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olyacrylonitrile-co-sodium methallylsulfonate copolymer (AN69) and 

polysulfone (PSf) synthetic membranes were prepared and used for 
the removal of methylene blue (MB) from water. Atomic Force 

Microscopy (AFM), Ionic exchange capacity (IEC), and Swelling ratio (Sr) were 
employed to determine the membrane characteristics. pH, membrane 

composition and initial dye concentration were used for the evaluation of the 

efficiency of MB adsorption on AN69/PSf membranes. Isotherms and kinetic 

models were applied to determine the adsorption mechanism and to calculate the 

values of adsorption parameters. The various methods reveal that with the 

increase of PSf percentage, the membrane surface becomes rougher and the 

average values of ionic exchange capacity and the swelling ratio reach 0.6 

meq/g and 7%, respectively. The adsorption of MB is more efficient at higher pH 

(92%) and the maximum adsorption capacity reaches 75.75 mg/g. The 

mechanism of adsorption is perfectly fitted by pseudo-second order (R
2 
= 0.984) 

whereas the isotherm adsorption follows better the Freundlich isotherm (n = 

1.49 and R
2 
= 0.96). Prog. Color Colorants Coat. 14 (2021), 89-100© Institute for 

Color Science and Technology. 
 

 

 

  

  

  

  

  

1. Introduction 

Currently, dyes are widely used as coloring agents in 

several industries: leather, textiles, food, cosmetics, 

medicine and etc. They are belonging to the various 

pollutants which constitute the wastewater discharged in 

nature. Due to their toxicity and environment 

disturbance, they continue to attract great concern [1–3]. 

The removal of dyes from wastewater was realized 

by various conventional and advanced methods [2–8]. 

Several researches were published on the advantages 

and disadvantages of these methods. Membrane 

separation processes are commonly applied in the 

removal of several types of dyes [2, 9–14]. These 

processes are considered in much works as powerful 

techniques to achieve the removal of various pollutants 

from water and to respect the stringent regulations for 

wastewater disposal into environment [2, 10, 11, 15]. 

Methylene blue (MB) is a cationic dye. It is soluble 

in water and often used in textiles and food industries. 

Above a certain amount, the consumption of MB 

provokes a harmful effect on human health as high 

blood pressure, abdominal pain, nausea and mental 
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disorder [16, 17]. Several studies were focused on the 

removal of MB from water [4, 8, 18–24]. In fact, this 

dye offers particular characteristics: a small molecular 

weight and positive charges. Therefore, its removal by 

any material opens various possibilities to remove 

other pollutants having comparable characteristics. 

Polysulfone (PSf) is hydrophobic polymer which is 

usually employed to prepare membranes with high 

mechanical and chemical stability. To overcome the 

hydrophobic character, hydrophilic components were 

added [25–28] to improve significantly the membrane 

performance in the removal of dye which reaches more 

than 93 to 99% [10, 11, 15]. 

The main objective of this investigation was to 

synthesize ion exchange membranes with excellent 

mechanical and chemical properties and their 

application for the removal of methylene blue (MB) 

from water. The characteristics of AN69/PSf 

membranes were performed by the study of their 

morphology, swelling ratio, ion-exchange capacity and 

polymer composition. Whereas their qualities were 

determined by the application of isotherm and kinetic 

adsorption models using methylene blue (MB) as 

adsorbate. 

 

2. Experimental 

2.1. Materials  

Poly acrylonitrile-co-sodium methallylsulfonate 

copolymer (AN69) was supplied by Rhodia (France), 

whereas polysulfone (PSf), dimethyl formamide 

(DMF) and methylene blue (MB) were acquired from 

Sigma-Aldrich Chemicals. All products were used 

without any purification. 

 

2.2. Membrane preparation 

Figure 1 introduces the chemical structures of polymers 

and dye. AN69 was dissolved in DMF solvent, with 

5% (wt/v) concentration under stirring to form a dope 

solution. The PSf was added in known proportions and 

the mixtures were stirred for 3 hours, de-bubbled and 

casted on a glass plate with a laboratory-made Gardner 

knife. The cast liquid film was died in oven at 80 °C 

for 30 minutes, and finally immersed in a coagulation 

bath containing a sufficient volume of MilliQ water at 

24 °C. The membranes were thoroughly washed with 

water and stored until their use. 

 

2.3. Ion exchange capacity measurement 

The ion exchange process takes place without 

substantial modification of membrane structure. The 

ion exchange capacity was determined after alternative 

sample conditionings in 0.1 M NaOH and 0.1 M HCl 

for an immersion time for 4 hours. In H
+
 form, the 

sample was equilibrated in water for 12 hours to 

remove the free hydrogen ions and afterwards 

immersed in NaCl 0.1M for 4 hours. The released H
+
 

ions in the NaCl medium were titrated by NaOH 

0.01M [26, 29]. 
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Figure 1: Structures of PSf (a), AN69 (b) and MB dye (c). 
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2.4. Swelling ratio  

The water content of the membranes was calculated 

from the weight difference between the swollen-

membrane weight (Wsw) and the dried-membrane 

weight (Wdr). The swelling ratio is usually determined 

to get an idea of the extension of membrane structure. 

The swelling ratio (Sr) is calculated by the following 

formula (Eq. 1): 
 

Sr  = 
Wws   -   Wdr

Wws

        (1) 

 

2.5. Atomic force microscopy (AFM) 

The membranes surfaces were analyzed by a 

“Nanoscope II” from Digital Instruments™ (Santa 

Barbara, USA) using a 140-µm scanner. The 

cantilevers used were characterized by a spring 

constant of 0.06 N/m. A standard pyramidal tip in 

silicon nitride was used. 

 

2.6. Adsorption of methylene blue  

Using 50 mL Erlenmeyer flasks, a batch adsorption 

experiments were carried out at ambient temperature 

298 K. The Erlenmeyer flasks containing membrane 

samples were agitated at constant speed of 120 T/min 

for a known time. The range concentration of dye was 

between 10 and 40 ppm. The effects of membrane 

composition, dye concentration and pH were 

investigated. 

The dye absorption was measured at the 

wavelength corresponding to the maximum absorption, 

λmax= 663 nm, using 6705 UV/Vis. Spectrophotometer, 

model JENWAY. The amount of dye adsorbed onto 

membrane Qe (mg/g) was calculated using Equation 2:  

 

 Qe = 
�C0     -    Ce� V

m
    (2) 

 

Where Qe is the adsorbent amount of dye (mg/g); 

C0 (mg/L) and Ce (mg/L) are the initial and equilibrium 

concentrations of dye, respectively; m (g) is the mass 

of membrane sample (10 mg); and V (L) is the volume 

of the liquid phase (25 mL). 

The Adsorption efficiency or dye retention (R) is 

calculated by using Equation 3: 

 

R % = 
C0   -   Ce

C0

 x 100 (3) 

 

3. Results and Discussion 

3.1. Ion exchange capacity (IEC) and swelling 

ratio (Sr) 

The determination of IEC and Sr is useful to understand 

the mechanism on intermolecular interactions between 

membrane and pollutants and the physical extension of 

membrane in aqueous solution. Then, three samples, 

AN69/PSf 95/05, 90/10 and 86/14 membranes were used 

to measure the ionic exchange capacity and the swelling 

ratio as summarized in Table 1.  

The results show that the decrease of IEC and Sr 

values is associated to a decrease of AN69 percentage. 

In fact, this trend is due to the decrease of hydrophilic 

groups (SO3
-
) embedded in AN69 copolymer and the 

increase of PSf percentage which is a hydrophobic 

polymer [27, 29]. The presence of ionic charges (SO3
-
) 

has a benefit factor in the removal of pollutants and the 

increase of permeability and antifouling performance 

[30]. It should be noted that the roughness of the 

membrane surface increases with the increase of PSf 

percentage as observed with the naked eye. This trend 

was assigned to the retraction of PSf chains under the 

forces of non-solvent penetration (water) [31]. 

 

Table 1: Membrane trends, Swelling Rate (Sr) and Ion Exchange Capacity (IEC). 

Membrane composition Surface features IEC (meq/g) Sr % 

AN69/PSf 95/05 almost smooth 0.61 8.14 

AN69/PSf 90/10 Slightly rough 0.57 7.3 

AN69/PSf 86/14 Rough - 5.27 
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3.2. Atomic Force Microscopy (AFM) 

Atomic Force Microscopy (AFM) was used to 

determine the membrane topography which can impact 

the results of kinetic and isotherm adsorption. 

AN69/PSf 95/05 and 90/10 membranes were used to 

study the effect of polymer proportion on the 

topography of membrane surface as displayed by 

Figure 2. 

From the comparison of the features of the both 

samples, it was observed that the roughness of the 

surface increases with the augmentation of PSf 

percentage. The surface of AN69/PSf 95/05 membrane 

is smoother than that of AN69/PSf 90/10 which 

presents important reliefs [28, 32, 33] observed also by 

the naked eye. Otherwise, the appearance of very small 

pore structures with different sizes becomes more 

noticeable in AN69/PSf 90/10 membrane. The change 

in membrane morphology with the increase of PSf is 

certainly due to the dimixing process which is 

governed by the forces of solvent exclusion and non-

solvent penetration [26, 31]. 

 

3.3. Methylene blue adsorption 

In Adsorption experiences, 10mg of membrane was 

immersed in 25 mL under 120 rpm at 298 K and pH 

10.8.  

 

3.4. Effect of pH solution 

Figure 3 introduces the variation of adsorption 

retention as a function of initial pH of dye solution. It 

appears that the retention of MB improves significantly 

with the pH increase. It improves from 61% at pH 3.8 

to 92% at pH 10.8. 

 

                
 

Figure 2: AFM images of (a) AN69/PSf 95/05 and (b) AN69/PSf 90/10 membrane surfaces. 

 

 

Figure 3: Effect of pH on MB adsorption on PSf/PAA 90/10 membrane at Cdye = 15 mg/L. 
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AN69/PSf membranes contain negative charges  

(–SO3
-
) which might be considered as strong 

electrolyte whereas MB molecules contain positive 

charges. The ionization of dye molecules depends on 

pH. Thus, the increase in pH enhances the ionization of 

all groups embedded in the both polymers and 

improves the intermolecular interactions among their 

segments (adsorption) [29]. E. Makhado et al. has 

attributed the high adsorption of MB on hydrogel 

grafted- poly acrylic acid to the strong intermolecular 

interactions between dye (MB) and membrane. These 

interactions involved the positive charges within MB 

molecules and the negative charges of poly/acrylic acid 

embedded in grafted hydrogel [34]. Therefore, all the 

following experiments will be done at constant pH 10.8 

in order to improve the efficiency of MB adsorption on 

AN69/PSf membranes. 

 

3.5. Effect of membrane composition 

AN69/PSf 95/05, 90/10 and 86/14 membranes were 

tested in order to discover the impact of membrane 

composition on adsorption of MB as illustrated by 

Figure 4. 

The different curves show an increase of MB 

retention with the increase of AN69 percentage. The 

equilibrium adsorption capacity reached 98.43, 76.39 

and 62.22 mg/g for AN69/PSf 95/05, 90/10 and 86/14 

membrane, respectively. It should be noted that 

AN69/PSf 95/05 offers the best results due to the high 

ion exchange capacity and the swelling ratio mentioned 

above. Both parameters play an important role in the 

improvement of intermolecular interactions between 

dye and membrane charges, in the one side, and the 

penetration of dye molecules into membrane structure, 

in the other side.  

The decrease of adsorption capacity with the 

increase of PSf percentage confirms that the adsorption 

is mainly due to the establishment of interactions 

between positive charges embedded in dye molecules 

and negative charges supported by AN69 copolymer 

[35]. Similar results were noted by many researchers 

who assigned the adsorption of different cationic dyes 

on negative charged polyelectrolyte to the 

establishment of attractive electrostatic interactions 

between their segments [29, 36, 37]. 

 

3.5.1. Effect of initial concentration of MB 

Due to its highest ion exchange capacity AN69/PSf 

95/05, membrane was used to verify the effect of initial 

concentration on MB adsorption. Figure 5 represents 

the different curves obtained at different concentrations 

10, 25 and 35 mg/L. In the light of these results, it 

seems clear that both equilibrium adsorption capacity 

and equilibrium time increase with the augmentation of 

dye concentration. Therefore, the adsorption improves 

with the initial concentration increase [37, 38]. In fact, 

the increase of the concentration provokes an increase 

of dye density in the surroundings of the functional 

sites embedded in AN69/PSf membrane where the 

reorganization of dye molecules need longer time [29, 

39]. This behavior might be taken as a sign of the 

dominance of physical interactions between dye 

charges and membrane functional sites in agreement 

with the Freundlich theory [40]. 

 

 

Figure 4: Effect of membrane composition: AN69/PSf 95/05 (●), AN69/PSf90/10 (▲) and AN69/PSf 86/14 (◆). 
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Figure 5: Effect of dye concentration: (◆) 10, (▲) 25 and (●) 35 mg/L. 

 

3.5.2. Kinetic Study 

The kinetic measurements was limited to the most used 

models in literature: pseudo first order and pseudo 

second order [41].  

Pseudo first order model: the linear form of pseudo 

first order is given by the Equation 4:  

 

Ln (qe – qt) = Ln qe – K1 t [42]     (4) 

 

Where qt and qe are the capacities of adsorption at 

instant t and equilibrium time, respectively. K1: is the 

equilibrium rate constant (min
-1

). 

Table 2 summarizes the values of kinetic adsorption 

parameters of MB adsorption deduced from Figure 6, 

which illustrates the Pseudo-first-order model at 

different concentrations. Table 2 shows that with the 

increase of MB concentration, the equilibrium 

adsorption capacity increases; and the difference 

between the value of correlation constant and unit (1) 

increases significantly. The decrease of the correlation 

coefficient with the increase of the concentration 

reveals that Pseudo first order model is not suitable to 

describe the mechanism of MB adsorption on 

AN69/PSf membrane. 

Pseudo second order model: the linear form of 

pseudo second order as proposed by McKay and Ho is 

given by the following equation (Eq. 5) 

 

t

qt

 = 
1

�K2 ·qe
2�  + 

t

qe

    (5) 

 

Where qt and qe are the adsorption capacities at 

instant t and equilibrium time, respectively, K2: is the 

equilibrium rate constant of the second pseudo order (g 

min / mg). 

The plot of t/qe versus t is illustrated by Figure 7. 

Table 3 summarizes the values of kinetic parameters 

deduced from Figure 7 which illustrated the application 

of pseudo second kinetic model [41]. 

 

Table 2: Values of equilibrium adsorption capacity qe, adsorption constant K1 and the correlation coefficient R
2
, 

according to Pseudo-first-order model, at different concentrations of MB solutions. 

 Pseudo-first order 

C0 (mg/L) Qe, exp (mg/g) Qe, cal (mg/g) K1 (min-1) R2 

10 47.86 59.02 1.06 10-2 0.983 

25 98.43 120.72 1.01 10-2 0.973 

35 127.96 179.7 0.96 10-2 0.851 
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Table 3: Values of equilibrium adsorption capacity qe, adsorption constant K2 and the correlation coefficient R
2
, 

according to Pseudo-second-order model, at different concentrations of MB solutions. 

 Pseudo-second order 

C0 (mg/L) Qe. exp (mg/g) Qe. cal (mg/g) K2 (g min / mg) R2 

10 47.86 65.78 1.02 10-4 0.982 

25 98.43 128.2 5.99 10-5 0.996 

35 127.96 192.3 2.39 10-5 0.986 

 

 

Figure 6: Pseudo first order kinetic curves for the MB adsorption on AN69/PSf 95/05 membrane at C0 = 10 (◆), 25 (▲) 

and 35 mg/L (●). 

 

 
Figure 7: Pseudo second order kinetic curves for the MB adsorption on AN69/PSf membrane  

at C0 = 10 (◆), 25 (▲) and 35 mg/L (●). 

 

In spite of the difference between the values of 

experimental and theoretical capacities, the change of 

correlation coefficient is very weak regardless of the 

concentration of MB solution. These results confirm 

that the mechanism of MB adsorption on AN69/PSf 

membrane obeys preferentially to the pseudo-second-

order model which governs the intermolecular 

interactions between dye molecules and adsorbents. 

The obtained values of pseudo second order constants 

of the MB adsorption onto AN69/PSf membranes, 

summarized in Table 4, are comparable with those of 

the adsorption of MB on various membrane and bio-

adsorbent materials as: cotton stalk [7] hawthorn kernel 
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peel waste [19], modified wheat straw [20], parsley 

stalk [21], rice hull ash [22], shaddock peel [23], 

zein/graphene oxide nanofibrous composite [24], Seed 

powder of Punicagranatum [43], cellulose acetate 

nanofibrous membranes modified by polydopamine 

[44], onion membranes [45] and poly (L-lactic acid) 

electrospun nanofiber membrane [46]. 

 

3.5.3. Adsorption isotherms 

The most used models for isotherms adsorption were 

applied to determine the maximum adsorption capacity 

of MB and the isotherm constants.  

 

a) Langmuir’s model 

According to Langmuir hypothesis [47], the deposition 

of adsorbate molecules (MB) on the adsorbent surface 

(AN69/PSf membrane) might be described by the 

following mathematical equation (Eq. 6):  

 

Qe = Qm · KL · Ce

1+ KL · Ce

        (6) 

 

Where Qe is the amount of MB adsorbed per gram 

of the adsorbent at equilibrium (mg/g), Ce is the 

equilibrium concentration of adsorbate (mg/L), Qm is 

the maximum monolayer coverage capacity (mg/g) and 

KL is Langmuir isotherm constant (L/mg).  

The linearization of this equation leads to the 

following equation (Eq. 7): 

 
1

Qe

 = 
1

Qm

 + 
1

KL · Qm · Ce

   (7) 

 

So, the plot of 1/ Qm versus 1/Ce as shown in Figure 

8, is employed to deduce the values of Qm and KL. The 

Langmuir isotherm constant might be used to calculate 

the Langmuir separation factor RL from the following 

Equation (8):  

 

RL = 
1

1+KL ·C0

    (8) 

 

It should be noted that the adsorption is considered 

favorable when RL is between 0 and 1, linear if RL = 0 

and, not favorable when the RL values are greater than 1 

[48]. 

 

Table 4: Pseudo- second order constants for the adsorption of MB onto various membranes and bio-adsorbents. 

Adsorbent 
Pseudo second order constants 

Correlation 

constant Reference 

Qcal (mg/g) K2 (g/mg·min) R2 

Cotton Stalk 104.82 0.00519 0.999 [7] 

Hawthorn kernel 28.25 2.44 0.999 [16] 

Sulphonated hawthorn kernel 51.28 1.57 0.994 [16] 

Citrus limetta peel waste 23.25 0.057 0.99 [19] 

Modified wheat straw 217.4 0.1722 0.997 [20] 

Rice hull ash 48.10 0.069 1.00 [22] 

Shaddock peel 124.55 0.00006 0.999 [23] 

Seed powder of Punicagranatum 28.735 0.022 0.999 [43] 

Polyacrylonitrile-co-sodium methallylsulfonate 

copolymer (AN69) and polysulfone (PSf) 

synthetic membranes 

192.3 0.0000239 0.986 This study 

Cellulose Acetate Nanofibrous Membranes 

Modified by Polydopamine 
96.9 0.000117 0.999 [44] 

Onion membrane 1.316 0.000002 0.989 [45] 

Poly (L-lactic acid) electrospun nanofiber 

membrane 
1.1017 1.2813 0.999 [46] 
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Figure 2: Langmuir model for AN69/PSf 95/05 membrane at C0 = 10 to 40 mg/L. 

 

The plot of Langmuir model permits the deduction 

of maximum adsorption capacity (Qm = 75.75 mg/g), 

the correlation coefficient (R
2
 = 0.93), the Langmuir 

adsorption constant (KL = 0.064 L/mg) and the 

separation factor RL with values ranging between 0.28 

and 0.6. In spite of the divergence between the values 

of correlation coefficient and 1, all values of separation 

factor are including in the interval 0 and 1. Then, based 

on the values of separation factor, the adsorption of 

MB onto AN69/PSf membrane is favorable.  

 

b) Freundlich’s model 

Freundlich [40] proposed an experimental model to 

describe the adsorption phenomenon. This model is 

interpreted by the following equation:  

 

Qe = Kf Ce
1/n

   (9) 

 

Where Qe is the amount of dye adsorbed per gram 

of the adsorbent at equilibrium (mg/g), Ce is the 

equilibrium concentration of adsorbate (mg/L), Kf is 

the adsorption capacity at unit concentration and 1/n is 

the adsorption intensity. Freundlich’s parameters can 

be deduced from the linearization of the above 

equation: 

 

Ln Qe = LnKF  +  
1 

n
	Ln Ce   (10) 

 

The value of Freundlich intensity (n) as deduced 

from Figure 9 was 1.49 and that of correlation 

coefficient (R
2
) was 0.962. They confirm that the 

adsorption of MB is fitted better by Freundlich model 

than Langmuir [48]. Therefore, it might be admitted 

that the reorganization of dye molecules in the 

surrounding of membrane functional sites follows 

preferentially the Freundlich model approach. 

 

 

Figure 9: Freundlich model for AN69/PSf 95/05 membrane at C0 = 10 - 40 mg/L. 
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Table 5: Values of adsorption parameters from Langmuir and Freundlich models. 

Langmuir Freundlich 

R2 Qm(mg/g) KL(L/mg) RL R2 n KF (mg/g) (L/mg)1/n 

0.93 75.75 0.064 0.28 and 0.6 0.962 1.49 6.24 

 

Table 6: Langmuir isotherm parameters for the adsorption of MB on various membranes and bio-adsorbents. 

Adsorbent 
Langmuir constant Correlation constant 

Reference 
Qm(mg/g) KL (L/mg) R2 

Cotton Stalk 147.1 0.0249 0.997 [7] 

Hawthorn kernel 43.7 0.037 0.9408 [16] 

Sulphonated Hawthorn kernel 151.5 5.50 0.5696 [16] 

Citrus limetta peel waste 227 .3 0.0289 0.9787 [19] 

Modified wheat straw 216.9 51.05 0.999 [20] 

Rice hull ash 17.1 0.606 0.998 [22] 

Shaddock peel 309.6 0.0146 0.999 [23] 

Seed powder of Punicagranatum 99.009 0.034 0.991 [43] 

Polyacrylonitrile-co-sodium methallylsulfonate 

copolymer (AN69) and polysulfone (PSf) 

synthetic membranes 

75.75 0.064 0.93 This study 

Cellulose Acetate Nanofibrous Membranes 

Modified by Polydopamine 
165.837 2.046 0.993 [44] 

Onion membrane 1.905 72.38 0.987 [45] 

Poly (L-lactic acid) electrospun nanofiber 

membrane 
8.7306 0.2584 0.993 [46] 

 

The adsorption parameters determined from both 

models, illustrated by Table 5, show that the adsorption 

of MB on AN69/PSf is favorable, and it seems to be in 

total conformity with Freundlich model which suggests 

the heterogeneity of membrane surface as shown by 

topographic investigation (AFM) as proposed 

previously. 

In fact, based on the different results (Qm = 75.75 

mg/g, n = 1.49, R
2
 = 0.96), it might be noted that the 

rate of intermolecular interactions between dye 

molecules and membrane is not strong enough to allow 

a high adsorption rate of MB on AN69/PSf membrane. 

The adsorption is preferentially due to the physical 

interactions as proposed by Freundlich model [40]. 

Nevertheless, the maximum monolayer adsorption 

capacity of MB onto AN69/PSf membrane provided an 

encouraging result when compared with those of 

adsorption of MB on various membrane and bio- 

adsorbent materials (agricultural by- products) as 

summarized in Table 6. 

 

4. Conclusion  

Novel synthetic membranescomposed of polyacrylo-

nitrile-co-sodium methallylsulfonate copolymer (AN69) 

and polysufone (PSf) blends were prepared for the 

removal of methylene blue (MB) from aqueous solution. 

Atomic Force Microscopy was used in the 

morphological study, andion exchange capacity (IEC) 

and swellingratio (Sr) were usedin the evaluation of 

membranes exchange abilities. Moreover, based on the 

results of adsorption models, it was found that the 

removal of Methylene blue is due to intermolecular 

interactions between negative membrane charges 

(sulfonate groups) and positive dye molecules. 
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