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Abstract: The present work concerns the study of the adsorption of methylene blue (MB) and tartrazine (TAR) in aqueous 

solution by the raw clay (AB) and bridged clay (AP) of "Boboyo". Studies show that the adsorption of these two dyes on both 

adsorbents is very fast. The adsorption equilibrium time is 25 minutes for AB for both adsorbates and 15 and 30 minutes for 

TAR and BM on AP, respectively. The maximum adsorbed amounts of BM are of the order of 4.49mg/g on AB and 4.39mg/g 

on AP. They are of the order of 2.43mg/g on AB and 2.64mg/g on AP for TAR. The experiments show that the adsorbed 

quantity of these two dyes decreases with the increase of the mass of the adsorbents, is maximum at pH = 3 and increases with 

the increase of the initial concentration of the two dyes. The modeling of the adsorption kinetics reveals a conformity to the 

pseudo-second order model for the two dyes studied on adsorbent disputes. Experimental results are better described with the 

Freundlich isothermal model. The thermodynamic parameters showed that the adsorption of the two dyes is favorable and 

endothermic. 
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1. Introduction 

The greatest danger to the environment and the 

degradation of the ecosystem is pollution. Whether accidental 

or voluntary, pollution is the result of the misuse of organic 

and/or mineral compounds. The textile industry is an 

important source of liquid effluents containing pollutants 

mainly in dyes. The latter have many applications in different 

fields such as dyeing and printing on fiber and fabrics of all 

kinds, coloring foodstuffs, dyes for medicinal and cosmetic 

use [1]. For the most part, these dyes are hardly 

biodegradable compounds, they are recognized, toxic or 

harmful to humans and animals. For example, tartrazine 

develops a number of adverse reactions in some individuals 

such as pruritus, edema, urticaria, asthma and rhinitis [2]. 

Various conventional methods have been used to remove 

organic pollutants from water. The most used methods are 

made by chemical, physicochemical or biological methods 

such as coagulation, flocculation, precipitation and 

membrane filtration, and adsorption, which is the most 

effective treatment method for removing dyes [3-6]. In this 

study, we opted for the adsorption process, which is 

considered one of the most widely used treatment techniques 

for removing organic compounds and metal ions in general 

from water. For a long time, the most requested material for 

this process is activated carbon. Certainly the costs of 

treatment with this medium are interesting; nevertheless, 

several disadvantages limit its frequent use. Indeed, 

saturation and regeneration of coal, its selective adsorption 

poses a problem for industrialists who are in constant search 

of cheap adsorbents [7]. Many materials have been tried for 

the removal of dyes. They include algae, industrial waste: red 
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mud, agricultural by-products, seafood waste: chitin [8-9]. 

The objective of this work is to study the adsorption of two 

dyes, methylene blue (MB) and tartrazine (TAR) on local 

materials, in this case raw clay (AB) and bridged clay (AP) 

Boboyo (Far North, Cameroon). A study of adsorption 

isotherms and kinetic is carried out to elucidate the 

adsorption mechanism of these two dyes on local materials. 

2. Methodology 

2.1. Obtaining Raw Clay (AB) 

The clay used as adsorbents in this study is extracted in 

earthen mud from the Boboyo deposit in the Far North 

Region of Cameroon, Mayo-Kani Department, Kaélé 

District. After grinding and sieving, the Stock method was 

used to obtain the clay fraction (< 2μm). The clay fractions 

obtained were treated successively with dilute sulfuric acid 

and hydrochloric acid and then washed extensively with 

distilled water. So we got our raw clay. 

2.2. Obtaining Bridged Clay (AP) 

40g of crude clay is treated three times with a solution of 

sodium chloride with magnetic stirring for 24	hours. After 

washing several times with distilled water, we obtained the 

sodium clay which was dried in an oven at 105°C  for 

2	hours. The bridging solution was prepared by titrating a 

0.1M  aluminum sulfate with 0.1M  sodium hydroxide 

solution contained in a separating funnel with a batch flow. 

During the titration, the homogenization of the medium is 

carried out by a magnetic stirrer in order to avoid the local 

supercalinted solutions, which can trigger the formation of 

the precipitate of the metal hydroxide. The aluminum 

hydroxide solution obtained is kept for 48	hours in the dark. 

The bridging of the clay by metal polycations is carried out 

according to a succession of fundamental operations which 

are cation exchange followed by heat treatment. 10g  of 

sodium clay is introduced into a reactor containing 200mL of 

distilled water which we have homogenized for 1	hour. In 

the following the clay suspension is metered drop by drop 

with the bridging solution with magnetic stirring. At the end 

of the dosing, we left the clays in contact with the metal 

polycations for 48	hours in the dark. After several washes 

with distilled water until the removal of chloride ions, the 

bridged clay was dried in an oven at 105°C  for 24	hours, 

then calcined at 400°C for 3	hours. 
2.3. Adsorption Tests of BM and TAR on AB and AP 

In each experiment, the adsorbent (AB or AP) is contacted 

with a solution of distilled water in which the dye (BM or 

TAR) has been dissolved. 

2.3.1. Contact Time 

We treated volumes of 20mL  of identical solutions of 

concentration of about 24mg/L of the dye (BM or TAR) with 

a mass of 0.1g  of adsorbent (AB or AP), the mixture is 

agitated with using a magnetic stirrer, the samples are 

collected at well-defined time intervals ranging from 5  to 

40	minutes, the whole is filtered. The residual concentration 

of the dye was measured by absorption spectrophotometry. 

The quantity q� of the adsorbed dye is given by the relation: 

q� =
( !" #$%

&                                (1) 

With, 

q�	 : Amount of adsorbed dye per gram of adsorbent 

(mg/g); 

C'	: Initial concentration of the dye (mg/L); 

C(	: Residual concentration at equilibrium (mg/L); 

V	: Volume of the solution (L); 

m	: Mass of the adsorbent (g). 

2.3.2. Influence of Some parameters on Adsorption 

Influence of pH 

The same procedure is carried out at room temperature, 

adjusting the initial pH of the dye solutions using the NaOH 

(1N) and HCl (1N) solutions for the different pH values 

studied (3; 	5; 	7; 	9; 	11). 

Influence of the initial quantity of clay 

The effect of the initial mass of clay was studied at the pH 

of maximum adsorption of the solution, at room temperature 

and at a concentration of 24mg/L . The masses of clay 

chosen vary between 0.1 and 0.5g. 

Influence of the initial concentration of the solution 

The effect of the initial dye concentration was studied by 

stirring, 20mL of dye solutions, at the maximum adsorption 

pH of the solution, mixed with 0.1g  of clay and at room 

temperature. The concentrations used range from 1  to 

24	mg/L. 

2.3.3. Modeling of Adsorption Kinetics 

Adsorption kinetics were modeled using kinetic pseudo-

order surface reaction models 1 and 2, the Elovich kinetic 

model and the kinetic intraparticle diffusion model. 

Model of pseudo first order kinetics (Lagergren model) 

Lagergren proposed a kinetic model of pseudo first order 

expressed by the following relation [10]: 

./

.� = k1(q2 − q�$                             (2) 

With, 

k1	 : Speed constant for kinetics of pseudo first order 

(min"1); 

q�	: Adsorption capacity at time t (mg/g); 

q2	: Adsorption capacity at equilibrium (mg/g). 

The integration of equation (2) gives: 

ln(q2 − q�$ = lnq2 − k1t                         (3) 

Model of kinetics pseudo second order 

It is represented by the following formula: 

./5
.� = k6(q2 − q�$6                          (4) 

With, 

k6	: Speed constant for second-order kinetics (g/mg.min); 

q�	: Adsorption capacity at time t (mg/g); 

q2	: Adsorption capacity at equilibrium (mg/g). 
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The integration of equation (4) gives: 

�
/5
= 1

78/98
+ 1

/9
t                                     (5) 

By representing the function 
�
/5
= f(t$ , the quantity of 

equilibrium adsorbed ions q2  and the pseudo-second order 

velocity constant k6  can be determined from the slope and 

the ordinate at origin. 

Intra particle scattering model 

It is represented by the following equation: 

q� = K=>�√t + C                                 (6) 

With, 

q�	: Relative amount of the molecule adsorbed at time t; 

K=>�	: Intra particle particle constant; 

C	: Value of the thickness of the boundary layer. 

The curve q� = f@√tA	makes it possible to obtain a line of 

slope K=>� and an ordinate at the origin C. 

Elovich model 

This model is described by the equation: 

./

.� = 	αe"C/5                                     (7) 

By simplifying the Elovich equation under the initial 

conditions: αβ	 >> 	t , q� = 0  to t	 = 	0  and q� = q�  to t	 =
	t, the equation can be written as follows: 

q� = 1
C ln(αβ) +	1C lnt                            (8) 

With, 

α	: Initial adsorption rate (mg/g.min); 

β	: Adsorption constant (g/mg). 

α and β can be obtained by plotting the curve q� = f(lnt$ 
which is a line of slope 

1
C  and the ordinate at the origin 

1
C ln(αβ). 

2.3.4. Modeling of Adsorption Isotherms 

Langmuir Model 

The Langmuir equation is expressed by: 

q2 = FG./H. 9
1IFG 9

                                     (9) 

or in the linear form: 

 9
/9
= 1

FG./H
+  9

/H
                               (10) 

With, 

C2	: Equilibrium concentration (mg/L); 

q2	: Quantity adsorbed at equilibrium (mg/g); 

q&	 : Maximum adsorption capacity of the monolayer 

(mg/g); 

KJ	: Langmuir parameter. 

The representation of 
 9
/9
	vs	C2  makes it possible to 

determine the coefficients q&  and KJ  for the adsorption of 

the ions of the solution. 

Freundlich model 

The Freundlich equation is written: 

q2 = KLC21 >⁄
                                 (11) 

With, 

q2	: Quantity adsorbed per gram of solid (mg/g); 

C2	: Equilibrium concentration (mg/L); 

KL  and N	 : Freundlich parameters, characteristics of the 

solution and the adsorbent, determined experimentally. 

The equation can be linearized as follows: 

lnq2 = lnKL + O1>P . lnC2                         (12) 

High values of KL  and n indicate strong adsorption of 

solutes. 

Temkin model 

The equation of this isotherm is given by: 

q2 = BlnKR + BlnC2                         (13) 

With, 

B = RT / bT: Constant related to adsorption energy; 

R: Constant of perfect gases (8.314 J/mol); 

T: Temperature (K); 

bT: Adsorption potential (J/mol); 

KT: Constant equilibrium bond (L/g). 

3. Results and Interpretation 

3.1. Influence of Contact Time on the Elimination of BM 

and TAR 

 

Figure 1. Adsorption kinetics of BM and TAR on AB and AP. 

Figure 1 shows the amount of BM and AR adsorbed on AB 

and AP as a function of time. The results of Figure 1 show 

that the adsorption of BM and TAR has two distinct steps 

regardless of the adsorbent used. The first step is fast and 

corresponds to the external mass transfer. It is due to the fact 

that at the beginning of the adsorption the sites available are 

much more important. The second step is slow and is related 

to the diffusion phenomenon. It is explained by the fact that 

almost all the active sites of the adsorbents are occupied by 

the molecules of the dyes. The latter obstruct the pores thus 

slowing the rate of adsorption, so we observe the bearings. 

We consider that the adsorption of BM and TAR on the 
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various adsorbents (AB and AP) is a fast process since we 

obtained an equilibrium time of 25	minutes for AB and 15 

and 30	minutes respectively for TAR and BM on AP. The 

maximum adsorbed amounts of BM are of the order of 

4.49mg/g on AB and 4.39mg/g on AP. They are of the order 

of 2.43mg/g on AB and 2.64mg/g on AP for TAR. 

3.2. Effect of Adsorbent Mass on BM and TAR Removal 

In order to estimate the mass of AB and AP to be added to 

the solution of pollutants for maximum adsorption, we 

conducted our experiments using 20mL  of BM and TAR 

solution at 24mg/L at which different masses of adsorbents 

have been added. The results are shown in Figure 2. It is 

apparent from Figure 2 that the adsorbed amount decreases 

with the mass of the adsorbent regardless of the adsorbent 

used. This decrease in adsorbed quantity is explained by the 

fact that: 

When the mass of adsorbent is low, the dye molecules can 

easily access the adsorption sites. The increase in the mass of 

the adsorbent makes it possible to increase the number of 

adsorption sites, but the molecules of the dyes have difficulty 

approaching these sites because of the bulk [11]. 

A large amount of adsorbent mass creates agglomerations 

of the particles, resulting in a reduction in the total adsorption 

surface thus decreasing the amount of adsorbate per unit 

mass of the adsorbent. 

 

Figure 2. Influence of the mass of adsorbent on the adsorption of the two 

dyes. 

3.3. Effect of pH on BM and TAR Elimination 

The adsorption of BM and TAR by AB and AP was studied 

for different pH, under the following experimental 

conditions: C' = 24mg/L , m = 0.1g , and T = 25°C . The 

results of this study are shown in Figure 3. The results 

obtained with BM show that the amount adsorbed is high in 

an acid medium. It is due to the fact that in acidic medium, 

the number of positively charged sites decreases because it 

can have the mesomere effect in the BM molecules. Similar 

results were obtained by Chaheb when adsorbed BM on raw 

touggourt clay [12]. In the case of TAR, the results show that 

the adsorbed quantity is maximal at pH = 3 . In an acid 

medium, the positive charge dominates the surface of the 

clay. Thus, an electrostatic attraction exists between the 

positive charges of the surface of the clay and the negative 

charges of TAR. Similar results were observed by Mezenner 

et al. when they studied the adsorption of a mixture of 

Biorecalcitrant compounds in aqueous media [13]. Similarly, 

Akar and Uysal found that an acidic pH would increase the 

adsorption capacity of anionic dyes [14]. 

 

Figure 3. Effect of pH on the adsorption of BM and TAR. 

3.4. Effect of Initial Concentration on MB and TAR 

Elimination 

The adsorption of BM and TAR is studied by increasing 

the initial concentration of the dyes under the following 

experimental conditions: m	 = 0.1g, ambient temperature, 

and pH of the solution. The results are shown in Figure 4. 

We find that the adsorbed quantity increases with the 

increase of the initial concentration of the two dyes with 

the different adsorbents used. This is explained by the fact 

that, the higher the initial dye concentration increases, the 

more the number of dye molecules increases in the 

medium, and the steric hindrance decreases at the different 

adsorption sites. According to Chaheb, the adsorption 

capacity depends on the number of vacant sites on the 

surfaces of the adsorbents [12]. We also notice that the 

BM is much more adsorbed by our adsorbents than the 

TAR. We can say that our two adsorbents have a lot more 

affinity for BM than TAR. 

 

Figure 4. Effect of initial concentration on the adsorption of BM and TAR. 
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3.5. BM and TAR Adsorption Isotherms on AB and AP 

The experimental results obtained are given in Figures 5 to 

8, in the form of a curve q2	vs	C2 , under the following 

conditions: m = 0.1g, ambient temperature, and pH of the 

solution. The adsorption isotherms of BM on AB and AP, and 

of TAR on AP are of type S called "sigmoid" according to the 

classification of Limousin et al. [15]. This type of isotherm 

reflects a cooperative adsorption that is to say the adsorbed 

molecules promote the subsequent adsorption of other 

molecules. This is due to the molecules that attract by Van 

Der Waals forces, and cluster in islands in which they pile up 

against each other, the adsorption-adsorbate interaction is 

stronger than that between adsorbent and adsorbate [16]. The 

adsorption isotherm of the TAR on AB is of type C called 

"constant partition". Linearity shows that the number of free 

sites remains constant during adsorption. This means that 

sites are created during adsorption. This implies that TAR 

molecules have altered AB’s texture by opening pores that 

had not previously been opened [15]. 

 

Figure 5. BM adsorption isotherm on AB. 

 

Figure 6. BM adsorption isotherm on AP. 

 

Figure 7. Adsorption isotherm of TAR on AB. 

 

Figure 8. Adsorption isotherm of TAR on AP. 

3.6. Modeling the Adsorption Kinetics of BM and TAR on 

AB and AP 

The adsorption rate constants of BM and TAR on AB and 

AP for pseudo-first order, pseudo-second order, 

intraparticular diffusion and Elovich are determined 

graphically. The rate constants for the four models were 

calculated from the lines obtained. Table 1 shows the 

different rate and diffusion constants, as well as the adsorbed 

quantities calculated for each model. From the results 

obtained shown in Table 1, the experimental results of BM 

adsorption on both cannot be described by any of the four 

models studied. On the other hand we note that pseudo first-

order and pseudo-second-order models are the most reliable 

for determining the order of adsorption kinetics of TAR by 

AB and AP with a correlation coefficient exceeding 96%, 

because the values of the maximum equilibrium quantity 
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calculated by these two are very close to those determined 

experimentally. The pseudo-second-order rate constants are 

larger compared to pseudo-first-order rate constants, which 

implies that the fixation of the TAR molecules on AB and AP 

is slower at the beginning of adsorption on the first types. 

Adsorption sites and, with time and more quickly, the solute 

molecules bind to the second types of sites [17]. 

Table 1. Different constants of velocities, diffusion and adsorbed quantities calculated deduced from the kinetic models. 

Models Pseudo-first order Pseudo-second order Intraparticular diffusion Elovich 

Parameters XY Z[ \] X] Z^ \] _ X`ab \] c d \] 

AB 
BM 0,243 9,188 0,972 0,043 5,142 0,989 1,777 0,506 0,700 2,548 0,929 0,847 

TAR 0,022 2,573 0,965 0,144 2,644 0,996 1,358 0,202 0,680 4,558 2,323 0,829 

AP 
BM 0,181 8,422 0,988 0,007 7,190 0,696 0,298 0,775 0,687 0,894 0,606 0,834 

TAR 0,186 0,274 0,991 1,712 2,661 0,999 2,502 0,026 0,659 1,099 17,752 0,813 

 

3.7. Modeling of Adsorption Isotherms of BM and TAR on 

AB and AP 

In order to determine the mechanism of the adsorption of 

BM and TAR on AB and AP, we reproduced the experimental 

data by comparing them to the isothermal models of 

Langmuir, Freundlich and Temkin. The parameters for these 

adsorption models were calculated by regression using the 

linear form of the isothermal equations. The parameters and 

the correlation coefficient (R
2
) are summarized in Table 2. 

Table 2 presents for the Langmuir model, the thermodynamic 

parameter (∆G°) at the temperature of 25°C. The negative 

values of ∆G° for the two dyes indicate the spontaneous and 

thermodynamically favorable nature of the adsorption [18]. 

This value of ∆G° is often used to indicate that the 

adsorption process is favorable and confirms the affinity of 

AB and AP for BM and TAR [19-20]. The essential 

characteristics of the Langmuir isotherm can be expressed by 

the separation factor or equilibrium parameter, RL which is 

used to predict whether an adsorption system is favorable or 

unfavorable. In our case, RL is less than 1, so we can say that 

the adsorption is favorable. Table 2 shows that the Freundlich 

adsorption isotherm can describe the adsorption of BM and 

TAR on AB and AP. Correlation coefficients greater than 

95%  are observed. The low values of KF show a low 

adsorption capacity of AB and AP. ∆G° from Temkin is 

positive. This confirms that the adsorption of the two dyes by 

AB and AP is endothermic. 

Table 2. Isotherm constants calculated for the adsorption of BM and TAR by AB and AP. 

Models Langmuir Freundlich Temkin 

Parameters Xe Z[ ∆g° \e \] Y a⁄  Xh \] i jk Xk ∆l \] 

AB 
BM 0,55 1,35 -11,428 0,07 0,76 1,74 2,08 0,97 2,08 1188 3,54 5,34 0,72 

TAR 0,04 4,79 -17,925 0,48 0,33 0,77 4,13 0,97 0,46 5333 1,88 13,0 0,75 

AP 
BM 0,51 0,98 -11,616 0,07 0,45 2,06 1,54 0,95 2,54 974,2 2,45 4,37 0,86 

TAR 0,07 1,10 -16,538 0,37 0,32 1,49 0,07 0,97 0,75 3264 0,87 8,63 0,87 

 

4. Conclusion 

The objective of our work was to study the adsorption 

of BM and TAR by AB and AP of "Boboyo". The results 

obtained show that the maximum amount of BM 

adsorption is of the order of 4.49mg/g  on AB and 

4.39mg/g on AP. They are of the order of 2.43mg/g on 

AB and 2.64mg/g on AP for TAR. The adsorption of the 

two dyes increases with the initial concentration and 

decreases with the increase of the mass of adsorbents. The 

adsorption of BM and TAR on AB and AP is a fast 

process with an equilibrium time of 25	minutes  for AB 

and 15 and 30	minutes respectively for TAR and BM on 

AP. The adsorption capacity of BM and TAR decreases 

with increasing pH of the reaction medium and the 

maximum adsorption capacity is obtained at pH = 3. The 

modeling of the adsorption kinetics reveals a conformity 

to the pseudo-second order model for the two dyes studied 

on adsorbent disputes. Experimental results are better 

described with the Freundlich isothermal model. The 

thermodynamic parameters showed that the adsorption of 

the two dyes is favorable and endothermic. 
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