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Abstract The kinetics and thermodynamics of the adsorption of acid blue 40 from an aqueous solution by activated
carbon were examined as a function of the activated carbon dose, pH, temperature, contact time, and initial
concentration. The adsorption efficiency in a bathtub was increased at pH 3 and pH 11 due to the presence of sufonate
ions (SO3-) and amine ions (NH2-). The equilibrium adsorption data were fitted to the Langmuir, Freundlich and
Temkin isotherms. The results indicated that the Langmuir model provides the best correlation of the experimental
data. The separation factor of the Langmuir and Freundlich model showed that the adsorption treatment of acid blue
40 by activated carbon could be an effective adsorption process. The adsorption energy determined by the Temkin
equation showed that the adsorption step is a physical adsorption process. Kinetics analysis of the adsorption process
of acid blue 40 on activated carbon showed that a pseudo second order kinetic model is more consistent than a pseudo
second order kinetic model. The estimated activation energy was 42.308 kJ/mol. The enthalpy change (80.088 J/mol)
indicated an endothermic process. The free energy change (-0.0553 ~ -5.5855 kJ/mol) showed that the spontaneity
of the process increased with increasing adsorption temperature.
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Table 1. Physical properties of activated carbon.

Properties Unit Value
Particle size mesh 8 x 30
Average particle size mm 1.638
Density(at 25°C) (g/mL) 0.45~0.50
Iodine adsorption value mg/g 1,000 Min
Methylene Blue value mL/g 150 Min
Ash % 4 Max
Hardness % 90 Min
2.2 BAEtO| & AW M
%27]% % 200 mg/L2] acid blue 40 & 50 mLel of
atod 70 TO SHTE 2423 I A8 %‘ g5 100~
900 mg(Ax7]F A MlelA 247} of& PE Hell ¥
al, A G787 (Jeio Tek, BS-21)°14 298 K,
100 rpm 2702 24A17F 5o FHAIR & FF T
& $A3e By TS AYsn

Acid blue 40 200 mg/L £ 50 mLE pH 3~11¢!
HF-8os AFgate] Zt7ke] pHE W $ 100 mL PE
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Fig. 2. Effect of activated carbon dose for adsorption of
acid blue 40.
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Fig. 6. Temkin isotherm of acid blue 40 on activated

carbon at different temperature.
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Table 2, Isotherm constants for adsorption of acid blue
40 on activated carbon.

Temperature (K)
Isotherms Parameter
288 298 308
Qo(mg/g) 21.368 26.316 31.056
b(L/mg) 0.073 0.241 0.389
Langmuir P

r 0.8857 0,9922 0.9855
Ry 0.0641 0.0203 0.0130
Kr 11.688 16.032 22.513
Freundlich 1/n 0.123 0.098 0.083
IS 0.8780 0.9633 0.7261
Arx10'(L/mg) 0.023 0.761 15.759
Temkin Br(J/mol) 2.058 2.003 2.393
IS 0.7802 0.9467 0.7632
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Fig. 7. Pseudo first order kinetic plots for adsorption of
acid blue 40 by activated carbon at various
concentration.
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. Pseudo second order kinetic plots for adsorption
of acid blue 40 by activated carbon at various
concentration.

Table 314 &= tjgt =5 Uehle 43
AG 207 nus B fArd AR mukg2 o) o2 g
& 0.997~09973% Hto] 099630131 FAFo]x k-2
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Table 3. Pseudo first order and Pseudo second order kinetic model parameters for adsorption of acid blue 40 by

activated carbon at various concentration.

Initial concentration Qe oxp Pseudo first order kinetic model Pseudo second order kinetic model
(mg/L) (mg/g) qe ,cal kl 7‘2 4e.cal k2 ’I"2
100 9.1408 74114 0.3526 0.9968 74114 0.0350 0.9914
200 17.0648 12.7186 0.2323 0.9973 12.7186 0.0182 0.9987
300 25.0627 17.2066 0.1761 0.9947 17.2066 0.0107 0.9968
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Table 4, Pseudo second order kinetic model parameters
for adsorption of acid blue 40 by activated
carbon at various concentration.

Pseudo second order

Temperature kinetic model

QEi,exp

&) (mg/g) G o
e,ca

288 9.1408 10.926

17.0648 12.939

25.0627 11.557

€
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Table 5. Thermodynamic parameters for adsorption of
acid blue 40 by activated carbon

A S(J
(J/mol*K)

AG
(kJ/mol)

A H(J

Temperature (K) (Vimol)

288 -0.0553

298 80.088 -4.3609 279.93
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