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INTRODUCTION

While printing and dyeing bring us huge economic benefits,
it also brings us huge challenges (Ajmal et al. 2014). The
printing and dyeing process of textile factories in traditional
industries is a major discharger of industrial sewage (Liu et
al. 2019). Most of the pollutants in the sewage come from
various dyes, slurries, surfactants, auxiliaries, acids, and al-
kalis in the textile manufacturing process (Khan & Lo 2016).
Most of these additives are toxic and harmful, with complex
impurities, diverse ingredients, and obvious differences in
water quality, threatening the ecological environment and
human health, and they are very difficult to deal with indus-
trial pollution (Mittal et al. 2016).

For many years, people have been committed to the
treatment of dye wastewater, and many methods have been
discussed around how to quickly, effectively, scientifically,
and environmentally solve the problem of dye wastewater.
Treatment methods include coagulation precipitation
method (Chethana et al. 2016, Dotto et al. 2019), membrane
separation technology (Sen et al. 2018, Hosseini et al. 2018),
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ultrasonic oxidation method (Zia et al. 2019, Wang et al.
2019), photocatalytic oxidation method (Stock et al. 2000),
micro electrolysis method (Han et al. 2016), biological
treatment method (Paz et al. 2017) and adsorption method
(Yagub et al. 2014), etc. Each of these methods has certain
shortcomings, such as complicated procedures, a high
proportion of chemical costs, complex technology, and a
large number of impurities after treatment (Monier et al.
2010, Varaprasad et al. 2017). And with the development of
chemical fibers and the increasing requirements for finishing
after printing and dyeing, a large number of refractory
organics such as pulp, new dyes, and chemical auxiliaries
enter the textile printing and dyeing wastewater, posing a
serious challenge to the traditional wastewater treatment
process. Therefore, the development of new materials for
dye treatment has become a research hotspot.

At present, people have conducted a lot of research on
new materials for dye treatment, and have developed adsor-
bents with different properties and uses. Mittal et al. (Mittal
etal. 2021) focused on the preparation of xanthan gum-based
novel hydrogel nanocomposites via chemical crosslinking
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with graphene oxide for highly efficient adsorption of crystal
violet dye from contaminated wastewater. With unique struc-
ture and properties, the composite is a great candidate for
cationic dyes removal from wastewater. Vigneshwaran et al.
(Vigneshwaran et al. 2021) successfully fabricated sulfur teth-
ered adsorbent of Tapioca peel (S @TP) biochar and utilized it
for the removal of organic dyes such as Malachite Green (MG)
and Rhodamine B (RhB) from water. The newly fabricated
bio-mass could be visualized as a capable adsorbent for the
water/wastewater treatment process since the S@TP matrix
possesses high removal and reusable efficiency towards dye
molecules. Hydrogel has the characteristics of high separation
efficiency and high selectivity in adsorption, and it is an ad-
sorption method with good application prospects (Chaudhary
et al. 2021, Binaeian et al. 2020, Marrakchi et al. 2020). The
research results provide a feasible method for the separation
of soluble dyes from dye waste liquid, and also provide a new
idea for industrial wastewater purification.

In the work, 2-methacryloxyethyldimethyl-3-sulfonic
acid propylammonium hydroxide, 3-(methacryloxy) pro-
pyltrimethoxysilane, and N, N’-methylene bis acrylamide
cross-linking agent are used as raw material, and a pho-
toinitiator is used to initiate polymerization under ultraviolet
light to prepare a copolymer gel. Fig. 1 shows the schematic
diagram of the preparation of copolymer gel. Use scanning
electron microscope, Fourier transforms infrared spectrom-
eter, thermogravimetric analyzer, and other instruments to
characterize the surface morphology and chemical composi-
tion of the product. Taking the aqueous solution containing
soap yellow as simulated dye wastewater, the adsorption
performance of the prepared polymer for dyes was investigat-
ed. An ultraviolet spectrophotometer was used to investigate
the effects of adsorption time, initial dye concentration, and
polymer dosage on the adsorption performance. The perfor-
mance test results show that the prepared polymer has high
adsorption and removal efficiency for dyes containing soap
yellow simulation, and has a potential application value.

2-methacryloxyethyl dimethyl-3-
sulfonic acid propyl ammonium Configuration
solution

hydroxide
3-(methacryloxy)
propyl trimethoxysilane

N, N'-methylene bispropylene
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MATERIALS AND METHODS
Materials

2-methacryloxyethyl dimethyl-3-sulfonic acid propyl ammo-
nium hydroxide, 3-(methacryloxy) propyl trimethoxysilane,
and N, N’-methylene bispropylene were procured from
Aladdin Industrial Inc., Shanghai, China.

Preparation of Copolymer Gel

Add 0.5 g of 2-methacryloyloxyethyldimethyl-3-sulfonic
acid propylammonium hydroxide, 0.05 g of N, N’-meth-
ylenebisacrylamide, and 0.05 g of 3-(Methacryloyloxy)
propyltrimethoxysilane, dissolved in 30 mL of distilled wa-
ter, irradiated under UV light for about 2 h. A colloidal gel
solid can be obtained, which is then dried in a freeze dryer
to obtain the final product.

Characterization

After spraying a gold film with an ion sputtering instrument,
the microstructure of the samples was characterized by an
SNE-15000X scanning electron microscope (SEC, Korea).
The composition of the polymer was analyzed by the Fourier
transform infrared spectrometer (FTIR, Japan IRPrestige-21)
with a wavelength range of 500-4000 cm™. The thermal
stability was demonstrated via the thermogravimetric/
differential thermal comprehensive analyzer (TG, Japan
TG/DTA6300), which heated from 25°C to 700°C with a
heating rate of 10°C.min"" in an air atmosphere. The UV
absorption of the dye was tested by a UV spectrophotometer
(Uv2600, Japan).

Effect of Adsorption Time on Dye Adsorption
Performance

The polymer was used to adsorb 5 mg.L™" soap yellow dye
solution, and the UV-visible spectrophotometer was used to
perform adsorption on the solution after 10 min, 20 min, 30
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Fig. 1: Schematic diagram of the preparation of copolymer gel.
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min, 40 min, 50 min, 60 min, 120 min, 240 min, 480 min,
etc. The purpose of this experiment is to see how adsorption
duration affects dye adsorption performance.

Effect of Initial Dye Concentration on Adsorption
Performance

The aqueous solution containing soap yellow dye was used
as simulated dye wastewater, and the initial concentrations
were 0.4, 1.2, 5.0, and 10.0 mg.L'1 dye respectively. The
effect of the initial concentration of dye on the adsorption
performance was investigated.

Impact of Polymer Dosage on Adsorption Performance

An aqueous solution containing 5 mg.L™" of soap yel-
low dye was used as simulated dye wastewater. Under
the condition of immersion for the same time, the ef-
fect of polymer dosage on adsorption performance was
investigated.
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RESULTS AND DISCUSSION
FTIR Spectrum Analysis

The infrared spectrum of the prepared polymer product is
shown in Fig. 2. The absorption peak at 615 cm’! in the spec-
trum may be due to the out-of-plane bending vibration of C-H.
The absorption peak near 1196 cm™ is presumably caused by
the vibration of the C-C framework or the stretching vibration
of C-O. The absorption peak at 1713 cm’! may be the vibration
of C=0, and the absorption peak at 2961 cm™ should be the
contraction vibration of -CH,. From the experimental results,
there are a variety of functional groups on the polymerized
hydrogel. The existence of these functional groups makes the
adsorption performance more excellent and has a better effect
on the adsorption of dyes in dye wastewater.

Surface Morphology Analysis of Synthetic Polymers

The surface morphology is characterized by a scanning
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Scheme 1 polymerization equation of copolymer gel.
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Fig. 2: FTIR spectrum of synthetic polymer.
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electron microscope, which can directly observe the fine
structure of the material surface. To prevent changes in the
structure and pore morphology of the gel, the polymerized gel
is freeze-dried, and the water in the gel is directly sublimated
to avoid the decomposition of the gel and the destruction
of the gel structure. Generally, the adsorption phenomenon
occurs on the surface of the adsorbent or inside the pores
of the fibers. The physical structure of the adsorbent, such
as the pore size and specific surface area, has a greater in-
fluence on the adsorption. Fig. 3 is an electron micrograph
of synthetic polymer. The results show that the appearance
of the polymer particles with pores is rough. The prepared
polymer has a uniform spatial structure and a relatively large
specific surface area, which greatly improves its adsorption
performance. These pores can increase the contact area with
the dye and can more effectively improve the adsorption
performance of the product.

Fig. 3: Surface topography of synthetic polymer.
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Fig. 4: Thermogravimetric analysis diagram of synthetic polymer.
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Thermogravimetric Analysis

When investigating the thermal stability of the polymer,
the initial temperature is set to 40°C, the final temperature
is 600°C, and the selected gas is air. Fig. 4 shows the ther-
mogravimetric analysis of the synthetic polymer. It can
be seen from the results that the mass loss rate of the gel
particles is relatively low at 40-120 °C. The mass change is
relatively stable between 120°C and 270°C, and the loss rate
is relatively small; while the mass of the polymer over 280°C
begins to increase. The range is reduced, and the material is
decomposed in a large amount. When the temperature reaches
360°C -600°C, the material mass loss efficiency is small
and tends to be flat. It can be seen from the results that the
synthesized polymer has good thermal stability before 280°C.

Effect of Adsorption Time on Dye Adsorption
Performance

Configure a 1.2 mg.L'1 soap yellow dye solution, measure
5 mL of the dye solution, and a polymer dosage of 0.015 g
to study the effect of different adsorption times on the dye
adsorption performance. The time gradient is set to 10 min,
20 min, 30 min, 40 min, 50 min, 60 min, 120 min, 240 min,
480 min, the results are shown in Fig. 5. The results showed
that the adsorption capacity of the synthetic polymer to the
soap yellow dye increased with time. In a relatively short
period of time, the increase in the amount of adsorption is
larger and the adsorption efficiency is fast; with the increase
of time, the increase in the amount of adsorption gradually
tends to be flat and the adsorption rate becomes slower. This
is mainly due to the attraction between the synthetic polymer
and the dye molecule so that the anionic dye is adsorbed on
the polymer at a faster speed. As the adsorption sites on the
synthetic polymer gradually bind to the dye molecules, the
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Fig. 5: The effect of adsorption time on dye adsorption performance.
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adsorption sites are reduced, the driving force of adsorption
is weakened, and the subsequent adsorption rate is reduced.
It shows that the adsorption speed of the prepared polymer
is faster, and the utility can be realized in a shorter time.

Effect of Initial Dye Concentration on Adsorption
Performance

Weigh 0.015 g of the polymer as the adsorbent, add it to the
dye solution with an initial concentration of 0.4, 1.2, 5.0,
10.0 mg.L"!, respectively. The amount of dye solution is 5
mL, and the adsorption time is 10 min. The effect of initial
dye concentration on adsorption performance is shown in
Fig. 6. The results show that under the conditions of different
initial dye concentrations, as the dye concentration increases,
the driving force continues to increase, the chance of the
polymer contacting dye molecules increases, and more dye
molecules can be adsorbed on the polymer, which increases
the adsorption capacity. However, with the further increase
of the dye concentration, the absorption rate of the polymer
to the dye decreases. This is because the adsorption sites
on the polymer are already occupied by the dye molecules,
and the adsorption capacity decreases. Among them, the dye
adsorption quantity is calculated by the formula.

Q= (Cy- C)VIM

Among them, C, is the concentration of initial dye,
mg.L". C, is the concentration of dye in solution at time t,
mg.L". V is the volume of dye solution, L. M is the mass of
modified synthetic adsorbent, g. The adsorption capacity of
the adsorbent for dye at Q, - t time, mg. gl

Impact of Polymer Dosage on Adsorption Performance

A 1.2 mg.L"! soap yellow dye solution was prepared, and 5
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g. 6: The effect of initial dye concentration on adsorption performance.
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mL of the dye solution was measured. The polymer dosages
were 5, 10, 15, 20, and 25 mg, respectively. The effect of the
polymer dosage on the adsorption performance was studied.
The results are as follows shown in Fig. 7. The adsorption
rate of dyes gradually increased with the increase of polymer
dosage. When the dosage of the polymer is less than 15 mg,
the adsorption rate of the dye increases rapidly. When the
dosage of the polymer is greater than 15 mg, the increase
in the absorption rate of the dye is smaller. This is because
increasing the dosage of the polymer can increase the avail-
able adsorption sites, thereby increasing the dye adsorption
rate. However, when the dosage of the polymer exceeds 15
mg, the dye in the solution is adsorbed and removed by the
polymer, and the excess adsorption sites are not used, which
makes the adsorption rate decrease.

CONCLUSION

This work uses 2-methacryloxyethyldimethyl-3-sulfonic
acid propylammonium hydroxide, 3-(methacryloxy)prop-
yltrimethoxysilane, and N, N’-methylene bis acrylamide
crosslinking agent as the raw material, and the copolymer
gel is prepared by a photoinitiator under ultraviolet light to
initiate polymerization. Use scanning electron microscope,
Fourier transforms infrared spectrometer, thermogravimetric
analyzer, and other instruments to characterize the surface
morphology and chemical composition of the product. It
can be seen from the SEM image that the polymer has a
uniform spatial structure and a relatively large specific sur-
face area, so the prepared polymer has excellent adsorption
performance and can quickly and effectively absorb the dye
in the dyeing solution. An ultraviolet spectrophotometer
was used to investigate the effects of adsorption time, initial
dye concentration, and polymer dosage on the adsorption
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Fig. 7: The effect of polymer dosage on adsorption performance.
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performance. The results show that the prepared polymer
has a higher adsorption removal rate and a faster adsorption
rate for dyes containing soap yellow simulation, and has a
potential application value.
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