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Received 28‘[: Oct. 2019~ A novel hydrogel based on wheat flour (F) and acrylic acid (AAc) was performed by gamma irradiation.

?Oczcgpted 15" March  The parameters that controlled the preparation conditions were studied including irradiation dose and
hydrogel composition. Characterization of the produced hydrogel (F/AAc) was done by infrared
spectroscopy to confirm the structure and the change in morphology was investigated by the scanning
electron microscope. The thermal stability was also investigated using thermogravimetric analysis
(TGA). The swelling properties were investigated in relation to time and irradiation dose. The developed
hydrogel was used for the removal of Congo Red dye (CR) from aqueous solution. Effects of different
operating parameters such as effect of pH, contact time, concentration of the dye and temperature on
the adsorption capacity of the dye have been studied. It was found that marvelous adsorption capacities
were obtained at pH 3. The adsorption capacity at pH 3 is 19.5 mg/g for (F/AAc) hydrogel contains
(15wt% AAc) at 2.5 kGy, 17.3mg/g for (F/AAc) hydrogel contains (15wt% AAc) at 20 kGy, and 13.4
mg/g for (F/AAc) hydrogel contains (20 wt% AAc) at 20 kGy. The pseudo-second-order model and the
Freundlich model describe well the adsorption kinetic and isotherm, respectively.
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Introduction

Toxic industrial dyes are organic compounds that
produce colors to their substrates and consume a
huge amount of water leading to generating an
equally toxic quantity of dye-rich effluents
[1].Every year, about 7 x 10° tons of more than
100000 various dyes are commercially produced
for industrial use [2]. The textile industry uses
dyes to color the products, and it produces strong
color wastewater. In the dyeing processes, about
50 % of the dye is lost in the wastewater due to the
low level of dye-fiber fixation [3]. Therefore, it
must be treated for the preservation of public
health. Although the earth's surface is covered with
water, many people suffer from a lack of usable
water because fresh drinking water is a small
amount about 1% of the amount of water on the
surface of the globe. The increments in the world’s
population and use of chemicals have resulted in

threatening the environment on Earth due to the
emission of wastes and pollutants in the
environment [4].

Waste water treatment is the process to make a
water-worthy for a specific end-use, which may be
drinking or other industrial water supply. The
treatment process includes the elimination of
undesirable chemicals, biological contaminants,
suspended solids and pollution from wastewater.
Strategies of treatment include physical methods
such as sediment filtration, biological methods
using a wide range of microorganisms, and
chemical methods such as chlorination and the use
of adsorbents [5-8]. Various waste water treatment
methods, including adsorption, physical and
chemical techniques have been developed for the
removal of dye molecules. Among these physical
and chemical methods, adsorption is considered to
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be the most promising technique because it is
simple, quick, low cost and effective[9].The
adsorption process has been favored for
wastewater treatment because of suitability, ease of
operation and the simplicity of design[10-
13].Additionally, adsorption is cheapness and the
high-quality of the treated effluents especially for
well-designed sorption processes. Adsorption has
been proved as an efficient removal process for a
multiplicity of solutes [14,15].

Many efforts have been made to find low-cost
adsorbents that have greater adsorption capacities
and to be eco-friendly with the environment [16].
Therefore, some studies tested the natural materials
to find inexpensive and easily available adsorbents
[17-20]. The utilization of agricultural materials as
an adsorbent in the removal of pollutants from
waste water is great significance and has strong
effects in removing of many types of pollutants
such specially phenols, gasses and dyes[21,22].

Wheat flour is an important cheap renewable raw
material. The major components of wheat flour are
starch and proteins [23]. Starch represents about
67-68% of the whole-wheat grain [24]. Despite the
fact that starch is broadly used as hydrogel-based
materials, a limited use of flour is considered for
this purpose. Flour is applied in the production of
edible films employed in food packaging [25-
27].Flour, as a safe natural polymer, is used in
biomedical applications such as wound dressing
[28]. On the other hand, it is well known that flour
is rich in functionalized groups. It contains amino
acids and hydroxyl groups, which make it very
effective in wastewater treatment. Besides, it has a
good ability to gelatinization.

Wheat flour is not simple chemical structure, but it
is a blend of many assorted starches, proteins
fibers and traces of amino acids. Therefore, it has
no individual chemical formula. Therefore, when
dealing with wheat flour, it should be taken into
account that it is composed of a mixture of several
compounds that are usually bonded together by
hydrogen bonds. It is well known that starch is the
major component of flour. Gelatiniztion is the
important step in wheat flour utilization by spacing
of forces acting on bonding in starch molecules in
the presence of water, plasticizers and heat [29].
Three main processes occur during gelatinization;
the granule swelling reduces the double helical
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structure, the amylose chains begin to dissolve to
separate into an amorphous form, and the number
and size of crystalline regions decrease. Perry and
Donald [30] showed that, glycerol, as a plasticizer,
can completely gelatinize starch. The second main
component of flour is protein, which is composed
of amino acids sub-units linked by a peptide bond.
The amino acids contain amine group, carboxylic
acid group and a side-chain that varies between
different amino acids. Protein also does not
dissolve in water so hydrolysis should occur to
accept water permeability. Hydrolysis can be
catalyzed by alkaline materials such as sodium
hydroxide. So they can be depolymerized, by
hydrolysis producing small peptides and amino
acids in the form of their sodium or potassium salt
[31,32].

Preparation of copolymer resins or hydrogels is a
suitable way to give desirable properties not
usually observed in homopolymers [29]. In this
study, acrylic acid is polymerized with wheat flour
using the gamma radiation technique as a green
method to perform (F/AAc) hydrogel. It is used as
a strong adsorbing material for the removal of
Congo Red dye based on the effectiveness of the
active sites present in both wheat flour and acrylic
acid. Congo Red dye Congo red is an organic
compound, the sodium salt of benzidinediazo-bis-
1-naphtylamine-4-sulfonic acid, is a highly water-
soluble benzidine-based anionic azo dye, yielding
a red colloidal solution; its solubility is greater in
organic solvents.

Materials and Methods

Materials

Wheat flour was obtained from the local market in
Egypt. Acrylic acid (AAc) monomer- purity 99%
from (Sigma — Aldrich, USA) and was used as
received. Other chemicals such as CR dye are of
analytical reagent grade and used without further
purification. The chemical structure of CR is
shown in Fig. (1)[33].
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Fig. (1): chemical structure of Congo Red (CR)
Preparation of (F/AAc) hydrogel
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The procedure developed for hydrogel preparation
is described as follows; a solution of 4wt% wheat
flour was homogenized in a mixer at pH 10.7 for 2
h at room temperature [25].The temperature of the
solution is raised at 70 °C with stirring for 20
minutes. A plasticizer such as glycerol was added,
about (20 wt% of flour content) and continuously
heated at 80 °C until the gelatinization occurred
[17,28,34].After that, the homogenous gel is left to
cool at room temperature then various amounts of
AAc monomer were added (0- 20 wt %) and
continuously stirred at room temperature for 5 min.
The prepared mixtures were poured into glass
tubes and subjected to Co® gamma irradiation, at
dose rate of 1.4 kGy/h with different irradiation
doses (1-25 kGy). After irradiation, the crosslinked
(F/AAc) hydrogel produced was cleaned by
washing in excess hot water so that un-reacted
chemicals were leached out, and then dried at 40
(o]

C.

The crosslinked hydrogel parts were determined as
follows:

The dried samples of the prepared hydrogel were
soaked in distilled water for 24 h at 70 °C.
Then dried to a constant weight. The gel content
was calculated by applying the following formula:

Gel content (%) = +-4X 100 (1)
0

Where Wy and W are the weights of dried samples
after and before soaking in distilled water,
respectively.

The swelling measurements

A sample of the dried polymer is dipped in
distilled water at different time intervals and
weighed again with the absorbed water after
removal of the water on the surface using filter
paper and the swelling percentage is calculated as
follows:

Swelling (%) = “24 X100 (2)
d

where Wy and W; are the weights of the dry and
the swelled hydrogel, respectively.

The effect of pH on the swelling behavior was
allowed by immersing the samples at different pH
solutions at room temperature.

The pH values were adjusted by using 0.1M
NaOH or 0.1M HCI solutions. The swelling
percentage was calculated as mentioned above.
Characterization of (F/AAc) hydrogel

Infrared spectroscopy FTIR of the produced
hydrogel was recorded over the range of 400-4000
cm Y, on Bruker, Unicom infra-red
spectrophotometer, Germany.

Morphology of the prepared hydrogel was
investigated using the scanning electron
microscopy model JEOL-JSM- 5400, Tokyo,
Japan. Before the examination, the samples were
dried, coated with sputtered gold, observed and
photographed.

Thermogravimetric analysis of the hydrogel was
carried out using Shimadzu, Japan; TGA system of
type TGA-50 at heating rate of (20 oC/min). The
temperature ranged from ambient to 600 °C. The
experiments were performed under 20 mL/min
nitrogen flow.

Adsorption study of (F/AAc) hydrogel
Sorption tests of (F/AAc) hydrogel were carried
out in the batch system. Batch adsorption system
was conducted at different temperatures ranged
between 20 and 60°C to obtain the data for kinetic
and equilibrium parameters. Weighted dried
hydrogel samples were immersed in 20 ml of the
dye solution of known initial concentration (10-50
mg/L) at adjusted pH with continuously shaken at
agitation speed of 250 rpm for appropriate time
intervals. The adsorption capacity g. (mg/g) at
equilibrium was calculated using the following
equation:

C-C
qe=—( )y ©)

W

where, C; and C, (both in mg/ L) are the initial dye
concentration and the dye concentration at
equilibrium, respectively, V is the solution volume
(L), and W is the weight of the hydrogel sample
(g). The concentration of CR was determined by
using a UV/VIS spectrometer, model UV-Analytic
Jena AG, made by German was used at An,0f 425
nm.

Results and Discussion

The copolymerization and cross linking of flour
and AAc was performed in an agueous medium by
gamma irradiation as a clean method for hydrogel
preparation. Radiolysis of water produces reactive
hydroxyl radicals that attack the polymer chain.
The result is abstract of hydrogen therefore, the
radical center transfers to the chain. On the other
hand, the = bond on AAc monomer is attacked
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under the effect of gamma irradiation as well as
free radicals is formed on AAc. Recombination of
these free radicals is done and new covalent bonds
are formed between the Flour macroradical chains

(1)

and the free radicals on AAc. Therefore, the
F/AAc hydrogel is formed. The possible reaction
mechanism of F/AAc preparation is shown on Fig.
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Fig. (2): The possible reaction mechanisms of wheat flour (starch and gluten) polymer chains gelatinized with glycerol and
copolymerization and crosslinked with acrylic acid by gamma irradiation
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Gel content under the influence of different
conditions
The gelation percentage of (F/AAc) hydrogel as a
function of AAc content was shown in Fig. (3).
The gel content of the hydrogel increases with
increasing AAc content up to 15wt%, and above
this value a slight decrease in gelation was
obtained. As the AAc concentration increases,
more radicals are formed by the effect of gamma
irradiation. The radicals on the neighboring chains
become close together, lead to improving the
crosslinks and the gelation percentage. The
increase of AAc content during the
copolymerization reaction favors the propagation
of chains, as well as higher gelation, is obtained
[35]. However, at higher AAc content than 15
wt%, the radials prefer recombination as
homopolymer by the viscosity effect so a decrease
100

in the gelation percentage is obtained. It can be
summarized that the optimum content of AAc in
the (F/AAc) hydrogel is 15 wt% of the total
copolymer concentration.

The effect of irradiation dose on the gelation
percentage of (F/AAc) hydrogel is illustrated in
Figure (4). It is observed that acceptable gelation
was performed at a low irradiation dose where
80% of gelation was obtained at 1 kGy. This
means a high ability of flour to combine with AAc
monomer at low doses. The increase in irradiation
dose, to be 2.5 kGy, enhances the crosslinking and
the gelation percentage, 93%. This irradiation dose
is enough for the formation of a highly crosslinked
hydrogel. Above this value, the gelation
percentage is almost constant.
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Fig. (3): Effect of monomer (AAc) content on the gelation percentage of (F/AAc)
hydrogel at irradiation dose 2.5 kGy

100

so—-)(—/

60

Gelation (%)

40

b 4

x
X

i} 2 4 6 8

10

12 14 16 18 20 22

Irradiation dose (kGy)
Fig. (4): Effect of Irradiation dose on the gelation percentage for (F/AAc)
hydrogel at 15 wt% AAc of the total copolymer concentration
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Swelling behavior

The effect of swelling time on the swelling
percentage of (F/AAc) hydrogel at different
irradiation doses is shown in Figure (5). From this
Figure, the swelling of the hydrogel increases with
time until the equilibrium state is achieved after 6
h. As seen in fig.(5), the swelling percentage
increases up to an irradiation dose of 10 kGy then
a decrease in swelling was observed with further
increase in the irradiation dose due to the
increment in the crosslinking and hence a decrease
in the swelling percentage is obtained.

Thermal Gravimetric Analysis

TGA decomposition curves of F and (F/AAC)
hydrogels containing 15% AAc and 20% AAc of
the total copolymer concentration is shown in
Figure (6). From this Figure, three characteristic
stages of polymer decomposition can be observed,

temperature range of 29-130°C is attributed to the
evaporation of environmentally absorbed water.
The second degradation stage is between 130-
400°C due to the degradation of the intermolecular
side chains. The main weight loss occurs in the
third stage within the range of 400-475°C which
may be attributed to the decomposition of the
backbone polymer. The better thermal stability is
observed in (F/AAc) hydrogel due to aldehyde
group in all stages of decomposition as compared
to wheat flour (F) only. The interactions of the
amino acid group in the polysaccharide and
aldehyde groups causing high thermal stability to
the blends. A small change in the thermal stability
was observed by raising the AAc content in the
hydrogel. It could be concluded that prepared
hydrogel (F/AAC) is stable up to the temperature of
200 °C, which is suitable for wastewater treatment.

the first decomposition stage within the
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Fig. (5): Effect of time on the swelling percentage in water of (F/AAc) hydrogel at different
irradiation doses and15wt% AAc of the total copolymer concentration

Arab J. Nucl. Sci. & Applic. Vol. 53, No.2 (2020)



137

RADIATION SYNTHESIS OF NOVEL...

100 -

80 4

Weight (%)

li’:liJ 200 .!ljll.l -ILIIU S0 &0
Temperature (°C)
Fig. (6): Thermogravimetric analysis of (a) F (b) (F/AAc)
hydrogel contains (15 wt %) AAcand(c) (F/AAc) (20 wt %)
AAc at irradiation dose 20 kGy

FTIR analysis

Figure (7) shows the FTIR spectra of F and
(F/AAc) hydrogel contains 20 wt% of AAc of the
total copolymer concentration. Considerable
changes were noticed in the gelatinized F and a
broad peak at 3280 cm™ is assigned to -OH and -
NH groups. This peak becomes broad by adding
AAc to the F in (F/AAc) hydrogel. The stretching
vibration peak of -CH appears at 2920-2925 cm’™.
The peaks at 1644 cm™ and 1539 cm™ are the
characteristic bands of -OH and -NH bending,
respectively. The peak at 1717cm™ corresponds to
the carbonyl group in F. This peak becomes
sharper in (F/AAc) hydrogel but it shifted to 1709
cmdue to the interactions between the primary
amide -NH in F and -C=0 of AAc. The peaks at
1268-918 cm™corresponding to C-O-C in the
glucose unit ring of starch flour. The strong peaks
observed at 1269-1239 cm™ assigned to C-O
stretching vibration of the glycosidic bond. The
bands at 1089 and 1030 cm™ corresponding to -CH
bending and C-O/ C-C stretching vibration,
respectively. The peak at 918 cm™ is the
characteristic peak of C-OH bending vibration.
The band at 848 cm™ is characteristic of C-H
bending [32].

F/AAc
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Fig. (7): FTIR spectra of F and (F/AAc) hydrogel of 20
wt% AAc content of the total copolymer concentration at
radiation dose20 kGy

Scanning Electron Microscopy (SEM)

Scanning electron micrographs of Pristine Flour
(F) and (F/AAc) hydrogel are shown in Fig. (8).
The Figure demonstrates that the surface of F
appears as a coarse surface (Fig. 8a). The surface is
turned to a fibrous web structure by introducing
AAc into F in (F/AAc) hydrogel matrix, as
represented in (Fig. 8 b). It can be also noted that
the density of the fibrous web structure is
enhanced by increasing the irradiation dose (Fig. 8
c). The heterogenous surface of pristine flour
converted by grafting of acrylic acid using
irradiation techniques into a fibrous net-like
structure and that increases with irradiation dose
that is due to the crosslinking of the hydrogel.
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Fig. (8): SEM images of the(a) F, (b) (F/ AAc 15%) hydrogel at 2.5 kGy and (c) at 20 kGy

Adsorption study Effect of pH

The effect of pH on the adsorption of congo red
dye (CR) by (F/AAc) hydrogels under different
conditions was investigated as shown in Fig. (9). It
was found that the increase in pH value of the CR
solution increases the adsorption capacity for all
investigated (F/AAc) hydrogels. The maximum
adsorption occurs at pH 3 where the adsorption
capacity is 19.5 mg/g for (F/AAc) hydrogel
contains (15wt% AAc) at 2.5 kGy, 17.3mg/g for
(F/AAc) hydrogel contains (15wt% AAc) at 20
kGy, and 13.4 mg/g for (F/AAc) hydrogel contains
(20 wt% AAC) at 20 kGy. It is well known that CR
is anionic dye contains two sulfonic groups. It is
easily ionized in acidic medium to CR anion. As
the pH increases, deprotonation of the carboxylic
acid groups takes place. The electrostatic repulsion
between the negative charges on CR anion and the
negative charges on the adsorbent surface
decreases the adsorption capacity. The adsorption
capacity of (F/AAc) hydrogel contains (15wt%
AAc) at 2.5 kGy is the highest one followed by
(F/AAc) hydrogel contains (15wt% AAc) at 20
kGy and the lowest one is (F/AAc) hydrogel
contains (20 wt% AAc) at 20 kGy. (F/AAc)
hydrogel contains (15wt% AAC) at 2.5 kGy has the
highest gel content and hence, it has more active
groups available for adsorption. The possible
reaction mechanism for adsorption of CR dye by
(F/AAc) hydrogel is shown in Fig.(10)
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Fig. (9): Effect of pH on the adsorption capacity of
(FIAAcC) hydrogel (1) (15wt% AAC) at 2.5 kGy, (2) (15wt%
AAC) at 20 kGy, and (3) (20wt% AAc) at 20kGy
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Fig. (10): The possible reaction mechanism for adsorption of CR dye onto (F/AAc) hydrogel

Effect of contact time

Effect of contact time on sorption of CR by
(F/AAc) hydrogels at different monomer
concentration and different irradiation doses has
been investigated as shown in Fig.(11). A gradual
increase in the adsorption capacity values with
increasing time was observed until it reaches the
maximum adsorption after 130 min. The vacant
active sites on the (F/AAc) hydrogel are available
to adsorb CR. A gradual occupancy of these sites
is done with time by CR dye until the complete
saturation of the hydrogel surface is done [36].

25

——
20 1 —a

=N W

qe (mg/g)
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Time (min)

Fig. (11) Effect of time on the adsorption capacity of
(F/IAAcC) hydrogel (1) (15wt% AAc) at 2.5 kGy, (2) (15wt%o
AAC) at 20 kGy, and (3) (20wt% AAc) at 20 kGy

Adsorption kinetics

Pseudo-first-order and the pseudo-second-order
kinetic equations are used to analyze the
experimental Kkinetic data and toprophesy the
controlling mechanism of the adsorption process.
The linear shape of the pseudo-first-order pattern is

explained as the following [37].
k
log (de - a) = 10 Qe - 555 t(4)

ge(mg/g) is the sorption capacity at equilibrium
and q(mg/g) is the sorption capacity at time ft,
(mg/g). ki (1/min) is the rate constant of pseudo
first-order adsorption.

The pseudo-second-order Kinetic pattern is
demonstrated by the following linear equation
[38].

¢ 1 1
Lo+ 1t 5
ac  kaat  qe ®)

Where k, (1/min) is the pseudo-second- order
adsorption rate constant.

The two models were utilized in the studied
adsorption systems by plotting log (ge-gt) versus t
for pseudo-first- order model (Eg. 4) and by
plotting t/qt against t of pseudo-second- order
kinetic model (Eq.5) as shown in Fig. 12. The
obtained data are summarized in Table 1. From
these data, it can be concluded that, the correlation
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Table (1): Pseudo-first-order and Pseudo-second-order obtained data for adsorption of CR by F/AAc hydrogel (1) (15wt%
AAC) at 2.5 kGy, (2) (15wt% AAc) at 20kGy, and (3) (20wt% AAc) at 20kGy.

Pseudo first order

Pseudo second order

Type ﬂige}(g’ kl_ a x]-o_s q e,caly RZ KZ X_10'3 qe,cal, RZ
min mg/g g/mg/min mg/g
1 20.5627 9.6721 16.3598 0.9067 3.1478 23.3134 0.9792
2 17.0597 16.4325 21.5834 0.8890 2.2357 18.8243 0.9742
3 14.6611  23.5806 26.7991 0.9228  1.2753 17.1630 0.9792
16 x e
204 o ® 3
" a : % N *.\.‘1 h A 2
;_\; e "1 A I
3-12 Q‘lww::;":-.‘nc; A 14 “H.\‘\ i‘t\.“
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Fig. (12): Pseudo first order (a) and Pseudo second order (b) kinetic graphs for the adsorption of CR by (F/AAc) hydrogel
(1) (15wt% AAc) at 2.5 KGy, (2) (15wt% AAc) at 20kGy, and (3) (20wt% AAc) at 20kGy

coefficients (R?) of the pseudo- second-order are
higher than that of pseudo-first-order model. This
means that the pseudo-second-order model
describes well the adsorption of CR dye by
(F/AAC) hydrogel

Effect of initial concentration

The effect of the initial dye concentration on the
adsorption capacity was studied and is shown in
Fig. (13). It can be found that the adsorption
capacity progressively increases upon increasing
the initial concentration of CR dye for all
investigated F/AAc hydrogels. This is because of
the presence of high number of CR ions in contact
with accessible adsorption sites. At high initial
concentration, the resistance mass transfer between
the solid and aqueous phase overcomes the driving
force [37].
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Fig. (13): Effect of initial dye concentration on the
adsorption capacity of (F/AAc) hydrogel (1) (15wt% AAc)
at 2.5 kGy, (2) (15wt% AAc) at 20 kGy, and (3) (20wt%
AAC) at 20 kGy

Adsorption isotherms

The equilibrium adsorption data were analyzed by
the Langmuir and the Freundlich isotherm models.
The Langmuir isotherm model (eqg. 6) assumes that
the intermolecular force decreases with distance.
This leads to monolayer coverage of the adsorbate
at specific homogeneous sites on the surface of the
adsorbent. The Freundlich model (eq. 7) assumes



141

RADIATION SYNTHESIS OF NOVEL...

that the sorbent surface is heterogeneous and the
adsorption capacity is related to the concentration
of adsorbate at equilibrium, where an unlimited
number of sorption sites are available.

1 1

=24
qe Q

(6)

L1
Qb Ce

Ing, =InQp +%lnCe (7

Where C, (mg/ L) is the concentration of adsorbate
in the solution at equilibrium, g. (mg/g) is the
adsorption capacity, b is the Langmuir constant
(L/mg) that relates to the affinity of binding sites
and Q is the theoretical saturation capacity of the
monolayer (mg/g). Qr (L/g) is the Freundlich
constant, and 1/n is the heterogeneity factor.

Figure (14) shows the two isotherm models plots
and the isotherm model parameters are
summarized in Table (2). It can be noticed from
the correlation coefficient values (R?) that the
Freundlich model provided better linearity than the

0.38

Langmuir model. This means that there is an
existing energetically heterogeneous site onto
which multilayer adsorption takes place. The
relatively high values of the correlation
coefficients (R? obtained from the Freundlich
isotherm model indicated that the adsorption
process is heterogeneous adsorption. It can be also
noted that the heterogeneity factor 1/n is less than
unity indicated favorable adsorption.

Effects of temperature

The effect of temperature on the adsorption of CR
by F/AAc hydrogels under different preparation
conditions is shown in Figure (16) which shows
that the equilibrium adsorption capacity increases
with temperature. This result indicated the
exothermic nature of the adsorption processes
which may be due to a chemical reaction occurring
between the functional groups of the adsorbent and
the dye [39].

3.0
L
- 1 b
0.30 - -
P &
- 25 < ’.:
€25 4 -~ // ’L’r
- -~ - s 3
- A . -
E‘ L // ¥ T
E o A 2 - & 20 e
sf_ 3 /_,—-' & A o
7 oeas o o
L P
///. 1.6 R
010 Py /x// F . J;"/
./,"' a r - "‘_/“
4 F
0.05 ‘o -
L
.00 T T T T
10 20 30 a0 50 2.0 3 36 18 a2z a8
1€, (mLimg) Inc,

Fig. (14):

Langmuir (a) and Freundlich(b) models graphs for adsorption of CR using (F/AAc) hydrogel (1) (15wt% AAc) at

2.5 kGy, (2) (15wt% AAc) at 20 kGy, and (3) (20wt% AAc) at 20 kGy

Table (2): Factors of the Langmuir and Freundlich models

Langmuir model

Freundlich model

Type b

2 2

Q (mg/g) (L/mg) R QF(mg/g) n R
1 1.47 0.78 0.96 6.23 1.06 0.98
2 1.25 0.80 0.95 5.06 1.08 0.99
3 1.18 0.68 0.95 5.29 111 0.98
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Fig. (15): Effect of temperature on the adsorption capacity
of (F/AAc) hydrogel (1) (15wt% AAc) at 2.5 kGy, (2)
(15wt% AAcC) at 20kGy, and (3) (20wt% AAc) at 20kGy

Conclusions

F/IAAc hydrogel was synthesized by gamma-
irradiation induced polymerization and
crosslinking. It was observed that the gelation
percentage increases with increasing AAc content
up to 15 wt% of the total copolymer concentration.
It is observed that an acceptable gelation
percentage was performed at low irradiation dose
where 80% of gelation is obtained at 1 kGy and
achieve to 93 % at 2.5 kGy. The swelling capacity
of (F/AAc) hydrogel increases with the swelling
time and reaches the equilibrium state after 6 h.
The adsorption capacity of different formulations
of (F/AAc) hydrogelwas studied towards CR dye.
It was found that marvelous adsorption capacities
were obtained at pH 3 and the maximum
adsorption capacity was obtained after 130 min.
(F/AAc) hydrogel (15wt%AAC) at 2.5 kGy has the
highest adsorption capacity. The pseudo-second-
order model and the Freundlich model describe
well the adsorption Kkinetic and isotherm,
respectively. It was also found that the adsorption
capacity increases with increasing the initial dye
concentration and temperature. This result
indicated the exothermic nature of the adsorption
processes
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