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ASST. PROF. JAREEYA YIMRATTANABOVORN, Ph.D., 229 PP.

ADSORPTION/ACTIVATED CARBON/MELANOIDIN/MELALEUCA

CAJUPUTI

Melanoidins are brown recalcitrant compounds present in the effluents of the
fermentation processes that use molasses as carbon source, such as alcohol and baker’s
yeast production. The biological treatment process is able to reduce BODs and COD
from effluents to acceptable level; however, the brown color persists due to melanoidin
persists because of their hardly biodegradable. Adsorption process was reported to have
achieved more than 90% of color and melanoidin concentration reduction. However,
due to its high cost of production, alternative low-cost adsorbents are finding more and
more application. The activated carbon was made from Melaleuca Cajuputi Powell
charcoal as activated carbon (MCAC) was reported as a low-cost adsorbent for dye
removal from wastewater due to their high surface area. The objectives of this study
are to use MCAC as adsorbent for melanoidin removal. The adsorption studies were
carried out to find optimum conditions, equilibrium, kinetic and adsorption isotherm.
The results showed the optimum conditions for melanoidin adsorption of MCAC were
initial concentrations 15,000 mg/L, contact time 840 min, at pH 3, agitation speed 250
rpm, and temperature 30 °C. The adsorption Kinetics data were fit with the pseudo-
second order model and the equilibrium data were fit with the Langmuir isotherm model

with maximum adsorption capacity of 2,631.58-2,941.18 mg/g.




For industrial applications popularly used fixed-bed column. In the fixed-bed column,
the adsorption capacity increased with increasing of initial concentration while
decreased with increasing of flow rates. It was found the optimum flow rate, initial
concentrations and draw back high bed of pulse bed column were 1 mL/min, 20,000
mg/L and 6 cm. respectively. The experimental breakthrough curves were fit with
Thomas models. This finding is a useful tool for scale-up and design purpose of

adsorption process for ethanal and related industry applications.
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- , WUHM waﬁ{ﬁqm, q un WasuUnN, | q N1 ITZUUNNT , | Searmsirimongkol | Pathade etal. | Krishnamoorthy | Mahimairaja and
WITTUADT nue
(2542) (2547) (2551) etal. (2011) (2003) etal. (2017) Bolan, (2004)

oy - 2.3-54 4.1-4.6 3.9 44 3-54 4-4.6 3.9-43
qquﬁ °C 53-101 60 76.5 - - 80-90 -
BOD mg/L 17,500-45,000 60,000 31,250 40,000 30,000-70,000 | 25,000-35,000 46,100-96,000
COD mg/L 56,971-193,600 150,00 125,285 150,000 65,000-130,000 | 85,000-110,000 | 104,000-134,400
SS mg/L 5,240-23,833 14,000 14,535 26,000 350 4,500-7,000 -
TS mg/L 36,848-123,638 - 79,960 124,000 30,000-100,000 - -
TVS mg/L 30,282-95,224 - - 92,500 - - -
Settleable Solids mg/L - - - 0.7 - - -
Total-N mg/L 39.76-2,161 1,750 1,100 2,200 1,000-2,000 4,200-4,800 1,660-4,200
Phosphate (PO4_3) mg/L 26.60-375 150 202 155 800-1,200 1,500-2,200 225-3,038
Potassium (K) mg/L 2,300-8,900 5,500 5,600 8,800 8,000-12,000 - 9,600-17,475
Sulphate (804'2) mg/L 1,616-5,155 4,500 3,490 7,000 2,000-6,000 13,100-13,800 3,240-3,425
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- . Mohana et al. Pazouki et Thakur et al. Fitz Gibbon et Goel S. and Tewari et al. Apte and Hivarekar,
WITUNDT batieli]

(2009) al. (2008) (2009) al. (1998) Arora, (2013) (2007) (2014)
Color - Dark brown Dark brown Dark brown Dark brown Deep brown Dark brown Dark brown
Odor - - Strong - Unpleasant Aromatic - -
pH - 3.0-4.5 4-43 3-4.5 3.80 4.5 4-45 43-53
BOD mg/L 50,000-60,000 60,540 50,000-60,000 43,000 51,000 45,000-60,000 45,000-60,000
COD mg/L 110,000-190,000 95,680 110,000-190,000 95,000 82,580 80,000-120,000 70,000-98,000
Total solid mg/L 110,000-190,000 - 110,000-190,000 118,260 86,804 100,000 60,000-90,000
Total volatile solid mg/L 80,000-120,000 - 80,000-120,000 - - - 45,000-65,000
Total suspended solid mg/L - - 13,000-15,000 26,560 - 10,000 2,000-14,000
Total dissolved solid mg/L 90,000-150,000 7,800 90,000-150,000 91,700 - - 67,000-73,000
Total nitrogen mg/L - - 5,000-7,000 1,460 927 - 1,000-1,200
Sulphate mg/L - 980 7,500-9,000 3,000 - - 2,000-5,000
Chlorides mg/L 8,000-8,500 7,000 8,000-8,500 10,650 - - 5,000-8,000
Phosphorus mg/L 2,500-2,700 - 2,500-2,700 326 45.60 - 500-1,500
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m3thila % MIMIaTloa | % MImaad 81484
MIATUAY IaTaamuiunedweiFnmildduduann/doulesou 99 98 Lalvo etal., 2000
Musosdalsmeasiall
DEAE bagasse 40 51 Mane et al., 2006
CHPTAC bagasse 25 50
thuﬁ’wﬁuﬁm‘%ﬂmmﬁmué’amﬁumﬁaﬁyqmfﬂiqummﬁﬂﬁﬁuﬁﬂﬁzﬁuﬁaﬂﬂmwgﬁwa‘%ﬂ 23 50 Satyawali and Balkrishnan, 2017
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AzneUYBIAsFUNTILNa upsAUgNAtean Iaglooaup iunsd 1wy
Polyferic hydroxysulphate (PFS) NR 95
Ferric chloride (Fecl,) NR 96
Ferric sulphate (Fe(SO,),) NR 95 Migo et al., 1997
Aluminium sulphate (AL(SO,),) NR 83
Calcium oxide (CaO) NR 77
Calcium chloride (CaCl,) NR 46
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Pandey and Malhotra, 2003
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QRERTRMES %MIMIAT A | %mImind 91994

Ferrous sulphate (FeSO,), 78 98
Ferric Sulphate (Fe,(SO,),) 77 96
Alum 64 95 Pandey and Malhotra, 2003
dudennnszuumssaman 86 99
Iron chloride coagulation 38 47

Gladchenko et al., 2004
Iron chloride 65 69
Aluminium chloride 61.3 74.4

Kalyuzhnyi et al., 2005
Calcium oxide 39.8 80.2
Ferric chloride (FeCl,) 55 33
Aluminium chloride(Alcl,) 60 86 Chaudhari et al., 2007
Polyaluminium chloride (PAC) 72 92
Fenton’s oxidation 15-25 80 Pena et al., 2003
Ozone and Electro coagulation 83 100 Asaithambi et al., 2012
Ozone treatment 47 62
Ozone + H,0, 61 85 Hemangi et al., 2014
Ozone +H,0,+ UV 68 88

LA : Not Reporte
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Activation condition Mean pore
Bern-off Total Shet Vool
Temperature Time _ 5 , dimeter
(%) Yield (%) (m”/g) (cm’/g)

(°O) (min) (nm)
900 60 41.83 58.17 673 0.2989 1.7748
900 120 48.04 51.96 804 0.3635 1.8072
900 180 54.54 45.46 950 0.4530 1.9068
900 240 59.58 40.42 993 0.4974 2.0025
950 60 42.31 57.69 660 0.3014 1.8269
950 120 54.95 45.05 963 0.4589 1.9053
950 180 64.72 35.28 1,258 0.6218 1.9769
950 240 73.67 26.33 1,417 0.7343 2.0715
1000 60 47.90 52.10 753 0.3618 1.9207
1000 120 60.99 39.01 1,089 0.5383 1.9760
1000 180 75.73 24.27 1,411 0.7490 2.1230
1000 240 88.02 11.98 1,497 0.8065 2.1552
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2) anurouvesdsignaaguiaz liimzAaniivesdsaady (High affinity of solute
to solid)
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—klt)

q,= q,(1 —exp ) (2.9)
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q =" (2.12)
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UNFYIINYATINNITUNAALLYT

Pt-Co 4,850 + 248 Murat Eyvaz, 2016
(Brewery wastewater)
Y H a 0'/
YUFeNNAMNNTZUIUMITNAUBNIUDA
y o a2 .
AMNNNIA iF8IN “Umnan” Pt-Co 41,000 Padilha et al., 2013

(Vinasses)
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Concentation of melanoidin (mg/L) Concentation of melanoidin (mg/L)

(M) (V)
5101 3.2 (n) prwdmiusszninmanuduTua s uesAutazad lunig P-Co

o v J 1 1 a J ]
(V) ANVFURUTTLHINAPNNUAUTU AT AU EAULAL AT IUNUIY ADMI

3.00 2.70
2.50 o 2.68
2.00 2.66 -
8 19
2 150 S 264 o
£ A = 475 nm 8 Apnax = 475 nm
5]
@z 1.00 - g 2.62 -
< <
0.50 o 2.60 -
0.00 T I I T I , 2.58 T T T T
300 350 400 450 500 550 600 650 460 465 470 475 480 485
Wavelength (nm) Wavelength (nm)
() (V)
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mmamﬂﬁu uaz(v) mimmummmﬂnﬂﬁugmuamﬁﬂﬂ

=S (Y} d'd ] U a
3.3.4 mmma1%mmuwamammﬂmumsmmuamu
¥169619 MCAC 113 4 §29814 nAnyImIAITIdeNlnanenTgaTUdIs
a 1 % o A I~ [
WAIUBEAUYDI MCAC laun szoznatduia ANt ut wiTudY AN521500 ALY LA
N~ 9 [ 9 9 a A 9 d' A 1 % @
gaugl iWudu JaanududuvesasazaremaiuesauisuAuLaz Nividooguain1sgady

A281A509 UV-VIS Spectrophotometer 5180z10eagan15Any1 aaaslugii 3.4



MCAC

v

= o A ' o
ﬁﬂH1ﬂﬂﬂﬂﬂMWﬂ@lﬂﬂ1§@ﬂcﬁ‘U

anududu szeznMdula Adites ANWIEITOU QUNYIl
-MCAC-900.180 -MCAC-900.180 -MCAC-900.180 -MCAC-900.180 -MCAC-900.180

-MCAC-900.240
-MCAC-950.180
-MCAC-950.240

-MCAC-900.240
-MCAC-950.180
-MCAC-950.240

-MCAC-900.240
-MCAC-950.180
-MCAC-950.240

-MCAC-900.240
-MCAC-950.180
-MCAC-950.240

-MCAC-900.240
-MCAC-950.180
-MCAC-950.240

H 4 H
E‘ﬂ‘ﬂ 34 'ﬁwazmamumaumiﬁﬂywﬂmﬂmwammi@ﬂmu

3.3.4.1 M3ANHINAYDINIMINTUEHAUVBINITINAIHRAY
9 1]
11719819 MCAC W14 4 #0819 WA Inavesa gy

FUAUVDITTNAIUBIAURDNIATIVDI MCAC Taerin 200 Hadansvesd1sazaomaiuoy-
aunanududuEuduuanaeiu 8 A1 Taun 500, 1,000, 2,500, 5,000, 10,000, 12,500, 15,000

uag 20,000 Hansuaedans lagaruaumiioslvedluyae 67 laluviagdyuyivss

L)
1 v o d ¥ o o o oA < 1 A A a gy =
DIUNANNUA MCAC UIMUN 0.1 NIV u”lulﬂlleEJWlﬂ’J"liJl,ﬁ’Jii’)‘]J 250 59UABUIN NYUNHUNOI U

a

A ]

Y ]
sTOZIATUAT 780 UIN mﬂuummmvﬂ’wﬁ’ummmiaza1ﬂmam@&@mmﬁ’uuazma@ag

1 Y
eazReavesdnz lumsanuidzllumsei 3.4 uazseazideaganaassninuandaslu
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M1399 3.4 annz TumsfnyaveIn T NI UEUAUADNMTYATU TN TUBEALYBY

MCAC
998 Ny Gy
anududuGudy liaaniuApans | 500, 1,000, 2,500, 5,000, 10,000, 12,500, 15,000, 20,000
SIEFTRLH Haaans 200
Yhmitneu N5 0.1
ANUGITOY FOUADUIN 250
sTozAdURE IRET 780
Moy - 6-7
RG] NI GN

*Maeme: gangiinenglugig 25-30 esruwaiTed

MCAC
\

v v v v
MCAC-900.180 MCAC-900.240 MCAC-950.180 MCAC-950.240
ANWTUTY (mg/L) ANUAUTU (me/L) ANUTNTY (me/L) ANUANTY (mg/L)
500 1,000 500 1,000 500 1,000 500 1,000
2,500 5,000 2,500 5,000 2,500 5,000 2,500 5,000
10,000 12,500 10,000 12,500 10,000 12,500 10,000 12,500
15,000 20,000 15,000 20,000 15,000 20,000 15,000 20,000

19 3.5 UHUAINMTANEINAVDIANNITUTUE VAU TUDBAUADNTAATUYDI MCAC

U

3.3.4.2 MIANYINAYEISTHZINTNNT
9 ]
1116179819 MCAC 114 4 3739619 1101 NANYIHAYDITE oz T U
ADNIAATUAITINAIUBEAUTYDY MCAC TAB1I1 200 HadanIveda1sazaIsiuaIuosay
Y g A 9 A a o 1A & 3 == v 9 '
ANUATNTUITUAY 15,000 HaanFudeans Fudunannmsany1iive 3.3.4.1 Tagarugua
= 9 [ ] [ ld‘ U [ v 4 sol Y [ o ] d‘
wewlioglurie 6-7 ldluwagiaunussganuiua MCAC vin 0.1 n§u i liweni
< 1 A a9y = Y ] =
ANIFITOV 250 FoUADUIN NQUNYUNBI HazAIUANAINEY W IuegIe 6-7 Uszeznanly

mMsveana1any 7 a1 1aun 120, 240, 360, 480, 600, 720 taZ 840 WA MAUUIAANVITUTU
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YOIATAZA YN IUDBAUG UAULAINAEDY T1wazideavesdnz Tumsanyazlluasiei

9 H
3.5 agsgaziengANaaeInIruauaaIlugili 3.6

A13199 3.5 annzlumsfnyInavedszss N FUNEADNMIRATU TN LAYV MCAC

R MUY oy

AN NTuE Ry Haansudeang 15,000

51103 Haaans 200

Yhwiina N3 0.1

ANNIEITOU SOUADUIN 250
JezNMTUNT N 120, 240, 360, 480, 600, 720, 840
RRITIGE » 6-7

RG] DI AH B Wod’

*nuneme: ganiinoeglung 25-30 esruwaded; * Idvnrasinmsdneniide 3.3.4.1

MCAC

v v v v

MCAC-950.240

MCAC-900.180 MCAC-950.180

‘ MCAC-900.240

FEUL A TUNE (min) 520z UAE (min) SOz IANAUNE (min)  S2o=adUAE (min)

120 240 120 240 120 240 120 240
360 480 360 480 360 480 360 480
600 780 600 780 600 780 600 780
840 900 840 900 840 900 840 900

317 3.6 LHUAINIANY IHAVBITLBZNATUHTHONIQATUAITNAIUBEAUYEI MCAC
= T A
3.3.4.3 MSANHINAVOIMNIOY
9 )

1118298619 MCAC W3 4 @19819 tethindny sl sasnsgad

U UBEAUVDI MCAC Tagiil 200 HadanIueaa15azalsmaIussauauudu s udu
a A Y] 1T A [ L= a YA 1 [ 1 9 1

15,000 Haansuaoans USumiitorvesasazatomaiuesauliuaiuana1ady 8 a1 laun

1.0, 2.0, 3.0, 5.0, 7.0, 9.0, 11.0 t4ag 13.0 ﬁﬁﬂﬁ1iﬁ$ﬁ1&l 0.1 ua%ﬂ’aeumﬂm"laimﬂaa?ﬂ uag
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1 v

J o = J 1 = J ¥ @
0.1 uﬂiuﬁﬂl@\ﬂ“mﬂﬂuqﬁﬂiﬂﬂq%ﬂ 1ﬁ1um3ﬂiﬂﬂ5ﬂ7‘lﬂﬂiiﬁ]ﬂ1uﬂﬁJﬁJu@ MCAC Uvun 0.1

9

v W L g
nyu uﬂlulﬂlsllflﬁﬂﬂfnuﬁ?i'ﬂu 250 5@1]@@1”‘1/] ‘V]@ﬂ!‘ﬂﬂll‘ﬂ@q ﬁjgﬂglja']ﬁnwa 840 1ﬂﬁ G?NL‘]J‘L!

Q G

Nﬂ‘"lﬂﬂﬂ?iﬁﬂ‘kﬂ‘ﬂ?ﬂlﬁ] 3342 mnuummmmﬁ’u%’ummmia mﬂmmuaaﬂumaaaa

swazBeavednz lumsineagylumsnd 3.6 uaziwamﬂmmmamﬁwmmmm“lu

JUN 3.7

M13199 3.6 a1z lumsAnyINaYIAITETADNIQATUAITNATUOBAUVDY MCAC

R U oy
ANt ud Y Haansudeans 15,000
SIEETRICH] Hanans 200
Yhmina N5 0.1
ANNIEITOU s0UADUIN 250
sTeLNMTUNE U 840"
RMTIGEY 8 1.0, 2.0, 3.0, 5.0, 7.0, 9.0, 11.0, 13.0
QUNYI NIETIE T Wod'

o) QUNYNReIeg U5 25-30 DI ITAITH

#+|d91ANaInMIANE1NITD 3.3.4.1 1AL 3.3.4.1 MU

MCAC
l
v v v v
MCAC-900.180 MCAC-900.240 MCAC-950.180 MCAC-950.240
Moy ANIDY Mo Aoy
1.0 2.0 1.0 20 1.0 20 1.0 2.0
3.0 5.0 3.0 5.0 3.0 5.0 3.0 5.0
7.0 9.0 7.0 9.0 70 9.0 7.0 9.0
1.0 13.0 1.0 13.0 1.0 13.0 1.0 13.0

317 3.7 LHUFINTANY IHAYDIATIDFAD N TYATUAITNATUREAUYDI MCAC
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3.3.4.4 MANHINAVRINNINGITOU
o w ' ) o ' y o 1 < 1
11879619 MCAC 114 4 670819 1 NANBIMIAIANUGITOUAD
M139ATUAITINAIUD8AUYDI MCAC Ta81in 200 HaAAATYRIA1TAZAIBINATUDHAUAIIN

A a a o 1 Aa 1 T W X I
iyt uEuAY 15,000aanTuaeans lasniugualfitesueda1szalo wny 3 Fuilunanin

= v 9 J A 1 v o ¥ o @ o 1
msfnyIITe 3.3.4.3 laluviagisuiussyaunuiua MCAC hmiin 0.1 n¥u 1 Tiwd

AANUIGITOUUANAITY 6 A1 TALA 100, 150, 200, 250, 300 LAE 350 TOUADUIN NYUH

9 i
Nszezaduia 840 U1N fﬂ1ﬂumﬂmmﬁu%’ummmiazmﬂmmuaﬂﬂmim

a9
UMD
9 A

AULYDDY

E]

[ Y
swazPeavesdn 1z lumsanuiagliumsed 3.7 nazsvazidoaganaaoinanuanaadlu

JUn 3.8

{ < 1 o a
GﬂiNﬁ 3.7 ’c’fﬂ'li]gcluﬂ1§ﬁﬂ‘k41Nﬁﬂlfl\iﬂﬁ?ﬂliﬁ]iﬁ]ﬂ@]@ﬂWEQ@]G]f‘]J’dﬁLlJﬁTL!E)EJﬂuGU'OQ MCAC

DR e f
AU uTuE Ry Haansudeans 15,000
SIEETRICH] aaans 200
Yhmina n3Y 0.1
mmﬁ’;mu 59UABUIN 100, 150, 200, 250, 300, 350
SEELIAFUNE W 840™
RRITIGE ' 3"
QN DIRUYRITO foq

*Nome): guuineIeg U9 25-30 osruTaFed; ** Idvinmannmsfny il 3.3.4.1,3.3.4.2 uag 3.3.4.3 Mwd1AU

MCAC

v

v

v

v

MCAC-900.180

MCAC-900.240

MCAC-950.180

MCAC-950.240

3
AULIITOVU (rpm)

g
A1UL3IT0U (rpm)

3
AULIITOU (rpm)

3
AMUITITBY (rpm)

100 150 100 150 100 150 100 150
200 250 200 250 200 250 200 250
300 350 300 350 300 350 300 350

{ o < 1 o a
g‘ﬂﬁ 3.8 LLNL!PNﬂTiﬁﬂE1Wam@ﬂﬂﬂlﬂ\lliﬁliﬂ‘ﬂ@]ﬂﬂ?ﬁﬂﬂ%ﬂﬁTimaTu@ﬂﬂ‘LHJ’EN MCAC
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3.3.4.5 MIANHINAVDIQUHYN

(% ] A 1

9 v
11879819 MCAC 119 4 6179813 10911011 1UHYUNHNIZADNIT

U

AATUAITINAIUBIAUVDI MCAC Tagiil 200 Haaansue9a15a2a1emaIuosaua bty

U
a2 Y

(3UAY 15,000 Hadniuavans lagaiuguaAiesvedadIszaly tiiny 3 laluviagisuyn

u

J v o J ¥ @ o o A < 1 AR &
UTTIDUNUNUA MCAC UIHUN 0.1 NTY HWVIJJL"UfﬂV]ﬂ’JﬁJLTJi’E]‘]J 250 39UABUIN el uma

a 1

MINMSANEINITD 3.3.4.4 Ngungiiuana1anu 4 a1 Taun 30, 40, 50 Az 60 oA UTAITYH I
Y ] v
szozduRd 840 Ui MntudaanududuvesETazaauBsAUE NA LAz IMA D oY
a = ~ a o
Twazeavedanzlumsanuaglluaisien 3.8 tazivaziveaganaaoInIvuaLdaglu

s 3.9

13199 3.8 an1zlumsAnyInave g IAoN1IATUAITINAIUBEANYEI MCAC

SIER] ATET! il
¥ g A Y a a o 1A sk

ANYNVUITUAY yaansuneans 15,000
SIEERGE Uaaans 200
g ' [
HUNDIY N3N 0.1
AN 50U F9UABUIN 250"
FTELATUNE W 840”
=~ *k
Ny : 3
QN SN BIG LG 30, 40, 50, 60

#+|39NHINMITANYINITE 3.3.4.1, 3.3.4.2, 3.3.4.3 11AZ 3.3.4.4 AR

MCAC
MCAC-900.180 MCAC-900.240 MCAC-950.180 MCAC-950.240
gyl (°0) Q¥ (°C) qungll (°0) Nl (°C)
30 40 30 40 30 40 30 40
50 60 50 60 50 60 50 60

JUM 3.9 LHUAINTANY IHAYDIQUHNNADNTYATUENTINAUBIAUYDI MCAC
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335  MsANYIvaNWamansnIATUMsINEIUeEAUYBY MCAC

et Mcac S on 13 lUfnyvaunamans iomsasuiivesns
malfisemsgadumsmauesaunazii lunFoufeuiuaunsvaunameaainsgady
fifoufuetamsnarelumsesefesanmsgadulussuuveunar-veuis Tagaumsii
ﬁmimﬁm"lﬂﬁmnﬂammmiﬁuﬂé’maﬂmaf]amiﬁum‘%s‘fﬁgﬂ@‘wﬁ’mzwiwﬁyuﬁa
YDUNAMAZUYDILTIRY (Soto et al., 2011; Lin and wang, 2008) fio auNITIAUNAMAAT N3
@Wff’ué’uﬁuwﬁuﬁﬂu (pseudo-first order model) LAz UNAM AN MIQAFUSURUAD IR BY
(pseudo-second order model) L“T‘Jusﬁ’u «?mﬂuaums%auwamﬁﬂé{ﬁ"a”lﬂﬁ“l%'a%mﬂﬂﬁ@ﬂcﬁuﬁ
AIY0IE5AAFY TaolinTanIna @ nduwusye9aun150a00oudy (linear regression
correlation, R%) 111 200 H1a38A5U09815028101ATUBAUA NS T UEUAY 15,000 TaanTu
faedns imfleyvesaszats iy 3 ldluvaagUsumiiussgMcac SMNaHUA 4 AANTS
nAnes TaousazAn1INAAe9zUTI) MCAC Hmiin 0.1 n3u 1 liweiinnuidasen 250
soudef figangites Minfudaanuuduvesasazaremsmauesiuid udunasi
mdeagnn 9 10 117 aunsziutigaugavesnnal §isomgady Sasmsganauua
&181A309 UV-VIS Spectrophotometer In1e1IAAMMIAY 475 11 Tuiuas s1wazideagans

NAaRY AEAIlua13199 3.9 taz31li 3.10 mmday

M13197 3.9 anz lumsAnaunamansmgaFummaILesALYEI MCAC

yadw | v | anduduGudy A | gawigdl | anwisasen | Ysias imin

MCAC (nm) YRIATWAIUBEAY | oY (°C) (rpm) (mL) (2)
(mg/L)

900.180 1.7-2.36 15,000 3 Hoq 250 200 0.1

900.240 1.7-2.36 15,000 3 fiod’ 250 200 0.1

950.180 1.7-2.36 15,000 3 Wiod’ 250 200 0.1

950.240 1.7-2.36 15,000 3 Wiod’ 250 200 0.1

*nuneneg: qungiineteglugie 25-30 earwaod
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anundumsmMuoAY

15,000 mg/L @

R — ; =0, =10, t=20,...1=n

VUAIMIAANTUNTINII
V=200 ml

Batch adsorption

{ 4 o a
3111 3.10 msfinIvaUNAmMAATMIgATUAIT A IUBYAY

= [y = [V YY) r.’d' Y
33.6  msAnwANNEINIelumsgatulSsumauiuaunuiuanvelunemaa
nnwamsanfadeninasemsgasumamaiuesauaTodzlanzh
MU AN INATDUAINAINITD TUNITRATUAITINAIUDIAUYDI MCAC 10
=} o 1 YY) S Y = =2 YR} dy ) a aa
Wisuieuduaunuiuanuie lunesnaia s1eazideanisanuiasde 11 11 200 Jadans
YOIAT0ZAIONAIUBIAUANNTUTUEUAY 15,000 Haaniuasans ldluviagdsunussy
?:J @ 1 v o Ja 1 o 1 1 1% ) [
minoufiuanuana19iY 6 A1 laun 0.02, 0.05, 0.10, 0.20, 0.30 1Az 0.50 DTN AMSUYA
1 1 d‘ o = 1 % o 1 d'
21U MCAC tazyan1u ACtioihwlSeudsumanyainsolunmsgady i ldwen
<3 v W a 1
ANMWITITOU, 52OZIAANAT, QUUNTDI LAZANIDY AUTUTUYDIA1TAZAIOINATUDY-
a d' 9 = @ d‘ 1 [ v 9 @ d' [
aunldaanmamstneliseimuzaudemisgadu luiide 3.3.4 asagdluaisien 3.10 ia
Yy 9 a A Y ~ A ] = =< o
ANUITNTUYBITTaTABINAURBAUIINA UL M ADRY S18azBIAMIANIALAAd Uz
' o Aad . . 4 =
1 3.11 wamsany1vi lnaaeudielo Taifisuveq Langmuir 11a¢ Freundlich 1o 1l521iiu
1 ~ Y U o ) = o 1 v o J A
manlumsgaduuazmnnuasalumsgady uazimnlssumeunuaiuniuiug AC 1
1 @ o 4
181uteIna1n (NORIT® MAG 401 Standard: 29 CFR 1910.1200, 2012) Taga1ufusiug AC
~ 9 = g’/ dy 9 Aa o . I 1 o ] S A <3 A
Al lunsAnyiaseil 1aN191nUTEN Cabot Corporation 1T us 1AM UAHAIla Lazlinl
=1 . " W A Aa o 1 o I 1 v o oA 9
loTofu (Tlodine number) A1 1,200 Haaniuasnsy Wuamnuiuanlslulsenugaavng sy

Y ! Y
ha e 1l umsvenmiea
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mM3nh 3.10 annzlumsanyamnuansa lumsgasuasmesauYes MCAC nf5 ooy

[ U Y v 4
AUDIUNUUUN AC
. , oh
SIERL| 112Y
MCAC AC
ANUTUTUGUAY | TaanSudedans 15,000 15,000
151105 Uaaans 200 200
Y 1 v
WRUNaIY N3N 0.02, 0.05, 0.10, 0.20, 0.50 0.02, 0.05, 0.10, 0.20, 0.50
AN 50U 5OUADUIN 250 250
FTzATUNE W 840 840
AN Y - 3 3
a =) Y * 9 *
QN SN BIGG TGN 103
o) guNYIReIeg U 25-30 DR ITaITed
"l;ﬂﬂ'ﬁﬂﬂa@ﬁ
MCAC-900. 180 MCAC-900.240 MCAC-950.180 MCAC-950.240 AC

(IR ? - 1Y ) 2o 3 o
UIMUN MCAC (g) HINUN MCAC (g) WU MCAC (g) HUIHUN MCAC (g) 1M UN AC (g)

0.02 0.05 0.02 0.05 0.02 0.05 0.02 0.03 0.02 0.05
0.1 02 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2
0.3 0.5 0.3 0.5 0.3 0.5 0.3 0.3 0.3 0.5

517 3.11 uwumImsAnEImANUaIT0 luNIATUAITINAIUREALYEY MCAC
337 msAnnMsgadumsaIvesAuluganaasnediil
nansAnIMsgagFuLLUatazgmimnlFlumseenuuuszuumigad
v ¢ A 7 o 7 o
puuaeani ey TewilunisihlddsegnaldluTssanugaanisy Tasvkinisanun
a A o a o 4
Uszansnmlumsgaguasazargmaiuesauyed MCAC Iagasliszuuaoanil 2 uuy
Y 1Y) 4 1 A ~ . v J v 7
laun szuuneauinuy lunaeun (Fixed-bed column) tagszuuAoaMINUUNAd (Pulse bed
o I 1 4 . 4 I {a
column) Mnualiing Inadlunuueeriioq (Continuous) 1o uszuundionlsluns

Y
(4 o

Mvnindeluszaugaaivnssu a1y (Houri and Ouederni, 2013; Wan-Chi Tsai et al.,
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v % [ 4 gj o [ H 1 A [
2016; Patel, 2019) FeluszuumsgadunuuneauiiusziimsAnyfatenlinanensua
Y
ANANNEINITD TUNITYATFU LU Pulse bed column UBAIINUY NI13AAFUUVY Pulse bed
[ =Y 1 [ o 4 1 v @ o o
column §aasnanassumauiiug uazdaeignsldauvessuiuiua lumsgadu
[ 4 =\ = = Y] -dy
HuUAdANY (Patel, 2019; Chung, 2000) l1wazdealumsanyidane lil
3.3.7.1 MSANYIMVY Fixed-bed column
ASANY DY Fixed-bed column 1011A1 Breakthrough curve mﬁﬂwﬁ’umﬁmmuaﬂﬁuﬁw
[ 1 1 Y] @ I'd H 1 Y
MCAC Tagn15180nA208 190 1UANNUA MCAC AUAIAMNa 1150 TUNITAAFUZIgAINHE
o o o A
MIANHINIAATUUUVUUATUITINMTANET ATUANANMTNTUISUAUYDIAITALAIBIUA 1LY
a [ A Aa o T A 1 (Y] { a . I
AU MR 15,000 HaaniuAeans MLUBIEITAZaIY MDD 3 NanNzgurgives Fuilu
=S [ J é 1 3 ] (% d' I
HAINNIIANYINTQATULUUHDAY Fanudndusisanidzteseimuzaulunisgady
Y] 4 [ 1 ad Y]
(12400 3.3.4) Yaunamansnsgady wazanNuaTagegaan le Tadisuiide 3.3.5 uaz
o w 4 o 1 (% 1 o [ Y] [ Jd (Y]
33.6 awaay odwmsdatenunzaud msumsgadunuuaeaui laun 6as1n1g
Yy ¥ A g9 A o~ a = o A
Tvia vazanuduTuG VAUV I TIIAIUREAY N wazDsamIAnEIAaadlLA1T19N 3.11

Winsnaass Tagiinuiuiiug MCAC us3yluasduivinaidudiuguinalanielu 2

=

HUANAT G4 10 LFUAINAT 318921DIAVDIYANAADIUDY Fixed-bed column Adtaadlugi

gJ/ o =Y %I Yy 9 a A {

3.12 Mnuiadsnasiiesntazanduduuesasaza1smaIuee-AusNAY (C,) azh

] Y] ] [ 4 ] < =1 ~

mﬁaag (c,) naann lvaruaeauinuy Up flow Tugausninumnn 9 10 W Tna c/c, =
Y] 2’_, I Y < o =] o o 1

0.50 wmmﬂumﬂu@u"lﬂmunﬂ 9 2 ¥ Tug aunsenalian C/c, > 0.95 ¥ ldmuiamsai

1 ] 1 v o 4 o 4 {

Breakthrough curve 1Az H1AIAMNEINITD TUMTAAFUVDIDIUNUIUA MCAC TagmuIanun

18du C/C, =095 asunaududu C/C,=0.05 asaums 3.9 uazihdeyannnwamsanyl

NATOU D118 Breakthrough curve #8111 UT1809U04 191378 (Thomas model) LaziUUT1AD

VYBIYU-1UATY (Yoon-Nelson model)
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M3 3.11 @01z 1uMsANYI Breakthrough curve MIGAFUTITNAUOIAUYBI MCAC Tuga

NAaNLLUUY Fixed-bed column

Maiees ATRY i NaMIANY
AN UTUET U mg/L 15,000 1&nmsanunleseluiiie 3.3.4.1
Adites - 3 1&nmsanunleselurive 3.3.43
v L. IdamnmsAninnuamisnlumsga
imindgady e 8.61 3 ,

¥y Iurate 3.3.6

qutigil oC Wod' TaanmsdAnudadeluiate 3.3.5
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(mg/L) MCAC-900.180 | MCAC-900.240 | MCAC-950.180 | MCAC-950.240
500 269.31 349.11 399.00 508.29
1,000 199.20 257.82 381.80 468.02
2,500 279.57 392.98 593.16 768.53
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(Chaouch et al, 2014; Fathy et al, 2012; Kaosuah et al, 2013; Moyo et al, 2013)
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JLYLIMNAUNT AANUANITDIUMIYATY (q, me/g)
(‘LH“I?I) MCAC-900.180 | MCAC-900.240 | MCAC-950.180 | MCAC-950.240

60 481.89 516.68 648.06 814.22

120 670.90 756.07 1,013.63 1,138.25
180 745.68 865.29 1,254.57 1,399.97
240 920.16 1,015.70 1,476.82 1,715.69
300 1,013.63 1,149.57 1,628.45 1,898.47
360 1,142.41 1,254.57 1,790.46 2,112.41
420 1,237.95 1,340.47 1,996.10 2,272.35
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900 1,601.45 1,780.38 2,372.05 2,706.46
960 1,597.29 1,775.92 2,374.13 2,704.39
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1 2,081.26 2,324.04 2,925.40 3,287.18
2 2,286.48 2,522.04 3,163.43 3,486.06
3 2,340.38 2,590.65 3,186.27 3,558.68
5 1,736.80 1,977.61 2,575.12 2,910.45
7 1,546.91 1,778.61 2,378.28 2,733.47
9 1,399.25 1,652.16 2,251.24 2,613.52
11 1,337.65 1,584.33 2,186.98 2,536.14
13 1,233.80 1,467.66 2,054.34 2,428.48
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VAR NNEINIa luMIgatUas
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Gﬂi'l\?ﬁ 4.6 WI’E]?IIIUlﬂ‘lﬂllﬂﬁﬂ?i@ﬂ“ﬁﬂﬁ?ﬁlﬂ\la'lu@ﬂﬂu@ahﬂ MCAC

Adsorbent Temperature (°K) AH (kJ mol ™) AS Jmol' K" | AG (kJ mol™)
MCAC-900.180 303.15-333.15 10.52 2391 -7.24 -(-7.95)
MCAC-900.240 303.15-333.15 10.08 23.29 -7.05 -(-7.75)
MCAC-950.180 303.15-333.15 9.49 23.40 -7.09 -(-7.79)
MCAC-950.240 303.15-333.15 9.00 23.00 -6.96 -(-7.66)

0 T T T
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-0.6
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-1.2 %
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0.003 0.00308 0.00316 0.00324 0.00332
T (K™
<& MCAC-900.180 O MCAC-900.240 O MCAC-950.180 A MCAC-950.240

319 4.8 315219 In K, /1 1T dm5umsgaduansmaiuesaudis MCAC
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mampuaaslumanuIn ¥.1) A1 AG oglus13 (-7.95)-(-6.96) Nlagade lua taza1 AS

T [ 1 a = 2 dy 1 2 A A <3|
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na 1nN19n18n 10 (Chen and Dejin, 2015) &ei1 AH dagniimnszijilsznnueausegady 1dun
4 4 Y a 1 1 1

H5UNUWABSNAT (van der Waals forces) 11101 4-10 i Tagase 1ua, 153a9gaszHIN Tuanai

Y
l3iwrou1i1 (hydrophobic bond forces) 15z 5 Alagade Iua, usanuse lalasiau (hydrogen-
9
bonding forces) IM1AY 2-40 N 1agane lua uazuiaﬁqamzmwm (dipole-dipole interaction)
N 2-29 ﬁia@‘a@'aim (Montgomery 1985; Sawyer et al. 1994; Atkins 1994; Ghaly et al. 2016)
9 9 1
AU NIZUIUNTYATUATNAIUBEAUYBY MCAC IAATUIINUTITAM HEITZHINAITINAI-
a [ =< A I J cr’ @ 1
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A1 AG Binsesreuay uazanadnNguniuIY uaasliiiumgaguaswal-

a I aan A a é! Y a =2 [
uosAUYI MCAC 1Hul§Aseniid s oinatiued 14 Insss5us1@ 91NHaNSANYIALEAS
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111131 Degree of freedom Lﬁ'ugaﬁﬁum Snafsesdoveie-vounarluszniemsgadu
131 IUDIAUYDI MCAC ﬁﬂﬁ’ﬂizmums@ﬂ«f?uLﬁﬂﬁﬁuiwiwu‘%nmﬁmﬁ'w (interface)
Y93 MCAC Lmzmsazmﬂmmu@ﬂﬁmﬁﬂﬁuuwdu (Setiabudi et al. 2016)
423 WaMsANEIvAUNAMIEATNHIUNMIQATUMSIIEIUEEAUYBY MCAC
HamIAnE1snIuTGAT1 lunsdhgdaugadiniumsgaduaisuan-

Y
UDYAUVDI MCAC ﬂ1if’d’fﬂ‘]slTﬁi%’c’ﬂ§a$ﬁ1ﬂm’cﬂuﬂﬂﬂuﬂ’ﬂhL"ngjiJaﬁ}u 15,000 yaansunoansg
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RUNHUNDI %1ﬂWﬂﬂ']iﬁﬂ‘HWH'lGU’f]iJ"aiJ'lﬂ@ﬁ@U LW’f]ﬁﬂ‘kﬂ’f]ﬁ51!53ﬂlﬂﬂﬂ§]ﬂ351ﬂ1§ﬂﬂcﬁ‘ﬂﬁ1§
a 4 1% { a (% [l [} o
tyauegaUUal MCAC Iﬂﬂﬁﬂﬂ'ﬁ%auv‘lﬁﬁ'lﬁ@]iﬂ'li@ﬂGﬁﬂﬁuﬂﬂi%ﬂuﬂﬂ’]\‘]llwﬁﬁa’]EJH'INW
14 v v W % =
NAgDU 2 dUNII ﬁ’f) ﬁllﬂ']ﬁFﬂﬁuwaﬁwff@ﬁﬂ'ﬁ@@%ﬂ@uﬂﬂﬁﬁﬁlﬂﬂﬂ (pseudo-ﬁrst order model)
14 v v W
uazi]auwamﬁmmi@ﬂmmuﬂumuﬁan (pseudo-second order model) NANITANEILEAY
4 o a 4 J [
i'lflaﬂ,%flﬂclugni']ﬂﬁ 4.6 ﬂ'lﬂWﬁﬂ'ﬁﬁﬂ‘lﬂ']u']ll']'Jlﬂi'lgWﬁﬁﬂﬁﬂﬂ?iﬂauwaﬁ']ﬁ@ﬁﬂ'ﬁﬂﬂG]f‘U
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&£ A = v o ' 1 @ [ P~
uauniuney Taewsunslanudunussznien log (q.-q) AUa1 asuaasluzilan 4.9
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(M) FITWITOMUIUMIAIAIMN k, 10ZAT q, 1ADINAINNUTULALIARAVULIY y AUEIAD
g o a 4 s v v W
uazierhramsAn N AATITHAITUMIVaUNAmTAs MIgaTuduAUdouion Taalou
v o J ' o [ A = o o J
NS MANUFNNUTIE NI tg, AUna1 awdaslugli 4.9 @) Fsawnsosh ldd i g,
' { 1 Y (g o v a 1 o o J
HagAININ k, 1@%}%1ﬂﬂ1ﬂ31u%u HAZIANAVULNU y ATHAT1AD TAgNaTINAEHTUNUT

IRNG | 3Jﬂ1iﬂﬂﬂﬁ]ill"]aﬁl,f%’ju (linear regression correlation, Rz)

M3N 4.7 MAIHEATITIMIgAFUINAIUBEAUYDI MCAC

Pseudo-first-order Pseudo-second-order
qc‘cxp
MCAC k1 qe kZ qe
(mg/g) R’ R’
(min™) (mg/g) (g/mg-min) (mg/g)
900.180 | 2.642.48 2.0x10" | 1,295.09 | 08697 | 4.03x107 | 2702.70 | 0.9995
900.240 2,925.36 1.6x10" | 1,598.09 | 0.9500 233x10° 3,030.30 | 0.9993
950.180 | 3.905.21 14x10° | 293359 | 09341 9.43x10" | 4166.67 | 0.9984
950240 | 5.901.39 12x10* | 5579.56 | 08940 | 3.09x10° | 6250.00 | 0.9968

2.0 -~

t/q,

0 700 1400 2100 2800 3500 4200 0 700 1400 2100 2800 3500 4200
Time (min) Time (min)
© MCAC-900.180 0 MCAC-900.240 © MCAC-900.180 0 MCAC-900.240
o MCAC-950.180 A MCAC-950.240 o MCAC-950.180 A MCAC-950.240
(n) (V)

A 4 v v W 2 A J o
gﬂ‘ﬂ 4.9 (n) ﬂauWﬁﬁ’lﬁﬁﬁﬂ’]iﬂﬂcﬁﬂﬂuﬂﬂﬂuﬂlﬂﬂu uag (v) ﬂau%lﬁﬁ’lﬁ@lﬁﬂ’]ifﬂﬂcﬁﬂ

v

@u@‘uamgﬁmﬁummiﬂﬂcﬁumimmuaaﬁumm MCAC
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al, 2007; Nunes et al, 2015) Fadoandoinunansaneluaseil naasldiiuininmsgaduves
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Aswaesaugnaaguiumauininussasganis lliata deaeandosiumansdny
4 a 4 ) 1 a @ [ ]
mos Ty laundndmsgadu eI NaTNaILosa Uiy MCAC Wi udunsgasuaIons
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wauaeiNad Iasiunsunsairusidamiionszninedigneadunaziuiivessiigady
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deandeanunamsanyIMsanyateninasen15gaduaIsuaIuesALYed MCAC WY
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etal, 2013
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$ 1 H r'd @ [ [ g
M3°199 4.8 MIFeUMeVMAINVDIAUNAMAATNIIRATUIUAD ADUNBUVDINIINAADIL

AUTLUUYATUDY

PLLLT 110 NgAH k, (g/mg-min) q, (mg/g) L1A9871994

4.03x10°- 2,630.05-
Melaleuca cajuputi melanoidin Y This study

3.09x 10 5,901.39
Activated bagasse fly ash melanoidin 2.00 x 10 116.3 Jemal et al. (2017)
Powdered activated melanoidin 1.84 x 10 5,607.9

Theodoros et al. (2017)

charcoal
Fly ash-clay melanoidin 9.30x 10~ 166.67 Ramezani et al. (2011)
AC melanoidin 535%x10° 232 Figaro et al. (2009)
Sugarcane bagasse ash melanoidin 4.60x 10~ 6,833.00 Kaushik et al. (2017)

4.2.4 W%’Ifﬂ‘iﬁﬂ‘ﬂ“’hﬂ’J13»1E’HN15iﬂUﬂ1‘iﬂﬂ“ﬁlﬂﬁ1ilﬂﬁ1uﬁﬂa‘l«ﬂlﬂ\‘i MCAC
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ANMIUBY Langmuir I9INHANIANEINIUATIZH Taolounsanuduiusszninen
[} 1 [ d‘ t‘ﬂ o U d‘ 9 1
C/X fum C, saneaaaluzidii 4.10 (1) Feaunsamuiamnni K, uag q,, 1491011
Y @ o W ad @ . o
FuuazIAAAULAY y AINE19U 1azaun1s 1o 1aisun139ad iy Freundlich Tagtina
=2 = o o o 1 @ v A =
MIANHINVAIUNTIUANUTUNUTIZN I log X, AU log C, Aduaaelugli 4.10 (v) &4
awnsmihliduamaing nuaz K, 199nmanusu wazgaaauuuny y audiau Tag

a 1 @ Y4 a
Wi]”liilﬂi]”lﬂﬂ”lﬁ’ﬁﬁnwu‘ﬁﬂlﬂdE‘TiJﬂ”Iiﬂﬂﬂ@EJLGNLfgf)u (linear regression correlation, Rz)
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{ 1 { o a ad
M13197 4.9 Ansiuazanuasalumsgaguiuaiuesauvos MCAC Taold o Txnsy

msglm‘?mmu Langmuir tiagiuy Freundlich

Langmuir constant Freundlich constants
MCAC Qinax K, 5 K, R
B R B n R
(mg/g) (mgg ) (mgg )
900.180 2,631.58 5.7x10™ 0.9953 338.22 4.86 0.9618
900.240 2,857.14 5.5x10™ 0.9971 303.60 4.43 0.9631
950.180 3,571.43 4.4x10" 0.9928 224.80 3.57 0.9624
950.240 3,703.70 7.0x10™ 0.9946 512.51 4.95 0.9622
AC 2,941.18 5.8x10" 0.9926 292.75 4.23 0.8656
"Todine number = 1,200 mg/g
509 3.6 A
4 35 1

C/X,
¥ w
] ]
log X,
(98]
~
1 1
D>
X
O

3.4
X
1 A 33 4
0 T T T 1 3.2 T T T T T |
2000 4000 6000 8000 10000 3.4 3.5 3.6 3.7 3.8 3.9 4.0
C, (mg/L) log C,
O MCAC-900.180 O MCAC-900.240 O MCAC-950.180 & MCAC-900.180 O MCAC-900.240 O MCAC-950.180
A MCAC-950.240 X AC A MCAC-950.240 X AC
(M (v)

{ ad o ad o
3191 4.10 (n) loTanAisuMsgaduLLY Langmuir tag (v) o laisumsgady

U

1YY Freundlich ﬂl@ﬂﬂ”ﬁﬂﬂ“}?ﬂﬁﬁma11!6861!51]’(’)\1 MCAC

@ ~ < ' 1 o o
ﬂWﬂNﬁﬂ15ﬁﬂ‘kﬂﬂ\‘1uﬁﬂ\ﬂu@ni%ﬁﬂ 4.9 %mu”lﬁ'm ANATUTUNUTUDN
ad o . = 2 [} 1 A 9 Y
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(S v o J ad [ < 1 1 1 ]
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J o a J o ad
0.8656-0.9631 HAAINITRAFUTITLNATIUDYAUUDIDIY MCAC ﬁﬂ@ﬂéjﬁﬂﬂﬂqﬁicﬁlﬂfiNﬂ'ﬁ

AATUUVY Langmuir 11Kz N921INBTUIEMIPATUATINAIUBEAUVBINIU MCAC MIANI
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ad o % 1 1 1
loTaM5un159AF VDY Freundlich FIUAINNUTINITOFIAA (q,,,,) 08 TUFIN 2,631.58-
Aa a o v 1% A J 1 A 9 A o Y
3,703.70 §aansuaonsy lagazlarganidiaiy AC nvieluiesaaraniunlgdluns
= = (91’/ dy A [ 1 o a a o J
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v v
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@ ad Y] 1 v w 4 <3 a

doanaoany lo TySun15@AFULLUY Langmuir tazauiuiiug ldiaiavnaunsonanis
aadu AN UA1TIMAIUEAY (Zawani et al, 2009)

VINWANIANEIAIANUAIMITO I (q,,,) THNIAATUAITINAIUOIAUVD
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lo TS unsgaduuDY Langmuir @1150i509910070 T deesdeae 11l MCAC-950.240 >
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= < Y ar A da o Y
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ﬂ’nﬂJﬁﬁJﬁﬂiuﬂﬁ@Wﬁ"UQQ (Chaouch et al, 2014; Kaosuah et al, 2013; Moyo et al, 2013) 1ag
dethuufFeufeufumanisinydsenrmun duaadluaised 4.10 nud srwduiud
Mcac falndiResfunuifefimunmsgasudismaiuosdudioiaggadusu o

v o

ANNET0 TUMIRATFUFIFA (q,.,) A990 11T et uiuiugd (PAC) HAMIAY 10.00-12.00
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o 1 % 1 v W 4 1 [ % [ Y]

ASUADNSY (Liakos et al., 2016) a1UANNUANAMTIUTDENAUNIAY 11.86-24.16 NTuABATY
1 v o { 1 [ A a o

(Kaushik et al., 2017) arunuiiuaand1mnudosn ldandsemelneiaumnu 1,720 Taansy
1 ) 1 v o 7 9 F) A Y Aa A (Y A a o 1 [
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v & 2 A o = < Y1 9 < =
(Bernardo et al., 1997) ﬂﬁuu%WﬂWﬁﬂ15ﬁﬂ‘k1'l°l/lu'lﬂJ'lL1|diEJ‘UL1/]EJ‘Uﬂglﬁullﬂ'ﬂﬂ1uvllllﬁllﬂ"lﬂﬁll
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M3 4.10 J380MsVAIN NV TUMTAATUATUATURIAUIINIIUITINHIUN

Surface Area Average pore
Adsorbent q, (g/g) ) Reference
(m/g) diameter (nm.)
MCAC 2.63-3.70 950-1,417 1.775-2.155 This study
Powdered activated 10.00-12.00 1,092 1.050 Liakos et al., 2016
Activated unburnt carbon 11.86-24.16 745 -
Kaushik et al., 2017

Commercial activated 20.33-34.52 947 -
Bagasse bottom ash 1.72-2.45 - - Bernardo et al., 1997

425 wamsannalnmgadumsaIuesAuYes MCAC
nmsfAnbInalnnisgaguasuaIuesduves MCAC Tagiiinan1sAny,
1 a 4 Y] 1 a J
a1 9 llamsizdna lnmsgadu 1aun nan1sins1ziaedun1s Intraparticle diffusion Ha

a

= VA = & & @ = ' s Y A
msanInINesNlszyiuAndugud namsanyIyTan¥uaAl18:A309 FT-IR tazna
=® ad =~ =) [V dy
msanu le Tasnsy I1eaziBeanail
a 4
4.2.5.1 NAMIIATIZHAWAUNS Intraparticle diffusion
HANTANHINA INMTRATUITINAIUDIAUYDI MCAC A18aUN15
o 14 Y a
Intraparticle diffusion Tn892111WAYINNITANEIIAUNAAAATNITAAFU ATINATUDIAUVO
a 4 a d v 1
MCAC 113512 HA8a NI Intraparticle diffusion #A9IAMIAATIZHAWEAIIUMT190 4.10
= a 4 =\ [ -4 1 @ 12 9
(;1eazPvamsunziLans 13 lunanuan 1.6) Taelesunnuduiutsening g du t” 1w'la
Y [ ~ U A o <3 [
unslaanaaalugln 411 uaz01nn M@ 1150MIAIAINTAITUTIVOINTUNT A5
9 Y
wanuesau ldnelugnguves MCAC (k) ensneiuieaianusuves k asil luduaou
I 1 o @ v a o Y]
usn (k) Wumsunsvesdagngagueinaisazaie lganinononvoIiIgad 113 boundary
z ~ o 1 a 2 4 I g}u
layer/film diffusion TuadUNADY (k) NTYAFUIZABY ) 1AATY 110 Intraparticle 11 UTUADY
o @ w <3 @ 1 g‘/ { I o 4
N3NNI IVINMIgaty TuvazRvuaeuiey (k) Wudugavesnsgad 1Hiedan
anuuTuvesdagnazateluasazareiivsunaaniiosas (Oubagaranadin et al., 2007)
NAHAMIANIAUAAIIUMITNT 4.11 WU MIgATUAITIAILOLAY
a dgg 9 g = A o <3 1 g’/ g/ ~
Y09 MCACHATU 14 3 suaou Taslimnsnonsuiarlunmsuns luduaeuusn (k,), Yuaoui
Y v
a4 (k) Haz VU U (k) B8 1UYI9 59.27-125.08, 12.52- 66.54 L1ag 0.45-27.00 Haaniu
9 9 H
ApnNSU—1N" a1y MaranInaasIztiuldi duasuusniiaInnITuas U a0l

g‘/ { o w 4 o a g’/ a 2 <
uamu@lauﬁﬁm ATNAIAY Lﬁ’f]\ﬁ]'lﬂﬂ']iﬂﬂ“]ﬁjfff']i!,llﬁ'luﬂﬂ@uﬂlu@]@u!liﬂlﬂﬂﬁuﬁﬂn’]ﬂ

I 1 @ o o Aa
ma“lunm 840 Lﬂ‘ﬁ LﬂuNﬁﬁJ1ﬂ1ﬂﬂ1il!WiﬂJﬁ)Qﬁ’JQﬂ@.ﬂ%Uﬁ]1ﬂﬁ1iﬁ$ﬁ181ﬂﬂ\1ﬂ’)ﬂ1ﬂu®ﬂﬂl®\1
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o o . 2 ! I @ 1 a X
A29AFV130 boundary layer/film diffusion Hazvuneunaeuiumsgaduazaes  NaTY
I 1 a ' ' 4
iWhumainanmsunimelugnyuves MCAC tnaaglusiaa1 840-2,820 W17 110 Intraparticle
IS ) o v w < [ 42 A < v a 2
Wuduneumsiiagasuiavesnsgaty luvagivuiawiluaugaveimsgagunaiy
1% ] A g 9 o = [ A

MeNEaI01NF2981 2,820 Wit uduli) sunsenideaugavesnisgad 1iednina
uduvesiignazarsluaisazareliUSuimaniiosas (Oubagaranadin et al., 2007; Lorenc-

Grabowska and Gryglewicz, 2005; Khambhaty et al., 2009)

A3N 4.11 A19IREATITINTUNTVYDINTRAFUAITIATUBIAUVYDI MCAC

MCAC | k;, (mg/g-min””) k;, (mg/ g-min”’) ks (mg/g-min"”) ki r (mg/g-min"”)
900.180 59.27 12.52 0.45 72.24
900.240 63.50 19.06 0.16 82.72
950.180 83.33 36.58 2.38 122.29
950.240 125.08 66.54 27.00 217.62

1 ' ™ < J a
TﬂﬂNﬁﬂTﬁﬁﬂ’bﬂ WU ﬁﬂWﬂ\‘l‘ﬁ@@ﬁ%i?iMﬂWﬁllWiﬁWﬁLﬂJaTu@ﬂﬂutﬂgﬁ
v Y 9
Tmelugwguis 3 Guaeuves MCAC (k) @wnsaisesmainuin lldeessas Tl MCAC-

950.240 > MCAC-950.180 > MCAC-900.240 11ag > MCAC-900.180 aud1ey Faaziiiuldi

v J

A1k, ; Y9I MCAC-950.240 Hauilu 3 1M1ve4a1 k,; Y99 MCAC-900.180 Hip901nTin 1 dumius

v Y
[ [ = =2

1 ¥
vanvazauiavesdigaFuRinunmIS uzgazgngusuaunn MIRTA K ; geu
daraldlianuaiunsnluniseadug (Chaouch et al, 2014; Kaosuah et al, 2013; Moyo et al,

2013) nazaziin IaNgananns MCAC-950.240 i1 k,,, ki, Hae k,, Aaiiludosaz 57.21,30.44

1 a o g’/ £ (Y v 4
Hay 12.35 ¥949a1 ki’T Tl']ﬂNﬁﬂ']'i'JLﬂi"lgTﬂuﬂﬁﬁﬁﬁ@ﬂﬂé}ﬂﬂﬂﬂWaﬂTiﬁﬂB’]ﬁﬂ%ﬂ!ﬁﬂﬂﬂ'J']ll

]
v A

U NANYImITAZAIeINAIUREAUIAZ T ez AT URAN I ADNTRAT U TINATUDEAY
A o o 19 a dy g/ =2 &

V93 MCAC WW‘U'Zﬂﬂ'lﬂ')'lllﬁ']iJ']iﬂﬁluﬂ'liﬂﬂﬁlfﬂiﬂﬂﬂ'ﬂﬁﬂElﬁ% 50 mmmiumumumn a3y

9

GUHGI’EJu"ll’fNﬂ'l‘i!lfl/‘l5ﬂlﬂﬂﬁﬁgﬂ@ﬂcﬁﬂﬂ1ﬂﬁ1ia$a1ﬂqﬂﬂﬁW?ﬂWﬂuﬂﬂ%@ﬁﬁﬂﬂ@%ﬂﬂ%@ boundary

layer/film diffusion (Oubagaranadin et al., 2007)
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© MCAC-900.180 o MCAC-900.240 o MCAC-950.180 a MCAC-950.240

51 4.11 na'lnmsgaduasaiuesauves MCAC
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! a ¢

4252 wamsanmaiesidszanunnilugud
NNHANIANYIATIEFNLABNITAATAITIWAINDIAUYDI MCAC

oA a A 1 L] y 1A = v o 1
wunmiiesioninademsuananuleseu iewnnnmiieslinnuduius lnsasiae
= o 2
Ysualeasonlad looou (OH) nag loosulalasiou (H) minmisAnuimsuaaslszquu
X a (g o = 1A = X a e .

WUAIVDIAIAGTY MCAC TagarinwamsAnIa1 o sNszynuAnilugud (Point of Zero
Y04 MCAC UAUMIAY 8.05 181 pH,, 1

Charge, pH_,) ¥9481359A%Y MCAC WU A1 pH

pzc pze

Y Y [ = gd‘ PoA A " o A @
llﬂﬁ’f)ﬂﬂaﬂﬁﬂllWﬁﬂWﬁﬁﬂEWNﬂWDDT NATNLBDBININD 3 3Jﬂ1ﬂ’J”IJJﬁnJ']ﬁEﬂuﬂ']ﬁﬂﬂ%llﬁTi

WAUDIAUYEY MCAC gaga Famiitervosansazals pH (3) <pH,, (8.05) i1y OH 1w

pzc

Ay Aa ' v o Yo + < . 1% A

NUAIDIUANITUA MCAC 185D H naneiiluilszquan (Ferreira et al., 2015) aaudnalugii
[ g‘/ A A1 a - = vy a

4.12 giu MsazalewaIuesauimiteyiny 3 Juszyaugngaladiensanliihada
1 ¥ Aa  q 1 o U [ < 1

¥99 MCAC hfiiuAnduilszquan14a dewalihldiisinmsgadugeganie uaaslidiviui

Y] a a 43! a Id o A

na lnmsgaduaswaiuesauves MCAC awsomaduinuss lihadailumsgaduin
o a 9 a a dy a J v v R A 43! A A @

premsgaaadens e liihatausnunuiivessuiuiud Fufatulunsainaisgadu

A [ a dg}/ A A = a 9 zﬂy a [
ﬁiﬂﬁ1igﬂ@ﬂ“ﬁﬂlﬂ@ﬁﬂ1W1I"1]’J‘Hif]llﬂizi]f]ﬁfﬂﬁ]mﬂiﬂﬂiﬂidﬁ’iN“]JuWHN’J"UfNﬁﬁE]WKU
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@ 4 @

v Y 9

Wudu 3und Andnaadad, 2559; Foea asadadnade, 2554) deaadeiunanis

a L4 4 a Jd o o o a 1 '

')l,ﬂi'lz?il,‘ﬂfliillllﬂu'lllﬂﬁ'ﬁ'lﬂillﬂ'ﬁ@ﬂ“]fﬂﬁ'lﬁma'lu@flﬂu"ll’i]\? MCAC ﬁﬂ'l AH ﬂlflﬂﬂﬁ'l 40

a 1 ] 1 @ a

ﬂTagamTua me“lﬁ’mmma:muma@@mumimam@aﬂu‘ﬂm MCAC Qjﬂﬂ’)ﬂﬂlliﬂﬂ

Aa X = A ' a o = ~

ﬂﬁ]’lﬂ‘lﬂNﬂ'lEJﬂ'l‘W‘ﬂ!ﬂﬂ"Uui]'lﬂui\iElﬂ!‘Viuﬂ’.]izﬂ’.]'lﬂﬁ'ﬁmﬁ'luﬂﬂﬂuﬂﬂ MCAC Iﬂﬂlﬁ\wﬂlﬂuﬂ?

< 4 4 o = A Y

L‘JJULLU‘]JL!'JHL@]’E]5’3']?1?{!&?1%!,‘5\11/‘]1.!‘58“1?Iiﬂil,ﬂu fl]'lle'ﬁf]1?1'&"”(7‘]‘]9]']‘1[]ﬂi‘"lT]ll'l’L’f'lll'liii’l’ﬁ?‘ljulﬂ'll'l 13
@ a I o 2 14

AATUFITINAIUDYIAUUDY MCAC Lﬂuﬂ1§ﬂﬂcﬁ‘ﬂ‘ﬂ1\1ﬂ1ﬂﬂ1w %ﬂuwammﬂusmmmm’na

nazusd Iihane

3
= U ar oo
@ Uazquuiiufinvesaunuiiua

© szyvesmauaiuesiu

[ 9 1
1 4.12 msnaaalszquunuiivesiigady MCAC 1 1d5uanTnaves pH<pH

il pze

=] v do Y A
4.2.5.3 Nﬁﬂﬁﬂﬂ‘ﬂﬂ’iyﬁﬂﬂ“ﬁuﬂ?ﬂ!ﬂiﬂﬂ FT-IR

0 a 1 v W < ' [
i]']ﬂﬂ']iﬂ']ﬁTi!lla']uﬂﬂﬂu!lagﬂ']uﬂlllluﬁﬂlﬁlﬁﬂﬂ"lﬂ?ﬂﬂuuﬁgﬁaﬂ

Y
{ 2

7 a L4 ] d o A = 1 Jdo A a A a
magad llasrnianzivgleddu medny vy Wensuifedu wsensulasunilaslu
a v Jd o J [
Tﬂiﬂﬁ%}NImaQa‘U'ﬂQﬁﬁliJﬂTHﬂEJﬂu i’JiJﬁ\iﬂﬁﬁﬂBWﬁﬂJﬂﬁ\iﬂ%u‘Uﬂﬂ MCAC NDUHDEHAINT

o =2 3’, -dy o a 4 v J v 9 A .
ANY U 1uﬂ1iﬁﬂy1ﬂ§\1uﬂ1ﬂ15’31ﬂi1$‘ﬁﬂiqllﬁxiﬂ"]fuTﬂfﬂ“]ﬂﬂi’ﬂﬂ Fourier Transform Infrared
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Spectroscopy (FT-IR) 810 Bruker 3U Tensor 27 W 5auaalusaaoumsa 4000-400 cm” wa
= = = [ 1 -dy
MIANINTIEazIDeARIne 1)1l
= [ d' d‘ a [
nawamsanyaaniluzln 4.13 Weinsana/nasuvesans
a 1 [ ) { { 1 < )
IWAIUREAY WU ABUNMIATUTUAUNMIGANAULAINAINE 2890 cm™ 1T UMIsdUVDI C-H
{ { 4 < &
(Coates, 2000) HAUNITAANAUUAINAIND 1028 cm™ 1T UN1TTUYDI C-OH (Inyinbor et al.,
{ { g 3
2016) HAUMIAANAUMEINAIND 1203 cm” 1T UN15AUVOI C-O (Mohsin et al., 2018) LAz
A A A 1 g o I A o o
HAUMTAANAULAINAIIND 1505 cm ' 1T UM sduvD C=C 1umMssudumslsingdives
a151sznouiluea (Phenolic compounds) (Puziy et al, 2002) HOUNITAANAUUAINAND 1203
g 3 A = = g2’
cm” 1TUN13FUYDI C-N (Dolphen et al., 2011) HOUNIAANAULAINANIND 1612 cm”’ FauTlu
o ' v w ' < a a a
M3 TUYDI —NH tiag —~OH m3dsinguyianguasnariiumamnnnanmadegluuudease
) . a A Yo 9
Younuse balasiau (Hydrogen bonding) I11autiiues 15u1dn o913 lasuanudou
{ ! . g 3 '
(Diego et al., 2015) HLOUNTAANAULAINANND 1733 cm 1T UNTTUVDI C=0, ~COOH a1
A A A -1 S ) = a 1Y)
HOUMIQANAUNAINAND 3374-2890 cm' I UMIAUVDY O-H Taudematnanuse lalasiou
FunanisFouniuiuiuwylafsu N-H (Sokker et al., 2011) uazainramsanyIaaaaslu
A <3 Y 1 = A A A 1A
5U# 4.13 vzwiu1an1 noumsgaguTunUNITgANAUIAINAIND 3374-2890 cm”' HDUNT

U U

A a ) 9 A . . = = g 3
QANAULEIUTIVUNIN 11aZANWTYDINITRANAY (intensity) NG Fuilunsduves C-H,
v & = & v ) A a s o
O-H uaz N-H a91iu 3aiu 1118 Tassaivaswaiussauiiosnlssneunanues C-H,
<3 A (] d o Aa a 4
O-H taz N-H udasldmudamamunyileiduozavhanlalasaiueu (Aliphatic hydrocarbon)
lansonda nazezdululassadavesanswaiuosdy (Barbosa et al, 2008; Puziy et al, 2002;
v F
Zabaleta, 2012) 910A13NUNIWBATITHANsAnY1 IUATIHTIAMNa0AAR0INUMTANYIVDA
. Y= o a Y a 4
Dolphen and Thiravetyan. (2011) laAnyInsgaduasmaivesauals lnauurlulwves
1 = ] LY 9 a [l J o
WM NnmMsAnymyilensuvedIng sadevesadsmauesaulsinguy e su O-H, C-H,
C=0, C-N 1182 C-0 MUFIAY HaLTOANADINUNITANYIVDI Mohsin et al. (2018) 1AANHN
= (% 9 a o ’q Y o A
msfnyiansue Inseadvesuaiuseau Tagnisi sz gna l¥iunTee FTIR, NMR,

EPR, and MALDI-ToF-MS W31 91nmi3dnunyisssuvesIaseadevesansmaiussau

ﬂiwﬂgwgﬁqﬁcﬁ’u O-H, C-H, ~COOH, C=0, C=C, C=N, N-H, C-0, C—C tag C-N tFludu
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gﬂﬁ' 4.13 FT-IR spectrum Y9413 A 1HDEAUNDULALHAINTAAHY
uaﬂmm‘iﬂ’mﬁaﬁmimmﬂﬂm%’mmmimmuaﬂﬁuwﬁqmi@ﬂcﬁu
WUN mi"qmi@ﬂcﬁuﬁuauma@@ﬂﬁuumﬁmmﬁ 3281-2938 em” ﬁuaumi@ﬂﬂﬁuumﬁmu
24 AT UV INMIRANAU (intensity) anauTuMITLUDI C-H, O-H tag N-H uagnu \ii
MmmsnfseumevalnaiuvesasaivesAundU-1aIN1T9ALY u,mumi@ﬂﬂﬁuumﬁ
[ = 9

A1UD 1733 1ag 1505 cm™ FuUNITTUVDI C=0, ~COOH tag C=C Mua1AY JANITY

Y
IS o

A . . & A d’ o [] I Y (] o 1
YOINTRANAY (intensity) anad F9 liiansdoud s Whuldmlesidumariigngady
d‘ o ] o ] é ] Y dy a U 1Y v o a d‘
N lad il anglan YU UEIO UANTUA (Deng et al, 2010) HazNANSIADY

o o Aa 1 o 1Y) = a I
YduvoId)nasuaIsIaIlosAUNIU-HAIMIgATD namsAny e lumTei 4.12 3l
Tauiamsgaduidimianglassu C-H, C=C, C=0, O-H 1az N-H Y03a5aiuouay
[ [ J o
ﬂuwgﬁm%umm MCAC (Inyinbor et al., 2016; Wan-Chi Tsai et al., 2016) 310K @ ATANYA
awsana1ldi nalnlumsgaduaswaiuesfiuves MCAC Manmshilgazend

duiiaveanglandu C-H, C=C, C=0, O-H uaz N-H fumnyjilaniuyes MCAC
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a a J A ] o [

mslsznovdunidansnganaunasldlugndans lToma uam
a o 1 { o =] I % ' J
arsounsdlatidinvedlaseadeilvueaniuiug ¥edeni1 Taslumes (chromophore) 3¢
3’/ 1 @ { ] d 1

awnsaganauuds lanslurnuasanshloaauazuasivounnld TnsTuvesdiuuineg

= A @ 1 [} 1 . 1 14 a
Huse luoud 15u najte e (azo group, -N=N-) 13} luTas (nitro group, -NO,) Hija5uaila

(carbony! group, C=0) H1j6anu (alkene group, C=C) ttazvyjoyiutuoanatoy ludioy (alkyl

U

4+

. . . I Y R ] 1 dy o Y A a a a
ammonium derivatives, ~-NR,) 1l UAU Gavyjimartlazsivinnlumsinadves luanad diu
1 ana = [] é -d'd v d' 1 [ o 1 [ 9 S A ]
nyUPnI v niannuswendenuwuszgaaululassaivesluanadae wyos los-
1 o 4 { ] 4
TA5Y (auxochromes) 1300 Ta Tnsuaziinariildnauvesnasnganaulaenyins Tuvles

a L A A = a ¥ o A A A A
L‘]J’dfJ‘L!Ul‘]JG]Nﬂa‘L!f‘ﬂi@ﬂﬂﬂuuﬁﬂﬁ]%Qﬂlﬂaﬂu‘ﬁiﬁliﬁlﬂﬂﬁlllﬂﬂﬁﬂﬁuuﬁ\i“ﬂhﬂ’ﬂmEJTJﬂﬁ‘L!‘ﬂEJTJ

v
A o

J gl,z ] I a A = 2 o
nauwsizaziunyes 1y Iasuiumitildinansasuaniomuanuduvesdldny
Twanad 1&un oz Ty (amino group, -NH,) ¥aj InTunoafaozdi 14 (mono alkyl amino
group, -NHR) 1y lauoafanzii Tu (dialky amino group, -NR,) 13j laasonda (hydroxy group,

1 4 a 1 J < 9
—OH) 1y 3vonya (carboxyl group, -COOH) Uag¥yoIN®3 (ether group, ~OR) Wuau n3
1 g’/ U a A o 1 [ ] 4 ] 9
sawamlseneunsadivved luanadne Wusegaauyylas luWesuaznyoo laTasu
Y 1Y) =\ 1 = 1 Ao o Aov A a
A8 UIZTENI 1A5 19U (chromogen) uiluaiundiAgved lananiuiaseulumsina

agaTuanadniimygIns lueSuazwyjes Ta Tasuuanaeiuiinaih lfinaduanaraiueon T1

o

2 A o ) T W A ¥ A ~ A 9 =
u@ﬂﬁ]’]ﬂuﬂ’]ﬁlWNﬂ']uﬁuwu‘ﬁgﬂﬁﬁﬂ{luiumf}ﬁﬁilWﬁ‘VnslﬁﬂaullﬁﬂﬂﬂﬂﬂﬁuqﬂﬂlﬂﬁiﬂlﬁQﬁﬁ

'
A o

I A A d%' = o Yya ay Yy 1 o o 1 o = [
nJuﬂauzgﬁammamunwam"lwgﬂﬂﬁ”lmwmmmumammuwuﬁzﬂﬁaﬂﬂmaqammnma

fueonli mnwansdne e FuA10:A3 0 FT-IR U99eN5IIaIUa0AUnaUM QAT N

1 o L g ' @ ' o
wilafdu €=0, C=C uay N-H duilunmylendulunguuesTas luwes naznumgilaidu

U

4
o

=2 g T Jd o 1 o Y a A
~COOH, O-H uag N-H guiluniendulungques lalasy i lvasmaiuesduiiariinia
A 9 1 @ 1 a [ o
Wunausaganauue Ialugaeganst lalema tasnyNaswaIuosAUNaINITgATY

@ 1 Jd o : o ¥ a ]
dananunyilansu c=0, C=C naz N-H 3o 1ddalihaavesasiwavesdvriauviong

(Merkel, R. S., 1991; Rivlin, J., 1992)
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A15199 4.12 HANIANYT FT-IR spectrum Y04a@135UATUOIAY NOULAZHAINITQATY

vy ariau Uszinnves anlnasy anlnasy mataeug e
asilszneu NUAATY NaIQAFL anlnasy
(em™) (cm’)
C—H stretching LPAAUKIBLDARY 2890 2938 -48
C-OH stretching | toad laq 1028 1040 +12
C-O stretching ames 1203 1203 0
C=C stretching oz 1511An 1505 1505 0
C=0 stretching mMiveila 1733 1733 0
C-N stretching layen'lud 1203 1203 0
_COOH stretching | A5UoNda 1733 1733 0
N-H bending oy 1612 1620 +8
N-H stretching ofu 3374 3281 -93
O-H bending lansonda 1612 1620 +8
O-H stretching lansonda 3374 3281 -93

= @ 1 a A o 1 [l 9 A . . a ~
NUHE: “0” NIV mﬂﬂmu“lmnﬂﬂmaaumsmm HARNWIVNVDINTIRANAY (intensity) namslasuuilas

A o Y ' & A X A
NAUNUIAINATI BIDTVINUV U TDAAR

=2 % A < Y A a o
nnramsAnIawaaalugd 4.14 azmulan Wennsananlnaiy
] 1 o 1 { R~
Y94 MCAC WU NOUNTAAFULDUNTAANAULAINAIIND 2673-2994 1Az 694 cm 11 UNT
@ <3|
duves C-H Wuasiszaevlelasmiveutszanueanuvsoneany (Alkane or Alkene)
lunguiarag ladiazieliaag lad (Yagmur, 2008) 42UMIAANAULTINAIND 1076 Lz 1340
-1 S ] A = = -1 S o
cm WUMIFUVDI C-0 HazHUMIAANAULAINANIND 1550 1Az 3734 cm ' UM ITUYDI
= I A v 2 = . .
C=C vutlumssudumsisngarvesnguiluea (Phenolic groups) (Puziy et al , 2002) La1N3
aanauuaIin2ud 2325 em™ 1JUN15FUVYDI C=N (Wenzhong et al., 2008) L1ALNITRANAY
= = g8 < ' A A = 48
1aaAWD 2103 em” UMIFUVDI C=C dIUUAVNMIRANAUNANIND 3616-2673 cm 11U
MIFUVDY O-H 52udeamsinanuse lalasiau (Hydrogen bonding) ¥aAan1saeunuiuiy
] J v [V g’} ] d v dy a 9 1 1 d v
WU WINTU N-H (Sokker et al., 2011) Aauy nylanFununuAIves MCAC ldun viyiandu
9 [l
C-H, C-0, C=C, C=N, C=C, O-H ttaz N-H uan1niu iwennsanailnasuyes MCAC 1ad
o 1A ] d @ a Yo A o
NMsgAdU wua Inssngrylenduvesaismaiuesaunu MCAC Tasunsoudulag
HAUMIYANAULAINANND 2674, 1017, 1717, 1107, 3302 uag 3732 em ' ifumsduves C-H,
C-0, C=C, C=0, -COOH, C-N, O-H 11ag N-H g d ey uazduna laiuoumsganauudan

{ q g ] ' . . 4
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uazAsvenFanansgatuRd i ailansu C-O (Bernardo et al, 1997; Ania et al, 2002)
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. = 9 o = o A < P o
al, 2009; Liakos et al., 2016) Fadoandonunamsanuiawuanalugli 4.14 szimiuladmas
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nsgaduianlnasuuounisganauuaInanud 3732-3021 em™ 1Wunsduves O-H uag
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C-0, COOH, C-N iz O-H 1Hesn1nnnnszuiumsgaguiinanniuse lalasnusuny
vy lafFuasuaIueoAl (Diego etal., 2015) HAZWUI Aamsideuvduvesanlnaduuny
mMIgANAuIAIRiANE 676, 1017, 1552, 2090, 3021 1Az 3732 cm” veanyWed#u C-H, C-0,
C=C. O-H 1182 N-H mud ey mansansmaasluaisiei 4.13 ﬁqﬁuﬁqmmiaﬁ;ﬂwﬂw
na'lnmsgaduiAannmanlRinidumisealadsu ¢ H, -0, C=C, C=0, -COOH,
C-N, O-H ttag N-H YUTUAIY09 MCAC AumylenduuuInssademswaiuesdnu uagwa
msmnanasuvescnsmmuesAundingaFua s atudi 18 uRamsgaguRid e
nylanFudana1 mannmail§asofidumiwesmiladdussnivaswauesdudy
MCAC dawaﬁﬂﬁ’mmmmmiumi@ﬂcﬁumimmuaﬂﬁmﬁ'wm%u (Inyinbor et al., 2016;

Wan-Chi Tsai et al., 2016 )

M13199 4.13 HANIANYT FT-IR spectrum Y99 MCAC foULazHaIN13QAc

vy arau szianveq alnasu alnasy mameuguves
asilszney ABUAAT NaagAcil alnasy
(em’) (em’)

C-H bending LPAAUKIBLDARY 694 676 -18

C-H stretching LPAAUNIBLDARY 2673 2674 +1

C-O stretching Pames 1076 1017 -59

C-O stretching amed 1340 1340 0

C=C stretching oz 1511An 1550 1552 +2

C=0 stretching M3iveiia - 1717 nuamdnasulni
C-N stretching lasen T - 1107 nuamdnasulni
_COOH stretching | A131U8N¥A - 1717 nuamdnasulni
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O-H stretching laasenda 3299 3021 278
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4

INNINUNIUBNAITNYI Tumisgasuausanalduius
J y a @ a I Aoy o J 2 a ] 1 g‘;
FENINNUAINEI MCAC nUasma1uesan 1Hul §auwus m-m clectrons FuNADgT2 131931
4 1 v o J 1A 5 a a
uns Ildvesnunuiua MCAC nazanu lidudrveiuiiues 15nAnvoImIsuaIuouaA Y

(Richard et al, 2009; Soto et al, 2007; Obretenov et al, 1998; Furuya et al, 1997) tiag a Qlﬂﬂ]lf?f M

v 9
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woumsdunanudou 9 lilduaasmsnldeumlasnddy aaiu Sedududaanudlu a1

9

) o a o 4 1 1 { & a [ a
A1V AURUT 1T electrons TeHINNgUI AN NUHIgATUNAZ A15INAIUEAY (Hunter

Y

et al, 1998) 1AL INATANYIVDL Liakos et al. (2016) 111 I@MIAITANMINTAIATITIWAIUDY
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MELANOIDIN

MELANOIDIN
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{ ana o a 1 v o
717 4.15 dgnsedmiumsgaduveauaIuesAuUUAIUANITUA (Liakos et al., 2016)

d d
4.2.5.4 wamsanylalwNSuINNMINTIDIATIZY BET
= [ Aad a r'd 1 dy d'
NANaNMsAnEIanyazYed o TwisuanmsasImIIzHmANuRN
a U [ 4 a 4 ¥ a
HI(BET 1 Bel Sorp mini IT) Tumsgadudenseaiing 1z iiuiiazn1uaed Yimrattanabovorn
g { 4 ° v Aad { o
etal. (2019) aanaasluzdd 4.16 ioshwuFewdounvgduunloTansunsiuun13lae
= W% ad I [ ad I
TUPAC wuniansazvedle Tansudunuy Type I Tnodnyauz loTsisy Type 11ilule

ad o Y o A g b = . I 9 A
Tynsudrmsumsgaduid unuus @A) (monolayer adsorption) 1 unMsgatUveseT NS
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[ < a 4 ¥ @
1.7748-2.1552 u'ljumJﬂﬁ %ﬂ!ﬂl&gWg‘l&ﬂlMMﬂﬁN—Gllummﬂ AMNWNANITAUATIICUUTIUINUD

a 4 1 50’ v
Tuanavesaswaiuesay 1agldn3oa MALDI-TOF MS wudiiiinluanasgsznin

U
9 9
v

1,100-4,821 a1aau asudnalugzii 4.17 vinmsnumiuendiswamsaner luaseiilinn
[ a 1 I 1 (%

ADANROINUNITANYIVDY Hofimann. 1998 1A% Mohsin. 2018 05 U131l un1sned 1909
a P TR { o & LY o & s

woamei Miilwiloderdudelsgnoudearsdsznouimin Tuanad dulu 13 uiluma

Y a A ' . %} o
waoy lane1mnannmsienTesszrinaTuana (cross-link) ¥oad151lsznourimiin Tuana

'
o

A dal . = @ ' A o o Y ' J
amnuienaw (Mohsin. 2018) LALHANIANHIAINGT LZJ?J‘L!fl‘lJﬂW’JﬂWHLﬁHWmﬁuﬂﬂaw

=

vod luanalianaengluya 1.7314-3.188 W1 115 (Puhlfur et al., 2000) Y1 TuIaNaUDI
a =1 o (% 1 % [ a 49! YA d‘ UL
MIWAIUBIAULANNTIAYNINABNITRATY NsgaTUIzInaTY Idagale Tuanaunsg;

Yy a A N = 1 N A A o q ¥
W?ullﬂweﬂ Lu@\jﬂqﬂlﬂﬂllﬁqﬂ\‘]@ﬂﬁgﬂj’m MCAC Llaga’lﬁlua’luaﬂﬂuﬂguﬂqu']ﬂﬂqﬂ 'Vl'lah/i

a <] U g
Ti]mf}aﬂl@ﬁﬁWiLiJaWu@ﬂﬂu‘UuTﬂ!ﬁﬂ’ﬂ&LWil‘fﬁngium@ﬂ MCAC naou ﬁ]WﬂquNLﬁf}ﬁ%uWﬂ

Tnajvevzunsidn 1118 (fadn Jayanag 11, 2556) uaiiviaTuananiivualugnivunaues
o Iy v v 9 Y o Y o = a = '
gnguih I lansounsitnggngula wilddinadl Twanaveseswaiuesaunauraooy

prvnan lananuawsolumsgaduszmlsuniunuya Tuanaveswaiuesay 1ude

4 9°I Y A 2 o @ o
Lﬁeumuﬂimaf}mwm’?u ﬂ’JHJﬁT?J'IiﬂiHﬂ']ﬁﬂﬂ“b’Uéﬂgaﬂa\i (ﬂﬁgﬁsﬁﬂim, 2546)
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4.2.5.5 aylwamsanminalnmsgaduasimaiuesduves MCAC
NNWaMIANEING InNTQATUMTNAIUBsANYEI MCAC WD WA
a 4 1 { o < 1 a

INMTANTIZHAIOANNT Intraparticle diffusion HA1AINSATUT TUMsUNI eswaueeaY

Y Zj S 1 = ' é’, A g.}; A
Wl arelugngulusuaeunsn k) Tauwnliawinnnduaounaes tazduaouiay

< ' o 1 1 a 2 3‘, ;’i U @
paasldiiuiinsgadudiulngmaduluduaouusn Ao TUABUYBINITUNTVBIAIQN
AAgUNINETAza1e 1UGIHINEUONUDIAIGATUNTO boundary layer/film diffusion 11AZ91NHA
= 1A A tg a g SR Y o a 4 4 A J
nnmsanyImieynlszynurniuguigaeandesnunanisinsizimes lulauind

9 Y o ' o a I o I
AMSUMIATY NUNMIYATUATINAIUBEAUYDI MCAC 1Tumsgagumanmenin suily
4 a = 1 Jo Y A
pawInusuIuaesNatazus lihade uazwamsanymyilanduaiensed FT-IR ¥4
a 1 v o < 1 1% % @
MswauesALIaziunuuA lddavnneutazaimsgasuaiuayudedgilna lnns
v 1 a a o ana { o [ 1 J v
AATUIZH I MCAC tazesma1uasanannmsiilgnsendumivesnyiandu C-H,
Y
a o 1 J v
C-0, C=C, C=0, -COOH, C-N, O-H 18 N-H DUNUHIVDI MCAC A Uny WA s Uy Y
a ad a 4
Tassaduaswavesau nazpamsane le Tuisuanmsas193n5129d BET awnsoeyll
1 o a < o H

lamsgadudisauesanyes MCAC IuMsgasuuDUSUIAYY (monolayer adsorption)

a o A [~ o S & A J 1 o
mamsgaFuvesdsntgnguvnaandusiviun auiu nalniinanudsdudwamls

MCAC fimaamsnlunmsgagudismavosau laa

= U v d
43 MIANYINIQABUUVVABANY
nAransAnIMIgaguLLLaFizgmihunlFlumseeniuuszuumsgaduLLy
o 7 A 7 o s o
aoau telszlowilunisi lddszgndldlulsenugaaivnssy Taoriinisdnm
Aa A @ a v
Yszansnmlumsgaduasazalomwaiuosauyed MCAC Tagasliszuuaoauil 2 uuy
¥ v A = . v o
1dun szuuaeaninuy lumaoun (Fixed-bed column) 1Az sz UUABANULUDWAT (Pulse bed
° I 1 4 . 4 I !
column) vualnligUuuums lvaitluuuuaeiies (Continuous flow) tHesnmiuszuuh
- o o 2 . g . : :
deuldlunmsmivamindeluszaugaamnisuTaonaly (Houri and Ouederni, 2013; Wan-Chi
Tsai et al., 2016; Patel, 2019) Tagsinmsanynfaseniinademsmuaanuanuasalums

%3 v ° ) o o @ s
gaguuuuaeaul nazih llddmsszuunsgaduuy Pulse bed column tive Jngilszaad
A ' 9 v A ' v o I
11!ﬂ13L'Wllﬂ”lﬂ’J"Illﬁ?ﬂ]iﬂiﬂﬂ?ﬁﬂﬂ“ﬂﬂuﬂﬂﬂ@aﬂu a@1mﬂ%’ﬂsmmmumuuml,!,azl,‘ﬂums
1 v @ o v J
ﬁﬂ@]EJﬂ1§1GIgf}\1THﬂJf’NﬂWUﬂﬁJﬁJHW(IHﬂTi@jﬂ“]ﬁJmJ”]Jﬂ@a3J°L! (Patel, 2019; Chung, 2000) i?ﬂaglﬁﬂﬂ

=2 A v dy
wamiﬁﬂymm@m”lﬂu
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4.3.1 wamsﬁnmms@ﬂ«iﬁ’usmu Fixed-bed column
Tun135@n11A1 Breakthrough curve ¥9IN15QATUAITINAUOIAUAIY MCAC
Tasmsidondaodanuduiug MCAC-950.240 fifiamanuamnsalumsgadugegamify
3,703.70 ad@nsudensy MnHansAnEINMSgAdFULUDIUAT M AN TaeTgluuums
Inamuaodminuy Up flow Faazlsuduiugd Mcac gaussyluneduivinadusiiu
audnarmely 2 wuRinns g9 10 wuAwas TaeAnumidesefimnzaudmiumagady
uuUAeSNI Ao sa31mslua (1,2 uaz 3 Hadaniaouni) uavanuTuT UG udUVeIaTS
Waueeal (15,000, 17,500 LA 20,000 Yaansuaoans) nansAnETieazEeadei
4.3.1.1 WaM3ANYIBNIINS IHia
waﬂﬁﬁﬂy16’@151ﬂﬁ”1waﬁﬁ¢iami@ﬂcﬁu A15INAUBIAUYDI MCAC
WU Fixed-bed column Tngu359 MCAC Wiiaaugs 10 wudwns ihimidndwsuiud 9.61
nfu fianududuisuduvesasazaeauesA LI 15,000 Haanjuaeans ANOFUDI
a5azaenInNg 3 ﬁﬁqumwgﬁﬁ'm alasuulassnsims Iva 1, 2 uae 3 dadansaeui
HAMIANEIBNT1N15 1ianelsz@nTnINNITgAFUaTIIaIuesALYed MCAC Adudaly
A5197 4.14 uazgﬂﬁ 4.18 MUAAL
MaranIanEgaLEaa Ui 4.14 nuh Wenlasunassas
M3 lravesansuaiuseay 1, 2, ay 3 Yaaansaauln N ANt um s uesA L
nanla q deanududuGuduaiswaesiiu (c/c,) ity 0.05 L?Jusgaznmﬁmi@,ﬂcﬁu
Suvualszaniam (Breakthrough Time, t,) 11101 90, 30 1A% 10 WINLINUYDINITYATL
adidy Tas MCAC annsngadumsmaruosaulda lusiaEudy wﬁ’qmm%umi@ﬂ«]?u
Fuana wnsziaiuatszansamlumsgadu Taoiim c/c, iy 0.95 Slugranariifa
AUAANITYAYY (Exhaustion Time, t,) Fevuiinm 86,49 118z 23 11109 MWEID naald
ud sanms lnamswaiuesauiinanemsgadu Tagfions1ns lwas q a1swaiuesay
aefinalumsduiai MCAC i1y danari 152021981 Exhaustion Time 114370

2 I o a ] A 3 [ o
Yu Hunaih Idarswarvesduuniidn luarelugnguves Mcac Tdungsu dawasinlv

]
v A

[ Y
izﬂznamﬁ@mumswmﬂsza‘nﬁmwuaznmau@aﬂws@ﬂmuLﬂﬂiumaqgaawﬁawauwuﬁu

(Tan et al., 2008) Lﬁaﬁmmwﬂ'm’;mmmmiumﬁmcﬁu“lumiyﬂ?ilﬂuuﬂmﬁmwms"lwamﬂ
1-3 Haaaasaeu1n Wy mmmmmiumi@@cﬁ’uﬁnmgmﬂwg (q,) LAz AN ZIUADUR
(q) TuurTiuanadnin 88.81-28.62 uay 275.65-206.98 Haaniusensu audiay aeuaasly
A1 4.13 c?'iewammﬂiz%ﬂ%mwmi@,ﬂcﬁ’mm MCAC #iuua Tduanadniniesay 52.45-

' o y A 1 o v = °
34.76 l(’]fulaﬂjﬂu LﬁﬂLWllﬂ16@’3‘1mil11/im"fl}1ﬂﬁ)mm (i']ﬂag!@ﬂﬂﬂ'l'iﬂ']ujmllﬁ@\jﬁluﬂ']ﬂNu’)ﬂ
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A o a A 49( o Y <3 o 1 o ) v o
9.3) 1199910905105 Inawudum 1dliszeznannunnanas dawaii i szeznardune
521119 MCAC AumsazagmaIuseananaialy midiaanuawsalumsgaduanas
d‘ A [ % 9 [ d o Y a d'd U
(Malkoc et al., 2006) taztilotiun1oai1ns lvarneauy dwrarmldusnaninsoomuia
= y A X ' = v o Y o
A3 (Lyyy) v Ty ualuvaz@onium iaanuansolunsgaduanas uaag
Y < 1 I @ = o [ o . v & = dy
Tdudszeznandunn luiesned1miun159ady (Lima et al., 2017) agiiu TunsAnyil
=2 A Y o Aa aa [ A A A [ [ Y
vaudenldoasimslva 1 Taddasaowii iesaniiaanuaunsn lumsgadugagaming

[ Y
275.65 Haansudonsy Wusasims lname 16l umsdnuidunousas 11

A15199 4.14 WaM3ANYIAIAIN Breakthrough curve ¥94MIgATUAITaza oA IMBEAY 11

3$VUYAFVUU Fixed-bed column

oM va | anududy | dwadnow | g o | Lyw | 4 a
(mL/min) (mg/L) (2) (min) | (hr) | (cm) | (mg/g) | (mg/g)

1 15,000 9.61 90 86 9.83 88.81 | 275.65
2 15,000 9.61 30 49 9.90 49.77 | 256.68
3 15,000 9.61 10 23 9.93 28.62 | 206.98

1.0 A~

N% YY)
0.9 - AA‘A ..o°°.. PR LS s00e
% o... 00””’0
0.8 4 oo® PRY 3¢
® .’0
°® 00.
0.7 H °® .Q’
° .0’
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&i 0.5 .
o 04 & Flow Rate = 1 mL/min

03 ® Flow Rate =2 mL/min

02 A Flow Rate = 3 mL/min
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311 4.18 wave 19313 liadelszAnEnmmsgaduaismaIlesAuyes MCAC
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v
a

4.3.1.2 #aM3ANHIANMUNIUEZUAUVDITTINAIURLAY

= %

NANIIANEIA MU UTUG VAUV T LA UNTAD T AR

Y

J

=Y a 50} % 1 % %

AW UBEAUYDI MCAC Tagldnnugeues MCAC 10 wudmas Himiina g 9.61
v Ao A aa 1 ~ = Y 9 A 9 a
ASH NoATINT Wa 1 Haaansaoui nasuulasanudutuisuduveissazatamaIuosay
10U 15,000, 17,500 1A 20,000 Haaniuasans ANDSVOIAITALAIONINY 3 NN

a 9 [ ~ A o w
QUNNNNDI Auaadlumsan 4.15 naggi 4.19 mudiay
= ) ~ A A Y 9

ANANITANEIALEAI TUA15199 4.15 Wedsundasanuuiy
Fuduveamswaiuesan'ldun 15,000, 17,500, 1ag 20,000 Haansuaeans WU ez
MIYAFVEUNNAYTLANTAIWNIAY 90, 70 1A 50 WINUINVDINIIRATY MINAIAY 1aY

1 Y v
MCAC @11509adua1suaiuesaulda lusiusuduy vaia1niunsaasusuanag
' ' P ' '
wnsznnuadszansnmlumsgadudunatiuiina 86, 77 uaz 59 ¥ Tug awd1ay udaa
I~ 1 A A a o o A
Tdmumamuanududuizuduvesasmaivesauiinaildnainsaaduizurua
a a a <3 2 [ a ] { gj 4
UYsz@nTaiwnaGiau uazszezalduganisgaguina lusi1aa1fiauad tios91n
Yy Y A 9 A a A dgl o 3}&/ Aa 1 v W o
ANUTNTUTVAUVIATINAIURIAUMANYY M THNUNHINoUONYRIDIUA NN UAYN
a [l I~ A @ ] I~ [l ]
Unagulidreasazaromaiuesined9sInEmieoua10619590157 dewalinaimsgadu
Y T '
AU (Almeida et al., 2009) iaNNTAAMANNA IO TUNTRAFUIINNANTI)Founilaq
ANV UTUE VA UVDIAITINAIUBHALDIN 15,000-20,000 HAANTUADAAT WU ANNAINITD
[ d' d' a (% = Y A dy
Tunmsgadunmanysnng (q) Hagnan1IZABNAI (q,) B THUNNIUIIN 60.83-130.36
HaansuABNsY 1Ay 275.33-306.45 Yaan5uaonsy Mua19y aauandluaisnah 4.14 ¥ama
v Y

Y9315z ANTNINMTRATUVYEI MCAC Hnud THunnIuInsooas 52.45-59.57 15udedInu
HRNNAIANUTUTUVIANTINAIUOEAY (T18azDean ImuIRLaadlumANUIn ¥.4) M3

o

AN UTUTUdUYD T TIAIUReA Y TrariinaauLana19u0IA NN U Ty
v [ Y
MsazaleuazNUTNURIMIvIRIgAT UL Y dawarh liinauswanaurion15n1e
v Y Y v 9
Toun I gIvY A9y ANUEII50 IUNT9AFUTUNUGIUY (Malkoc and Nuhoglu, 2007;
Srivastava et al., 2006; Patel and Vashi, 2012; Wan-Chi et al., 2016) waziiamiyA NN TUIE udY
a 1 o 9 = 9 A 43! d' a 1 A
YOIAITINAIUBUAY daHarin i Ly, Duud THUWNAY 1eaunnnani1sots leusiaiy
2 v & = R A 9 Yy Y A 9 A A a o 1
gy aaiy TunmsAniivudenldanududuisuduvosasmauesau 20,000 Jaansuao
a d’ Y = g’/ 1 d‘ =] Y] 1T @
ans e lslumsanuvuneuas liiiesnlimanuamnsa lumsgasugegaming 306.45

AANTUADNTY

)
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A1319% 4.15 WaN13ANYIAIAIN Breakthrough curve ¥9IMIgATUAITazA B IMBEAY 11

FLUVYAFUIUL Fixed-bed column

ANuINTY | sasimslva | dwidneu | ¢ t. | Ly % a

(mg/L) (mL/min) () (min) | (hr) | (cm) | (mg/g) (mg/g)
15,000 1.00 9.61 90 86 9.83 60.83 275.33
17,500 1.00 9.61 70 77 9.85 105.81 285.88
20,000 1.00 9.61 50 59 9.86 130.36 306.45

1.0~

09 a : : : e00® 0:::00’0.0000

AA“‘A 00.... X2 44
0.8 o A .
At .0°.:00””
0.7 A 0% 0
: °® 000
° 00
0.6 *
L 2
o 0.5
5‘“ 04 & Concentation = 15,000 mg/L

0.3 @ Concentation = 17,500 mg/L

0.2 A Concentation = 20,000 mg/L

0.1

00 T T T T T T T T T T 1

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Time (min)

517 4.19 mavesa LU UALVRIE TN IUBEAUADU TEANT NN T AT

U

TR UBIAUUDI MCAC
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43.1.3 #amInnnedulAImsgauasiNaIMesAuves MCAC
wamsAnyE 14111015 NATe U Breakthrough curve ¥84M159AFY
TN UBIAUUDI MCAC 1u53uun15@ﬂc§uuuu Fixed-bed column 1421118 Breakthrough
curve A28LUUT1A0IU09 1N37d (Thomas model) HAZLUUTIABDIVBIGU-1UATY (Yoon-Nelson

=

é Y 1 = -d' d'
model) GﬁQ"lﬂﬂa1aiwaazzaaﬂ‘1’3'1uuww 2 Wa1NNITNATDUN Breakthrough curve tUDUNIT

= o a Yy 9 A 9 a Aa
Lﬂaﬂuuﬂmamwmﬁ"lwamsmmueaﬂu UAZANUVNVULTUAUVDIFITINATUDYAUNUND

MIPAFUUDI MCAC Aduaadlugii 4.20 uaz 4.21 awdau

1.0

0.9 oot esell leesede
”,.wooO
0.8
0.7
0.6
Qf 0.5 ¢ Flow Rate = 1 mL/min
O 0.4 e Flow Rate =2 mL/min
0.3 4 Flow Rate = 3 mL/min
0.2 ee+e++ Thomas Model
01 2 w0 N VIZ J) S Yoon and nelson Model
0.0 T T T T T T T T T T 1

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Time (min)

11 4.20 Wav©IN3111U18 Breakthrough curve THNMIQATU AT IMAIUOEAUYDI MCAC:

=
N

Qan

[

‘51ﬂ15ul1’iml§lﬂ§h\1ﬁ’u
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¥ ;] / RTTILAN ° .o ¥y
09 I’ 'll et AAAA".....’.". .00
: 11, AAA ..’.‘. PO L 44
11 Y Y L ¥
0.8 -~ / 1',’ add e ..-"00.*
1At i"o“”. .
] ’ ..’ 00.. .t
0.7 H ] A °® o¢® .. ..
W) 0 &Y o
Y AT A
06 ' ’.0. o ."
/[0’ . ..'. o*
U 0.5 L o ¢  Concentation = 15,000 mg/L
© 0.4 3 ,-".'. ® Concentation = 17,500 mg/L
..
03 A Concentation = 20,000 mg/L
02 eeseeee Thomas Model
o1 4%  ====- Yoon and nelson Model
00 T T T T T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Time (min)

317 4.21 #aU8IN13911118 Breakthrough curve TUM3QATUE31NATUREAUYDI MCAC:

ANV UTUETUAUVDINTUAIUDIAULANATIN

1) Wan1311118 Breakthrough curve GUEanSﬂﬂ%ﬂﬁﬁﬂlmuﬁa@ﬂﬂﬂﬁ

[

= ~ o < Y
fl]']ﬂWﬁﬂ‘lﬁﬂﬂH']ﬂ\H!ﬁﬂ\iiug‘]Jﬂ 4.20 11ag 4.21 A1ua19U %zmu”lmw
1591118 Breakthrough curve N139A%UABLUDTIa09v09 Inaid 1ionldeunasdnsins
a A aa 1 = = Y 9 A Y
"l‘l/iamimmuafmu (1, 2 482 3 UAAAATADUIN) tazilasundasanuEant UG uAUYRIES

A a o

a 1 Aa o w o @ o J
auesAY (15,000, 17,500 4ag 20,000 HaANTUADAAT) AIWEIRY MW UTIUANUTUNUT
1 o y J { o 5 Y v
321313 In ((C-C,)-1) U1 WBHIAIAINENI 1T NI, ky, uazaInnuamsalums
QAT gy MINANMIFUATIAINGTY HANMTANYWAAINIAT1IN 4.15 Tasdian R’ oglumag
0.8166-0.9329 11az 0.9140-0.9569 MNAINY WD 1HolN5NNENTINS IaaswaIuesay
1 o Y 3 A Aa o [ [ 1 ~ =~ 9
danari 1y g, 0009910 1,500.78 1Tu 254.59 HaanTudaensy uarA1AIN ky, Buud Ty
a'dy 4 S 4Aa 1 a a o 1 A oA A Yy ¥ A 9
MBAUIN 1.05x10™ 111 2.92x107 AnsdeiadnTudo N uaBMNANMTNTUITNAUVOI
a 1 o 1 A 2 I~ A Aa o [ [
arswauesan danai i g, tiuduein 1,500.78 11w 1,503.19 Hadniudonsy uag
1 ~ =~ 9 A dﬂf -4 S 4 a 1 A Aa o 1 = Y I 1
AN kpy, Vo TdNRANIA 1.05x10™ 15 1.11x10” @nsaedaansudoni uaaaldimui
d' (% A dy 1 Y [ d' [ d'
Wesns 1My lnamuan dewaldanuawisalunisgaduanas 1oe9ndasinig lvad

2 2 ° A ' o 1 Y v o ]
mndu hldTuenamswaiuesaued luneauil lunaiduas wagszeznaduidsz i
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a [ < J 0 o .
AT IUgAUNUY MCAC nanay ’G’NWaﬂflﬁ)ﬂ'ﬂﬂﬁWﬂJTiﬂﬁl‘IJﬂWﬁ@.ﬂ"ﬁﬂaﬂﬁﬁ (Samarghandi et

al., 2014) uazilomuANUTUT T Ud UV I TINa Uy danalinnuaiuisalums

'
o a

Y 1] v
ﬂﬂ%ﬂﬁ/‘lllﬁu Lﬁmi]1mﬂﬂﬂ’nmmnmwmmmvﬁ’u%’uiumsazmmmzﬁmnmmwffwm

U

(2

o A ] <3 o Y a v o A 1 A 2 .
argaduiugevy umarmliinauswanausen15018 TounIaiNugIvy (Samir et al.,
A 44 X A o y 9 2 g a
2018) MINHAVBIAMIAIN kyy, MNNAY W0IAT1MNT TannudutuEuduvesasmaIuesay
IS 1 4 & a 2 {1
Wuwannnsa1sTeuuIaaINMeuenIzAIUANIAUAAAT VDI Fixed-bed FuRAYURAIY
A g @ . dyl A @ o o Y
(TUANYDINITAAGY (Qaiser et al., 2009) HBNIINUAIAINVDITATINIAAFUYNANHUAA AT
4
a1eTounraluveuradNUuegiuons 1015 11ua (Lodeiro et al., 2006) LAZVINHANITIIUIY
Breakthrough curve M3gadu@onnusaed Iniid 1A1 R oglusid (0.8166 < R’<0.99) 11130
11119 un1591118 Breakthrough curve TuM3gaFua 1518 1U08AUYEI MCAC 910015
= o A Y 9 A Y a9y
nasuuasgnsinis lnavesensaiuesdu tazaNuduIuETNAUVeIA TN UBYAY 1@
(Wan-Chi et al., 2016)
2)  Wam3¥i1118 Breakthrough curve Y8IM3QAFUAIBUUUTIADIGU-tLATY
= @ A o w I 0
nARamsAnEIAand Lzl 4.20 waz 4.21 muaay Jumsvineg
Breakthrough curve 1139a%UA81DUTIA09gU-1uady ondsunasdnsinis lvaas
a A aa 1 = = Yy 9 A Y
watwesAu (1,2 uaz 3 Haaansaewn) taznlasunlasanuiuvuisuauveIm sa-
a A Aa o 1A o w o @ v d '
uBEAN (15,000, 17,500 LAz 20,000 HaanFuAoans) Mua 1AL 1INIVEUANNTUIUTIZHIN
Y 4 ' { o ] o 9 v
In (C/C, - C)) UNA1 MOMIAIANNOATUTIGU-IIATY, k,y Hazia13esaz 50 d1m5UMs
AAFUVDIAIYNAATU, (T) MINAUMIITUATIAINGII WANIANHIWAAIAINITIA 4.16 Tagd
' ] ' o w ' 1 { o < v A
A1 R” 0811929 0.3025-0.3907 1A 0.3024-0.3907 MINAIAY WU AININOATUTIGU-HaT UL
g 2 2 A A 2 o a 9y 9 A 9
uu T gy elimsIiuens1ns Inaaswaiuesay naga NUTNTUEUAUYDIATS
a 4 2 4 S -4 =~ 4 S 4 =
auesAY TagtiuaynIn 9.0x10™ 111 21x10™ @ouI uaz 9.0x10™ 11y 21x10™* AoUIN
awdey Tuvazinaidesas 50 S15UNMIQAFUTITNAMBEANTY Breakthrough curve 113
v A 9 A~ A o a Y 9 A Y
gaduiinua Tuanas iWelimsiudasins Inamswaiuesay uazaNududuEsuAUY0a
a < = <
AINAUDBAY 1ABANAIIN 1,406.33 1)1 287.29 WIN UA 1,406.33 111 985.94 UIN INKA
1341118 Breakthrough curve NM39Ag U281V 1a09gu-tuadu litinaulndineedy
o A a d%l a2 A o " 9o 9 =
Breakthrough curve M3gaduiniaduese iipennaumsgu-wadu lildihdoyasivazidon
Tudruauiianemenimuazmanil vesdigaduazdIgngatuIuNeITo (Xu et al.,
S o ya 9 Aa Y < ' a 9
2013) Hnah Idinaderanainludasusimsunivesarsmaesaud lmelugnyuves

MCAC
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M3199 4.16 AMasimIgasuInReuuDIans Indd uazgu-uadu

Thomas model Yoon-Nelson model
a 4 1 -4 -4
WIS A0T m Ky 10 Uy . kyyx10 - .
(L/mg/min) (mg/g) (min") (min)

. 1.00 1.05 1,500.78 0.9329 9.00 1,406.33 | 0.3907
831 A

2.00 1.64 1,005.03 | 0.8786 14.00 575.57 | 0.3493
(mL/min)

3.00 2.92 254.59 0.8166 21.00 287.29 0.3025

ﬂ’JnJlﬁﬁjiJélgjju 15,000 1.05 1,500.78 0.9329 9.00 1,406.33 | 0.3907

Gn@fu 17,500 1.17 1,582.45 0.9140 12.00 1,278.67 | 0.3024

(mg/L) 20,000 1.11 1,641.37 0.9569 14.00 1,076.57 | 0.3582

43.1.4 a3UnamsAan¥INIgATUNIY Fixed-bed column

iﬂﬂWﬁﬂ?iﬁﬂ‘kﬂﬂWiﬂWlﬁJﬁWimﬁTLlE]EJau"UEN MCAC 11U Fixed-bed

aa

column WU MIINUOATING MMAUIAITINAIUDEAUIN 1-3 UaaanTAoUIN LAZAITINY

3 1 a = o

ANWTUTUITUAUVIAITINAIUBIAUIN 15,000-20,000 Haansuaeans lnari1winains

g A A '

AAgUNNNAIEANT NN uazaraugamsgaguinaluyisiaIndual iwenasaa
T v Y
ANUA T TUNTATY NI 1199 INT 1HavDIETIIAIUosAINNTY dana Tia
% 4 < @ o v J
anuensalumsgaduanad iloaninszeznannuinanas i ldszeznaduraszning

MswaesAuLas MCAC aaad dawarh ldmanuamnsalunmsgaduanas luvaziai

] v Y v Y
WuduisuAuveIdIsaILosa NI denarldaianuainsalunisgadumuiy

'
A a

iloanininanuuand 19 NUIENI U ludsazasuaz MU NUAMTIveIRIgAT U

Lg I o Y a v o A 1 A é’ [ o Y
AR L‘]J‘LlWﬁ‘ﬂ']ﬂlﬁlﬂﬂllﬁ\iNﬁﬂﬂuﬁﬁﬂﬂ’]ﬁﬂ’]ﬂi@uﬂﬁﬁl.Wlqu‘]GlJu ﬁ\?Wﬁ‘VI'ﬂﬂﬂ?ﬁJﬁnﬂﬁﬂiu

ms@ﬂcﬁu%ﬁuqqsﬁu 1OZINHANITYIUY Breakthrough curve ¥99N139AGUAIIIIATUDEAY
Y99 MCAC WU uuuiaes Indaausniiu 191un159111e Breakthrough curve ¥94013
AATUANTINAIUDIAUYDI MCAC nnmsilasundassasims lnavesaswaruesauias
anudutus uduvesadrsmaresainld vaznuusiaes InfaasmhunlFlumsiune
Breakthrough curve ¥84MIRAFUMINAIUBIAUYDI MCAC lunsfnsuaeudelu

v
v @

AU GluﬂﬁﬁﬂBWﬂﬁ@jﬂﬁﬁlﬂﬁWimﬁ"lu’ﬂﬂauﬁU@Q MCAC 11U Pulse

1 =

bed column 341800 149051013 IMavIa TN IUDIAY 1 HAAANTADUIN LAZAIMIAUDL

FUAUVOIAITINAIUBIAUININY 20,000 HadnTuAeaAT tHBIInTmANNaIvITaluns
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AAFUgagAiIfY 306.45 Tadnsudensy uaznamsisanUInaiiinsgemuans
(Mass transfer zone) HAUHITY 9.86 1uAwas wifinIdhuTnafiinsmemnamsiiaiu
Aatlufouaz 98.6 mmmmqw‘?’wmmm MACA fiussqlunedind Seldhwavesusmii
NITDIBNNIAAITININD 9.82 IFUANAT WA IMUANITANYINAVDITLIZANINGIVDINIS
Fanduvesdigasu Tastmuannugeuosiagaduiiuand1edu 3 a1 18uA 2, 4, 6 rudns
ol Flunsfinudunoude
432  WaMsANEINIQATUUUD Pulse bed column
lumsfnyImsgaduasuaIuosauvres MCAC TussugaduIUY Pulse
bed column Tnedsdsanzdodofimmzannninmmsgaduasmwaivesanluszuuns
AAFULVY Fixed-bed column Lﬁaﬁﬂmwammsxﬂzﬂamt;fwmﬂwﬁﬂﬂé’uﬁﬁssiami@ﬂcﬁ’u
TaedigUununs lvarunediniuuy Up flow Haouiuiiug MCAC gnussyluneduivuia
durugudnatanielu 2 imuAnng g 10 muAwes fviuesfaseimunzaudmiumsea

v d 1 =

FULVUADAN Ao 993173 11a 1 HaaaasaouINLazANUTuT UG UAUYIETIAIUosAY

£
=

20,000 Haansuaeans TunisAnynT el ldMmMsAnEINAUDIT202ANGIURINITTNNAY

(33

=

Y
TAun 2, 4 1Az 6 IFUALAT HATHAVDINTANYINI1BAZIDIAAI]
4.3.2.1 WAYBITTHZANNGIVRINITNNAY

nnwamsAnyIaaaslugin 422 HaveeTezAINGIVINITHN

'
(2

ndu 2 mudmas Weduszunlu Cycle nsnaunszianualszaninmlumsgadudivne s6
1114 mm‘i’uﬁwmisﬁ’ﬂﬂﬁ’uﬁixazmmquhﬁ’u > ufimas FuilumsEussuuly cyele i
2 WUN nmmiﬂﬂcﬁ’uﬁ'uwnﬂﬂixﬁﬂ%ﬂwwﬁﬂ%uﬁnmﬁ@u 10 UINUTNYDINITYATY
wﬁamm‘i’umi@ﬂcﬁuémﬂm fnuﬂi:ﬁmmﬂsz?m%mw”lumi@m?mﬁﬂéﬁuﬁnm 77 %2104
wazdauihmaiauszuu Ty Cycle @ 3uag 4 wudh naInsgaFuS uHNalszAnTamAden
10 WINLUTNVDINIYAF LB UAU wﬁamﬂﬁumiﬂﬂcﬁuémﬂm wnseanualszansamlu
ms@,ﬂq?w?'%uﬁﬂﬁuﬁnm 100 18z 120 52 Ta9 s dy szidin 189 Weduszuniuy Pulse
bed column Tﬂﬂﬁmssﬁﬂﬂﬁuﬁﬁzﬂzmmqﬂu Cycle #i 2.3 uaz 4 sxdawarnI¥naimsvua

a A A A2
ﬂizammwummmu
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0 1000 2000 3000 4000 5000 6000 7000 8000

Time (min)

JUM 4.22 HAVBITTHZANNGIVOIMIFNNAY 2 HUALAT dol)szanTaImmsgad

IR TUDIAUYDI MCAC

nnwamsanyIawaaslugin 423 HaveeTezAINGIVINITHN
naU 4 Uy Wetanszunlu Cycle usnaunsznanualseaniamlumsgady 56

< gJ/ o v v A 1w a 2 g a A
°])"JT§N Fl]'lﬂulﬁ/]']ﬂ'li"]fﬂﬂﬁ‘ﬂ‘ﬂi$UZﬂ'J'IiI’Q’\?W]'Iﬂ’U 4 I UAINAT %QLﬂHﬂ'l‘imui%U‘Uslu Cycle N

[
=)

v Y 9 '
2 NUMN L’Jﬁ1fﬂiﬂﬂG]ﬂJl,iNWN@ﬂiZﬁﬂﬁﬂ?WLﬂﬂﬁuﬂmﬁ1 10 UIN AN UUNITAATULTY

P4 l
=K A

anad AnIENIruAlsEaNnsnIMlumMIgAFUINATLAIAT 85 92 Tua HazdauININITIAY
1 v Y H

52UuTU Cycle 71 3 Az 4 WD 1DAINITYATUGUHUAYTZANTAIWAATUANIAT 10 U1
9 ' v P4 1

FUAY HEIINHUMIgATUENanas aunsznInualszansmwlunsgagumayuima,

o o v < Y = = 9 ' 2 v W o Y

114 1oz 146 521 Tua awdan szmiu ldnwanmsanyiiunud usuRernuiunsynnay

~ a =) d‘ = o (% A A

N9zoz 2 uduas Av 1Woln1s¥nnaulu Cycle 1 2,3 uag 4 9LINUTZHL1IAINITHUA

] v Y v
‘]JSSE‘T‘VI‘Eﬂ"I‘WLLa8ﬂ"lﬂ’J"IllfT”lﬂJ”liﬂ17]llif'?])ﬁﬂ”llWiJﬁuiJ”lﬂﬂ’J"lﬂﬁﬂfﬂﬂa‘]JﬁigEJ$ 2 HUANAT
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0.9
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Cycle 2 Cycle 3 Cycle 4

C/C,

0.1

0.0 T T T I T T T ! 1

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Time (min)

JUM 4.23 HAUBITTHZANNGIVOIMIFNNAY 4 HUALAT do1szaANTAIMNITgAT

U

IR TUDIAUYDI MCAC

nnwamsAnyIadaIlugin 424 HaveeTEEAINGIVINITHN
naU 6 Uy Wetanszunlu Cycle usnaunsznanualseaniamlumsgady 56

< gJ/ o v v A 1w a 2 g a A
°])"JT§N Fl]'lﬂulﬁ/]']ﬂ'li"]fﬂﬂﬁ‘ﬂ‘ﬂi$UZﬂ'J'IlI’Q’\?W]'Iﬂ’U 6 IBUANANT %QLﬂHﬂ'l‘imui%U‘Uslu Cycle N

v Y ' 9 '
2 NUMN L’Jﬁ1fﬂi@ﬂG]ﬂJl,iNWN@ﬂiZﬁﬂﬁﬂ?WLﬂﬂﬁuﬂmﬁ1 20 UIN VAN UUNITAABULTY

Y H v
=2 = %

anad ATz NIrualsEaNnsnIMIumMIgAFUINAYUNIEA1 97 32 Tua azdauININITIAY

H v 4 H
szuulu Cycle N 3 4ag 4 WUMN L’JﬁWﬂWi@jﬂ‘ﬂf‘]JLﬂJWiJﬂ‘]Ji%ﬁ%ﬁﬂWWLﬂﬂ%uﬂL’)ﬁ1 20 4N

Py '
=X A

9 1 J
FFUNU UaINUUNITAATULIUAAAN ﬂLlﬂiZ‘VN1’7NﬂﬂiZﬁ‘ﬂ‘ﬁﬂWWsluﬂTiﬂﬂcli‘]JLﬂW’UuVIL’JQW
o o w < Pl =1 =} 9 [ = [ Y
137.83 uae 178.83 “11’311]\1 ALY ﬂzmu"lmmamiﬁﬂmmmﬂuuwuma'gﬂuﬂumi
Y o A a A 4' = 7 (2 A A
FINAUNTZOL 2 uag 4 uaNas Ao Welnswnnaulu Cycle N 2, 3 118% 4 9ZLWNTSILLIA
a A 1 ~ YA A da! v @ o A
ﬂ"Ii‘Villﬂ‘]JiZﬁ‘lfl‘ﬁﬂ"IWLlazﬂ"lﬂ’J”lﬂJﬁ"lﬂJ"liﬂTlnlﬂﬂJﬂ”IL‘WllﬁlluiJ”lﬂﬂ31ﬂ1§%ﬂﬂﬁﬂ1/l5383 210 4

EFUANAT ATUAIAL



132

1.0
0.9
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0.5
0.4
0.3
0.2

C/C,

0.1
0.0 T T T T T T T T T T 1

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000

Time (min)

JUN 4.24 HAVBITTHZANNGIVOIMIFNNAY 6 HUAWAT doI3zANTAIMNITGAT

TR TUDIAUYDI MCAC

[
A %

A1519% 4.17 Wﬁ“llﬁ)\ﬁgEJ?.iﬂ’NiJ’r,;f\‘ieUfNﬂ1§%ﬂﬂﬁﬂﬂh§]@ﬂﬁ@@‘ﬂfﬂﬁ1‘imQWHE]EJ@Q’IH"UEN MCAC

FLILANNFIVOINIFANAL 9 t, Ly
(cm) (mg/g) (hr) (cm)

2 371.63 115.00 15.99

4 375.46 142.00 21.97

6 400.81 178.83 27.96

= o = A4 A
NNHAMSANEIAIAASTUA1519N 4.17 LiJ’t’)L‘]JﬁEJMLLﬂﬁQi%EJSSﬂTJ"IEJQ’Q

1] v Y
VBINTFNNAY 2, 4, 6 LEUALNAT WUN Lﬁmwmwzmmqwmmi%ﬂﬂauumﬁu ﬁ\iNﬁﬁﬂﬁ

o A da! I A 9 < Y A A
ﬂ')”l?Jﬁ”ljJTﬁﬂGluﬂWﬁﬂﬂ“]fUL‘WﬁJsllullagLﬂuﬂ’]iﬂﬂigﬂgﬁmaqiuﬂqﬁﬂW’]ﬁJ gﬂglﬂullﬂfnlll@lwuﬁgﬂg

o @ I a o 1 o {
ANNFIVDINITENNAVIN 210U 6 B UAINAT mﬂﬁjmmma1u1501uﬂ13@ﬂmu‘ﬁﬁdm’sz

A Y] =\ 9 A dﬂf I A a o [ o = a A
IUABUN (qe) mmﬂumwmumﬂ 371.63 13w 400.81 HaansuaanIy G]NNa"U’E]\‘]‘]J5$ﬁ‘VI‘ﬁﬂ']W

v Y ] '
NIAAFUUDI MCAC NLLH?I&NLWN%M%Wﬂ%@ﬂﬁ% 47.48- 49.76 15 UIAYINY !ﬁﬁ)\i%1ﬂﬂ1‘il1/‘lll

o (= o Y o 3 o Y a o Y
izﬂ%ﬂ’ﬂllQ’Q"Uﬁ)\?ﬂﬁ‘]fﬂﬂaﬂllW’dﬂﬂﬁi$ﬂ$ﬂ’dﬂuﬂﬁﬂﬂcﬁﬂEﬂ’Jlﬂuﬁu Tlﬂw,ﬂﬂﬂﬁfg]ﬂc]fﬂulﬂ
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a2 I A A A Ada ° VoA Aq Y o A E
Au 1 umannNUTINANUNRIMAsANHUININYEI MCAC N5 1unsgaduiuuInyy
L S ' ~ o < o q ¥
(Vieira et al., 2014) Hon91nUMT018 Touna leuunulinisnszaredlanad Wumani v
1 a o a sldd? 1Y ‘;’i a KX A
MIungveIasuaiuosau s MCAC na'ldadu a1y asmaIuseaudinaleuIu
$ 1 [ r'd a a Aa
yInwoNIzuns lauaine1nvednoduiLazinan1sN1LAARI Y99 MCAC (Sadaf et al.,
v Y
2014) ldaunaaau
4322 WATBINISANHIAINNNAINTOTUNIIYAFVAISINAIURIAUVD
MCAC U1 Pulse bed column Yo3ufaz Cycle
o o 4 A A 4
MNRANIIANYIAIAAITUA15197 4.18 1PN NILBZANGA
VOIMIFNNAY 2, 4 LAY 6 IYUAUAT IUUAAL Cycle WU LHBINNTIUIN Cycle YOINTIAY
o [ ) 1 ] A 3 I
FTUUMIATUUUD Pulse bed column dvmari ldmanuamnsalumsgaduiniu duns
A v a a = 3’, dy Y o a d'
gaszeznamsgadunualszaniniw Tunmsaneiagetl ldhmsduszuulu Cycle usnh
FLEZANUFIVOINIFNNGD 2, 4 1AL 6 IFUAAT MUAIAD UNTENIMUAszanTmIwlums
Y 1 ' Y v 9
AATUIRAIUNIAT 54, 54 1A 56 92 THI AWEIAY VINUUTINTFINAUIUNTZNIATUN 4
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Cycle WuNszaznamvualsz@nsnmlumsgadufayuinar 115, 142 uag 178.83 ¥ T4
v v ] 1 Y
aude Felimanuansnlumsgaguianiziuaoud (q) Tuua Tdumuiiun 250.56-
367.23, 251.98-375.46 1A 252.11-400.81 Haansuaonsy MNa1a1 11409910 MIFAAB LAY
1 I A o Y A dy A Aa
g3993 MCAC luusiag Cycle t1un131WuA8gIv09 MCAC v lnsuanuniuay
v [ 9y
AN UHINI1999 MCAC §IM5UNITAATFUAITINATUDEAUINNLINT Y danariilnie
¥ Y ] Y
anuausalunisgagumiudu @1u130 11 lae1IuIUININEIUY (Vieira et al., 2014;

Liakos and Lazaridis, 2016)
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i 9
A15199 4.18 HAVDITEYEANNGIVOINITYNNAY 2, 4 LAT 6 IFUANAT NN 4 Cycle

FEYTANNGY t, AVGIVDY Lyrs .
o o Cycle
YINMIFANAY (hr) MCAC (cm) (cm) (mg/g)
1 54.00 10 9.73 250.56
2 75.00 12 11.98 294.00
2 cm.
3 98.00 14 13.98 344.26
4 115.00 16 15.99 367.23
1 54.00 10 9.73 251.98
2 83.00 14 13.97 303.15
4 cm.
3 112.00 18 17.96 341.64
4 142.00 22 21.97 375.46
1 56.00 10 9.73 252.11
2 97.00 16 15.96 326.22
6 cm.
3 137.83 22 21.95 368.69
4 178.83 28 27.86 400.81

43.2.3 wavesmalseungumanuaansalunisgaduasnaivesfy
Y89 MCAC U UV Pulse bed column AUN5AAF VNV Fixed-bed

column
pnnamsAneIfanaaaluas i 419 naveamsifeuifisua
ANUANID TUMIGAFUATINATUBEAUUYB MCAC 111 Pulse bed column AUMIGATULLY
Fixed-bed column #1131 AIANNA NI TUNITGAFUAITNAIUO8AUYDI MCAC 11U Pulse
bed column HAIGINIINITYAFUUVY Fixed-bed column 1ANITAATUAITINAIUDEAUYD
MCAC 40V Pulse bed column ﬁszazmmqwaqms%ﬂﬂﬁ’mmﬁu 2,4 118 6 IBUANAT NAT
mmmmia‘lumi@ﬂcﬁmﬁu%umﬂms@,ﬂcﬁ’mmu Fixed-bed column §08az 16.55, 18.38 1Az
23.54 ad e uazfiszeznanlumsnuaan InAuA 1110491ANIAAFULUY Pulse bed

o o ' v o P o o ! v v I 2 a
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Yu nazezmiulan Ly, Tuud Tduwuvwsuiu danaiildainnuanisalumsgaduy

4 32 9 ) A 2 A Y v o A )
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@ o 9/3’/ dy 1 a 1o & Y A o = 1 o
'Jﬂﬂ“]fﬂllﬂu VU L!a3Glu3gTT'J'Nﬂ']ﬁlﬂuﬁz‘ll‘llllﬂJﬂ']llllu@l'ENTTq@§$UU!W@W1ﬂ15Lﬂaﬂuﬂ1u@]3

gaduNnualszansnm i ldazainuazdszndanarlumsldauss

M3°199 4.19 HavoIM3f3suMsVAINNVA NI TUMTAATUTTINAIUREAUYDI MCAC

Y
M 2 55UUNMTAALY

. ANMUFIVDI MCAC (cm) t, Lyis de
FEUUMIAALL —
ANNGIBed | MIVNNAL (hr) (cm) (mg/g)
111U Fixed-bed column 10 - 59.00 9.82 306.45
10 2 115.00 15.93 367.23
111U Pulse bed column 10 4 142.00 21.97 375.46
10 6 178.83 27.86 400.81
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a 1 v =)

= =l 1 QJ Q 1 a J %}
UAZUUWRUNIND 30.5 93 usalsad UA1 COD INNY 36.56 NTUABDANT ANeFUOILUTY

U

J I = - 1 < 1w @ 1 a a IS
ﬂ@u"ﬁj'NLﬂUﬂ‘iﬂiJﬂHTnﬂU 4.27 BAagUNUDILVILVIUADYININDY 28.21 NTUADANT ﬂﬂlﬂu
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~ as a d o A % = A A Y
A15197 4.20 IFMsAATIEHAN YU ANTAvesNTevTIN 1T luNTNaaes

IR I nuw HANSANEN
COD gL 36.56
) o/l 37.16
G
Pt-Co 35.16
Niow - 427
QUNAN °C 3045.00
TS g/L 123.99
TDS g/L 95.78
TSS g/L 28.22
TVS g/L 100.20

v Y

442  wanmsAnEIMINITAUUTSIAHDVYNTUFIINAUAIYIZUUMIAATUILY
Pulse bed column
= a a [ g = a [ d'
NNHAMIANH YT LANTMNMIAFUU T3 Aduanaluasnan 421 uag
v Y ' H
31U 4.25 muday Msthia @I MAENFUEIINaY NI28zANNGIVINIFANALNINY
6 iUy o wauszun Iy Cycle usn wunldszansamlumsmivaduas CoOD gaga
M UTPEAY 51.94 LAY 46.46 MUAINY HAZILEZIAINTHUAYTZANTMWNIAY 180 U9 3
ANV IUNTYAFUATNAIUDIAUNANILIVADNAT (q,) 1A 41.71 aaniuee
[ g’/ o @ v A [ a . I~ a ~
NS NNUWINNITANAUNTZoZANVFUNNY 6 15UANAT FUTUMIAUTZUD Cycle N 2-4
= a A o w A 9 I a a
NuUNNUsLANT NN I uNTNIadanadIniveas 42.52 11U 37.68 nazszansnnlunis
o w [~ o o [ d' 4
Mda COD anaenIniosay 37.54 11 32.97 awdiau (audaslugii 4.26 uaz 4.27) iean
a 1 1 % o 4 1 a o 1 % o 4 ]
TuMsIAUTLUY Cycle N1 2-4 Horunuiudursarunanmsnuaanmi ldauiudud 1 s

1 1

anuasalumsgady dawalihldlsz@ninmlumshivaanas arsanmsauszunly

9
v o Y

Cycle 30 NownuduanInuads liimsgasy s lddszaninmlumsiivaiiaigega ua
1 a A = 9 A dgf I = o o =
WU szeznaImnualszansmmioud Tuuwudyuein 320 1Wu 550 w1n awdrdy o
o a { A o A % <
ANuasaluMIgatuaIsIaIuesAUNANIZIUADNAT (q,) AVAUIIN 55.29 1111 63.08

1 [

A o 3 U 4 a o v {
AanNIUABNTU %Slﬁuvl,@g]l’ﬂ Lﬁ’omuiz‘nmmu Pulse bed column TaalinsEnnaunsseznY

f=g)]

1 o
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v Y
ERGEGN Lmnamﬁwmﬂﬁmmmwﬁmmuﬁu !Lﬁ$ﬂ\iﬁﬂﬁlﬂWﬂ’NN’c’f’]iJ'lﬁﬂﬁluﬂﬁ@.ﬂﬁliUﬁTﬁ

NAURIAUNTN1IZIUADNAT (q,)

v Y
A13519% 4.21 wamsfTeuenlseansaIngagaveIn1IQAT U TS uazaIsazaly

9
LiJaTLlfJﬂﬂu@%ﬂﬁ%ﬂﬂﬂ'ﬁﬂﬂ“ﬁﬂlmﬂ Pulse bed column Y14 4 Cycle

Uszianves £, q fovazunimstinia
¥ Cycle -
IRIGE (min) (mg/g) a (Pt-Co) COD (mg/L)
1 180.00 41.71 51.94 46.46
Y oo A 2 320.00 55.29 42.52 37.54
MTGERER
3 440.00 60.58 38.82 34.04
4 550.00 63.08 37.68 32.97
1 3,360.00 252.11 96.12 96.00
71502218 2 5,820.00 326.22 96.64 96.59
WAIUBYAY 3 8,270.00 368.69 96.61 96.53
4 10,730.00 400.81 95.96 96.15

NNHANMIANHIAIAA1UAIT19N 4.21 WU AMsafSeumenilssansamw
1 1 (-7 ?)I =\ a a Q'I 1 1
NIRRT WUIIAIANNAINIT0TUNITaFUT uTeTIa N gurUgsINaUT0on 3191
Y] a ' < 1 o w a
anvansalumsgadudsazaemauosay Fevzmulaniesazmsihiaaswaiuosau
] Y 1
AN szanTNNMIMIag a1 COD (Aaaaslugili 426 uaz 4.27) tayssoziial
a A 3’4 3’/ A %’ = a A 9y 9 A A =
MarualssanFmuiuduas L1910 U IEs3 WA NUTLTUUDIATINAIUDIAUNFID
a a o 1T A 1 o [ 3 @ A 2 PN @ @ ..
37,160 Haaniuanans awwarilioasuiilumsgaduiugaiuiinaussTuaY (Driving
1 A 3 I o [ < A o o o A 2
Force) 9InMsa18 Toumamugau Hunai1doas usimsoudivesdagngadumugaay
(Han ct al., 2007) dawavhIdszeznanmsgadunualsz@niam uazamanuamsaluns
o A Y a4 a = A o A A a ' ' I3 &R A
AATUaAad (W9 INUNTEIT Iz Tas U] ouAIDWNIAL 19U A1VOITILVIUADY Fak A
1 1 3 ?:I [ 4 Id 1Y ¥ Aa
N1 19 1M1909UB T IUABIVOM T UATIZH 01T UA UHAUINTQARUVUNURHY
o [ o U Aa A [ [ v aAa Y] 4
nazgniuvesdigady sl unualseaniammsgady (Fuvia A301iud Inyad, 2549)

dawash ldmnnuamnsolumsgaduanaa
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51U 427 Y52@NTNIUMNMINIA COD VoI NTEITIMAIYNFUYIINAY

HaZE1TaZANAIUDYAL

DARaMIAnEIRaaalua13197 422 HaYeIN3IIUIY Breakthrough curve
voam3gaTUIiuAeT3 e WU i R Y0eHam i n1e Breakthrough curve Magadutiidunis
aouuusiaed Indaeglugis 0.8596-0.9058 Haudnlng 1 wnNIWam e Breakthrough
curve MIAAFULUVIIADIYU-UATU darfu mi@@cﬁ’uﬁnﬁﬂiﬁwm MCAC Jinnuaenndod
funuusiaesInid nazidenfouieumanuannsalumsgaguindess wazasazat
wawesAn wud e lduuuiiaes Indasuaumanuamnsalungadugeqa (o,
ﬂl”lsl,ﬂﬁgljlﬁENfT‘Uﬂ'M’Jmﬁ”liJTi011&ﬂ1§ﬂﬂ“§ﬂﬁ1ﬁ}mﬂﬂ1§ﬂﬂaﬂd (Qeerp) ¥IDANAANNANT
lumsgasuaisazaremauesin @uaaalumsnai 4.21) vansinidaansluglii 4.28
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M3 4.22 AMAINTLVUMNIAATUUVY Pulse bed column NILHLANNFIVOIMIFINALMIAY

6 1UANAT MDAV DT IA0Y TN Lazgu-uady

5znn Thomas model Yoon-Nelson model
qe,exp } -4
VD4 Cycle k.x10™ q k<10
TH TH 2 T 2
y o (mg/g) R - R
Wiay (L/mg/min) | (mg/g) (min") (min)
1 252.11 1.22 1,569.84 0.9058 16.00 956.94 | 0.3128
Vi 2 32622 1.29 2,688.44 | 0.8688 17.00 36724 | 0.4157
ﬁ’ﬂmmﬁ 3 368.69 1.29 2,789.19 0.8730 17.00 359.94 0.4183
4 400.81 1.22 2,860.74 0.8596 16.00 34344 | 0.4133
1 41.71 9.61 67.93 0.9811 357.00 14.64 0.7774
) 2 55.29 1.25 115.67 0.9816 463.00 5.81 -
INIGILEN
3 60.58 16.63 122.45 0.9646 618.00 4.87 -
4 63.08 14.24 134.59 0.9450 529.00 0.55 -
1.0 - i Nt """’,'.'.‘.'.'.3--.-""""""'"'
] e RN
09 4 !/ P Soam
! e L 0
0.8 — ...-.. ..o.
..
0.7 - .." m
0.6 - $ _
Qo 05 .... . B Cyclel
o : ¢ Cycle2
0.4 -
@® Cycle3
0.3
A Cycle4
0.2 eeeeeee Thomas Model
or 4  ee=a=- Yoon and nelson Model
0.0 T T T T T T T T T !
0 20 40 60 80 100 120 140 160 180 200
Time (min)

1] Y =)
317 4.28 Wav0IN13711U18 Breakthrough curve 1UN3QATUUNTEITIUDI MCAC

Y

14 4 Cycle
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0.8 eV o gual
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----- Yoon and nelson Model
0.1
eseseee Thomas Model
0.0 T T T T T T T !
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317 4.29 #aY©IN131UY Breakthrough curve Tumsgatuindedunsizives

MCAC 4 4 Cycle
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v
=

9
18U Pulse bed column N3EYLAINNFIVDINITTANAULININY 6 LFUALNAT NI 4 Cycle BT RSY

v a4 1 v 9 1

Uszansnnlumsmiaaumnuiosas 37.68-51.94 uag COD LTHT%JU%I’E)EJa% 32.97-46.46 Llae

Y
=2 a

a A A I~ o
522N IHNAYTEANTMNNVUUN Cycle usnaatluiosay 67.27 uazwainmsiiuig
Y =S =) 1 =\ % o v v 1
Breakthrough curve N159A4UH11H8959 WuNTANudeandoInuuUUsIaos Inda Faa
anwansnlumsgagui ldanmsauulialndifesiuannuamsolumsgaduinld
1NMINAAD
= g’; dy ) ’q Y v o w %} =
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v X )
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YA UNI o luszuuiiainden19sdinm Felinanen13dugin1siiauaesou lain
A 9 Y o P A R = o o 1 ~ ' ' v Y a
Merdesnumsdunsizd lUsau Jenrsinsiifanounazldeseengurasiisssusa
[ g’/ @ o [ J
(Mohana et al., 2007; Kumar and Chandra, 2006) A4UU TEULAAF VUV VULABIALADAN UL
[ o

o w a R v @ S Y <3 =< d = A
wadlumsmdamaiusesdu Iagldausuiud lhaiavdudlumaaennuiaulslunsg

0 ya o w & Y ' 9y 1 o v ¥ a =
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5.1 Waﬂ]iﬂﬂ‘H]ﬂ]ﬁﬂﬂmﬂ!!UU!!ﬂﬂ“v
pamsnnAnyanziungaulunsgady agsaunamansmsgaduaiswal-
a Y 1 v W S Y < 4 =2 14
uegAuAIn UANTUA Idiadav1d Tunisnaaewuuuuas dwsadgduanmsdnyla
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fage il
= %) d’d \J u a
511 wamsanifadeNinanemsgaduasmaIvesduyes MCAC
HaInMsAnEIdn ez anlunsgady d 15 IuesAUYDY MCAC
UDHUAY 180 AT UTUGEUAUVDIAITINAIUDEAUINIAY 15,000 HaanSuAoanT
] % [ 1 " W 3 " W [
FTYZAMTUANNIND 840 UIN AL WNIND 3 AIWNSITOUNIADY 250 TOUADUIN LAy

@

WUYUININY 30 DIAUTAFEA LAZAINNVAINITTUNIYATU AT WA IUBIAUUYBI MCAC
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ANNFUNUTAUANH UL ANTAVDIAIATUNTNUNAITUNIZLAZ WY
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d o LY [ a
512 WansANHIRAUNAMENIT IS UNIAAT UM IINAIUBEANYBI MCAC
Y < aaa v 9 1% o
nanmsaneoas sl e lunmsihgaugadiviumsgaguaiswaiuey
a = [ J YY) ' {
AuvDI MCAC ianuaenndesnuaumstaunamansmsgagusuaudouiion Taslinind
83 INsnalgnsesuauaeunensdluyie 4.03x107-3.09x 10" nudplaaniN-uIN
Y 3 1 o a [ I = A X
uaraaldmumsgaguvesaswaesaugngatuilunannnusedsgans liihadada
Y @ =2 4 a J v = = o Aa 1
aeandesnunamsany e Iy laundndmsgady wagnanisanyimsanyfetenlinase
MIQAHL
513 WamsANIMIANNEINSAIUMIgATUMINAIUREANYEI MCAC
HansAnEIAIANNaIsa TumsgaduaIsaIuesAuYeY MCAC §if1 R’ o
s 1

Tu919 0.9926-0.9971 Faaroanaoany le Taisunsgaduuuy Langmuir Taeiininnuanisn
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A 9 A o EX = = [ dy 2 A 1w A A o
nviglunosaaianiin g lumsalseumeulumsanyinseal aliauniny 2,941.18 Yaansy
ABNT Y
514 wamsanwnalomsgaduamsimaiuesuyes MCAC
wadnBINa Inmsgaduasmwauesanves MCAC ldun wansinsiziaie
. . . = 1A P~ L a 4 =2 ' J o
@uN13 Intraparticle diffusion wansANMIAINE NIz yNUANTUgUE wansAny Iy TanTu
4 ad 1 @ a I
A201A309 FT-IR tagnamsny lo xSy wuimsgaduasmaiussauves MCAC iy
o = d J a 2 a o
MsgAFUNIINIEnIN FudurauininusamaeiNanazuse lihade Funaninnism
Aaaa { o 1 ' J v
YT nyWIn ¥y C-H, C-0, C=C, C=0, ~COOH, C-N, O-H t1ag N-H U
Y
WUAv99 MCAC funylanduuuTassaduaswaiuoosdu tazmsgasuaIsaIuosau

I o H
Y94 MCAC L‘]Jumﬁﬂ%mmmmﬁm (monolayer adsorption)

U v d
5.2 Nﬁfﬂiﬁﬂﬂ]ﬂ]‘iﬂﬂ“ﬁﬂ!!ﬂﬂﬂ@ﬁﬂu

5.2.1 wamﬁﬁnmmigﬂcﬁmmu Fixed-bed column
HANSANEINIAAFULLY Fixed-bed column nuhanzdasefimingduae
msgasuasmarosau 1dun sasims lmaniiy 1 adansdennd wazanutuduisudy
VYDIATIWANUBIAUNIAY 20,000 HAANTUADAAT L1AZIINHANITINIUY Breakthrough curve
YOINITPAFUAITNATUDIAUYDI MCAC WU tpu1aes Indaansmbunldlumsine
Breakthrough curve ¥8391139A% UAA1NAINI30TUNTAATUGIFA (qry) NIV 1,641.37
NaansuAansY
5.2.2 wamﬁﬁnmmigﬂcﬁ'mmu Pulse bed column
HANSANBINIIAAFULLY Pulse bed column WU leIRNTLIZANNT VDS
msFnndundu ichwaﬁﬂﬁ’mmmmm1umi@@1cﬁ’uu,ﬁwﬁuuam*ﬂumiﬁmwznaﬂumi
aaF TaofiszorAnugeueamIsnndy 6 muAwns Saanuamsalumsgaduiianie
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Sovnz 23.54 uamﬁa131"lﬂmﬁauﬁuﬁu?mﬁwm?ﬁmﬁﬂé}nguqimﬁ"mgnmu USTIeREY
Uszansnmlumsmidadminuosas 37.68-51.94 waz coD Uszd@nsnmlumshsaminy
Yovaz 32.97-46.46 1Az 3oz HuALTEANT MR LU Cycle usnaaiufosas

67.27



145

Y a v
53  UDIUBAUUZIINNUIVY
o L L4 2 a a
531 lumsih hdsegnaldlse Tomd Tugaavnssy aunsamulseaniamnms
[ 9 A A da! =\ ) 9°I ~ o o [ s A 9
AATUV0I MCAC TAuungau minlimsmvuainasgiuveaiiiniannaeauil e 14
o a A o w { o 1% 1 v o
Tumsimualsea@niamlumsiianagszeznanldlumsdnnduvesoiunuiua
A a ' I & 1 v o IA
532 asanpunwanludruvesanudulIdlumsiuyamsuduanldudy
o o Y ] [ 1
uazihnaun 19 1nilun1sgaduuuy Pulse bed column o1/
o a a :r’gi d' Y 1 a A
533 amhmswaiuesau lUdnzdauge e ldnswhmswaiuesaniinig
nasumlaslvie livdsnnmsgady
=) o 1 v o Y Y < a o 9 1%
534 asimahounuiud et ldanszd Inseadaneganinvesiag

! Y v Ja 1 ' [l
AN 9 mt’mami]amiﬁuamﬂﬁSamm‘]Jﬁmﬂimuazl,m‘uammu (SEM)



318N1591999

I'4
Y A A

a d a
AUNNITIU ANATTY. (2548). NAUDIUHINN E!t’lgﬂ'ﬁ%‘ﬂ‘iiﬂﬂ?’n\‘i‘ﬂE’Iﬂ'lﬁﬂ‘i?i'?)ﬂ'liﬂﬂﬂﬂ"lli’)\‘la

]

=) = % A v a a I 4 o a
maﬂmﬁﬂma@maa“l‘umamimym. AINTTUNUTIAINTTUAITAT U IVUNG TV

FINTTUAUNAFON NINSFeFea In.

d o o a o

< 3 a 2
ﬂﬁﬂiﬁﬁﬁ?uq@]ﬁ’]ﬁﬂﬁﬁﬂ Ll,m%mmaﬁ Laumﬁﬂiﬁ L!ﬂuﬁ’ LLMLu%Lﬂuﬂ 1NA, VTN, (2543).

Y a

° v a ¢ A o o %
§1UQ1uﬁ§ﬂﬁ1°ﬁ§UWU'§?ﬂ§: m‘iﬁﬂ‘m’Jm‘51zm‘ﬁ’e)im‘m!mum'ﬁ‘r’iaﬂ"umniuiiaxﬂu

a Z a o <]
ﬂﬂﬁ]?’iﬂﬁ‘ﬁﬂuﬂ1ﬁﬁﬂﬁﬂl?‘i1NﬁW‘Hﬂ1Qu1ﬂ1ﬂﬂ1ﬂ@ﬂﬁ11‘iﬂi‘§3~l. USHN Fowed

Q o

S aa A 4 Y o w
PUIUYIY HUBDUA LUIUINUN TNA, NTIUNNA.

[ £ a o o 3: 0o w A 4 4 Qy Qy
iN389Ana gandu 1591 (2547). IAINTIUMINDAUUTE. F1INWUNIPA. D15 WIUAT LN
[ 4
Tisand, uumijs.

£ Y 4

a @ aw J o w a 4 a a 4
ITANA Ggmmﬁ, DNINY DUUA ATIANY, 93915 ﬁwa, V3¢ IUAUNA, dule venuun. (2539).

a

msanuinmsnszaevesthngludszmalne. nquitminihaeeunazihng, diu
Wuasugnaazannmitamsth b, duindmnsihlad, asuh . 35 wih.
WFUNF qu1%. (2528). mﬁmswﬁwawam%uﬂgugﬁqw%mm‘lﬁmﬁﬂmﬂuﬂmg INIA
unsna. Tumsilszguihldlsesitl 2528 nesdamaih ldnsuth 13, ngamwa.
Fooe @%&ﬁﬁmasﬁ”ﬂ. (2554). NIZVIUMIGAFY. ¥ 1INIdENA U TadgsuTs, UATIIFANN.
348 danaealuil. 2551). mamaadwaniaelfhiddemhduimumsSuamw. ineinug
Fennssuransuniuda a1v3AInITNAwIAdeN AN ENHIINed.
1931 FATAINY. (2552). DITVIUMIAAFL. PNAINTANNIINGITD, NFUNNA.

a 4

v v
SUAY LY. (2545). msﬂgn"lﬂmﬁmnaﬁawmmaﬂumuﬂuﬂwgm (Potentiality of

U

Melaleuca cajuputi Powell Cultivation to Develop for Economic Plantation Purpose).
NsAsNUITeRUIITonazAnpIIINATING AT USS.

a J

v
A o a 4
5HUAS Yo uaz auty wyre. (2550). gemsulsyildasiavia. Tsenuviglve Tn-an,
UIIEN.
a [ o ~ Y2 : a2 d'dd 4 g’J a a a I 4
FA1TAU YAT. (2543). MIVIVARUTENNAAFUAN. INGIUNUTIAINTTUAITAT
VuAA §191393ANTTNFUNAGON UH1INGIAeNA Tu TaBNTZIeMNA B U3,
Aana [ 4 = a a 14 = =
Use1 Sauuun. (2553). 1rNe1H15. MAIF1INAMaasiazina 1ulagn1501113. lomau-

alasy NFUNNUHIUAT, 487 W11,



148

2 d J.

M yeis. (2557). Nengnihuadia @ady) suauisulamauurianizwsznes [ooulai]. 14
910 http://www.manager.co.th/Travel/ViewNews.aspx?NewsID=9570000148769.

Hozassa vand, lwind Ssnsanas, 2317ud waussng, Useln g3zie. (2545). mathiiad

Y = = Y a a 4 = 1
U@Ni!!i’)ﬂﬂwiﬂﬂi‘m!ﬂaﬂ. ﬂﬁﬂizﬂgﬂ’mﬂﬂﬁ’)“ﬂ‘t’ﬂf’ﬂﬁﬂillﬁ%&ﬂﬂiuiaEJ!LﬁQ“]Jigmﬂ

4
anan

(91’/ { J ] a
Ine aTaN 28, 24-26 garaw. gudMsdszguuneanAdsna. njamna. nii 676.
Nuwn1 Tnsaand. (2542). manenaiiinina1laaide Acetic acid bacteria. U413 NY18Y

maTuTaBNnIZeMNAIEULS, NFUNNA.

3 ana 4 Y o Y] o W o a
Mg 3aana. (2560). mstlszgndduduiudlfiadavn swFumsiniahfisonnszuy

vaiudevendioa. Inerfinusininssumans u1dadia 1913A2055 0
A 9 a % = =
funaaon unImeraema lulaggsuis.
v o d a v (Y] d o v
mead 1959d. (2547) msdszgnaldlalasamstummusuludalfosadinw dindu
hmindae1nlsanugs. PNaINTaiuWIINGIdo, NFUNHA.
WIATTIURAASUNgATIMNTTY, INAUBIUATUAND AT TIURAAS U QAT 1NN TY
ANTNNUINATTIUNAAS U QA TUATTUNTENTWRATIMNTTY, W 2-4, 2532,
a A 4 Y d :’ \ a <4 =
118 37219150, (2531). m3lFUszlavuainiimamlssnugslumsnannisyinin.
InntinuslSyaumtadia avanInemansaniznaden tudainends
J a [
PAINTANHIINGIAY.
a 4 @ 14 a J A o d d ~ [
FIUNT gnsiu uazInIind Yezianar. (2554). saumaasnazimasluninisgadu
ad Y (v a k) A
wiavuglagliunavdans. 1sa1sImmsnszIomndmIzUATIHLe. 21(2). 337-
348.

1390 0YFA 1093 (2546). Material characterization (FT-IR Imaging). 115813tma 11 10 8-

i
[ v A

J v 1 a
Jag p1un 33, quama Tulad lanzuazIaguuamna.

Q

4 o £ o go,
I910IU NUIANA. (2554). ﬂ]i‘i]"l!!‘uﬂ!!ﬁ%ﬂ"lifﬁ%%"IfJ‘l'J"I!ﬁﬁﬂﬂ%!?iﬂii’)ﬂ'@:ﬂlu1ﬂ$!ﬁﬁ]‘ﬂﬁ'ﬂﬂlﬁ],
a a 4 o 4 a [
FVNIFIQUATATUASTIANATAT UH1INYIAYINNYU.
a J A & o d v a A dl S
9158 WA, (2553). mshunnmsvenvesthyieau VIIUNHUNAIIUB INUNAISUD.

nsasmsaamsth’lal. 4(7), 33-47.

d b4 90’ =) A

o an J o w
duUna ﬁi@uuﬁéﬂwyaa. (2549). szyuUUAUUTY : ﬂ?ilﬁﬂﬂi%ﬂ’]i@@ﬂllﬂﬂ NIIAIUAY LA
Y a J A o o w A o 9 o W
ﬂ’]'illﬂﬂfg“l’i'l. Iﬁ'\iWiJW UIHN dripnunied INA. NTUNWA.

J a o w_ o d
FUUN Wasuna. (2547). m‘mmﬂmmndwmisaamq‘ﬂ 23AN1II iﬂﬂﬂﬁ%‘lnuﬂ1i

groall. PMINNSBNEATINTAS, ATUNNC.



149

a J

reafd yueanaiing. (2556). mshdaadeusssunianinusurdhdinhfiavesnszuiums
fondnlnalaelfauiuiudonligmalda. Inoiinusimnssumansumiindia
A1U1I1IAINITTVAY WrINeIauMA U TaggIuTs.
g1ine1 Sszafuding. 2551). msaadindenndronlssnugsiiaelnguuuniiie.
IneniinusFyanumiudia svdvuna TuTagdnw vadinineds gwiaansal
YNN8
YW WIANT. (2557). weznmndasdiumswanndamTaneuaumald. dauumuauias
Warnalsznduiug [eaulad]. 1dann
http://region6.prd.go.th/main.php?filename=intro_theking9.
g3ung Ws1AnAanad. (2559). N139AFUTIARIMITVINTIAARIR0E o ladsauua1u
Auiud: nsgiAnyInaesrIaniy Yndaaynilsms. USsanquitada eunin
a‘l’lﬂ'lﬁ'lﬁ@]gé\unﬂé}ﬂll ﬂmﬁﬂmmﬁmimzmﬂuiaﬁ Nﬁ?%ﬂﬂ?ﬁﬂ‘ﬁiiﬂﬁ?ﬁﬂg. 158
Wi,
Acharya, B.K., Mohana, S., Madamwar, D. (2008). Anaerobic treatment of distillery spent wash
— A study on up flow anaerobic fixed film bioreactor. Bioresource Technology. Vol.
99, No. 11, pp. 4621-4626.
Ahmad, A.A. and Hameed, B.H. (2010). Fixed-bed adsorption of reactive azo dye onto granular
activated carbon prepared from waste. Journal of Hazardous Materials. Vol. 175, No.
1-3, pp. 298-303.
Ahmad, M.A. and Alrozi, R. (2011). Removal of malachite green dye from aqueous solution
using rambutan peel-based activated carbon: Equilibrium, kinetic and thermodynamic
studies. Chemical Engineering Journal, Vol. 171, pp. 510-516.
Alhamami, M., Doan, H., Cheng, C.H. (2014). A Review on Breathing Behaviors of Metal
Organic-Frameworks (MOFs) for Gas Adsorption. Materials. Vol. 7, No. 4, pp. 3198-
3254.
Almeida, C.A.P., Debacher, N.A., Downs, A.J., Cottet, L. and Mello, C.A.D. (2009). Removal of

methylene blue from colored effluents by adsorption on montmorillonite clay. Journal

of Colloid and Interface Science. Vol. 332, pp. 46-53.


http://region6.prd.go.th/main.php?filename=intro_theking9

150

Ania, C.O., Parra, J.B. and Pis, J.J. (2002). Effect of texture and surface chemistry on adsorptive
capacities of activated carbons for phenolic compounds removal. Fuel Process Technol.
Vol.77, No. 8, pp. 337-43.

Apte, S.S. and Hivarekar, S.B. (2014). Distillery Condensate and Spent Leese Treatment for
Complete Reuse — An Approach towards Zero Intake. International Journal of Emerging
Technology and Advanced Engineering. Vol. 4, No. 9, pp. 2250-2459.

Arimi, M. M., Zhang, Y., Sven-Uwe Geif3en. (2015). Color removal of melanoidin-rich industrial
effluent by natural manganese oxides. Separation and Purification Technology. Vol. 150,
pp. 286-291.

Asaithambi. P., Modepalli S., Sarsvanathamizhan, R., Matheswaram M. (2012). Ozone assisted
electrocoagulation for treatment of distillery effluent. Desalination. Vol. 297, pp. 1-7.

Atkins PV (1994) Physical chemistry, 5th edition. Oxford University Press, Oxford.

Attia, A.A., Rashwan, W.E. and Khedr, S.A. (2006). Capacity of activated carbon in the removal
of acid dyes subsequent to its thermal treatment. Dyes and Pigments. Vol. 69, pp. 128-
136.

Barbosa, L.C.A. (2008). Infrared spectroscopy for the characterization of organic compounds.
Vicgosa, Brazil: Editora UFV.

Bekedam, E. K., De Laat, M. P., Schols, H. A., Van Boekel, M. A., & Smit, G. (2007). Arabinoga
-lactan proteins are incorporated in negatively charged coffee brew melanoidins.
Journal of Agricultural and Food Chemistry. Vol. 55, pp. 761-768.

Bernardo, E.C., Egashira, R., Kawasaki, J. (1997). Decolorization of molasses wastewater using
activated carbon prepared from cane bagasse. Carbon 35. Vol. 9, pp. 1217-1221.

Bilad, M.R., Declerck, P., Piasecka, A., Vanysacker, L., Yan, Xinxin., Vankelecom, Ivo.F.J.
(2011). Treatment of molasses wastewater in a membrane bioreactor: Influence of
membrane pore size. Separation and Purification Technology. Vol. 78, pp. 105-112.

Broadhurst, H. A. (2002). Modeling Adsorption of Cane Sugar Solution Colorant in Packed-
Bed Ion Exchangers. M.S. Thesis in Chemical Engineering. Department of Chemical
Engineering, Louisiana State University and Agricultural and Mechanical College,

Louisiana.



151

Borrelli, R.C., Fogliano, V., Monti, S.M., Ames, J.M. (2002). Characterisation of melanoidins
from a glucose—glycine model system. European Food Research and Technology. Vol.
215, pp. 210-215

Cammerer, B., Jalyschkov, V., Kroh, L.W. (2002). Carbohydrate structures as part of the
melanoidin skeleton. International Congress Series. Vol. 1245, pp. 269-273.

Chandra, R. and Pandey P.K. (2000). Decolourization of anaerobically treated distillery effluent
by activated charcoal adsorption method. Indian Journal of Environmental Protection.
Vol. 21, pp. 134-137.

Chandra, R., Bharagava, R.N., Rai, V. (2008). Melanoidins as major colourant in sugarcane
molasses based distillery effluent and its degradation. Bioresource Technology. Vol.
99, No. 11, pp. 4648-4660.

Chandra, R., Kumar, V., Tripathi, S. (2018). Evaluation of molasses-melanoidin decolourisation
by potential bacterial consortium discharged in distillery effluent. Biotech. Vol. §, pp.
187.

Chaudhari, P.K., Mishra, .M., Chand, S. (2007). Decolourization and removal of chemical
oxygen demand (COD) with energy recovery, Treatment of biodigester effluent of a
molasses based alcohol distillery using inorganic coagulants. Colloids and Surfaces A:
Physicochemical and Engineering Aspects. Vol. 296, pp. 238-247.

Chaouch, N., Ouahrani, M. R., and Laouini, S. E. (2014). Adsorption of lead(II) from aqueous
solutions onto activated carbon prepared from algerian dates stones of Phoenix
dactylifera L. (Ghars variety) by H ;PO, activation. Oriental Journal of Chemistry Vol.
30, No. 3, pp. 1317-1322.

Chen, Y., Dejin, Z. (2014). Adsorption Kinetics, isotherm and thermodynamics studies of flavones
from Vaccinium Bracteatum Thunb leaves on NKA-2 resin. Chemical Engineering Journal.
Vol. 254, pp. 579-585.

Chung, C.K. (2000). Utilization of discarded tree debris for commercial production of activated
carbon. Sejongsi: Ministry of Agriculture. Food and Rural Affairs. pp. 174—185.

Coates, J. (2000). Interpretation of infrared spectra, a practical approach. Encyclopedia of

analytical chemistry. Vol. 12, pp. 10815-10837.



152

Coca, M., Garcia, M.T., Gonzalez, G., Pena, M., Garcia, J.A. (2004). Study of colored components
formed in sugar beet processing. Food Chemistry. Vol. 86, No. 3, pp. 421-433.

Coca. M., Pena. M., Gonzalez, G. (2005). Variables affecting efficiency of molasses fermentation
waste water ozonation. Chemosphere 60. pp. 1408 -1415.

Deng, H., Li, G., Yang, H., Tang, J., and Tang J. (2010a). Preparation of activated carbons from
cotton stalk by microwave assisted KOH and K,CO, activation. Chemical Engieering
Journal. Vol. 163, pp. 373-381.

Ding L., Deng H., Wu C. and Han X. (2012). Affecting factors, equilibrium, Kinetics and
thermodynamics of bromide removal from aqueous solutions by MIEX resin.
Chemical Engineering Journal. Vol. 181-182, pp. 360-370.

Dolphen, R., Thiravetyan, P. (2011). Adsorption of melanoidins by chitin nanofibers. Chemical
Engineering Journal. Vol. 166, pp. 890-895.

Donyagard, F., Zarei, A. R., Rezaei-Vahidian, H. (2017). Application of magnetic carbon
nanocomposites to remove melanoidin from aqueous media: kinetic and isotherm
studies. Research on Chemical Intermediates. Vol. 43, pp. 4639-4655.

Duranoglu, D., Trochimczuk, A.W and Beker, U. A. (2010). Comparison study of peach stone
and acrylonitrile-divinylbenzene copolymer based activated carbons as chromium
(VD) sorbents. Chemical Engineering Journal. Vol. 165, pp. 56-63.

Faria, P. C. C., Orfao, J. J. M. and Pereira, M. F. R. (2004). Adsorption of anionic and cationic
dyes on activated carbons with different surface chemistries. Water Research. Vol. 38,
pp. 2043-2052.

Fathy, N. A., Sayed, S. A., and El-enin, R. M. M. A. (2012). Effect of activation temperature on
textural and adsorptive properties for activated carbon derived from local reed biomass:
Removal of p-Nitro-phenol. Environmental Research, Engineering and Management. Vol. 59,
No. 1, pp. 10-22.

Fayle, S. E. and Gerrard, J. A. (2002). The Maillard Reaction. Royal society of Chemistry,
Cambridge.

Ferreira, R.C., Junior, O.M.C., Carvalho, K.Q., Arroyo, P.A. and Barrosa, M.A.S.D. (2015). Effect
of solution pH on the removal of paracetamol by activated carbon of dende coconut

mesocarp. Chemical and Biochemical Engineering Quarterly. Vol. 29, No. 1, pp. 47-53.



153

Figaro, S., Avril, J., Brouers, F., Ouensanga, A., Gaspard, S. (2009). Adsorption studies of molasses
wastewaters on activated carbon: modelling with a new fractal kinetic equation and
evaluation of kinetic models. Journal of Hazardous Materials. Vol. 161, pp. 649-656.

Fitz Gibbon, F., Singh, D., McMullan, G., Marchant, R. (1998). The effect of phenolic acids and
molasses spent wash concentration on distillery wastewater remediation by fungi.
Process Biochemistry. Vol. 33, pp. 799-803.

Francisca, D., Uma, K.L., Subramanian, G. (2001). Degradation and metabolization of the
pigment-melanoidin in distillery effluent by the marine cyanobacterium Oscillatoria
boryana BDU 92181. Enzyme and Microbial Technology. Vol. 29, pp. 246-251.

Furuya, E.G., Chang, H.T., Miura, Y. and Noll, K.E. (1997). A fundamental analysis of the
isotherm for the adsorption of phenolic compounds on activated carbons. Separation
and Purification Technology. Vol. 11, pp.69-78.

Geng¢-Fuhrman, H., Wu, P., Zhou, Y., Ledin, A. (2007). Removal of As, Cd, Cr, Cu, Ni and Zn
from polluted water using an iron based sorbent. Desalination. Vol. 226, pp. 357-370.

Ghaly, M , Farida, M.S.E.E., Hegazy, M.M., Abdel Rahman, R.O. (2016). Evaluation of synthetic
Birnessite utilization as a sorbent for cobalt and strontium removal from aqueous
solution. Chemical Engineering Journal. Vol. 284, pp. 1373-1385.

Gladchenko, M., Starostina, E., Shcherbakov, S., Versprille, B., Kalyuzhnyi, S. (2004). Combined
biological and physic-chemical treatment of baker’s yeast waste water including
removal of coloured and recalcitrant to biodegradation pollutants. Water Science and
Technology. Vol. 50, pp. 67-72.

Goel, S and Arora A. (2013). Changes in morphometric and biochemical characteristics of
Stevia rebaudian Bertoni under the effect of distillery spent wash. Ph D thesis. 52.

Gonzalez, T., Terron, M.C., Yague, S., Zapico, E., Galletti, G.C., Gonzalez, A.E. (2000). Pyrolysis/
gas chromatography/mass spectrometry monitoring of fungal-biotreated distillery
wastewater using Trametes sp. 1-62 (CECT 20197). Rapid Communications in Mass
Spectrometry. Vol. 14, pp. 1417-1424.

Han, R., Ding, D., Xu, Y., Zou, W., Wang, Y., Li, Y. and Zou, L. (2008). Use of rice husk for
adsorption of congo red from aqueous solution in column mode. Bioresources Technology.

Vol.99, pp. 2938-2946.



154

Hayase, F., Usui, T., Watanabe, H. (2006). Chemistry and some biological effects of model
melanoidins and pigments as Maillard intermediates. Molecular Nutrition & Food
Research. Vol. 50, pp. 1171-1179.

Hazzaa R. and Hussein M. (2015). Adsorption of cationic dye from aqueous solution onto
activated carbon prepared from olive stones. Environmental Technology & Innovation.
Vol. 4, pp. 36-51.

Ho, Y.S and McKay, G. (1998). Kinetic models for the sorption of dye from aqueous solution
by wood. Process Safety and Environmental Protection. Vol. 76, No.2), pp. 183-191.

Ho, Y.S and McKay, G. (1999). Pseudo-second order model for sorption processes. Process
Biochemistry. Vol. 34, No. 5, pp. 451-465.

Ho, YS. (2006). Second-order Kkinetic model for the sorption of cadmium onto tree fern: A
comparison of linear and non-linear methods. Water Research. Vol. 40, pp. 119-25.

Hodge, J. E. (1953). Chemistry of browning reactions in model systems. Journal of Agricultural
and Food Chemistry. Vol. 1, pp. 928-943.

Hofmann, T. (1998). Studies on the relationship between molecular weight and the colour
potency of fractions obtained by thermal treatment of glucose/amino acid and
glucose/protein solutions by using ultracentrifugation and colour dilution techniques.
Journal of Agricultural and Food Chemistry. Vol. 46, pp. 3891-3895.

Hofmann, T., Bors, W., Stettmaier, K. (1999). Radical-assisted melanoidin formation during
thermal processing of foods as well as under physiological conditions. Journal of
Agricultural and Food Chemistry. Vol. 47, pp. 391-396.

Inanc, B., Ciner, F. Ozturk 1. (1999). Colour removal from fermentation industry effluents.
Water Science and Technology. Vol. 40, pp. 331-338.

Inyinbor, A., Adekola, F., Olatunji, G.A. (2016). Kinetics, Isotherms and thermodynamic
modeling of liquid phase adsorption of Rhodamine B dye onto Raphia hookerie fruit
epicarp. Water Resources and Industry 15(C).

Jemal F., Nurelegne T., Stijn W.H. Van Hullec. (2017). Adsorption of distillery spent wash on
activated bagasse fly ash: Kinetics and thermodynamics. Journal of Environmental

Chemical Engineering. Vol. 5, pp. 5381-5388.



155

Kalyuzhnyi, S., Gladchenko, M., Starostina, E., Shcherbakov, S., Versprille, B. (2005). Intergrated
biological and physic-chemical treatment of baker’s yeast wastewater. Water Science
and Technology. Vol. 52, pp. 273-280.

Kaosuah, F., Kaouah, B., Berrama, T., Trai, M., and Bendjama, B. (2013). Preparation and
characterization of activated carbon from wild olive cores (oleaster) by H,PO, for the
removal of Basic Red 46. Journal of Cleaner Production. Vol.54, pp. 296-306.

Kato, H and Tsuchida, H. (1981). Estimation of melanoidin structure by pyrolysis and oxidation.
In: Progress in food and nutrition science, Eriksson, C., Ed. Pergamon Press, New York. Vol.
5, pp. 147-156.

Kaushik, A., Basu, S., Singh, K., Batra, V.S., Balakrishnan, M. (2017). Activated carbon from
sugarcane bagasse ash for melanoidins recovery. Journal of Environmental Management.
Vol. 200, pp. 29-34.

Khambhaty, Y., Mody, K., Basha, S., Jha, B. (2009). Kinetics, equilibrium and thermodynamic
studies on bisorption of hexavalent chromium by dead fungal biomass of marine
Aspergillus niger. Chemical Engineering Journal. Vol. 145, pp. 489-495.

Kim, J.S., and Lee, Y.S. (2009). Enolization and racemization reactions of glucose and fructose
on heating with amino-acid enantiomers and the formation of melanoidins as a result
of the Maillard reaction. Amino Acids. Vol. 36, pp. 465-474.

Kolte, H., Walke, A., Nimbakar, D., Ghole, V. (2014). Combine Ozonation Treatment Followed
by Biological Treatment to Anaerobically Digested Spent wash. International Journal
of Advanced Research in Electrical, Electronics and Instrumentation Engineering. pp.
14082-14088.

Kotsiopoulou, N.G., Liakos, T.I., Lazaridis, N.K. (2016). Melanoidin chromophores and betaine
osmoprotectant separation from aqueous solutions. Journal of Molecular Liquids. Vol.
216, pp. 496-502.

Krishna, P.R and Srivastava, S.N. (2009). Sorption of distillery spent wash onto fly ash: Kinetics
and mass transfer studies. Chemical Engineering Journal. Vol. 146, No. 1, pp. 90-97.

Krishnamoorthy, S., Premalatha, M., Vijayasekaran, M. (2017). Characterization of distillery
wastewater — An approach to retrofit existing effluent treatment plant operation with

phycoremediation. Journal of Cleaner Production. Vol. 148, pp. 735-750.



156

Kumar, P. and Chandra, R. (2006). Decolourisation and detoxification of synthetic molasses
melanoidin by individual and mixed cultures of Bacillus spp. Bioresource Technology.
Vol. 7, pp. 2096-2102.

Kumar, P. S., Ramalingam, S., Senthamarai, C., Niranjanaa, M., Vijayalakshmi, P., and Sivanesan,
S. (2010). Adsorption of dye from aqueous solution by cashew nut shell: Studies on
equilibrium isotherm, kinetics and thermodynamics of interactions. Desalination, Vol.
261, No. 1-2, pp. 52-60.

Kumar, S., Gunasekar, V., Ponnusami, V. (2013). Removal of methylene blue from aqueous
effluent using fixed bed of groundnut shell powder. Journal of Chemistry.

Kumar, A., Prasad, B., Mishra, .M. (2014). Adsorption of acrylonitrile from aqueous solution using
bagasse fly ash. Journal of Water Process Engineering. Vol. 2, pp. 129-133.

Kwak, E. J., Lee, Y. S., Murata, M., & Homma, S. (2005). Effect of pH control on the
intermediates and melanoidins of nonenzymatic browning reaction. Lebensmittel-
Wissenschaft und-Technologie. Vol. 38, pp. 1-6.

Lagegren, S. and Svenska, B.K. (1898). Zurtheorie der sogenannten adsorption geloesterstofe.
Vaternskapsakad Handlingar. Vol. 24, no. 4, pp. 1-39.

Lalvo, 1.G, Guerginov, LI, Krysteva.M.A, Farstov, K. (2000). Treatment of wastewater from
distilleries with Chitosan. Water Research. Vol. 34, pp. 1503-1506.

Langmuir, 1. (1918). Adsorption of gases on plain surfaces of glass mica platinum. Journal of

American Chemical Society. Vol. 40, No. 9, pp. 1361-1403.

Li, K., Zhenga, Z., Huanga, X., Zhaoa, G., Fenga, J., and Zhanga, J. (2009). Equilibrium, Kinetic
and thermodynamic studies on the adsorption of 2-nitroaniline onto activated carbon
prepared from cotton stalk fiber. Journal of Hazardous Materials, Vol. 166, pp. 213-
220.

Liakos, T.I and Lazaridis, N.K. (2014). Melanoidins removal from simulated and real wastewaters
by coagulation and electro-flotation. Chemical Engineering Journal. Vol. 242, pp. 269-272.

Liakos, T.I., Lazaridis, N.K. (2016). Melanoidin removal from molasses effluents by adsorption.
Journal of Water Process Engineering. Vol. 10, pp. 154-164.

Liu, Y., and Wang, Z.W. (2008). Uncertainty of preset-order Kinetic equations in description

of biosorption data. Bioresource Technology. Vol. 99, pp. 3309-3312.



157

Lodeiro, P., Herrero, R. and Vicente, M.E.S.D. (2006). The use of protonated Sargassum muticum
as biosorbent for cadmium removal in a fixed-bed column. Journal of Hazardous
Materials. Vol. 137, no. 1, pp. 244-253.

Lorenc-Grabowska, E. and Gryglewicz, G. (2005). Adsorption of lignite-derived humic acids on
coal-based mesoporous activated carbon. Journal of Colloid and Interface Science. Vol.
284, pp. 416-423.

Malkoc, E. and Nuhoglu, Y. (2006). Removal of Ni(II) ions from aqueous solutions using tea
factory waste: adsorption on a fixed-bed column. Journal of Hazardous Materials. Vol.
135, No. 1-3, pp. 328-336

Malkoc, E. and Nuhoglu, Y. (2007). Potential of tea factory waste for chromium (VI) removal
from aqueous solutions: thermodynamic and Kinetic studies. Separation and
Purification Technology. Vol. 54, pp. 291-298.

Mahimairaja S, Bolan, N.S. (2004). Problems and prospects of agricultural use of distillery
spentwash in India. In: Third Australian and New Zealand Soil Science Societies Joint
Conference, Sydney, Australia. 5-9, December 2004.

Mane, J.D., Modi, S., Nagawade, S.S.P.Phadnis., Bhandari, V.M. (2006). Treatment of spent wash
using chemically modified bagasse and colour removal studies. Bioresource Technology.
Vol. 97, pp. 152-1755.

Manisankar, P., Rani, C., Viwanathan, S. (2004). Effects of halides in the electrochemical treatment
of distillery effluent. Chemosphere. Vol. 57, pp. 961-966.

Martins, SIFS. and Van-Boekel, MAIJS. (2004). A kinetic model for the glueose/glycine Maillard
reaction pathways. Food Chem. V0l.90, No. 1-2, pp. 257-269

Metcalf and Eddy. (2004). Wastewater Engineering: Treatment, Disposal and Reuse. (4" edition).
Boston: McGraw-Hill.

Merkel, R. S. (1991). Tortile product serviceability, Macmillan Publishing Company, New York,
Chapter 10-11, pp. 246-289.

Migo, V.P., Matsumara, M., Rosaria, E.J.D., Kataoka, H. (1993). Decolourization of molasses
wastewater using an inorganic flocculant. Journal of Fermentation and Bioengineering. Vol.

75, pp. 438-442.



158

Migo, V.P., Rosario, E.J., Matsumura, M. (1997). Flocculation of melanoidins induced by inorganic
ions. Journal of Fermentation and Bioengineering. Vol. 83, pp. 287-291.

Mohana, S., Desai, C., Madamwar, D. (2007). Biodegrading and decolourization of anaerobically
treated distillery spent wash by a novel bacterial consortium. Bioresource Technology.
Vol. 98, pp. 333-339.

Mohana, S., Acharya, B.K., Madamwar, D. (2009). Distillery spent wash: Treatment
technologies and potential applications. Journal of Hazardous Materials. Vol. 163, pp.
12-25.

Montgomery, J.M. (1985). Water Treatment Principles and Design. John Wiley and Sons, New
York, NY, USA. 239 p.

Morales, F. J. (2005). Assessing the non-specific hydroxyl radical scavenging properties of
melanoidins in a Fenton-type reaction system. Analytica Chimica Acta. Vol. 534,
pp. 171-176.

Moreno-Castilla, C. (2004). Adsorption of Organic Molecules from Aqueous Solutions on
Carbon Materials. Carbon. Vol. 42, pp. 83-94.

Moussavi, G. and Khosravi, R. (2011). The removal of cationic dyes from aqueous solutions by
adsorption onto pistachio hull waste. Chemical Engineering Research and Design. Vol.
89, No. 10, pp. 2182-2189.

Moyo, M., Chikazaza, L., Chomunorwa, B., and Guyo, U. (2013). Adsorption batch studies on
the removal of Pb(II) using Maize Tassel based activated carbon. Journal of
Chemistry.

Murat Eyvaz. (2016). Treatment of Brewery Wastewater with Electrocoagulation: Improving
the Process Performance by Using Alternating Pulse Current. International Journal of
electrochemical science. Vol. 11, pp. 4988 — 5008

Murthy, Z.V.P and Chaudhari, L.B. (2009). Treatment of Distillery Spent Wash By Combined
UF And RO Processes. Global NEST Journal. Vol. 11, No. 2, pp. 235-240.

Naik, N., Jagadeesh, K.S., Noolvi, M.N. (2010). Enhanced degradation of melanoidin and
caramel in biomethanated distillery spent wash by microorganisms isolated from
mangroves. Iran. International Journal of Energy and Environment. Vol. 1, No. 4, pp.

347-351.



159

Nasehi, S. M., Sarshar, M. and Ansari S. (2012). Removal of dark colored compounds from date
syrup using activated carbon: A Kinetic study. Journal of Food Engineering Vol. 111
No. 3, pp. 490-495.

Nguyen, T., Fan, L. and Roddick, F. (2010). Removal of melanoidins from an industrial
wastewater, in technical committee of Ozwater 2010 (ed.) Proceedings of Ozwater 10,
Brisbane, Australia, March 8-10, 2010.

Nunes, D. L., Oliveira, L. S and Franca, A.S. Franca. (2015). Melanoidin Removal Mechanism
in An Aqueous Adsorption System: An Equilibrium, Kinetic and Thermodynamic
Study. Nutrition & Agriculture. Vol. 7, No. 1.

Nure, J.F., Shibeshi, N.T., Asfaw, S.L., Audenaert, W. (2017). COD and colour removal from
molasses spent wash using activated carbon produced from bagasse fly ash of
Matahara sugar factory, Oromiya region, Ethiopia. Department of Industrial Biological
Sciences, Ghent University. Vol. 43, pp. 1816-7950.

Nursten, H. (2005). The Maillard Reaction. Chemistry, Biochemistry and Implication. The
Royal society of Chemistry. Cambridge. pp. 2-4.

Ojijo, V.0., Onyango, M.S., Ochieng, A., Otieno, F.A.O. (2009). Adsorption of Melanoidin on
Activated Carbon: Equilibrium, Kinetics and Thermodynamics Studies, International
Conference on Chemical Engineering and Technology. pp. 285-294 (in Singapore).

Onyango, M.S., Kittinya, J., Ojijo, O.V. (2011). Sorption of melanoidin onto surfactant modified
zeolite. Chemical Industry and Chemical Engineering Quarterly. Vol. 17, pp. 385-395.

Oubagaranadin, J.U.K., Sathyamurthy, N. and Murthy, Z.V.P. (2007). Evaluation of Fuller’s
earth for the adsorption of mercury from aqueous solutions: A comparative study
with activated carbon. Journal of Hazardous Materials Vol. 142, pp. 165-174.

Painter, T.J. (1998). Carbohydrate polymers in food preservation: anintegrated view of the
Maillard reaction with special reference to discoveries of preserved foods in
Sphagnum-dominated peat bogs. Carbohydrate Polymers. Vol. 36, pp. 335-347.

Pandey, R.A., Malhotra, A. (2003). Treatment of biologically treated distillery effluent — a case

study. International Journal of Environmental Study. Vol. 60, pp. 263-275.



160

Patel, H and Vashi R.T. (2012). Fixed bed column adsorption of Acid yellow 17 dye onto
Tamarind seed powder. Canadian Journal of Chemical Engineering. Vol. 90 No. 1, pp.
180-185.

Patel, H., Vashi, R. T. (2015). Characterization and column adsorptive treatment for cod and
color removal using activated neem leaf powder from textile wastewater. Journal of
Urban and Environmental Engineering. Vol. 9, No. 1, pp. 45-53.

Patel, H. (2019). Fixed-bed column adsorption study: a comprehensive review. Applied Water
Science. Vol. 9, No. 3, pp. 45

Pathade, G. R. (2003). A review of current technologies for distillery wastewater treatment, in:
P. K. Goel, (Ed.). Advances in Industrial Wastewater Treatment. ABD Publishers. Jaipur,
pp- 180-239.

Pazouki, M., Shayegan, J., Afshari, A. (2008). Screening of Microorganisms for Decolorization
of Treated Distillery Waste water. Iranian Journal of Science and Technology. Transaction
B, Engineering, Vol. 32, B1, pp. 53-60.

Pena, M., Coca, M., Gonzalez, G., Rioja, R., Garcia, M. (2003). Chemical oxidation of
wastewater from molasses fermentation with ozone. Chemosphere. Vol. 51, pp. 893-

900.

Priyadarshini, B., Rath, P.P., Behera, S.S., Panda, S.R., Sahoo, T.R. and Parhi, P.K. (2018). Kinetics,
Thermodynamics and Isotherm studies on Adsorption of Eriochrome Black-T from
aqueous solution using Rutile TiO,. IOP Conference Series. Materials Science and
Engineering. Vol. 310, No. 1, pp. 012051.

Plavsic, M., Cosovic, B., Lee, C. (2006). Copper complexing properties of melanoidin and
marine humic material. Science of the Total Environment. Vol. 366, pp. 310-319.

Puziy, A.M., Poddubnaya, O.I., Martinez-Alonso, A., Suarez-Garcia, F. and Tascén, J.M.D.
Synthetic carbons activated with phosphoric acid I. Surface chemistry and ion binding
properties. Carbon 2002; Vol. 40, pp. 1493-505.

Ramezani, A., Darzi, G.N., Mohammadi, M. (2011). Removal of melanoidin from molasses spent
wash using fly ash—clay adsorbents, Korean Journal of Chemical Engineering. Vol. 28,

pp. 1035-1041.



161

Regmi, P., Garcia Moscoso, J.L., Kumar, S., Cao, X., Mao, J. and Schafran, G. (2012). Removal of
Copper and Cadmium from Aqueous Solution Using Switchgrass Biochar Produced
Via Hydrothermal Carbonization Process. Journal of Environmental Management. Vol.
109, pp. 61 — 69.

Richard, D., Nufiez, M.L.D. and Schweich, D. (2009). Adsorption of complex phenolic compounds
on active charcoal: Adsorption capacity and isotherms. Chemical Engineering Journal.
Vol.148, pp. 1-7.

Rivlin, J. (1992). The Dyeing of Textile Fibers: Theory and Practice. chapter 4, pp. 37-54.

Rufian-Henares, J.A., Morales, F.J. (2007). Antimicrobial Activity of Melanoidins. Journal of
Food Quality. Vol. 30, pp. 160-168.

Samakkarn, H., Sreearunothai, P., Saisriyoot, M. and Sombatmankhong, K. (2019). Treatment of
Highly Colored Wastewater from Commercial Biogas Reactor Discharge using Fenton
Oxidation Process. Proceeding on the 5Sth Environment Asia International Conference 13-
15 June 2019, Convention Center, The Empress Hotel, Chiang Mai, Thailand.

Samarghandi, M.R., Hadi M. and McKay G. (2014). Breakthrough Curve Analysis for Fixed-Bed
Adsorption of Azo Dyes Using Novel Pine Cone—Derived Active Carbon. Adsorption
Science & Technology. Vol. 32, No. 10, pp. 791-806.

Santal, A. R and Singh, N. (2013). Biodegradation of Melanoidin from Distillery Effluent: Role
of Microbes and Their Potential Enzymes. Biodegradation of Hazardous and Special
Products. Chapter 5, pp. 71-100.

Satyawali, Y., Balkrishnan. M. (2007). Removal of colour from biomethanated distillery spent
wash by treatment with activated carbons. Bioresource Technology. Vol. 98, pp. 2629-
2635.

Satyawali, Y., Balakrishnan, M. (2008). Wastewater treatment in molasses-based alcohol
distilleries for COD and color removal: A review. Journal of Environmental Management.
Vol. 86, pp. 481-497.

Sawyer, N.C., McCarty, P.L. and Parkin, G.F. (1994). Chemistry for environmental engineering.

McGraw Hill International Edition, Singapore.



162

Searmsirimongkol, P., Rangsunvigit, P., Leethochawalit, M., Chavadej, S. (2011). Hydrogen
production from alcohol distillery wastewater containing high potassium and sulfate
using an anaerobic sequencing batch reactor. International Journal of Hydrogen Energy.
Vol. 36, pp. 12810-12821.

Serpen, A., Gokmen, V. and Mogol, B.A. (2007). Adsorption of Maillard reaction products from
aqueous solution and sugar syrups using adsorbent resin. Journal of Food Engineering.
Vol. 82, No.3, pp. 342-350.

Setiabudi, H. D., Jusoh, R., Suhaimi, S. F. R. M. and Masrur, S. F. (2016). Adsorption of methylene
blue onto oil palm (Elaeis guineensis) leaves: Process optimization, isotherm, kinetics
and thermodynamic studies. Journal of the Taiwan Institute of Chemical Engineers. Vol.
63, pp. 363-370.

Silvan, J.M., Lagemaat, J.V.D., Olano, A., Castillo, M.D.D. (2006). Analysis and biological
properties of amino acid derivates formed by Maillard reaction in foods. Journal of
Pharmaceutical and Biomedical Analysis. Vol. 41, pp. 1543—-1551.

Simaratanamongkol, A., Thiravetyan, P. (2010). Decolorization of melanoidin by activated
carbon obtained from bagasse bottom ash. Journal of Food Engineering. Vol. 96, pp.
14-17.

Srivastava, V.C., Mall, ID. and Mishra, .M. (2006). Equilibrium modelling of single and
AQUACROP binary adsorption of cadmium and nickel onto bagasse fly ash. Chemical
Engineering Journal. Vol. 117, pp. 79-91.

Soto, M.L., Moure, A., Dominguez, H., and Parajo, J.C. (2011). Recovery, concentration and
purification of phenolic compounds by adsorption: A review. Journal of Food Engineering.
Vol. 105, pp. 1-27.

Sowmeyan, R. and Swaminathan G. (2008). Inverse anaerobic fluidized bed reactor for treating
high strength organic wastewater. Bioresource Technology. Vol. 99, pp. 3877-3880.

Sun, K., and Jiang, J.C. (2010). Preparation and characterization of activated carbon from
rubber seed shell by physical activation with steam. Biomass Bioenergy, Vol. 34, No.

4, pp. 539-544.



163

Tewari, P.K., Batra, V.S., Balakrishnan, M. (2007). Water management initiatives in sugarcane
molasses based distilleries in India. Resources, Conservation and Recycling. Vol. 52, pp.
351-367.

Thakur, C., Srivastava, V.C., Mall, 1.D. (2009). Electrochemical treatment of a distillery
wastewater: Parametric and residue disposal study. Chemical Engineering Journal. Vol.
148, pp. 496-505.

Thomas, H.C. (1944). Heterogeneous ion exchange in a flowing system. Journal of the American
Chemical Society. Vol. 66, pp. 1664-1666.

Vieira, M.L.G., Esquerdo, V.M., Nobre, L.R., Dotto, G.L. and Pinto, L.A.A. (2014). Glass beads
coated with chitosan for the food azo dyes adsorption in a fixed bed column. Journal
of Industrial and Engineering Chemistry. Vol. 20, pp. 3387-3393.

Virginia, H. M. and Adrian, B. P. (2012). Lignocellulosic Precursors used in the Synthesis of
Activated Carbon: Characterization Techniques and Applications in the Wastewater
Treatment. Croatia: InTech.

Wan-Chi Tsai, Mark Daniel, G., de Luna, Hanna Lee, P., Bermillo-Arriesgado, Futalan, C.M., James
I. C. and Meng-Wei Wan. (2016). Competitive Fixed-Bed Adsorption of Pb(II), Cu(Il),
and Ni(Il) from Aqueous Solution Using Chitosan-Coated Bentonite. International
Journal of Polymer Science. Vol. 16, 11 pages.

Wang, S., and Zhu, Z. H. (2005). Sonochemical treatment of fly ash for dye removal from
wastewater. Hazardous Materials. Vol. 126, pp. 91-95.

Wirikitkhul, P., Junpirom, S., Yimrattanabovorn, J. (2019). Low-cost and efficient adsorbent
derived from co2 activation of mealaleuca cajuputi powell for color removal.
Suranaree Journal of Science and Technology. Vol 26, No. 3, 315-326.

Xiao, H., Peng, H., Deeng, S., Yang, X., Zhang, Y., Li, Y. (2012). Preparation of activated carbon
from edible fungi residue by microwave assisted K,CO, activation—application in
reactive black 5 adsorption from aqueous solution. Bioresource Technology. Vol. 111,

pp- 127-133.



164

Yadav, S., Chandra, R., Rai, V. (2011). Characterization of potential MnP producing bacteria
and its metabolic products during decolourization of synthetic melanoidins due to
biostimulatory effect of d-xylose at stationary phase. Process Biochemistry. Vol. 46
No. 9, pp. 1774-1784.

Yagmur, E., Ozmak, M. and Aktas, Z. (2008). A novel method for production of activated
carbon from waste tea by chemical activation with microwave energy. Fuel. Vol. 87,
pp- 3278-85.

Yaylayan, V.A., Kaminsky, E. (1998). Isolation and structural analysis of Maillard polymers:
caramel and melanoidins formation in glycine/glucose model system. Food Chemistry.
Vol. 63, pp. 25-31.

Yoon, Y.H. and Nelson, J.H. (1984). Application of gas adsorption Kinetics. I. A theoretical
model for respirator cartridge service life. American Industrial Hygiene Association
Journal. Vol. 45, pp. 509-516.

Zawani, Z., Lugman, C.A, Thomas S.Y.C. (2009). Equilibrium, Kinetics and Thermodynamic
Studies: Adsorption of Removal Black J on the Palm Kernel Shell Activated Carbon

(PKS-AC). European Journal of Scientific Research. Vol. 37, No.1, pp. 63-71.



MANHIN N

Y} A d

[ A Q’J v (Y] d a
f;lﬂHﬂ!ZﬁNUﬂﬂ1ﬂﬂ1Wﬂ’ﬂﬂﬂli’Nﬂ1uﬂNN‘I«!ﬂWQWWtA‘Hﬂ



165

{ @ A o 1 v v JIda a J
A15197 .1 aﬂ‘Hﬂ!%ﬁiJ‘UﬂﬂTt’Jﬂ'lW‘V]'Julﬂsllﬂx‘]ﬂWUﬂiJiJu@]L”INW'lﬂ!“ﬁt’J

- S, | nudiEsumz | fSnesgwgunaing v -
BUAVDIDUANNUA ; . 91999
(m’/g) (cm’/g)
MCAC 950-1,417 0.4530-0.7343 This study
Ve e e A Harry, 2001; Virginia
aUANTUATINIYE 500-2,500 0.20-1.00
and Adrian, 2012

augaduInsaan 800-1,200 -
augaty Inganang 800-1,400 - L
: - : 1A% AAIAIIY, 2552
augasy Tnsalvg 800-1,500 -
o1 1An <400 -
a1uAa luana <100 -




MANUIN U

i]ﬂﬁ%!aﬂﬂﬂ1iﬁ1u’3m



167

o d a d [y a
w1 msminamedlalaniindvesmsgaduamsimaiuesiues MCAC
o 14 a 4 ] 9 a 4 9 1
nmsfiuaames Iu'lamiindvesnisgaduilszneudle 3 Wisiilmes laun n1s
{ @ a a 4 H [l
iasunlasndsnudasznud (AG) mstasunilas enthalpy (AH) tagmsilasuuias

entropy (AS) Taas1 AH uaga1 AS eunsadiuia ldaninanudutazyadauni y audiay

o : o 1
Taoweuns sz In K, 1y —
T

o = 1 Y 1 Y
iﬂﬂNaﬂ15ﬁﬂy1u1h1lﬂlﬂuﬂiw\|§$‘Vi’JN In K. U — hlﬁﬁllﬂﬁlﬁu%]iﬁ
T

AUMNY y = -1082.8x +2.767

As AH

90 InK =———
R RT

Tagawnsont a1 AH = —((—1082.80) x 8.314) = +9.00 kJ / mole

MAS =2.767x8.314= +23.00 ]/ mole
10 AG=AH—T-As
Taeamnsanial AG — =9.00—(303.15 x 23.00) = —6.96 kJ / mole

Ay Ammsilaguuilas enthalpy (AH) 51100 49.00 kJ / mole Armsitasuiilas entropy (AS)

M1+ 23.00 7/ mole wazammin)dsunasndanudasziud (AG) il —6.96 kI / mole



168

o LYY v d
V.2 ﬂ]’iﬂ1”3mﬂ%ﬂ]ﬂ!d1uﬂuuuﬂ1u‘lgﬂﬂﬂﬁﬂﬂ!lﬂﬂﬂ@ﬁuu
o & a 7o o 2
1uﬂ1§@'ﬂﬂll‘ﬂ'ﬂﬂ;ﬂﬂﬂa@\‘illﬂﬁﬂ@ﬂmu IﬂﬂllLﬂillclﬂﬂTVi'LlﬂILlﬂTiﬂﬂﬂ!LUUﬂ\‘i@@]lﬂu
(Okewale et al., 2015)
[ 1 ] 4 [ g ] 4 U [ Y o
- @mm’mmmtﬁjumugmslﬂawﬂaauummﬁ}uwmf‘maﬂanmgmﬂmuﬂmm@ MCAC
(D, (cm): D, (cm)) A04 liitfosndn 10 uaz 20
[ 1 [ Ea 1 o 1 v 4
- @@lﬁ']ﬁ")uellENﬂ'J']?JfJ']'Jﬂ'ﬂallu@]ﬂlﬁuﬂ?uﬂuﬂﬂaﬁlﬁﬂﬂﬂ'lﬂﬂ'IUﬂiJiJuﬁ MCAC (L (cm):
D, (cm)) A4 Tiesnd 20
= g’/ dy Y o 9 ] o [ S 1w a 9
ﬂluﬂTﬁﬁﬂE']ﬂﬁ\?uul@VI']ﬂ'l'i@@ﬂL!‘U‘]J!,ﬁ‘LlNTHﬂu&ﬂﬁ'\Qﬂ@ﬁNulﬂTﬂU 2 LEUSUUNT Lazia
1 4 1 [ ] % A A
HUAUENA1 YN AR LA MCAC 1A 1.7-2.06 Hadias
Y
datiy dasrauvenduriuguinaaeaulnolduriuguina190 YN INnIUA IS MCAC
(D, (cm): D, (cm)=2:0.2=10)
= gll z:glJ Y o [ d 1w a 9 [
111ﬂ'lﬁﬁﬂ‘HWﬂﬁ\iuulﬂvnﬂ']ﬁ@@ﬂLL‘U‘Uﬂ'J']iJfJ']'Jﬂ@ﬁJJUWHﬂU 10 LFUALUNT LAZLTUNTIU

AUINA1EYNIANTURIITUA MCAC A 1.7-2.06 a3

(

Fd
Y o ' o J ] J v o J
NUU ﬂ@iTﬁ’Ju‘U’fNﬂ'J'UJEJTJﬂ@ﬁ‘JJﬁ@f]L&JHNWHS‘;{HgﬂaN’ﬂHﬂTﬂﬂWUﬂMﬂuﬁ MCAC (L (cm):

D, (cm)=10:0.2 = 50)

° o 3 .
NINUA 9ﬂi1ﬂ1§ul1"iﬁ = 3 cm /min
A A Y o o o
- NUNKUINAVIININABD (Area)

2
T-d" 3142x(2cm) )
= =3.142cm

4 4

- ®M31M5n504 (Filtration rate)

Q (Flow rate) 3 (cm3 / min)
- = = ; =0.955cm / min
A (Area) 3.142 (cm)




- 13a5v09f9AdU (Volume of bed) =3.142 cm’x 10 cm =31.42 cm’

- 32821I01YRINSTNNANINAYD (EBCT)

Volume of bed 31.42 (cm3 )
= = ; =10.47 min
Q (Flow rate) 3cm

- ANNHMMHUYEI MCAC = 0294 g/cm’
- hmtinves MCAC Tunedusigadiy

3
Volume of bed 31.42 cm
) = = ~=924g
Density of adsorbent  0.294 g/ cm

9
v v oa ¥ o 1

1 v o @ @ o
JUU D1UNVUUA MCAC mifgsluﬂaanuuumuﬂmmu 9.24 N

169



170

.3 PIANNUeNTIMS Inaluganaae muuneansl

- IAWAMIANYIAMANUATD TUMIgATUGIgAIINY 3,703.70 Haaniudensu 910
HANIANEINIRAFULUUILAT

- 1hieg1e MCAC Ussyluganaaeuuaedn Tasidbhmineuiudug 9.61 n$y

= 3,703.70 (mg/g) x 9.61 (g) = 35,592.56 mg
Lﬁiﬁ; ANVAI30 TUMIRATUVDI MCAC TuganaaoauuAedIndviiy 35,592.56 mg

- it uduvesasmaesauieutneduniviiy 15,000 Taaniudeans
$1vn USnaaswaiuesdy 15,000 mg luaisazaly 1000 Jaaans
Faufy AMNAI0 TUNMIRAF VDI MCAC 35,592.56 mg @131509a5U15aa15azaie

IWATUDIAU

(35,592.557 mg) x (1000 mL)
- =2,372.84 mL
(15,000 mg)

V(mL)
19 HRT (min) =———
Q (mL/ min)

V (mL) 2,372.84 (mL)
Q (mL/ min) = = =2.82 mL/min
HRT (min) 14 (hr) x 60 (min)

v
LY v

aatiu oas1ms lvavesmsmarvesaunlowdigaoauinify 2.82 mL/min 1o 141060

M3 11 1%u3aden 19100 2 mL/min



171

° 1% v
V.4 m’iﬂm’sm%’@ﬂazmsﬂﬂmummlm‘umauu

9 1
- wamgngaFunaruaiiamsgadunelunodund

_Q
NN qtotal - j Caddt
1000 —,

A Y 9 o % v JdA 1w
C,, 19 ANUINTUGIgNAAFUMeTUADALT UAUNMAY (C,— C)

1 (mL/ min) x 4,487 (mg/ L) x 5,160 (min)

Drowl — = 27,785.88 mg
1000
- wadgngasunaruaitloudgaodu
0 — COQttotal
total
1000
15,000 (mg/ L) x 1 (mL/ min) x 5,160 (min)
m = = 52,980.30 mg

1000

total

q
1N % Total adsorption = ———x100

R total

27,785.88
% Total adsorption = ————x100 =52.45

52,980.30

b4
v @

Wiy MsgAtUAIsINAIIesALYDY MCAC nuuneduiinumiuieeas 52.45
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V5 MIANMIMTUMIGAGD (Mass transfer zone) 15N THREANYDI MCAC

1N L = L|1——

P P
L ﬁﬂ ﬂ??ug\iﬂ\iﬂﬂﬂﬂlﬂqsﬂua'ﬁﬂﬂﬁﬁﬂ (LEUNUANT) = 10 LEUAUNT

A Aq v o o 3 A g9 = . = =
t,  ao na1nlElumsiiiiai1a1nsuAuINDe Breakthrough point (W17) = 90 U1

A A g 2 ~ ~
t 1o L'Jﬁ'lﬂ'lﬂliﬂJGlUi]UiNﬂﬂWiJﬂ’ﬁﬂ'lW (‘L!'I‘VI) =5,160 UM

v & 90
IUU Ly, = (10 cm)*| 1 —— = 9.83 cm
5,160
% g‘/ g‘/ % é = 1 % a
JUHU G]fuﬂ’li@ﬂ“]fﬂ (Mass transfer zone) KIUAIUYIAUNINY LMTZ = 0.83 LHUNLUANT
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V6 MIMUIUAWANMST Intraparticle diffusion
HamsAnbINa InMsgaTuAIs A IesALYDY MCAC RI8duT Intraparticle diffusion

o 4 o a a 4
Iﬂﬂ%$u1ﬂﬂiﬂﬂﬂﬁﬁﬂy1fﬂau‘waﬁnﬁﬁliﬂﬁ@ﬂ%ﬂﬁﬁmﬁ’mﬂﬂﬂuﬂl@ﬂ MCAC 3J1’J!,ﬂ§'181ﬁi$5§]}’38

gUNTT Intraparticle diffusion

1
o

q; i

d‘ A @ d' é a A (Y] 1 [}
Tagn g A9 ANWAII0luMIgAFUNIAIMIL 9 (Taaniuaeniu)
1 Y < [ a
k, A9 AIASNOATUTINIUNTVOIAS WA IUsAY MeTugngu MCAC
(Haansuaonsu-u1n")

A A 9 [ ~
t A9 izﬂxnam%gmu (M)

v o ' Y o {
Taggunnuduiussznin g 0o ¢° azlaidunsasanalugda 1 uazarnns il

1 A o < 1 a 9
’c’fHJﬁﬂ’l/ﬂﬂ'lﬂ\‘ﬂ/]’E'JG]iHi’J"lJENﬂWiLL‘Wiﬁ'1§ma1u€]fjﬂul,"llWll‘]JﬂWEJGlqu?u"UE]\‘i MCAC (ki)

6000

5000

4000

3000

q, (mg/g)

2000

1000

Time”> (min®)

© MCAC-900.180 o MCAC-900.240 o MCAC-950.180 a MCAC-950.240

517 1 nalnmsgaguanswaiussauves MCAC



MANHIN A

Aad v a
"laimmiummﬂmumimmuaﬂﬂumm MCAC
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a13197 .1 To T sumsgaduasaIuesauyes MCAC

3118 MCAC C, C, q
MCAC
3] (mg/L) (mg/L) (mg/g)
0.0201 15,000 9,175 2,238.81
0.0502 15,000 8,850 2,191.24
0.1001 15,000 8,325 2,147.85
900.180
0.2001 15,000 7,269 2,130.18
0.3003 15,000 6,363 2,022.98
0.5002 15,000 4,575 1,929.23
0.0204 15,000 9,158 2,342.45
0.0501 15,000 8,810 2,333.33
0.1002 15,000 8,213 2,355.43
900.240
0.2004 15,000 7,119 2,273.86
0.3003 15,000 6,144 2,164.50
0.5001 15,000 4,388 2,000.90
0.0202 15,000 9,125 2,846.53
0.0501 15,000 8,706 2,819.36
0.1001 15,000 7,969 2,884.62
950.180
0.2005 15,000 6,738 2,668.33
0.3001 15,000 5,638 2,515.83
0.5003 15,000 3,775 2,253.65
0.0202 15,000 9,063 3,279.70
0.0501 15,000 8,600 3,168.66
0.1001 15,000 7,825 3,134.37
950.240
0.2000 15,000 6,338 3,056.25
0.3002 15,000 5,181 2,806.46
0.5001 15,000 2,906 2,594.48




a519i a1 loTamisumsgaduasmaiussauyes MCAC (A0)
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153188 MCAC

CO Ce qe
MCAC
(2 (mg/L) (mg/L) (mg/g)
0.0212 15,000 9,131 2,476.415
0.0510 15,000 8,763 2,475.490
0.1010 15,000 8,150 2,462.871
AC
0.2015 15,000 6,988 2,388.337
0.3014 15,000 5,813 2,376.410
0.5015 15,000 4269 2,043.868




MANHIN 3

MIPAFVASINAIUREAUYDI MCAC BV Fixed-bed column



AN 4.1 HaMIANE A UNFTUAAVOINTATUA1TNATUOIAUYDI MCAC

178

Flow rate C Bed height 1 “JE%JW]TIEWEJEJT]
’ . c/C, Yan.
(ml/min) (mg/1) (cm) (UIN) (ml)

1 15,000 10 10 10 0.012 0.99
20 10 0.013 0.99

30 10 0.014 0.99

40 10 0.018 0.98

50 10 0.032 0.97

60 10 0.045 0.96

70 10 0.064 0.94

80 10 0.077 0.92

90 10 0.095 0.91

100 10 0.113 0.89

110 10 0.131 0.87

120 10 0.150 0.85

180 60 0.221 0.779

240 60 0.270 0.730

300 60 0.321 0.679

420 120 0.387 0.613

540 120 0.428 0.572
660 120 0.473 0.527
840 180 0.544 0.456
960 120 0.568 0.432
1080 120 0.601 0.399

1200 120 0.622 0.378
1320 120 0.645 0.355
1440 120 0.662 0.338
1560 120 0.681 0.319







AT 41 HaMIANE A UNFTUAAVOINTAATUA1TNATUOIAUYDI MCAC (710)

179

Flow rate C, Bed height nal WBinasihoon
. c/C, an.
(ml/min) (mg/1) (cm) (Un) (ml)

1 15,000 10 1680 120 0.693 0.307
1800 120 0.710 0.290
1920 120 0.728 0.272
2040 120 0.738 0.262
2160 120 0.756 0.244
2280 120 0.760 0.240
2400 120 0.770 0.230
2520 120 0.780 0.220
2640 120 0.790 0.210
2760 120 0.798 0.202
2880 120 0.808 0.192
3000 120 0.820 0.180
3120 120 0.831 0.169
3240 120 0.842 0.158
3360 120 0.850 0.150
3480 120 0.856 0.144
3600 120 0.863 0.137
3720 120 0.869 0.131
3840 120 0.870 0.130
3960 120 0.879 0.121
4080 120 0.888 0.112
4200 120 0.893 0.107
4320 120 0.904 0.096
4440 120 0.910 0.090
4560 120 0.916 0.084
4680 120 0.922 0.078
4800 120 0.934 0.066
4920 120 0.938 0.062
5040 120 0.943 0.057
5160 120 0.946 0.054




AN 4.2 HaMIAN A UNFTUAAVOINTAATUA1TWATUOIAUYDI MCAC

180

Flow rate C Bed height 1 ﬂ?mmﬁmaﬂ
’ . c/C, Yan.
(ml/min) (mg/1) (cm) (UIN) (ml)
2 15,000 10 10 20 0.022 0.978
20 20 0.024 0.976
30 20 0.045 0.955
40 20 0.088 0.912
50 20 0.114 0.886
60 20 0.152 0.848
70 20 0.181 0.819
80 20 0.208 0.792
90 20 0.232 0.768
100 20 0.254 0.746
110 20 0.276 0.724
120 20 0.288 0.712
180 120 0.380 0.620
240 120 0.447 0.553
300 120 0.500 0.500
420 240 0.568 0.432
540 240 0.610 0.390
660 240 0.642 0.358
780 240 0.681 0.319
1020 240 0.734 0.266
1140 240 0.747 0.253
1260 240 0.776 0.224
1380 240 0.795 0.205
1500 240 0.804 0.196
1620 240 0.817 0.183
1740 240 0.833 0.167
1860 240 0.851 0.149
1980 240 0.858 0.142




AN 4.2 HaMIAN A UNFTUAAVOINTAATUA1TWATUOIAUYDI MCAC (710)

181

Flow rate C Bed height 1 ﬂ?mmﬁmaﬂ

’ . c/C, Yan.
(ml/min) (mg/1) (cm) (UIN) (ml)

2 15,000 10 2100 240 0.879 0.121
2220 240 0.885 0.115
2340 240 0.904 0.096
2460 240 0.909 0.091
2580 240 0.917 0.083
2700 240 0.926 0.074
2820 240 0.936 0.064
2940 240 0.946 0.054
3060 240 0.951 0.049
3180 240 0.960 0.040
3300 240 0.966 0.034
3420 240 0.975 0.025




AT 4.3 HaMIAN A UNFTUAAVOINTATUA1TNATUDIAUYDI MCAC

182

Flow rate C Bed height 1 ﬂ?mmﬁmaﬂ

’ . c/C, Yan.
(ml/min) (mg/1) (cm) (UIN) (ml)

3 15,000 10 10 30 0.056 0.944
20 30 0.103 0.897
30 30 0.206 0.794
40 30 0.295 0.705
50 30 0.355 0.645
60 30 0.402 0.598
70 30 0.432 0.568
80 30 0.468 0.532
90 30 0.493 0.507
100 30 0.518 0.482
110 30 0.532 0.468
120 30 0.549 0.451
180 180 0.617 0.383
240 180 0.664 0.336
300 180 0.702 0.298
360 180 0.731 0.269
420 180 0.748 0.252
660 240 0.820 0.180
780 360 0.847 0.153
900 360 0.868 0.132
1020 360 0.890 0.110
1140 360 0.907 0.093
1260 360 0.926 0.074
1380 360 0.943 0.057
1500 360 0.963 0.037
1620 360 0.976 0.024
1740 360 0.985 0.015




ATNT 1.4 HAMIAN A UNFTUAAVOINTAATUA1TNATUOIAUYDI MCAC

183

Flow rate C Bed height 1 ﬂ?mmﬁmaﬂ
’ . c/C, Yan.
(ml/min) (mg/1) (cm) (UIN) (ml)
1 17,500 10 10 10 0.003 0.997
20 10 0.003 0.997
30 10 0.005 0.995
40 10 0.006 0.994
50 10 0.007 0.993
60 10 0.013 0.987
70 10 0.027 0.973
80 10 0.050 0.950
90 10 0.060 0.940
100 10 0.064 0.936
110 10 0.081 0.919
120 10 0.098 0.902
180 60 0.191 0.809
240 60 0.257 0.743
300 60 0.325 0.675
420 120 0.424 0.576
540 120 0.485 0.515
660 120 0.546 0.454
780 120 0.583 0.417
900 120 0.621 0.379
1020 120 0.641 0.359
1140 120 0.667 0.333
1260 120 0.686 0.314
1380 120 0.706 0.294
1500 120 0.724 0.276
1620 120 0.737 0.263
1740 120 0.749 0.251
1860 120 0.760 0.240




MINT 1.4 HaMIANB A WNFTUAAVOINTYATUA1TWATUOIAUYDI MCAC (710)

184

Flow rate C, Bed height nal Winasihoon
. c/C, an.
(ml/min) (mg/1) (cm) (Un) (ml)

1 17,500 10 1980 120 0.777 0.223
2100 120 0.794 0.206

2220 120 0.809 0.191

2340 120 0.823 0.177

2460 120 0.837 0.163

2580 120 0.842 0.158

2700 120 0.853 0.147

2820 120 0.858 0.142

2940 120 0.870 0.130

3060 120 0.875 0.125

3180 120 0.891 0.109

3300 120 0.894 0.106

3420 120 0.903 0.097

3540 120 0.910 0.090

3660 120 0.914 0.086

3780 120 0.918 0.082

3900 120 0.927 0.073

4020 120 0.930 0.070

4140 120 0.934 0.066

4260 120 0.938 0.062

4380 120 0.942 0.058

4500 120 0.946 0.054

4620 120 0.949 0.051




AITNA 4.5 HaMIAN A UNFAUAAVOINTAATUA1TNATUOIAUYDI MCAC
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Flow rate C Bed height 1 ﬂ?mmﬁmaﬂ
’ . c/C, Yan.
(ml/min) (mg/1) (cm) (UIN) (ml)
1 20,000 10 10 10 0.003 0.997
20 10 0.007 0.993
30 10 0.010 0.990
40 10 0.013 0.987
50 10 0.022 0.978
60 10 0.031 0.969
70 10 0.044 0.956
80 10 0.050 0.950
90 10 0.055 0.945
100 10 0.056 0.944
110 10 0.071 0.929
120 10 0.084 0.916
180 60 0.172 0.828
240 60 0.246 0.754
300 60 0.318 0.682
420 120 0.434 0.566
540 120 0.537 0.463
660 120 0.617 0.383
780 120 0.656 0.344
900 120 0.687 0.313
1020 120 0.723 0.277
1140 120 0.753 0.247
1260 120 0.776 0.224
1380 120 0.790 0.210
1500 120 0.809 0.191
1620 120 0.821 0.179
1740 120 0.838 0.162
1860 120 0.848 0.152




ATNT 4.5 HaMIAN A UNFTUAAVOINTAATUA1TNATUOIAUYDI MCAC (710)

186

Flow rate C Bed height 1 “JE%JW]TIEWEJEJT]
’ . c/C, Yan.
(ml/min) (mg/1) (cm) (UIN) (ml)

1 20,000 10 1980 120 0.857 0.143
2100 120 0.860 0.140

2220 120 0.869 0.131

2340 120 0.876 0.124

2460 120 0.884 0.116

2580 120 0.890 0.110

2700 120 0.896 0.104

2820 120 0.904 0.096

2940 120 0.915 0.085

3060 120 0.919 0.081

3180 120 0.924 0.076

3300 120 0.931 0.069

3420 120 0.938 0.062

3540 120 0.948 0.052

3660 120 0.955 0.045

3780 120 0.960 0.040

3900 120 0.964 0.036

4020 120 0.969 0.031




MANHIN D

MIPAFVASINAIHREAUYBI MCAC BV Pulse bed column



AN 0.1 HAMSANY AN FAUYVDINTYATUETIUAUBIAUVDI MCAC

188

C, Flow Pulse | Bed height nan WBanasih

. c/C, an.
(mg/l) rate bed (cm) N 20N

20,000 1 - 10 10 10 0.005 0.995
20 10 0.006 0.994
30 10 0.010 0.990
40 10 0.010 0.990
50 10 0.018 0.982
60 10 0.019 0.981
70 10 0.023 0.977
80 10 0.027 0.973
90 10 0.037 0.963
100 10 0.059 0.941
110 10 0.080 0.920
120 10 0.098 0.902
180 10 0.195 0.805
240 60 0.275 0.725
300 60 0.341 0.659
360 60 0.399 0.601
420 60 0.450 0.550
480 60 0.492 0.508
600 120 0.554 0.446
720 120 0.597 0.403
840 120 0.630 0.370
960 120 0.659 0.341
1080 120 0.694 0.306
1200 120 0.723 0.277
1320 120 0.743 0.257




AT 9.1 HAMSANYINIAUNFAUYVBINTYATVENTINATUBIAUVYBI MCAC (D)
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C, Flow Pulse | Bed height nan WBanasih

. c/C, an.

(mg/l) rate bed (cm) ) 20N
20,000 1 - 10 2040 120 0.820 0.180
2160 120 0.833 0.167
2280 120 0.843 0.157
2400 120 0.854 0.146
2520 120 0.869 0.131
2640 120 0.871 0.129
2760 120 0.883 0.117
2880 120 0.895 0.105
3000 120 0.907 0.093
3120 120 0.921 0.079
3240 120 0.930 0.070
3360 120 0.940 0.060
20,000 1 2 12 3370 10 0.122 0.878
3380 10 0.227 0.773
3390 10 0.327 0.673
3400 10 0.387 0.613
3410 10 0.431 0.569
3420 10 0.466 0.534
3430 10 0.489 0.511
3440 10 0.512 0.488
3450 10 0.536 0.464
3460 10 0.548 0.452
3470 10 0.572 0.428
3480 10 0.582 0.418
3490 10 0.589 0.411
3500 10 0.600 0.400
3510 10 0.610 0.390
3520 10 0.618 0.382
3530 10 0.648 0.352
3540 10 0.651 0.349




AT 9.1 HAMSANYINIAUNFAUYVBINTYATVENTINATUBIAUVYBI MCAC (D)
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C, Flow Pulse | Bed height nan WBanasih

. c/C, an.

(mg/l) rate bed (cm) ) 20N
20,000 1 2 12 3660 120 0.710 0.290
3780 120 0.751 0.249
3900 120 0.796 0.204
4020 120 0.826 0.174
4140 120 0.855 0.145
4260 120 0.882 0.118
4380 120 0.906 0.094
4500 120 0.931 0.069
4620 120 0.937 0.063
20,000 1 2 14 4630 10 0.122 0.878
4640 10 0.227 0.773
4650 10 0.327 0.673
4660 10 0.387 0.613
4670 10 0.431 0.569
4680 10 0.466 0.534
4690 10 0.489 0.511
4700 10 0.512 0.488
4710 10 0.536 0.464
4720 10 0.548 0.452
4730 10 0.572 0.428
4740 10 0.582 0.418
4750 10 0.589 0.411
4760 10 0.600 0.400
4770 10 0.610 0.390
4780 10 0.618 0.382
4790 10 0.648 0.352
4800 10 0.651 0.349
4920 120 0.710 0.290
5040 120 0.747 0.253
5160 120 0.798 0.202




AT 9.1 HAMSANYINIAUNFAUYVBINTYATVENTINATUBIAUVYBI MCAC (D)
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C, Flow Pulse | Bed height nan WBanasih

. c/C, an.

(mg/l) rate bed (cm) ) 20N
20,000 1 2 14 5280 120 0.831 0.169
5400 120 0.855 0.145
5520 120 0.877 0.123
5640 120 0.897 0.103
5760 120 0.916 0.084
5880 120 0.930 0.070
6000 120 0.940 0.060
20,000 1 2 16 6010 10 0.110 0.890
6020 10 0.284 0.716
6030 10 0.330 0.670
6040 10 0.386 0.614
6050 10 0.424 0.576
6060 10 0.473 0.527
6070 10 0.478 0.522
6080 10 0.492 0.508
6090 10 0.514 0.486
6100 10 0.529 0.471
6110 10 0.553 0.447
6120 10 0.555 0.445
6130 10 0.560 0.440
6140 10 0.573 0.427
6150 10 0.576 0.424
6160 10 0.585 0.415
6170 10 0.597 0.403
6180 10 0.599 0.401
6300 120 0.751 0.249
6420 120 0.816 0.184
6540 120 0.849 0.151
6780 240 0.913 0.087
7020 240 0.945 0.055




AT 9.2 HAMIANY AU FAUYVBINTYATUETIUAIUOIAUVDI MCAC
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C, Flow Pulse | Bed height nan WBanasih

. c/C, an.
(mg/l) rate bed (cm) ) 20N

20,000 1 - 10 10 10 0.005 0.995
20 10 0.005 0.995
30 10 0.009 0.991
40 10 0.010 0.990
50 10 0.018 0.982
60 10 0.019 0.981
70 10 0.023 0.977
80 10 0.030 0.970
90 10 0.045 0.955
100 10 0.062 0.938
110 10 0.079 0.921
120 10 0.098 0.902
180 10 0.193 0.807
240 60 0.270 0.730
300 60 0.341 0.659
360 60 0.400 0.600
420 60 0.449 0.551
480 60 0.492 0.508
600 120 0.559 0.441
720 120 0.616 0.384
840 120 0.650 0.350
960 120 0.689 0.311
1080 120 0.723 0.277
1200 120 0.751 0.249
1320 120 0.767 0.233
1440 120 0.776 0.224
1560 120 0.789 0.211
1680 120 0.804 0.196
1800 120 0.807 0.193
1920 120 0.824 0.176




AT 9.2 HAMSANYIIAUNFAVYVBINTYATVENTINATUBIAUVYBI MCAC (D)

193

C, Flow Pulse | Bed height nan WBanasih

. c/C, an.

(mg/l) rate bed (cm) ) 20N
20,000 1 - 10 2040 120 0.833 0.167
2160 120 0.843 0.157
2280 120 0.854 0.146
2400 120 0.869 0.131
2520 120 0.871 0.129
2640 120 0.883 0.117
2760 120 0.895 0.105
2880 120 0.907 0.093
3000 120 0.921 0.079
3120 120 0.930 0.070
3240 120 0.943 0.057
20,000 1 4 14 3250 10 0.035 0.965
3260 10 0.090 0.910
3270 10 0.171 0.829
3280 10 0.234 0.766
3290 10 0.285 0.715
3300 10 0.327 0.673
3310 10 0.358 0.642
3320 10 0.386 0.614
3330 10 0.414 0.586
3340 10 0.432 0.568
3350 10 0.449 0.551
3360 10 0.469 0.531
3370 10 0.485 0.515
3380 10 0.500 0.500
3390 10 0.515 0.485
3400 10 0.528 0.472
3410 10 0.554 0.446
3420 10 0.561 0.439
3540 120 0.655 0.345




AT 9.2 HAMSANYIIAUNFAVYVBINTYATVENTINATUBIAUVYBI MCAC (D)

194

C, Flow Pulse | Bed height nan WBanasih

. c/C, an.

(mg/l) rate bed (cm) ) 20N
20,000 1 4 14 3660 120 0.710 0.290
3780 120 0.744 0.256
3900 120 0.782 0.218
4020 120 0.803 0.197
4140 120 0.825 0.175
4260 120 0.853 0.147
4380 120 0.863 0.137
4500 120 0.881 0.119
4620 120 0.891 0.109
4740 120 0.902 0.098
4860 120 0.921 0.079
4980 120 0.945 0.055
20,000 1 4 18 4990 10 0.039 0.961
5000 10 0.091 0.909
5010 10 0.172 0.828
5020 10 0.235 0.765
5030 10 0.285 0.715
5040 10 0.330 0.670
5050 10 0.362 0.638
5060 10 0.388 0.612
5070 10 0.419 0.581
5080 10 0.437 0.563
5090 10 0.453 0.547
5100 10 0.473 0.527
5110 10 0.487 0.513
5120 10 0.503 0.497
5130 10 0.518 0.482
5140 10 0.531 0.469
5150 10 0.558 0.442




AT 9.2 HAMSANYIIAUNFAVYVBINTYATVENTINATUBIAUVYBI MCAC (D)

195

C, Flow Pulse | Bed height nan WBanasih

. c/C, an.

(mg/l) rate bed (cm) ) 20N
20,000 1 4 18 5160 10 0.562 0.438
5280 120 0.662 0.338
5400 120 0.735 0.265
5520 120 0.781 0.219
5640 120 0.807 0.193
5760 120 0.831 0.169
5880 120 0.854 0.146
6000 120 0.878 0.122
6120 120 0.889 0.111
6240 120 0.900 0.100
6360 120 0.907 0.093
6480 120 0.912 0.088
20,000 1 4 22 6730 10 0.049 0.951
6740 10 0.120 0.880
6750 10 0.193 0.807
6760 10 0.234 0.766
6770 10 0.293 0.707
6780 10 0.328 0.672
6790 10 0.356 0.644
6800 10 0.382 0.618
6810 10 0.397 0.603
6820 10 0.415 0.585
6830 10 0.427 0.573
6840 10 0.451 0.549
6850 10 0.461 0.539
6360 10 0.472 0.528
6870 10 0.479 0.521
6880 10 0.491 0.509
6890 10 0.507 0.493




AT 9.2 HAMSANYIIAUNFAVYVBINTYATVENTINATUBIAUVYBI MCAC (D)

196

C, Flow Pulse | Bed height nan WBanasih
. c/C, an.
(mg/l) rate bed (cm) ) 20N

20,000 1 4 22 6900 10 0.522 0.478
6910 10 0.532 0.468

6920 10 0.538 0.462

6930 10 0.554 0.446

6940 10 0.569 0.431

6950 10 0.587 0.413

6960 10 0.601 0.399

7080 120 0.663 0.337

7200 120 0.731 0.269

7320 120 0.784 0.216

7440 120 0.806 0.194

7560 120 0.832 0.168

7680 120 0.853 0.147

7800 120 0.878 0.122

7920 120 0.889 0.111

8040 120 0.900 0.100

8160 120 0.907 0.093

8280 120 0.912 0.088

8400 120 0.926 0.074

8520 120 0.949 0.051




AT 9.3 HAMIANY AU FAUYVBINTYATUETIUAIUBIAUVDI MCAC
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C, Flow Pulse | Bed height nan WBanasih

. c/C, an.
(mg/l) rate bed (cm) ) 20N

20,000 1 - 10 10 10 0.005 0.995
20 10 0.009 0.991
30 10 0.010 0.990
40 10 0.012 0.988
50 10 0.014 0.986
60 10 0.019 0.981
70 10 0.023 0.977
80 10 0.029 0.971
90 10 0.040 0.960
100 10 0.051 0.949
110 10 0.079 0.921
120 10 0.106 0.894
180 10 0.237 0.763
240 60 0.304 0.696
300 60 0.377 0.623
360 60 0.434 0.566
420 60 0.488 0.512
480 60 0.537 0.463
600 120 0.584 0.416
720 120 0.651 0.349
840 120 0.681 0.319
960 120 0.713 0.287
1080 120 0.742 0.258
1200 120 0.761 0.239
1320 120 0.773 0.227
1440 120 0.785 0.215
1560 120 0.799 0.201
1680 120 0.804 0.196
1800 120 0.817 0.183
1920 120 0.839 0.161
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C, Flow | Pulse | Bedheight | a1 Wnasih

. C/C, an.

(mg/1) rate bed (cm) (W) 20N
20,000 1 - 10 2040 120 0.847 0.153
2160 120 0.854 0.146
2280 120 0.865 0.135
2400 120 0.871 0.129
2520 120 0.883 0.117
2640 120 0.895 0.105
2760 120 0.907 0.093
2880 120 0.921 0.079
3000 120 0.930 0.070
3120 120 0.933 0.067
3240 120 0.941 0.059
3360 120 0.945 0.055
20,000 1 6 16 3370 10 0.034 0.966
3380 10 0.081 0.919
3390 10 0.161 0.839
3400 10 0.229 0.771
3410 10 0.280 0.720
3420 10 0.321 0.679
3430 10 0.355 0.645
3440 10 0.379 0.621
3450 10 0.406 0.594
3460 10 0.443 0.557
3470 10 0.461 0.539
3480 10 0.484 0.516
3490 10 0.498 0.502
3500 10 0.513 0.487
3510 10 0.525 0.475
3520 10 0.541 0.459
3530 10 0.549 0.451
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C, Flow Pulse | Bed height nan WBanasih

. c/C, an.

(mg/l) rate bed (cm) ) 20N
20,000 1 6 16 3660 120 0.622 0.378
3780 120 0.666 0.334
3900 120 0.706 0.294
4020 120 0.748 0.252
4140 120 0.775 0.225
4260 120 0.808 0.192
4380 120 0.821 0.179
4500 120 0.835 0.165
4620 120 0.846 0.154
4740 120 0.862 0.138
4860 120 0.875 0.125
4980 120 0.899 0.101
5100 120 0.901 0.099
5220 120 0.911 0.089
5340 120 0.923 0.077
5460 120 0.936 0.064
5580 120 0.939 0.061
5700 120 0.944 0.056
5820 120 0.947 0.053
20,000 1 6 22 5830 10 0.035 0.965
5840 10 0.082 0.918
5850 10 0.162 0.838
5860 10 0.225 0.775
5870 10 0.275 0.725
5880 10 0.321 0.679
5890 10 0.343 0.657
5900 10 0.378 0.622
5910 10 0.405 0.595
5920 10 0.442 0.558
5930 10 0.458 0.542




AN 9.3 HAMSANYIIAUNFAUYVBINTYATVENTINATUBIAUVYBI MCAC ()

200

C, Flow Pulse | Bed height nan WBanasih

. c/C, an.

(mg/l) rate bed (cm) ) 20N
20,000 1 6 22 5940 10 0.487 0.513
5950 10 0.496 0.504
5960 10 0.518 0.482
5970 10 0.528 0.472
5980 10 0.540 0.460
5990 10 0.551 0.449
6000 10 0.558 0.442
6110 120 0.625 0.375
6230 120 0.672 0.328
6350 120 0.711 0.289
6470 120 0.755 0.245
6590 120 0.783 0.217
6710 120 0.808 0.192
6830 120 0.830 0.170
6950 120 0.854 0.146
7070 120 0.863 0.137
7190 120 0.883 0.117
7310 120 0.892 0.108
7430 120 0.901 0.099
7550 120 0.907 0.093
7670 120 0.914 0.086
7790 120 0.919 0.081
7910 120 0.929 0.071
8030 120 0.936 0.064
8150 120 0.944 0.056
8270 120 0.946 0.054
20,000 1 6 28 8280 10 0.039 0.961
8290 10 0.091 0.909
8300 10 0.172 0.828
8310 10 0.226 0.774
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C, Flow Pulse | Bed height nan WBanasih
. c/C, an.
(mg/l) rate bed (cm) ) 20N

20,000 1 6 28 8320 10 0.280 0.720
8330 10 0.324 0.676
8340 10 0.349 0.651
8350 10 0.411 0.589
8360 10 0.447 0.553
8370 10 0.467 0.533
8380 10 0.496 0.504
8390 10 0.501 0.499
8400 10 0.518 0.482
8410 10 0.528 0.472
8420 10 0.540 0.460
8430 10 0.551 0.449
8440 10 0.558 0.442
8450 10 0.569 0.431
8570 120 0.630 0.370
8690 120 0.676 0.324
8810 120 0.713 0.287
8930 120 0.757 0.243
9050 120 0.788 0.212
9170 120 0.808 0.192
9290 120 0.833 0.167
9410 120 0.846 0.154
9530 120 0.864 0.136
9650 120 0.881 0.119
9770 120 0.892 0.108
9890 120 0.901 0.099
10010 120 0.907 0.093
10130 120 0.917 0.083
10250 120 0.921 0.079
10370 120 0.929 0.071
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C, Flow Pulse | Bed height nan Smasin
. c/C, an.
(mg/l) rate bed (cm) ) 20N
20,000 1 6 28 10490 120 0.935 0.065
10610 10 0.943 0.057
10730 10 0.951 0.049
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Decolourization of Melanoidin Containing Wastewater Using
Activated Carbon Prepared from Melaleuca cajuputi
Charcoal

B. Insoongnoen®, P. Wirikitkhul* and J. Yimrattanabovorn®

* School of Environmental Engineering, Institute of Engineering, Suranaree University of Technology, 111
University Ave., Muang District, Nakhon Ratchasima, 30000, Thailand
(E-mails: insoongnerm(@hotmail.co.th; maipensupa(@yahoo.com; chareeya(@sut.ac.th)

Abstract

Melanoidins are brown recalcitrant compounds present in the effluents of ethanol production, bakery
yeast processing, and brewery industry. The biological treatment process is able to reduce BODs and
COD from effluents to acceptable level; however the brown colour due to melanoidin persists because
of their hardly biodegradable. Adsorption process was reported to have achieved more than 90% of
colour and melanoidin concentration reduction. However, due to its high cost, alternative low cost
adsorbents are finding more and more application. Melaleuca C. activated carbon (MCAC) was
reported as a low cost adsorbent for dye removal from wastewater due to their high surface area. In this
study, MCAC was used for the decolourization of synthetic melanoidin containing wastewater. The
adsorption studies, equilibrium kinetic and suitable conditions for decolourization of melanoidin in
wastewater were studied. It was found the optimum conditions for the removal of melanoidin was
favoured at pH 2, contact time 780 min, agitation speed 250 rpm, and initial concentrations 500 mg L.
The equilibrium data were fit with the Langmuir isotherm model with maximum adsorption capacity of
1,000.00-2,000.00 mg g”. The MCAC can be successfully be used to decolorized melanoidin
containing wastewater with removal efficiencies more than 90% of ADMI unit. The Melaleuca cajuputi
activated carbon proved to be an efficient and economical adsorbent for treating water polluted with
dyes and for application in the sugar industry and other pigments from sugar syrup.

Keywords
Melanoidin; Decolourization; Adsorption; Melaleuca C. Activated carbon

INTRODUCTION

Melanoidins are brown recalcitrant compounds present in the effluents of the fermentation
processes that use molasses as carbon source, for instance those generated in ethanol production,
bakery yeast processing, and brewery industry (Ojijo et al., 2010). These industries generate huge
amounts of wastewater characterized by high concentrations of BODs, COD and a dark brown
colour due to presence of melanoidins (Chandra et al., 2008). The biological treatment, a typical
combination of anaerobic-aerobic processes. is able to reduce BODs and COD from effluents to
acceptable level, however the brown colour persists because of their hardly biodegradable
(Ojijo et al., 2010). Only 6-7% of melanoidins is biodegraded by these conventional processes
(Golzalez et al., 2000; Kaushik et al., 2017), hence, alternative treatment processes have been
explored. In previous work, adsorption process was reported to have achieved more than 90% of
colour and melanoidin concentration reduction (Ojijo et al., 2007; Simaratanamongkol and
Thiravetyan, 2010; Onyango et al., 2011). However, due to its high cost, alternative low cost
adsorbents are finding more and more application. Melaleuca C. activated carbon (MCAC) was
reported as a low cost adsorbent for dye removal from wastewater because of their high surface area
in range of 660-1,497 m” g, since Melaleuca tree is a plentiful, cheap and easily available material
to be used as a low-cost sorbent (Wirikitkhul et al., 2017). In this study, MCAC was used as low
cost adsorbent for the decolourization of synthetic melanoidin containing wastewater. The
adsorption studies, equilibrium kinetic, thermodynamic and suitable conditions for decolourization
of melanoidin containing in wastewater.
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MATERIALS AND METHOD

Melaleuca C. activated carbon (MCAC) as adsorbent

The adsorbent samples were prepared from Melaleuca cajuputi charcoal (MCAC) by physical
activation as reported in (Wirikitkhul et al., 2017). Four MCAC samples consisted of MCAC-
900.180; MCAC-Temperature (°C). Activation time (min), MCAC-900.240, MCAC-950.180 and
MCAC-950.240 were used as low adsorbent in this study. The MCAC samples had particle size in
range of 1.91-2.07 mm. The BET surface area of MCAC samples were calculated from isotherms
by using the BET equation.

Preparation of Melanoidin solution

The synthetic melanoidin stock solution was prepared by method that was reported in
Nikoletta et al., (2016) by mixing 4.5 g glucose, 1.88 g glycine and 0.42 g sodium bicarbonate in
100 mL of deionized water. The solution was heated in an oven for 7 hrs at 95 °C. During heating
various reactions were carried out leading to the formation of melanoidins that are responsible for
the dark brown colour of the solution. After 7 hrs the mixture was removed from the oven, and was
left to reach ambient temperature, then another 100 mL of deionized water was added (Liang et al.,
2009). The resulting concentration of the melanoidin solution was 25.500 mg L. Solutions were
prepared by diluting the concentrated stock solutions.

Effect of factors on the melanoidin adsorption studies

Batch experiments were carried out to examine the effect of initial pH, initial concentrations,
contact time and agitation speed on the adsorption capacity of melanoidin. The conditions of each
batch experiments were shown in Table 1. All the flasks were sealed with caps and shake in the
shaker. The concentrations of melanoidin in the supernatant solutions before and after the
adsorption were analysed using UV-VIS Spectrophotometer (GENESYSTM20, USA) at 290 nm.

Table 1. The conditions of batch experiments to test the effect of factors on the melanoidin
adsorption

N v y o Initial
Factor Contact time Agitation speed pH concentration
Size (mm) 1.91-2.07 1.91-2.07 1.91-2.07 1.91-2.07
Mass (g) 0.1 0.1 0.1 0.1
Temperature (°C) 25 25 25 25
Volume of MB solution 200 200 200 200
(ml)
. . 120, 240, 360, 430, A

Contact time (min) 600. 720, 840 780 780 780

R N 100, 150, 200, 250, D .
Agitation speed (rpm) 250 300, 350 250 250

2,35, 7.9
2 2 2

e ] < 11,13 ‘
Initial concentration (mg 500 500 500 100, 200, 300, 400,

LY 500

Adsorption kinetics studies

For interpretation of adsorption kinetics, 200 mL melanoidin solution with initial concentration 500
mg L7 were withdrawn at different time intervals and the concentration of melanoidin were
measured until the equilibrium was reached.

Adsorption Isotherm studies
Adsorption experiments were carried out to evaluate the adsorption performance. The MCAC
samples was varied 0.02, 0.04, 0.06, 0.08, 0.10 and 0.20 g/200 mL of melanoidin solution in 250
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mL Erlenmeyer flasks, with the initial concentration 500 mg L™, solution pH = 2 and at ambient
temperature. They were mixed using the shaker at constant agitation speed of 250 rpm for 780
minutes. Melanoidin concentrations of the solutions were measured by UV-VIS Spectrophotometer
at 290 nm. For comparison purposes, similar batch adsorption experiments were also conducted for
commercial activated carbon (Cabot Corporation Ltd., Thailand). The activated carbon (AC) has
Iodine number 1,000 m% g'l_. moisture 5%, ash content 3.9%, bilk density 0.46-0.50 g ml? and
methylene blue 185 cc g

Decolourization efficiencies

The batch experiment was carried out to investigate the decolourization efficiency in ADMI unit.
Each six flasks with varies mass 0.02, 0.04, 0.06, 0.08, 0.10 and 0.20 g in volume 200 ml of
melanoidin solution of MCAC-950.180 min, MCAC-950.240 min and AC were set. The conditions
of batch experiment were used synthetic melanoidin solution with 500 mg L, initial pH solution 2,
contact time 780 min, and agitation speed of shaker 250 rpm. The colour in the supernatant
solutions before and after the adsorption were analysed in ADMI unit with (USVIS1823, CH) and
calculated the removal efficiencies in ADMI unit.

RESULTS AND DISCUSSION

MCAC characteristics

The MCAC samples had BET surface area in range of 950-1,417 m* g as shown in Table 2. The
commercial activated carbon that typically been used as water purification media have surface area
ranging from 800 to 1200 m’ g'l (Jung and Kim, 2014). These results supported that MCAC cloud
be used as adsorbent for wastewater treatment. And it found that the mean pore dimeter of MCAC
are in range of 1.91-2.07 nm which is very near 2.0 nm indicating of micropores base on the
classification adopted by IUPAC: micropore (<2 nm). mesopre (2-50 nm) and macropore (=50 nm).
Pore size distribution is a very important property of adsorbents because the difference in the pore
size affects the adsorption capacity for molecules of different size and shape, and also this is one of
the criteria by which carbon adsorbents are selected for particular application (Xiao et al., 2012).

Table 2. Activation condition and characteristics of MCAC (Wirikitkhul et al., 2017)

Surface Mean pore Vgl (em’
Samples area (m? diameter g" )

p) (nm)
MCAC- 0.4530
900.180 950 1.91
MCAC- 0.4974
900.240 993 2.00
MCAC- 0.6218
950.180 1238 133
MCAC- ) 0.7343
950.240 1,417 2.07
AC lodine number 1,000 mg/g

Effect of factors on the melanoidin adsorption studies
Batch experiments were carried out to examine the effect of initial pH, initial concentrations,
contact time and agitation speed on the adsorption capacity of melanoidin.

Effect of pH. The results of different pH values versus amount of melanoidin absorbed per gram of
MCAC (qc) was shown in Figure 1a to study their effect on adsorption capacity. The maximum ¢
was found to be at pH 2 in range of 191.11- 377.78 mg g'l. The increasing of pH from 2.0 to 13.0
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causes a strong decrease in the adsorption capacity and decolourization of solution. The pH of
solution is one of the most important parameters in the adsorption investigations. Thus, as shown in
the results of this study indicated that the increase of pH hampers the interaction between the
negatively charged MCAC with the negatively charged melanoidin. The adsorption mechanism of
melanoidin onto activated carbon involves mainly physical adsorption by electrostatic interactions
and is favored in acidic pH (Theodoros et al., 2016).

Effect of initial concentration. The result of different initial concentration of melanoidin versus
amount of q. was shown in Figure 1b to study their effect on adsorption capacity. It is clear that
increasing the initial concentration, causes an increasing of ge and decolourization of solution
because of the greater number adsorption sites of MCAC samples.

(a) pH (b) initial concentration
400 300
350 4 250
0] S\
230 1 . g D
E 150 0L el 2100
“: - =
& 100 1 ‘/‘\\x—/"/ y— bl
50
50 -
0 R — 0+ T T T T
0 2 4 6 8 10 12 14 100 200 300 400 500 600
. PH x Ce. (mg/L)
—x—MCAC-900.180 min  —+— MCAC-900.240 min X MCAC-900.180 min ~ + MCAC-900.240 min
—0— MCAC-950.180 min MCAC-950.240 min © MCAC-950.180 min MCAC-950.240 min

Figure 1. Effect of factors on melanoidin adsorption experiments were carried out to investigate the
effect of: (a) pH and (b) initial concentration on melanoidin adsorption of MCAC

Effect of contact time. The results of different contact time versus amount of q. was shown in Figure
2a to study their effect on adsorption capacity. Adsorption of melanoidin was rapid in first of 500
minutes and after 700 minutes amount melanoidin absorbed was gradually increased with the
prolongation of contact time and almost constant. Therefore, for batch experiments 780 minutes
equilibrium time was used. The rapid adsorption at the beginning may be attributed to the rapid
attachment of the dye molecules to the surface of the sorbent and the following slower sorption to
intra particle diffusion (Patil et al, 2012). The initial rapid phase may also be due to the increased
number of vacant sites available at the initial rapid stage, consequently exist an increase in driving
force of the concentration gradient between adsorbate in solution and adsorbate in the adsorbent
(Namasivayam and Kavitha, 2002).

Effect of agitation speed. Effect of agitation speed on adsorption of melanoidin was investigated
with seven different agitation speeds and the results are given in Figure 2b. Amount of adsorbed
melanoidin increased with increasing agitation speed and the maximum q. was observed at agitation
speed 250 rpm and noticed significant decreasing of q. beyond this speed.

Adsorption Kinetics studies

Adsorption kinetics is a critical tool in the investigation of adsorption mechanism. Therefore, the
utilizing commonly used kinetic models, zero order, first order and second order were used to
describe the adsorption process. The best fitted model was considered based on the correlation
coefficient (R). The constants obtained from the three kinetic models were shown in Table 3 and
Figure 3. It is apparent that coefficients of second order in range of 0.9493-0.9796 is higher and
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closer to unity. Hence, it was concluded that melanoidin adsorption on MCAC is described by
second order model.

(a) contact time (b) agitation speed
300 800
01 600
:S‘? 400
E 200

i >

o 0+ T T

Tt 100 150 200 250 300 350
0 100 200 300 400 500 600 700 800
Time (min) X Speed (rpm)
x  MCAC-900.180 min + MCAC-900.240 min  —x— MCAC-900.180 min —+— MCAC-900.240 min
© MCAC-950.180 min MCAC-950.240 min ~ —0— MCAC-950.180 min MCAC-950.240 min

Figure 2. Effect of factors on melanoidin adsorption experiments were carried out to investigate the
effect of: (a) contact time and (b) agitation speed on melanoidin adsorption of MCAC

Table 3. Adsorption kinetic parameters for the adsorption of melanoidin

Temperature Contact time Zero Order First Order Second Order
C) (min) K R K R’ K R
900 180 0.0681 0.9343 0.00006 09422 3X10~ 09493
900 240 0.0929 0.9450 0.00009 09531 6x10” 0.9603
950 180 0.1165 09638 0.00010 09721 5x10” 09784
950 240 0.1596 0.9535 0.00020 0.9685 3X10” 0.9796

w0 26 f Q002

\ Zero order ) First order Second order
0] 267 00027
450 > 265
Canman, 2 00025

40 ‘Q;"Q%M«:TWW 2@ %%”"”“"““‘ ! M
it

410

26l e - 00023 e
390 259 7S
370 S5 .00z

e (o

350 258 |
z e o b u.us
200 300 400 5 7 100 200 3 B =
0 10¢ 200 0 400 SCO =00 TOO 800 0 100 200 300 |C? 300 600 700 800 D100 20 00 400 500 600 00 800
Lime (min} Time [min} Tifis (sain)
* MCAC 180 min C-S00.240 min + MUAC-200. 240 min XMCAC 900.180 mun. +MCAC 900.210 min
OMCAC $50.180 min \C 9502410 yuin p i MCAC-05G 240 min OMCAC 950,180 i MCAC 950.210 1mn
(a) Zero order (b) First order (c) Second order

Figure 3. Adsorption kinetic models of melanoidin onto MCAC; (a) zero order kinetic model, (b)
first order kinetic model and (c) second order kinetic model

Adsorption isotherms studies

Langmuir and Freundlich isotherms are widely recognized and have been successfully applied to
defining many adsorption equilibriums and evaluate adsorption equilibrium of melanoidin
solutions. Therefore, melanoidin adsorption data were analysed by Langmuir and Freundlich

equations (1) and (2), respectively;
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a, = C, 5 1 )
X X KX ,,
logX = logKk, + llogCe 2)
n

where K and gy, are Langmuir constants (L. mg™") and maximum monolayer adsorption capacity
(mg g™, respectively and Freundlich coefficients »# and K are related to adsorption intensity and
adsorption capacity, respectively. Langmuir and Freundlich isotherms are applied to evaluate

adsorption equilibrium of melanoidin solutions. Isotherm coefficients of both models are given in
Table 4 and Figure 4, by comparing these two isotherm models.

Table 4. Constants of Langmuir and Freundlich isotherms for melanoidin adsorption by MCAC

. Langmuir constant Freundlich constants
Sample name Seer Mean pore (mg g 2 2
(m? g) diameter (nm.) Imax N S8 K. (mggh) R* Kr(mgg') n R*
MCAC-
900.180 950 1.91 2.000.00 0.0018 0.9641 9.097 1.13 0.8788
MCAC-
2.000.00 0.0023 0.9810
900.240 993 2.00 10.610 1.31 0.9632
MCAC-
5 1,000.00 0.0121 0.9613
950.180 1,258 1.98 J 66.527 235 0.7668
MCAC-
C
950.240 1,417 2.07 1,000.00 0.0408 0.9414 104.954 2.43 0.9666
AC l;‘:;‘e number 1000 © 1301 00073 09551 38221 190 08416
(a) Langmuir isotherms (b) Freundlich isotherms
0.0040 Langmuir_Isotherm 520 Frewdlich isotherm
” it
L = 08
0.0030 o ~ -
0.0025 ” / b
= if: s
= 0.0020 B
260
0.0015
0.0010 45 O/
Omsoﬂ).' 0.006 0.010 0014 0018 0.022 0.026 0.030 0.034 ) 0:800 1006 Lo 150 500 i ‘f‘w 2000 220 240 2600
1Ce og Ce
%X MCAC-900.180 min + MCAC-500.240 min ©MCAC-950 180 min XMCAC-900 18C min +MCAC-900.240 min O MCAC-9%0.150 min
MCAC-950.240 min DAC MCAC-950 24C min DAC

Figure 4. Adsorption isotherms of the synthetic melanoidin on MCAC:; (a) Langmuir isotherms, (b)
Freundlich isotherms

The constants obtained from the model equations Langmuir and Freundlich were shown in Table 4.
The best equilibrium model was determined based on the linear square regression correlation
coefficient, R>. By comparing these two isotherm models, it can be seen that the data fitted better to
Langmuir model with a high correlation coefficient value in range of 0.9414-0.9810 whereas R* of
Freundlich in range of 0.7668-0.9666. The best fit isotherm expressions confirm the monolayer
coverage process of melanoidin onto MACA. This may be attributed to the monolayer distribution
of dye as well as the existence of homogeneous active sites on the surface of adsorbents (Li et al.,
2017). A similar result was reported for adsorption may be attributed to the monolayer distribution
of dye as well as the existence of homogeneous active sites on the surface of adsorbents on
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adsorbents materials produce from bagasse bottom ash (Simaratanamongkol and Thiravetyan, 2010)
and materials from chitin nanofibers (Dolphen and Thiravetyan, 2011). Table 5 presented summary
of maximum adsorption capacities (qmax) of the various adsorbents for melanoidin. Recorded in this
work, the gme of this study was found in range of 1,000.00-2,000.00 mg g and were higher than
found in AC (Guax=1,111.11 mg g™). A comparison with AC and other reported adsorbents showed
that the qmax value for the MCAC is the highest, indicating that MCAC is a good candidate for dye
removal from aqueous solutions.

Table 5. Isotherm constants reported for the adsorption of melanoidin

No. Adsorbent Adsorbate Ooeex E;ng g Ref.
1 MCAC Melanoidin 2,000.00 This study
2 BBA-AC Mélansidia 208 Simaratanamongkol and Thiravetyan.
(2010)
3 AC Melanoidin 232.08 Figaro et al. (2009)
4 Coal fly ash Melanoidin 53 Ojijo et al. (2010)
5 nax?ohflithl:rs Melanoidin 131 Dolphen and Thiravetyan..(2011)
100 )
80 - -
T A
260
g )
®ro 1 4
Z |d
o0 O~ MCAC-
£ 950.180 min
0

0 0.1 0.2 Mgsg (2 0.4 0.5 0.6

Figure 5. Decolourization of melanoidin using MCAC

The decolourization efficiency of melanoidin using MCAC

The decolourization efficiency of melanoidin using varies mass of MCAC was measured in ADMI
unit as shown in Figure 5. The decolourization efficiency increased with increasing of MCAC and
AC mass. It is clearly show that MCAC-950.240 min has highest decolourization efficiency than of
MCAC-950.180 min and AC. The results show that MCAC has potential to decolourization in
range of 95.39-97.01% as in ADMI unit.

CONCLUSION

The Melaleuca cqjuputi activated carbon proved to have potential for production as low-cost
adsorbent to decolourlization of melanoidine. The melanoidin adsorption capacity of MCAC
increased with increasing of initial concentration, agitation speed and contact time. It was found that
initial pH of solution was the most important parameters in adsorption investigations. The optimum
conditions for the removal of melanoidin was favoured at pH 2, contact time 780 min, agitation
speed 250 rpm, temperature 25 °C and initial concentrations 500 mg L. The kinetics of the
adsorption process was found to follow the second order kinetic model and the equilibrium data
were better described by Langmuir isotherm model with maximum monolayer adsorption capacity
of 1,000.00-2,000.00 mg g'. The MCAC can be successfully be used to decolorized melanoidin
containing wastewater with removal efficiencies more than 90% of ADMI unit. The Melaleuca
cajuputi activated carbon proved to be an efficient and economical adsorbent for treating water
polluted with dyes and for application in the sugar industry and other pigments from sugar syrup.

10" Eastern European Young Water Professionals Conference IWA YIWP,
7-12 May 2018, Zagreb, Croatia
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Abstract

Melanoidins are brown recalcitrant compounds present in the effluents of ethanol production, and brewery industry. It is difficult
to biodegrade by the conventional treatment processes. Adsorption process was reported to have achieved more than 90% of
melanoidin removal. However, due to its high operating cost has limited its use for wastewater treatment, alternative low-cost
adsorbents are finding from various materials such as plant waste. The L. Jeucocephala was reported as a potential material for
adsorbent due to their properties. The aim of this work was to produce the low-cost adsorbent L. Jeucocephala activated carbon
(LAC) derive from L. Jeucocephala char by CO, activation method. Batch experiments were carried out to determine the optimum
conditions for melanoidin adsorbed on LAC samples. Kinetic data and adsorption equilibrium isotherm were done in the batch
experiments. The results showed the LAC samples had the high surface areas in the range of 823.63-1,596.20 m"/g. Maximum
adsorption capacity of melanoidin on the LAC samples were found in the range of 588.24-1,666.67 mg/g. The optimum
adsorption conditions of the LAC were obtained at the contact time of 480 min, the initial melanoidin concentration of 1,000
mg/L, the initial solution pH of 2, the agitation speed of 100 rpm and the temperature of 65 C. This finding is a useful tool for
scale-up and design purposes to apply for wastewater treatment of industry. It can be concluded that the LAC is a potential material

to produce as a low -cost adsorbent for the removal of melanoidin from wastewater.

Keywords: Melanoidin, Adsorption, Leucocephala, Activated carbon, Low—cost adsorbent

Introduction

Melanoidins are dark brown color compounds present in the effluents of sugar industry, ethanol production,
bakery yeast processing and brewery industry (Ojijo, Onyango, Ochieng, & Otieno, 2010). Melanoidin is a
nitrogenous brown polymer and is a major pollutant when if is discharged into water resource system. It prevents
the penetration of sunlight that affects the photosynthetic activity of aquatic plants. Owing to their structural
complexity, melanoidins are difficult to biodegrade and only 6-7% of melanoidins is biodegraded by the
conyentional treatment processes (Gonzalez et al., 2000; Kaushik, Basu, Singh, Batra, & Balakrishnan, 201 7).
Hence, alternative treatment processes have been explored to remove melanoidin. In previous works, adsorption
process was reported to have achieved more than 90% of colour and melangidin concentration reduction
(Simaratanamongkol ‘& Thiravetyan, 2010; Onyango, Kittinya, & Qjijo, 2011). However, commercially
available activated carbon is expensive. Thus, researchers are interested to find cheaper adsorbents with high
adsorption efficiency. Biological materials can be considered as cheap, especially if it is abundant in nature. The
Leucaena leucocephala (L. leucocephala) is quick growing tree, abundant and available in large quantities in
many areas of Thailand. It has potential properties to be a material for activated carbon production because it has
high percentage of carbon (47.55) and fixed carbon (16.59) and low percentage of ash (1.78). It shows that

L. leucocephala is a suitable resource material for preparation of activated carbon.
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The objective of this study is to prepare activated carbon (AC) from L. Jeucocephala char by CO, activation
method at various temperature and contact time and apply to remove melanoidin from aqueous solution. Their
adsorption ability and effects of many variables, including solution pH, contact time, initial concentration,
agitation speed and temperature were investigated. Langmuir and Freundlich adsorption models were used to
describe adsorption isotherm, and in addition to investigate their adsorption kinetics. The results of this study
will increase value of L. Jeucocephala to use as low cost activated carbon for application of melanoidin removal

from wastewater of sugar industry, ethanol production, bakery yeast processing and brewery industry.
Methods and Materials

1. Raw materials

L. leucocephala charcoal was obtained from Suranaree University, Nakhon Ratchasima, Thailand. It was

crushed and sieved by sieve analysis (ASTM, 2004 ) to obtain samples in the range of 1.7~ 2.36 mm.
2. Preparation of melanoidin solution

Melanoidin was chosen in this study because it is dark brown color compounds present in the effluents
of the fermentation processes that use molasses. Thus, this study has used melanoidin as a model color. The
synthetic melanoidin stock solution was prepared by method that was reported in Kotsiopoulou, Liakos, and
Lazaridis (2016) by mixing 4.5 g glucose, 1.88 g glycine and 0.42 g sodium bicarbonate in 100 mL of
deionized water. The solution was heated in an oven for 7 hrs at 95 ° C. During heating various reactions were
carried out leading to the formation of melanoidins that are responsible for the dark brown colour of the solution.
After 7 hrs the mixture was removed from the oven, and was left to reach ambient temperature, then another
100 mL of deionized water was added (Liang, Wang, Zhou, & Liu, 2009). The resulting concentration of the
melanoidin stock solution was 25,500 mg/L. Selutions were prepared by diluting the concentrated stock
solutions. The wavelength of melanoidin concentration was determined by running a scan of melanoidin solution
on UV-Visible spectrophotometer (GENESYSTM20, USA) and the maximum absorbance wavelengths (A, )
was found at 291 nm,

3. Preparation of L. Jeucocephala activated carbon (LAC)

The L. leucocephala charcoal sample was loaded on a ceramic boat which was placed in a horizontal
tubular furnace (CTF 12/75/700/201-Cabrbolite, UK) and then activation processes are influenced by
activation with varies temperature 900 and 950 © C, at a heating rate of 5 © C.min"' under the flow of N,
gas. When the desired activation temperature was reached, CO, gas was allowed to flow in the furnace. The
activation time varied 60, 120 and 180 min. When the activation was completed, theisample was cooled to the
room temperature-under N, gas flow. In this study, the L.Jeucocephala activated carbon samples were named
LAC-temperature.time which indicated activation conditions-of the femperature and time, for example, LAC-
900.180. In this study had selected to use CO, is selected as an activator in this study due to its widespread
used as an activating agent and it's lower reactivity at high temperature, which makes the activation process
easier to control. In addition, CO, activation favors microporosity formation (Molina-Sabio, Gonzd lez,
Rodriguez-Reinoso, & Sepl'l Iveda-Escribano, 1996). And the L. Jeucocephala has lignin as major fraction;
being that its decomposition is difficult. Indeed, it is known that the decomposition of lignin occurs slowly from

200- 900° C. (Hayashi, Horikawa, Takeda, Muroyama, & Nasir Ani, 2002; Cazetta, Vargas, & Nogami,

L1
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2011; Foo & Hameed, 2011). The lignin molecules require a broad range of temperature for degradation
(Danish, Hashim, Ibrahim, Rafatullah, & Sulaiman, 2012). This implies that 900 ® Cis the beginning
temperature for physical activation processes. Thus, in this study the activation temperature was started at 900
° Cto950° C.
4. Characterization of the activated carbon
The porous properties of the LAC samples were characterized by a nitrogen adsorption isotherm with an
accelerated surface area and a porosimetry system (the Brunauer-Emmett-Tellet (BET), Bet Sorp mini II, Bet-
Japan). The BET surface area was calculated from the isotherms by using the BET equation. The Dubinin-
Astakhov (DA) equation was used to calculate the micropore volume. The total volume was found from the
amount of N, adsorbed at a relative pressure (P/P,) of 0.99 and converted to N, volume in liquid state. The
Point of Zero Charge (PZC) was determined using a potential titration method. The final pH was measured, and
the pH,,. was determined as the equilibrium converging pH value from the initial pH versus adsorbent mass
curve,
5. Adsorption experiments
In order to investigate the effects of contact time, initial melanoidin concentration, initial solution pH,
agitation speed and temperature on melanoidin adsorption, 0.2 g LAC samples were added into 100 mL
melanoidin solutions. The contact time are in the range of 240-1,080 min, the initial melanoidin concentration
in the range of 200-1000 mg/L, the initial solution pH in the range of 2-12, the agitation speed in the range
of 100-350 rpm and the temperature in the range of 25-65 © C were varied in order to study these factors.
The concentration of melanoidin in the supernatant solutions before and after the adsorption of melanoidin was
analyzed. The optimum conditions of adsorption experiments were analyzed by mean and standard deviation
(SD) and analysis of variance with One Way ANOVA and Paired Sample T-Test (SPSS version 23).
6. Adsorption isotherms and kinetics
The equilibrium isotherms of the melanoidin adsorption on the LAC samples were conducted through the
batch experiments. Adsorption isotherms were performed by varying mass of LAC (0.1-0.5 g), and the 100
mL melanoidin solution with the initial melanoidin concentration of 1,000 mg/L was added to 250 Erlenmeyer
flasks which were placed in the shaker (agitation speed of 100 rpm) at temperature 65 °C and pH 2 for 480
min. The initial and remaining concentrations of the melanoidin solution were measured. For comparison
purposes, the similar batch adsorption experiments were also conducted for commercial activated carbon (AC).
The AC which was used to compare with LAC samples was obtained from Cabot Corporation Ltd., Thailand.
The AC has Todine number 1,000 mg/g, moisture 5%, ash content 3.9%, bulk density’ 0:46-0.50 g/mL and
methylene blue 185 cc/g. The adsorption kinetics studies were carried out, and the 200.mL. melanoidin solution
with the initial concentration of 1,000 mg/l. was withdrawn at certain time intervals (15 min) until the

equilibrium was-reached.
Results and Discussion
1. Yield and characterization of LAC

As for the properties, a pore structure (in terms of a surface area and a pore volume) is an important

characteristic of activated carbon. In general, activated carbon with a high surface area, porosity and high percent

12
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yield, allowing large capacity of adsorption, is desirable. In this study, the results of the porosity parameters
calculated from nitrogen sorption isotherms and the percent yield are collected in Table 1. The percent yield of
the samples are in the range of 18.06- 66.97% and surface area are in range of 823.63-1,596.20 me/g. The
results showed LAC samples had good properties to be used as AC with high surface area, pore volume and high
percent yield. These due to the activation of char with CO, must have involved the C-CO, reaction. This would
lead to the removal of carbon atoms and also cause the burn-off, there by contributing to the development of
micropore structure. Activating reaction rate ascended with the increasing temperature, which enhanced this
process and produced lots of micropores. Consequently, BET Surface area increased and yields decreased.
However, when the temperature exceeded 800 °c, the freshly formed micropores structure was destructed then
some micropores developed into mesopores and macropores, which caused the decline of specific surface area
and rise of external specific surface area (Rodr' 1 guez-Reinoso & Molina-Sabio, 1992). The pH,;, of the
LAC adsorbent was 9.32, where the net surface charge of the adsorbent is zero.

From the data presented in Table 1, the pore size distribution of the LAC samples illustrates that the
mean pore diameter (Dzr) is in the range of 1.79-1.86 nm which is very near 2.0 nm. These indicated a great
development of micropores based on the classification adopted by IUPAC: micropores (<2 nm), mesopores (2~
50 nm) and macropores (>50 nm). Pore size distribution is a very important property of absorbents because the
differences in the pore sizes affect the adsorption capacity for molecules of different sizes and shapes, and this
is also one of the criteria by which carbon adsorbents are selected for a particular application (Xiao et al., 2012).
Activation of LAC chars with CO, was carried out as the temperature 900, 950 ol Varying activation times
of 60, 120 and 180 min. Increase activation temperature increase surface area and pore volume, due to the
removal of pyrolysis gaseous products within the pore walls leads to pore widening and formation of micropores.
However, increase activation times with prolonged beyond 120 min, due to over gasification, hypothesized to
be a result of the micropore structure collapse caused by the surplus CO, steam, causing particle sintering and
reducing the surface area (Hou, Liu, & His, 2015). The activation temperature had a significant effect on the
development of the porous structure (Ding et al., 2014; Kacan, 2016). As shown in Table 1, only the LAC-
900.60 sample had low total volume of 189.23 cm®/g and much different from the other sample. Therefore,
five LAC samples (LAC-900.120, LAC-900.180, LAC-950.60, LAC-950.120 and LAC-950-180)
with surface area and total volume in range of 986.44 -1,596.20 m"’/g and 223.34-366.73 cmalg
respectively were selected to further investigate the effects of the factors on the adsorption, isotherm and kinetic

experiments.

Table 1 Percent yield and parameters of porous structure of LAC samples

Teprinaponditions Yield (%) Sour (m*/8) Vion'/g) D, (nm)
Temp ( C), Time (min)

80 66.97 823,65 189.23 1.7949

900 120 51.45 986.44 226.64 1.825
180 141.39 972.09 223.34 1.852

60 61.70 1,596.20 366.73 1.793

950 120 39.39 1,081.20 248.41 1.852
180 18.06 1,270.00 291.80 1.859

13
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2. Effects of factors on melanoidin adsorption onto LAC

2.1 Effect of contact time: The results of different contact time versus amount of melanoidin absorbed
per gram of LAC (q,) was shown in Figure 1 to study their effect on adsorption capacity. Adsorption of
melanoidin was rapid in first of 360 minutes and after 480 minutes, amount melanoidin absorbed was gradually
increased with the prolongation of contact time and almost constant. Therefore, for batch experiments 480
minutes equilibrium time was used for adsorption isotherm studies. The rapid adsorption at the beginning may
be attributed to the rapid attachment of the melanoidin molecules to the surface of the LAC and the following
slower sorption to intra particle diffusion. The initial rapid phase may also be due to the increased number of
vacant sites available at the initial rapid stage, consequently exist an increase in driving force of the concentration
gradient between adsorbate in solution and adsorbate in the adsorbent (Patil & Shrivastava, 2012; Namasivayam
& Kavitha, 2002). At the end of the process, the adsorption capacities become slower due to the saturation of
active sites (Li & Wang, 2009).

2.2 Effect of initial concentration: The result of different initial concentration of melanoidin versus
amount of q, was shown in Figure 2 to study their effect on adsorption capacity. It is clear that increasing the
initial concentration, causes an increasing of q, and decolourization of solution because of the greater number
adsorption sites of LAC samples. This indicated that the initial melanoidin concentration plays an important role
which provided the necessary driving force to overcome the resistances to the mass transfer of melanoidin between
the aqueous and the solid phases (Attia, Girgis, & Fathy, 2008). The interaction between adsorbate and
adsorbent was also found to enhance with the increase in the initial concentration. Thus, it can be concluded that
higher initial concentration enhances the adsorption uptake of melanoidin. Therefore, for batch experiments

equilibrium initial melanoidin concentration 1,000 mg/L. was used for adsorption isotherm studies.
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Figure 1 Effect of Contact time on the adsorption of Figure 2 Effect of initial melanoidin concentration on the
melanoidin on.LAC adserption of melanoidin on LAC

2.3 Effect of initial pH solution: The results of different pH values versus amount of q, was shown in
Figure 3 to study their effect on adsorption capacity. The maximum q, of all LAC samples were found to be at
pH 2 in range of 323-436 mg/g. The increasing of pH from 2.0 to 13.0 causes a strong decrease in the
adsorption capacity and decolourization of solution. The pH of solution is one of the most important parameters

in the adsorption investigations. As previous mentioned, the pH,, of the LAC adsorbent was 9.32. The pH value
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below pH_ and it indicates the surface of the LAC has positive charge. On the other hand, the melanoidin
molecule has a negative charge, because of carboxyl groups which have a high density of electrons. Therefore,
the melanoidin adsorption in acidic pHs will perform better than the alkaline, which is in agreement with the
obtained results, Thus, as shown in the results of this study indicated that the increase of pH hampers the
interaction between the negatively charged LAC with the negatively charged melanoidin. The adsorption
mechanism of melanoidin onto activated carbon involves mainly physical adsorption by electrostatic interactions
and is favored in acidic pH (Liakos & Lazaridis, 2016 ). Therefore, further experiments were carried out keeping
the initial pH solution of 2.

2.4 Effect of agitation speed: The effect of the agitation speed on the melanoidin adsorption of the LAC
samples was investigated and the results are shown in Figure 4 as the amount of melanoidin adsorbed per gram
of LAC (q,) versus agitation speed. The q, increased with an increase of the agitation speed. It was observed
that the q, of all LAC samples was not significantly different between the agitation speeds of 100-300 rpm and
the q, was in the range of 341-484 mg/g. Beyond that, the q, gradually decreased. The effect of the agitation
speed is one of the important factors which plays the key role to control the solid -liquid mass transfer mechanism
while affecting the external boundary film as well as the distribution of the solute in the bulk solution

(Priyadarshini et al., 2018). Therefore, further experiments were carried out keeping the agitation speed at 100

rpm.
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Figure 8 Effect of pH on the adsorption of melanoidin Figure 4 Effect of agitation speed on the adsorption of

on LAC melanoidin on LAC

2.5 Effect of temperature: Variation of adsorption of melanoidin on the LAC with temperature is shown

5. The amount of the adsorbed melanoidin increased with increasing temperature, indicating an

in Figure
endothermic proeess. This might be due to increasing mobility of the melanoidin molecules and an increase in
the number of active-sites for the adsorption with increasing temperature (Yagub et al., 2014). This was
comparable with the results obtained during various studies reported in the literature (Karacetin, Sivrikaya, &
Imamoglu, 2014; Dural, Cavas, Papageorgiou, & Katsaros, 2011). Therefore, further experiments were carried

out keeping the temperature at 65 Y.

15
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Figure 5 Effect of temperature on the adsorption of melanoidin on LAC

3. Adsorption isotherms and kinetics

3.1 Adsorption kinetic study: Adsorption kinetics is a critical tool in the investigation of adsorption

mechanism. Therefore, to utilize the commonly used kinetic models, zero order, first order and second order

were used to describe the adsorption process. The best fitted model was considered based on the correlation

coefficient ('Rﬂ). The constants obtained from the three kinetic models are shown in Figure 6 and Table 2.

It was apparent that coefficients of the second order (0.9783-0. 0.9934) were higher and closer to unity.

Thus, it was concluded that the melanoidin adsorption on the LAC was described by the second order model.

The kinetics of the melanoidin adsorption onto the LLAC adsorbents were prerequisite for choosing the best

operating conditions for the full -scale batch process to treat melanoidin from wastewater.
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Figure 6 The kinetic models for melanoidin adsorption on LLAC samples a) zero order kineties b) first order kinetic and

¢) séeond.order kinetic

Table 2 Kinetic parameters for melanoidin adsorption-on LAC

—— Zero Order First Order Second Order
k R? K, R k, R
LAC-900.60 0.7094 0.9264 0.0005 0.9600 2x10°° 0.9823
LAC-900.120 0.8432 0.8969 0.0006 0.9511 3x10°° 0.9840
LAC-950.60 0.4661 0.9509 0.0003 0.9664 851077 0.9783
LAC-950.120 0.7117 0.9328 0.0005 0.9674 2x10°° 0.9875
LAC-950.180 0.7184 0.9545 0.0005 0.9802 2x10°° 0.9934
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3.2 Adsorption isotherm study: Langmuir and Freundlich isotherms are widely recognized and have been
successfully applied to defining many adsorption equilibriums and evaluating adsorption equilibrium of
melanoidin from aqueous solutions. Therefore, melanoidin adsorption data were analyzed by Langmuir and

Freundlich equations 1 and 2 respectively:

€ (& 1
= w €h)
X Xm KX,
1
logX = logK;, + —logC, (2)
n

Where K and q, are Langmuir constants (L/mg) and maximum monolayer adsorption capacity
(mg/g) respectively, and Freundlich coefficients n and K, are related to adsorption intensity and adsorption
capacity respectively. As for the previous finding of optimum conditions in this study, the experiment was carried
out to investigate the adsorption isotherm with the initial concentration of melanoidin of 1,000 mg/L, the contact
time of 480 min, the agitation speed of 100 rpm, the initial solution pH of 2 and keeping temperature at 65
® C in order to understand the mechanism of adsorption. The constants obtained from the Langmuir and
Freundlich isotherm equations are shown in Figure 7 and Table 3. The best isotherm model was determined
based on the linear square regression correlation coefficient, R®. By comparing these two isotherm models, it can
be seen that the data fitted both of isotherms with a high correlation coefficient (R?) value of Langmuir and

Freundlich model were in the range of 0.9583-0.9925 and in range of 0.9335-0.9932 respectively.
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Figure 7 a) Langmuir and b) Freundlich isotherm plot for adsorption on LAC samples under optimum adsorption conditions

Table 8 Parameter values of LAC samples calculated using Langmuir and Freundlich adsorption models

Activation condition | Langmuir constants Freandlich constants
Tewp Tme G G K, o K " &
() (min) (mgg")  (Lmg™) (mg ™)
900 120 986.44 641.03 0.0206 0.9677 a21.18 2:28 0.9885
900 180 972.09 625.00 0.0151 0.9583 47.31 2.32 0.9375
950 60 1,596.2 §69.57 0.0408  0.9925 87.86 2.18 0.9771
950 120 1,081.2 684.93 0.0276  0.9882 72.49 2.49 0.9874
950 180 1,270.0 645.16 0.0172  0.9788 51.22 2.32 0.9932
AC * 500.00 0.0126 0.9411 33.19 2.06 0.9335

*AC: Todine number 1,000 mg/g
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In Table 4 presented summary of maximum adsorption capacities (q,, ) of the various adsorbents for
melanoidin. Recorded in this work, the q_,, of this study was found in range of 625.00-869.57 mg/g and
were higher than found in AC (q,,, = 500 mg/g) which was determined in t the same condition of this study.
A comparison with other reported adsorbents showed that the q,, value for the LAC is the higher than the other
adsorbent (Table 4). This due to mean pore diameter of LAC samples are mainly micropore. The micropore and
mesopore have a good adsorption efficiency for compounds such as tannic acid and melanoidin. This indicated
LLAC is a good candidate adsorbent for melanoidin compounds from wastewater, which represents a large source

of the aqueous pollution in sugar cane industries (Figaro et al., 2006).

Table 4 Isotherm constants reported for the adsorption of melanoidin

No. Adsorbent Adsorbate Qe (Mg 87) Ref.
1 LAC Melanoidin 869.57 This study
2 ACt Melanoidin 500 This study
3 BBA-AC? Melanoidin 208 Simaratanamongkol & Thiravetyan, (2010)
4 AC Melanoidin 232.08 Figaro, Avril, Brouers, Ouensanga, and Gaspard
5 Chitin nanofibers Melanoidin 131 Dolphen & Thiravetyan, (2011)

Notes: ' BBA-AC: Activated carbon from bagasse bottom ash; * AC: Todine number 1,000 mg/g

4. Thermodynamics of adsorption study

In adsorption studies, temperature plays-an important role. The temperature results show that with
increasing melanoidin solution temperature, the g, value of LAC increased (Figure 5). The thermodynamic
parameters for melanoidin adsorption onto LAC, including the Gibbs free energy (AG), enthalpy (AH) and
entropy (AS) were calculated to analyze the feasibility of melanoidin adsorption via thermodynamic scrutiny by
using the following equations 3~ 4 respectively:

AGT="T-RT In(K,) ()
AS AH

B\/37%, P

where K_ is the Langmuir constant related to energy of adsorption, T is the temperature (K) and R is
the universal gas constant (8.314 J mol K™ (Barrett et al., 1951; Lippens and de Boer, 1965; Mall et al.,
2005). AH was determined graphically from the linear plot of In K, versus 1/T (Figure 8), and the values of

AG and AS computed numerically, are presented in Table 5.

Table 5 Thermodynamic parameters for synthetic melanoidin adsorption on LAC at various temperafures

Adsorbent Temperature (* K) AH (KJ mol™) AS (J mol K ™) AG (kI mol™)
LAC-900.120 298.15-338.15 22.64 80,52 -23.98 -(-27.20)
LAC-900.180 2985.15-358.15 17.84 58.64 -17.47 -(-19.81)
LAC-950.60 298.15-338.15 22.22 85.26 ~25.40 -(-28.81)
LAC-950.120 298.15-338.15 29.05 103.29 -30.77 -(-34.90)
LAC-950.180 298.15-338.15 17.08 59.47 -17.71 -(-20.09)
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Figure 8 Plot of In Kc vs 1/T for melanoidin for adsorption on LAC

The results show the positive value of the enthalpy (AH) in range of 17.08-29.05 kJ/mol indicated the
adsorption of melanoidin on LAC are endothermic. And the results of Gibbs free energy (AG) show the negative
values that indicative the adsorption process is spontaneous in nature and that the degree of spontaneity of the
reaction increases with increasing temperature (Argun & Dursun, 2008). In addition, the magnitude of AH
denotes the type of adsorption process, whether it belongs to the physical adsorption or chemical adsorption. It
has been reported that the magnitude of AH for the physisorption reaction is < 20 kJ/mol, whilst for the chemical
adsorption, the value is within 80-200 kJ/mol (Chowdhury, Zain, & Khan, 2012; Zhao et al., 2015).
Therefore, the calculated (AH) of this study is about in range of 17.08-29.05 kJ/mol suggests that the
adsorption of melanoidin is physisorption, and consistent with the reduction in amount of melanoidin adsorbed
at an elevated temperature. And the results of the entropy (AS) show the positive values in range of 58.64 -
103.29 T mol™ K™ were indicative the inéreased randomness at the solid/solution interface during the adsorption
process. It could be concluded that adsorption mechanism between LAC and melanoidin, is physisorption and
could occur at room temperature so it was spontaneous in nature, When the environmental temperature increased,
the probability of molecule of melanoidin increased for attack each other and movement. Hence, higher adsorption
efficiency increased when increasing temperature. This explanation supported endothermic and freedom of

molecule of melanoidin for random adsorbed on LAC.
Conclusion and Suggestions

The agtivated carbon that was produced from L. leucocephala charcoal by, CO, activation method at
temperature/900=950 ©C and activation time in range of 60-180 min, hadsurface area in range of 823.63-
1,596.20 m’ /g and mainly micropore. These results ifidicate that the L. feveocephala tree has potential material
for production as low cost activated carbon. According to.L. Jeneocephala charcoal has lower price than coconut
shell and coal which are material for commercial activated carbon. The study of melanoidin adsorption on LAC
can be deduced from the experimental data as following conclusion; the optimum conditions for melanoidin
adsorption was favored at pH 2, contact time 480 min, agitation speed 100 rpm, temperature 65 °C and initial
melanoidin concentration 1,000 mg/L. The kinetics of the adsorption process was found to follow the second

model and the equilibrium data were better described by both Langmuir and Freundlich isotherm model with
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maximum adsorption capacity of 625.00-869.57 mg/g. And the result of thermodynamic study supported
melanoidin adsorption on LAC was physisorption and endothermic. In conclusion of this study, the LAC proved
to be an efficient and economical adsorbent for using in wastewater treatment application to remove melanoidin.

These finding is good to increase the value of L. leucocephala tree for using more application.
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