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Abstract — Adsorption equilibrium, kinetic and thermodynamic parameters of a brilliant green from aqueous solutions
at various initial dye concentration (10~30 mg/L), contact time (1~24 h) and temperature (298~318 K) on zeolite were
studied in a batch mode operation. The equilibrium adsorption values were analyzed by Langmuir, Freundlich and Dubi-
nin-Radushkevich model. The results indicate that Langmuir and Freundlich model provides the best correlation of the
experimental data. Base on the estimated values of Langmuir dimensionless separation factor (R;=0.041~0.057) and
Freundlich constant (1/n=0.30~0.47), this process could be employed as effective treatment method. calculated values of
adsorption energy by Dubinin-Radushkevich model were 1.564~1.857 kJ/mol corresponding to physical adsorption. The
adsorption kinetics of brilliant green were best described by the pseudo second-order rate model and followed by intra-
particle diffusion model. Thermodynamic parameters such as activation energy, free energy, enthalpy and entropy were
calculated to estimate nature of adsorption. negative Gibbs free energy (-10.3~-11.4 kJ/mol), positive enthalpy change
(49.48 kJ/mol) and Arrehenius activation energy (27.05 kJ/mol) indicates that the adsorption is spontaneous, endother-
mic and physical adsorption process, respectively.
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Table 1. Physical properties of zeolite

Item Dimension Value
Moisture wt.% 3.6
Loss on Ignition wt.% 19.2
Ca ion exchange capacity mg CaCOs/g(abs. dry) 310
pH (1% slurry) - 11.04
Loosed bulk density g/ml 0.296
Median particle size pum 3.2
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Fig. 1. Molecular structure of brilliant green.

Table 2. Properties of brilliant green

Item Dimension Value
C,Hy3N,-HO,S

Chemical formular -

Molar mass g/mol 482.64
Solubily in water g/l at20°C 100
Melting point °C 210
LDj, (oral, rat) g/kg 313
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Fig. 2. Langmuir isotherms for brilliant green adsorption onto zeo-
lite at different temperatures.
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Fig. 3. Freundlich isotherms for brilliant green adsorption onto zeo-
lite at different temperatures.
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Table 3. Langmuir, Freundlich and Dubinin-Radushkevich model parameters for adsorption of brilliant green on zeolite

Temperature (K)
Isotherms Parameters
298 308 318
Q,(mg/g) 142.9 166.7 200.0
. K, (L/mg) 0.86 1.02 1.21
Langmuir
R, 0/041 0.048 0.057
r 0.999 0.999 0.999
Ky (mg/g) (L/mg)"™ 78.02 82.32 89.93
Freundlich I/n 0.30 0.36 047
r 0.997 0.998 0.998
E (kJ/mol) 1.564 1.640 1.857
Dubinin-Radushkevich qp(mg/g) 118.53 129.68 142.33
r 0.992 0.971 0.998
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Table 4. Langmuir and Freundlich model parameters for adsorption of brilliant green by various adsorbent in prious studies

Langmuir Freundlich
Adsorbent T Ref.
Q, (mg/g) K, (L/mg) K (mg/g) (L/mg) I/n
Kaolin 65.42 0.17 16.24 2.85 [4]
Arcon 1.74 -0.25 0.07 0.31 [5]
Neem leaf powder 0.554 1.05 2.36 2.04 [15]
Sakikent mud 1.18 0.55 2.52 0.53 [16]
Activated carbon 303.0 0.01 77.93 0.19 [17]
Saw dust 58.87 1.00 22.69 0.23 [18]
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Fig. 4. Dubinin-Radushkevich isotherms for brilliant green adsorp-
tion onto zeolite at different temperatures.
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Fig. 5. Pseudo first order kinetic model plots for brilliant green adsorp-
tion onto zeolite at different initial concentrations (zeolite :
100 mg, 298 K).
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Fig. 6. Pseudo second order kinetic model plots for brilliant green
adsorption onto zeolite at different initial concentrations (zeo-
lite : 100 mg, 298 K).
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Fig. 8. Pseudo second order kinetics of brilliant green adsorption
onto zeolite at different temperatures (zeolite : 100 mg, 298 K).

A7} o g} thE SEEkz] o) Qth=
A& VR, 7 7EA7F SAlel AH8-e S Qlvkar sielth22).
Fig. 79] A141€] 71871248 epa|EE 7'561] Table 601 LEFR
o} Al 3R 0.957~992% At ]aMES4 2] Bk Sk
IA gikdlof oJsto] Algeto]EE ARES) brilliant green®] &
o] 2 xd 4= Qvk= 21e & < vk 2 AdellA k, 4k brilliant
green®] 27|57 S7FER 1.744<1.964<3.188% A=t ©]
RAE ALl EL AlF % (porosity)’} A3l 7% 7SS
brilliant green?] -] &23517] w02 A Hrh19]. ¢ C

SERAAAY S

) u
T——

Table 6. Intraparticle diffusion parameters for brilliant green adsorption
onto zeolite for different initial concentration at 298 K

Initial concentration (mg/L)

Parameter 0 20 30
K, 1.744 1.964 3.188
C 38.34 84.81 122.20
I 0.992 0.982 0.957

Table 5. Pseudo first order and pseudo second order kinetic model parameters for different initial concentration of brilliant green at 298 K

Pseudo first order kinetic model

Initial concentration Qeexp Pseudo second order kinetic model
(mg/L) (mg/g) Qecal(Mg/g)  error (%) k, (h) e Qoo (mg/e)  error (%) k, (g/mg-h) P
10 46.37 10.36 77.66 0.110 0.901 47.62 2.70 0.0339 0.999
20 93.79 11.02 88.25 0.125 0.888 100.00 6.62 0.0333 0.999
30 136.73 12.76 90.67 0.115 0.916 142.86 4.48 0.0245 0.999

Korean Chem. Eng. Res., Vol. 56, No. 1, February, 2018



ALt Ee) &3 Brilliant Green2] &-2to]] thsl H& FoIst 1l o

o318} shetulelo] PHak AT 117

Table 7. Pseudo second order kinetic model parameters of brilliant green on zeolite at different temperature

Pseudo second order kinetic model parameter

fomperatre () ey (M) Qoe (M) error (%) K (@mgh) P
298 46.37 45.5 1.87 0.07 0.999
308 47.34 47.6 0.55 0.22 0.999
318 48.55 50.0 2.99 0.40 0.999
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oA 2] Aol Malgro 2 el o] FaHgo] EelFatoleh=

s & AH26]. AEZH] A7} F2] 34(698.04 J/mol Ky
Zh= A2 Al gefo| Eof| 2]3t brilliant greend] &&Ho] 2ol uf
2} brilliant green®] ol 1Y E o] QHl E@AbE0] §9 Fo%
WEHO R Q) AA FAAARS] AT ST WiEel 4
o= AyE FekEth27].

=N

4.4d B
2 AT = Aol EE AFHE-81] brilliant greens: 525}
g P o3 T3} SaEels w oJolst ulalu|g ol tfalo]
ZAFHIY. 5252 A= Langmuir 213 Freundlich 2] ©]]
25 2 gero ], Langmuir 2] 2] F-3H #-2] Al5 Bh(R; =0.041

Table 8. Thermodynamic parameters for adsorption of brilliant green on zeolite at different Temperature

Temperature (K) Ea (klJ/mol) AH (kJ/mol) AG (kJ/mol) AS (J/mol K)
298 -10.3
308 27.05 49.48 -109 698.04
318 -11.4

Korean Chem. Eng. Res., Vol. 56, No. 1, February, 2018



118

~0.057) &} Freundlich 212} 7]7] ZH(1/n=0.30~0.47)C.% F-E] A]
Sefo|Eof o3t Fztz2tol| 9 brilliant greens &34 02 A
E]UL W:}b 718 &)t} Dubinin-Radushkevich 2] ¢l 2J3) 3
oL %] 2k(1.564~1.857 kl/mol)> E-2] &2t g3l
401] EH %F’g}ﬁl—;@ 3H/\-] e} %EH a]—_(L/J‘:ENg Z%Q_Qy/]_
AtO|ZHES-& E A o] RAMIAMES G EAI BT AX| BV} =9k
, Ak 53 3731 2 AT} QA 7% o= & gk

Sk YA} FAaklel 2 gigkom & e A TA| 7L YR FAHE
%01 ohd & vk As Loktt AL Z M-S 2 Z7E
H7be A3} o UA G2 27.05 ki/mol 2 &2 &3-S Ik

Gibbs Aol A &= § 7} 298-318 K& Z7}38ke] w}E}
-10.3~-11.4 kJ/mol& UER}A EZkso] BajZa3gon, &
_1;_7]. &g].z___}— 74].1:!1—/&—]0] H l-:o].;( 1;],_‘ AN 0 ol— 2~ 015;1\;]. 011_]1::_:}
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