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Adsorption of Methylene Blue from Aqueous Solutions on a Moroccan Clay
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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 ofgt35 mg

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 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 denstbyBujdak and Komadéf
studied the interaction between modified clays with various layer
charges and MB in agueous 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.

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

Biological treatmerft 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 In thg current work, we address _the issue of Methylene I_3Iue
dyes from wastewatérSeveral techniques such as ultrafiltra- 2dSorption on Moroccan clay fractions from aqueous solutions
tion,” catalytic photodegradatic® oxidation by UV/HO,,1011 to investigate and evaluate its adsorptive capacity. The adsorp-

direct precipitation and separation of the pollutants by membrane tion kinetics of the cation exchange of MB with the clay mineral
processe® and adsorption methotlsave been studied. Among IS @lso studied.

them, adsorption processes have been reported as a low-cost .
technique for the treatment of textile industry effluents and Materials and Methods

pigments. Adsorbent.The material adsorbent used in the present study
The most common adsorbents used for dye removal from yas prepared with a purified Moroccan clay mineral from mid
wastewater are activated carbdAdlatural materials have also Moulouya (Morocco) known as a ghassoulite or rhassoulite.
been investigated as potential industrial adsorption niédid+16 Chemical analysis was carried out by X-ray fluorescence
Regarding the adsorption of dyes using clay minerals, bentonites,spectrometry using a Philips PW 1400 spectrometer. The results,
montmorillonites, and sepiolites have been described asghown in Table 1, refer to dried solids (0 % water). These results
adsorbents!~2! were compared to those of various investigatéfS. The
The first study about the adsorption behavior of a cationic presence of a significant amount of silicon and a minimum
dye on clay particles was reported by Bergman and O’Koffski.  aluminum quantity leads to the supposition that this sample can
The authors observed the presence of four distinct bands neabe classified in the silicates family. It also contains a large
(575, 610, 670, and 760) nm, using visible spectroscopy analysis,quantity of magnesium, thus it can be considered as a magnesian
which were related to dye aggregates. Many other studies havemontmorillonite. Faust et & considered it as a stevensite or a
been reported on dyeclay systems, relating the adsorption  magnesium smectite. The name of ghassoulite was proposed
bands to several species. Yariv and Le&tiassigned the bands  for the mineral extracted by Jbel Ghass®ul.
at (575 and 610) nm to the interaction betweensthgystem of
the dye and the lone pair of electrons of the oxygen atoms on
the clay surface. Cenens and Schoonh&ymioposed that the

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
» Corresponding author. E-mail: elmchaouri@hotmail fr. conversion of the ghqssoulite into its homocationic_form. All
t UniversifeHassan Il Mohammedia. the exchangeable cations of rough, crushed, and filtered clay
¥ Public University of Navarre. are exchanged by Naafter elimination of carbonates by acid
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Table 1. Chemical Composition of Na-ghassoulite (Metal Oxides in 160
wt %) 2
SiO; A0z MgO MnO LixO KO CaO NaO FeOs SO; § 120 4
64.57 2.06 23.63 041 028 284 184 152 084 191 :_u
g
aResults refer to dried solids (0 % water). é 80
S :
Table 2. Structural and Physical Properties of Na-ghassoulite E
BET surface area 414%y? 2 404 —e— Langmuir
cation exchange capacity 0.49 mgqt 5 ----®--- Freundlich
porosity BJH 0.004 cfhgt
particle size <50um 0 -——

attack, oxidation of the organic matter by leaching witfOpl 0 100200 300 400 500 600 700 800

(30 % v/v) in a temperature less than 8D, and calcination at Equilibrium concentration, C_ (mg/dm’)
a heating rate of 10C-min~! to 600 °C and kept at this Figure 1. Equilibrium adsorption data of Methylene Blue on Na-
temperature fo 2 h to reduce the negative charge of the ghassoulite.
structure. The sodium clay samples were washed 4 times at o )
95 °C with 1 mokdm—3 NaCl solutions under continuous Table 3. qu_JlIlbrlum Adsorption Data of Methylene Blue On
- . . . ... Na-ghassoulite
stirring. The particles obtained were washed several times with
bidistilled water to remove residues of NaCl and dried at D0 run A runB
The structural characteristics were estimated from nitrogen  Co® Ced Qe° Co? Ced Oe°
adsorption employing a volumetric technique. The structural and mgdm=3 mgdm=3 mgg? mgdm3 mgdm? mgg?
physical properties of the obtained material are given in

0 0 0 0 0 0
Table 2. _ o 10 0 5 10 0 5
Adsorption ProcedureThe basic dye used in this work was 15 0 7.5 15 0 7.5
Methylene Blue from Merck. It was used as received without ~ 300.02 85.6 107.21 300 80.8 109.6
further purification. A stock solution of MB (1000 magm~2) 395.08 150.62 122.23 400 160 120
; . . 2o 498.14 233.68 132.23 500 236.2 131.9
was prepa_lred and suitably (_jlluted to the _requwed |n|F|aI 650 381.04 134.48 650 385.6 1322
concentrations. The concentrations of the dye in stock solutions  746.01 480.13 132.94 750 482.2 133.9
and all samples during the experimental tests were measured 848.59 576.99 135.80 850 581 134.5
using a UV~ visible spectrophotometer at a wavelength corre- 100052 731.52 1345 1000 731 134.5

spondm_g_ tO_ the maXImu.m absorbance’ 663 nm. To determine aCy, initial concentration of Methylene Blue? Ceq equilibrium
the equ'“bﬂum adsorption capacity of the dye by the _clay concentration of Methylene Blugge, amount of Methylene Blue adsorbed.
material, a 100 cthstoppered conical flask was placed in a
temperature-controlled water bath shaker af@7Exactly 50 ) ) ) )
cm? of adsorbate solution was placed in the flask, and 0.1 g of Xﬁb'e 4. Adsorption Capacity of MB and Comparison with Other

. sorbents
clay was added. The flasks were sealed with a stopper and then

shaken fo 2 h at 350rpm. The pH was controlled to 7.2, by adsorbent adsorption capacity (rgg")

addition of solutions of HCI (0.1 medm=3) or NaOH (0.1 kaolinite'®30 76.9; 20.5

mol-dm~3). After 2 h of reaction, the flasks were taken out and tanned solid wastés 84
Na-ghassoulite [this work] 135

the dye concentrations of the aqueous solutions were determined.
After centrifugation, for 10 min at 4500 rpm, the MB concentra-
tion in the supernatantCgy) was measured. The specific on the clay particles and the state of saturation appears after
adsorbed amount of MB was calculated according to the very strong initial variations of the adsorbed quantity explaining
equation the great affinity in the field of low concentrations of the dye
for this smectite, MB being adsorbed to a capacity of 135
0. = V(Cy — Ce9/m 1) mg-g L It has been suggesf&dhat MB molecules can migrate
from the external surfaces to the interlamellar region, resulting
whereCo and Ceq are the initial and equilibrium liquid-phase  in the disaggregation of the aggregates and restoring monomers.
concentrations (mgm-3) of MB; mis the amount of adsorbent  at g high load of MB, agglomerates are expected to be
(9); andV is the volume of the solution (df predominant, whereas monomers and dimers are practically
Batch experiments were repeated at least twice to ensure theypsent in MB-clay complexe8 The capacity of adsorption is
accuracy of the obtained data. The kinetic study of adsorption important in comparison to other adsorbents (see Tadfe&j03t
was carried out at several intervals of time aCCOI'dIng to the It depends on several parameters such as the Speciﬁc surface
above procedure using an initial concentration of 1000dmg?. area, the expansible charact&r the ionic exchange phenom-
enon of the adsorbent materfélthe mobility of the dye
molecules in the liquid phase and in the interior of the solid,
Methylene Blue Adsorption Isotherm.The equilibrium and the forces of attraction between the surface of the solid
distribution of MB between the adsorbent and the solution is and the molecules of MB.
very important to determine the capacity of the adsorbent for Modeling of MB Adsorption IsothermsThe parameters of
the dyestuff. The adsorption isotherm is given in Figure 1, and the isotherm model equations can be related to the structural
the experimental adsorption data are summarized in Table 3.properties of the materials. These properties are crucial to the
The adsorption efficiency and effectiveness of the clay material selection of the solids used as adsorbents. The adsorption
increases with increasing initial dye concentration. When MB equilibrium data of MB on clay material were fitted by applying
is added to the clay suspension, the dye molecules readily adsorlihe Freundlich and Langmuir isotherm models.

activated carbot 521

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

Langmuir Freundlich
Om
142

120

KL
dmd-mgt
0.0395

Kr
mg-g~*
75.2

e

R
0.993

R?
0.996

R
0.025

n

10.7 807

The equation of Langmuir, based on the assumption of an
adsorption on a homogeneous surface containing a number of
sites with the same adsorption energiesupposes that there

is no migration of the adsorbate on the surface of the adsorbent
solid.

40 -

Amount adsorbed, ¢ (mg/g)

0

20

time, t (min)

_ K L queq

qe_1+Cqu|_ (2)

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

wherege (Mmgrg™Y) is the equilibrium amount of MB adsorbed
for the adsorbentCeq (Mg-dm™3) is the equilibrium concentra-

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

tion of the dye; and}, (mg-g~Y) andK_ (dm*mg1) are the data A data B
Langmuir constants, which are the monolayer adsorption ~a ce e " ce e
capacity and the energy of adsorption, respectively. The — = - - — -
Langmuir equation parameters for the MB adsorption are min mgdm mgg min mgdm mgg
summarized in Table 5. 0 1000 0 0 1000 0
For the Langmuir-type adsorption process, the influence of % %g'%s 1%3‘3‘:: 12 %% 4 1%%53
the isotherm shape on whether adsorptionfasorable or 3 7415 12925 3 738 131
unfavorablecan be classified by the separation fad®orwhich 4 735.52 132.24 4 735.6 132.2
is considered as a more reliable indicator of the adsorption 1?) ;:331-6 ﬁ’ﬁ 13 ;:3)& ?—ngg
I ; . )
capacity3® This constant is evaluated as 15 731.2 1344 15 731.2 1344
R = 1 3) a t, time of contact? C;, concentration of Methylene Blue in the solution.
1+ KLCO ¢ g, amount of Methylene Blue adsorbed.

where K. (dm®mg1) is the Langmuir constant an@

External

(mgrdm~3) is the initial concentration in the liquid phase. s 5 ME (%’3 i
Favorable adsorption is reported when Raevalues are between _'
p p Rt Clay sheet 00080010 0 O Own

0 and 1%° In the present work, the value & 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 g, in ac-
cordance with the experimental value obtained, 135gmiy

The Freundlich equation is applicable to adsorption on

: Migration of
Intrelamell M MB molecules
ntrelamellar
: —_—
region $-...._‘_‘\‘_H‘_ Cla)r

counterion Na'

heterogeneous surfaces, i.e., surfaces with nonenergeticallyFigure 3. Sorption mechanism of Methylene Blue (MB) molecules on

equivalent site4? The model gives a representation of the
adsorption equilibrium between an adsorbate in solution and
the surface of the adsorbent.

(4)

wherede (mgrg™?) is the equilibrium amount of MB adsorbed
for the adsorbentKr and 1h 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 Adsorptioif.o evaluate

qe = KFCeqlln

the effectiveness of an adsorbate, studies of kinetics of adsorp-

tion equilibria are also needed. The evolution of the amount of
MB adsorbed,q;, 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

clay?s

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

k
109G — &) =l0g 4, — 555 ®)

suspension, is the adsorption of the molecules on the externalwherek; (1/min) is the first-order rate constamg;(mg-g™?) is
surface of the particles. This increases significantly the local the amount of dye adsorbed at tirn@nin); andge (mg-g™?) is
concentration, giving rise to the formation of MB aggregates the equilibrium sorption capacity. The adsorption kinetic
such as trimers (MB)z and dimers (MB),. With time, the dye parameters from Figure 4 are included in Table 7.
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Figure 4. Pseudo-first-order adsorption kinetics.
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Figure 5. Pseudo-second-order adsorption kinetics.

Table 7. Adsorption Kinetic Parameters of Methylene Blue on Clay

pseudo-first-order pseudo-second-order

k1 e ko e h
Umin mgg?t R gmgimint mgg?! R mgglmin!
1.16 2448 0.96 0.0050 172.8 0.98 149.7

The adsorption data were also analyzed in terms of a pseudo- (
second-order mechanisth?* The linear form of the equation

IS
t/g, = 1k, + (Ligot (6)

wherede (Mmg-g™) is the equilibrium sorption capacity arne

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 mgg'. 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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