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Abstract

Adsorption characteristics of carbol fuchsin (CF) dye by coal-based activated carbon (CAC) were investigated using pH, initial
concentration, temperature and contact time as adsorption variables. CF dissociates in water to have a cation, NH,", which
is bonded to the negatively charged surface of the activated carbon in the basic region by electrostatic attraction. Under the
optimum condition of pH 11, 96.6% of the initial concentration was adsorbed. Isothermal adsorption behavior was analyzed
using Langmuir, Freundlich, Temkin and Dubinin-Radushkevich models. Langmuir's equation was the best fit for the ex-
perimental results. Therefore, the adsorption mechanism was expected to be adsorbed as a monolayer on the surface of acti-
vated carbon with a uniform energy distribution. From the evaluated Langmuir’s dimensionless separation coefficients (Rp
= 0.503~0.672), it was found that CF can be effectively treated by activated carbon. The adsorption energies determined
by Temkin and Dubinin-Radushkevich models were E = 15.31~7.12 J/mol and B = 0.223~0.365 kJ/mol, respectively.
Therefore, the adsorption process was physical (E < 20 J/mol, B < 8 kJ/mol). The experimental result of adsorption kinetics
fit better the pseudo second order model. In the adsorption reaction of CF dye to CAC, the negative free energy change
increased as the temperature increased. It was found that the spontaneity also increased with increasing temperature. The pos-
itive enthalpy change (40.09 kJ/mol) indicated an endothermic reaction.
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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 1,735
lodine adsorption value mg/g 1,000
Methylene blue adsorption value mL/g 180
ash % < 10

Hardness % 90 min
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(a) Pore size distibution

(b) SEM image
Figure 1. Pore size distibution and SEM image of sample CAC.

HN. NHy Cr
Ve

NH,
Figure 2. Chemical structure of CF.
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Figure 3. Effect of pH for adsorption of CF by CAC.
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Table 2. Langmuir, Freundlich, Temkin and Dubinin-Radushkevich
Isotherm Parameters for Adsorption of CF by CAC

Temperature (K)

Isotherms Parameters
298 308 318
Q, (mg/g) 12.52 14.29 18.38
Langmis K. (L/mg) 0.503 0.612 0.672
Ry 0.166 0.140 0.129
r 0.9857 0.9865 0.9925
Kr 451 4.95 7.78
Freundlich I/n 0.656 0.740 0.777
r 0.9726 0.9839 0.9914
B (J/mol) 4397 5222 6.281
Temkin Kr (L/mg) 3.063 3.854 5.137
e 0.8713 0.8524 0.8831
ao (mg/g) 10.84 11.74 13.13
Dubin- Kpr x 107 (mol/J)>  2.357 1.634 0.929
Radushkevich E (kJ/mol) 1.456 1.749 2.319
r 0.8794 0.8485 0.8314
o)
¢

1/C, (L/mg)

Figure 4. Langmuir isotherms for CF on CAC at different tempera-
tures.
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Figure S. Freundlich isotherms for CF on CAC at different tempera-
tures.
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Figure 6. Temkin isotherms for CF on CAC at different temperatures.
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Figure 7. Dubin-Radushkevich isotherms for CF on CAC at different
temperatures.
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Table 3. Pseudo First Order and Pseudo Second Order Kinetic Model Parameters of Adsorption of CF by CAC for Different Initial Concentrations

at 298 K
Initial conc. Qexp Pseudo first order kinetic model Pseudo second order kinetic model
(mg/L) (mg/g) Qecat (mg/g)  error (%) ki (h) r Qeca (mg/g)  error (%) ko (g/mg - h) r
10 2.445 1.591 34.9 0.188 0.9919 2.485 1.65 4.048 0.9999
20 4.904 1.148 76.6 0.177 0.9745 5.131 4.62 0.873 0.9999
30 7.319 1.134 84.5 0.187 0.9822 7.457 1.88 0.994 0.9999
10 Table 4. Intraparticle Diffusion Parameters of Adsorption of RR 120
M ;gmgjt by CAC for Different Initial Concentrations at 298 K
v 30mg/L
) Temperature (K)
> Parameter
E 10 20 30
G K 0.162 0.698 0.661
o
C 2.101 3.421 5.899
1 0.9727 0.9800 0.9760
001 L L L L L
0 1 2 3 4 5 6
t(h) 10
Figure 8. Pseudo first order Kinetics plots for CF on CAC at different S omat
P . 8 v 30mg/L
initial concentrations.
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Figure 9. Pseudo second order kinetics plots for CF on CAC at diffe-
rent initial concentrations.
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Table S. Pseudo First Order and Pseudo Second Order Kinetic Model Parameters of Adsorption of CF by CAC for Different Temperature at 20 mg/L

Pseudo first order kinetic model

Pseudo second order kinetic model

Temp. Qe.exp

() (mg/g) Qecal (ME/L) error (%) ki (h) r Qecal (ME/E) error (%) k, (g/mg * h) s
298 4.904 1.148 76.6 0.177 0.9745 5.131 4.62 0.873 0.9999
308 4.942 1.127 77.2 0.174 0.9783 5.144 4.09 0.922 0.9999
318 4.965 1.113 7.6 0.177 0.9847 5.152 3.76 0.951 0.9999

9.-9, (Mg/g)

Figure 11. Pseudo first order kinetics plots for CF on CAC at different
temperatures.

t/q, (h g/mg)

t(h)

Figure 12. Pseudo second order kinetics plots for CF on CAC at di-
fferent temperatures.

3.4. YA oM
34.1. E9EE mi2tn|y

A 2 FHEEAY dolHE A 1218} 22F Hidjel] 44

3+ A¥h= Figures 11, 129} Table 5ol VERAITE “dHA15+1) 7} 0.9745
~0.9847 th 0.9880~0.9999% A} 23} Hkg-219] AR w7} o) Y
—@ﬂml A3 zkel] AAMgEe] QAL 77.6~77.6% T 3.76~4.62% % 5

H
2 k7)ol St 23 Sl B4 o HA% A & 5

AG = AH—-TAS

25t Ml 32 A M 3 F, 2021

Table 6. Thermodynamic Parameters for Adsorption of RR 120 by
CAC at Different Temperatures
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