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Abstract

HE 73 (methyl green)<-

The adsorption of methyl green dye using an activated carbon from an aqueous solution was investigated. Adsorption experi-
ments were carried out as a function of the adsorbent dose, initial concentration, contact time and temperature. The Langmuir
isotherm model showed a good fit to the equilibrium adsorption data. Based on the estimated Langmuir separation factor,
(R, = 0.02~0.106), this process could be employed as the effective treatment (0 < R, < 1). It was found that the adsorption
was a physical process with the adsorption energy (F) value range between 316.869 and 340.049 J/mol obtained using
Dubinin-Radushkevich equation. The isothermal saturation capacity obtained from brunauer emmett teller (BET) model in-
creased with increasing the temperature. The kinetics of adsorption followed a pseudo second order model. The free energy
and enthalphy values of -5.421~-7.889 and 31.915 kJ/mol, respectively indicated that the adsorption process follows sponta-
neous endothermic reaction. The isosteric heat of adsorption increased with the increase of equilibrium adsorption amounts,
and the total interaction of the adsorbent - adsorbate increased as the surface coverage increased.
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Table 1. Physical Properties of Activated Carbon

Properties Unit Value

Average particle size mm 1.638
Specific surface area m?/g 1,735
Macropores volume em?/g 0.02
Micropores volume em?/g 0.40
Average pore size nm 1.63

Iodine adsorption value mg/g 1,000
Methylene blue adsorption value mL/g 180
Ash % <10

Hardness % > 90

Table 2. Molecular Structure and Characteristics of Methyl Green

water

Structural formula molecular M. W. solubility A max
formula (g/mol) (nm)
(gL
HiC.y-CHy -
I o
‘ *xZnCly 1
C27H35BI'C1N3 516.95 (at 25 DC) 625

CHs
[CcHy
CH3 c

Ha

At WE 7219 2715 %EE 100~800 mg/L 1ol 50 mgLA
2 A2 9 100 mLE freyel F8 thaol 952 3
2 87 (Jeio Tech, BS-21)14} 100 rpme] 4= 2 24 h 52k _g;g'-;\]
ATk o] Bubd A5 G ofwet § of o] FEE UV-Vis

%% 7](Sh1madzu UV-1800)2 HN&53Hd 625 nmolA] SHES

mlo{

%E‘ﬂé %A’* *a‘fiﬂ% 303 KellAl Wi" 2®e] 271527 300,
400, 500 mg/LYl £ 100 mLol 4 A 05 ¢& 718l 100
pmO % 24 h F2H AASHL | h AR FE S T
L3 ALE AL 303, 313, 323 KoM 2715 E 300 mg/LSl £
100 mLell 917 % 0.5 g& H7lete] 22 WO FHAR &
1 h {HACoE ARNe FFEE FHsto] FALEEE 2480k

=
3.1. &S24 oA

3.1.1. Langmuir 2-5242| A
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Table 3. Isotherm Constants for Adsorption of Methyl Green on
Activated Carbon

Temperature (K)

Isotherms Parameters
303 313 323
0, (mg/g) 68.208 111333 147.665
) K. (L/mg) 0.170 0.135 0.112
Langmuir
Ry 0.029 0.021 0.025
r 0.991 0.958 0.985
Kr (mg/g)(L/mg)'™  26.463 33.542 37.214
Freundlich 1/n 0.212 0.286 0.305
r 0.960 0.983 0.999
gs (mg/g) 114963 124674  134.309
BET Cser (L/mg) 411934  26.852 41.992
r 0.999 0.983 0.965
gp (mg/g) 60.231 106573  125.495
Dubin- Kpr (mol/J)? 4.980 4.565 4324
Radushkevich E (J/mol) 316.869  330.953  340.049
r 0.957 0.866 0.838
0.030
0.025 |- o -
< 0020 -
£ — ]
) 0.015 + L //v/
k3 /O}///'/
~ 0.010 |- E]
// o 303K
0.005 - o 313K
v 323K
0.000 S S S
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
1/C,(L/mg)

Figure 1. Langmuir isotherms for methyl green on granular activated
carbon at different temperatures.
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Figure 2. Freundlich isotherms for methyl green on granular activated
carbon at different temperatures.
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Figure 3. BET isotherms for methyl green on granular activated carbon
at different temperatures.
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Figure 4. Dubin-Radushkevich isotherms for methyl green on granular

activated carbon at different temperatures.
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Figure 49} Table 39] r = 0.838~0.9572% ¢ U2 S22 1t}
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Figure 5. Pseudo first order kinetics plots for methyl green on activated
carbon at different initial concentrations.
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Table 4. Pseudo First Order and Pseudo Second Order Kinetic Model Parameters of Adsorption of Methyl Green on Activated Carbon for Different

Initial Concentrations at 303 K

Pseudo first order kinetic model

Pseudo second order kinetic model

Initial concentration G cap
(mg/L) (mg/g) Qe (MG/E) error (%) ky (h) r Qe (ML) error (%) k, (g/mg - h) r
300 58.637 9.874 83.16 0317 0.998 59.582 1.61 0.072 0.999
400 75.341 13.599 81.95 0.245 0.985 76.434 1.45 0.043 0.999
500 91.760 20.603 77.55 0.235 0.994 93.688 2.10 0.026 0.999
0.25 Table S. Intraparticle Diffusion Parameters for Methyl Green Adsorption
// onto Activated Carbon at Different Temperatures (Co = 300 mg/L)
0.20 |-
S Temperature (K)
E 015+ Parameter
=) 303 313 323
Ny
< o10r k, 2332 1.879 1.421
=}
~ o 300mglL C 50.979 52.815 54.771
0.05 - /O/ o 400 mg/L
v S00mglL r 0.972 0.970 0.952
000 L 1 L L 1 Il
0 2 4 6 8 10 12 14
Time (h) 6
Figure 6. Pseudo second order kinetics plots for methyl green on 3 G/,/;:;Aﬂ
activated carbon at different initial concentrations. 58 |- o ,/./‘/‘
°
2 st
q?,ml_q?,?.r,p =
FError percent = <100 (11) o
qP,F.I,‘]) 54 -
e 303K
o 313K
52 | v 323K
Table 394 & &= 9lzo] wWld 1®1e] 27]%%7} 300, 400, 500 ‘ ‘ ‘ ‘ ‘
ppm W A 1k WS mAel els) Ak e xR 217 8316, R e
8195, 77.55%01913, FAF 23} WESEE Ao o3l AN B F2 5
10161, 145, 2.10% LFERT). wba] B A8 2710l §A} 23 Flgure 7. Intrapalticl.e diffusion model plots for methyl green on
} ho Ao O 28 3% ol T Aok AL oF 2= 9)olr). activated carbon at different temperatures.
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Table 6. Pseudo Second Order Kinetic Model Parameters of Adsorption of Methyl Green on Activated Carbon for Different Temperatures at Co

= 300 mg/L
Pseudo first order kinetic model
Temperature [K] Qoenp [mg/g] 0 gl orror (%) oy [1h] r
303 58.637 59.582 1.61 0.072 0.999
313 58.959 59.687 1.23 0.094 0.999
323 59.371 59.920 0.93 0.129 0.999

Table 7. Thermodynamic Parameters for Adsorption of Methyl Green on Activated Carbon at Different Temperatures

Temperature (K) K, A H (kJ/mol) A G (kJ/mol) A S (J/mol K)
303 8.602 -5.421
313 11.325 -6.316 122.863
323 18.871 -7.889

t/q, (h g/mg)

0.00 £ L L L L L

0 2 4 6 8 10 12 14
Time (h)

Figure 8. Pseudo second order kinetics plots for methyl green on
activated carbon at different temperatures.

AG=—RThK, (13)
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Table 8. Isosteric Heat of Adsorption for Adsorption of Methyl Green
on Activated Carbon
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4 350 17.19 0.999
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Figure 9. Plots of isosteric heat (AH,) of adsorption against surface
loading (q.) for adsorption of methyl green.
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