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Abstract: A waste dried mycelium of fungal biomass type white rot fungi was used to remove methylene 

blue dye from aqueous solution in batch mode. The equilibrium isotherm and kinetics have been 

investigated. Several parameters such as pH, contact time, dye concentration and biosorbent dosage were 

evaluated to determine the adsorption capacity and analyze the suitability of biosorption process. The 

equilibrium of the process was modeled using the Langmuir, Freundlich, Temkin and Dubinin-

Radushkevich(D-R) isotherms, while kinetic data were fitted by pseudo-first-order and pseudo-second-

order kinetic models. Kinetic experiments indicated a better fit of process to a pseudo second order 

model, while the equilibrium isotherm data fitted well to Langmuir isotherm with maximum biosorption 

capacity of 23.69 mg/g and determination coefficient R
2
 equal 0.9909 compared with other isotherm 

models. The values of heat of sorption bT  0.6062 KJ/mol from Temkin model and mean free energy of 

sorption E  0.7847 KL/mol from D-R model indicated that the biosorption process was endothermic and 

physisorption in nature. The results show that dead biomass derived from waste of white rot fungi can be 

used as a good biosorbent material for removal of methylene blue from wastewater due to its low cost and 

high efficiency.  
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العفن  فطز ول المائي باستخدام مخلفات جذورالامتشاس الحيوي لصبغة المثلين الشرقاء في المحل

 الابيض

 
الاتٍض  ذى اسرؼًانٓا لاصانح صثغح انًصهٍٍ انضسقاء يٍ انًحهٕل انًائً فً  انؼفٍيخهفاخ جزٔس  انفطش انجاف انحٌٍٕح َٕع فطش الخلاصة:

ي اسهٕب َظاو انذفؼاخ. ذى تحس ػًهٍح الاذضاٌ انحشاسي ٔدٌُايٍكٍح انرفاػم . نقذ ذى ذقٍٍى ػذج يرغٍشاخ يؤششج ػهى ػًهٍح الايرضاص انحٍٕ

نحايضٍح, ٔقد انرلايس , انرشكٍض الاترذائً نهصثغح فً انًحهٕل  ٔيقذاس انجشػح انًسرخذيح نهًادج انحٌٍٕح انًاصج ٔرنك يٍ يصم انذانح ا

لاَكًاٌش  اجم ذحذٌذ  سؼح الايرضاص ٔاٌجاد انرحهٍم انًُاسة نؼًهٍح الايرضاص انحٍٕي.نقذ ذى ذحذٌذ ػًهٍح الاذضاٌ تاسرخذاو انًٕدٌلاخ انرانٍح :

 انًًْٕسادٔشكٍفٍج, تًٍُا ػًهٍاخ حشكٍح انرفاػم ذًد تاسرخذاو انًٕدٌلاخ يٍ انُٕع: انًشذثح الأنى  -نٍش, ذٕيكٍ ٔ دٔتٍُ, فشٌُذ

تًٍُا  انًًْٕذجاسب حشكٍح انرفاػم ػهى ذطاتق ٔاضح ياتٍٍ انُرائج انؼًهٍح ٔيٕدٌم انًشذثح انصاٍَح  اشثرد. نقذ انًضٌفٔانًشذثح انصاٍَح 

يؼايم ٔ   mg/g 23.69ثش سؼح ايرضاص ذى انحصٕل ػهٍٓا ًْ  كلاذضاٌ كاَد يرطاتقح يغ يٕدٌم لاَكاٌش حٍس كاَد اذجاسب ػًهٍاخ ا

 0.6062فً يٕدٌم ذٕيكٍ ْٕ   bTيقاسَح يغ تقٍح انًٕدٌلاخ انًسرخذيح. نقذ كاَد قًٍح انًؼايم انحشاسي   0.9909 ِيقذاسذحذٌذ 

kj/mol   ٔيرٕسظ انطاقح انحشE  ٍُ0.7847ْٕ   سادٔشكٍفٍج  -نؼًهٍح الايرضاص فً يٕدٌم دٔت kj/mol   ْٔزا ٌذنم ػهى اٌ ػًهٍح

نقذ اظٓشخ انُرائج انؼًهٍح : تاٌ انًادج انحٌٍٕح انجافح انًسرخذيح يٍ  الايرضاص كاَد طاسدج نهحشاسج ٔاٌ الايرضاص كاٌ فٍضٌأٌا فً طثٍؼرّ.

كاٌ اسرخذايٓا تصٕسج فؼانح كًادج ايرضاص جٍذج فً ػًهٍاخ اصانح صثغح انًصهٍٍ انضسقاء يٍ انًاء انثٍضاء تالاي انؼفٍيخهفاخ جزٔس انفطش

 انًهٕز ٔرنك تسثة كفاءذٓا انؼانٍح ٔقهح كهفرٓا 
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1. Introduction 

      Dye pollutants are an important source of contaminates from industrial wastewater 

which causes extensive damage to the environment [1].  

They pose serious environmental problems because of their color, low biochemical 

oxygen demand (BOD) and high chemical oxygen demand (COD) [2, 3]. Dyes are 

widely used in textiles, paper, wood, rayon, silk, plastics and rubber, leather, cosmetic, 

pharmaceutical and food industries [4], they are mostly non-biodegradable and resistant 

to destruction by conventional wastewater treatments [5].  

The releasing of dyes to the environment can cause acute and/or chronic effects on 

the exposed organisms, adsorb or reflect sunlight entering into water, and thus result in 

change of food chain [6].  

Several methods exist for reducing the color in industrial effluent streams such as 

adsorption, reduction or oxidation, ion exchange, biosorption, membrane filtration, 

reverse osmosis, electrochemical treatment, evaporation recovery, chemical 

precipitation, chemical lime coagulation and solvent extraction , among these methods, 

sorption processes appear to be preferable techniques [7].  

Biosorption is a process that utilizes biological materials as adsorbents, this method 

has been studied by several researchers as an alternative technique to conventional 

methods for heavy metals and dyes removal from wastewater [8]. Waste materials from 

natural biological, agriculture and industry represent potentially more economical 

alternative bioadsorbents [9]. 

The major advantages of biosorption system for water pollution control are good 

removal performance, less investment in terms of initial cost, flexibility, simplicity of 

design, easiness of operation and insensitivity to toxic pollutants as compared with the 

conventional process treatment [10]. 

      Methylene Blue (MB) is selected as the dye studied in order to evaluate the capacity 

of the biosorbent material for the removal of MB from its aqueous solution. Besides its 

significant usage in the manufacturing industry, MB has a significant function in the 

medical field and is used in large amounts.  

Though MB is not extremely hazardous, it can cause some harmful effects where 

acute exposure to MB will cause increased heart rate, vomiting, shock, Heinz body 

formation, cyanosis, jaundice and quadriplegia and tissue necrosis in humans [11]. 

     Fungal systems appear to be most appropriate biological agent in the treatment of 

colored and metallic effluents [12, 13]. Important fungal biosorbents include 

Aspergillus[14],  Penicilium[15] and rhizopus[16]. 

    In this study, the use of locally fungal waste mycelium biomass type white rot fungi 

for removal methylene blue dye from industrial effluents was evaluated as low cost 

biosorbent dye removal technology to obtain better understanding of biosorption 

mechanisms, the kinetic and isotherm, also, the effect of various parameters such as pH, 

initial dye concentration, biosorbent dosage and contact time were analyzed on dye 

adsorbate capacity and removal efficiency. 
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2. Materials and Methods 
 

2.1. Biosorbent Preparation 
 

     Waste mycelium of biomass type white rot fungi obtained from industrial farms at 

the end of harvested of mushroom. This type of mushroom was cultured locally at the 

north-west of Iraq, the waste of fungi was grounded, sieved to a particle size of 150-300 

μm , washed several times by portable and distilled water for removing dust, dried for 

48 h in an oven at 65 
o
C and stored in an air tight plastic bottle for further use. Table 1 

shows the physical properties of waste of biomass mycelium of fungi type white rot 

fungi 

 

Table 1.  Properties of the dead mycelium of fungal biomass type white rot fungi 

Particle size (mm)                0.15-0.3 

Color Light-Brown 

Appearance Granular or Powder 

Solubility Insoluble in Water 

Durability Excellent 

Bulk density   (kg/m
3
) 525.6 

Real density   (kg/m
3
) 1935.4 

BET surface area   (m
2
/g) 3165 

Bed  porosity % 72.33 

Particle porosity % 81.69 

Ash content Below 4 

2.2. Dye solution Preparation 

     Methylene Blue (C16H18ClN3S.2HO; molecular weight: 319.86) is cationic dye 

purchased from Fisher Scientific. The MB was chosen in this study because of its 

known strong adsorption onto solids [17]. The maximum adsorption wavelength of this 

dye is 661 nm. The structure of MB is shown in Fig.1. 

 

 

 
Figure 1. Chemical structure of Methylene Blue dye 

 

      Stock solution of methylene blue was prepared by dissolving  1.00 g of Methylene 

Blue powder in 1 L of distilled water  to prepare the stock solution with concentration 

of 1000 mg/L. Solutions of different concentrations (10-100 mg/L) used in experiments 

were obtained  diluting a stock solution of MB with distilled water to a desired 

concentration. 

 2.3. Dye concentration Analysis 

      Standard curves were developed through the measurement of absorbance of the dye 

solutions at maximum wavelength λ=661 nm by UV/Visible Spectrophotometer  

(Shemadzu model UV-160A ultraviolet/visible spectrophotometer) 
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2.4 Batch biosorption experiments 
 

     Batch mode experiments were carried out to investigate the effects of various 

process parameters such as pH, biosorbent dose, contact time and initial concentration 

of solution on the biosorption of methylene blue by dead fungal biomass as biosorbent. 

      Each batch adsorption experiment was carried out in 50 mL of a known 

concentration of methylene blue with appropriate weights of waste dried biomass of 

white rot fungi as biosorbent in 250 mL stoppered conical flasks. The samples were 

placed in the shaker in a constant speed of 200 rpm at room temperature (25°C). After 

determined a contact time, then reached to equilibrium state, 1 ml of the supernatant 

was taken and analyzed using a UV-Vis spectrophotometer to determine the 

concentration of dye remaining in the sample at the maximum wavelength of the MB  

obtained at 661 nm. All experiments were duplicated and only the mean values are 

reported, the maximum deviation observed was less than   3%.  

 The amount of dye adsorbed per unit weight of fungi at equilibrium; qe (mg /g) or at 

time t; qt (mg/g) were calculated according to the following relations [18]:  

 

                                                       
 

 
                             (1) 

 

           
 

 
                              (2) 

 

where Co and Ce are the initial and equilibrium concentrations of dye (mg/L) 

respectively;     is the concentration of dye at any time t ; V is the volume of dye 

solution (L) ; and m is the amount of biosorbent used (g). To determine the percentage 

of dye removal, equation (3) is used: 

         
     

  
                      (3) 

 

      For kinetic studies, all experiments were carried out at room temperature. The 

solutions were then subjected to magnetic stirrer for proper adsorption. Samples were 

withdrawn from the stirrer at different time intervals. Then the adsorbent was separated 

from the sample by using filter paper (0.42 µm). The absorbance was measured for 

supernatant solution using UV-Spectrophotometer. The final concentration of dye was 

estimated with the help of these absorbance data. 

     For determining the uptake of the dye, all sets of experiments were performed at 

different parameters such as  time intervals (5, 10, 20, 30, 60, 90, 120, 150, and 180 

minutes) and pH (2, 3, 4, 5, 6, 7, 8, 9, 11, and 12). A range from 0.1g to 2.0 g of 

adsorbent dose was also used to perform these experiments. 

 
3. Results and Discussion 

3.1. Effect of pH        

      The pH of the aqueous solution is an important parameter in the adsorption of dyes 

on biosorbents [19]. The effect of pH on the sorption removal of methylene blue dye 
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from wastewater using waste fungal biomass type white rot was investigated over the 

range from 2.0 to 12.0 (Fig. 2).  

From this figure, it is clear that the adsorption capacity increases from 13 to 15.2 

with increase in pH from 2 to 6, and then remains approximately constant with increase 

in further pH of the solution.  

The influence of pH on the adsorption of methylene blue can be explained on the 

basis that the surface of the biosorbent is positively charged at the lower values of pH 

and the amount of MB ions sorbed increased with the increase in the pH value.  

At lower values of pH, the presence of a higher concentration of H
+
 ions from acidic 

solution will be competing with the MB ions for the sorption sites.  

The uptake continuously increases with the increase in pH value since the surface of 

the adsorbent becomes negatively charged and there exists a strong electrostatic 

attraction of dye cations with the adsorbent leading to the increased in adsorption 

process. The highest uptake was observed at pH range from 5.5 to 7.5.  In   work were 

carried out at initial pH value of 6.0. 

 

 

Figure 2. Effect of initial pH of the solution on the biosorption of MB at 25°C [I.C.=50mg/L, biosorbent 
dose= 0.3 g, agitation speed =200 rpm, contact time=180 min] 

3.2. Effect of Adsorbent Dosage  

      The effect of dead mycelium fungal biomass type white rot fungi on the adsorption 

of methylene blue was studied using dye concentration of 50 mg/L, by varying the 

biosorbent dosage in the range 0.01 to 1.0 g/100ml. From Fig. 3, it is clear that the dye 

removal increases from 7 to 82.5% with increase in adsorbent dose from 0.01 to 0.25 

g/100 ml of dye solution.  

The reason for the increased adsorption may be attributed to greater surface area and 

large number of active sites. It was observed that the optimum dye removal of 

methylene blue (15.33 mg/g (92%))   took place at a dosage of 0.3 g.  

The result is agreement with that obtained from [20, 21], they study the effect of the 

dose on biosorption of MB and found a higher biosorption when dose is increased. 
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Figure 3. Effect of waste fungi biomass type white rot on the (a) biosorption capacity and (b) percentage 
removal of MB at 25°C  [Co=50mg/L, pH=6.0, biosorbent dose= 0.3 g, agitation speed =200 rpm, contact   

time=90 min] 

 
3.3. Effect of Initial Dye Concentration and Contact Time 

       The effect of initial ion concentration was performed at initial concentrations of 

25,50, 75 and 100 mg/L at 25°C for the biosorption of methylene blue ions onto dead 

fungal biomass 0.3 g/50 mL at pH=6.0 using different contact time as shown in Fig.4. 

The adsorption increases from 7.92 to 23.1 mg/g with increase in initial methylene blue 

concentration from 25 to 100 mg/L . 

This is due to the fact that with increase in initial concentration of MB, presence of 

MB at the biosorbent interface also increases, then increases the amount of biosorption. 

This happened due to higher probability of collision be each investigated ion and the 

biosorbent particles [22]. The biosorption process will be reached to the saturated limit 

when the active sites in the surface of biosorbent are fully covered.  

Also, the amount of methylene blue ion removed sharply increases with time in the 

initial stage (0-60 min range), and then gradually increases to reach an equilibrium 

value in approximately 80-100 min.  

This mechanism happened due to presence of large number of vacant surface sites 

for biosorption during initial stage, while when reached to equilibrium stage, the 

remaining vacant surface sites are difficult to be occupied due to repulsive forces 

between solute molecules on solid and bulk phases [23].  

The equilibrium time required for the maximum removal of methylene blue by dead 

fungal biomass was 90 min for all experiments.  

The percent MB removal at equilibrium time was found to be 96% and 70% for the 

MB concentrations of 25 and 100 mg/L respectively. Consequently, the extent of 

methylene blue ion uptake decreases significantly with increase of contact time, 

depending on the decrease in the number of vacant sites on the surface of biosorbent 

material as shown in Fig. 5. 

 

0

5

10

15

20

25

30

35

40

0

20

40

60

80

100

120

0 0.2 0.4 0.6 0.8 1 1.2

u
p

ta
ke

 c
ap

ac
it

y,
 m

g/
g 

%
 r

e
m

o
va

l 

Biosorbent dose, g/50 mL 

% Removal

q(mg/g)



 

Journal of Engineering and Sustainable Development Vol. 22, No. 4, July 2018                                               www.jeasd.org (ISSN 2520-0917) 

 

235 
 

   

Figure 4. Effect of initial concentration of solution on uptake capacity of MB ions using fungal dead 
biomass type white rot at 25°C 

 

    

Figure 5. Effect of initial concentration of solution on percentage removal of MB ions using fungal dead 
biomass type white rot at 25°C 

 
3.4. Biosorption Isotherm 

      Analysis of adsorption isotherms described the equilibrium relationship between the 

adsorbate concentration in the liquid phase and that on the biosorbent’s surface at a 

certain condition, named an isotherm. Many adsorption isotherm models are used to 

describe equilibrium data, but in the present study, Langmuir, Freundlich, Temkin and 

Dubnin-Radushkevich isotherm model (D-R) models were chosen to describe the 

relationship between the amount of MB adsorbed on dead waste fungal biomass and its 

equilibrium concentration.  

The equilibrium data was obtained by varying the solute concentration while the 

biosorbent dose was kept constant under optimized operating conditions. The 

applicability of the isotherm models was determined by knowing the value of 

correlation coefficient R
2
. 

3.4.1. Langmuir isotherm model 

    The Langmuir adsorption isotherm is based on the assumption, that maximum 

adsorption corresponds to a saturated monolayer of solute molecules on the adsorbent 
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surface with no later interactions between sorbed molecules. The model takes the 

following relations [24]: 

 

        
     

     
                                     (4) 

 

Increasing above equation gives: 

     

  

      
  

 

   
 

  

  
                                 (5)    

 

     where b is the equilibrium constant in (L/mg) and qm is maximum adsorption 

capacity when the surface is completely covered with dye molecules in (mg/g). Data 

obtained from experimental work for the sorption of MB dye in the concentration range 

10 to 100 mg/L are fitted to the Langmuir isotherm (Fig. 6) [24].  A plot of Ce/qe versus 

Ce gave a straight line, the slope and the intercept of which corresponding to qm and b 

respectively as shown in Fig.7, confirming that this expression is indeed a reasonable 

representation of chemisorption isotherm. Table 2 shows the numerical values of 

constants qm and b, where the value of b is 0.33689 L/mg and qm is 23.69 mg/g with 

regression coefficient (R
2
=0.9909). The linear plots show that the adsorption obeys 

Langmuir isotherm and indicates the monolayer coverage of methylene blue molecules 

at the outer surface of dead fungal biomass. 

    The Langmuir model can express by dimensionless constant called equilibrium 

parameters RL [25]: 

 

   
 

     
                                        (6) 

 

 where, Co is the highest initial MB dye ion concentration in (mg/L). The value of RL 

indicates the type of isotherm. As shown from the values of RL appeared in Table 2. All 

the values of RL were found to be less than 1 and greater than 0 indicating the favorable 

sorption isotherms of dye ions [25]. 

 

   
Figure 6.  Langmuir isotherm plots for the sorption of MB dye onto waste fungal at 25°C 
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Figure 7.   Equilibrium constant versus methylene blue initial concentrations 

3.4.2. Freundlich isotherm model 

      Freundlch equation is derived to model the multilayer sorption and for the sorption 

on heterogeneous surfaces, .the concept of equation is: if the concentration of solute in 

the solution at equilibrium Ce was raised to the power n , the amount of solute adsorbed 

being qe, then Ce
n
/qe was a constant at a given temperature[24,25]. 

 

       
                                          (7) 

 

The Freundlich equation can be written in logarithmic form as: 
 

            
 

 
                          (8) 

 

 where Kf is constant indicator of the relative sorption capacity of dead fungal 

biomass (mg/g) and 1/n is the constant indicator of the intensity of the sorption process. 

A plot of log qe gives a slope of 1/n and intercept of log kf.  

The results of this application in present experiment were present in Fig.8 and given 

in Table 2. It can be seen from these data that the Freundlich intensity constant (n) are 

greater than unity.  

This has physicochemical significance with reference to the qualitative 

characteristics of the isotherms, as well as to the interactions between methylene blue 

ions and dead fungal biomass [26]. (1/n) is the slope of the line, its value is 0.2786 < 1. 

This is favorable biosorption. A regression coefficient (R
2
= 0.977) is obtained with the 

Freundlich isotherm.  

The values of kf and n are 8.8189 mg/g and 3.589 respectively (n is between 1 and 

10, the adsorption is favorable). In general, results indicate that the biosorption of 

methylene blue by dead fungal biomass type white rot fungi depends on Langmuir 

isotherm. 
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Figure 8.   Freundlich isotherm plots for the sorption of MB dye onto waste fungal at 25°C 

 
3.4.3 Temkin isotherm model 

     Temkin isotherm model was used to determine the heat of adsorption and the 

interactions between adsorbate and the adsorbent on the adsorption process.  

It is based on the assumption that the heat of adsorption of all the molecules in the 

layer would decrease linearly with coverage due to adsorbate/adsorbent interactions 

according to the following linear forms [27]: 

 

   
  

  
                                   (9) 

 

                                        (10) 

 

where 
  

  
=B, R is the universal gas constant (8.314 J/mol.K) and T is the absolute 

temperature (K). Here, B will represent the heat of adsorption, while A represents 

Temkin equilibrium binding constant ((L/g)),   (J/mol) is related to the heat of sorption 

[28] 

       By plotting     versus     , linear plots can be found and the values of A and B can 

be estimated from the intercept and the slope of the line as shown in Fig.9.  

The values of parameters are listed in Table 2.The linear correlation coefficient (R
2
) 

is  

0.9893, that is mean, the distribution of binding energy arise is uniform due to the 

interaction of dye molecules.  

The parameter     was determined as 0.6062 Kj/mol this value is less than 8, that 

means the interaction between methylene blue dye and dead white rot fungi is weak, 

indicating that the process is physicosorption [29],  

also the value of A is 6.988 L/g, so the variation of energy was very low and positive 

showing that the adsorption process was physicosorption and endothermic in nature 

[30]. 
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Figure 9.   Temkin isotherm plots for the sorption of MB dye onto waste fungal at 25°C 

 
3.4.4. Dubnin-Radushkevich isotherm model (D-R) 

      D-R adsorption isotherm model is used to characterize the nature of sorption 

processes, it is based on the assumption that there is no homogeneous surface or 

constant biosorption potential and may distinguish between physical and chemical 

adsorption. The general form of D-R equation is [31]: 

 

                )                           (11) 

 

 the linear form is: 

 

                                          (12) 

 

where:  

 

          
 

  
                               (13) 

 

where   qe is the amount of MB dye ions biosorbed per unit mass of biosorbent 

(mg/g), qm is the maximum biosorption capacity (mg/g),   is the isotherm constant 

related to sorption energy (mol
2
/K J

2
),    is the Polanyi potential represents the work 

required to remove a molecule from its location, R is the gas constant (8.314 *10 
-

3
KJ/mol K), T is the absolute temperature (K). The mean free energy of sorption E 

(KJ/mol) is calculated in order to give more information about the nature of biosorption 

process as physisorption or chemisorption; it is calculated from constant   as [31]: 

 

                                               (14) 

 

       When the value of E lies between 1 and 8 KJ/mol the adsorption process would be 

physisorption, while when E     KJ/mol the process would be chemisorption. The 

linear plot of the D-R isotherm was shown in Fig.10. Where plotting ln qe versus    

gives   as gradient and qm as the intercept.  The parameters qm,   , R
2 
and E are presented 

in Table 2.The correlation factor R
2 

of 0.7606 pointed to the fitness of the isotherm 

model in describing the equilibrium data. The maximum sorption capacity qm is (18.145 
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mg/g and the value of E calculated is 0.7847 KJ/mol, the sign and magnitude of E 

indicated that the sorption process endothermic and physisorption mechanism in nature. 

 

 

Figure 10.   D-R isotherm plots for the sorption of MB dye onto waste fungal at 25°C 

 
Table 2. Isotherm parameters for methylene blue ions adsorbed onto waste of biomass type white rot 

fungi with correlation coefficient 

Model Parameters Values 

Langmuir (Eq.5) qm(mg/g) 

b(1/mg) 

RL 

R² 

23.69 

0.3368 

0.0319 

0.9909 

Freundlich (Eq.8) Kf(mg/g)(1/mg)
1/n

 

n 

R² 

8.8189 

3.5893 

0.9770 

Temkin (Eq.10) A(L/g) 

B 

bT(kJ/mol) 

R² 

6.988 

  4.087 

0.6062 

0.9893 

Dubinin-Radushkeich 

(Eq.12) 

kad 

  (mol²kJ⌐²) 

qm(mg/g) 

E(KJ/mol) 

R² 

-3.00E-07 

0.8119 

18.145 

0.7847 

0.7606 

Figure 11 below, shows the comparisons of uptake capacity of methylene blue between experimental 

data and that obtained from using Langmuir and Freundlich models. 

 

    

Figure 11. Comparison between the measured and modeled isotherm curves for biosorption of MB ions 
onto dead fungal biomass type white fungi at 25°C, [I.C.=50mg/L, pH=6.0, biosorbent dose= 0.3 g, 

agitation speed =200 rpm, contact time=90 min] 
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3.5. Biosorption Kinetics 

        Important information can be obtained for designing batch adsorption systems 

when knowing the adsorption rate. This information about kinetics of solute removal is 

required for selecting the optimum operating conditions for full-scale batch process. 

Kinetic studies are necessary to determine the equilibrium time of adsorption and for 

scale up of adsorption systems. Two mechanisms controlled dye adsorption were taken 

into account on dye adsorption systems called external diffusion and internal diffusion. 

In our experiments, two kinetic models were used to analyze the kinetics of the 

adsorption data, pseudo-first-order and pseudo-second-order, which important in 

predicting the reactor volume [31]. 

 

3.5.1. Pseudo-first-order kinetic model 
 

      Contact time process, the pseudo-first –order kinetic equation is written [31, 32]: 

 
   

  
                                          (15) 

 

where qe and qt are the amount of dye adsorbed (mg/g) at equilibrium and given time 

t respectively. K1 is the rate constant of adsorption (1/min). 

By integration and taking the boundary conditions: at t=0       (qe – qt ) = 0  

 

                                       (16) 

 

      By plotting ln(qe-qt) vs. t , gives a straight line containing the intercept of ln qe and 

slope of (-k1 t). Value of qe can be calculated and then compared with that obtained from 

experimental work. Figure 12 showed the plot of linearized form of pseudo first order 

kinetic model at several concentrations of dye studied (25, 50, 75 and 100 mg/L). From 

this figure, we determined the values of k1 and qe, cal.  . The calculated rate constants, 

experimental and predicted qe with corresponding correlation coefficient values are 

presented in Table 3. From Figure 12, the plots are expected to yield straight lines if this 

model is applicable. Since straight lines are not obtained, the values of slopes are 

negative and R
2
 values vary from 0.9852 to 0.9584, it has been concluded that this 

model is not applicable. According to values of slope and R
2, 

this model is not useful to 

explain the kinetics of sorption of methylene blue ions. 
 

   
Figure 12.  Pseudo first-order kinetic plots for sorption of MB dye onto waste fungal biomass at different 

initial dye concentrations, pH=6, adsorbent dose=0.3 g, temperature=25°C 
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3.5.2. Pseudo-second-order kinetic model 

     This model was found by Ho and McKay; it is based on solid phase adsorption and 

external diffusion. It was expressed as [31, 33]: 

 
    

  
          

                             (17) 

 

where k2 is the pseudo second order rate constant (min. g/mg). The linear form is: 

 
 

  
 

 

      
  

 

  
                                  (18) 

 

     The kinetic data were analyzed using above equation. The values of the k2 and qe 

presented were determined from the intercept and slope of the plot t/qt vs. t and the 

corresponding R
2 

values are given in Table 3. 

K2 can be used to compute the initial adsorption rate named h. 

 

at                       
                 (19) 

 

     The initial sorption rate increased with an increase in initial dye concentration. 

      Figure 13 showed the plots of linearized form of pseudo second order kinetic model 

at several concentrations of dye studied.  

The plots of t/qt vs. t yield straight lines indicating that the process follows the 

pseudo second order kinetics.  

From Table 3, the decrease in the values of k2 for various initial concentrations is 

quite significant.  

The values of equilibrium sorption capacity obtained from plot were vary from the 

experimental values, indicating non ideal adsorption and that removal of the dye 

involved number of processes such as adsorption, ion exchange etc.[34], the correlation 

coefficients R
2 

of determination as obtained from the plots were found to be very 

closely to unity for all initial dye concentrations. 

    Although the correlation coefficients (R
2)

 at 298 k for the pseudo first order model are 

quite high (> 0.958) , the R
2 

for pseudo second model is greater than that of pseudo first 

order (> 0.997 ), the calculated qe,cal value is less accurate than that of the pseudo-

second order model, so , the calculated value of sorption capacity qe(qe,cal )obtained in 

the pseudo second-order model perfectly agrees with the experimental values of qe (qe, 

exp.), i.e. straight lines obtained from pseudo second-order kinetic plots suggest the 

applicability of the pseudo second order kinetic model to fit the experimental data over 

the all stages of the sorption process compared with pseudo first order kinetic 

model[35].  

These results explain that the pseudo second –order sorption mechanism is 

predominant. The results show that the rate-limiting step may be the adsorption 

mechanism. 
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Table 3.  Kinetic parameters for biosorption of methylene blue ions onto fungal dead biomass type white 
rot fungi at 25°C 

 First-order kinetic parameters Second-order kinetic parameters 

Initial 

Conc.(mg/L) 

qe,exp 

(mg/g) 

K1 

(min
-1

) 

qe,cal(mg/g) R
2 

K2(min 

g/mg)*10
3 

qc,cal(mg/g) h(min 

g/mg) 

R
2 

25 
50 
75 

100 

7.92 
14.85 
20.29 
23.10 

0.0398 
0.0419 
0.0412 
0.0294 

8.3004 
17.3320 
25.0553 
26.6993 

0.9852 
0.9647 
0.9584 
0.9725 

6.7407 
2.6372 
1.3775 

0.80402 

7.0821 
14.2247 
20.2021 
23.2011 

0.3380 
0.5336 
0.5621 
0.4328 

0.9988 
0.9984 
0.9990 
0.9924 

 

   
Figure 13.  Pseudo second-order kinetic plots for sorption of MB dye onto waste fungal biomass at 

different initial dye concentrations, pH=6, adsorbent dose=0.3 g, temperature=25°C 

 
4. Conclusions  

 

       Results and analysis obtained from this study show that waste mycelium biomass 

derived from white rot fungi can be used as a success biosorbent for removal of 

methylene blue from aqueous solutions by an adsorption technique. The amount of MB 

adsorbed on waste of fungi depends on the initial dye concentration, contact time, 

adsorbent dose, pH of solution and increases with an increase of these parameters. 

Where the results show that the best conditions for the uptake of methylene blue are at 

50 mg/L, 90 min, pH 6 and 0.3 g adsorbent dose which was conducted on 150 -300 

micron size of waste of fungi.  

Methylene blue biosorption onto waste of white rot fungi followed the Langmuir 

isotherm model for all samples studied indicating a monolayer adsorption on a 

homogeneous surface. The maximum monolayer adsorption capacity is 23.69 mg/g. The 

values of bT  0.6062 KJ/mol from Temkin model and mean free energy of sorption E  

0.7847 KL/mol from D-R model indicated that the biosorption process was endothermic 

and physisorption in nature.  

Kinetics studies indicated that a pseudo-second order model described the adsorption 

process well. It's revealed that initially the adsorption process of MB onto waste of 

fungi followed bulk diffusion and then shifted to intra-particle diffusion. Waste biomass 

derived from white rot fungi can be used as an alternative low cost adsorbent of dyes 

from industrial wastewater discharged from dying units. Its cheaply available, friendly 

environment material and its possible to design and optimize an economical treatment 

process for the dye removal from industrial effluents.  
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