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Abstract: This study's objective was to demonstrate the potential of Natural Safiot Clay (NSC) for 

removing cationic dyes MB and Safranin from synthetic wastewater. The operation parameters 

investigated included initial concentrations, adsorbent dose, initial pH, and temperature. Experimental 

tests were conducted in a batch process. The experimental isotherms data were analyzed using 

Langmuir, Freundlich, and Dubinin–Radushkevich isotherm models. The Langmuir model obtained the 

best fit with a maximum monolayer adsorption capacity of 68.49 mg/g for MB and 45.45 mg/g for 

safranin. Pseudo-first-order, pseudo-second-order kinetic equations, and intraparticle diffusion models 

were used to examine the experimental data at different initial concentrations. It was found that the 

pseudo-second-order kinetic model described the data of dyes adsorption on NSC adsorbent very well. 

Thermodynamic adsorption processes were found to be spontaneous, exothermic, and physical 

reactions. The natural safiot clay was characterized using the following technique: DRX, XRF, SEM, 

EDX, and FT-IR. 
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1. Introduction 

The growth of humanity and the development of science and technology are causing an 

environmental disorder due to the pollution of water by a number of pollutants, including 

synthetic dyes, which have a complex molecular structure that makes them more stable and 

difficult. These dyes are discharged with the liquid effluents, which are most of the time 

directly discharged into watercourses without prior treatment [1].  

These colored wastes pose a great threat to human health and the environment because 

many of the dyes are toxic. Traditional processes such as biological processes give 

unsatisfactory results due to the composition of these releases of toxic and dyestuffs, which are 

difficult to biodegrade; on the other hand, physicochemical processes, which include 

coagulation-flocculation, oxidation, and membrane filtration, have been widely studied and 

have revealed a high efficiency in water discoloration [2,3]. These techniques have proven to 

be very effective. However, their high cost has prompted many researchers to try other cheaper 

and abundant materials. The elimination of dyes in aqueous solutions by adsorption on different 

solid materials, particularly on activated carbon, has been the subject of much work [4-7].  
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The adsorption of dyes on activated carbon has been found to be very effective, but its 

use remains limited due to the difficulties of its regeneration and its high cost [8]. For this 

reason, new materials have been the subject of much research in recent years. From this 

perspective, using clay as an adsorbent is of great interest because of its effectiveness, 

accessible cost, and abundance. A lot of research has been done on clays, and all have shown 

their depollution efficiency towards dyes [9,10]. The importance given to these materials is 

granted to their abundant availability in nature and their great capacity to retain various 

pollutants, which is offered by their structure in sheets, which gives a large specific surface 

towards the adsorption [11, 12]. 

Our choice focused on clay, an adsorbent material found in abundance in Morocco, 

effective and more economical. The use of clays for the depollution of waters contaminated by 

dyes requires a good knowledge of their mineralogical characteristics and the mechanism of 

eliminating these pollutants. The purpose of this study was to demonstrate the ability of Natural 

Safiot Clay in the removal of industrial dyes. An extensive study of dyes removal includes: 

• Optimization of the conditions for maximum adsorption by studying the effect of different 

parameters such as initial concentration, adsorbent dose, initial pH and temperature on the 

removal of dye from aqueous solutions. 

• The determination of the adsorption capacity of natural safiot clay was studied using the 

adsorption isotherms. Kinetic and Thermodynamic studies were also carried out. 

2. Materials and Methods 

 For this study, we have chosen methylene blue (MB) and safranin (SAF) as 

representative cationic dyes that were purchased from Sigma Aldrich and were of analytical 

grade. The chemical structures of the studied dyes are given in Figure 1. Stock solutions of 

dyes were prepared by dissolving them in distilled water. Dyes concentrations for experiments 

adsorption were prepared by successive dilution of the pre-made stock solutions. max 

(wavelength at which maximum absorption occurs) of MB and SAF dyes are 663 nm and 520 

nm (Figure 2). 

 
Figure 1. Chemical structures of methylene blue (a) and safranin (b). 

 
Figure 2. Experimental UV/vis absorption spectra for methylene blue and safranin. 
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The natural safiot clay abbreviated as (NSC) used in this study were of Moroccan 

sources. The NSC adsorbent was rinsed with distilled water to ensure the removal of dust and 

any soluble impurities that may exist.  Then it was kept at room temperature and exposed to air 

for natural drying. The sample was then placed in the oven at 105°C overnight to remove 

moisture and any volatile impurities that may exist. The dried clay was washed several times 

repeatedly with distilled water until the water becomes almost colorless. The treatment clay 

dried again in an oven at 105°C overnight and stored later in desiccators to prevent moisture 

and is ready for experimental use.  

Chemical composition, surface morphology, and the nature of functional groups 

responsible for adsorption for dye onto the NSC adsorbent were studied by X-Ray Diffraction 

(XRD), X-ray fluorescence (XRF), Energy Dispersive X-ray spectroscopy (EDX), Scanning 

Electron Microscopy (SEM) and Fourier Transform Infrared (FT-IR).  

Batch adsorption experiments were conducted to investigate the influence of 

physicochemical parameters such as adsorbent dose (5-35 mg), initial dye concentration (20-

40 mg/L), pH (2-12), and temperature (25°C-35°C) on dye adsorption. The working solutions' 

pH was adjusted to the desired values with dilute HCl (0.1 M) or NaOH (0.1 M) using a pH-

Meter HANNA 5222. After stirring a prescribed contact time, the solution was filtrated using 

a filter syringe. The concentration was measured using UV/Visible spectrophotometer (Janway 

6300). For the qualification of the removal dye onto NSC adsorbent, two manners may give: 

• The % removal of dye expressed as follows:  

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑑𝑦𝑒 =  
𝐶0− 𝐶𝑒

𝐶0
∗ 100                                 (1) 

• Adsorption capacity at equilibrium, qe (mg/g) calculated using the equation: 

𝑞𝑒(𝑚𝑔 𝑔⁄ ) =  
𝐶0− 𝐶𝑒

𝑊
∗ 𝑉                                               (2) 

These relationships depend on the type of adsorption that occurs. Where C0 and Ce are 

the initial and equilibrium dye concentrations in aqueous solution (mg/L), respectively, V is 

the volume of aqueous solution (L), and W is a dry weight adsorbent (g). 

3. Results and Discussion 

3.1. Characterization of natural Safiot clay adsorbent. 

3.1.1. XRD analysis.  

X-ray diffraction analysis allows us to identify the different mineralogical phases 

contained in our material.  

 
Figure 3. X-ray diffraction of natural safiot clay. 
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The X-ray diffraction patterns of NSC adsorbent are illustrated in Figure 3. This result 

demonstrated the principal presence of kaolinite characterized by an intense peak at 2θ = 26.63° 

and a series of peaks with varying intensities at 12.33°, 19.75°, 40.85° and those of quartz at 

20.87°.37.92° and 42. 440. Also, the reflections spectrum at 2θ = 8.62°, 29.47°, and 30.81° 

confirm the presence of illite, calcite, and dolomite, respectively. We see that the diagram also 

shows the presence of the peak corresponds to the following minerals: Kaolinite, calcite, and 

vermiculite, which implies that our clay is heterogeneous. 

3.1.2. XRF analysis.  

Analysis of the chemical composition by X-ray fluorescence allowed us to determine 

clay constituents in oxides whose contents are evaluated in mass percentages. Table 1 shows 

the results of the analysis of the chemical composition of natural safiot clay. Based on these 

results, it can be seen that silica and alumina are predominant constituents with a very large 

percentage. This indicates that the material is part of kaolinite from a group of clay minerals. 

Moreover, relatively high calcium indicates that our material is rich in calcite (CaCO3). The 

other oxides (Fe2O3, MgO, K2O, and Na2O) reaches a percentage varying from 7.63 to 13.9, 

which shows that our clay is not pure [13]. In addition, the high content of these oxides 

compared to the contents of other oxides probably shows that the clay contains exchangeable 

cations such as Mg2+, K+, or Na+. 

Table 1. X-ray fluorescence analysis of oxide content (%) for the clay sample. 
Component SiO2 Al2O3 Fe2O3 CaO K2O MgO TiO2 Na2O SO3 P2O5 MnO LOIa 

Weight (%) 47.44 31.24 6.18 4.99 4.63 2.54 1.02 0.52 0.18 0.15 0.03 13.67 

aLoss on ignition: volatile components, water, organic matter, CO2, etc. 

3.1.3. SEM-EDX analysis. 

Analysis by scanning electron microscopy was carried out to observe the morphology, 

structure, and distribution of the grains of our adsorbent material studied. The scanning electron 

microscope image (Figure 4) shows aggregates of kaolin grains in a spherical form and 

heterogeneous size, the interstices between the grains form pores. We also observe large 

irregularly shaped cavities; this confirms our clay's heterogeneous composition revealed by the 

XRD (kaolinite + calcite + vermiculite). 

 
Figure 4. SEM micrograph of the Natural Safi Clay. 
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 In order to achieve an accurate characterization of NSC adsorbent, we have used the 

EDX spectrum. Table 2 depicts the atomic composition of NSC adsorbent. So, the request 

adsorbent showed a high percentage of silica, alumina, and oxygen, which are characteristic of 

alumino-silicates. Other elements are present in trace amounts (Fe, Ti, Mg, Na, K, and Ca). 

Figure 5 depicts the EDX spectrum of NSC adsorbent. In this fact, the intense peaks for Si and 

Al elements could be ascribed to clay minerals and possibly free SiO2 (vide infra) and Al2O3, 

whereas Ti probably results from anatase or rutile impurities. Furthermore, elements such as 

C, Ca, and Mg are likely to be due to carbonates such as dolomite (CaMg (CO3)2) and/or calcite 

(CaCO3), as evidenced by XRD.  

Table 2. Atomic and mass percentage of the natural Safiot clay constituents. 

Elements O C Na Mg Al Si K Ca Ti Fe 

% Atomic 57.87 12.96 0.59 1.25 7.50 13.78 2.18 1.70 0.19 1.72 

% Mass 46.70 7.85 0.68 1.53 10.20 19.52 4.30 3.43 0.47 4.85 

 
Figure 5. EDX Spectrum of natural Safiot clay. 

3.1.4. FTIR analysis. 

Fourier transform infrared (FTIR) analysis was applied to determine the functional 

groups present on the surface of natural Safiot clay and understand its adsorption mechanism. 

The infrared spectra were recorded from 400 to 4000 cm-1 is shown in Figure 6. The absorption 

bands that appear in the region from 3700 cm-1 to 3600 cm-1 correspond to the stretching 

vibrations of the structural hydroxyl groups characteristic of kaolinite. The band stretching 

between 1700 cm-1 and 1600 cm-1 can be attributed to the OH group's valence vibrations of the 

water adsorbed between the sheets [14]. At the same time, the characteristic bands of 

carbonates were detected at 1430 cm-1 and 2922 cm-1 [15]. An intense band located between 

1200 cm-1 and 900 cm-1 and centered around 1030 cm-1 corresponds to the Si-O bond's valence 

vibrations (Quartz) [16]. The presence of a band between 908 cm-1 and 915 cm-1 may be due 

to the bending vibrations of the Al-Al-OH and Al-Mg-OH groups [14]. The bands between 787 

cm-1 and 748 cm-1 are attributable to the vibrations of elongation of the Si-O-Al bonds 

(Kaolinite) and the hydroxyls perpendicular to the surface (translational OH) [13]. The bands, 

which lie between 540 cm-1 and 516 cm-1, are attributed to the deformation of Si-O-AlVI (VI 

corresponds to the octahedral position). However, the absorption bands at 423, 480, 534, and 

694 cm-1 correspond to quartz [17].  
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Figure 6. FT-IR spectrum of Natural Safiot Clay. 

3.2. Effect of adsorbent dose onto the % removal dye. 

It’s recognized that adsorbent dose is an important parameter influencing the sorption 

processes since it determines the adsorption capacity of an adsorbent for a given initial 

concentration of the adsorbate under the operating conditions. In our case, the effect of NSC 

adsorbent dose in the range of 5 – 35 mg on the adsorption removal of the MB and SAF dyes. 

The behavior of the two systems MB-NSC and SAF-NSC is illustrated in Figure 7. Whatever 

the studied system MB-NSC or SAF-NSC and from the data given in Figure 7, MB or SAF 

Dye removal efficiency increased with increasing NSC adsorbent dose. The percentage 

removal increased from 49.16 % to 97.03 % for the MB-NSC system and varied from 13.14 % 

to 94.35 % for SAF-NSC system. Figure 6 also depicts the variation of adsorption capacity 

versus NSC adsorbent dose.  

The MB dye uptake decreased from 98.34 to 27.72 mg/g and for SAF, dye decreased 

from 73.09 to 26.96 mg/g due to an increase in the adsorbent dose. This result can be attributed 

to the increase in the adsorbent surface area and the availability of more adsorption sites. Other 

researchers have reported similar results for the sorption of dyes by different biological 

materials [18,19]. 

 
Figure 7. Effect of adsorbent amount on the % adsorption of methylene blue (MB) and safranin (SAF). 
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3.3. Effect of initial dye concentration on the % removal. 

The effect of initial concentrations of MB and SAF dyes was examined at five 

concentration levels (20, 25, 30, 35, and 40 mg/L) on the adsorption capacity and removal 

efficiency onto natural safiot clay was determined at 30 mg of adsorbent dose and ambient 

temperature. The results regarding the effects of the initial concentration of dyes on NSC 

adsorbent's adsorption capacity are given in Figure 8. The dye uptake capacity increased from 

32.06 to 58.45 mg/g for MB and 30.88 to 43.28 mg/g for SAF. In this case, the % removal 

decreased from 96.21% to 87.67 % and 92.66 % to 64.92 % for MB and SAF, respectively. 

These results indicated that NSC adsorbent adsorption sites for dyes adsorption were still 

unsaturated within the dye concentration range. In addition, increasing initial dye 

concentrations increase the number of collisions between dye ions and NSC adsorbent's surface 

area, which enhances the adsorption process. 

 

 
Figure 8. Effect of initial dye concentration on percentage removal and adsorption capacity. 

3.4. Effect of solution pH. 

The initial pH of the aqueous solution is an important parameter controlling the 

adsorption process, where it affects both the degree of ionization of the dye and the adsorbent's 

surface properties. The solution pH effect was studied at the pH ranges of 2–12, and the results 

are shown in Figure 9. The curves show that the percentage removal is most important for 

especially basic pH values below pH 12. An increase in the pH from 2 to 12 increases the 

percentage of dye removal from the aqueous solution from 92 % to 96 % and 83 % to 91 % for 
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MB and SAF. The pH Zero Point Charge (pHZPC) of NSC adsorbent was found to be 7.2 (Figure 

10) and was determined using the pH drift method [20]. These results were explained by the 

fact that the negative charge dominates the adsorbent's surface in the basic medium. Thus, an 

electrostatic attraction exists between the negative charges of OH- deposited on the clay surface 

and the positive charges of the dyes. 

Consequently, the mechanism proposed can be described in Eqs. 3 and 4.  

                      Si-OH +  OH - ↔ Si-O - + H2O                                                  (3) 

               Si-O- + MB+  or  SAF +  ↔  Si-O- +MB   or   Si-O- +SAF                   (4) 

 
Figure 9. Effect of pH on the % adsorption of methylene blue and safranin. 

 
Figure 10.The pHzpc values for natural safiot clay. 

3.5. Effect of temperature. 

It is well known that temperature plays an important role in the adsorption process [21]. 

The influence of temperature on MB and Safranin's adsorption through NSC was determined 

in the range of 25°C-55°C. It is clear from Figure 11. that with an increase in temperature of 

the solution from 25°C to 55 °C, the removal efficiency decreases from 93.68% to 90.63 % for 
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MB and from 92.38% to 82.46 % for safranin. This result indicates that the process of 

adsorption is exothermic. 

 
Figure 11. Plot Effect of temperature on the adsorption of MB and safranin. 

3.6. Adsorption isotherms.  

Adsorption isotherms play an important role in determining the maximum adsorption 

capacity and identifying the type of adsorption. The adsorption experiments' results were 

analyzed per the well-known models of Langmuir, Freundlich, and Dubinin-Radushkevich. 

3.6.1. Langmuir isotherm. 

The Langmuir isotherm is valid for monolayer adsorption on a homogenous surface, no 

interaction between adsorbate, and equivalent adsorption energies [22]. The linear isotherm 

equation is represented as: 
𝐶𝑒

𝑞𝑒
=

1

𝑞𝑚𝐾𝐿
+  

1

𝑞𝑚
 𝐶𝑒                                                 (5) 

Where qe is the amount of adsorbate uptake at equilibrium (mg.g-1), KL is the Langmuir 

constant, qm is the maximum quantity of adsorbate required to form a single monolayer on unit 

mass of adsorbent (mg/g), and Ce is the equilibrium concentration of adsorbate in solution 

(mg/L). Further analysis of the Langmuir equation can be made using a dimensionless 

equilibrium parameter, the separation factor RL as given by the following equation [23]: 

𝑅𝐿 =  
1

1+ 𝐾𝐿 𝐶0
                                                    (6) 

Where C0 is the initial dye concentration. The value of separation factor RL, indicates the nature 

of the adsorption process as given below: Irreversible (RL = 0), favorable (0 < RL <1), linear 

(RL = 1) or unfavorable (RL > 1). 

3.6.2. Freundlich isotherm. 

The Freundlich isotherm model is applicable for multilayer adsorption on a 

heterogeneous adsorbent surface with sites of different energies of adsorption [24]. The 

Freundlich isotherm model can be expressed as: 

log(𝑞𝑒) =  log(𝐾𝑓) + 
1

𝑛
 log(𝐶𝑒)                                        (7) 
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Where Kf (mg/g) is the measurement of adsorption capacity and 1/n is the adsorption intensity 

of the adsorbent.  

3.6.3. Dubinin-Radushkevich (D-R) isotherm. 

The Dubinin-Radushkevich (D-R) model is a more generalized model as compared to 

the Langmuir isotherm. The model is based on the fact that there is no homogeneous surface 

or constant adsorption potential. The following equation indicates the D-R isotherm [25]: 

ln(𝑞𝑒) =  ln(𝑞𝑚) −  𝐵 𝜀2                             (8) 

ε = RT Ln(1 +
1

ce
)                                         (9) 

Where qm is the theoretical saturation capacity (mg/g), B is a constant related to the sorption 

energy (mol2 kJ−2), ε is the Polanyi potential, R is the universal gas constant (8.314 J/mol.K), 

and T is the absolute temperature (K). The mean free energy of adsorption E calculated from 

B using the following relation. 

E =
1

√2B
                                   (10) 

The Langmuir constants are given in Table 3. The calculated dimensionless separation 

factors, RL are 0.038 and 0.033 for MB and SAF, respectively. This indicates favorable 

adsorption of MB and SAF dyes onto NSC adsorbent. Kf and 1/n values can be calculated from 

the intercept and slope of the linear plot of log (qe) versus log (Ce) are shown in Table 3. The 

values of 1/n were found to lie between zero and one, indicating that MB and SAF dyes 

favorably adsorbed on NSC adsorbent. 

The calculated D–R parameters for the adsorption of MB and SAF are given in Table 

3. The magnitude of E (kJ/mol) is used for estimating the type of adsorption mechanism. 

Suppose this value is between 8 and 16 kJ/mol. In that case, the adsorption process is controlled 

by a chemical mechanism. In contrast, for E < 8 kJ/mol, the adsorption process proceeds 

through a physical mechanism. The calculated values of E (Table 3) suggested that dye's 

adsorption occurs via physical adsorption for two dyes.  

A comparison of the isotherm constants along with regression coefficients (R2) is 

presented in Table 3. Comparing the Langmuir, Freundlich, and Dubinin-Radushkevich 

isotherms's regression coefficient values, it was demonstrated that the Langmuir isotherm was 

the most appropriate isotherm to describe the equilibrium data for dyes adsorption at the 

different studied concentrations. The maximum monolayer adsorption capacities were 68.49 

and 45.45mg/g for MB and safranin, respectively.  

Table 3. Isotherm constants for methylene blue and safranin. 

Dyes 
Langmuir Freundlich Dubinin–Radushkevich 

qmax RL R2 KF 1/n R2 qmax KD-R E R2 

MB 68.49 0.038 0.992 37.89 0.314 0.852 59.03 1 10-7 2236 0.925 

Safranin 45.45 0.033 0.998 7.39 0.122 0.866 41.06 2 10-7 1581 0.912 

3.7. Adsorption kinetics. 

The kinetics of adsorption is an important characteristic in evaluating the efficiency of 

the adsorption process. Three kinetics models (pseudo-first order, pseudo-second-order, and 

intraparticle diffusion) were utilized to test the experimental data and predict the dye adsorption 

process's controlling mechanism. 
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3.7.1. Pseudo-first-order model. 

The linear form of the pseudo-first order is expressed as follows [26]: 

log(𝑞𝑒 −  𝑞𝑡) =  log(𝑞𝑒) − 
𝑘1

2.303
 𝑡                             (11) 

Where qe and qt (mg/g) are the amount of adsorbate adsorbed at equilibrium and any time t 

(min), respectively, and k1 (min-1) is the adsorption rate constant. The rate constant k1 and 

equilibrium adsorption capacities qe were obtained from the slope and intercept of the linear 

plots of log (qe - qt) against t, respectively. 

3.7.2. Pseudo-second-order model. 

The pseudo-second-order model is given in equation [27]: 
𝑡

𝑞𝑡
=  

1

𝑘2𝑞𝑒
2 +  

1

𝑞𝑒
 𝑡                                                   (12) 

Where k2 is the rate constant of the pseudo-second-order model (g/mg.min), The rate constant 

k2 and qe can be calculated from the slope and intercept of the linear plots of t/qt against t, 

respectively. 

3.7.3. Intra particle diffusion model. 

The intra-particle diffusion equation [28] can be written as: 

qt = kidt0.5 + c                                                    (13) 

Where Kid is the intra-particle diffusion rate constant (mg/g.min1/2), and C is a constant that 

gives an idea about the thickness of the boundary layer (mg/g).  A plot of qt vs. t1/2 should be a 

straight line whose slope gives the value of the diffusion constant. 

The lower values of R2 and the difference between the experimental and calculated 

equilibrium adsorption show that the pseudo-first-order and intraparticle diffusion model failed 

to describe the adsorption kinetics. The higher values of R2 > 0.99 and the good agreement 

between the experimental and calculated equilibrium adsorption for the pseudo-second-order 

model confirm that this one correctly describes the adsorption kinetics (see Table 4). The values 

of the rate constants (k2) were found to decrease from 0.156 to 0.022 mg/g.min and from 0.2 to 

0.03 mg/g.min as the initial concentration increased from 20 to 40 mg/L, for MB and SAF, 

respectively, this amounts to increasing competition on the adsorbent active sites. 

Table 4. Parameters of the kinetic models for methylene blue and safranin adsorption by NSC. 

Dyes Concentration                   

(mg/l) 
 Pseudo-first order Pseudo-second order Intra particule diffusion 

qe(exp) qe(cal) K1 R2 qe(cal) K2 R2 Ki C R2 

Methylene 

Blue 

20 32.07 0.857 0.037 0.668 31.34 0.156 1.000 0.114 30.24 0.976 

25 39.92 1.525 0.023 0.932 39.52 0.131 1.000 0.176 38.18 0.940 

30 47.72 1.795 0.074 0.403 47.85 0.109 1.000 0.306 45.66 0.794 

35 54.05 4.863 0.052 0.977 54.35 0.034 0.999 0.655 49.22 0.956 

40 58.45 8.707 0.061 0.783 58.82 0.022 0.999 0.927 51.51 0.971 

Safranin 

20 30.89 0.872 0.077 0.552 30.95 0.200 1.000 0.255 29.21 0.526 

25 37.17 2.779 0.034 0.393 37.87 0.035 0.999 0.802 31.45 0.865 

30 38.75 6.039 0.071 0.833 39.21 0.031 0.999 0.912 32.54 0.833 

35 39.72 7.445 0.067 0.691 40.32 0.024 0.999 0.903 33.27 0.955 

40 43.28 3.733 0.041 0.768 43.86 0.030 0.999 0.707 38.34 0.956 

3.8. Thermodynamic study. 

The thermodynamic parameters involved are: the Gibbs free energy (ΔG0), enthalpy 

(ΔH0), and entropy (ΔS0) were calculated using the following equation:   
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∆G0 = ∆H0 −  T ∆S0                                   (14) 

ln(KC) =  
∆S0

R
 −  

∆S0

RT
                                    (15) 

Where KC (L/mg), R (J/mol.K), and T (K) are the equilibrium constant of the adsorption 

process, gas constant, and absolute temperature, respectively.  

The values ΔG0 were calculated using Gibbs Equation. The values ΔH0 and ΔS0 can be 

obtained respectively from the slope and intercept of Van’t Hoff plot of Ln Kc versus 1/T. 

Table 5 summarized the thermodynamic parameters for the adsorption of MB and SAF dyes 

onto NSC adsorbent. The ΔH0 values obtained are -10.625 and -12.641 in kJ/mol for MB and 

SAF, respectively. The negative sign indicates that the process is exothermic [29,30]. The 

increased values of ΔG0 between (-7.883 kJ/mol) and (-7.607 kJ/mol) for MB adsorption onto 

NSC adsorbent and between (-7.813 kJ/mol) and (-7.327 kJ/mol) for SAF adsorption onto NSC 

with the increasing temperature (298 K to 328 K) indicated a decrease in the feasibility of 

adsorption at high temperatures. The values of entropy ΔS0 for MB and SAF adsorption onto 

NSC adsorbent were (-9.2 J/mol.K) and (-16.2 J/mol.K), respectively. The negative ΔS0 value 

indicates a decrease in randomness at the solid/solution interface. No significant changes occur 

in the adsorbent's internal structure through the adsorption. Values of ΔG0 obtained are lower 

than 20 kJ/mol; this further supports the fact that the adsorption process follows the 

physisorption mechanism. This confirms the results following the study of the influence of pH. 

Table 5. Thermodynamic parameters for the adsorption of methylene blue and safranin on the natural Safiot 

clay at different temperatures. 

Thermodynamic parameters 

Adsorbate dyes Temperature (k) ΔG0 (kj/mol) ΔH0 (kj/mol) ΔS0 (J/ k mol) 
 298 -7.883   

methylene   blue 308 -7.791 -10.625 -9.2 

 318 -7.699   
  328 -7.607   

 298 -7.813   

safranin 308 -7.651 -12.641 -16.2 

 318 -7.489  
 

  328 -7.327   

3.9. Comparison of natural safi clay with other adsorbents. 

Table 6 summarizes the comparison of the adsorption capacity of NSC adsorbents with 

that reported for other adsorbents. It can be seen from Table 6 that the NSC adsorbent show a 

comparable adsorption capacity with respect to other adsorbents, revealing that the NSC is 

suitable for the removal of MB and SAF from aqueous solutions since it has a relatively high 

adsorption capacity.  

Table 6. Comparison of the maximum monolayer adsorption capacity of the NSC for methylene blue and 

safranine removal with the other adsorbents. 

Dye Adsorbent qm ( mg g-1  ) References 

methylene blue natural saudi red clay 50.25 [31] 

brown clay 123.5 [32] 

krobo green clay 33.90 [33] 

natural zeolite 0.204 [34] 

zeolite 53.10 [35] 

natural safiot clay 68.49 This study 

safranin activated carbon (sewage-sludge) 11.05 [36] 

sugar beet pulp 147 [37] 

calcined mussel shells 196.67 [38] 

calcined bones 107.76 [39] 
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kaolinite clay 16.23 [40] 

natural safiot clay 45.45 This study 

4. Conclusions 

 In this study, the results indicated that natural safiot clay was considered low cost, eco-

friendly, and a promising alternative adsorbent for removing MB and Safranin from an aqueous 

solution. The effect of adsorbent dose, initial concentration, contact time, temperature, and pH 

were experimentally studied to evaluate NSC's adsorption capacity; the maximum percentage 

removal was observed at high pH (basic medium) and ambient temperature. Equilibrium data 

fitted very well with the Langmuir isotherm equation. The kinetics of the adsorption process 

was found to follow the pseudo-second-order kinetic model. Therefore, the values obtained 

from thermodynamic parameters demonstrated that the adsorption process is exothermic, 

spontaneous, and physical. 
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