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Abstract : The kinetic and thermodynamic parameters of Acid Red 66, adsorbed by granular activated carbon, were investigated
on areas of initial concentration, contact time, and temperature. The adsorption equilibrium data were applied to Langmuir,
Freundlich, Temkin, Redlich-Peterson, and Temkin isotherms. The agreement was found to be the highest in the Freundlich
model. From the determined Freundlich separation factor (1/n=0.125~ 0.232), the adsorption of Acid Red 66 by granular
activated carbon could be employed as an effective treatment method. Temkin’s constant related to adsorption heat (Br = 2.147

~2.562 T mol ™) showed that this process was physical adsorption. From kinetic experiments, the adsorption process followed the
pseudo-second order model with good agreement. The results of the intraparticle diffusion equation showed that the inclination of
the second straight line representing the intraparticle diffusion was smaller than that of the first straight line representing the
boundary layer diffusion. Therefore, it was confirmed that intraparticle diffusion was the rate-controlling step. From
thermodynamic experiments, the activation energy was determined as 35.23 kJ mol™, indicating that the adsorption of Acid Red
66 was physical adsorption. The negative Gibbs free energy change (A G = -0.548 ~-7.802 kJ mol ™) and the positive enthalpy
change (AH = +109.112 kJ mol ™) indicated the spontaneous and endothermic nature of the adsorption process, respectively. The
isosteric heat of adsorption increased with the increase of surface loading, indicating lateral interactions between the adsorbed dye
molecules.
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Table 1. Physical properties of granular activated carbon

Properties Unit Value
Average particle size mm 1.638
Specific surface area m’ g! 1.578

Density (at 25 C) (gmLY)  048~0.55
Iodine adsorption value mg g’ 1,172
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. -1
o] 2] SFott}. ol@|at HE Tejste] B oo A 23 Methylene blue adsorption value mL g 192
Fopol A QurH o 71 wo] ASE T Y YR Ash % <10
% 30 mesh®] QJ4F B ALE3Lo], AR 662 FX sl Hardness >90 %
Table 2. Identification of AR 66
Structure Chemical formular M. W. CI CAS No. Soubility Amax
Qg-OH
HO‘,/S"O N:N/©/ ° 1
(¢} 1 L,
H"}\“ C22H14N4N3207SQ 284.19 56085 3051-09-0 in e%hanol 523 nm
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Figure 1. Effect of activated carbon dose for adsorption of AR 66.
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Figure 2. Lagmuir isotherms for AR 66 adsorption on activated

carbon at different temperatures.
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Figure 3. Freundlich isotherms for AR 66 adsorption on activated
carbon at different temperatures.
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Figure 4. Redich-Peterson isotherms for AR 66 adsorption on
activated carbon at different temperatures.
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Figure 5. Temkin isotherms for AR 66 adsorption on activated
carbon at different temperatures.

Table 3. Langmuir, Freundlich, Redlich-Peterson and Temkin isotherm constants for adsorption of ar AR 66 on activated Carbon

Isotherm Temperature (K)
model Parameters 303 13 323
Qo (mgg™) 40.98 42.19 50.00
) K. (Lmg") 0.440 1.549 2.985
Langmuir
Ry 0.0525 0.0151 0.0067
r 0.9943 0.9715 0.9765
Kr (mgg)(Lmgh)"™ 19.095 26.1163 38.3611
Freundlich 1/n 0.232 0.166 0.125
r 0.9878 0.9945 0.9826
a 12.1021 22.9708 24.1407
Redlich-Peterson 8 0.5024 0.3565 0.2475
r 0.9873 0.9990 0.9930
B (J mol™) 53543 5.6305 7.1201
Temkin Kr (mgL™) 21.6516 98.7379 216.0965
r 0.9916 0.9965 0.9500
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Figure 6. Pseudo first order kinetics plots for AR 66 adsorption on
activated carbon at different initial concentrations and
303 K.
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Table 4. Kinetic parameters for adsorption of AR 66 onto activated carbon for different initial concentrations at 303 K

Pseudo first order

Pseudo second order

Initial . kinetic model kinetic model
concentr'itlon - o ] . m
(mel) (mgg") (h) ' (mgg") (gmg’ h) i
50 27.61 0.574 0.8938 28.76 0.0392 0.9997
60 35.47 0.527 0.8401 38.11 0.0331 0.9982
70 48.10 0.311 0.8938 46.08 0.0182 0.9903

Table 5. Intraparticle diffusion parameters for AR 66 adsorption onto activated carbon at different temperatures

Temperature (K)
Parameter
303 313 323
kn (mgg' t"?) 3.2133 3.3978 4.0853
C 0.8125 5.0090 7.2913
r 0.9966 0.9731 0.9075
20

t/q, (9 mg-1 h-)

Time (h)

Figure 7. Pseudo second order kinetics plots for AR 66 adsorption
on activated carbon at different initial concentrations and
303 K.
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onto activated carbon at different initial temperatures.
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Table 6. Thermodynamic parameters calculated with the pseudo second order rate constant for AR 66 onto activated carbon at different

temperatures
Temperature K, E. AG° AH° AS°
(K) (kJ mol™) (kJ mol™) (kJ mol™) Jmol! K™
303 1.243 -0.548
313 2.887 35.23 -2.759 109.11 360.42
323 18.271 -7.802
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Table 7. Tsosteric heat of adsorption for adsorption of AR 66 onto
activated carbon
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Figure 10. Plot of In C. against T for adsorption of AR 66 onto
activated carbon.
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