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Abstract: In this work, we proceeded to a cationic dye removal of the
textile industry wastewater discharge: methylene blue (MB) by
adsorption on two types of local clays, type Montmorillonite sodium
(AS) and calcium (AC) activated thermally at 300°C. Several
parameters influencing MB adsorption process such as: (i)
adsorbent-adsorbate contact time, (ii) clay mass, (iii) pH of the
medium, (iv), initial dye concentration (v) and the temperature. The
results obtained show that the maximum adsorption is achieved with
a percentage of f discoloration of 99.49% and 98.51% and with an
adsorption capacity of 450 mg/g and 240 mg/g for AC-300 °C and
AS-300 °C, respectively. The acidity and basicity of the medium
considerably affect the adsorption of this dye. The results deduced
from the isotherm adsorption data show that the retention of
methylene blue dye follows perfectly the Langmuir model. The
thermodynamic parameters indicate that adsorption is endothermic,
spontaneous and physical type.

l. Introduction

develop new techniques for the treatment and
purification of wastewater [5]. Current research

Today, effluents of industrial, agricultural and
domestic origin are increasingly loaded with
pollutants that can be non-biodegradable. The
impact of these pollutants is very harmful and
constitutes a major environmental and health
problem [1,2]. An awareness of the socio-
economic actors, accompanied by a strict
regulation, contributes in the fight against these
organic pollutants [3]. Among the industries, we
find that of textile with that of the tannery at the
top of the list. These activities generate
significant pollution in wastewater. These
effluents are heavily loaded with acidic or basic
dyes [4]. To this end, the protection of human
health and the environment has become a major
concern for our society, forcing researchers to

is then directed to several treatment processes [6-
10]: coagulation and flocculation,
biodegradation, membrane filtration, chemical
oxidation, ozonation, ion exchange,
electrochemical methods, and adsorption. It can
also be a good alternative for the removal of dyes
and other organic pollutants [11,12]. To do this,
various inexpensive adsorbent materials can be
used (clays, zeolites, activated alumina, apatites,
sludge, biomasses, agricultural  residues,
industrial by-products and activated carbon, etc.)
[13,14]. For this purpose, we propose the
removal of the basic dye (methylene blue) by
adsorption on calcium and sodium clays, which
are activated thermally at 300 °C, before their
use. They are known by their abundance in
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nature, their  multiple  physicochemical
properties. A series of experiments was carried
out to study the influence of certain parameters
such as: (i) contact time adsorbent-adsorbate (ii)
mass of clay, (iii) pH of the solution, (iv) initial
concentration of dye (v) and finally temperature.

1. Materials and methods

11.1. Adsorbents

Two adsorbents used are Montmorillonite type,
supplied from Roussel (Maghnia, Algeria). The
preparation of thermal activated bentonite was
carried out by calcination of sodium and calcium
bentonite at 300°C in ash oven of brand
Nabertherm GmbH -LV9/11 B180 (from 30 °C
to 3000 °C).The two types of heat-activated
calcium and sodium clays are noted: AC-300 °C
and AS-300 °C, respectively.

11.2. Choice of adsorbate

Methylene blue BM or bis (dimethylamino) -3,7
phenazathionium chloride, also known as
methylthioninium chloride, is an organic
compound of the chemical formula
C16H18CIN3S, which belongs to the family of
Xanthines [15]. It has a molar mass of 319.86
g/mol and a solubility of 50 g/L in water at 20 °
C and 10 g/L in ethanol at 20 ° C. Its structural
formula is shown in the following figure (Figure
1).
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Figure 1.Molecular Structure of Methylene Blue.

11.3. Experimental protocol:

The experimental study methylene blue
adsorption was carried out in synthetic dilute
solutions of methylene blue in batch, by
dissolving a specific adsorbent mass in a known
concentration solution of methylene blue, during
a set time. After such time, the liquid phase is
recovered and filtered, and the dye residual
concentration were determined from the
absorbance analysis (A) which were followed
using UV-Visible spectrophotometer, Perkin-
Elmer's (model Lamda 45), at 664 = 3 nm. The
adsorption equilibrium was achieved by varying;
initial dye concentration, 100-1000 mg /L;
contact time, from 0 to 120 min; mass of the
adsorbent, from 25 to 200 mg; pH, 4-10 and
temperature, 25 to 80 ° C.

The percentage of the discoloration R (%) and ge
amount of dye adsorbed (mg/g) of the MB were
calculated using the following equations,
respectively:

C. -C_)100
% adsorption = (G =Cq)100 @)
C
_X_E=CuyV @)
 m m

Where C i is the initial concentration (mol/L),
Ceq is the equilibrium concentration (mol/L), V
is the volume of the solution (L), m is the mass
of adsorbent used (g), and X number of grams of
methylene blue adsorbed (mg).

I11.4. Characterization of adsorbents

11.4.1. pH measurement

The measurement of the pH of suspension clay is
very important for the determination of the
surface nature of our samples. For this purpose, 1
g of adsorbent is dissolved in 100 mL of distilled
water. The solution is stirred for 24 hours and
then filtered. The pH of the filtrate is measured
using a pH meter (CRISON micro pH 2001) with
a previously calibrated glass electrode. The
results obtained show that the pH values for both
of clays after calcination AC-300 °C and AS-300
°C are 7.83 and 6.55, respectively.

11.4.2. Point of Zero Charge (pHpzc)

The surface charge of materials, resulting from
acid-base equilibria, depends on the pH and ionic
strength of the solution with which the material
is in suspension. This charge can be negative,
positive or zero [14]. An important
characterization of the surface is the zero charge
pH (pHzec): which defines the pH for which the
charge of the surface is zero.

For the determination of the pHzpc of materials
(AC-300°C and AS-300°C), the experimental
tests were carried out by adding in volumetric
flasks a volume of NaCl solution 0.1M (initial
pH was adjusted from 2 to 12 by adding NaOH)
with a precise amount of sodium and calcium
clays of 0.2 g. After stirring magnetically for 6h,
the final pH was measured and plotted against
the initial pH. The pH corresponding to the point
of intersection with the pH (final) =pH (initial)
was taken as the pHpzc of the material.

The pHpzc values of AC-300 °C and AS-300 °C
are 11.6 and 5.11, respectively. When the pH is
less than the value of pHy., the surfaces are
charged positively when the pH is higher than
the value of pHp., the surfaces are negatively
charged.
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11.4.2. Infrared Spectroscopy:

The infrared spectra are made using a
PerkinElmer Frontier FTIR spectrophotometer
over the range 4000-400 cm™.

Characterization of sodium clay (AS) and
calcium Clay (AC), AC-300°C and AS-300°C
before and after adsorption of MB was carried
out by IR spectroscopy. The IR spectra obtained
are grouped together in figures 2 and 3.The
results obtained from the both clays AS and AC
show the main characteristic bands at 3,580 cm™
and 3,620 cm attributed to the Fe and Al bond
for OH of clays 2:1, respectively. Moreover, the
band to 915 cm?, indicates the deformation
vibrations of the OH-AIl bonds clay [16].

Another band located at 1630 cm™ corresponds
to the deformation vibrations of the H,O
molecules adsorbed between the sheets [16].
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Figure 2. FTIR spectra of AS, AS-300°C and
ASA.

Weak bands at 875 and 1460 cm™ characteristic
of the vibrational frequencies of carbonate ions
COs% in calcium clay.

After calcination of the sodium and calcium
clays at 300°C (AC-300°C and AS-300°C), it
can be observed a significant decrease in the
bands intensity characteristic of the OH group of
the surface water at 3620 cm? and a slight
decrease in the valence bands of adsorbed water
(between sheets) 1630 cm™ as evidence of water
disappearance at this calcination temperature at
300°C.

Comparison of the IR spectra of the calcined
clays before and after adsorption of MB shows a
significant decrease in the characteristic bands of
the clays and new bands appear. The band at
1340 cm is attributed to CH3-N-CHj3 aliphatic
amines [17]. The valence band of the C=N
bond(1592 cm) is more intense in ACA and

A

ASA clays. These results confirm the fixation of

MB on bhoth types of clays [17].
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Figure 3. FTIR spectra of AC, AC-300°C and
ACA.

I11. Results and discussion

111.1. Batch adsorption studies

111.1.1.Effect of contact time

The influence of the stirring time of methylene
blue adsorption by clay is a very important step
in determining the time required to reach the
maximum adsorption equilibrium [18]. Figure 4
shows the evolution of the vyield of the
discoloration on the two types of clays AC-
300°C and AS-300°C as a function of the contact
time.

The results obtained show that the adsorption is
quite fast. The removal efficiency of the MB
increases with the contact time and then it
stabilizes; the maximum discoloration s
obtained within 20 minutes and 30 min for AC-
300°C and AS-300°C. Indeed, the maximum
adsorption is achieved with a percentage of
discoloration of 99.49% and 98.51% for AC-
300°C and AS-300°C, respectively.

The difference in the degree of adsorption may
be due to the fact that, at the beginning of the
adsorption, all the sites of the adsorbent surface
are free and accessible, so the MB molecules are
easily adsorbed with these sites [19]. As a result,
the removal of BM stabilization after the fixed
contact time between the clay and this dye
(saturation), depends on the number of vacant
sites on the surface of the clay. Similar results
have been reported for adsorption of Methylene
Blue on clays [13,20].
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Figure 4.Effect of contact time on adsorption of
methylene blue by AC-300°C and AS-300°C.

111.1.1.Effect of pH

Analysis of the results of figure 5 shows that
adsorption increases with pH up to pH = 6.6 and
then decreases considerably at basic pH. In
addition, the rate of dye removal is very high
with calcium clay than with sodium clay. This
can be explained by the charge properties of the
functional groups present on the surface of clay
minerals [21].
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Figure 5.Effect of pH on adsorption of methylene
blue by AC-300°C and AS-300°C.

At low pH and below pHpe, the number of
adsorption sites positively charged on the surface
of the clay increases thanks to the addition of the
H* cations, and the number of negatively charged
site  decreases, which disadvantages the
adsorption of the cationic dye MB. As the pH
increases above pHp., new reaction sites can
deprotonate and contribute to increasing the
reactivity of the medium. Thus, methylene blue
molecules in solution will in turn be attracted to
the surface. This is in agreement with the results
obtained with kaolinite from India [22] and with
zeolite adsorbents [13].

111.1.3.Effect of the adsorbent mass

140

From figure 6, it can be observed that the
percentage  of dye removal increases
proportionally as the mass of adsorbents until
reaching an equilibrium starting from 0.1g.
Beyond this value, we do not find any eloquent
change since the discoloration efficiency remains
unchanged. The maximum removal of methylene
blue is over 99% for both types of adsorbent. The
optimal mass deduced is 0.1g.
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Figure 6. Effect of adsorbent mass on MB
adsorption.

111.1.4. Effect of temperature

In order to study the effect of temperature on the
MB adsorption process on both types of clays, a
series of experiments were carried out at
different temperatures between 25 and 80°C.

The other experimental parameters are
previously optimized. The rate of MB removal
enhanced from 80% to 95% when the
temperature increases from 25°C to 80°C, which
shows that the adsorption of methylene blue on
both types of clays is an endothermic process.
111.2.Adsorption isotherm

The adsorption isotherms are evaluated by the
graphical plot of relation gqe = f (Ce). The curves
obtained are illustrated in figures 7 and 8.

From these two figures, we find that the
adsorption  capacity increases with  the
equilibrium concentration of adsorbate. The
isotherm reveals a rapid adsorption then resumes
its pace attaining plateau until saturation of the
adsorption sites. The equilibrium between the
different phases is achieved by forming a
monolayer of MB dye on the surface. Calcium
clay (AC-300°C) has a high adsorption capacity
of about 450 mg/g. While the adsorption
capacityis 240 mg/g in sodium clay (AS-300°C).
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Figure 7. Adsorption isotherm of methylene blue
onto AS-300°C

ge (MEE]

230

200

150

1] 20 40 &0 BD 100 120
Eeq[mg."l.}

Figure 8. Adsorption isotherm of methylene blue
onto AS-300°C

The linearization of the adsorption isotherms was
carried out by applying the Langmuir, Freundlich
and Temkin models. The results and plots are
made using the following equations [13,23,24]:

Ce_Ce , 1 @)
1

Ing, =InK +InCe 4)

g, =BInA+BInC, )

Where: Ce: The equilibrium concentration
(mg/L), ge: The amount adsorbed per gram of
adsorbent (mg/g), Kc: Langmuir constant
(L/mg), Kg: Freundlich constant (L/mg), Qmax:
Maximum adsorbed amount per gram of
adsorbent (mg/g), n: Freundlich constant
characteristic of the effectiveness of adsorbents
towards given solutes, B: Temkin constant for

A

heat of adsorption, A: Adsorption equilibrium
constant corresponding to the maximum binding
energy [24].

The values of the Langmuir, Freundlich and
Temkin isotherms constants are grouped in the

Table 01.

Table 1. Parameters of the adsorption isotherms

studied for the two types of clays.

Isotherm AC-300°C | AS-300°C
model
Langmuir
Qmax (mg/g) 500 238
KL (L/mg) 0 0.57
R? 1 0.9996
Freundlich
Kr(L/mg) 1.095 0.051
1/n 0.172 1.517
R? 0.45 0.806
Temkin
B 100.8 60.32
A 31.75 1.997
R? 0.993 0.942

The modeling of adsorption isotherms according
to Langmuir data coincide with our experimental
values, contrary to the Freundlich and Temkin
model (Table 1). The best regressions are always
obtained with the Langmuir linearization with R?
correlation coefficients found are all close to 1
for both adsorbents, unlike the Freundlich model.
Nevertheless, we can deduce that the adsorption
of BM on both types of clays AC-300 ° C and
AS-300 ° C also follows the model of Temkin.
The value of the capacity gm is in good
agreement with the maximum experimental
value of the amount of MB adsorbed. The study
of isotherms BM adsorption was carried out by
Elmoubarki, et al [25] using a Moroccan clay.
The results show that the Langmuir model is
suitable to describe adsorption of MB compared
to Freundlich's model and that of Dubinin-
Radushkevich. [17]. Also showed that adsorption
of MB on illitic- kaolin natural clay is better
modeled by the Langmuir model than the
Freundlich model.

111.7. Kinetic analysis of ortho-Cresol

In order to understand the adsorption mechanism
of MB on AC-300°C and AS-300°C, kinetic
models of pseudo-first order and pseudo-second
order [14] were described in this present study
(Figure 9 and 10).
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The equations of the first and second pseudo
order were used to describe the adsorption
reactions, using equations Lagergren.

K
Lo -0 )=Lo - Lt (6)
9(aq, —a,)=Log(q,) (2.303)
Sk o
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Figure 9. Pseudo-first order for the adsorption
of the methylene blue on AS-300°C and AC-
300°C
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Figure 10. Pseudo-secondorder for the

adsorption of the methylene blue on AS-300°C
and AC-300°C

The obtained results from the Table 2 show the
linearization of the kinetic equations gives higher
correlation coefficients in the case of second-
order kinetics; these coefficients may exceed
0.998 and are close to unity. This confirms that
the adsorption of methylene blue onto the
adsorbents (AC-300°C and AS-300°C) follows
well the second-order kinetics.

Table 2. Values of the pseudo first-order and
second-order kinetic parameters

Adsorbate MB
Pseudo-first order ge ge(exp) Ky R?
AC-300°C 2.86 300 0.003 0.801
AS-300°C 87.29  98.58 0.013 0.709
Pseudo-second order ge ge(exp) K, R?
AS-300°C 105.2 98.52 2.4410° 0.998
AC-300°C 333.33 320 0.126 1

111.3. Thermodynamic study

The thermodynamic parameters of the MB
adsorption process are calculated from the results
obtained at different temperatures according to
following equations [26]:

In Kd _ ASads _ AH ads (8)
R RT
AG=AH,, —TAS,, ©

The plot of Ln Kd as a function of 1/T gives a
straight line whose slope allows determining the
enthalpy AHags, the entropy ASags as well as the
free energy AGads.

Table 3. Thermodynamic parameter of MB
adsorption on AC-300°C and AS-300°C.

Adsorbate MB
Adsorbent AC-300°C
T(K) 293 308 318 328 38
AH (KJ.mol?) 14.05
AS (KJ. mol?t) 0.109
T AS 31.9 335 346 357 6.8
-AG(KJ. molY) 17.8 19.4 205 216 22.7
Adsorbate MB
Adsorbent AS-300°C
T(K) 293 308 318 328
AH(KJ.mol?) 31.32
AS(KJ.mol?h) 0.19
TAS 56.0 58.9 627 64.6
-AG(KJ.mol?) 24.7 276 314 333

According to the results, the positive values of
AHags imply that the adsorption process is
endothermic and physical type, as found in other
findings done by [27, 28]. The negative values of
the free energy AG confirm the spontaneity of
the adsorption [28].

During adsorption, the variation of entropy
ASads is necessarily negative, the solid state is
more ordered than the liquid state. Overall, it can
be seen from the previous remarks that the
fixation of MB on both types of clay AC-300°C
and AS-300°C is an irreversible physical
adsorption which is essentially distinguished by
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the speed and spontaneity of the system at higher
temperatures [29].

1V. Conclusion

The objective of this study is focused on the
adsorption of the cationic dye (Methylene Blue)
that may be present in dye waters on two local
clays: the first sodium and the second calcium
which are thermally activated at 300 ° C (AC-
300 °C and AS-300 °C).

The adsorption results of the MB for the two
adsorbents AC-300 °C and AS-300 °C show that
this discoloration is influenced by several factors
such as: contact time, pH of the solution, mass of
the adsorbent, and temperature.

Both clays AC-300 °C and AS-300 °C gave
satisfactory results; with a dye removal yield
which exceeds 98%. The optimum pH for a high
discoloration is pH=6.6 for both types of
adsorbents.The results deduced from adsorption
isotherms show that MB retention s predictable
in agreement with the Langmuir and Temkin
models.

The adsorption of MB on both types of
adsorbents is endothermic, spontaneous and
physical nature. Thermally activated clays prove
to be better adsorbents in order to eliminate the
dye (methylene blue) from industrial effluents.

Acknowledgments
The authors thank the DirectorateGeneral of
Scientific Research and
TechnologicalDevelopment  (DGRSDT)  of
Algeria is gratefullyappreciated of financial
support for this work.

V. References

1. Joseph, k.L.; Suja, H.; Sanjay, G.; Sugunan, S,;
Nampoori, V.P.N.; Radhakrishanan, P. Thermal
characterization of methylene blue
intercataledmontmorillonite by  photocoustic
technique. Journal of Applied Clay Science 42
(2009) 483-487.

2. Parolo, M.E.; Savini, M.C. Vallés, IM.;
Baschini, M.T,; Avena, M.J. Tetracycline
adsorption on montmorillonite : pH and ionic
strength effect. Journal of Applied Clay Science
40 (2008) 179-186.

3. Hedi, B.M.; Boughzala O.; Dorra, D.; Daniel, B,;
Leila, C.G.; Ridha, M. Textiles dyes as a source of
wastewater contamination: screening of the
toxicity and treatment methods. Journal of Water
Science 24 (2011) 209-238.

4. Chun, H.; Wang, Y.; Tang, H. Preparation and
characterization of surface bond-conjugated
TiO,/SiO, and photocatalytic of azo dyes. Journal
of Applied Catalyst B environmental 30 (2001)
277-285.

5. Kacha, S.; Ouali, M.S.; Elmalah, S.Dye
abatement of textile industry wastewater with
bentonite and aluminium salts. Journal of Water

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Science 2 (1997) 233-248.

Shin, H.S.; Lee, J.K. Performance evaluation of
electrocoagulation and electrodewatering system
for reduction of water content in sewage sludge.
Korean Journal of Chemical Engineering 23
(2006) 188-193.

Rajabi, M.; Mirza, B.; Mahanpoor, K.; Najafi, F.;
Moradi, O.; Sadegh, H.R.; Shahryari-Ghoshekand,
R.; Asif, M.; Tyagi, I.; Agarwal, S.; Gupta, V.K.
Adsorption of malachite green from aqueous
solution by carboxylate 3 group functionalized
multi-walled carbon nanotubes : Determination 4
of equilibrium and kinetics parameters. Journal of
Industrial and Engineering Chemistry 34 (2016)
130-138.

Alian, X.; Shouyong, Z.; Yijiang, Z.; Xiaoping,
L.; Pingfin, H. Adsorption of reactive dyes from
aqueous solution by silylatedpalygorskite. Journal
of Applied Clay Science 48 (2010) 638-640.
Ahmed, A.A.; Hameed, B.H. Fixed bed adsorption
of reactive azo dye onto granular activated carbon
prepared from waste. Journal of Hazardous
Materials 175 (2010) 298-303.

Baghdadi, M.; Soltani, B.A. ;Nourani,
M. Malachite green removal from aqueous
solutions using fibrous cellulose sulfate prepared
from medical cotton waste: comprehensive batch
and column studies . Journal of Industrial and
Engineering Chemistry 55 (2017) 128-139.
Raghuvanshi, S.P.; Singh, R.; Kaushik, C.P.
Kinetics study of methylene blue dye
bioadsorption on boggase. Journal of Ecology and
Environment 2 (2004) 35-43.

Aysegul, A.; Aynur, C.;Yasemin, B.; Zibeyde,
C.A. Removal of methylene blue from aqueous
solutions onto bacillus subtilis : determination of
kenitc and equilibrium parameters. Journal of
Dasalination and Water Treatment 51 (2013)
7596- 7603.

Rida, K.; Bouraoui, S.; Hadnine, S. Adsorption of
methylene blue from aqueous solution by kaolin
and zeolite. Journal of Applied Clay Science 83-
84 (2013) 99-105.

Herbache, H.; Ramdani, A.; Maghni.A.; Taleb,
Z.; Taleb, S. ; Morallon, E. ; Brahmi, R. Removal
of o-Cresol from aqueous solution using Algerian
Na-Clay as adsorbent . Journal of Desalination
and Water Treatment 57(2016) 20511-20519.
Nogueira, G.E.; Joan, H.; Lopes, A. Reactive
adsorption of methylene blue on montmorillonite
via an ESI-Ms study. Journal of Clay Science 332
(2009) 46-53.

Madejova, J.; Gates, W.P.; Petit, S. Chapter 5-IR
Spectra of Clay Minerals. Developments in Clay
Science 8 (2017) 107-149.

Sakin, O.; Hussein , M.A.; Belal, H.M.; Hussein,
A.M. Adsorption thermodynamics of cationic
dyes (methylene blue and crystal violet) to a
natural clay mineral from aqueous solution
between 293.5 and 323.15K . Arabian Journal of
Chemistry 11 (2018) 615-623.

Guiza, S.; Bagane, M. Kinetics study of congo red
dye adsorption from aqueous solutions onto
bentonite. Journal of Water Science 26 (2013) 39-
50.

Boumchita, S.; Lahrichi, A.; Benjelloun, Y.;
Lairini, S.; Nenov, V.; Zerroug, F. Removal of
cationic dye from aqueous solution by a food
waste: Potato peel. Journal of Materials and
Environmental Science 7 (2016) 73-84.

Allam, K.; Gourai, K.; El Bouari, A. ; Belhorma,
B. ; Bih, L. Adsorption of Methylene Blue on raw

Copyright © 2019, Algerian Journal of Environmental Science and Technology, All rights reserved

1147



|.Feddal et al

and activated Clay: case study of Bengurir clay.
Journal of Materials and Environmental Science
9(2018) 1750-1761.

21. Dogan, M.; Alkan, M.; Turkyilmaz, A.; Ozdemir,
Y. Kinetics and mechanism of removal of
methylene blue by adsorption onto perlite. Journal
of Hazardous Materials B 109 (2004) 141-148.

22. Ghosh, D.; Bhattacharyya, K.G. Adsorption of
methylene blue on kaolinite. Journal of Applied
Clay Science 20 (2002) 295-300.

23. Ramdani, A.; Taleb, S.; Benghalem, A.; Ghaffour,
N. Removal of excess ions fluorides of Saharan
brackisch water by adsorption on natural
materials. Journal of Desalination 250 (2010)
408-413.

24. Baliti, J.; Asnaoui, A.; Abouarnadasse, S.
L’¢limination du bleu de méthyléne par une argile
naturelle de Taza en milieu aqueux. Journal of
InnovativeResearch In Advanced Engineering
1(2014) 2149-2163.

25. Elmoubarki, R.; Mahjoubi, F.Z.; Tounsadi, H.;
Moustadraf, J. ; Abdennouri, M. ; Zouhri, A. ; El
Albani, A.; Barka, N. Adsorption of textile dyes
on raw and decanted Moroccan clays: Kinetics,
equilibrium and thermodynamics. Journal of
Water Resources and Industry 9 (2015) 16-29.

26. Cengeloglu, Y.; Tor, A.; Arslan, G.; Ersoz, M;
Gzegin, S. Removal of boron from aqueous
solution by using neutralized red mud. Journal of
Hazardous Materials 142 (2007) 412-417.

27. Seki, Y.; Yurdakog, K. Paraquat adsorption onto
clays and organoclays from aqueous solution.
Journal of Colloid and Interface Science 287
(2005) 1-5.

28. Bulut, Y. Aydin, H. A kinetics and
thermodynamics study of methylene blue
adsorption on wheat shells. Journal of
Desalination 194 (2006) 259-267.

29. Anirudhan, T.S; Radhakrishnan, P.G.
Thermodynamics and kinetics of adsorption of Cu
(1) from aqueous solution onto a new cation
exchanger derived from tamarind fruit shell.
Journal of Chemical Thermodynamic 40 (2008)
702-709.

Please cite this Article as:

Feddal I., Taleb Z., Ramdani A., Herbache H.,Taleb S.; Discoloration of contaminated water by an
industrial dye: Methylene Blue, by two Algerian bentonites, thermally activated, Algerian J. Env. Sc.
Technology, 5:4 (2019) 1141-1148

Copyright © 2019, Algerian Journal of Environmental Science and Technology, All rights reserved

1148



