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Abstract 

Increasing levels of textile dyes being discharged into the environment as industrial waste represent a serious threat to human 

health, life, resources and ecological systems. It is therefore necessary to treat wastewater from textile industries before 

discharging it into the environment. The aim of this project is to eliminate methyl orange (MO) from textile industry wastewater 

using clay from Bingerville (Ivory Coast). The clay used was characterized by Scanning Electron Microscopy, 

Brunauer-Emmett-Teller and pH of Zero Charge. MO concentration was monitored using a UV-visible spectrophometer. 

Characterization of the clay by SEM and BET showed that our clay is microporous. The study showed that the surface of our clay 

has a pH of zero. Adsorption of methyl orange on our clay reaches adsorption equilibrium in 60 minutes. The adsorption model 

corresponds to the pseudo-order 2 kinetic model. Two adsorption isotherm models (Langmuir and Freundlich) are applicable to 

the adsorption of our dye on clay. This implies that the dye adsorption process on our clay is governed by a bimolecular process 

involving a collision between an active site on the clay and a dye molecule. Bingerville clay can be used to effectively treat 

dye-contaminated wastewater, since the maximum adsorbed quantity is equal to 58.139 mg g
-1

. The best adsorption rate was 

obtained in acid medium (pH = 2.26) with an adsorption rate of 91.84%. 

Keywords 

Methyl Orange, Clay, Adsorption, Kinetics 

 

1. Introduction 

Many organic compounds are essential to life. However, 

these compounds become toxic for the environment and living 

beings when their concentration is high in wastewater [1-3]. 

The majority of these toxic compounds come from various 

industrial wastes [1, 2], including water from the textile in-

dustry. However, in general, wastewater from our country's 

textile industries containing toxic dyes is not treated before 

being discharged into our waterways and the environment. 

Among these toxic dyes is methyl orange, which can directly 

harm living organisms and the environment. This constitutes a 
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real danger for living beings and the environment. It is 

therefore essential to treat wastewater before discharging it 

into the environment. 

In the literature, several treatment methods exist, including 

extraction, incineration, chemical and biological methods, 

electrochemical methods and adsorption [4-9]. Among these 

methods, adsorption is one of the most effective and eco-

nomical, with a high potential for removing organic com-

pounds, dyes and metals from water [5, 6]. Clay, an inexpen-

sive adsorbent, is the focus of particular attention in the ad-

sorption of dyes and many other pollutants contained in 

wastewater [10-12]. These properties are further enhanced by 

activation processes such as chemical activation, which in-

volves contacting the clay with a strong acid (hydrochloric 

acid) [13]. 

The aim of this work is to use natural clay from Bingerville 

(southern Ivory Coast) activated with hydrochloric acid to 

remove methyl orange from wastewater. 

2. Materials and Methods 

2.1. Clay Activation 

The clay was first crushed and sieved with a 100 µm sieve; 

it was then placed in contact with distilled water for 24 hours. 

The clay is then filtered and dried in an oven for 24 hours at 

60°C. 0.1 L of 1 M hydrochloric acid is added to 5 g of dried 

clay. The mixture is stirred for 24 hours. After 24 hours stir-

ring, the mixture is filtered and dried for 24 hours in an oven 

at a fixed temperature of 60°C. The clay is then washed 

thoroughly with bi-distilled water until a neutral pH is reached. 

The clay is dried for a final 24 hours. Finally, the sample is 

stored in airtight jars. 

2.2. Adsorption Study 

 
Figure 1. MO molecule. 

A 100 mg L
-1

 stock solution of MO (analytical grade, 

Sigma-Aldrich®) was prepared from a commercial solution 

of MO (C. I Acid Orange 52). Figure 1 shows the 

semi-developed formula of MO. The solutions studied were 

prepared by successive dilutions of the stock solution. A 1 M 

hydrochloric acid solution (Suprapur Merck) and a 1 M so-

dium hydroxide solution (Prolabo) were used to adjust pH. All 

solutions were prepared with distilled water at 25°C. The 

resulting suspension was analyzed for residual concentrations 

using an AL 800 UV-Visible spectrophotometer (Aqualytic). 

The amount of methyl orange adsorbed was determined 

using relationship (1): 

qt =
     

 
                  (1) 

With: 

qt: quantity of MO adsorbed per unit mass of clay (mg g
-1

) 

C0: MO concentration before adsorption (mg L
-1

) 

Ct: remaining MO concentration at time t (mg L
-1

) 

V: volume of MO solution (L) 

m: mass of activated clay (g) 

Relation (2) was used to determine the rate of MO adsorp-

tion on our clay: 

Adsorption rate (%) = 
       

  
           (2) 

3. Results and Discussion 

3.1. Characterization of Clay 

3.1.1. Characterization by Scanning Electron  

Microscopy 

Figure 2 show the Scanning Electron Microscopy images of 

the outer surface of Bingerville clay activated with hydro-

chloric acid. The clay is made up of microscopically planar 

sheets arranged parallel to one another. A few pores and mi-

cropores are present. 

 
Figure 2. Scanning Electron Microscopy of Clay. 
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3.1.2. Specific Surface Area of Clay 

Measurements of nitrogen adsorption and desorption on 

our clay were carried out to determine pore volume and spe-

cific surface area. Figure 3 shows the results obtained. This 

figure shows an experiment corresponding to a type IV ad-

sorption isotherm based on the classification of the Interna-

tional Union of Applied Chemistry [14, 15]. Specific surface 

area, total pore volume and micropore volume are recorded in 

Table 1. A value of 34.879 m
2
/g was obtained for the specific 

surface area, showing that our clay has a high specific surface 

area. We also note that activated clay is a microporous mate-

rial (very low P/P0 range). 

 
Figure 3. Nitrogen adsorption-desorption isotherm for bingerville 

clay. 

Table 1. Textural characteristics of clays. 

BET Specific surface area (m2 g-1) micro pore volume (cm³ g-1) Total pore volume (cm³ g-1) 
P/P0= 0.971 Pore volume (cm3 

g-1) 

34.879 0.097 0.155 0.097 

 

3.1.3. pH of Zero Charge point (pHpzc) 

 
Figure 4. Curve of pHpzc determination. 

The pH at zero charge point corresponds to the pH of the 

aqueous solution when the net charge is zero at the adsorbent 

surface. This gives the pH of the clay. It provides information 

on the net charge on the adsorbent surface as a function of the 

pH of the solution [16]. That of our clay was determined using 

the curve in figure 4, which indicates that the pHpzc of our 

clay is equal to 7.08. This result shows that the surface of our 

clay is neutral. If the pH value of the medium studied is lower 

than pHpzc, the surface functions of our adsorbent will have 

an excess of protons (H
+
). The clay surface will attract nega-

tively charged compounds. However, if the pH of the medium 

is higher than pHpzc, the adsorbent surface will be deproto-

nated by OH
-
 ions. The clay's active surface acts as a magnet 

for positively charged compounds [10, 16]. 

3.2. Kinetic Study of MO Adsorption on Clay 

3.2.1. Adsorption Equilibrium Time 

 
Figure 5. Removal efficiency of MO on clay. 

Figure 5 shows a rapid elimination of MO during the initial 

phase of contact time, before stabilizing. The rapid adsorption 

phase is due to the accessibility of the adsorbent's active sites. 

The majority of the adsorbent's active sites are occupied 

during the first adsorption stage. Adsorption then becomes 

slower and slower. This decrease in adsorption speed can be 
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explained by the reduction in the number of active sites. It can 

also be explained by the repulsive forces between the MO 

molecules already adsorbed by the clay and those present in 

solution. This figure shows that the equilibrium time for MO 

adsorption on Bingerville clay is 60 min. The adsorption 

kinetics of our dye on our clay studied at various concentra-

tions shows a behavior often encountered for dye adsorption 

[17, 18]. 

3.2.2. Application of Kinetic Models 

The kinetic model for dye adsorption on clay was deter-

mined by applying the pseudo-order 1 and 2 kinetic models. 

 

 
Figure 6. Application of pseudo-order 1 (a) and 2 (b) kinetic models 

to dye adsorption on clay. 

Equations 3 and 4 were used to apply pseudo-order 1 and 2 

kinetic models, respectively [17, 18]. 

                              (3) 

 

  
  

 

    
   

 

  
               (4) 

With: 

qe, the quantity of methyl orange adsorbed at equilibrium in 

(mg/g); 

qt, the quantity of methyl orange adsorbed at time t in 

(mg/g); 

k1 (1/h) and k2 (g.mg
-1

.h
-1

) are the adsorption rate constants. 

Figure 6a and 6b show the results obtained by applying the 

pseudo-order 1 and 2 kinetic models, respectively. The kinetic 

parameters of these two models are summarized in Table 2. 

Table 2. Parameters of dye adsorption kinetics models. 

Pseudo-first 

order 

10 mg L-1 

k1 (min-1) 0.070 

R2 0.909 

qe cal (mg g-1) 0.932 

qe exp (mg g-1) 1.308 

30 mg L-1 

k1 (min-1) 0.071 

R2 0.966 

qe cal (mg g-1) 1.249 

qe exp (mg g-1) 1.974 

Pseudo-second 

order 

10 mg L-1 

K2 (g m-1 min-1) 0.275 

R2 0.999 

Qe cal (mg g-1) 1.347 

Qe exp (mg g-1) 1.308 

30 mg L-1 

K2 (g m-1 min-1) 0.116 

R2 0.999 

Qe cal (mg g-1) 2.084 

Qe exp (mg g-1) 1.974 

From this summary table we note that the coefficients of 

determination for pseudo-2-order kinetics are higher than 

those for pseudo-1-order kinetics. We also note that the ex-

perimental maximum quantities of dye adsorbed per mass of 

clay at equilibrium are closer to the theoretical maximum 

values for the quantity of dye adsorbed with pseudo-2-order 

kinetics than with pseudo-1-order kinetics. This implies that 

the dye adsorption process on our clay is governed by a bi-

molecular process involving a collision between a clay active 

site and a dye molecule [18]. 

3.3. Effect of pH 

The influence of pH on the decoloration of methyl orange by 

our clay was studied. The results are shown in Figure 7. It can 

be seen that as pH increases, the removal rate of MO decreases. 

These results show that acidic medium is better for methyl 

orange decolorization. The best adsorption rate was obtained at 

pH = 2.26 with an adsorption rate of 91.84%. This shows that 

methyl orange is an anionic dye, as clay is positively charged at 

acid pH. This promotes the adsorption of MO, which is an 

anionic dye, through electrostatic attraction. [17, 19, 20]. 
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Figure 7. Effect of initial pH of methyl orange solution on adsorp-

tion. 

3.4. Isotherme d’adsorption 

 
Figure 8. Adsorption isotherms for MO on clay. 

The adsorption isotherm for MO on clay was studied at 

25°C. Figure 8 shows the mass of MO removed per gram of 

clay at equilibrium as a function of equilibrium concentration. 

This figure shows that the mass of MO removed per gram of 

clay at equilibrium increases as the concentration of MO at 

equilibrium increases. According to the IUPAC classification, 

our study corresponds to the type I isotherm [21, 22]. This 

shows that there are strong interactions between adsorbent 

and adsorbate. This type of isotherm is that of physical ad-

sorption on a microporous adsorbent. This confirms the mi-

croporous nature of clay [23]. During MO adsorption, satu-

ration of the active sites in clay increases progressively. The 

Freundlich and Langmuir adsorption isotherm models were 

applied to the adsorption of MO on clay using relations 5 and 

6 respectively [21]. 

            
 

 
                (5) 

 

  
 

 

  
 

 

   
 

 

  
             (6) 

Figure 9 shows the results obtained. The parameters of the 

adsorption isotherm models are shown in Table 3. 

 

 
Figure 9. Langmuir (a) and Freundlich (b) adsorption isotherm 

models applied to MO removal. 

Table 3. Parameters of the Langmuir and Freundlich models. 

Langmuir Freundlich 

R2 qm (mg g-1) b R2 Kf n 

0.985 58.139 0.011 0.991 0,674 1.104 

Isothermal adsorption models gave coefficients of deter-

mination of 0.985 for the Langmuir model and 0.991 for the 

Freundlich model. This shows that both models are applicable. 

The Langmuir model was used to determine the maximum 

amount of MO adsorbed per gram of clay. A value of 58.139 

mg g
-1

 was obtained. This result indicates that Bingerville clay 

can be used to effectively treat dye-contaminated wastewater. 

4. Conclusion 

The study showed that Bingerville clay is microporous and 

has a neutral pH at its surface. Adsorption of methyl orange on 

our clay reaches adsorption equilibrium in 60 minutes. The 

adsorption model corresponds to the pseudo-order 2 kinetic 

model. Two adsorption isotherm models (Langmuir and 
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Freundlich) are applicable to the adsorption of our dye on clay. 

This implies that the dye adsorption process on our clay is 

governed by a bimolecular process involving a collision be-

tween an active site on the clay and a dye molecule. The best 

adsorption rate was obtained in a very acidic environment, 

with an adsorption rate of 91.84%. The maximum amount of 

MO adsorbed by the clay was 58.139 mg g
-1

. These results 

show that Bingerville clay can be used to treat wastewater 

from the textile industry. 
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