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Abstract

The dyes are used in many industrial sectors such as textiles, paper and leather dyeing,
as well as in the food and cosmetics industry. Dyes are known to be toxic and
persistent in the environment and require physico-chemical techniques to degrade
them. This work deals with the study of the adsorption of the cationic dye methylene
blue on raw bentonite from the region of Nador (Morocco). The physico-chemical
properties show that our bentonite indicates a very high alkalinity. The amplitude of
swelling shows that this bentonite is very high is sensitive to water. The SEM shows
petaloid-shaped aggregates of the grains in spherical form with heterogeneous
dimensions. Various experimental parameters were analyzed; initial concentration of
the dye, pH, mass of the adsorbent and temperature. Adsorption tests showed that the
maximum duration of this cationic dye on bentonite is established after 80 minutes.
Experimental results showed that the adsorption of the methylene blue dye on raw
bentonite depends on the pH of the solution and the initial concentration of the dye.
Although the amount of methylene blue adsorbed decreases with increasing
temperature, this indicates that adsorption is an exothermic process. The adsorption
capacity was determined using the Langmuir, Freundlich, Elovich and Temkin
isotherms. The binding of methylene blue follows Freundlich's law.

Keywords: bentonite, adsorption, Morocco, SEM, heterogeneous, Freundlich, methylene blue.
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1. Introduction

The industrial activities are a very important source of pollution and contribute in a certain way to the deterioration of
the environment [1, 2, 3]. The discharges of effluents from the textile industries, in particular the various dyes which
are used in excess in dyeing of paper, cotton, wool and silk [4, 5, 6]. As a result, the waste water is highly
concentrated in colorant. Most of the dyes are toxic and carcinogenic compounds, which have a detrimental effect on
public health and can greatly harm animal and plant species as well as the various microorganisms living in these
waters [7, 8, 9, 10]. Although causing breathing difficulties, nausea, vomiting, tissue necrosis, profuse sweating, the
mental confusion, cyanosis and methemoglobinemia [11]. Different conventional methods have been used to remove
pollutants from water, the most usable methods are done by chemical-physicochemical or biological means including
coagulation/flocculation [12, 13, 14]. Which is a process that removes suspended particles, precipitation and
membrane filtration and adsorption, which is the most effective and widely used treatment process [15]. Thus to
remove the dyes there are several adsorbents, the most well known is activated carbon (with activation) [16, 17, 18],
diatomite, chitosan, pyrophyllite [19], eucalyptus-based biomaterials [20, 21], biosorbent at the base of date nuclei
[22], clay [23, 24], zeolite [25, 26], and Cellulose-Ether Based adsorbent [27]. After the characterization of bentonite,
we will evaluate the impact of the adsorption capacity to remove a cationic dye called Methylene Blue (MB). During
this study, we varied several kinetic parameters such as concentration, pH, reaction temperature, contact time and
adsorbent mass. The experimental results were analyzed to study the equilibrium and thermodynamic aspect of the
methylene blue adsorption process on raw bentonite without activation.

2. Materials and experimental procedures

2.1. Materials

The bentonite used in this study was collected from the Trebia deposit, located on the northwestern flank of the
Tidiennit massif in the Nador region which belongs to the outer domain of the Moroccan Rif chain (figure 1) [28]. It
was dried in an oven at 48°C for 24 h, before experiments. The basic dye, Methylene Blue (MB), was used as an
adsorbate to determine the efficacy of crude bentonite with a 500 mg.L* (table 1).

Table 1. Properties and characteristics of MB

Generic name Methylene blue
Generic Nomenclature Basic Blue 9

Index color 52015

Melting temperature 180°C

Chemical Formula C16H18CiNsS-3H20
Molar weight (g/mol) 319,85

Molecular volume (cm®/mol) 241.9

Wave length (Amax) 665 nm
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Figure 1. The location of the bentonite sample used.

2.2. Experimental procedures

2.2.1. Characterization of the adsorbent

The surface morphology has been carried out using scanning electron microscopy (SEM). The particle size
distribution of bentonite powder was determined by using laser diffraction particle size analyzer Horiba 300. The
mineralogy of sample was evaluated using X-ray diffraction technique and was performed on an Burker D8
diffractometer operating at a voltage of 40 kV and an intensity of 30 mA with radiation (Cu), on the powdered
sediments following the normal procedure for clay analysis [29]. Fourer transform infrared spectroscopy (FTIR)
provides valuable information on absorbed water molecules and structural hydroxyl groups of clay minerals [30]. In
this study, the Casagrande apparatus was used to determine the liquidity limit using the method described by
Casagrande (1947) and Andrade et al, (2011) [31, 32]. The values of the total specific surface area (Sst) and cation
exchange capacity (CEC) were derived from the methylene blue test [33, 34, 35]. The swelling index was performed
on 2 g of bentonite powder added to distilled water. After 2448 h, the swelling volume was measured according to
the methodology described by Qlihaa et al. (2016) [36].

2.2. 2. Study of kinetic parameters

In order to determine the equilibrium concentration of the adsorbate. However, the experimental solutions of the
desired initial concentrations were obtained by diluting the MB stock solution (500 mg.L™). Indeed, we varied the
concentrations from 5 to 500 mg.L ™ In order to evaluate the effect of the initial pH on the adsorption efficiency and to
determine the optimal pH of the adsorption, the adsorption of methylene blue on bentonite was performed at pH

values ranging from 2 to 10. In order to study the effect of temperature, we follow the adsorption of Methylene Blue at
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different temperatures ranging from 20°C to 100°C. The study of the influence of the contact time on the rate of
fixation of our dye on the bentonite allowed us to determine the equilibrium time corresponding to a state of saturation
of the adsorbate by the adsorbent. We follow the adsorption of Methylene Blue at time intervals from 0 to 100 min.
We show the evolution of the fixation rate of our cationic adsorbate (MB) as a function of the mass of the adsorbent
(bentonite). A series of experiments was carried out to determine the optimal mass of the adsorbent. The adsorption of
methylene blue on bentonite was carried out at various masses from 0.1 to 0.4g. After equilibrating the suspensions,
the adsorption of the aqueous solution of Methylene Blue of all parameters was determined by UV-vis
spectrophotometry type Shimadzu. The experiment parameters are shown in Table 2. The removal efficiency (R) and
equilibrium adsorption capacities (ge) and are calculated according to equations (1) and (2) as follows:

R="""x100 (1)
co
ge ==X (2)

Where CO and Ce are the initial and equilibrium concentrations of MB (mg.L™); ge and R are the uptake amount
(mg.g?) and the removal rate (%) at equilibrium respectively; V is the volume of the solution (L); and m is the mass of
the adsorbent (g).

Table 1. Experimental design for batch adsorption study

Investigation Control parameters Variable parameters

Initial ~ concentration: 500 ) )
Solution concentration (mg.L1): 5, 10, 15, 20, 30, 50,

100,150, 200, 250, 300, 350, 400, 450, 500.

Effect of concentration mg.L?

The mass of adsorbent: 0,3 mg

Initial concentration: 20 mg.L™*  Solution pH 2, 3, 4,5, 6, 7, 8, 9, 10

Effect of pH
The mass of adsorbent: 0,3g )
Solution temperature (°K) : 20, 30, 40, 50, 60, 70, 80,
Effect of temperature Initial concentration: 20 mg.L™*
90, 100.
Initial concentration: 20mg.L™*
Volume : 10ml The mass of adsorbent (g): 0.1, 0.15, 0.2, 0.25, 0.3,
Effect of mass
Temperature 25°K 0.35,0.4

Contact time = 60 min

o The mass of adsorbent: 0,3g ) )
Adsorption kinetics Contact time (min): 0, 10, 20, 40, 60, 80 a 120
Initial concentration: 20 mg.L™*

2. 2. 3. Isothermes d’adsorption

Adsorption isotherms are used for the determination of capacities pollutant fixation and the identification and
understanding of the maximum pollutant fixation adsorption mechanisms. For the study of adsorption isotherms
applied to describe the adsorption process our experimental results are: Langmuir, Freundlich, Elovich and Temkin
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isotherms. The Langmuir isotherm is one of the models describing monolayer adsorption. The linear form of the
Langmuir isotherm can be expressed by the following equation (3) [37, 38]:
Qe __ k.Co

= - (©)
s Y (1+KL.Cq)
Where ge (mg.g?): the quantity adsorbed at equilibrium; C. (mg.L™): the concentration at equilibrium; gm (mg.g?): the
maximum quantity adsorbed; K. (L.mg™): Langmuir's constant.
The Freundlich model is an empirical equation used to describe the systems heterogeneous. Freundlich's linear
equation is represented by the following equation (4) [39]:
q= kf. Cuf (4)
Where Ks (mg.g?): the Freundlich constant which expresses the adsorption affinity; 1/n : the Freundlich constant
related to the binding energy ; n : the heterogeneity factor ;
The Elovich isotherm is dependent on the kinetic development, assuming that the adsorption sites increase
exponentially with adsorption [40]. This implies a multilayer adsorption. The Elovich isotherm is described by
equation (5):
Ln% =2 + In(K,q,,) (5)

e m,
Where, Ke (L.mg™): the equilibrium constant of Elovich; gm (mg.g™): the maximum capacity of Elovich;

The derivation of the Temkin isotherm assumes that the decrease in the heat of adsorption is linear rather than
logarithmic, as applied in the Freundlich equation. The Temkin isotherm has generally been presented by the
following equation (6):

q. = % InK;+ %Ln{fg (6)

Where, ge (mg.g™l): the quantity of metal ions adsorbed; Ce (mg.L™2): the equilibrium concentration of the solute; R (k
J.molY): the universal gas constant; T (°K): the temperature; b: the constant dependent on the adsorption energy; Kt (L
/ mg): the equilibrium constant;

3. Results and discussion

3.1. Characterization of adsorbent

3.1.1 Physicochemical and geotechnical properties

Tables 3 exhibit the results of the physicochemical and geotechnical properties of the raw bentonite used such us
adsorbent. Raw bentonite of Nador is characterized by the clay fraction (< 2um) in the order of 3.724 %, the silt
fraction from 41. 63 % and the sand fraction from 54.63% [41]. The surface oOf Trbia’s bentonites is about 271.81
m?.g*. The high CEC value indicates that the bentonite used in this study is rich in montmorillonites. The water
content is quite high, of the order of 30.7%. This value of the natural water content can be related to the amount of fine
elements or clay contained in the analyzed sample [42]. Although it indicates a very high alkalinity, which would be
due to soluble and basic salts such as alkali carbonates and bicarbonates or silicates [43]. These soluble and basic salts
are generally part of the composition of the clay [44, 36]. The geotechnical tests that are covered in this study are
those that can be used to evaluate the probable performance of the raw bentonite, either by swelling tests or by
Atterberg limits give concordant results. These are very plastic bentonites, have a very high swelling potential. These
results show that the bentonite are inactive, the Acg value from 3.48 [35].
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Table 3. Results of physico-chemical and geotechnical properties of bentonite.

Properties
Percentage sand (> 60 pum) 54.63
= Percentage silts (2-60 pm) 41.63
E Percentage clay (<2 pum) 3.72
(5]
-Fl, Sst (m2/g) 271.81
o
02) CEC (meq/100g) 30.5
>
& pH 8.43
Acs 3.48
IG (%) 725
— LL (%) 102
S
= PL (%) 42
S
8 P1 (%) 60
o
8 Water content (W %) 30.7

Note: * Ss, specific surface area ; CEC, Cation exchange capacity ; Acs, clay activity ; IG, swelling index ; LL, Liquidity limit;

PL, plasticity limit; PI, plasticity index.

3. 1.2 Characterization by X-ray diffraction
The total mineralogical composition of the raw bentonite studied is very diverse (Figure 2). X-Ray Diffractograms
(XRD), analysis of raw bentonite shows the presence of montmorillonite as the major component. Dolomite, zeolite,

feldspar, anatase, xenotime, pyrite, hematite, anorthite, cristobalite, and quartz are also present.

The XRD diffractogram is characterized by two types of montmorillonites. Of which, the diffraction peak (001) of the
montmorillonite appears at a basal spacing of 15 A corresponds to a calcium (M-Ca) pole and the diffraction peak
(001) appears at a basal spacing of 12 A corresponds to a sodium (M-Na) pole [45, 46]. The other three peaks are
located at 4.48 A (d110), 2.16A (d200) and 1.49 (dogo). The reflection doeo at 1.49 A indicates the dioctahedral character

of smectite [45, 47].
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An: anorthite

Figure 2. X-ray diffractogram of raw Moroccan bentonite.

3.1.3 FTIR Spectrum Analysis

The FTIR analysis of the raw bentonite was taken in the range of 400-4000 cm™. The FTIR spectra of both are shown
in Figure 3. The spectrum of the raw bentonite exhibits a very strong multiple absorption band observed from 3699.47
to 3251.98 cm, these bands are attributed to the bond elongation vibrations of the hydroxylated [O-H] groups in the
montmorillonite structure at the octahedral layer coordinated with two aluminum atoms [48]. The 3251.98 cm™ band
attributed to the OH stretching (vs) of the structural hydroxyl groups and water present in the mineral indicates the
possibility of a hydroxyl bond between the octahedral and tetrahedral layers [49]. However, a very strong and intense
band was observed at 1643.35 cm™ due essentially to the asymmetric OH elongation (v;) that means the OH
deformation of the water adsorbed between the layers and the OH elongation of constitution. The vibrations observed
at 1035.77 cm* correspond to the Si-O elongation [46]. The band corresponding to the Al-Al-OH deformation is
observed at 914.26 cm™ [50, 48]. The presence of an 844.82 cm™ band in all band samples is attributed to the Al-Mg-
OH deformation. [51]. As well as Al-O-Si, Si-O-Mg and Si-O-Si deformation of clay minerals at 462.92 cm™ [51,
48].

Raw Bentonite

[ransmittance (a.u.)

......... A B B L B B e R REE BE RS E S
4000 3500 3000 2500 2000 1500 1000 500
Wavcnumbcr(cm‘)

Figure 3. FTIR spectra of raw Moroccan bentonite.
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3.1.4 XRF characterization

It was performed to know the chemical compositions of the minerals that are present in the clay. The results exhibit in
the table 4 shows that the magnesium, the alumina, calcium, and iron are present with major quantities. However,
other minerals are present in trace amounts such as silica, potassium, phosphorus etc. This confirms the mineralogical
analysis of bentonite.

Table 4. Chemical analysis raw Moroccan bentonite.

Chemical composition Weight (%)
Mg 29.28
Fe 28.65
K 4.45
Ca 111
Si 0.11
Al 7.29

P 311

S 1.593
Ti 1.246
Mn 0.861
Rb 0.0502
Sr 0.376
Zr 0.32
Th 0.106
Zn 0.081
Y 0.02
As 0.012
Sn 0.066

3.1.5 Scanning Electron microscopy

The images obtained by scanning electron microscopy of raw Trebia bentonite with different magnification are shown
in the figures below. The SEM image shows petaloid-shaped aggregates of the grains in spherical form with
heterogeneous dimensions (Figure 4). See that from the typical shape for smectites [52]. The texture includes a
mixture of clay and non-clay minerals, which allows for a heterogeneous environment. The analysis of SEM images
reveals the presence of feldspar, zircon, calcic albite, iron oxides, and barite. Thus, this confirms what we have
obtained in DRX. With a higher magnification (50um), we observe irregularly shaped pores and fissures. A semi-
quantitative EDX analysis of the raw bentonite samples shows the presence of the following elements: Al, Si, Mg, Na,
O, K, Fe, Zr, Ba, and Ca. These results confirm those found by chemical analysis which also proved the presence of
these elements in the form of oxides: Al, Si, Fe, Mg, Na, Ca and K.
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Figure 4. SEM images and EDX spectra of raw bentonite.

3.2. Adsorption studies

3. 2.1. Effect of initial concentration

The initial concentration of the dyes is a crucial parameter on the adsorption rate [53, 54]. As shown in Figure 5, we
can see that the adsorption capacity increases progressively with the increase of the initial MB content. The quantity of
MB adsorbed on raw bentonite increased from 0.33 to 16.66 mg. g*. The initial concentration of the dye is directly
related to the free sites on the surface of adsorbent, in other words, the increase in concentration accelerates the
diffusion of the adsorbate to the active surface under the action of the concentration gradient force, therefore one can
can conclude that the adsorption performance depends on the number of vacant sites on the bentonite surface. Our
results similar to the one to be found by Khelifi et al (2016) [55], for the adsorption of methylene blue on a biosorbent
based on date nuclei, also a natural biodegradable adsorbent based on Lebanese Eucalyptus [20].
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Figure 5. Effect of the initial MB concentration on the adsorption capacity of bentonite (V= 10ml; m=0.3g; T= 25°K).

3. 2.2. Effect of contact time

The effect of contact time on the MB removal rate was studied for a period ranging from 0 to 100 minutes, with an
initial concentration of 20 mg.L* and at a temperature of 25°C. Determination of the contact time which corresponds
to the adsorption/desorption equilibrium or a saturation equilibrium state. The results presented in figure 6 show that
the adsorbed quantity of MB increases rapidly in the first 15 minutes to reach an adsorption capacity of about 5mg.g-1
and remains approximately constant after 20 minutes, indicating a state of equilibrium. The maximum duration of this
cationic dye on bentonite is 80 min. Indeed, from an economic point of view, the fast kinetics ensure a high yield for

industries.

.(—-’—'—’.
.//

100 min

Adsorption capacity (mg/g)

0 min

T T T T T T T T T T T
0 20 40 60 80 100
Time (min)

Figure 6. Effect of MB contact time on Bentonite (Ci=20mg.L-1; V= 10ml; m=0.3g; T= 25°K)

3. 2.3 Effect of temperature
Temperature is an important physical parameter that can change the adsorption capacity of the adsorbent [56]. The
effect of temperature on the adsorption of MB on bentonite was studied in the temperature range of 20 to 100 °C under

stirring for 30 min. Figure 7 shows the variation of the adsorption capacity as a function of temperature. It can be seen
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that the adsorbed quantity of MB decreases with increasing temperature, which indicates that adsorption is an
exothermic process. This may be due to the weakening of the attractive forces between the dye species (MB) and the
active sites on the adsorbent surface. Indeed the adsorption of MB on bentonite is favorable at low temperatures.

25
24
23
22
21;
20

19

Adsorption capacity (mg/g)

18

17

20

40

Temperature °K

T
100

Figure 7. Influence of temperature on the adsorption of MB by bentonite (Ci=20mg.L™; V= 10ml; m=0.3g).

3.2.4 Effects of the adsorbent mass

To determine the optimal mass needed to remove MB, 10ml of the MB 50 mg L™ solution is brought into contact with
different masses of crude Trebia bentonite, ranging from 0.1 to 0.4g, under constant stirring for 60 min, and at room
temperature. The results presented in figure 8 show an increase in the percentage of adsorption with the mass of the
Bentonite. A rapid increase can be inferred when the Bentonite mass is increased from 0.2 to 0.25g. Above 0.30g no
variation is observed as the percentage of removal remains almost constant. Indeed the increase in the percentage of
adsorption observed as a function of the mass of the Bentonite is due to the availability of free adsorption sites which
increases with the quantity of adsorbent up to the mass 0.25g. Our results are similar to the one to be found by
Boumchita et al (2016) [57], for the adsorption of methylene blue on potato peelings. As well as the adsorption of MB
on Cucumeropsis mannii teguments [58]. Therefore, the ideal mass required for MB adsorption is of the order of

0.30g/10ml.
1.30

1.25 4

1.20 4

1.15

1.10 4

Abs

1.05 H

1.00

0.95

0.90 4

l/.

T
0.20

T
0.25

T T
0.30 0.35 0.40

Bentonite mass (g)

Figure 8. Mass Effect of Bentonite on MB removal (Ci=20mg.L-1; V= 10ml; T= 25°K; tc=60 min).
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3.2.5 Effect of pH

The pH is an important factor in any adsorption study because it can influence both the adsorbent and adsorbate
structure as well as the adsorption mechanism. Indeed, it acts both on the surface charge of the material and on the
distribution and speciation of cations [59, 60] . Figure 9 shows a decrease in the adsorbed amount of MB between
pH=3-9 from 60 mg.g™* to a minimum at 46 mg.g-1. It can be seen that the high levels of MB adsorption occur at very
low pH values (pH=2), although at basic pH values (pH=11). Thus, in the interval where pH is low, this can be
explained by the number of negatively charged sites decreasing and the number of positively charged sites increasing
[61, 62, 63]. However, the surface of the adsorbent would be surrounded by H* ions, which decreases the interaction
of the ions of the MB (cationic pollutant) with the sites of the adsorbent (bentonite) and prevents the formation of
bonds between the MB and the active site [64, 65]. On the other hand, at high pH values, the H* concentration
decreases, which leads to a good interaction between the dye ions and the sites on the bentonite surface. In addition the
substitution of the cation Ca?* by the cation Na*. This process improves the quality of the bentonite, it becomes very
swelling and absorbent [45]. A similar observation was previously reported for the adsorption of MB on activated
Algerian bentonites [66].

80

75

70 S
—.@65_
[=T)] |

n

E - u
)
<

55 [ ]

[ ]
50 L
n
45 -
€ ——7777 7T
1 2 3 4 5 6 7 8 9 10 11

pH
Figure 9. Effect of pH on MB adsorption by bentonite (Ci=20mg.L™; V= 10ml; m=0.3g. T= 25°K; tc=60 min).

3.3. MB adsorption mechanism on bentonite

The adsorption process results from interactions between the surface of the adsorbent (bentonite) and the adsorbate
(MB). However, we found that bentonite is characterized by a variety of metal ions such as (Table 4): AlI**, Ti¥*, Zn?*,
etc., which serve the cation exchange mechanism. As well as the bands attributed to the bond elongation vibrations of
the hydroxyl groups [O-H] (figure 3), which are responsible for the appearance of the surface complexation
mechanism. Therefore, that the adsorption process of MB on bentonite is carried out according to the ion exchange
and surface complexation mechanisms.

3.4. Modelling of MB adsorption isotherms on raw bentonite

The MB adsorption isotherms on bentonite; (a) Langmuir, (b) Freundlich, (d) Elovich and (c) Temkin, are presented in
figure 10. Applying the Langmuir isotherm for the bentonite adsorbent, a linear variation with a correlation coefficient
of -0.7137 is found. The application of the Freundlich isotherm for the same adsorbent gives a linear correlation
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coefficient equal to 0.9747. Elovich isotherm with coefficients of determination (re2) of the order of 0.85499 and
Temkin with a linear correlation coefficient value of the order of 0.9722. The comparison between the linear
correlation coefficients (r?) shows that the adsorption of MB on bentonite, the correlation coefficient in the Freundlich
model (re2) with a value of =0.9747, is the highest compared to the other isotherms. Indeed, the adsorption of BM on
bentonite is described by the Freundlich isotherm, which means that the adsorption sites present on the surface are
energetically heterogeneous, as well as the adsorption is multilayered.

0,08

2,0

(@) ¥ = 457211+ 155743 X (b)
. ¥ = 0.07137 +(-0.31738) * X 154  Re0.97476 -
R=-0.71531
0,06 - =
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-
o 0.5 .
_‘g 0,04 . - . gu
[&] = 0,04 .
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Figure 10. Comparison of MB adsorption isothermal models on bentonite; (a) Langmuir, (b) Freundlich, (c) Elovich
and (d) Temkin.

4. Conclusion

The bentonite used in this work was collected in the region of Nador-Morocco. Taking into account all the results of
the characterization, it is deduced that Moroccan bentonite has been accepted as an adsorbent. As the mineralogical
characterization indicates the dominance of calcium bentonites, this is confirmed by chemical analyses showing that it
is calcium bentonites that have high calcium contents. Indeed, this bentonite has a very high water retention capacity,
although it is very plastic. They are composed of fine-grained particles that favor their very large specific surface area.
Also, the high values of the cation exchange capacity allow us to conclude that our bentonites are rich in
montmorillonites, which translates into a better adsorption capacity. This study allows us to optimize the adsorption
conditions. The equilibrium data are best described by the Freundlich isotherm. Of which, adsorption evaluation has
shown that the removal of MB is exothermic. We conclude that raw bentonite was successfully applied to remove the
methyl blue dye in aqueous solution by adsorption. In view of the very encouraging results obtained indicating the
potential of these low-cost adsorbent materials for water treatment.
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