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      This study used a cation-exchange method to carry out significant chemical modifications in Ghassoul (Moroccan clay) by inserting a 

cationic surfactant (N-methyl-N,N,N-trioctyl ammonium chloride) through the void between the leaves. The synthesized organophilic 

Ghassoul was characterized by Fourier transform infrared spectroscopy, X-ray fluorescence, X-ray diffraction, and thermogravimetric 

analysis. The experiments were conducted under static conditions to optimize certain parameters, such as the pH value, the adsorbent 

concentration, and the characteristic contact time. A variety of kinetic and equilibrium models were used to fit the data. The maximum 

adsorption capacity was 90%, with a mass-volume ratio of 0.6 g l-1 at pH = 5. The kinetic study revealed that the pseudo-second-order model 

was better suited for a contact time of about 60 min. The study of adsorption isotherms showed that the Langmuir model correctly described 

the adsorption process with an extreme adsorbed amount of up to 204 mg g-1 at 25 °C. Thermodynamic measurements revealed that the 

adsorption reaction was spontaneous and energetically exothermic. The organo-Ghassoul was also applied to synthetic wastewater samples 

and the results demonstrated that the solid had a good capability to treat anionic dye-contaminated wastewater. 
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INTRODUCTION 
 

      Water is necessary for commerce and agriculture; thus, 

countries without proper access to it find it difficult to prosper 

economically. Therefore, having access to water is crucial for 

a country's development. In industrialized countries, it is not 

so much the quantity but the quality of the available water 

that is the problem [1]. Huge sums of money are spent each 

year to treat water to make it drinkable. After being used, one 

of the major environmental problems that need to be resolved 

is the accumulation of toxic and hazardous chemical 

pollutants, especially dyes from a variety of manufacturing 

processes, including those involved in textiles, food,                    

paper, transportation, and pharmaceutical industries [3,4], in  
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industrial effluents and their release into aquatic 

environments [2]. One of the biggest causes of water 

pollution is the textile sector, which uses a lot of water and 

produces a lot of colorful effluents, which are particularly 

soluble in water, are not properly treated before being 

dumped, and can reach watercourses used for human 

consumption [5]. One of the most popular dyes, used as a 

textile pigment, for coloring and printing acrylic textile fibers 

is Reactive Blue 19 (RB-19). This textile industry dye is 

teratogenic, mutagenic, and carcinogenic to living things. 

Additionally, it is poisonous to people, aquatic life, and 

microorganisms.  

      Ultrasound-assisted electrocoagulation [6], catalytic 

ozonation [7], electrochemical degradation [8], foam 

separation [9], and Fenton reaction [10] are common 

procedures for treating textile effluents. These processes are 

expensive  and  difficult to use, require specific installations,  
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and consume more energy than adsorption treatments. 

Recently, the removal of these dyes by an adsorption 

mechanism on modified clays has become a feasible 

treatment solution because it is efficient, simple, and 

inexpensive. A variety of substances, including clays and 

zeolite adsorbents, can be employed to remove textile dyeing 

effluents from water [11]. 

      In their natural state, clays have limited properties. As an 

example, their thermal instability, induced by the collapse of 

their structures due to dehydration at 100-200 °C, causes 

them to be supplanted by zeolites (apparent materials) [12]. 

Indeed, the surface adjustments of some clays of mineral 

sources have gained particular attention in recent years 

because they allow the implementation of innovative porous 

materials that may be involved in novel and cutting-edge 

technologies [13]. Organophilic treatment is used to give the 

clay greater adsorption toward organic compounds, leading 

to the development of organo-inorganic nanocomposites 

[14]. The resultant hybrid materials can then be utilized as 

efficient adsorbents of organic pollutants in water, soil, air, 

cosmetics, some rheological fluids, paints, refractory 

varnishes, etc. [15-16].  

      The clay used in the present study was extracted from the 

deposits of the Atlas Mountains, located in Morocco. It is 

used for facial and body treatments as well as hair treatments. 

Moroccan Ghassoul, a variety of magnesium smectite, is a 

2:1 type clay mineral, the elemental sheet of which is 

composed of a layer of alumina between two layers of silica 

[17]. Smectites are characterized by an unstable structure that 

is reflected in their ability to swell in the presence of water 

and cations in interfoliar spaces [18]. The presence of cations 

in the interfoliar spaces is generated to compensate for the 

excess of negative charges on the octahedral layer. This can 

be explained by the isomorphic replacement of the ions Al3+ 

by Mg2+ ions, which are easily exchanged. In addition, 

the smectite platelets have a random shape, a very small size, 

an average diameter (0.1-1 µm), and a thickness varying 

between 1 and 10 nm [19]. Mineralogically, in addition to 

natural stevensite, which is the active substance of Ghassoul, 

a raw sample of Ghassoul may contain significant quantities 

of gypsum, calcium, and/or magnesium carbonates [20]. 

      Several recent studies have been conducted on this 

Moroccan clay (Ghassoul) to develop new industrial 

applications. Twenty-eight articles were conducted between  

 

 

1998 and 2016, of which twenty-four have focused on the 

practical application of Ghassoul [21]. Between 2016 and 

2022, a similar number of articles were published on the 

application of Ghassoul as an adsorption unit. The majority 

of studies have reported that Ghassoul can be efficiently used 

as an adsorbent for cationic dyes and organic metals [22]. In 

2022, Naboulsy et al. focused on the adsorption of two 

cationic dyes, including malachite green and Basic Yellow 

28, with an adsorbed amount of 588 mg g-1 and 500 mg g-1, 

respectively) [23]. Bouna et al. [24] reported a high removal 

efficiency of methylene blue (qmax = 240 mg g-1) as compared 

to that of aqueous solutions. However, none of these studies 

have used Ghassoul to eliminate the anionic dye. In contrast, 

the removal efficiency of orange G (anionic dye) using 

natural Ghassoul was observed to be negligible. This 

difference can be explained by the attraction and repulsion 

forces between the negatively charged Ghassoul particles and 

the cationic and anionic dyes, respectively. Since anionic 

dyes are negatively charged, the clay surface should be 

treated with a suitable cationic surfactant to increase the 

effectiveness of their removal [25]. 

      In this study, an N-methyl-N,N,N-trioctylammonium 

composite with high adsorption capacity was developed from 

Ghassoul using a method based on cation exchange. The 

developed organophilic Ghassoul was applied to the removal 

of RB-19 from water. The study aimed at addressing the 

following objectives: (i) detailed characterization of the 

developed organo-Ghassoul adsorbent (ii) detailed 

application of the developed organo-Ghassoul in the 

adsorption of RB-19 (the effects of initial pH, adsorbent dose, 

initial adsorbate concentration, contact time, temperature, 

isotherm, kinetics, and thermodynamics) (iii) interpretation 

of the adsorption mechanism. 

 
MATERIALS AND METHODS  
 

Purification of Ghassoul 
      The study sample of clay (Ghassoul) was taken from the 

Middle Eastern Atlas region of Morocco. The purification 

treatment adopted in this research was carried out as 

described in the literature [15]. The raw clay (GH-B) was first 

pulverized using a specific ceramic mortar and dehydrated at 

a temperature of 65 °C for 24 h to obtain fine powders sieved 

to 200 μm. Next,  the  sieved material was attacked by acetic  
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acid CH3COOH and sodium acetate CH3COONa buffer 

solution, and washed by hydrochloric acid HCl to decompose 

the carbonate CO3
2-. Finally, the obtained material was 

washed several times with distilled water to remove both 

chloride ions Cl- and ions formed by the reaction between 

impurities and acid [26]. 

 
Preparation of Homo-Ionic Ghassoul 
      Purified clay underwent a cationic exchange to replace 

different cations in the interfoliar space (Ca2+, K+ Mg2+…) 

with the monovalent Na+ ions, which facilitated the 

dispersion of the study clay into aqueous solutions. To 

achieve this objective, the sample was dispersed in a volume 

of 400 ml of a saturated sodium chloride solution under 

magnetic agitation for 12 h. After this procedure, the sample 

was washed again with sterile water to completely suppress 

the chloride and exchanged ions (negative silver nitrate 

AgNO3 test) [27]. Finally, the homologized clay was 

dehydrated at 65 °C, crushed, and sifted at 200 µm. The 

purified Ghassoul was designated by GH-P. Table 1 provides 

the chemical mass composition of the brute and purified clay 

determined by X-ray fluorescence. The cationic exchange 

capacity (CEC) of the purified Ghassoul was measured using 

copper triethylenetetramine [28]. It is worth mentioning that 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the value found for CEC was estimated to be 48 meq/100 g 

of clay. 

 

Preparation of Organoclays 
      The inorganic exchangeable cation (Na+) is most 

frequently swapped out for an organic cationic surfactant to 

create organophilic clay [29]. A 10 g of GH-P was added to 

400 ml of an N-methyl-N,N,N-trioctylammonium chloride 

C25H54ClN solution at a concentration equivalent to the CEC. 

After 24 h of magnetic stirring at room temperature, the solid 

suspensions were centrifuged and washed several times with 

a certain mass of distilled water to remove all chloride ions 

(AgNO3 test). Then, the suspensions were dried, crushed, and 

sieved to 200 µm. The organophilic synthesized clay was 

designated by (GH-M), as can be seen in Fig. 1, which 

summarizes the homoionization and modification processes. 

 

Measurement and Characterization Method 
      Three characterization methods were employed to 

understand and ensure the purification and alteration of the 

clay used in this work. The samples were analyzed using a 

specific WDXRF spectrometer with a typical input power of 

1 kW as the intensity of its X-ray generator. Furthermore, the 

X-ray diffraction configurations of the studied samples were  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Table 1. Chemical Composition of GH-B and GH-P 

 

              Oxide 

Sample 

SiO2 Al2O3 MgO Na2O K2O CaO Fe2O3 

GH-B (%) 58.56 2.05 24.04 0.53 0.83 3.21 1.62 

GH-P (%) 62.30 4.01 22.06 1.05 0.32 0.03 0.43 
 
 
 

 
 Fig. 1. Schematic representation of the process of modifying the clay layers by organic surfactant cations. 
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recorded using an advanced system known as Bruker D8, 

which provides a lower wavelength (~0.7 Å) than that of                          

the emitted radiation from the copper source (~1.5 Å).                                  

The depiction by infrared spectroscopy (Jasco 

spectrophotometer-410) was recorded on a wavelength (ν = 

1/λ) ranging from 400 cm-1 to 4000 cm-1. Thermogravimetric 

analysis (TGA)/derivative thermogravimetry (DTG) analysis 

was conducted on a Cahn Versa Therm analyzer. The sample 

was heated in a corundum crucible from 30 to 1000 °C at                            

a heating rate of 10 °C min-1 under air atmosphere                             

(25 ml min-1). Experimentally, the absorbance tests were 

made via a UV-Vis spectrophotometer (Shimadzu UV-

2101PC) at a wavelength of λmax = 594 nm for the 

incorporated reactive RB-19. 

 

Kinetics and Adsorption Isotherms 
      The kinetic study of the adsorption of RB-19 on the GH-

M was carried out under static conditions. The assembly 

comprised a thermostatic bath, in which a beaker containing 

the reaction mixture was immersed properly (colored 

solution C = 120 mg l-1, adsorbent concentration m/v =                

0.6 g l-1) at the temperatures 25 °C, 35 °C, and 45 °C). All 

experiments were repeated three times to eliminate outliers. 

Following the stirring of the solution, the samples were 

involved at regular intervals while the remaining dye 

concentration was measured using UV-Vis spectroscopy. 

The pseudo-first/second order and intraparticle scattering 

approximations were all tested. The first-order 

approximation is governed by the following differential 

equation [30]: 

 
      

1ln( ) ln( ) ( )e eq q q K T t                                            (1) 

 

Here, q and qe are the amounts in (mol g-1) adsorbed quantity 

at equilibrium and time t, respectively. 

The second-order approximation is expressed analytically as 

follows [31]: 
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The intraparticle diffusion model is as follows [32]: 

 
      1/2

pq K t c                                                                (3) 

 

 

Here, 𝐾 (min ), 𝐾 (g mg  min ), and 

𝐾 (mg g  min / ) are the kinetic constants characterizing 

the proposed models, respectively.  

      Several approximations have been proposed to describe 

the thermal feature of the adsorption phenomenon in aqueous 

media. In this work, the adsorption of RB-19 was made with 

an assembly comprising beakers containing reaction 

mixtures at different initial concentrations (120-240 mg l-1 by 

20 mg l-1) and a mass of 0.06 g GH-M. The whole was stirred 

for a time necessary to reach equilibrium. The adsorption 

results were modeled using Langmuir and Freundlich 

isotherms [33]. The linearized equations used for the models 

are as follows, respectively: 

 

      
max max

1 1 1

e e Lq q c K q
 

 
                                                (4) 
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where 𝐶𝑒 (mg 𝑙 ) and 𝑞𝑒 (mg 𝑔 ): represent the 

concentration and the adsorbed quantity at the equilibrium, 

respectively, 𝑞 : corresponds to the maximum value of the 

adsorption capacity, 𝐾  is the physical constant of Langmuir, 

and 𝐾  and 𝑛: are the physical constants of Freundlich. 

The adsorbed quantity and the percentage of dye removal 

were calculated based on the following equations [34]. 

 

      0 eC C
e mq V 
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where 𝑉 (𝑙) describes the volume taken for the solution, 

𝐶 (mg l ) is the initial concentration of RB-19 in the liquid 

phase, and 𝑚 (g) specifies the used mass of the adsorbent. 

 

Thermodynamics Studies 
      To investigate the characteristics of the adsorption of RB-

19 on GH-M, the standard free enthalpy (𝛥𝐺°), the standard 

enthalpy (𝛥𝐻°), and the standard entropy (𝛥𝑆°) were 

calculated at the equilibrium for the resulting adsorption 

reaction.   The   partition   coefficient   (𝐾 )   enabled   us  to 
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calculate all the above thermodynamic magnitudes based on 

the following equations [35]: 

 
      0 ln( )dG RT K                                                               (8) 
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                                                 (9) 

 

where 𝑅 (𝐽 𝑚𝑜𝑙  𝐾 ) represents the molar gas constant 

and 𝑇(𝐾) denotes the absolute temperature. 

 
RESULTS AND DISCUSSION 
 

XRD Analysis  
      The findings for the analyzed clay samples are presented 

in Fig. 2. As can be seen in Figure 1, the XRD patterns of the 

Moroccan Ghassoul clay show the presence of diffraction 

peaks at 2θ = 20.23°, 30.43°, 33.40°, and 50.74°, indicating 

that the quantity of steven site was important in the Ghassoul 

fraction. The same XRD patterns also show the presence of 

an amount of quartz (Q) at 2θ = 22.73°, 26.72°, and 61.70°. 

The presence of free silica in the form of quartz and dolomite 

(D) at 2θ = 31.83°, 34.58°,45.03°, and 36.21° is also evident 

in very small amounts [35]. These findings are consistent 

with the XRD findings cited by other researchers [36-37]. 

 

 

 
Fig. 2. The XRD patterns of purified clay (GH-P) and 

modified clay (GH-M). 

 

 

XRF Analysis 
      The XRF results before and after the purification are 

shown in Table 1. The analysis of the results indicated that 

the principal constituents of the clay were silicon dioxide 

(SiO2), aluminum oxide (Al2O3), magnesium oxide (MgO), 

and calcium oxide (CaO).SiO2 and MgO contents of the raw 

clay were 58.56% and 24.04%, respectively. This particular 

structure of Ghassoul clay is due to the presence of 

trioctahedral magnesium smectite corresponding to 

stevensite. These findings agree with the XRD results 

reported in other studies [38]. It is important to note that 

sodium content increases while calcium and magnesium 

content decreases during the purification process. This is 

because sodium undergoes cationic exchange during sodium 

homoionization with sodium chloride solution and carbonate 

attack during acidification. Both of these processes (i.e., 

cationic exchange and carbonate attack) increase sodium 

content. 

 
Fourier Transform Infrared Spectroscopy (FTIR) 
Analysis 
      The FTIR findings of the GH-P and GH-M samples are 

illustrated in Fig. 3. The FTIR spectra of GH-P indicate a 

very broad and less intense band extending between 3000-

4000 cm , corresponding to the OH group vibrations [39]. 

The peaks at this band region were detected at 3613 cm  

and 3709 cm , due to the elongation vibrations of 

the octahedral layer OH group, of which the central metal 

was either Al or Mg [40]. The mode of vibration of the water 

molecule observed around 3400 cm  can be explained by 

the hydration of the sample. Another wide band with low 

intensity was detected around 1635 cm , which can be 

attributed to the angular deformation vibrations of the water 

adsorbed in the interfoliar space [41]. A wide and intense 

band, located between 900-1200 cm  and centered about 

985 cm , corresponded to the stretching vibrations of Si-O-

Si. The bands located at 450 cm-1 and 650 cm-1 can be 

attributed to Si-O-Mg. The analysis of the FTIR spectra also 

revealed that there was no band at 1400 cm-1, which 

characterizes the valence vibration of the CO bond of the 

CO3
2-group and provides some details on the purification 

performance [42]. The comparison of the two spectra 

obtained from GH-P and GH-M revealed some 

dissimilarities. For example, the new bands appeared around  
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Fig. 3. The infrared spectra of purified clay (GH-P) and 

modified clay (GH-M). 

 

 

2924 cm  and 2851 cm , corresponding to the valence 

vibrations of the CH3-N and -CH2-CH3 bonds, respectively, 

of which the latter are relative to organic molecules. The 

significant decrease of the bands at 3400 cm  and 

1635 cm  can be justified by the effect of organic 

surfactants on the number of hydrated cations. The above 

results confirm the insertion of the N-methyl-N,N,N-

trioctylammonium cation between the sheets of clay [43]. 

 

Thermogravimetric Analysis (TGA) 
      The content of surfactant in GH-M samples was 

calculated using the TG/DTG analysis. The TG curve of GH-

P (Fig. 4) revealed two mass loss steps in the temperature 

ranges of 50-200 °C and 500-800 °C, corresponding with the 

associated DTG peaks located at 88 °C and 780 °C, 

respectively. The first loss step was 10%, which was located 

within the temperature range of 50-200 °C and corresponded 

to the loss of mass linked to the departure of water molecules 

of the interfoliar space. This significant weight loss reflects 

the swelling nature of the GH-M and the strong hydration of 

interfoliar cations. That is described as a specific swelling 

behavior of smectites. The second weight loss was 8%. It 

occurred for temperatures above 600 °C and corresponded to 

the dehydroxylation of steven site. The total loss is estimated 

at 20%. This result is in accordance with that of Bentahar           

et al. [45].  The temperature and amount of  free  water both  

 

 

decreased significantly as a result of the shift in the surface 

affinity (from hydrophobicity to hydrophilicity) of the clay 

treated with a surfactant, as seen in the TG-DTG curves                       

of GH-M (Fig. 5). Mass loss was also observed for the                       

GH-P in the temperature range of 156-456 °C. 

Evaporation/decomposition of N-methyl-N,N,N-

trioctylammonium cations from GH-M must have caused 

mass losses because GH-P is thermally stable in the above-

mentioned temperature range [46]. The total loss is estimated 

at 31.32%. 

 

 
Fig. 4. The TG and DTG curves of the purified clay (GH-P). 

 

 
Fig. 5. The TG and DTG curves of the modified clay                             

(GH-M). 
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Removal of Reactive Blue 19 (RB-19) via Adsorption 
onto the Modified Ghassoul 
      Adsorption studies. Effect of initial pH: The pH value 

of the solution had a significant effect on the adsorption 

process. Furthermore, it was found to significantly affect the 

effective surface charge, the crystal structure of the 

adsorbents, and the molecular structures of adsorbents. The 

pH effect of the RB-19 adsorption on the GH-M was 

evidenced under the following conditions:  

-The initial value of the concentration 𝐶  is 120 mg l-1; 

-The optimum dose of the adsorbent is 0.6 g l-1; 

-The ambient temperature is 25 °C; 

-The contact time is 60 min. 

-The range of the initial pH value of the analyzed solution 

was boosted from 4 to 8. Figure 6 represents the performance 

of the adsorbent GH-M over the studied temperature range. 

The higher value found for the adsorption capacity at acid pH 

values was due to the surface of the adsorbent, which was 

protonated and positively charged. This increased the 

electrostatic attractive forces between the anion -SO  of the 

dye RB-19 and the adsorbent surface, which, in turn, 

enhanced the electrostatic attraction between this anion and 

the head of the surfactant due to its positive charge [47]. The 

maximum removal percentage took place at pH = 5, a value 

which can be suggested for future experiments. 

 

 
Fig. 6. The effect of pH on the adsorption of RB-19 onto the 

modified clay (GH-M) (initial concentration = 120 mg l-1, 

adsorbent dose = 0.6 g l-1, temperature = 25 °C). 

 

 

Chemical Influence of the Adsorbent Concentration  
      To evaluate the extractive capacity of the GH-M 

concerning RB-19, we examined the effect of the support 

mass on the discoloration at 100 ml solution volume and                

120 mg l-1 RB-19 concentration. The range of the adsorbent 

dose varied from 0.3 to 1 g l-1. Figure 7 shows the effect of 

the adsorbent concentration on the RB-19 removal. It was 

observed that the adsorption efficiency increased with the 

support mass. This finding can be explained by the growth in 

the effective sites that continued until it reached its maximum 

value m = 0.6 g l-1 for the adsorbent dose, which can 

subsequently be used in future experiments. 

 
The Effect of the Initial Dye Concentration  
      The influence of the initial dye concentration is displayed 

in Fig. 8. Generally, the RB-19 removal percentage decreased 

as the initial dye concentration was increased. This finding is 

principally due to the adsorption site saturation on the 

effective adsorbent surface [48], in which there are 

unoccupied accessible sites on the adsorbent surface at low 

concentrations. The necessary active sites for the 

microscopic adsorption of dye molecules disappeared 

quickly as the initial dye concentration was increased. 

However,  the   increase   in   the   initial  dye  concentration 

 

 

 
Fig. 7. The effect of adsorbent dose on the adsorption of RB-

19 onto the modified clay (GH-M) (initial concentration = 

120 mg l-1, pH = 5, temperature = 25 °C). 
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Fig. 8. The effect of initial concentration on the adsorption of 

RB-19 onto the modified clay (GH-M) (pH = 5, adsorbent 

dose = 0.6 g l-1, temperature = 25 °C). 

 

 

increased the adsorbent loading potential, which can be 

attributed to the higher driving force at higher initial dye 

concentrations. At increased initial dye concentrations, the 

remaining concentration of dye molecules had higher values. 

In the case of lower dye concentrations, the ratio between the 

initial quantity of dye molecules and the existing adsorption 

sites was weak. Thus, the fractional adsorption process 

became independent of the initial dye concentration [49]. 

 

The Effect of Contact Time and Temperature 
      The temporal evolution of the adsorbed amount of RB-19 

on GH-M at different thermal conditions (25 °C, 35 °C, and 

45 °C) is shown in Fig. 9, where 𝐶 = 120 mg 𝑙  for the              

RB-19 and 𝑚 = 0.6 g 𝑙  for the GH-M. The shape                           

of the kinetic curves at each temperature made it possible                 

to define two zones. The first part of the curve revealed                   

rapid adsorption, corresponding to the adsorption of the                    

RB-19 on most quickly accessible sites, probably located                     

on the peripheral surfaces of the material particles and the 

edges of the sheets [50]. The second part was in the 

plateau, form where the solute adsorption was maximum.       

      The adsorption kinetics became relatively slower at this 

level. This limitation of the adsorption rate is probably due to 

the molecular diffusion of the RB-19 in less accessible sites, 

such as the galleries of the interfoliar space [51]. In particular,  

 

 

 
Fig. 9. The effect of the contact time on the adsorption of 

RB19 onto the modified clay (GH-M) at various 

temperatures (initial concentration = 120 mg l-1, adsorbent 

dose = 0.6 g l-1, pH = 5). 

 

 

the partition of a molecule between the liquid and solid 

phases depends on its water solubility, which is a function of 

its hydrophobic or hydrophilic nature linked to its chemical 

structure [52]. In general, the more soluble the organic 

molecules in the aqueous process are, the less adsorbent they 

will appear to be. It should be noted that for many organic 

molecules, water solubility tends to increase with 

temperature [53]. This probably explains the increase in the 

adsorbed amount with the thermal enhancement at the 

equilibrium state, which, in turn, weakens the attraction 

between the clay and RB-19. This decrease also indicates that 

the effect of the adsorption of the RB19 on the GH-M was 

controlled by a process of exothermic and physical 

adsorption. 

 

Adsorption Kinetics 
      To understand the effect of the GH-M on RB-19 and 

analyze the adsorption mechanism, three kinetic models, 

namely, pseudo-first-order, pseudo-second-order, and 

intraparticle diffusion models, were adopted and represented 

by the linear forms of Eqs. (1), (2) and (3). Figures 10, 11, 

and 12 illustrate the plots of these equations.  

      Table 2 lists the adsorption rate constant values (K1                   

and K2) and  the  measured  adsorption  capacities values  at  
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Fig. 10. The linear pseudo-first-order model of the adsorption 

of RB-19 on the GH-M. 

 

 

equilibrium (qe). Based on the results, it can be stated that in 

the case of first-order kinetics, the experimentally determined 

quantities adsorbed at the equilibrium were different from 

those calculated by the theoretical model. On the other hand, 

for the second-order kinetics, the quantities adsorbed 

experimentally were closer to those calculated using the 

theoretical model. Furthermore, the R2 values were very high 

and exceeded those obtained with the pseudo-first-order 

model, which confirms that the adsorption mechanism can be 

featured by the pseudo-second-order model. Early adsorption 

was due to surface adsorption. When the adsorption sites on 

the surface had reached saturation, RB-19 began to enter the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11. The linear pseudo-second-order model of the 

adsorption of RB-19 on the GH-M.  

 

 

 
Fig. 12. The linear representation of the RB19 adsorption 

intraparticle diffusion on the GH-M. 
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Table 2. Kinetic Parameters of RB19 Adsorption on the GH-M 

 

 25 °C 35 °C 45 °C 

First-order kinetic model K1 (min-1) 0.0526 0.051 0.0501 

qe (mg g-1) 49.8640 49.7594 47.2664 

R2 0.9683 0.9682 0.9845 

Second-order kinetic model K2 (g mg-1 min-1) 0.001848 0.001925 0.001925 

qe (mg g-1) 161.2900 147.0588 136.9863 

R2 0.9995 0.9993 0.9995 

Intraparticular diffusion Kp (mg (g min0.5)-1) 4.194 4.9819 4.9125 

C (mg g-1) 110.81 104.79 90.462 

R2 0.9816 0.9785 0.9816 

qe (mg g-1) 154.10 145.10 130.07 
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adsorbed pores and adsorbed onto the inner walls. The slow 

diffusion of RB-19 into the pores was confirmed by the low 

K value [54]. 

 
Isotherms and Thermodynamic Adsorption 
Parameters of RB-19 
      The adsorption of the dye RB-19 by the GH-M allowed 

us to determine the adsorption capacity and mechanism as 

well as the proposed design systems [55]. In this respect, the 

results of the adsorption process were modeled based on the 

Langmuir (Fig. 13) and Freundlich (Fig. 14) isotherms. 

Equations (4) and (5) were used to develop the models.     

Table 3 gives the parameters for each model. The application 

of Langmuir and Freundlich isotherms to the experimental 

points indicated that the Langmuir model was the best 

approximation for describing the removal of RB-19 via 

adsorption onto the GH-M since its coefficient of 

determination was higher than that of the other model. The 

value of the Freundlich constant n gives information on the 

degree of deviation of adsorption compared to the linearity. 

If 𝑛 is equal to 1, absorption is linear, and if 𝑛 is greater than 

1, it implies that the adsorption process is physical, but if 𝑛                 

is less than 1, it means that the adsorption process is                 

chemical. Based on the results shown in Table 3, 

all 𝑛 values were greater than unity, which confirms that the 

GH-M adsorption mechanism for RB19 was physical. The 

increase in the n value with the decrease in the temperature 

confirms that the adsorption was preferred at low 

temperatures, which can be explained by the weakening of 

physisorption and electrostatic interaction between RB-19 

and the GH-M. 

      In Table 4, the qmax of the GH-M is compared to the 

adsorption capacities of other adsorbents used for RB-19 dye 

adsorption. This comparison shows that GH-M is a promising 

and effective adsorbent for removing textile-reactive dyes, 

such as RB-19, from the aqueous environment. 

      The thermodynamic quantities (𝛥𝐻° and 𝛥𝑆°) related to 

the study adsorption were derived from the slope parameter 

and the interception of the curve 𝑙𝑛(𝐾 ), as a function of 1/𝑇 

of Eq. (8) (Fig. 15) whereas the value of (𝛥𝐺°) was estimated 

using Eq. (7). Table 5 presents the results. 

      The value of 𝛥𝐺° for changing temperatures took 

negative values, suggesting that the GH-M removal cycle 

was spontaneous in solution [56].  The  calculated  values of  

 

 

 
Fig. 13. Schematic representation of the adsorption of 

Langmuir isotherm. 

 

 

 
Fig. 14. Schematic representation of the adsorption of 

Freundlich isotherm. 

 

 

 
Fig. 15. The evolution of the logarithm of the thermodynamic 

constant according to 1/T. 
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Table 3.  RB-19 Adsorption on GH-M with Langmuir and 

Freundlich Isotherms 

 

 

 

Table 4. A Comparison of the Adsorption Capabilities of 

RB-19 Dye by Various Adsorbents 

 

Adsorbents 
Qmax 

(mg g-1) 
Ref. 

Bentonite DTMA 206.85 [61] 

DAH-bentonite 124.82 [62] 

NiO-nanoparticles 98.83 [63] 

MgO-nanoparticles 166.6 [64] 

Paper sludge acitivated carbon 158 [65] 

Furnace slag 74.7 [66] 

Ghassoul-modified 204 This study 

 

 

Table 5. Thermodynamic Parameters 

 

 

∆H° 

 (kJ mol-1) 

 

∆S° 

(J mol-1 K-1) 

∆G° 

(kJ mol-1) 

25 °C 35 °C 45 °C 

-23.2293 -63.4241804 -4.2684 -3.7987 -2.9926 

 

 

enthalpy at different temperatures were also less than zero, 

showing that the process was energetically exothermic [57]. 

The negative value of 𝛥𝑆° indicates that no change occurred 

in the internal structure of GH-M during the adsorption and 

that there  was a  reduction  in  disorder in  the  solid/solution 

 

 

interface throughout the adsorption operation [58]. The 

interval of 𝛥𝐺° for the physisorption was generally between 

−20 kJ mol  and 0 kJ mol , which confirms the thermo-

kinetics results of the adsorption procedure [59]. The increase 

in the value of ∆G° with the increase in the temperature 

indicates that the heating process was adversely affected by 

RB-19 adsorption onto the GH-M [60]. 
 
The Proposed Adsorption Mechanism of RB-19 
      The chemical composition of Ghassoul changes from 

hydrophilic to hydrophobic due to the intercalation of N-

methyl-N,N,N-trioctylammonium via ion exchange with 

inorganic cations. The cationic surfactant (N-methyl-N,N,N-

trioctylammonium) adsorption mechanism on the negative 

surface of Ghassoul is identical to that of RB19 molecules on 

the positive surface of organophilic Ghassoul. In this study, 

the electrostatic force between the participating particles was 

found to be the governing mechanism of adsorption. In 

aqueous solution, the surfactant was hydrolyzed, and the 

dissociating effect of water intervened, negating its role as an 

acid. An amphiphilic compound was then formed: It had a 

polar pole (quaternary ammonium), which established bonds 

with water, and an apolar phase, which had affinity for apolar 

compounds. The hydrophilic head of the surfactant was 

attached to the aluminosilicate surface of Ghassoul. In fact, 

when the surfactant molecule entered the Ghassoul shell 

space, the electrostatic attraction generated between the 

Ghassoul alkyl chains and the  N+ cation led to a strong bond 

between them [67]. The electrostatic interaction between the 

anionic sections of the dye structure (SO3
-) and the high 

positive surface of the organophilic Moroccan clay explain 

the RB-19 adsorption mechanism onto the GH-M. This 

process led to ultrahigh adsorption capacities of the GH-M 

for the RB-19. 

 
CONCLUSIONS 
 

      In this work, the Moroccan clay (Ghassoul) was purified 

and given an organophilic character by inserting trimethyl 

ammonium chloride between its leaves, leading to the 

expansion of the spaces between the leaves and thus making 

them conducive to the adsorption and retention of various 

types of harmful organic pollutants released by different 

industrial  activities.  The  success  of  the purification of the  

 

Model 

Temperature  

(°C) 

25 °C 35 °C 45 °C 

Langmuir  

qmax (mg g-1) 

KL (l mg-1)  

R2 

Freundlich  

KF 

n 

R2 

 

204.0816 

0.1056 

0.9981 

 

96.106 

7.0077 

0.9583 

 

200 

0.0794 

0.9977 

 

81.3857 

5.8513 

0.9539 

 

192.3076 

0.0490 

0.9972 

 

57.1283 

4.4503 

0.9672 
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GH-P was confirmed by the chemical analysis of the raw and 

GH-P using X-ray fluorescence and FTIR. The success of                  

the modification was proven by three physicochemical 

techniques, namely, FTIR spectroscopy, XRF analysis, and 

TGA. The adsorption of RB-19 by organo-Ghassoul was 

carried out. The results of the kinetic and thermodynamic 

studies showed that this phenomenon was spontaneous, 

exothermic, and favored by a drop in temperature. The lines 

obtained for the considered models agreed with the 

experimental equilibrium results for three temperatures. 

However, when the statistical coefficient R2 was greater than 

0.99, Langmuir isotherm offered a better harmony compared 

to that of Freundlich. The modeling of the adsorption kinetics 

proved its validity with the pseudo-second-order model. 

According to the intraparticle diffusion model, the coefficient 

of determination was not neglected, showing the presence of 

an involved diffusive process for this system. In summary, it 

can be concluded that creating organophilic clay from an 

abundant Moroccan substance, called Ghassoul, is a creative 

and promising method for removing anionic organic 

compounds. Future studies should focus on the reusability, 

cost, and effect of activation methods prior to organic 

modification on the removal efficiency of clay-based 

adsorbents in practical wastewater treatment. 
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