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Abstract : The adsorption characteristics of amatanth dye by granular activated carbon were experimently investigated in the
batch adsorption. Kinetic studies of adsorption of amaranth dye were carried out at 298, 308 and 318 K, using aqueous solutions
with 100, 200 and 300 mg/L initial concentration of amatanth. It was established that the adsorption equilibrium of amaranth dye
on granular activated carbon was successfully fitted by Langmuir isotherm equation at 298 K. The pseudo first order and pseudo
second order models were used to evaluate the kinetic data and the pseudo second order kinetic model was the best with good
correlation. Values of the rate constant (k») have been calculated as 0.1076, 0.0531, and 0.0309 g/mg h at 100, 200 and 300 mg/L
initial concentration of amatanth, respectively. Thermodynamic parameter such as activation energy, standard enthalpy, standard
entropy and standard free energy were evaluated. The estimated values for standard free energy were -5.08 - -8.10 kJ/mol over
activated carbon at 200 mg/L, indicated toward a spontaneous process. The positive value for enthalpy, 38.89 kJ/mol indicates
that adsorption interaction of amatanth dye on activated carbon is an endothermic process.

Keywords : Amaranth, Adsorption, Activated carbon, Adsorption kinetics, Dye adsorption
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Figure 1. Molecular structure of amaranth dye.
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Figure 2. Langmuir isotherms of amaranth dye on activated carbon
at 298 K.
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Figure 3. Freundlich isotherms of amaranth dye on activated carbon
at 298 K.

Table 1. Langmuir and Freundlich isotherm constants for adsorp-
tion of amaranth dye on activated carbon at 298 K

Langmuir constants Freundlich constants
Q. (mg/g) b (L/mg) Rp K (mg/ g)(L/mg)l/n In
95.12 0.19 0.05 0.997 53.35 0.117 0.983
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Figure 4. Adsorption kinetic curves of amaranth dye at different
initial concentration.
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Figure 5. Pseudo first order kinetics of amaranth dye onto activated
carbon at different initial concentration.
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Figure 6. Psecudo second order kinetics of amaranth dye onto
activated carbon at different initial concentration.

Table 2. Pseudo first order and pseudo second order kinetic model
parameters for different initial amaranth dye concentra-

tion at 298 K
o Pseudo first order  Pseudo second order
Initial . Qeexp kinetic model kinetic model
concentration ,
(mg/L) (mg/g) (e,cal k1 2 (e,cal k2 2
(mg/g) (h) (mg/g) (g/mg h)

100 49.21 15.49 0.813 0.9871 50.60 0.1076 0.9998
200 88.34 41.72 0.873 0.9874 91.13 0.0531 0.9996
300 121.57 47.87 0.767 0.9583 126.60 0.0309 0.9992
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Figure 7. Adsorption kinetic curves of amaranth dye at different
temperature.

Table 3. Pseudo second order kinetic model parameters of amaranth
dye onto activated carbon at different temperature

Pseudo second order kinetic model

Tempera- Experimental -

tuI;e equilibrium Calf:ll‘ltl)agon Rate Correlation
capacity qeex equi 1 rium constant factor

(K) (mg/g) CapaCIty, (e,cal k2 rz

(mg/g) (g/mg h)

298 88.34 91.13 0.0531 0.9996

308 91.52 96.41 0.0360 0.9997

318 95.54 100.08 0.0332 0.9994
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Figure 8. Plot of In k; vs. 1/T for estimation of thermodynamic
parameters for adsorption of amaranth dye onto activated
carbon.
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Figure 9. Plot of In kq vs. 1/T for estimation of thermodynamic
parameters for adsorption of amaranth dye onto activated
carbon.

Table 4. Thermodynamic parameters calculated with the pseudo
second order rate constant for amaranth dye onto acti-
vated carbon

Temperature K, AH° AG° AS°
) (KJ/mol)  (kJ/mol)  (J/mol K)
298 7.756 -5.08
308 10.792 39.88 -6.09 150.33
318 21.422 -8.10
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