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Abstract : Batch adsorption studies were carried out for equilibrium, kinetic and thermodynamic parameters for quinoline yellow
adsorption by granular activated carbon (8 x 30 mesh, 1,578 m*/g) with varying the operating variables like initial concentration,
contact time and temperature. Equilibrium adsorption data were fitted into Langmuir, Freundlich, Temkin and Dubinin-Radushkevich
isotherms. From estimated Langmuir constant (Rp = 0.0730~0.0854), Freundlich constant (1/n=0.2077~0.2268), this process
could be employed as effective treatment for removal of quinoline yellow. From calculated Temkin constant (B = 15.759~21.014
J/mol) and Dubinin-Radushkevich constant (E = 1.0508~1.1514 kJ/mol), this adsorption process is physical adsorption. From
kinetic experiments, the adsorption process were found to confirm to the pseudo second order model with r* > 0.99 for all con-
centrations and temperatures. Thermodynamic parameters like activation energy, change of free energy, enthalpy, and entropy were
also calculated to predict the nature adsorption. The activation energy value (+35.137 kJ/mol) and enthalpy change (35.03 kJ/mol)
indicated endothermic nature of the adsorption process. Entropy change (+134.38 J/mol K) showed that increasing disorder in
process. Free energy change found that the spontaneity of process increased with increasing adsorption temperature.
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Table 1. Physical properties of granular activated carbon
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Figure 1. Equilibrium adsorption isotherm at different temperature
for adsorption of quinoline yellow onto activated carbon.

Table 3. Langmuir, Freundlich, Temskin and Dubinin-Radushkevich
isotherm constants for adsorption of quinoline yellow on
activated carbon

Temperature

Isotherms Parameters (K)
298 308 318
Q. (mg/g) 95.077 | 110.942 | 127.880
‘ Ky (L/mg) 0.1170 | 0.0978 | 0.0971

Langmuir

Re 0.0730 | 0.0849 | 0.0854
r 0.9989 | 0.9969 | 0.9980
Kr (mg/g)(L/mg)'"™| 33.899 | 39.910 | 42.799
Freundlich I/n 0.2080 | 0.2077 | 0.2268
r 0.9965 | 0.9969 | 0.9992
B (J/mol) 15759 | 16.931 | 21.014
Temkin K7 (L/mg) 3.2884 | 4.1906 | 2.884
r 0.9995 | 0.9935 | 0.9958
qs(mg/g) 91.303 | 102.205 | 116.812
Dubinin- | Kad x 107 (mol/J)* | 4.5280 | 3.7717 | 3.8106
Radushkevich E (kJ/mol 1.0508 | 1.1514 | 1.1454
P 0.9788 | 0.9582 | 0.9609
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Figure 2. Effect of contact time and initial concentration on adsorp-
tion of quinoline yellow by activated carbon.
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Figure 3. Pseudo first order kinetics plots for quinoline yellow adsor-
ption onto activated carbon at different initial concentrations.
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Figure 4. Pseudo second order kinetics plots for quinoline yellow
adsorption onto activated carbon at different initial con-
centrations.

Table 4. Kinetic parameters for quinoline yellow adsorption onto ac-
tivated carbon at different initial concentration (T = 298 K)

Initial Pseudo first order Pseudo second order
concen- kinetic model kinetic model
tration ko x 10°
(e,cal 2 (e,cal 2 2
mgD) | mgg) | W | T | gy |(@imgh)|

100 63.371 | 0.3250 | 0.9975 | 103.159
200 | 181.331|0.3285|0.9712 | 220.721
300 |225.797|0.2944 | 0.9891 | 307.171

6.5296 | 0.9989
1.5647 |0.9933
1.2698 |0.9912
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Figure 5. Intraparticle diffusion model plots for quinoline yellow
adsorption onto activated carbon at different initial con-
centrations.

Table 5. Intraparticle diffusion parameters for quinoline yellow
adsorption onto activated carbon at different initial con-
centration (T =298 K)

Initial concentration (mg/L)
Parameter
100 200 300
K (mg/g-h'"?) 19.664 49.885 66.902
C 31.321 21.091 43.091
r 0.9849 0.9980 0.9982
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Figure 6. Effect of contact time and temperature on adsorption of
quinoline yellow by activated carbon.

Table 6. Pseudo second kinetic model parameters for quinoline
yellow adsorption onto activated carbon at different tem-
perature (C, = 100 mg/L)

Temperature Jeycal ko x 10° 2
(X) (mg/g) (g/mg h)
298 103.159 6.5296 0.9989
308 103.331 7.7130 0.9974
318 105.459 8.8072 0.9960
E AAbe] 2 A, 43k A= 35.137 kJ/mOloﬂ‘:P o] 3k
© 2 EE quinoline yellow?] 2342 2 S5} o X
£ 4= E9S2FH(5~40 kl/mol)o| &38t= AUS & = )
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T Sl Agn) HIKAH) 9 AE 23] HIKHAS) Ao A
H doety] atetu|E] &9 WHIHE 9ol=
o] asich FAWY AEZ 9} Agy = oh3 T
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AgoluA st 0 Hog 78 & ok
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71A Koz H5 A 02 HREE 2= TollA 9] ZufAla=olt.
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Table 7. Thermodynamic parameters for quinoline yellow onto ac-

tivated carbon

Tempera- In Ky AH AG AS E.
ture (K) (kJ/mol) | (kJ/mol)| (J/mol K) | (kJ/mol)
298 2.3136 -5.83
308 2.5867 35.03 -6.73 134.38 | 35.137
318 3.1781 -8.53

Table 8. Thermodynamic parameters for the of dyes adsorption

onto in previous studies

Adsorbent Adsorbate (kJ%rIjol) a /n?osl K) (kﬁn(l}ol) Ref.
Wheat bran | Astrzon yellow | 46.81 175.0 | -17.80 |[25]
Hen feather | crystal violet | 46.73 182.0 -12.8 | [26]
Hydrogel |malachite green| 20.99 80.1 -2.52 | [27]
Active carbon | methylene blue| 19.50 75.2 -3.25 | [28]
Ginger waste | malachite green| 47.49 167.0 -1.52 | [29]
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