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Abstract

Dye removal from industrial wastewater is still a major challenge to this day. It is urged to find an efficient and economically
feasible approach to remove dyes from wastewater before discharge. The use of hydrogels for dye removal has been proposed
because of its high absorbing capacity and relatively low price. This work studies the dye removal behaviour of different
hydrogels towards cationic and anionic dyes, by measuring the dye removal obtained through spectrophotometer techniques.
The hydrogels investigated are Poly(2 -Acrylamido - 2 - Methylpropane Sulphonic Acid) (PAMPS) hydrogels, commercial
sodium polyacrylate (Na - PA), chitosan (CH), and different mixtures such as CH/PAMPS and CH/Na -PA, along with a semi
-IPN P(AMPS/Na -PA). It was found that the negatively charged PAMPS hydrogel showed greater cationic dye removal,
opposed to the positively charged CH which removed more anionic dye. Regarding the CH/PAMPS hydrogels, it had an
impressive dye removal of for both cationic and anionic dyes, reaching 90% and 85%, respectively. It is concluded that the
electrostatic interaction greatly influences the dye removal capacity. Hence, the design of hydrogel materials for dye removal
purposes should take into consideration the electrostatic interaction of the dye with the hydrogel surface.

Keywords: Hydrogel, Dye Removal, Wastewater, Absorption, 2-Acrylamido-2-Methylpropane Sulphonic Acid, Sodium Polyacrylate,
Chitosan

1. Introduction hydrogels are eco -friendly, cheap, and do not require

sophisticated production methods [4]. This has given

Hydrogels are a type of cross -linked polymeric
networks that have the ability to absorb up to 1000
times its weight of water [1]. This high absorbing
capacity is mainly due to the hydrophilic functional
groups in the polymeric network, such as sulfonic
acid ( —SO 3H), carboxylic acid (-COOH), amide (
—CONH), amine ( —-NH 2), and hydroxyl ( —OH)
functional groups [2]. Hydrogels have gained a lot of
attention in recent years, not only because of its
ability to absorb large amounts of water, but also
because they can selectively diffuse solutes into its
pores [3]. And the cherry on top of the cake is that

hydrogels a very promising potential to be used in
separation technologies, particularly those concerned
with treating wastewater [5]. In fact, several
researchers have innovated new hydrogel materials
with the aim of removing dyes [6], heavy metal ions
[7], pathogenic microorganisms [8], and even
radionuclides [9]. The dye industry is a large industry
worldwide. It is estimated that more than 10,000
different types of dyes and pigments are used
globally for different purposes, including plastics,
textile, dyeing, cosmetics, food industry, and many
more. The worldwide production of synthetic dyes
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reached over 700,000 tonnes/year. Unfortunately, up
to 200,000 tonnes/year of these dyes end up in
effluent wastewater, considering only the textile
industry [10]. In fact, textile industries are considered
the most polluting industry relative to any other
production sector, regarding both the volume of
wastewater and its composition [11], [12]. Despite
the many strict environmental regulations and
legislations obliging textile industries to remove dyes
from their disposed water effluent [13], most of these
dyes do not get properly treated and eventually
escape to the receiving water body. Treating effluent
wastewater rich in dyes is still a challenge to this day
due to dye’s needed high stability. Dyes are designed
to be stable and non -degradable, particularly against
cleaning detergents. This explains the inefficiency of
using conventional light, thermal, chemical, and
biochemical wastewater treatment methods [14].
Additionally, the effluent wastewater from textile
plants not only contains mostly non - degradable
dyes, but also contains toxic chemical additives, high
suspended solids content, high Chemical and
Biological Oxygen Demands (COD and BOD,
respectively), high levels of metals and salts content.
Aside from that, wastewater in the textile industry
varies greatly from one plant to another, the type of
process employed, the equipment used, type of
chemicals and additives used, the weight and type of
fabric/textile manufactured, and even the time of
year. All these complex factors and considerations
increase the challenge of finding an effective and
efficient wastewater treatment process for such
heavily contaminated effluent water [15]. The
common dye removal methods from wastewater [16]
including physical [17], chemical [18] , and
biochemical [19] treatment are not yet employed for
industrial dye removal due to economic and
efficiency drawbacks [20]. Such drawbacks include
high capital investment, low dye removal efficiency,
inefficiency towards some dyes, instability or short
life time, the production of large amounts of sludge,
or the complexity of the process [21]. For this reason,
this research study proposes the use of hydrogels as
an adsorbent material for wastewater treatment,
especially for textile industries and other heavenly
contaminating and polluting industry sectors such as
steel. It is already proven that hydrogels have the
ability to purify water from complex dyes [22], metal
ions [23], and heavy metals [24]. The proposal is
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based on using the same process for removing several
contaminates, in this case, dyes and heavy metal ions.
However, it is important to design a hydrogel
material that can selectively absorb dyes with high
capacity and in a short time to improve the separation
efficiency and meet industrial requirements. The
novelty of this work is to scan the influence of
electrostatic interaction on the dye adsorption
mechanism of hydrogels. To do so, the dye removal
capacity of different hydrogels is investigated
towards both cationic and anionic dyes. Different
hydrogel mixtures based on sodium polyacrylate (Na
-PA), poly(2 -acrylamido-2-methylpropane sulphonic
acid) (PAMPS) and chitosan (CH) were prepared and
compared based on the dye removal capacity towards
Methylene blue (MB), the cationic dye, and Methyl
orange as the anionic dye.

2.Experimental
2.1 Materials

2-Acrylamido-2 -methylpropane sulfonic acid
(AMPS) monomer was purchased as reagent grade
from Alfa Aesar. The crosslinking agent is analytical
grade N,N ’ -methylene -bis - Acrylamide (MBA)
purchased from Sigma Aldrich, while the initiator is
reagent grade Ammonium persulfate (APS) from
Sisco Research Laboratories (SRL). Sodium
Polyacrylate (Na -PA) hydrogel was extracted from
Molfix diapers. Chitosan (CH) was used as purchased
from Alfa Chemicals without further preparation. The
dyes used were cationic Methylene Blue (MB) from
Carlo Erba and anionic Methyl orange (MO) from
Alfa Chemicals .

2.2 Preparation of PAMPS Hydrogel

PAMPS hydrogel was prepared through solution
polymerisation. In 8 mL of distilled water, 3.0 grams
of AMPS was added along with 0.1 g of the MBA
crosslinker. An inert blanket is created by bubbling
nitrogen gas through the mixture, then 0.1 g of the
APS initiator is added carefully. The polymerisation
reaction occurred at around 60 -70 °C for 3 hours.
The formed PAMPS hydrogel were left to dry at 50
°C for 3 days before use [25].

2.3 Preparation of P(AMPS/Na -PA)

A Semi -Interpenetrating Polymer Network (Semi
-IPN) hydrogel based on AMPS and Na -PA polymer
was prepared trough polymerising the AMPS
monomer in the presence of the Na -PA hydrogel.



259

The procedure of preparing P(AMPS/Na-PA)
involves dissolving 4.0 grams of AMPS in 20 mL of
distilled water, along with 0.1 g of the MBA
crosslinker and 0.2 g of Na - PA. An inert blanket is
created before adding 0.1 g of the APS initiator. The
polymerisation of AMPS now occurs inside the Na -
PA network, at around 60 -70 °C for 3 hours. The
formed P(AMPS/Na -PA) hydrogel were left to dry at
50 °C for 3 days before use.

wavelengths were found experimentally to be as
follows:

Equation 1 Relationship between the concentration
and absorbance of MB at 664 hm

Cus (ppm) = A/0.1124

Equation 2 Relationship between the concentration
and absorbance of MO at 464 nm
Cro (ppm) = AJ0.0735

Maximum cationic (MB) and anionic (MO) dye
removed by different hydrogels and hydrogel

Dye Removal (%)
=
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Figure 1, Maximum cationic (MB)and anionic (MO) dye removed by PAMPS, Na-PA,
P(AMPS/Na-PA), CH, CH/PAMPS, and CH/Na-Pa hydrogels after 120 minutes.

2.4 Preparation of CH/PAMPS and CH/Na-PA

After drying the polymerised PAMPS hydrogel,
a 1:1 mixture of PAMPS and CH was prepared by
simply mixing 0.25 g of each hydrogel. Similarly, the
CH/Na-Pa hydrogel mixture was also prepared by
mixing 0.25 g of each hydrogel, yielding a 1:1
mixture.

2.5 Dye Removal

A small sample of each hydrogel (0.05 g) is left
in contact with 250 mL of the dye solution (25 ppm)
at room temperature and under shaking (150 rpm)
until it reaches equilibrium, which is decided when
the dye concentration no longer changes with time.
The dye removal percent of each hydrogel was
calculated using the following formula:

Equation 1 Percent dye removal
Co—Cp CL

x 100

where Cy is the initial concentratlon of the dye, and
C. is the concentration of the dye after contact time t.
The concentration of the dye was calculated after
finding its absorbance using spectrophotometry
techniques (METASH UV-5100 Spectrophotometer
with MetaSpec Program V.2.2). The calibration line
equations relating the concentration of MB and MO
dyes and their absorbance at their maximum

Dye Remoral¥ =
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3. Results and Discussion

The dye removal capacity of each hydrogel
considered in this work was examined with both a
cationic and an anionic dye. Figure 1 shows the
maximum cationic and anionic dye removal by
PAMPS hydrogel, Na-PA hydrogel, the Semi-IPN
hydrogel based on PAMPS and Na-PA, chitosan, and
the hydrogel mixtures CH/PAMPS and CH/Na-PA.
It is clear that hydrogels including PAMPS can
remove cationic dyes by greater extends compared to
anionic dyes. This change in behaviour implies the
presence of electrostatic interactions between the
dyes and the hydrogel network. In fact, the PAMPS
hydrogel is negatively charged due to the sulphonic
functional groups. Thus, the chains can readily attract
positively charged cationic dyes such as MB. On the
other hand, CH is positively charged due to the
protonation of amino groups [26], which explains its
ability to remove more anionic dyes compared to
cationic dyes. Upon using an adsorbent based on a
cationic and an anionic hydrogel such as CH and
PAMPS, respectively, it is expected to obtain the best
results for removing both anionic and cationic dyes.
This was proved by testing this mixture for MB and
MO dye removal, and the results matched the
expected outcome. The CH/PAMPS hydrogel
mixture could remove up to 85% of MO and 90% of
MB in only two hours.
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3. Conclusion

This paper investigates the dye removal capacity
of different hydrogels and hydrogel mixtures towards
both cationic and anionic dyes. The hydrogels
considered in this study are PAMPS, Na-PA, CH,
CH/PAMPS, CH/Na-PA, and a Semi-INP based on
PAMPS and Na-PA. It was found that the PAMPS
hydrogel and all the mixtures it was involved in
resulted in impressive cationic dye removal. This is
due to the anionic nature of the polymeric chains. On
the other hand, CH showed better anionic dye
removal due to its cationic nature. This paper also
investigated the dye removal behaviour of a mixture
based on both PAMPS and CH. This mixture showed
the best dye removal capacity towards both anionic
and cationic dyes, as expected. It is concluded that
during the design of hydrogel materials for dye
removal purposes, the electrostatic interaction of the
dye with the hydrogel surface should be taken into
consideration. The results also encourage the use of
an ampholytic hydrogel (which has both positive and
negative charges on the polymeric backbone) for
enhanced removal of both cationic and anionic dyes.
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