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ABSTRACT

A hydrogel composed of chitosaymafted acrylamideco-acrylic acid monomers has been synthesized
using ceric ammonium nitrate as an initiator. The prepared hydrogel samples leavedharacterized using
FTIR and SEM. The aim of this work is to use the prepared hydrogel in the reactive dyes adsorption from real
wastewater sample collected from a textile factory. Effect of preparing four hydrogel samples using different
crosslinker weight ratios in adsorption of Reactive Red RSS and Blue HB dyes have been studied. Effects of
contact time (2 to 6 hours) and initial solution pH-§2 on dye adsorption has been investigated. The best
obtained results of COD and TDS have been achievesh wpplying 3 hours contact time and pH 6. The
adsorption parameters were determined based on Langmuir and Freundlich isotherms obtained from the
equilibrium adsorption data for the direct dye, Also, it was noticed that the prepared hydrogel shows good
ability to uptake textile dyes from wastewater.
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INTRODUCTION

Nowadays, contaminated colored effluents are the reason of a huge emmental problem[1],
therefore colored wastewater cannot be discharged without an adequate treatment. Wastewater treatment
difficulties is faced when Synthetic dye is used because of its complex aromatic structures, which increase both
stability and biodegadability [25]. Different procedures have been applied for removing dyes from
wastewater such as coagulation [6], filtration [7], ozonation [8], absorption [9], membrane processes [10],
advanced oxidation processes [11] and adsorption [12].

Among the mationed methods for dye removal, adsorption is an effective, economical and simply
applied methods used in the removal of textile dyes-]BH. Many different adsorbents were used to lower
dye concentrations in the contaminated wastewater {18]. Recently much attention has been paid to
polysaccharide adsorbent known as “hydrogel” for dyes

Hydrogels are 3D crodimked polymers, which have the ability of swelling and retaining a huge
amount of water. Hydrogels have many applications, which hekolving some environmental problems {19
20]. Nowadays, some studies have dealt with the removal of dyes using natural polysaccharides hydrogel
especially using chitosan. Due to the anionic properties of chitosan polysaccharide hydrogel it has the
capablity of adsorbing cationic dyes from aqueous solutions via the electrostatic attraction force.

In case of anionic dyes, chitoshased hydrogel is an appropriate solution due to the presence of the
amino groups which are protonated and hence positiveigrged in acidic solutions [21]. Chitosan has been
investigated by several researchers as a biopolymer adsorbent for the dye removal from aqueous solutions
[22].

Chitosan has a potential as an efficient adsorbent for almost all classes of dyes, easieqtytes that
can be related to its natural cationic properties [23]. George & Nikolaos [24] studied reactive and basic dyes
removing methods from aqueous solutions using cHigsed chitosan derivatives as sorbents; Hemalatha &
Sudha [25] Studied the fefct of polymerization variables including initiator and crisger concentration on
the dye adsorption capacity on-Maleilated chitosarg- (methyl methacrylate) cgpolymer hydrogel.

Mousa et. al., [26] synthesized biopolymer adsorbent composed tbsamnethyl acrylate (Clg-Ea)
and applied it for the removal of Basic Blue 41 (BB41) and Basic Red 18 (BR18) from colored solutions. Lazaridis
et al. [27] induced a free radical initiated polymerization for grafting chitosan by poly (acrylic acid) &nd pol
(acrylamide) through persulfate processes, maximum adsorption equals to 1.068 mmol/g.

The aim of the present study is to describe the synthesis and characterization of a grafted chitosan
using different crosdinker weight ratios. The grafting procesashbeen confirmed using FTIR and SEM.
Swelling water ratio for the obtained hydrogels have been studied. The adsorption behavior of Reactive two
reactive dye Blue HB towards chitosan has been studied. The influence of some factors, such as pH, contact
time on chitosan adsorption capacity for mentioned dyes, has been investigated. The adsorption Kkinetics
parameters that characterize the adsorption processes were estimated.

MATERIALS AND METHODS

Materials

Chitosan (Ch) industrial grade degree of actigyita>70% (Sigma Aldrich Chemical Company Ltd.).
Acrylamide (Am) [Baker Chemical Co., USA] were used after crystallization in acetéasefHPharmaceutical
Chemical Co.). Acrylic acid (AA) (Merck, Germany) was stored b&bvwAl other chemicals wemnalytical
grade and used without any purifications.
Hydrogel Preparation

The grafting procedure has been carried out after the procedure described by Souror et al. [28] with

some modifications. Hydrogel samples have been prepared, where 4g of chitasapekn dissolved in 140
mL. Then, 1 g of ceric ammonium nitrate (CAN), 16 g of acrylamide (Am) and 4 ml acrylic acid (AA) mixtures
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have been added. Four different weights of MBA (0.1, 0.3, 0.5 & 0.7 g) has been added, samples named from 1
to 4, respectivly.

The resulted hydrogel samples have been adjusted to pH 8 then, washed with ethanol solution,
filtered and dried at 70 C until constant weight has
adopted with about 5.0 g of the hydrogel adder250 ml of 1N NaOH. The hydrolysis carded at 900C for
60 min. After completion of the hydrolysis, the product is washed thoroughly with 70% ethanol and dried at
80°C until achieving constant weight [29].

Characterization and Analysis
FTIR

FTIRspectra of the grafted hydrogel products were determined using FG1IB0 type A Jasedapan
TGS detector with the absorbance technique wavelength ranging from 500 to 40Q0aéth scanning speed
of 2 mm/s.

SEM

Hydrogel samples were hydrated with -tized water, frozen in liquid nitrogen overnight. Dried.
SEM instrument model JEOL: BAAA has been used. All samples were gold coated prior to measurement.

Swelling water ratio (SWR)

Swelling behavior of the produced hydrogel samples have been evdluBte dry hydrogel (0.1g) has
been soaked in 100 ml distilled water for period up to 24 hr at room temperature. After this time, swollen
samples have been removed from the water, the surface water has been removed using filter paper after 10
min then thesamples were weighted. SWR has been calculated using the following equation [30]:

W.-Wg ]
SWR (g/g) = Tﬂ“ @

Where: W and Wi represent the weight of the wet and the dry hydrogel, respectively.
Adsorption kinetics

Adsorption kinetics experiment has been carrmat using batch technique; 100 mg hydrogel has
been immersed in 50 ml dye solutions at room temperature. The effect obcbtitne on dye removal of both
dye types has been done using shaker at a constant stirring speed of 120 rpm. Adsorption experiments have
been carriedout at 2, 4 and 6 hr contact time, 2, 4 and 6 pH and-300 mg/L initial dye concentration. The
correspanding absorbance dye concentration left in the solution was measured using spectrophotometer at
532 nm forReactive Re®SS and 400 nfar Reactive Blue HB.

The wastewater characterization is shown in Table (1). The dye adsorbed quantities have been
calculated from the difference between the starting and ending solution concentrations. The amount (mg) of
adsorbed dye per unit mass (¢)tbe hydrogels have been calculated by using the following equation:

(E-Cp 141
m

Q.= )

Where:
Q: amount of dye absorbed per unit mass of the hydrogel (mg dye/g hydrogahd@ are the concentration

of the dye in the initial solution anthe equilibrium solution, respectively, (mg/dn \4 is the dye solution
volume (dnd), and m (g) is the weight of dry hydrogel.
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Equilibrium Studies

The adsorption equilibrium was obtained by employing 0.15 g of chitosan and 100 mL aqueous
solution ofdye with various concentrations at room temperature. The solutions were stirred until reaching
adsorption equilibrium and then the same steps as mentioned in section 2.3.4. The adsorption capacity of the
prepared hydrogel has been evaluated via calcutptthe amount of dye adsorbed at equilibrium using
equation (2).

Table (1) Wastewater Effluent and Dye Characteristics

Wastewater Effluent Characteristics

Parameter Sample 1 Sample 2
Initial dye concentration, mg/L 350 300
pH 11 9.8
COD, mg/L 1440 1279
TDS, mg/L 12500 10450
Dyes Characteristics
Parameter Dye 1 Dye 2
Name Reactive Red RSS Reactive Blue HB
Molecular Formula GsHs0CbN14aN 860206 GoHi17CINNasO11Ss
Molecular Weight 1752.11 840.097
Color Red Blue

RESULT AND DISCUSSION
Hydrogel Characterization

FTIR

FTIR for chitosan, acrylamide and the produced hydrogel samples are presented in Figure (1). The IR
spectrum forraw chitosan has strong peaks around 3455'cf@-H stretch vibration and inter hydrogen
bonds, 2879 cm (G-H stretch), 1600 crh(N-H bend), 1327 crh(G-N stretch) and 1092 ch(G-O stretch).

For the three grafted chitosan samples, the peak at 3416 isnof quite a reduced intensity and broad (due to
overlapping of ©H stretching of chitosan and-N stretching of amide groups at Am). Reduced intensity of
this peak with respect to chitosan, shows that appreciable amounts-6f &hd NH of chitosan hay been
grafted with polyacrylamide chains.

Amide (1) (C=0) and amide (Il) gNHands are seen at 1583 ¢ras one sharp peak in spite of being
separated into two peaks at 1671 érand 1630 cnt in the IR spectra of raw Am. Peak around 1432 ¢GN
stretching) in graft copolymer further supports grafting, these dsttawed characteristic peaks which are in
close agreement with the reported data. Occurrence of the nitreggdrogen and carbowoxygen stretching
vibrations in the tested hydrogel confirntise signal of grafting process [31, 32].
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Figure (1) FTIR for chitosan, Am and the grafted hydrogel samples
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SEM for pure chitosan, acrylamide and grafted hydrogel samples are presented in Figure (2). Pure

chitosan shows flaky nature witliregular shape and porous surface according to the chitosan nature [33],

while Acrylamide has an oval shape. For the grafted chitosan samples (1,2,3 & 4), obviously observed

difference in the surface morphology due to the absence of either oval shapéidlps or the flaky shape and

the presence of more number of pores. It provides direct evidence that phase separation occurred in chitosan

grafted hydrogel [34].

Figure (2) SEM for chitosan, Am and grafted hydrogel samples (1, 2, 3 & 4) with

Swelling Water Ratio (SWR)

different MBA weight ratios.

SWR over a period of 24 hr has been studied for the prepared hydrogel samples and presented in

Figure For all sampl es, it

(3).

s not itcfieechouts,afiet

S WR

that the hydrogel weight began to slightly increase till the water uptake almost stopped. The maximum SWR
values were 54, 51.86 and 38.8 g/g for samples 2,3 and 4, respectively. There was an initial increase in the
swelling at the begining, which may be due to the presence of more number of monomer molecules in the
vicinity of the propagated chain sites of hydrogel chain. Upon starting the swelling process, the hydrogel has a

high hydrophilicity that causes a stronger ability for incieg the water absorption. The reduction in water

absorbency by increasing of crdssker content, can be attributed to the fact that cross linker increases the
degree of chain attaching and hence decrease the availability of absorbing water [35].
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Figure (3) SWR in distilled water during 24 hr
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COD, TDS and Dyes Adsorption
Effect of contact time on adsorption of COD and TDS

The effect of contact time on COD and TDS values using the grafted chitosan hydrogel has been
studied. As showin Figures (4 & 5), the investigation has been done on two different types of reactive dyes
(Red RSS and Blue HB) at pH 6.2 with the contact time ranged from 3 to 24 hours under constant shaking
speed. It was found that increasing the contact time up toh2drs does not affect the COD removal or TDS
reduction. The best results have been achieved applying contact tirfieh(®irs). When comparing the results
achieved using the fodnydrogel samples, it was found that sample 1 did not achieve good results.
Wastewater containing red dye RSS is excluded due to low response towards the COD and TDS with different
hydrogel types.

It can be observed by increasing the créisRer weight ratio to 0.7 g, the adsorption capacity was
promoted, while the composite hydgels containing 0.1 g show low adsorption capacity. It can be observed
that by increasing the crodsker weight ratio to 0.7 g the adsorption capacity was elevated. This result may
be attributed to the fact that the physical crosslinking degree incredsesling to the increase in the polymer
molecular weight and hence increase the number of functional groups which will lead to trapping more
molecules to a definite limit. From the previous results, it can be concluded that during the second phase of
the experiments only wastewater containing blue HB dye sample will be tested. The contact time adopted was
between 36 hours.
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Figure (4) Effect of contact time on COD for Red RSS and Blue HB dyes using the four Hydrogel Samples
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Figure (5) Effect of contact time on TDS for Red RSS and Blue HB dyes using the four Hydrogel Samples
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Effect of Initial Ph
Dye Adsorption

The results of Blue HB dye adsorption with initial concentration of 300 mg/g, using 3 hr. contact time
and diferent pH values ranging from 2 to 6 have been studied and the results have been indicated in Figure
(6). For Blue HB dye, the hydrogel adsorption capacities increased with increasing pH to a certain limit. This
result may be attributed to the occurrencd imnized group in the hydrogel structure, because of the change in
ionization degree at low acidic conditions. The carboxyl groups occurred iFonmed form and no
interaction can take place between the carboxyl groups in the adsorbent and the dyeutesleThe optimum
pH reported for chitosan in the case of Reactive Blue dye was 6.0. [36]
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Figure (6) Effect of initial pH on Blue HB dye adsorption (C,= 300 mg/g, w= 0.02 g, V=0.25 L, T=25 °C)
COD and TDS Adsorption

To study the efct of pH on COD and TDS values, experiments have been performed at pH-fange 2
as shown in Table (2). The pH of the solution hsigjaificant effect on the efficiency of dye removing process,
as it inffluence the adsorbent surface charge, the ioni
dissociation of functional groups on the active sites of the used hydrogel andhémistry of dye solution
[37].

To determine the effects of pH on the adsorption capacity, a series of experiments have been
adopted at different pH values from 2 to 6 ah®ur contact time. During the hydrolysis process, most of the
hydroxyl groups pesented in the polymer matrix are converted to carboxylic acid group. Therefore, a constant
adsorption capacity is observed at initial pH 2.0. Also, it was observed that for a pH of 2, there were a lot of
fine particles suspended in the solution, this nias the reason for low adsorption capacity at this pH [38].
Neverthel ess, at pH “4 and 6", al | carboxyl ate group
electrostatic attraction force between adsorbent and adsorbent to increase. Therefbee,adsorption
capacity shows a remarkable decrease in the stronger acidic range. The prepared hydrogel may be used in
acidic pH, signifying its promising potential as an excellent adsorbent material for the dye removal in
wastewater treatment [39]. Hencehe reduction of both COD and TDS were observed to be pH dependent.
Results showed that the adsorption capacity increased to attain its maximum weight at pH 6.
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Table (2) Effect of pH on the COD & TDS values

pH
Sample Effluent
2 4 6
1 974 851 784
2 CcOoD = 1063 842 702 635
3 mg/L 713 490 428
4 634 429 394
pH
Sample Effluent
2 4 6
1 10200 9490 8908
2 TDS = 11970 9230 7476 7397
3 mg/L 8935 5735 5414
4 6390 3554 2736

Kinetic Models

The kinetic analysis of blueBHadsorption onto chitosan grafted hydrogel samples was performed
using the pseuddirst-order model proposed by Lagergreen, [25] pses@condorder model proposed by Ho
and McKay. [40]

The adsorption dynamics can be indicated by determining the adsorpéite constant using a linear
form of the Lagergreen equation (4).

k

2.203

log(g: — g:) =logg. — £ (4)
Where: ¢ and g are the amounts of dye adsorbed (mg/g) at equilibrium and at time t, respectively, &asd k
the rate constant.

The pseudsdirst-order kinetis constant k(min-1) values have been evaluated from the slopes of the
linear plot of log (eqt) versus t and gcorresponding model ) from intercept (Figure 7 a and b). The linear
form of the equation that describes the adsorption kinetics corresjiog to the pseudesecondorder model
is the following:

r 1

1
—_ = — -t
e ka2 g3 + e ®)

Where: k is the rate constant of pseudsecond order (g /mg. min) and can be calculated from the linear plot
of t/qt versus t, and (g corresponding model ¢ from intercept. Also, the initial adsorption rate h
(mg/g.min) may be calculated using the following equation (6):

h =k, '?;E (6)

Table (3), shows that the values ofd® the pseudesecondorder model are all higher than those of
the first-order model. The experimental data follow the linear relationship of psesefmondorder adsorption
model. By comparing the equilibrium concentration values determined experimentadly Wigh those
calculated (gc), but there are great differences for allrmentrations of Blue HB dye. The rate constanty (k
decreased with the increase in the initial dye concentration. For the smaller concentration of the dyes,
maximum k values of 0.0016. By comparing the obtained equilibrium concentration values with those
determined experimentally by Maurudzlena et al. [41] , a good agreement has been observed.
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Table (3) Kinetic Parameters for Blue HB Dye Adsorption

Pseudo-first-order kinetic model Pseudo-second-order kinetic model
Co e
Qec K1 Oec Kz h
R? R?
mg/L mg/g mg/g min 1 mg/g g/mg. min mg/g. min
100 64.00 3.405 0.0272 0.758 1.051 0.0016 6.55 0.997
200 60.00 2.1488 0.0299 0.822 1.043 0.0091 32.76 0.993
300 52.67 1.211 0.272 0.853 1.1371 0.0073 20.25 0.987
400 38.00 2.13 0.0299 0.822 1.2782 0.0078 11.26 0.946
500 26.67 3.81 0.0268 0.754 1.0846 0.0046 3.27 0.992
4.0 8.0
(a) 70 | ¥C1 xc2 ec3 sca ecs (b)
35 6.0
1]
530 g >0
g 40
E £
w 25 £ 30
3 £
g0
20 =
XCl XC2 #C3 4C4 oC5 1o
15 ! 0.0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
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Figure (7) Pseudo first order kinetics (a) and pseudo-second-order kinetics (b) for Blue HB dye removal (C;=100 mg/L,
C,=200 mg/L, C3=300 mg/L, C,=400 mg/L)

CONCLUSION

Hydrogel adsorbent has been successfully prepared using chitosan polymer grafted acrydamide
acrylic acid mixture conventionally. FTIR spectrum showed the presence of ninggdesgen and carbon
oxygen peaks; which proved the presence of acrylamide andi@aacid monomers in the produced hydrogel
backbone. SEM displayed the surface morphology of hydrogel with changed porosity; which affects the
swelling and adsorption degree. Hydrogel; which have high porosity shows high swelling degree and hence
high adsorption capacity for dye. For swelling test, the three prepared samples swelled in distilled water over
24 hour s, it was noticed that after 6 hours the swel
adsorb the dyes under low acidic mediypH =6) with optimum contact time of 3 hours. The adsorption of
Blue HB in 3 h contact time as shown in sample 4, was able to absorb more dye compared to samples 1. The
experiments indicate that G-Am-co-AA hydrogel has a promising potential to removensokinds of dyes In
view of that, the prepared hydrogel is technically achievable, witbh c e pt abl e ef fici ency and
adsorbent. According to the experimental data, the adsorption process follows a pseadodorder model
for reactive blue HB. From our work, it may be recommended to use in an integrated treatment system to
increase the dye removal efficiency.
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