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Study on of Process Parameters for
Adsorption of Reactive Orange 16 Dye by Activated Carbon
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Abstract The adsorption of reactive orange 16 (RO 16) dye by activated carbon was investigated using
the amount of adsorbent, pH, initial concentration, contact time and temperature as adsorption
variables. The investigated process parameters were separation coefficient, rate constant, rate controlling
step, activation energy, enthalpy, entropy, and free energy. The adsorption of RO 16 was the highest at
pH 3 due to the electrostatic attraction between the cations (H") on the surface of the activated carbon
and the sulfonate ions and hydroxy ions possessed by RO 16. Isotherm data were fitted into Langmuir,
Freundlich and Temkin isotherm models by applying the evaluated separation factor of Langmuir
(RL=0.459~0.491) and Freundlich (1/n=0.398~0.441). Therefore, the adsorption operation of RO 16 by
activated carbon was confirmed as an appropriate removal method. Temkin's adsorption energy
indicated that this adsorption process was physical adsorption. The adsorption kinetics studies showed
that the adsorption of RO 16 follows the pseudo-second-order kinetic model and that the rate
controlling step in the adsorption process was the intraparticle diffusion step. The positive enthalpy
change indicated an endothermic process. The negative Gibbs free energy change decreased in the order
of -3.16 <-11.60 <¢-14.01 kJ/mol as the temperature increased. Therefore, it was shown that the
spontaneity of the adsorption process of RO 16 increases with increasing temperature.
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Fig. 1. Structure of reactive orange 16.

Table 1. Physical properties of activated carbon.

Properties Unit Value
Particle size mesh 8 x 30
Average particle size mm 1.735
miicro pore volume cm’/g 0.39
meso pore volume cm’/g 0.05
Methylene Blue value mL/g 180 Min
Ash % <10
Hardness % 90 Min
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Fig. 2. Effect of activated carbon dose for adsorption

of RO 16.
3.2 pHe| &k
Fig. 3& B9 4999 pH 3& F47|H0= pH
7 goldss g3l 7

tadhe A4e YL sl
BGolAl Ho] FAstE|o] + A3t
€ 7 ==t RO 162 &0l 3i==of 5ol SOs°
ot OH °o]2& 7FAAL 7] ol o RHe-Al=3t &
o] AEEARY| ol e EHO Fol Apolof
et 7712171 Qo] wAste] F2jo] dojuAl HrHIl.
AC-H" + SO5-RO 16 — AC-H'-S03-RO 16
AC-H" + RO 16-OH — AC-H'-OH RO 16

WA Ty A4

oEbA F2F H7iE2 4714 gl ot Al
& 4= AATHT]. EZF pH 35 oA pHE 2H5HA] &

2=

ok W FAE 853% Wt FE 97.8%, 94.3%,
89.5%% YElo] RO 169 F&A2] 244 pHE



A&l =24 A21d A7E, 2020

AR A%
EERCEE

2o) 2

\:I
ATkaL

120

Adsorption percent [%]
5 3 8 8

N
o

10 12

3.3 S=252HY oM

£ dFo| A oA Egee] digt RO 169 &3
Sk lﬂbl%]liﬂ FARE A7) Ao SFEY A
e 2y Z2 Langmuir, Freundlich %
Temkm o%g&“‘oﬂ Z¥zy Agsho] Kokt

C__ 1 ,1l. )

q. Q(]KL Q[)

lnqe:anF—O—ElnCe @)

q =ByInk, + B,InC, 3)
A71A g TEA S9EHT S2dE 2 &
(mg/g), Ce= TFAY BP 5% (mg/DE U5, o

9} K12 o]2H&28F7 2k o]t} Freundlich
Ao A Ke2} n S0 dvhd gur2rtE UEh
A2 AFEEE Freundlich 442 Kie S28%

2 ST E YERATE Temkin 419 Bre= &3
Fol &t Ad<=(/mol)elH, Kre FHd 2 oy
Aol 3ot BRAWIF(L/me) ot AAUREE &
o] 75']9“01’ A= Fig4—Fig.61 Zom, ]% 4o
853k B2 Table 20 Uetlth 4o gt A=
Ueilie AeAGDE Al £290] Bagho= vlus|Ed
Freundlich (0.950){Temkin(0.970)<Langmuir(0.981) <
02 #AA Langmuir 4°] 7 & grotbx s RO 16
o] ddFog FE= AoE WHEUCHILL

o

v
=

o
=)

670

1/qe (9/mg)

® 298K
o 308K
v 318K

0.2
1/Ce (L/mg)

0.1 0.3 0.4

Fig. 4. Langmuir isotherms for adsorption of RO 16.
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Fig. 5. Freundlich isotherms for adsorption of RO 16.
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Fig. 6. Temkin isotherms for adsorption of RO 16.

Table. 2. Isotherm constans for adsorption of RO 16.

sto] 2 AEFig. 77 Fig.8o YeERL.

Isotherm Temperature (K)
Constant
model 298 308 318
Qo 74.59 107.45 112.27
Ku 0.022 0.054 0.076
Langmuir
R 0.473 0.459 0.491
I 0.982 0.970 0.990
Kr 6.07 12.47 15.96
Freundlich 1/n 0.441 0.412 0.398
i 0.933 0.960 0.957
Br 0.293 0.405 0.576
Temkin Kr 1.514 1.238 0.876
I 0.975 0.951 0.985
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Fig. 7. PFO plots for adsorption of RO 16 at various
concentration.
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Fig. 8. PSO plots for adsorption of RO 16 at various
concentration.

Table 3. Pseudo first order and Pseudo second order kinetic model parameters for adsorption of RO 16.

Initial concentration Go.exp Pseudo first order kinetic model Pseudo second order kinetic model
(mg/L) (mg/g) e, cal k, r e, cal ky r

100 18.94 12.34 0.036 0.959 20.40 0.010 0.999

200 37.50 28.97 0.028 0.978 39.01 0.004 0.993

300 54.90 44.86 0.024 0.979 57.34 0.002 0.997
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Table 4. Intraparticle diffusion parameters for
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at various temperarures.
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Fig. 9. Intraparticle diffusion plots for adsorption of

RO 16 by activated carbon at various
temperatures.
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Fig. 10. Pseudo second order kinetic plots for
adsorption of RO 16 by activated carbon at
various temperature.

Table 5. Pseudo second order kinetic model parameters
for adsorption of RO 16 by activated
carbon at various concentration.

Initial temperature (K) Pseudo second order
Parameter T
298 308 318 Temperature |, oxp kinetic model
(K)
K 3.507 3.589 3.868 (mg/g) qe ,cal k? 7'2
C 1.707 3.734 4.500 288 18.94 19.41 0.0097 0.999
r 0.967 0.944 0.955 298 19.96 21.30 0.0115 0.999
308 20.98 23.06 0.0137 0.998
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