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& A7lA= Basic Blue 3 (BB3)oll ti3t ofxlA| & dste] S215/9S skl dadere] Fojgfo] 5
7Vl wheh BB39] AAEE S7Fhe B3-S B3, 0.2 g FoiRelA] 2715% 50 mg/Le] BB37}F €413 AlAY]
Atk S2EHL 2715 E 25 mg/Let 50 mg/LollA 22t 27083} 42010] A QE % oH, AFHolEE fAF 23 &
w20 2 HARQITE Langmuir 2Jol4] ol &H U322 298, 308, 318 KollA] 34.45, 46.63, 53.10 mg/g>=
257t S7VETE SIS BESt, Gibbs AHrollUA] HSHAG)E <% 57t wet -7.37, -8.19, -10.40 kJ/mol©.=
H3}slol 1, ey H3HAH) 2 AEZT] HASHAS)= 34.47 ki/mol@} 0.15 J/mol K= AT wba] oA ¢
73 gt 2%t BB3 Fah Apiolal FdHo)girt.

Abstract — In this study, adsorption characteristics of coconut shell-based granular activated carbon (CS-GAC) on
Basic Blue 3 (BB3) were evaluated. As the dosage of CS-GAC increased, the removal efficiency of BB3 tended to
increase and the initial dye concentration of 50 mg/L was completely removed at 0.2 g dosage. Adsorption equilibrium
achieved within 270 and 420 min at the initial concentrations of 25 and 50 mg/L, respectively, and the experimental data
were represented by the pseudo-second-order model. The maximum uptakes (q,,,) predicted by the Langmuir model
were 34.45, 46.63 and 53.10 mg/g at 298, 308 and 318 K, respectively. The g,,,, value increased as the temperature
increased. Also, the Gibbs free energy (AG) was changed to -7.37, -8.19 and -10.40 kJ/mol with increasing temperature.
The enthalpy change (AH) and the entropy change (AS) were 34.47 kJ/mol and 0.15 J/mol K, respectively. Therefore
adsorption of BB3 by CS-GAC was spontaneous and endothermic.
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d¥ ™ Bl nEdA Ve Ze %‘é ool = A i
ofell A thefFsirl o] &+ aL ATH8
ek o835t A= A 1%&@15 AT AR, Lee [9,10]
< oA Y FEAIES 0]8-319] Acid Yellow 149} Congo RedS
gpko s SAJer Hrleke] 4k pH. _4 og o8l ga SeE
2 A, o 8hA s A AAEFR 1, AlJeboree etal. [1
3

1]
Maxilon Blue®} Direct Yellow A A& ¢35t oFAbA] §1743&/d &
Azt & FAEEE, 25, Folg Y pHO 93, 5252 43
At FAEAS Jﬂ7}o}ait} =3t Diilani ef al. [121:& A
A& 71HE0 2 3t GAJhS #|Z3Fo] Methyl Orange®} Methylene
Blue S2lof Qlo] S 282k} ST 2 23S 2 A 5lo] S2HE
XS Hr1FA T}, SEA R o AR & G2 8- iAtol| A 37]A] B
gt cha Q1 AH8-3F FRAIR] oA g Rke] FAA sl
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2-1. AE=

2 AFolA AFEE ofAFAl YA ¥h(coconut shell-based
granular activated carbon, CS-GAC) (F-) 2|7l elo A Azw
el Al SRkt CS-GACE 8x30 mesh, 950 mg/g ©1742] 2.2
E53, 5% ol3tke] Eshd 2l 3], 95% o) 3e] Y= 9 e}
B EAE Zheth & ArellM = ] A §lo] CS-GACE
el o] gaolth. ok, U Jeokt 2RI JSM-6010LA A
A& 0] 7 (scanning electron microscopy, SEM)= ©]-&35}0] Thof3t

Table 1. General characteristics of Basic Blue 3

H-E(x50, %500, x2500, x8000)°14 CS-GACS] FWH-S #2319
o} 24 1714 ¢4 521 BB3+= Sigma-Aldrich Korea Ltd.ol 4] 7+
w13kl ar, BB32] UREAQl 5242 Table 16 YERAQILE o] 2] 2
Aol ARG Aok A8 TaE ARSI

222, ERMIE

CS-GAC Foi&go] ul2 BB3 AlAES] sl #aslr] sl o1
702l 50 mL conical tube®ll 50 mg/Le] A EFEH 30 mLS 2+ 7
Hel Y11, CS-GACE 0.01 gollA] 0.20 g7hA] 22} T2 7)) Fois)
Stt 2831 BE FHEL 298 K 160 rpme] 5 27 skl A
24A13F WRESEGITE FAE ol mEeh & A8 AES 9,000
A2t e]to] *J%Cﬂi sy 40%04 Tﬂlo}"ﬂﬁ‘r S,

7

[s}
o 132 B3°ﬂ tjgk CS-GAC?] FA Yol Edsh=
AZHE S5A317] S8l AEAIZ ] e BB3 S& % WskE %Xo }
‘ﬁt‘r. AL 279] 50 mL FHo| 271355 25 mg/LS} 50
o1 BB3 @E29 30 mL9} CS-GAC 02 g& 429 HH 1 ?

U3k T 298 KellA] 160 rpmS.& W RS T ]rcH BB3 ¥EFE
M3} CS-GACO] E3HE) = A4S =02 2 31 1, v)g] Aalse

ARRE I 0 2 MERE AAsto] Alztel i FARE S80I

S5 BB3 thdk CS-GACS] Hth&&aks vjeotslr]
3l TRkt Lz oA =BGt AL o8 7] 50 mL
o] ZHo]l CS-GAC 0.2 g& 217, 25 mg/LellA] 1000 mg/LOE &
B3 9558 30 mLAS ZF FHo ¥tk 18 BE
2 298, 308, 318 KONl A] 24413t 5-2F 160 rppm ©. % W HI3}
o] & L obA A e AP FLdsHAl st

0

ol

¥@ 4n W {o Ho
,—Elmrsh
ml[‘lw

23, Y=o BN
A ol FHlE 248 HES SRR 4% 5 BB3Y
3421 654 nmoll A #3333 5 A (X-ma 3000, Human, Korea)S
olg3lo] 2t AR FEE BAEh BEE, CS-GACH A
BB3 53 (g oFle] A ()7 &2 2d5A A& ol8-ste] 7l

Aresitt.

V.C,—V,C
BT M)
M

o714, C2} C= BB3 U89 275 et HFsEmglys
UERaL, V, 9} V= BB3 EE9e) 27599} gﬁﬂ(L)
S UERdIc, 78]a1 M- 21310 AR CS-GACS] K (g)S <Ju]sitt.

3. gdu} ¥ nE

3-1. OFKpA| QUAIEIMEIS| Eoi2o| M= WSk
CS-GAC F-oi&o] w2 BB3S] #|A& ¥ sk= Fig. 1ol UeR]

Color index number Empirical formula Chemical structure Molecular weight Dye content (%) Do (M)
N\
51004 C,oH,,CIN;0 HSC/\N/Q:OD\\,Q “CHs 359.89 25 654
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Fig. 1. Effect of adsorbent dosage on the removal efficiency of BB3
(dye concentration: S0 mg/L).

Atk Fig. 1914 B A7, CS-GACS] Foi&o] 0.01 gofl A
0.15 g©. 2 Z7}3te] we} BB32] AlAES 11.4%014 98.9% 2.3
F248H F718I3aL, ©] 3 0.2 g CS-GACIA 50 mg/Le] BB3:=
100% A A= et ol 2} FAMSE AT A TE 100 mg/Le] Acid
Yellow 24 &4 58] F-24(Lufa Acutangula Seed Hull)2] &
02~24 mgP = 571351918 u, A8+ oF 73-93%% A A AT 13].
TE3F 100 mg/L2] Acid Yellow 14 9 H5=-g-Noj ofxbA] 824
o] Fol#S 50~500 mg o 2 S gkl whel A7) AAES
31.2~99.9%0 % S7FsIATH9]. o]} o] FaAS Tl 57}
SR gl Ao AR WTE A 0 7 AAYE AT B
t}. o]i= CS-GAC F%2] Tl mE BB3S &&= =]
EAA ] F7Eel o] glom, AnkA O F FAA 9] v EH A
F2e st F2A 5 Algshs A oE LA ST 14]. ulet
A AT2] Al whe} BB3 AIAE 1% CS-GAC?] 2752 02

3T

gO & AXaIla FEARELE o] S 7RO F slo] HrkeiGict.
32. BAAEE 3 nEE
FAEEE AR FAY e Bk o] 8% o4
T PR FAREAS A Al Fo8 ARE ATt FAEE
£ A3 CS-GAC] 23 25 mg/L9} 50 mg/Le] BB3ol| &3+ &
29y T A} FREES dopy] 918 Sraskelt. ATkl
U CS-GACS] BB3 &&32 Fig. 20 YERQILE & s%71

oA CS-GACel| &Jgt BB3 a2 270l §438H S7Fsh= &
B¢} o] 5 FHFo] MA3] Frkehs FH, A H o ® FAsE ol
Tusto] dAalA= el veRTh o] ek #2442 CS-GACS
Flel) EAlSHE 353} ofol whe Bge] F@ FAuAUZ
ola] MHd 4= Qlr}t. ¢4 CS-GACS] WS SEMC & #zsl 4
3}, Fig. 329 5002 i3t CS-GACS] EHo= FFE0] 3F
WU e GRIE = QU B g eksh =0
= B3] 93l x500°0. 2 st A, oF 5~30 um 712
Tl F2 wdH o] UM (Fig. 3(b)), o &= wiF-olli= oF
1.5~2 um 718] m|AIgE F=o] weE o] UUTHFig. 3(c), (d)).
kA CS-GACS] o]& gt 3552 Qla) thaa) 22 Al v 2
EZol5-S 7ge &= olrh A @A wF Bake] A, sl b
AHe)| 28 BB3 #AH=0] CS-GAC 2% 1 0 2 9] 4143t 0)550]

lo,
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Fig. 2. The kinetic adsorption of BB3 onto CS-GAC at different initial
concentrations. The kinetic experimental data were described
using the pseudo-first-order (dotted lines) and pseudo-sec-
ond-order (solid lines) kinetic models, respectively.
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Fig. 3. Scanning electron microscopy images of CS-GAC. (a) x50, (b) x500, (c) 2500, and (d) x8000 magnifications.

Table 2. Kinetic parameters for the adsorption of BB3 onto CS-GAC at different initial concentrations

Pseudo-first-order model

Pseudo-second-order model

Initial BB3 concentration (mg/L)  q,,,,(mg/g) q;(mg/g) k; (L/min) e(%) q(mgg) k(zmgmin) h(mg/gmin) R’ € (%)
25 35 3.2 0.030 0910 857 3.6 0.012 0.152 0.961 2.86
50 6.9 6.1 0.038 0.827 11.59 6.6 0.009 0.396 0915 435

2lalodct. F 2ol digk AAFR)S) k& vlwdt A, 25
mg/L 9} 50 mg/Lol|l thgt F-AF 13} HhS-4 5 A o] R2 ghol
0.9107} 0.8271.t} AR 22} WH-g-4 1= Bl 4] o] R? Zho] 0.9612F
0.915° % 1] A Ve, BEgh, 7 sezdola A om o
R q, WOl FAF 12 ST B2 0 2 RE] AHEE q) G
T} frAb 22k WhS-45 52 X of|x] A4 g, #lo] Bt O fAlsHl
YERstTE. o9} fAlet A= ofxA] e dwtel] 2J$k Congo
Red?] E2He- 30, 60, 90 mg/Le] BE FEx7IolA §A}F 12} vk
&5 REARTE AR 22} WSS BErlof ofsf 2 HAlE = A
o7 Raakdv10]. webA CS-GACe] 93k BB3 &&= f
AF 12F RS EE A HTE GAL 22} HHSSE BEla)S A48
Zlo] nlA sk 71 0 7 ] Qivk, BB3Y] F%7F 25 mg/LolAl 50
mg/LO % Z718te] wha} S} 12F MRS AR k2 0.030, 0.038
L/min® & Z7}89 31, 2718245 (h) 381 0.152, 0.396 mg/g
min® % Z7}sIeltt. o] st A¥E F3l BB39] w7t Sl
w2} CS-GACS] S5 7 S7Fh= 218 & 4= Jlqlth.

I

it

33. EQEXIM 9 puz

=
o= 11—

BB3°]l thgk CS-GACS] 25 3718l 918l 298, 308,

318 K9 Al 714 9) ThE ol 553 43S Sasteion
71 AFH= Fig. 40 YERI 37bE BE £noln e BB3 H2
e AU 02 AFER 0-100 gl A1 A S718
7} 200 mg/LEE = AA1E] 2715k, 123 L7} 27k
w2} CS-GACS] F&3 oA S7lehs A S Bk 5252
AP A= Langmuir 2237 Freundlich 223 AR&-8Fo] HARSH
Qick. oleld mela) e o1 ez elA CS-GACe] F2% BB32
oku} A5alal Q)3 BB3 1+ B W BAS mAKE 5 9l

Langmuir 22} Freundlich 2> o}elj¢} o] Yepd 4= Qi

_ qmaxbLCe

Langmuir model: q, 115,C (%)

Freundlich model: q, = K,C.”

(6)
oJ71M, q = FEAEA CS-GACS] AT F21E BB3Y)
Fmg/Lys evlakaL, C = BFdeielA 8- el 1HFstar 9l
= BB32] s (mg/L)PIT}. g, CS-GACe! 23t BB3S] Hul&
A (mg/gys YERIM b, Langmuir A<~ (L/mg)% CS-GAC2}
BB3 79 X3% S 9ujdht}. K, 3} ni= Freundlich A457(L/g)2t
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Fig. 4. Adsorption isotherms of BB3 by CS-GAC at different tem-
peratures. The isotherm experimental data were described
by the Langmuir (dotted lines) and Freundlich (solid lines)
models, respectively.

Table 3. Isotherm parameters for the removal of BB3 by CS-GAC at
different temperatures

Temperature (K)
Model Parameter
298 308 318
Langmuir Qe (ME/2) 34.45 46.63 53.10
b, (L/mg) 0.069 0.157 4.813
R? 0.877 0.860 0.897
€ (%) 10.15 14.82 13.94
Freundlich Kg(L/g) 12.95 21.38 34.43
I/n 0.157 0.133 0.100
R? 0.968 0.974 0.919
€ (%) 3.42 6.70 4.75

Freundlich A|5~& 2Ju]3tt}. Langmuir 223} Freundlich &29]
7 -2 1A E 3RS F3l ARESI AL, 1 A= Table
3¢ =)3kSitt. Langmuir 222 24 €] o] sk, &3
A o] F2R thitrSe oa dofdttar 7Pgdskar 912, Freundlich
Be FAAe] o] BitAsk thiE F3o] ol ol itk

7143t} Fig, 49} Table 3014 Hi= Z13] 8, Langmuir 2] o5 B
AR GEAEAL R R? 71(0.860~0.897)7 @A T} Hlof

U= A3E 5ol WbA| Freundlich 2] Atd o7 =& R? 4
(0.919~0.974)yS 7IAH, T213t A% AHAe} ARSI w
24 CS-GACl 23+ BB3 &3 D&TXP—OH o3 A= o
A F2o R o]Fojd rlsAdo] w5 AoE JJ%E]D}
Freundlich 225 283t A3}, A K
gt HE2A 1 Fho] EE7F
In 32 FHAATE 2v|sh Fhol 7%
& SRtk 1 §k°l 0»} mo]oﬂ —LxHo}tﬂ
sttt =) 1 %] 0.1~0.5 H%Ho]u:] a4
287} 7hst 03%32& %‘E%Z% ATH20]. =57} 298, 308, 318
KO 2 Z7Fghol wha) K, 3k 12,95, 21.38, 34.43 L/go. 2 Z7}a}
AT, 1/nghS BE 25204 0.1002} 0.1574 0ol EAet2 =
T2 EX223) E2AT] 7} 718 Moo &= AS <
2= 0] E%]—g xﬂ?_g].o:] }\LEQ ﬂqwxla‘c(qmax)g}

T AR Langmuir
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Table 4. Comparison of BB3 uptake with other sorbents

Sorption conditions

Sorbent Reference
Qe (mg/g) T (K)

Amberlite XAD 1180 28.9 303 [3]
Activated sludge biomass 36.5 293 [18]
Quartenised sugar cane bagasse 37.6 293 [25]
Escherichia coli 4428 298 [22]
Corynebacterium glutamicun 64.20 298 [22]
CS-GAC 34.45 298 This study
CS-GAC 46.63 308 This study
CS-GAC 53.10 318 This study

A3} (b= 257} 298, 308, 318 KO &7 S7}ghe] wpe} zh7h
34.45, 46.63, 53.10 mg/g¥} 0.069, 0.157, 4.813 L/mg .= 57|35}
ATt ol= 257t Tkl whet BB3 f RatAke] sk vh-gofl
SJ3o] CS-GACH WHER R o B4 W 17} 57}
sk 707 AlmEITH21].

< ol 237k CS-GACS} Eaell Barel vt A=
BB3°ll theh & o 522 v a5k QI TK(Table 4). a5 7] 22
Corynebacterium glutamicun} Escherichia coli®] # U & 22
64.20 mg/gT} 44.28 mg/gl 2 FUst L2714 CS-GACS]
THE (34,45 mgfg) WL U] S=kU[22). 5 SAA] B A
SAHA0]7] wiEel Y EAER] CS-GAC Btk T 52
e Bl Zlow Az v Uy SR 2 FAEE
Eoﬂx]ul— o]aq iil—zﬂ‘:, %/\Ly'gi AFQ.QL: Z_:_]%J_x-qu_ FaCR
_‘_Z_l_';ﬁ PHB_ }\] HH]L]— HH,‘,]_‘/] uls] 0 Oﬂl—sl:": 9,11.1— ‘I‘I‘Ei}
ke Ao = gloms A Afdgel A-gsk=dl A7}
A TH23,24]. 71 ¢] CS-GACE Amberlite XAD 1180 (28.9 mg/g),
activated sludge biomass (36.5 mg/g), quartenised sugar cane bagasse

o 3!

rd b
JEE

(37.6 mg/g) K.tk tha WA Rt & S SRIEIT
[3,18,25].

3-4. QA GiiA

FHTACl oA Ay W5 340 AHdS Hrtst
I A F s AxE &84 5 Q) o] & Hrlsl] 8
A& T2 Gibbs ZHTOUA] MEHAG), 83 MshAH) % E
23] |3hAS)S} 22 AoehA] W52 Wshs aliAlshks slo] I
Q3 FEEEC] AGE oFle] A (eE 78 5 At

AG =-RTInb, (7
o] 2efA] R 037 1A17d57(8.314 J/k mol), T #%0—‘% 25 (K),
b &5 TolA 9 Langmulr S oJm|git). ek AHS) ASE
o}g]€] van’t Hoff 2] (8)°ll &J&ll 78 4= Qlrt.

AS AH
Inb, = 2= -2 ®)

Fig. 5914 H%o], AH-O»]— AS9] F2 In bt 1/T2] yAHT} 7]87]

ZRE| ARG, A (791 4] FHE AG AH, AS9) G5 At
F3lgict.
AGE) %, &) gk e Fag o] Aua o2 o) ol
A 22 ofvlst, 1 gol 855 el F7keH Aoz o
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Fig. 5. Plot of Van’t Hoff for BB3 adsorption on CS-GAC for the
determination of adsorption enthalpy.

HA UATH26]. AGS =7} 298, 308, 318 KO & Z7}3ko]| ule}f
-7.37, -8.19, -10.40 kJ/mol®.Z £°] gk& /B2 %7} Z7}e
F= P Ao 2P o] ZlehE AL o 5 Yk dntzo g
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