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In this study, free radical copolymerization was used to prepare a hydrogel of poly (acrylic acid-co-2-amine
-5-(3,5-dinitrophenyl)-1,3,4-thiadiazol) (poly-AA-ANT). The poly-AA-ANT hydrogel was characterized
using Fourier transform infrared spectroscopy FTIR, Thermogravimetric analysis (TGA), and scanning
electron microscopy (SEM), X-ry diffraction. The swelling of poly-AA-ANT was performed by using two
solvents (water and methanol) each alone and found that the swelling ability in methanol was higher than for
water. The removal of Ni?* was conducted by immersing the poly-AA-ANT in a solution of Ni?* and after a
periol of time the residual we measured by atomic absorption spectrophotometer. The percentage of removal
was 93.8%. The poly-AA-ANT hydrogel had a high swelling ratio of 546%. penetration rate of the poly-AA-
ANT hydrogel coupled with the high swelling rate exposed to the internal adsorption sites. The high-water
holding capacity of Poly-AA-ANT improved the moisture holding limit of soil for irrigation up to 24 days.
systems as a result, Poly-AA-ANT has become an important addition to irrigation systems.

1 INTRODUCTION

Nickel is a widely distributed metal in the
environment and has many industrial and
commercial uses. The public may be exposed to
Nickel in air, water, and food. Most nickel in the
human body comes from drinking water and
food [1]. Nickel is nutritionally essential for many
species of animals, microorganisms, and plants, and
therefore deficiency or toxicity symptoms can occur
when nickel is ingested in too little or too much.
Although several cellular effects of nickel have
been documented, no deficiency has been described
in humans [2]-[7]. Environmental contamination
with toxic metals arises from industries and
agricultural waste. Many industries, such as metal
plating facilities, mining operations, and tanneries,
dispose of waste that contains heavy metal ions.
Because of their importance, heavy metals have
been widely studied. These toxic metals can cause
cumulative toxicity, cancer, and brain damage when
present at levels above permissible levels. Removal
of heavy metals such as cadmium, lead, copper,
nickel, and mercury has become very important for
environmental remediation [8]. The World Health
Organization has recommended strict controls on

the levels of various heavy metals in wastewater [9].
In recent years, polymer gels have played an
important role in the adsorption of heavy metal ions
because they can swell in water and achieve high
adsorption [10]

Heavy metal pollution has become a global
environmental issue and a major concern due to the
toxic, bio accumulative and non-degradable nature
of heavy metals. Therefore, this heavy metal must
be removed from aquatic wastewater before being
discharged into water bodies. Therefore, many
technologies have been used to remove heavy
metals from wastewater, such as ultrafiltration,
reverse 0smosis, coagulation, adsorption, electro-
precipitation and chemical precipitation [11]-[15].
Among all these strategies, adsorption is frequently
applied for removal by taking advantage of its
simple operation, high removal rate, low cost and
excellent regenerability [16]. Adsorbents are the
material basis of adsorption technology; therefore,
the development of new adsorbents is a research
focus for wastewater treatment. lon3 hydrogel is a
polymeric material with a three-dimensional
network structure [17] that can absorb large
amounts of water and retain a certain amount of
water compared to other similar materials such as
cloth, cotton, and sponge [18-19]. Heavy metals,
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unlike organic pollutants, are non-degradable and
tend to accumulate in living organisms, which may
cause serious problems for human health and
wildlife [20]. Therefore, it is very necessary to
remove these toxic heavy metals from water and
soil. Ni?* is widely used in industrial applications
such as batteries, electroplating, and coins [21-23].
Ni2+ belongs to the so-called essential metals and
is identified as a component of many enzymes,
participating in vital metabolic reactions [24].

2  MANUSCRIPT PREPARATION

2.1 Materials and Reagents

3,5-dinitrobenzoic acid(C7TH406N2,99),
thiosemicarbazide(CH5N3S), phosphorous  ox
chloride (POCL3) acrylic acid (C3H402, 98%),
Azo bis isobutyronitrile(98%),
benzene(C6H6,99%), Nikel chloride nitrogen gas
and nickel ion (Ni*?) (99%) were used.

2.2 Instrumentation

The infrared spectra of the compound and poly-AA-
ANT were measured in the range of (4000-400) cm-
1 using an IR Affinity (SHIMADZU) instrument
using a (KBr) disk in the frequency range. The 1H-
NMR was measured using a Broker Ultra Shield,
500 MHz, using DMSO-d6 solvent and TMS
reference for the compound. A (Rheometric
Scientific TGA-1000) instrument was used to
record the TGA of the prepared polymer, and a
(ZEISS) scanning electron microscope (SEM) was
used to measure the prepared poly-AA-ANT, and
the absorbance of poly-AA-ANT recorded on a
(SHIMADZU-1700) dual UV-Vis spectrometer
was measured in the presence of a quartz cell using
KOH solvent, and the UV-Vis spectra were
measured on a (SHIMADZU 1800 UV)
spectrometer.

2.3 Stepwise Synthesis of
Poly-AA-ANT Hydrogel

2.3.1 Synthesis of 2-Amine -5-(3,5-
Dinitrophenyl)-1,3,4-Thiadiazol

3,5 dinitro benzoic acid (0.01 mol) was refluxed
with thiosemicarbazide (0.01 mol) in (10 ml) POCI3
in a 100 ml round bottomed flask. The reaction was
then heated for three hours, after that (30 ml) of
distilled water was added to it and the mixture was
heated for four hours. The mixture was then

neutralized using (10%) potassium hydroxide
(KOH), the solution was filtered, the resulting
precipitate was washed several times with distilled
water, and the precipitate was left to dry.

2.3.2 Synthesis of poly-AA-ANT Hydrogel

The polymer were prepared using the solution
polymerization technique and the free radical
polymerization method by dissolving 2-amine -5-
(3,5-dinitrophenyl)-1,3,4-thiadiazol (0.5g) in
acrylic acid (5ml), completely dissolving it with
occasional heating, then benzene (30ml) was added
to the mixture with continuous stirring, methylene
bisacrylamide (1g) was added to the mixture. At this
point, N2 gas was pumped into the mixture and the
gases were removed using a Schlenk device. The
mixture was refluxed using a water bath at (75) oC.
When this temperature was reached, the initiator
azo bisiso butyro nitrile (AIBN) (0.008) was added
with stirring rite (300rpm). After a while, the
polymer began to form, and it was observed that
(N2) gas was released resulting from the
disintegration of the initiator. After the reaction
ended, methanol was added to isolate the polymer
from the benzene. To complete polymer formation.

2.4 Swelling Studies of Poly(AA-ANT)
Hydrogels

(0.5) g of dried hydrogel (Wd) was immersed in 20
mL of distilled water at room temperature. The
hydrogel was left to swell until a constant weight
was achieved. Then hydrogel was removed from the
solution and the final of the hydrogel (Ws) was
weighed and recorded. The swelling percentage of
hydrogel was calculated by using through (1).
Table 1 shows the swelling percentage in water for
24 h, Table 2 shows the swelling percentage in
methanol after 24 h, and Figures 1 and 2 show the
swelling percentage in water and methanol. as:

Ws-wd

% Swelling degree = o X 100. 1)

2.5 Removal of Ni%* lon

A stock solution of 1000 mg/L Ni2+ was prepared.
A standard solution of 5 mg/L was then prepared
from this stock solution. Approximately 0.1 g of the
hydrogel was immersed in 20 ppm of (5 mg/L) Ni?*
solution. After 24 hours, the hydrogel was removed
from the solution. The remaining Ni?
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Table 1: Percentage of swelling in water after 24 hours’ poly-AA-ANT.

Swelling
No - T T . o ah Percenta_\ge of
swelling
poly-AA-ANT 0.5 0.63 0.76 1.99 2.56 3.23 546%

Table 2: Swelling ratio of polymers prepared in methanol poly-AA-ANT.

No Swelling Percentage of
0h 3h 6h 9h 12h 24 h swelling
poly-AA-ANT 0.5 0.59 0.68 0.80 1.13 2.34 368%
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Figure 1: Swelling of poly-AA-ANT in water after 24h.
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Figure 2: Swelling of poly-AA-ANT in methanol after 24 h.

Table3: The residual and the percentage of adsorption of Ni(ll) using poly-AA-ANT hydrogel.

No. Residual Absorption rate %
poly-AA-ANT 1.225 %93.8
60 1
50
40
Concentration
(ppm) 30 1
20 A
10 A
0 T T T T T ]
0 1 2 3 4 5 6
Time(h)

Figure 3: Removal of Ni%+lon of poly-AA-ANT.
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concentration was monitored using atomic
absorption spectroscopy. The Ni2+ removal ratio
was calculated using (2), where Ci and Cf are the
initial and final concentrations (mg/L) of the Ni2+
solution, respectively, as shown in Table 3.
Figure 3 shows the nickel ion removal ratio.

ci—cf
— % 100. (2)

(%)Percentage removal =

2.6 Water-Retention Study of
Poly-AA-ANT Hydrogel

The poly- hydrogel water preservation analysis was
performed in soil collected from University, Diyala,
where 20 g soil and 2 g poly- hydrogel were
homogenized in a plastic container, 30 mL water
was added gradually, and the weight (W1)
wasdetermined using a weighing machine. The
container was weighed every day (W2) and kept at
room temperature until there was no consistency in
weight loss. The water loss ratio (W %) of soil
samples was calculated through the standard (3).
wi-w2

W% = =" x100. ©)

3 RESULTS AND DISCUSSION

In this study, the reaction between 5,3-
dinitrobenzoic acid and AAc in the presence of
MBA as a cross-linking agent resulted in the
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formation of a hydrogel. In the initiation step,
radical polymerization occurred by hydrolysis and
hydrogen abstraction from the AAc chain [25].
Grafting of AAc onto the backbone of 3,5-
dinitrobenzene at the active site occurred. Then the
propagation reaction occurred continuously while
the cross-linking agent built a cross-linking bond
between the growing chains [26] .

3.1 Characterization

FTIR spectra of hydrogel were recorded by using
Perkin Elmer Spectrum in the range of 4000-400
cm—1. The sample was completely dried before
FTIR analysis. The thermal degradation of hydrogel
was conducted by using thermogravimetric analyser
TGA. Temperature used was up to800 °C with a
heating rate of 10°C/ min under nitrogen
atmosphere. SEM at appropriate magnification was
used to observe morphology of the sample.

3.11 FTIR

The prepared compound was identified by FTIR
spectrum, where the absorption bands (3510-
3441cm-1) were observed, which belong to the
(NH>) band, the band at (3109) cm-1, which belongs
to the aromatic (C-H) group, and the band (1620)
cm-1 which belongs to the (C=N) group. As for the
aromatic (C=C) band, it appeared at (1543) cm-1.
Figure 4 shows the infrared spectrum of the
compound.
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Figure 4: FT-IR Spectrum of 2-amine -5-(3,5-dinitrophenyl)-1,3,4-thiadiazol
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3.1.2 1H-NMR Spectroscopy

7.70 ppm associated with the (-NH.) group (S,2H),
the aryl ring showed a vibration at 7.01 ppm
associated with the proton (a) as in (d,1H), (b) a
chirality at 9.02 ppm as in (t,1H), (c) a vibration at
8.06 associated with (t,1H) and (d) at 8.05 (a,1H)
Figure 5 shows the nuclear resonance spectrum of
the compound 2-amino-5-(2-chloro phenyl)-1,3,4-
thiadiaozle.

3.1.3 FTIR of Polymer

The FTIR spectrum assures the formation of the
poly(acrylic) through the presence at a stretching
vibration at (3436) cm-1 related to O-H group and
anther band at (2939) cm-1 which is attributed to the
asymmetric and symmetric stretching vibration for
(CH2) group and consequently the signal at (2252)
cm-1 is related to C=N group. Finally, the peak at
(1728) cm-1 is attributed to (C =0) stretching
vibration Figure 6 shows the infrared spectrum of
the polymer.

3.1.4 TGA Analysis

Study was conducted on the polymer to understand
the thermal stability from room temperature to
8000C. Figure 7. The degradation occurred in three
steps where the first degradation appeared at 100 °C
related to the removal of moisture resulted from the
interaction with COOH group in the polymer. The

2-amino-5-(3,5-dinitro phenyl)-1,3,4-thiadiazole

- D.84-
1.80- =
T

6.12 HDO

second step of degradation occurred at 200 °C. The
third step appeared at 400 °C which involved the
scission of C-C bond in the polymer.

3.1.5 SEM Analysis

Scanning Electron Microscopy (SEM) is a
sophisticated imaging technique used to observe the
surface morphology and topography of samples at
high magnifications. Unlike optical microscopy,
which uses visible light, SEM employs a focused
beam of electrons to interact with the sample,
producing detailed images that reveal structural and
compositional information. Figure 8 shows the
SEM picture for poly-AA-ANT and the holes are
presents these holes may be due to the cross linked.

3.1.6 XRD Analysis

XRD patterns of thiadiazole and poly-AA-ACT
hydrogel are described in the 26 range of 5°-90°
Figure 9. The thiadiazole spectra showed
fundamental diffraction peaks at 19.5°, 26.2°, 30.4°,
34.5°,48.1°, and 52.3° corresponded to (111), (220),
(311), (400), (511), and (440), respectively. Which
demonstrated the crystalline characteristic of
thiadiazole. The grafting of thiadiazole on polymer
showed major transformation in the XRD pattern of
poly-AA-ANT hydrogel. The hydroxyl groups of
acrylic acid were affected by thiadiazole, which
destroyed the crystalline structure and transformed
it toamorphous composition.
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Figure 5: 1H-NMR Spectrum of 2-amine -5-(3,5-dinitrophenyl)-1,3,4-thiadiazol.

589



Proceedings of the 13th International Conference on Applied Innovations in IT (ICAIIT), June 2025

HsHIMADZU
80 Y
AT |
60 .| 25, J
e ‘ 35 v : b !
[t SR ! IR
a0— % & 3 i R 1/
> > - '
l:. " / ;: % - > |
' ' -t =
: g gw b SR LvE g
B gE WL, ¥ %R
20 bor &S Ed : VAT ; 508
g% é Uy g (L X ol 3
“RE ] i g © 3 S
L W 58 1
0 L 2" =R
g gt
8
-20— ' LS L [ | () 1 ' (] 1 O (B 0 ) (] 24 o 1
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 0o 400
P4 1icm
Cormont Fe of Sotpe 10 Dezo Tz 3272020 134124 AN
P4 Rewdutivee 16 (170 U, o

Agpud a dee; Hape Seeaw

Figure 6: FT-IR Spectrum of poly-AA-ANT.
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Figure 7: TGA of poly-AA-ANT.
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Figure 8: SEM morphology of poly-AA-ANT.
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Figure 10: Shows IR short for the retained of 2-amine -5-(3,5-dinitrophenyl)-1,3,4-thiadiazol.
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Figure 11: Water retention of soil.
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Figure 12: Water retention of poly-AA-ANT-soil.

3.1.7 5-(2-Chloro Phenyl)-2-Amino-1,3,4-
thiadiazole Retention

Identification of 1,3,4-thiadiazole complex loaded
on polymer using UV-visible technique. A buffer
solution of pH = 8 was prepared, then 0.1 g of the
polymer was weighed. This amount was added to 20
ml of the buffer solution and left for an hour. After
that, the solution was filtered and the filtrate was
placed in a UV-visible spectrometer, where the
maximum  absorption of the decomposed
thiadiazole compounds was measured. This
indicates that these compounds are loaded on the
polymer. Figure 10 shows IR short for the retained
shows IR short for the retained of 2-amine -5-(3,5-
dinitrophenyl)-1,3,4-thiadiazol

3.2 Water-Retention Study of
Polymer

Water retention analysis was performed using
polymer in soil collected from University of Diyala,
in Diyala province. 20 g of soil and 2 g of polymer
were taken in a plastic container and 30 ml of water
were added gradually. The weight (W1) was
determined using a weighing machine. The
container was weighed every day (W-) and kept at
room temperature so that there was no stability in
weight loss. The percentage of water loss (W%) for
soil samples was calculated using the standard
formula. Figure 11 shows water retention using soil
and Figure 12 shows water retention using the
polymer poly-AA-ANT.

4 CONCLUSIONS

The polymerization with impregnation process was
used to synthesize a novel polymer (poly-AA-ANT)
Hydrogel that has been used for the adsorption of
Ni(Il) lone from water. The swelling tendency was
(546%) in water and (368%) in methanol. The
adsorption which is the highest of Ni(ll) ions was
(%93.8) compared to the reported Ni(ll) adsorption
data. The prepared poly (AA-ANT) showed 1.2
times better soil -water retention. penetration rate of
the poly-AA-ANT hydrogel coupled with the high
swelling rate exposed to the internal adsorption
sites. The high-water holding capacity of Poly-AA-
ANT improved the moisture holding limit of soil for
irrigation up to 24 days. systems as a result, Poly-
AA-ANT has become an important addition to
irrigation systems.
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