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ABSTRACT: The objective of this study is to characterize the Biosorbent (Atriplex Halimus leaves) 

and its application in the removal by adsorption of anionic and cationic dyes known for their toxicity 

such as Bemacid Blue (BB), Bemacid Red (BR), and Methylene Blue (MB) contained in water.  

The Atriplex Halimus was characterized by Boehm's method, FT-IR, XPS, SEM, pH Zero Charge Point 

(pHZPC), iodine value, and Methylene Blue value. The tests carried out in this experiment showed  

that the Biosorbent can remove Bemacid Blue (BB), Bemacid Red (BR), and Methylene Blue (MB). 

The effect of several parameters such as pH of the solution, biomass dose, contact time, initial 

concentration of dye used, and the temperature was studied in a batch system. The adsorbate-

adsorbent equilibrium times are reached after 60 min for MB and 90 min for BB and BR. The adsorption 

is maximal for an adsorbent dose of 8 g/L for the three dyes. The best retentions were observed at pH 

11, 6.45, and 5.12 for MB, BB, and BR respectively. The maximum adsorption capacities are 289.8, 

29.7, and 32.9 gm/L for Methylene Blue (MB), Bemacid Blue (BB), and Bemacid Red (BR) 

respectively. Modeling of the experimental data showed that the Langmuir and pseudo-second-order 

models describe, respectively, the adsorption isotherms and the kinetics in a satisfactory way. The study  

of the thermodynamic aspects showed that the adsorption of the three dyes by the leaf biomass  

of Atriplex Halimus is a favorable, exothermic, and spontaneous phenomenon.   
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INTRODUCTION 

More than 10,000  different dyes have been 

commercialized to date and their annual production exceeds 

7x105 metric tons [1]. Dyes are used in the coloring process of 

various industrial materials such as dyes, textiles, plastics, 

cosmetics, paper, and leather [2] pose pollution problems  

in the form of colored wastewater discharges into 

environmental water bodies [3]. These discharges present a real 

danger for man and his environment because the dyes can exert 

acute and/or chronic effects on the organisms that are exposed  

 

 

 

to them according to the concentration and the duration of 

exposure. Dyes are very visible, and at very low concentrations, 

they can give an abnormal coloration to surface waters, which 

attracts the attention of the general public. Dye-polluted 

waters reflect sunlight, which affects the growth of living 

things and disturbs their biological activities. Dyes in 

wastewater undergo chemical and biological changes, which 

lead to an overconsumption of dissolved oxygen and destroy 

aquatic life.  
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Synthetic dyes have a high potential for resistance to 

discoloration when exposed to light.  

The elimination of these pollutants from industrial 

discharges is very often carried out by conventional 

chemical treatments such as decantation, coagulation-

flocculation, oxidation... The wastewater that is treated by 

these processes still contains pollutants and is loaded due 

to the number of added reagents. In most cases, these 

processes are very expensive. It is necessary to think about 

more efficient and less expensive solutions.  

Adsorption techniques have been successful in the 

removal of organic species. Currently, activated carbon is 

the most used adsorbent due to its adsorption potential 

which is very important for dyes, but it has the 

disadvantage of being expensive due to its preparation 

which requires large investments (grinding, sieving, 

activation, ...).  

The main advantages of these biomaterials are their 

reusability, efficiency, and low operational cost. In recent 

years, many studies have shown that the biosorption of 

dyes by different materials has already been reported, on 

biomasses such as De-oiled Algae [4], Peanut shells [5], 

Brewery waste [6], Luffa cylindrica [7], Mussel shells [8], 

Pinus radiate [9], Calcined lotus leaf [10], Eucalyptus [11] 

globulus, Cynara cardunculus, and Prunus cerasefera [12]. 

It is in the work that we have been interested to test a new 

adsorbent (leaves of the Atriplex Halimus) non-

conventional low cost for the treatment of water 

contaminated by textile dyes.  

To this fact, we studied the physical parameters such 

as the initial concentration of the three pollutants, the pH, 

the temperature, the dose of adsorbent, and the capacity of 

a biomass (leaves of Atriplex Halimus) for the biosorption 

of the three textile dyes (Blue bemacid, Red bemacid and 

Blue of methylene) A modeling of the biosorption 

equilibrium isotherm, the kinetics, and the thermodynamic 

parameters was performed to better understand the 

mechanism of dye adsorption on biomass (leaves of 

Atriplex Halimus). 

 

EXPERIMENTAL SECTION 

Preparation of the adsorbent 

In this work, we chose to valorize the leaves of Atriplex 

Halimus for the removal of some organic pollutants.  

The biosorbent used in this study was prepared according 

to the experimental protocol developed in the laboratory.  

The leaves of Atriplex Halimus were crushed and 

sieved to a diameter of 0.14 mm and then washed with  

a Soxhlet extractor to remove the active principle. Then 

were dried in the oven for 24 h at 80 °C. After drying  

in the oven, the materials were crushed and sieved  

to a diameter < 71 µm because it has the finest particle size 

available in the laboratory. Finally, the biosorbent  

was kept in an airtight container. 

 

The studied adsorbates  

We chose three textile dyes which are Methylene Blue (MB), 

Bemacid Blue E-TL (BB), and Bemacid Red E-TL (BR).  

Methylene blue, a cationic dye (Basic Dye), is chosen 

as a representative model for medium-sized organic 

pollutants. It is a molecule that is also used to test the 

adsorption capacity of solids [13-14], and to determine 

their specific surface [15].  

It is widely used in several fields such as chemistry, 

pharmaceuticals, cosmetics, and the textile industry.  

The two acid dyes (the Blue Bémacide E-TL and  

the Red Bémacide E-TL) are used in the form of salt 

belonging to the category of the water-soluble dyes, they 

were given to us by the company of production of artificial 

silk of SOITEX Tlemcen, Algeria. These dyes are used  

for textile dyeing and more particularly for polyamide 

fibers.  

 

Characterization Techniques 

Iodine Index and Methylene Blue Index 

The iodine index is a widely used parameter to 

characterize activated carbon due to its simplicity and 

rapid evaluation of activated carbon quality [16]. The 

existence of micropores and mesopores of biosorbent was 

also estimated by iodine index (ASTM D4607-94 method) 

[17], and methylene blue index (Chemviron Carbon 

company TM-11 method) [18-19], respectively.  

 

Zero Charge Point pH (pHPCZ) 

The pHPCZ or pH of the zero or zero charge point is the 

pH value for which the charge on the surface of the carbon 

is zero. The neutral surface charge (pHpzc) was 

determined by the pH drift technique [20].    

A volume of 50 mL of NaCl solution (0.01 M) is placed 

in stoppered bottles, the pHi (initial pH) is adjusted  

from 2 to 12 by adding sodium hydroxide or 0.1 N 

hydrochloric acid; then 0.15 g of adsorbent is added to the NaCl  
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solutions. After 48 hours of stirring the pHf (final)  

is measured. The ΔpH is plotted against the pHi (initial). 

The pH that corresponds to the point of intersection with 

the abscissa axis is the pHPCZ of the biosorbent.  

 

Boehm's method 

A Boehm titration was performed to determine the 

number and type of oxygen groups on the surface [21-22]. 

The adsorbent was reduced to powder form and then 

contacted with one of the following three bases and one 

acid: NaHCO3, Na2CO3, NaOH, and HCl. After filtration 

of the suspension, the excess of base is dosed by a solution 

of HCl (0.1N). From the titration curves, the type of site 

contained in the activated carbon is deduced by Boehm's 

classification. Masses of 0.3 g of the tested adsorbent were 

successively put in vials with caps. To each vial, 50 mL of 

each base and an acid of concentration 0.1 N were added 

and stirring was maintained for 72 hours at the temperature 

of (25 ± 2) °C. After filtration, the amount of base 

consumed by the Biosorbent is determined by titration of 

a known volume of filtrate (10 mL) with hydrochloric acid 

(0.1 N).  

 

FT-IR, XPS, and Scanning Electron Microscopy (SEM) 

methods   

The surface chemical functions are determined  

by FT-IR and XPS methods.  

FT-IR spectra were recorded in the range (400-4000 cm-1) 

using a SHEMADZU - pristig-21 spectrometer. X-ray 

Photoelectron Spectroscopy (XPS) is a powerful technique 

for qualitative and quantitative characterization of surfaces [23]. 

XPS measurements were performed on a Kratos  

Axis Ultra using an Al Kα X-ray source (hν =1486.6 eV) [24].  

Scanning Electron Microscopy (SEM) was performed 

to show the pore structure of the studied biomass.  

 

Batch biosorption experiments  

Effect of equilibrium time   

To determine the sufficient time to reach equilibrium, 

a kinetic study is necessary. We prepared two solutions of 

concentrations 30 and 50 mg/L. In a series of beakers, 0.1 

g of biosorbent and 25 mL of solution of the studied 

adsorbate are added in each beaker. The whole is stirred at 

stirring times from 15 to 240 minutes, then centrifuged 

(Hettich EBA 8) at 6000 rpm and analyzed by 

spectrophotometry (Shimadzu UV mini - 1240), with the 

wavelengths are 665, 609, and 504 nm for methylene blue, 

bemacid blue and bemacid red, successively.  

 

Influence of the quantity of biomass 

Another factor influencing the adsorption properties is 

the dose of biosorbent which is particularly important 

because it determines the degree of adsorption.  

A volume of 25 mL of study solution of known 

concentration (100 mg/L for MB and 50 mg/L for BB and 

BR) was mixed and stirred with 0.05, 0.1, 0.15, 0.2, 0.25, 

0.3, 0.35, and 0.4 g of study biosorbent, respectively,  

for a time that was determined beforehand. After filtration, 

the solution was analyzed to determine its concentration 

which will allow the determination of the percentage  

of elimination of the substance to be fixed.  

 
Influence of the pH of the solution 

The initial pH of the solution is an important parameter 

that must be considered in any adsorption study [25]. We 

monitored the effect of pH (2 to 11) on the adsorption of 

each dye for an initial concentration of 100 mg/L (BM) and 

50 mg/L (BB and RB) and a mass of 0.2 g of biosorbent 

by adjusting the initial pH with NaOH (0.1 N) and HCl 

(0.1 N) solutions, for the different pH values studied.  

 
Adsorption Isotherms 

The adsorption isotherm characterizes the adsorption 

process and expresses the quantity of adsorbate present on 

the adsorbent qe (expressed in mg per g of adsorbent).  

In a series of beakers containing 25 mL of 

concentrations between 100 mg/L and 1000 mg/L. After 

the stirring time, the biomass was separated by centrifuge 

and the adsorbents (Methylene Blue, Bemacid Blue, and 

Bemacid Red) in solution were determined by 

spectrometry. The adsorption capacity (qe) and percent 

removal R(%) are determined by the following equations 

[26-27]: 

qe =
(C0 − Ce)

m
∗ V                                                               (2) 

R(%) =
(C0 − Ce)

C0

× 100                                                   (3) 

Where: C0 : initial concentration of the adsorbate (mg/L) ;  

Ce : equilibrium concentration of the adsorbate (mg/L) ;  

m : mass of adsorbate (g) ; V : volume of adsorbate (L).  
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Determination of the maximum adsorption capacity for 

the three dyes studied on the leaves of Atriplex Halimus, 

the experimental data were correlated by Langmuir [28], 

Freundlich [29], and Temkin [30-31] isotherms. These 

isotherms can be written as the following equations: 

qe =
qm × KL × Ce

1 + KL × Ce

                                                              (4) 

qe = KF × Ce

1
n⁄

                                                                      (5) 

qe = BT × ln(KT × Ce)                                                       (6) 

Where: qm: the maximum adsorption capacity (gm/L); KL: 

constant of the Langmuir isotherm; KF, n: constants of the 

Freundlich isotherm; KT: Temkin isotherm constant (L/mg) 

(the retention capacity at equilibrium); BT=(R×T)/bT]; R: 

constant of perfect gases (8.314 J/mol.K); T: absolute system 

temperature (K); bT: is the heat of sorption in (J/mol).  

 
Kinetic studies  

The pseudo-first-order equation (10) [32], the pseudo-

second-order Equation (11) [33], and the intraparticle 

diffusion model equation (12) [34] were tested by the 

following equations: 

ln(qe − qt) = ln(qe) − (k1 × t)                                    (10) 

t

qt

=
1

k2 × qe
2

+
t

qe

                                                             (11) 

qt = ki × t0.5 + C                                                               (12) 

Where: qe and qt: adsorption capacity of the adsorbate 

(gm/L) at equilibrium and at time t (min);  k1 and k2: kinetic 

constant of the pseudo-first-order and the pseudo-second-

order;  ki: intraparticle diffusion rate constant; C: constant. 

 
Study of the influence of temperature 

The influence of temperature on adsorption has been 

carefully studied, to study the effect of temperature on the 

adsorption of dyes by the biomass studied, we have chosen 

the following temperatures: 25, 30, 35, and 40 °C. 

Thermodynamic parameters show the feasibility and 

spontaneous nature of a biosorption process. These parameters 

are determined using the following equations [35-36]: 

∆G° = −R × T × ln(Kd)                                                     (7) 

∆G° = ∆H° − T∆S°                                                               (8) 

ln(Kd) = −
∆H°

R × T
+

∆S°

R
                                                    (9) 

Where: Kd: thermodynamic distribution capping; ΔG° : 

Gibbs energy (kj/mol) ; ΔH° : standard enthalpy (kJ/mol) ;  

ΔS° : standard entropy (kJ/mol.K). 

As criteria for fitting quality, the Chi-Square parameter 

(χ2), Root Mean Square Error (RMSE), and Average 

Relative Error (ARE) [37]. The functions are defined as 

follows: 

ARE =
100

n
∑ [

|qexp − qcal |

qexp

]
i

                                     (10)

n

i=1

 

χ2 = ∑ [
(qexp − qcal )

2

qcal

]
i

                                              (11) 

n

i=1

 

RMSE = √
1

(n − 2)
∑(qexp − qcal )2

n

i=1

                          (12) 

  

RESULTS AND DISCUSSION  

Characterization 

Iodine number and methylene blue index 

The iodine number can reflect the ability of CA  

to adsorb small molecules from a liquid [38].  

The iodine number characterization test (Table 1), 

show an impotent microporosity (425.2 mg/g). This  

was followed by the methylene blue index test to determine 

the existence of micropores and mesopores in the 

biosorbent studied [16]. The methylene blue index cited 

in Table 1 indicates that the Atriplex Halimus biosorbent 

at a mesopore is significant (119.5 mg/g). 

 

pHPCZ and Boehm's method  

The pHPZC corresponds to the pH value for which the 

net surface charge of the adsorbent is zero. The results 

obtained are shown in Fig. 1 and Table 2. 

The pH value at the zero charge point (pHPZC) is 

obtained at the intersection of the initial pH with the final 

pH. Fig. 1 shows that the pHPZC of the studied biosorbent 

is acidic 6.25. This is in agreement with the Boehm titration 

results (Table 2) for the Atriplex Halimus biosorbent showing 

the presence of acidic functional groups.  
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Table 1: Results of iodine number and MB index and pHZPC of studied biosorbent. 

Iodine number (mg/g) MB index (mg/g) pHZPC 

425.2 119.5 6.25 

 

Table 2: Chemical groups on the surface of biosorbent (Boehm method). 

Carboxylics (meq-g.g-1) Laconics (meq-g.g-1) Phénolics (meq-g.g-1) Acids (meq-g.g-1) Basics (meq-g.g-1) 

0.952 0.068 1.769 2.789 1.247 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Determination of pHPCZ of biosorbent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: FT-IR spectrum of Atriplex Halimus biosorbant. 

 

At pH below 6.25, the biomass surface has a positive 

charge, while above pH 6.25 will have a negatively 

charged surface. This factor may be of great importance in 

the adsorbate-adsorbent interactions in the liquid phase. 

Cation adsorption is favorable at pH> pHPZC, on the other 

hand, anion adsorption is favorable at pH < pHPZC [39]. 

 

FT-IR spectral analysis 

FTIR characterization allows the detection of the 

different functional groups that exist in the biosorbent.  

The peaks in the FTIR spectrum of the Atriplex 

Halimus-based biosorbent are identified with various 

groups and bonds based on their wavenumbers in cm-1,  

as reported in the literature [40-42]. 

Fig. 2 shows the FT-IR spectrum of biosorbent  

the O-H bond that corresponds to alcohols, phenols, and 

chemisorbed water is located in the Bend between 3600 

and 3200 cm-1 [43]. The two high wavenumber bands  

at 3451.32 and 3367.75 cm-1 are the asymmetric and 

symmetric elongations of an NH2 group. The two CH2 

vibrational bands at 2932.87 and 2852.71 cm-1 are 

attributed to asymmetric and symmetric elongations of 

C-H in CH2, respectively [44]. A peak at 1720.5 cm-1 

represented the C=O elongation vibration of a carboxylic 

acid, a thin peak appearing at 1637.59 cm-1 confirms  

the presence of an amide group [45] indicating the presence 

in the biosorbent.  

A band at 1162.63 cm-1 corresponding to the C-O bond 

of the aliphatic ester group. Several bands between 1325.5 

to 1039 cm-1 represent the C-O bond of phenols [46].   

The peak at 1107.73 cm-1 corresponds to the C-O 

stretching vibration and the O-H bending modes of the 

alcoholic, phenolic and carboxylic groups [47]. The FT-IR 

data have confirmed the composition of the organic matter, 

carboxylic groups, and phenolic groups present on the 

biosorbent. 

 

XPS analysis 

We characterized the Atriplex Halimus biosorbent by 

XPS. Fig. 3 shows the XPS spectra of the Atriplex 

Halimus-based biosorbent (C1s, O1s, and N1s). The C1s 

carbon peak consists of C=O bonds (carboxyl groups)  

at 288.4 eV, single C-O or C-N bonds at 287.5 eV, C-O 

bonds at 286.1 eV, and C-C bonds at 284.5 eV [24]. The 

O1s peak is characterized by 4 components at 532.8, 532.3, 

531.9, and 531.2 eV corresponding respectively to C-O-C 
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Fig. 3: XPS spectra of Atriplex Halimus biosorbent (C1s, O1s and N1s). 

 

(ether oxide groups), C-OH (contribution of C-OH already 

identified in the C1s peak), O-H (hydroxide groups) or C-

O (carbonyl groups) (contribution of C=O already 

identified in the C1s peak) and O=C-OH and oxygen 

chemisorption [24], respectively. Finally, the N1s peak is 

a single component at 399.8 eV with a single C-N bond 

that matches from amine or amine (contribution of C-N 

already identified in the C1s peak). This analysis confirms 

the results of FT-IR spectrum analysis.   

 

Scanning Electron Microscopy (SEM)  

The surface morphology of the biomaterial (Atriplex 

Halimus) was thus observed by SEM. The pictures obtained 

by scanning electron microscopy are presented in Fig. 4. 

The SEM image (Fig. 4) shows a structure some porosity 

of the biomaterial (Atriplex Halimus) with pores of more 

or less diverse shapes and sizes. This figure also indicates 

the presence of a variety of cavities on the external surface. 

These can explain the important surface of biomass. 

Batch biosorption  

Effect of adsorption time 

The effect of stirring time was a critical factor  

in the sorption experiments as the data will help confirm 

the stirring time to reach equilibrium in the adsorption 

process [48].  

The results obtained are represented graphically  

in Fig. 5. It can be seen that from Fig. 5 the removal rates 

of Methylene Blue (MB), Bemacid Blue (BB), and 

Bemacid Red (BR) by the biosorbent (Atriplex Halimus) 

increases with time for the two chosen concentrations until 

a saturation level is reached after 60 min for Methylene 

Blue and 90 min for Bemacid Blue and Bemacid Red. 

 

The effect of adsorbent dose on adsorption  

The effect of the biosorbent dose on the removal rate 

of the three pollutants (MB, BB, and BR) is shown in Fig. 6. 

The percentage removal of the pollutants increases  

with the increase of the adsorbent dose [49] (2 to 8 g/L). 
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Fig. 4: SEM image of biosorbent (Atriplex Halimus). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Removal rates of the three dyes studied as a function  

of time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Removal rate of Methylene Blue, Hemacid Blue, and 

Hemacid Red. 

 
From the dose of 8 g/L, the percentage of removal remains 

almost constant until 16 g/L. The amount of adsorption for 

the three pollutants increases with the increase of the dose  
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Removal rates as a function of pH for the three dyes. 

 

of biosorbent until the dose of 8 g/L and decreases between 

8 to 16 g/L. Thus, the adsorption is maximal for an 

adsorbent dose of 8 g/L for the three dyes. Therefore we 

will take this optimal dose for all adsorption experiments. 

 

Influence of pH 

The adsorption results are represented graphically in 

Fig. 7. It can be observed on this figure that the best 

retention rates are obtained at pH 11, 6.45, and 5.12 for 

Methylene Blue, Bemacid Blue, and Bemacid Red 

respectively.  

This phenomenon could be explained by the fact that 

at a high acidic pH value, a strong electrostatic attraction 

exists between the surface of the positively charged 

adsorbent and the anionic acid dye. When the pH of the 

system increases, the number of negatively charged sites 

increases, and the positively charged ones decrease. Also, 

the adsorption of the acid dye at alkaline pH is due to the 

presence of an excess of hydroxyl ions, which compete  
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Fig. 8: Adsorption isotherm of three dyes (MB, BB,and BR), (a) Langmuir and Freundlich model for MB, (b) Langmuir and 

Freundlich model for BB and BR, (c) Temkin model for MB and (d) Temkin model for BB and BR.).  

 

with the anions of the acid dye for the adsorption sites [50-51] 

as is the case with biomass (Atriplex Halimus). Cation 

adsorption is favored at pH > pHPCZ; anion adsorption  

is favored at pH < pHPCZ. Under these conditions, the 

adsorption of the anionic dye is supported by an acidic 

environment [52]. 

 

Biosorption isotherm   

The results of this study are shown in Fig. 8 and 

summarized in Table 3. From Fig. 8, we observe that from 

the adsorption isotherms of MB, BB, and BR on  

a biosorbent, the quantity of the pollutants increases more 

or less quickly for low concentrations in solution, then 

attenuates to reach a plateau formed corresponding to  

a saturation of the adsorption sites, and translating an 

adsorption in monolayer. The obtained isotherm is of type 

L according to the classification of Giles [53]. Langmuir, 

Freundlich and Temkin isotherms were used to examine 

the experimental data. 

The non-linear form of the Langmuir isotherm (Fig. 8) 

is more effective in representing and explaining the 

adsorption data, i.e. adsorption is limited to the monolayer 

coverage and the surface is homogeneous in functional 

groups with significant interaction with the three 

pollutants and the biosorbent. Table 3 gives the equations 

of the lines obtained as well as the constant correlation 

coefficients (R2) are higher than 0.97, and the χ2, ARE, and 

RMSE parameters are fairly small so there is not a great 

difference between the experimental and Langmuir model-

calculated adsorption quantities for the three dyes. The 

latter is confirmed that this system is well described  

by the Langmuir model for the three dyes with a maximum 

adsorption capacity of 289.8, 29.72 and 29.72 gm/L  

for the trio of dyes Bleu de Methylene, Bemacid Blue and 

Bemacid Red, respectively. 

The characteristics of the Langmuir isotherm are 

expressed from the equilibrium parameter RL: 

(RL=1/(1+KL×C0)). The value of RL indicates whether  
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Table 3: Langmuir, Freundlich and Temkin parameters of the adsorption of the three dyes on a biosorbent (Atriplex Halimus). 

Langmuir qm (mg.g1) KL R2 ARE(%) RMSE Chi-Square (χ2) 

BR 32.9 0.0329 0.9769 6.8325 0.6809 1.8389 

BB 29.7 0.0235 0.9940 2.9596 0.2185 0.4269 

MB 289.8 0.1917 0.9926 9.5568 10.1951 17.5669 

Freundlich 1/n KF R2 ARE(%) RMSE Chi-Square (χ2) 

BR 0.3429 4.8465 0.9238 14.0822 2.2491 5.1334 

BB 0.3615 3.6659 0.9605 9.3297 1.0871 2.1522 

MB 0.1978 91.428 0.7704 53.2789 48.3947 300.026 

Temkin bT KT R2 ARE(%) RMSE Chi-Square (χ2) 

BR 346.71 0.3259 0.9762 7.6429 0.7790 1.9744 

BB 389.63 0.2567 0.9959 4.07312 0.2578 0.4034 

MB 58.485 4.3490 0.9063 23.3372 30.4877 100.299 

 

the isotherm is unfavorable (RL>1), linear (RL =1), 

favorable (0< RL<1) or irreversible (RL = 0) [54]. RL values 

calculated from the Langmuir constant KL, which were 

between (0.0016 to 0.0495) for MB, (0.0784 to 0.4598)  

for BB and (0.0573 to 0.3781) for BR. The Langmuir RL 

separation parameter less than 1 and greater than 0, 

indicates that the adsorption of MB, BB, and BR on the 

studied biosorbent is favorable.  

The values of the Freundlich constant (1/n) between  

0 and 1 for MB, BB, and BR are 0.1978, 0.3615, and 

0.3429 respectively, which were considered as the 

intensity factor indicating the adsorption is favorable [45]. 

Application of the Temkin model for the obtained 

experimental results gives a good nonlinear fit with R² 

correlation coefficients between (0.97 - 0.99) and the χ2, 

ARE, and RMSE parameters are fairly small for acid dyes 

(BB and RB). The Temkin constants KT which is the 

equilibrium binding constant and the BT constant related to 

the heat of adsorption are reported in Table 3. According 

to the Temkin isotherm, bT values < 20 J/mol are attributed 

to physisorption dominating chemisorption [55]. The 

adsorption process is considered chemisorption of  

an adsorbate on the biosorbent. Similar observations  

have been reported in the literature [56].   

Table 4 represents a comparison of the adsorption 

capacity of Atriplex Halimus biosorbent obtained in this 

study with other adsorbents obtained in the literature for 

the adsorption of  MB, RB and BB. It shows that the 

biosorbent Atriplex Halimus can be a promising material 

for the elimination of methylene blue, bemacid blue and 

methyl bemacid red, also compared to other adsorbents. 

 

Adsorption kinetics 

Three kinetic models are considered to study the 

adsorption process of Methylene Blue and Red Bemacid. 

The adsorption tests are carried out by taking contact times 

lower than the equilibrium time for the biomass (Atriplex 

Halimus) kinetic models are used to study the adsorption 

process of the three preceding dyes.  

For this, we followed the adsorption kinetics for  

the three dyes with an initial concentration of 100 mg/L 

in contact with a mass of 0.1 g of Biosorbent for Methylene 

Blue, Bemacid Blue, and Bemacid Red. 

From these results we will notice that the adsorption of 

the three dyes by our Biosorbent (Atriplex Halimus) takes 

the Pseudo-second order adsorption kinetics with 

correlation coefficients are higher than 0.996 for the three 

dyes (Methylene Blue, Bemacid Blue, and Bemacid Red) 

and experimental capacities are very close to the one 

determined implies that all this still justify that the 

adsorption kinetics of MB, BB and BR used by a 

biosorbent is of this order.  

The results of the adsorption kinetics in some recent 

works for other systems show that the pseudo-second-

order perfectly represents the experimental data in many 

cases [65]. The values of qe calculated with the pseudo- 
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Table 4: Comparison of biosorption performance of Atriplex Halimus  for removal of dyes (MB, BB and BR)  

with some other adsorbents. 

dyes Adsorbents Max. Capacity (mg/g) References 

MB 

Copper vanadate 151.5 [57] 

commercial activated carbons 250 [58] 

Cynara cardunculus 333 [59] 

White pine sawdust 102 [60] 

Atriplex Halimus 289.8 This study 

BB 

commercial activated carbons 312 [58] 

agri-food waste (date stones) 9.12 [61] 

Acivated carbon 34.2 [61] 

Activated carbon from olive cores 77.513 [62] 

Atriplex Halimus 29.7 This study 

BR 

G2W (Grape Winery Waste). 107.53 [63] 

G2WZnM 117.65 [63] 

agri-food waste (date stones) 20.5 [61] 

Acivated carbon 5.017 [64] 

Atriplex Halimus 32.9 This study 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Model of kinetics according to the pseudo-first-order. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: Model of the kinetics according to the pseudo-second-order. 

 

first-order equation are also largely different from those 

obtained experimentally, which confirms that the first-

order model does not obey this kinetics. 

On the contrary, those calculated with the pseudo-

second-order equation are quite close to the experimental 

results. This reveals a limiting step of the adsorption 

process, and that the adsorption mechanism is 

characterized by the mass transfer to the surface of  

the adsorbent [33]. 

The values of the external diffusion constant kid,  

as well as those of R², are given in Table 5. From this 

figure, it is easy to see that intra-particle diffusion is a non-

negligible step in the adsorption process for all three dyes 

on the biosorbent. The surface chemical reaction, which 

begins within the first few minutes of contact and whose 

experimental points align to pseudo-second-order with 

very high R² regression coefficients, indicates that  

the most influential step in the adsorption of the dye  
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Table 5: Kinetic parameters of adsorption of Methylene Blue, Bimacid Blue, and Bimacid Red on the biosorbent  

(Atriplex Halimus). 

Pseudo-first-order Pseudo-second-order Intra-particle diffusion 

dyes 
qe(exp) 

(mg/g) 

qe1(cal) 

(mg/g) 

k1 R2 
qe2(cal) 

(mg/g) 
k2 R2 ki C R2 

MB 12.32 0.368 0.0953 0.9589 12.34 0.6075 1.0000 0.0282 12.115 0.8599 

BB 7.437 16.21 0.1022 0.7602 8.108 0.0168 0.9968 0.3549 4.3728 0.8553 

BR 9.643 5.578 0.0599 0.9128 10.20 0.0197 0.9998 0.3395 6.6776 0.8916 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Model of the kinetics according to the intraparticle 

diffusion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Evolution of Ln(Kd) as a function of (1/T) for the 

adsorption of Methylene Blue, Bemacid Blue, and Bemacid 

Red by Biosorbent. 

 

onto the biosorbent remains the intra-particle diffusion 

process since it can be considered as a limiting step that 

controls the rate of dye transfer at each time t. This also 

confirms that the adsorption of MB, BB and BR is a multi-

step process (two differentiated steps are detected) 

involving adsorption on the external surface and inward 

diffusion [66]. 

 

Study of the influence of temperature 

The temperature plays an important role in determining 

the adsorption process [1]. Fig. 12 and Table 6 build the 

results obtained for the three dyes (Methylene Blue, Blue 

Bemacid and Red Bemacid) on the Biosorbent (Atriplex 

Halimus), and the latter shows us that the increase  

of the temperature caused an adsorption [67]. The 

evolution of Ln(Kd) as a function of (1/T) (Fig. 12) allowed 

us to deduce the thermodynamic quantities relating  

to the studied adsorbent/adsorbate systems. 

Negative values of ∆G° indicate that the process is 

feasible and spontaneous while negative values of ∆H° 

indicate an exothermic process for all three dyes. Finally, 

negative values of (∆S°) suggest the probability of 

thermodynamically favorable adsorption [66].  

 

CONCLUSIONS 

This study highlighted the effectiveness of biosorbent 

based on Atriplex Halimus leaves to remove three dyes 

methylene blue, Bemacid Blue, and Bemacid Red in the 

aqueous medium. The material was characterized by 

determining the iodine value which is an important 

parameter to judge the microporosity, pHPCZ, Boehm's 

method to identify the functional groups, and determining 

the mesoporous surface by Langmuir isotherm. The value 

of iodine index obtained is 425.2 gm/L, thus indicating  

the microporosity of biosorbent is significant and the index 

of methylene blue is 119.5 gm/L.  

The study of the adsorption kinetics allowed us to 

determine the time necessary for the establishment of the 

adsorption equilibrium, located at 60 min for MB and  

90 min for BB and BR. The ratio of adsorbent/adsorbate  

is 8 g/L for all three dyes. The optimal pH for obtaining  

a better removal rate is 11 for MB, 6.45 for BB, and 5.12 for BR.  
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Table 6: Thermodynamic parameters of adsorption of the three dyes (MB, BB, and BR) by Biosorbent (100 mg/L). 

Dyes T (K) Kd 
∆G 

(kj.mol-1) 

∆H 

(kj.mol-1) 

∆S 

(kj.mol-1.K-1) 
R² 

MB 

298 30.46 -8.46 

-41.73 -111.5 0.9745 
303 23.05 -7.90 

308 19.07 -7.55 

313 13.22 -6.72 

BB 

298 1,99 -1.70 

-17.14 -51.97 0,9649 

303 1.69 -1.31 

308 1.56 -1.14 

313 1.41 -0.90 

BR 

298 4.48 -3.71 

-33.08 -98.70 0.9829 
303 3.38 -3.07 

308 2.92 -2.74 

313 2.31 -2.18 

 

The experimental isotherms show an increase of the 

adsorbed quantity with temperature. The study of the 

adsorption isotherms shows that the Langmuir model 

correctly describes the adsorption process with maximum 

adsorbed quantities of 289.8 gm/L for MB, 29.7 gm/L for 

BB, and 32.9 gm/L for BR. They are generally of type L 

for the three dyes and which results in an adsorption in 

monolayer with the presence of energetically 

homogeneous adsorption sites.   

To determine the rate and mechanism controlling the 

biosorption phenomenon, three kinetic models were used: 

pseudo-first-order, pseudo-second-order, and intraparticle 

diffusion. The results show that adsorption follows the 

pseudo-second-order model. This model suggests that 

adsorption depends on the adsorbate-adsorbent couple.  

Concerning the thermodynamic parameters, the 

negative values of the three parameters ΔH°, ΔG°, and ΔS° 

of the biosorbent/adsorbate system indicate that the 

reaction is spontaneous and exothermic and that the order 

of distribution of the dye molecules on the adsorbent is 

large compared to that in the solution.  

From this study, we can conclude that the Biosorbent 

based on Atriplex Halimus leaves is effective in removing 

dyes with significant microporosity and mesoporosity.  
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