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1 Introduction

The utilization and regeneration of the sustainable resources for the development
of industrial technology has become a great concern worldwide. Water pollution
has become a major worldwide environmental issue harming the sustainability of
the environment [4, 27]. Water pollution disrupts the supply chain in industrial belts
posing a serious threat to the environmental feasibility [53]. During last few decades,
there has been a lot of research for the minimization of toxic pollutants from the
environment to make it healthy and sustainable. Highly toxic compounds have been
released into the environment directly or indirectly. These compounds maybe dyes,
pesticides, polycyclic aromatic hydrocarbons, radionuclides, and heavy metals [14].
They are widely used in industries like paper mills, leather, textile, pharmaceuticals,
and cosmetics [44, 57, 58].

It has been reviewed that the main causes of water pollution are caused by the
excessive discharge of textile wastewater which can pose harmful effects on the
human mankind like cancer, skin allergies, headaches, different mutations, etc. due to
its complex aromatic structure [17]. The removal of organic dyes from the ecosystem
is found to be a challenging task, so effective approaches are developed to mitigate
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the destruction of natural resources. The minimization of dye wastes can reduce
the risk of water pollution [42]. Due to the complex molecular structure of dyes,
they can resist degradation caused by light, physical or biological pathways using
micro-organisms [8]. More than 10,000 different dyes have been utilized in phar-
maceutical, leather, cosmetics, textile, and paper industries [38]. Approximately 2%
of these textile industry dyes directly end up as effluent in water sources. There-
fore, the amount of dye concentration estimated in wastewater varies in the range of
5-200 mg/L [2].

Different techniques are available for the removal of dye which includes micro-
bial as well as physical methods like advanced oxidation (by photodegradation),
coagulation, flocculation, membrane separation, adsorption, microbial degradation
[7, 18].

The complete depletion of dye molecule can be readily obtained by the process
of oxidation, either by photochemical process or simple chemical method [20]. The
main goal of any advanced oxidation technique is to synthesize the hydroxyl molecule
(HO*) for better interaction through hydrogen bonding and utilizing it as a strong
oxidizing agent to degrade the contaminant in the aqueous solution. Photocatalytic
degradation method is one of the most attractive and promising techniques among
the various approaches due to its reliability on the utilization of irradiation energy,
generation to less harmful by-products, simplicity, and eco-friendly. Coagulation and
flocculation are the processes utilized in water treatment to remove pollutants like
oil, grease, dyes, metals maintaining COD, and water concentration. This can lead to
development of highly cost-effective polymer composites [65]. Membrane separation
process is widely used nowadays to remove the contaminants in a physical manner
by the utilization of a membrane thus yielding a high environmental stability and
the removal capacity is also high by involving high pressure-driven methods such as
ultrafiltration, nanofiltration, reverse osmosis [32]. The stability of the membrane is at
high permeation flux with 99% in neutral or alkaline environments [52]. Adsorption
process is the most widely used technology for the dye removal process among all
these methods due to its cost-effectiveness, high stability, low toxicity [6, 13].

The second important aspect is designing and commercial utilization of affordable
and novel material for the industrial wastewater treatment has gained a significant
growth in a few years. Nanocomposite materials have proven as a suitable alternative
in order to overcome the drawbacks of monolithic and micro composites [48].

Nano-structured polymer composites help in improving the water quality thus
enhancing environmental stability [56, 66]. Research on polymer composites helps
in effective enhancement of wastewater treatment removing the micropollutants and
focusing on the challenges of future research. Research on the Polymer composite
was done due to their attractive properties like better adsorption and removal char-
acteristics of metal ions, dyes, and other toxic pollutants [10]. Polymer composites
consist of organic or inorganic compounds to provide allied advantageous properties
such as stiffness, low density, high thermal resistance, chemical stability [40].

Polymer composites blended with natural fibers like cellulose obtained from
different Agro waste like sugarcane bagasse, peanut shell proved to be an attrac-
tive option for the researchers. The polymer composites blended with graphene,
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carbon, or clay-based were majorly used in water treatment as well as desalination
technologies [33, 59]. The development of a reinforced composite polymer by the
addition of different linked monomers into it, which are derived from easily available
and user-friendly agricultural wastes makes it productive and enhances sustainability
[26]. The generation of the polymer reinforced composites in wastewater remedi-
ation and involving it in dye removal techniques is gaining worldwide interest for
researchers and young scientists. Utilization of the industrial wastes used for the
preparation of polymer composites reinforced with polymer, clay, cellulose/chitin,
and carbon can functionalize the fiber surfaces and reduce the absorption of moisture
making them compatible [29].

In this chapter, we have discussed various types of polymer composites that have
been used for dye removal purposes. Recent works in this field have also been
discussed here.

2 Various Types of Polymer Composites in Dye Removal

Different types of Polymers and polymeric composites are used for dye removal
purposes (Fig. 1). The polymer composites are filled with fillers like clay, metal,
carbon, or fibers.

Fig. 1 Diagram illustrating
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3 Polymer Composites

Polymer-polymer composites are mainly used in the process of dye removal since
it has many attractive and advantageous properties like mechanical strength, high
thermal stability, flexibility, durability, and high surface area with high surface-
to-volume ratio. These properties make the polymer capable of doping with the
other polymer composites by the synthesis involving functionalization by the method
of crosslinking and blending with different fillers. The fillers maybe comprised of
different Agrowaste like Sugarcane bagasse, peanut shells, rice husk ash, etc. The
polymer-polymer composites have attracted the scientists and researchers all over
the world because of their properties. So, these composites are well utilized in the
purpose of wastewater treatment and in the desalination methods. The main advan-
tage of these types of composites is wider range of pollutants can be utilized for the
Bioremediation treatment, but the disadvantage is high production cost [11].
Polymers are often used as fillers in polymers, or one or more polymers are
synthesized to form a new polymeric material where different fillers are reinforced
to form a composite system. Elkady and co-workers developed a copolymer were
developed using Styrene and acrylonitrile by the in-situ polymerization method and
using nanofibers as filler and used it for dye removal (by basic Crystal violet dye)
through the adsorption batch process. The polymer composite was produced by the
technique of electrospinning [19]. The composite morphology is shown in (Fig. 2).
The surface morphological characteristics were identified by the SEM technique
indicating a uniformity for the carboxylated nanofibers. The adsorptivity of the
process was also been affected by the structural modifications with the isolated
microbes. The adsorption capacity was noted at about 30 min as 67.11 mg/g. This
is because of the toxicological and structural changes interpreted in the copolymer
with the functional groups of carboxyl acid and amino acid bringing about immuno-
logical changes in the polymer by the high adsorptive power in the removal of basic
dyes like Crystal violet and Methylene blue dye [34]. Synthesis of cyclodextrin
composites also proved to be an exceptional group of polymer-polymer composites
with cost-effective power, high feasibility, and effectiveness in the process of dye
removal due to their good physicochemical properties [31, 68]. The efficacy for dye
removal was increased by crosslinking the cyclodextrins with the polydopamine for
the high thermal stability and structural feasibility immobilized with starch to utilize
it in wastewater and biodegradation treatment using fungi and cyanobacteria due to
their microporous nature. The 8 cyclodextrin plays a significant role in the adsorp-
tion process of dye removal using microbes due to the intraparticle diffusion and
interlinking forces of attraction in dyes with the polymer doped composites [63].
Similarly, polymer composites like PVA/Cellulose, PVA/chitin were generated
from the fillers combined with the monomers. The fillers were utilized as the natural
fibers like cellulose. Cellulose was extracted from the Agrowaste like Sugarcane
bagasse, Peanut shell waste. The cellulose was also grafted with 2-acrylamido-
methylpropane generating efficient polymer composites for dye and heavy metal
removal involving micro-organisms like Aspergillus sp. For the preparation of
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Fig.2 SEM micrographs of a poly (Acrylonitrile-Styrene copolymer (AN-co-ST)) nanofibers;
and b modified poly (AN-co-ST) nanofibers; ¢ effect of initial dye concentration on dye removal
capacity and percentage decolorization onto the chemically modified nanofiber (reproduced from
[20], open-access article)

PVA/chitosan or PVA/Cellulose polymer, initially, PVA polymeric membrane was
produced by adding 4 g PVA with 100 mL water, and continuously stirred for two
hours. After the solution turns transparent, some amount of chitosan or cellulose in a
1:2 ratio is added to form a homogenous solution by the process of ultra-sonification.
Finally, the polymer composites were obtained. And then the weights were measured,
analyzed for the dye removal with Methyl orange dye solution under dark conditions
with UV irradiation and the adsorption-desorption study was evaluated through UV-
vis spectroscopy. Then the dye-loaded composites were used for the Biodegradation
treatment using microbes like fungi and bacteria maintaining an optimum alkaline
pH and temperature of about 35 °C [47]. Also, polymer composites with diethylen-
etriamine with polyacrylonitrile were produced by the membrane separation and
electrospinning technique. The composites were characterized by SEM and TGA.
SEM confirmed the presence of roughness in the structure due to the incorporation of
diethylamine with the presence of microbes which affected the dye removal process
[3]. The advantages and disadvantages of Polymer doped polymer composites are
represented in (Table 1).
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Table 1 Interpretation of

. Advantages Disadvantages
advantages and disadvantages
of polymer-polymer (1) Polymer composites are very | (1) High cost of production
composites cost-effective to use

(2) High dye removal efficacy and | (2) High labor cost
adsorptive capacity

(3) Structural feasibility increases | (3) High viscous nature
due to highly porous nature inherits low electrical
conductivity

As mentioned earlier various types of fillers are reinforced in polymer matrices to
form polymer composites which can be used in wastewater treatment. Some of these
types of filler reinforced composites are discussed in detail in the following sections.

4 Polymer-Carbon Composites

Carbon when effectively involved with Polymer composites has been significantly
used in the water treatment involving Biodegradation processes and adsorption with
dye removal process exists in different molecular properties with advantages like
high mechanical and chemical properties, high thermal stability, and cost-effective
technique. Polymer doped carbon composites are generated with different forms of
carbon like carbon nanotubes (CNT), Activated carbon, Graphene and can be utilized
in various industrial and commercial applications. The advantages of the composites
enable them for the high removal efficiency of varied micropollutants like dye, heavy
metals from wastewater. The polymer doped carbon composites have attracted the
scientists due to the excellent properties of high surface area and high solubility
persists. The generation process of polymer-carbon composites is represented in
(Fig. 3).

Carbon nanotubes (CNT) are the cylindrical structure of carbon materials with a
one-dimensional graphitic structure having high surface area making it promizable to
be utilized in Bioremediation process involving dye and oil removal. They are of two
types multiwalled carbon tubes and single-walled carbon nanotubes. But the carbon
nanotubes possess a low solubility technique due to the absence of surface functional
groups which resulted in low adsorption performance. The carbon nanotubes show

Activated Carbon | PVA Soln mixed Finally.
generated from the with prepared =

. : Polymer-carbon
agricultural waste | g | AC fo generate [Pt
keeping in muffle PVA/AC H_Iod 1‘; :l‘ i
furnace for 2 hrs. | membrane. produced.

Fig. 3 Synthesis process of polymer-carbon composites, a generalized scheme using polyvinyl
alcohol (PVA) as matrix and activated carbon as filler [9]
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an excellent functionalization property for the degradation process. Graphene when
interlinked with the multiwalled nanotube structure grafted with a PVA polymer
enhances the functional property due to crosslinking by sp? hybridization [50]. The
polymer composites in the combination of activated carbon and Graphene possess a
high stability for the bioremediation by the utilization of advanced treatment tech-
nologies like Photodegradation and ozonation (in presence of ozone) and micro-
organisms. Activated Carbon preparation from the agricultural wastes has foreseen
the environmental problems and thus increases the mechanical stability of the carbon
nanocomposites with the reinforcement of activated carbon derived from Agrowaste
like Sugarcane bagasse, Rice husk ash, Peanut, Coconut waste, Tea waste, etc.

The composite research on carbon nanotubes attracted attention due to the
improved characteristics by surface modifications in the adsorption performance
involving dye removal enhancing the thermal and mechanical stability. Fabrication
of carbon nanotubes by surface functionalization is a facile approach. A recent liter-
ature study was done where carbon nanotubes were grafted with poly (sodium-p-
styrene sulfonate) where the CNT was initially coated with a layer of dopamine and
then polymerized to utilize in water treatment involving biodegradation by Azolla
cyanobacteria then in the removal of a basic Methylene blue dye. The enhanced dye
removal showed a great adsorptive capacity at 25 min with 174 mg/g [61]. Polyaniline
when encapsulated with multiwalled CNT’s by the in-situ polymerization process
possesses a high removal capacity of about 884.84 mg/g with alizarin yellow dye
[60]. This suggested that the adsorption study interpreted pseudo second-order Lang-
muir isotherm and thus the polymer doped carbon CNT composite may be hence
utilized as a cost-effective adsorbent for the removal of various dyes.

PVA/AC polymer doped composite is synthesized by the process of 4 g of PVA
(Polyvinyl Alcohol) powder was mixed with 100 mL of distilled water and kept for
stirring for 2 h to form a transparent solution [47]. Then 2 g of activated carbon was
generated from Agrowaste Sugarcane bagasse and carbonized in muffle furnace to
obtain the activated carbon then was added in 10 ml of prepared PVA solution and
stirred for about 1 h. Hence, the obtained solution was ultrasonicated for 30 min.
Then cast on a sterile petri dish by the solution casting polymerization technique
and utilized in dye removal process and finally dye-loaded composites were used in
biodegradation using bacterial strains [47].

Polymer doped graphene composites have gained a lot of interest due to their
effective physicochemical properties and their three-dimensional structure which
enhances the porous nature, high thermal resistance, and high electrical conductivity.
Polymer-Graphene composites can be structured and fabricated onto membranous
films to enhance the bioremediation and dye removal process, also may be used
in ultrafiltration membrane separation techniques [28]. Sodium alginate beads were
grafted with Graphene to form a composite with excellent selectivity and permeavity
[12]. In a study Poly (N, N-2-ethyl aminoethyl methacrylate) was cast with graphene
oxide for the removal of methylene orange dyes [15]. A nanoporous fibrous membra-
nous composite was developed using multiwalled carbon nanotube encapsulated
with polymer for dye removal by Methylene blue and Congo red because of its low
permeation flux and low pressure-driven process carried out by electrospinning and



92 R. Sarkhel et al.

Table 2 Representation of advantages and disadvantages of polymer-carbon composites

Advantages Disadvantages

(1) These polymer composites are easy to use | (1) Ability of dispersion is poor
and cost-effective

(2) High surface area and porosity (2) Production process is very critical with the
advanced treatment methods

(3) High adsorptive capacity (3) Lack of design guidance

spraying technique [51]. The polymer composites doped with graphene possess good
adsorption properties focusing on magnetic adsorbents with biopolymers. Biopoly-
mers were used where iron oxide played a significant role in the magnetic prop-
erty. The dye removal by polymer-graphene composites was subjected to photocat-
alytic processes by the isolated micro-organisms of fungi [69]. The polymer doped
graphene composite is most commonly used composite because of its high adsorption
and removal property due to the functionalization and high porosity which enables it
in the utilization of Bioremediation process. The advantages and Disadvantages of
Polymer doped Carbon composites are interpreted in (Table 2).

5 Polymer-Clay Composites

Some treatment technologies for the water treatment processes involving Bioremedi-
ation and Adsorption process are favored due to their attractive properties such as high
effectiveness in the removal process, easy operation technique, and high efficiency.
Polymer doped clay composites are one of them which are emerging technologies
utilized in the wastewater processes with flexible nature and nature of adsorbents.
Clays constitute natural materials with low cost used as natural efficacious adsor-
bents for the removal of many micropollutants like oil, heavy metals, and dyes. The
advantage of these types of composites is their high porosity and high surface-to-
volume ratio. But their disadvantage is their wettability process is very poor and
slow. Polymer-clay composites can be produced by different associative methods
like flocculation, exfoliation, coating, and intercalation (explained in Fig. 4).

A polymer cationic clay composite was grafted with polyvinyl pyridine (polymer)
and montmorillonite (cationic clay) as a novel adsorbent for the removal of dyes like
Methylene blue with an effective pH response. The high elimination of organic pollu-
tants has been due to the high presence of leachate ions and high zeta potential. At
an increase of pH level, the desorption of pollutants takes place using these types of
composites [21]. A similar study was conducted using montmorillonite and sodium
2-acrylamido-2-methylpropane sulfonate and N isopropylacrylamide with a graft
polymerization using a sulfate free technique. This enhanced the dye removal prop-
erty by Methylene blue dye and the bioremediation process with these dye-loaded
composites. The composites have been so efficient that they can be reused three to
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Fig. 4 Diagram representing the formation of polymer-clay composites by different methods

four times with no removal loss [5]. The dye has an adsorption capacity of 1875 mg/g
representing the highest removal involving mercuric ions due to its highly porous
nature and chelation property [64]. Also, a polymer-clay composite produced from
montmorillonite with polyvinyl alcohol and poly (4-styrenesulfonic acid-comaleic
acid having highly efficient and cost-effective adsorbents [36]. A hydrogel composite
with polymer doped clay composite comprising polymers with montmorillonite was
exfoliated using bis [2-(methacryloyloxyethyl] phosphate as a crosslinker used for
the elimination of methyl red, methylene blue, and crystal violet from wastewater
with maximum adsorption capacity of 113, 155, and 176 mg/g. The desorption
technique was exhibited in the Ethanol solution [39]. From the recent literature
survey, anionic clay-based composite of magnesium aluminum coated with poly-
dopamine was produced for the desalination and water treatment for the bioreme-
diation purposes by using microbes. Also, utilizing removal of copper ions as well
as dye removal by Methylene blue and Methyl orange with an adsorption capacity
of 198.73 mg/g [11]. The good adsorption capacity was due to the interaction of
hydroxyl molecules through hydrogen bonding with removal of dye from wastew-
ater enhancing the adsorption and thus this composite can be effectively used for the
bioremediation purposes too [16, 62]. The schematic representation of synthesis of
acrylamide and N-isopropyl acrylamide-montmorillonite composite and its use for
methylene blue elimination from aqueous media is represented in (Fig. 5).

The advantages and disadvantages of Polymer-clay composites are discussed in
(Table 3).

6 Fiber-Reinforced Polymer Composites

Fiber-reinforced composites have been nowadays the most prominent option to be
used in case of water treatment since they are very lightweight and have high tensile
strength due to the reinforcement of fillers into them. The fillers maybe of metal,
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Fig. 5 A schematic representation of synthesis of acrylamide and N-isopropyl acrylamide-
montmorillonite composite, and its use for methylene blue elimination from aqueous media
(reproduced from Berber et al. [11], open-access article)

Table 3 Representation of advantages and disadvantages of polymer-clay composites

Advantages Disadvantages

(1) Utilization of cost-effective adsorbents

(1) High labor cost

(2) High adsorption capacity due to more
interaction of hydroxyl molecules

(2) Structure of composites was complex

(3) High efficacy for bioremediation purposes

(3) Production costs for developing these

composites are very high

ceramic, carbon, and natural fibers like cellulose. These composites are a hetero-
geneous mixture of two materials, one embedded into the other. Fiber-reinforced
polymer composites have high performance due to their crosslinking nature of cellu-
losic fibers with excellent structural properties. These properties make the polymer
capable of reinforcing with fillers by the synthesis involving functionalization by
the method of crosslinking and blending. The fillers maybe comprised of cellulose
extracted from different Agrowaste like Sugarcane bagasse, peanut shells, rice husk
ash, etc. The synthesis of fiber-reinforced polymer composite has been interpreted
in (Fig. 6).

Polyvinyl composites reinforced with nanocellulose, chitin, carbon were synthe-
sized. These composites were cost-effective, eco-friendly, and reusable. The
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Fig. 6 Synthesis of fiber-reinforced polymer composite membrane, a pictorial representation with
nanocellulose as filler and PVA as matrix [37]

crosslinking component was the maleic acid to generate the biopolymer composite
film. The composite film was evaluated for the dye removal process involving Methy-
lene blue dye, and the effect of parameters like pH, temperature, concentration
was studied for the batch process. The adsorption capacity was extremely high as
467.5 mg/g, confirmed from the FTIR and SEM analysis. SEM analysis showed a
rough surface after the incorporation of methylene blue dye into it. FTIR evaluated
structural bonds linked to the fillers with different functional characteristics [37].

PVA/Chitin and PVA/nanocellulose was prepared by initially preparing PVA film,
dissolving 10 g of PVA granules with 70 g of water, and kept stirring until the solution
becomes homogenous at 85 °C for about 2 h. Then nanocellulose was prepared by
ultrasonicating the prepared cellulose mixture for 15 min. Now, finally, the chitin or
nanocellulose is mixed with maleic acid and PVA in a weight ratio of 1:5 and stirring
it for about 3 h. at 500 rpm. HCL was added to the mixture of maleic acid since it
behaves as a catalyst. After the solution turns homogenous, pour into a sterile petri
dish and keep it under a low heat for the generation of the fiber-reinforced polymeric
composite membrane [22]. Finally, the polymer composites were utilized for the
bioremediation process involving dye removal and the dye-loaded composites can
also be used for the biodegradation process. The isotherm and adsorption studies were
done to investigate the adsorption-desorption, and kinetic parameters at an alkaline
pH range about 8.5 so that the composites can be regenerated again for further use
[43]. The advantages and disadvantages of Fiber-reinforced polymer composites are
discussed in (Table 4). Various properties of all these polymer reinforced composites
have been explained in (Table 5).

Table 4 Advantages and disadvantages of fiber-reinforced polymer composites

Advantages Disadvantages

(1) They have high strength and good rigidity | (1) They have low electrical conductivity

(2) The adsorption properties with respect to | (2) The density of these composites is low so
dye removal are very high adsorption resistance is high

(3) They have high thermal resistance, so (3) They are fragile and hard to repair
durability is high and thus can be used for
bioremediation purposes
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7 Dye Removal Properties for the Different Polymer
Composites Used in the Study

See Table 5.

Table 5 Representing SWOT analysis of the composites

Types of composites | Strengths Weaknesses Opportunities Threats
(1) Polymer-polymer | (1) Very (1) Low density (1) Utilization of (1) High
composites lightweight (2) Low natural fibers as production costs
(2) Cost-effective performance on fillers (2) Disposal is not
(3) Environment mechanical (2) Design may be | easy
friendly properties changed when
needed
(2) Polymer-carbon (1) Cost-effective (1) Untrained labor | (1) High adsorption | (1) Low energy
composites (2) High (2) Dispersion capacity density
surface-to-volume | ability is low (2) High porosity (2) Regeneration is
ratio (3) Advanced (3) Use of critical
(3) Manufacturing | treatment sustainable (3) Little applied
processes benefits | technologies are renewable R&D
bioremediation critical resources
techniques through | (4) No loss with (4) New
dye elimination and | recycling applications are
using microbes produced
(4) Rise of market
economy
(3) Polymer-clay (1) High electrical | (1) Thermal (1) New and (1) Lack of
composites conductivity resistance is not emerging market production chains
(2) Weight loss in | very high technologies (2) High labor cost
composites is high | (2) Mechanical (2) Sustainability (3) High demand
(3) High adsorption | properties are low | with green for dimensional
(3) Fatigue materials analysis with
properties develop | (3) Surface areais | biomass cropping
high
(4) Fiber-reinforced (1) High porosity (1) High (1) Cost-efficient (1) They are hard
composites (2) High strength to | production cost (2) Easily available | to repair due to
volume ratio (2) Low electrical | (3) Durability is fragility and
(3) Adsorption conductivity high, and high porosity
capacity is high (3) No magnetic thermal resistance | (2) Low corrosion
thus enabling high | property so reinforcement is | resistance

removal efficiency

strong

(3) Maintenance
and production
cost is very high
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8 Recent Works of Dye Removal Using Polymer
Composites

In the recent literature survey, for the purpose of photocatalytic process, a hybrid
composite was produced. Polyoxometalate reinforced with polymer was prepared
at optimum temperature conditions by the photocatalysis technique. The polyox-
ometalate was reinforced into the polymeric resin and then was studied under light
intensity to interpret the dye removal capacity. The prepared composites reinforced
into the polymer matrix revealed high adsorption properties, and the photocatalytic
ability was studied under UV irradiation on the Eosin dye [25]. It was noted that the
removal efficiency was about 98 and 93%, respectively using these polyoxometalate
hybrid composites, whereas it was 94% using silicon reinforced with polyoxomet-
alate composites. The photocatalytic characteristics were studied to increase the
quantum yield for the dye decolorization which is crosslinked with the ligands of
functional groups occupying oxygen molecules [45].

The characteristics of the polymer were evaluated by the FTIR analysis. After the
photopolymerization process, the photocatalytic properties of the prepared polyox-
ometalate reinforced with the polymeric resin were reserved thus enabling efficient
dye removal using Eosin dye. The composites were generated due to the immobi-
lization process studied under UV light. The composite efficiency was interpreted
utilizing UV spectroscopy with a wavelength of 405 nm maintaining a pH of 8. The
development of these composites leads to high yield and offers new possibilities to
remove contaminants from wastewater enhancing the photocatalytic efficacy. Thus,
these polymer composites can be regenerated, recycled, and utilized for bioremedi-
ation removing pollutants like dye and for other purposes to enhance environmental
sustainability.

The development of polymer composites of clay with the green composite
polyethylene was done for removing methylene blue dye from wastewater. The
different optimum parameters were maintained during the experimental process such
as pH (9), concentration of the dye at 1 x 10~> M with an agitation speed of 1440 rpm.
The removal of methylene blue dye from the polymer composites was due to the inter-
action of the molecules through hydrogen bonding increasing the surface area and
porosity [23]. The adsorption and kinetic parameters like temperature, pH, and dye
concentrations were investigated for the composites having high adsorptive capacity
stated that the adsorption process depicted pseudo second-order.

The three different concentrations were maintained as 5 x 107°, 10 10~% and
25 * 107° M, with room temperature and the values of pH were 5.5, 7, and 9, respec-
tively. The sample was used for the adsorption experiments evaluated through UV-vis
spectroscopy and was characterized by SEM, TGA. The literature survey revealed
from the results increasing methylene blue dye concentration enhances the adsorp-
tion capacity maintaining a pH value of 5.5-9. Due to the molecular interaction and
hydrogen bonding, the kinetic energy increases. The adsorption isotherm models
for the best fit curve were obtained by pseudo first-order, pseudo second-order,
mass transfer diffusion, and intraparticle diffusion. The activation energies, isotherm
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studies evaluating kinetic as well as thermodynamic parameters were discussed. The
Gibbs’s free energy was found to be — 70.64 kJ/mol, Entropy — 70.64 J/mol/K,
and the activation energy as 12.37 kJ/mol maintaining a room temperature. The
results revealed that the reaction was spontaneous and exothermic and thus this type
of composites can be utilized in water treatment and providing green, sustainable
environment [49]. Formation of the polymer-clay composite and its dye removal
characteristics has been shown in (Figs. 7 and 8).

The polymer composites of polyaniline reinforced with hexaferrite and PVA was
prepared and examined for dye removal analysis by Reactive black dye. Composite
hydrogels were produced by the process of oxidation of aniline hydrochloride mixed
with ammonium sulfate with 5% PVA in the presence of hexaferrite particles. These
composites show a good adsorptive and magnetic power due to the presence of
ferrite molecules with crosslinking of functional bonds incorporated into the hydrogel
composites. The mixture prepared was initially kept for thawing at — 5 °C for 5 days
for the polymerization to take place [54]. After the thawing process, the composites
were produced by the lyophilization process. The innovation for the electromagnetic
property of the polymer composites attracted different researchers and scientists
worldwide. These polymer composites were prepared due to their advantageous
properties such as high chemical strength, high thermal stability, cost-effectiveness,
high electrical conductivity, and environmental feasibility.

The porosity of the composites becomes high due to the presence of hexafer-
rite molecules thus enabling high efficacy for dye removal utilizing the hydrogels
[11]. The freezing attitude of the hydrogels reinforced with polyaniline was incorpo-
rated because of the magnetic hexaferrite molecules which exhibit easy separation of
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Fig. 7 Formation of GCPf (clay polyethylene composite) and its removal of methylene blue from
water solution (reproduced from [49], open-access article)



Dye Removal Using Polymer Composites as Adsorbents 99

Fig. 8 Removal of methylene blue by clay polyethylene composites from water in the laboratory
(reproduced from [49], open-access article)

adsorbents from the fluid. The adsorptive removal capacity was about 99% by Reac-
tive black dye, this is due to the reason of cohesive forces present in the hydrogels
by the reinforcement of polyaniline and hexaferrite in presence of PVA, thus can
be utilized in bioremediation and water treatment. The deformation of composites
results in effective magnetic anisotropy and low coerciveness [46].

An eco-friendly bio adsorbent polymer composite was generated by the process
of graft polymerization with high removal capacity of azo dyes from solutions.
1,1-diallyl-4-carboxypiperidin-1-ium bromide was incorporated into biomaterials
like cellulose, chitosan. Different parameters which affected the adsorption prop-
erty of dye are temperature, pH, adsorbent dosage, and solution concentration. The
biopolymer composites served as efficient adsorbents with excellent amphoteric
approach which enabled the composites in the bioremediation, desalination, and
water treatment study. The bio adsorbent composite served as a pH-responsive mate-
rial for the removal of azo dyes such as indigo and Congo red from the solutions
[35, 67]. The polymer composites helped in the decontamination of dye-containing
water solutions. The surface morphological properties and functionalization char-
acteristics were determined by SEM, FTIR, TGA, and VSM which revealed the
roughness nature of the composites after dye degradation. The adsorption isotherm
models like Langmuir isotherm and pseudo second-order kinetic model were inves-
tigated to obtain the best fit model for the experimental analysis and use it further.
The polymer composites were regenerated with a basic solution of HCL or NaOH
[41]. The adsorption capacity for the azo dyes was 840.33 mg/g and 909.1 mg/g,
respectively. This is due to the entrapment and immobilization of dye molecules into
the polymer bio adsorbents with cost-effective materials as an environment-friendly
technique that enables the sustainability with regeneration, and ease in magnetic
separation for the polymer composites.
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9 Future Perspectives

The chapter foresees the generation of different types of polymer composites and their
application in dye removal as well as for bioremediation in water treatment and desali-
nation. The demand for clean water has been increased drastically in past decades due
to increased marine pollution. Different methods were being employed for the treat-
ment of above problems [1, 24]. The removal processes mainly involved adsorption
techniques and separation processes (bioremediation or phytoremediation).

A vast variety of polymer reinforced composites for dye removal have been exhib-
ited and utilized in lab-scale experimentation techniques, therefore exhibiting a posi-
tive outcome. Thus, challenges can be overcome by employing more applications to
these composites in removing dyes and other micropollutants. Elimination of dye
and weight loss of the composites results due to the polymerization techniques and
electrochemical processes [30, 55].

10 Conclusion

As discussed in this chapter, the polymer reinforced composites made of all synthetic
and natural polymers have remarkable, and attractive properties of adsorption and
bioremediation when combined with different adsorbents like polymer, clay, cellu-
lose, and carbon. The recent works related to the dye removal study utilizing the
polymer composites have also been discussed in this chapter. These composites are
prepared for the sustainability of the environment since they are cost-effective, and
environment friendly. The production of these polymers yields a high cost, but they
have easy fabrication, have high chemical and thermal strength, and application
process. Using Agro waste in the preparation of natural fibers as a filler in devel-
oping the polymer-polymer composites and in the generation of activated carbon for
polymer-carbon composites exhibit high efficacy. A lot of research has been done to
make the polymers durable, highly efficient, and have high adsorption properties to
be utilized in dye removal from industrial wastewaters.
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