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Abstract In this study, novel blend hydrogel beads were prepared for the use in
removal of anionic textile dyes due to their hazardous impact to nature. Sodium
alginate and sodium alginate/poly(N-vinyl-2-pyrrolidone) beads were prepared by
gelation method into calcium chloride solution. Prepared blend beads were char-
acterized by TGA and FTIR analysis, and they were successfully used in adsorption
of the reactive red-120 (RR), cibacron brilliant red 3B-A (CBR) and remazol
brilliant blue R (RBB) in batch system. The effects of various parameters such as
pH, initial dye concentration, contact time and temperature onto adsorption were
investigated. The maximum adsorption capacities were found 116.8, 73.3 and
55.3 mg g~ ' for RR, CBR and RBB, respectively. The adsorption of dyes was well
described by pseudo-second-order kinetics and Langmuir isotherm. Thermody-
namic parameters indicated that the adsorption is spontaneous and exothermic.
These results have shown that blend hydrogel beads can be effectively used as
adsorbent in the removal of dyes from harmful wastewaters.

Keywords Hydrogel beads - Adsorption - Anionic dye - Sodium alginate -
Poly(N-vinyl-2-pyrrolidone)

0 Murat inal
inalmrt@yahoo.com

Department of Bioengineering, Faculty of Engineering, Kirikkale University, 71450 Yahgihan,
Kirikkale, Turkey

Department of Chemistry, Faculty of Science and Art, Kirikkale University, 71450 Yahsihan,
Kirikkale, Turkey

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00289-015-1367-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00289-015-1367-7&amp;domain=pdf

1736 Polym. Bull. (2015) 72:1735-1752

Introduction

Nowadays, environmental pollutions have increased because of growth of human
population and rapid development of industry. Organic based chemicals and
effluents used in many industries are some of the most important factors of
environmental pollution. Synthetic dyes and dyestuffs, which are a group of organic
based chemicals, are generally used in miscellaneous areas such as textile, paper,
printing, plastic, cosmetic, food and carpet [1, 2]. Approximately 20-40 % of dyes
used in these industries are disposed in the nature with the wastewaters [3]. Many of
dyes used in the textile industry and their degradation products (such as aromatic
amines) may be toxic, carcinogenic, teratogenic and mutagenic for humans and
aquatic organisms and in addition these can lead allergic reactions, skin irritation
etc. temporary diseases in human body [4-6]. Also, waste dyes cause to an
aesthetically disagreeable image on the water surface and decrease in photosyn-
thesis and/or dissolved oxygen concentration depending on reduction of sunlight
transition into the water [5, 7].

Dyes are composed from various groups such as acid, reactive, basic, cationic
and nonionic-disperse dyes [8]. The reactive dyes are commonly used dyes in textile
industry due to properties such as directly reacting with the cellulose fibers, bright
color, and high water solubility, resistance against microbial attack, light stability
and easy application [9]. They contain most functional groups such as azo,
anthraquinone, chlorotriazine, vinyl sulfone, and vinyl amide [10]. They have high
stability to chemical, photochemical, and biological degradation and thus, these
dyes may still remain as waste in the natural environment [3]. Hence, removal of
dyes is important for ecological balance and environmental problems. The physical,
chemical, and biological processes have been used to removal of dyes in the
wastewaters [11]. These treatment processes include chemical coagulation/floccu-
lation, ozonation, chemical oxidation, photo oxidation, enzymatic decomposition,
ion exchange, irradiation, membrane separation, electrochemical destruction, and
adsorption [9, 12, 13]. Adsorption is one of the most effective techniques between
these applications. This method has been used due to properties such as simplicity,
high efficiency, cost effectively, recovery, and reusability [14]. Many adsorbents
have been investigated, including activated carbon, inorganic or organic materials,
biological materials, and polymers.

A natural polysaccharide, sodium alginate (NaAlg) derived from brown
seaweeds, is composed of B-p-mannuronic acid and a-L-guluronic acid [15]. NaAlg
has many important properties such as biocompatible, biodegradable, non-toxic,
chelating able, gelable polysaccharide and suitable for chemical modification [16].
NaAlg can be formed as hydrogel beads and microspheres by cross-linking the
guluronic acid units with di- or polyvalent cations. The use of the natural,
biocompatible, non-toxic polymer hydrogels as adsorbent has been gradually
increased. However, usability of many natural polymers are limited to use as an
adsorbent due to some this disadvantages especially poor mechanical strength and
microbial degradation. For enhancing usability of natural polymers can be usually
blended by synthetic polymer(s) for semi interpenetrating polymer network
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hydrogel. While semi interpenetrating network hydrogel beads are prepared with
natural and synthetic polymers, convenient groups of natural polymer are cross
linked. At the same time, synthetic polymer chains remains between crosslink
networks of natural polymer. Because of is active in functional groups of synthetic
polymers in polymeric network, the obtained hydrogel beads effectively may be
used as an adsorbent [17-21].

Poly(N-vinyl-2-pyrrolidone) (PVP) is a non-toxic, biodegradable, biocompatible
via hydrophilic polymer that shows water solubility with respect to polar organic
solvents. Due to these advantages, PVP are favorable as blend hydrogels
component. There are several studies related to the adsorption of various anionic
dyes onto crosslinking PVP hydrogel in dye effluents [22-26]. In these studies, PVP
matrix as an adsorbent effectively was used for the removal of anionic dyes.

Carboxylate functions of natural polysaccharides are negatively charged in
neutral and alkaline media and hence have greater affinity to cations [27]. It was
reported that anionic polysaccharide hydrogels (such as alginate, pectin and
carrageenans) were not effective for removal of anionic dyes from wastewaters [17]
but in this study, we tried to remove anionic dyes with NaAlg/PVP blend beads.
There is no literature studied about NaAlg/PVP hydrogel beads related to dye
adsorption. In this study, NaAlg and NaAlg/PVP blend hydrogel beads were
prepared by crosslinking method using calcium chloride as a crosslinker. These
beads have been used for the removal of dyes such as reactive red 120 (RR),
cibacron brilliant red 3B-A (CBR), and remazol brilliant blue R (RBB). The effect
of various parameters such as pH, temperature, and initial dye concentration was
investigated. The equilibrium adsorption isotherms were described by various
isotherm models and also, thermodynamic and kinetic parameters for the adsorption
of dyes were investigated.

Experimental
Materials

Reactive Red-120 (chemical formula is C44H»4CIoN;4050S¢Nag, Amax i 511 nm),
CBR (chemical formula is C3,H4CINgO4S4Nay, Apax is 517 nm), RBB (chemical
formula is CyH 6N>O11S3Nay, Apax i 590 nm), NaAlg and PVP were obtained
from Sigma (Sigma-Aldrich Chemical Co., St. Louis, USA). All other chemicals
used in the experiment were of analytical grade.

Preparation of adsorbent beads

2 % (w/w) NaAlg and NaAlg/PVP (containing 80 % NaAlg-20 % PVP w/w)
solutions were prepared in distilled water and stirred for 2 h to form homogenous
solutions. 50 mL of polymer solutions added drop wise into the 500 mL water
containing 2 % (w/v) calcium chloride using a syringe and was allowed to harden in
polymer beads with stirring for 30 min. NaAlg and NaAlg/PVP polymer beads were
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rinsed three times with distilled water. After, the polymer beads were dried
completely at 40 °C under a vacuum to a constant weight.

Batch adsorption experiments

Adsorption experiments were performed using the batch system for the removal of
dyes. The effect of various parameters such as pH, initial dye concentration, contact
time, and temperature were studied in the orbital shaker at 100 rpm. Stock dye
solutions were prepared in distilled water as 1000 mg L™'. The adsorption
experiments were carried out by stirring 25 mL dye solution with 0.0325 g of
adsorbent beads. The effect of pH onto dye adsorption was studied at various pH
ranges between 1.2 and 5.0. The pH of the dye solutions was adjusted with buffer
solutions (KCI-HCl for pH = 1.2 and 2.0, potassium biphthalate for pH = 3.0, 4.0,
and 5.0). Then, the effect of temperature (25, 35, and 45 °C) and time
(60-1080 min) on adsorption of dyes were investigated. Finally, the effect of
initial dye concentrations (25-300 mg L™") on adsorption amount of dyes was
studied.

The equilibrium concentrations of dye in the adsorption solutions were estimated
spectrophotometrically using UV/Vis spectrophotometer (Shimadzu UV-1800,
Japan) by utilizing calibration curves established for each dye.

The adsorption amounts of dyes onto per unit of adsorbent at time (g, mg g~ ')
and equilibrium (g., mg g~ ') were calculated by using the following Eqs. 1 and 2:

g ={GmG XY m
go = CmCLE Y @)

where C,, C., and C; represent initial, equilibrium, and t time concentrations of RR,
CBR or RBB (mg L™'). V designates the volume of solution (L), and m illustrates
mass of adsorbent (g).

Results and discussions
The characterization of the beads

FTIR spectrums of NaAlg beads crosslinked with calcium chloride (A), the NaAlg/
PVP blend beads crosslinked with calcium chloride (B), NaAlg/PVP blend beads
treated with pH 1.2 buffer solution (C) and pure PVP polymer (D) were shown in
Fig. 1. The FTIR spectrum of NaAlg beads (A), the peaks around 3229, 2889, 1590,
1412, 1026 cm ™! were attributed to the stretching of —OH, aliphatic —-CH, —-COO™
(asymmetric), -COO~ (symmetric), C—O-C, and the bending of (O-H), respective-
ly. The spectrum of NaAlg/PVP blend beads (B) showed the peaks around 3281,
2923, 1593, 1416, and 1027 cm ™!, indicating the stretching of —OH, aliphatic —CH,
—COQO™ (asymmetric), -COO™ (symmetric), and C—-O-C, respectively. Also, the new
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Fig. 1 FTIR spectrums of NaAlg (a), NaAlg/PVP blend (b), NaAlg/PVP blend beads treatment with pH
1.2 buffer solution (c), and pure polymer of PVP (d)

peak around 1286 cm™' was attributed to the bending vibration of (C-N) on the
PVP groups [22]. In the spectrum (B), the peak at 1593 cm ™', which belongs to the
stretching of —COO™ (asymmetric), broadened due to overlap the stretching of
—COQO™ (asymmetric) on the NaAlg and the stretching of (C=0) on the PVP groups.
After the NaAlg/PVP blend beads were treated with pH 1.2 buffer solution (the
spectrum C), carboxylic groups of NaAlg were protonated. When the proton
displaced by sodium ions, it was observed that the stretching of —COO™
(asymmetric) on the alginate and (C=0) on the PVP appeared at 1731 and
1652 cm ™', respectively [28]. The observed characteristic peaks of the pure PVP
polymer (D) at the FTIR spectrum of the blend beads imply the presence of PVP
within the beads after blending with NaAlg.

Thermogravimetric curves of NaAlg beads, NaAlg/PVP blend beads, and pure
PVP polymer in a nitrogen atmosphere are shown in Fig. 2. The thermogram of
NaAlg beads (A) exhibited important three distinct stages until approximate 600 °C.
In the first range, the weight loss from room temperature to 206 °C was caused by
the dehydration of adsorbed water to the hydrophilic polymer beads. In the second
and third ranges of 206-384 °C and 384-563 °C was attributed the decomposition
and/or depolymerizaton of cross linked NaAlg structure and depolymerization of
NaAlg [29]. The thermogravimetric curve of NaAlg/PVP hydrogel beads
(B) showed three degradation steps until approximate 600 °C. The first in the
range from room temperature to 187 °C was attributed to elimination of adsorbed
water of the blend beads. The second in the range of 187-360 °C was ascribed to
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Fig. 2 Thermogravimetric curves of NaAlg beads (a), NaAlg/PVP blend beads (b) and pure polymer of
PVP (¢)

depolymerization of NaAlg and the decomposition of crosslinking NaAlg structure
in blend beads. The third in the range of 360-581 °C was attributed to the
decomposition and/or depolymerizaton of NaAlg and PVP structures. While the
weight loss at the thermogram of the NaAlg beads in the range of 384-563 °C is
8.23 %, the weight loss at the thermogram of NaAlg/PVP hydrogel beads in the
range of 360-581 °C is 21.63 %. This difference in the thermogravimetric curves of
the beads was attributed to the decomposition of PVP polymer chains. Because, the
main decomposition curves of pure polymer of PVP (C) was observed between 366
and 461 °C. These results indicated that physical mixtures of polymer chains of
PVP and NaAlg in the beads were created [30].

Effect of pH onto dye adsorption

The pH of adsorption solution is one of the most important factors in adsorption
studies. The pH of aqueous solution is affected by the chemical structure of dye
molecules and functional groups on the surface of adsorbent [31]. The effect of pH
on adsorption of dyes was studied for pH values ranging from 1.2 to 5.0 at initial
dye concentration of 50 mg L™, a contact time of 24 h, and at 25 °C. Equilibrium
dye uptake capacity (g., mg L") of the beads has been shown in Fig. 3. As it can be
seen from Fig. 3, the adsorption of dyes was not observed in the NaAlg hydrogel
beads. Whereas, the highest value of g. for NaAlg/PVP blend hydrogel beads was
obtained at pH 1.2. When the pH of the adsorption solution was increased, the
adsorption capacity of blend beads was significantly decreased. Similar results were
observed by various adsorption studies on reactive anionic dyes [3, 18, 31-33].
Cheng et al. [33] were studied removal of acid black 1 on amino-polysaccharides
and the highest value of g. was found as pH 3.0. At a low pH, a high electrostatic
attraction has been between the positively charged adsorbent and the anionic dye
molecules. When the pH of adsorption solution has increased, the number of
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Fig. 3 The effect of pH regimes on the adsorption of NaAlg and NaAlg/PVP beads at initial dye
concentration of 50 mg L™

negatively charged sites increased on the adsorbent molecule and adsorption of dye
molecules has decreased due to electrostatic repulsion.

The adsorption of dyes onto the beads clearly changed with the pH of adsorption
solution. The functional sodium sulfonate groups onto reactive dye molecules
dissociated in aqueous solution as (Dye-SO5;~) and (Na™t). As a result of this, dye
molecules were loaded with the negative charge. In acidic pH, tertiary amine groups
of PVP molecules into the blend beads protonated and loaded with positive charge.
As a result of this, the adsorption was occured through the electrostatic interaction
between the two opposite ions (positive charge on nitrogen atom of PVP groups and
negative charge on dye anion). However, the adsorption of the dye molecules in
high pH solutions was decreased due to the decrease in the electrostatic interaction
between the dye anions and the polymeric blend beads cations. When pH was
increased, amino groups on the polymeric beads deprotonated and consequently
adsorption capacity decreased [3, 25, 32, 33]. A schematic impression of possible
electrostatic interaction between negative charge of sulfonate group on the anionic
dyes and positive charge of polymer are shown in Fig. 4.

Also, the adsorption capacity has been changed depending on chemical structure
of dye molecules. Most affected dye by the change in pH was RBB and the
adsorption capacity of beads for RBB decreased 28.68 % with the pH of adsorption
solutions increasing from 1.2 to 4. When RBB compared with other dyes, it has least
anionic groups. Hence, adsorption capacity of RBB greatly is affected from pH
changes and g, values are lower than the RR and CBR. Similar results were shown
in literature [34, 35].

Effect of contact time and temperature onto the dye adsorption

The change of the adsorption of reactive dyes depending on the contact time and
temperature were studied in temperature range from 25 to 45 °C, contact time range

@ Springer



1742 Polym. Bull. (2015) 72:1735-1752

H* @,
N e N—H
(o) (0]
Protonation of pyrrolidone ring
S) ) O
N—H + SO; B —— N—H
(0]

(0]

Electrostatic interaction between dye molecules and pyrrolidone groups

Fig. 4 Schematic impression of possible electrostatic interaction between anionic dyes and polymer
beads

40

—0
35 —
72}
T 301
(3
e
o
® 251
(4
()]
E 5
T
15 1 —— 25°C
—O—35°C
—v— 45°C
10 T T T T T
0 200 400 600 800 1000 1200

t, minutes

Fig. 5 Effects of contact time and temperature on RR uptake on NaAlg/PVP blend beads at pH 1.2

from 60 to 1080 min, at initial dyes concentration of 50 mg L', initial pH of 1.2,
and adsorbent beads of 0.0325 g. The effects of contact time and temperature onto
the adsorption for polymeric NaAlg/PVP hydrogel beads are illustrated in Figs. 5, 6,
and 7.

The contact time between adsorbate and adsorbent is one of the most important
variables that affect the adsorption capacity of adsorbent molecules [36]. It can be
seen from Figs. 5, 6, and 7 that the adsorption of all dyes was very fast at the first
240 min of the contact time and then it gradually decreased until reaches to an
equilibrium stage. The adsorption of all the reactive dyes reached equilibrium stage
at 600 min. The fast adsorption in the beginning may be due to existence of a large
number of regions available on the surface of the adsorbent for adsorption. After
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Fig. 6 Effects of contact time and temperature on CBR uptake on NaAlg/PVP blend beads at pH 1.2
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Fig. 7 Effects of contact time and temperature on RBB uptake on NaAlg/PVP blend beads at pH 1.2

240 min of the contact time, adsorption of all the dyes decreased due to the blocking
of specific regions for dye adsorption. In other words, after a while, the remaining
surface regions were difficult to be occupied because of the repulsion force between
the adsorbed dye molecules on the surface of adsorbent and dye molecules in the
solution. Also, this may dependent on saturation of active regions as a result of
bonding to the outer surface and entrancing into the pores of the hydrogel beads of
dye molecules [3, 36, 37]. Celekli et al. [38] found similar result from adsorption
study of Lanaset Red on lentil straw. The adsorption of dye molecules accrued
rapidly during first 90 min of contact time and then the adsorption slowed down due
to the saturation of binding sites on adsorbent surface [38].
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Thermodynamics of the adsorption process can be determined with thermody-
namic parameters such as standard free energy (AG®), enthalpy (AH®), and entropy
(AS°®). The standard free energy (AG®) is calculated using the following Eqs. 3 and 4:

AG® = AH® — TAS® 3)
AG® = —RTInK, (4)

Van’t Hoff equation (Eq. 5) is obtained by combining Eqs. 3 and 4:
AS®  AH°

— 5
R RT )

where K. is the equilibrium constant, which is the ratio of the equilibrium con-
centration of the dye molecules onto adsorbent to the equilibrium concentration of
the dye molecules in solution, R is the universal gas constant (8.314 J mol ' K1)
and T is the adsorption temperature (in Kelvin). Values of AG® (kJ mol™') at
different temperatures were determined from above equations. The values of AH®
and AS° were calculated from the slope and intercept of the plot between InK,.
versus 1/ (R* >0.983) [14].

The Figs. 5, 6, and 7 designate the influence of temperature on capability of
adsorption of the NaAlg/PVP blend beads. The calculated thermodynamic
parameters are listed in Table 1. It can be seen from Figs. 5, 6, and 7 that the
adsorption capacity of RR and CBR dyes did not change with increasing
temperature, but the adsorption capacity for the RBB decreased from 28.88 to
18.88 mg g~ with increasing temperature. If the numbers of anionic functional
groups on dyes increase, interaction between adsorbent and adsorbate may increase.
Anionic groups on RBB are less than RR and CBR. Therefore, electrostatic
attraction force between RBB and blend hydrogel beads is lower than the other
dyes. Hence, adsorption of RBB molecules onto and/or into adsorbate decreases
with increasing temperature. As is known, RR and CBR dyes have a great number
of anionic groups. So, the hydrogel beads are strong interaction with the RR and
CBR dyes. Their adsorption capacities are higher than RBB and the adsorption
capacity has not changed despite increasing temperature. The various adsorption

InK. =

Table 1 Thermodynamic parameters for the adsorption of all the dyes onto composite hydrogel beads

Dye T (K) AG® (J mol™") AH® (J mol™") AS® (Jmol™' K71
RR 298 —6322 —24208 —59.8
308 —5896
318 —5118
CBR 298 —6307 —26644 —68.3
308 —5539
318 —4945
RBB 298 —2169 —31919 —~100.0
308 —981
318 —-178
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studies on reactive anionic dyes designated similar results [7, 12, 14]. Regarding the
effect of temperature onto adsorption, the obtained results indicated that adsorption
of the dyes is physisorption. The calculated thermodynamic parameters (AG®, AH®,
and AS°) agreed with these results. The negative values of AH® all of dye adsorption
demonstrated that the adsorption is exothermic and likely to be physisorption due to
the weak electrostatic forces between adsorbent and adsorbate. Besides, recently in
reactive dyes adsorption studies, adsorption is described as an exothermic process
[12, 14, 39].

The negative values of AG® suggested that the adsorption process is spontaneous.
In general, the values of standard free energy are in range from —20 to 0 kJ mol ™"
and from —80 to —400 kJ mol~" for physisorption and chemisorption, respectively
[40]. The values of AG® in all the adsorption studies changed in range of —6.32 to
—0.18 kJ mol™". In this study, obtained results indicated that the adsorption of all
the dyes is spontaneous physisorption [14, 39]. The negative value of AS° confirms
that the randomness at the solid blend beads/the dye solutions interface decreases
during the adsorption of the dyes onto polymeric beads [39].

Vimonses et al. [14] studied thermodynamics of Congo red adsorption onto clay
materials and reported that as exothermic and spontaneous physisorption of
adsorption process. Asgher and Bhatti [12] were investigated adsorption potential of
Citrus waste. They showed that the removal process of anionic dyes (reactive
yellow 42, reactive red 45, reactive blue 19 and reactive blue 49) onto these wastes
was exothermic and physisorption.

Adsorption Kkinetics

Various kinetic models have suggested for the elucidation of the adsorption
mechanisms of harmful wastes. Pseudo-first-order and pseudo-second-order kinetics
models were performed to investigate the dye adsorption mechanisms from aqueous
solution onto the NaAlg/PVP beads. The equations related to these models are given
as follows Eqgs. 6 and 7 [41]:

In(ge — q¢) = Ing. — ky (Pseudo-first-order model (6)
t 1 1
— = — + —t (Pseudo- second-order model) (7)
a kg ge

where, ¢, is the equilibrium adsorption capacity (mg g~ '), k; is the pseudo-first-
order rate constant (min~'), ¢, is the amount of adsorbed dye (mg gfl) at time ¢ and
k, is the pseudo-second-order rate constant (g mg~' min~"). The kinetic parameters
for both models at different temperatures are presented in Table 2.

The determined correlation coefficients (R?, ranging from 0.992 to 0.999) showed
that adsorption processes of dyes onto the beads complied with pseudo-second-order
kinetic model. The equilibrium adsorption capacity calculated from the pseudo-
second-order model for all of the dyes are compatible with the experimental values
[4, 11]. These results have shown that the adsorption of dyes onto the beads at
different temperatures is quite compatible for pseudo-second-order kinetic model.
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Table 2 Pseudo first and second order rate constant for different temperatures (pH 1.2 and
Co=50mg L™

Dye Temperature (°C)  Gexp Pseudo first order kinetic Pseudo second order kinetic
ky qcal R ky Gcal R
RR 25 36.64  0.00678 33.91 0.982 0.00043 38.83 0.992
35 36.28  0.00865 45.78 0.928 0.00048 38.31 0.993
45 35.12  0.00478 17.50 0.967 0.00064 36.11 0.997
CBR 25 35.66  0.00432 24.38 0.991 0.00041 37.31 0.992
35 3449  0.00577 26.91 0.957 0.00052 35.97 0.995
45 33.33  0.00532 18.48 0.982 0.00078 34.36 0.997
RBB 25 28.00  0.00463 14.98 0.987 0.00085 28.82 0.997
35 22.87  0.00591 9.27 0.977 0.00191 23.31 0.999
45 18.88  0.00408 3.20 0.873 0.00451 19.01 0.999

Similar results were observed in the variety adsorption studies as the removal of
reactive red 120 with Spirogyra majuscula [11], remazol brilliant blue R with
peanut hull-based activated carbon [41], remazol brilliant orange 3R with coffee
husk-based activated carbon [37], three anionic dyes (methyl orange, brilliant
yellow, and alizarin red) with magnetic-sulfonic graphene nanocomposite [42].

Effect of initial concentration onto the dye adsorption

Initial concentration in adsorption studies which is one of the most important
parameters affecting mass transfer between aqueous solution and solid adsorbent.
However, mass transfer affects the uptake capacity of adsorbent molecules [3, 11,
43]. The anionic dyes uptake capacity of the polymeric blend beads was
investigated at various initial dye concentrations (C, = 25-300 mg L™"). The
effect of initial dye concentrations on the adsorption of all the dyes is shown in
Fig. 8. According to the results presented in Fig. 8, the equilibrium adsorption
capacity increased with increasing initial dye concentration from 25 to 200 mg L™
(for the CBR and the RBB dyes) and from 25 to 250 mg L' (for the RR dye).
Similar results were found in the literature [3, 7, 37]. This result can be attributed to
an increase in the initial dye concentration that is accelerated the mass transfer
between dye solution and adsorbent, and thus behaves as a driving force for the
transfer of dye molecules from dye solution to the surface of the beads [14, 37].
Also, the dye uptake capacity of the blend beads increases depending on the
increase of the dye concentration due to more interactions or more collision between
the adsorbate dye molecules with the adsorbent beads [7, 39]. But, after a certain
concentration of the dyes, dye uptake capacity of the beads reaches a constant value
because there are no active regions for the adsorption on the surface of the beads or
adsorption regions coated with the dyes molecules. This trend is compatible with
earlier studies related to anionic dyes adsorption such as reactive black 5 onto
chitosan [44], Lanaset Red on lentil straw [38].
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pH 1.2

Adsorption isotherm

The most important data obtained from the equilibrium adsorption isotherms to
explain the mechanism of adsorption process. The most widely isotherm models
which Langmuir and Freundlich isotherms were employed to explain adsorption
process. A Langmuir isotherm base on the adsorption of molecules occurs as
monolayer on a homogeneous surface [3].

The linearized equation for the Langmuir isotherm is given by the following
Eq. 8:

C. 1 C.

qe B QmaxKL Gmax

(8)

where C, is the equilibrium dye concentration in adsorption solution (mg L_l), Gmax
is the adsorption capacity (mg g~ ') and K is the Langmuir constant (L mg™"). The
essential characteristics of Langmuir dimensionless constant separation factor, Ry
are defined by the following Eq. 9 [45]:

1

RL=—— 9
LT 13k, ©)

where C, is the initial concentration of adsorption solution (mg L™'). The ad-
sorption process depending on the value of Ry is unfavorable (R >1.0), linear
(R, = 1.0), favorable, (1 > Ry > 0) or irreversible (R, = 0) [18].

Freundlich isotherm is a model that describes as multilayer of adsorption of
molecules on the heterogeneous adsorbent surface and is calculated with follows
Eq. 10:
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Table 3 Langmuir and Freundlich isotherm parameters, correlation coefficients and values of separation
factor (Ry) for the adsorption of all the dyes onto composite hydrogel beads

Dye Gexp Gmax Langmuir isotherm Freundlich isotherm
K. (L mg™h R? Ry Kr n R?
RR 117.90 121.51 0.192 0.998 0.0945 26.58 2.95 0911
CBR 74.31 75.82 0.294 0.999 0.1138 31.11 5.24 0.902
RBB 56.42 60.24 0.082 0.992 0.1959 15.61 3.78 0.900
I
ge = KrCe (10)

where K is the Freundlich constant and n is heterogeneity factor.

Adsorption isotherm constants, values of correlation coefficients and separa-
tion factor values (Rp) presented in Table 3. The results obtained from
experimental data showed that the adsorption of dyes meets to Langmuir
isotherm model compared with the Freundlich isotherm model. The results of
adsorption isotherm all of the dyes for the blend beads provided a very good fit
to Langmuir isotherm model because of the high correlation coefficients
(R* = 0.992-0.998). The Langmuir isotherm indicated that each of active sites
on the surface of the adsorbent is capable of adsorbing alone single one dye
molecule. In addition, the g.x values calculated from Langmuir isotherm were
suitable with experimental ¢, values. The values of Ry (0.0945-0.1959)
observed in the range of 0-1 and confirmed the adsorption process for blend
beads is favorable [11, 46]. The similar results reported in the variety literatures
such as the adsorption of Acid Red 111 on natural and activated vine stem [47],
Congo Red from aqueous solutions on Perlite [48], Reactive Black 5 from
aqueous solution onto chitosan [44] and Congo Red onto chitosan/poly(vinyl
alcohol) hydrogel beads [18].

Column studies with real dye effluent

Column tests were carried out for determine the adsorption capacity of NaAlg/PVP
blend beads for removing of reactive dyes from textile effluent under continuous
flow conditions of dye solution. A glass column (length and diameter
50 cm x 1.3 cm) was filled with NaAlg/PVP blend beads. Textile wastewater
containing the RR (obtained from a textile company, Kestel, Bursa, Turkey) was
used during this experiment. Dye concentration and pH value in the textile effluent
solution was measured as 137.20 ppm and 10.1, respectively. Then, pH value of this
solution was adjusted as 5.0 using 1 M HCI solution and dye concentration of
wastewater almost unchanged. Flow rate of dye solution from column was adjusted
as 5 mL/min using a peristaltic pump (Cole-parmer, Masterflex L/S, USA). The
equilibrium adsorption capacity and removal percentage were found 44.26 mg g~ '
and 75.01 %, respectively. The equilibrium adsorption capacity and removal
percentage values in the initial dye concentration study (Part: Effect of initial dye
concentration onto the adsorption) of 150 ppm synthetic RR solution in batch
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Table 4 Comparison of maximum adsorption capacities of various adsorbents for removal of RR, CBR,

and RBB
Adsorbent Studied parameters  Dye Gmax (Mg g_') References
Seashell wastes C, = 300 mg Lt RR 27.70 [50]
V=25mL
m=6gL™"
Lentinus sajor-caju C, = 800 mg L™ RR 182.90 [4]
V =50 mL
m=1mgmL™"
Furnace slag C, = 500 mg L! RR 55.00 [31]
V =100 mL
m=5mg mL™’
NaAlg/PVP beads Co =300 mg L™ RR 116.82 Present work
V =25mL
m = 0.0325 g
Immobilized chitosan on glass plates  C, = 80 mg L™ CBR  104.88 [51]
V=30 mL
m = 20 mg
Coke waste Co=90mgL™" CBR 7030 [52]
V =30 mL
m=0.15g
Protonated sludge Co = 900 mg L™ CBR  73.70 [53]
V=30 mL
m=20.15g
NaAlg/PVP beads Co=250mg L™ CBR 73.26 Present work
V =25mL
m = 0.0325 g
Peanut hull-based activated carbon C, = 300 mg L~! RBB  149.25 [41]
V =25mL
m=0.04¢g
Fly ash Co = 500 mg L™ RBB  165.00 [54]
V =50 mL
m=03g
Activated sepiolite C, = 200 mg Lt RBB 994 [55]
V=25mL
m=05¢g
NaAlg/PVP beads Co =250 mg L™ RBB  55.28 Present work
V=25mL
m=0.0325¢g

C, initial dye concentration, V volume of adsorption solution, m mass of adsorbent

system were determined as 93.00 mg g~

1

and 80.60 %, respectively. When the g,

values of the 150 ppm RR solution in batch system compared with column system,
q. values of column about half of batch system. This result can be attributed to the
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effect of salt. Salts which were added in textile dye solutions may be reduced the
adsorption of RR. Consequently, the anions in salt adsorbed on positively charged
active PVP groups and the adsorption of RR molecules on blend beads decreased
[49].

Comparison of various adsorbents

Comparisons of maximum adsorption capacities of various adsorbents for removal
of dyes were summarized in Table 4. The g,.x values observed that NaAlg/PVP
hydrogel beads may be useful adsorbent the removal of reactive anionic dyes. The
materials used for preparation of hydrogel beads have biocompatible, biodegrad-
able, non-toxic properties and the advantages of these materials were given in
various adsorption studies [4, 17, 18, 27, 31, 33, 41, 44, 50-55].

Conclusions

The anionic alginate hydrogels were not used effectively in removal of anionic dyes
from wastewaters. Therefore, in this study, blend hydrogel beads of NaAlg/PVP
were prepared and these beads have been used for removal of RR, CBR, and RBB.
The maximum adsorption capacities were found 116.82 mg g~ for RR,
73.26 mg g~ for CBR, and 55.28 mg g~ ' for RBB. The adsorption is exothermic
and likely to be physisorption. The obtained NaAlg/PVP blend beads may be used
effectively in the removal of anionic dyes from textile wastewaters.
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