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In this study, acrylamide based graft poly (acrylic acid) hydrogel (AM-g-
P(AC)) and its nanocomposite with CdS nanoparticles AM-g-P(AC)/CdS
were produced by the free radical method and utilized for methylene blue
(MB) dye removal from aqueous solution. The characterization and
properties of the adsorbents were studied utilizing FESEM, FTIR, TGA, and
XRD analyses, and the results showed that CdS NPs were successfully
distributed in the hydrogel structure. CdS NPs were loaded into the
hydrogel system and the best adsorption capacity of MB dye was
determined at 0.05 g of Cds NPs. Also, the effect of equilibrium time, initial
concentration, temperature, and initial pH on the adsorption capacity of MB
dye was studied. Behavior of the equilibrium investigation of the adsorption
method show that the equilibrium result determined are in the best
agreement with the Freundlich isotherm model and the multilayer surfaces
play an effective role in the adsorption method. The best multilayer
adsorption efficiency (qmax) determined utilizing isotherm Freundlich model
for AM-g-P(AC)/CdS. The maximum adsorption capacity (Qe mg/g)
determined for CMC-g-P(AAm) and AM-g-P(AC)/CdS were determined as
534.45 mg/g and 467.67 mg/g, respectively. The biological compound
activity results were observed before and after the process of loading CdS
NPs on it against the types of bacteria tested (Staphylococcus epidermidi and
Staphylococcus aureus) and (E. coli and Klebsiella spp.).
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Introduction
Textile dyes are widely used in many because they are biodegradable, selective,

industries, such as the dyeing, tanning,
papermaking, and pharmaceutical industries,
due to the wide use of these dyes, the low cost
of their production, their colors, their resistance
to many environmental influences, and the ease
of application [1]. Various approaches have
been developed to dyes from
industrial which  contain
electrocoagulation, coagulation, photo catalysis,
cation-exchange chemical
reduction, electroplating, oxidation, filtration,
coagulation, precipitation, exchanging,
reverse osmosis, flocculation, and adsorption
are few methods that have been used to remove
MB dye from aqueous solution [2-7].
Adsorption is often regarded as one of the

eliminate
waste  water
membrane,

ion

utmost useful methods for managing effluents
having dye due to its uncomplicated design, lack
of secondary impurity, inexpensive cost,
efficiency, and ease of handling. Different
adsorbents utilized in the adsorption method
like hydrogel adsorbents that have received
best attention in the adsorption method

affordable, effective, inherently nontoxic, and
ecologically acceptable. Chitosan, Alginate, k-
carrageenan, and cellulose have attracted
attention recently because of how well they
work as
adsorption. Among these treatment techniques,
adsorption has been recognized as a more
favorable method owing to its simplicity, better
removal [8-11]. Commonly, the
application of normal and feasible adsorbents in
the adsorption methods has gained great
attention. One of the important techniques used
to eliminate pollutant is adsorption, especially
using eco-friendly absorbent. Hydrogel is also
proven to be non-toxic and environmentally
friendly Poor binding properties
overcome by preparing stable nanoparticles in

water treatment materials and

efficiency

were

the polymer, particularly hydrogel networks in
which the nanoparticles
Hydrogel can also be used as part of an
integrated controlled system to reduce the
dosage increase in drug delivery [12-15].

were embedded.
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In the work, acrylamide based graft poly
(acrylic acid) hydrogel (AM-g-P(AC)) and its
nanocomposite with CdS nanoparticles AM-g-
P(AC)/CdS were produced by the free radical
method utilized as an effective adsorbent for
the adsorption of basic dye alike MB dye. The
properties of structural hydrogel have been
estimated via utilizing several analytical
instrumentation techniques like FE-SEM, TEM,
FT-IR, and XRD. The effect of equilibrium time,
pH, adsorbent dose, and concentration of MB
dye has been studied and also antibacterial
activity has been analyzed. The adsorption
efficiency has the
adsorption isotherm like isotherm Freundlich
and isotherm Langmuir models.

been estimation via

Experimental
Materials and methods

Acrylamide (AM) and acrylic acid (AC) ware
supplied by Sigma-Aldrich, Germany. The cross-
linked N,N-methylene bisacrylamide (MBA)
was purchased from Fluka, Germany potassium
persulfate (KPS) was supplied by Merck,
Germany. Sodium chloride was obtained from
Alpha Chemika and sodium hydroxide and

1.8

hydrochloric acid were supplied from Sigma-
Aldrich, Germany.

Preparation of stock solution for MB dye

A stock solution was created by dissolving
0.5 g of in 500 mL distilled water. MB dye, as
shown in Figure 1, has molecular formula
(C16H18CIN3S) and molecular weight
(319.85 g'mol-1). MB dye is odorless blue
powder. Its maximum wavelength was Amax =
630 nm. The calibration curve was prepared for
a different concentrations of dye (2-10 mg.L1).

Amax = 630 nm, as displayed in Figure 1.
Preparation AM-g-P(AC)/CdS hydrogel
nanocomposite

AM-g-P(AC)/CdS was prepared with CdS (1
g) with stirring 60 min and 0.5 g in 5 mL
distilled water acryl amide (AM) at 25 °C, and
added 3 mL in 2 mL distilled water of acrylic
acid (AC), formerly additional, 0.05 g MBA, 0.03
g KPS in 5 mL distilled water, processes happen
in attendance of nitrogen gas to form free
radicals at 75 °C for 5 h. The AM-g-P(AC)/CdS
washed more than a few times and dried in an
ovenat 75 °C for 12 h.

4 ¥=0.0926X + 0.13805
R2=0.9939

Abs.

0.2

10 12

Conc. mg/L

Figure 1. Calibration curve of MB dye
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Figure 2. (a) shows image of AM-g-P(AC)/CdS with the way of elimination MB dye before and after
adsorption and (b) shows image of AM-g-P(AC) with the process of removal MB dye before and after
adsorption

It is worth to note that AM-g-P(AC) was
prepared with the same steps as mentioned
above without adding (CdS NPs). Figure 2a
depicts image of the surface preparation AM-g-
P(AC)/CdS with the way of elimination MB dye
before and after loading dye. Figure 2b shows
image of preparation AM-g-P(AC) with the way
of elimination MB dye before, after loading dye.

Adsorption isotherm

All experiments were carried out under
experimental conditions in a shaker water bath
in 100 mL elementary flasks. The effect of
several adsorption parameter, pH=3-10, initial
concentration MB dye (100-500),
temperature solution (15-45 °C), were studied
under the best adsorption experiment condition

and

at 25 °C and rate agitation of 120 rpm. The
residual concentration of MB dye in each aliquot
was calculate via a UV-Vis spectrum. The
adsorption efficiency (Qe)
efficiency (E%) adsorption were calculated in
Equations 1 and 2.

and removal

mg_ (Co— Ce)Vml
Qe(—m) =—7—7"— 1
=g &
Co—Ce
E% = x 100 (2)

Biochemical test of bacteria

Types of bacteria used (Staphylococcus
epidermidi and Staphylococcus aureus) and (E.
coli and Klebsiella spp.), for this study were
sourced from University of Babylon. Eosin
methylene blue (EMB) and mannitol salt (MS)
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agars were utilized for isolating, cultivating, and
differentiating bacteria. In addition, the bacteria
were identified using microscopic analysis,
specifically Gram's staining method.

Antibacterial activity

The biological activity of the hydrogel
nanocomposite before and after loading CdS to
it was studied, as the study included the use of
two types of pathogenic bacteria, positive for
Sauries and negative for types of bacteria (10
mg/L), by drilling diffusion method to find out
the inhibitory effect on growth these bacteria.

Results and Discussion

Characterization of nanocomposite

View field: 2.54 pm
SEM MAG: 50.0 kx

SEM HV: 15.0 KV
View fokt: 2.54 yan
SEM MAG: 50.0 kx

WO: 14.58 mm
[
Date(midyy): 0302123

Also, the AM-g-P(AC)/CdS  hydrogel
nanocomposite was diagnosed before and after
loading the (CdS) through the (FE-SEM), as
shown in Figure 3a, the AM-g-P(AC)/CdS has a
flat surface containing of layers compacted on
each other as a result of due to the weak bond
that binds the polymer layers together, in
addition to due to the cross linking agent that
showed a range wide of smoothness surface. In
contrast, the CdS nanoparticles spread over the
surface hydrogel, which enhances the ability of
the AM-g-P(AC)/CdS to removal MB dye [16].
The nanocomposite after the adsorption
process on to MB dye as show in Figure 3b, that
it contains many irregular zigzags resulting
from the filling of all the active sites, evidence of
the efficiency of the surface and the successful
occurrence of the adsorption process [17, 18].

SEM HV: 15.0 kV

Det: SF
Date(midly): 03/02/23

MIRAS TESCAN

Figure 3. FE-SEM a) AM-g-P(AC) hydrogel, b) AM-g-P(AC)/CdS hydrogel nanocomposite, and c) hydrogel
nanocomposite after adsorption MB dye
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The TEM image showed the creation of new
geometry after CdS NPs were decorated on the
hydrogel surface; this can be attributed to the
role of the amount of Cds NPs on the hydrogel
surface. The geometric
nanocomposite during their creation became
clearer through TEM data. Figure 4 shows how
the single-crystal plate structure takes the form
of one cylinder stacked on top of another when
CdS NPs are loaded. The results of TEM
experiments showed that XRD and FESEM
analyses were in good agreement [19, 20].

The AM-g-P(AC)/CdS hydrogel
nanocomposite was diagnosed with FT-IR
before adsorption and after loading dye, as

structure of the

depicted in Figure 5. Comparing the two shapes
makes it noticeable that the beam is in about
range 3350-3210 cml. Over-lapping NH, and
OH band because of bond hydrogen before
adsorption proses, the decrease in intensity
clearly happens due to after adsorption in
Figure 5, which in turn leads to a decrease in the
number of hydrogen bonds as well as the N-H
bending beam shift from 1600 cm-! to 1443 cm-
1, due to the presence of CdS in the compound,
as well as a decrease in intensity, indicating the
presence of CdS, as all this indicates that the CdS
nanoparticles worked to decrease the ratio of
the spectrum (decrease intensity) [21, 22].

Intensety (a.u)

L L

4000 3500 3000 2500

" 17T T 17

2000 1500 1000 500

Wavenumber (cm™)

Figure 5. FT-IR of a) (AM-g-P(AC)/CdS) hydrogel nanocomposite before adsorption and b) nanocomposite
after adsorption
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Figure 6. XRD of ((AM-g-P(AC)/CdS) hydrogel nanocomposite

Analysis of hydrogel nanocomposite loaded
with CdS nanoparticles was done using X-ray
diffraction by X-ray diffraction emitted from the
Cu-Ka source with a wavelength of (1.5104 Ao)
and an angular range of 20 = 5-80. The broad
peak in Figure 6 at 21.66° 25.109° and 38.13°
indicates that the hydrogel composites are
seam-crystalline [23, 24].

Effect of pH

The influence solution of pH on the
adsorption process of MB dye on the surface of
the adsorbent AM-g-P(AC)/CdS hydrogel
nanocomposite was studied at a concentration
of 300 mg/L at different values of the acid
function within the range 3-10, and through the
results demonstrated in Figure 7, it was noted
that the amount of adsorption. The MB dye on
the adsorbent surface
increase in the acid function. That is, the
adsorbent surface becomes negative, so the
swelling rate increases, and this leads to
increased dye adsorption. As a result, a
repulsion process will occur for the negative
charge between the negative groups on the

increases with the

hydrogel, which will cause swelling and
expansion of the hydrogel, allowing the dye
molecules to spread within the hydrogel, which

will increase the adsorption process [25].

Effect of concentration of MB dye

The hydrogel nanocomposite was used to
removal initial concentration of MB dye. The
amount of adsorption required to remove initial
concentration MB dye and the number of sites
available on the adsorbent surface. The effect of
removal concentration MB dye by hydrogel
nanocomposite, Figure 8 displays the removal
efficiency versus initial concentration of MB
dye. The reduction in adsorption caused by a
shortage of accessible active sites causes the
drug clearance percentage to decline as
concentration of MB dye rises. As drug uptake
resistance reduces as MB dye concentration
rises, the adsorption capacity ((Qe) mg/g) is
proportional to initial dye concentration. Due to
an increase in driving force, the adsorption rate
likewise the dye's
concentration does [26, 27].

rises  as starting



Synthesis and Characterization of Acrylamide-Based ...

389

100

95 —

.EK‘*I

85 —

E%

20 4

75 o

70

65 —

60

] \. B
— 500

H___ﬂ\ i

—a— Eg -
—B— Qe{mgig) - 550

pH

Figure 7. Effect of pH solution on to adsorption capacity and removal MB dye

100 — T — 900
—mE% -
1 '\ —=—Qe (maig) — 800
95 . | 700
. ] 600
a2
i gg 5 =
L 500 5
- \. g
400 S
o
85 — . K
./ F
o0 | | 200
| I R a— 100

100 200

300
Conc. mg/L

400 500

Figure 8. Effect on initial concentration on to removal percentage by using hydrogel nanocomposite

Effect of mass of hydrogels

Several quantities of the adsorbent surfaces
AM-g-P(AC)/CdS and AM-g-P(AC) were tested
to see how they affected the adsorption of the
MB, which would indicate the ideal adsorbent
mass. To do this, several quantities of AM-g-
P(AC)/CdS and AM-g-P(AC) 0.01 - 0.12 g for 100
mg/L of MB dye solution [28]. The samples
were shaken in shaker water bath for 120 min
at 25 °C. To obtain a clear solution, use
centrifuge for 10 minutes to separate the

solution. Thus, the ideal weight for the
adsorption process to remove MB dye from the
aqueous solution was determined through the
relationship between the adsorption efficiency
and the removal efficiency versus the weight of
the hydrogel. When increase adsorbent dosage
increase removal percentage (E%) of 82% to
99.9%, 67% to 89% but decrease adsorption
capacity 231.45-2423.45 mg/g, 215.11-2054.45
mg/g for AM-g-P(AC)/CdS and AM-g-P(AC) of
MB dye has been attained, as shown in Figures 9
and 10 [29, 30].
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Figure 9. Effect of adsorption dosage of AM-
g-P(AC)/CdS hydrogel nanocomposite on to
removal MB dye

E%

Figure 10. Effect of adsorption dosage of
AM-g-P(AC) hydrogel on to removal MB dye

E%

Figure 11. Non-linear fit of adsorption
isotherm non-liner models of MB on
nanocomposite
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Adsorption isotherm study

studies, two

isotherm models are utilized, notably Langmuir

In adsorption equilibrium

and Freundlich, models were calculated by
Equations 3 and 4.

amK.Ce
— dmTLze 3
9 =717k, 3)
QmKLCe
— ftm7Lze 4
e =11k, (4)

Where, q.: amount adsorbed per unit weight of
the adsorbent at equilibrium (mg/g), (mol/g),
Ce: equilibrium concentration of the adsorbate
in solution following adsorption (mg/L),
(mol/L), Kf: empirical Freundlich constant or
capacity factor (L/g), qm: maximum adsorption
capacity (mg/g), and K.: Langmuir constant
(L/mg). The Langmuir isotherm, as
demonstrated in Figure 11, assumes a finite
number of uniform active sites on the adsorbent
surface, leading to the formation of a
monomolecular layer with minimal
intermolecular interactions. In contrast, the
Freundlich isotherm, also presented in Figure 6,

is applicable to heterogeneous surface
adsorption. It implies a direct proportionality
between  adsorbate  concentration and
adsorbent quantity on the surface, coupled with
a decrease in sorption energy upon saturation
of the adsorbent's sorption centers [31, 32]. To
the
coefficient of determination (R2) was computed
by fitting the experimental data to these
isotherms Figure 11 and Table 1 illustrate that

the Langmuir isotherm provides a more robust

assess the dye-nanocomposite system,

correlation, evidenced by the highest R2 value of
0.93833 [33, 34].

Antibacterial activity

The biological compound activity results
were observed before and after the process of
loading CdS NPs on it against the types of
bacteria used Staphylococcus epidermidi,
Staphylococcus aureus, E. coli, and Klebsiella
spp., as illustrated in Figure 12, AM-g-
P(AC)/CdS hydrogel nanocomposite shows high
effectiveness against positive and negative
bacteria.

Table 1. Different parameter adsorption isotherm model of MB dye onto nanocomposite

Kr 151.77 15.667
Freundlich 1/n 0.362 0.0225
R2 0.9898
gm (mg/g) 854.57 68.385
Langmuir Ki (L/mg) 0.0718 0.0212
R2 0.9499
A Stap. aureus B Stap. epidermidi  C kiebsiella spp D E coli

Figure 12. Anti-bacterial activities of the (1) Control, (2) AM-g-P(AC) hydrogel, and (3) AM-g-P(AC)/CdS
hydrogel nanocomposite utilizing disc diffusion method
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As for the other prepared concentrations, AM-g-
P(AC) hydrogel they showed their effectiveness
in varying degrees, compares with control, as
shown in Figure 12.

Conclusion

The adsorption effectiveness of the AM-g-
P(AC)/CdS hydrogel nanocomposite surface
highlights the successful incorporation of CdS
nanoparticles. High concentrations of CdS NPs
on the surface signify its enhanced efficacy. Our
findings indicate that the removal of MB by the
hydrogel increases with decreasing pH, with
optimal observed at pH=2. This
phenomenon can be attributed to repulsion

removal

forces among negatively charged functional
groups on the adsorbent surface, facilitating
swelling and increased dye adsorption within
the hydrogel matrix. Furthermore, determining
the ideal mass for MB adsorption can be
achieved by plotting the removal percentage
(E%) against the mass of the hydrogel
Increasing the adsorbent dosage significantly
enhances removal efficiency, ranging from 82%
to 99.9% for AM-g-P(AC)/CdS and 67% to 89%
for AM-g-P(AC), albeit with a reduction in
adsorption capacity from 215.11 mg/g to
2054.45 mg/g.
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