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Study of new adsorption isotherm model and kinetics of dissolved
organic carbon in synthetic wastewater by granular activated carbon
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H
-2 Beef extract, Peptone, Humic acid, Tannic acid, Sodium lignin sulfonate, Sodium lauryle sulfate, Arabic gum
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Abstract In this study, we conducted the adsorption equilibrium and batch experiments of dissolved organic carbon
(DOC) in the wastewater by granular activated carbon (GAC). The components of organic compound were Beef
extract (1.8 mg/L), Peptone (2.7 mg/L), Humic acid (4.2 mg/L), Tannic acid (4.2 mg/L), Sodium lignin sulfonate
(2.4 mg/L), Sodium lauryle sulfate (0.94 mg/L), Arabic gum powder (4.7 mg/L), Arabic acid (polysaccharide) (5.0
mg/L), (NH4),SO4 (7.1 mg/L), KoHPO4 (7.0 mg/L), NH4HCO; (19.8 mg/L), MgSO, + 7TH.O (0.71 mg/L), The
adsorption characteristics of DOC in synthetic wastewater was described using the mathematical model through a
series of isotherm and batch experiments. It showed that there was linear adsorption region in the low DOC
concentration (0~2.5 mg/L) and favorable adsorption region in high concentration (2.5~6 mg/L). The synthetic
wastewater used was prepared using known quantities of organic and/or inorganic compounds. Adsorption modelling
isotherms were predicted by the Freundlich, Langmuir, Sips and hybrid isotherm equations. Especially, hybrid
isotherm of Linear and Sips equation was a good adsorption equilibrium in the region of the both the low
concentration and high concentration. In applying carbon adsorption for treating water and wastewater, hybrid
adsorption equation plus linear equation with Sips equation will be a good new adsorption equilibrium model. Linear
driving force approximation (LDFA) kinetic equation with Hybrid (linear+Sips) adsorption isotherm model was
successfully applied to predict the adsorption kinetics data in various GAC adsorbent amounts.

Key Words : Adsorption, Dissolved Organic Carbon (DOC), Wastewater treatment, Synthetic Wastewater, Granular
activated Carbon (GAC)
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DOC

Fraction by

0.

0.138
0.082
0.237
0.067
0.042
0213
0.156

(mg/L)
18
2.7
42
42
24

094
47
50
71
7.0
198
0.71

Concentration

Peptone
(NH4)2S04
KZ2HPO4
NH4HCO3
MgSO4 - TH20

Compounds
Humic acid

Beef extract
Tannic acid
Sodium lignin sulfonate
Sodium lauryle sulfate
Arabic gum powder
Arabic acid
(polysaccharide)

[Table 1] Constituents of the synthetic wastewater
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[Table 2] Physical properties of granular activated
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[Table 3] Adsorption isotherm equations

Isotherm Model Equations Parameters
Freundlich q= kf X Cl/n k’f, n
) g, Xbx C
Langmuir L Qb
"< C
A q, x b>< Cl/n
Sips q= —1/” q,,, b, n
1+bx C'"
(IHiniarYb?;i‘im g=axXx c+ k‘f X Cl/n qa, kf, n

ndlich)
Hybrid2 Xbx O
(Linear+Lang R dof N E— a, q,,b
I 1+bx C
1/n
Hybrid3 q, Xbx C
: = mo b,
(hnear+51ps) q ax C+ 1+ b X Cl/n a, qm n
B odgoMyE dubgow  4#R Langmuir,
Freundlich, Sips & 3%+, slolE3E 524 3FF

linear+Freundlich, linear+Langmuir, linear+Sips 5<] %
6714 29S DOC X9 dS wAek] YalA 443t

Atk

0.40
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035 ------ Langmuir /
Freundlich .k
0.30 | ——Sips
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0.00
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Ce (mg/L)
(a)
0.40
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- - - Langmuir
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[Fig. 1] Adsorption equilibrium isotherm of (a) GACI
and (b) GAC2 fitted by the conventional
model.
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[Table 4] Parameters of single adsorption isotherm

GAC1 GAC2

322X10™ 2.19X10 ™

Freundlich 7.03X10 ™ 679X10 ™

0.92 091

20.75 20.1

Langmuir 2.13X10™" 2.12X10™"

087 0.86

342X10" 268X10™"

210X10™ 249X10™

Sips L7X10 ™ 1L99X10™

097 0.98

‘I—/Kj A 77]

& o=
=4 —FS’—X4

(llnear+Freund11ch

A aspor},

m GAC1
® GAC 2
=Hybrid (linear+Sips)

v

>

Favorable adsorption

5.0

3.0
Ce (mg/L)

4.0 6.0

[Fig. 2] Adsorption equilibrium isotherm of GACI
and GAC2 fitted by the hybrid model.
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[Table 5] Parameters of single adsorption isotherm

Hybrid isotherm Para GAC1 GAC2
a 1.80X10™ 562X10™"
Linear + ke 322X10™" 219X10™*
Freundlich n 704X10 " 6.79X10™"
R’ 092 092
a 580X10™" 9.09X10™
Linear + Um 831X10™ 426X10*
Langmuir b 158X10™® 727X10°%
R 087 086
a 259X10 ™" 1.84X10™
Um 1.80X10™ 1.46X10™
Linear = b 297X10 464X10"
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[Fig. 3] Kinetic experiments with different GAC amount
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