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a b s t r a c t
This article reports usage of the commercial anion exchange membrane BI as extraordinary adsorbent 
for the removal of eosin yellow from wastewater at room temperature. The dependence of percentage 
removal of eosin yellow on operating parameters was explored. The eosin yellow percentage removal 
was enhanced from 17% to 98%, 3% to 99.65% and 81% to 96% with increase in contact time, mass 
of anion exchange membrane BI and temperature while decreased from 95% to 31% with increase 
in initial concentration of eosin yellow. Experimental data was explored by employing non-linear 
adsorption kinetics models and non-linear adsorption isotherms. Adsorption kinetics study showed 
that eosin yellow adsorption onto anion exchange membrane BI fitted to non-linear pseudo-sec-
ond-order model. Moreover, eosin yellow adsorption onto anion exchange membrane BI followed 
non-linear Langmuir isotherm with lower value of chi-square test (χ2 = 3.442 × 10–11). Thermodynamics 
study represented that eosin yellow adsorption was an endothermic process.
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1. Introduction

Each year, a huge amount of wastewater is produced by 
households and modern manufacturing processes [1]. Water 
is most significant natural resource. There are now serious 
water shortages in several places throughout the world [2]. 
Water quality is seriously affected by human activities par-
ticularly industrial activities. When one or more contami-
nants that may negatively affect the water are released into 
it, it is considered to be polluted. These substances have the 
potential to affect the environment, people, animals and 
their ecosystems. Nowadays, water contamination is a global 

problem. Water pollution and contamination cause deaths 
and diseases throughout the world.

The first contaminant found in wastewater is color and 
it is extremely apparent and unwanted even when water 
contains just a little amount of dyes [3]. Any undesired addi-
tion of chemical compounds to water sources pollutes the 
water and makes it unfit for human usage. Dyes are one of 
the most hazardous poisons introduced into the environ-
ment among the many pollutants [4]. Around 4000 years 
ago organic dyes were first used. Industries including tex-
tiles, cosmetics, food and paper printing are employing dyes. 
The main consumer of dyes is the textile sector [5]. Textile 
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industries especially paper and plastic industries utilize dyes 
for their goods [6]. Textile industry dumps massive amounts 
of colors into the environment. This is bad for the ecology 
and especially for groundwater [7]. Due to their extensive 
usage, durability and negative consequences synthetic dyes 
represent a serious concern to the environment and health 
of human when they are present in water and sewage [8]. 
Consequently, it is essential to remove dyes from polluted 
water by applying some suitable process.

To date a lot of methods such as advance oxidation elec-
trooxidation, processes (AOPs), flocculation and coagulation, 
adsorption, membrane process and biological degradation 
were employed for decoloration and sewage-derived dye 
degradation [9–12]. Adsorption is most useful method for 
color because of its ease of usage, high efficiency and sim-
plicity of design as well as the availability of a variety of 
adsorbents [13,14].

For the removal of heavy metals and dyes from waste-
water, researchers used a variety of adsorbents such as 
activated clay, zeolites activated carbons, bio-nanocompos-
ite (Alg-Cst/Kal), curcuma caesia-based activated carbon, 
Ag doped MnO2-CNT nanocomposite, bimetallic-carbon 
nanocomposite, activated slag and nanocomposite films 
[15–39]. Currently, all the adsorbents employed for the 
removal of dyes and heavy metal ions based on the inter-
action of the adsorbate with the functional groups of the 
adsorbents [40]. As a result, having a wide surface area of 
the substrate and numerous adsorption sites contribute 
significantly to the effectiveness of the membranes’ adsorp-
tion process for removing contaminants from wastewater 
[14,41]. Commercial anion exchange resins showed excep-
tional absorptivity and well-proven effective modification 
properties for the removal and recovery of reactive colorants 
[15,42]. Their packed-bed procedures would experience spe-
cial defects because of the anion exchange resins’ particle 
shape. For the purpose of removing methyl violet 2B from an 
aqueous solution two distinct types of ion exchange mem-
branes including the ICE450 and P81 were used [43]. The 
anion exchange membranes from an aqueous solution were 
also used to extract cibacron Blue 3GA [43]. In addition to 
resolving the technical issues with packed-bed operation it 
also exhibits the ability to easily scale up by simply stacking 
numerous membranes or using a huge membrane area. As a 
result, the ion exchange membrane was a wise choice as an 
adsorbent for industrial applications.

This effort revealed eosin yellow (EY) adsorption from 
wastewater onto commercial anion exchange membrane 
(AEM) BI at room temperature. The consequence of contact 
time, AEM BI mass, initial concentration of EY, and tem-
perature on the EY percentage elimination was explored. 
The kinetics of EY adsorption onto AEM BI was investi-
gated using a non-linear adsorption kinetics model. Also, 
non-linear isotherms were used to elucidate EY adsorption. 
Adsorption thermodynamics for EY was also discussed. The 
environmental applicability of AEM BI was also discussed.

2. Experimental set-up

2.1. Adsorbent

Chemjoy Membrane Co., Ltd., Hefei, Anhui, China, pro-
vided commercial AEM BI, which was used as adsorbent. 

It was made up of quaternized poly(2,6-dimethyl-1,4-phenyl-
ene oxide) (QPPO) and polyvinyl alcohol. Its ion exchange 
capability is 0.55 mmol/g and water uptake are 42.7%.

2.2. Adsorbate

Eosin yellow (EY) a widely available anionic dye. It 
was utilized as an adsorbate. Its measured amount was 
dissolved into deionized water to create a stock solution of 
1,000 mg/L. Further dilution of the stock solution yielded 
the necessary EY concentrations. EY chemical structure is 
shown in Fig. 1.

2.3. Batch adsorption of EY

Batch EY adsorption onto AEM BI from wastewater was 
conducted as described [43–51]. The contact time influence 
on EY adsorption was conducted at room temperature by 
shaking AEM BI (0.15) into measured volume of EY aqueous 
phase with original concentration of 50 mg/L at 200 rpm for 
10, 20, 30, 40, 50 and 60 min. To determine optimum mass of 
AEM BI, varying amounts of AEM BI such as 0.015, 0.025, 
0.030, 0.040, 0.07, 0.08, 0.09, 0.10, 0.125, 0.15, 0.175, 0.20 g were 
shaked at 200 rpm for 60 min into EY solution of 50 mg/L 
of measured volume. EY initial concentration effect was 
revealed by changing it from 10 to 175 mg/L using deter-
mined amount of AEM BI (0.15 g) into measured volume of 
EY solution for 60 min at room temperature. To study effect 
of temperature, we shaked measured amount of AEM BI 
(0.15 g) into measured volume of EY solution of determined 
initial concentration (50 mg/L) for 60 min at 200 rpm by vary-
ing temperature from 283 to 328 K. The EY concentration 
was recorded by using UV-VIS spectrophotometer (UV-2550, 
Shimadzu, Kyoto, Japan) by determining the absorbance of 
the supernatant at wavelength of 518 nm. The calibration 
curve was used to determine the EY content. EY adsorbed at 
time t was determined by means of Eq. (1).

q
C C
W

Vt
o t�
�

�  (1)

where Co and Ct and Co represent EY concentration at 
initial state and at time t, respectively. In the same way, 

Fig. 1. Chemical structure of eosin yellow.
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W and V stand for the corresponding weight of AEM BI 
and volume of the EY solution.

2.4. Adsorption isotherms

EY adsorption onto AEM BI was demonstrated by 
using non-linear two parameters isotherms (Langmuir, 
Freundlich, Dubinin–Radushkevich (D-R), Temkin) and 
three parameter isotherms (Redlich–Peterson, Hill and Sips) 
as follows.

2.4.1. Two parameters adsorption isotherms

Langmuir, Dubinin–Radushkevich, Freundlich and 
Temkin isotherms were used by non-linear method to 
investigate EY adsorption onto AEM BI.

Non-linear Langmuir isotherm model is given as [43]:

q
Q k C
K Ce
m L e

L e

�
�1

 (2)

where kL and Qm stand for the Langmuir constant (L/mol) 
and the Langmuir monolayer adsorption capacity (mol/g), 
respectively.

Non-linear Freundlich isotherm model is represented 
as [43]:

q K Ce f e
n= 1/  (3)

where Kf and n are Freundlich parameters, Ce is the efflu-
ent concentration at equilibrium level of the system (mol/L) 
and qe is the quantity of dye adsorbed at equilibrium point 
in the system (mol/g).

D-R model was utilized to distinguish between chemical 
and physical adsorption processes [43,52].

q Ce m� �� �exp ��2  (4)

The Polanyi potential is specified as ε;
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where T is the absolute temperature and R is the universal 
gas constant (kJ/mol·K). Mean energy can be determined by:

E �
1
2�

 (6)

Temkin isotherm is given as [43]:

q RT
b

a Ce
T

T e� � �ln  (7)

where aT is the equilibrium binding constant that corre-
sponds to the maximum binding energy and bT is propor-
tional to the heat of adsorption.

2.4.2. Three parameters adsorption isotherms

Hill, Redlich–Peterson and Sips are three parame-
ter isotherm models that are empirical in nature and indi-
cate adsorption capacity as a basic function of equilibrium 
concentration were utilized to reveal EY adsorption onto 
AEM BI [43].

Non-linear Hill adsorption isotherm is given as:

q
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�
 (8)

Redlich–Peterson isotherm contains element of 
Freundlich and Langmuir isotherms which explain equi-
librium on heterogeneous and homogeneous surfaces and 
multilayer adsorption. It possess three endowments such 
as aRP, KRP and g and is shown by as:

q
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a Ce

e

e
g�

�
RP

RP1
 (9)

Over a broad range of dye intensity molecules it is uti-
lized to describe adsorption equilibrium. The range of 
the exponent g is from 0 to 1. when β = 1, the R-P equa-
tion becomes the Langmuir equation and when β = 0, 
it becomes the Henry’s law [53].

Sips isotherm, which combines the Langmuir and 
Freundlich isotherms was developed to determine the het-
erogeneous adsorption process [54]. Non-linear Sips adsorp-
tion isotherm is expressed by:
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 (10)

2.5. Adsorption kinetics

Non-linear pseudo-first-order and pseudo-second-order 
models were applied to explore adsorption kinetics for EY 
adsorption onto AEM BI.

2.6. Adsorption thermodynamic study

Thermodynamics of adsorption equations were used 
to investigate EY adsorption onto AEM BI:

lnK S
R

H
RTc �

�
�

�� �  (11)
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=  (12)
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where R, Kc, ΔG°, ΔS° and ΔH° stand for the general gas 
constant, the equilibrium constant, the change in Gibb’s 
free energy, the change in entropy (J/mol·K) and the 
change in enthalpy (kJ/mol), respectively.
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3. Results and discussion

3.1. Effect of operating parameters on the EY removal

Fig. 2a indicates contact time’s effect on the percentage 
elimination of EY from wastewater at room temperature. It 
was noted that percentage EY removal was increased with 
contact time. From Fig. 2a it is seen that removal of EY in 
initial stage was very rapid and increased continuously 
until equilibrium is attained. The rapid EY removal in ini-
tial stage was due to occurrence of several empty sites onto 
AEM BI [9,14]. Contrary, the decline in EY removal with 
passing time was associated to coverage of empty active 
sites onto the commercial AEM BI [9,10]. After 60 min finally 
equilibrium was achieved. The optimum time was used for 
further experiments.

Mass of adsorbent plays a vital part during adsorption 
process. The effect of mass of AEM BI on EY percentage 
removal of investigated at room temperature and attained 
results are represented in Fig. 2b. The EY removal was 
found to be increased from 2.85% to 99.65% with increase 

in AEM BI dosage 0.015–0.20 g. The EY removal enhance-
ment with AEM BI dosage was due to increase in number of 
active sites onto AEM BI for EY adsorption [13,55]. As seen 
in Fig. 2b, the EY removal was rapid initially with enhance-
ment in AEM BI dosage and then no huge enhancement 
in EY removal was noted with increase in AEM BI dosage 
from 0.15 g. Therefore, 0.15 g AEM BI (optimum dosage) was 
used in further research.

Effect of EY initial concentration on the percentage 
removal was explored by changing concentration from 
50 to 200 mg/L and attained results are denoted in Fig. 2c. 
The EY percentage removal was found to be declined with 
increase in initial concentration of EY. The decrease in EY 
percentage removal was because of saturation of active 
sites due to higher initial concentration of EY [43,56].

Fig. 2d represents effect of temperature on EY percentage 
removal from wastewater. Results indicate that EY removal 
was increased with increase in temperature. The EY percent-
age removal was found to be increased from 81% to 96% with 
increase in temperature from 283 to 328 K. These finding 
represented that EY removal from wastewater was endo-
thermic process. Further, the mechanism of EY adsorption 
onto AEM BI from wastewater is denoted in Fig. 3.

3.2. Adsorption kinetics

On the time-dependent adsorption data of EY onto AEM 
BI non-linear kinetic models including pseudo-first-order 
and pseudo-second-order were utilized. Using non-linear 
equations determine the kinetic parameters, IGOR Pro 6.1.2, 
Wave Metrices software was employed.

The Lagergren’s pseudo-first-order kinetic model is 
represented as [57]:

dQ
dt

k Q Qt
e t� �� �1  (14)

The pseudo-second-order kinetic model is given as 
[58,59]:

dQ
dt

k Q Qt
e t� �� �2

2
 (15)

Fig. 2. (a) Effect of contact time, (b) BI membrane mass, 
(c) initial concentration, and (d) temperature on removal of 
eosin yellow from wastewater.

Fig. 3. Mechanism of eosin yellow adsorption onto anion exchange membrane BI from wastewater.
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where Qe is the amount of EY adsorbed at equilibrium 
(mg/g), t is time (min), Qt is the quantity of EY adsorbed 
at time “t”, k1 is the rate constant of the pseudo-first-order 
model (g/mg·min), and k2 is the rate constant of the pseudo- 
second-order model (g/mg·min). Non-linear pseudo-first- 
order model is given as:

Q Q et e
kt� �� ��1  (16)

Non-linear pseudo-second-order model is expressed as:

Q
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e

e

�
�
2

2

21
 (17)

Fig. 4 shows pseudo-first-order and pseudo-second- 
order kinetic model’s non-linear graphs for the adsorp-
tion of EY onto AEM BI. The values of constants and 
theoretically calculated Qe are given in Table 1.

Chi-square test ‘χ2’ was used to calculate the best-fit 
of the kinetic equations using several models:

�2

2

�
�� �

�
Q Q
Q
e e m

e m

,

,

 (18)

where Qe,m is the equilibrium capacity determined by the 
model (mg/g) and Qe is the equilibrium capacity measured 
using the experimental data (mg/g). The calculated values for 
‘χ2’ are provided in Table 1. Comparing model-derived data 
with experimental data typically reveals whether the data 
are similar in this case ‘χ2’ would indicate a limited number 
and vice versa. The pseudo-second-order model appears to 
be more trustworthy for determining the kinetic constants 
for adsorption as evidenced by the computed lower values 
of the non-linear ‘χ2’ test analysis of EY onto AEM BI.

3.3. Adsorption isotherms

Using both two and three parameter isotherm models, 
adsorption of EY onto AEM BI was revealed. Non-linear 
method was used for determination of adsorption iso-
therm’s parameters. Igor Pro was utilized to reveal isotherm 
factors by non-linear regression WaveMatrices 6.2.1 soft-
ware [43,60]. Non-linear chi-square test (χ2) is a statistical 
method for determining the best fitting of adsorption data. 
The larger value represents variety in the experimental data 
whereas the lower value shows similarities between the EY 
experimental data [61].

3.3.1. Two parameters adsorption isotherms

Non-linear Langmuir isotherm for EY adsorption onto 
AEM BI is shown in Fig. 5. Measured values of Qm and kL 
are given in Table 2. EY adsorption onto AEM BI fitted to 
non-linear Langmuir isotherm as represented by the lower 
value of chi-square test (χ2 = 3.442 × 10–11). Fig. 5 shows 
non-linear Freundlich isotherm for EY adsorption and deter-
mined values of Kf and n are provided in Table 2. The lower 
value of chi-square test (χ2 = 1.06 × 10–10) showed that EY 
adsorption followed Freundlich isotherm model. Freundlich 
constant ‘n’ values between 2 and 10 indicate good adsorp-
tion, 1 and 2 suggest moderate adsorption, and less than 1 
indicates poor adsorption [62,63]. Temkin isotherm for EY 
adsorption onto AEM BI by non-linear method is denoted 
Fig. 5 and calculated values of bT and aT are given in Table 2. 
The lower value of chi-square (χ2 = 1.02 × 10–10) represented 
that EY adsorption followed Temkin isotherm. D-R isotherm 
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Fig. 4. Non-linear pseudo-first-order and pseudo-second- 
order models for eosin yellow adsorption onto anion exchange 
membrane BI.

Table 1
Measured values of non-linear pseudo-first-order and pseu-
do-second-order models parameters for eosin yellow adsorp-
tion onto anion exchange membrane BI. 

Adsorption kinetics models Measured parameters

Pseudo-first-order model
qe 10.12
k1 0.050
χ2 0.29

Pseudo-second-order model
qe 13.41
k2 0.0035
χ2 0.093

k1: min–1; k2: g/mg·min, qe: mg/g.
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Fig. 5. Non-linear Langmuir, Freundlich, Temkin and Dubinin– 
Radushkevich isotherms for eosin yellow adsorption onto 
anion exchange membrane BI.
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for EY adsorption onto AEM BI by non-linear method is 
depicted in Fig. 5. Measured value of mean adsorption 
energy (E) was 31.25 kJ/mol. It represented that EY adsorp-
tion followed chemical ion exchange adsorption mechanism 
onto AEM BI. The mean adsorption energy (E) in D-R iso-
therm plays a significant rule to distinguish between phys-
ical and chemical adsorption [43,63]. The value of E greater 
than 8 kJ/mol represented chemical ion exchange adsorp-
tion process whereas value of E below 8 kJ/mol showed 
physical adsorption process [43,63].

3.3.2. Three parameters adsorption isotherms

R-P model for EY adsorption onto AEM BI is represented 
in Fig. 6. Results denoted that R-P model with lower value 
of (χ2 = 1.07 × 10–10) explained EY adsorption onto AEM BI. 
Its measured factors are given in Table 3. Sips isotherm for 
EY adsorption is shown in Fig. 6 and measured Sips con-
stants are shown in Table 3. The smaller value of (χ2 = 3.412) 
represented that Sips equation obeyed equilibrium data. 
Fig. 6 shows Hill isotherm for EY adsorption onto AEM 

BI and measured values of its factors are given in Table 3. 
The lower value of chi-square (χ2 = 3.962 × 10–11) showed 
that EY adsorption onto AEM BI followed Hill model.

3.4. Adsorption thermodynamics

Fig. 7 indicates 1/T vs. lnKc plot for EY adsorption onto 
AEM BI. Measured values of thermodynamics factors for 
EY adsorption are given in Table 4. The positive value of 
enthalpy (ΔH° = 20.837 kJ/mol) showed that EY adsorp-
tion onto AEM BI was endothermic process [64]. As shown 
in Table 4, the value of Gibb’s free energy was negative for 
EB adsorption onto AEM BI denoting that EY adsorption 
was spontaneous and feasible process [12,13]. The enhance-
ment in randomness at AEM BI–EY interface was noted 
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Fig. 6. The plots of three parameters adsorption isotherms for 
eosin yellow adsorption onto anion exchange membrane BI by 
non-linear method.

Table 2
Determined endowment values for two parameters non-linear 
adsorption isotherms

Adsorption isotherms Measured 
parameters

Langmuir isotherm
Qm 2.004 × 105

kL 5.38 × 105

χ2 3.442 × 10–11

Freundlich isotherm
Kf 8.85 × 10–5

n 6.104
χ2 1.06 × 10–10

Temkin isotherm
aT 5.32 × 106

bT 7.53 × 105

χ2 1.02 × 10–10

Dubinin–Radushkevich isotherm
Qm 3.726 × 10–5

β 0.001
χ2 9.56 × 10–11

E = 31.25

Table 3
Determined endowment values for three parameters non-linear 
adsorption isotherms

Adsorption isotherms Measured parameters

Hills isotherm

qH 0.224
nH 0.165
Kd 248.4
χ2 1.07 × 10–10

Redlich–Peterson 
isotherm

a 7.360
K 3.139
G 1.1008
χ2 3.412

Sips

Ks 2.735
Β 0.899
As 1.35 × 105

χ2 3.962 × 10–11
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Fig. 7. Adsorption thermodynamics plot for eosin yellow 
adsorption onto anion exchange membrane BI.
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due to positive value of entropy (0.090 kJ/mol) during EY 
adsorption onto AEM BI [64].

3.5. Environmental application

The dye was removed from a tap water sample to demon-
strate the environmental applicability of AEM BI. The stock 
solution of EY was prepared in tap water. Then 30 mL of 
dye was taken along with optimum amount of adsorbent 
(AEM BI) 0.15 g and was kept on orbital shaker for optimum 
time. After that, the sample’s absorbance was determined. 
Adsorption of 50 mg/L solution was up to 88% in first cycle 
and reached 94% in third cycle. These result implied the 
good applicability of AEM BI for EY adsorption. Attained 
results are shown in Fig. 8.

4. Conclusions

In this research, adsorption of EY from wastewater onto 
AEM BI was revealed at room temperature. The EY percent-
age removal was enhanced with contact time, AEM BI dos-
age and temperature while decline with increasing EY initial 
concentration. EY adsorption onto AEM BI followed non-lin-
ear pseudo-second-order kinetics. Moreover, adsorption of 
EY followed non-linear Langmuir adsorption isotherm. It 
was noted that EY adsorption was chemical ion exchange 
adsorption process with mean adsorption energy (E) value 
of 31.25 kJ/mol. Adsorption thermodynamic investigations 
represented that adsorption of EY onto AEM BI was a spon-
taneous and endothermic process. This work demonstrated 

the significant potential of AEM BI for its application in 
wastewater treatment.
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