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Abstract

The efficiency of coal-based activated carbon in removing methylene blue (MB) and phenol from aqueous solution was
investigated in batch experiments. The batch adsorption kinetics were described by applying pseudo-first-order,
pseudo-second-order, and first order reversible reaction. The results showed that the adsorption of MB and phenol occurs
complexed process including external mass transfer and intraparticle diffusion. The maximum adsorption capacity obtained
from Langmuir isotherm was 461.0 mg/g for MB and 194.6 mg/g for phenol, respectively. The values of activation parameters
such as free energy (AG"), enthalpy (AH®), and entropy (AS°) were also determined as -19.0 ~-14.9 kJ/mol, 25.4 kJ/mol, and
135.2 J/mol K for MB and 51.8 ~54.1 kJ/mol, -29.0 kJ/mol, and -76.4 kJ/mol K for phenol, respectively. The MB adsorption
was found to be endothermic and spontaneous process. However, the CV adsorption was found to be exothermic and

non-spontaneous process.
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Fig. 1. Effect of contact time on the adsorption of phenol and MB.
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Fig. 2. Fit of adsorption kinetics at different initial concentrations of phenol and MB by the pseudo-first-order model.
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Fig. 3. Fit of adsorption kinetics at different initial concentrations of phenol and MB by the pseudo-second-order model.
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Fig. 4. Fit of adsorption kinetics at different initial concentrations of phenol and MB by the reversible-first-order model.
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Table 1. Comparison of kinetic parameters for the adsorption of phenol and MB

Pseudo-first order

Pseudo-second order

Reversible first order

Co

Absorbate (mg/L) k Qe 2 ko qe 2 K, K, Kt 2
(I/min)  (mg/g) (g/mg-min) (mg/g) (1/min) (1/min) (1/min)

150 0.017 188.1 0.939 7.164x107 3522 0989 0.017 0.560x10" 0.017 0.939

MB 200 0.007 257.0 0.863 5.673x10° 4440 0994 0.007 0.745x<10*  0.007  0.863
250 0.005 257.8 0.858 5.852x107 4540 0.999  0.005 7.084x10* 0.005 0.858

100 0.123 442 0.922 4.240x107 85.8 0998 0.163 0.020 0.184  0.999

Phenol 200 0.039 45.7 0.550 2.734x107 139.0 0998 0.126 0.053 0.179  0.989
300 0.074 58.97 0.861 3.476x10° 185.0 0.999 0.111 0.075 0.186  0.952
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Absorbate Co kq Dex 10” ghof| 2Jgk MBS} #ji5-5-42 Langmuir 5-24{of] 2
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150 1.25 1.59 ¢} CvY Fo gakFo] 2+ 461.0 mg/g 2 194.6
MB 200 5.15 0.64 mg/g O & UENYT] Table 4= o8] 71X JRES &
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Fig. 7. Adsorption isotherm of phenol and MB at different temperature (activated carbon = 0.05 g (MB) and 0.1 g (phenol),
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MB &2 461.0 mg/gHth= Attt $HH Din 5
(2009)0] ZARAZ-S SR Zdeke] 7-9-of
g Z2FeFo] 177.6 mg/g, Arana®} Mazzoco(2010)
7HEUAE S SR BAvre = ARRRE Aol
s 2ol 133.3 mg/go 2 2 Aol dojl
=0 SRl 194.6 mg/gHTh Zokch Ut
Gonzalez-Serrano 5(2004)0| $AHEA YHLE &
ABAA ThE BT Aol HlEme SRS
227.3 mg/go]il, El-Hendawy 5(2001)0] 2=t
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9l Aoz 5ol XciLee 5, 2008).

Table 3. Langmuir constants for the adsorption of phenol
and MB

Adsorbate Temperature (K) qm (mg/g) ki (Vg) r

298.15 461.0 0.843  0.999
MB 313.15 502.2 1493 0.999
328.15 605.8 1.628  0.999

298.15 194.6 0.063 0974

Phenol 313.15 191.7 0.039  0.973
328.15 189.6 0.023  0.963

R RT (18)

o] 7] 4 RS 7]A] A<(J/molK), T= A £5(K),
K12 Langmuir 5229 Hdl FT2eHqm)T
Langmuir AF<=(ke) 2] H(qmke) 01T}

18] 31 Gibbs ARfrol| L 2| AG®) = th2-3t Ltk

AG® = AH— TAS® (19)

Fig. 82 1/Te] th3fl InK 5 =AgE Zlo|H, o] 25
E 7ok o] utehu]E g5 Table 5o LERU]
k. Eoshs] getajelEe e AT EH, MB
o] 7o AH’9} AG gL ZF7} 254 9 -19.0~
-14.9 kJ/mol 24 &2+ 714 o] Eukgo|al kA
o7 dojup= ZE UeflErh. EFE AS°TF 1352
Jimol K2 9] 718 7= 22 E/dete] tigk MB
o] Aste 7}t Frh= AS YERHTK Senthilkumaar 5,
2006). Hro] #H3zo] ol AHQ} AG°ZE 242t
-29.0 kJ/mol I 51.8~54.1 kl/mol 24 F2H}A4o]
raRkg-o| i vARE Q] A 0 & YElyth

Table 4. Comparison of the maximum adsorption capacities of phenol and MB with the other studies

Adsorbate  Adsorbent

Qmax
(mg/g)

Reference

MB Activated carbon (walnut shell)
Activated carbon (black cherries)
Activated carbon (rattan sawdust)
Activated carbon (waste apricot)
Activated carbon (hazelnut shell)

Activated carbon

355.5 Yang¥} Qiu (2010)
298.2 Arana®} Mazzoco(2010)
294.1 Hameed 5(2007)

102.0 Basar (2006)

16.4 Karagoz 5(2008)
461.0 Present study

Activated carbon (Eucalyptus Grandis kraft black liquor) 227.3

Activated carbon (Coconut shell)
Phenol Activated carbon (corncob)
Activated carbon (black cherries)

Activated carbon

Gonzalez-Serrano 5(2004)
205.8 Din 5(2009)

177.6 El-Hendawy 5(2001)
1333 Arana®} Mazzoco(2010)
194.6 Present study
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