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PENSUPA WIRIKITKHUL : APPLICATION OF MELALEUCA CAJUPUTI
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MELALEUCA CAJUPUT/ADSORPTION/METHYLENE BLUE DYE/HEATING

ACTIVATION

Textile effluents is contaminated with color and heavy metal in the dye, mixed
in the wastewater and the substance is toxic to the environment. Currently, dye
removal in wastewater has a variety of methods. In each of them, there are different
ways to eliminate them. The researcher focused on dye removal by adsorption process
with activated carbon from Melaleuca cajuputi Powell. Because of their properties
and low-cost of production. In this study, Melaleuca cajuputi Powel activated carbon
(MCAC) was prepared by physical activation method with carbon dioxide, activation
temperature in rang of 800-1,000 °C, at activation time in range of 60-240 min. It was
found to have BET surface in range of 660-1,497 m?g" and mean pore dimeter of
MCAC are in range of 1..7745-2.1552 nm. The Methylene blue dye (MBD) adsorption
ability and effects of MCAC including solution pH, initial concentration, agitation
speed, temperature and contact time were investigated. The results showed Langmuir
isotherm was represented the adsorption equilibrium with correlation coefficient (R?)
value in range of 0.9901-0.9983. The MBD maximum adsorption capacity found in

this study are in range of 40.16-73.53 mg g-1. The kinetics of the adsorption process



fl

was found to follow the first order kinetic model with a high R?value in range of
0.9977-0.9994. The results of optimum conditions for MBD adsorption capacity of
MCAC was found at contact time 8 hrs, initial MB concentrations 20 mg/l, agitation
speed 150 rpm, temperature 25-30 °C and pH 7-8. The MCAC column performance
was evaluated by the COD and color removal efficiency of treated textile effluent
which was treated with coagulation process. The results showed MCAC column had
COD and color removal efficiency in range of 25-50 % and 84.15-86.03%
respectively. And the empty bed contact time in the column was calculated and found
to have 139 hrs. These results could be concluded that MCAC has the potential to use

as low-cost adsorbent to remove dye from textile wastewater.
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X X, KC
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m 1+ KC,
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. 1
<—— Y Intercept = X_

m

O

319 2.8 AuMIUVY Langmuir

2.4.6.2 quMIUUY Freundlich
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=
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X
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A [ Y 1 Y Y v A
MnauMsi 2.4 aunsosagilaumslieglugivesaumaduaseldasaumsi 2.5

logX = logK, + %IogCe (2.5)
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log X, Slope = 1
n

y intercept = logK

log C,

319 2.9 @MUY Freundlich
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1 U 1 = - 1 v v o o 1
voans1iminy = HAagNYARAUULDIY y NN 1ogKﬁﬁmmauﬂﬂmuammm n
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(C,-C,)[1+(B-1)(C,/C,)] (2.6)
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y intercept = _1

@)

319 2.11 erumsuu BET

247  vaunamanimsgady
P UIGIAUNAMAASVDINITAATUAIGUDUTIADIN AT A TAT A1
annsoutseenily 2 tuusiaeandn Ao nuudiasalfnse1n13gadiu (adsorption reaction
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v H
=1
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199 Felunszurumsgaduifelfisemagasuszninasaaduiuigady
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(dqt/ dt) = kl(qc_qt)

a a A = = Y
DUNNTATUNIT 2.8 NI t=0 DI t=t 1as q=0 N q,= q, i]ghl@

q,= q. (1-exp (-k,)
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Activation Activation Burn- Sger V iero Veso Vorotal

temperature (o) time (min) off (%) (mz/g) (cms/g) (cms/g) (cmslg)
Intermediate
pyrolysis
BC/500 - - - 107 0.0461 0.004 0.0501
BC/800 - 4 - 249 0.1077 0.0062 0.1139
N,/CO, without
cooling
AC1/800/60 800 60 30 716 0.2905 0.0162 0.3067
AC1/800/120 800 120 51.2 850 0.3444 0.0234 0.3678
AC1/800/180 800 180 59.9 799 0.3304 0.0134 0.3438
AC1/900/60 900 60 73.1 1126 0.4929 0.0275 0.5204
AC1/900/120 900 120 81.8 1.7 - - 0.0074
AC1/900/180 900 180 87.3 o - - 0.0061

N,/CO, with cooling

AC2/800/60 800 60 ‘ 47.9 ‘ 724 ‘ 0.2786 ‘ 0.0433 ‘ 0.3219
Direct CO,

AC3/800/60 800 60 27 786 0.3283 0.0086 0.3369
AC3/900/60 900 60 67.1 807 0.3349 0.0099 0.3448

M13°99 2.20 AIN139aFD To ToRuve Su-Hwa Jung and Joo-Sik Kim (2014)

Activated carbon AC1/800/60 AC1/800/120 AC1/800/120 AC1/900/60 CCA

Iodine number (mg/g) 528 613 625 830 724

*Commercial coal-based activated carbon
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y , | Burn-off Wufima | mmagaduleleau | mmagadunmiauug
aINITAU | NAINITAY {
(%) Sger (m'/g) (mg/g) (mg/g)
CO, 10 25 380 286 16
60 36 549 474 84
120 46 678 640 125
180 56 847 725 220
270 75 994 929 318
360 82 1089 936 345
H,0 10 30 466 471 14
60 42 622 690 113
120 51 778 819 221
270 79 1193 968 311
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Surface area (mz/g)
gzl lumsnszu
STEZNAMINGZAUGIY | STEZMMINIZOUME | 3TESIAIMINIZAUA
T ("C) Water vapour (min) Carbondioxide (min) Air (Oxygen) (min)

30 120 240 30 120 240 10 15 30
800 1,143 2,063 2,703 880 1,176 2,016 944 907 679

850 1,867 2,213 2,928 934 1,669 2,090 1,013 973 -

900 1,812 2,169 2,870 880 1,541 2,045 953 953 -

950 2,126 2,870 - 1,669 1,998 - 989 713 -
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Specific
Activation Activation Pore volume Micropore Micropore
surface area s ,
temperature ("C) time (min) ) (cm'/g) volume (cm'/g) ratio (%)
(m'/g)

700 60 302 0.154 0.135 87.7
720 60 311 0.159 0.143 89.9
740 60 465 0.239 0.186 77.8
760 60 392 0.201 0.144 71.6
740 90 348 0.179 0.142 79.3
740 120 405 0.208 0.153 73.6
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1 Moisture Moisture at 105 °C 28.10 %
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3 Volatile matter Volatile matter at 950 °C 57.87 %
4 Fixed Carbon Fixed Carbon 13.17 %
5 Carbon CHN 628, 628 S, Truspec 48.59 %
6 Hydrogen Mirro O 6.97 %
7 Nitrogen 0.60 %
8 Sulfur 0.05 %
9 Oxygen 40.50 %
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Temperature Time ) V tor (€M'/Z)

. (%) Yield (%) (m'/g) diameter (nm)
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800 120 24.23 75.77 - - -

850 120 28.65 71.35 - - -

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
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MINNNYRIgUMYNazszez a1 lumInszduaIna IHIa U INgUEN AR ABYBIFNTY
. Y = A, A ' v @ c’ll y &
(mean pore diameter) g9n 1y 1@28 Tumsiniaselinumdsgwyuvessunuiud liiadaun
A X v < <3 3
NAUNUAUIIN 1.7748-2.1552 W Tuwas saidlugnyuvinanais-vinaan sumn lag ITUPAC:
. Y 9y

micropore (<2 uﬂumm), mesopre (2-50 uﬂumm) 1482 macropore (> 50 uﬂumm) 1%

a Y o 91 v o Jaa 9 3 U ] A 2
guigiilumsnszquaing laawnuiuaniilassadragnyuvinadandludiulng uadey

a 9 3 1 v o J =) 9
gungilumMInszqugvuaIUILITUAIZl IATIa I 1 NI UVLIANA N tazlT AT Ny U
A ¥y X I A
IWUHINUY (Sun and Jiang, 2010; Demiral et al., 2011) FIN1TNTIBVUIAVOIFHTUTUAULIA
NA1AYVINYOIAITRAFY 1HBIDINAIUUANAIIVDIVUIAVDIFUIULHANTLINVAD
anuasnlunsgady Tuananlvinauaz 15 19uana1anuInmMsane WU vuIag

1 v o Ia v A 2 o

winvesmuniuAnmuzanlumsgadudden fie vuiana sagnguvanaelisiuIu

J o Y o a 49! Y 3’; 9 Y 1 a =
i la sz limsgadumavuldamniu vagldszeznandigaugaanas (59m diya,

3 J @ o @ 4 ) @
2559; Miguel et al., 2003) lla3lﬂULﬂmmGlUﬂ’liﬂ@!a@ﬂ@j@ﬂcﬁUﬂ’liﬂ@ua1wiﬂﬂ151%}\j1u

9
v W

. =2 y Ao o a (J ' ' v o Y I
MWIZ (Xiao etal., 2012) a9tin TumsdnmInsall BeAa@endIg 9 UA LA liidday1
H Y 1 ]
(MCAC) $1149u 5 90 NUNUAHIFIND 1,000 A151UUATABNTY 101 NANEIANNA 15D
lunisgadu@ MBD 1a98Miinanon159A% U N15ANY1 Breakthrough curve ¥0IN15AAGUT
9 1 v o 9 <3 [ .4 79 Y o o
dowuosnunuiug ifaiavnluganaassneauil taznsilszgnd 191se Teani lumsihiia
Y
htiainderondon

v d

d Y] U
4.3 NﬂfniﬁﬂH1ﬂﬁu‘Wﬁﬂ1ﬁﬂ§ﬂ1ifg‘]ﬂ"l§U Methylene Blue Dye mmdmnuuuﬂ

% <&
Iasinan

U @ 1 v o J
MNWANISANE AU FAUAANI1TGATUT Methylene Blue Dye Y01 1UANIUA 11

a o 1A

< = dy 9 = Aa A Jy 9 a =Y
LFUAV Mﬂﬁﬁﬂmu%msazmﬂﬁmmﬂaauu’gmmmumu 20 Yaansuaeans Usuiag

'
a Aaa o = =)

200 Jadans 1 e 150 seusowil Tagdannududuves MBD fitvdengnna 10 i
2 Y 1 = = v 2
Wiz gauga Unansdny agee 1l
d o o [
431 WanIsANYINAUNAMIAA5E1%IUNI5QATY Methylene Blue Dye U
1 U U 4 <&
aumiud lsiadiaun
v < aan ' ) [ Y
HamsAnu19a3 13 gas e lunsdgaugadimiunisgady Methylene

U v W 4 o @ < a aan
Blue Dye ﬁ?ﬂﬂ”li!ﬂﬂ%i!@]“]gﬂ MCAC L‘ﬁEJ']Jﬂ']J’éTllﬂTi’O@i"ILi’J‘U’OQLﬂﬂﬂQﬂiﬂ"lﬁ}ﬁﬂﬁllﬂ"li
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o [

4 o {a [ ] J @ < a aan
%auWﬁﬁ'lﬁﬂﬁﬂ'lﬁﬂﬂ“]iUﬁufﬁJﬁl%}ﬂu@fJ'l\‘]L!Wﬁ‘Via'lfJ ﬁ@ ﬁ'iJﬂ15ﬂﬂ31lﬁﬁﬂlﬂﬁlﬂﬂﬂ§]ﬂﬁfﬂ@uﬂ‘ﬂ
Jd v W & v W I o Y A v Aa
AUY DUAVNUI LAZDUAV T L‘]J’LlﬁJJﬂ1§‘0ﬂuwaﬁ?ﬁﬂﬁﬂi%@‘ﬁUWﬂﬂWﬁﬂﬂ“ﬁUﬂW'J‘llf]\iﬁ']i@.ﬂ

o a 1 o v a 4
¥y Tﬂawmﬁmwmmfmﬁuwuﬁm@mumﬁaﬂaaamﬁu (linear regression correlation, r2) 110

o 9

= S o 4 ' Y 9 o Y 9y
HIVDYAINNITANHINUVIUANNANNUDTICHINANNUNUUNULIAN ﬂxl’lﬂﬂiﬁ/‘hﬁuﬂiﬂ

o A o w 1 A o < aan v o & v W
muﬁm“lugﬂ‘n 4.3(n-A) 91ua1aU ﬂ']ﬂ\i“l/l?)ﬂi']ii')‘llf’)\iﬂj;]ﬂﬁfﬂﬂuﬂ‘ﬂﬁuﬁ Uagauauaan

[

Y @ Y =2 v A [
mlangadaveuduass wamsaniasaglluased 4.3 awday

4 { J J [ v a Y
fl]'lﬂ@”fl"l\“l‘ﬁ 4.3 nggﬂﬁ 4.3 WUN AMTUTUNUTUDITUNITIDADDYLBILA U

v
v v v =

4 ] 1
(linear regression correlation, rz) 611EN’diJﬂTii]a‘L!‘Wﬁ?HE‘TG]5ﬂ1§@ﬂ%ﬂ®uﬂﬂﬂuﬂﬂ§lj1u%ﬂﬂ

A Y 1 = I Y '
0.9977-0.9994 (NAKNUIN N.) ummafﬂﬂa 1 410N LaziANUYUIaUATININANTUNIS

4 o v W o v o % g’/ ] Y
fuau‘wamﬁmmi@@%uauﬂug{uﬂuazeuﬂuﬁm PNUHU ﬂ1§§§]@°]5“lJ Methylene Blue Dye £y
' v v MY I = v 1y s v o W & =
ﬂ'I‘L!ﬂllllu@lulﬂlﬁﬂﬂslﬂﬂi]\iﬁﬂﬂﬂa@\‘lﬂﬂﬁhﬂ1§i]ﬁu%laﬁWﬁﬁiﬂWi@@%‘U@u@‘UWu\‘l i P\NLAN]

o < a aan = o Y- g’/ Y o w .
E]Glﬁ'ltfl"ﬁl@ilﬂ'lilﬂﬂﬂ&]ﬂﬁfJ'lﬂWi@@“b“]JiJﬂ'ﬂiJﬁiJWH‘ﬁﬂ‘]Jﬂ'JnJlealjiJelsljueUaﬂﬁWi@Q@uﬂﬂﬂ'la\i'ﬂﬁ\?

A 1 A o < o
FATINN 4.3 APNNBATUIINTTAABY Methylene Blue Dye @91}’38 MCAC

Tenperature  Contactime Zero Order First Order Second Order
(C) (min) K R’ K R’ K R’
950 180 0.0168 0.9464  0.0008 0.9985 0.0003 0.9654
950 240 0.0185 0.9336  0.0011 0.9994 0.0004 0.9287
1,000 120 0.0164 0.9629  0.0007 0.9991 0.0002 0.9712
1,000 180 0.0195 0.9387  0.0013 ~ 0.9977 0.0006 0.9027

1,000 240 0.0189 0.9200 ~ 0.0012 0.9989 0.0006 0.9118
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200
18.0
16.0
140
120
100
8.0
6.0
4.0
20
0.0

Ce, mg/l

©1000.240 Min
950.240 Min

Zero Order

0 100 200 300 400 500 600 700 800 900

Time, Min
1000.180 Min
©950.180 Min

1000.120 Min

14
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1.0
0.9
08
07
0.6
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04
03
0.2
0.1
0.0

Log Ce

©1000.240 Min
950.240 Min

First Order

0 100 200 300 400 500 600 700 800 900

Time, Min
1000.180 Min
©950.180 Min

1000.120 Min

Second Order

0
0 100 200 300 400 500 600 700 800 900

Time, Min
1000.180 Min
©950.180 Min

©1000.240 Min
950.240 Min

1000.120 Min

(N) Zero-Order

(V) First Order

(M) Second-Order

A s o Y, ! v W Yy
3‘1]1’] 4.3 ﬂﬁTW‘DauWﬁﬁWﬁ@ﬁﬂ1iﬂﬂ“BU Methylene Blue Dye ﬂ?ﬂﬂWHﬂNNu@]ﬂlNLﬁNﬂmT}

Y U U

44  aduniinanensaadfl Methylene Blue Dye Yoo 1unuaiua iaiav1)
wnusuiuainaananu lifadiauammgaidmiuinmasumzunnii 1,000

A151UNATABNTY 1AL 4A MCAC-950.180, MCAC-950.240, MCAC-1000.120, MCAC-

1000.180 118z MCAC-1000.240 W1#l MANHINaU0I19987NIABN159ATY Methylene Blue Dye
uazmman1zdadeimunz aulun3aady Methylene Blue Dye 1Aun szozatduia a1
Yy 9y A 9 <3 I 1 a A = @ 1 dy
g uEUAY ANUEITeU ANMEUNTA-AN Lazgurgl InamsAnyIAae 111
4.4.1 WNAVDITTHTIAIANNE
HANITANEIIVYTZIZIATUNANUNAADN1T9ATY Methylene Blue Dye

P2
= =

Tunmisainuil Tdasazareduniadung anududu 20 Hadnsuaedaas Usuias 200
A aa ° oA ' =1 <3 ~ A ]
Haadas e 150 sevaewi Taenua15a3a18 Methylene Blue Dye Nithaoagine 60
Wi auisudganga hranmsanydsunianuduiusszninssosnadudanua
ANUANIIDIUMIGAFY Methylene Blue Dye (q,, mg/g) Aaadlum13199 4.4 uag 31 4.4
= < Y A A o W v A o Y
nnramsanezmiulan Weomussoznardudalunmsgaduiinariilin
o 1 @ o J < A =1
AN AINI50T1UN159AFY Methylene Blue Dye Y048 1U AU U@ Liiddav1amuu1naiy
' g A 2 1 <] 4 1
TagTuwa9 180 WIALTN MIYATVINNAYUDE193IATATBINNHAVBIANVLANAINYBIAI Y

1939 (concentration gradient) Tuaisazate uaziineuurivesargadulusIsEsuAudIned
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o q ¥ o Y Y 4 X Aa o A o q Yo
1J1ﬂ1’]'lﬁlﬁﬁ1u15ﬂﬂﬂ"lfﬂﬁﬂﬂullﬂ3J'lﬂ Lqu‘ﬂ'lﬂ‘WH‘VIW'J‘ll@\1ﬁ"l3@ﬂ%ﬂuﬂ%u1mu1ﬂﬂ11ﬁ@ﬂ31ﬂ15
v A 49! ] < T A 1 @ v X a A A
AATUINAVUBDYINGTINLT LWI!JJ’E'Jl'Ja1W'lull‘lJ@ﬁ31ﬂ13@.ﬂ"H‘U"']NlﬂﬂﬂWﬂﬂWﬁLﬂa@uﬂﬂl@ﬂINlaf}a
a9 - o 2 9 .
GU’E'J\‘lﬁfJfJiJ%Wﬂfnﬂu@ﬂl‘ll'lgwuﬂﬂ'lﬂaluﬂlélﬂ'lﬂﬁ'lﬁﬂﬂ"ﬁﬂEﬂzlﬁﬂJGIﬂa\? (Patil et al., 2012)
1T W = 2 9 o A 9 A A A
UATA3910 480 U N %mu”lmmﬁﬂﬂ%mzljmﬂawmmqamazﬁwﬂaﬁluﬂw LUBNYTNN
1 1 g’/ @ Y 3 ~ Y =K o YA Y] A da! 9 [
VMNAATIUUYAY Y Methylene Blue Dye ll')LﬂiJ‘VlLla'J ﬂQﬂ?iﬁﬂﬂ?ﬁ{ﬂﬂ“ﬁ‘ﬂLWiJsUuuf’)fJGlu‘D"N

ISl 1

F2OLIATUAA 1N 480, 540, 600 1AL 660 1ABTAUNINY 35.961, 36.625, 37.161 AL 37.790

A A o o w ) o J v o 4 o J
HAANTUADNTN ATNATAU FINITUYADTUNUUUA MCAC-1,000.240 ﬁﬂuuiuﬂWiﬁﬂ‘HWﬂW

o 9 v W -2
ﬂ31ﬂﬁ1u1iﬂ1uﬂ15@ﬂ°ﬁﬂ %3!50ﬂ1%5$8$!3ﬁ1ﬁ119\1ﬁ NNU 480 ‘Lﬂﬁ

MINN 4.4 HAVBITTHZIANTUNANUADNTATY Methylene blue Y8 MCAC

FAMUNUIAUA MCAC

szaznmduia (i) 950.180 950.240 1,000.120 1,000.180 1,000.240

q.(mg/g) q,(mg/g) q.(mg/g) q.(mg/g) q.(mg/g)
60 8.785 11.914 8.861 10.607 11.993
120 14.421 18.720 13.939 17.427 18.942
180 18.350 23.294 17.871 21.770 23.839
240 21.464 27.185 19.034 24.948 27.609
300 23.596 29.952 21.563 27.627 30.529
360 27.006 32.294 25.699 30.251 32.949
420 29.119 34.083 27.065 32210 34.723
480 30.731 35.392 27.489 34.114 35.961
540 31.979 36.105 28.237 34917 36.625
600 33.178 36.995 29.035 36.271 37.161
660 34.284 37.143 30.278 37.069 37.790
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45.00
e — R
35.00 * #
% v
~ -~
L0 & ~
) M
E 25.00 ¥
5 3¢
o
%
15.00 I
5.00
0 60 120 180 240 300 360 420 480 540 600 660 720
Contact time, min
950.180 —+-950.240 —/+—1000.120 “—1000.180 %—1000.240

31N 4.4 waveszezAdUAANNABNTQATUT Methylene Blue Dye Y949 MCAC

442  NAVIANNUINVUENANVDIE15a2a18 Methylene Blue Dye

ao Y 9 A {
HANIANEIIVEANUINTUITUAUYDIA152A10 Methylene Blue Dye N1ifi0
o U o o o < g’/ dy
msgaguvesnIunuiua lilaiav1 lunis@nyiasaiilda15a2a19 Methylene Blue Dye
=3 a aa 9 9 A Y g’/ 1 = a Aa o T Aa o ' d'
Y5115 200 HadanT ANMTUIUITUAUATLA 5.0 D49 20.0 HaanTuasaas 11 l1we1h 150
' 3 v ° = = v o o ' '
souaeuf 1uszeziiat 8 %2 1ug Wwamsanyndeunsvanuduius sz nieaInnu
19U U5 UAY Methylene Blue Dye NUA1AIME 14150 1UN159AF Y Methylene Blue Dye
aaaaaluasan 4.5 uaz 3109 4.5
VINNANTADE WU 0A IR0 1465 WA UYDIEAZaNY Methylene Blue Dye 1/ g4
d% =1 o Y ] 1 v o N Y <
wndu wai 1dainnua 50 lun159ga%y Methylene Blue Dye ¥03n1unuiud 1iaia

o w 1

A 2 9 ~ o 1 v o Y Y
anunnIuanlide Tasisesdrduamnnuamsalumsgaduvesganiunuiue i
< { A a a o (=Y
iav11ann ldesnanududuisudy 20 Taansudeans v8a MCAC 1,000.240 >
950.240 > 1,000.180 > 950.180 1A% > 1,000.120 1AgNAT ge 1NN 35.965, 35.394, 34.160,
a a % 1 % o % %3 % -7 1 &’ 'Q o
28.874 1Ay 26.528 HaaniuaonTy a1ua1ay Taglanuduwus suaInunAIs 1w
< Y A g Aa o k4
Taoaziiiu 1d31 MCAC-1,000.240 HariufAITum1zgagas09509u11a 1,000.240 > 950.240 >

1,000.180 > 950.180 > 1,000.120 A1NA1AL
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M5199 4.5 HaUIANMTUTUISUAUYDY Methylene Blue Dye NIADAINIIAFUUDI MCAC

[V A4
YAMUANIUA MCAC

1000.120 1000.180 1000.240 950.180 950.240

C, q,(mg/g) C, q. (mg/g) C, q, (mg/g) C, q, (mg/g) C, q. (mg/g)

4.986 0.000 4.967 0.000 5.091 0.000 4.955 0.000 4.985 0.000

10.076 15.070 9.981 17.982 10.272 18.597 10.290 17.067 10.210 18.420

11.135 16.608 10.974 | 20.575 11.270 19.581 11.191 16.506 11.181 19.288

12.157 | 20.250 12.100 | 21.402 12.228 | 22.020 12.282 20.754 12.092 | 21.705

13.027 | 20.847 13.009 | 23.572 13.216 | 23.854 13.373 19.705 13.253 24.080

14.219 | 22.135 14.087 | 25.104 14.133 25.096 14.164 | 23.038 14.044 | 24.476

15.222 | 23.619 14.986 | 27.031 15.111 27.516 15.305 24.456 14.985 | 25471

16.131 24.605 16.102 | 28.551 16.200 | 28.318 16.286 | 25.010 16.156 | 27.738

17.171 26.022 17.152 | 29.285 17.137 | 31.102 17.313 | 28.501 17.253 | 29.396

17.966 | 26.415 18.079 | 31.230 | 18.185 | 32.622 | 18218 | 29.089 | 18.128 | 31.670

19.149 | 27.716 | 19.016 | 34.411 19.173 | 35.152 | 19.349 | 29.754 | 19.239 | 32.269

20.246 | 26.528 | 20.114 | 34.160 | 20.242 | 35965 | 20.190 | 28.874 | 20.050 | 35.394

MINUANUITUDUVDIA15aZA18 Methylene Blue Dye i1 1#inalgnze1ns

o A 2 o v A I 2 o 1
gagumunInIy Inahldanudumumsgaduiinanas mszdlumsmudaimsoiem
3178 (Foo et al., 2012; Bedin et al., 2016; Cherifi et al., 2013) FINAIINAIUUANAIIVDIAIN

19 WU d15 Methylene Blue Dye UNAI19AFUA V15 Methylene Blue Dye lud15azaie

[

(Yanaa et al., 2011) 1 l#iAan1smaounanaisazatennududug lldausnuniian

=

19N UAINI1 (Karacetin, 2014) N52VIUNTOIONNIATEHINAITAZAWAUAIGAT U 3

) Y 1 g I 1 9 1a o v R a Y3 o Y
VUADU llmm VUADUUT NI UMTUNTVOIES T HIVDIAIAATY %Qtﬂﬂ"lﬂﬁ?ﬁ/lﬂﬂﬂ"ﬁﬂﬂ

U G
1

Fulurrsduinigs uaienaivllzmansunsves Tuanaggngy (particle diffusion)

Q

) I o X a g
nazluvuasugahailunsgaduluanadisuuiuainielugngu (adsorption) #4999 U

apumevzing 1ad1aq (Fu etal, 2012) v ldannuansolumsgaduisvanasoudng

U

~ 9 [ =2 zgx’/ dy [ ~ 3 Y 1
f’fllﬁ]ﬂiu‘ﬂq@] 7oANA0INUNANITANEIATIH Avudaslua1sien 4.4 ﬁ]glﬁu]lﬂ'J"IﬂT

o A Yy 9 a a o 1T A A Y A [ 1
mmmmm“lumi@ﬂ%ummmmmu 19 g 20 HaanIuAoang umlndifeany 1wy 11451}@
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MCAC-1,000.240 419 AANUIVUTY Methylene Blue Dye 19 tag 20 Haansuaaans 1m1ny

A Aa o 1 1] o w 1 < 1
35.152 110y 35.965 UAaNITUADNTN ATUAIAU fJfJ'l\‘]llﬁfWI'liJ L!ﬂﬂ%ﬁﬂﬁgﬂﬁuﬂWﬂLWﬁﬂl@\?IMmQa

U J a A 1

9 <3| v o 19 Y A A
RNEINGU L!@Iﬂlu’lﬂﬂl@ﬂgW?u505Lﬂuﬂ?ﬂWﬁuﬂ%uﬂﬂlﬂﬂﬁWﬁﬂ%$L!W5L%WQ§W§1‘!1@ Ao T1INY
1 9Y o g}/

yinaluwanalvanigngud lawnsounadigznguld dniu lumai'ly 14l Teniaos

q

o = [ =

MiadvuIAveIdITgNgaTuLaz YA N d1%5U MCAC Hvuiagnyueglusig

q

A a v g I o Y 7
1.7748-2.1552 fladwas satlugwyuvianar-vinadnainsnih ll14)se Teailums

o w 9 Y
1iaadon'ld

40
37
34
31
28 2 ; "/*\x

25 "V‘/yl " V. X

X%

, mg/l
\

19 , o AT
16 : —X

13
10

9 10 11 12 13 14 15 16 17 18 19 20 21

Concentration, mg/l

1000.120 {+—-1000.180 +—1000.240 —»%—950.180 %—950.240

5U7 4.5 waveInNWANTU Methylene Blue Dye i3UAUABAINITAATUVYDI MCAC

443  HWAYDINNMTITOU

< 1 @
HANISANYINAYDIAINTITOUNTADN1TAATY Methylene Blue Dye 11
Y

Y Y 1
mM3AnyInsat19a15a2a18 Methylene Blue Dye U31105 200 iadans ANuduyuzuAY 20
9

A a o 1A o ' <] (% 1

UAANITUADANT 282101 8 ‘]f’JI?JQ Iﬂﬂﬁﬂ']el"l%')ﬂﬂ')"lﬂﬁ')i@‘ﬂ@ﬂll@ 100, 150, 200, 250, 300
1 o o Y 1 < @ 1

Uag 350 'i'f)‘]J@]'EJH”Iﬁ u"INaﬂ1'§ﬁﬂ]&l”lllTledJfJuﬂ31V\Iﬂ’J"Ill?fllWHgﬁgﬁﬂ"lﬂﬂﬁﬂJlifJﬁ@UﬂﬂﬂT

ANUANIIDIUMIGAFY Methylene Blue Dye AdaA14A13199 4.6 uaz3iln 4.6
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{ o 4 ' <3 o ]
MNFUN 4.6 LAAANVFVIUTIZHINANVTITBUAVAINNNA T TUMS
% 1 4 A <3 2 o 1
ARG Methylene Blue Dye WU iiotiun1u5 2150 un1nu i ldannuamnsalunmisge
o ' v o < 2 3 ' <3
%1 Methylene Blue Dye U938 1uANNUA liaiav1iuu1niu Tags9n1015250U 150 04
300 39 UADUIN VBIYAN U MCAC 1000240 UA 1N MA 1130 TUMIQ AT Methylene Blue Dyet 1111 1)
A a o 1 @ 2 2 [l @ o w [ 3
31.856-38.757 Aaaniuaoniu inAued 19l ied1any uazlugianuia500910 300-350
50UABUIN UAIAINAINIT01UN159AFY Methylene Blue Dye anad aduaailugil 4.6
{ 4 o 3 o g [

HazA1I 19N 4.6 1199910095152 1UN1TQATFUIUOEAY Film diffusion t1az Pore diffusion
49! Y] y 1 9 ?,’ =] 3 1 o A go‘ =< 9 @ =\
Tagyuedgnuanutuiruvesszuuanhlanuiuihumilduihdideusovaisgaduazl

< ' 4 ~ o o . . .
anununnniuglasiaaemamaeunves Tuana lumiaisgady w19 Film diffusion

I ) o < o ) 9y ?)I = X 1 o Y . .
Audimnuadasuiinsgasy Tuniasanuiiudninianuuiliugairln Pore diffusion

< [ ) [ < @ o Y o [ 3 49!
yoda1sazatotuladeninuaoninianisgady ii1lnensinisgaduisivu

(1139 ¥9naee v, 2551)

{ < A 1 o
Gﬂi%ﬁﬁ 4.6 N’ﬁ61]’E]\‘lﬂ’Hlll‘i356U%N@6ﬂ1ﬂ’31%ﬁ11ﬂii‘|1uﬂ?i@ﬂ‘ﬂﬁj Methylene Blue Dye

J v W 9y
ﬁummuﬂuuumﬂmﬁnmn

v o d
YADUANNUA MCAC

ANNSITOU (rpm) 950.180 950.240 1000.120 1000.180 1000.240

q.(mg/g) | q.(mg/g) q, (mg/g) q.(mg/g) q.(mg/g)

100 23.486 26.175 19.934 24.457 30.076
150 25.027 30.201 22.055 27.645 31.856
200 27.800 32.220 25.281 29.515 33.969
250 30.103 35.009 26.488 31.417 36.793
300 32.412 36.351 30.033 35.223 38.757

350 31.345 34.765 29.524 33.187 36.848
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45
40
35
30
25
20
15
10

q, mg/g

50 100 150 200 250 300 350 400
Agitation speed, rpm

950.180 +-1000.180 1000.120 —1000.240 950.240

{ ] { 1 1 @
JUN 4.6 WOUDINIWITITOUNTADAINNIVAINITOTUNITYATY Methylene Blue Dye

Y93 MCAC

4.4.4 wpavesaNnunsa-ma
Aau 1 S| 1 A
HaM3ANE1I98A1ANY UNTA-A19UBIE1502a18 Methylene Blue Dye Niina
1 o 1 v o Jd
ADM3AATY Methylene Blue Dye U930 1uiNuA MCAC Tumsainuldarsazats Methylene
Blue Dye AYMALTY 20 iadnsuneans U3u1as 200 adans 11 ldwern 150 seudeui
o =< ' ' 3 ' h ' ° = ~
52201 8 321103 TasAny lusaemanuilunsa-A1aaaue 2.0-12.0 HIRaNsANYILUVEY
v o 1 1 3 1 o ) o
AT MATT U UE 5213 9A P UNTA-A WA LA TIENTD NIRRT Methylene Blue Dye A dutaraa 1
o 4
M3 4.7 naggn 4.7
A = = 9 a = [
Mg 4.7 wamisanur luganisnaaeadiuud Tdu T Tudgnafednu
' A A < ' A 2 A ° Y1
181779 WA UNTA-A19VYBIA15a2018 Methylene Blue Dye NGy Uralnan

a X

mmmmsa“l,ums@ﬂcﬁmﬁ'mm%u Tﬂaﬂ'”lmmam13a“lumsgwﬁuMmTusimﬁawm 2
84 4 TAuMY 33.214 Tadniuseniy # pH 2 nazifindlu 36.335 Taansudensu At pH 4
@MSugA MCAC 1,000.240 W17 tag Tusaesazaty pH Faudt 4 89 10 Saaueusaly
N139AFY Methylene Blue Dye liuanaanulasizesdiauainnuainsalumsgaduain
uinldifes dade' i 1,000.240 > 950.240 > 1,000,180 > 950.180 > 1,000,120 A1 & 1§71

{1 I 1 1 o 1 o
TagNA1ANNIUNTA-A10MINY 8 UAIMNUAINIT0TUAITAATY Methylene blue Dye g4ga
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a Y] 1 [ 9

UAUNINY 36.816 UAANTUADNTN d11TU MCAC-1,000.240 U1 AEAI1UAI5197 4.7
1 v A 9Y % [ da! (% a % [ =S
AMANUAINI0 TUMIPAFUTIONUUAIRATVIUN U TZYUURIVRIAIgATULaL 52 QUeId
9 A 2 ay Ao o YA 3 ! o I~
douieazaieni adeuniiszgavululumana szgady laanainnuilunsa-ared msgin
YoIngaguazdl lovouuinvinlalasoulesou (H) USuaunuumz i Faanmisgy
a % % 3 [ 3 1 g’/
VUAIVOIAIAT U UAUANIMTUNTA-AYBIaITaza1e Uz 1Y (Moreno-Castilla, 2004;
y I 1 1 % =y
Attia et al., 2006; Kumar et al., 2010; Sun et al., 2010) 1n1A0H uATA-A19A19n Uz YT W2
1 @ 4 1 I [
Uszguanuazidszgavluaisazarouanaienu leainnuilunsa-a19vesaisazaiy
A 49! A ~ I [ a A A
Methylene Blue Dye 1131 nioluaniagiaisazaroilund vy laasondannives
U o @ J a = . o Y a I Aa
aunuiudszinanisgaudeTisaou (deprotonation) MrlviAanmtuauniives
' v o A 9 A A ~ 3
D1UN YT UA (Azharul Islam etal., 2017) tHBI9 1N IATIAT 19V UNNaAUDG Uauily
a 4 9ol = < @ Sol
prlswdn tieazaroiiriilassadruiunanlosounandaluimdr1ddsequan
a o 4 &£ & Y A a
(37UNT gNFLUUN HazAME 2554; Gokee etal., 2014) FUYUTATITTNNAINITAANT
ad @ o ) a A ~ 2 o Y a =
nszedanasou Tl Twana iild Tuanaveunnaduugaies veihldinausdge
1 a A [} J o d‘a
3£ UUNAAUDY (Abd et al., 2009; Malik, 2003; Altenor et al., 2009) HazHYNINTUNHIVDI

[ v 1 I
aunuiug Idresnnluanzilunsa

{ 1 I 1 { 1 1 o
AN 4.7 NﬁallfNﬂTﬂ'JNJL‘]Juﬂiﬂ-ﬂNﬁfl@]@ﬂWﬂTﬁﬂﬂ‘ﬂfU Methylene Blue Dye 493 MCAC

FaguMid MCAC

950.180 950.240 1000.120 1000.180 1000.240

pH | q.(mg/g) | pH | q.(mg/g) | pH |q(mg/g) | pH | q/(mgg) | pH | q (mg/g

2.132 27.183 2.154 30.767 2.125 28.520 2.186 28.289 2.187 33.214

4.041 31.690 4.052 36.855 4.088 30.125 4.033 33.961 4.047 36.335

6.012 32.701 6.104 36.356 6.142 29.122 6.128 33.157 6.152 35.595

8.067 33.549 8.029 36.725 8.057 31.481 8.026 34.281 8.104 36.816

10.059 | 32.869 | 10.017 | 36.412 10.063 | 32.940 10.01 34.673 10.014 | 35.801

12.004 | 28.115 12.002 | 33.399 12.009 | 28.070 12.005 31.274 12.003 | 29.532
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q,, mg/g
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0 1 2 3 4 5 6 7 8 9 10 11 12 13
pH

1000.240 +—950.240 /—1000.180 950.180 %—1000.120
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{ 1 < 1 o
gﬂﬁ 4.7 Wﬁﬂl’f]\‘lf‘nﬂ’ﬂllLﬂuﬂi@-ﬂNﬂﬂJ@l@ﬂWﬂWﬁ@ﬂ%U Methylene Blue Dye 493 MCAC
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FENINQUNYUAVAINNNAINITD IUNITAAGY Methylene blue Dye AdLAAIIUA1T19N 4.8
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' v o Y Y v 1 1

auniud ldiadauinninuin T deodsae 111 1,000.240 > 950.240 > 1,000.180 > 950.180 >
1,000.120 mud1ay Taswudnlusiesgumngil 30 esesaied A1Aua 10150 TUA1TQA

a 2 4 @ 4 2
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= =y 1 v A Y 2 [ a
40 94 60 DIA B ALY T mmmmmsa“lums@%umﬂﬂammﬂu ﬂdllﬁﬂﬂu@ﬁﬁﬂ 4.8
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g X a J

o 4 4 o < 2
Wldmaaaeun ldzvu (s7uns gnsziud, 2554 WumsnuTonald Tuanaves

A a2 9 [ Y

' Y
Methylene blue Dye 1A o Ui 1duAanuduniigasuuaIsgasn 1du1ngsyy

=

Y
A A = a

4 Aaan I Aaan
uazmInguugiiugaiuzinal§nsergani1uiou ( Endothermic reaction) 1iu1lfAsen

Y Y

Y
Y

@ 9 o v { g 9 o . @
aandsnwd ldaarewuszuinniinaises nu o a3 199 Use (Patil et al. 2012) Aa%1U

=S A 9 a 9 = 1 A a 9 = ] 1 a 9
fl]\ﬂﬁ@ﬂi%@mﬂﬂhﬂﬂfluﬂ’liﬁﬂﬂ?ﬁ@hlﬂ LHENﬂ?ﬂqmﬂﬂﬂﬂﬂﬁﬂﬂ?@ﬂiuﬁﬁﬂﬁﬂmﬂﬂﬂlnﬂﬁﬂﬂ

U Y u Q Y

A0 25-35 DI ALFO A

M13197 4.8 HAVBIYUNYINUABAINITYAFY Methylene Blue Dye Y93 MCAC

FaguiuIuA MCAC

qamgﬁ o) 950.180 950.240 1000.120 1000.180 1000.240

q, (mg/g) q. (mg/g) q, (mg/g) q, (mg/g) q, (mg/g)

30 23.402 25.278 20.203 25.198 25.655
40 27.576 30.972 25.487 28.765 32.289
50 27.951 30.849 26.419 29.279 32.376

60 28.424 31.057 26.314 29.373 32.805
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1000.240 1000.180 /x—1000.120 “—950.240 ¥—950.180
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Y " W a a o 1 Y [ H ' I '
AATUGIFALININUY 36.816 HAANTNADNTY mmm3m5um(ﬁa‘1ﬁ’mmﬂ’w ezt ueag pH

'
Aaa

H U 1o @ 1 1 o 1 {1 a
Gumun?fﬂmualmg ﬁ'TVii‘UW'ﬁ‘ll@\‘lﬂﬁﬁﬂ‘]&lWﬂ'lfgm?iﬂuﬂﬁwaﬂﬂﬂﬁﬂﬂﬁﬁﬂ WUN ﬁ“]ﬂ\i@ﬂ!‘l’i{]ﬂ
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30 psraFea tinzaon s T 19se Temilums lumsdnuiamanuansalunsge

v A Lﬂ'

VT 11109910 N¥1gungl 30 esrusaFealininnuamisalumsgadulndifesnusi

a = = [ I 1 A Y a Y
UNNY 40 IAUFALFYT UAUNIND 25.655 uazgﬂumqqmmuﬂﬂaLﬂmqmmwm

U U

M1399 4.9 agilwansanyladeNniinen139ATY Methylene Blue Dye Y99 MCAC-1,000.240

. , YANINAADI MCAC-1,000.240
tody 1Pt :

) q. (mg/g)
FTeTIATUNE T3 8 35.961
ANULTUTY Uaansunoans 20 35.965
ANUEITOU F9UADUIN 150 31.856
pH - 7-8 36.816
QLIEEY NG k| 30 25.655

45  WHAMSANHIAIANNAINIAIUNMSAAGUET Methylene Blue Dye Yd 981 UMM

Y} Y <&
Hua lasiau

HAN1TANYIIT8AIAINAINITD 1UN1TAATY Methylene Blue Dye ¥9901U MCAC

a 1T A

Y
msAanu1H 1981582018 Methylene Blue Dye A1 NAY 20 iaansuaeans Usuiag 200

o

A aa A 1 A < A a gy = =
yaaanig m"l‘ﬂmjam 150 5o UABUIN WUTZezIa1 8 GIf?lT‘JN NYUNHUNOI Tﬂﬂﬁﬂi&ﬂﬂﬁﬂm

U

Ut uTua llafiauIaaus 0.02,0.04,0.06, 0.08, 0.1 4z 0.2 N3

o 1

o 4 1 a .
i]”IﬂNaﬂ”l'iﬁﬂ“lel"Iﬂ’J”I%Jﬁ?JW“L!‘ﬁi%W’JN‘]J'ﬁJ”IﬂHJ@Q Methylene Blue Dye ﬁgﬂﬂﬂ"]ﬂl@’ﬂ

Y
v

¥ o 1 v W < 1 @ ]

minvesnuiuiud ldiedavinsaz gaianududuves Methylene Blue Dye Mindoog

A Ay A = ad A o 9 =

NANNITAUAD U JUNYV f’NL‘Wi’JﬂﬂH11’01“]5&1/]3%1/]&??1118?[% Iﬂﬂuﬁli’)ﬂ;ljawaﬂ"liﬁﬂ‘kﬂll"l

ad o a
‘Vlﬂﬁi’)‘]JﬁﬂJﬂ"I'i]li’JI“]ﬂ‘VlﬁJﬂiiﬁ]ﬂ‘ﬂ)’U 2 ¥UA ﬁ@ AUNITUDY Langmuir LAagd@NNITUDY Freundlich
= o = [ -4 1 1 Y ] 9 9

HaZNNANIANEININUVIUNTINANUTUARUTTZ 119N C/Xnua1C, ’ﬂzllﬂﬂiﬁ/‘hﬁuﬁﬁ\i
ad Y] < o 1 { 1

499 lo TN uN5AATUNDY Langmuir B9a 1015 0MUIMMIAIAIT g, 1az K, 1A91nA1n210

Y 2 o w [ v ' ' @

FUHUASIAAAVULUNIU yATNATIAY HagnIINANNENRUTTZ K19 Log X N1 Log C,

ad o % o o 1 §
12 1dnslidunsevele Taisunsgadunuy Freundlich aaiunsorh llfunamanein
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ez K, 1991na1a1uduuaz gaaauuuny y ama1au (manuan 4.) aauaasluaisned 4.10

wazgin 4.9

M13197 4.10 ANAINUAZANVAINII0 TUNTYAYY Methylene Blue Dye U981 MCAC HARY

ad o
9a Tae 19 1o TN uN13@AGUIUY Langmuir 184U Freundlich

Activation condition

Freundlich constants

Langmuir constant

. SBET
Temperature Time , K; ) Qnax K, )
. (m'/g) n r r
(O (min) (mg g-1) (mgg-1) (L mg-1)
950 180 1,258 16.70 2.40 0.9462 40.16 2.15 0.9968
950 240 1,417 36.12 3.82 0.9761 54.35 3.02 0.9983
1000 120 1,089 3.69 2.71 0.8623 45.45 0.78 0.9936
1000 180 1,411 34.96 431 0.9984 73.53 1.21 0.9932
1000 240 1,497 44.04 34.36 0.9692 73.53 2.13 0.9739
AC - 1,200%* 3.79 1.13 0.9777 40.00 0.26 0.9901
*‘Vilﬂﬂﬁﬂ 1 Todine number
2.20
2.00
1.80 / -
§ g’ 60 o /
S »
1.40
1.20
Gy 1.00
0.00 5.00 10,00 15.00 -0.50 0.00 0.50 1.00 150
Ce Log Ce
©1000.240 (8 hr) 950.240 (8 hr) 1000.180 (8 hr) ©1000.240 (8 hr) 950.240 (8 hr) 1000.180 (8 hr)
950.180 (8 hr) %1000.120 (8 hr) OAC 950.180 (8 hr) %1000.120 (8 hr) OAC

(1) Langmuir isotherm

(v) Freundlich isotherm

gﬂﬁ 4.9 llaimtﬁgumigmcﬁmmu Langmuir {t8¢ Freundlich ﬂlﬂﬂﬂ”lif]ﬂ“]?ﬂ Methylene Blue Dye

V94914 MCAC
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o @ o [ o ad a
msgaduidounieiigaduiziianymuzaoinmsgadunuylo Tmnouwiala anso

a U

19 v J a 1 I
N5 UINAAUTUNUTVOIANUNTOAD0ITIEY (linear regression correlation, r') A1 1 111
A ] "y = Y o Aad ) o
mavenlinsundeyasnmsanyudinuduns e Tansunisgagunuulamuz iy

[ 1 9 2 a1 9 9 1 9 = Y
g‘lJLL‘U‘UﬂJ?NﬂWiﬂﬂ“Ii‘UiJ'Iﬂﬂ’N Taso ° Uanalng 1 HAAINUBYANITANHUVINUTNUNIT
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= °

ad o Z as & a o
ToTannsumsgadunnuiiug 18 munziazih le TannsmiumeTuiemsgadu 1inmsany
1 Y { %] 1 o o 4 1
WUI1N159ATYU Methylene Blue Dye Nn@aduA28 a1unuiua MCAC T r v09
ANMT Langmuir AL T3 Freundlich 88113349 0.9901-0.9983 118 0.8623-0.9984 MNA1AY
a U 2 < Y1 ad o oA P~ o
Ha15e1910a1 ¢ vzriu1an le T sumsgadunyy Langmuir BAnumuzauiazim
a ] 1 1 1 ad Y
2B U1N15AT U Methylene Blue Dye ¥03011 MCAC u@azya 110031 1o lanfisunisgaduy
. Y 3 1 o 1 v o 7 I dy a
14U Freundlich tarad 1vimiungdununsgaduyesa unuiud MCAC Aluuuunuayy

a 1

Y [

FURed (Li et al, 2017) Taeliauyagiuin linansgadudeuiunuuazidumisiinansge

FUNUUUOY WANITAIUIUAIAINAIN15D1UNITQATY Methylene Blue Dye 1 14910

auM3 Langmuir J131a108 119949 40.16-73.53 Haaniudoniu (ManuIn v.) Tagaziinga

AU AC e lutieanaia (C.Gigantic Carbon, Lot NO: 600724-097, 2560) 11 1% lunsAnwN
gJJ ds’ é =S % 1 % a a [ 1 (% d' =

AN FIUMANVA T TUMIYATY MIAY 40.00 HaANTUABNTY (A131991 4.10) Tagazlinn
] 1 [ @ 1 @ @ 4 : 1 ] 1T W

pg U IUABINUAVYADIUN NI UA MCAC-950.180 FIUAMANNAIWITDIUMTAAFUIMIAY

v Y 9 ]

40.16 VANTUADNTY FINIUNT 2 A WA INUNF20gTUTI9 1,200 M5 1UUATADNTY
1 = (% A' ) = U = a v dl 1 [ d'

FURASINU taziloiufSsuneunuramsAnIdenr LT aduaadlua1s1en 4.11

1 U [ @ o 1 @ [
WU 01N UIUA MCAC A1 1nd1Aeanuman1sNAanIN159A%y Methylene Blue Dye
[ o i a 4 4
ludaqeaduindnainaiivou lwiues 102.23 mgg-1 (Lietal, 2017) 19912 22.9-24.9
1 [ o 4
( Sudipta Goswami etal.,2017) HLAZDIUNNNUAIINLUNAY 32.5-67.6 mg g-1 (L.J. Leng et
1 [ v W 4 1

al.,2015) HAMSANET WD MIUATUAYA MCAC-1,000.240 117 HA1ANNews0 lumsga
o A =\ j‘ Aa o v 9 = o

FUGIFAHDINNUNUNAITUMITUASANHULINTUGI aznoudInuglunsgaguves
1 v o Jd %] v Aa 1 [ = <3 Yo

munuiudaedigasuniivina Tuanaaenuluaisazate MnwanisAnyIvzmiu ldnnu
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Naiavndanudull1dlumsihundlusaodulumsnaadluoiuduiud wevielu
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9‘ 1
osnaa waza s 119l se Tewnilunmsiniaindeas 11
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M3 4.11 FeumMsuAInNUEIT luMIgATUNINNUITINA UL

Adsorbent
rice straw
MCAC Rice husk Carbon fiber rice husk

biomass

q,, (mg g-1) 40.0-73.53 40.6 102.23 32.5-67.6 22.9-24.9

81494 This study Vadivelan et Lietal, 2017 L.J. Leng et Sudipta

al, 2005 al.,2015 Goswami et al.,
2017

U Y
4.6  nalnmMInA¥UVEI Methylene Blue Dye Yoo usiua iasiav1)
a 4 1 tg AAa o 9 A a e’dy a
QTﬂNﬁﬂ']iﬁi’)%')mi']%ﬁ‘l’i']ﬂ'lwuﬂW’Jﬂluﬂ?iﬂﬂ"lﬂﬂﬂ’)ﬂlﬂﬁﬂ\nlﬂﬁ”lgﬁwuNﬁllﬁ%ﬂ'ﬂﬂ
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@ 1 [ ) S Y < ~ 9 = g’/ dy ]
F1U Methylene Blue Dye Y040 1unuiud litaiiau1a fildanmsanuinislaivayuna
Y] ] 4 1 ad s J [ a Y
aananualu tesannua lelmnsuvewaulssivaunznunsesuena lnnsgad

, o o = 3 1 P
W¥INN nagmsgasulansuzlunuusu@e) MnransANEIFURIUFUINA19Y0ITHT U
1 v W 9 < [B= 1 1 = 2 o 4
yoan AU lfafiavn wud Gareglugae 1.77 89 2.15 nTuwes Fedailuguguana
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A13197 N.1 WDUNAMAATNITAAFY Methylene blue Dye #2830 MCAC-950.180-MCAC-1,000.240

950.240 Min 1000.180 Min 1000.240 Min 950.180 Min 1000.120 Min
Time (min) C, X=(x/m) Time (min) C, X=(x/m) Time (min) C, X=(x/m) Time (min) C, X=(x/m) Time (min) C, X=(x/m)
10 18.347 3.358 10 18.421 3.197 10 18.735 2.575 10 18.800 2.449 10 18.864 2.311
20 18.199 3.653 20 17.858 4318 20 18.689 2.667 20 18.356 3.333 20 18.523 2.989
30 17.830 4.391 30 17.839 4.355 30 17.608 4.819 30 17.895 4.253 30 18.310 3411
40 17.276 5.498 40 17.396 5.237 40 17.082 5.868 40 17.378 5.284 40 17.784 4.456
50 16.750 6.549 50 16.916 6.192 50 16.639 6.750 50 16.962 6.113 50 17.498 5.025
60 16.066 7.915 60 16.500 7.019 60 16.187 7.652 60 16.602 6.831 60 17.211 5.593
70 15.956 8.136 70 16.048 7.920 70 15.402 9.215 70 16.214 7.604 70 16.787 6.437
80 15.716 8.616 80 15.743 8.526 80 15.263 9.491 80 15.706 8.617 80 16.584 6.840
90 15.005 10.036 90 15.309 9.390 90 14.765 10.484 90 15.032 9.961 90 16.205 7.592
100 14.792 10.460 100 14.931 10.143 100 14.700 10.613 100 14.829 10.366 100 15.854 8.289
110 14.358 11.328 110 14.589 10.823 110 13.970 12.066 110 14.543 10.937 110 15.660 8.674
120 14.266 11.512 120 14.312 11.374 120 13.693 12.618 120 14.247 11.526 120 15.411 9.169
130 13.924 12.195 130 13.703 12.587 130 13.306 13.391 130 13.961 12.097 130 14.958 10.068

LET



A13197 1.1 WDUNAMAATNITYAFY Methylene blue Dye #2890 MCAC-950.180-MCAC-1,000.240 (#0)

950.240 Min 1000.180 Min 1000.240 Min 950.180 Min 1000.120 Min

Time (min) C, X=(x/m) Time (min) C, X=(x/m) Time (min) C, X=(x/m) Time (min) C, X=(x/m) Time (min) C, X=(x/m)
140 13.536 12.969 140 13.416 13.157 140 13.139 13.722 140 13.601 12.815 140 14.801 10.380
150 13.186 13.671 150 13.056 13.873 150 12.669 14.660 150 13.269 13.478 150 14.617 10.747
160 12.862 14.316 160 12.641 14.700 160 12.428 15.138 160 13.038 13.938 160 14.395 11.187
170 12.493 15.054 170 12.392 15.196 170 11.985 16.021 170 12.955 14.104 170 13.906 12.159
180 12.188 15.663 180 12.114 15.748 180 11.708 16.573 180 12.595 14.822 180 13.804 12.360
190 11.514 17.010 190 11.874 16.225 190 11.053 17.879 190 12.207 15.595 190 13.518 12.929
200 11.487 17.065 200 11.690 16.593 200 10.794 18.394 200 12.096 15.816 200 13.139 13.681
210 11.210 17.619 210 11.127 17.714 210 10.508 18.964 210 11.967 16.074 210 12.881 14.194
220 10.785 18.467 220 10.979 18.008 220 10.425 19.129 220 11.570 16.865 220 12.724 14.506
230 10.674 18.689 230 10.803 18.357 230 10.148 19.681 230 11.348 17.307 230 12.419 15.111
240 10.526 18.984 240 10.508 18.945 240 9.788 20.399 240 11.330 17.344 240 12.548 14.854
250 10.166 19.703 250 10.489 18.982 250 9.575 20.822 250 11.228 17.547 250 12.327 15.295
260 9.751 20.533 260 10.471 19.018 260 9.132 21.705 260 11.071 17.860 260 12.281 15.386
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A13197 1.1 WDUNAMAATNITYAFY Methylene blue Dye #2890 MCAC-950.180-MCAC-1,000.240 (#0)

950.240 Min 1000.180 Min 1000.240 Min 950.180 Min 1000.120 Min
Time (min) C, X=(x/m) | Time (min) C, X=(x/m) | Time (min) C, X=(x/m) | Time (min) C, X=(x/m) | Time (min) C, X=(x/m)
270 9.575 | 20.884 270 9.954 | 20.048 270 9.067 | 21.833 270 10.905 | 18.191 270 12.235 | 15.478
280 9.289 21.456 280 9.806 20.342 280 8.735 22.495 280 10.702 | 18.596 280 11.847 | 16.248
290 9.123 21.788 290 9.400 21.150 290 8.449 23.066 290 10.443 19.112 290 11.653 16.633
300 8.910 22.212 300 9.187 21.573 300 8.301 23.360 300 10.240 | 19.517 300 11.560 | 16.817
310 8.790 22.452 310 8.633 22.675 310 8.015 23.930 310 9.806 20.382 310 11.210 | 17.514
320 8.504 23.024 320 8.569 22.804 320 7.765 24.427 320 9.686 20.621 320 10.988 17.954
330 8.236 23.559 330 8.319 23.300 330 7.692 24.574 330 9.566 20.861 330 10.933 18.064
340 7.978 24.076 340 8.079 23.778 340 7.396 25.163 340 9.557 20.879 340 10.905 18.119
350 7.802 24.426 350 7.858 24.219 350 7.239 25475 350 9.215 21.560 350 10.619 | 18.687
360 7.608 24.814 360 7.295 25.340 360 7.036 25.880 360 9.049 21.892 360 10.185 19.549
370 7.452 25.127 370 7.175 25.578 370 6.842 26.266 370 8.975 22.039 370 9.889 20.136
380 7.267 25.496 380 7.091 25.744 380 6.556 26.836 380 8.781 22.426 380 9.723 20.466
390 7.119 | 25.791 390 6.953 | 26.019 390 6.482 | 26.983 390 8.661 | 22.665 390 9.686 | 20.540

6¢1



A13197 1.1 WDUNAMAATNITYAFY Methylene blue Dye #2890 MCAC-950.180-MCAC-1,000.240 (#0)

950.240 Min 1000.180 Min 1000.240 Min 950.180 Min 1000.120 Min
Time (min) C, X=(x/m) | Time (min) C, X=(x/m) | Time (min) C. X=(x/m) | Time (min) C. X=(x/m) | Time (min) C, X=(x/m)
400 6.907 | 26.216 400 6.602 | 26.718 400 6.408 | 27.131 400 8.504 | 22.978 400 9.695 | 20.521
410 6.731 26.566 410 6.233 27.453 410 6.233 27.480 410 8.163 23.659 410 9.326 21.255
420 6.528 26.972 420 6.168 27.581 420 5.983 27.977 420 8.135 23.715 420 9.224 21.456
430 6.417 27.193 430 6.076 27.765 430 5.669 28.602 430 7.932 24.120 430 9.021 21.860
440 6.270 27.489 440 5.863 28.188 440 5.614 28.712 440 7.645 24.690 440 8.984 21.933
450 6.066 27.895 450 5.596 28.721 450 5.512 28.915 450 7.544 24.893 450 8.929 22.043
460 6.011 28.005 460 5.512 28.886 460 5.162 29.614 460 7.368 25.243 460 8.790 22.318
470 5.910 28.208 470 5.374 29.162 470 5.134 29.669 470 7.193 25.593 470 8.606 22.685
480 5.780 28.466 480 5.171 29.566 480 5.014 29.908 480 7.101 25.777 480 8.301 23.290
490 5.605 28.817 490 4.949 30.007 490 4.968 30.000 490 6.898 26.182 490 8.218 23.455
500 5.429 29.168 500 4.765 30.374 500 4.885 30.166 500 6.796 26.384 500 8.070 23.749
510 5.402 29.223 510 4.691 30.521 510 4.709 30.515 510 6.704 26.568 510 7.941 24.006
520 5.180 | 29.666 520 4.635 | 30.632 520 4.441 | 31.048 520 6.676 | 26.624 520 7.802 | 24.281
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A13197 1.1 WDUNAMAATNITYAFY Methylene blue Dye #2890 MCAC-950.180-MCAC-1,000.240 (#0)

950.240 Min 1000.180 Min 1000.240 Min 950.180 Min 1000.120 Min
Time (min) C, X=(x/m) | Time (min) C, X=(x/m) | Time (min) C, X=(x/m) | Time (min) C, X=(x/m) | Time (min) C, X=(x/m)
530 5.014 | 29.998 530 4.451 | 30.999 530 4284 | 31.361 530 6.380 | 27.213 530 7.710 | 24.464
540 4.922 30.182 540 4.423 31.054 540 4.229 31.472 540 6.279 27.415 540 7.470 24.941
550 4.718 30.588 550 4.247 31.403 550 4.127 31.674 550 6.242 27.489 550 7.378 25.124
560 4.524 30.975 560 4.090 31.716 560 3.998 31.931 560 6.066 27.839 560 7.322 25.234
570 4.506 31.012 570 4.017 31.863 570 3.869 32.189 570 5.946 28.078 570 7.193 25.491
580 4.404 31.215 580 3.897 32.102 580 3.777 32.373 580 5.753 28.465 580 7.045 25.784
590 4.284 31.455 590 3.721 32.451 590 3.721 32.483 590 5.725 28.520 590 6.981 25913
600 4.220 31.584 600 3.657 32.579 600 3.250 33.421 600 5.540 28.888 600 6.971 25.931
610 3.934 32.156 610 3.361 33.167 610 3.158 33.605 610 5411 29.146 610 6.768 26.335
620 3.777 32.470 620 3.296 33.296 620 3.102 33.716 620 5.300 29.367 620 6.676 26.518
630 3.758 32.507 630 3.176 33.535 630 3.075 33.771 630 5.180 29.606 630 6.491 26.885
640 3.638 32.747 640 3.149 33.590 640 3.038 33.844 640 5.125 29.717 640 6.334 27.197
650 3.509 | 33.005 650 3.029 | 33.829 650 3.010 | 33.899 650 5.097 | 29.772 650 6.233 | 27.398

4!



A13197 1.1 WDUNAMAATNITYAFY Methylene blue Dye #2890 MCAC-950.180-MCAC-1,000.240 (#0)

950.240 Min 1000.180 Min 1000.240 Min 950.180 Min 1000.120 Min
Time (min) C, X=(x/m) | Time (min) C, X=(x/m) | Time (min) C. X=(x/m) | Time (min) C. X=(x/m) | Time (min) C, X=(x/m)
660 3.481 | 33.060 660 3.019 | 33.847 660 2973 | 33.973 660 4.866 | 30.232 660 6.150 | 27.563
670 3.352 33.318 670 2.909 34.068 670 2.853 34.212 670 4.829 30.306 670 6.103 27.655
680 3.315 33.392 680 2.853 34.178 680 2.798 34.323 680 4.774 30.417 680 5919 28.022
690 3.296 33.429 690 2.715 34.454 690 2.669 34.580 690 4.672 30.619 690 5.817 28.223
700 3.167 33.687 700 2.595 34.693 700 2.650 34.617 700 4.608 30.748 700 5.808 28.242
710 3.093 33.835 710 2.548 34.785 710 2.622 34.672 710 4.571 30.822 710 5.633 28.590
720 3.010 34.001 720 2.484 34913 720 2.447 35.022 720 4.478 31.006 720 5.559 28.737
730 2.909 34.204 730 2.401 35.079 730 2.364 35.187 730 4.340 31.282 730 5.466 28.920
740 2.844 34.333 740 2.373 35.134 740 2.355 35.205 740 4.321 31.319 740 5.439 28.975
750 2.789 34.444 750 2.364 35.152 750 2.244 35.426 750 4.294 31.374 750 5.420 29.012
760 2.724 34.573 760 2.318 35.244 760 2.151 35.610 760 4.137 31.687 760 5.226 29.397
770 2.678 34.665 770 2.216 35.446 770 2.124 35.665 770 4.035 31.890 770 5.208 29.434
780 2.576 | 34.868 780 2.059 | 35.758 780 2.114 | 35.684 780 4.007 | 31.945 780 5.106 | 29.636
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A13197 1.1 WDUNAMAATNITYAFY Methylene blue Dye #2890 MCAC-950.180-MCAC-1,000.240 (#0)

950.240 Min 1000.180 Min 1000.240 Min 950.180 Min 1000.120 Min
Time (min) C, X=(x/m) | Time (min) C, X=(x/m) | Time (min) C. X=(x/m) | Time (min) C. X=(x/m) | Time (min) C, X=(x/m)
790 2.558 | 34.905 790 2.059 | 35.758 790 2.151 | 35.610 790 3.970 | 32.018 790 5.042 | 29.764
800 2.530 34.960 800 2.004 35.869 800 1.948 36.015 800 3.878 32.203 800 4.958 29.929
810 2.465 35.090 810 1.948 35.979 810 1.921 36.070 810 3.823 32.313 810 4931 29.984
820 2.392 35.237 820 1.902 36.071 820 1.884 36.144 820 3.758 32.442 820 4.774 30.296
830 2.281 35.459 830 1.810 36.255 830 1.837 36.235 830 3.749 32.460 830 4.718 30.406
840 2.198 35.625 840 1.736 36.402 840 1.717 36.475 840 3.712 32.534 840 4.589 30.663
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MANUIN U

loTawmannsgadiu Methylene blue dye



M131970 4.1 To Tanneunsgadud Methylene blue dye Y9011 MCAC-950.180

Abs (8 hr)
m (g) I C, C, X X=(x/m) C/X logX logC, 1/X 1/C,
1 2 3 fpag

0 2.180 2.180 2.180 2.180 20.22 20.22 0.000 0.000 0.000 0.000 1.306 0.000 0.049
0.0210 1.604 1.604 1.604 1.604 20.22 14.88 1.068 50.863 0.293 1.706 1.173 0.020 0.067
0.0406 1.346 1.346 1.346 1.346 20.22 12.49 1.547 38.098 0.328 1.581 1.096 0.026 0.080
0.0610 0.868 0.868 0.868 0.868 20.22 8.05 2.434 39.895 0.202 1.601 0.906 0.025 0.124
0.0807 0.600 0.600 0.600 0.600 20.22 5.57 2.931 36.318 0.153 1.560 0.746 0.028 0.180
0.1008 0.525 0.525 0.525 0.525 20.22 4.87 3.070 30.456 0.160 1.484 0.688 0.033 0.205
0.2001 0.057 0.057 0.057 0.057 20.22 0.53 3.938 19.681 0.027 1.294 -0.277 0.051 1.891
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M13197 0.2 To Taneumsgadud Methylene blue dye Y9011 MCAC-950.240

Abs (8 hr)
m (g) I C, C, X X=(x/m) C/X logX logC, 1/X 1/C,
1 2 3 fpag

0 2.175 2.175 2.175 2.175 20.18 20.18 0.000 0.000 0.000 0.000 1.305 0.000 0.050
0.0202 1.387 1.387 1.387 1.387 20.18 12.87 1.463 72.412 0.178 1.860 1.109 0.014 0.078
0.0406 1.024 1.024 1.024 1.024 20.18 9.50 2.136 52.615 0.181 1.721 0.978 0.019 0.105
0.0606 0.507 0.507 0.507 0.507 20.18 4.70 3.095 51.079 0.092 1.708 0.672 0.020 0.213
0.0804 0.220 0.220 0.220 0.220 20.18 2.04 3.628 45.122 0.045 1.654 0.310 0.022 0.490
0.1008 0.128 0.128 0.128 0.128 20.18 1.19 3.799 37.684 0.032 1.576 0.075 0.027 0.842
0.2006 0.007 0.007 0.007 0.007 20.18 0.06 4.023 20.055 0.003 1.302 -1.188 0.050 15.400
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M13197 0.3 To Tameumsgasud Methylene blue dye ¥99811 MCAC-1,000.120

Abs (8 hr)
m (g) I C, C, X X=(x/m) C/X logX logC, 1/X 1/C,
1 2 3 fpag

0 2.169 2.169 2.169 2.169 20.12 20.12 0.000 0.000 0.000 0.000 1.304 0.000 0.050
0.0206 1.554 1.554 1.554 1.554 20.12 14.42 1.141 55.383 0.260 1.743 1.159 0.018 0.069
0.0406 1.257 1.257 1.257 1.257 20.12 11.66 1.692 41.673 0.280 1.620 1.067 0.024 0.086
0.0600 0.897 0.897 0.897 0.897 20.12 8.32 2.360 39.330 0.212 1.595 0.920 0.025 0.120
0.0808 0.609 0.609 0.609 0.609 20.12 5.65 2.894 35.818 0.158 1.554 0.752 0.028 0.177
0.1004 0.436 0.436 0.436 0.436 20.12 4.04 3.215 32.023 0.126 1.505 0.607 0.031 0.247
0.2004 0.070 0.070 0.070 0.070 20.12 0.65 3.894 19.432 0.033 1.289 -0.188 0.051 1.540
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A131970 0.4 To TnoumsgasuT Methylene blue dye ¥09811 MCAC-1,000.180

Abs (8 hr)
m (g) I C, C, X X=(x/m) C/X logX logC, 1/X 1/C,
1 2 3 fpag

0 2.178 2.178 2.178 2.178 20.20 20.20 0.000 0.000 0.000 0.000 1.305 0.000 0.049
0.0205 1.392 1.392 1.392 1.392 20.20 12.91 1.457 71.095 0.182 1.852 1.111 0.014 0.077
0.0405 0.815 0.815 0.815 0.815 20.20 7.56 2.528 62.418 0.121 1.795 0.879 0.016 0.132
0.0605 0.359 0.359 0.359 0.359 20.20 3.33 3.374 55.768 0.060 1.746 0.522 0.018 0.300
0.0806 0.156 0.156 0.156 0.156 20.20 1.45 3.751 46.533 0.031 1.668 0.161 0.021 0.691
0.1005 0.116 0.116 0.116 0.116 20.20 1.08 3.825 38.058 0.028 1.580 0.032 0.026 0.929
0.2008 0.010 0.010 0.010 0.010 20.20 0.09 4.021 20.027 0.005 1.302 -1.033 0.050 10.780
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M13197 0.5 To Taneumsgasud Methylene blue dye ¥99811 MCAC-1,000.240

Abs (8 hr)
m (g) I C, C, X X=(x/m) Cc/X logX logC, X 1/Ce
1 2 3 nasg

0 2.175 2.175 2.175 2.175 20.176 20.176 0.000 0.000 0.000 0.000 1.305 0.000 0.050
0.0208 1.128 1.128 1.128 1.128 20.180 10.464 1.943 93.425 0.112 1.970 1.020 0.011 0.096
0.0408 0.607 0.607 0.607 0.607 20.180 5.631 2.910 71.320 0.079 1.853 0.751 0.014 0.178
0.0604 0.337 0.337 0.337 0.337 20.180 3.126 3411 56.470 0.055 1.752 0.495 0.018 0.320
0.0806 0.140 0.140 0.140 0.140 20.180 1.299 3.776 46.852 0.028 1.671 0.114 0.021 0.770
0.1007 0.060 0.060 0.060 0.060 20.180 0.557 3.925 38.974 0.014 1.591 -0.254 0.026 1.797
0.2007 0.002 0.002 0.002 0.002 20.180 0.019 4.032 20.091 0.001 1.303 -1.732 0.050 53.900
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M5190 A1 HANMIANBINANIIFANAANITAATUT Methylene blue dye Y8901 MCAC-1,000.240

nm | Binasiiesn C, C. (Abs) 41 A C.(Abs) 40 B C, C, c/C, c/c, dan. | das.
(i) (mD (mg/l) 1 2 3 e 1 2 3 way | 1AA ¥0 B 10 A ¥0 B WA | yaB
0 138 20.41 2.125 2.125 2.125 2.125 2.125 2.125 2.125 2.125 20.41 20.41 1.00 1.00 - -
10 138 20.41 0.077 0.077 0.077 0.077 0.083 0.083 0.083 0.083 0.74 0.80 0.04 0.04 96.38 96.09
20 138 20.41 0.108 0.108 0.108 0.108 0.109 0.109 0.109 0.109 1.04 1.05 0.05 0.05 94.92 94.87
30 138 20.41 0.123 0.123 0.123 0.123 0.123 0.123 0.123 0.123 1.18 1.18 0.06 0.06 94.21 94.21
40 138 20.41 0.134 0.134 0.134 0.134 0.135 0.135 0.135 0.135 1.29 1.30 0.06 0.06 93.69 93.65
50 138 20.41 0.154 0.154 0.154 0.154 0.159 0.159 0.159 0.159 1.48 1.53 0.07 0.07 92.75 92.52
60 138 20.41 0.168 0.168 0.168 0.168 0.181 0.181 0.181 0.181 1.61 1.74 0.08 0.09 92.09 91.48
70 138 20.41 0.198 0.198 0.198 0.198 0.202 0.202 0.202 0.202 1.90 1.94 0.09 0.10 90.68 90.49
80 138 20.41 0.204 0.204 0.204 0.204 0.218 0.218 0.218 0.218 1.96 2.09 0.10 0.10 90.40 89.74
90 138 20.41 0.218 0.218 0.218 0.218 0.238 0.238 0.238 0.238 2.09 2.29 0.10 0.11 89.74 88.80
100 138 20.41 0.229 0.229 0.229 0.229 0.255 0.255 0.255 0.255 2.20 2.45 0.11 0.12 89.22 88.00
110 138 20.41 0.24 0.24 0.24 0.24 0.272 0.272 0.272 0.272 2.31 2.61 0.11 0.13 88.71 87.20
120 138 20.41 0.262 0.262 0.262 0.262 0.287 0.287 0.287 0.287 2.52 2.76 0.12 0.14 87.67 86.49
130 138 20.41 0.277 0.277 0.277 0.277 0.297 0.297 0.297 0.297 2.66 2.85 0.13 0.14 86.96 86.02
140 138 20.41 0282 | 0282 | 0282 | 0282 | 03 03 03 03 2.71 2.8 0.13 0.14 86.73 | 85.88

IS1



M15190 A.1 HAMIANBINANIGANAANTAATUT Methylene blue dye Y8901U MCAC-1,000.240 (410)

nm | Binasiiesn C, C. (Abs) 41 A C.(Abs) 40 B C, C, c/C, c/c, dan. | das.
(i) (mD (mg/l) 1 2 3 e 1 2 3 way | 1AA ¥0 B 10 A ¥0 B WA | yaB
150 138 20.41 0.305 0.305 0.305 0.305 0.321 0.321 0.321 0.321 2.93 3.08 0.14 0.15 85.65 84.89
160 138 20.41 0.31 0.31 0.31 0.31 0.326 0.326 0.326 0.326 2.98 3.13 0.15 0.15 85.41 84.66
170 138 20.41 0.329 0.329 0.329 0.329 0.348 0.348 0.348 0.348 3.16 3.34 0.15 0.16 84.52 83.62
180 138 20.41 0.331 0.331 0.331 0.331 0.36 0.36 0.36 0.36 3.18 3.46 0.16 0.17 84.42 83.06
300 1656 20.41 0.381 0.381 0.381 0.381 0.379 0.379 0.379 0.379 3.66 3.64 0.18 0.18 82.07 82.16
420 1656 20.41 0.482 0.482 0.482 0.482 0.485 0.485 0.485 0.485 4.63 4.66 0.23 0.23 77.32 77.18
540 1656 20.41 0.571 0.571 0.571 0.571 0.566 0.566 0.566 0.566 5.49 5.44 0.27 0.27 73.13 73.36
660 1656 20.41 0.628 0.628 0.628 0.628 0.629 0.629 0.629 0.629 6.03 6.04 0.30 0.30 70.45 70.40
780 1656 20.41 0.701 0.701 0.701 0.701 0.696 0.696 0.696 0.696 6.73 6.69 0.33 0.33 67.01 67.25
900 1656 20.41 0.768 0.768 0.768 0.768 0.772 0.772 0.772 0.772 7.38 7.42 0.36 0.36 63.86 63.67
1020 1656 20.41 0.811 0.811 0.811 0.811 0.817 0.817 0.817 0.817 7.79 7.85 0.38 0.38 61.84 61.55
1140 1656 20.41 0.881 0.881 0.881 0.881 0.870 0.870 0.870 0.87 8.46 8.36 0.41 0.41 58.54 59.06
1260 1656 20.41 0.915 0.915 0.915 0.915 0.894 0.894 0.894 0.894 8.79 8.59 0.43 0.42 56.94 57.93
1380 1656 20.41 0.944 0.944 0.944 0.944 0.949 0.949 0.949 0.949 9.07 9.12 0.44 0.45 55.58 55.34
1500 1656 20.41 1.009 | 1.009 | 1.009 | 1.009 | 0995 | 0995 | 0995 | 0995 | 9.69 9.56 0.47 0.47 5252 | 53.18
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M15190 A.1 HAMIANBINANIGANAANTAATUT Methylene blue dye Y8901U MCAC-1,000.240 (410)

nm | Binasiiesn C, C. (Abs) 41 A C.(Abs) 40 B C, C, c/C, c/c, dan. | das.
(i) (mD (mg/l) 1 2 3 e 1 2 3 way | 1AA ¥0 B 10 A ¥0 B WA | yaB
1620 1656 20.41 1.074 1.074 1.074 1.074 1.074 1.074 1.074 1.074 10.32 10.32 0.51 0.51 49.46 49.46
1740 1656 20.41 LI | LI | i | | 1127 | 1127 | 1127 | 1127 | 1067 10.83 0.52 0.53 47.72 | 46.96
1860 1656 20.41 1.172 1.172 1.172 1.172 1.167 1.167 1.167 1.167 11.26 11.21 0.55 0.55 44.85 45.08
1980 1656 20.41 1.196 1.196 1.196 1.196 1.196 1.196 1.196 1.196 11.49 11.49 0.56 0.56 43.72 43.72
2100 1656 20.41 1.236 1.236 1.236 1.236 1.233 1.233 1.233 1.233 11.87 11.84 0.58 0.58 41.84 41.98
2220 1656 20.41 1.262 1.262 1.262 1.262 1.258 1.258 1.258 1.258 12.12 12.08 0.59 0.59 40.61 40.80
2340 1656 20.41 1.290 1.290 1.290 1.29 1.318 1.318 1.318 1.318 12.39 12.66 0.61 0.62 39.29 37.98
2460 1656 20.41 1.326 1.326 1.326 1.326 1.344 1.344 1.344 1.344 12.74 12.91 0.62 0.63 37.60 36.75
2580 1656 20.41 1.361 1.361 1.361 1.361 1.370 1.370 1.370 187 13.07 13.16 0.64 0.64 35.95 35.53
2700 1656 20.41 1.381 1.381 1.381 1.381 1.390 1.390 1.390 1.39 13.27 13.35 0.65 0.65 35.01 34.59
2820 1656 20.41 1.408 1.408 1.408 1.408 1.405 1.405 1.405 1.405 13.53 13.50 0.66 0.66 33.74 33.88
2940 1656 20.41 1444 | 1444 | 1444 | 1444 | 1413 1413 | 1413 | 1413 | 13.87 13.57 0.68 0.66 3205 | 3351
3060 1656 20.41 1.450 1.450 1.450 1.45 1.417 1.417 1.417 1.417 13.93 13.61 0.68 0.67 31.76 33.32
3180 1656 20.41 1.484 1.484 1.484 1.484 1.447 1.447 1.447 1.447 14.26 13.90 0.70 0.68 30.16 31.91
3300 1656 20.41 1503 | 1.503 | 1.503 | 1.503 | 1.488 1488 | 1488 | 1488 | 1444 | 1429 0.71 0.70 2927 | 29.98

€Sl



M15190 A.1 HAMIANBINANIGANAANTAATUT Methylene blue dye Y8901U MCAC-1,000.240 (410)

nm | Binasiiesn C, C. (Abs) 41 A C.(Abs) 40 B C, C, c/C, c/c, dan. | das.
(i) (mD (mg/l) 1 2 3 e 1 2 3 way | 1AA ¥0 B 10 A ¥0 B WA | yaB
3420 1656 20.41 1.512 1.512 1.512 1.512 1.498 1.498 1.498 1.498 14.52 14.39 0.71 0.70 28.85 29.51
3540 1656 20.41 1.530 1.530 1.530 1.53 1.503 1.503 1.503 1.503 14.70 14.44 0.72 0.71 28.00 29.27
3660 1656 20.41 1.566 1.566 1.566 1.566 1.535 1.535 1.535 1.535 15.04 14.75 0.74 0.72 26.31 27.76
3780 1656 20.41 1.587 1.587 1.587 1.587 1.558 1.558 1.558 1.558 15.24 14.97 0.75 0.73 25.32 26.68
3900 1656 20.41 1.610 1.610 1.610 1.61 1.580 1.580 1.580 1.58 15.47 15.18 0.76 0.74 24.24 25.65
4020 1656 20.41 1.554 1.554 1.554 1.554 1.555 1.555 1.555 1.555 14.93 14.94 0.73 0.73 26.87 26.82
4140 1656 20.41 1.607 1.607 1.607 1.607 1.569 1.569 1.569 1.569 15.44 15.07 0.76 0.74 24.38 26.16
4260 1656 20.41 1.597 1.597 1.597 1.597 1.572 1.572 1.572 1.572 15.34 15.10 0.75 0.74 24.85 26.02
4380 1656 20.41 1.673 1.673 1.673 1.673 1.66 1.66 1.66 1.66 16.07 15.95 0.79 0.78 21.27 21.88
4500 1656 20.41 1.702 1.702 1.702 1.702 1.69 1.69 1.69 1.69 16.35 16.23 0.80 0.80 19.91 20.47
4620 1656 20.41 1.71 1.71 1.71 1.71 1.706 1.706 1.706 1.706 16.43 16.39 0.80 0.80 19.53 19.72
4740 1656 20.41 1.711 1.711 1.711 1.711 1.69 1.69 1.69 1.69 16.44 16.23 0.81 0.80 19.48 20.47
4860 1656 20.41 1.721 1.721 1.721 1.721 1.698 1.698 1.698 1.698 16.53 16.31 0.81 0.80 19.01 20.09
4980 1656 20.41 1.769 1.769 1.769 1.769 1.743 1.743 1.743 1.743 16.99 16.74 0.83 0.82 16.75 17.98
5100 1656 20.41 174 | 174 | 174 | 174 | 1716 | 1716 | 1716 | 1716 | 1671 16.48 0.82 0.81 1812 | 1925

123!



M15190 A.1 HAMIANBINANIGANAANTAATUT Methylene blue dye Y8901U MCAC-1,000.240 (410)

nm | Binasiiesn C, C. (Abs) 41 A C.(Abs) 40 B C, C, c/C, c/c, dan. | das.
(i) (mD (mg/l) 1 2 3 e 1 2 3 way | 1AA ¥0 B 10 A ¥0 B WA | yaB
5220 1656 20.41 1.833 1.833 1.833 1.833 1.808 1.808 1.808 1.808 17.61 17.37 0.86 0.85 13.74 14.92
5340 1656 20.41 1.836 1.836 1.836 1.836 1.816 1.816 1.816 1.816 17.64 17.44 0.86 0.85 13.60 14.54
5460 1656 20.41 1.839 1.839 1.839 1.839 1.82 1.82 1.82 1.82 17.67 17.48 0.87 0.86 13.46 14.35
5580 1656 20.41 1.842 1.842 1.842 1.842 1.826 1.826 1.826 1.826 17.69 17.54 0.87 0.86 13.32 14.07
5700 1656 20.41 1.844 1.844 1.844 1.844 1.834 1.834 1.834 1.834 17.71 17.62 0.87 0.86 13.22 13.69
5820 1656 20.41 1.844 1.844 1.844 1.844 1.816 1.816 1.816 1.816 17.71 17.44 0.87 0.85 13.22 14.54
5940 1656 20.41 1.852 1.852 1.852 1.852 1.873 1.873 1.873 1.873 17.79 17.99 0.87 0.88 12.85 11.86
6060 1656 20.41 1.856 1.856 1.856 1.856 1.889 1.889 1.889 1.889 17.83 18.15 0.87 0.89 12.66 11.11
6180 1656 20.41 1.859 1.859 1.859 1.859 1.895 1.895 1.895 1.895 17.86 18.20 0.87 0.89 12.52 10.82
6300 1656 20.41 1.875 1.875 1.875 1.875 1.913 1.923 1.923 1.920 18.01 18.44 0.88 0.90 11.76 9.66
6420 1656 20.41 1.89 1.89 1.89 1.89 1.921 1.921 1.921 1.921 18.16 18.45 0.89 0.90 11.06 9.60
6540 1656 20.41 1.892 1.892 1.892 1.892 1.931 1.931 1.931 1.931 18.17 18.55 0.89 0.91 10.96 9.13

6660 1656 20.41 1.902 1.902 1.902 1.902 1.947 1.947 1.947 1.947 18.27 18.70 0.90 0.92 10.49 8.38

6780 1656 20.41 1.912 1.912 1.912 1.912 1.957 1.957 1.957 1.957 18.37 18.80 0.90 0.92 10.02 7.91

6900 1656 20.41 1934 | 1934 | 1934 | 1934 | 1966 | 1966 | 1966 | 1966 | 18.58 18.89 0.91 0.93 8.99 7.48
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M15190 A.1 HAMIANBINANIGANAANTAATUT Methylene blue dye Y8901U MCAC-1,000.240 (410)

nm | Binasiiesn C, C. (Abs) 41 A C.(Abs) 40 B C, C, c/C, c/c, dan. | das.
(i) (mD (mg/l) 1 2 3 e 1 2 3 way | 1AA ¥0 B 10 A ¥0 B WA | yaB
7020 1656 20.41 1.951 1.951 1.951 1.951 1.99 1.99 1.99 1.99 18.74 19.12 0.92 0.94 8.19 6.35
7140 1656 20.41 1.986 1.986 1.986 1.986 1.994 1.994 1.994 1.994 19.08 19.15 0.93 0.94 6.54 6.16
7260 1656 20.41 1.991 1.991 1.991 1.991 2.01 2.01 2.01 2.01 19.13 19.31 0.94 0.95 6.31 5.41
7380 1656 20.41 1.994 1.994 1.994 1.994 2.013 2.013 2.013 2.013 19.15 19.34 0.94 0.95 6.16 5.27
7500 1656 20.41 1.996 1.996 1.996 1.996 2.016 2.016 2.016 2.016 19.17 19.37 0.94 0.95 6.07 5.13
7620 1656 20.41 2.008 2.008 2.008 2.008 2.017 2.017 2.017 2.017 19.29 19.38 0.94 0.95 5.51 5.08
7740 1656 20.41 2.01 2.01 2.01 2.01 2.021 2.021 2.021 2.021 19.31 19.41 0.95 0.95 5.41 4.89
7860 1656 20.41 2.021 2.021 2.021 2.021 2.022 2.022 2.022 2.022 19.41 19.42 0.95 0.95 4.89 4.85
7980 1656 20.41 2.025 2.025 2.025 2.025 2.025 2.025 2.025 2.025 19.45 19.45 0.95 0.95 4.71 4.71
8100 1656 20.41 2.025 2.025 2.025 2.025 2.026 2.026 2.026 2.026 19.45 19.46 0.95 0.95 4.71 4.66
8220 1656 20.41 2.03 2.03 2.03 2.03 2.028 2.028 2.028 2.028 19.50 19.48 0.96 0.95 4.47 4.56
8340 1656 20.41 2.031 2.031 2.031 2.031 2.029 2.029 2.029 2.029 19.51 19.49 0.96 0.95 4.42 4.52
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4.1 M300NMUUIATIMS I1ia

1AHANITNAABILUY Batch ¥ MCAC-1,000.240 DiuffAasumz 1,497 me
1% q,, = 73.53 iadnSunensy

07U MCAC 1 N3N @1509a%Ud MBD Iamiy 73.53 laaniu

21071 MCAC 1.8 N3N 1115090 F U MBD laimny 132.354 iaaniuy

= a A 3 ao' a AAa
@ MBD 20 #aaniy 1uiifsuias 1000 Haaans

= a a o 9OI = an
@ MBD 132.354 Haansy Tuiifsuag 6,617.7 HaaaAI

8951013 11a; (6,617.7 mg)/l x 1/(8 hr) x (1 hr)/(60 min) = 13.78 Haaniuasans-u1i

5@]‘51ﬂ15ul‘ﬂ’d; (13.8 ml)/min x (60 min)/(1 hr)x (20 mg)/ Lx (1 L)/(1000 ml)x
(1 ke)/(10°) = 1.656x10° AlanSuaesa Tug

89513 1a; (1656 x 10° kg)/hr x 1/3.141 x (6.5 x 10° m’) = 0.125 1 lanuAen1319

UAT-%2 T4

a A =

4. 2 ANNAINIlUMIAARA AT DIYATNATAIN
1. ﬂ?mmﬁnﬁ’u%uﬁmmmﬂwg; (13.8 ml)/min x (60 min)/(1 hr) x (24 hr)/(1 day)
x (1m")/(1000 L) x (1 L)/(1000 ml) x 5.79 day = 0.155 Qﬂmﬁﬁmm
2. mmmmmiumi@ﬂcﬁ’mm%%mﬁaﬁqfgwmam‘w; 0.115 m3 x (20.413 mg)/L

x (1000 L)/(1 m®) x (1 kg)/(10° mg) = 0.002347 A lan35u

Q, UoIddouIiioDIgArNATNIN; 0.002347 - [682.482 mg x (I kg)(10° mg)]
Q,, VesddomiloNgArNATNIN = 1.6645 x 10” flan3u

$1190710 1.8 AU = (1.6645 x 10° kg )/(1.8028 g) = 0.000923 A lansuasn3y



4.3 MI9NIUY Scale up "'Il?)x‘ii%’l]‘].lﬂﬂ“‘llil‘ll

o d‘
AITUNITN (4.4)

Cc 1

k
C 2L (goM-CqV
0 1+eQ(llo oV)

IR

Taii
C = effluent solute concentration
C, = influent solute concentration
k, = rate constant
q, = maximum solid-phase concentration of the sorbed-solute, g/g
M = mass of adsorbent, g
V = throughout volume, L

Q = flow rate, L/h

A 9 Al d Y A A A T @ 9
TUNTN (4.4) NTAUNUANWIUGIINUDLUASVIINDUAUNINY ﬂzllﬂ

k1
—=(qoM—CoV C
1+eQ(QO o):_o

v A

] U | & Y Y
%@Liﬂ\?ﬁllﬂ'lii‘ﬁllllﬁ%ﬁlﬁ natural logarithms 19 2 U YDITUNIT ﬁ]gvl,ﬂ

]n (& _ 1) — k1QOM _ k1COV
Q Q

aumsh @.6) Wuaumsduas slope = k,Cy/Q 1AL L gree = k1qeM/Q

NNTUNT y = -4x10°X + 0.8969

UNUAT Slope = [k;x 20 mg/1]/13.8 ml/min
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4x10°= [k,x 20 mg/1]/13.8 ml/min
4x10°x 13.8 ml/min = k;x 20 mg/l
nzfy k, =2.75x 10° ansAeiladniu-u1in
UNUA Lo = KiGM/Q
0.8969 = k,q,M/Q
0.8969 =[(2.75 x 10° L/mg-min) x q,, 1.8028 g]/ 13.8 ml/min

0.8969 x 13.8 ml/min = [(2.75 x 10° L/mg-min) x g,x 1.8028 g]

qo = 249.66 UAANTUADNTN
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Abstract

Adsorption is the most preferred method due to its low cost and effectiveness to remove dyes from
wastewater. However, it is an expensive adsorbent due to its high manufacturing cost. It is
necessary to identify cheap and easily available materials with maximum adsorption potential. In
this study, the objective was to study removal of methylene blue dye (MB) from aqueous solution
by activated carbon (AC) prepared from heating M. cajuputi charcoal at various temperature (800-
950 °C) and contact time (30-480 min). The adsorption ability and effects of M. cajuputi activated
carbon (MCAC) including solution pH, initial concentration, agitation speed and time were
investigated. The results found that M. cajuputi charcoal has potential for production as low-cost
activated carbon by heating activation at 900-950 °C, with surface area in range of 735-998 m%/g.
And maximum adsorption capacity found in this study are in range of 5.724-12.919 mg g''. The
results show MCAC was successfully to remove methylene blue dye from aqueous solution by
adsorption and it has the potential to use as low-cost adsorbents for dyes removal from wastewater
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INTRODUCTION

Dyes are the serious pollutant from various industries such as textile, paper and pulp and tannery
industry. The discharge of dye-containing effluents into the aquatic environment is steadily
increasing creating undesirable outcomes. For instance, dyes change the colour of the receiving
water body and affect its aesthetic, inhibit sunlight penctration into the streams and reduce
photosynthetic activity, resist biodegradation and endanger aquatic life (Santos, 2007). Many
technologies are employed to achieve the regulatory standard for treated water discharge such as
adsorption, coagulation/flocculation, ozonation, aerobic and anaerobic degradation. Of all,
adsorption is the most preferred method due to its low cost and effectiveness. Adsorption by
activated carbon is an effective technique to clean up wastewater. However, it is an expensive
adsorbent due to its high manufacturing cost. It is necessary to identify cheap and easily available
materials with maximum adsorption potential. In previous research, Melaleuca leaf was proved to
be used as a low cost adsorbent for hexavalent chromium removal (Kuppusamy, 2016) and used as
low-cost coagulating adsorbent for remove both cation and anion dyes (Kuppusamy, 2016).
Melaleuca cajuputi Powell is an important economic tree in southern of Thailand (Nuyim, 2002). It
is a plentiful, cheap and easily available material that can be used as a low-cost sorbent for removal
pollutant from wastewater. To our knowledge, the use of M. cajuputi charcoal as low-cost sorbent
for the removal of dyes from wastewater has not been investigated. In this study, our objective was
to study removal of methylene blue dye (MB) from aqueous solution by activated carbon (AC)
prepared from heating M. cajuputi charcoal at various temperature and contact time. Their
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adsorption ability and effects of many variables, including solution pH, initial concentration,
agitation speed and contact time were investigated. Langmuir and Freundlich adsorption models
were used to describe adsorption isotherm, in addition to investigation of adsorption kinetics of
methylene blue dye adsorption by AC prepared from M. cajuputi charcoal.

MATERIAL AND METHOD

Preparation and characterization of MCAC

M. cajuputi charcoal was characterized and by element analysis. Then, it was ground, sieved and a
portion with a size in range of 1.7- 2.36 mm was used for AC production. The activation tests of the
residue have been carried out in a horizontal tubular furnace as shown in Figure 1. Activation
processes are influenced by activation with varies temperature (800, 850, 900 and 950 °C) and
activation time. MCAC was characterized by BET surface area and physical analysis.
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Figure 1. Scheme of activated carbon synthesized from M. cajuputi charcoal by heating activation

Batch studies of adsorption

Batch adsorption experiments were performed as a function of contact time, agitation speed, initial
concentration and pH. The conditions of batch experiment are shown in Table 1. Adsorption Batch
studies were carried out to study adsorption kinetics of MCAC with 12 mg/L of initial MB
concentration and compared with commercial activated carbon (AC). The properties of AC that
was used in this experiments had shown in Table 2. A series of 250 ml Erlenmeyer flask containing
200 ml of MB solution and required amount of MCAC were mixed using the shaker at constant
agitation speed of 150 rpm. MB concentrations of the solutions were measured by
spectrophotometer at 600 nm. Adsorption isotherm studies were carried out at seven different
MCAC mass (0.1, 0.2, 0.3, 0.4, 0.5, 0.8 and 1.0 g). The filtrated MB concentrations were measured
with spectrophotometer at 600 nm

Table 1. The conditions of batch experiments

Factor Contact time Agitation speed pH Initial concentration
Size (mm) 1.7-2.36 1.7-2.36 1.7-2.36 1.7-2.36
Mass (g) 0.2 0.2 0.2 0.2
Temperature (°C) 25 25 25 25
Volume of MB solution (ml) 200 200 200 200

30, 60, 120, 240, 300,

Contact time (min) 360. 480 300 300 300
Agitation speed (rpm) 150 100, LS;())’ if)((])’ 300, 150 150

pH 7 7 2,4,6,8,10 7

Initial concentration (mg/l) 12 12 12 0.5,1,2,4,5,12
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Table 2. The properties of commercial activated carbon (AC) that was used in this batch studies

Properties of AC

Moisture (%) Ash (%) lodine (mg/g) Hardness (%)
AC 1.4 4.0 1,015.30 99.6
RESULTS AND DISCUSSION

Characterization of M. cajuputi charcoal

The major physical and chemical characteristics of M. cajuputi charcoal (raw materials to produce
MCAC) were carried out and the results had shown in Table 3. They were found to be 48.59, 57.87,
13.17 and 0.86 % for carbon, volatile matter, fixed carbon and ash respectively. These results
indicated that M. cajuputi charcoal is potential material to produce activated carbon according to
their carbon was over 40% (Bansal, 1988) and low ash.

Table 3. The major physical and chemical characteristics of M. cajuputi charcoal

Volatile Fixed

Moisture Ash matter LAY Carbon Hydrogen Nitrogen Sulfur Oxygen
(%) (%) %) g (.,/‘)’ (%) (%) (%) (%) (%)
28.10 0.86 57.87 1S. 14 48.59 6.97 0.60 0.05 40.50
Method LECO TGA-701 [ CHN 628, 628 S Truspec Mirro

Characterization of M. cajuputi Activated carbon (MCAC)

The activation experiment results of M. cajuputi charcoal were shown in Table 4. Three activation
tests that had over 40 % of burn-off, were sclected to analyzed BET surface arca and physical
properties as shown in Table 4. It was found that their surface area of MCAC (at 900-950 °C) were
in range of 735-998 m?%g and in the same range of AC that were produced from rice husk, olive
stone, coffee residue and pomegranate seed precursor which shown in Table 5. Their mean pore
diameter are in range of 1.9488-2.0729 nm these results indicated that their major pore is minor
pore. Commercial activated carbon that typically been used as water purification media have
surface area ranging from 800 to 1200 m*/g (Jung and Kim, 2014). MCAC which activated at
temperature 950 °C, with 180 min were selected to study methylene blue dye adsorption.

Table 4. Characterization of MCAC at varies temperature and heating time, cooling with N»/CO»

Activation Activation time Burn-off Sher (/) Mean pore dimeter Vi (cm? Voual (cm?/g)
temperature(°C) (min) (%) (nm) (STP)/g) (p/po=0.990)
800 120 24.23 - - - -

850 120 28.65 - - - -
900 120 41.3966 - - - -
900 180 50.2489 786.19 1.9488 180.63 0.3830
950 120 52.2907 735.65 2.0720 169.02 0.3811
950 180 57.2184 998.33 1.9404 229.37 0.4843

Table 5. Activated carbons from varies precursor materials

Precursor BET surface area (m?/g) Reference

M. cajuputi charcoal 735-998 This study

Rice husk 750 Kalderis et al. (2008)
Olive stone 790 Kula et al. (2008)
Coffee residue 889 Boudrahem et al (2011)
Pomegranate seed 979 Ucar et al (2009)

Batch studies of adsorption
Batch adsorption experiments were performed as a function of contact time, pH, agitation speed and
initial concentration and compared with AC adsorption experiments.
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Effect of contact time

As shown in Figure 2(a), the MB adsorption capacities of MCAC were increased with an increasing
of the contact time. The adsorption capacity of MCAC was quite rapid in the first 100 min, then
gradually increased with the prolongation of contact time. After 300 min of contact, no obvious
variation in MB adsorbed was examined. The rate of removal was higher in the beginning due to
larger surface area available of adsorbent. After that, the rate of MB uptake was controlled from the
exterior to the interior sites of the adsorbent particles (Amin, 2008). Based on these results, 300 min
was taken as optimum contact time in MCAC adsorption experiments whereas contact time 480 min
of AC gradually decrease and had not reach in steady stage.
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Figure 2. Effect of factors on adsorption capacity

Effect of initial MB concentrations

As shown in Figure 2(b), Adsorption experiments were carried out at six different MB
concentrations. (0.5, 1, 2, 4, 5 and 12 mg/L). The MB adsorption capacities of MCAC increased
with increasing of the MB initial concentrations. Initial concentration provided an important driving
force to overcome all mass transfer resistance of MB between the aqueous and solid phases
(Karaoglu, 2010). Hence a higher initial concentration of MB will enhance the adsorption process.
And their adsorption capacity of MACA was higher than found in AC.

Effect of agitation speed

As shown in Figure 2(c), the different agitation speeds in the range of 100-400 rpm were performed
to study on adsorption capacities. The results show the maximum adsorption capacities of MB by
MCAC are achieved in range of 250-350 rpm. These results indicate that an effective transport of
MB towards the adsorbent surfaces occurred, due to less resistance to diffusion at higher agitation
speed.
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Effect of pH

As shown in Figure 2(d), shows the influence of solution pH on MB adsorption capacities by
MCAC in the pH range of 2-10. The adsorption capacity decreased with increasing of pH values.
The maximum adsorption was observed at pH of 2. And their adsorption capacity of MACA was
higher than found in AC.

Adsorption kinetics model
The adsorption mechanism of MB was evaluated by utilizing commonly used kinetic models. It
appears that a first-order kinetic equation best fits the adsorption data of MCAC (R? = 0.9814)
whereas the zero-order kinetic equation best fits the adsorption data of AC (R?= 0.9622) as shown
in Table 6 and Figure 3. This model expresses the proportionally between the reaction rate and the
aqueous MB concentration.

XMCAC ®AC XMCAC ®AC

e

(a)Zero Ordcri N U | ( b)) First Order

Time, min

( ¢) Second Order

Figure 3. Kinetic models described the adsorption of methylene blue dye on MCAC

Table 6. Adsorption kinetic parameters for the adsorption of MB

Activation temperature Activation time Zero-Order First Order Second Order
L) (min) K 2 X 2 K 2
AC - 0.048 0.9622 0.0063 0.9393 0.0069 0.6748
950 180 0.095 0.7026 0.0235 0.9814 0.054 0.877

Adsorption isotherms

Langmuir and Freundlich isotherms are widely recognized and have been successfully applied to
defining many adsorption equilibriums and evaluate adsorption equilibrium of methylene blue dyes
from aqueous solutions. Therefore, methylene blue dye adsorption data were analysed by Langmuir
and Freundlich equations 1 and 2, respectively;

. C, 1 (1)
—_— ] — -+
X X, KX,

m m
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log X = log K, + Llog iy @
n

where K and X, are Langmuir constants (L mg™") and maximum monolayer adsorption capacity (mg
¢), respectively and Freundlich coefficients n and K; are related to adsorption intensity and
adsorption capacity, respectively.

Isotherm coefficients of both model are given in Table 7. They are shown that Langmuir isotherm
are much closer to experimental points than Freundlich isotherm. Maximum adsorption capacity
found in this study were higher than found in AC and in AC that produced from Lantana camara
Stem (qmax = 19.84 and K¢= 1.111mg/g) (Amudal, 2014).
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Figure 4. Langmuir and Freundlich isotherms

Table 7. Constants of Langmuir and Freundlich isotherms for methylene blue adsorption by MCAC

Activation Activation Langmuir constant Freundlich constants
temperature(°C) time (min) qoe (ME ) KiLmg" 2 Kemz 2" 5 2
AC - 8.795 2.364 0.981 4.087 3.967 0.784
900 120 5.724 2.543 0.9928 3.249 2.150 0.895
900 180 6.477 0.864 0.9297 3.385 3914 0.9762
950 120 2183 2.124 0.9065 4.935 4.708 0.8489
950 180 12.919 1.838 0.9326 8.391 1.838 0.9791

CONCLUSION

The M. cajuputi charcoal proved to have potential for production as low-cost activated carbon. The
activated carbon that was produced from M. cajuputi charcoal by heating activation at 900-950 °C
had surface area in range of 735-998 m?/g. And maximum adsorption capacity found in this study
are in range of 5.724-12.919 mg g”'. Equilibrium data was best described by the Langmuir isotherm,
with the maximum monolayer adsorption. The maximum adsorption capacitics of methylene blue
dye by MCAC occurred at pH of 2, initial concentration of MB 12 mg/l and reach equilibrium at
contact time 300 min. The results show MCAC was successfully to remove methylene blue dye
from aqueous solution by adsorption and it has the potential to use as low-cost adsorbents for dyes
removal from wastewater.
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