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Abstract — Characteristics of adsorption equilibrium, kinetic and thermodynamic of aniline blue onto activated carbon
from aqueous solution were investigated as function of initial concentration, contact time and temperature. Adsorption
isotherm of aniline blue was analyzed by Langmuir, Freundlich, Redlich-Peterson, Temkin and Dubinin-Radushkevich
models. Langmuir isotherm model fit better with isothermal data than other isotherm models. Estmated Langmuir
separation factors (R;=0.036~0.068) indicated that adsorption process of aniline blue by activated carbon could be an
effective treatment method. Adsorption kinetic data were fitted to pseudo first order model, pseudo second order model
and intraparticle diffusion models. The kinetic results showed that the adsorption of aniline blue onto activated carbon
well followed pseudo second-order model. Adsorption mechanism was evaluated in two steps, film diffusion and
intraparticle diffusion, by intraparticle diffusion model. Thermodynamic parameters such as Gibbs free energy, enthalpy
and entropy for adsorption process were estimated. Enthalpy change (48.49 kJ/mol) indicated that this adsorption
process was physical adsorption and endothermic. Since Gibbs free energy decreased with increasing temperature, the
adsorption reaction became more spontaneously with increasing temperature. The isosteric heat of adsorption indicated
that there is interaction between the adsorbent and the adsorbate because the energy heterogeneity of the adsorbent
surface.
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Table 1. Physical properties of activated Carbon

*zlioaﬁ}g ARG = Bdlof] 2 K3hslg) v Aol U A] g Properties Unit Value
L7} SEbdrE hAiA APEAIS £ ZT19) S oA e, Average particle size mm 1.638
ek Zho 2RE FnkeolS oloh)oit}. Unuabonah %[10] A Specific surface area mz/g 1,735
_ _ : 3
sodium tetraborate-modified kaolinite clayS & 2H#| 2 AF-&-35}o] 1\1\//{[1cropores vollume cm}jg 83(2)
ABO] EHEA S ZANS A}, 0I5 2 59| (site)Z 7]HHO % 3 acropores vo 1-1me cm’/g X
welof] 2 nhelo ] Eolslk Hlo|E] fAto Average pore size nm 1.63
V]/L\EH—.—Oﬂ I:angmljljr . ]] A U%] o ']}\ 1= T]r tol Density (at 25 °C) (g/mL) 0.51
AT Bedo) 3 A} ARG Bl o o] 2G5 Bl ¥ Iodine adsorption value mg/g 1,000
3:-_ TRt SIGITE. (ks A2 B St dAIE FEl e Methylene blue adsorption value mL/g 180
= AAA nlgo® 51»}240 27} 7Fs stk skSich. ash % <10
s} 5 7ol A Aek717k 4194 7V ol AbgEa 9l Hardness % 90 Min.
Table 2. Characteristics of aniline blue
Structural formula Chemical Formular M.W. (g/mol) Do (NM) Color index
(]
];;3' N so5
H
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Ve
C3,H,5N;304S,Na, 737.72 605 42755
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Fig. 1. Effect of efficiency and amount by carbon dose for aniline
blue adsorption (200 mg/L, 303 K).
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Fig. 2. Langmuir isotherms for aniline blue adsorption on activated
carbon at different temperatures.

Table 3. Isotherm parameters for adsorption of aniline blue on activated Carbon

Isotherms Parameters Temperature (K)
303 313 323
Q, (mg/g) 133.61 176.22 266.41
Langmuir K, (L/mg) 0.0910 0.179 0.148
R, 0.0682 0.0358 0.0431
P 0.9932 0.9981 0.9230
K, 18.47 30.66 39.19
Freundlich 1/n 0.516 0.576 0.604
e 0.9754 0.9783 0.8509
K, (mg/g) 4332 46.30 47.16
Redlich-Peterson a,(mg/L) 1.627 0.646 0.280
g 0.564 0.690 0.864
e 0.9752 0.9083 0.6644
4o 78.19 109.70 255.84
Dubinin-Radushkevich K g (mol?/kJ?) 0.570 0.576 0.568
E (kJ/mol) 0.936 0.931 0.938
e 0.6574 0.9535 0.9116
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Fig. 3. Freundlich isotherms for aniline blue adsorption on activated
carbon at different temperatures.
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Fig. 4. Redlich-Peterson isotherms for aniline blue adsorption on
activated carbon at different temperatures.
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Fig. 6. Pseudo first order kinetic model plots for aniline blue adsorp-
tion on activated carbon at different initial concentrations.
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Fig. 7. Pseudo second order kinetic model plots for aniline blue adsorp-
tion on activated carbon at different initial concentrations.
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A7} wo] ATH15-17].

B EF (e ARTET A RE(Qe )0l THEE AP RS
(error percent)y> U 212 ARE-5Ho] B 3FSI T,

\1}

Table 4. Pseudo first order and pseudo second order kinetic model parameters for aniline blue adsorption on activated carbon in different initial

concentrations
Initial concentration Qoexp Pseudo first order kinetic model Pseudo second order kinetic model
(mg/L) (mg/g) decar(M2) ki (h) r Qe (MPR)  kpx10° (¢/mgh) r
100 24.66 1.19 0.247 0.9574 24.73 0.536 0.9999
200 48.63 491 0.335 0.9770 49.83 0.113 0.9995
300 73.18 17.40 0.300 0.9705 74.68 0.040 0.9999
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Fig. 10. Intraparticle diffusion model plots for aniline blue adsorp-
tion on activated carbon at different concentrations.

Table 6. Intraparticle diffusion parameters for aniline blue adsorption
on activated carbon at different initial concentrations

Initial concentration (ppm)

Parameter
100 200 300

K,, (mg/g-h®?) 0.259 1.470 5.602

C 23.70 4430 55.81

P 0.905 0.876 0.906
3-3-3. AR gk
UAF U A A2 A (13)0] FElE AT 8]
q =k, t"+C (13)

ki AR S g0, Ci BHE ekl
AR AT AL ARG AR FAakell wloElE
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St ol Zpikgal o) AT o AN Aol e

9} ). upebr] BHAdEke] o3t ABPJ

J

Table 5. Pseudo first order and pseudo second order kinetic model parameters for aniline blue adsorption on activated carbon in different temperatures

Pseudo first order kinetic model

Pseudo second order kinetic model

Temperature (K) Qe oy (ME/Q)

Qe (M) k; (h) r Qecat (ML) k,x10° (¢/mg-h) r
303 50.51 6.58 0.169 0.9725 50.65 0.079 0.9994
313 5236 458 0.153 0.8825 5232 0.103 0.9995
323 55.99 439 0.141 0.9597 56.03 0.129 0.9997
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Fig. 11. Plot of isosteric heat of adsorption against surface loading
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