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Abstract

Adsorption characteristics of reactive red 120 (RR 120) dye by a coal-based granular activated carbon (CGAC) from an aque-
ous solution were investigated using the amount of activated carbon, pH, initial concentration, contact time and temperature
as adsorption variables. Isotherm equilibrium relationship showed that Langmuir's equation fits better than that of Freundlich’s
equation. The adsorption mechanism was considered to be superior to the adsorption of monolayer with uniform energy
distribution. From the evaluated Langmuir separation coefficients (R, = 0.181~0.644), it was found that this adsorption process
belongs to an effective treatment area (R = 0~1). The adsorption energy determined by Temkin's equation and
Dubinin-Radushkevich’s equation was E = 15.31~7.12 J/mol and B = 0.223~0.365 kJ/mol, respectively. The adsorption proc-
ess showed the physical adsorption (E < 20 J/mol and B < 8 kJ/mol). The adsorption kinetics followed the pseudo first order
model. The adsorption reaction of RR 120 dye on CGAC was found to increase spontaneously with increasing the temperature
because the free energy change decreased with increasing the temperature. The enthalpy change (12.747 kJ/mol) indicated
an endothermic reaction. The isosteric heat of adsorption (AHy = 9.78~24.21 kJ/mol) for the adsorption reaction of RR 120
by CGAC was revealed to be the physical adsorption (AH < 80 kJ/mol).
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Table 1. Physical Properties of CGAC
Properties Unit Value
Average particle size mm 1.119
Specific surface area m¥/g 1,672
Macropores volume em?/g 0.025
Micropores volume em?/g 0.387
Average pore size nm 1.83
Iodine adsorption value mg/g 1,272
Methylene blue adsorption value mL/g 192
Ash % < 10
Hardness % > 90
SO;Na
N
NasO; SO;Na ‘ \
N
o AN
NaSO;

SO;Na
Cl

Figure 1. Chemical structure of RR 120.
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100 Table 2. Langmuir, Freundlich, Temkin and Dubinin-Radushkevich
e Isotherm Parameters for Adsorption of RR 120 by CGAC
< 80r
§ Isotherms Parameters Temperature (K)
3‘:_3 60 - 298 308 318
g ol Q. (mg/g) 26.53 34.64 47.66
'~§_ Langmuir Ky (L/mg) 0.0554 0.135 0.112
2 20+ Re 0.644 0.638 0.607
< r 0.9957 0.9514 0.9929
00 160 2(;0 350 4(30 560 600 Kr (mg/g)(L/mg)'"™  1.87 2.19 323
CGAC dose (mg) Freundlich 1/n 0.660 0.748 0.763
Figure 2. Effect of CGAC dose for adsorption of RR 120. r 0.9932 0.9329 0.9694
B (J/mol) 15.12 16.89 17.30
100 Temkin KT (L/mg) 0.479 0.770 0.882
;\? r 0.9157 0.9937 0.8202
% 8O g (mg/g) 12.88 15.49 19.72
§ 60 I Dubin- Kpr (mol/J)* 10.08 6.79 3.76
£ Radushkevich E (kJ/mol) 0.223 0.271 0.365
& 4o0r r 08629  0.7515  0.9054
e
@ 2or 0.35
<
0 : : : ‘ 0.30
2 4 6 8 10 12
oH = 0.25
Figure 3. Effect of pH for adsorption of RR 120 by CGAC. g 020
Eg: 0.15
3. 1} 9! &k T 040
0.05
3.1. E&| &712ke| sk 0.00 ) ) ) ) ) ;
Z7]% % 10 mg/LE] RR 120 €9 100 mLell tiate] CGACE 50~ 00 01 02 03 04 05 06 07
500 mg WglelA Mz T @7}3@ 298 Kol 24 h gk 153 1/C, (L/mg)
AIE Figure 20 YERYRITE 18-S »d EARe] )15 STl Figure 4. Langmuir isotherms for RR 120 on CGAC at different tem-
mj2} RR 1209] F2HEE F718H, 500 mg FY A1) F2Eo] 7HE peratures.

=t} CGAC %71 50 mgHE] 500 mg7HA] 2H2e] E3-8-8 42.46,
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ER R R % wEjste] FAEY F7H%0] 2 Aol Q= 33. EHS2H ol
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Langmuire= At AUAE 71 S84 29l Q= s &2
3.2, pHOl 243 Hol Fado] HEAES WENA F3o] oLl o7 spget
R ARG RR 1209 F2ol| QoA pH7E Fakol vzl o L T A2 A4S Ak
S dohlr] flste] A3 A9E Figure 301 YERIITE 24 pH
= 30]90aL, SERWELL 972%F pH 2L 314 A9k w(86.59%) A1 1.1 )
T} oF 10.6% 2718t A0 vehdon], g e FRNRES 1 “© @RGC G
o pH 112 71.5%% A2k S/dske] S AMIg Aol < i i i i
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Figure 5. Freundlich isotherms for RR 120 on CGAC at different tem-
peratures.
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Figure 6. Temkin isotherms for RR 120 on CGAC at different tem-
peratures.

3.3.3. Temkin S&H5249| oA
Temkin & 2A| 2} S2Hd Alo] 9] A5 2Ha-8 Alitell aesto] &
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q, = BlnK,+BInC, 4)

AVNA = FHAY FHEFAHmelg), CE
(mg/L), B (RT/h)x= S2del| g8k A<(/mol), RS 713417
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Figure 7. Dubin-Radushkevich isotherms for RR 120 on CGAC at di-
fferent temperatures.

2x108

7} FolaE ST ol
=T B9 ellA F&o] B 2 o
Oi‘r%—% ool gl 14]. K, (10.078, 6.791, 3.764) x 10 mol/FP o2
F7FEQAL) o] e ol gato] Tt 2 oA ZHE) S 7H7F 0.223,
0.271, 0.365 kl/molZ Ugt7] wjitol o] T2 ¥-7g0] Eel&&u4(E
< 8 kNo® AHTH= 2 FA 5 AATHI5]

"ILE

12 88, 15.49, 19.72 mg/g®} Zo] &%
7]_ o2 olxﬁtHHO] ;'g‘L ]

34. SHEH oM

34.1. BIEEEA

CGACe®] th3t RR 1209] & s or AHET| 9
o 22 FAF 12} BESS 2 (pseudo first order kinetics model) ¥}
A 221 Wk

452 (pseudo second order kinetics model)el] 2]-8-5}o3
Bk

= [e3Ke)
2 NS

In (qﬂ *qt) = Ing, — Kkt

1

by ¢

1
+ —t
'3

t

q

A7V ¢ 9 g 217 HFAFE S ¢ AlTEelA
(mg/g)ol™, kS FAF 124 1 %?E*Jé(l/h), kg
TR (g/mg hyolth w2 F2k4
13} W&ol 445t A= 7474
TR £5249 sEvE gEs
Bt} W4 738 ®Bw RR 1209 %&% 1 h T2E w27 A=
QAR F2E Yol Tdshs 24 WA =gA] Yotk o)A il
&2 2 AAS Aol macro pore Eitol] 2JE] Lo
A2F Ul ko]t micro pore bl o) Loy wiE

3 x| Oist A EE YR P 3 A fA
2] 0.9849~0.9960°] A} 23 WHSE =21 2] 0.9757~
WSS Ede o & 2 AS o
A G Geexp) ol THEF AR (Geca) 2] B]

off o Aakst @x18(9.82, 2.37,
o o8| AAFEF @ x(41.63, 33.25,

=
A

Axket A= Table 301] =

o

g
o

Frke

6]. 18]

S AT A
o ==

=]
°]

2 3
th1
15} W
09942350} o] FHFHG FAF 12+
4= Ak ﬁﬁﬂgé‘a‘mﬂ olst
WoME FAF 12 HEEE
10.42%)°] FAF 22k %—8—&5‘4
21.52%)°] Exl sk}

21 Alo]
55

25kt Ml 31 & M 2 &, 2020

100
e 10mg/L
o 20mg/L
10 v 30mg/L
&)
g
= 7 o
o
o N
o
0.1
0.01 I I I I
0 5 10 15 20 25
Time (h)

Figure 8. Pseudo first order kinetics plots for RR 120 on CGAC at
different initial concentrations.
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Figure 9. Pseudo second order kinetics plots for RR 120 on CGAC
at different initial concentrations.
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Table 3. Pseudo First Order and Pseudo Second Order Kinetic Model Parameters of Adsorption of RR 120 by CGAC for Different Initial

Concentrations at 298 K

Initial conc. Pseudo first order kinetic model Pseudo second order kinetic model
(mg/L) Gecy (ME/E) Qecal (mg/g)  error (%) ki (h) P Qecal (mg/g)  error (%) ko (g/mg -+ h) e
10 3.60 4.00 9.82 0.0537 0.9849 6.17 41.63 0.0101 0.9757
20 6.68 6.84 237 0.0391 0.9890 10.00 33.25 0.0063 0.9835
30 11.06 10.42 6.21 0.0343 0.9960 14.10 21.52 0.0060 0.9942

Table 4. Intraparticle Diffusion Parameters of Adsorption of RR 120
by CGAC for Different Initial Concentrations at 298 K

Table 5. Pseudo First Order Kinetic Model Parameters of Adsorption
of RR 120 by CGAC for Different Temperatures at Co = 30 mg/L

Temperature (K)

Temperature  Qeexp Pseudo first order kinetic model

Parameter
10 20 30 K] [mg/g]  g..u [mg/g] error (%) ki [1/h] e
ki 0.273 0.447 0.662 298 11.06 10.42 6.21 0.0343 0.9960
C 0.765 1.245 2.409 308 11.54 10.17 10.15 0.0628 0.9880
e 0.9552 0.9605 0.9400 318 11.93 10.54 13.13 0.1682 0.9956
12 Table 6. Thermodynamic Parameters for Adsorption of RR 120 by
e 10mglL CGAC at Different Temperatures
10 | © 20mg/L
v 30 mg/L vy
8l Temperature In K, AH AG AS
o (K) (kJ/mol) (kJ/mol)  (¥/mol K)
[s)
£ M 298 0.3395 -0.841
o o 308 0.5100 12.75 -1.305 45.6
M 318 0.6632 -1.753
1 1 1 1

6 8 10 12 14
t1/2(h112)

Figure 10. Intraparticle diffusion model plots for RR 120 on CGAC
at different temperatures.

9.9 (Mg/g)

0 5 10 15 20 25
Time (h)
Figure 11. Pseudo first order Kinetics plots for RR 120 on CGAC at
different temperatures.
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Table 7. Isosteric Heat for Adsorption of RR 120 by CGAC

No. qe (mg/g) AHy (kJ/mol) e
1 10 9.78 0.999
2 20 14.57 0.872
3 30 24.21 0.983
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Figure 12. A plots of isosteric heat (Z/Hy) of adsorption against
surface loading (q.) for adsorption of RR 120 by CGAC.
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