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Carbon nano tubes (CNTs)E S&A|Z ARE-510] 3324 28-S 53 Y= Eosin YO %Z, Ae AT 2 4
ol AREE ONTs= B]EHZ0] 106.9 m?/g, 7]3F3E= 1.806 cm’lg, 7182472 163.2 A0|3lth. CNTsE OI%EP
Eosin Y| S2A3& F2A)7), 27] pH (2-10), D 5=(100, 150 2 200 me/L), & ﬁﬂ Ae] 9K0.05-1.0 gt &=
(@93, 313 2 333K)Z W5 AREEl0] ST, S pHOl £57F W 2 o] 0] 50, Langmuir B
2o 2 ALE Uk, ot FANESS fAF 22 SRl & A gEglon, Tt Tl wet FAFo] 1Ak
ok 42 Wl A el Ails S& g elA] b qiatEto] sAle] dojuks AE AR =itk E9EE]

Mol o3k CNTel 18 D= Eosin Y9 3 Aol a L5498 Bch

Abstract — Adsorption characteristics of Eosin Y dye by carbon nano tubes (CNTs) were examined through batch
experiments. CNTs used in the study had specific surface area of 106.9 m%/g, porosity volume of 1.806 cm’/g, and
porosity diameter of 163.2 A, respectively. Adsorption experiments were carried out as function of contact time, initial
solution pH (2~10), dye concentration (100, 150 and 200 mg/L), adsorbent dose (0.05~1.0 g) and temperature (293, 313
and 333 K). The adsorption was favoured at lower pHs and temperatures. Adsorption data were well described by the
Langmuir model. The adsorption process followed the pseudo-second order kinetic model. The adsorption capacity
decreased with increase in temperature. The results of the intraparticle diffusion model suggested that film diffusion and
particle diffusion were simultaneously occured during the adsorption process. Thermodynamic studies suggested the spon-
taneous and endothermic nature of adsorption of Eosin Y dye onto CNTs.
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752 Eosin Y& AlASH: AsAdFE A9 H T Chatterjee &
[12]2- chitosan hydrobeadsE #|Z31%] Eosin Y] &2tol| thaf A+
B0, Lee 131> =Wl SARS] AeA] Qe vhs FRA =
AHE-3F] Eosin YO &2 o3l <7-3F3th. Njokua 5[14]2
Porkodi®} Vasanth Kumar[15]i= 5 Q7] &< &4-gh(rambutan) 7
A3} 3wl FGute fiber)E HE 4 EHO 2 Eosin Y& Al A3H=
AE-E 319 01, Purkait 5161 Al EAJ€EOZ Eosin YE A7
sh= %S sl

FH T A 22 FHAZ 0]-§-5= carbon nano tubes (CNTs)=
Zdekat o] E A 7|9 2kl Qlo] FAF Adsol ¢
317] wfell &, "WAMd ¥ 22 2}
7| A4S k. W
[17] CNTsZ HF-4 A =<Q] Procion red MX-5B A 718H= 91
3131 2™, Shirmardi S[18] CNTsZ o}% 4221 Acid red 18
AASHE= AT-Z 3Tk FEEF Yao S[191& CNTs2 %ol&
Methylene blues A A3t A8 3F31.2.H, Rodriguez -5-[20]
CNTsZ ol 521 Methylene blue®}t 502 9AH.2! Orange IS
AASH A= shlcE A 1037 7] 2 57] 298 4.8 AAsH
7] $18F CNTs9] §-§-0] theatAl A7-=o] 231 9Lo1}18,21,22],
CNTsE o-&-ato] A Bl W23l ¢1521 Eosin Y2 A1l djgt
ZA8AT= A e k] 9Far Qltk whebA] CNTsE: ©]-8-3F Eosin
Yol st 2@} S5 digt A7 Fast Ao = gkt
Hrt.

ubA] 2 Aol A= ONTSE S2A12 A3t whiEsl/g
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A%, 5L
23} GRS o

32
=

Eoau)

Kl

A

jﬂu'

Z 10~ =

, o550l = 713, A0
52 5ol ONTsE 583 750 ¥

rlo

a3l

c

flo o o mt

o3
=

2 2

=
=
T

il

O
9 Saukg ] Qolat ae AlEssih

Al
=

2. 2

2-1. A=

B Aol A AFE-3E & 2HA= Carbon Nano-material Technology
Co. Ltd.ol1 4 7913t carbon nano tubes (CNTs) S AFE-5+S] © 1, BET
B %1 377X (Micromeritics, ASAP 2010)E ©]€-3}%] CNTs2
HEHA, T AR W FaAs A4S Ssisior, vz
5 #F37] 98l FAFAAE #] 7 (Scanning Electron Microscope,
SEM, Hitachi, S-2700yS AF&-3lo] SEM AR-S Zdslgict 214
2+ Eosin Y (C,0H4OsNa,Br,, Duksan, LG)E A}-&-3}31t}. Eosin

Y 4912 1,000 mg/L stock solution 1 LE #| 53 & 3|25} AL
3kt

2-2. EXAH

AL 3] FA 07 F3slgl e, 7} 100, 150, 200 mg/L 552
Eosin Y -9 200 mLel] CNTs 1.0 g5 9> F 3% 97| (JOHNSAM,

JF-FS-2500)E o]8-3}o] wHIsIATE, o] A& st e A
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AT

2171 (Eppendorf, centrifuge 5415¢)5 ©]-8-5t] FHAIE Felet 5,
e At A2l 7 F2-8 7 (UV-visible spectro-
photometer, Shimadzu, UV-mini 1240)< ©]-4-3}¢3 522 nmol| A &

Y=g P4,

ONTsel| 13 A7 Eosin YO &2we Uhat o] A1,
C,-C)V
q = (OT) M

g-olo] 7] pHE 1 M HCI (Samchun, EP)? 1 M NaOH (Samchun,
EP)E ©]-&-3Fo] 24 3}3 2, pH meter (Istek, AJ-7724)% ©]-8-5F
=451tk gl ) & 5= Shaking incubater (Hanback, HB- 201SF)Z
ARESIO] 293 K, 313 K W 333 K& 243lo] 482 =3sl3it).
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| 3

3. Z2u 3 i

3-1. CNTs S4&AM

5~20 nm, 2O)7F < 10 ymQl & T+FX5E ©
ASATE. TS AP 27 I QA wiA|E
L 7)1 TTF M EATERE 7 RS & 5= i

BET 4] Azle]] oJshd 2 Aol 4] AMg-¥ CNTsS] Bl &
106.9 m?/g, 71359 1.806 cm’/g, 18] 1 71 ¥4 AL 1632 A ©
Art.

3-2. E5N| BT WS e PE

Fig. 2& &% 100 mg/L<! Eosin Y £ 200 mLell CNTs2] 54}
25 0.05g, 0.10 g, 0.15 g, 020 g0 2 2] 3t Ao F223) A
&S ERH Zolth. Fig. 2014 Bz vle} 2o] CNTsQ] F4%o]
71842 Eosin Y2 AlAE-2 33.4%, 66.7%, 91.4% 2 99.5%%
S7VFIATE F2A o] ©h9] A F2R 133 me/g, 131 mg/g,
118 mg/g, “12] 31 99 mg/g® 7+43F3th Wu[17]e]] 2] &l 4= 5
CNTsE o] &3 ¥4 92 Procion red MX-5B2] #| A 19}
Bhattacharyya®} Sharma[23]2] Q1= 1& 12 (Neem leaf)S ©]
L3t v ANETF 952 FAATNAE 2 A7 Ao} {AlsE A
I Bk

CNTs2] 5925 005 gollA] 0.10 g & Z7FA 718 W= Eosin Y2
E2eo] 133 mg/g 131 mg/gE A HsHA %SO CNTs9)

S|

]

Sk

SEM MAG: 100.00 kx

SEM HV: 15.00 kv
Det: SE

VEGAW TESCAN

I
PKNU"

500 nm

Fig. 1. SEM image of CNTs.
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Fig. 2. Effect of the amount of CNTs on the adsorption capacity and the
removal efficiency (initial concentration : 100 mg/L, CNTs :
0.1 g/0.2 L, agitation : 180 rpm, temperature : 20 °C).

%S 015 g% 02 g2 TVMFS Wi 118 mg/g} 99 mg/gO =
A Ao E R 2RF2] AFolA= CNTsS] 2 0.1 g0 & Z
Jato] z3ysI3lct.

3-3. pHO| Y&t

Fig. 3+ 100 mg/L2] Eosin Y 2<% 200 mLol] CNTs 0.1 g& ¥ 5,
49 7] pHE 200141 1002 G344 F2= AlALS
ERdl o]t} Fig. 3014 H320] pH7} 2014 1002 Z7}she| nja}
AL 72818} o] FRAIE WS pHellA k] 329 Ak
7FAH, 8-311% Bosin Y A5 -Fdollx S8k w7 wlEo 2
AlEE ™, o]2] 3t A= Machado 5[24]2) CNTsZ A48 959
&z tfst A WrtoluEl Porkodi®} Vasanth Kumar[15] 2
Purkait 5[16]0] X E° 2 EosinS A1 A8 Aol pH7} w02
F5 Eosin®] A|AE0] Solx]= At} FARISIT

o

3-4. AIZIOH HE SEZ WS

Fig. 4= Eosin Y9 ¥5% 100, 150 ¥ 200 mg/LO. & ga]3t 73
ol 18- Alzhel] b2 Fake §iskE VR Flo)th, Fig. 404 B
W, 271 3027 E2o] w2 AEthrt A FaRke 5
7M7) GtolA] oF 90ito] AU el =edhs 2S5 otk
0]+ Porkodi®} Vasanth Kumar[15]7} 448 E/d €S  Eosins
A|AgE A2k, Purkait 5 {16]0] vt A B-AE F2A|Z ARS8
Eosin= A|A%E A, 712]3L Ai 5[25]°] CNTsZ methylene blueZ
AATE AFelA] F 1005 Tholl S Fholl =eah= Azl fAR}
Ak o] dt A F2 27) dAlelME 3 Tl nlofle
A o] ol FALEE wEARE F2to] Zgig o) nke} vlojgl=
AL 7t gl whet F2 S£57) fhaskA H= 2 o® A
SHH26].

FAF 1 e TRt 2],

dq
7 - ki@.—a) )
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Fig. 3. Effect of pH on the removal efficiency of Eosin Y (initial concen-

tration : 100 mg/L, CNTs : 0.1 g/0.2 L, agitation : 180 rpm,
temperature : 20 °C).
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Fig. 4. Effect of contact time on the adsorption of Eosin Y onto CNTs
(CNTs : 0.1 g/0.2 L, agitation : 180 rpm, temperature : 20 °C).
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Fig. 50 b3l o, o] 2 58] -3k 9}e}r] B gh5-5 Table 1°] o)

UERJIQIT). Table 19914] B5%0] CNTsell €13+ Eosin Y| 52} A= o somoL

FHAF 12} S el] 2831 39 AAAG)Rko] 0.9125~0.9343 ©] 4 v 2omgL
om, FAF 22k H 2ol 2183 739 0.9994~0.9999 ] STt

weba] B A7) FAEEL fAl 22k SEAlE ] ISskE 0w 3]

At Purkait S[16]°] B/ ®HE ©]8-2F Eosin A1 Aol f

&2 200, 400 mg/LollA kygtol ZH2F 0.0669, 0.04379] 3L k,gko] 2t
7}+0.00019, 0.00040°. = 2 A7) A 7|9} Ads] FAFSE 3he &
Ro= & Ak & ko] FAk 23k S22 ellA] 0.99, 0.99%
UERL fFAF 221 S 2] of O WSR3 A A]8H3ITE Njokua
F[14]°] #F-g(rambutan) AEE WH= AT R Eosin Y& AlA

St AE Yao 5 19]°] CNTSZE 90| A5 Methylene blues A4 3k 0 . o 0 - o
A7k Ai 525101 CNTs= ©]8-8F methylene blue A7 &l A] Time, min
= B AT Dol RAL 1 S=Aol wlsh fAL 27 S 20
o @ wssigirkn Rusigict ®)
9, 9 3] Eosin Y7 F3A121 ONTse] B9 45171 o 1omot
e QR BAAG AGE] glom, AA F AR ek 181 v z0moL

Pseudo-second-order
QI &, €4 Z9 Eosin Y A=) A4S B3l 524
Ape] A O 7 o] Fah= 7-9-] 9 DA Eosin Y w4t
ol F2A -9 7155 A9-aL e AAE T3l FAatel <3|
A @R o) g3hE A2 YA T = AEA G0l
Fig. 5(cye Wi 1AF Ak mdla)el 2] (6)0lA g, vs. t72S A3
Zlo]t}, Kannan¥} Sundaram[30]> q, vs. t'2] 18327} 45-S #]
= AAQ1 7ol Ul A AR AZE &Soletkar seich 13

v} Fig. S(©PIA BR H0] 19 2w $igkel, ol CNTs 00 - - -
93t Bosin 2] F2H& HA] F9)2] eluol 2] erebitat A ° N e B
dpEelAle] Skl olaf BaAel 0w Aojrirks 213 et 200 :

Wit} Ai 5[25)% CNTsS ©]-8-3F methylene blue #1711 A3 ollA A
HA PR F2A| 9] Q- oA ] it F2 TAQ1 v Skt
Ao, 7 "A T F2A] 715l A AR A 2 TAIQ] U
A=} gakekAl gt skt o] st A P= Porkodi®} Vasanth

150 A

Kumar[15]2] &7} A7 2x(jute fiber carbon)oll ]S+ Eosin Y] & § 100 4
AT Wu[17]9) CNTsZ ©]-&3F Procion Red MX-5B2] & &
Ai 5[25]9] CNTsZ ©]8-3F methylene blue?] &2 ¢, Huang %
[31]0] 7]1EAF(chitosan) 2.2 Eosin Y& &2} A AsH= Aol 4 9 50
Aztsl FARAC S isomgt
v 200 mg/L
3-6. 22 S2 oM 0 ; ; . . .
= o & XAl . = A 0 3 6 9 12 15 18
2 F213 A4S Langmuir 5222} Freundlich 52 o] o
Hgajo] Araloirt. Time. min
. Ea = Fig. 5. Plots of (a) pseudo-first-order, (b) pseudo-second-order, and
Ezr e ao rlom 7k 2 p P
Langmuir £ 215 et 2rH32). (c) intraparticle diffusion model for the adsorption of Eosin
_ k,q,,C. - Y onto CNTs.
9~ T3k, C,
Ceoley | ®)
A (e YR vehdd b3 o] it 4 9, kiq,
Table 1. Kinetic parameters for the adsorption of Eosin Y onto CNTs
Pseudo-1st-order Pseudo-2nd-order Intraparticle duffusion
Cy(mg/L) q,(mg/g) . 5 - 5 PRV o}
q. (mg/g)  k; (1/min) r q, (mg/g) k, (g/mg-min) r 9. (mg/g)  k, (mg/g'min ™) r
100 140.9 70.66 0.0194 0.9343 1449 0.0009 0.9994 89.00 3.3753 0.8720
150 149.2 64.61 0.0221 0.9125 151.5 0.0013 0.9998 105.8 3.2358 0.8187
200 1514 60.78 0.0246 0.9226 153.8 0.0015 0.9999 112.6 2.9379 0.8017
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Freundlich &2} 52

1

9Qe = kFCZ (9)
21 (98 A2 o= vEhd t53 o] Hr
B 1
Inqg, = Inky+5InC, (10)
folo] 22 293K, 313 K & 333 K& 2e)ehaA] 583t 53
EZAg o 7 HE AL AYA9E Fig. 60l L}EM‘ELU% 234

= 2 (8) 2 A (10)0l] A-g-3te] 7+t Thebr|E gHE-S Table 201
LFERNSIE}. Fig. 63} Table 2914 R Eosin Y& 757—(} TAL B
A7) A9 Lﬂoﬂfﬂl‘— Langmuir 5-22]3} Freundlich 522
% Langmuir 52 B2 2+ Risl= A¥9E B9 0| Langmuir
S0 ENE 040% Eosin Y] #Hul| S22 217} 129.87~156.25
mg/ge]Att. ©]2 3t 3= Madrakian 5[34]°] & -9} -2 5
27|91 CNTs= ©]8-3}9] crystal violet, thionine, janus green B,
methylene blue 57 > Y155 FZ A7) AT0ll4, Freundlich &
22 B} Langmuir 5220l U 2 2= 495 Bl A3 A
S}, B3 Njokua 5[14]°] &4-§H(rambutan) A& 2 H= A&
© 2 Eosin Y& A3 A= Freundlich 5-22]X T} Langmuir
___<P_}\1 oﬂ 31_91_ ) ul—b @4,_ Eoﬂ;]__]_ O]_oﬂr/]. _‘zi] Flg 60]]/\1 H
W 27} 271wl B g o] 2ast, ol £}
S7VoPA AR N =k S Ag-0] oFslE 213 Eosin Y9
CNTs Afole] =] A< 2-8-1e 2kl 11[35], Eosin Y w4+ ©]
FE7}F E7F8t0] Eosin Y #AREC] IdellA Ao wkx] vkl
Eosin YO &2 50| FHadh= Z1o® ARt} olejst A=
Purkait 5[16]0] Bt = Eosing A|ASH AZolA 2571 5

180

150

de. Ma/g

® 293K

O 313K

v 333K

Langmuir model
~~~~~~~~ Freundlich model

30 1

0 T T T
0 50 100 150 200

C,, mg/L
Fig. 6. Adsorption isotherms for the adsorption of Eosin Y onto CNTs

at different temperatures (initial concentration : 100 mg/L,
CNTs : 0.1 g/0.2 L, agitation : 180 rpm).

Table 2. Isotherm parameters for the adsorption of Eosin Y onto CNTs

775

52 339 5AR ALIL WP $I51e] dedera e
Fot Qolst QRS Wl 218 AeAolt) A2 Sla) A

gk 2p-A] W st of oy
ZpaA o 7 Qo) ]‘
9] e e 23S ‘i}%—*lﬁﬂc &b, kA 0 7 ek sl

v]EIS] Gibbs ARFAUAI(AG?), M) (AH?) 18] 3L E 23] (ASO)=
TR} 22 IS ZH=TH36].

AG’ = AH’-TAS’ = RTInK, 1)

BT Ko 250 935 o, o539 22 Van't Hoff %
9205 ehd 5 gk
ASU AH()
ink, - 2% A (12)

21 (12)ell A3 1/1ell 8l InK,E =A18 Fig. 79] 712719}
yAH o 2 HE] AH 9} AS® ZES T8k, 2] (1DEFE AGE 7HS T
sto] Table 3ol YERGITE. A st4 stetn|E] FhES ¥ EW
AH= 4226 kI/mol®E 2] kS 7FX 22 CNTsll 2]3F Eosin Y2
T2 3ol FERFSY-S VeI, ASPE 19.959 J/mol K= <FE]
& 7HE 318 Kot CNTsell tiét Eosin Y E59] 1slerF £2
Aoz Al Ul T3 AGY H It -2.321~-1.722 ki/mol =
=9 @& 7 227t SRS ddigte] v ek 9o
27 A Eosin Y &3S L7 1= ;(]-HL/Ho] =
ot A& & 4= QItH37]. Huang 5311 7| EARS o] &31
Eosin Y &2} Agle|lA AG® kel =2 3k& 7HA ApA Rl F7go]
7| et 257 S7VEE AGE #lo] AHAstE R 25Ut SUkE
T5 vk OW X5 }Eh sk 28 w17+ CNTsE ol&

o1 7 8 B 20) S7Hekn, AGPS] G 8] gh% A1
217} FAFR 4o glol B 7 onE 2k 37}
@4—% fiato] % At ek isie. el & el el
145 o] ONTo BHAIZ AHgalo] 29< 21
o512 A} it e Ao Az,

4.4 E

B Ao aE ONTsE S2HA 2 AFE-8ko] dieAd 98
Eosin Y&] F2545 &*}0}0% U} 22 ARS A4S 5 38
o]

o)

)

_l

2 30 min WollA &= wj$- w274 A

©14 90 min o] Foll= el mRsIc. FAAG Al 3t

Temperature (K) Langmuir _ Freundlich
4, (ng/g) k; (L/mg) r kp (mg/g) (L/mg)"" Un r
293 142.86 0.4795 0.9996 106.13 0.0576 0.7689
313 135.14 1.0725 0.9994 108.61 0.0452 0.6397
333 128.21 1.7727 0.9995 110.50 0.0362 0.5765
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Fig. 7. Plot of Van’t Hoff equation.

Table 3. Thermodynamic parameters for the adsorption of Eosin Y

onto CNTs
Temperature (K) InK, AH’ (KJ/mol) AS°(J/molK) AG’ (KJ/mol)
293 5.804 -1.722
313 6.609 4.226 19.959 -2.021
333 7.112 -2.321

FAF 1AF SRR fA 22 iAo 2 285310, CNTsell
©Jgk Eosin Y& F2h2 outol| 2] upehabal FabA] utel A o] &
Aol 9§k HaARl s o ' dojub= As & 5 AT FEE
@ A4 3= Langmuir 5220l 2 2-8-% 31 01, Eosin Y¢] &
o] &2 293 KellA 142.86 mg/g, 313 KollA] 135.14 mg/g, 333 K
oA 12821 mg/glE L 57} F7F8E 7hAaslint. ek godst
2 &l 2Jall CNTsoll 213t Eosin YO F3317-2 Fhuk-golr,
ApA 0 7 Joupi= Hhg-Sle & = QUSITh

Nomenclature
C  :intercept in intraparticle diffusion kinetic model [mg/g]
C, :equilibrium concentration [mg/L]
C, : initial concentration [mg/L]
C, :concentration at time t [mg/L]
G : Gibbs free energy [kJ/mol]
H  : enthalpy [kJ/mol]
k,  : pseudo-first-order rate constant [1/min]
k, : pseudo-second-order rate constant [g/mg-h]

kp  : Freundlich isotherm constant [(mg/g)(L/mg)"™
k;,; : intraparticle diffusion rate constant [mg/g-min*?]

k; : Langmuir isotherm constant [L/mg]

K; :product (q,k;) of k; and q,,

M : mass of absorbent [g]

n  : Freundlich isotherm constant related to adsorption intensity
g, :equilibrium adsorption capacity [mg/g]

q,, - Mmaximum adsorption capacity [mg/g]

g, :adsorption capacity at time t [mg/g]

R : gas constant [J/mol-K]
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AT

: decision coefficient

: entropy [J/mol-K]

: absolute temperature [K]
: time [min]

: volume of solution [L]
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