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Abstract : The paper includes utlization of zeolite as potential adsorbent to remove a hazardous malachite green from waste
water. The adsorption studies were carried out at 298, 308 and 318 K and effects of temperature, contact time, initial concentration
on the adsorption were measured. On the basis of adsorption data Langmuir and Freundlich adsorption isotherm model were also
confirmed. The equilibrium process was described well by Freundlich isotherm model, showing a selective adsorption by
irregular energy of zeolite surface. From determined isotherm constants, zeolite could be employed as effective treatment for
removal of malachite green. From kinetic experiments, the adsorption process followed the pseudo second order model, and the
adsorption rate constant (k») decreased with increasing initial concentration of malachite green. Thermodynamic parameters like
activation energy, change of free energy, enthalpy, and entropy were also calculated to predict the nature adsorption. The ac-
tivation energy calculated from Arrhenius equation indicated that the adsorption of malachite green on the zeolite was physical
process. The negative free energy change (AG® =-6.47~-9.07 kJ/mol) and the positive enthalpy change (AH® = +32.414 kJ/mol)
indicated the spontaneous and endothermic nature of the adsorption in the temperature range 298~318 K.
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Figure 1. Molecular structure of malachite green.
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Figure 2. Langmuir isotherms for malachite green adsorption onto
zeolite at different temperature.
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Table 1. Physical properties of zeolite

Analytical items Dimension Result
Moisture wt. % 3.6
Loss on ignition wt. % 19.2
Ca ion exchange capacity | mg CaCOs/g (abs. dry) 310
pH valve (1% slurry) - 11.04
Loosed bulk density g/mL 0.296
Median particle size pm 32
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Figure 3. Freundlich isotherms for malachite green adsorption onto
zeolite at different temperature.

Table 3. Langmuir and freundlich isotherm constants of pesticide
in previous studies

Adsorbent Q. (mg/g) Kr Reference
Bottom ash 1.50 2.94 [12]
Hen feather 2.82 1.00 [13]
Activated carbon 8.44 4.15 [14]
Algae 117.65 15.40 [15]
Ginger waste 84.03 1.14 [16]
Rice husk 12.16 4.09 [17]
Biopolymer 242 0.74 [18]
Coffee bean 553 2.03 [19]
Chitosan bead 93.55 28.38 [20]
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Table 2. Isotherm constants for adsorption of malachite green on zeolite

Langmuir constants Freundlich constants
Temperature (K) T 3
Q. (mg/g) b (L/mg) Kr (mg/g) (L/mg) I/n r
298 72.06 0.1952 0.9714 17.08 0.3957 0.9983
318 135,78 0.1096 0.9862 27.09 0.4137 0.9948
338 44231 0.0379 0.9791 36.84 0.4881 0.9975
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Figure 4. Pseudo first order kinetics plots for malachite green ad-
sorption onto zeolite at different initial concentration.
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Figure 5. Pseudo second order kinetics plots for malachite green ad-
sorption onto zeolite at different initial concentration.
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Figure 6. Pseudo second order kinetics plots for malachite green ad-
sorption onto zeolite at different temperature.

Table 4. Pseudo first order and pseudo second order kinetic model parameters for different initial malachite green concentration at 298 K

Initial concentration Pseudo first order kinetic model Pseudo second order kinetic model
(mg/L) deer MR 17 mgle) | kah) ? | qumgp | kx10(gmgh | 7
100 95.64 30.57 0.228 0.978 96.46 2.379 0.997
150 143.25 62.73 0.239 0.969 148.51 1.211 0.990
200 190.36 92.63 0.210 0.954 202.70 0.842 0.991
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Table 5. Pseudo second order kinetic model parameters of malachite green onto activated carbon at different temperature

. o Pseudo second order kinetic model
Temperature (K) Experimental equilibrium Caloulati libri - R o % 10°
. X
capacity Qeexp (Mg/g) alculation equilibrium capacity, ate constant k, Correlation factor (r2)
Qe.cal (ME/8) (g/mg-h)

298 95.64 96.46 2.379 0.997

308 106.22 110.91 2.437 0.995

318 118.71 126.32 2.942 0.992
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Figure 7. The Arrhenius plot for adsorption of malachite green onto

zeolite.
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Figure 8. Van't Hoff plot for adsorption of malachite green onto
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Table 7. Thermodynamic parameters for the adsorption of malachite green onto other adsorbents in previous studies
Adsorbent AH (kJ/mol) AS (J/mol*K) AG (kJ/mol) Reference
Bottom ash 24.103 97.712 -6.813 [12]
Hen feather 152 20.01 -26.23 [13]
Activated carbon 39.16 0.231 -28.61 [14]
Ginger waste 47.49 0.167 -1.52 [16]
Rice husk 63.76 2344 -6.18 [17]
Coftee bean 27.2 32.6 -8.19 [19]
Chitosan bead 221.3 738.8 -0.90 [20]
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