmi ldaaas ualumaeasaiudin Magnetic clays 9zgadumsa

:. 2 1 (=Y o = o S o ~
uuguinih lddntwsduneuaueiala luasssuyd dwaaslumsed 412

Qs (=Y 1. wa [ @ q Y o 4
msdanserusauitiaulanuimindedudiaadsuamstudeulussyuveanan
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i [y act 1 & o
m'z’nﬁ 4.12 mi@ﬂmumﬁaungﬁ'w MUNUNUA LS Magnetic activated carbon Tuanne

in@
[ gilavesdigadu anududuiFudu anududugaiioves
VBUNFTAUUY (mg/D) wFauUg(mg/1)
gfusiug 70 37.395
40 14.775
20 4.139
Magnetic activated carbonl:1 70 58.976
40 23.891
20 11.628
Magnetic activated carbonl:1.5 70 48.511
40 24.108
20 9.604
Magnetic activated carbon1:2 70 46.279
40 20.775
20 8.442

S o o 1 o = o = .
ATNN 413 msgaduTauugilousauveuaueia Taludsssuma uag Magnetic clays

Tuanzilng
FHAVDIRIQ AT anududuisudy anududugaie
YBuNFAUUY (mg/) VOUNTAUUY(mg/)
usauwouanesalaludsssuma 70 31.256
40 29.72
20 17.395
Magnetic clay1:1 70 0.837
40 1.147
- 20 1.395
Magnetic clay1.5:1 70 1.162
40 1.938
20 2.852

a ¢ 1a da e v o A o By %
mimmi1311usﬂu‘nnﬁwmwmmmnmwaﬁ]umaﬂﬂimmmiﬂuﬁ]auluszummmm
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A P v o ac v ' v @ . .
mmﬂ‘?ﬂumﬂum@gams@ﬂmmuﬁauugmﬂmuﬂunuﬂ 1t Magnetic activated carbon lu
= P L 2 T ¥ o ¢ . .
annzUnd (35130 4.12) uasdeyamsgaduEauugAle aufuiud uag Magnetic activated
At v 3 = 1 @ ]
carbon Tuaavziliaunuiman Ms1n 4.14) Wi lduanvansalunmsgeduly

wlasuuias

1 o o 1 o o d
Mian 413 nsgaduntauugdde 01uiuiuA 1Az Magnetic activated  carbon 1WaN1Y

i an
AT EAY amdudusudu | arududugad
YOUNTAUUY(mg/D) | YoUUTAUUY(mg/)
gufusiugd 70 32.372
40 14.356
20 5.465
magnetic activated carbon]:1 70 46.744
40 25.86
20 12.186
Magnetic activated carbonl:1.5 70 46.372
40 22.418
20 13.139
magnetic activated carbonl:2 70 49.767
40 20.294
20 8
Tuhueadoaiu Li'imﬂ?ﬂmﬁﬂm’fmg,amﬁ@ﬂcﬁmuﬁﬁuuqﬁ'wufiﬂ“uuauﬁua?aia"luﬁ

a . o - 1. ] =3 [V {

FITUFIA 1ae Magnetic clays Tuanednd (@anzi hilaunnsiman) Awaaslumsieh
@ At 12 d = o = .

4.13 unzdoyamsgadumiauugale usaunouduesalaludsssud uaz Magnetic clays

1 = - v a [} { 1

Tuanzisiman @5k 4.15) wudhuur WuanuansalumsgadulinRouasguiu

- v a 1 -3 ] Y] s
wanseagd1dn  msgaduluanizwimanlisunuanuainsalumsgaduvesdage

hod

%1

Qs ¢ 1a Aa s o4 A o o 4
fniﬁQlﬂi'IZ'HLliﬂu‘Ylilﬁll‘U@]‘ﬂ'NulllﬂﬁﬂLWﬂl‘ﬂuﬂ’JaﬂﬂiN'Iﬂéﬁ'ﬁﬂulﬂﬂuiuizu‘ﬂﬂmﬂlﬁﬁ')
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o s 1 o a g a .
migaFuTanugAousAunoudueialaludss suma uas Magnetic clays

Tuanzuiman
[ aiinvesdigedu anududusudy | anududugaie
vouuFauug (mg/l) | vouusauug (mg/)
uinuueudueIalaluasssuna 70 48.744
40 31.535
20 16.046
magnetic clay 1:1 70 0.837
40 1.178
20 1.178
magnetic clay 1.5:1 70 0.93
40 1.969
20 2

o o @ o d [y
Telwisumsgadumunsaadnldlasaumsaugauiams SnyazvesloTmisunmsgady

o d. é 24
a3 lugali 3 defiuud Wandhilaw Langmuir Tsotherm
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70 —————- -
B
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o
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. A
§
| o
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:
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methylene blue concentration in water (mgyL)
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~ @ @ o 4 st [ LYY
21]1’1 4,13 ﬂ’J'l?J’duwu'ﬁigﬂ’)"Nﬂ’)'mt%u%u‘ilﬂﬂmﬁﬁuﬂgﬁluﬁﬁﬂ%ﬂ'lﬂﬂﬁﬂﬂ'liﬂﬂ“ﬁﬂﬂ‘u

= A as [ ' v o o . .
ﬂnnmmﬁaunguuﬂmﬂwmné’wmuﬂnuummz Magnetic activated carbon Tu

a < g 1t v o
ﬁﬂTRﬂﬂﬂ G AYERN ’dmazﬂ"luuﬁmmmm an)

ANNANNIINIARFULITAUIURIAIgadUrTaa e ans R 1IN 139N Langmuir

Isotherm Aduaadlughn 4.14

16 - -
L4l y = 0.0067x+ 0.4325
' R® =0.9961
1.2
1 y =0.0062x + 0.4315
s 08 | R’ =0.9978
0.6 - y = 0.0042x + 0.4226
0.4 l{2 =099
y = 0.0032x + 0.4002
0.2 RE=1
0 T T T T T T T
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X
& precursorclay ® 1:1 a4 1.5:1 e 2:1
i o =, 1o o a o
31N 4.14 Langmuir transformed data ¥93m3gadumiauugdousduuouanesa lalua

F5TUYIA 1T Magnetic clays Tuan1zlnd
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- v 1o = (s = o ac
IAITNN 4.16 HUN usﬁuuauﬁuasaTa"lumﬁswmﬁmmmmm‘lums@mmmauug

QA

= o a 1 4 = o o
A151IN 4.16 ﬂ')"lilﬁ1ﬂ1§ﬂ1uﬂ15ﬂﬂcﬁﬂlﬂﬁauﬁQﬂlﬂﬂ!tiﬂﬂﬂ@ﬂﬂﬁﬂiﬁiﬁﬂuﬂﬁi'ﬁJ‘l)'WI

U o e . .
MUNVUUALNL Maggnetic materials

‘lfﬁﬂ‘llmﬁ’lﬂﬂ“ffﬂ Monolayer sorption capacities by mean of
Langmuir isoterm (mg/g)
usanweuavesalaludsssuma 312.5
Magnetic Clay 1:1 149.3
Magnetic Clay 1.5:1 161.3
Magnetic Clay 2:1 238.1
gufusiug 58.52
Magnetic activated carbon 1:1 29.29
Magnetic activated carbon 1.5:1 40.16
Magnetic activated carbon 2:1 25.97

o/ ¢ 1a da s v ood A o 2 3
ATTAUATICHUTAUNUTUUAN NN aﬂmm{lumaﬂﬂm1mmsﬂmﬁauiuswmmmm
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4.6 UszENENMYefIgAFUNIBHAINS Regenerate NQRUNY 200 °C
H t o @ d . i a2
51N 417 nanlumsanazneuvesauiuiiuALeg Magnetic materials AN 1zUnALAS

' < @ ! = o
AANNCUBYANN 1B DINTT Regenerate ﬁqﬂmqn 200 C

FiinveIdIgad szezimlumsanaznsy (3u)
anzalnd anMziaiman
ﬁ’)@ﬂcﬁlﬂlﬁﬁ Recycle ﬁ?@,ﬂﬁfﬂ‘lﬂﬁ Recycle
gufusiud 7.62 6.66 6.71 7.43
bﬁagnetic activated carbon 1:1 8.14 7.48 7.81 6.96
Magnetic activated carbon 1:1.5 10.18 7.12 11.45 197
Magnetic activated carbon 1:2 9.95 11.23 7.52 8.20
Magnetic Clay 1:1 75.21 37.56 39.17 19.63
Magnetic Clay 1:1.5 81.06 68.92 37.28 349

anzluminasesinadeszoznalumsanazneu lasdgadunanasneuluanizauiy
1 = 3/ 9/ VoA ad 1 [ [~
wimanlfszeznmlumsanaznoutissniuiionaassluaniizilndin lilienuiman an
{ 1 o ‘3’ @ 3
15197 4.16 WUI Magnetic clays @1130anaznou 1AGWUMIENEINTT Regenerate a1y
= ' o J J @ w o
anzinfuazanzulman uana lumsanaznou eIt uANluA uaz Magnetic activated
carbon ‘islasuulasuniinn1endans Regenerate NgUMgA 200 °C 4AAIIINT Regenerate

) e o . .
Tivh g amniamaunanuss Magnetic materials #1011

¢ 1a da o/ v < A o = 4
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4 o = 1 v o o . o
aef 418 HamsgaduBAuugdlos uiuiuduas Magnetic materials TuTn1Iznd

MENEINT Regenerate Ngamgil 200 °C dionnudusuduveudauug =20

mg/L
r siivneiagady ANUBNTUgAN 0o INTaULY(me/)
ﬁ’)ﬂﬂ“ﬁ’ﬂiﬂﬁ Recycle

gufuliud 3.58 7.60
Magnetic activated carbon 1:1 7.55 10.70
Magnetic activated carbon 1:1.5 9.20 10.37
Magnetic activated carbon 1:2 6.24 9.38
Magnetic Clay 1:1 0.87 0.17
Magnetic Clay 1:1.5 1.65 0.51

|

d‘ ' a A4 . . [ =
2NMI199 4.18 nuN Tuanzdnamunuiiug uag Magnetic activated carbon @,ﬂ«numﬁﬁuua

=Y

¥ o a 3 e i el
'l4vouaq 1A Magnetic clays gadumEauya 1ANINTUAIBNGINS Regenerate NgHHRI 200 °C

L]

~ @ ac v LY 4 ] o
MININ 4.19 wams@ﬂm‘umﬁauuqﬁ’wmuﬂwummz Magnetic materials 1“ﬁﬂ13$!lﬂ!ﬂﬁﬂ

AUNAINT Regenerate Naivgil 200 °C ioanuduizuAuvounFauyg = 20

mg/L
¥iavesagadi anududugaheveuuauug (mgh)
5ﬁﬂﬂ°ﬁ‘uiﬁﬂ Recycle
audiud 4.23 7.77
Magnetic activated carbon 1:1 8.45 10.34
Magnetic activated carbon 1:1.5 11.45 11.02
Magnetic activated carbon 1:2 6.91 8.71
Magnetic Clay 1:1 0.94 0.20
l/lagnetic Clay 1:1.5 1.41 0.51

'
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MIANAZNBUYDY Magnetic materials TuanzmimanlFszoznalumsanaznou
3 1 -~ I} 1 o Y = 9/
ussnNanzaduas aunsanSeuisundgadulaingldnalumsananeu

£ P o dy
Hosngansll

Magnetic activated carbon 1:1 < Magnetic activated carbon 1.5:1 < Magnetic activated carbon 1:2

uag Magnetic clay 1:1 < Magnetic clay 1.5:1

) 3 &4 I a4
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M341 Calibration curve Y93 Methylene blue

asufl Nl mnsganduudwazanududuveunsaya

mmsganduuas | anududuveuniavug
0 0
0.197 10
0.41 20
0.649 30
0.85 40
1.073 50
1.312 60
1.528 70
1.705 80
2
07
E
c 1 -
&
&2
e 0.5 —
=
Lo
£ 0 |
0 20 40 60 vy 80 — 100
ANUYUVUYBANTIUY
calibration curve of Methylence blue(0-80 ppm)
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15%1A1 Point of zero charge YBIAIQATUAIIY

4 1 o o 1 = L4 ) o a
ﬁ']i’Nﬁ n2 A1 pH 911 IUYIA1 Point of zero charge ‘\l'ﬂ\uliﬂUNGUﬁNﬂiaIa‘luﬂﬁiﬁﬂ%Wﬁ

initial pH | final pH
0 -
2.35 247
3.09 3.33
5.06 8.73
7.09 8.89
9.02 8.95
10.07 8.96
15
= 10 1
o
5 e e
Somi
0
0 5 10 15
initial pH
point of Zero charge of clay Thainippon
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M357199 N3 f pH §115UNIA1 Point of zero charge Y99 magnetic clay 1:1

initial pH | final pH
0 -
2.35 2.33
3.08 3.17
5.04 7.4
7.08 7.98
9.07 8.22
10.06 8.36
15
E. 10 -
0 T x
0 2 4 6 8 10 12
initial pH
point of Zero charge of Magnetic clay 1:1

L , . o
~ o 3 1 o 1 A
YA n3.  anuduiRusIzrem pH EIﬂ‘VSI'Wﬂ‘]Jm pH SuAuYng magnetic clayl:1
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mi”l»i‘ﬁ 4 DR pH &1 5UMA Point of zero charge Y93 magnetic clay 1.5:1

initial pH | final pH
0 -
2.32 2.35
3.05 3.15
5.05 7.59
7.07 8.08
9.05 8.34
10.06 8.48

319N NS oy pH #M5UNIA1 Point of zero charge U913 activated carbon

initial pH final pH

0 -
2.35 242
3.07 3.17
5.05 8.46
7.05 8.74
9.05 8.85
10.09 8.96

15

e 10 — po

o,

E

= 5 — —— = =

0 i
0 2 4 6 8 10 12
initial pH
point of Zero charge of Activated carbon
10 n4 anuduRusszraem pH gathedus pH ISuAUYDN activated carbon
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A3 9N N6 m pH #1M3U1A1 Point of zero charge Y83 Magnetic activated carbonl:1

initial pH | final pH
0 -
2.34 2.36
3.07 3.04
5.07 7.62
7.07 8.2
9.05 8.36
10.03 8.52
15 |
i 10 : . . -
g < e ;— o
= 5
0 T 1
0 2 4 6 8 10 12
initial pH
point of Zero charge of Magnetic activated carbon 1:1

‘
- - i

v @ o 1 § o v a . .
ANUAHNUTISHINA pH Qﬂ‘fﬁﬂﬂ‘um pH Lﬁuéfwm magnetic activated

&l
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=h.
D
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carbonl:1
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m'i’N“?l N7 1 pH & miSuviia Point of zero charge UD3 Magnetic activated carbonl.5:1

initial pH | final pH
0 -
2.35 2.34
3.08 3.05
5.04 7.83
7.05 8.25
9.06 8.43
| 1003 854 |

g3199 N8 1 pH §wiSuvna Point of zero charge Y83 Magnetic activated carbon 2:1

‘;itial pH final pH J
0 -

2.35 2.35
3.07 3.06
5.07 7.74
7.02 8.19
9.06 8.42

L 10.01 8.52
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M3MSolid/liquid ratio Mynzaalumsnaaes
MINN N9 AMBTANUTIVOINZTNOUNINTZUBAAIIVUIA 250ml, clay lgram

N52U8NAN39VUIA250ml : diameter 3.7cm

ml | time (min) height(cm.)

250 0 23.26306337
245 3 22.79780211
240 6 22.33254084
235 8 21.86727957
230 11 21.4020183
225 13 20.93675704
220 14 20.47149577
215 15 20.0062345
210 16 19.54097323
205 16.43 19.07571197
200 17.23 18.6104507
195 18.03 18.14518943
190 1843 17.67992816
185 20.43 17.2146669
180 21.3 16.74940563
175 22.42 16.28414436
170 23.56 15.81888309
165 25.14 15.35362183
160 26.4 14.88836056
155 27.44 14.42309929
150 28.45 13.95783802
145 30.2 13.49257676
140 31.34 13.02731549
135 32.56 12.56205422
130 34.01 12.09679295
125 35.43 11.63153169
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ﬁ'ﬁ'l\‘i‘ﬁ .9 !,'JaWLLﬁZﬂ’.]']llf:[ﬁ“llﬂﬁﬁ%ﬂﬂﬂﬁﬂi%ﬂﬂﬂﬁ'J\‘i‘ll‘lﬂﬂ 250ml, clay 1gram (dﬂ)

NIZUBNMIIVHIA 250 mi : diameter 3.7cm

ml time (min) height(cm.)
120 37.09 11.16627
115 39 10.70101
110 40.38 10.23575
105 43.03 9.770487
100 45.03 9.305225
95 48.23 8.839964
90 52.21 8.374703
85 60.6 7.909442
80 66.6 7.44418
75 74.4 6.978919
70 924 6.513658
65 139.8 6.048396
60 150 5.583135
e _ _ , _
t
20 |
=1
)
2 15
| £
g 10
35
"]
0 T , ‘
0 50 100 150 200
settling time(min)
sedimentation of clay 1 g. in tube 250ml
L )
17 n6 AMUFUNUS5E1 19 Sedimentation height Uag Time

]
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MINN 010 1IAWASANNGIVOINZNBUNNTZUBNANYUIA 100 ml, clay 1 gram

ml time(hr) height(cm)

100 0 16.24853763
95 0.267 15.43611075
90 1.44 14.62368387
85 2.15 13.81125699
80 3 12.99883011
75 3.47 12.18640322
70 4.17 11.37397634
65 4.33 10.56154946
60 4.45 9.749122579
55 5.12 8.936695697
50 5.5 8.124268816

A13199 .11 nmuazmmqwmmﬂauﬁﬂﬁzmﬂmwmﬂ 500 ml, clay 1gram

ml time(min) height(cm)
470 0 21.31456442
450 3.52 20.40756168
400 5.45 18.14005483
350 7.45 15.87254797
300 9.22 13.60504112
250 11.44 11.33753427
200 14.07 9.070027414
150 18.45 6.802520561
100 59.08 4.535013707

1AMINARBIL 1A Solid/liquid MmNz auAs NTZUBNANULIA 250 ml, AIGATY 1 g ilori

' 23 A o
A Settling flux wasatumAududuz 1dns hiiuTdaumgug Settling curve fegil n7
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settling flux(g/cm2 min)
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0.00000 0.00200 0.00300 0.00600 0.00500 0.01000 0.01200 0.01400 0.01600
concentration{(g/cc)

The relationship between Settling flux vs. Concentration of Clay 1 g in tube 250 ml
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MWA V1 17509 pH meter
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MNN V4 1AT09 Spectronic
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