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ABSTRACT  

Separation of several organic dyes and trace elements from aqueous 

effluents have a great importance in many areas of research today. 

Therefore, the main objective of this work was to remove methylene 

blue (MB) dye from effluents by using cost effective and 

environmentally method like adsorption.  To achieve this work, batch 

experiments were carried out with an artificial effluent comprising of 

MB dye in deionised water. The effects of the initial dye concentration, 

volume, PH value, stability and removal kinetics were studied. An 

adsorbent dosage of 0.5 g/L was effective in height removal percent of 

the dye ion, at pH 12.6, and equilibrium time 20-25 minutes. Also, the 

kinetic process of MB adsorption onto polyurethane foam (PUF) was 

investigated by applying Lagergen pseudo-first-order and Morris-

Weber models to correlate the experimental data and to estimate the 

kinetic parameters. The adsorption isotherm data were correlated by 

the Langmuir and Freundlich models. A maximum monolayer 

adsorption capacity of 0.0929 mg/g was calculated using the Langmuir 

adsorption isotherm, suggesting a functional group limited adsorption 

process. The results confirmed that foam are effective sorbent for the 

removal of dye from effluent. 
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1 INTRODUCTION  

The ability to separate organic dyes and trace elements in various types of samples is 

important in many areas of research including food, pharmaceutical, agriculture, forensic and 

environmental science. There are three types of organic dyes, acidic, basic and uncharged 

dyes. Basic dyes are used for modified polyesters, modified nylons, polyacrylonitrile dyeing 

as well as in paper industry and medicines. These are also used for tannin mordant cotton, silk 

and wool [1, 2]. This class of dyes is soluble in water and yields coloured cations and are also 
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called cationic dyes [3]. The major classes are cyanine, thiazine, acridine, oxazine, hemi 

cyanine and diazahemicyanine, i.e., basic red 46, malachite green, basic yellow 28, crystal 

violet and methylene blue.  

Discharging of some dyes shush as MB into natural water bodies prior to treatment could 

contribute to water pollution because of their persistence and non-biodegradable 

characteristics [4]. Highly concentration can cause some specific harmful effects in humans 

such as vomiting, heartbeat increase, cyanosis, shocks, jaundice and tissue necrosis as well as 

it can affect aquatic life found in natural water bodies by reducing sunlight penetration and/or 

even causing direct poisoning to living organisms [5,6]. In order to avoid these problems, 

effluents containing dyes must be treated for their removal before disposal.  

Several solid materials have been recently used for the extraction and adsorption of dyes [6-8, 

10,11] including methylene blue. Different experimental conditions were investigated. 

Polyurethane foam has been widely used in many industries especially in furniture’s during the 

last and recent centuries, the rest of the foam is usually remains as a chemical waste. During the 

past decades, polyurethane foam and many other solid materials have been tested as stationary 

phase for extractions of large numbers of toxic organic and metal ions from aqueous solutions 

and some organic solvents. PUF is able to retain different types of hazardous chemicals like 

organic dyes because of the presence of polar and nonpolar groups in their structures [12] The 

large surface area and cellular structures of polyurethane foam gives the possibilities of using the 

foam as columns filling materials for solid phase extraction and pre-concentration have been 

studied [12]. The interesting of this material has increased as sorbent material for air and gaseous 

samples by passing it through backed column or tube to extract organic vapours or other 

substances present in the sample [13]. 

Adsorption on polyurethane foam is very effective in reducing cost as compared with other on 

different solid phases using clay sorbent (Bentonite – 0.05–0.2; Red mud 0.025; Clinoptilolite – 

0.14–0.29) U$/kg, commercial active carbon (0.8–1.1 U$/kg), natural zeolite (0.08 U$/kg), 

Chitin (15–20 U$/kg), Chitosan (16.5–10 U$/kg) Cross-linked-chitosan (5–10 U$/kg) [8,9]. 

(KOSAR). 

This work is aimed to study and develop the adsorption process of MB dye on PUF and to 

describe the mechanism of adsorption and kinetic behaviour of the process. To study the 

possibilities of using MB loaded PUF as sorbent material for trace elements and for other 

organic molecules. 

 

2 MATERIALS AND METHODS 

All chemicals and reagents were of analytical grade. High purity water was used 

throughout.  

2.1 Apparatus.  

The absorption measurements were made using UV-VIS spectrophotometer JENWAY. The 

PH measurement were made by JENWAY 3150 PH-METER. 
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2.2 Preparation of dye solution.  

A stock solution was prepared (100ppm) by dissolving 0.1g of MB in one litter of distilled 

water. MB solutions of the desired concentrations 2,5,8, and 10 ppm were prepared from the 

stock solution by appropriate dilutions with distilled water.   

2.3 Preparation of absorbent material.  

The sample of foam was obtained from Al-Khums sponge factory (Northwest Libya) and it 

has been washed many times with 2M of HCl solution then rinsed with water and dried. 

Loaded polyurethane foam was prepared by immersing certain amount of foam in 100 ppm 

dye solution and left for one week then dried.  

 

3 RESULTS AND DISCUSSION  

3.1 Stability of methylene blue solution.  

Aqueous solution of methylene blue is relatively unstable and it undergoes photodegrading 

with time, the decrease in absorption of methylene blue solution after one week time is shown 

on calibration curves in figure 1. About 10% decrease in concentration of methylene blue 

solution at concentration of 6.0 ppm is observed. Lower concentrations up to 2.0 ppm shown 

lower percent of photodegradation. The calibration curves were with R
2 

= 0.998 and 0.987 for 

one week old and freshly prepared methylene blue solution respectively. 

 

 

 

 

 

 

 

 

 

Figure 1. Calibration curves of fresh and after one week. 

 

3.2 Effect of pH.  

Effect of pH value in the adsorption process plays an essential role in order to 

increase/decrease separation efficiency, especially on the adsorption capacity, due to its 

influence on the surface properties of the adsorbent and ionic forms of the MB solutions. In 

this work, the effect of pH on the methylene blue uptake was investigated by batch procedure. 

An aliquot of 2.0 ppm solution of dye at varying pH values ranging from 7.09, 9.25, 11.1, and 
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12.6 was stirred with 0.50 g foam for different time intervals. The results obtained are shown 

in figure 2. 

  

 

 

Figure 2. Effect of PH on methylene blue adsorption at different times. 

 

It was found that the dye uptake increased at higher pH values from 9.5 and above and 

equilibrium reached after 10.0 min, while at lower pH values the percent removal become less 

and more time needed to reach equilibrium. The possible explanation for higher adsorption in 

the alkaline region refers to the increasing negatively charged active sites or in other words, 

the excess negative ions (   ) formed in methylene blue solution was bonded with the 

positive ions (   ) of the dye and left the medium to adsorb on the absorbent surface 

according to the next equation:  

                 (  ) ( )    ( ) 

The best sorption condition is at pH =13 and equilibration time of 20-25 min. 

 

3.3 Effect of sample volume.  

The effect of sample volume on adsorption process and percent removal was studied using 2.0 

ppm of MB solution at different times. It’s clearly noticed that, figure 3, the increase in 

sample volume generally decreases the surface area of the adsorbent which lead to decrease 

the percent removal of the MB ion in dye solution from about 95% for 20.0 mL sample 

volume to 88 % at 100 mL and vice versa. 
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Figure3. Effect of sample volume on percent removal of dye. 

 

3.4 Isotherm studies.  

Dye uptake was estimated from mass balance based on initial and final dye concentrations in 

the original and final solution [14]: 

 (    )  
[     ](   ⁄ )

 ( )
 ( )    ( ) 

Where   is the dye uptake;    and   are the initial and final dye concentration in solution.   

is the mass of sorbent and   is the volume of solution used. 

 

3.4.1 Langmuir isotherm model.  

The Langmuir adsorption isotherm model is used to describe the equilibrium between 

adsorbate and adsorbent system [14] and is expressed as: 

   
     
     

     ( ) 

A linear form  

  
  
 

 

   
 
  
  
    ( ) 

where    (    ) and    (    ) refer to the amount of adsorbed dye per unit weight of 

adsorbent and unabsorbed dye concentration in solution at equilibrium, respectively.    and   

are Langmuir equilibrium constants related to the sorption capacity and the apparent energy of 

sorption, respectively. The values of    and   for adsorption of MB dye on PUF sorbent were 

estimated from the slope and intercept of the linear plot of     ⁄  versus   . 
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The equilibrium parameter or separation factor (  ) whish represents the essential 

characteristics of the Langmuir isotherm relation was estimated from equation (5):  

   
 

     
    ( ) 

The value of    indicates the type of sorption isotherm to be linear (    ), favourable 

(      ), unfavourable (    ), and irreversible (    ). It can be noted that for this 

work,    is negative value, which indicates sorption of MB by PUF.   

 

Figure 4. Langmuir adsorption isotherm for MB dye on PUF. 

3.4.2 Freundlich isotherm model.  

This model is often used for the study of the sorption behaviour of heterogeneous surface 

energy systems [14] and is expressed as 

       
  ⁄     ( ) 

A linear form  

            
 

 
         ( ) 

Where    (    ) represents the amount of dye adsorbed;    (    ) is the dye concentration 

at equilibrium;    and   are empirical constants which indicate to the adsorption capacity and 

intensity, respectively, and can be determined graphically from the linear plot of       versus 

log   . Acordingl, the adsorption of dye on foam was tested by using Freundlich isotherm. 

The investigation showed linear relation between adsorbed amount and dye concentration. 

Monolayer adsorption could be clear from the value of Freundlich constant (  = 0.67). the 

results obtained are shown below in Figure 5.  
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Figure 5. Freundlich adsorption isotherm of MB on PUF. 

3.5 Kinetic studies.  

The adsorption process of the dye depends on the effective collisions between the 

polyurethane foam as a solid-phase and the molecules of the dye in solution. Collision of 

molecules could be increased by shaking of solution. A certain time is required for foam- dye 

interaction to reach equilibrium and to achieve maximum adsorption of dye on foam. The 

polyurethane foam is highly porous material with spherical and symmetrical macro and 

micropores. The micropores are relatively small as compared with the larger molecule of dye. 

Sorption of dye molecules will less than that if compared with smaller particles such as metal 

ions in solution, diffusion mechanism is unfavourable for dye molecules into foam 

micropores.  

 

3.5.1 Lagergen model. 

 This model was applied for mass action phenomenon and which is given by [14]: 

   
  

   (     )    ( ) 

After integration and simplification, a linear form is 

   (     )        
   

     
    ( ) 

Where    and    (    ) represent the amount of adsorbed dye on PUF at equilibrium and 

any time t,    (     ) is the Lagrange kinetic rate constant first-order which determined 

graphically from the linear plot of    (     ) versus log  , figure 6. 
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Figure 6. Lagergen plotting for adsorption of dye on foam. 

 

3.5.2 Morris-Weber equation. 

The adsorption behaviour of MB dye on PUF was tested by using Morris-Weber equation 

[15] in the form 

     ( )
  ⁄      (  ) 

Where qt is the amount of dye adsorbed at time t and    is the adsorption rate. The straight 

line of the plot    Vs    with   =1 indicates the intra particle transport phenomenon of dye 

into foam. In the diffusion process the slope of the curve depends on the particle size, film 

thickness and distribution coefficient of dye molecules where as in mass action, the rate 

depends on temperature and concentration of solute in solution. The plot of Morris-Weber 

equation is shown in figure 7. The constant     0.5991.  

 

 

Figure 7. Plotting of Morris –Weber equation for dye- foam interaction. 
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Also, this study was extended to investigate the competitive effect of some metal ions and 

dyes which usually presented in effluents by the adsorption on the PUF, chlorophenol, 

murexide, methyl green, iron (II) and Mn (II) were. Iron showed very strong reduction for the 

dye solution and colour disappearance. The recovery of dye was reduced into lower values 

because of the presence of these species in solution. Loaded polyurethane foam the dye 

becomes more stable and no further reduction due to Iron ions. The results are shown if figure 

8. 

 

Figure 8. Competition effect of some species on dye adsorption. 

 

4 CONCLUSIONS 

It is possible to use the rest of polyurethane foam to removes some chemical wastes like 

methylene blue dye at certain conditions. The loaded foam could also be used for further 

separation. The results obtain were in good agreement with previous studies on adsorption of 

methylene blue on polyurethane foam. Absorption seems to be chemical with monolayer 

adsorption behaviour. Loaded and unloaded polyurethane follows pseudo first order kinetics 

model, the best adsorption condones could be achieved at pH =13 and stirring time of 15 min 

and above. Reverse reaction of releasing dye again into solution is very slow since dye stayed 

adsorbed on foam for more than two weeks. 
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دراسة آلٍة وحركٍة امتساز صبغة المٍثٍلٍه السرقاء على سطح البولً ٌورٌثان 

 التجاري

عبذ السلام السوٌسً
2
خلٍفة الغرٌاوً  ، 

0،* 

1
  a.amhmed@uot.edu.lyلغى انُٓذعت انكًٛٛبئٛت ، كهٛت انُٓذعت، خبيعت طشابهظ ، طشابهظ، نٛبٛب، 

2
 k.algheryani@uot.edu.lyلغى انُٓذعت انكًٛٛبئٛت ، كهٛت انُٓذعت، خبيعت طشابهظ ، طشابهظ، نٛبٛب، 

   الملخص

فصم انعذٚذ يٍ الأصببغ انعضٕٚت ٔانعُبصش انًعذَٛت يٍ انُفبٚبث انغبئهت نّ أًْٛت 

كبشٖ فٙ يخخهف انًدبلاث انصُبعٛت ٔانبحثٛت. نزنك، فبٌ انٓذف انشئٛغٙ يٍ ْزِ 

انغبئهت ببعخخذاو طشٚمت ( يٍ انُفبٚبث MBانذساعت ْٕ إصانت صبغت انًٛثٛهٍٛ انضسلبء )

أكثش فعبنٛت يٍ حٛث انخكهفت ٔانبٛئت يثم الايخضاص. ٔلأخم ححمٛك رنك، حى إخشاء عهغهت 

يٍ حدبسة الايذصبص عهٗ دفعبث نذساعت حأثٛش يعبٚٛش يًٓت لإصانت انصبغت يُٓب 

( ٔٔلج انخًبط ٔحشكٛض انًبدة انًًذصت ٔ حدى pHحأثٛش لًٛت الأط انٓٛذسٔخُٛٙ )

ٔكزنك حشكٛت الإصانت. يٍ َخبئح حدبسة الايذصبص عُذ حفبعلاث الاحضاٌ  انًحهٕل

خى/نخش كبَج فعبنت نهحصٕل عهٗ أعهٗ َغبت إصانت  0.0ٚخضح أٌ كًٛت انًبدة انًبصة 

دلٛمت. أٚضب، حى  20-20، ٔصيٍ الاحضاٌ 12.1لإٌٔٚ انصبغت، عُذ انشلى انٓٛذسٔخُٛٙ 

عطح انبٕنٙ ٕٚسٚثبٌ انخدبس٘  عهٗ MBدساعت حشكٛت ايذصبص إَٔٚبث صبغت 

(PUF يٍ خلال حطبٛك ًَبرج انحشكٛت يٍ انذسخت الأٔنٗ ٔلذ أظٓشث انُخبئح حطببك )

. Lagergenبشكم خٛذ يع انُخبئح انًعًهٛت أكثش يٍ ًَٕرج  Morris-Weberًَٕرج 

كًب حى انخحمك يٍ بٛبَبث اٚضٔثٛشو الايخضاص ببعخحذاو ًَٕرج لاَكًبٚش ٔفشَذنٛش. حى 

يدى / خى ببعخخذاو ًَٕرج  0.0020بة انمًٛت انعظًٗ نلايذصبص ٔكبَج حغ

كًب أكذث  لاَكًبٚش، يًب ٚشٛش إنٗ أٌ عًهٛت الايذصبص عًهٛت كًٛٛبئٛت أحبدٚت انطبمت.

ٔبخكبنٛف   يبدة يبصت فعبنت لإصانت انصبغت يٍ انُفبٚبث انغبئهت PUFانُخبئح أٌ 

 يُخفضت.
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 أٚضٔثٛشو الايخضاص.

 انبٕنٙ ٕٚسٚثبٌ انخدبس٘.

 انًٛثٛهٍٛ الأصسق.

 .انًُبرج انحشكٛت

   k.algheryani@uot.edu.ly :*البرٌذ الإلكترووً للباحث المراسل
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