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Abstract. Adsorption is a widely used technique for the removal of dyes from wastewaters by variety of
adsorbents. In this work, the main focus is on the potential assessment of anion exchange membrane for the
removal of different dyes using batch system and investigation of experimental data by applying various
kinetic and thermodynamic models. The removal of anionic dyes i.e., Eosin-B, Eriochrome Black-T and
Congo Red by anion exchange membrane BII from aqueous solution was carried out and effect of various
parameters such as contact time, membrane dosage, temperature and ionic strength on the percentage
removal of anionic dyes was studied. The experimental data was assessed by Kinetic models namely
pseudo-first-order, pseudo-second-order, Elovich liquid film diffusion, Bangham and the modified
Freundlich models equation have been used to analyze the experimental data. These results indicate that the
adsorption of these anionic dyes on BII follows pseudo-second-order Kinetics with maximum values of
regression coefficient (0.992-0.998) for all the systems. The adsorption of dyes was more suitable to be
controlled by a liquid film diffusion mechanism. The adsorptive removal of dye Eosin-B and Eriochrome
Black-T were decreased with temperature and thermodynamic parameters such as free energy (AGP),
enthalpy (AH®) and entropy (AS°) for adsorption of dyes on membrane Bl were calculated at 298 K, 308 K
and 318 K. The values of enthalpy and entropy were negative for EB and EBT representing that the
adsorption of these dyes on BII is physiosorptive and exothermic in nature. Whereas the positive values of
enthalpy and entropy for CR adsorption on BII, indicating that its adsorption is endothermic and
spontaneous in nature. It is evident from this study that anion exchange membrane has shown good potential
for the removal of dyes from aqueous solution and it can be used as adsorbent for dues removal on
commercial levels.
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1. Introduction

Dyes are widely used in various industries such as textile, paper, plastic, cosmetics and leather,
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for coloring their final products (Alireza Nezamzadeh-Ejhieh and Mahshid Khorsandi 2010, Lin et
al. 2008). It is known that public perception of water is highly effected by the color, which has
been recognized as the first contaminant in wastewater (Crini 2006). The presence of small amount
of dye in water (less than 1 ppm for some dyes) is highly visible and undesirable (Robinson et al.
2001). Once the dye contaminated the water, its removal by conventional wastewater treatment
method is particularly difficult because many dyes are stable to light and oxidizing agents and
resistant to aerobic bio-oxidation. There are many methods for dye removal such as biological
treatment (Allegre et al. 2006, Pala and Tokat 2002, Kapdan and Kargi 2002), coagulation (Gupta
et al. 2006, Cooper 1993), chemical oxidation, and photo catalytic processes (Liu and Chiou 2006,
Clark et al. 1994, Solozhenko et al. 1995), ozone treatment (Allegre et al. 2006, Cooper 1993),
membrane processes (Cooper 1993, Buckley 1992, Jiraratananon et al. 2000, Koyuncu 2002,
Allegre et al. 2006, Treffry-Goatley et al. 1983) and adsorption (Cooper 1993, Karcher et al. 2001,
Netpradit et al. 2003, Allegre et al. 2006, Gupta et al. 1997, Gupta et al. 2004, Gupta et al. 2005,
Gupta et al. 2006). The adsorption technology for in situ treatment of polluted considered as a
potential method to eliminate the color from wastewater streams due to its easy handling, fast
operational readiness, low discharge generation and low operational costs having high reversibility
of the removal process. Several researchers have used the adsorption process to remove the color
compounds with ion-exchange resins which are important examples of synthetic adsorbents for
wastewater treatment (Ganna et al. 2016, Silvia et al. 2017, Namasivayam et al. 1994). The
adsorption of large molecules (such as dyes) needs an adsorbent with major mesoporous fractions
to increase the efficiency of the process (Pelekani and Snoeyink 1999, Lorenc-Grabowska and
Gryglewicz 2007). The adsorbents tested in the literature included natural or synthetic products
such as zeolites, activated clays, activated carbons, activated slag, chitosan beads, cellulosic resin,
polymer resin, modified rice husk, modified cross-linked starch, palm kernel fiber, red mud,
bottom ash, ion exchangers and granulated ferric hydroxide (Karcher et al. 2001, Gupta et al.
1997, Gupta et al. 2004, Gupta et al. 2005, Gupta et al. 2006, Namasivayam et al. 1994, Pelekani
and Snoeyink 1999, Lorenc-Grabowska and Gryglewicz 2007, Liu et al. 2007). Their price and
efficiency change from one adsorbent to another.

In comparison to several commercial adsorbents, anion exchange resins were evaluated as an
effective adsorbent for removal of reactive dyes (Karcher et al. 2001, 2002). lon exchange resins
have porous morphology and have some problems in their packed-bed operations, e.g. slow pore
diffusion, flow channeling, low accessible flow rate, high pressure drop and non-uniform packing.
These problems can be minimized by using ion exchange membranes, i.e., the membrane shape of
ion exchange resins. The microporous membrane system not only removes the technical
diadvantages of packed-bed operations but also shows the characteristics of simple scale-up by
simple stacking more membranes together or employing a larger membrane area. This idea has
been verified successfully in the previous research (Liu et al. 2007, Lin et al. 2008, Khan et al.
2015a, Khan et al. 2016a) that adopted commercial polymeric ion-exchange membrane to remove
anionic reactive dyes and cationic reactive dyes from water. It makes ion-exchange membrane a
useful adsorbent for dye removal from wastewater.

In the present work, the removal of anionic dyes namely Eosin-B, Erichrome Black-T and
Congo Red from aqueous solution by commercial anion exhange membrane BII is studied. The
effect of parameters such as contact time, membrane dosage, temperature and ionic strength on the
removal of these dyes has been investigated. Adsorption Kkinetics is studied by using
pseudo-first-order model, pseudo-second-order model, Elovich model, liquid film diffusion model,
the Bangham equation and the modified Freundlich equation. Thermodynamic study is also
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conducted for adsorption of these dyes onto anion exchange membrane BII.

2. Experimental material and Method
2.1 Materials

2.1.1 Adsorbent

The commercial anion exchange membrane Bll 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 ion exchange capacity (IEC) and water uptake (WR) of anion
exchange membrane Bl are 0.38 mmol/g and 41.6% repectively.

2.1.2 Adsorbate

Three commercial anionic dyes namely Eosin B, Eriochrome Black-T and Congo Red obtained
from Fluka chemicals were used as adsorbates. The stock solution of 1000 mg/L was prepared by
dissolving 1.0 g of accurately weighed dye into 1 litre of deionized water and required
concentrations were obtained by further dilution of stock solution. All the chemicals used in the
experiments were of analytical reagent grade. The properties of anionic dyes used are given in
Table 1. The structures of these dyes are shown in Fig. 1.
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Fig. 1 Molecular structure of Eosin-B, Eriochrome Black T and Congo Red dye

Table 1 The properties on anionic dyes

Characteristics Eosin-B Eriochrome Black T Congo Red
CAS number 548-24-3 1787-61-7 573-58-0
Molecular Formula CyoHgBraN,Oq CyoH12N30,SNa C3oH2NgNa,06S,
Molecular weight (g/mol) 624.08 461.38 496.66
Groups carboxlic and Sulphonic Sulphonic

anthracene -O°
Number of anionic groups 2 1 2
Amax (NM) 514 530 490
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2.2 Adsorption

Batch adsorption experiments were carried out by immersing anion exchange membrane Bl
into the measured volume of all anionic dyes aqueous solutions with a shaking speed of 75 rpm at
room temperature. The concentrations of these dyes were measured by UV/VIS spectrophotometer
(UV-2550, SHIMADZU) and related caliberation curves were obtained. The wavelengths of 514
nm, 530 nm 464 nm were set for Eosin-B, Erichrom black-T and Congo Red respectively. The
effect of membrane dosage on the removal of these anionic dyes from aqueous solution was
studied by changing the amount of adsorbent keeping the other parameters such as contact time of
48 hours, initial dyes concentration of 50 mg/L and solution volume of 40 mL and shaking rate of
75 rmp constant at room temperature.

The amount of dyes adsorbed onto the anion exchange membrane at time “t”, g, (mg/g) was
measured by the following relation

q =— xV @)

where C, and C; are the concentrations of dyes at initial state and at time t respectively.
Similarly V and W are volume of dyes aqueous solution and weight of anion exchange membrane
respectively.

2.3 Characterization

2.3.1 FTIR analysis
FTIR analysis of anion exchange membrane Bll was recorded by attenuated total reflectance
(ATR) with FTIR spectrometer (Vector 22, Bruker) in the range of 4000-400 cm .

2.3.2 Morphology
The morphology of anion exchange membrane BIl was studied by employing Field emission
scanning electron microscope (FE-SEM, Sirion200, FEI Company, USA).
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Fig. 2(a) FTIR spectra of anion exchange membrane BlI
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Fig. 2(b) SEM image of surface (Left) and cross-section (Right) anion exchange membrane BII

3. Results and discussion
3.1 Characterization

3.1.1 FTIR analysis

Fig. 2(a) represented the FTIR spectra of anion exchange membrane BIll. The characteristic
peak appeared at 3300 cm™ is attributed to the stretching vibration of -OH group in the anion
exchange membrane BIl. The characteristic band at 915 cm™ in the spectra of BII is associated to
the C-N stretching vibration (Khan et al. 2016b). The adsorption peaks of symmetrical and
asymmetrical stretching vibration of C-O are at 1200 cm™ and 1306 cm™ and those of phenyl
group at 1469 cm™ and 1604 cm™ respectively (Khan et al. 2017, Khan et al. 2106¢, Khan et al.
2016d). The peak in the region of 2850-2985 cm™ in the spectra of BlI is corresponding to -CH3
stretching vibration from PPO backbone (Khan et al. 2015b).

3.1.2 Morphology

The morphology of anion exchange membrane BIl was studied by scanning electron
microscopy (SEM). Fig. 2(b) depicted the surface and cross-section images of anion exchange
membrane BIl used in the present wok. It can be seen that the used AEM possess uniform and
dense morphology. There is no visible pore, hole or crack on the membrane surface.

3.2 Effect of contact time

The effect of contact time on the removal efficiency of anion exchange membrane for these
anionic dyes from aqueous solution was investiged keeping the initial dye concentration of 50
mg/L, solution volume of 40 ml, shaking rate of 75 rmp and membrane dosage of 0.1 g constant
at room temperature and results are shown in Fig. 3(a). It is clear that the adsorption of all these
dyes was rapid in the start because the large number of empty sites on anion exchange membrane
were present for adsorption of dyes and after that it became slower. The maximum removal of
these anionic dyes attains after 48 hours. Thus, the equilibrium contact time for these anoinic dyes
is 48 hours and after that removal of dyes is almost constant. The contact time is one of the most
important parameter for economical wastewater treatment applications (Kadirvelu et al. 2005).
Therefore, it is suggested that the contact time of 48 hour is required to attain better removal of
these anionic dyes from aqueous solution using anion exchange membrane Bll as a adsorbent. The
removal of anionic dyes EB and CR were higher than EBT due to their different properties and
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Fig. 3 Effect of operational parameters on adsorption of EB, EBT and CR dyes on anion exchange
membrane Bll (a) effect of contact time; (b) effect of membrane dosage; (c) effect of temperature; (d)
effect of ionic strength

structures. The anionic dye EB have carboxlic and anthracene groups that can be attached with two
ion exchange groups thus making strong bond with anion exchange membrane (adsorbent) leading
to higher adsorption. Similarly, anionic dye CR have two sulphonic groups that can be bonded
with two ion exchange groups thus making strong bond with adsorbent. Moreover, amino groups
present in the CR are electron donating which facilitates the interaction of sulphonic groups with
ion exchnge membrane resulting in higher removal of dye. On the other hand, EBT have only one
sulphonic group which is also sterically hindered. Further, nitro group (NO,) attached with it is
electron withdrawing thus deactivating the interaction between EBT and ion exchange membrane
leading to lower adsorption of EBT.

3.3 Effect of membrane dosage

It is clear that the removal of anionic dyes increases with increasing the membrane dosage and
results are shown in Fig. 3(b). The removal of these anionic dyes Eosin-B, Eriochrome Black-T
and Congo Red was found to be increased from 70.71% to 99.47%, 72.45% to 85.80% and
29.99% to 90.64% respectively with increasing the membrane dosage from 0.02 to 0.1 g. With
increasing the membrane dosage, the percentage of removal of anionic dyes increases because the
number of available sorption sites on the surface of anion exchange membrane increases. There is
no significant change in the percentage removal after this amount so this dose amount was taken as
optimum amount for further experimentation.
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3.4 Effect of temperature

The effect of temperature on the percentage removal of these anionic dyes from aqueous
solution by anion exchange membrane was investigated. The results were conducted by varing the
temperature from 298 K to 328 K keeping the initial dyes concentraion of 50 mg/L, solution
volume of 40 ml, membrane dosage dosage of 0.1 g, shaking rate of 75 rmp and contact time of 48
hour constant. The obtained results for removal of these anionic dyes are shown in Fig. 3(c). It is
shown that the removal of EB and EBT is found to be decreased from 99.47% to 90.23% and
85.80% to 50.84% respectively by increasing temperature from 298 K to 318 K. These results
indicate that removal of EB and EBT onto BIl is an exothermic process. The decrease in
adsorption with increasing temperature is be due to decrease in surface activity with increasing
temperature (Zhang et al. 2012). On the other hand, the removal of CR is found to be increased
from 90.64% to 99.85% with increasing temperature as shown in Fig. 3(c), indicating that high
temperature favors the removal of CR dye from aqueous solution. This increase in adsorption is
due to the decrease in solubility of dye with increasing temperature. Further, increase in
temperature increases the mobility of large dye ions which may be responsible to increase in
adsorption of dye. An increasing number of molecules may acquire sufficient energy to undergo an
interaction with active sites at the surface (Dogan and Alkan 2003). Thus, the adsorption of CR
increases with temperature which shows that the adsorption of CR is an endothermic process. The
enhanced amount of adsorption with the rise in temperature may be either due to acceleration of
some originally slow adsorption steps or due to creation of some new active sites on the adsorbent
surface.

3.5 Effect of ionic strength

Mostly the wastewater contains different types of dyes and salts. The adsorption was found to
be strongly influenced by the concentration and nature of ionic species (Alkan and Dogan 2001).
The effect of ionic strength on the percentage removal of these anionic dyes from aqueous solution
by anion exchange membrane was studied. It is shown that the removal of EB and EBT dyes on
anion exchange membrane decreases with increasing the ionic strength at room temperature as
shown in Fig. 3(d) With increasing the concentration of NaCl salt from 0.2 M to 1.5 M, the
percentage removal of EB and EBT is found to be decreased from 96.33% to 84.83 % and 74.78%
to 52.75% respectively. The negative effect of ionic strength on the adsorption of these dyes is due
to competition between the dye anions and Cl- for the active sorption sites (Gong et al. 2005). On
the other hand, the removal of CR from aqueous solution is not affected with rising the
concentration of NaCl from 0.2 M to 1.5 M. This shows that there is no competition between Cl-
ions and sulphonate group of CR dye for sorption site on anion exchange membrane. The removal
of CR increases with the ionic strength as shown in Fig. 3(d) because the addition of salt enhances
the aggregation of dye molecules and decreases the solubility. An increase in aggregation promotes
the adsorption of dye molecules (Karadag et al. 2007). Another possibility is that the increase in
ionic strength enhances the positive charge of the adsorbent surface thus increases the electrostatic
attraction between dye (CR) and ion exchange membrane. Thus, the adsorption of CR is found to
be increased with increasing the ionic strength. Thus, it is concluded that anion exchange
membrane Bl can be utilized for removal of CR from water containing salt. The same results were
observed for removal of CR by using MgO(lI1) as adsorbent (Hu et al. 2010).
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Fig. 4 Pseudo-first order plot for adsorption of EB, EBT and CR dyes on anion exchange membrane Bl
3.6 Adsorption kinetics

Many kinetic models are employed to study the controlling mechanism of adsorption reactions
such as chemical reaction and diffusion control.

3.6.1 Pseudo-first-order kinetic model
The linearized form of pseudo-first-order rate equation is given by (Bouhamed et al. 2012)

kl

logd. —a)=log. -——1 (2
where g, and g; are the amount of dye adsorbed (mg/g) at equilibrium and time t (min)
respectively and k; is the rate constant of adsorption (/min). The graphical representation of
pseudo-first-order kinetic model for adsorption of anionic dyes onto Bll is shown in Fig. 4. The
parameters K; and g, for anionic dyes are calculated from slopes and intercepts of plots log(ge-qt)
verses t and given in Table 2. The values of correlation coefficients (R?) for pseudo-first-order
kinetics of these anionic dyes with different concentrations are relatively lower. Moreover, there is
a large difference between experimental (qe cxp) and calculated (e, ca) adsorption capacity values,
representing that the experimental data for these dyes does not fit to pseudo-first-order kinetic
model which is similar to the results reported for the adsorption of basic black and anionic reactive
dyes onto calcium alginate beads and dirty bentonite (Aravindhan et al. 2007, Kheira et al. 2016).
In fact, in a lot of cases, the Lagergren pseudo-first-order equation could not fit well to the whole
range of contact time and is generally applicable over initial stages of the adsorption processes (Ho
and McKay 1999, Bulut et al. 2008).
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Fig. 5 Pseudo-second order plot for adsorption of EB, EBT and CR dyes on anion exchange membrane BlI

3.6.2 Pseudo-second-order kinetic model
The lineaized form of pseudo-second-order kinetics model is expressed as (Ho 2006)

t 1 t

+ P
g ko g,

where k, (g/mol.min) is second order rate constant. The graphical representation of
pseudo-second-order kinetics for adsorption of these anionic dyes onto BII is shown in Fig. 5. The
values of g, and K, for these anionic dyes can be determined from the slope and intercept of plots t
verses t/q; and are given Table 2. The values of correlation coefficient (R?) are close to unity for the
all the cases studied. In addition to this, the values of calculated adsorption capacities (e, ca) are in
good agreement with the experimental (Qe, exp) One for the adsorption of these anionic dyes onto
BII. These results indicate that adsorption of these dyes onto anion exchange membrane BII
followed pseudo-second-order kinetics. Similar kinetics were studied onto LDH-based adsorbents
(Benselka-Hadj Abdelkader et al. 2011). The values of calculated adsorption capacities (Qe)
increases with initial dye concentration for all the cases studied as shown in Table 2. Moreover, the
the values of rate constants (k) for all these anionic dyes show decline trend due to the the steric
hindrance at higher concentraion (Ai et al. 2011).

3)

3.6.3 Elovich model

Namasivayam and sangeetha (Namasivayam and Sumithra 2005) indicated that the Elovich
expression (Eq. (4)) was initially used to describe the chemosorption kinetics of gases onto solids
(Cheung et al. 2000). In spites of this, it was widely used and cited in case of chemisorption
kinetics of of solid/liquid system (Cortes-Martinez et al. 2004). Currently, Elovich equation has
been generalized and frequently used in the sorption studies of many pollutants in aqueous
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solution (Hamdaoui 2006).

o = (%j In(ce.6)+ (%j () ()

where a is the chemi-sorption rate (mg/g.min) and / is the desorption constant related to the extent
of covered surface and activation energy for chemisorptions (g/mg). The graphical representation
of Elovich model for all these dyes with different concentration is shown in Fig. 6. The equation
parameters are calculated from slope and intercept of plot of Int verses ¢; and are given in Table 2.
The values of both parameters a (mg/g.min) and S (g/mg) changes with varing the initial
concentration of dyes. It is observed that the values of S decreases with increasing the
concentration of dyes as shown in Table 2 except for the higher concentration. On the other hand
the values of a increases with the initial concentration of dyes except for the highest concentration
the acid dye. The attained values of correlation coefficient (R?) for all the dyes with different
concentration are lower than pseudo-second order kinetics. As these both kinetic model consider
chemisorption of adsorbate with adsorbent molecules it can be concluded that dyes were attached
with adsorbent surface by chemical bond in chemical interaction. Elovich equation initially used to
show the begining of sorption process, long time before equilibrium, can be used correctly in case
of chemisorption with highly heterogeneous materials (Plazinski et al. 2009).

3.6.4 Liquid film diffusion model
The liquid film model is expressed as (Chowdhury et al. 2011)

_G%y_
Ln(l qe)_ K ot )
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Where K¢y is liquid film diffusion rate constant. The plots of In(1-0y/ge) verses t for liquid film
diffusion model for anionic dyes onto anion exchange membrane are shwon in Fig. 7. The values
of correlation coefficient (R?) of these dyes are in arrange of 0.98-0.95 as shown in Table 2. The
lines show deviation from the origin in the plot for liquid film diffusion model showing that not
only the liquid film mechanism but some other mechanisms were also operative in the adsorption
of dyes by anion membranes.
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Fig. 9 The Modified Freundlich plot for adsorption of EB, EBT and CR on anion exchange membranes Bl

3.6.5 The Bangham equation
The Bangham equation (Aharoni and Ungarish (1977)) is given as

log Iog(cc_:ﬁj = Iog(2 z‘bn;v j+a logt (6)
[o] t *

where C, is the initial concentration of dye solution (mg/L), V is volume of solution (mL), ¢ is
amount of dye adsorbed (mg/g) at time t, m is weight of adsorbent used (g/L). a (<1) and K,
(mL/(g/L) are constants. The plot of loglog(C,/C,-gim) vs logt for all these dyes is given in Fig. 8.
The values of a and m are calculated from slope and intercept of Fig. 8 and are given in Table 2.
The double logarithmic plot did not give linear curves for all these dyes removal by anion
exchange membrane BII indicating that the diffusion of adsorbate into pores of the adsorbent is not
the only rate controling step (Tutem et al. 1998, Mall et al. 2005).

3.6.6 The modified Freundlich equation
The modified Freundlich eaquation was orignally developed by Kuo and Lotse (1973)

g = kCt"" (7)

where g; amount of adsorbed dye (mg/g) at time t, k apparent adsorption rate constant (L/g.min),
C, 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 evaluate the effect of dye surface loading and ionic strength on
the adsorption process.

Linear form of modified Freundlich equation is given as
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Table 2 Kinetic parameters for adsorption of EB, EBT and CR on anion exchange membrane Bl

EB EBT CR
System
25mg/L  50mg/L  25mg/L  50mg/L  25mg/L 50 mg/L
qe (exp.) (mg/g) 9.74 19.89 8.18 17.16 8.18 17.16
Pseudo-first-order model
ge (mg/g) 8.23 16.53 7.33 14.83 7.96 14.62
k; (x 102 /min) 0.80 1.0 0.27 0.45 0.38 0.36
R? 0.982 0.931 0.952 0.989 0.963 0.959
Pseudo-second-order model
ge (mg/g) 10.83 21.88 10.97 22.56 8.15 16.45
ko (x10° g/mg.min) 0.30 0.18 0.10 0.04 2.01 2.03
R? 0.992 0.998 0.993 0.995 0.995 0.995
Elovich model
o (x10%mg/g.min) 0.89 20.4 2.90 4.70 3.30 7.70
S (g/mg) 0.49 0.22 0.61 0.22 0.47 0.29
R? 0.935 0.976 0.952 0.987 0.986 0.983
Liquid film diffusion model
keg x107 1.85 2.33 0.61 1.04 0.90 0.85
C -0.17 -0.15 -0.15 -0.03 -0.06 -0.14
R? 0.982 0.963 0.928 0.986 0.970 0.959
The Bangham equation
ko (mL/(g/L) 0.51 0.52 0.24 0.11 0.10 0.16
a 0.46 0.47 0.49 0.61 0.64 0.58
R? 0.844 0.908 0.909 0.947 0.948 0.973
The Modified Freunlich equation
M 2.16 2.13 2.06 1.65 1.67 1.60
k (x102L/g.min) 1.33 1.28 0.60 0.29 0.28 0.40
R? 0.886 0.926 0.909 0.946 0.948 0.973
1
Ing, = In(kCo)+EInt (8)

The graphical representation of modified Freundlich model for these anionic dyes removal is
given in Fig. 9. The parameters m and k are calculated from slope and intercept of Fig. 9 and are
given in Table 2. A comparison of k values shows that EB is removed more effectively than EBT
and CR by anion exchange membrane BIL.

3.6.7 Adsorption thermodynamics

The thermodynamic parameters namely Gibb’s free energy (AG°, kJ/mol), enthalpy (AH°,
kJ/mol) and entropy (AS°, J/mol.K) changes associated with the adsorption of these anionic dyes
onto anion exchange membrane were calculated by employing Gibb’s free energy (EQ. (12)) and
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Fig. 10 The Modified Freundlich plot for adsorption of EB, EBT and CR on anion exchange
membranes BlI

Van’t Hoff (Eq. (10)) equation (Yingjue et al. 2016, Vimonses et al. 2009)

AS°  AH°
hK.=22— 10
° R RT (10)
C
K.==2a 11
c=e (11)
AG = AH® —TAS® (12)

where K¢ is the distribution coefficient of adsorption, R is the universal gas constant (8.314
J/mol.K), and T is the absolute temperature (K). C, is the equilibrium concentration in solution
(mg/L) and C, is the solid phase concentration at equilibrium (mg/L). The plots of InK, verses 1/T
for these anionic dyes with different initial concentration is given in Fig. 10. The values of AH®
(KJ/mol) and AS° (KJ/mol.K) were calculated from slope and intercept of plot Inkc verses 1/T and
are given in Table 3. The Gibb’s free energy (AG®) values for EB and EBT adsorption onto anion
exchange membrane were measured from Eq. (12) and are given Table 3. It is found that the
values of Gibb’s free energy are positive for adsorption of anionic dyes EB and EBT onto anion
exchange membrane. The Gibb’s free energy (AG®) values increases for both EB and EBT with
increasing temperature as shown in Table 3. This may be due to interaction between the dyes on
solid surface with non equal competition attributed to the heterogeneity of adsorbent surface and
the system gained energy from external source at high temperatures. The values of enthalpy (AH®)
are negative for both anionic dyes adsorption onto BII indicating the exothermic nature of
adsorption process. Similarly, the values of entropy (AS°) for both EB and EBT are also negative
suggesting the decrease in randomness at adsorbent-solution interface during adsorption.
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Table 3 Thermodynamic parameters for adsorption of EB, EBT and CR on anion exchange membrane Bl

System  Co(mgl) A (KImol)  AS (imol) o AG (zi;mzl) K
o 25 16,82 2534 7.66 7.01 8.16
50 113.69 118,38 5,55 5.73 5.92

. 25 38,31 113550 33.78 34.91 37.18
50 37.62 11362 33.89 35.03 37.30

= 25 850.94 45.76 1278 1324 13.70

50 1250.48 63.48 17.66 118,30 18.93

On the other hand, the Gibb’s free energy (AG®) values for CR adsorption onto anion exchange
membrane BII were also calculated from Eq. (12) and are given in Table 3. It is clear that values
of Gibb’s free enery (AG°) decreases with increase in temperature indicating the decrease in
feasibility of adsorption at higher temperature. Moreover, the negative values of Gibb’s free energy
(AG®) show that the adsorption of CR onto anion exchange membrane is spontaneous in nature.
The positive values of AH® shows that the adsorption of CR onto anion exchange membrane is
endothermic process. Similarly the positive values of AS° indicates the increase in randomness at
the adsorbent-adsorbate interface during the CR adsorption onto anion exchange membrane.

4. Conclusions

The potential of anion exchange membrane BII for the removal of Eosin-B, Eriochrome
Black-T and Congo Red dyes from aqueous solution has been investigated using batch system. The
maximum dye removal was achieved using optimum experimental conditions of operating
parameters such as contact time, membrane dosage, temperature and ionic strength. The
percentage removal of anionic dyes increases with the contact time and reached maximum after 48
hours whereas maximum of removal of dyes were obtained using 0.1 g membrane dosage for all
the systems. The rise of temperature decreases the removal of EB and EBT from 99.47% to
90.23% and 85.80% to 50.84% repectively from aqueous solution indicating the exothermic nature
of EB and EBT adsorption. The removal of CR increases from 90.64% to 99.85% with rising
temperature from 298 K to 328 indicating the endothermic nature of adsorption. The ionic strength
had adverse affect on the removal of anionic dyes EB and EBT from aqueous solution by
BlIIwhereas the removal of CR by BII is not influenced by ionic strength. The adsorption kinetic
data reveals that adsorption process fitted well to pseudo-second order kinetic model with highest
numerical values of regression coefficient (R?). The adsorption of dyes on membranes follows
liquid film mechanism. The thermodynamics parameters for adsorption of these anionic dyes onto
anion exchange membrane were calculated employing Van,t Hoff equation and positive value of
Gibb’s free energy for EB and EBT suggest that adsorption process is non spontaneous, On the
other hand, the negative valueof Gibb’s free energy for CR indicates the spontaneous nature of
adsorption process. Moreover, positive value of entropy change (AS°) shows the higher affinity of
CR toward anion exchange membrane BII and increased randomness at adsorbent-adsorbate
interface during adsorption. These results showed that the anion exchange membrane Bll have a
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great potential to be used as adsorbent for the anionic dyes (Eosin-B, Eriochrome Black-T and
Congo Red from aqueous media.
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CcC

Nomenclature

Code Full name

EB Eosin B

EBT Erichrome Black T

CR Congo Red

AEM Anion exchange membrane

IEC Ion exchange capacity

Wr Water uptake

PVA Polyvinyl alcohal

QPPO Quaternized poly(2,6-dimethyl-1,4-phenylene oxide)
Co Initial dye concentration (mg/L)

Ce Dye concentration in solution (mg/L) at time t

oft Adsorption capacity at time “t”

Oe Adsorption capacity at equilibrium

R? Correlation coefficient

(Ges exp) Experimental data of equilibrium capacity (mg/g)
(9e» ca1) Equilibrium capacity obtained by calculating the isothermal model (mg/g)
Ky First order rate constant (/min)

K, Second order rate constant (g/mg/min)

a Chemi-sorption rate (/mg.min)

p Desorption constant (g/min)

Ksq Liquid film diffusion rate constant

t Time in minutes

\Y Liquid phase volume (L)

W weight of adsorbent (g)

Kc Distribution coefficient of adsorption

T Absolute temperature (K)

R Universal gas constant

AG° Free energy change of adsorption reaction (KJ/mol)
AH° Enthalpy change of adsorption reaction (KJ/mol)

AS° Entropy change of adsorption reaction (J/mol K)





