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Abstract
The scope of this work is focused on the removal of methylene blue (MB) from 
aqueous solution by adsorption (bach method) on polyacrylonitrile-co-sodium 
methallyl sulfonate copolymer (AN69) and polyacrylic acid (PAA) synthetic mem-
branes which were prepared specifically for this purpose. Investigations have cov-
ered membrane properties and the determination of adsorption parameters. The 
immobilization of PAA chains into AN69 matrix was revealed by FTIR analysis, 
whereas the presence of small superficial microcavities was demonstrated by AFM 
scanning. Otherwise, the increase in PAA fraction (0 to 10%), in membrane compo-
sition, induces an increase in swelling ratio (12–22%) and ionic exchange capacity 
(0.8–1.2 meq/g). Moreover, the equilibrium adsorption capacity improves with the 
increase in alkalinity of initial adsorbate solution (pH = 2–11) and with the concen-
tration (C = 20–80  mg/L). The results of kinetic adsorption show that the mecha-
nism of adsorption is perfectly fitted by pseudo-second order (R2 = 0.999) and the 
isotherm adsorption follows the Freundlich isotherm (R2 = 0.98). From the differ-
ent applied adsorption models, it was found that the maximum Langmuir adsorption 
capacity Qm was 116 mg/g and the Freundlich index of adsorption n was 2.2.
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Introduction

With the progress of industrialization and the demographic rapid increase, many 
countries are exposed to serious drinking water problems [1]. This precious source 
is rarely available and exposed to various contaminants even after its treatment. 
Toxic components not only affect the quality of supplied water but also the equilib-
rium of aquatic system and all environment compartments [2–5].

For many decades, adsorption processes were successfully used to resolve the 
deterioration of water quality which is caused by the presence of various contami-
nants such as dyes, phenols, pesticides, pharmaceutical drugs, and inorganic com-
pounds [6]. Methylene blue (MB) is a toxic compound with low molecular weight 
[7–10]. Often, it is used as a model to test materials’ efficiency in the removal of 
organic toxic compounds. In these recent years, different materials were tested to 
remove MB from aqueous solution. Abdelrahman et al. [11] used amorphous metal-
lic products composed of sodium, silicon, iron, nickel, chromium, or zinc to remove 
MB from aqueous solution. These products lead to adsorption capacity rang-
ing between 36.51 and 53.79 mg/g. Makhado et  al. [12] revealed that the modifi-
cation of the surface of Xanthan gum-cl-polyacrylic acid hydrogel permits a very 
high adsorption capacity of MB which was 521 mg/g. Yang et  al. [13] tested the 
adsorption ability of synthesized κ-carrageenan/grapheme oxide gel by measuring 
the removal of MB from aqueous solution. The obtained results show high adsorp-
tion capacity, 658 mg/g, and excellent regeneration ability. Otherwise, He et al. [14] 
have prepared microscale biochar particles/polysulfone mixed matrix hollow fiber 
membranes which exhibited a high removal efficiency of methylene blue from water 
under wide pH range from 4 to 10. Others materials as tea waste were also proposed 
to remove MB from water [15]. Table 1 lists the maximum adsorption capacity for 
some products used recently in BM removal.

Here, novel AN69/PAA membranes were prepared for the removal of MB dye 
from aqueous solution. AN69 is an interesting anionic polymer with many engineer-
ing applications [16, 17]. It is a semicrystalline copolymer which contains strong 
negative sulfonate groups. It was successively used to synthesize hemodialysis 
membranes in spite of blood coagulation which is due to the adsorption of proteins 
onto membrane surface [18]. The incorporation of hydrophilic polymer was use-
ful to prevent the coagulation process and to protect membrane surface against cell 

Table 1   Comparison of adsorption capacity values for different adsorbents

Adsorbent Adsorption capacity (mg/g) References

Amorphous metallic products 36.51–53.79 [11]
Xanthan gum-cl-polyacrylic acid hydrogel 521 [12]
κ-carrageenan/grapheme oxide gel 658 [13]
Biochar particles/polysulfone 544 [14]
Tea waste 85 [15]
AN69/PAA 116 This work
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adsorption [19, 20]. Therefore, the interest of AN69/PAA membranes, obtained by 
the incorporation of PAA in AN69 matrix, is not only limited to water treatment as 
presented here, but it can extend to other areas such as medical and health applica-
tions [21].

The determination of membrane properties has covered the measurement of 
swelling ratio (Sr), ionic exchange capacity (Cexch), topographic features (AFM), and 
functional groups identification (FTIR). These properties contribute in the under-
standing of membrane efficiency in adsorption process. The study of adsorption of 
MB dye has covering the effect of pH and initial concentration of adsorbate solution, 
the effect of membrane composition, and the analysis of results by the most known 
isotherm and adsorption kinetic models.

Materials and methods

Membrane synthesis

Polyacrylonitrile-co-sodium methallyl sulfonate copolymer (AN69) was supplied by 
Rhodia (France), whereas polyacrylic acid (PAA) and dimethyl formamide (DMF) 
were provided by Sigma-Aldrich (France). All polymers and chemical products 
were used as supplied, without any further purification. The molecular weight of 
PAA was 450,000 g/mol, and the molecular weight of methylene blue was 319.5, 
and its maximum absorption was at 650 nm.

AN69 was dissolved, 5  wt%, in dimethyl formamide (DMF) in a glass reactor 
equipped with a mechanical stirrer and thermostated at 90  °C for more than 3  h. 
Afterward, polyacrylic acid (PAA) was added to the AN69 in known proportions 
and stirred for 3 h to form the casting dopes. The dope was cast on a glass plate with 
a laboratory-made Gardner knife. The cast liquid film was dried in an oven at 60 °C 
for 1 h and finally immersed in a coagulation bath containing a sufficient volume 
of MilliQ water at 27 °C. The membranes were thoroughly washed with water and 
stored until their use.

FTIR spectrum recording

Before its mounting on the attenuated total reflection device for FTIR measure-
ments, the films were dried in a vacuum oven at 70 °C for 12 h. The FTIR spectrom-
eter was a Nicolet AVATAR 360 FTIR equipped with a Ge ATR crystal. The spectra 
were recorded at an incident beam angle of 45°. For each sample, the infrared spec-
trum is the result of 64 scans with a resolution of 4 cm−1.

Atomic force microscopy

AFM imaging in the contact mode was done with a “Nanoscope II” from Digi-
tal 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 
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tip in silicon nitride was used. The measurements were carried out in air and at a 
constant force in the 10–9 to 10–8 N range.

Swelling ratio

The swelling ratio is usually determined to get an idea on the extension of mem-
brane structure. It is related to the difference between the weights of membrane 
structure in swollen and dried state. The swelling ratio is calculated by the fol-
lowing formula:

where Ws is the weight of the swollen membrane and Wd the weight of the dried 
membrane.

Ionic exchange capacity

The ionic exchange process might be defined as a reversible exchange of ions 
between membrane and its liquid environment. This exchange takes place without 
substantial modification of membrane structure.

The ionic exchange capacity was determined after alternative sample condition-
ings in 0.1 M NaOH and 0.1 M HCl for an immersion time of at least 4 h. In H+ 
form, the sample was equilibrated in water for at least 12 h to remove the free hydro-
gen ions and afterward immersed in NaCl 0.1 M for 4 h. The released H+ ions in the 
NaCl medium were titrated by NaOH 0.01 M [22].

Adsorption of methylene blue

Batch adsorption of MB on AN69/PAA (95/05) was carried out in Erlenmeyer flasks 
with 25 mL of dye solution at room temperature (27 °C). The Erlenmeyer flasks con-
taining membrane samples were agitated at constant speed 100 T/min for a known 
time. The range concentration of dye was between 20 and 80 mg L−1.

The dye absorption was measured at the wavelength corresponding to the maxi-
mum absorption, λmax = 650  nm, using a 6705 UV/VIS spectrophotometer, model 
Jenway.

The amount of dye adsorbed onto membrane Qe (mg/g) was calculated as follows:

where Qe is the adsorbent amount of dye (mg/g) and C0 (mg L−1) and Ce (mg L−1) 
are the initial and equilibrium concentrations of dye, respectively. m (g) is the mass 
of membrane sample. V (L) is the volume of the liquid phase.

Sr =
Ws −Wd

Ws

Qe =
(

C0 − Ce

)

V∕m
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Results and discussion

The phase inversion method is commonly used to prepare membranes. It is sim-
ple, and it permits the control of membrane performance [23, 24]. Here, AN69 
and PAA polymers were mixed in known proportions to get ionic exchange mem-
branes with excellent mechanical structure. AN69/PAA membranes show better 
mechanical properties when they are evaporated in an oven at constant tempera-
ture. In free air, the evaporation of membranes leads to brittle structures. Fou-
rier transform infrared (FTIR), atomic force microscopy (AFM), swelling ratio 
(Sr), and ionic exchange capacity (IEC) were used to collect the main information 
which affects the adsorption efficiency.

Fourier transform infrared results

FTIR is a powerful technique which provides serious information about mate-
rial composition. It is frequently used to discover the structural change associated 
with polymers mixing. Figure 1 shows the FTIR spectra of pure AN69 (0% PAA), 
AN69/PAA 95/05 (5% PAA), and AN69/PAA 91/09 (PAA 9%) blends in the 
interval 800–4000 cm−1. The comparison of third spectrum shows the appearance 
of new peaks at 1706 cm−1 which was assigned to carbonyl groups (C=O stretch-
ing). The appearance of this peak, in which intensity increases with the increase 
in PAA, proves the incorporation of PAA chains into AN69 matrix which is also 
confirmed by the significant increase in the intensity of hydroxyl groups band 
(O–H stretching) observed at 3570 cm−1.

Otherwise, the shift of sulfonate groups’ peak from 1162 cm−1 in pure AN69 to 
1778 cm−1 in AN69/PAA 90/10 may be interpreted as the results of nonintermo-
lecular interactions between functional groups embedded in the both polymers.
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Fig. 1   FTIR spectrum of pure AN69 and AN69/PAA membranes
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Atomic force microscopy results

The topographic images of AN69/PAA obtained by atomic force microscopy 
revealed the slight roughness of membranes’ surface which increases with PAA per-
centage. The depth of the superficial microcavity might reach 250 nm as shown in 
topographic image of AN69/PAA 95/05 membrane, illustrated in Fig. 2. It might be 
noted that many researchers [10, 25] admitted that the adsorption of MB on materi-
als depends largely on the chemistry of the adsorbent surface (ionic charges) than 
surface topographic. They consider the effect of materials’ porous structure limited 
on this dye adsorption.

Swelling ratio and ionic exchange capacity

The results of swelling ratio show an increase in membrane swelling with the 
increase in PAA percentage. PAA is a hydrophilic polymer, so, its addition to AN69 
improves the membrane swelling as shown in Table  3. Moreover, it appears that 
with the increase in PAA percent the ionic exchange capacity increases also.

It might be noted that the topographic images of AN69/PAA membranes 
obtained by AFM show an increase in the microcavities width with the increase in 

Fig. 2   AFM topographic images of AN69/PAA 95/05 membranes
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PAA percentage. Otherwise, FTIR analysis proves the incorporation of PAA chains 
within AN69 matrix. Pure AN69 membrane shows the lowest swelling ratio and 
ionic exchange capacity. The little hydrophilicity of this polymer is due to sulfonate 
groups (–SO3

−Na+) dispersed along polymer chains. It enhanced significantly with 
the increase in PAA as this polymer added new hydrophilic groups (carboxylic 
groups).

Finally, it might be deduced that the results of FTIR analysis and AFM topo-
graphic images confirm the swelling ratios and ionic exchange capacity values. The 
incorporation of PAA polymer (–COOH) improves the amount of water contracted 
by membranes (Sr) and the ionic charges (IEC) which are mainly responsible for 
membrane hydrophilicity.

Adsorption of methylene blue

Effect of pH solution

The effect of pH on the adsorption of methylene blue on the AN69/PAA membrane 
was measured at different initial pH solutions as illustrated in Fig. 3. The adsorption 
percentage improves significantly with the increase in pH solution from lower val-
ues; afterward, the adsorption change is practically constant.

AN69/PAA membranes contain sulfonate groups (–SO3
−Na) and carboxylic 

groups (–COOH) while MB contains positive charge. The increase in pH pro-
vokes an increase in carboxylic groups ionization mainly higher than pH = 5. 
Thus, at lower pH, the adsorption of MB is mainly due to intermolecular interac-
tions between sulfonate groups and MB positive charges, whereas, at higher pH, the 
improvement in intermolecular interactions is due to the implication of ionized car-
boxylic groups. Similar results were observed previously [12, 26–29]. Pavan et al. 
[26] found the same curve feature for the removal of MB from aqueous solution 
by adsorption using yellow passion fruit peel which contains superficial negative 
charges. Makhado et  al. [12] proposed that the strong intermolecular interactions, 
observed at pH higher than 6, between hydrogel grafted with PAA and methylene 

Fig. 3   Adsorption percent ver-
sus pH at C = 80 mg/L, 150 rpm, 
and 298 °C
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dye (MB) are due to the presence of negatively charged groups (COO−) within 
hydrogel grafted and positives charges within MB.

Effect of membrane composition

Three membranes with different compositions 0, 5, and 10% of PAA were used to 
study the influence of polymer fraction on the adsorption of MB as shown in Fig. 4.

Curves of Fig. 4 show that the adsorption of MB increases significantly with the 
addition of PAA polymer. At pH = 10, all sulfonate and carboxylic groups are in 
ionized forms. Moreover, the addition of PAA to AN69 brings two advantages: the 
increase in ionic exchange capacity and the swelling ratio. These advantages con-
tribute to the improvement in MB adsorption on AN69/PAA membrane. These 
results confirm that the incorporation of negative groups within membrane improves 
adsorption which is mainly due to establishment of ion–ion interactions between dye 
and AN69/PAA membrane [30]. This interpretation is in agreement with Peyratout 
et al. [31] results who assigned the adsorption of different cationic dyes on negative 
charged polyelectrolytes, in aqueous solution, to the establishment of electrostatic 
interactions between the positives charges of dye molecules and the negative sul-
fonate groups of polyelectrolyte.

Fig. 4   Effect of the composi-
tion of AN69/PAA membrane 
on MB adsorption at pH = 10, 
C = 80 mg/L, 150 rpm, 298 °C
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Effect of initial concentration:

Three initial concentrations 20, 50, and 80 mg L−1 of MB were used to follow the 
variation in adsorption in function of time as represented in Fig. 5.

At constant concentration, adsorption capacity increases sharply in the first minutes 
of contact and becomes practically steady afterward. In the first interval, interactions 
between dye molecules and membrane are strong due to the low saturation level of 
membrane sites. Then, the adsorption of dye molecules is rapid, whereas, in the second 
interval, where the adsorption seems to be steady, the decrease in intermolecular inter-
actions between dye and membrane sites is due to the progressive saturation of these 
sites.

It appears clearly that with the increase in initial concentration, the adsorption 
capacity Qt increases. This behavior might be explained as a result of the accumulation 
process of dye molecules surrounding membrane sites. It might be suggested that with 
the increase in dye molecules, in front of membrane sites, novel layers are formed. This 
analysis is based on the well-known process of layer-by-layer formation [31, 32].

Isotherm analysis

Langmuir, Freundlich, and Temkin models were used to collect more information 
about adsorption of MB dye onto AN69/PAA membrane surfaces [33, 34].

Langmuir’s model  The Langmuir model is based on the following mathematical equa-
tion:

where Qe is the amount of MB adsorbed per gram of the membrane at equilibrium 
(mg/g), Ce the equilibrium concentration of MB (mg/L), Qm the maximum mon-
olayer coverage capacity (mg/g), and KL the Langmuir isotherm constant (L/mg).

The linearization of this equation leads to the following formula:

Figure 6 presents the plot of 1/Qe versus 1/Ce which leads to the determination of 
values of maximum monolayer coverage capacity (Qm) and the Langmuir isotherm 

Qe = QmKLCe∕
(

1 + KLCe

)

1∕Qe = 1∕Qm + 1∕
(

KLQmCe

)

Fig. 6   Plot of (1/Qe) versus 1/Ce 
for the adsorption of MB on 
AN69/PAA 95/05 membrane at 
pH = 10, C = 80 mg/L, 150 rpm, 
298 °C
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constant (KL). This last parameter might be used to calculate the Langmuir separation 
factor (RL) according to the following formula:

The adsorption is considered favorable when the value of RL is between 0 and 1, 
linear if RL = 0, and unfavorable when the RL values are greater than 1 [34].

The exploitation of this plot leads to Qm = 116.27 mg/g and KL = 0.21. The cal-
culus of RL leads to values ranging between 0.06 and 0.19 which are included 
between 0 and 1. Then, the adsorption of MB onto AN69/PAA membrane is favora-
ble. But, it might be noted that the value of correlation coefficient is different from 
unit (R2 = 0.93). Therefore, the Langmuir model does not fit this adsorption process 
perfectly.

Freundlich’s model  Freundlich has proposed an empirical model which follows the 
following equation:

where Qe is the amount of dye adsorbed per gram of the membrane at equilibrium 
(mg/g) and Ce the equilibrium concentration of dye (mg/L).

Kf is the adsorption capacity at unit concentration and 1/n is the adsorption inten-
sity. Their values can be deduced from the linearization of the above equation:

Adsorption is considered favorable when n value is higher than 1 and unfavorable 
if it is lesser than 1 [33, 34].

The calculation of n and Kf values, from the plot of the linearization of Freun-
dlich’s equation as shown in Fig. 7, leads to 2.22 and 4.19, respectively, while the 
correlation coefficient R2 is equal to 0.98. From the value of correlation coefficient, 
it might be noted that Freundlich’s model describes the adsorption of MB better than 
Langmuir’s model does.

RL = 1 ∕
(

1 + KLC0

)

.

Qe = KfC
1∕n
e

Log Qe = f
(

log Ce

)

Fig. 7   Plot of Log Qe versus 
Log Ce for the adsorption of MB 
on AN69/PAA 95/05 mem-
brane at: pH = 10, C = 80 mg/L, 
150 rpm, 298 °C
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Otherwise, the value of adsorption intensity, which is higher than 1, supports the 
establishment of intermolecular interactions between MB and AN69/PAA mem-
brane as considered previously.

Temkin’s model  The advantage of Temkin’s model is the prediction of adsorption 
heat (J/mol) and equilibrium bending constant (L/mg). This model is based on the 
following equation [33, 34]:

where b is the adsorption heat (J/mol) and Kt is the equilibrium bending constant (L/
mg).

The linearization of Temkin’s equation leads to the following formula:

From the plot of Qe versus LnCe, we deduced the heat of adsorption (b = 77.4 kJ/
mol) and the equilibrium bending constant (Kt = 1.20) as shown in Fig. 8.

It might be deduced from different parameters, summarized in Table  2, that 
adsorption of MB on AN69/PAA is favorable. It seems to be in total conformity 
with Freundlich’s model which suggests the heterogeneity of membrane surface or/
and the formation of different layers as proposed previously [32]. The microcavity 
structures shown by AFM technique confirm the heterogeneity of membrane’s sur-
face predicted by Freundlich’s model. Ouradi et  al. [23] assigned the retention of 
MB by the AN69 ionic polymer to electrostatic interactions between negative mem-
brane charges (sulfonate groups) and positive dye molecules. 

Kinetic analysis

The mobility of adsorbate molecules from bulk solution toward adsorbent site is 
governed by the nature of interactions. To describe this mobility, three models are 
widely applied: (1) pseudo-first-order model proposed by Lagergren, pseudo-sec-
ond-order model proposed by Mc Kay and Ho, and intraparticle diffusion model pro-
posed by Weber and Morris [28, 35]. Here, adsorption of MB on AN69/PAA 95/05 

Qe = (RT∕b) Ln
(

KtCe

)

Qe = (RT∕b)LnKt + (RT∕b)LnCe

Fig. 8   Plot of Qe versus Ln Ce 
for the adsorption of MB on 
AN69/PAA 95/05 membrane at: 
pH = 10, C = 80 mg/L, 150 rpm, 
298 °C
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was studied under the following main conditions: initial concentration C = 80 mg/L, 
pH = 10.

(a) Pseudo-first-order model: the linear form of pseudo-first order as proposed 
by Lagergren is given by the following equation:

where qt and qe are the capacities of adsorption at instant t and equilibrium time, 
respectively, and K1 is the equilibrium rate constant (min−1).

The exploration of kinetic results according to the pseudo-first-order model, as 
represented in Fig.  9, leads to a correlation coefficient R2 = 0.986, adsorption rate 
constant of pseudo-first-order K1 = 0.0119 min−1, and an equilibrium capacity equal 
to 123.4 mg/g. In spite of the correlation coefficient value, which is not so different 
from the unit, the value of theoretical equilibrium capacity is very different from the 
value of experimental one (177 mg/g).

(b) Pseudo-second-order model: the linear form of pseudo-second order as pro-
posed by Mc Kay and Ho is given by the following equation:

where qt and qe are the capacities of adsorption at instant t and equilibrium time, 
respectively, and K2 is the equilibrium rate constant of the second-pseudo order (g 
min mg−1).

The plot of t/qe versus t, as shown in Fig.  10, leads to a value of correla-
tion coefficient very close to unit R2 = 0.9989. Moreover, the exploitation of 
plot data allows the determination of equilibrium capacity qe = 188  mg/g and the 

Ln
(

qe− qt
)

= ln qe−K1t

t∕qt = 1∕
(

K2qe
2
)

+ t∕qe

Fig. 9   Plot of Ln (qe − qt) 
versus t for the adsorption of 
MB on AN69/PAA 95/05 mem-
brane at: pH = 10, C = 80 mg/L, 
150 rpm, 298 °C
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pseudo–-econd-order kinetic constant K2 = 1.7 10–4. It might be noted that the theo-
retical equilibrium capacity is slightly higher than the experimental one (177 mg/g).

(c) Intraparticle model: the model proposed by Weber and Morris to describe 
the diffusion of adsorbate into adsorbent structure is given by the following equation:

where qt is the equilibrium adsorption at instant t and Ki is the equilibrium rate 
constant of intraparticle diffusion (mg/g min1/2).

The plot of qt versus t1/2 as illustrated in Fig. 11 allows the determination of the 
values of correlation coefficient (R2 = 0.863) and intraparticle diffusion constant 
(Ki = 0.1089). It might be noted that the linear plot did not pass through the origin 
and the value of correlation coefficient is very different from 1. As a result, intrapar-
ticle diffusion model is not adequate to describe the kinetic of MB adsorption onto 
AN69/PAA 95/05 membranes.

Kinetic parameters, as summarized in Table 3, demonstrate that pseudo-second-
order model leads to a value of correlation coefficient (R2 = 0.999) very close to 1 
and a theoretical equilibrium capacity (Qe.theo = 188 mg/g), not so different from the 

qt = Ki t1∕2

Fig. 11   Plot of Qt versus t1/2 
for the adsorption of MB on 
AN69/PAA 95/05 membrane at: 
pH = 10, C = 80 mg/L, 150 rpm, 
298 °C

y = 7.9275x + 45.537 
R² = 0.8631 
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Table 3   Swelling ratio and ionic 
exchange capacity

Membrane Composition Swelling ratio (%) Ion exchange 
capacity 
(meq/g)

AN69 100/00 11.00 0.84
AN69/PAA 95/05 14.00 1.14
AN69/PAA 90/10 22.00 1.26

Table 4   Factors of adsorption and correlation coefficients collected from Langmuir, Freundlich and 
Temkin models

Model Langmuir Freundlich Temkin

Factor of adsorption evaluation Separation factor
RL = 0.06 and 0.19 < 1

Adsorption intensity
n = 2.2 > 1

Heat of adsorption
b = 77 kJ/mol

Correlation coefficient R2 = 0.93 R2 = 0.98 R2 = 0.96
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experimental one (Qe.exp = 177 mg/g). Therefore, it can be considered as the most 
appropriate model to describe the mobility of MB molecules from solution bulk 
to AN69/PAA membranes’ interface [29]. This kinetic order is due to the interac-
tions between adsorbate molecules (positives charges) and adsorbent sites (negatives 
sites) (Tables 4, 5).

Conclusion

Novel synthetic membranes composed of polyacrylonitrile-co-sodium methallyl sul-
fonate copolymer (AN69) and polyacrylic acid (PAA) blends were prepared for the 
removal of methylene blue from aqueous solution. Fourier transform infrared tech-
nique was used to provide the immobilization of PAA polymer in the AN69 matrix, 
whereas the atomic force microscopy was employed to bring to fore the superficial 
membrane morphology: presence of microcavities. The tested AN69/PAA 95/05 
membranes have ionic exchange capacities of 1.14  meq/g and swelling ratios of 
14%. Based on the comparison of theoretical and experimental results and the value 
of correlation coefficient, the adsorption of MB follows perfectly Freundlich’s model 
(R2 = 0.98) and the kinetic of pseudo-second-order mechanism (R2 = 0.999).

The intermolecular interactions between negative groups (–COO− and –SO3
−), 

embedded into AN69 and PAA, and positive groups embedded into dye molecules 
are mainly responsible for the adsorption of MB onto AN69/PAA membranes. 
Moreover, this investigation leads to prove by AFM technique the heterogeneity of 
membrane surface predicted by Freundlich’s model.
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