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Abstract: The low availability of water resources and the difficulty of access to drinking 
water are of increasing concern. To face this problem, it is important to improve the 
quality and quantity of this resource by fighting mainly against its pollution. Thus, it has 
become necessary to treat the wastewater of industries. In this work we studied the 
adsorption of methylene blue onto waste of the Moringa oleifera seeds with the aim of 
valorizing the natural biomass. To understand the adsorption process of Moringa oleifera 
pods powder and Moringa oleifera kernels powder various studies were performed. Most 
characterizations of adsorbent like Fourier transform infrared spectroscopy (FT-IR), X- 
ray diffraction (XRD), scanning electronic microscopy (SEM), specific surface by BET 
and pHpzc were investigated. The effects of parts of adsorbent, pH of solution, adsorbent 
dose, initial dye concentration, temperature and contact time on the batch adsorption of 
methylene blue on Moringa oleifera pods powder (MOPP) and Moringa oleifera kernels 
powder were studied. The Kinetic, isotherms and thermodynamic studies were done. The 
adsorption results of methylene blue onto Moringa oleifera pods powder and Moringa 
oleifera kernels powder showed that the pseudo-second order is the best model with a 
good correlation. The adsorption isotherm data for the two adsorbents was best 
correlated with Freundlich isotherm. The values of thermodynamic parameters show that 
adsorption is an exothermic process for MOPP and MOKP. However, the negative value 
of the ∆G° indicated that the adsorption of methylene bleu on adsorbents was 
thermodynamically feasible and spontaneous. 

 
Keywords: Adsorption, methylene blue, Moringa oleifera, kinetics study, isotherm 
models, thermodynamic study. 

 
 

 

1. Introduction 
 Environmental and water pollution is a major problem in developing countries. But water 
pollution remains more worrying for humans, hence the involvement of national and international 
organizations. It is caused by the presence of certain contaminants such as dyes. Dyes are used in 
several sectors such as cosmetics, printing, food, pharmaceutical and especially textile industries. The 
global production of dyes is estimated at more than 800,000 tons per year (Mansour et al., 2011). The 
discharge of these contaminated waters into receiving surface waters causes water pollution on Earth 
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and greatly affects the health of all life forms (Çelekli et al., 2019). Treatment of these waters before 
discharge becomes necessary (Bouknana et al., 2014).  
Several approaches have been utilized for removing dyes from the wastewater such as coagulation-
flocculation, membrane filtration, chemical oxidation, photocatalytic degradation, electrochemical 
degradation, sonocatalytic degradation, ion exchange, reverse osmosis, electrochemical methods, and 
adsorption (Shirani et al., 2018; Karoui et al., 2020). Some of these technics have some disadvantages. 
However, adsorption technic is approved as a simple and efficient technique for the removal of 
undesired compounds using low-cost various materials (Singh et al., 2017).   
In recent years, emphasis has been placed to use sustainable ways to clean up wastewater and specially 
to protect the environment. To this end, researchers have focused on the use of biomaterials from 
various organisms and agricultural by-products for the treatment of wastewater containing undesirable 
compounds such as dyes, metals, etc. Biomaterials offer many benefits such as easily accessible, show 
good adsorption capacity for a variety of pollutants (even at low concentrations), do not require any 
processing, being environmentally friendly and locally available at very low cost (Cardoso et al., 2017) 
and finally have the potential to be conveniently regenerated (Maina et al., 2016). 
For our study, agricultural materials such as Moringa oleifera waste seeds will be used in the treatment 
of waste, it has shown its efficiency as coagulants (Camacho et al., 2017; Reck et al.,2018) and bio 
adsorbents in the removal of toxic compounds like dye (Çelekli et al., 2019; Soliman et al., 2019; Oba 
& Adekola, 2018), toxic aquatic pollutants (Shirani et al., 2018) etc, replacing synthetic chemicals. 
The choice of Moringa oleifera for this study lies in the fact that it is available in large quantities and 
is relatively inexpensive. 
This paper evaluates the capacity of different Moringa oleifera (MO) for the adsorption of methylene 
blue (MB). To achieve this, some analyses of the wastes have been done, like FTIR, DRX, SEM, BET 
and pHpzc. In addition, several studies were carried out: the kinetic study, the isotherm and the 
thermodynamics in order to understand the adsorption process. The results of the equilibrium study has 
been be treated according to the mathematical models of Langmuir, Freundlich and Temkin isotherms 
to determine the maximum adsorption capacity and the influencing parameters of adsorption. 
 

2. Material and methods  
2.1. Adsorbents 
Moringa oleifera seeds were collected in the family garden located in Maroua in the Far North region 
of Cameroon. These seeds were air-dried for a week. Cleaned and suitable seeds were selected for 
experiments. 
 

2.1.1. Moringa oleifera pods powder 
Moringa oleifera seeds were shelled manually to remove the pods. The pods were washed with 
deionized water to remove any impurity from the pods and dried in an oven at 45° C overnight. The 
washed pods were then ground with the grinder and the obtained Moringa oleifera pods powder 
(MOPP) was washed and dried in the oven for 24h. That is the MOPP which was used for experiments. 
 
2.1.2. Moringa oleifera kernels powder 
The grains, obtained after husking, were washed with distilled water and dried in an oven at 45 °C for 
6 hours and left overnight in the open air. They were then ground using a brand electric grinder until a 
powder was obtained. This powder was used for the extraction of MO oil by the Soxhlet method. The 
residue obtained after extraction of the oil was dried at room temperature in the open air for 24 hours 
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and then collected and dried again for 24 hours at 60 °C. It was this final residue that we called Moringa 
oleifera kernels powder (MOKP) that we used for the adsorption experiments. 
 
2.2. Adsorbat 
Methylene Blue had been used and his formula is C16H18N3S. His λmax is 664 nm. The cationic dye MB 
is used without further purification.  
 
2.3. Methods 
2.3.1. Characterizations of the different Moringa oleifera wastes 
The different Moringa oleifera wastes was characterized using FT-IR and XRD analysis. The FT-IR 
spectra were obtained using IRTF Vertex 70. While the XRD of Moringa oleifera wastes biosorbent 
was carried out by using PANalytical's X'Pert PRO MRD using copper anode tube λ(Cu) = 1.54 Aº. 
The micrographs of sample were taken using scanning electron microscopy (SEM) (FEI Quanta 200) 
and the surface areas were calculated by the BET (Brunaauer-Emmett-Teller) method.  
 
2.3.2. Determination of point zero charge 
The pHpzc called zero charge point pH, corresponds to the pH value for which the material surface 
charge is zero. To determine the pHpzc of our adsorbent, 50 mL of 0.01 M sodium chloride (NaCl) 
solution was taken and placed in 7 beakers then the pH was adjusted between 2 and 12 by adding a few 
drops of NaOH or HCl solution (0.1 M). Then 0.1 g of the adsorbent was added to each beaker. The 
suspensions were stirred at room temperature for 24 h. the final pH values pHf were measured. The 
pHzpc which is the point of intersection corresponding to the plot of the curve f (pH) = (pHf - pHi) was 
determined by simple reading (Utrilla et al., 2001, Bencheikh et al., 2021). 
 
2.3.3. Adsorption experiments 
For carrying out the adsorption tests, several values of pH, mass of the adsorbent and concentration of 
the adsorbent were considered. All conditions met, the solution of 50 ml of the adsorbent - adsorbate 
mixture was stirred for 90 min. The colored solution obtained at the end of the experiment was 
separated from the adsorbent by centrifugation with Sigma 2-15 Centrifuge at a speed of 3000 rpm for 
15 min. The absorbance of the supernatant was measured using a UV / visible spectrophotometer of 
the MAPADA V-1200 type at the wavelength 660 nm which is that of methylene blue (MB). The 
adsorption capacity of the dye by different MO wastes was calculated using the following formula: 

𝑸𝒕 =	
𝑪𝑶#𝑪𝒕
𝒎

. 𝑽    (eq.1) 
Where: 
Qt (mg. g-1) is the amount adsorbed at time t (min); 
C0 (mg / L) is the initial dye concentration. 
Ct (mg / L) is the dye concentration at time t; 
V is the volume of the solution (L) and  
m is the amount of the adsorbent in solution (g). 
And the removal efficiency of dye which is determined by the following equation: 

𝑹(%) = 𝐂𝐎	#𝐂𝐞𝐪
𝐂𝐞𝐪

× 𝟏𝟎𝟎  (eq. 2) 

With C0: Initial concentration in mg/L and Ce: Equilibrium concentration in mg/L. 
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3. Results and discussion 
3.1. Characterization of Moringa oleifera pods and kernels powders 
3.1.1. Fourier transform infrared spectroscopy (FT-IR) analysis 
The FTIR spectroscopic analysis of the pods and kernels of Moringa oleifera is shown in Figure 1 and 
Figure 2 respectively. The Fourier Transform Infrared Spectroscopy (FTIR) spectra for moringa seeds 
show the presence of hydroxyl groups, proteins, fatty acids, carbohydrates and lignin (Baptista et al., 
2017; Alves et al., 2010). Thus, in general, the FTIR's spectra of moringa seeds showed the presence 
of various functional groups, indicating their complex nature which indicated broad band at 3292.97 
cm-1 representing the functional group -OH stretching, his functional group appears predominantly in 
the protein and fatty acid structures present in Moringa seeds (pods) (Araujo et al., 2018, Alsharaa et 
al., 2016).  

 
Fig. 1: FTIR spectrum of Moringa oleifera pods powder (MOPP). 

 
Fig. 2: FTIR spectrum of Moringa oleifera kernels powders (MOPK). 
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The band at 2925.10 cm-1corresponds to the symmetrical and asymmetrical stretching of C-H of CHO. 
There is also a band at 1636.34 cm-1 and 1534.19 cm-1 which correspond to the water absorbed by the 
cellulose (Olsson and Salmen, 2004). The band around 1411.30 cm-1 is associated with the symmetrical 
CH2 deformations present in cellulose (Paiva et al., 2007) while the band 1226.97cm-1 in the spectrum 
is attributed to the valence vibrations of the CH and C=O groups of the aromatic polysaccharide ring 
(Sgriccia et al., 2008). The absorption band at 1094.50 cm-1 corresponds to the vibration of the C=O 
band of the acetyl group present in lignin and hemicellulose. The peak at 1053.80 cm-1 is attributed to 
the valence vibrations of the –C-O and O-H groups in cellulose (Arrakhiz et al., 2013). The major 
functional groups found in the kernels were characterized by FTIR. The broad band centered at 
3318.51cm-1 can be attributed to O-H stretching of the bond in the protein, fatty acid, carbohydrate and 
lignin units. Since the protein content of the seed is high, this region also shows a significant 
contribution due to N-H stretching of the amide bond (Araújo et al., 2010). 
The two bands observed at 2925.10 and 2852.08 cm-1 represent the asymmetric and symmetric 
stretching of the C-H bond in the CH2 (Ezeamaku et al., 2018). The high intensity of these two bands 
could be attributed to the lipid component of the seed, which is present in high amounts, just like the 
protein. The band at 1648.31 cm-1 shows the C=O stretching of the amide carbonyl group in the protein 
moiety (Araújo et al., 2010). The band at 1542.17 cm-1 corresponds to the C=C stretching of alkenes 
in the aromatic ring with medium and multiple bands, while the peak at 1427.26 cm-1 shows the -C-H 
deformation of the alkane group while 1231.76 cm-1 represents the C-N stretching of the amine group 
and the deformation of the N-H bonding proteins present in the seed (Ravikumar and Udayakumar, 
2020). The band at 1055.7 cm-1 indicates the coupling mode of C-O stretching and ester stretching 
vibrations with two or more bands. 
 
3.1.2. X- ray diffraction (XRD) analysis 
The X-ray diffraction spectra of the pods and kernels powders of Moringa oleifera are shown in Figure 
3 and Figure 4 respectively. The Figure 3 shows that the pod, presented peaks at different angles; the 
first, 2θ = 37°, and the second, 2θ = 44°, indicate the presence of graphite structure, in turn, represents 
a regularity in the crystalline structure correspond to the high content of cellulose, which results in a 
better alignment of the layers (Reck et al., 2018).  
 

 
Fig. 3: X-ray diffraction spectrum of the Moringa oleifera pods powder (MOPP). 
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However the noticeable hump for the figure 4 in the 2 theta range, 20°–30°, signifies a high degree of 
disorder, probably due to the high amount of oils and proteins content in Moringa seeds (kernels)  
(Araujo et al., 2010, Reck et al., 2018). The peaks at 37.2° and 44.3° signifying the presence of graphite 
structure in Moringa pods and kernels respectively. 

 
Fig. 4: X-ray diffraction spectrum of the Moringa oleifera kernels powder (MOKP). 

 
3.1.3. Scanning electron microscopy (SEM) of different waste biosorbent 
The surface morphology of the biosorbent observed by SEM depicted in Figure 5a and Figure 5b 
indicates a heterogeneous and porous morphology with tiny particles of various sizes for the pods and 
kernels of Moringa oleifera (Alsharaa et al., 2016). The spaces available facilitate the adsorption 
process because they provide a high internal surface area. Thus, based on these characteristics, it can 
be concluded that these materials have an adequate morphological profile for retaining dyes likes MB. 
 

  
Fig. 5: The SEM micrographs of different wastes of MO: (a) kernels seeds, (b) pods 

 
3.1.4. Surface areas of different waste biosorbent 
The surface areas of the kernels and the pods of Moringa oleifera determined by BET method were 
found 1000 and 2000 cm²/g, respectively, for kernels and pods. 
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3.1.5. Determination of zero-point charge 
The determination of the pHpzc value of the tested materials show the surface charge of these different 
materials. Generally, the cationic adsorbate tends to adsorb on the adsorbent at pH > pHpzc then that 
the net surface charge of the biomass is negative, while the adsorption occurs for the anionic adsorbate 
at pH < pHpzc then that the net surface charge of the biomass is positive (Filho et al., 2017; Azoulay et 
al., 2020). The pHpzc of kernels and pods was found respectively to be 7.31 and 6.94 (figure 6a and 
figure 6b). These results showed that the kernels and pods had varying electrostatic charges under 
different pH conditions. In an alkaline medium, the material was negatively charged; however, the 
charge turned positive when the material was studied in an acid medium. These characteristics of the 
grains and pods suggest that they can interact favorably with a positively charged adsorbate in basic 
medium and this is in good agreement with the results obtained by the pH effect. For this reason, the 
maximum sorption efficiency may be due to the interaction between MB and the surface of the two 
adsorbents.  

 
 

Fig. 6: The pHpzc of different wastes of MO: (a) kernels seeds, (b) pods 
 

3.2. Effects of certain parameters in the adsorption phenomenon 
3.2.1. Effect of adsorbent dosage 
Adsorbent dosage is a mainly important parameter to determine the capacity of an adsorbent removal 
the adsorbate as well as the economics of process. To study the effect of adsorbent dosage on 
Methylene Blue adsorption, different amounts of pods and kernels powder of Moringa oleifera from 
0.5 to 3 g/L were used at ambient temperature and contact time of 60 min for fixed initial Methylene 
Blue concentration of 20 mg/L without pH adjustment. The results obtained are shown in Figure 7. 
From figure 7, it observed that the adsorption capacity of MB increases with an increase of adsorbent 
dosage. The removal of MB increased from 96.40 to 99.32% for the pods powder of Moringa oleifera 
and from 41.55 to 72.12% for the kernels powder of Moringa by increasing the amount dose from 0.5 
to 3 g/ L. This increase could be attributed to increases in the adsorbent surface areas, increasing the 
number of adsorption sites available for adsorption (Hu et al., 2010; Soliman et al., 2019). 

 

3.2.2. Effect of Initial Concentration of Adsorbate 
The adsorption of methylene blue was studied by taking the following constants: 0.5 g/L for pods and 
1 g/L for kernels as dose, 60 minutes of contact time, a temperature of 25°C, and different 
concentrations of adsorbate (10 mg/L to 50 mg/L). The effect of initial dye concentration on the pods 
and Kernels powder of Moringa oleifera adsorption is shown in Figure 8. As can be seen from Figure 
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8, the adsorption capacity increased as the initial dye concentration increased, it achieved 88.51 mg/g 
and 81.68 mg/g for the pods and the seeds of MO successively, at an initial concentration of 60 mg/L. 
The effect of initial concentration of adsorbate on the capacity of MB removal can be explained in 
terms of the number of available free surfaces sites in adsorbent structure and adsorbate / adsorbent 
ratios. The remaining sites had greater resistance to being occupied due to the repulsive forces between 
the dye adsorbed onto the biomass Moringa kernels and pods solution (Reck et al., 2018). 

 
Fig. 7: Effect of adsorbent dose on the adsorption of Methylene Blue by the pods and kernels powder of 

Moringa oleifera. Concentration = 20 mg/L; Time = 60 min; Temperature = 25 °C. 
 

At higher initial concentrations, the active sites of prepared adsorbent would be surrounded with more 
MB molecules in the solution; hence the equilibrium adsorption capacity of pods and kernels wastes 
increases with increasing the MB molecules concentration which favorize the adsorption process (Kali 
et al., 2022). These results are similar with their Soliman et al., 2019 who were found a rapid and 
higher adsorption of Congo red and Dispersed red 60 dyes with Moringa oleifera seeds waste as 
adsorbent observed during the initial stage then it slowed down till it reached the equilibrium state. 

 
Fig.8: Effect of initial dye concentration on the adsorption of MB onto MOPP and MOKP kernels. 
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3.2.3. Effect of pH 
The influence of the initial pH of the solutions on the adsorption was studied in the range of 3 to 11. 
The influence of the initial pH of the dye solution on the adsorption of MB onto the pods and kernels 
powder of Moringa oleifera is presented in Figure 9. The influence of the initial pH of the solutions 
on the adsorption was studied in the range 3 to 11. The amounts of dye retained by the adsorbent from 
different solutions were found to be closely related to the initial pH value of the solution as moved in 
Figure 9. The retention rates are appreciable between 4 and 11 for pods with a significant retention 
peak around pH=5 thereafter noticing a slight decrease from ~92% to ~88% at pH=7 and above pH=7, 
the retention of MB decreases. Contrary to the pods the kernels its retention rate is appreciable between 
the pH values between 4 and 9, with an important peak of retention towards pH=9, then a slight 
decrease of efficiency is observed with the increase of the pH, until pH11 the rate decreases from ~ 96 
to ~ 90 % between these two values. 
It can be seen from the figure 9, that the adsorption of MB increased with the increase of initial solution 
pH. To explain this increase, we need to use the value of the pHpzc shown in the figure 6. At values of 
pH < pHpzc, the surface charges of the tested adsorbents are positive and available to bind cationic dye 
such as MB. At pH > pHpzc, the adsorbent surface is negatively charged and susceptible to electrostatic 
interactions with anionic dye molecule as MB. Also, the change of pH affects the adsorptive process 
through dissociation of functional groups on the adsorbent surface active sites (Aysan et al., 2016; El 
Hammari et al., 2022). Additionally, lower sorption of MB at acidic pH is due to the presence of excess 
H+ ions competing with dye cations for the adsorption sites of powder prepared from the pods and 
kernels of Moringa oleifera (Djelloul et al., 2017). 

 
Fig. 9: Effect of pH on the adsorption of Methylene Blue by the MOPPand the MOPK. Mass of pods 

= 0.5 g/L and mass of kernels = 1g/L; Time = 60 min; Tp = 25 °C; Conc = 20 mg/L. 
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from 90.86 to 85.97 mg/g and from 89.64 to 83.18 mg/g onto the pods and the kernels powder of 
Moringa oleifera successively, This suggests that the effect of temperature is an exothermic nature on 
the adsorption process. An increase of temperature increases the rate of diffusion of the adsorbate 
molecules across the external boundary layer and within the internal pores of the adsorbent particle, 
due to the decrease in the viscosity of the solution (Ghasemi et al., 2007, Djelloul et al., 2017). 

 
Fig. 10:  Effect of temperature on the adsorption of Methylene Blue by the pods (MOPP) and the kernels 

(MOKP) of Moringa oleifera. 
 
3.2.4. Effect of the contact time 
The contact time is an influential parameter in the adsorption studies. Different masses are used to 
evaluate the adsorption kinetics on pods and kernels. Figures 11 show that adsorption occurs rapidly 
in the first 10 minutes of contact followed by a slow increase until reaching the equilibrium around 30 
min state for the different adsorbents. The fast uptake in the first stage was attributed to abundant 
unoccupied active functional sites were easily accessible (Shooto et al., 2020). The evolution observed 
in the second part can be explained by saturation of the specific surface of the adsorbent. 

   
 

Fig. 11: Effect of contact time on the adsorption of Methylene Blue by the pods (MOPP) and the kernels (MOKP) 
of Moringa oleifera. Mass of pods = 0.5 g/L and mass of kernels = 1g/L; Tp = 25°C; Conc=20 mg/L 
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3.3. Adsorption kinetics 
Kinetics of adsorption is one of the important characteristics to better understand the mechanism of 
adsorption. Tow kinetic models are applied in the present study, the pseudo-first-order and the pseudo-
second-order model in order to investigate the mechanism of the adsorption of MB on the pods and the 
kernels of Moringa oleifera. The biosorption data were analyzed according to the pseudo first-order 
kinetic model. Values of the rate constant (k1), equilibrium biosorption capacity (qe,cal), and correlation 
coefficient (R²) were calculated from the plots of ln(qe  qt) versus t (figure not shown) and are presented 
in Table 1. Kinetic data were further treated with the pseudo-second-order kinetic model. Values of the 
rate constant (k2), equilibrium biosorption capacity (qe,cal), the correlation coefficient (R²) were 
calculated from the slope and intercept of the plots of t/qt against t as shown in Figure 12 and are 
presented in Table 1. 

 

Table 1. The pseudo first-order and second-order adsorption rate constants and experimental qe 
values for the pods and the kernels of Moringa oleifera. 

 
    Pseudo-First order Pseudo-Second order 

 

Ce qe,exp qe,cal Kads,1 
R² 

qe,cal Kads,2 
R²   

(g/L) (mg/g) (mg/g) (min-1) (mg/g) (min-1) 

Po
ds

 

0.5 38.876 1.384 -6.66667 0.104 38.462 0.027 0.999 

1 19.526 1.313 -0.0001 0.163 18.182 0.059 0.998 

2 9.782 0.204 -0.000075 0.563 9.804 0.101 0.999 

3 6.643 0.145 9.16667 0.206 7.353 0.125 0.999 

K
er

ne
ls  

0.5 37.685 4.7350 -0.000075 0.263 38.462 0.024 0.997 

1 18.479 0.32628 -0.000258 0.034 22.728 0.0340 0.996 

2 8.970 5.65195 -0.014608 0.136 11.364 0.044 0.996 

3 6.119958 0.746022 -3.33333 0.069 5.747126 0.179 0.997 
 

   
Fig. 12: Application of the pseudo-second order model for MB adsorption onto pods (a) and kernels (b) 

The plots of linear equation of the pseudo-second-order model were found linear with good correlation 
coefficients (R2) for the pseudo-second-order kinetic model. Further, the calculated qe values using the 
pseudo-second order kinetic model were also found in accordance with the experimental uptake values 
qe,exp, contrary to the values determined by the pseudo-first kinetic model which are smaller than the 
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experimental data, which means that the pseudo-second-order model describes correctly the 
biosorption kinetics. Similar phenomena processes have been observed in the adsorption of methylene 
blue and methyl orange by the mixture of palm waste (Azoulay et al., 2020) and adsorption of 
Rhodamine B and Alizarin Red S dye on calcined waste of eggshells (Slimani et al., 2021). 
3.4. Adsorption isotherms study 
In order to optimize the adsorption process, it is essential to describe the quantity adsorbed by a given 
amount of adsorbent. The experimental data were fitted into equilibrium adsorption isotherm models 
of Freundlich, Langmuir and Temkin. The equations and linearized form of these isotherm models are 
given in Table 2. 
 
Table 2. Isotherm models tested in this study 

Isotherm Non linear form Linear form 

Langmuir 
qe

qm
 = 

KL Ce

1 + KL Ce
 

Ce

qe
 =

1
qmKL

 + 
Ce

qm
 

Freundlich qe= KF Ce
n Log(qe) = log(KF) + n log (Ce) 

Temkin 
qe

qm
 = 
𝑅𝑇
∆Q

 ln(KT Ce) 
qe= BT lnKT+ BT lnCe 
(with𝐵T =

!m"#
∆%

) 

 
The application of the Langmuir model to the present experimental data gave a poor fit, however, so 
that it is clearly not appropriate for the Methylene Blue on the pods and the kernels seeds of Moringa 
oleifera adsorbent. While the application of the Freundlich and Temkin isotherm models show a good 
regression coefficient compared to Langmuir model before cited (Table 3). The R2 values for kernels 
and pods indicate good agreement between the experimental values and the Freundlich isotherm 
parameters for MB adsorption onto both substrates.  
 

Table 3. Isotherm parameters for Methylene Blue adsorption onto the pods and the Kernels of Moringa oleifera 
 

 
Based on the fundamentals of the Freundlich theory, it can be concluded that the biosorption process 
most likely occurs in more than one layer (heterogenous surfaces). This means a linear adsorption, 
leading to identical adsorption energies for all sites (Novaisetal., 2018). The results corroborate with 
the study of Soliman et al., in 2019 in removal of Congo red and Dispersed red 60 dyes using Moringa 
oleifera seeds waste as adsorbent. Additionally, the Temkin model with high correlation coefficient 

Isotherm model Parameters 

Po
ds

 

Langmuir qm= 169.49 mg/g KL = 0.28 mg/g R² = 0.77 

Freundlich KF = 30.63 mg1-n Ln/g n = 0.53 R² = 0.96 

Temkin KT = 1.78 L/mg BT = 33.86 R² = 0.99 

K
er

ne
ls

 Langmuir qm=158.73 mg/g KL = 0.07 mg/g R² = 0.82 

Freundlich KF = 3.28 mg1-n Ln/g n = 0.63 R² = 0.92 

Temkin KT = 1.92L/mg BT = 29.89 R² = 0.98 
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confirm that the adsorption of methylene blue onto the pods and the kernels seeds of Moringa oleifera 
follows a chemisorption process. Similarly, Elmorsi et al. used the Temkin isotherm model in their 
investigation of the adsorption of methylene blue onto miswak leaves (Elmorsi. M., 2011). 
 
3.5. Thermodynamic studies 
In liquid phase adsorption, adsorption occurs as solvent species are removed from the adsorption sites. 
Displacement enthalpies are key factors in this process, since they balance different weak interactions 
between the adsorbent, adsorbate, and solvent. The free energy variation (ΔG°) of the adsorption 
reaction is expressed by the following equation (Araujo et al., 2018):  
 

ΔG° = -RT.lnKd                                     (Eq. 3) 

The values of ∆H° and ∆S° can be determined from the graph of lnKd versus 1/T and T is the absolute 
temperature in Kelvin. The values of ∆H° and ∆S° can be determined from the slope (ΔH°/R) and 
intercept (ΔS°/R) of the graph (Figure 13) of lnKd versus 1/T (Araujo et al., 2018) using the equation 
of Van't Hoff as expressed below: 

𝒍𝒏𝑲𝒅 =
𝜟𝑺°
𝑹 −

𝜟𝑯°
𝑹𝑻 																																									(𝐄𝐪. 𝟒) 

 

 
Fig. 13. Plots of lnKd vs. 1/T for the biosorption studies of MB onto the pods and the kernels powder 

of Moringa oleifera. 
 
The calculated values of ∆H°, ∆S° and ∆G° obtained from the experimental data at different 
temperatures for the biosorption of Methylene Blue adsorption onto the pods powder and the kernels 
powder of Moringa oleifera are listed in Table 4. The negative values of ∆H° of pods and kernels are 
respectively (-7.892 KJ.mol-1), (-18.873 KJ.mol-1) confirmed the exothermic interaction between the 
organique pollutants Methylen Bleu biosorbates and the pods and the kernels of Moringa oleifera waste 
biosorbents (Reck et al., 2018). So the nature of the adsorption process is exothermic. Moreover, the 
negative values of ∆S° (-3.766 J. mol-1.K-1) (-39.783 J.mol-1.K-1) revealed a decrease in the level of 
dispersion of the process at the solid/solution interface during the adsorption of MB on pods and 
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kernels. However, the negative and increase values of the ∆G° at the studied temperature range in 
Table 4 indicated that the adsorption of methylene bleu on adsorbent was thermodynamically feasible 
and spontaneous which confirms that the nature of adsorption process is physical (Rahmani et al., 
2021). 

 
Table 4. Thermodynamic parameters for MB adsorption on pods and kernels of Moringa oleifera. 

 

 T ∆G (KJ/mol) ∆H (KJ/mol) 
∆S 

(J/mol*K) 
R2 

 

Pods 

298 -6.71 

-7.92  -3.77  
0.945 

 
308 -6.78 

323 -6.63 

 

Kernels 

298 -7.07 
 

-18.87 

 
-39.78  

 
0.98 

308 -6.52 

323 -6.28 
 

Conclusion 

In this work. the waste products of Moringa oleifera were used for the removal of MB from the aqueous 
solution. The results obtained relating to the kinetics. isotherms and thermodynamics of adsorption 
were exploited to clarify the mode of dye fixation on the adsorbent. It is found that equilibrium is 
reached from 30 min and adsorption capacity of MOPP and MOPK waste increases with the increase 
of the initial MB concentration. Moreover. the adsorption process follows the pseudo-second order 
model with R2 close to 1 for both wastes (MOPP and MOPK). According to the intra-particle diffusion 
results the adsorption process occurs in two stages for both wastes. of which the first stage was fast 
and then slows down in the second stage. In addition. the Freundlich isotherm is the best isotherm 
which describes the adsorption phenomenon for the two wastes studied. 
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