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Abstract: The MgAl-LDH adsorbent (2:1) was developed by the urea method and used as an adsorbent for the 

removal of methyl orange from aqueous solution. The synthesized adsorbent was characterized by a different 

analytical technique: scanning electron microscope SEM, X-ray diffraction (XRD) and infrared spectroscopy (FT-

IR). The effect of adsorption parameters such as solution pH, initial concentration of dye, and the temperature was 

studied using a static system. X-ray diffraction analysis of the samples confirms the crystal structure of the MgAl-

LDH material. The MgAl-LDH adsorbent was efficient in removing MO from aqueous solution, and maximum 

removal of 98.5 % was observed in the pH range from 2 to 10. The maximum adsorption capacity of MgAl-LDH 

(2:1) was calculated from the Langmuir isotherm; the maximum quantity is 1250 mg. g-1. The determination of 

the thermodynamic parameters indicates that the reaction between methyl orange and MgAl-LDH (2:1) is 

spontaneous and exothermic (ΔH°<0 and ΔG°<0).It can be concluded that LDH adsorbent can be used effectively 

for the removal of anionic dyes from industrial wastewater. 
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1. Introduction 

Because of their accumulation (in both effluents and 

environment), the use of chemicals leads to severe 

environmental problems directly or indirectly 

(chronic toxicity) arising from these compounds or 

their degradation products. More than 7x105 tons and 

about 10000 different types of dyes and pigments are 

produced every year around the world 1. It is estimated 

that 10 to 15% of the dye is lost in the effluent 2.  

Methyl orange (MO), which is widely used in dyeing 

industries, is known to be highly toxic, carcinogenic 

and mutagenic 3, 4. Therefore, it is imperative to get rid 

of this dye from a waste stream before it is discharged 

into aqueous bodies. Various effluent treatment 

techniques such as adsorption 5, membrane filtration 
6, chemical oxidation 7, ozonation 8, biological 

treatment 9, ion exchange 10, coagulation and 

flocculation 11 have been widely used to remove dyes 

and especially methyl orange from an aqueous 

medium. From all the processing techniques, 

adsorption is widely adopted because of its high 

removal efficiency, low process cost and easy to use. 

Various materials have been studied for adsorption 

reduction of dyes in wastewater. These materials 

include plants, activated carbon 12, chitosan 13, fly 

ash 14, rice husks 15, zeolites 16, ferrite nanoparticles 17. 

In the current state, researchers’ attention is directed 

towards the exploration of new adsorbents with high 

adsorption capacities for different pollutants. 

Lamellar double hydroxides (LDH), also called 

hydrotalcite clays or anionic clays, have been 

attracted attention in recent years because of its 

application in various fields, including the water 

treatment sector 18. LDH has been considered as 

excellent adsorbents for wastewater treatment 

because of their large surface area, their layered 

structure and their interlayer ion exchange. It is 

efficient, inexpensive, simple, easy to perform and 

insensitive to toxic substances 18. Previous works on 

dye adsorption 19,20 have proven their usefulness as 

adsorbents for some pollutants. Among the different 

types of LDH species, a compound consisting of a 

dual compound of MgAl-LDH hydroxides with 

carbonate as interlayer anions is commonly used for 

various applications 21, 22. In this study, we 

synthesized a clay using the urea method; then, we 

characterized our adsorbent using various techniques, 

such as X-ray diffraction (XRD), Scanning Electron 

Microscopy (SEM), X-ray emission spectroscopy 

(EDX) and infrared spectroscopy (FT-IR), Batch 

adsorption experiments were performed to study the 
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effect of pH, initial MO concentration and 

temperature on the removal of MO from water. The 

adsorption equilibrium and thermodynamic 

parameters of MO on MgAl-LDH (2:1) were also 

discussed. 

 

2. Materials and methods 

2.1. Preparation of adsorbate  

The Methyl orange used in this study was purchased 

from Panreac (Barcelona, Spain). A Stock solution of 

1g. L-1 of methyl orange dye was prepared with 

double distilled water. The working solutions were 

obtained by diluting the stock solution. The molecular 

structure and some physicochemical characteristics of 

used dye are shown in Table 1.

 

Table1. Characteristics of Methyl orange. 

                                                                                     
Chemical formula                                                                                    C14H14N3NaO3S 

λ max (nm)                                                                                             464              

Type of dye                                                                                              Anionic  

Molar mass (g. mol-1)                                                                               327.33 

 

2.2. Preparation of MgAl-LDH  
Urea is a fragile Brønsted base (pKb =13.8), highly 

soluble in water, and its hydrolyzing rate may be 

controlled by the temperature, its decomposition 

giving rise to ammonium carbonate:   

  

NH2 − (C = O) − NH2 + 2H2O → 2NH4
+ + CO3

2− 

 

According to Shaw and Bordeaux 23 hydrolysis of 

urea proceeds in two steps, the formation of 

ammonium cyanate (NH4CNO) as the rate-

determining step, and the fast hydrolysis of the 

cyanate to ammonium carbonate. 

The same conditions were described by Costantino et 

al. 24 were used to prepare MgAl-LDH: NH2CONH2 

(AppliChem > 99%) is dissolved in an aqueous 

solution of AlCl3.6H2O (AppliChem > 95%) and 

MgCl2.6H2O (LobaChemie > 98%). Solid urea was 

added to 0.5 mol.dm-3 metal solutions, having a molar 

ratio (Mg2+/Al3+) equal to 2, to reach urea/metal ions 

molar ratio of 3.3. The clear solution was refluxed and 

at 100°C to start the hydrolysis reaction. The pH was 

measured all along with the reaction with an industrial 

pH electrode for high temperature. The reaction was 

stopped after 36 hours, and the solids were separated 

from the solution and washed with distilled water. 

 

2.3. Characterization of MgAl-LDH (2:1) 
The crystalline structure of the obtained product was 

characterized by X-ray diffraction (D221-18-X-6 

XRD-ray instrument, 2θ =11.50 ° to 65.94°) with 

CuKα radiation (1.54 Å). The morphology 

observations were carried out on field emission 

scanning electron microscope (SEM, UATRS 

CNRST). FT-IR study was carried out using FTIR 

8400S Shimadzu-FTIR spectra were recorded, in the 

range of 400–4000 cm−1 with KBr pellets technique. 

 

2.4. Adsorption study of methyl orange 

Adsorption experiments were evaluated in batch 

equilibrium mode. All experiments were conducted 

by mixing 40 mL of aqueous dye solutions with 20 mg 

of the adsorbent. The appropriate pH (2-12) of the 

mixture was adjusted using solutions of HCl (0.1N) 

and NaOH (0.1N). The adsorption isotherms were 

determined at 293.15 K with initial concentrations of 

MO (50–800 mg.L-1). The temperature effect was 

achieved at (T=25, 30, 35°C) After stirring, the 

mixture was centrifuged at 3000 rpm for 15 minutes 

to separate the spent adsorbent from the residual dye. 

The equilibrium concentration of dye solution was 

measured using UV–vis spectrometer (UV-2005) at 

the max value of 464 nm for MO. The amount of dye 

adsorbed at equilibrium qe (mg. g-1) is given by the 

following equation:  

qe =
(C0−Ce)

m
× V                      (1)   

With qe is the equilibrium adsorption capacity               

(mg.g-1), C0 and Ce are the initial and equilibrium 

concentration (mg.L-1) of MO in solution, m is the 

adsorbent mass (mg), V is the Volume of the solution 

(ml). 

 

3. Results and Discussion  

3.1. Characterization of Mg Al-LDH  

Figure 1 shows the XRD diffractogram of MgAl-

LDH. It indicates a high degree of crystallinity; these 

peaks were located at approximately 11.50°; 23.12°; 

34. 89°; 39.36°. 46.58°;52.80°;56.06°; 60.75°; 

62.03°.65.94° and can be assigned to plans (003); 

Molecular structure  
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(006); (012); (015); (018); (1010); (0111); (110); 

(113); (116). Various researchers have reported 

similar results 17, 25. All diffraction peaks are indexed 

under a hexagonal structure and crystallized in a 

Rhombohedral crystal system with a spatial group           

R-3m, the number of pattern Z=1 and a density                  

d =2.09. The interlayer d-spacing d003 and d006 of            

Mg-Al LDH were found to be 7.69 Å and 3.84 Å. The 

d003 was twice as much as d006, suggesting a favorable 

layer structure 26.

 
Figure 1. X-ray diffraction of MgAl-LDH 

 

Figure 2. SEM-EDS analysis of MgAl-LDH 
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Figure 2 presents the SEM-EDX; the two images 

present a morphology in the form of porous sheets. 

The surface of MgAl-LDH forms a compact 

hexagonal stack; similar studies are reported by 25,1. 

The spectre (EDX) indicates the presence of 

magnesium, aluminium, chloride, the molar ratio of 

Mg /Al was 1.90 which is in a good agreement with 

the molar ratio (Mg2+/Al3+=2) used during the 

preparation of Mg Al-HDL (2:1). 
 

Figure 3 displays the infrared spectra of the samples 

measured between 4000 and 400 cm-1. The peak at 

3453 cm-1, related to the O-H stretching vibration 

v(O-H) of the metal hydroxide layer and interlayer 

water molecules 27. The band at 2368 cm-1 is typically 

assigned to CO2 from air 28. The peak at 1615 cm-1 to 

the OH stretching band of H2O 29. The band observed 

at 1358 cm-1 is attributed to the stretching vibration of 

CO3
2- 30. The bands in the range of 542–779 cm−1                 

are attributed to M-oxygen-M stretching                                   

(M= Mg and Al) 31. 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.   FTIR spectra of Mg-Al-LDH 

 

3.2. Adsorption of methyl orange  

3.2.1. Effect of initial pH on dye adsorption 

The pH of the solution is one of the most important 

parameters in the adsorption process. Figure 4 shows 

the effect of the initial pH on the adsorption of MO 

over pH range (2 to 12). In the range of pH from 2 to 

pH=10, adsorption remains constant with an 

adsorption amount of 197 mg. g-1, due to the strong 

electrostatic interactions between the solute (MO) and 

the positively charged H+ surface of the adsorbent. For 

a pH value of 10, there is a decrease for adsorption 

explained by the competition between excess OH- in a 

basic solution for adsorption sites with MO anions. A 

similar study of the elimination of MO by another 

adsorbent has been reported by other researchers 1, 32. 

 

 
Figure 4. Effect of pH on adsorption of methyl orange 

(Ci=100mg/L, m=20mg, V=40ml, t=3h, T=25°C) 

        

 
Figure 5.  Effect of initial concentration of Methyl 

orange (m = 20 mg, V=40ml, t=3h, T=25°C) 

 

3.2.2. Effect of initial MO concentrations 
    The effect of initial MO concentration on its removal 

by MgAl-LDH was studied at different concentrations 

ranging from 50 mg. L-1 to 800 mg. L-1 (Figure 5).  

Analysis of this curve shows that the adsorbed amount 

of MgAl-LDH (2:1) increases with increasing initial 

concentration without reaching saturation.  
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3.2.3. Adsorption isotherm  

To understand the mechanisms involved in the 

adsorption of MO on our material, we have sought to 

model the isotherms of adsorption (Figure 6) by 

applying the two most commonly used models: 

Langmuir and Freundlich. The Langmuir model 

(Figure 7A) is based on the assumption that the 

surface is uniform with no interactions between 

adsorbed molecules; and that, it has defined 

adsorption sites 33. This model considers that 

adsorption takes place through the formation of an 

adsorbate monolayer and leads to the following 

equation:            

  qe = qm ×
KL×Ce

1+KL×Ce
                      (2)   

With qm : Capacity maximum adsorbed (mg.g-1), KL: 

adsorbent characteristic equilibrium constant                 

(L. mg-1), dependent on temperature and experimental 

conditions, Ce: adsorbate concentration at equilibrium 

(mg.L-1).  

 

The linearization of equation (2) leads to:   

1

𝑞𝑒
=  

1

𝑞𝑚 𝐾𝐿
 

1

𝐶𝑒
+  

1

𝑞𝑚
                      (3) 

By plotting 
1

𝑞𝑒
 as a function of   

1

𝐶𝑒
  this gives a line of 

slope 
1

𝑞𝑚 𝐾𝐿
  and ordinate at the origin 

1

𝑞𝑚
 .The 

Freundlich isotherm is an empirical equation that 

assumes that the adsorption surface becomes 

heterogeneous during the adsorption process. The 

Freundlich isotherm (Figure 7 B) is expressed by the 

following equation 34: 

qe = KFCe

1
n⁄
                           (4) 

Where kF is a constant related to the binding energy, 

it can be defined as the adsorption or distribution 

coefficient and represents the amount of dye adsorbed 

on the adsorbent for the concentration unit at 

equilibrium.  
1

𝑛
 Indicates the dye adsorption intensity 

on the adsorbent or surface heterogeneity, which 

becomes more heterogeneous as the 
1

𝑛
  value 

approaches zero. A value of  
1

𝑛
 is below 1 indicates a 

normal Langmuir isotherm, while  
1

𝑛
 above 1 indicates 

a cooperative adsorption 35. This equation can also be 

expressed as: 

Lnqe =  
1

𝑛
  LnCe +  Ln KF                 (5) 

The values of the constants of the adsorption 

isotherms with correlation coefficients are 

summarized in Table 2. The value obtained from R2 

of MgAl-LDH (2:1) for the Langmuir isotherm was 

0.99 at 298 K, which is higher than that of the 

Freundlich isotherms. This indicated that the 

Langmuir isotherm fully describes the nature and 

sorption mechanism of MO on the composite studied. 

The maximum adsorption capacity of MgAl-LDH 

(2:1) calculated from the Langmuir isotherm was 

1250 mg. g-1. The result obtained from  
1

𝑛
  at 298 K 

was 0.34, indicating that the adsorption system o MO- 

MgAl- LDH (2:1) was favourable (i.e. (1< n <10).

 

Fig 6. Isotherm of the adsorption of MO by MgAl- LDH (2:1) 

 (m=20mg, V=40ml, t=3h, T= 25°C). 
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Figure 7.  Linear plots of isotherm models of MgAl-LDH (2:1), Langmuir (A), Freundlich (B) 

 

Table 2. Constants of Langmuir and Freundlich isotherm models for MO adsorbed by the MgAl- LDH 

 

3.2.4. Effect of temperature and thermodynamic 

study 

Adsorption is a phenomenon that can be endothermic 

or exothermic depending on the adsorbent material 

and the nature of the adsorbed molecules 36. As shown 

in Figure 7, the adsorbed quantity of MO in both 

concentrations decreased slightly as temperature 

increases. Adsorption of MO onto MgAl-LDH(2:1) is 

an exothermic process; the adsorption capacity 

decreased with an increase in solution temperature. 

 

Figure 7. Effect of temperature on MO by MgAl- 

LDH (2:1), (m = 20 mg, V=40ml, t=3h) 

 

Figure 8.  Linear plots of ln Kd vs 
 1

𝑇
 

 

Thermodynamic parameters such as standard Gibbs 

free energy (ΔG°) (kJ.mol-1), standard entropy (ΔS°) 

(J.mol-1.K-1)and standard enthalpy (ΔH°) (Kj.mol-1) 

were determined using the following equations 1: 

Kd =  
qe

Ce
                                 (6) 

∆G° = −RT Ln Kd                       (7) 

Ln Kd =  
ΔS°

R
−  

ΔH°

RT
                          (8) 

Where Kd (L.g-1) is the thermodynamic equilibrium 

constant, T (K) is the temperature and R (8.314 J.mol 
-1K-1) is the universal gas constant, carrying ln Kd 

according to  
1

𝑇
 for both concentrations. 

Langmuir Freundlich 

qm (mg.g-1) KL (L.mg-1) R2 KF (mg.g-1) 1/n R2 

1250 0.16 0.99 254.47 0.34 0.90 
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The linear curves of LnKd concerning 
1

𝑇
  for the 

adsorption of MO on the MgAl-LDH composite (2:1) 

are shown in Figure 8, and the thermodynamic 

parameters are shown in Table 3. The negative values 

of ΔG° in Table 3 at all temperatures show that the 

adsorption of MO. on MgAl-LDH (2:1) was 

thermodynamically possible and spontaneous 37, for 

both concentrations, and the negative values of ΔH° 

indicated that the adsorption process was exothermic. 

Besides, the negative values of ΔS° indicated a more 

critical order of reaction during the adsorption, which 

can be attributed to the adhesion of the adsorbate with 

the adsorbent resulting in a decrease in the degree of 

freedom of the system 38. 

                              

  Table 3. Thermodynamic parameters for MO adsorption on MgAl-LDH adsorbent (2:1). 

 

3.2.5. Comparison with other adsorbents 

The adsorption capacities of various adsorbents 

towards the adsorption of methyl orange, as reported 

in the literature presented in Table 4. Based on a 

comparison window between this work and other data 

reported in the literature, we found that our adsorbent 

(MgAl-LDH (2:1)) is a better adsorbent for MO 

removal. 

 

Table 4. Adsorption capacity (qmax, mg. g-1) of MO reported in the literature. 

adsorbent Cinitial (mg.L-1) qmax (mg.g-1) Reference 

 

NiFe-LDH (2:1) 20-200 358.42 1 

NiFe- LDH (1:1) 20-200 387.59 1 

ZnMgAl–CO3 LDH 10-100 683.9 39 

NiFe- LDH - 205.76 40 

Lapindo volcanic mud     30-300 333.3 41 

Zn/Al-LDO  50-200 181.9 42 

MgNiAl  10-500 375.4 35 

Activated alumina - 9.8 43 

Cork powder - 16.66 44 

MgAl- LDH (2:1) 50-800 1250 This study 

 
4. Conclusion 

In this study, a new material MgAl-LDH (2:1) was 

developed using the urea method; Different 

physicochemical techniques were used for LDH 

characterization such as Scanning Electron 

Microscopy (SEM), X-ray diffraction and infrared 

spectroscopy (FT-IR). The adsorbent was used to 

evaluate their adsorption capacity towards methyl 

orange. The optimum pH for the removal of MO was 

obtained in the pH range from 2 to10, the obtained 

results indicate that the adsorption of MO on the 

MgAl-LDH adsorbent (2:1) was better described by 

the Langmuir model with a good correlation 

(R2=0.99) and a maximum adsorption amount (qmax 

=1250 mg.g-1) on one hand. On the other hand, the 

thermodynamic data showed that the adsorption of the 

MO on the surface of MgAl-LDH (2:1) is of 

exothermic and spontaneous nature (ΔH°<0 and 

ΔG°<0). These exciting results offer several 

perspectives, such as the recycling of the material 

used. The synthesized carrier will also be tested for 

trapping other organic solvents. 
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