
Algerian Journal of Environmental Science and Technology 
September edition. Vol.6. No3. (2020) 

ISSN    : 2437-1114 

www.aljest.org 
ALJEST 

 

Copyright © 2020, Algerian Journal of Environmental Science and Technology, All rights reserved 

Kinetic and thermodynamic studies of methylene blue 
adsorption on sorghum stems 

 
N. Sifoun (1,2), A-R. Yeddou *(3), L-H.  Nouri (1,4), A. Chergui (3), B. Nadjemi (3) 

 
(1) Research Laboratory of Food Technology, Faculty of Engineering Sciences, M'Hamed 

Bougara University, Boumerdes 35000, Algeria. 
(2) Institut of technology  I.T, University Akli Mohand Oulhadj of Bouira U.A.M.O, Rue Drissi 

Yahia Bouira 10000, Bouira, Algeria 
(3) Laboratory of Study and Development of Techniques of Water Treatment and 

Environmental Management - L.E.D.T.E.G.E, Department of Chemistry, E.N.S Kouba, BP 92 
Kouba 16308, Algiers, Algeria 

(4) Department of Process Engineering, Faculty of Engineering Sciences, M'Hamed Bougara 

University of Boumerdes U.M.B.B, Avenue de l'Indépendance 35000, Boumerdes, Algeria 
 

*Corresponding author: n.sifoune@univ-boumerdes.dz 

 

ARTICLE INFO  ABSTRACT/RESUME 

Article History: 

Received          : 02/06/2019 

Accepted         : 11/12/2019 
 

Abstract: The Raw Sorghum stems have been studied as to adsorb 

Methylene Blue from aqueous solution by batch technique.  The 

effects of different parameters such as adsorbent dose, initial pH, 

ionic strength, contact time and dye initial concentration have been 

studied. To describe the adsorption kinetics, five models were 

applied. Kinetic parameters for each adsorption kinetic equation 

were calculated and discussed. The experimental isotherm data were 

analyzed using three models. The recovery of methylene blue 

adsorption has been exceeded 80%. The pseudo-second order kinetic 

model adequately describes the kinetic data with high determination 

coefficient (R2=0.99). Langmuir isotherm model fits better than 

Freundlich and Temkin models for all temperatures studied, and the 

maximum methylene blue uptake was observed as 27.67 mg/g at 313 

K. The estimated values for ΔG° were -2.56, -3.31and -3.78 kJ/mole 

at 295, 303 and 313 K respectively. The enthalpy changes ΔH° and 

entropy ΔS° of adsorption were 17.19 kJ/mole and 67.24 J/mole.K, 

respectively. 
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I. Introduction  
The removal of pollutants, like dyes and pigments, 

is becoming a significant environmental problem 

due to their widespread use in many industrial 

applications. Dyes are widely used in 

manufacturing processes, consequently they are 

usually present in the effluent water of many 

industries, such as textiles, leather, pulp mill paper, 

printing, dye synthesis and cosmetics [1]. For 

example, methylene blue, red Congo, methyl 

orange and reactive blue 19 are used in the textile 

industry. The colored wastewater is characterized 

by a high chemical and biological oxygen demands, 

suspended solids and toxic compounds, which 

makes them difficult to biodegrade [2]. The 

presence of dyes in discharged wastewater, even at 

low concentrations, cause serious harm to the 

aquatic life, inhibit to aquatic life and pose acute 

problems for the ecological system [3,4]. The 

removal of dyes from wastewater has received 

considerable attention over the past decades [5]. 

The most commonly proposed processes are 

chemical coagulation [6], electro-coagulation [7], 

filtration membranes [8], oxidation and ozonation 

[9], ion exchange [10], adsorption [11,12], 

photocatalytic degradation [13] and biological 

treatments [14].  

Adsorption method is considered to be one of the 

most promising techniques for water and 

wastewaters treatment [15], because of its 

simplicity, high efficiency, and wide-ranging 

availability [16]. Several materials as polymers 

[17], metal oxides [18], carbon nanotubes [19], 

nanoparticles and nanocomposites [20], rubber tire 
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[21], graphene oxide [22], biological biomass [23] 

and activated carbon [24] have been used for the 

rapid removal of harmful impurities from the 

aqueous solutions. Activated carbon is the most 

popular adsorbent for wastewater treatment. It 

presents diverse advantages: high specific surface 

areas and large porous volumes to adsorb high 

quantity of pollutants [25]. However, it is an 

expensive material because of the chemical and/or 

physical treatments used for its synthesis and the 

need for it regeneration, which make its application 

less economically attractive on an industrial scale 

[26, 27]. 

To reduce the cost of adsorption, studies have 

focused on the use of inexpensive or zero-cost 

adsorbents such as forestry and agricultural solid 

byproducts. These no-conventional wastes, 

abundant have been proved the success for organic 

and inorganic pollutants removal. Recently, a 

number of low-cost adsorbents have been examined 

[26-30]. Many have been used for the removal of 

dyes. We cite sawdust [31], hulls of tropical 

almonds [25], date and palm waste [32], fallen 

phoenix leaves [33] and pistachio hull powder [34]. 

Sorghum is cultivated in different region in Algeria 

especially in the Sahara (southern). The 

particularity of this cultivar lies to it growth in 

hyper arid ecosystem where the maturity 

temperature is very high and it irrigation using 

saline underground water. It is also known for its 

high drought resistance and capacity to grow using 

low-input agricultural fertilizers [35]. Sorghum is 

grown for its grain for human consumption. Until 

recently, sorghum stalks of locally cultivated 

varieties appeared mainly as a residue used for 

livestock feed.  

The purpose of the present work was to valorize 

stems Sorghum of southern of Algeria as biosorbent 

for dyes removal from aqueous solutions in batch 

system. Methylene blue was selected as a model 

compound in order to evaluate the capacity of this 

agricultural waste for the elimination of dyes. The 

study includes an evaluation of the effects of 

various operational factors to optimize the 

biosorption efficiency of material such as: amount 

of adsorbent, pH, ionic strength, contact time, and 

dye initial concentration. The adsorption kinetic 

models and equilibrium isotherm models related 

with the process were also studied. Finally, the 

thermodynamic parameters corresponding to the 

adsorption process were determined and discussed. 

 

II. Materials and methods 

II.1. Biosorbent preparation 

Stems of sorghum plants were obtained from In 

Salah situated in Tidikelt (south east region in 

Algeria). Most sorghum cultivar sgrown in this 

region belong to the species Sorghum bicolor (L.) 

Moench. The stems were dried in the open air. Prior 

touse, the stems were cut in to pieces, milled by 

IKA labotechnik A10 and sieved in particles size 

range from 0.50 to 0.63 mm. The stem fibers were 

intensively washed with distilled water  and dried at 

105 °C for 48 h in an air circulating oven. The 

obtained sorghum fibers present our raw adsorbent 

and was noted RSF. Thereafter, the biosorbent was 

stored in a desiccator for further experimental use. 

The determination of the pHpzc value of RSF was as 

follows: 50 mL of 0.01 M aqueous NaCl solution 

were placed in closed flacons. The pH was adjusted 

to a value between 2 and 11 by adding HCl or 

NaOH solutions (0.01 N). Then, a RSF mass of 

0.15 g was added to each solution and thefinal pH 

measured after 24 h using a Jenway 3010 pH-meter. 

The pHpzc is the point where the curve pHinitial vs pH 

final crosses the line pHinitial = pHfinal [36].The 

photomicrography of the exterior surface of RSF 

was obtained by Scanning electron microscopy 

SEM (Quanta FEG 250, FEI). FT-IR spectrum of 

RSF was recorded on a Bruker FT-IR spectrometer 

Alpha instrument (4000-400 cm-1region). 

 

II.2. Batch biosorption experiments 
To determine adsorption capability of the 

biosorbents, batch adsorption experiments were 

conducted by using aqueous solution of Methylene 

Blue (MB).The stock solution of MB with a 

concentration of 500 mg/L was prepared by 

dissolving a quantity of MB powder (C16H18N3SCl, 

98.5% purity, Fluka) in distilled water. The 

working MB solutions were prepared by diluting 

the stock solution to give the appropriate 

concentrations (C0).  

For the study of the influence of the various 

parameters, all adsorption experiments were carried 

out by mixing 100 mL of MB solution at initial 

concentration C0 with an appropriate dried 

biosorbent mass at room temperature. The tested 

parameters were biosorbent dose, initial solution 

pH, NaCl and CaCl2 ionic strength, contact time 

and initial MB concentration. The pH solution was 

adjusted by adding micro volumes of either 0.1 M 

NaOH or 0.1 M HCl. 

For evaluating adsorption kinetic, the experiments 

were conducted at room temperature by using 100 

mL of MB solutions at initial concentrations: 25, 50 

and 100 mg/L with biosorbent dose equal to 4g/L.  

The adsorption isotherms were conducted by 

shaking for 24 hours and using different initial 

concentrations of MB between 10 and 100 mg/L at 

adsorbent mass equal to 0.2 g for 100 mL of 

solution. 

In all experiments, solutions were shaken using a 

magnetic stirrer at 150 rpm for different periods of 

time contacts. For predetermined time interval, a 

small portion of samples were taken and the 

concentration of MB remained. Concentrations of 

MB at time t (Ct) and concentrations of MB at 

equilibrium time (Ce) were then measured using 
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UV/visible spectrophotometer (UV-1800 

SHIMADZU) at 664 nm. 

The percentage of MB adsorbed (%) and the 

amount of MB adsorbed at time t (mg/g) were 

calculated using Eq. 1 and Eq. 2 respectively. 

 

Removal (%) =  
𝐶0 − 𝐶𝑡

𝐶0

× 100                       (1) 

𝑞𝑡(𝑚𝑔/𝑔) =  
𝐶0 − 𝐶𝑡

𝑚
× 𝑉                                  (2) 

The amount of MB adsorbed onto biosorbent at 

equilibrium (mg/g) was calculated using the 

following expression Eq. 3: 

 

𝑞𝑒(𝑚𝑔/𝑔) =  
𝐶0 − 𝐶𝑒

𝑚
× 𝑉                                 (3) 

 

Where C0 was concentration of MB at initial time 

(mg/L), V is the volume of the MB solution (L), m 

is the dried mass of RSF biosorbent (g). 

 

III. Results and discussion 

III.1. The RSFcharacterizations 

Figure 1 illustrates the pHpzc of RSF, which was 

found to be 5.78. Therefore, the surface of RSF 

acquired a positive charge below 5.78, while it was 

negatively charged above this pH value. The 

Scanning electron micrographs of RSF are shown 

in Figure 2. As it can be seen, RSF has an irregular 

texture with a considerable numbers of pores where 

there is a great possibility for the MB adsorption. 

The FT-IR spectra of RSF represented by Figure 3, 

displays a number of absorption peaks identifying 

some functional groups. The intense absorption 

bands at 3340.78 cm-1 indicate the existence of 

hydroxyl groups on the surface of RSF. This band 

is associated with the vibrations of the linked 

hydroxyl groups in cellulose and lignin, and 

adsorbed water on the RSF surface. The peaks at 

2905.51 and 1316.36 cm-1 are assigned to the 

stretch and bending vibration of the C-H bond in 

the methyl groups -CH3, respectively. The peak at 

1729.63 cm-1 is characteristic of carbonyl C=O 

stretching and can be attributed to the hemicellulose 

and lignin. The absorption bands corresponding to 

1602.40-1511.97 cm-1 represents C=C stretching in 

aromatic region. The peak at 1426.44 cm-1 can also 

attribute to the stretch vibration of C-O associated 

with the carboxyl group or represent C-C stretching 

vibration of carboxylic acid and alcohols. The 

broad absorption bands observed at 1237.45, 

1159.00 and 1031.41cm-1 can be assigned to C-O 

[26]. 

 

III.2. Effect of RSF adsorbent dose 

The amount of used adsorbent plays an important 

role in adsorption process. Figure 4 illustrates the 

variation of percentage removal and adsorption 

capacity of MB by varying RSF dose from 1 to 8 

g/L. It is shown that the increase in RSF dose has a 

consequence enhancement of MB removal from 87 

to 98.7 %, corresponding to a decrease of 

adsorption capacity from 21.76 to 3.00 mg/g. The 

removal enhancement can be due to the availability 

of more adsorption active sites and to the increase 

in surface area. However, the adsorbed capacity 

decrease may be due to the over lapping and 

accumulation of binding sites [26,37]. 

 

III.3.Effect of initial solution pH 
The pH plays an important role in adsorption 

process. Figure 5 shows the effect of this parameter 

on the percentage removal and adsorption capacity 

of MB onto RSF. From the figure, the amount 

adsorbed of MB increases from 4.99 to 6.00 mg/g 

when solution pH increases from 3.24 to 5.16, 

corresponding to an increasing removal percentage 

from 79 to 96 %. And for pH range from 5.16 to 

10.00, there is no significant change. At acidic pH 

range (lower than pHpzc), lower MB adsorption is 

probably due to the presence of H+ ions excess 

competing with the cation groups on the MB for 

adsorption sites. At basic pH range (higher than 

pHpzc), the RSF surface is negatively charged, 

which favors electrostatic interactions with MB 

(cationic dye) molecules [38]. This, however, 

didnot explain the slight decrease of dye adsorption 

at higher pH values [31]. MB solution has natural 

pH between 6 and 7 and at this pH, adsorption of 

MB dye is maximum with the RSF. Hence, pH of 

MB dye solution has not been varied in further 

experiments. 

Figure1.Determination of pHpzc. 
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Figure 2. SEM images of RSF. 

 

 
 

Figure 3.FT-IR spectrum of RSF. 

 

III.4. Effect of ionic strength 

The influence of salt concentration on the 

adsorption ability of RSF was studied by addition 

of NaCl and CaCl2 to the MB solution in range 

from 0 to 0.1 mole/L. As seen in Figure 6 (a), 

when the salt concentration increased from 0 to 0.1 

mole/L, the value of adsorption capacity decreased 

from 6.1 to 4.28 and 3.44 mg/g for NaCl and CaCl2, 

respectively. From Figure 6 (b), the same thing 

was observed for the MB removal, which decreased 

from 97.6 to 68.47 and 55.17 % for NaCl and 

CaCl2, respectively. The decreasing adsorption 

efficiency with the salt concentrations increasing 

can be related to the competitive effect between

 
 

Figure 4. Effect of the RSF dose on the adsorption 

capacity and percentage removal of MB(particle 

size= 0.50-0.63 mm, C0= 25 mg/L,time= 24 h, pH 

solution). 

 

MB ions and cations from the salts (Na+ and Ca2+) 

for the sites available for the adsorption process 

[39].The influence of NaCl on removal of MB was 

weaker than CaCl2 because unit mole univalent Na+ 

contributed less positive charges than unit mole 

divalent Ca2+ [40]. 

 

III.5. Effect of initial concentration of MB  

This study was performed by changing the initial 

concentration of MB in the range of 10-100 mg/L 

for an RSF dose equal to 4 g/L.The results
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Figure 5. Effect of the initial pH on adsorption 

capacity and percentage removal of MB onto RSF 

(particle size= 0.50-0.63 mm, C0= 25 mg/L, RSF 

dose= 4 g/L, contact time= 24 h). 

 

 

 
 

Figure 6. Effect of ionic strength on (a) adsorption 

capacity and (b) percentage removal of MB onto 

RSF (particle size= 0.50-0.63 mm, C0= 25 mg/L, 

RSF dose= 4 g/L, pH solution, contact time= 24 h). 

 
presented in Figure 7, show that adsorption 

capacity increase from 2.4 to 20.4 mg/g with 

increasing in initial concentration of MB from 10 to 

100 mg/L. In this range of initial dye concentration, 

the removal decreased from 96.4 to 81.58 %. At 

higher concentrations, the excess dye molecules are 

not adsorbed by the RSF, due to the saturation of 

the limited binding sites on RSF surface [41]. 

 

III.6. Effect of contact time  

The contact time, in any water treatment process, is 

one of the operating parameters that are given great 

consideration. The effect of this important 

parameter was investigated for three initial 

concentration of MB (25, 50 and 100 mg/L) and the 

results are shown in Figure 8. As shown in this 

figure, it can be clearly seen that the amount MB

 

Figure 7. Effect of MB initial concentration on the 

adsorption of MB onto RSF (particle size = 0.50-

0.63 mm, RSF dose= 4 g/L, pH solution, contact 

time= 24 h). 

 

Adsorbed onto RSF, increases with increasing 

contact time and in the first 20 min, the initial rate 

of adsorption was greater for higher initial MB 

concentration. For all initial MB concentration, 

three important phases in the adsorption process 

can be observed. In the first phase, the adsorption 

rate is rapid. About 85, 62 and 48 % of the removal 

was achieved after 20 min for initial concentration 

25, 50 and 100 mg/L, respectively. In the second 

phase, the adsorption begins to slow and there be no 

significant increase. In the third phase, the 

equilibrium is reached and the adsorption capacity 

does not vary. 

 

 
 

Figure 8. Effect of contact time on the adsorption 

of MB onto RSF for different initial concentration 

(particle size= 0.50-0.63 mm, RSF dose= 4 g/L, pH 

solution). 
 

It can also be observed that the equilibrium time 

was increased with increasing initial MB 

concentration. The time required to achieve 

equilibrium was 30, 90 and 240 min for initial MB 
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concentration 25, 50 and 100 mg/L, respectively. 

An increase of MB concentration accelerates the 

diffusion of MB from the solution onto RSF due to 

the increase in driving force of the concentration 

gradients [42]. 

 

III.7. Kinetic studies  

The kinetic study is important for the adsorption 

process because it describes the uptake rate of 

adsorbate, and controls the residual time of the 

whole process. Tree kinetic models namely the 

pseudo-first order, pseudo-second order and 

Elovich are selected in this study for describe the 

adsorption process.  

The pseudo-first order equation [43] is given in 

equation Eq. 4: 

    

ln (qe − qt) = ln qe − K1 ∙ t                         (4) 

 

The pseudo-second order model [43]is expressed by 

the equation Eq. 5. For the pseudo-second order, 

the initial adsorption rate h (mg/g.min) is expressed 

by the equation Eq. 6. 

 
t

qt

=
1

K2 ∙ qe
2

+
1

qe

∙ t                                         (5) 

  

h =  K2qe
2                                                            (6) 

 

The Elovich model [44] is given by the simplify 

equation Eq. 7: 

 

qt =
1

β
 ln  (αβ) + 

1

β
ln t                                   (7) 

 

Where K1 is the rate constant of the pseudo-first 

order kinetic (min-1), K2 is the rate constant of the 

pseudo-second order kinetic (g/mg.min), α 

(mg/g.min) is the initial rate constant and β (mg/g) 

is the desorption constant during any one 

experiment. 

The slope and intercept of the plots of ln (qe - qt) 

versus t was used to determine the first-order rate 

constants K1 and qe. The slope and intercept of the 

plot of t/qe versus t was used to determine the 

second-order rate constants K2 and qe. The 

constants α and β for Elovich model were 

determinate by the slop of qt against ln t. 

The kinetic constants, (qe1, K1) for pseudo-first 

order, (qe2, K2) for pseudo-second order and (α, β) 

for Elovich models are determined and the 

corresponding linear regression coefficient (R2) 

values are given in Table 1. We can note, from the 

results, that the pseudo-second order model fits 

better than the pseudo-first order and Elovich 

models with higher determination coefficients (R2 > 

0.99). The experimental adsorption capacity (qe,exp) 

values are very close to the model calculated values 

(qe2), verifying the high correlation of adsorption to 

the pseudo-second order model. 

The intraparticule diffusion model can be useful for 

identifying adsorption mechanisms, the reaction 

pathways and predicting the rate controlling [44]. 

The linearized form is presented by Eq. 8, and the 

constants were determined by the plot of qt versus 

t1/2 [31]. 

qt = Kin. t
1

2⁄ + C                                              (8) 

 

Where Kin is the intraparticle diffusion rate constant 

(mg/g.min1/2). Values of intercept C gives an idea 

about the thickness of boundary layer. This is 

attributed to the instantaneous utilization of the 

most readily available adsorbing sites on the 

adsorbent surface.  

As seen from Figure 9, the plots of qt against t1/2 

are not linear over the whole time range and give 

two straight-line with different slopes and intercepts 

values. The values of Kin(i), Ci and the 

corresponding linear regression coefficient Ri
2 

obtained from the first and second linear portions 

are listed in Table 1. The values of Ci are different 

from 0 and the straight-line does not pass through 

the origin implying that the adsorption rate of MB 

on RSF is not only controlled by the intraparticle 

diffusion but also by the diffusion in the boundary 

layer [31,40]. 

 

 
 

Figure 9. Adsorption kinetics of MB onto RSF: 

intraparticle diffusion. 
 

III.8. Adsorption isotherms 
Adsorption isotherm was used to obtain information 

about the mechanism and the interaction between 

the RSF and MB at a given temperature (295, 303 

and 313 K). The equilibrium adsorption 

experiments were analyzed by fitting them to tree 

known and widely applied isotherm models 

equations Langmuir, Freundlich and Temkin. 

- Langmuir isotherm  

The linear form of the Langmuir isotherm is 

represented by the following equation: 

 
Ce

qe

=
1

qm

Ce +
1

KLqm

                                      (9) 
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Table 1.Adsorption kinetic parameters for adsorption of MB onto RSF for different initial concentrations. 

 

Initial concentration(mg/L) 25 50 100 

qe,exp(mg/g) 6 11.25 21.72 

Pseudo-first order 

K1(min-1) 0.299 0.081 0.049 

qe1 (mg/g) 6.245 7.523 26.85 

R2 0.893 0.977 0.90 

Pseudo-second order 

K2 (g/mg.min) 

qe2 (mg/g) 

R2 
h (mg/g.min) 

0.039 

6.100 

0.999 
1.484 

0.008 

12.155 

0.999 
1.182 

0.003 

23.100 

0.997 
1.600 

Elovich 

α(mg/g.min) 

β(mg/g) 

R2 

457.664 

1.923 

0.705 

8.357 

0.589 

0.926 

7.224 

0.298 

0.986 

Intra-particle diffusion 

Kid1 (mg/g.min1/2) 0.880 1.052 1.028 

C1 (mg/g) 1.498 2.785 7.594 

R1
2 0.979 0.943 0.974 

Kid2(mg/g.min1/2) 0.016 0.122 0.316 

C2 (mg/g) 5.856 9.666 16.294 

R2
2 0.584 0.891 0.953 

 

Where Ce is the equilibrium concentration (mg/L), 

qm is the monolayer adsorption capacity (mg/g) and 

KL is the constant related to the free adsorption 

energy (Langmuir constant, L/mg). 

qm and KL are determined from the slope and the 

intercept of the plot of Ce/qe versus Ce. Equilibrium 

parameter for Langmuir isotherm called separation 

factor (RL) was expressed as Eq. 10. The values of 

this parameter indicate the shape of the isotherm 

which: RL>1 is unfavorable, RL=1 is linear, RL= 0 is 

irreversible, and finally 0 <RL< 1 is favorable. 

 

RL =  
1

1 + KLC0

                                                  (10) 

 

- Freundlich isotherm 

For Freundlich isotherm model, the linear form is 

presented by Eq. 11. 

 

ln qe = n ln Ce  + ln KF                                    (11) 

 

Where KF is the constant indicative of the 

adsorption capacity of the adsorbent 

((mg/g)/(mg/L)n) and n constant shows adsorption 

intensity of dye onto the adsorbent. For a suitable 

adsorption system, n value varies between 0 and 1. 

KF and n are determined by the intercept and the 

slope is obtained from the slope of the linear plot of 

ln qe against ln Ce. 

 

- Temkin Isotherm 

Eq. 12 presents linear form for Temkin isotherm 

model. 

qe = BTlnCe + BTlnAT                                      (12) 

 

Where BT is the constant related to the heat of 

adsorption (mg/g), AT is Temkin isotherm constant  

(L/min). The two constants (BT, AT) are calculated 

by the plot of qe against ln Ce.  

Because of the inherent bias resulting from 

linearization of isotherm models, the non-linear 

regression Root Mean Square Error (RMSE) (Eq. 

13) and Chi-Squares (χ2) (Eq. 14) test are used as 

criteria for the fitting quality. The smaller RMSE, 

χ2 values indicates the better curve fitting [45]. 

 

RMSE = √
1

N−2
. ∑ (qe,exp − qe,cal)

2N
1                  (13) 

 

χ2 = ∑
(qe,exp − qe,cal)

2

qe,cal

N

1

                                    (14) 

 

Where qe,exp(mg/g) is the uptake experimental, 

qe,cal(mg/g) the calculated value of uptake using a 

model and N the number of observations in the 

experiment (the number of data points).  

The calculated parameters characteristics of each 

isotherm model are given in Table 2. It can be seen 

from the results illustrated in Table 2, that 

Langmuir isotherm fits better than Freundlich and 

Temkin isotherms with higher determination 

coefficients (R2~0.99) and the smaller RMSE, χ2 

values indicates the better curve fitting. For all 

studied temperatures, RLvalues vary between 0.03 

and 0.4, and are belonging in the range of 0-1 

indicating that MB adsorption onto RSF is a 

favorable process. 
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Table 2 . Isotherm parameters obtained for adsorption of MB onto RSF (constants and error analysis). 

 

Isotherms Parameters 
Temperature (K) 

295 303 313 

Langmuir 

R2 

KL(L/mg) 

qm(mg/g) 

RMSE 

χ2 

0.999 

0.269 

20.462 

0.426 

0.072 

0.999 

0.254 

25.265 

0.356 

0.031 

0.998 

0.275 

27.670 

0.755 

0.125 

Freundlich 

R2 

KF((mg/g)/(mg/L)n) 

n 

RMSE 

χ2 

0.874 

5.600 

0.348 

2.786 

2.108 

0.900 

6.243 

0.388 

3.561 

2.610 

0.895 

6.650 

0.414 

4.556 

3.484 

Temkin 

R2 

BT(mg/g) 

AT(L/min) 

RMSE 

χ2 

0.968 

3.701 

4.048 

1.123 

0.472 

0.963 

4.921 

3.401 

1.264 

0.350 

0.972 

5.422 

3.269 

1.635 

0.508 

 

III.9. Thermodynamic study 

The various thermodynamic parameters, standard 

free energy (ΔG°), standard enthalpy (ΔH°) and 

standard entropy (ΔS°) were determined using Eq. 

15 and Eq. 16 [46]. The ΔH° and ΔS° values are 

obtained from the slope and intercept of Van’t Hoff 

plots of ln Kd versus 1/T, respectively. 

 

∆G° = −R T lnKd                                               (15) 

 

lnKd =  
∆S°

R
−  

∆H°

RT
                                           (16) 

 

Where R is the universal gas constant (8.314 

J/mol.K), T the absolute temperature in Kelvin and 

Kd is the distribition coefficients. Kd values are 

obtained from plotting ln (
𝑞𝑒

𝐶𝑒
⁄ ) versus Ce and 

extrapolating to zero [44]. 

A calculation of fundamental thermodynamic 

parameters (ΔG°, ΔH° and ΔS°) is represented in 

Table 3. We notice that, the negative values of ΔG° 

for all temperatures indicate spontaneous nature of 

adsorption. ΔG° values were between -20 and 0 

kJ/mol which indicate a physical adsorption process 

[34] The positive values of ΔH° and ΔS° indicate 

the endothermic nature of adsorption interaction 

and an increase in randolness at

 

 

RSF/MB solution interface, respectively [47]. 

 

III.10. Performances of the prepared RSF 
It is instructive for a comparative purpose to report 

the values of the adsorption capacity of some 

adsorbents available in the literature. In Table 4, 

it’s given the different values of the Langmuir 

maximum adsorption capacity (qm) of different low-

cost adsorbents cited in previous works. We can see 

that the MB adsorption observed in this work is 

well positioned with respect to other research. For 

our study, the maximum adsorption capacity of MB 

at 313 K onto RSF (27.67 mg/g) is relatively 

interesting compared to other adsorbents. 

 

IV. Conclusion 

This study has focused on the application of low-

cost and easily available adsorbent in wastewater 

treatment. A natural waste of sorghum was used in 

adsorption without any activation to retain 

methylene blue MB dye from aqueous solutions. 

The adsorption process was studied as a function of 

selected parameters. It has been noticed that, the 

MB removal increases with increasing pH solution, 

initial MB concentration and decreasing adsorbent 

dose and salt concentration. The results of the 

kinetic study show that, the adsorption process 

 

Table 3.Adsorption thermodynamic parameters for adsorption of MB onto RSF. 

 

Temperature (K) ln Kd 
ΔG° 

(kJ/mole) 
Van’t Hoff equation 

ΔH° 
(kJ/mole) 

ΔS° 
(J/mole.K) 

295 1.0465 -2.566 
y = -2068,7x + 8,0883 

R² = 0,9489 
17.199 67.246 303 1.3149 -3.312 

313 1.4542 -3.784 
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Table 4. Comparison of Langmuir maximum equilibrium capacity for MB ontoother low-cost adsorbent 

 

Adsorbent 
Maximum adsorption capacity 

qm(mg/g) 
References 

Spend coffee grounds 18.7 [3] 

Sawdust  from saw mills 76.92 [31]  

Palm tree 29.5 [32] 

Sugarcane bagasse 30.7 [47] 

Walnut sawdust 

Cheery tree sawdust 

Oak tree sawdust 

Pitch-pine sawdust 

58.17 

39.84 

29.94 

27.78 

[48] 

Modified wheat bran  25.18 [49] 

Wheat shells 21.5 [50] 

Banana peels 

Orange peels 

20.8 

18.6 
[51] 

Modified rice husk 29.15 [52] 

Aleppo pine cones 93.57 [53] 

Raw Sorghum fibers RSF 27.67 This study 

 

obeyed to the pseudo-second order model. The 

adsorption isotherm study shows that the adsorption 

isotherm of MB onto RSFfollows the 

Langmuirmodel and the maximum adsorption 

capacity corresponding was 27.78 mg/g at 313 K. 

The process was endothermic with positive values 

of enthalpy. Randomness increased at the interface 

and the process was found to be spontaneous. The 

results of the present investigation showed that RSF 

is a potentially useful adsorbent for the adsorption 

of dyes, an issue of environmental concern. The 

comparison of the adsorption capacity of the 

prepared adsorbent with other adsorbents shows its 

attractive properties from industrial and economic 

interests.  
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