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ABSTRACT

The decolorization and removal of chemical oxygen demand (COD) of a textile dye, Navy
blue CE-RN (NB), were investigated from aqueous solutions by combined process of
coagulation—flocculation(C-F) and adsorption. Common coagulants (alum, lime, poly
aluminum chloride (PACI), and ferric chloride) and clay [montmorillonite (Mt) and nano-
montmorillonite (NMt)] were used in C-F and adsorption steps, respectively. The maximum
COD and dye removal was observed by coagulant of PACl in the C-F process. The
optimum conditions for dye removal by PACI were occurred by coagulant dose of 0.1 g/L
at pH 6. In the adsorption process, the optimum contact times of 120 and 20 min were
obtained for Mt and NMt, respectively. The findings indicated that the optimum conditions
for the dye sorption were observed at pH 2 and the adsorbent dose 1.8 g/L. The sorption
data also showed that the adsorption of NB onto the sorbents was better followed
the pseudo-second order kinetic models. The dye and COD concentrations during the
combined treatment process were decreased from 300 to 2-4.5 mg/L and from 732 to
2-35mg/L, respectively. This indicates that the combined process of C-F followed by
adsorption can be used as a proper alternative for the treatment of NB dye-containing
wastewaters.
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1. Introduction

In recent decades, industries have been considered
as one of the main factors of environmental pollution,
especially in developing countries [1]. Many industries
such as textile, carpet, cosmetic, pulp, and paper dis-
charge huge amounts of pollutants including dye
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materials into the aquatic environment [2-5]. About
30% of dyes consumed in the abovementioned indus-
tries are unstable during the dying process and are
discharged directly into the wastewater [6]. Therefore,
the colored wastewaters that produced from these
industries are remarkable [7]. Dyes have diverse struc-
tures such as disperse, acidic, basic, anthraquinone,
azo, diazo based and metal complex dyes [8]. Disperse
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dyes are one of the most common types of textile dyes
that contain high organic matter as chemical oxygen
demand (COD) [9,10]. Disperse dyes-containing waste-
waters have extensive harmful effects on the human
health as well as aquatic organisms. Many of these
dye compounds have toxic, mutagenic, carcinogenic,
and teratogenic effects, and they can cause allergy,
dermatitis, and skin irritation in human [3,5,11,12].
Due to these harmful effects, the colored wastewaters
must be appropriately treated before discharging into
the water resources and ecosystem. Several processes
including coagulation—flocculation, electro-coagulation,
adsorption, advanced oxidation processes (O3;/H,O,,
H,0,/UV and photo-catalysis), flotation, membrane
techniques (ultra-filtration, nanofiltration, and reverse
osmosis), and biological degradation have been
successfully applied for dyes removal from wastewa-
ters [5,6,10,11,13-15]. Despite a series of advantages,
there are some disadvantages and limitations such as
low removal efficiency, great electrical energy
requirement, and high-cost operation for the various
dye treatment methods [4,16]. The C-F technique is a
principal process to treat the colored wastewaters
from textile industries [12,17]. Generally, the C-F
process is a suitable technology with low installation
cost and significant efficiency [18]. Many studies,
Table 1, have been carried out by C-F process on the
COD and color removal from textile wastewaters
[10,13,19]. As seen, C-F process has low removal effi-
ciency for some dyes [12]. So, this process can be com-
bined with the other treatment processes to enhance
dye removal from wastewater. Among the various
methods, adsorption process, because of high removal
efficiency, simplicity and extensive utilization, is an
appropriate technique to remove dye pollutants from
aqueous media [14,20-23]. In recent years, many
studies have been conducted on the dye adsorption by
different absorbents such as fly ash, peat, wood pow-
der, coir pith, lignin, clay, bottom ash, zeolite, calcine
alunite, peanut hull, rice husk, brown seaweed, cellu-
lose, silica gel, bagasse pith, maize cob, orange peel,
and waste red mud [2,11,16,20,21,24,25]. Because of
high abundance, availability, non-toxicity, low cost
and large specific surface area, clay mineral is an
attractive adsorbent to remove various dyes from
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wastewaters [2,5,16,26,27]. The combination of C-F
technique with adsorption process cause high effi-
ciency of dye removal, less produced sludge, coagu-
lant savings, and economic feasibility [28,29]. The aim
of this work was to investigate the color and COD
removal from a disperse dye (NB)-containing solution
through combined process of C-F followed by
adsorption with clay and nanoclay. To the best of our
knowledge, some studies about these combined
treatment method have been carried out to remove
other types of dyes including reactive dyes from aque-
ous solutions [28-31]. This study determines the best
coagulant type and optimum pH for the removal of
dye and COD in C-F step and specifies the optimum
adsorption conditions (pH, contact time, adsorbent
dose) in the adsorption step. Various dye desorption
procedures have been also carried out on the spent
(dye-saturated) adsorbent to find out the best method
for the regeneration of sorbent.

2. Materials and methods
2.1. Materials

The clay minerals including montmorillonite (Mt)
and nanomontmorillonite (NMt) were purchased from
Laviosa Co (Italy) and Southern clay product Co
(USA), respectively. The commercial textile dye, Navy
blue CE-RN (NB), was obtained from Setapers Co
(Turkey) and was used without additional purifica-
tion. The commercial grade of lime (Ca(OH),), alum
(Al (SO4)3.18 HyO), and PACl was supplied from
Behinab Co (Iran). Other analytical grade chemicals,
NaOH (98%), H,SO4 (95-97%), FeCl;-6H,O (99%),
CaCl2, ethanol (95-96%) were provided from Merck
Co (Germany).

2.2. Characterization and analysis

Table 2 shows the physiochemical properties of the
adsorbents [1]. The spectra and compositions of the
adsorbents were specified by Fourier transform infra-
red spectrophotometer (FTIR, JASCO, FT/IR-6300,
Japan) and X-ray diffractometer (XRD) (Bruker, D8
ADVANCE, Germany, using Ni filtered Cu Ka

Table 1

COD and dye removal from textile wastewaters by C-F process

Type of coagulant Type of dye Color removal (%) COD removal (%) References
Ferric chloride Reactive 12.0 66.0 [19]
Aluminum sulfate Direct 50.0 50.0 [19]

Ferric chloride Reactive 60.9 26.5 [13]

Ferric chloride Reactive 60.9 25.0 [10]
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Table 2
The compositions of Mt and NMt in this study

Compounds percent in
adsorbents (%)

Chemical compounds Clay (Mt) Nanoclay (NMt)
Si0, 60.00 61.90
Al,O5 20.03 21.06
Fe;O5 2.31 4.83
Na,O 3.02 4.15
P,0s 0.05 0.00
MgO 4.02 222
KO 0.13 0.06
CaO 1.46 0.16
TiO, 0.24 0.13
MnO 0.03 0.00
H,O 8.71 5.49
Other

CEC (meq/100 g) 108 80
Limit of ignition (%) 7.03 6.80

radiation 1.5406 A), respectively. Also, COD content of
the dye solutions was measured using closed reflux,
titrimetric method [32], and the concentration of NB
dye in the solutions was determined by spectrophoto-
metric method (UV/Vis, LANGE, Hatch Co.,) at the
maximum absorbance wavelength (473 nm). The dye
and COD removal efficiency and the adsorption
capacity (qe) were calculated by the following
equations:

Dye or COD removal (%) = i = ® x 100 (1)
C—-C)V
g =G @
m

where C; (mg/L) is the initial dye or COD quantity,
Cs (mg/L) is the dye or COD quantity after treatment
process. V (L) and m (g) are the solution volume and
adsorbent mass, respectively.

2.3. Experiments

All the experiments were conducted at room tem-
perature (25°C). The experiments were performed in
duplicates and the average values were considered.

2.3.1. Coagulation—flocculation tests

A six beaker jar-test apparatus (Philips & Bird
Stirrer Model 7790-402) was used for C-F experiments.
The effect of various coagulants doses (0-1g/L of
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alum, ferric chloride and PACI and 0-7.5 g/L of lime)
and solution pH was determined on the C-F process
via measuring COD and dye content of the samples.
The coagulation and flocculation were conducted at
mixing speed of 180 rpm for 2 min and at 40 rpm for
15 min, respectively. A settling time of 30 min was
also used after C—F process to remove sludge from the
solution. A stock solution (300 mg/L) of dye was
synthetically prepared with distilled water, and one
liter of the solution was transferred into each Plexiglas
beaker. The stock solution contained 732 mg/L COD
resulting from dye. After conducting the treatment
process, the sample was taken at 3 cm below the
effluent surface to determine the dye and COD
removal efficiency. In order to evaluate the removal
efficiency of dye and COD through the combined
treatment process (C-F followed by adsorption), the
supernatant obtained from C-F process was used for
the adsorption experiments.

2.3.2. Adsorption experiments

All the adsorption experiments were carried out
in batch system with 0.1 g adsorbent into 100 mL
dye effluent in 250 mL Erlenmeyer flasks sealed with
cape. The suspensions were mixed by an orbital
shaker (250 rpm). The effect of various parameters
such as contact time (0-4h), pH (2-10), adsorbent
dose (0.02-0.2¢g/L), and solution ion strength
(20-100 mg/L Ca*™®) was determined on the adsorp-
tion. After sorption process, the suspensions were
centrifuged (6,000 rpm for 10 min) and the clear
supernatants were analyzed to determine COD and
color content.

2.3.3. Regeneration of dye-saturated adsorbent

After adsorption experiments, the dye-saturated
adsorbents ~ were  collected by  centrifugation
(6,000 rpm at 15 min) and dried in an oven at 40°C for
24 h. The saturated sorbents were then ground and
sieved through a 125-um sieve. Three regeneration
techniques including chemical, ultrasonic, and thermal
were conducted for desorption of dye-saturated
sorbents. Subsequently, the adsorption was conducted
by the regenerated sorbents similar to the original
adsorbents to determine the regeneration efficiency.

2.3.3.1. Chemical  regeneration. Chemical regeneration
was performed by NaOH, KOH, H,50,, and acetic acid
solutions (1 N). Initially, 1 g of dye-saturated adsorbent
was separately placed into 50 mL of each desorption
solution in 100 mL Erlenmeyer flasks. The flasks were
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then mixed by a rotary shaker (at 250 rpm and contact
times of 120 min and 20 min for Mt and NMt,
respectively). The sorbent was finally rinsed with
distilled water to constant pH and was dried at 40°C.

2.3.3.2. Ultrasonic regeneration. First, 1g of colored
adsorbent was introduced into 50 mL of ethanol
(95-96%) in 100 mL Erlenmeyer flask, and the sample
was then located in an ultrasonic bath (BANDELIN
electronicc, DT156, Power:160-640 W, frequency:
35 KHz) for 15 min. The sorbent was then washed with
distilled water and was dried at 40°C.

2.3.3.3. Thermal regeneration. Thermal regeneration was
carried out by placing 1g dye-saturated adsorbent
into 50 mL hot water (95+0.5°C) in a 100 mL beaker
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for 15 min. Another thermal regeneration method was
conducted by dry heating through an experimental
oven at 300°C for 15 min.

3. Results and discussion
3.1. Coagulation—flocculation experiments
3.1.1. Effect of coagulant dose

The influence of various doses of coagulants (alum,
lime, ferric chloride, and PACI) was investigated to
remove dye and COD of the dye-containing solutions
with fixed NB concentration (300 mg/L) at natural pH
of dye (pH 6). The removal efficiency of different
coagulants was presented in Fig. 1. As seen, PACI
with the coagulant dose of 0.1 g/L had the highest
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Fig. 1. Influence of different doses of coagulants on the removal of dye and COD (dye concentration = 300 mg/L and pH 6).
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removal efficiency (84.26% COD removal and 93.03%
dye removal) in comparison with other used coagu-
lants. Alum with dose of 0.2 g/L removed 77.70%
COD and 74.88% dye. Lime (4.5g/L) and ferric
chloride (0.4 g/L) also had COD removal efficiency of
81.33 and 82.51%, and color removal of 82.28 and
91.85%, respectively.

3.1.2. Determination of optimum pH for coagulation

The solution pH plays an important role in
coagulation process. Therefore, the effect of solution
pH (2-10) on the dye and COD removal was
measured at the optimum coagulants dose (Fig. 2). As
shown, the best solution pH for the maximum
removal of dye and COD using PACI was occurred at
pH 6. But, the maximum dye and COD removal was
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Fig. 2. Determination of the optimum pH value for the
removal of dye and COD by coagulants (dye concentra-
tion =300 mg/L, coagulant  concentrations; alum =
0.2 g/L, ferric chloride=0.4 g/L, and PACI=0.1 g/L).
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Fig. 3. The XRD patterns of (a) Mt and (b) NMt.
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found to be at pH 10 for other coagulants. The dye
and COD removal efficiency by PACI at the optimum
coagulant dose (0.1 g/L) and pH (pH 6) was 93.03
and 84.26%, respectively. Kumar et al. (2008) reported
that the optimum solution pH for dye removal by
PACI was occurred at pH 4 [17]. Wen et al. (2003) also
showed that the maximum dye removal (a disperse
dye, Terasil Blue BGE-01) with PACI coagulant was
happened at solution pH 4-5 and coagulant dose of
0.2 g/L [33]. The maximum dye and COD removal by
alum and ferric chloride was taken place at pH 10.
This phenomenon is probably due to the formation of
metallic hydroxide precipitates that they provide
adsorptive coagulating mechanisms to entrap the
impurities [34-36]. Disperse dye has low solubility in
water [10]. Therefore, the dye can be adsorbed and
flocculated by the formed precipitates and then it
helps to form flocs [10,13,36]. The removal efficiency
of dye and COD at the optimum coagulant dose and
pH was as follows: alum =74.88%, 77.7%, ferric chlo-
ride=91.85%, 82.51% and lime=28228%, 81.33%,
respectively. The colored supernatant of PACl (more
efficient coagulant) was applied for the sorption stud-
ies in the subsequent experiments.

3.2. Characterization of adsorbents

The X-ray diffraction (XRD) patterns of raw and
colored adsorbents are presented in Fig. 3. As seen,
the peaks intensity of the dye-contained Mt and NMt
was increased. The XRD patterns list showed that
copper and sulfur compounds were found as the
components of the colored adsorbents. But, these com-
pounds were not found in the chemical composition
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list of the raw adsorbents (Table 2). Based on these
observations, it can be concluded that the presence of
copper and sulfur compounds in the XRD patterns of
colored adsorbents may be due to the sorption of NB
by the sorbents.

The FTIR technique was also used to recognize the
interaction between adsorbate and the functional
groups of the adsorbents [37]. Fig. 4 shows the FTIR
spectrum of the raw and colored adsorbents. The
absorption peak around 3,436 cm™' may be due to the
vibrations of N-H groups [38]. The peak at 3,400 cm ™ 'is
usually due to stretching vibration of hydroxyl
(OH) functional groups [39,40]1.The new band at
1,692 cm ™! in the colored adsorbents can be assigned to
C=0 groups as a result of NB adsorption [40,41]. The
stretching regions of 2,925 cm™ (asymmetric) and
2,850cm™' (symmetric) are also attributed to C-H
stretch [39,40]. The bands in the 1,550-1,350 cm ™"
region are allocated to vibrations of CaCO3; compound
[40]. The broad band in the range of 1,000-1,300 cm in
the colored adsorbents (especially in NMt) can be also
ascribed to S=O band [39]. It can be concluded from the
change in the peaks intensity and also the presence of
S=0, C-H, and N-H bonds in the colored adsorbents
that NB dye in the solution has been removed by Mt
and NMt.

3.3. Adsorption experiments
3.3.1. Effect of contact time

The effect of contact time on the dye and COD
removal is shown in Fig. 5. As seen, the sorption
capacity was increased by increasing the time up to
120min and up to 20min for Mt and NMLt,
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respectively. The uptake capacity by the sorbents was
then slightly decreased as time went forward (after
peak point). This may be due to the adsorption sites
that were abundantly available at the beginning the
contact time. But they reduce and saturate over time.
The sorption capacity (g.) and COD removal efficiency
for Mt and NMt at the equilibrium times were
893 mg/g, 4151% and 8.87mg/g,  19.14%,
respectively. As can be seen, there was a great time
variation between the adsorbents to achieve the equi-
librium time, while the sorption capacity of the adsor-
bents had not significantly difference. This may be
due to the nanoscale spacing of NMt inter layers [42].
The optimum contact times of 120 min for Mt and
20 min for NMt were applied for the next sorption
experiments in this study.

3.3.1.1. Adsorption Kinetics. The sorption kinetic models
are one of the useful parameters to determine the
characteristics of adsorption process. Three common
kinetic models, pseudo-first order (Eq. (3)), pseudo-
second order (Eq. (4)), and intraparticle diffusion
(Eq. (5)), were investigated in this study.

In (g, —q,) =Inq, — Kqt 3)
t 1 t

% = @ + q—e 4)
q, = kut*® +C ®)

where g. (mg/g) and g, (mg/g) are the adsorption
capacities of dye at equilibrium and at time (f),
respectively. K; (1/h), K, (g/mgh), and Kiq (g/mgh)

(a) 120 (b)120
100 - 100 -
80 - 80 |
60 - 60 -
40 - 40 -
20 - Raw Mt 20 - Raw NMt
»»»»»»»»» Colored Mt --------- Colored NMt
o T T T T T 0 T T T T T
400 1000 1600 2200 2800 3400 4000 400 1000 1600 2200 2800 3400 4000

wave numbers (cm™)

Wave numbers (cm?)

Fig. 4. FTIR spectra of the raw and colored of (a) Mt and (b) NMt.
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Fig. 5. The effect of contact time on the dye and COD removal by (a) Mt and (b) NMt (at natural pH of samples and

0.1 g adsorbent).

are also the rate constants of the pseudo-first order,
pseudo-second order, and intraparticle diffusion
models, respectively [1]. The adsorption kinetic
models parameters are presented in Table 3. As can
be seen, the correlation coefficient (R? of the
pseudo-second order kinetic model was higher than of
other kinetic models. Therefore, the pseudo-second
order kinetic model was more appropriate to describe
the adsorption of dye onto Mt and NMt. Ho and
Chiang (2001) reported similar results for the
adsorption of Acid Blue 9 by mixture of activated
carbon and activated clay [43]. The pseudo-second
order kinetic model for the adsorption of NB by Mt
and NMt is presented in Fig. 6. Intraparticle diffusion
model was also used to identify the diffusion
mechanism of NB onto the sorbents. According to
Table 3, the values of the intercept obtained by
this kinetic model did not pass via the origin,
(C#0). Therefore, the intraparticle diffusion was
not only kinetic limiting factor in this adsorption
process [21].

3.3.2. Effect of pH

The effect of solution pH (2-10) on the dye and
COD removal by the adsorbents is shown in Fig. 7. As
seen, the dye and COD removal efficiencies were
decreased with increasing pH values from 2 to 10. The
adsorbents reached the maximum removal efficiency
in the acidic conditions (pH 2). This may be due to
the electrostatic interaction between adsorbents and
dye. At pH 2, high concentration of hydrogen ions can
protonate the negative surface of the adsorbents and
consequently, the adsorbents surface become more
positively charged [44]. This phenomenon can produce
the attractive force between NB molecules and posi-
tively charged surface of Mt and NMt. Therefore, the
dye sorption was lastly increased at pH 2. Otherwise,
with increasing solution pH, because of the presence
of hydroxyl ions into the solution and repulsive force
between OH™ ions and the negative surface of the
adsorbents, the sorption capacity was decreased [44].
Hemsas et al. reported that maximum sorption
capacity of two disperse dyes (blue palanil and yellow

Table 3
Adsorption kinetic models parameters of obtained from this study
Intraparticle
Pseudo-first-order Pseudo-second-order diffusion
qer Kl qe,calculated KZ (g/ h (g/ EIe, calculated Ki
Adsorbent  experimental  (1/h)  (mg/g) R* mgh) mg h) (mg/g) R* (1/h) C R?
Mt 8.93 0.01 422 094 0.02 1.81 9.33 096 043 3,58 0.88
NMt 8.87 0.02 1.28 0.45 0.09 2.02 4.74 098 0.51 10.13 0.63
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terazil) by activated carbon was taken place at pH 2
[45].

3.3.3. Effect of adsorbent dose

Fig. 8 present the influence of adsorbent dose (0.02
to 02g) on NB and COD removal. As seen, by
increasing the adsorbent dose from 0.01 to 0.2 g, the
COD removal efficiency was increased from 20.9 to
62.2% for Mt and from 48.4 to 98.3% for NMt. These
results are due to an increment of adsorbents contact
surface and availability of more adsorption sites for
dye molecules during the adsorption process [6,26].
But, NB loading capacity (amount of NB loaded per
unit mass of the adsorbent) was gradually decreased
with increasing the adsorbents dose (Fig. 8).
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The increase of dye loading capacity in lower amount
of sorbent may be resulted from the accessibility of
higher number of dye molecules per unit mass of the
adsorbent (higher adsorbate/adsorbent ratio) [46].

3.3.3.1. Adsorption isotherms. Adsorption isotherms are
used to distinguish the mechanism of adsorption pro-
cess. The experimental data were fitted to the Freund-
lich, Langmuir, and Dubinin-Radushkevich (D-R)
isotherm models. The Freundlich isotherm model is
used to investigate the multilayer adsorption on a
heterogeneous surface of adsorbent [16]. The linear
form of Freundlich isotherm is defined by Eq. (6):

Ing.=1In ke + %ln C. (6)
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Fig. 8. The influence of (a) Mt and (b) NMt doses on the removal of dye and COD (dye solution volume =100 mL, pH 2,

contact time = 120 min for Mt and 20 min for NMt).

Table 4

Freundlich, Langmuir, and D-R isotherm parameters in dye sorption by Mt and NMt

Freundlich isotherm

Langmuir isotherm

D-R isotherm

Adsorbent K¢ (L/g) n R? Im (mg/g) b (L/mg) R? dm (mg/g) E (kJ/mol) R?
Mt 1.819 0.68 0.94 35.21 0.07 0.92 39.06 0.389 0.92
NMt 4.609 0.53 0.97 28.09 0.18 0.97 136.67 0.465 0.97

where n and K¢ (L/g) are the Freundlich isotherm con-
stants which are the indicators of intensity and capac-
ity of pollutant adsorption, respectively. The linear
plotting In g, vs. In C, gives the intercept (K¢ and slop
(n) [1]. Table 4 shows the Freundlich isotherm param-
eters for the adsorption of NB onto Mt and NMt.
Langmuir isotherm model expresses monolayer
adsorption of pollutant on a homogeneous surface of
adsorbent sites [16,25]. Eq. (7) represents the linearized
Langmuir isotherm.

C. Co 1

@)

e

qm

bgm

where g. (mg/g) and C. (mg/L) are the equilibrium
adsorption capacity of adsorbent and dye concentra-
tion at equilibrium time, respectively, b (L/mg) is the
equation constant, and g, (mg/g) is the maximum
adsorption capacity of adsorbent (monolayer) [1,23].
gm and b can be obtained from the slope and intercept
of linear plot of C./q. against C,, respectively. As seen
from Table 4, the correlation coefficient (R?) of the Fre-
undlich, Langmuir, and D-R isotherm models for the

dye sorption with NMt is higher than of Mt. So, the
dye sorption with NMt was better fitted by the
abovementioned isotherm models. The Freundlich iso-
therm fitted the experimental sorption data of Mt bet-
ter than other isotherm models. But, the sorption data
acquired by NMt were fitted well by the Freundlich
and Langmuir isotherm models. The Freundlich iso-
therm constant, 7, indicates the type of the adsorption
process that it can be as chemical process (1 <1), lin-
ear (n=1), and physical process (n>1) [21,47]. The n
values (0.68 for Mt and 0.53 for NMt) obtained from
this isotherm model showed that NB removal by the
adsorbents was as chemisorption. The D-R isotherm
determines the adsorption type and the sorption
mechanism as chemical or physical [48]. The D-R
isotherm can be calculated using Eq. (8):

Ing,=Ingq, — e ®
where f (kJ/mol) is the equation constant (mean
adsorption energy), g, (mg/g) is the theoretical
adsorption capacity, and ¢ is the Polanyi potential (cal-
culates as ¢ =RT.In (1+1/C.)). T (K) is temperature
and R (kJ/molk) is universal gas constant (8.314
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Fig. 9. The influence of ion strength on the adsorption of dye onto (a) Mt and (b) NMt (pH 2, adsorbent dose=0.18 g,

contact time = 120 min for Mt and 20 min for NMt).

J/molk). g, and f can be determined from the
intercept and slope of linear plotting In g. vs. &,
respectively [1]. The mean adsorption energy (E) is

achieved by Eq. (9):

Eo_L ©)

V2P

The value of E (kJ]/mol) determines the type of sorp-
tion mechanism [1,47]. The adsorption type can be
explained as physical adsorption by E <8kJ/mol,
while E>8kJ/mol displays the chemical adsorption.
The chemical ion exchange can be played an
important role in pollutant removal by E value
between 8 and 16 kJ/mol [1]. As seen (Table 4), the
E values of the dye adsorption via Mt (0.389 kJ/mol)
and NMt (0.465 k]/mol) showed that the sorption
mechanism was as physical. Thus, in addition to
chemical sorption (see interpretation of the Freundlich
isotherm), the physical adsorption may be also
occurred in the dye sorption process by Mt and NMt.

3.3.4. Effect of solution ion strength

To investigate the influence of solution ion
strength on NB adsorption, CaCl, (20-100 mg/L of
Ca*® ions) was added to the dye solution. Fig. 9
illustrates the effect of solution ion strength on the
adsorption capacity (g.) and COD removal efficiency.
As shown, increasing the solution Ca*™ ions had no
negative effect on the dye and COD removal. Even,
the COD removal was slightly increased by increas-
ing the solution ion strength. This finding represents
the good performance of the adsorbents in the differ-
ent solution ion strengths. Pengthamkeerati et al.

(2008) and De Souza et al. (2008) reported that the
increment of solution ion strength has the partly
positively effects on the dye sorption by other
adsorbents [24,49].

3.4. Regeneration of dye-saturated adsorbent

Regeneration of spent adsorbent is an important
factor to decrease the sorption system costs. Various
solutions including sulfuric acid, acetic acid, sodium
hydroxide, potassium hydroxide, ethanol along with
ultrasonic, hot water and dry heating were applied to
regenerate the dye-saturated adsorbents. The adsorp-
tion capacity of the regenerated Mt and NMt to the
virgin adsorbents (g. of regenerated sorbent/gq. of vir-
gin sorbent) ratio is summarized in Table 5. As seen,
the highest NB removal efficiency (RE%) was achieved
by the adsorbents regenerated with sodium hydroxide
(85.8% for Mt and 93.3% for NMt). According to
Table 5, hot water and dry heating (300°C) also had
the acceptable regeneration efficiency.

Table 5

The regeneration efficiency (RE %) of Mt and NMt
Desorption agent Mt (RE %) NMt (RE %)
H,S0, 51.8 57.6
CH;COOH 29.7 76.6

NaOH 85.8 93.3

KOH 41.9 75.8
Ultrasonic and ethanol 59.8 77.5

Hot water (95 +0.5°C) 81.0 83.3

Oven (300°C) 77.0 85.4
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4. Conclusion

The decolorization and COD removal of a textile
dye (NB) were surveyed from aqueous solutions by
combined process of C-F and adsorption. Over the
C-F process, commercial PACI at optimum pH 6 with
a coagulant dose of 0.1 g/L was found to be the best
coagulant among the other coagulants tested. The
supernatant of C-F process was used in the
adsorption step. The optimum conditions for the dye
sorption were observed at pH 2 and the adsorbent
dose 1.8 g/L. The adsorption capacity and COD
removal efficiency of Mt and NMt at equilibrium time
(120 min for Mt and 20 min for NMt) were 8.93 mg/g,
4151% and 8.87 mg/g, 19.14%, respectively. The
results of sorbent regeneration experiments also
showed that the highest NB removal efficiency (RE%)
was achieved by the adsorbents regenerated with
sodium hydroxide. The dye and COD concentrations
during the combined treatment process were
decreased from 300 to 2-4.5mg/L and from 732 to
2-35mg/L, respectively. This indicates that C-F
followed by adsorption techniques can be considered
as an excellent alternative for the treatment of NB
containing wastewaters.
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