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Abstract — Batch experiment studies were carried out for adsorption of congo red using granular activated carbon with
various parameters such as activated carbon dose, pH, initial dye concentration, temperature and contact time. Equilib-
rium experimental data are fitted to the Langmuir, Freundlich, Temkin and Dubin-Radushkevich isotherm equations. From
Freundlich’s separation factor (1/n) estimated, adsorption could be employed as effective treatment method for adsorp-
tion of congo red from aqueous solution. Base on Temkin constant (B) and Dubinin-Radushkevich constant (E), this
adsorption process is physical adsorption. Adsorption kinetics has been tested using pseudo-first order and pseudo sec-
ond order models. The results followed pseudo second order model with good correlation. Adsorption process of congo
red on granular activated carbon was endothermic (AH=42.036 kJ/mol) and was accompanied by decrease in Gibbs free
energy (AG=-2.414 to -4.596 kJ/mol) with increasing adsorption temperature.
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Fig. 1. Molecular structure of congo red.

Table 1. Physical properties of activated carbon

Properties Unit Value
Average particle size mm 0.243
Density (at 25 °C) (g/mL) 0.49~0.52
lodine adsorption value mg/g 1,010 Min
Methylene Blue adsorption value mL/g 150 Min
Ash % 5 Max
Hardness % 95 Min
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Fig. 2. Effect of activated carbon dose on adsorption of congo red
(C, : 60 mg/L, 298 K).
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Fig. 3. Effect of pH on adsorption of congo red by activated car-
bon (C, : 60 mg/L, AC : 300 mg, 298 K).
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Fig. 4. Isotherms for adsorption of congo red onto activated carbon at different temperatures (C, : 60 mg/L, pH S, AC dose : 100-1,000 mg).

Table 2. Langmuir, freundlich, temskin and dubinin-radushkevich isotherm constants for adsorption of congo red on activated carbon

Temperature (K)

Isotherm Parameters 208 308 318

Q, (mg/g) 9.174 10.204 11.765

) K, (L/mg) 0.612 0.587 0.551
Langmuir

R, (L/mg) 0.026 0.027 0.029

e 0.967 0.990 0.986

K (mg/g)(L/mg)"" 5.340 5.526 5.616

Freundlich 1/m 0.150 0.171 0.221

I 0.991 0.995 0.996

B (J/mol) 1.163 1346 2.006

Temkin K, (L/mg) 68.984 49498 11.695

I 0.991 0.995 0.992

qp (mg/g) 8.620 9.307 10.516

. i K;>107 (mol/J)? 9.297 6.744 5334

Dubinin-Radushkevich E (J/mol) 0.733 0.861 0.968

e 0.950 0.953 0.942
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Table 3. Pseudo first order and pseudo second order model parameters of adsorption of congo red by activated carbon for different initial concentration

at 298 K
Initial concentration Qeexp Pseudo first order model Pseudo second order model
(mg/L) (mg/g) G (MZD) k, (h) ’ Qo (M) ko< 107 (mgh) °
30 2.328 3.360 0.233 0.991 2.736 3.304 0.996
60 4.781 6.326 0.147 0.928 5.495 2.597 0.995
90 9.117 8.772 0.093 0915 9.403 2.529 0.995
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(Cy=60 mg/L, AC dose : 300 mg, 100 rpm).

Table 4. Thermodynamic parameters for adsorption of congo red by
activated carbon for different temperature

Temperature K AH AG AS
K) d (kJ/mol) (kJ/mol) (J/mol K)
298 2.650 -2.414
308 4.441 42.036 -3.817 21.54
318 5.690 -4.596

AATH20]. NEZ 1] H}gko] k2] 4hQ1 +21.54 J/mol K= 2+
AL /e o congo red] &2to] FgiH of] uj2} a1 Aol A
congo red?] S0l A E o] JE & EAlE0] 89 Fo 7 W=y
07 Q) AA FHA A FAX T} Z7 e tHE 740]1::1
9 9l dwtell tigh congo red®] X3} o] £ A0 =F g
HATH21].
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