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ABSTRACT

In this manuscript, we have utilized the commercially available anion exchange membrane EPTAC
for the adsorptive removal of methyl orange (MO) dye from wastewater via batch mode at room
temperature. The percentage removal of MO was increased from 26.10% to 98.70% with the contact
time, and from 48.04% to 98.70% with the amount of adsorbent (membrane dosage). On the other
hand, the percentage removal of MO was decreased with an initial concentration of dye aqueous
solution, temperature and ionic strength. Adsorption kinetics evaluation showed that experimen-
tal data for adsorption of MO onto the commercial anion exchange membrane EPTAC fitted-well
to pseudo-second-order model because the value of correlation coefficient (R?* was very close to
unit (R? > 0.995). Several nonlinear isotherms containing two parameters and three parameters iso-
therms were applied on experimental data of MO adsorption onto the commercial anion exchange
membrane EPTAC. Results demonstrated that adsorption MO onto the commercial anion exchange
membrane EPTAC fitted well to nonlinear Freundlich isotherm with the lower value of chi-square
(x> = 2.22 x 10%) Moreover, adsorption thermodynamics of MO adsorption onto the commercial
anion exchange membrane EPTAC was also evaluated in detail. The negative value of enthalpy
of the system (AH® = -68.93 kJ/mol) showed that adsorption of MO onto the commercial anion
exchange membrane EPTAC was an exothermic process.

Keywords: Anion exchange membrane EPTAC; Exothermic process; Pseudo-second-order model;

Methyl orange; Nonlinear isotherms

1. Introduction

Different synthetic dyes employed in several indus-
tries namely textile, leather, paint, and so forth produce
the highly visible wastewater effluents [1,2]. Some of them
are dangerous and cause a serious threat to the environ-
ment. The discharge of dyes into canals, rivers, etc. even in
a minor quantity can affect aquatic life. Azo dyes are most
largely employed for natural and synthetic fiber dyeing
and printing and also in paints, plastics, rubber, and so on.
Under special conditions, they can decompose to produce
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about 20 types of carcinogenic aromatic amines and change
human DNA structure to result in induced lesions and
cancer [3]. Wastewaters with azo dyes are extensively dis-
charged, and azo dyes are normally present in high con-
centration and varied compositions. Some recent research
takes sulfonated azo-dye methyl orange (MO) as a model
dye which is the most commonly employed substance as
an acid-base indicator [4-7]. The study of the removal of
MO from aqueous solution may be beneficial for more
research and practical uses in azo-dye wastewater treatment.

To date, a lot of methods such as electro-oxidation,
advanced oxidation processes, coagulation and flocculation,
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adsorption, biological degradation and membranes pro-
cesses have been employed for decoloration and degrada-
tion of dyestuff from wastewater. Adsorption is the most
useful method for color removal due to its simplicity, high
efficiency, and ease of operation as well as the availability
of a wide range of adsorbents.

Many kinds of materials were therefore investigated as
the possible alternatives [8], such as the use of natural mate-
rials (kaolinite [9,10], wood [11]), rice husk [12-14], plant
leaves [15-18] and agriculture/industrial solid wastes (coco-
nut husk [19,20] maize cob [21] Fe(III)/Cr(IIl) hydroxides
[22]) as easily available, cost-effective, ion exchange mem-
branes (IEMs) [23], and eco-friendly adsorbents. Their price
and efficiency vary from one adsorbent to other.

Previously, we have studied the adsorptive removal
of congo red from wastewaters by using powder of differ-
ent plant leaves such as Bougainvillea glabra [15], Morus
alba [18], Citrus sinensis [17], and Syzygium cumini [16],
as bioadsorbents. Adsorption of different metal ions includ-
ing lanthanum [14], cerium [12], nickel [13], cobalt [24],
copper [25] was investigated by using rise husk as bioad-
sorbent. Moreover, the adsorption of anionic dyes onto
ion-exchange membranes (IEMs) (especially anion exchange
membranes) was also evaluated [26,27]. To extend our
work, we used the commercial anion exchange membrane
EPTAC as an outstanding adsorbent for the removal of MO
from wastewaters. To the best of my knowledge, adsorp-
tion of MO onto the commercial anion exchange membrane
EPTAC was not explored yet.

In this manuscript, adsorption of MO from wastewaters
onto the commercial anion exchange membrane EPTAC
was carried out at room temperature. The effect of operat-
ing parameters on the percentage removal of MO was also
investigated. Adsorption kinetics for adsorption of MO
onto the commercial anion exchange membrane EPTAC
was explored by using several kinetic models such as pseu-
do-first-order model, pseudo-second-order model, Elovich
model, liquid film diffusion model, modified Freundlich
equation and Bangham equation. An adsorption isotherms
study for adsorption of MO was carried out by employing
the nonlinear method. Moreover, adsorption thermody-
namics was also investigated for adsorption of MO onto the
commercial anion exchange membrane EPTAC.

2. Experimental
2.1. Adsorbent

The commercial anion exchange membrane EPTAC was
kindly provided by ChemJoy Membrane Co., Ltd., Hefei,
Anhui, PR. China. Its ion exchange capacity and water
uptakes are 0.42 mmol/g and 164.31% respectively.

2.2. Adsorbate

Methyl orange (MO) dye was supplied by Fluka
Chemicals (United States of America). It was employed
as adsorbate in this research. Sodium chloride (NaCl)
was received from Sinopharm Chemical Reagent Co.
Ltd., Shanghai, PR. China. All the chemicals were used as
received. Distilled water was used throughout the work.
The chemical structure of MO is depicted in Fig. 1.
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Fig. 1. Chemical structure of methyl orange (MO) dye.
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2.3. Batch adsorption test

Herein, batch adsorption of MO from wastewater onto
the commercial anion exchange membrane EPTAC was car-
ried out as described [26-31]. Initially, the solution of MO
was prepared by dissolving a measured amount of MO into
deionized water at ambient temperature. The optimized
contact time was determined by shaking the measured
amount of EPTAC (0.1) into 40 mL of MO solution with an
initial concentration of 50 mg/L at room temperature with
different time intervals such as 30, 60, 90, 180, 240, 360, 600,
900 and 1,440 min. To determine the optimized amount of
the commercial anion exchange membrane EPTAC (dos-
age), the different amounts of the EPTAC such as 0.02. 0.04,
0.06, 0.08 and 0.10 g were shaken into 40 mL of MO solu-
tion with an initial concentration of 50 mg/L for 1,440 min at
room temperature. Adsorption isotherm study was carried
out by shaking the EPTAC (0.10 g) for 1,440 min at ambi-
ent temperature into 40 mL MO solution with an initial
concentration of 100, 200, 300, 400, and 500 mg/L. The influ-
ence of ionic strength on adsorption of MO onto the com-
mercial anion exchange membrane EPTAC was investigated
by using different concentrations of NaCl such as 0.2, 0.5,
0.8, 1.0, and 1.5 M with shaking speed of 120 rmp, contact
time of 1,440 min and membrane dosage of 0.10 g. To study
adsorption thermodynamics, 40 mL MO solution with an
initial concentration of 50 mg/L was employed and the mem-
brane was shaken at 293, 313, 313 and 323 K for 1,440 min
with a constant membrane dosage of 0.10 g and stirred at
speed of 120 rmp. The UV-Vis spectrophotometer (UV-
2550, Shimadzu, Kyoto, Japan) was used to determine the
concentration of MO by determining the absorbance of the
supernatant at the wavelength (A__ = 464 nm for MO). The
concentration of MO was determined from the calibration
curve. The MO adsorbed onto the commercial anion exchange
membrane EPTAC at time ¢, was calculated by using Eq. (1).

LxV ey

where C and C, represent the concentration of MO at the
initial state and at time t respectively. Similarly, V and W are
the volumes of MO aqueous solution and weight of mem-
brane respectively.

2.4. Adsorption kinetics

Adsorption kinetics for MO adsorption onto the
anion exchange membrane EPTAC was studied in detail
by employing several kinetic models including pseudo-
first-order model, pseudo-second-order model, Elovich
model, liquid film diffusion model, modified Freundlich
equation and Bangham equation. Their detail is given below:
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2.4.1. Pseudo-first-order model

The Lagergren pseudo-first-order rate in linear form
is represented as [12,16,17]:

Kt

1

2303

log (g, —q,) =logg, @)

where k, (min™), g, and g, are rates constant of pseudo-first-
order model, the concentration of MO adsorbed at equilib-
rium and time ¢ respectively.

2.4.2. Pseudo-second-order model

The pseudo-second-order kinetic model in linearized
form is represented as [18,28,32]:

t 1 t
+— 3
9, ka4, ®

where k, (g/mg min) is the rate constant of the pseudo-
second-order model.

2.4.3. Elovich model
The Elovich model is expressed as [33,34]:

q, :%ln(aﬁ)+%lnt 4)

where o (mg/g min) and (3 (g/mg) are constant. The param-
eter o is the initial adsorption rate and 3 is the extent of
surface coverage and activation energy for chemisorption.

2.4.4. Liquid film diffusion model

It is expressed as:
In(1-F) ==Kt ®)
where K_, is liquid film diffusion rate constant, and F=g4/q,.

2.4.5. Modified Freundlich equation
It was originally developed by Kuo and Lotse [26,30]

q,= kcot]/m (6)

where k, C, t and m are adsorption rate constant (L/g min),
initial concentration (mg/L), contact time (min) and the
Kuo-Lotse constant respectively. Its linear form is shown as:

Ing, = ln(kCD)+llnt @)
m

2.4.6. Bangham equation

Bangham equation is shown as [26,30]:

C km
logl o |=log| =2 |+ alogt 8
o8 Og(c g m) Og(z.aoav] *o8 ®
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where m is the weight of the anion exchange membrane
utilized (g/L), V is the volume of dye solution (mL), o (<1)
and k, (mL/(g/L)) are constants.

2.5. Adsorption isotherms

Experimental data for adsorption of MO onto the
commercial anion exchange membrane EPTAC was sub-
jected to various nonlinear isotherms such as two-param-
eter isotherms (Langmuir, Freundlich, Temkin, Dubinin—
Radushkevich (D-R)) and three-parameter isotherms (Hill,
Redlich-Peterson and Sips). The details are given as follows:

2.5.1. Two-parameters adsorption isotherms

Herein, Langmuir, Freundlich, Dubinin-Radushkevich
(D-R) and Temkin isotherms were employed to evaluate
adsorption of MO onto the commercial anion exchange
membrane EPTAC.

Nonlinear Langmuir isotherm model is expressed as [26]:

Qﬂlk Cl’
g, =t ©)
1+k,C,

where k, is Langmuir constant (L/mol) and Q  is Langmuir
monolayer adsorption capacity (mol/g).

Nonlinear Freundlich isotherm model is expressed as
[26]:

_ 1/n
q.=K,C, (10)

where C, is the supernatant concentration at equilibrium
state of the system (mol/L), and g, is the amount of dye
adsorbed at equilibrium state of the system (mol/g), K, and
n are Freundlich parameters.

D-R model was utilized to distinguish between phys-
ical and chemical adsorption processes [26,35]. It is given
by the below equation:

9, =C, exp(pe’) (11)
¢ is the Polanyi potential that is given as:
1
€= RTln[1+CJ (12)

where R is the universal gas constant (kJ/mol) and T is the
absolute temperature (K).  is related to the mean adsorp-
tion energy by the below relationship.

E= (13)

1
J2B
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Temkin isotherm is expressed as [26]:

_RT

q,= . ln(aTCE) (14)

T

where b, is related to the heat of adsorption and a, is the
equilibrium binding constant coinciding with the maxi-
mum binding energy.

2.5.2. Three-parameters adsorption isotherms

Experimental data for the adsorption of MO onto the
EPTAC was also subjected to three-parameter isotherm
models including, Hill, Redlich-Peterson and Sips which
denote adsorption capacity as a characteristic function
of equilibrium concentration and are empirical in nature [26].

The nonlinear Hill adsorption isotherm is given as:

-
H e
Redlich-Peterson isotherm contains elements of
Langmuir and Freundlich isotherms which explain equi-
librium on homogeneous and heterogeneous surfaces and
multilayer adsorption. It possesses three endowments as

ayw Kyp and g and is shown by as:
Kg,C
- e 16
I v c (16)

RP e

It is used to show adsorption equilibrium over a wide
range of dye concentration molecules. The exponent g lies
between 0 and 1. When {8 = 0, it becomes Henry’s law, and
when (3 = 1, the Redlich-Peterson equation becomes the
Langmuir equation [36].

Sips isotherm was derived for determining the het-
erogeneous adsorption process and it is a combination of
Langmuir and Freundlich isotherms [37]. Nonlinear Sips
adsorption isotherm is expressed by the below equation:

__k<
“1+aCP

q, 17)

2.6. Adsorption thermodynamic evaluation

Herein, adsorption thermodynamics for MO adsorption
onto the commercial anion exchange membrane EPTAC
was explored by using the below relationships:

InK_ = AST_AH 18)
R RT
C
K== 19
=T (19)
AG® = AH® — TAS® (20)

where R, AG®, K, AS° and AH® denoted the general gas
constant, change in Gibbs free energy (kJ/mol), equilib-
rium constant, change in entropy (J/mol K) and change in
enthalpy (kJ/mol) respectively.

3. Results and discussion
3.1. Effect of operating factors

Fig. 2a depicts the effect of contact time on the per-
centage removal of MO from wastewater keeping other
operating endowments constant. The removal of MO by
the commercial anion exchange membrane EPTAC was
increased from 26.10% to 98.70% with contact time. Initially,
it was fast due to the presence of several empty sites onto
the commercial anion exchange membrane EPTAC but it
slowed down with the passage of time. It attained satura-
tion in 24 h. It was concluded that equilibrium was obtained
within 24 h. Therefore, we employed it for future experi-
ments. Similar results were obtained in our previous work
[31]. Keeping the other endowments constant, the influence
of membrane dosage onto the percentage removal of MO
was revealed and results are given in Fig. 2b. The removal
of MO was increased from 48.04% to 98.70% with increas-
ing the membrane dosage because the number of present
available active sites onto the commercial anion exchange
membrane EPTAC increased. However, further increase in
it did not provide any large increase in the removal of MO
from aqueous solution. It could be because of the satura-
tion of the commercial anion exchange membrane EPTAC
binding sites [31,38]. Fig. 2c represents the influence of the
initial concentration of dye solution onto the percentage
removal of MO. It was decreased from 83.58% to 16.33%
with enhancing initial dye concentration of dye solution.
It was associated with a rise in the driving force of con-
centration gradient to overcome the mass transfer resis-
tance of the dye between the aqueous phases and the solid
phases with the increase in the initial concentration [39,40].

Fig. 3a denotes the effect of temperature on the percent-
age removal of MO from wastewater at room temperature.
It was decreased from 98.19% to 78.36% with a rise in tem-
perature from 293 to 323 K. It showed that the removal of
MO was an exothermic process. Fig. 3b shows the effect
of ionic strength on the percentage removal of MO from
wastewater. The removal of MO was declined with enhanc-
ing the molarity of NaCl. It was found to be declined from
98.19% to 71.44% with enhancing the molarity of salt NaCl
0.2-1.5 M due to competition between the methyl orange
anions and CI- for the active sorption sites [41]. Moreover, the
mechanism for MO adsorption from wastewater onto anion
exchange membrane EPTAC is represented in Fig. 4.

3.2. Adsorption isotherms

Herein, two-parameter isotherms (Langmuir, Freundlich,
Temkin and Dubinin—-Radushkevich (D-R)) and three-pa-
rameter isotherm models (Redlich-Peterson, Hill and
Sips) were employed to explain experimental data of MO
adsorption onto commercial anion exchange membrane
EPTAC from wastewater. Herein, the nonlinear method
was endorsed for adsorption isotherm endowment cal-
culation. All the model endowments were studied by
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Fig. 2. (a) Effect of contact time, (b) effect of membrane dosage, (c) effect of initial concentration of dye aqueous solution onto
adsorptive removal of MO by the commercial anion exchange membranes EPTAC from wastewater.
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Fig. 3. (a) Effect of ionic strength and (b) temperature on adsorptive removal of MO by the commercial anion exchange mem-

branes EPTAC.

nonlinear regression by using IGOR Pro. Wave Matrices
6.2.1 software [26,42]. The nonlinear chi-square test (x?)
is a statistical tool needed for the best fit of experimen-
tal data and its lower value represents similarities of the
experimental data while a large higher denotes variation of
experimental data [43].

3.2.1. Two parameters adsorption isotherms

Fig. 5 represents the plot of Langmuir isotherm for
adsorption of MO onto the commercial anion exchange
membrane EPTAC by nonlinear method and the attained
values of Q and k, are given in Table 1. The lower value of
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the chi-square test (x?) (2.76 x 10-®) represented that adsorp-
tion of MO from wastewater onto the commercial anion
exchange membrane EPTAC obeyed the Langmuir model.
Similarly, the plot of Freundlich isotherm for adsorp-
tion of MO onto commercial anion exchange membrane
EPTAC by the nonlinear method is denoted in Fig. 5 and
the attained values of K and n are given in Table 1. The
value of the chi-square test (x?) is very low (2.22 x 107)
exhibited that experimental data for adsorption of MO onto
the commercial anion exchange membrane EPTAC obeyed
Freundlich isotherm model. The value of Freundlich con-
stant “n” suggested the favourability of the adsorption pro-
cess whereas K. is the adsorption capacity of the adsorbent
(commercial anion exchange membrane EPTAC). The val-
ues of ‘n’ ranges from 2-10 representing good adsorption,
1-2 moderate adsorption and less than one shows poor
adsorption [13]. Fig. 5 depicts the plot of Temkin isotherm
for adsorption of MO onto commercial anion exchange
membrane EPTAC by nonlinear method and attained val-
ues of b, and a, are given in Table 1. The lower value of
chi-square (7.89 x 10°) showed that adsorption of MO onto
the commercial anion exchange membrane EPTAC obeyed
Temkin isotherm. Moreover, the plot of D-R isotherm for
adsorption of MO onto the commercial anion exchange
membrane EPTAC by the nonlinear method is shown in
Fig. 5. The measured value of mean adsorption energy (E)
for adsorption of MO onto the commercial anion exchange
membrane EPTAC was 10.55 kJ/mol indicated that adsorp-
tion of MO onto the commercial anion exchange membrane

Fig. 4. The proposed mechanism of adsorptive removal of MO
by the commercial anion exchange membrane EPTAC from
wastewater.
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Fig. 5. The plots of two parameters adsorption isotherms for
adsorption of MO onto the commercial anion exchange mem-
brane EPTAC by the nonlinear method.

EPTAC followed chemical ion-exchange adsorption mecha-
nism. The value of mean adsorption energy (E) in the D-R
isotherm can act as a rule to differentiate chemical and
physical adsorption [26]. The value of E greater than 8 kJ/
mol showed a chemical ion-exchange adsorption process
whereas values of E below 8 kJ/mol denoted the physical
adsorption process [26].

3.2.2. Three parameters adsorption isotherms

Fig. 6 depicts the plot of the Redlich-Peterson model
for adsorption MO onto the commercial anion exchange
membrane EPTAC from wastewater. It was observed
that experimental data followed Redlich-Peterson model
with the lower value of x? for adsorption of MO onto the
commercial anion exchange membrane EPTAC. The mea-
sured endowments of Redlich-Peterson model are given
in Table 2. Similarly, the plot of Sips isotherm for adsorp-
tion of MO onto the commercial anion exchange mem-
brane EPTAC is indicated in Fig. 6 and the attained value
of Sips constants are given in Table 2. The lower value of
X2 showed that the Sips equation obeyed equilibrium data.
Fig. 6 represents the plot of Hill isotherm for adsorption
of MO onto the commercial anion exchange membrane

Table 1

Calculated parameters of two parameters isotherm for adsorp-
tion of MO onto the commercial anion exchange membranes
EPTAC by nonlinear method

Isotherms Parameters x>
Langmuir isotherm  Q k,

12.44 1.56 x 1072 2.76 x 1078
Freundlich isotherm Kf n

444 x10° 246 222 x107°
Temkin isotherm a, b,

6.59 x 10*  3.63 x 10* 7.89 x 107
D-R isotherm Q, B

239x10* 4.49x10° 3.42 x 107

E =10.55 kJ/mol

Q,; mg/g; k;: L/mol; Kf: mol/g; b kJ/mol; a;: L/mg; B: mol¥/J%
C,: mg/g; E: kJ/mol
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Fig. 6. The plots of three parameters adsorption isotherms for
adsorption of MO onto the commercial anion exchange mem-
brane EPTAC by the nonlinear method.
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EPTAC and the attained values of its endowments are
given in Table 2. The lower value of chi-square indicated
that adsorption of MO onto the commercial anion exchange
membrane EPTAC can be defined by the Hill model.

3.3. Adsorption kinetics

Fig. 7a denotes the plot of log(g, — g,) vs. time for MO
adsorption onto the commercial anion exchange membrane
EPTAC. The value of k; was calculated from the slope of
Fig. 7a and given in Table 3. The value of the correlation
coefficient (R?) was 0.994. Further, there was a large differ-
ence between experimental adsorption capacity and calcu-
lated adsorption capacity, therefore it does not explain the
rating process. Moreover, the plot of the pseudo-second-
order model for adsorption of MO onto the commercial
anion exchange membrane EPTAC is shown in Fig. 7b. The
value of adsorption capacity (g,) can be determined from the
slope of Fig. 7b and is given in Table 3. This value was in
good agreement with the experimental value (19.63 mg/g).
Moreover, the value of the correlation coefficient (R* was
(R? > 0.99) close to unity which showed that experimental
data fitted well to the pseudo-second-order model.

Table 2

Determined values of parameters for three parameter isotherms
for adsorption of MO onto the commercial anion exchange
membranes EPTAC by nonlinear method

Isotherms Parameters X2
Redlich-Peterson K, Ay g

422 -5.17 1.04 8.01 x 10~
Sips k, B a,

0.019 0.56 20.45 3.36 x 107
Hills q, n, k,

1.08 0.41 243.48 223 x 107

251

Fig. 8a indicates the plot Elovich model for adsorp-
tion of MO onto the commercial anion exchange mem-
brane EPTAC. The measured values of o and {3 are given
in Table 3. The value of the correlation coefficient (R?)
was 0.872 lower than the pseudo-second-order model.
Therefore, it is not convenient to explain the adsorption
of MO onto the commercial anion exchange membrane
EPTAC. Similarly, the plot of the liquid film diffusion
model is shown in Fig. 8b and the calculated value of K
is given in Table 3. The value of the correlation coefficient
(R?) was lower than the pseudo-second-order model. Hence,
it was also not suitable to explain experimental data. The
graphical representation of the modified Freundlich model
is given in Fig. 8c and the determined values of param-
eters m and k were are given in Table 3. The value of the

Table 3
Measured values of kinetics parameters for adsorption of MO
onto the commercial anion exchange membranes EPTAC

k; Lig; a;:Lig; g, mg/g; k;: (mg)n,

Kinetic models Parameters
Dyonpy 19.63 -
Pseudo-first-order model Dotcal k x10° R
13.89 1.72 0.994
Pseudo-second-order model q, k,x10* R?
21.09 4.98 0.995
Elovich model o B R?
0.60 0.28 0.872
Liquid film diffusion model K, ,x10° C, R?
3.97 -0.44 0.940
Modified Freundlich equation  m k R?
3.09 0.045 0.803
Liquid film diffusion model k, o R?
1.79 0.33 0.805

q,; mg/g; k;: (min™); k,: g/mg min; o: mg/g min; B: g/mg; K, : (min™);

k: L/g min; k : mL/(g/L)
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correlation coefficient was 0.803 represented that it is not
good to explain the adsorption of MO onto the commercial
anion exchange membrane EPTAC. Moreover, the plot of
loglog(C /C, — g,m) vs. logt for Bangham equation is given in
Fig. 8d and the measured values of o.and m are given in Table
3. The double logarithmic plot did not give linear curves
representing that the diffusion of adsorbate (MO) into pores
of the adsorbent (the commercial anion exchange mem-
brane EPTAC) is not the only rate-controlling step [44,45].
It may be that both film and pore diffusion were essential to
a different extent for MO adsorption from wastewater onto
the commercial anion exchange membrane EPTAC.

3.4. Adsorption thermodynamics

Fig. 9 depicts the plots of InK_vs. 1/T for adsorption of
MO from wastewater onto the commercial anion exchange
membrane EPTAC and the calculated values of thermo-
dynamics factors including change in Gibbs free energy
(AG®), enthalpy (AH°) and entropy (AS°) are given in
Table 4. The values of Gibbs free energy (AG°) was posi-
tive at all temperature studied and enhanced from 60.10
to 66.21 kJ/mol with the rise in temperature. It might be
because of interaction between adsorbent and adsorbate,
with unbalanced competition imputed to the heteroge-
neity of membrane surface and system got energy from
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4.0 4 [ ]
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3.0 1

“2.54 .
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2.04
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1.0
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Fig. 9. The plot of 1/T vs. InK_ for adsorption of MO onto the
commercial anion exchange membrane EPTAC.

an external source at higher temperatures [28]. The nega-
tive value of enthalpy (AH® = —68.93 k]J/mol) showed that
adsorption of MO onto the commercial anion exchange
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Table 4
Measured thermodynamic parameters for adsorption of MO
onto EPTAC

AH® (KJ/mol)  AS® (J/mol) AG® (kJ/mol)
293K 303K 313K 323K
-68.93 -205.20 60.10 6210 6416 66.21

membrane EPTAC was an exothermic process. Similarly,
the negative value of entropy (AS° = -205.20 J/mol) showed
the decrease in randomness at the adsorbate-adsorbent
interface during the adsorption of MO onto the commercial
anion exchange membrane EPTAC.

4. Conclusions

In summary, this research showed that the commer-
cial anion exchange membrane EPTAC was useful for the
removal of MO from wastewater. The removal of MO was
enhanced with contact time and membrane dosage whereas
declined with an initial concentration of dye, ionic strength
and temperature. Adsorption kinetic study indicated that
adsorption of MO onto the commercial anion exchange
membrane EPTAC followed pseudo-second-order model
because the value of correlation coefficient was close to
unity (R? > 0.99). Adsorption isotherm study showed that
experimental data for adsorption of MO on the commercial
anion exchange membrane EPTAC obeyed all employed
models but best fitted to Freundlich isotherm model.
Adsorption thermodynamic study showed that adsorp-
tion of MO onto the commercial anion exchange mem-
brane EPTAC was an exothermic process. This research
showed that the commercial anion exchange membrane
EPTAC could be used as an extraordinary adsorbent for the
removal of MO from wastewater at room temperature.
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