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Abstract : Batch adsorption studies were carried out for equilibrium, kinetics and thermodynamic parameters for adsorption of
coomassi brilliant blue G (CBBG) using activated carbon with varying the operating variables like initial concentration, contact
time and temperature. Equilibrium adsorption data were fitted into Langmuir, Freundlich and Dubinin-Radushkevich isotherms.
From estimated separation factor of Langmuir and Freundlich, this process could be employed as effective treatment for removal
of CBBG. Also from Dubinin-Radushkevich isotherm model, adsorption energy (E) indicated adsorption process is physical
adsorption. From kinetic experiments, the adsorption reaction was found to confirm to the pseudo second order model with good
correlation. Intraparticle diffusion was rate controlling step. Thermodynamic parameters like change of free energy, enthalpy, and
entropy were also calculated to predict the nature of adsorption. The change of enthalpy (406.12 kJ/mol) indicated endothermic
nature of the adsorption process. The change of entropy (1.66 kJ/mol K) showed increasing disorder in process. The change of
free energy found that the spontaneity of process increased with increasing adsorption temperature.
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Table 1. Physical properties of granular activated carbon

Properties Unit Value
Average particle size mm 1.638
Specific surface area mz/g 1,735
Density (at 25 C) (g/mL) 0.48~0.55
Iodine adsorption value mg/g 1,000
Methylene blue adsorption value mL/g 180
Ash % <10
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Table 2. Identification of coomassi brilliant blue G

Structure M. W. Color index CAS No. Soubility Amax
50;Na so3
Q J:/’r Acid Blue 90 Slightly soluble in water,
G . CHy 854.02 CBB G-250 6104-58-1 soluble in MtOH or EtOH 595 nm
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Figure 1. Effect of adsorbent dosage for adsorption of coomassi
brilliant blue G by activated carbon at 298 K.
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Figure 2. Effect of pH on adsorption of coomassi brilliant blue G by
activated carbon at 298 K.

2HE2 UER AL u% pH7} Z7)ats
= HobA= A UEbith o]7le SOsNa ¢ A
CBBG7} &0l oA 8Os o] &5 7H ol 4



Q4 4ol ©f3 Coomassi Brilliant Blue G| -2}l tet B, 523t 9 dojstol it A7 293

H2 Su] BaTe] ERe pHrb we AP Al ool
2oz 5 2ol £ Aol H712 Aefol 2Hgefol pi
w00l 9 et F2E0l DA Folat Ao dod

1O o —
Z4eto] o3k CBBG] AT that 4wt vz
of et FHE 97 S5l FLEARIURS +Hs

ol
o], A% %){%-‘% Langmuir, Freundlich @ Dubinin-Radushkevich
= 2 g3slo] Hekon| 11 Ay Figure 3~5 ¥

0.010
0.008
g 0.006
S}
o 0.004
(on
e 298K
0.002 |- o 308K
v 318K
0.000 L ‘ L ‘

0.00 0.01 0.02 0.03 0.04 0.05
ce (U
e (L/mg)
Figure 3. Lagmuir Isotherms for coomassi brilliant blue G adsorp-

tion on GAC at different temperatures (C, = 100 mg/L,
GAC = 10~500 mg, pH 3).
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Figure 4. Freundlich Isotherms for coomassi brilliant blue G ad-
sorption on GAC at different temperatures (C, =100
mg/L, GAC = 10~500 mg, pH 3).pH 3).
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Figure 5. Dubinin-Raudshkevich Isotherms for coomassi brilliant
blue G adsorption on GAC at different temperatures (C,
=100 mg/L, GAC = 10~500 mg, pH 3).

Table 3. Langmuir, Freundlich, and Dubinin-Radushkevich iso-
therm constants for adsorption of coomassi brilliant blue
G on activated Carbon

Temperature (K)

Isotherms Parameters
308 318 328
Q, (mg/g) 294.14 | 302.30 | 325.68
. Ky (L/mg) x 10* 0.848 | 1.078 | 1.244

Langmuir

RL 0.0730 | 0.0849 | 0.0854
v 0.955| 0.950 | 0.940
Kr (mg/g) (L/mg)"™ | 2626 | 3531 | 47.33
Freundlich 1/n 0462 | 0.422 | 0.381
r 0973 | 0.974 | 0974
qo (mg/g) 210.7 | 2304 | 238.6
Dubinin- K % 10° (mol/J)* | 8.719 | 6.523 | 3.201
Radushkevich E (kJ/mol) 0.075| 0.088 | 0.125
' 0.954 | 0.909 | 0.828

o714 qei= S2A SAEE S2E A9 KHmgg), Ce
= FAE Y FEFEme/l), Q¢ Ki o2 FA-E&F
I} SS9 BAE Langmuir <=0t} Table 3& HH, 2
Tl Z71EeE o] 2 Y5, Qi 294.14 <302.30 <
325.68 mg/gO 2 =715t K& 0.848 x 107 <1.078 x 107 <
1.244 x 10’4L/mgil} o]l ARt Langmuir Alof tfst L2 =
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Table 4. Kinetic parameters for coomassi brilliant blue G adsorp-
tion onto activated carbon at different initial concentra-
tion (T =298 K)

Initial ) Pseudo first order Pseudo second order
concen-| EXPeri- kinetic model kinetic model
. metal qc 3
tration (mg/e) Qe ki 2 g | kax 10 2
(mg/L) (mg/g)| (h) (mg/g) | (g/mg h)

100 43.46 |33.90 10.231]0.986| 42.69 | 2.898 |0.998
200 50.04 | 34.4410.203|0.993| 46.05 | 3.277 [0.998
300 54.88 | 38.05(0.331|0.970| 48.52 | 4.180 [0.994
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Figure 6. Pseudo first order kinetics plots for coomassi brilliant
blue G adsorption on activated carbon at different initial
concentrations (pH 3, 298 K).

=)
£
[}
<
)
o
=

100 mg/L

0.1 o 200 mg/L

v 300 mg/L

0.0 I 1 I I I I

0 2 4 6 8 10 12 14
Time (t)

Figure 7. Pseudo second order kinetics plots for coomassi brilliant
blue G adsorption on activated carbon at different initial
concentrations (pH 3, 298 K).
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Table 5. Intraparticle diffusion parameters for coomassi brilliant
blue G adsorption onto activated aarbon at different initial
concentration (T = 298 K)

Parameter Initial concentration (mg/L)
100 200 300
km 8.78 10.06 10.79
C 3.67 3.32 2.89
r’ 0.997 0.998 0.999

Table 6. Pseudo second kinetic model parameters for coomassi
brilliant blue G adsorption onto activated carbon at diffe-
rent temperature (C, = 100 mg/L)

Temperature (K) | qe (mg/g) k, x 10° (g/mg h) r
298 103.159 6.5296 0.9989
308 103.331 7.7130 0.9974
318 105.459 8.8072 0.9960
40
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b g i
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E 20 A
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Figure 8. Intraparticle diffusion model plots for coomassi brilliant

blue G adsorption on activated carbon at different initial
concentrations (pH 3, 298 K).



296 7714, 7208 A3E, 2014 9

3.5. 2of3t mhatn| Ef o] B4
k] wsKAH) 3 23] HIHAS) A-§ol U 2| ABHAG)
o e doetd sleln|gEL SRR AL Bt
of AAHQ FHLA BAT FaF AEZ A4E 5 9
o). 9es} stebulel 52 Boksh] 9lsho] 298, 308, 318 Kol
A BASEUBE SUSSICL Van Hoffs 2314o] o
Ezveh gt o AozRE B,
InK,= %q— A—;[iT (11)

AG=—RThK, (12)

A7 Koz thg A2 B3 E= 25 T o419 2HiA+

olct.
4.
K= (13)
Figure 99] AEZHS ol §3te] 4 (1D~(13) 0 =F e 73t

oojsha] whehole] ZH5-2 Table 7o) 35l Lebich B

kol ©J5k CBBGS] G284 9] Gibbs Ah-fofl L 2| Wk

27} 303, 313, 323 K& EolA4E -6.16>-7.13 > -8.46 kJ/

mol $0.2 A tie] LE7F LelaeE Aol
o

o olAths R o 4 oItk EEF AN FeFE

=
Aol | A 3k o Q1 -20~0 kJ/mol R 9ol £357] o
o] FHeHol BeEREHor ARHGE AL A5}
R TH20].

Van't Hoff4] © 2 13} olgtu] H3lzhe 406.12 kl/mol2 &+
Agro] oSk CBBG] $3a40] FANEoR g o
/\a 50 B r/v’*a__'

[)) L e—w— =000
% 40 - //v /0/0/

o v o7

- V o
B 30 v
£ /

o
g o} Y s
- I/

5 / —e— 298K
3 10 ~// —-o— 308K
5: i ——v— 318K

O | | | | 1 |

Time (h)

Figure 9. Effect of contact time and temperature for coomassi
brilliant blue G adsorption on activated carbon (pH 3, C,
=100 mg/L).

Table 7. Thermodynamic parameters for coomassi brilliant blue G
onto activated carbon

Temperature (K) (kf/rII{mI) (kf/r(r}lol) (J/rr?osl K)
298 -6.16
308 406.12 713 1.66
318 -8.46

Table 8. Thermodynamic parameters for the of brilliant blue dyes
adsorption in previous studies

AH AS AG
Adsorbent | Adsorbate (kJ/mol) | (imol K) | (k/mol) Ref.
Brilliant
Bottom ash blue FCF 39.45 29431 -33.55 | [7]
Hen feather | DT |y 11185 | 2268 | [22]
blue FCF : : s
Brilliant
Xerogel blue FCF | 2851 | 10040 | -1.64 | [8]
Clay/starch |  Bant | oe 3 | 12734 9.02 | [10]
Y blue X-BR | ' s
.. Reactive
Polyaniline BBR 32.98 151.48 -13.35 | [23]
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