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a b s t r a c t
The adsorption of methyl orange (MO) from aqueous solution by anion exchange membrane BII was 
investigated at room temperature using batch technique. The anion exchange membrane was char-
acterized by fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM) 
and X-ray diffraction (XRD) techniques. The effect of various physico-chemical parameters such as 
contact time, membrane dosage, initial dye concentration, temperature and ionic strength on the 
removal of dye was investigated. Various kinetic models such as Lagergren’s pseudo-first-order, 
 pseudo-second-order, liquid film diffusion, Elovich, modified Freundlich and Bingham were applied 
to the adsorption data and it was observed that the adsorption of MO follow the pseudo second order 
kinetic model. Linear forms of adsorption isotherm models such as Langmuir, Freundlich, Tempkin 
and Dubinin–Radushkevich (D–R) were used to reveal experimental data and the results indicate that 
the adsorption of MO on anion exchange membrane BII fitted well to the Langmuir isotherm model. 
Thermodynamic parameters such as change in Gibbs free energy (∆G), Change in enthalpy (∆H) and 
Change in entropy (∆S) were also determined. The negative values of ∆G and ∆H showed that the 
adsorption of MO on anion exchange membrane was spontaneous and exothermic process in nature. 

Keywords:  Adsorption; Methyl orange; Anion exchange membrane; Langmuir isotherm; 
 Thermodynamics
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1. Introduction

Synthetic dyes are mostly employed for textile dyeing, 
leather dyeing, color photography, paper printing and 
as additives in petroleum product [1]. Reactive dyes are 
the most common dyes used because of their importance, 
such as bright colors, excellent color fastness and ease of 
application [2,]. They have different chemical structures. It 
depends on substituted aromatic and heterocyclic groups. 
A large number of reactive dyes are azo compounds that 
are linked by an azo groups [3]. Methyl Orange (MO) is 
a water-soluble azo dye which is widely used in the tex-
tile, printing, paper manufacturing, pharmaceutical, food 
industries and also as an acid base indicator due to its 
ability to function as weak acid [4]. Microbial succession 
and intestinal enzyme activities in the developing rat 
have also been studied for the MO and the dye is found to 
increase their nitro reductase and azo reductase activities 
significantly with the appearance of anaerobes in the large 
intestine. Azo dyes are well known carcinogenic organic 
substances. MO has various harmful effects on human 
beings as well on the aquatic life. It may cause eye or skin 
irritation, or inhalation may cause gastrointestinal irrita-
tion with nausea, vomiting, and diarrhea [5]. The presence 
of dyes in the water bodies may prevent the penetration 
of sunlight necessary for the photosynthesis process of 
aquatic plants. Thus, the safe removal of such a dye is the 
prime aim of our present research. 

Several methods have have been used for the decol-
oration and degradation of dyestuff from wastewater, 
including electro-oxidation, advanced oxidation processes 
(AOPs), coagulation and flocculation, adsorption, biolog-
ical degradation and membranes processes. Adsorption is 
one of the most useful and cheap method of color removal. 
Several types of materials were therefore investigated as 
the possible alternatives [6], ZnO and gold nanopaticles 
loaded activated carbon [7, 8], graphitic oxide [9]), and 
agriculture/industrial solid wastes (cocout husk [10, 11], 
maize cob [12] tin sulfide nanoaprticle load activated car-
bon [13] as easily available, cost effective, and eco-friendly 
adsorbents. Their price and efficiency vary from one adsor-
bent to other.

In recent years, commercial anion exchange resins 
have been shown to possess excellent adsorption capac-
ity and demonstrate efficient regeneration property for the 
removal and recovery of reactive dyes [14, 15]. Due to the 
anion exchange resins tested were in the form of particle, 
their packed-bed operations would suffer from certain dis-
advantages (e.g slow pore diffusion, low accessible flow 
rate, high pressure drop and flow channeling). To remove 
the above limitations, anion exchange membranes, instead 
of resin particles, were successfully used to remove the 
anionic reactive dyes Cibacron blue 3GA and Cibacron red 
3BA from water [16]. The macroporous membrane system 
can not only remove the technical problems of packed-bed 
operation but also exhibit the property of simple scale-up 
by simple stacking more membranes together or using 
a large membrane area. Thus ion exchange membrane 
becomes an excellent choice of adsorbent for industrial 
application.

In this paper , anionic dye MO is used as typical pol-
lutant and anion exchange membrane BII was employed as 
an excellent adsorbent for removal of MO dye from aque-
ous solution. The effect of parameters such as contact time, 
amount of adsorbent, initial dye concentration, tempera-
ture and ionic strength on removal of dye from aqueous 
solution were also investigated. The adsorption kinetics, 
isotherms and thermodynamics for anionic dye MO on 
anion exchange membrane was also studied to look into 
the mechanism, adsorption capacity and feasibility of the 
process.

2. Experimental

2.1. Adsorbent

The commercial anion exchange membrane BII provided 
by Chemjoy Membrane Co. Ltd, Hefei, Anhui, China was 
used as adsorbent. It was prepared from blends of PVA and 
QPPO. It was used without further treatment. The pieces of 
membranes used for the adsorption studies have the length 
of 3 cm, width 2.5 cm and thickness of 0.182 mm. The area 
resistance of the membrane was found to be 1.7 ohm cm2. 
The ion exchange capacity (IEC) and water uptake (WR) of 
anion exchange membrane BII are 0.38 mmol/g and 41.6%, 
repectively.

2.2. Adsorbate

The commercial anionic dye known as methyl orange 
(MO) (C.I. 13025, MF: C14H14N3NaO3S, 327.34 g mol–1, λ 
 maximum 464 nm) was obtained from Fluka chemicals and 
used as adsorbent. Its solubility is 0.5 g/100 mL. The stock 
solution of 1000 mg/L was prepared by dissolving 1.0 g of 
accurately weighed MO in 1 liter of double distilled water 
and required concentrations were obtained by further dilu-
tion of stock solution. All the chemicals used in the exper-
iments were of analytical reagent grade. The dye structure 
was shown in Fig. 1.

2.3. Adsorption

Adsorption isotherms provide important informations 
on the adsoprtion capacity of the adsorbents and the 
type of adsorbent-adsorbate intraction. Batch adsorption 
of methyl orange (MO) dye was carried out by immers-
ing anion exchange membrane (BII) into measured vol-
ume of dye aqueous solution at room temperature. The 
bottles were shaked at constant speed of 120 rpm. The 
 concentration of MO was determined by UV/VIS spectro-
photometer (UV-2550, SHIMADZU) and related calibra-
tion curves were obtained. The wavelength used for MO 

Fig. 1.Chemical strucure of Methyl orange (MO) dye.
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was 464 nm. The MO adsorption on BII at time t, was cal-
culated by Eq. (1):

q
C C
W

Vt
o t=
−

×  (1)

where Co and Ct are the concentration of MO at initial state 
and at time t respectively. Similarly V and W are volume 
of MO aqueous solution and weight of adsorbent, respec-
tively. Thermodynamic parameters represent the feasibil-
ity and spontaneity of adsorption process. The thermody-
namics parameters such as Gibbs free energy, entropy and 
enthalpy of adsorption was also calculated and discussed.

2.4. Membrane characterization 

2.4.1. FTIR spectra

FTIR spectra of dried membranes were recorded by using 
the technique attenuated total reflectance (ATR) with FTIR 
spectrometer (Vector 22, Bruker) having resolution of 2 cm−1 
and a total spectral range of 4000–400 cm−1. 

2.4.2. Microscopic characterizations

Membrane morphological characterization was success-
fully done through a field emission scanning electron micro-
scope (FE-SEM, Sirion200, FEI Company, USA). Surface and 
cross-sectional views of membranes were taken from dry 
membranes. The SEM images used anion exchange mem-
branes was shown as representative cases.

2.4.3. XRD analysis

The X-ray diffraction data for finely ground samples were 
collected at 298 K on a Rigaku MiniFlex II diffractometer with 
Cu Kα radiation in the 2θ range of 3−60°.

3. Result and discussions

3.1. Membrane characterization

The surface properties of adsorbent (anion exchange 
membrane BII) were investigated FTIR, scanning electron 
microscopy and X-ray diffraction technique. Their details are 
given below:

3.1.1. FTIR analysis

Fig. 2 shows the FTIR spectrum of anion exchange mem-
brane used in the adsorption of MO from aqueous solution 
at room temperature. These spectra have number of peaks 
representing the structure of used membrane in the present 
work. The peak observed at 2900 cm–1 corresponds to –CH3 
stretching from the PPO back bone [17]. The broad peak in the 
range of 3050-3600 cm–1 is because of OH group in the mem-
brane [17]. The band in the region of 1620 cm–1 corresponds 
to the stretching vibration of C-N group [18]. The adsorption 
peaks of symmetrical and asymmetrical stretching vibration 

of C-O are at 1200 cm–1 and 1306 cm–1 and those of phenyl 
group at 1470 cm–1 and 1600 cm–1 respectively [17].

3.1.2. Membrane morphology

The morphology of anion exchange membrane BII was 
investigated by electron microscopy and the obtained micro-
graph is shown in Fig. 3. It can be seen from the membrane 
surface images that used membrane possess better mis-
cibility. There are no holes, pores or cracks in the  surface 
and cross-section of studied membranes. Overall, the anion 
exchange membrane BII possesses uniform  surface with no 
visible pore in the surface and cross-section.

3.1.3. XRD analysis

The XRD data were analyzed using a profile fitting by 
a least-squares method employing the computer program 
GSAS implemented with EXPGU. The results are shown 
in Fig. 4. It shows that this is actually a new phase. XRD 
Comparison of the intercalated gallery height with that of 
the trimethyl amine measures the thickness of the PVA/ 
trimethyl amine film. XRD scans for the corresponding 
d-spacing distributions for the concentrations. The distri-
bution of the intercalated d-spacing periodic assemblies of 
intercalated trimethyl amine layers; these are characterized 
by d-spacing, mixtures of PVA and trimethyl amine, sug-
gesting the existence of exfoliated inorganic layers through-
out the polymer BPPO matrix. Wide angle XRD provides 
evidence that we actually have a new phase membrane in 
the composite. Thus, XRD consistently show that these sam-
ples are in a hybrid structure where both intercalated and 
exfoliated layers coexist in considerable ratios.

3.2. Effect of operating parameters

The effect of operating parameters such as contact time, 
mmbrane dosage, initial dye concentration, temperature and 
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Fig. 2. FTIR spectrum of the prepared anion exchange membrane 
BII.
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ionic on the removal of MO dye from aqueous solution has 
been investigated. Their details are given below.

3.2.1. Effect of contact time

The effect of contact time on the percentage removal of 
MO was studied keeping the shaking speed (120 rmp), con-
centration of adsorbate (50 mg/L), amount of adsorbent con-
stant at room temperature. It is clear that the removal of MO 
dye increases with contact time as shown in Fig. 5 and get 
saturation in 24 hours. It indicated that the adsorption pro-
cess was initially very fast and which gradually slows down 
and attaind equilibrium whitin 24 hours. As this is the max-
imum time where all the dye molecules which were present 
get adsorbed on the membrane so this optimum contact time 
was used for further experiments. The fast dye removal in 
the initial stage was due to higher number of available vacant 
sites on the surface of adsorbent which gets saturated as time 
passes out. Similar results have been previously reported in 
the literature for dye removal [19].

3.2.2. Effect of membrane dosage

The influence of adsorbent dosage is significant to study 
the maximum adsorption with small possible amount of 
adsorbent. The effect of the membraene dosage on the per-
centage removal of MO dye was investigated keeping the 
other factors such as contact time, initial dye concentra-
tion, shaking speed and temperature constant. It has been 
observed that the removal of MO dye increases with increas-
ing membrane dosage. The results are shown in Fig. 6. The 
removal of MO dye increased from 63.28% to 99.40% with 
increasing membrane dosage from 0.02 g to 0.1 g. The maxi-
mum removal of the methyl orange was obtained at 0.04 g of 
membrane dosage ad no significant increase in percentage 
removal was observed so this amount of the membrane was 
used for further investigations of parameters. The increase 
in percent adsorption was due to number of available active 
sites inceases with increasing the membrane dosage. Similar 
results have been previously reported in the literature [20]. 
However, further increment in the adsorbent dosage did not 

Fig. 3. SEM images of the anion exchange membrane BII.
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Fig. 4. XRD pattern for the prepared membrane.
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Fig. 5. Effect of contact time on the removal of MO from aqueous 
solution by anion exchange membrane BII.
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give any significant changes in the percentage removal and 
this could be due to the saturation of binding sites [21].

3.2.3. Effect of initial dye concentration

The influence of intial dye concentration on the removal 
of MO was investigated keeping the other factors such con-
tact time, membrane dosage, shaking speed and tempera-
ture constant. The effect of initial dye concentration on the 
removal of MO was investigated and results are shown in 
Fig. 7. It is clear that the removal of MO decreases from 99 
to 40% with initial dye concentration when dye concentra-
tion was increased from 200 to 1000 mg/L. This is due with 
increase in MO concentration the ratio between the available 
sites and dye molecules for adsorption was increased result-
ing saturation of active sites of adsorbent and hence percent-
age removal was decrease. 

3.2.4. Effect of temperature

The influnce of temperature on the percentage removal 
of MO from aqueous solution was investigated keeping the 
contact time, membranes dosage, stirring speed, solution 
volume and concentration (50 mg/L) constant and results are 
represented in Fig. 8. It has been observed that the removal 
of MO decreases with increasing temperature. The percentage 
removal of MO decreases from 99.45% to 96.31% with increas-
ing the temperature from 393K to 323 K. These results repre-
sent that removal of MO by anion exchange membrane was 
exothermic process and more favourable at low temperature.

3.2.5. Effect of ionic strength

It is an important factor that controls both the electro-
static and nonelectrostatic intractions between the dye and 
the membranes surface. The effect of ionic strengh on the 
removal of MO from aqueous solution was studied by addi-
tion of different amount of sodium chloride to the dye solution 
and results are shown in Fig. 9. It can be observed from Fig. 
9 that the removal of MO dye decreases with increasing the 

concentration of salt. The removal of dye dereases from 95.57% 
to 71.43% with increasing the concentration of salt from 0.2 M 
to 1.5 M . This could be due to the competition between the 
MO anions and Cl- for the active sorption sites [22].

3.3. Adsorption kinetics

Several adsorption models are used to study the con-
trolling mechanism of adsorption process such as chemical 
reaction and diffusion control.

3.3.1. Pseudo-first-order model

The linearized form of the Lagergren Pseudo-first-order 
rate equation is given by [23]:

loq q q q
K t

e t e( ) log
.

− = − 1
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Fig. 6. Effect of membrane dosage on the removal of MO from 
aqueous solution by anio exchange membrane BII.
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Fig. 7. Effect of initial dye concentration on the removal of MO 
from aqueous solution by anion exchange membrane BII.
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Fig. 8. Effect of temperature on the removal of MO from aqueous 
solution by anion exchange membrane BII.
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where qe and qt is the amount of adsorbate adsorbed at equi-
librium and time t repectively and k1 (/min) is the rate con-
stant of pseudo-first-order adsorption model. The plot of 
log(qe–qt) vs time for MO asorption on BII is given in Fig. 10. 
The value k1 is obtained from slope of Fig. 10 and given in 
Table 1. These plots are linear, however the linearity of these 
curves does not necessarily assure the mechanism due to the 
inherent disadvantage of correctly estimating equilibrium 
adsorption capacity [24]. The correlation cofficient (R2) value 
for MO adsorption on BII is 0.952. Moreover, there is a large 
difference between experimental adsorption capacity (qe,exp) 
and calculated adsorption capacity values (qe,cal), therefore 
pseudo-first-order model does not explain the rate process. 

3.3.2. Pseudo-second-order model

The linearized form of pseudo-second kinetic model is 
expressed as [25]:

t
q k q

t
qt e e

= +
1

2
2  (3)

where k2 (g/mg.min) is the rate constant of pseudo- 
second-order model. The graphical representation of 
pseudo-second-order model is shown in Fig. 11. The value of 
adsorption capacity (qe) can be calculated from slope of Fig. 
11 and are given in Table 1. This value of adsorption capac-
ity is in good agreement with the experimental value (19.88 
mg/g). The value of correlation cofficient is (R2 > 0.99) which 
shows that experimental data fitted well to the pseudo- 
second-order model. 

3.3.3. Elovich model

The most interesting model to describe the activated 
chemisorption is the Elovich equation [26]:

q tt = +
1 1
β

αβ
β

ln( ) ln  (4)

where α (mg/g.min) and β (g/mg) are constant. The param-
eter α is considered as initial sorption rate (mg/g.min) and 
β is related to the extent of surface coverage and activation 
energy for the chemisorption. The plot of qt vs lnt for Elovich 
model is given in Fig. 12. The values of α and β are calculated 
from intercept and slope of Fig. 12 and are given in Table 1. 
The values of correlation cofficient (R2) were 0.927 lower than 
that of pseudo-second-order model.

3.3.4. Liquid film diffusion model

The liquid film model is expressed as [27]:

Ln F K tfd( )1− = −  (5)

where Kfd is liquid film diffusion rate constant, and F = qt/q. 
The plot of ln(1–F) vs time for liquid film model is shown 
in Fig. 13. The value of Kfd is measured from slope of Fig. 13 
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Fig. 9. Effect of ionic strength on the removal of MO from  aqueous 
solution by anion exchange membrane BII.
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Fig. 10. Pseudo-first-order kinetics for adsorption of MO on 
 anion exchange membrane BII.

Fig. 11. Pseudo-second-order kinetics for adsorption of MO on 
anion exchange membrane BII.
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and are shown in Table 2. The value of correlation coeffi-
cient (R2) is 0.952 for MO adsorption on BII which is lower 
than  pseudo-second-order model. It shows that liquid film 
diffusion model is not suitable to explain the experimental 
data.

3.3.5. Modified Freundlich equation

The modified freundlich equation was orignally devel-
oped by Kuo and Lotse [28]:

q kC tt o
m= 1/  (6)

where qt is amount of adsorbed dye (mg/g) at time t, k appar-
ent adsorption rate constant (L/g.min), Co the initial dye 
concentration (mg/L), t the contact time (min) and m is the 
Kuo-Lotse constant. The values of k and m were used to 
 eualuate the effect of dye surface loading and ionic strength 
on the adsorption process. 

Linear form of modified Freundlich equation given as:

ln ln lnq kC
m

tt o= ( ) + 1
 (7)

The graphical representation of modified Freundlich 
equation is given in Fig. 14. The parameters m and k are 
obtained from slope and intercept of Fig. 14 and are given in 
Table 2. The value of correlation coefficient for MO adsorption 
on anion exchange membrane BII is 0.899.

3.3.6. Bingham Equation

Bingham equation [29] is given as:

log log log
.

log
C

C q m
k m
V

to

o t

o

−









 =









 +2 303

α  (8)

where Co is the initial concentration of dye solution (mg/L), 
V is volume of solution (mL), qt is amount of dye adsorbed 

Table 2 
Liquid film diffusion model, modified Freundlich equation and Bingham equation rate  constant (kfd: (/min); k : L/g.min; ko: 
mL/g/L)

Liquid film diffusion model Modified Freundlich equation Bingham equation

kfd × 10–3 Cfd R2 m k R2 ko α R2

4.17 –0.14 0.952 2.56 0.049 0.899  1.13 0.39 0.899

Table 1 
Pseudo-first-order, pseudo-second-order and Elovich model rate constants (qe: mg/g; k1: (/min); k2: g/mg.min; α: mg/g.min; β: g/mg)

Pseudo-first-order Pseudo-second-order Elovich model

qe (exp) qe (cal) k1 × 10–3 R2 qe k2 × 10–4 R2 α β R2 

19.88 17.38 1.81 0.952 22.07 2.97 0.991 0.36 0.23 0.927

Fig. 12. Elovich model for adsorption of MO on anion exchange 
membrane BII.

Fig. 13. Liquid film diffusion model for adsorption of MO on an-
ion exchange membrane BII.
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(mg/g) at time t, m is weight of adsorbent used (g/L). α (<1) 
and ko (mL/(g/L) are constants. The plot of loglog(Co/Co–qt m) 
Vs logt for MO adsorption on anion exchange membrane BII 
is given in Fig. 15. The values of α and m are obtained from 
slope and intercept of Fig. 15 and are given in Table 2. The 
double logarithmic plot did not give linear curves for MO 
adsorption on anion exchange membrane BII indicating that 
the diffusion of adsorbate into pores of the sorbent is not the 
only rate controling step [30, 31]. It may be that both film and 
pore diffusion were important to different extent in the MO 
adsorption from aqueous solution.

3.3.7. Intraparticle diffusion model

Fick’s 2nd law (Eq. (9)) has been used to see the possibil-
ity of intraparticle diffusion as rate limiting step and is given 
as [29]:

q k t It id= +  (9)

where I is the boundary layer effect and kid is the intraparticle 
rate constant. The value of kid and I has been determined from 
the slope and intercept of the plot qt versus √t, respectively as 
shown in fig. 16. It has been reported that the line of the plot 
qt versus √t should pass through origin (I = 0.0) if the intra-
particle diffusion is the rate controlling step. In the present 
work, the value of I is found to be 0.13 which is greater than 
zero indicating that the surface adsorption and diffusion are 
concurrently operating.

3.4 Adsorption Isotherms

The adsorption isotherms are drawn between the quantity 
of dye adsorbed per gram of membranes “qe” and the quantity 
of dye left in equilibrium solution Ce and is shown in Fig. 17. 
The adsorption isotherm shows that adsorption capacity “qe” 
increases with the concentration of dyes. The adsorption iso-
therm shows the distribution of molecules between solid and 
liquid phases at equilibrium state. The analysis of isotherm 
data by fitting the data to different isotherm models is an 
important step in finding the most suitable model that can be 
used to describe the adsorption process [32]. There are several 
isotherm model to describe the isotherm data. Here, Langmuir, 
Freundlich Temkin and Dubinin–Radushkevich (D–R) iso-
therm models are used to reveal the experimental data. The 
Langmuir model depends upon the maximum adsorption 
coincides to the saturated monolayer of liquid (adsorbate) 
molecules on the solid (adsorbent) surface. The linear form of 
Langmuir model is given as follows [33]:

C
q bq

C
q

e

e m

e

m

= 1
+  (10)

where b is Langmuir constant (L/mg) and qm is Langmuir 
monolayes adsorption capacity (mg/g), Ce is supernatant 
concentration at equilibrium state of the system (mg/L), 

Fig. 14. Modified Freundlich equation plot between logt vs logqt 
for adsorption of MO on anion exchange membrane BII.

Fig. 15. Bangham equation plot between logt vs log log(Co/Co–
mqt) for adsorption of MO onanion exchange membrane BII.
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Fig. 16. Intraparticle diffusion plot for the adsorption of MO onto 
the anion exchange membrane.
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and qe is the amount of dye adsorbed at equilibrium state of 
system (mg/g). The plot of Ce vs Ce/qe for Langmuir model 
is shown in Fig. 18. The values of qm and b are calculated 
from slope and intercept of Fig. 18 and are given in Table 
3. The correlation coefficient (R2) value is 0.988 indicating 
that the adsorption of MO on BII fitted well to the Lang-
muir model. 

The essential characteristics of Langmuir isotherm can 
be expressed in term of dimensionless constant separation 
 factor RL that is give by [34]:

R
bCL

o

= 1
1+  (11)

The value of RL indicates the shape of the isotherm to 
be either unfavourable (RL > 1), linear (RL = 1), favourable 

(0 < RL > 0), or irreversible (RL= 0) [35]. The values of RL for 
adsorption of MO on BII lies in the range (0.013–0.11) which 
are in between 0 and 1, therefore verifying the favourable 
adsorption process. Moreover, the low RL values implied that 
the interaction of dyes molecules with BII might be relatively 
strong [36]. The value of maximum adsorption (qm) in the 
present work is comapred with that of already reported for 
the adsorption of mothly orange onto different adsorbents 
and their values are tabulated in Table 4. It can be seen from 
table that the value of qm (172.41 mg/g) in the present work is 
much higher as comapred to most of the adsorbents already 
used which indicate that the anionic exchange membrane is 
an excellent adsorbent for the removal of methyl orange from 
the aqueous media. 

The widely used Freundlich model is an empirical 
relation used to explain the heterogeneous system. The 
Freundlich isotherm model is expressed as [48]

log log logq K
n

Ce f e= +
1

 (12)

where Kf and n are Freundlich constant. The values of n and 
Kf are calculated from slope and intercept of Fig. 19 and given 
Table 3. The correlation coefficient (R2) value is 0.810 show-
ing that the adsorption data followed the Freundlich model. 
The value of Freundlich contant n decides the favourability 
of adsorption process. If the value of of n is in range from 

Fig. 17. Adsorption isotherm for adsorption of MO on anion 
exchange membrane BII.

Fig. 18. Langmuir isotherm for adsorption of MO on anion 
 exchange membrane BII.

Table 3 
Langmuir and Freundlich isotherm parameters (qe: mg/g; b: L/mg)

Langmuir isotherm Freundlich isotherm
qm b R2 nF KF R2

172.41 0.079 0.988 6.49 56.23 0.810

Table 4 
Comparison of maximum adsorption qm (mg/g) of methyl 
orange on different adsorbents

S. No. Adsorbent qm (mg/g) Reference

01 Banana Peel 3.62 37
02 Bottom Ash 21.00 38
03 Multiwalled carbon  

nanotubes 
52.86 39

04 Activated Clay 16.78 40
05 Modified Wheat Straw 50.40 41
06 Chitosan Nanocomposites 29.41 42
07 Orange peel 20.50 37
08 Lapindo Volcanic Mud 333.3 43
09 Aminated Pumpkin Seed 

Powder
143.70 44

10 Nitrogen doped mesoporous 
carbon material (NMC-2)

155.5 45

11 Chitosan Biomass 29.00 46
12 CuO/NaA Zeolite 79.49 47
13 Anionic membrane BII 172.41 Present 

work
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1 to 10, the adsorption is favourable. The value of n for MO 
adsorption on BII was 6.49 indicating the favourable adsorp-
tion process.

The Tempkin isotherm assumes that heat of adsorption 
of all the molecules decrease linearly with the coverage of 
the molecules due to the adsorbate-adsorbate repulsion 
and the adsorption of adsorbate is uniformly distributed and 
that the fall in the heat of adsorption is linear rather than log-
arithmic [49]. It is expressed as:

qe = BTlnAT+BTlnCe

 (13)

where BT = RT/bT, T is absolute temperature (K) and R is gas 
constant (8.31 J/mol.K). The constant bT is related to the 
heat of adsorption and AT is equilibrium binding constant 
coinciding to the maximum binding energy. The plot of qe 
verses ln Ce for Tempkin model is given Fig. 20. The value of 
BT and AT are determined from slope and intercept of Fig. 20 
and given in Table 5. The correltaion coefficient (R2 = 0.807) 
of Tempkin isotherm is lower than the Langmuir Freundlich 
isotherm model representing that the adsorption of MO on 
anion exchange membrane BII is not fitted to the Tempkin 
model.

The adsorption data was applied to the Dubinin–
Redushkevich (D–R) model to distinguish between physical 
and chemical adsorption [49]. The D–R model is expressed as:

Lnqe = Lnqm – βε2
 (14)

where β is the activity coefficient related to mean sorption 
energy and ε is the polanyi potential that is given as:

ε = +RTLn
Ce

( )1 1
 (15)

where R is the universal gas constant (KJ/mol) and T is the 
absolute temperature (K). β is related to the mean adsorption 
energy by the following expression:

E = 
1
2β

 (16)

The plot of Lnqe vs ε2 for D–R isotherm is given in 
Fig. 21. The mean adsorption energy (E) in the D–R iso-
therm can act as a rule to differentiate chemical and phys-
ical adsorption [50]. For magnitude of E between 8 KJ/mol 
and 16 KJ/mol, the adsorption process followed chemical 
ion exchange, and values of E below 8 KJ/mol were the 
characteristic of physical adsorption process [51].`The E 
value for MO adsorption on anion exchange membranes 
BII is 1.96 KJ/mol indicating that MO adsorption on BII 
followed physical adsorption.

3.5. Adsorption thermodynamics

The parameters namely as change in Gibb’s free energy 
(∆G), enthalpy (∆H) and entropy (∆S) were calculated from 
given relations:

Table 5 
Dubinin–Radushkevich Isotherm (D–R) and Tempkin isotherm 
parameters (BT: J/mol; AT: kg/mol; β: mol2/KJ2; E: KJ/mol)

Dubinin– 
Radushkevich 
isotherm

Temkin 
isotherm

qm β E R2 BT AT R2

143.85 0.13 1.96 0.870 10.93 287.15 0.807

Fig. 19. Freundlich isotherm for adsorption of MO on anion 
 exchange membrane BII.

Fig. 20. Temkin isotherm for adsorption of MO on anion  exchange 
membrane BII.
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ln Kc
R RT

= −
∆ ∆S H

 (17)

K
C
Cc
a

e

=  (18)

ΔG = ΔH – TΔS (19)

where Kc, Ca, Ce, R, T are the the equilibrium constant, amount 
of dye (mol/L) adsorbed on the adsorbent per litre (L) of the 
solution at equilibrium, equilibrium concentration (mol/L) of 
dye in solution, general gas contant (8.31 J/mol.K) and abso-
lute temperature (K) respectively. Similarly ∆G, ∆H and ∆S are 
the change in Gibb’s free energy (KJ/mol), enthalpy (KJ/mol) 
and entropy (J/mol.K), respectively. The plots of lnKc verses 
1/T for adsorption of MO on anion exchange membrane BII is 
shown in Fig. 22. The adsorption enthalpy (∆Ho) and entropy 
(∆So) are calculated from slope and intercept of Fig. 22 and are 
given in Table 6. The values of Gibb’s free energy (∆G) are pos-
itive at all temperature studied and increases with tempera-
ture as represented Table 6. It might be because of intraction 
between adsorbent and adsorbate, with unbalanced competi-
tion imputed to heterogeneity of membrane surface and sys-
tem got energy from external source at higher temperatures. 
The nagative value of enthalpy (∆H) shows that the adsorption 
of MO on anion exchange membrane is exothermic process. 
Similarly the negative value of entropy (∆S) indicates decrease 
in randomnes at the dye-membrane interface during the 
adsorption of MO on anion exchange membrane.

4. Conclusions

The adsorption of methyl orange onto anion exchange 
membrane has been studied and it was found that the equi-
librium was observed after 24 hours. The percentage removal 

of MO increase with the increase in membrane dosage and 
maximum removal of 99.4% was obtained at 0.4g of mem-
brane. The removal of dye was decreased from 99 to 40% with 
the increase in initial concentration from 200 to 1000mg/L 
and from 99.45% to 96.31% with increasing the temperature 
from 393 K to 323 K. The adsorption capacity (qm) in the pres-
ent work was found to be 172 mg/g which is much higher as 
compared to those of reported in the literature. The value of 
E (1.96 KJ/mol) indicate that MO adsorption on BII followed 
physical adsorption. The negative values of ΔG and ΔH 
indicate that the adsorption process is spontaneous and exo-
thermic. The value of adsorption capacity (172 mg/g) and 
percentage removal (99.4%) suggest that the anion exchange 
membrane BII is an excellent adsorbent for the removal of 
methyl orange from aqueous media.

Nomenclature

Code — Name
MO — Methyl orange
IEC — Ion exchange capacity, mmol/g
WR — Water uptake, %
Co — Initial Concentration of dye, mg/L
Ct — Concentration of dye at time t, mg/L
W  — Weight of adsorbent, g
V — Volume of adsorbate, dm3

k1  —  Rate constant of pseudo-first-order model, /min
k2 —  Rate constant of pseudo-second-order model, 

g/mg.min

Table 6 
Thermodynamic parameters for adsorption of MO on anion 
exchange membrane BII

ΔH (KJ/mol) ΔS (J/mol) –ΔG (KJ/mol)
293 K 303 K 313 K 323 K

–49.86 –126.56 37.03 38.29 39.56 40.82

Fig. 21. Dubinin–Radushkevich (D–R) isotherm for adsorption of 
MO on anion exchange membrane BII. Fig. 22. Plot of 1/T vs lnKc for adsorption of MO on anion 

 exchange membrane BII.
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α — Initial sorption rate, mg/g.min
β —  Extent of surface coverage and activation energy 

for the chemisorption, g/mg
Kfd — Liquid film diffusion rate constant
k — Apparent adsorption rate constant, L/g.min
m — Kuo-Lotse constant
b — Langmuir constant, L/mg
qm — Langmuir monolayes adsorption capacity, mg/g
Kf — Freundlich constant
T — Absolute temperature, K
R — Gas constant, 8.31 J/mol.K
bT — heat of adsorption, J/mol
AT —  Equilibrium binding constant coinciding to the 

maximum binding energy, L/mg
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