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Abstract : Equilibrium, kinetics, and thermodynamics of adsorption of acid black 1 (AB1) by coal-based granular activated
carbon (CGAC) were investigated with the adsorption variables of initial concentration of dye, contact time, temperature, and pH.
The adsorption reaction of AB1 by activated carbon was caused by electrostatic attraction between the surface (H+) of activated
carbon and the sulfite ions (SOs) and nitrite ions (NO») possessed by AB1, and the degree of reaction was highest at pH 3
(97.7%). The isothermal data of AB1 were best fitted with Freundlich isotherm model. From the calculated separation factor (1/n)
of Freundlich, it was confirmed that adsorption of AB1 by activated carbon could be very effective. The heat of adsorption in the
Temkin model suggested a physical adsorption process (< 20 J mol™). The kinetic experiment favored the pseudo second order
model, and the equilibrium adsorption amount estimated from the model agreed to that given by the experiments (error <9.73% ).
Intraparticle diffusion was a rate controlling step in this adsorption process. From the activation energy and enthalpy change, it
was confirmed that the adsorption reaction is an endothermic reaction proceeding with physical adsorption. The entropy change
was positive because of an active reaction at the solid-liquid interface during adsorption of AB1 on the activated carbon surface.
The free energy change indicated that the spontaneity of the adsorption reaction increased as the temperature increased.
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Figure 1. Effect of pH for adsorption of AB1 dye by CGAC.
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Figure 2. Freundlich isotherms for adsorption of AB1 by CGAC.

Table 2. Isotherm model constants for adsorption of ABI by

CGAC
Temperature (K)
Isotherm model ~ Parameters

298 308 318

Kr 1.74 2.43 3.12
Freundlich 1/n 0.717 0.710 0.697
r 0.9983  0.9985  0.9975
Q. (mggh) 12.24 12.25 13.30
. Ki (L mg™) 0.1640  0.2691  0.3451

Langmuir

RL 0.379 0.271 0.225
r 0.9976  0.9933  0.9918

B (J mol™) 2.728 3.223 3.565
Temkin KT (L mg™ 1.672 2.241 2.869

r 09745 09587  0.9592
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Figure 3. Lagmuir isotherms for adsorption of AB1 by CGAC ABI
by CGAC.
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Figure 4. Temkin isotherm of ABI by CGAC at different
temperature.
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Figure 5. Pseudo first order kinetics plots for adsorption of AB1 by
CGAC at different initial concentrations and 298 K.
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Figure 6. Pseudo second order kinetics plots for adsorption of AB1
by CGAC at different initial concentrations and 298 K.
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Table 3. Pseudo first order and pseudo second order kinetic model parameters for adsorption of AB1 by CGAC at various concentration

Kinetic

Initial concentration (mg L™)

Parameter
model 10 20 30

e, exp (mgg™) 2.161 4.411 6.667

Qe, cal (Mg g’) 1.154 1.394 1.410

Pseudo error (%) 46.57 68.340 78.85
first order ki (h) 0.075 0.081 0.088
r 0.9834 0.9977 0.9948

Q. cal (Mg g) 2371 4.733 6.906

Pseudo error (%) 9.73 7.28 3.59
second order ks (h) 0.294 0.225 0.261

2
T

0.9976 0.9982 0.9993
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Table 4. Pseudo first order and pseudo second order kinetic model
parameters for adsorption of AB1 by CGAC at avarious

Temperature
Kinetic Temperature (K)
Parameter
model 298 308 318

Qe ep(mggh) 4411 4689  4.825

Qe a(mggh) 1394 1380  1.406

Pseudo error (%) 7722 7858  79.19
first order k; (h) 0.081  0.082  0.089
r 0.9977 09977  0.9934

Q. ca(mggh) 4733 4990  5.097

Pseudo error (%) 7.28 6.42 5.63
second order k2 (h) 0225 0241 0319
. 0.9982  0.9987  0.9996
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Figure 9. Intraparticle diffusion plots for adsorption of ABI1 by
CGAC.
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Table 5. Intraparticle diffusion parameters for adsorption of DY 3 dye by activated carbon at different temperatures

Stage 1 Stage 2
Temperature (K) kfrll g c ) kfrll g c 2
(mgg™ t7) (mgg™ t7)
298 1.044 2.236 0.982 0.847 2.531 0.998
308 1.048 2.519 0.993 0.760 2.989 0.996
318 1.138 2.746 0.995 0.534 3.657 0.982
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Table 6. Thermodynamic parameters for adsorption of DY 3 dye by activated carbon at different temperatures

Temperature (K) Kd Eq 1 AG 1 AH 1 A.? 1
(kJ mol™) (kJ mol™) (kJ mol™) (J mol” K™)
298 2.010 -1.730
308 4.009 13.70 -3.555 50.76 176.2
318 7.287 -5.251
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