Appl. Chem. Eng., Vol. 26, No. 5, October 2015, 581-586
http://dx.doi.org/10.14478/ace.2015.1081 ’

Article

= — . —r -.l= — T a — -=
2lah SHMEL| 2|8t Safranin2| SE[0]] 2kct B, S={st 3 AHstof Zkst
oI5
FFhsty 3hehyeh
(20159 7€ 24 A7, 2015 8 149 AAE 2015 8 17 AE)

Granular Activated Carbon
Jong Jib Lee

Division of chemical Engineering, Kongju National University, Cheonan, Chungnam 31080, Korea
(Received July 24, 2015; Revised August 14, 2015; Accepted August 17, 2015)

=
U S Al 4o e St 4 o EAISEEE, S ABE S8 2 2715
ZS:——?.-/\] 7}1 258 & tﬁ“’Fi /\]-30}03] SR O]-Oi . 529 ¥ A5 = Langmuir, Freundlich %! Dubinin- Radushkevmh“

5 Yeldth H71E Langmuir TFA A<, Ry = 0.183~0.2549}
2+ 7 o) X4x4s} @ HHol = = 9SS Adgrt) TALT A E %)
].2;(].1:)]_9__4:1:Noﬂ ;(1— U}-“ 7—] o7 q—E}- q_ o ;\%1_4
1%‘1(AH = 33.126 kl/mol)= ZZo] zpukzlo] 11 voa 77

- =
Freundhch A, 1n = 0 518~0. 547ETE1 ]
55 AHAF B fARAE REES 2o 283
Gibbs AHFolHA(AG = -3.688~-7.220 kJ/mol)$} <=
o AYPHAGE= AS

© 2& dehith

Abstract

Adsorption of Safranin using granular activated carbon from aqueous solution was investigated. Batch experiments were car-
ried out as a function of adsorbent dose, initial concentration, contact time and temperature. The equilibrium adsorption data
were fitted to Langmuir, Freundlich and Dubinin-Radushkevich isotherm models. Based on an estimated Langmuir separation
factor, Ry = 0.183~0.254 and a Freundlich separation factor, 1/n = 0.518~0.547, this process could be employed as an effec-
tive treatment method. Adsorption data were also modeled using the pseudo-first and second-order kinetic equations. It was
shown that the pseudo-second-order kinetic equation could best describe the adsorption kinetics. The negative Gibbs free en-
ergy (AG = -3.688~-7.220 kJ/mol) and positive enthalpy (AH = 33.126 kJ/mol) indicated that the adsorption process was
spontaneous and endothermic.
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Table 1. Physical Properties of Granular Activated Carbon

Table 2. Characteristics of Safranin

Properties Unit Value
Average particle size mm 0.15~0.355
Specific surface area mz/g 966.2
Density (at 25 C) (g/mL) 0.48

Todine adsorption value mg/g 1,017
Ash % 3.70
Hardness % 99 min

Safranin®] &l tst APAT-5 AR H Kaur 5 Tetraethylor-
thosilicate (TEOS)2} AHEIAIQ] n-cetyl triethyl ammonium bromide
(CTAB)E A3l A|Z3t 6.6~9.8 nm 712] F7FA|E(meso porous)
o] Wk FHAIR] MCM-41-E ARg-310] safraning: F25R= A 3lolA
FAEHL 22MREEEA Y Langmuird el & gkor] HojEates
303 Kol 68.8 mg/golekal 3t5lom, Gojets] slefnlg gk A8t
of APl wrdnkgolzkal B akSivh3]. Ghaedi 6+ FeiOs Wt
A5 AHEE] Safranin-OF F2eh= A5 Sdto] 2522l of
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H, £H8Eo] SIS AALFE AdS3Igior pH 7~11004 £
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Table 3. Langmuir, Freundlich and Dubinin-Radushkevich Isotherm Constants for Adsorption of Safranin on Granular Activated Carbon

Isotherms Parameters

Temperature (K)

298 308 318
Q. (mg/g) 116.73 165.44 186.17
_ Ky (L/mg) 0.024 0.024 0.043
Langmuir
RL 0.253 0.254 0.183
P 0.770 0.811 0.984
K¢ (mg/g)(L/mg)" 7.528 10.582 17.351
Freundlich 1/m 0.545 0.547 0.518
r 0.915 0.890 0.980
qo (mg/g) 66.781 94.758 111.606
Dubinin- Kpr x 10° (L/mg) 2.445 3.114 0.952
Radushkevich E (kJ/mol) 0.143 0.127 0.229
r 0.903 0.923 0.916
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Figure 1. Effect of granular activated carbon dose on adsorption of
Safranin (C, : 80 mg/L, 298 K).
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Figure 2. Effect of pH on adsorption of Safranin (G, : 80 mg/L, 298 K).
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Figure 3. Langmuir isotherms for Safranin adsorption on granular

activated carbon at different temperatures.
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Figure 4. Freundlich isotherms for Safranin adsorption on granular
activated carbon at different temperatures.
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Figure S. Dubinin-Radushkevich isotherms for Safranin adsorption on
granular activated carbon at different temperatures.
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Table 4. Pseudo First Order and Pseudo Second Order Kinetic Model Parameters of Adsorption of Safranin on Granular Activated Carbon for

Different Initial Concentrations at 298 K

Initial Pseudo first order kinetic model Pseudo second order kinetic model
concent-ration (r?:;;) Qe.cal Error ki 2 e,cal Error ka2 2
(mg/L) (mg/g) (%) (h) (mg/g) (%) (g/mg - b
40 20.183 17.114 15.21 0.367 0.972 1.567 11.35 0.212 0.990
60 32.441 27.423 15.48 0.255 0.994 2.709 8.60 0.083 0.991
80 46.858 37.210 20.59 0.244 0.995 3.970 5.19 0.079 0.998
100
E m 40 ppm
C A 60ppm
= ® 80ppm

10

(ge-at) (mg/g)

0 2 4 6 8 10 12 14
Time (h)
Figure 6. Pseudo first order kinetics plots for Safranin adsorption on
granular activated carbon at different initial concentrations (GAC dose
: 150 mg, 298 K).
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Figure 7. Pseudo second order kinetic plots for Safranin adsorption on
granular activated carbon at different initial concentrations (GAC dose
: 150 mg, 298 K).
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Table S. Pseudo Second Order Kinetic Model Parameters of
Adsorption of Safranin on Granular Activated Carbon at Different
Temperatures

Pseudo second order kinetic model

Temperature Qeexp
) (mgg) ~ Geen  Error ko P
(mg/g) (%) (g/mg h)
298 43.714 46.308 5.93 3.463 0.991
308 45.463 48.340 6.32 4.086 0.998
318 47916 50.533 5.46 4.694 0.992

Table 6. Thermodynamic Parameters for Adsorption of Safranin on
Granular ActivatedCarbon at Different Temperatures

Temperature AH AG AS
(K) (kJ/mol) (kJ/mol) (J/mol K)
298 -3.688
308 33.126 -5.881 118.353
318 -7.220

0.8
__ 06
<)
S
> 04Ff
=
<3
= o02f
m 40 ppm
A 60 ppm
® 80ppm
0.0 ! ) ! ! . I
0 2 4 6 8 10 12 14
Time (h)

Figure 8. Pseudo second order kinetic plots for Safranin adsorption on
granular activated carbon at different temperatures.
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257} SEHTS Gibbs Aol A|gko] Fhaste] ApiAlo] ol
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