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Abstract

In this study, the adsorption behavior from aqueous solution as well as kinetic and thermodynamic parameters of Acid Black
1 were investigated through batch reaction using coconut shell based granular steam activated carbon. The effects of various
adsorption parameters such as pH, initial concentration, contact time, temperature were studied. To confirm the effect of pH,
pHpzc measurements were analyzed followed by measuring removal efficiencies of Acid Black 1 at the pH range from 3
to 11. Experimental equilibrium adsorption data were fitted using Langmuir, Freundlich, Temkin and Dubinin-Radushkevich
adsorption isotherm. The conformity of adsorption reaction for pseudo first and second order model were evaluated through
kinetic analysis. Values of enthalpy change and activation energy were also investigated through thermodynamic analysis and
it was confirmed that the adsorption process was endothermic. The spontaneity of adsorption process was evaluated using
the values of entropy and Gibbs free energy changes.
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Table 1. Characteristics of Acid Black 1

gt FE, Belet W Aeist sieblE o) A 591

Structural formula Chemical Formular M.W. (g/mol) Amax (Nm)
Na™ "0;8 SO;” Na*
O A\ /NO\ C2oH14NeNa, 098, 616.49 615
OH NH, NO,
Table 2. Physical Properties of Granular Activated Carbon
Properties Unit Value
Average particle size mm 1.638
Specific surface area mz/g 1,735
Macropores volume cmz/g 0.02
Micropores volume cmz/g 0.40
Average pore size nm 1.63
lIodine adsorption value mg/g 1,000
Methylene blue adsorption value mL/g 180 Figure 1. Typical SEM image of coconut shell based granular
ash % <10 activated carbon.
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Table 3. Effect of Dye Concentration on Granular Activated Carbon

Initial dye concentration 10 ppm 20 ppm 30 ppm 40 ppm 50 ppm 60 ppm 70 ppm 80 ppm 90 ppm
Adsorption percent 100% 85.2% 81.5% 68.4% 66.6% 64.0% 62.7% 59.0% 56.6%
Amount of adsorption 5 mg/g 8.516mg/g  12.230 mg/g 13.681 mg/g 16.644 mg/g 19.206 mg/g 21.932 mg/g 23.609 mg/g 25.471 mg/g
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Figure 2. Effect of dye concentration on granular activated carbon
(granular activated carbon dose : 200 mg, 298 K, 100 rpm).
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Figure 3. The FI-IR spectra of granular activated carbon.
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Table 4. Langmuir, Freundlich, Temkin and Dubinin-Radushkevich Isotherm Constants for Adsorption of Acid Black 1 onto Granular Activated Carbon

Temperature (K)

Isotherms Parameters
298 308 318
Q. (mg/g) 26.20 30.20 37.49
_ Ky (L/mg) 0.160 0.392 1.801
Langmuir
Re 0.0649-0.385 0.0275-0.203 0.00613-0.0526
r 0.978 0.994 0.984
Kr (mg/g)(L/mg)"" 5.099 12.65 25.31
Freundlich 1/n 0.436 0.251 0.151
r2 0.975 0.985 0.987
B (J/mol) 5.988 5.643 4784
Temkin Kr (L/mg) 1218 6.006 183.1
e 0.969 0.998 0.993
oo (mg/g) 20.71 26.77 33.59
Dubinin- K™ * 10° (mol/J)’ 2.470 0.945 0.149
Radushkevich E (kJ/mol) 0.450 0.727 1.832
r 0.864 0.956 0.903
12 1
10 |
=)
38T £
: =)
T 6 g
4 -
5 ‘ . . . 0.01 K ‘
2 4 6 8 10 12 0.01 0.1 1 10
Initial pH 1/Ce (L/mg)

Figure 4. Determination of pHpzc of granular activated carbon by pH
drift method[9].
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Figure 5. Effect of pH on adsorption of Acid Black 1 by granular
activated carbon (initial concentration : 50 mg/L, 298 K, 100 rpm).
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Figure 6. Langmuir isotherms for adsorption of Acid Black 1 onto
granular activated carbon at different temperatures (initial
concentration : 10, 20, 30, 40, 50, 60, 70, 80, 90 mg/L, granular
activated carbon dose : 200 mg).
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Figure 7. Freundlich isotherms for adsorption of Acid Black 1 onto
granular activated carbon at different temperatures (initial
concentration : 10, 20, 30, 40, 50, 60, 70, 80, 90 mg/L, granular
activated carbon dose : 200 mg).
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Figure 8. Temkin isotherms for adsorption of Acid Black 1 onto
granular activated carbon at different temperatures (initial
concentration : 10, 20, 30, 40, 50, 60, 70, 80, 90 mg/L, granular
activated carbon dose : 200 mg).
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Figure 9. Dubinin-Radushkevich isotherms for adsorption of Acid
Black 1 onto granular activated carbon at different temperatures
(initial concentration : 10, 20, 30, 40, 50, 60, 70, 80, 90 mg/L,
granular activated carbon dose : 200 mg).
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Table 5. Pseudo First Order and Pseudo Second Order Kinetic Model Parameters for Different Initial Acid Black 1 Concentration at 298 K

Pseudo first order kinetic model

Pseudo second order kinetic model

Initial concentration (mg/L)

qe (mg/g) ki (1/h) r qe (mg/g) k, (g/mg h) r
50 15.42 0.0941 0.997 18.80 0.00680 0.956
60 15.70 0.106 0.996 19.22 0.0127 0.985
70 15.98 0.0863 0.996 19.57 0.0173 0.974

Qe-qt [mg/g]

0 2 4 6 8 10 12 14
Time [h]
Figure 10. Pseudo frist order kinetics plots for Acid Black 1 adsomption
onto granular activated carbon at different initial concentrations
(granular activated carbon dose : 200 mg, 298 K, 100 rpm).
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Figure 11. Pseudo second order kinetics plots for Acid Black 1 adsorption
onto granular activated carbon at different initial concentrations (granular
activated carbon dose : 200 mg, 298 K, 100 rpm).
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Table 6. Pseudo First Order and Pseudo Second Order Kinetic Model Parameters for Different Temperature (C, = 50 mg/L)

Pseudo first order kinetic model

Pseudo second order kinetic model

Temperature (K)

qe (mg/g) ki (1/h) r qe (mg/g) k, (g/mg h) r
298 15.42 0.0941 0.997 18.80 0.00680 0.956
308 18.78 0.117 0.998 23.69 0.00730 0.992
318 20.36 0.131 0.993 26.03 0.0104 0.997

e 208K

Qe-qt [mg/g]

Time [h]
Figure 12. Pseudo first order kinetics plots for Acid Black 1 adsorption onto
granular activated carbon at different temperatures (initial concentration : S50
mg/L, granular activated carbon dose : 200 mg, 100 rpm).

10

t/q: [hg/mg]

v 318K

0.1
0 2 4 6 8 10 12 14

Time [h]
Figure 13. Pseudo second order kinetics plots for Acid Black 1 adsorption
onto granular activated carbon at different temperatures (initial concentration
: 50 mg/L, granular activated carbon dose : 200 mg, 100 rpm).
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Table 7. Thermodynamic Parameters Calculated with the Pseudo
Second Order Rate Constant for Acid Black 1 onto Granular
Activated Carbon

1G° JIHe 780
Temperature (K) Kd o) (/mol)  (/mol K)
298 1378 -0.79%
308 3466 3183 1004 3384
318 1776 -7.607
40 -
45k
N
£ 50 \
,55 L
-6.0

310 315 320 325 330 335 340
1T x 108

Figure 14. The Anhenius plot for adsorption of Acid Black 1 onto
granular activated carbon.

In Kgq

-2
3.10 3.15 3.20 3.25 3.30 3.35 3.40
/T x 103 [1/K]

Figure 15. Van’t Hoff plot for adsomption of Acid Black 1 onto
granular activated carbon.
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Table 8. Thermodynamic Parameters for the Adsorption of Acid Black 1 onto their Adsorbents in Previous studies

Adsorbent A4G° (kJ/mol) AH® (kJ/mol) 4S° (J/mol K) reference
Fly ash -26.2 35.7 195.7 [6]
Mesoporous activated carbon -10.06 33.197 145 [22]
Marine macroalga -0.63 8.81 31.50 [23]
Macroalga -1.28 8.46 33.1 [24]
Chitosan/Feldspar -2.72 -24.15 -71.50 [25]
Rice Bran-based Activated Carbon 59.92 -23.4 121.4 7
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