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In this work, an equilibrium adsorption isotherm for the removal of a basic dye, Methylene Blue (MB), from
aqueous solution on a natural Moroccan clay mineral has been investigated. Equilibrium data are mathematically
modeled using the Freundlich and Langmuir adsorption models. The adsorption kinetics of MB has also been
studied in terms of pseudo-first-order and pseudo-second-order. A maximum adsorption capacity of 135 mg‚g-1

at equilibrium is achieved, indicating that the material could be used as a low-cost alternative in wastewater
treatment for the removal of color and dyes.

Introduction

Major contaminants found in wastewater include biodegrad-
able, volatile, and recalcitrant organic compounds; toxic metals;
microbial pathogens; and parasites1 causing deterioration of the
surrounding medium that can present a great danger to the
environment and human health.2,3 Several studies have been
undertaken on the toxicity of dyes and their impact on
ecosystems.4,5 These studies show that certain dyes degrade and
that their derived products can be toxic and carcinogenic even
at low concentrations.5 Consequently, there is considerable need
to treat these effluents prior to their discharge into receiving
waters.2,3

Biological treatment6 has been shown to be very efficient
for the decrease of biological and chemical organic demand
(BOD and COD), but it is ineffective for the elimination of
dyes from wastewater.6 Several techniques such as ultrafiltra-
tion,7 catalytic photodegradation,8,9 oxidation by UV/H2O2,10,11

direct precipitation and separation of the pollutants by membrane
processes,12 and adsorption methods6 have been studied. Among
them, adsorption processes have been reported as a low-cost
technique for the treatment of textile industry effluents and
pigments.

The most common adsorbents used for dye removal from
wastewater are activated carbons.13 Natural materials have also
been investigated as potential industrial adsorption media.10,11,14-16

Regarding the adsorption of dyes using clay minerals, bentonites,
montmorillonites, and sepiolites have been described as
adsorbents.17-21

The first study about the adsorption behavior of a cationic
dye on clay particles was reported by Bergman and O’Konski.22

The authors observed the presence of four distinct bands near
(575, 610, 670, and 760) nm, using visible spectroscopy analysis,
which were related to dye aggregates. Many other studies have
been reported on dye-clay systems, relating the adsorption
bands to several species. Yariv and Lurie23 assigned the bands
at (575 and 610) nm to the interaction between theπ-system of
the dye and the lone pair of electrons of the oxygen atoms on
the clay surface. Cenens and Schoonheydt24 proposed that the

band near 575 nm can be related to trimers on the external
surface and that the band at 610 nm corresponded to dimers at
the outer and inner surfaces of the clay. The investigators
confirmed that the band at 670 nm was due to the adsorption
of monomers and showed that the band at 765 nm is due to the
protonated Methylene Blue (MB) adsorbed on the clay. Many
of the aggregation and adsorption properties of clays can be
related to the layer charge density.25 Bujdak and Komadel26

studied the interaction between modified clays with various layer
charges and MB in aqueous suspensions. The authors concluded
that the strong aggregation and redistribution of the molecules
in the negative sites of clay surfaces suggests that the dye is
adsorbed initially only on a small fraction of the clay particles,
followed by a redistribution with time.

In the current work, we address the issue of Methylene Blue
adsorption on Moroccan clay fractions from aqueous solutions
to investigate and evaluate its adsorptive capacity. The adsorp-
tion kinetics of the cation exchange of MB with the clay mineral
is also studied.

Materials and Methods

Adsorbent.The material adsorbent used in the present study
was prepared with a purified Moroccan clay mineral from mid
Moulouya (Morocco) known as a ghassoulite or rhassoulite.
Chemical analysis was carried out by X-ray fluorescence
spectrometry using a Philips PW 1400 spectrometer. The results,
shown in Table 1, refer to dried solids (0 % water). These results
were compared to those of various investigators.27,28 The
presence of a significant amount of silicon and a minimum
aluminum quantity leads to the supposition that this sample can
be classified in the silicates family. It also contains a large
quantity of magnesium, thus it can be considered as a magnesian
montmorillonite. Faust et al.28 considered it as a stevensite or a
magnesium smectite. The name of ghassoulite was proposed
for the mineral extracted by Jbel Ghassoul.29

Experiments on the adsorption of dyes will take place only
after a series of preliminary treatments carried out on the starting
material. The principal objective of this pre-processing is the
conversion of the ghassoulite into its homocationic form. All
the exchangeable cations of rough, crushed, and filtered clay
are exchanged by Na+ after elimination of carbonates by acid
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attack, oxidation of the organic matter by leaching with H2O2

(30 % v/v) in a temperature less than 60°C, and calcination at
a heating rate of 10°C‚min-1 to 600 °C and kept at this
temperature for 2 h to reduce the negative charge of the
structure. The sodium clay samples were washed 4 times at
95 °C with 1 mol‚dm-3 NaCl solutions under continuous
stirring. The particles obtained were washed several times with
bidistilled water to remove residues of NaCl and dried at 100°C.
The structural characteristics were estimated from nitrogen
adsorption employing a volumetric technique. The structural and
physical properties of the obtained material are given in
Table 2.

Adsorption Procedure.The basic dye used in this work was
Methylene Blue from Merck. It was used as received without
further purification. A stock solution of MB (1000 mg‚dm-3)
was prepared and suitably diluted to the required initial
concentrations. The concentrations of the dye in stock solutions
and all samples during the experimental tests were measured
using a UV-visible spectrophotometer at a wavelength corre-
sponding to the maximum absorbance, 663 nm. To determine
the equilibrium adsorption capacity of the dye by the clay
material, a 100 cm3 stoppered conical flask was placed in a
temperature-controlled water bath shaker at 27°C. Exactly 50
cm3 of adsorbate solution was placed in the flask, and 0.1 g of
clay was added. The flasks were sealed with a stopper and then
shaken for 2 h at 350rpm. The pH was controlled to 7.2, by
addition of solutions of HCl (0.1 mol‚dm-3) or NaOH (0.1
mol‚dm-3). After 2 h of reaction, the flasks were taken out and
the dye concentrations of the aqueous solutions were determined.
After centrifugation, for 10 min at 4500 rpm, the MB concentra-
tion in the supernatant (Ceq) was measured. The specific
adsorbed amount of MB was calculated according to the
equation

whereC0 andCeq are the initial and equilibrium liquid-phase
concentrations (mg‚dm-3) of MB; m is the amount of adsorbent
(g); andV is the volume of the solution (dm3).

Batch experiments were repeated at least twice to ensure the
accuracy of the obtained data. The kinetic study of adsorption
was carried out at several intervals of time according to the
above procedure using an initial concentration of 1000 mg‚dm-3.

Results and Discussion

Methylene Blue Adsorption Isotherm.The equilibrium
distribution of MB between the adsorbent and the solution is
very important to determine the capacity of the adsorbent for
the dyestuff. The adsorption isotherm is given in Figure 1, and
the experimental adsorption data are summarized in Table 3.
The adsorption efficiency and effectiveness of the clay material
increases with increasing initial dye concentration. When MB
is added to the clay suspension, the dye molecules readily adsorb

on the clay particles and the state of saturation appears after
very strong initial variations of the adsorbed quantity explaining
the great affinity in the field of low concentrations of the dye
for this smectite, MB being adsorbed to a capacity of 135
mg‚g-1. It has been suggested25 that MB molecules can migrate
from the external surfaces to the interlamellar region, resulting
in the disaggregation of the aggregates and restoring monomers.
At a high load of MB, agglomerates are expected to be
predominant, whereas monomers and dimers are practically
absent in MB-clay complexes.26 The capacity of adsorption is
important in comparison to other adsorbents (see Table 4).15,18,30,31

It depends on several parameters such as the specific surface
area, the expansible character,32-35 the ionic exchange phenom-
enon of the adsorbent material,36 the mobility of the dye
molecules in the liquid phase and in the interior of the solid,
and the forces of attraction between the surface of the solid
and the molecules of MB.

Modeling of MB Adsorption Isotherms.The parameters of
the isotherm model equations can be related to the structural
properties of the materials. These properties are crucial to the
selection of the solids used as adsorbents. The adsorption
equilibrium data of MB on clay material were fitted by applying
the Freundlich and Langmuir isotherm models.

Table 1. Chemical Composition of Na-ghassoulite (Metal Oxides in
wt %) a

SiO2 Al2O3 MgO MnO Li2O K2O CaO Na2O Fe2O3 SO3

64.57 2.06 23.63 0.41 0.28 2.84 1.84 1.52 0.84 1.91

a Results refer to dried solids (0 % water).

Table 2. Structural and Physical Properties of Na-ghassoulite

BET surface area 414 m2‚g-1

cation exchange capacity 0.49 meq‚g-1

porosity BJH 0.004 cm3‚g-1

particle size < 50 µm

qe ) V(C0 - Ceq)/m (1)

Figure 1. Equilibrium adsorption data of Methylene Blue on Na-
ghassoulite.

Table 3. Equilibrium Adsorption Data of Methylene Blue On
Na-ghassoulite

run A run B

C0
a Ceq

b qe
c C0

a Ceq
b qe

c

mg‚dm-3 mg‚dm-3 mg‚g-1 mg‚dm-3 mg‚dm-3 mg‚g-1

0 0 0 0 0 0
10 0 5 10 0 5
15 0 7.5 15 0 7.5

300.02 85.6 107.21 300 80.8 109.6
395.08 150.62 122.23 400 160 120
498.14 233.68 132.23 500 236.2 131.9
650 381.04 134.48 650 385.6 132.2
746.01 480.13 132.94 750 482.2 133.9
848.59 576.99 135.80 850 581 134.5

1000.52 731.52 134.5 1000 731 134.5

a C0, initial concentration of Methylene Blue.b Ceq, equilibrium
concentration of Methylene Blue.c qe, amount of Methylene Blue adsorbed.

Table 4. Adsorption Capacity of MB and Comparison with Other
Adsorbents

adsorbent adsorption capacity (mg‚g-1)

kaolinite18,30 76.9; 20.5
tanned solid wastes15 84
Na-ghassoulite [this work] 135
activated carbon31 521
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The equation of Langmuir, based on the assumption of an
adsorption on a homogeneous surface containing a number of
sites with the same adsorption energies,37 supposes that there
is no migration of the adsorbate on the surface of the adsorbent
solid.

whereqe (mg‚g-1) is the equilibrium amount of MB adsorbed
for the adsorbent;Ceq (mg‚dm-3) is the equilibrium concentra-
tion of the dye; andqm (mg‚g-1) and KL (dm3‚mg-1) are the
Langmuir constants, which are the monolayer adsorption
capacity and the energy of adsorption, respectively. The
Langmuir equation parameters for the MB adsorption are
summarized in Table 5.

For the Langmuir-type adsorption process, the influence of
the isotherm shape on whether adsorption isfaVorable or
unfaVorablecan be classified by the separation factorRL, which
is considered as a more reliable indicator of the adsorption
capacity.38 This constant is evaluated as

where KL (dm3‚mg-1) is the Langmuir constant andC0

(mg‚dm-3) is the initial concentration in the liquid phase.
Favorable adsorption is reported when theRL values are between
0 and 1.39 In the present work, the value ofRL calculated is
0.025 (see Table 5), indicating that the Langmuir model can
describe the adsorption process. The maximum of adsorption
estimated from the Langmuir model is 142 mg‚g-1, in ac-
cordance with the experimental value obtained, 135 mg‚g-1.

The Freundlich equation is applicable to adsorption on
heterogeneous surfaces, i.e., surfaces with nonenergetically
equivalent sites.40 The model gives a representation of the
adsorption equilibrium between an adsorbate in solution and
the surface of the adsorbent.

whereqe (mg‚g-1) is the equilibrium amount of MB adsorbed
for the adsorbent.KF and 1/n are empirical constants, being
indicative of the extent of adsorption and an indicator of
adsorption effectiveness, respectively. The Freundlich equation
parameters for the MB adsorption are summarized in Table 5.

Kinetic Studies of Methylene Blue Adsorption.To evaluate
the effectiveness of an adsorbate, studies of kinetics of adsorp-
tion equilibria are also needed. The evolution of the amount of
MB adsorbed,qt, as a function of the time of adsorption is
presented in Figure 2. The experimental adsorption data are
summarized in Table 6. The maximum of adsorption is obtained
after 5 min of contact between MB and the clay.

The initial process, when a dye is added to the clay
suspension, is the adsorption of the molecules on the external
surface of the particles. This increases significantly the local
concentration, giving rise to the formation of MB aggregates
such as trimers (MB+)3 and dimers (MB+)2. With time, the dye

molecules can migrate to the interlamellar region resulting in
the disaggregation of the aggregates and restoring protonated
monomers because of the higher acidity in this region, and so
the adsorption proceeds through an ion pairing mechanism.25,41

A possible mechanism of this process is summarized in Figure
3.25

Several kinetic models are available to examine the control-
ling mechanism of the adsorption process and to test the
experimental data. The rate constant of the dye removal from
the solution by smectite was determined using pseudo-first-order
and pseudo-second-order equations.

The Lagergren42 pseudo-first-order equation was used to fit
the experimental results. The linear form of the Lagergren
equation is

wherek1 (1/min) is the first-order rate constant;qt (mg‚g-1) is
the amount of dye adsorbed at timet (min); andqe (mg‚g-1) is
the equilibrium sorption capacity. The adsorption kinetic
parameters from Figure 4 are included in Table 7.

Table 5. Freundlich and Langmuir Equation Parameters for the
Methylene Blue Adsorption

Langmuir Freundlich

KL qm KF

dm3‚mg-1 R2 mg‚g-1 RL mg‚g-1 n R2

0.0395 0.996 142 0.025 75.2 10.7 0.993

qe )
KLqmCeq

1 + CeqKL
(2)

RL ) 1
1 + KLC0

(3)

qe ) KFCeq
1/n (4)

Figure 2. Adsorption of Methylene Blue as a function of the contact time
at room temperature.

Table 6. Kinetic Adsorption Data of Methylene Blue on
Na-ghassoulite

data A data B

ta Ct
b qt

c ta Ct
b qt

c

min mg‚dm-3 mg‚g-1 min mg‚dm-3 mg‚g-1

0 1000 0 0 1000 0
1 920.1 39.95 1 929 35.5
2 785.78 107.11 2 783.4 108.3
3 741.5 129.25 3 738 131
4 735.52 132.24 4 735.6 132.2
8 731.6 134.2 8 731 134.5

10 731 134.5 10 731 134.5
15 731.2 134.4 15 731.2 134.4

a t, time of contact.b Ct, concentration of Methylene Blue in the solution.
c qt, amount of Methylene Blue adsorbed.

Figure 3. Sorption mechanism of Methylene Blue (MB) molecules on
clay.25

log(qe - qt) ) log qe -
k1

2.303
t (5)
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The adsorption data were also analyzed in terms of a pseudo-
second-order mechanism.43,44 The linear form of the equation
is

whereqe (mg‚g-1) is the equilibrium sorption capacity andk2

(g‚mg-1‚min-1) is the rate constant of the pseudo-second-order
adsorption.

If the initial adsorption rate is45

then eq 6 becomes

The adsorption kinetic parameters from Figure 5 are listed
in Table 7.

From these results, the equilibrium sorption capacity and
correlation coefficient for the second-order model are more
reasonable when compared with the experimental results than
that of the first-order model. Further, there was a minor deviation
between the expected and the observedqe values. It can be said
that the sorption process may involve more than one step, calling

upon the transfer by a diffusion layer, or an interface of
diffusion, and the intraparticle diffusion.

Conclusion

The study of the adsorption of a pure organic dye, Methylene
Blue, on Na-ghassoulite was undertaken in the static mode at
27 °C and atmospheric pressure. This clay showed great
elimination capacity compared to other materials. The adsorbed
quantity in the equilibrium reached 135 mg‚g-1. The kinetic
study revealed that approximately 5 min of agitation is sufficient
to reach a complete equilibrium for the MB/Na-ghassoulite
system. This study showed also that the equilibrium of adsorp-
tion of the MB/Na-ghassoulite system is suitably described by
the Langmuir and Freundlich models. The process of adsorption
is relatively fast and was best described by the pseudo-second-
order rate model. These results generally showed that Na-
ghassoulite could be considered as a potential adsorbent for MB
removal from aqueous solutions.
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