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 Abstract 

The study was carried to evaluate the ability of defatted seed of Adansonia digitata 

(DFSE) to remove methylene blue dye from contaminated water. The optimum 

parameters such as contact time, particle size, absorbent dose, initial dye concentration, 

and pH were investigated by performing batch experiments models. The kinetics and the 

isotherms adsorption were evaluated by varying the initial concentration and using the 

optimum parameters. The optimum of contact time is 90 min and the removal capacity is 

99.34 %. A mass of 700 mg is sufficient to reach the maximum removal of methylene 

blue (99.44 %). The maximum adsorption is obtained with an initial methylene blue 

concentration of 75 ppm (98.53 %). The optimum particle size is 100 µm. The kinetics of 

the adsorption process are in accordance with the pseudo-second order model. 

Experimental values of the adsorption capacity are close proximity to the optimum values 

predicted by the pseudo-second order model. The Langmuir, Freundlich, Dubinin-

Radushkevich and Tempkin isotherms are not suitable to explain the experimental 

isotherm. 

Introduction 

The textile industry is a large consumer of water and rejects a large quantity of liquid 

containing polluted by dyes or heavy metals. The annual production of 40 million tons of 

textile fibers generates wastewater volumes estimated at several billion cubic meters per 

year [1]. Wastewater from the textile industry is typically made up of many contaminants 

including acids, bases, dissolved solids, toxic compounds, and dyes. These are the most 

visible, even at low concentrations, because of the appearance they give to the water. 



Aïssatou Alioune Gaye, Ramatoulaye Diouf and Alioune Fall 

http://www.earthlinepublishers.com 

140

They must be removed to discolor the waters before the wastewater is discharged [2]. 

The dangerousness of these pollutants is aggravated by their indefinite persistence in the 

environment due to their nature. The very high cost for the elimination of these heavy 

metals in soils and waters by classic physico-chemical methods such as chemical 

precipitation [3], recovery by electrolysis [4], the use of ion exchange resins [5], solvent 

extraction [6] or membrane filtration [7], push industrialists who are the main polluters to 

ignore the problem. Indeed, these methods are excessively expensive and only give low 

yields for metal concentrations below 100 mg/L [8]. In addition, these methods generate 

significant quantities of sludge after treatment. For dyes, their disposal from wastewater 

is essential for both health and the environment. Traditional wastewater treatment 

technologies have proven ineffective in purifying wastewater polluted with certain types 

of dyes [9]. Several methods have been used to remove dyes from wastewater. The 

implementation of physico-chemical and biological processes such as separation [10], 

oxidation [11], osmosis, photodegradation [12], microbial biodegradation [13]–[15] are 

difficult and expensive. Some of these processes have a main disadvantage due to the 

formation of unknown compounds different from the original dye molecule [16], [17]. 

These intermediates may have different toxicity [18] and remain in solution after 

treatment of polluted waters. The adsorption method is the easiest to implement with low 

cost compared to other processes used in industry. A large number of adsorbents such as 

nanoparticles, clays, zeolites, cellulose by-products, activated carbon, agro-industrial 

waste, etc. are applied to remove dyes from wastewater [19], [20]. The adsorption 

process is also the most effective technology for removing dye from wastewater. No 

intermediates from the degradation of the dye molecules appeared because the dye 

molecules were directly transferred from the solution to the solid phase of the adsorbent. 

In addition, the quantities of adsorbent used are quite small. At the end of the process, the 

adsorbent-laden dye can be stored in the dry phase without harming the environment. The 

solid phase can be regenerated later for reuse in the process. 

In this context, we have proposed the use of the residue of the seeds of Adansonia 

digitata. defatted, which is a very low-cost absorbent for removing methylene blue from 

industrial effluents. Indeed, methylene blue is a recalcitrant cationic dye widely used in 

industry which is toxic, and which causes several risks for the environment and health. 

Hemolytic anemia, hyperbilirubinemia and acute renal failure have been reported as a 

consequence of neonate exposure to methylene blue [21]. The mechanisms of biosorption 

of these dyes on the defatted seed have been studied by determining the influence of 

parameters such as pH, concentration. 
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Material and Methods 

Preparation of the adsorbent 

Fruits of Adansonia digitata called monkey bread were harvested at the 17°3′41″ 

west latitude and 14°46′13″ north latitude. The seeds were collected, and the flesh have 

been removed. The resulting seeds were rinsed twice with tap water first and distilled 

water to remove all the fibers. They were shadow dried for a week. After this first 

process, the seed were dried in an oven at 50°C for 48 hours. The seeds were ground with 

a grinder before being defatted with hexane using the Soxhlet technique. The resulting 

powder named was air dried before being stored in a plastic container. The dried defatted 

seed powder (DFSE) adsorbent was again crushed and sieved to get different sized 

fractions, namely, 100, 250, 315, 400, 1500 μm. These different fractions were stored in 

airtight containers for further use.  

Point zero charge pHPZC 

The pH of the point of zero charge (pHPZC) for DFSE was determined by a titration 

procedure. To a series of eleven 150 mL conical flasks 45 mL of a solution of KNO3 0.01 

M were added and the pH was accurately adjusted using HCl or NaOH 0.01 N solutions 

from pH = 2 to pH = 12 and completed with a solution KNO3 0.01 M to 50 mL. The 

initial pH (pHi) was accurately measured again. To each flask, 0.1 g of DFSE was added 

and the flask was capped and shaken manually each 4 hours. After 48 hours, the final pH 

(pHf) was measured. The pH is plotted against pHi. The point of intersection of the curve 

and the abscissa axe at ∆pH = 0 gave the pHPZC.  

Batch adsorption tests  

All the experiments were conducted in discontinuous batch. A weighed sample of 

DFSE was mixed with 50 mL of the methylene blue solution in 150 mL conical flasks. 

The mixture was stirred for a fixed time at 25°C. After this process, the liquid was 

separated from the adsorbent by filtration through a Whatman Filter N°1. The residual 

methylene blue concentration was determined using a Lambda 365 Perkin Photometer. 

The experimental data were used to determine the removal capacity and the quantity of 

methylene blue adsorbed on the DFSE: 

������� 	�
�	��
 �%� =
��� − ��� × �

��

× 100 

�� =
��� − ��� × �

�
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where �� and �� are respectively the initial and the final metal concentrations (mg/L) in 

the liquid phase, � (L) is the volume of the liquid phase and � (g) is the adsorbent mass 

used.  

Effect of time contact on the removal capacity  

The equilibrium time was determined using a Methylene Blue solution at a 

concentration of 50 ppm. Each 50 mL Methylene Blue solution was treated with 0.25 g of 

DFSE at time ranging from 10 to 120 minutes. The experiments were conducted at the 

same pH and the flasks contents were stirred at 500 rpm at a temperature of 25°C. 

Adsorbent dose effect on the removal capacity  

50 mL of a 50 ppm methylene blue solution was treated with a mass of DFSE 

adsorbent ranging from 0.1 to 1.0 g. The experiments were conducted at the same pH and 

the flasks contents were shaken at 500 rpm at temperature of 25°C for the optimal time 

determined previously.  

Effect of solution pH on the removal capacity  

The effect of solution pH on the dye removal capacities of the DFSE adsorbent was 

investigated between pH = 2 and pH = 11. The experiments were performed by adding a 

0.3 g of DFSE powder into six 150 mL conical flasks containing 50 mL of 50 ppm dye 

solutions and the pH of the solution was adjusted using 0.1 N HCl or 0.1 N NaOH. The 

flasks were shaken at 500 rpm and at temperature of 25°C for 120 minutes. 

Effect of adsorbent particle size on the removal capacity  

The ideal particle size for the adsorbent was determined by treating each category 

(100, 250, 315, 400 and 1500 μm) with 50 ml of a 50 ppm Methylene Blue solution at the 

optimum pH. The flasks were shaken at 500 rpm and at a temperature of 25°C for 120 

minutes.  

Effect of methylene blue solution concentration on the removal capacity  

The effect of dye solution on the removal capacity were determined by setting the 

optimum temperature, granulometry of the adsorbent, the pH of the solution and 

adsorbent dose and varying the methylene blue concentration between 12.5 to 100 ppm. 

The flasks contents were stirred at 500 rpm at a temperature of 25°C. 
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Results and Discussion 

Fourier Transforms Infrared Spectroscopy (FTIR) analysis

Figure 1 presents the FTIR of the DFSE seed and the residue after 

methylene blue on DFSE. The FTIR of DFSE shows broad bands centered at 3673

and 3281 cm
-1

 which are

groups and associated hydroxyl groups. Bands which appear in the range 2988

are due to the stretching vibration of C

1635 cm-1 are due to the stretching vibration of C=O and C=N functions

at 1242 cm
-1

 and 1031 cm

suggest the presence of lignin structure in DFSE. Upon adsorption of methylene 

DFSE the aspect of the FTIR spectrum has slightly changed. The bands due to the 

associated hydroxyl groups, to C=O and to C=N groups disappear suggesting a change in 

the structure of DFSE. Bands due to the stretching vibration of C

unchanged in the range 2988

interactions between DFSE and methylene blue.

Figure 1. 
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Figure 1 presents the FTIR of the DFSE seed and the residue after adsorption of 

methylene blue on DFSE. The FTIR of DFSE shows broad bands centered at 3673 cm-1 

respectively, characteristic of the presence of free hydroxyl 

groups and associated hydroxyl groups. Bands which appear in the range 2988-2900 cm-1 

groups. The peaks pointed at 1744 cm
-1 

and 

[22]. The bands 

C and C—O vibrations 

suggest the presence of lignin structure in DFSE. Upon adsorption of methylene blue on 

DFSE the aspect of the FTIR spectrum has slightly changed. The bands due to the 

d hydroxyl groups, to C=O and to C=N groups disappear suggesting a change in 

H groups remained 

. The changes are indicative of a strong 
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Influence of contact time

Figure 2 shows the effect of contact time on the adsorption efficiency of methylene 

blue on the defatted Adansonia digitata

ppm and the adsorbent mass used is 0.25 g. The maximum removal capacity is reached at 

90 minutes with 99.34 %. After 10 minutes 

were removed by DFSE. Beyond 10 minutes, the adsorption capacity continues sl

reach its maximum at 90 min. After 90 min, a release phenomenon is observed which 

continues up to 180 min to give a rate of 98.75%. After 90 min the removal capacity 

increases very slowly to reach 98.86 % at 240 min. In order to investigate the imp

the other physicochemical parameters on the methylene blue adsorption on DFSE, all the 

experiments were conducted with a fixed contact time of 90 minutes.

Figure 2. Influence of contact time on methylene blue removal capacity by DFSE.

Influence of the adsorbent mass

The influence of the mass of adsorbent on removal capacity of methylene blue by 

DFSE was studied. DFSE mass used ranges from 0.1 g to 1 g with a contact

min using methylene blue

best removal capacity value (99.44 %) is obtained with a mass of DFSE of 0.7 g. From 

0.1 g to 0.6 g the removal capacity grows slowly from 96.79 % to 99.39 %.

DFSE mass of 0.7 g, the remo

increasing again to 99.19 % for 0.9 g. A new decreasing is observed at 98.97 % for 1 g. 

The zig-zag behavior of the removal capacity after 0.7 g suggest a phenomena of 

adsorption-release of methylene blue by DFSE in the range 0.7 g 
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Figure 3. Influence of adsorbent mass on methylene blue removal capacity by DFSE.

Influence of solution pH on the removal capacity

The influence of the pH on the removal capacity of methylene blue by DFSE was 

studied. As shown in Figure 4 the removal capaci

dependent. In fact, the varying pH of solutions changes the concentration of the 

functional groups of the adsorbent. When the pH values increases from 2 to 3 the removal 

capacity increases from 99.59 % to 99.70 %.

a zig-zag behavior of the methylene blue uptake is observed (Figure 4) and the maximum 

capacity removal (99.60 %) is reached at pH

species, thus at pH = 7, the negatively charge

with the cation yielding a better removal capacity. For lower pH values competition 

between hydrogen ions and the cationic methylene blue species is won by hydrogen ions.

The point zero charge (pH

value, the net surface charge of the adsorbent is zero. For pH values smaller than the 

pHPZC, the functional groups are protonated, and the absorbent present a positive surface 

charge and can easily inte

the pHPZC, the functional groups are deprotonated, and the absorbent present a negative 

surface charge and can adsorb easily positively charged species. This observation is in 

accordance with the maximum removal capacity observed at pH
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Figure 4. Influence of pH on methylene blue removal capacity by DFSE.

Influence of the particle size of DFSE on the removal capacity

The specific surface area of the adsorbent influences drastically the re

[25]. As shown by authors

Consequently, the finer the particles the higher the removal capacity. Indeed, the larger 

surface/volume ratio of small particles increases their adsor

Figure 5, the percent removal of methylene blue decreases when the particle size of 

DFSE increases. The maximum of the removal capacity value of 99.33 % is observed for 

the finest particles sizes of 100 

When the particle size increases the removal rate decreases slightly to reach 97.0.2 % at 

1500 μm. In the rest of the work, particle size of 100 

Figure 5. Influence of particle si
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Influence of initial methylene blue concentration

The effect of the initial concentration of methylene blue on DFSE was studied by 

varying the concentration from 12.5 to 100 ppm as shown in Figure 6. The remov

capacity of methylene blue at 12.5 ppm by DFSE

% for a methylene blue concentration of 75 ppm. Above 75 ppm, the adsorption rate 

remains almost constant. Between 12.5 and 75 ppm, there is a high driving force betw

the DFSE adsorbent and the methylene blue solution. This has the consequence of 

increasing the efficiency of the adsorption of methylene blue by DFSE. The quasi

constant removal value observed when the initial concentration increases from 75 ppm to 

100 ppm can be explained by the saturation of the DFSE adsorption sites reached more 

quickly. These observations are reported by several authors for various dyes and 

adsorbents. 

Figure 6. Influence of methylene blue concentration on removal capacity by DFSE
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adsorbent and the mechanism of adsorption. Some isotherm models provided for gas 

phase adsorption are used for liquid medium adsorption. In this work

Langmuir, Freundlich, Temkin and Dubinin
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monolayer and under a homogeneous surf
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��

��

=
1

����

+
1

��

�� 

where �� is the adsorbed amount at equilibrium in mg/g, �� is the equilibrium 

concentration in solution in mg/L, �� is the Langmuir equilibrium constant (L/mg), and 

�� is the maximum adsorption capacity in mg/g. 

The Freundlich model assumes that the multilayer adsorption takes place on the 

heterogeneous surface. The linear form of the Freundlich equation is reported as : 

ln �� = ln �! +
1

"
ln �� 

where ��  is the adsorbed amount at equilibrium in mg/g, �� is the equilibrium 

concentration in solution in mg/L, �! (L/mg) is the Freundlich constant, and " is the 

heterogeneity factor. �! is referred to the adsorption capacity, whereas the 1/" value 

measures if the adsorption process is irreversible �1/" = 0�, favorable �0 < 1/" < 1�, 

or unfavorable �1/" > 1�. 

The Dubinin-Radushkevich model makes it possible to estimate the characteristic 

porosity of adsorbents and the apparent energy of adsorption. The linear form of the 

Dubinin-Radushkevich equation is reported as : 

ln �� = ln �&'( − )*+, ;   + = �-�"�1 +
.

/0
� 

where ��  is the adsorbed amount at equilibrium in mg/g, �� is the equilibrium 

concentration insolution in mg/L, �&'( (mg/g) is the theoretical capacity of isotherm 

saturation and )* (mol
2
/J

2
) is the constant of the Dubinin-Radushkevich isotherm. + is 

the potential of Polanyi. 

Temkin’s isothermal model assumes that due to adsorbate-adsorbate interactions, the 

heat of adsorption of all adsorbate particles in the layer decreases linearly with surface 

coverage. The linear form of the Temkin equation is reported as : 

�� =
�-

12

ln �3 +
�-

12

ln �� 

where ��  is the adsorbed amount at equilibrium in mg/g, �� is the equilibrium 

concentration in solution in mg/L, 12 and �3 are parameters determined from the slope 

and the intercept by applying respectively. �3 corresponds to the equilibrium binding 

constant in L/mol and represents the maximum binding energy; 12 refers to the heat of 

adsorption. 
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Langmuir, Freundlich, Temkin and Dubinin

determined from the plots of relative equations.
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Figure 7 shows the Langmuir, Freundlich, Temkin and Dubinin-Radushkevich curves 

for MB adsorption. The isotherm parameters as presented in Table 1 show the 

comparison of correlation coefficients for Langmuir, Freundlich, Dubinin

and Temkin models. Examination of the data showed that the Temkin isotherm provided 

the best fit with the highest correlation coefficient �, 
with value of 0.830. Moreover, the 

Radushkevich and the Freundlich models present good �, values of 0.710 and 

0.640 respectively. The Langmuir model give the worst �, value of 0.077. The Temkin, 

Radushkevich and the Freundlich models were more obeyed than the 

Langmuir model. These observations suggested that the adsorption system was 
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Raduskevich isotherm Temkin isotherm

Figure 7. DFSE adsorption isotherms. 
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Table 1

Langmuir isotherm

��

��

=
1

����

�� (mg/g) �� 

−9.681 −
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ln �� = ln �&

�&'(  

19.015 1.674

 

Pseudo-first ordre
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Figure 8. Kinetics models for adsorption of on MB on DFSE.
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Table 1. Adsorption isotherms parameters DFSE. 

Langmuir isotherm Freundlich isotherm

�

+
1

��

�� ln �� = ln �! +

 (L/mg) �, 
1

"
 �! 

−0.157 0.077 1.201 1.445

Raduskevich Temkin isotherm

&'( − )*+, �� =
�-

12

ln �3 +

ε �, 12  (J/mol) �3 (L/mole)

1.674 0.717 808.486 3.094

 

first ordre Pseudo-second ordre

 

Diffusion intra particulaire Elovich 

Kinetics models for adsorption of on MB on DFSE.

aye, Ramatoulaye Diouf and Alioune Fall 

Freundlich isotherm 

+
1

"
ln �� 

 �, 

1.445 0.641 

Temkin isotherm 

�-

12

ln ��  

(L/mole) �, 

3.094 0.830 

 

second ordre 

 

Kinetics models for adsorption of on MB on DFSE. 
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Table 2. Kinetic parameters of the adsorption of methylene blue on DFSE. 

��  

(ppm) 

��,�(5  

(mg/g) 

Pseudo-first order Pseudo-second order 

6"��� − �2� = 6" �� − 7.� 
�

�2

=
1

7,��
,

+
1

��

� 

7. (min
-1

) ��,8'9  (mg/g) �, 7, (g/mg min) ��,8'9  (mg/g) �, 

12.5 0.419 0.087 6.26 × 10=> 0.923 −0.897 0.411 0.999 

25 0.856 0.079 1.04 × 10=@ 0.800 −0.161 0.849 1.000 

50 3.518 −0.048 2.37 × 10=. 0.953 0.063 3.529 1.000 

62.5 4.399 −0.062 6.26 × 10=> 0.874 0.092 4.423 1.000 

75 5.182 −0.052 1.18 × 10=. 0.593 0.046 5.198 0.999 

100 6.934 −0.019 1.65 × 10=, 0.672 0.0027 6.930 1.000 

��  

(ppm) 

��,�(5  

(mg/g) 

Intraparticle diffusion Elovich 

�2 = 7E� + F �2 =
1

G
6" HG +

1

G
6" � 

7E  (mg/g min) F �,  G (g/mg) H (mg/min) �, 

12.5 0.419 −0.002 0.426 0.796 −250.000 −8.44 × 10=>� 0.709 

25 0.856 −0.002 0.862 0.524 −250.000 −3.17 × 10=IJ 0.505 

50 3.518 0.012 3.429 0.909 31.645 1.22 × 10@> 0.965 

62.5 4.399 0.022 4.231 0.992 17.921 1.51 × 10K. 0.968 

75 5.182 0.017 5.054 0.797 22.989 3.87 × 10@L 0.802 

100 6.934 0.002 6.914 0.457 181.818 n/a 0452 

Kinetic modeling of adsorption 

In order to evaluate the adsorption processes of methylene blue on defatted seed of 

Adansonia digitata four kinetic models such as pseudo-first-order, pseudo-second-order, 

Elovich and Intra-particle diffusion models were applied (Figure 8). 

Pseudo-first order 

Assuming that a surface active site is occupied by an adsorbate unit, Lagergren [24] 
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proposed a pseudo-first-order kinetic equation. This equation is widely used in scientific 

work to study the adsorption kinetics of chemical species in solution by a solid adsorbent. 

The linear form of this model expressed by the following formula: 

Ln��� − �2� = Ln �� − 7.� 

where �� is the equilibrium adsorption capacity (mg/g), �2 is the adsorption capacity at 

time � (mg/g), 7. (min-1) is the rate constant for the of pseudo-first order kinetic. The plot 

of Ln��� − �2� vs � shows the validity or not of the pseudo-first order kinetics model for 

different initial concentrations of methylene blue. Figure 8 shows that for all the initial 

concentrations of methylene blue, the plots do not give a straight line as observed with 

the values of �, which diverge strongly from the ideal value of 1 (Table 2). The pseudo-

first-order kinetic model is not suitable for describing the adsorption process. 

Pseudo-second order 

The equation established by Ho and McKay’s [25] allows to describe the pseudo-

second order model assuming an interaction of two active sites with one unit of 

adsorbate. The linear form of this equation is given below: 

�

�2

=
1

7,��
,

+
1

��

� 

where �� is the equilibrium adsorption capacity (mg/g), �2 is the adsorption capacity at 

time � (mg/g), 7, (g/mg min) is the rate constant for the pseudo-first order kinetic. Figure 

8 shows the plots of �/�2  vs � for different concentrations. We observe that for all the 

initial concentrations of methylene blue, we have a straight line with an excellent 

correlation coefficient �, [0.9999 and 1] (Table 2). From these diagrams, the values of 

the quantity adsorbed at equilibrium, for each initial concentration and the rate constants 

7, were calculated and recorded in Table 2. The values of �� calculated and the values of 

�� are close proximity. The pseudo-second-order kinetic model is the more suitable 

model for describing the adsorption process. 

Intra-particle diffusion model  

The equation established by Morris and Weber [26] describes the intra-particle 

diffusion model whose linear model: 

�2 =  75�./,  + � 

where �2  is the amount of dye adsorbed (mg/g) at time �; � (mg/g) is the boundary layer 
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thickness and 75 is the rate constant of intra-particle diffusion model (mg/g.s
1/2

). The plot 

of the equation should be linear if intra-particle diffusion is involved in the adsorption 

mechanism. Also, intra-particle diffusion is the velocity control step if the straight line 

passes through the origin. If the straight line does not intersect the origin, this indicates 

that the intra-particle is not the only velocity control step. None of the equation plots for 

MB adsorption at different initial concentrations are linear and all �, correlation 

coefficients are less than 0.9 (Table 2). These observations indicate that intra-particle 

diffusion is not the rate-controlling step. 

Elovich model  

The kinetic model named Elovich [27], illustrated by the linear form of the equation 

describes chemisorption on heterogeneous surfaces: 

�2 =  
1

G
ln�HG� +

1

G
 �"� 

where �2 is the amount of dye adsorbed (mg/g) at time (t), H represents the initial 

sorption rate (mg g
-1

 min
-1

) and G is related to the extent of surface coverage and 

activation energy for chemisorption (g mg-1). On the plots of the equation (Figure 2), no 

straight line is observed for the differences in the initial concentrations of methylene blue. 

The parameters H,  G and the correlation coefficients �, are calculated from the linear 

plots and recorded in Table 2. All of the correlation coefficients values were far from 

unity. This model is not suitable for studying the sorption of MB on DFSE. 

Conclusion 

In the present article, delipidated Adansonia digitata seeds were used in the cleaning 

of wastewater containing methylene blue dye. FTIR analysis and point zero charge were 

performed to determine the properties of the adsorbent. The adsorption kinetics were well 

described by the pseudo second order model, proving that a chemisorption would be the 

rate controlling step. The adsorption isotherms for methylene blue were not well adapted 

to the different models studied (Langmuir, Freundlich, Temkin, Dubinin-Raduskevich, 

Harkin Jura and Halsey). None of these isotherms provided a good fit to the adsorption 

data, indicating that the interaction was primarily chemical in nature. The short contact 

time, the low ratio adsorbent/volume and the pH value of 7 obtained to reach the 

maximum adsorption capacity, demonstrate that the prepared adsorbent is an inexpensive 

durable absorbent, very effective which can be applied in the removal of industrial dyes 
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from wastewater. We plan to continue research on the recycling of the adsorbent and its 

affinity for other industrial dyes, as well as its performance in highly contaminated 

wastewater. 
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