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Abstract : The adsorption equilibrium, kinetic, and thermodynamic parameters of brilliant green adsorbed by coconut based
granular activated carbon were determined from various initial concentrations (300 ~ 500 mg L"), contact time (1 ~ 12 h), and
adsorption temperature (303 ~ 323 K) through batch experiments. The equilibrium adsorption data were analyzed by Langmuir,
Freundlich, Temkin, Harkins-Jura, and Elovich isotherm models. The estimated Langmuir dimensionless separation factor (RL
=0.018 ~ 0.040) and Freundlich constant (n"' = 0.176 ~ 0.206) show that adsorption of brilliant green by activated carbon is an
effective treatment process. Adsorption heat constants (B = 12.43 ~ 17.15 J mol™") estimated by the Temkin equation
corresponded to physical adsorption. The isothermal parameter (Ap;) by the Harkins-Jura equation showed that the
heterogeneous pore distribution increased with increasing temperature. The maximum adsorption capacity by the Elovich
equation was found to be much smaller than the experimental value. The adsorption process was best described by the pseudo
second order model, and intraparticle diffusion was a rate limiting step in the adsorption process. The intraparticle diffusion rate
constant increased because the dye activity increased with increases in the initial concentration. Also, as the initial concentration
increased, the influence of the boundary layer also increased. Negative Gibbs free energy (-10.3 ~ -11.4 kJ mol™"), positive
enthalpy change (18.63 kJ mol™"), and activation energy (26.28 kJ mol™') indicate respectively that the adsorption process is
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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 25C) gmL' | 048~0.55

lodine adsorption value mg g’ 1,172

Methylene blue adsorption value mL g 192

Ash % <10

Hardness % > 90
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Table 2. Identification of brilliant green

Structure M. W. Color index CAS No. Soubility Amnax
/\IKI/\ s
(] 0
[ HO-$-0 482'6f11 42040 633-03-4 100 g L™ in Water 623 nm
O, ° o
N CHg
HsC

Table 3. Langmuir, Freundlich, Temkin, Harkins-Jura and Elovich isotherm constants for adsorption of brilliant green on activated carbon

Isotherms Parameters Temperature (K)
303 313 323
Q, (mggh 88.34 107.01 116.71
i Ki (Lmg") 0.048 0.066 0.111
Langmuir
RL 0.040 0.029 0.018
r 0.999 0.996 0.999
Ky (mg g")(L mgh"" 31.62 36.33 41.60
Freundlich n! 0.176 0.197 0.206
I 0.998 0.985 0.993
B (J mol™) 12.43 15.43 17.15
Temkin Kr(Lg" 3.145 3.548 5.032
r 0.999 0.974 0.986
An 13953 14678 15662
Harkins-Jura Any 7.4 6.5 5.9
r 0.992 0.996 0.995
Ke(Lgh 5338 3.789 5.874
Elovich qm (mggh 15.12 20.49 22.33
I 0.999 0.963 0.981
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Figure 1. Langmuir adsorption isotherms of brilliant green on
activated carbon.
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Figure 2. Freundlich adsorption isotherms of brilliant green on
activated carbon.
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Figure 3. Temkin adsorption isotherms of brilliant green on
activated carbon.
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Figure 4. Harkins-Jura adsorption isotherms of brilliant green on
activated carbon.
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Table 4. Kinetic parameters for brilliant green adsorption on activated carbon at different initial concentrations at 303 K

Initial Pseudo first order kinetic model Pseudo second order kinetic model
concentra_lltion Qe Kk 2 Qe ky 5
(mg L™ (mgg") (h) (mgg") (gmg' ') '
300 23.684 0.3099 0.964 58.140 0.0235 0.999
400 37.511 0.3204 0.977 80.645 0.0151 0.999
500 41.976 0.3526 0.953 92.166 0.0159 0.999
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Figure 5. Elovich adsorption isotherms of brilliant green on
activated carbon.
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Figure 6. Effect of concentration on pseudo first order kinetics of
brilliant green adsorption on activated carbon.
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Table 5. Intraparticle diffusion parameters for brilliant green dye
adsorption on activated carbon at different concentrations

at 303 K
Initial conventration (mg L™)
Parameter
300 400 500
km 7.341 10.504 10.901
C 31.938 42.484 53.149
r 0.912 0.926 0.928
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Figure 7. Effect of concentration on pseudo second order Kinetics
of brilliant green adsorption on activated carbon.
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Table é. Kinetic parameters for brilliant green adsorption on activated carbon at different temperature and C,=400 mg L™

Initial Pseudo first order kinetic model Pseudo second order kinetic model
temlz;e(r;iture % | K P % | kzl 1 -
(mgg™) (h) (mgg) (gmg h")
303 37.512 0.320 0.977 80.645 0.0151 0.999
313 44.255 0.417 0.989 81.833 0.0164 0.999
323 69.701 0.800 0.978 84.034 0.0289 0.999
Table 7. Thermodynamic parameters for brilliant green adsorption on activated carbon
Ea AH AG AS
Temperature (K) Ka (kJ mol'™) (kJ mol™) (kJ mol'™) (J mol" K
303 4.08 -3.46
313 5.01 26.28 18.63 -4.19 72.91
323 68.53 -11.35
100 A% o 4 QUL Gibbs Aol MM Lwt e
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Figure 8. Effect of concentration on intraparticle diffusion model FFAL FERE o APgHTt= AS Lt
of brilliant green adsorption on activated carbon.
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