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ABSTRACT

The valorization of a low-cost and an abundant material is a significant work for environ-
mental protection. The objective of this work was to investigate the adsorption of two dyes:
Basic Red 46 (BR46) and Reactive Yellow 181 (RY181) onto raw (S1) and modified clays.
These modifications were carried out by calcination at different temperature (S2, S3, ..., S9),
acidic activation, and acetylation. The surface properties of the adsorbents were
characterized by the cation exchange capacity, Fourier transform infrared, and X-ray diffrac-
tion analyses. Batch studies were performed to evaluate the effect of the contact time and
initial dye concentrations on the removal capacities of adsorbents. Among the kinetic mod-
els tested, the adsorption kinetics was best described by the pseudo-second-order equation.
The isotherm data fitted well with Langmuir model. The maximum adsorption capacities
onto the raw clay (S1), calcined clay at 600°C (S5), acidic activated clay (AC), and acetylated
clay (MC) were 2.805, 4.232, 1.968, and 2.756 mmol/g for CI Basic Red 46 and 0.031, 0.030,

0.046, and 0.050 mmol/g for CI Reactive Yellow 181, respectively.
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1. Introduction

Nowadays, with the rapid development of textile
activities such as dyeing, printing, coating, and leather
industries, the environmental contamination associ-
ated with the chemical products in wastewater has
drawn much attention. It is estimated that more than
70.000 tones of synthetic dyes are discharged in efflu-
ent from textile industry in the world every year [1].
The dyes released during textile clothing, printing,
and dyeing process are considered as hazardous and
toxic to some organisms and may cause harmful

*Corresponding author.

effects to aquatic creatures [2]. In fact, the synthetic
dyes usually contain azo-aromatic groups which are
of extreme environmental concern due to their car-
cinogenic, mutagenic, and inert properties. This com-
plex aromatic structure involved physicochemical,
thermal, and optical stability which made it resistant
to conventional wastewater treatment [3].

Therefore, several researches were carried out
using different treatment technologies for pollutant
removal from wastewater, such as chemical coagula-
tion—floculation process [4,5], oxidation process [6,7],
biological treatment [8,9], membrane-based separation
processes [10,11] and adsorption [2,12,13].
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Furthermore, the adsorption process is the most
efficient method of removing pollutants from
wastewater. It presents several advantages such as
simplicity and low-cost operation (compared to sep-
aration processes) without sludge formation [14]. In
this regard, the most commonly used adsorbent for
wastewater treatment was the activated carbon due to
its large specific surface area and its high adsorption
capacity. Despite the effectiveness, this adsorbent is
expensive and difficult to regenerate after use. So,
there is a need to look for relatively cheap adsorbents
that can be applied for water pollution control. There-
fore, studies indicated that many materials such as
sewage sludge [15], cellulose [16], agriculture residues
[17,18], and natural clay [19-21] were used as effective
adsorbents for dyes removal.

In this regard, many researches in recent years
have focused on the use of bio-adsorbents for pollu-
tant retention due to their high specific surface area.
Among these alternative adsorbents, bentonite [22],
montmorillonite [23], alunite [24], sepiolite [25], zeolite
[26], kaolinite [3], diatomite [27], and hydrocalcite [28]
can be cited.

In order to increase their adsorption capacities, modi-
fied clays have been identified as an innovative and
promising class of adsorbent materials. The adsorption
behavior of the anionic dyes onto polydiallydimethy-
lammonium-modified bentonite (PDADMA bentonite)
was studied in single, binary, and ternary dye system
[14]. Bouberkaa et al. used different clays (exchanged
with sodium and hydroxyaluminic polycation pillared
clays) for the anionic dye Supranol Yellow 4GL removal.
This study showed that the modified clay has a high
adsorption capacity for some textile dyes [29].

Furthermore, cationic dyes are the cheapest and the
brightest synthetic chemicals among the commercial
dye range. Besides, reactive dyes are also considered
as an important class of textile dyes due to their good
fastness properties and higher brightness. These con-
tain chromophore groups such as azo, anthraquinone,
triarylmethane, phthalocyanine, formazan, and oxazine
which lead to a covalent bond with the fiber [30]. In
the other hand, the high solubility in water of these
basic and reactive dyes makes difficult their removal
using conventional chemical treatment. So, adsorption
process appears to be the best prospect for the elimina-
tion of these dyes. In this regard, several researches
were investigated concerning the ability of modified
clay to adsorb reactive and basic dyes [31,32].

The purpose of this study was to test the possibil-
ity of using locally available clay for cationic and
anionic dyes adsorption. Basic Red 46 (BR 46) and
Reactive Yellow 181 (RY181) were selected as synthetic
azo dye models due to their extensive use in textile
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industry. Thermally treated and surface modified
clays (acidic and acetyl activations) were used to
improve the adsorption capacity of the raw clay. Sur-
face characterization, kinetic, and equilibrium experi-
ments were performed to study the adsorption
behavior of these materials.

The relevance of this work is to use both the
macroscopic and microscopic data to understand the
adsorption mechanism and to evaluate the dye
removal.

2. Experimental
2.1. Adsorbate

The dyestuffs used as adsorbates in this study are
C.I. Basic Red 46 (BR46) (Ci9HyNgO4S) and the C.I
Reactive Yellow 181 (RYlSl) (C24H24C1—N901283Na3),
supplied by Ciba Company. Their molecular mass are
respectively M, = 432.00 g/mol and M, = 830.45 g/mol,
and their molecular structures are shown in Fig. 1. The
UV-vis spectra of the dyestuffs aqueous fraction were
recorded using a CECIL 2021 Instruments UV-vis
spectrophotometer, and the results are represented in
Fig. 2. The maximum wavelengths A, of these dyes
were found to be 530 and 413 nm, respectively.

2.2. Adsorbent preparation

Clays used in this research were collected from
eastern Tunisia in the region of Monastir. The
preparation processes of the studied adsorbents are
presented in Fig. 3. All other chemicals used in this
study were obtained from Sigma Aldrich, France. The
sieving of samples were performed using ASTM stan-
dard sieves.

2.3. Adsorbent characterization

The cation exchange capacity (CEC) of the studied
sample was obtained by adding about 0.2 g of adsor-
bent (dried at 110°C) to 25 ml of 0.5M CaCl,-2H,O
solution. The flask was shaken for 1 h and allowed to
settle overnight. The residue was filtered and washed
with methanol (75%) for 4-5 times and then with dis-
tilled water to free it from chloride. Thirty milliliter of
KCl 1 M was added to the residue left in filter paper
for slow leaching. Finally, the filtrate was titrated with
EDTA 0.01 M. The value of CEC was calculated from
the amount of Ca** released [33].

Fourier transform infrared (FTIR) spectra were
recorded on a Perkin-Elmer IR-197 spectrophotometer
using potassium bromide disks. A total of 32 scans for
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Fig. 1. Molecular structure of dyestuffs: (a) Basic Red 46 and (b) Reactive Yellow 181.
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Fig. 2. UV-vis spectra of dyestuffs: (a) Basic Red 46 and (b) Reactive Yellow 181.
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Fig. 3. The preparation processes of studied adsorbents.
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each sample were taken with a resolution of 4 cm™,

with a range of 4,000-400 cm™!

The X-ray diffraction analysis was carried out
using a Philips X" Pert Pro system. The X-ray genera-
tor was operated at 40 kV and 40 mA, and Cu-Ka
radiation was used.

2.4. Adsorption study
2.4.1. Kinetic study

Adsorption kinetic experiments were carried out
mixing 25 ml of a constant dye solution concentration
(100 mg/L) with 0.075 g of adsorbent at 20°C, pH 6,
and a constant stirring speed of 150 rpm. Samples
were centrifuged at 2,000 rpm for 10 min, and the
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supernatant absorbance was measured using colori-
metric method.

Several kinetic models are available to examine the
controlling mechanism of the adsorption process and
to fit the experimental data [19]. Four common kinetic
models were tested: pseudo-first-order, pseudo-sec-
ond-order, the Elovich, and the intraparticle diffusion
models. The kinetic models equations are presented in
Table 1.

2.4.2. Isotherm study

Adsorption isotherm experiments were carried out
mixing 25 ml of an aqueous dye solution with differ-
ent dye concentrations with 0.075 g of adsorbent at

Table 1
The kinetic model equations
Model Equation References
Pseudo-first order g = ge[1 — exp(=Kq1)] (1) [36]
model where g, and g; are the amounts of dye adsorbed per unit of adsorbent (mmol/g) at
equilibrium time and time ¢, respectively, and K; (1/min) is the rate constant for the
first-order kinetics
Kog2t
Pseudo-second g = 2’ () [37]
order model 1+ q.Kat
where K, (g/mmol min) is the rate constant of adsorption, g is the amount of dye
adsorbed at equilibrium (mmol/g), and g; is the amount of dye adsorbed at time ¢
(mmol/g)
1 1
Elovich model qr = Bln(ocﬁ) + Eln(t) 3) [38]
where a (mmol/g) is the initial adsorption rate constant and the parameter
(g/(mmol min)) is related to the extent of surface coverage and activation energy for
chemi-adsorptions
Intraparticle g =Kt +C (@) [39]
diffusion model where K, represents intraparticle diffusion rate constant (mmol/g/ min'/?), and C is a
constant (mmol/g) which gives information about the thickness of boundary layer
Table 2
The isotherm model equations
Model Equation References
Langmuir C_ 1 _,_LC 5) [40]
model de  QmKi Qm °
where g, (mmol/g) is the amount of adsorbate per unit mass of adsorbent, C. (mmol/L) is
the equilibrium concentration of the adsorbate, and Q,, (mmol/g) and K; (L/mmol) are
Langmuir constants related to adsorption capacity and rate of adsorption, respectively
Freundlich Je = KFCZ/ " (6) [41]
model where Kg ((mmol" /" L'/")/g) is roughly an indicator of the adsorption capacity and 1/1 is
the adsorption intensity
Temkin ge=BInA+BInCe (7) [42]
model

where B =

RT
5 T is the absolute temperature in K, R is the universal gas constant, A (mmol/L)

is the equilibrium binding constant, and B (L/g) is related to the heat of adsorption
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20°C, pH 6, and a constant stirring speed of 150 rpm
for 24 h. Samples were centrifuged at 2,000 rpm for
5 min, and the supernatant absorbance was measured
using colorimetric method.

In order to establish the most appropriate equilib-
rium data correlations for the adsorption system, three
common isotherm models were tested: Langmuir, Fre-
undlich, and Temkin models. The isotherm models’
equations are presented in Table 2.

2.5. Recycling and regeneration process of studied
adsorbent

In this research, the recovery study of the raw and
calcinated clays was carried out after the adsorption
of real effluent pollutants. The wastewater was taken
from a Tunisian dyeing and finishing of Denim
Fabrics industry, and its characteristics are presented
in Table 3. The already used was recovered by calcina-
tions at 600°C for one hour and re-tested for the decol-
orization and COD removal of the textile effluent for
five times.

The absorbance of the effluent was recorded using
a CECIL 2021 Instrument UV-vis spectrophotometer.
The color removal (decolorization (%)) and the chemi-
cal oxygen demand (COD) removal were calculated
according to Egs. (8) and (9), respectively.

Abs; — Abss
decolorization (%) = % x 100 (8)

where Abs; and Abs; are the absorbance (measured at
the maximum wavelength) of the dye bath solution

and the supernatant after adsorption treatment,
respectively.

COD; — CODy
COD removal (%) = —copb, x 100 )

where COD; (mgO,/L) and COD¢ (mgO, /L) are the
chemical oxygen demands of the effluent before and
after adsorption treatment, respectively.

Table 3

Studied effluent characteristics

pH 11.9
Maximum wavelength A, (nm) 630
Abs 10.67
COD (mg O,/ 2,350
Conductivity (mS/cm) 3.6
Turbidity (NTU) 38
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3. Results and discussions
3.1. Adsorbents characterizations
3.1.1. Surface characterization

The cation exchange capacities (CEC) of the
studied clay materials are presented in Table 4.

For the modified clay samples, chemical and ther-
mal treatment had no effect on the CEC of the studied
adsorbents. In fact, the CEC values varied from
14.8 meq/g for the calcinated clay at 1,000°C (S9) to
15.8 meq/g for the calcinated clay at 600°C (S5) and
from 14.6 meq/g for the acidic activated samples (AC)
to 15.1 meq/g for the acetylated modified adsorbents
MO).

3.1.2. Fourier transform infrared (FTIR) analysis

The FTIR spectroscopy analysis of the calcinated
clays (S5 and S9) is shown in Fig. 4(a), and the FTIR
analysis of the chemically modified adsorbents is
represented in Fig. 4(b). The FTIR spectrum of the raw
clay (dried at 105°C) was used as a reference for inter-
preting any possible structural changes after modifica-
tions.

The raw clay spectrum presents a vibration band
at 3,620 cm™! characteristic of (Al-O-Al) and deforma-
tion at 915 cm ™" which indicate that the raw clay is
dioctahedral. The deformation band at 1,630 cm ™! is
characteristic of the water hydroxyl vibrations in the
raw clay. The strong bands at 1,100-1,000 cm ! are
characteristic of stretching vibrations of (S5i-O) in the
plane and out of plane.

Furthermore, the vibration bands of (AI-O-Al) at
3,620 and 915 cm™' disappeared after chemical and
thermal modifications. Besides, the water hydroxyl
vibrations disappeared for the calcinated materials (S5
and S9). So, it shows that after modification, clay
materials change their structure and there is a thermal
decomposition of alunite. In fact, this decomposition
occurs in two main stages. The first stage is the loss of
water vapor; the decomposition pressure reaching one
atmosphere at 500°C. The second stage was the forma-
tion of y—Al,O; during calcination up to 600°C. More-
over, there is a decrease of the Si—O vibration band at

Table 4
Calcination temperature and the CEC values for the
studied adsorbents

Samples 51 S5 59 MC AC
Calcination temperature (°C) 100 600 1,000 - -
CEC (meq/g) 154 158 148 151 146




-.- 85

S9

500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm")

MC
AC
—_—S1
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm'1)

Fig. 4. The FTIR spectra of the studied adsorbents: (a)
calcinated clays and (b) chemically modified clay.

1,100 cm™" and the stretching vibrations between 650
and 950 cm™' containing the area of absorbing vibra-
tion characteristics of phyllosilicates at 910 cm™' and
Al-O at 720-780 cm ™' for the modified adsorbents.

3.1.3. The X-ray diffraction analysis

In the X-ray diffraction pattern of the studied clay
materials (Fig. 5), the main reflections of S1 were also
present in the modified adsorbents but with a slight
change in intensity and flex width. This implied that
only significant amount of clay particles had under-
gone modification treatment. The two peaks at 7.14
and 333 A are the characteristic peaks of kaolinite
clay mineral [34]. For the thermally and chemically
modified clay samples, we noticed the disappearance
of the characteristic peak of kaolinite at 7.14 A due to
the high temperature (thermal modification) and the
grafting of anionic sites (chemical modification) used
during the modification treatment.
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Fig. 5. The X-ray diffraction analysis patterns of the
studied clay materials.

So, FTIR and X-ray diffraction analyses of the dif-
ferent studied adsorbents showed that the thermal
modification probably changed the structure of the
clay materials in terms of porous volume and adsorp-
tion sites [24]. These modifications could have an
effect on the dye adsorption capacity. The adsorption
behavior of these modified clay materials were studied
in the following sections.

3.2. Adsorbent study
3.2.1. Effect of calcination temperature

The raw clay was calcinated at temperature rang-
ing from 300°C to 1,000°C for 24 h. The adsorption
experiments with these clays (S2 to S9) using aqueous
solution of BR 46 and RY 181 with a dye concentration
of 100 mg/L were performed. The results are shown
in Fig. 6.

It can be seen from Fig. 6 that the dye adsorption was
enhanced by calcination. Hence, the dye adsorption
capacity increases with the increase of calcination

100
_. 80 ‘ | i
Q
c
g 00 BR46
N
5 40 ERY181
S 20 l
8 L
0
) «wLIL| L
S2 3S3
S4 s5 o <
S8
S9

Fig. 6. The dye removal of Basic Red 46 and Reactive
Yellow 181 onto calcinated clays.
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temperature (from 300 to 600°C). However, above a
temperature of 600°C, the adsorption capacity started to
decrease. This can be related to the thermal
decomposition of alunite which was observed on the
FTIR analysis. Indeed, at 600°C, the alunite structure
changes from »-ALO; (orthorhombic) to a-ALO;
(Hexagonal) [24].

The kinetic, isotherm, and pH studies were carried
out on the samples S5 and S9 calcinated at 600 and
1,000°C, respectively, and on the chemically modified
clays MC and AC and compared with the raw clay SI.

3.2.2. Kinetic study

The experimental kinetic curves are presented in
Fig. 7. The parameters calculated for the different
models are given in Tables 5 and 6.
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From the kinetic curves, it is obvious that the
amount of the adsorbed dyes onto clay materials
increases with time until a constant value beyond
which no more dye removal from aqueous solution
was observed. The contact time necessary for basic
dye to reach saturation was about 10 min, while
120 min was necessary for reactive dye.

Moreover, it is obvious that for the same initial
mass of the adsorbent and dye concentration, the
retention rate was most important for basic dye
adsorption. In fact, at the equilibrium, the adsorption
capacities of the studied clay materials varied from
0.0292 to 0.068 mmol/g for the BR 46 and from 0.0021
to 0.0056 mmol/g for the RY181.

In this regard, the adsorption capacities, at equilib-
rium, for the raw clay (S1), the thermally modified
clays (S5 and S9), the acidic activated clay (AC), and
the acetylated modified clay (MC) were 0.0675, 0.0687,

80 o
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Fig. 7. The kinetic curves of BR 46 and RY 181 retention by adsorbent materials: (a.1) calcinated clay onto BR46; (a.2)
activated and chemically modified clay onto BR46; (b.1) calcinated clay onto RY181; and (b.2) activated and chemically

modified clay onto RY181.
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Table 5
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The kinetic parameters of Basic Red 46 adsorption

Pseudo-first-order

Pseudo-second-order

Intraparticle diffusion

qe K] E]e K2 Kp C

(mmol/g)  (1/min) R* (mmol/g)  (g/mmol min) R> (mmol/g/min'/?)  (mmol/g) R*
S1 0.0675 0.499 0.988  0.0701 0.013 0.998  4.152 37.71 0.49
S5 0.0687 0.254 0.996  0.0704 0.012 0.997  5.161 29.06 0.56
S9 0.0292 0.360 0.961  0.0306 0.213 0.984  1.948 14.95 0.56
MC  0.0616 0.752 0.993  0.0636 0.028 0.999  3.331 38.72 0.393
AC  0.0544 0.334 0.986  0.0582 0.009 0.999  3.939 26.533 0.618
Table 6
The kinetic parameters of Reactive Yellow 181 adsorption

Pseudo-first-order Pseudo-second-order Intraparticle diffusion

e Kl e Kz Kp C

(mmol/g)  (1/min) R? (mmol/g)  (g/mmol min)  R? (mmol/g min'/?)  (mmol/g) R?
S1 0.0030 0.0313 0.944  0.0033 0.0014 0.974  0.076 1.163 0.44
S5 0.0029 0.0298 0.959  0.0033 0.112 0.977  0.074 1.127 0.433
S9 0.0021 0.0245 0.956  0.00243 0.0119 0.969  0.059 0.687 0.544
MC  0.0055 0.0496 0.953  0.00647 0.00926 0.983  0.146 2.713 0.56
AC  0.0033 0.0322 0.955  0.00375 0.0105 0.975  0.081 1.303 0.464

0.0292, 0.0544, and 0.06162 mmol/g for BR46 and
0.003, 0.0029, 0.0021, 0.0033, and 0.0056 mmol/g for
RY181, respectively. Clearly, the adsorption behavior
and capacities varied depending on the nature of dye
and the modification treatment on the clay materials.

Moreover, the kinetic data obtained gave bad fit
with intraparticle diffusion model. However, a good
fit was obtained with the pseudo-first-order and
pseudo-second-order models as shown by the high
correlation coefficients evaluated in these cases (R
varied from 0.961 to 0.999).

The adsorption of both cationic and anionic dyes
onto the studied clay materials was through
chemisorption and physisorption. In fact, dyes are
adsorbed mainly through hydrophobic and electro-
static attractions, hydrogen bonding, surface function
group, and cation exchange between the clay materials
and the dyes. In this regard, the high affinity of the
basic dye onto the clay materials could be due to the
chemical attraction between the negatively charged
surface of the clay and the approaching colored dye
cations. But, the lower affinity of the anionic dye
could be attributed to the repulsive force between
anionic groups of reactive dye and the negatively
charged surface of the clay adsorbents.

On the other hand, the number of hydrophobic
sites decreases for clay calcinated at temperature

higher than 600°C, and thus, the adsorption capacity
of these basic and reactive dyes onto the thermally
modified samples decreased. Hence, the chemical
modification increases the electrostatic interactions
between the clay samples and cationic dye and
improves their affinity for reactive dyes.

3.2.3. Isotherm study

The isotherm curves of the different studied adsor-
bents and dyes are represented in Fig. 8. The mod-
elization study was made to fit isotherm experimental
data with Langmuir, Freundlich, and Temkin models.
The different model parameters are presented in
Tables 7 and 8 and showed that the isotherm data
gave the best fit with Langmuir model since the
correlation coefficient R varied between 0.97 and 0.99.

The maximum adsorbed amount, Q,, (mmol/g),
evaluated from Langmuir model, indicated that the
calcinated clay at 600°C (S5) had the highest adsorption
capacity for the basic dye (4.243 mmol/g), and this
amount decreases after calcination at 1,000°C. This
result supports the previous conclusion: A high calcina-
tion temperature changes the clay materials structure,
and hence, the hydrophobic interactions decrease after
thermal degradation. Moreover, the amount of the
adsorbed basic dye decreases after chemical activations.
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Fig. 8. The isotherm curves of BR 46 and RY 181 retention by adsorbent materials: (a.1) calcinated clay onto BR46; (a.2)
activated and chemically modified clay onto BR46; (b.1) calcinated clay onto RY181; and (b.2) activated and chemically

modified clay onto RY181.

Table 7
The isotherm parameters of Basic Red 46 adsorption

Langmuir Freundlich Temkin

Qm KL KF A B

(mmol/g)  (L/mmol) R? (mmol" V" LY"/g) n R? (mmol/L)  (g/(mmol min))  R*
S1 2.805 1.225 0.978  46.49 2.01 0974  1.287 267.67 0.84
S5 4.2432 0.226 0.988  12.604 1.637 0994  0.842 193.63 0.788
59 2.4529 0.022 0.994  3.383 1425 0989  0.0227 214.85 0.841
MC 2756 0.76142 0.996  31.93 1.95 0.994  0.234 248.93 0.849
AC 1968 0.9363 0.986  2.07 2.07 0.980  0.127 217.41 0.837

Besides, the maximum adsorption capacities of the
modified clay materials increase for the reactive dye
since the acetylated clay exhibited the highest adsorp-
tion capacity (0.050 mmol/g). The improvement of the
reactive dye affinity could be due to the grafting of

new cationic sites on the clay surface after chemical
modification.

Tables 7 and 8 showed that the highest retention
capacities were obtained for the basic dye regardless
of the adsorbent. This result could be explained by the
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Table 8
The isotherm parameters of Reactive Yellow 181 adsorption

Langmuir Freundlich Temkin

Qm (mmol/g) Kp (L/mmol) R*  Kg(mmol”V/"L'Y"/g) n R* A (mmol/L) B (g/(mmolmin) R*
51 0.031 0.00016 0.970 0.0091 1.12 0.965 0.0106 2.0102 0.856
S5 0.030 0.00014 0.993 0.00981 1.17 0.991 0.0105 1.820 0.828
S9  0.023 0.00011 0.979 0.0044 1.11 0.976 0.0091 1.239 0.827
MC 0.050 0.00038 0.993 0.0844 1.38 0.985 0.011 6.376 0.932
AC 0.0460 0.00034 0.993 0.0823 140 0.992 0.0137 4.896 0.863

hydrophobic and electrostatic attractions in addition
to the high CEC of the studied materials.

3.3. Sorption mechanism study

The surface characterization of raw clay and
thermally and chemically modified clays showed that
the different modifications changed the structure of
the clay materials in terms of porous, volume, and
adsorption sites.

The kinetic and isotherm studies showed that these
modifications have an effect on the adsorption dye
capacities and the adsorption mechanism. In fact, the
macroscopic study showed that the adsorption of both
cationic and anionic dyes onto studied clay materials
was though chemisorptions and physisorption. Hence,
the studied dyes were adsorbed through hydrophobic
and electrostatic attractions, hydrogen bonding, sur-
face function groups, and cation exchange.

3.4. Recycling and regeneration process of used materials

Porous materials that are thermally stable are actu-
ally in great demand. So, recycling and regeneration
of the used adsorbent is considered as an important
economical aspect to minimize the cost of the process.
The literature showed that the recovery of clay materi-
als through thermal treatment was achieved at high
temperature (550°C) and time (30 min). Beyond these
conditions, the recovery of the already used adsor-
bents began to decrease [3].

The results of the regeneration study done in the
same conditions are presented in Fig. 9. From this fig-
ure, it is obvious that the removal efficiency improved
as the number of recovery cycles increased. In fact,
the heat generated during calcination decomposed the
organic adsorbates to carbon, which is then oxidized
to carbon oxides in air, leaving the bared surface
available for re-adsorption.

Meanwhile, heat treatment at a very high tempera-
ture can also break down the bond structure of the

o
120% Decolorization

B COD removal (%)
100% -

80%

60%
40%
20%
0% +
S1 1st 2nd 3rd 4th

Regeneration cycles

Percentage of pollution removal (%)

Fig. 9. Recovery and life span of the raw clay after calcina-
tion at 600°C during 30 min.

material and cause the collapsing of the pores. In this
conditions, the specific surface area and pore volume
could be reduced and result in lower adsorption
capacity of the adsorbent [35].

4. Conclusion

The adsorption of both cationic and anionic dyes
onto the studied clay materials was achieved through
chemisorption and physisorption. But, high adsorption
capacities were observed for basic dye onto clay. In
fact, the studied dyestuffs are adsorbed mainly
through hydrophobic and electrostatic attractions,
hydrogen bonding, surface function group, and cation
exchange between the clay materials and the dyes. In
this regard, the high affinity of the basic dye onto the
clay materials could be due to the chemical attraction
between the negatively charged surface of the clay
and the approaching colored dye cations. But, the
anionic dyes are not adsorbed by electrostatic attrac-
tions, and hydrophobic attraction (HA) is probably the
most predominant mechanism.
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On the other hand, the acetylation of the raw clay
increased the adsorption affinity of the surface for the
reactive dye due to the increased electrostatic attrac-
tion between the charged grafting groups on the clay
surface and the anionic dye. But, for the calcinated
clay at temperature higher than 600°C, the number of
hydrophobic sites decreases; therefore, the adsorption
capacity of these basic and reactive dyes onto the
thermally modified samples decreased.
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