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Abstract — Adsorption characteristics of acid green 27 dye using activated carbon were investigated as function of
adsorbent dose, pH, initial concentration, contact time and temperature. Freundlich isotherm explained adsorption of
acid green 27 dye very well and Freundlich separation factors (1/n=0.293~0.387) were found that this process could be
employed as effective treatment method. Kinetic studies showed that the kinetic data were well described by the pseudo
second-order kinetic model. Pseudo second rate constant (k,) decreased with the increase in initial acid green 27 concentration.
Activation energy (10.457 kJ/mol) and enthalpy (79.946 kJ/mol) indicated that adsorption process was physisorption and
endothermic. Since Gibbs free energy decreased with increasing temperature, spontaneity of adsorption reaction increased
with increasing temperature in the temperature range of 298 K~318 K.
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Table 1. Physical properties of activated Carbon
Properties Unit Value
Average particle size mm 1.638
Specific surface area m/g 1,735
Micropores volume em’/g 0.40
Macropores volume cm’/g 0.02
Average pore size nm 1.63
Density (at 25 °C) (g/mL) 0.51
Iodine adsorption value mg/g 1,000
Methylene blue adsorption value mL/g 180
ash % <10
Hardness % 90 Min.
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Table 2. Characteristics of AG 27

Chemical Formular MW. = 2 Color
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Fig. 1. Effect of carbon dose for adsorption of AR 27 (C, : 100 mg/
L, 298 K).
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Fig. 2. Effect of pH on adsorption of AR 27 (C, : 100 mg/L, GAC :
1,000 mg, 298 K).
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Fig. 3. Freundlich isotherms for adsorption of AR 27 onto activated
carbon at different temperatures.
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Fig. 4. Langmuir isotherms for adsorption of AR 27 onto activated
carbon at different temperatures.
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Table 3. Langmuir and Freundlich parameters for adsorption of AG 27 on activated Carbon

Langmuir constants

Freundlich constants

femperature (K) 0 ngl) b (Limg) ° K, (mgle) Limg)” T/n r
298 9.488 0.061 0.908 1.180 0.387 0.978
308 10.571 0.162 0.930 1.369 0.296 0.990
318 11.962 0.208 0.955 1.437 0.293 0.993
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Table 4. Freundlich parameters for adsorption of AG 25 in previous

studies
Dye Adsorbent Ky Reference
AG25 APA 1.25 [5]
AG25 SD/CTAB 5.77 [7]
AG25 SD 1.02 [7]

*APA : activated palm ash
**SD/CTAB : sawdust with cationic surfactant of cetyltrimethylammonium
bromide

**%*SD : sawdust
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Fig. 5. Pseudo first order kinetics plots for adsorption of AR 27 onto

activated carbon at different initial concentrations (GAC:
1,000 mg, 298 K).
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Fig. 6. Pseudo second order Kkinetics plots for adsorption of AR 27
onto activated carbon at different initial concentrations (GAC :
1,000 mg, 298 K).
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Table 5. Pseudo first order and pseudo second order kinetic model parameters of adsorption of AG 27 on activated carbon for different initial

concentration at 298 K

Initial concentration Qe Pseudo first order kinetic model Pseudo second order kinetic model
(mg/L) (mg/g) G (M) k, (h) r e (ML) kyx10° (g/mg.h) r
50 1.98 2.762 0.276 0.956 2.494 290.779 0.995
100 3.49 5.249 0.265 0.956 3.946 206316 0.985
150 433 6.840 0.257 0.979 4.698 179.185 0.984
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Fig. 7. Pseudo second order kinetics of adsorption of AR 27 onto
activated carbon at different temperature (GAC : 1,000 mg,
298 K).
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Table 7. Thermodynamic Parameters for Adsorption of AG 27 on
activated carbon at different Temperature

Temperature InK AH AG AS
(K) d (kJ/mol) (kJ/mol)  (J/mol K)
298 0.445 -3.052
308 0.673 79.946 —4.178 27.644
318 1.147 —4.606
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Table 6. Pseudo second order kinetic model parameters of AG 27 on activated carbon at different temperature at C, : 100 mg/L

Temperature Qocp Pseudo second order kinetic model
) (mg/g) Qecal (M) Error (%) k; (g/mg h) r
298 3.620 4308 19.00 0.151 0.990
308 3.860 4.444 15.10 0.158 0.990
318 4.240 4.770 12.50 0.165 0.992

Korean Chem. Eng. Res., Vol. 55, No. 4, August, 2017



GRS o] &
2kt At Alele) LA ¥ A9kt
(4) 27detel tidt AG 27 A R2] F2REsolA 7 /st

UA]3k(10.457 kI/mol)=} T 3}13%(76.946 kI/mo) S ZHE] &

Zy7gol EelFa 9l AN okt 298 K~318 K 1 91 ollA

Gibbs Aol A ke 2527 }iﬂ‘rﬁ—?% ZobR7] vl 2t

o 27t SRS AbE/do)  Eoksltt

Nomenclature

C, :equilibrium liquid phase concentration [mg/L]

C, :initial liquid phase concentration [mg/L]

C, :liquid phase concentration at time t [mg/L]

AG : Gibbs free energy [kJ/mol]

AH : enthalpy [kJ/mol]

k, :rate constant of pseudo first order adsorption [h]

k, :rate constant of pseudo second order adsorption [g/mg-h]

k; :adsorption separation factor

Ky :Freundlich isotherm constant related to adsorption capacity
(mg/g)(L/mg)""

K; :adsorption energy constant of Langmuir adsorption isotherm
[L/mg]

n : Freundlich isotherm constant related to adsorption intensity

g, :equilibrium solid phase adsorbate concentration [mg/g]

e - adsorption capacity at equilibrium, determined from pseudo-
first-order or pseudo-second-order model [mg/g]

Qe ey, © adsorption capacity at equilibrium, determined from the experiment
[mg/g]

Q, :Langmuir constant in relevant to maximum monolayer adsorption
capacity [mg/g]

g, :amount of adsorption at time t [mg/g]

R : gas constant [8.314 J/mol K]

> : correlation coefficient

AS  : entropy [J/mol K]

t : time [h]

T : absolute temperature [K]

V  : volume of solution [L]

W : mass of adsorbent [g]
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