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Abstract 

Clays and clay minerals have highly reactive surface and interesting texture properties that can easily remove organic and inorganic 

contaminants from wastewaters.  In this perspective, this work reports the study of clay-pollutant interactions by using Moroccan clay 

as absorbents and methyl orange as an anionic model of dyes textile. The clay was sampled in the region of Tetouan. The Structural, and 

physicochemical properties of the sample were determined using different characterization techniques (XRD, FTIR, SEM, ATG/ADT, 

BET, and CEC). The results revealed that the raw clay is mainly composed of kaolinite and smectite as clay minerals. The SiO2 / Al2O3 

ratio was about 2.4. Its Cationic Exchange Capacity (CEC) was found to be 25.34 meq/100g. The specific surface area was equal to 

51.28 m2/g. The adsorption isotherms were carried out using batch conditions. The kinetics adsorption of methyl orange (MO) on the 

clay revealed that equilibrium is rapidly reached. The data were adjusted by four kinetic models, including pseudo-first-order, pseudo-

second-order, intra-particle diffusion model, and Elovich model. The pseudo-second-order model was the most adequate to describe the 

adsorption kinetics of the MO dye. The experimental results were modeled by four models, namely Langmuir, Freundlich, Dubinin 

Redushkevich (D-R), and Elovich. The adsorption isotherm showed that the Langmuir model perfectly represents the adsorption of 

methyl orange on the studied clay with a maximum adsorption capacity of 113 mg/g. The obtained thermodynamic parameters indicate 

that the adsorption of methyl orange is feasible and spontaneous. The obtained results showed clearly that the selected clay could be used 

as an adsorbent of anionic dyes. 
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1 Introduction1 
Over the last few years, environmental pollution has 

become a reality, which requires a deep reflection [1].  

Industrials, scientists, and politicians are committed to 

developing and implementing the most efficient actions to limit 

its harmful effects [2].  Both human health and the environment 

can be seriously affected. Indeed, pollution impacts all the 

constituents of the environment: water, air, and soil. 

Particularly, water pollution is undoubtedly one of the most 

worrying aspects of the degradation of the natural environment 

[3]. The presence of micropollutants in water, even in 

infinitesimal amounts affects its quality, making it unsuitable 

for consumption and toxic for use [4].  Dyes are among these 

micropollutants intensively used in various industrial areas [5-

6]. In the textile industry, there are more than 10, 000 dyes 

available with various and complex chemical structures [7]. 

Moreover, every year new products are brought on the market. 

These substances are highly soluble in water and can be in 

anionic, cationic, and non-ionic forms. To overcome the health 

problems caused by these dyes and to protect the environment, 

it is necessary to treat the residual effluents before it is 

discharged into the environment [8]. 

                                                 
*Corresponding author: Khalid DRAOUI, Laboratory of Materials and Interfacial Systems, Faculty of Sciences Tetouan, University 

Abdelmalek Essaadi- Morocco; E-mail: khdraoui@gmail.com 

To face this environmental threat, many methods have been 

developed, such as coagulation/flocculation, photocatalysis, 

solvent extraction, evaporation, electrochemical oxidation, 

membrane separation, nanofiltration, advanced oxidation, and 

adsorption [9-11]. Among these techniques, the adsorption 

process has shown a high wastewater treatment capacity. It is 

very simple to implement and efficient for the removal of 

organic and inorganic pollutants. However, its high 

effectiveness is essentially related to its adsorbent nature, 

especially in terms of cost, availability, and regeneration. Many 

researchers have focused their interest on improving the 

adsorption capacities of raw solid materials. These include 

activated carbon [12-13] zeolites [14], layered double 

hydroxide materials [15], clays such as montmorillonite [16], 

bentonite [17] and kaolinite [18].  Clay minerals are generally 

phyllosilicates composed by the combination of the tetrahedral 

sheets based on silicon atoms and octahedral sheets often with 

aluminum as the central atom. Additionally, clay minerals can 

be found in fibrous morphology such as sepiolite and 

palygorskite. Isomorphic substitution in the tetrahedral and 

octahedral layers generates a permanent negative charge in the 

structure compensated by hydrated cations located in the 

interlamellar space [19].  The negative charge is located in the 

basal face. This charge is the key to the interaction with 
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different species. Furthermore, the edge face of clay minerals 

contains hydroxyl groups as active sites which are positively 

charged at acidic pH and negatively charged in an alkaline 

medium. Moreover, the state of the charge is highly dependent 

on the pHzc [20].  The efficiency of clays is particularly due to 

their capacity to retain both cationic and anionic compounds 

thanks to their lamellar structure, high CEC, swelling properties 

which provide interesting specific surface area [21] as well their 

texture and granulometry. 

Clays can retain a significant number of harmful substances 

which gives great added value to these materials for use as 

water treatment or impermeable barriers in landfills.  Several 

studies have focused on dyes' adsorption onto clays. The clayey 

soil may also be an alternative for the adsorption of pollutants. 

Its clay content may contribute to the retention of hazardous 

compounds.  Based on what is cited above, we have selected a 

local clay sampled in the region of Saddena province of 

Tetouan (Morocco) as a low-cost alternative adsorbent for 

wastewater treatment. The Physico-chemical properties of the 

raw were evaluated by different techniques, such as X-ray 

diffraction (XRD), Fourier Transform Infrared Spectroscopy 

(FTIR), scanning electron microscopy (SEM/EDX), thermal 

analysis (TGA/DTG), specific surface area by BET method and 

cation exchange capacity (CEC) by the cobalthexamine 

method. The clay adsorption capacity of methyl orange MO in 

batch mode was evaluated by the determination of kinetic 

parameters and adsorption isotherm. The effect of pH and 

temperature was investigated to optimize the experimental 

conditions to remove MO from an aqueous medium. 

 

2 Experimental 
2.1. Materials 

The studied clay was sampled from the natural basin 

Khemiss Anjra-Saddena located in the Tetouan region of 

northern Morocco. Before use, the raw material was dried 24 

hours at 105°C, then crushed and sieved to obtain fractions of 

less than 200 µm. The anionic dye Methyl Orange (MO) was 

purchased from Sigma-Aldrich and used without further 

purification. The MO stock solution was prepared by dissolving 

1g of MO in 1 L of distilled water and stored in the dark at room 

temperature.  The required concentrations were obtained by 

further dilution of the stock solution.  

 

2.2. Characterization techniques 

The mineralogical composition of the investigated clay was 

determined by using Bruker D8 Advance diffractometer 

operated with Cu-Kα radiation.  The scanning speed was 

0,016°/s for 2θ angle ranged between 5 and 90°. The FTIR 

analysis was conducted using Spectrophotometer Thermo 

Vertex 70, in the range of 400-4000 cm-1. The pellet press 

technique was adopted to improve the signal by mixing 1 mg of 

clay fine powder with 99 mg of KBr. The clay morphology was 

analyzed by scanning electron microscopy (SEM) (HIROX SH-

4000M SEM) coupled with an EDS system from Brucker-AXS. 

The elemental composition was determined by an X-Ray 

fluorescence spectrometer (WDXRF, S4 Pioneer BRUKER) 

and the thermal stability by TA Instruments-Waters LLC, SDT 

Q600 analyzer. The heating rate was 5°C min-1. Micomeritics 

Multi-point Beckman Coulter surface analyzer SA 3100 was 

used for texture characterization of the powder by adsorption-

desorption of Nitrogen at -196 °C. The specific surface area 

SSA was determined by the Brunauer-Emmet-Teller (BET) 

analysis. Cation exchange capacity was also evaluated using the 

cobalthexamine (Cl3CO(NH3)6) method based on the variation 

of absorbance at 470 nm at the sample saturation. The 

concentrations of OM were determined using a UV-visible 

spectrophotometer of the type Jasco 630. 

2.3. Adsorption experiments 

The adsorption experiments were carried out in batch mode 

at room temperature. The adsorption isotherms were 

determined by the measurement of the variation of dye 

concentration.  100 mg of adsorbent was brought into contact 

with 20 mL of MO solution at different initial concentrations 

and stirred for 4 h. After equilibrium, the two phases have been 

separated by centrifugation at 3000 rpm for 15 min. The 

residual dye concentration was determined by the previously 

established calibration curve at the wavelength of 464 nm 

corresponding to the maximum MO absorbance. The 

adsorption capacity at the equilibrium is given by the following 

equation: 

 

qe = (C0 − Ce)
V

m
                                                                    (1) 

 

where, qe (mg/g) corresponds to the amount of the adsorbed 

MO, Co (mg/L) and  Ce (mg/L) are the initial and equilibrium 

concentration of the dye, respectively, V (mL) is the volume of 

the solution, and m (g) the masse of the adsorbent. 

 

3 Results and discussion 
3.1. Clay characterization 

3.1.1. Effect of pH 

The determination of pH of the medium is required to 

quantify the contribution of surface acidity when the solid is in 

contact with the solution. For this purpose, 1 g of raw clay was 

dispersed in 100 ml of distilled water and stirred for 60 min with 

a magnetic stirrer at room temperature. The suspension is 

allowed to rest for 4h to reach the equilibrium. The pH was then 

measured using an electronic pH meter. The value found was 

about 5.66 revealings a low acidic character of the studied clay.  

 

3.1.2. pHPZC  determination 

The surface charge of materials depends strongly on the pH 

of the solution with which the material comes into contact. This 

charge can be positive, negative, or neutral depending on the 

medium conditions. An important characteristic of the surface 

is the point of zero charges (pHpzc), which corresponds to the 

pH at which the net surface charge is neutral. It defines the 

acidity or alkalinity of the surface. At pH below pHpzc, the 

surface charge of the material is globally positive and at pH 

above pHpzc, it is negative. This parameter is very important in 

sorption phenomena especially when electrostatic interactions 

are involved in the adsorption mechanism. The determination 

of the point of zero charges of the clay was conducted by batch 

method [22]. The variation of the pH between 1 and 12 was 

achieved by the addition of HCl (1N) and NaOH (1N) solutions. 

The clay suspension was maintained under agitation at 200 rpm 

for 24 hours to achieve equilibrium. The change in pH of each 

solution was measured and compared to the initial pH. The 

pHPZC corresponds to the intercept point of the curve with the 

abscissa axis [23]. It was found to be 8.7 for the studied clay. 

The sample surface will get a negative charge over pH 8.7. 

 

3.1.3. X-Ray Fluorescence analysis 

Table 1 provides the elemental analysis of the clay sample 

carried out by XRF. It shows high clay mineral content reflected 

by the amount of alumina. The ratio SiO2/Al2O3 is 2.4, related 

to the presence of 2:1 clay mineral [24-25]. It should be noted 

that the iron content is significant while the carbonate is low.  

 

3.1.4. XRD analysis 

The XRD technique was used to identify the minerals 

constituting the studied sample. The basal spaces were 

calculated by using the Bragg equation, d = λ/2 sin θ. Figure 2 
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shows that smectite (d001= 12.8 Å) and kaolinite (d001 = 7.11 Å) 

are the main clay minerals in the raw clay [26-27]. The major 

associated mineral is quartz with an intense pic at 2 theta of 27° 

corresponding to (101) reflection plane. 

 

 
Figure 1: point of zero charges pHpzc determination of raw clay 

 

 

Table 1: XRF Elemental composition of the clay sample 

analyzed  

Oxide Composition % 

SiO2 59.63 

Al2O3 24.86 

Fe2O3 11.37 

K2O 1.58 

TiO2 1.25 

CaO 1.14 

Cr2O3 0.053 

V2O5 0.05 

ZnO 0.022 

NiO 0.01 

 

 
Figure 2: Powder XRD pattern of the clay sample 

 

3.1.5. FTIR spectroscopy analysis 

Infrared spectroscopy allows the identification of the clay 

surface groups [28]. The FTIR analysis of the studied clay is 

given in figure 3. The band at 3650 cm-1 corresponds to 

stretching frequencies of kaolinite  OH groups and the band 

located at 3625 cm-1 is assigned to the Al–OH–Al stretching 

vibration of the smectite [29]. The bands at 3429 cm-1 and 1630 

cm-1 are related to the stretching vibration and the bending 

mode of the water molecules that are associated with the 

exchangeable cations in interlayer spaces [30]. The bands in the 

range 1120 cm-1 and 1000 cm-1 are due to the elongation 

vibrations of the Si-O bond, due to the presence of quartz and 

Si-OH, Al-OH and Al-O-Al groups of the clay minerals. The 

deformation vibration of the Al-Al-OH appears at 914 cm-1 

[31]. The bands around 500 cm-1 and 400 cm-1 may be 

attributed to deformation vibrations of the Al-O-Si bonds and 

deformation of the Si-O-Si linkages or elongation of the Fe-O 

bond, respectively. The bands at 2350-2320 cm-1 are attributed 

to the asymmetric stretch mode of CO2 [32]. 

 

 
Figure 3: FTIR spectra of the clay sample 

 

 3.1.6. Scanning electron microscopy (SEM) 

SEM was performed to examine the clay particles' 

morphology. The micrograph confirms that the material is 

composed of micrometric agglomerated particles.  The 

morphology is irregular with an important porosity (Figure 4). 

EDS data are summarized in table 2. The results confirm those 

obtained by XRF. The clay contains mainly Si, Al, and Fe 

according to the presence of Al2O3, SiO2, Fe2O3 (Table 2). 

 

3.1.7. Thermal analysis 

Thermal analysis was solicited to investigate the thermal 

stability of the clay sample. Three weight-loss events were 

observed in TGA/DTG thermograms with a total weight loss of 

12.5% (Figure 5). The high value should be related to the 

presence of hydrated smectite. For the temperature below 300 

°C, the weight loss is attributed to the release of physical and 

interfoliar water, respectively. The dehydroxylation of kaolinite 

is evidenced by the significant weight loss between 400 and 600 

°C. This range is followed by a low mass loss due to 

dehydroxylation and a change in crystalline clay structure [34, 

35].  

 

Table 2: EDS elemental analysis of the clay  

Element Atomic % 

O 63.03 

Si 18.32 

Al 11.23 

Fe 3.17 

K 0.65 

Mg 0.99 

C 1.55 

Ca 0.44 

Na 0.62 
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Figure 4: SEM images of clay sample  and EDS analysis  

 

 
Figure 5: TGA/DTG  thermograms of the clay sample 
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3.1.8. Specific surface area 

Textural characterization of the clay was performed by 

nitrogen adsorption-desorption volumetry. The specific surface 

area was estimated using the BET model [36] at the linear part. 

The molecular area of N2 is about 0.162 nm2. Figure 6 shows 

that the adsorption-desorption isotherm belongs to type IV, 

characteristic of mesoporous solids due to the presence of 

hysteresis loop of H4 in the P/P0 range of 0.45 to 0.95 [37]. The 

value of the specific surface area SBET is about 51.28 m2/g 

which is close to that found for smectites. 

 

 
Figure 6: Nitrogen adsorption and desorption curves of clay sample 

 

3.1.7.  Cation exchange capacity (CEC)  

Cation exchange capacity (CEC) is the total capacity of 

materials to retain exchangeable cations which measurement is 

important since it allows the prediction of the adsorption 

mechanism of cationic molecules. There are several methods 

for the determination of CEC. In this work, the standard 

cobalthexamine method was used [38]. The cation exchange 

capacity of the analyzed clay sample is approximately 25.34 

meq/100g. This value is within the range corresponding to the 

presence of swelling clay, which is in agreement with the X-ray 

diffraction results. 

 

3.2. Adsorption study 

3.2.1. Adsorption kinetic 

Adsorption kinetics, expressed in terms of the quantity of 

solute retained as a function of contact time, is one of the 

defining characteristics of adsorption efficiency [39]. The 

Effect of time on adsorption exhibits two distinct stages as 

shown in figure 7. During the first hour, the adsorption capacity 

increases rapidly. This can be explained by the high availability 

of adsorption sites and the strong interaction at the 

dye/adsorbent interface. In the second step, adsorption capacity 

increases slightly until reaching equilibrium. The kinetic data 

were modeled using the four most commonly used equations to 

characterize the adsorption mechanism: pseudo-first-order, 

pseudo-second-order, intra-particle diffusion, and Elovich. The 

pseudo-first-order model is the oldest kinetic model, proposed 

by Lagergren [40], according to the following equation: 

 

log(qe − qt ) = logqe −
k1

2.303
t                                               (2) 

 

where t is the contact time, qt and qe (mg/g) are the amounts 

adsorbed at time t and equilibrium respectively, k1 is the 

pseudo-first-order rate kinetic (min-1). Figure 8 shows clearly 

that this model is not adequate to describe the kinetic data. This 

result is supported by a very low correlation coefficient and a 

large difference between the values of the theoretical and 

experimental adsorption capacities (Table 3). 

 

 

 
Figure 7:  Kinetic adsorption of  MO on raw clay, [MO]= 400 mg/L 

 

 
Figure 8: Pseudo-first-order plot of MO adsorption on clay sample 

 

 The kinetic model of pseudo-second-order indicates that 

the mechanism is chemisorption which considers the fast 

fixation of the adsorbate on the most reactive sites and that of a 

slow fixation on the sites of less energy [41-42]. The model is 

expressed by: 

 
t

Qt
=

1

k2qQe
2 +

1

Qe
t                                                                      (3) 

 

where k2 is the pseudo-second-order rate constant (min-1). 

Figure 9 shows the result of the experimental data modeling of 

this kinetic model. The linearity of the curve is noticeable, and 

the correlation coefficient is equal to 1 as illustrated in Table 3. 

Moreover, the calculated value of qe,cal  (54.64 mg.g-1) is 

comparable to the experimental value. Therefore, the MO 

adsorption process on the investigated clay is governed by a 

chemisorption mechanism. Several studies have also reported 

that the adsorption of dyes on some clay substrates from an 

aqueous medium follows the pseudo-second-order model [43-

45]. The intra-particle diffusion model is generally applied to 

identify the rate-limiting step of the retention process since 

other models do not specify the diffusion mechanism. It was 

proposed by Weber and Morris [46] and presented by the 

following equation: 

 

𝑞𝑡 =  𝑘𝑖𝑡
1

2 + 𝐶                                                                          (4) 

 

where ki (mg/g.min1/2) is the intra-particle diffusion rate 

constant and C (mg/g) is the constant indicating the thickness 

of the boundary layer. These constants can be experimentally 
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determined from the slope and intercept at the origin by plotting 

the curve Ki as a function of t1/2 (Figure 10). 

 

 
Figure 9: Pseudo-second-order plot of MO adsorption on clay sample 

 

 
 

Figure 10: Intra-particle diffusion plot of MO adsorption on clay 

sample 

 

As shown in figure 10, the experimental data are divided 

into three steps. The first stage of the plot characterized by a 

relatively high slope is allocated to external diffusion allowing 

MO molecules to reach the external surface of the clay. This 

step has the highest value of the intra-particle diffusion rate 

constant.  (Table 3). Then the adsorbate diffuses from the 

external surface to the adsorption site in the porous structure 

which corresponds to intraparticle-diffusion. The third stage 

reflects adsorption accompanied by a decrease in MO 

concentration until reaching equilibrium. Table 3 shows that 

the correlation coefficient is high for the three stages, thus it 

seems that this model perfectly represents the obtained data. 

Moreover, the values of the intercept (C) increase as a function 

of time, indicating that the effects of external mass transfer 

resistance become progressively higher. Indeed, an increase in 

the value of C indicates the abundance of solute adsorbed on 

the boundary layer [47]. Otherwise, the Elovich model is also 

used to represent the chemisorption on the heterogeneous 

surface [48]. The equation is formulated as follow: 

 
𝑞𝑡

𝑑𝑡
=  𝛼𝑒(−𝛽𝑞𝑡)                                                                        (5) 

 

where α (mg/g.min) is the adsorption initial rate, β is a constant 

that represents the extent of surface coverage and 

chemisorption activation energy. Elovich equation can be 

simplified, by assuming that αβt >> 1 [49]. The following 

equation is then obtained: 

 

𝑞𝑡 =
1

β
 𝑙𝑛(αβ) +

1

β
 𝑙𝑛𝑡                                                           (6) 

 

The constants α and β are determined by plotting qt versus 

lnt as shown in Figure 11. Based on the low value of the 

correlation coefficient (Table 3), the Elovich equation is not 

suitable to predict the adsorption mechanism.    

 

 
Figure 11: Elovich model plot of MO adsorption on clay sample

 

 

Table 3: Kinetic parameters of MO adsorption on clay sample  

Kinetic model Parameter Value R2 

Qe experimental  qe(exp) (mg/g) 55.52  

Pseudo-first order  
K1 (min-1) 

qcalc (mg/g) 

0.002 

1.51 
0.46 

Pseudo-second order 
K2 (g/(mg.min)) 

qcalc (mg/g) 

0.04 

54.64 
1 

Intra-particular diffusion 

Ki1 (mg/(g.min½) 

C1 (mg/g) 

Ki2  (mg/(g.min½) 

C2  (mg/g) 

Ki3 (mg/(g.min½) 

C3 (mg/g) 

0.94 

48.85 

0.10 

53.48 

0.001 

54.70 

0.91 

 

0.91 

 

0.73 

Elovich 
α (mg/g.min) 

β (g/mg) 

7.28E+06 

2.995 
0.77 
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3.2.2 pH Effect 

the pH of the medium is an essential parameter to consider 

in adsorption processes. This parameter affects both the 

solubility and the ionization state of the sorbate. It significantly 

affects the mobility of ions [50,51]. The adsorbent surface 

charge is also closely related to this parameter. The influence 

of pH on the MO adsorption onto the studied material was 

examined for values ranging from 2 to 12.  For this purpose, 

100 mg of adsorbent was introduced into 25 mL of MO 

solution, keeping contact time to 4h, stirring speed of 200 rpm 

at room temperature. Acidification and alkalization of the 

solutions were carried out by adding 1N HCl or 1N NaOH 

solutions. The results are shown in figure 12. 

 

 
Figure 12: Effect of pH on the adsorption of MO on clay sample 

 

The adsorption capacity is highest at acidic pH and 

decreases significantly (about 40%) between pH 2 and 4. Above 

pH 4, the percentage of OM removal is slightly reduced. In an 

acidic environment, the surface of the adsorbent becomes more 

positively charged improving the attraction of the anionic dye 

molecules. In an alkaline medium, hydroxyl anions compete 

with the OM, contributing to a decrease in its adsorption. A 

similar result was reported by Jalil et al. [44] 

 

3.2.3 Adsorption isotherm and temperature effect 

The adsorption isotherm is a simple and useful tool to 

specify the affinity between the adsorbent and the adsorbate. It 

allows determining the effective variation of the adsorbed 

quantities according to the concentration often expressed at 

equilibrium. The adsorption capacity is directly linked to the 

temperature which may affect the adsorption process [9,10]. 

Moreover, it is interesting to investigate this parameter since 

several industrial effluents are discharged into the environment 

at high temperatures. The evolution of the adsorption capacity 

was conducted at different initial concentrations and 

temperatures. Figure 13 shows that the temperature induces to 

a decrease in the adsorption capacity of the studied clay. The 

adsorption process must be exothermic, which favors the 

desorption process in the sorption mechanism. Similar findings 

were cited by Yu and Luo [52], for the adsorption of the MO 

dye on mesoporous activated carbon. Several theoretical 

models have been developed to describe the adsorption 

isotherms. In this study, four models were applied, including 

Langmuir, Freundlich, D-R, and Temkin to better understand 

the adsorption process. 

 

Langmuir model: 

The Langmuir adsorption isotherm assumes that the 

adsorbent has a fixed and equivalent number of adsorption sites 

[53]. The species should be compacted as a monolayer surface 

without any lateral interaction between adsorbed molecules. 

The linear form of the Langmuir isothermal model is expressed 

by the following equation: 

 
1

𝑞𝑒
=  

1

𝑞𝑚𝑎𝑥
+ 

1

𝑞𝑚𝑎𝑥𝑘𝐿
 

1

𝐶𝑒
                   (7) 

 

where qe (mg/g) is the adsorption capacity at the equilibrium,  

qmax is the maximum adsorption capacity (mg/g) which 

corresponds to the complete formation of the monolayer, Ce 

(mg/L) is the MO equilibrium concentration and KL (L/mg) is 

the Langmuir isotherm constant related to the affinity of the 

surface sites for the adsorbate. qmax and kL were determined by 

plotting 1/qe versus 1/Ce  (Figure 14 ) 

 

 
Figure 13: Adsorption isotherms and effect of temperature on the MO 

adsorption  

 

 
Figure 14: Langmuir isotherm plots for MO adsorption on Clay 

 

The essential characteristics of the Langmuir isotherm can 

be expressed by the dimensionless parameter known as the 

separation factor or equilibrium parameter, RL, which is 

expressed as 

 

𝑅𝐿 =  
1

1+ 𝑘𝐿 𝐶0
                                                                           (8) 

 

where C0 is the initial concentration. The Langmuir model 

parameters, presented in Table 4, are reasonable to describe the 

adsorption process of MO on studied clay. The correlation 

coefficients are all close to 1, and the qmax values calculated 

from the Langmuir equation are comparable to those obtained 

experimentally. The RL values obtained for all temperatures are 
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between 0 and 1, indicating that the adsorption process of MO 

on the clay is favorable. 

 

Freundlich model 

Freundlich model is an empirical isotherm based on 

adsorption on heterogeneous surfaces [54]. The adsorption sites 

are considered not equivalent; therefore, the adsorption takes 

place first on the most active sites. The Freundlich equation is 

expressed by: 

 

𝑞𝑒 = 𝑘𝑓𝐶𝑒

1

𝑛                                                                             (9) 

 

The equation can be linearized as follows: 

 

𝑙𝑛𝑞𝑒 =  𝑙𝑜𝑔𝑘𝑓 + 
1

𝑛𝑓
𝑙𝑛𝐶𝑒                                                     (10) 

 

where kf and nf are the Freundlich constants, nf expresses the 

adsorption  strength, kf and nf were determined by the plot of  

𝑙𝑛𝑞𝑒  variation with  𝑙𝑛𝐶𝑒 (Figure 15). The intercept with the x-

axis corresponds to log Kf while the slope is equal to 1/n value. 

 

 
Figure 15: Freundlich isotherms of methyl orange adsorption on the 

clay 

 

The adsorption isotherm exhibits an acceptable fitting for 

the studied temperatures. The correlation coefficient is also 

higher but slightly low than those obtained by the Langmuir 

model (Table 4). The acceptable fit of experimental data by the 

Freundlich equation is probably because the monolayer was not 

saturated. kf values increase with increasing temperature 

according to the improvement of adsorption capacity. The 

parameter 1/n is lower than 1, adsorption is therefore quite 

favorable.  

 

Dubinin-Radushkevich (D-R) model  

The Dubinin-Radushkevich model is based on adsorbent 

porosity and adsorption energy [55]. It provides insight into the 

adsorption mechanism and the possibility to distinguish 

between physical and chemical adsorption. The model is 

expressed as follows: 

 

𝑞𝑒 =  𝑞𝑚𝑎𝑥 𝑒(−𝐾𝐷𝑅𝜀2)                                                              (11) 

 

The equation can be linearized as: 

 

𝑙𝑛𝑞𝑒 =  𝑙𝑛𝑞𝑚𝑎𝑥 −  𝐾𝐷𝑅ε2                                                    (12) 

 

in which, qmax (mg/g) is the maximum theoretical capacity of 

adsorption, ε is the Polanyi potential. KDR (mol2/kJ2) is related 

to the adsorption free energy, given by: 

ε =  𝑅𝑇𝑙𝑛 (1 +  
1

𝐶𝑒
 )                                                             (13) 

 

KDR and E (kJ/mol) are linked by the following equation [56]: 

 

𝐸 = (2𝐾𝐷𝑅)−0.5                                                                   (14) 

 

By plotting  𝑙𝑛𝑞𝑒  versus ε2, the value of qmax, KDR and E 

could be calculated (Figure 16). 

 

 
Figure 16: Dubinin-Radushkevich isotherms of methyl orange 

adsorption on the clay 

 

The energy (E) calculated from the D-R isotherm gives 

useful information on the properties of the physical or chemical 

adsorption process [57]. KDR values are in the same order of 

magnitude (Table 4). The maximum adsorption capacity is not 

under the experimental data and the correlation coefficient is 

low, therefore this model is not suitable to describe the 

adsorption isotherm data. 

 

Temkin model  

The Temkin model used by Hayward and Trapnell assumes 

that the affinity decreases linearly not logarithmically with 

increasing adsorption on the surface of the material [58,59]. The 

Temkin isotherm is generally expressed by the following 

equation: 

 

𝑞𝑒 = 𝐵𝑙𝑛(𝐾𝑇𝐶𝑒)                  (15) 

 

The linear form of the equation is as follows: 

 

𝑞𝑒 = 𝐵𝑙𝑛𝐾𝑇 + 𝐵𝑙𝑛𝐶𝑒             (16) 

 

where B is equal to 
𝑅𝑇

𝑏𝑇
, KT (L/g) is the equilibrium binding 

constant,  B (J/mol) is the Temkin constant related to the 

adsorption heat, R is the universal gas constant (8.314 J/mol.K), 

and T is temperature. The plot of  𝑞𝑒  variation with  𝑙𝑛𝐶𝑒   is 

used to determine B and KT (Figure 17). The parameters of the 

Temkin equation are given in Table 4. The modeling of the 

experimental data shows that the Temkin constant (B) 

decreases with temperature, indicating that adsorption is 

exothermic, which confirms our experimental results. The 

correlation coefficients are high (≥ 0.97), suggesting that it is 

possible to implement this model for the description of 

experimental data. 
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Figure 17: Temkin isotherms of MO adsorption on the clay sample 

 

3.2.4 Thermodynamic study  

The thermodynamic study provides information on the 

spontaneity of the adsorption process [60]. Several researchers 

focused on the determination of parameters such as free energy 

(ΔG°), enthalpy (ΔH°) and entropy (ΔS°) variations estimated 

from equilibrium constants at different temperatures. The free 

energy variation of the adsorption reaction is given by the  Van't 

Hoff equations: 

 

∆𝐺𝑜 = −𝑅𝑇𝑙𝑛𝐾𝑐   (17) 

 

𝑙𝑛𝐾𝑐 = −
Δ𝐻𝑜

𝑅𝑇
+  

Δ𝑆𝑜

𝑅
             (18) 

 

where ΔG° is the Gibbs free energy change (kJ/mol), ΔH° is the 

enthalpy variation (kJ/mol) and ΔS° is the entropy change 

(J/K.mol), Kc is equilibrium adsorption constant  (L/mg). ΔH° 

and ΔS° are deduced from Figure 18. 

 

 
Figure 18: Van't Hoff representation for the MO adsorption on the 

clay sample 

 

The thermodynamic parameters of adsorption were 

determined from the experimental data obtained at different 

temperatures. The values of ΔG are all negative, which reflects 

the spontaneous behavior of the adsorption process (Table 5). 

The negative values of ΔH confirm the exothermic nature of the 

above process. 

 

4 Conclusion 
This study focused on the evaluation of the effectiveness of 

raw Moroccan clay from the Tetouan region to remove the 

methyl orange, as an anionic model dye, from an aqueous 

medium. The characterization revealed that kaolinite and 

smectite are the two main clay minerals composing this natural 

material. This raw material is also relatively rich in iron and 

presents an interesting specific surface area and cation 

exchange capacity. The adsorption performance depends on the 

pH of the solution with high adsorption of dye at an acidic 

medium. The kinetic study showed that equilibrium is rapid and 

established after 60 minutes of contact time. The adsorption 

mechanism can be described by pseudo-second-order kinetics. 

Besides, the clay has shown high efficiency in removing MO 

anionic dye with a maximum adsorption capacity of 113 mg/g.

 

Table 4: Adsorption parameters according to the models of  Langmuir, Freundlich, Temkin and D-R 

Isotherm model Parameters 
Temperature (K) 

293 298 303 313 

Langmuir 

qmax (mg/g) 113.64 108.70 104.17 102.04 

KL     (L/mg) 0.002 0.002 0.002 0.001 

R2     0.99 0.99 0.98 0.98 

Freundlich 

Kf  7.23 8.35 10.20 10.60 

nf 0.87 0.87 0.85 0.90 

R2 0.97 0.97 0.96 0.96 

Temkin 

KT     (L/mg) 51.02 55.24 57.07 58.29 

B     (kJ/mol) 54.21 51.81 50.60 48.38 

R2 0.98 0.98 0.97 0.97 

D-R 

qmax (mg/g) 94.34 87.71 85.98 82.86 

KDR (mol2/kJ2) 3.00 2.86 3.16 3.23 

E     (kJ/mol) 0.39 0.42 0.40 0.39 

R2 0.92 0.90 0.90 0.90 

R2 0.75 0.86 0.82 0.83 

 

Table 5: Thermodynamic Parameters of MO adsorption on clay sample 

Temperature (K) ∆G° (kJ/mol) ∆H° (kJ/mol) ∆S° (J/mol.k) 

293 -5.449 

-5.47 -0.072 
298 -5.448 

303 -5.448 

313 -5.447 
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The adsorption isotherms were successfully fitted by the 

Langmuir model. Moreover, the increase in temperature leads 

to a decrease in the adsorption capacity. The obtained 

thermodynamic parameters indicate that the adsorption of the 

methyl orange dye is exothermic, physical, and spontaneous in 

nature. The abundance of this natural material in the Tetouan 

region may therefore offer a low-cost alternative for the 

treatment of wastewater effluents with a view to their reuse in 

irrigation of green spaces or to dedicate these lands as an 

impermeable area for the implementation of a landfill site. 
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