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the use of Rhodamine B (RhB) for its toxicity and harmful effects. Therefore, this study

tel: +966-12-6952000 ext. 26546
email: zsaigl@kau.edu.sa

Received: January 5, 2021 presents a wide range of non-conventional low-cost alternative adsorbents to remove RhB
Accepted: May 10, 2021 dye from wastewater. It has been observed that the mechanism of the dye adsorption is
DOI: 10.22146/ijc.62863 focused on kinetics, isotherm, and thermodynamics models, which depend on the

chemical nature of the materials and various physicochemical experimental conditions
such as solution pH, initial dye concentration, adsorbent dosage, and temperature of the
system. The kinetic data of adsorption of RhB dye usually follow the pseudo-first-order
and pseudo-second-order kinetic models. Several studies revealed that Langmuir and
Freundlich adsorption isotherm models are frequently used to evaluate the adsorption
capacity of the adsorbents. Furthermore, thermodynamic examination showed that RhB
adsorption was endothermic and unconstrained in nature. Thus, both photocatalytic
degradation and adsorption methods offer good potential to remove RhB dye from
industrial effluents. The work is in progress to evaluate the possibility of using other
modified waste biomass for industrial pollution control.
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= INTRODUCTION coloring agent in various industries such as textiles,

e , paint, etc. Its high solubility i t d its low-
Generally, water can be utilized as an excellent solvent, paper, paint, etc. Its high solubility in water and its low

. . . cost nature makes it a commonly used pigment in
metabolite, and living environment. Unfortunately, due “ Yy used pig

to the high technology required for industrial societies, various industries. Colors are characterized by complex
chemical structures; subsequently, they are non-
biodegradable [8]. RhB dye, likes other dyes, stable to

light, heat, oxidation, and is not biologically degradable

several environmental problems appeared and negatively
impacted the atmosphere. Over time, population growth,

rapid industrialization, and urbanization represent big

challenges, particularly the water resources in developing [9]. Some studies suggest that RhB dye is considered as

. . . . . carcinogenic and mutagenic origin in animals and
countries contaminated by organic and inorganic

compounds such as chiral pollutants and heavy metals humans. Tt causes biological issues such as skin,

[1]. Thus, there are many research articles interested in respiratory  inflammation, —hemolysis, = degenerative

this global problem [2-3]. As a result, water pollution by changes in the liver, and kidneys, etc. [5-6,10-11]. It is

. . . . known as water tracer fluorescent as it is used as a
new emerging pollutants is becoming a subject of global

. ) . tracker inside the water to evaluate the flow rate and
anxiety, with hazardous environmental consequences [4].
Rhodamine B (RhB) dye is a synthetic dye widely

used as a coloring in textiles and food products [5-7]. It is

direction of the water flow [9,12].
This dye belongs to the xanthine family and is

a bright red organic fluorescent pigment used as a commonly used in the biological, analytical, and optical
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Table 1. General properties of Rhodamine B

Common name Rhodamine B

Chemical name

[9-(2-carboxyphenyl)-6-diethylamino-3-xanthenylidene]-diethylammonium chloride

Chemical formula CasH3:CIN,O5

Molecular weight 479.017 g/mol

Adsorption maximum 545 nm

Class Triphenylmethane

Appearance Basic Violet 10; Brilliant Pink B

Molecular structure
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COOH

CH,

sciences [13]. Among its uses is that it is frequently used
in the manufacture of paper, textile and leather dyeing,
and fluorescent cell dyeing, and it is also found in
wastewater [14-15]. Expanding release of a significant
overabundance of dyes by color fabricating and material
business leads to extreme environmental issues. RhB dye
is broadly utilized for coloring, and their release in water
bodies give antagonistic impacts on human and creature
[16]. Now the rapid growth of industrialization and
unplanned urbanization is causing severe environmental
problems, especially for groundwater containing RhB
stains, which is one of them. As a result, many studies and
research conducted by scientists have reached the
adsorption of RhB in many fields [17-18]. Therefore, the
utilize of RhB dye as a colorant in foodstuffs was denied.
In general, synthetic dyes are used to manufacture various
types of paper, textiles, tanning leather, plastics, food
processing, and rubber. Subsequently, when it is
discharged into water, it is considered a dangerous source
of contamination due to its intractable nature [19].
However, many merchants continue to utilize RhB as a
food additive, imperiling the prosperity of clients. In this
way, the advancement of a simple method for the assurance
of RhB in numerous samples is fundamental [20].

Metal ions are the most toxic pollutants in the
environment, non-biodegradable and highly toxic leading
to carcinogenesis [21]. Removal of organic and inorganic
pollutants from aqueous solutions mainly includes

chemical, biological, and physical approaches. Various

methods, including chemical precipitation, ion
exchange, membrane separation, and adsorption, can
handle  these While

precipitation is the most common technique, it does not

contaminants. chemical
appear to meet the requirements of the strict effluent
standard. Therefore, adsorption is favored for the
removal of pollutants from all different water treatment
systems. It has many advantages over other separation
methods, including high solid-phase stability and
reusability, ease of separation, reduced costs due to low
reagent use, and no need for toxic organic solvents [1].
Therefore, great attention has been oriented towards
using various adsorbents such as nanoparticles, carbon
nanotubes, graphene, and composite nanomaterials to
separate organic and inorganic pollutants [4,22-25].
Moreover, the removal method using biomass has been
increased because they are simple, eco-friendly, and
cheap [10]. The residual biomass was turned into
adsorbent materials after chemical activation with acids
or chemical reagents, allowing the development of a
large pore in the activated materials [26].

The current review shows the progress in the
adsorption process using different adsorbents for
removal of RhB dye to overcome the limitations that
result from other techniques due to their complications.
This would give the readers a broad insight into several
possible modifications of adsorbents used for the
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effective separation of RhB dye. In addition, kinetic data,
thermodynamic examination, and isotherm models of
adsorption of RhB dye are frequently used to evaluate the
adsorption capacity of the adsorbents. Thus, the present
study aimed to determine the optimum conditions for
removing RhB from an aqueous solution.

Current Treatment Technology for Color Removal
of Dyes

As a type of xanthene color, RhB is produced by
phenols and phthalic anhydride, and it is widely used in
materials [27]. Extracting the dye from waste clothing is a
great inspiration for most researchers worldwide [28].
These
coagulation, air stripping, membrane filtration, catalytic

techniques include electrostatic deposition,

carbon absorption, electrochemical oxidation, wet
oxidation, biological oxidation, and chemical oxidation
techniques [29]. Chemical oxidation technologies are
usually classified into conventional chemical oxidation
and advanced oxidation processes [29].

Chemical treatment

There are several different technologies for the
adsorption of RhB dye, including chemical oxidation, ion
exchange, chemical precipitation, and photocatalytic
degradation, etc. Although, according to its versatility,
adsorption is considered a worldwide recommended

water treatment technology [18].

(i) Conventional chemical methods such as

microemulsion, co-chemical precipitation system,

chemical  hydrothermal  procedure, thermal
dissolving process, and the mechanical chemical
process often used in dyes lysis are expensive. The
adsorption process is beneficial and popular among
all methods because it is low cost, highly effective, and
easy to operate [6,30].

(ii) Chemical agents for treating dye wastewater involve
adding ozonation, ion exchange, and reducing agents.
Hence, the improvement of cost-effective techniques
is of most extreme significance in treating

wastewaters that contain dye [31]. By previous

experiments on the adsorption of RhB, we can
differently research several chemical approaches.

Nanometer-wide metal oxides such as TiO,, MnO,,
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CeO,, MgO, ALO;, Fe,Os, etc., are classified as
suitable photocatalysts for wastewater treatment [6].
The preparation of carbon nanomaterials (NPCs)
using the template method has also become
increasingly important in recent years.

In general, the materials have a broad surface,
porous sizes, good chemical, and thermal stability.
Therefore, they are very promising absorbents for
wastewater treatment. Also, industrial carbon has been
labeled and used as an adsorbent to remove RhB from
water [32]. Over the past few years, due to their
extraordinarily high surface area, metal-organic
frameworks (MOFs) have emerged as a promising
alternative adsorbent for dye wastewater treatment due
to their large surface area and good chemical tenability
[11,33]. Since organic coloring is complicated to extract
because it is hard to decompose, there are many methods
for removing the dyes from environmental matrices. A
photocatalytic method is a modern way to convert
organic coloring to CO, and H,O as final products.
Ag;PO./Bi, WOg nanocomposites and Co,—CusFe,O4 (0
< x £ 0.5) nanoparticles have been synthesized for
photolysis of RhB dye under visible irradiation [34-35].
Different types of adsorbents have been used to adsorb
RhB dye from aqueous solutions. Synthesizing MgO-
supported Fe-Co-Mn nanoparticles (MgO-FCM-NPs)
are used as an adsorbent to extract RhB dye. Various
techniques were used to test MgO-FCM-NPs, such as
scanning electron microscopy (SEM), vibration sample
magnetization (VSM), X-ray diffraction (XRD), and
Fourier-transform infrared spectroscopy (FTIR) [36].

Physical methods

There has been comprehensive research into
treatment methods
adsorption, filtration, electrolysis, and reverse osmosis

traditional physical such as
for RhB dye adsorption. Adsorption technology
continues to be sustainable, effective, and the safest
strategy to resolve the challenges of the alarming rise in
urbanization and industrialization [21,37-40]. Activated
carbon (AC) is known for its superior surface areas and
microporous structures that contribute to the higher
[17,41-43].
Membrane separation, for its simple operation process,

capacity of adsorption of RhB dye
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small space occupancy, and low energy consumption, is
considered a promising technology for dye wastewater
[9]. Many studies have concentrated on advanced
electrochemical oxidation processes (EAOPs), such as the
electro-Fenton (EF) method. Moreover, an assortment of
combined strategies was created, counting the coupling of
EAOPs with photocatalysis, adsorption, nano-filtration,
ultrasounds and microwaves, and the application of
microbial fuel cells [27,44]. Numerous ponders were
centered on electrochemical progressed oxidation forms
(EAOPs) like electro-Fenton (EF) prepare. EF prepare
might overcome these issues by the in situ electrochemical
eras of H,O; in the cathode [27].

Since the residual pigments in the wastewater are
characterized by strong color, high organic content, and
stable chemical structure due to azo functional groups.
There are several different ways to extract dye from
wastewater. Therefore, the use of electrochemical
processes as an innovative option is for extracting dyes
from colored effluents. The material of the anode has been
shown to play a vital role in the electrolysis of organic
contaminants for the removal of dye from the effluent.
The dimensionally stable anode (DSA) is made of a base
metal titanium coated with thin conductive ruthenium or
iridium oxide. DSA anode achieves performance with
high chemical stability even at high current densities, has
a longer life, is commercially available, and at low cost
[45].
expanding attention owing to their application in natural

Semiconductor photocatalysts have gotten

contamination treatment [46].

Biological treatment

Biological studies are an example of many critical
biological methods for the adsorption and treatment of
RhB dye from wastewater. Physical adsorption by
degradation is commonly used in the treatment of
effluents [41]. The biological water treatment methods
have been less successful because most synthetic dyes are
stable to heat and light. Also, many dyes are biologically
not degradable because of their complex polymeric
structure. In general, the dyes chosen by industries have
good stability and fastness [47].

Several tons of dyes are gradually being dumped into
wastewater. Discharge of wastewater rich in untreated or
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partially treated dyes into the natural environment is a
major concern due to their respiratory infections and
allergic reactions. Among these dyes, RhB [48] is broadly
utilized in material passing on and in research facilities
as a biological recolor [49]. The biological aerated filter
(BAF) has played an important role in treating
wastewater to extract RhB dye for many years. However,
multiple adsorbents with an adsorption potential have
been used to separate RhB dye [41].

Different Adsorbents for the Removal of RhB Dye

A wide range of solid raw agricultural residues has
been discovered for the adsorption of RhB dye, such as
pine and grapefruit peel, canola peel, peanut husk,
pistachio nuts, and red peelings. Abundance in nature is
one of the most important factors to consider before
investigating various raw agricultural solid waste as low-
cost absorbents. Banana, potato, and cucumber are
among the agricultural products that are widely grown
internationally, and their peels were examined on
farmland for treating wastewater from dyes. However,
their structure and surface chemistry effect on their
ability to absorb the anionic and cationic dyes has been
studied [37].

Studies recommend that adsorbents are promising
approaches to treating colored effluents, including
residual agricultural and industrial materials such as
activated carbon from the wood residue, sawdust, and
rice husks. Also, the previous studies referred that
adsorption using biological materials such as microalgae
is excellent removal of pigments. For example, the
microalgae species Chlorella pyrenoids belonging to the
Chlorophyta division have been used as an important
bio-absorbent for removing RhB [13].

The effectiveness of this process was tested by
using magnetite/carbon nanocomposite as a sorbent to
extract anionic and cationic dyes from wastewater. As
far as organic contaminants are concerned, pigments
have a high potential to alter the environment due to
their high color and optical emission. They also cause
changes in biological cycles that primarily impact
photosynthesis processes [28]. Subsequently, it is essential
to minimize their concentration in wastewater to a more
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secure constrain [49]. Therefore, there is an urgent need
for various adsorbents to quickly remove toxic pollutants
from the environment, efficiently and affordable.

Organic adsorbents

Agricultural wastes. Researchers have used various
biomass-based adsorbents to remove different dyes
during the last ten years, including RhB dye from aquatic
environments [50-51]. Several agricultural wastes and
biomasses include Artocarpus odoratissimus, cotfee beans,
banana, orange, lignocellulosic, pomegranate, potato, and
cucumber peels [50-56].

Artocarpus odoratissimus, locally known as Tarp in
Brunei Darussalam, has been used to remove RhB from
aqueous solutions. The skin and core are discarded as
wastes. Therefore, they can utilize as adsorbents to reduce
the waste disposal problems while converting the wastes
into useful adsorbents to clean up wastewater. It has been
successfully used as an adsorbent to remove RhB dye from
an aqueous solution [57]. Banana peels as an adsorbent
have many advantages for removing various toxins from
water due to their cost-effective, plentiful, and high carbon
and the disposal of banana peels. Banana is one of the most
eaten fruits in the world. However, many banana peels are
wasted every year despite numerous uses, and their
disposal poses a serious issue. Therefore, recent research
focuses on the adsorption of RhB dye to the prepared,
environmentally friendly green banana peel powder [48].

Moreover, a systematic comparison of potato and
cucumber peels' surface and structural properties as
effective natural adsorbents was performed in some
research to remove both ionic and cationic dyes such as
RhB dye from the aqueous solutions [37]. In addition, coffee
beans are widely produced and used exceeding 150 million
of 60 kg bags which means plenty of waste coffee ground.
The carbonized coffee grounds can be used for adsorption,
soil remediation, and removing dangerous organic and
inorganic compounds from aqueous or wastewater.
Furthermore, the coffee ground powder is efficiently used
as a zero-cost adsorbent for adsorption and subsequent
removal of RhB dye from aqueous solutions [58].

Besides, adsorption is the favored strategy for
treating color wastewater which depends on the choice of
adsorbents and the adsorption capacities. The reason for
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choosing Casuarina equisetifolia cone (CEC) could be a
sort of nonluminous plant, where the root depended on
microscopic organisms, Frankie spp. Furthermore, CEC
is found in nature in abundance, so it has a small
economic value. Moreover, CEC can be effectively
prepared into powder for adsorption due to its
brittleness. It contains lignocellulosic fabric, which is
one of the materials known to be included in the
adsorption of poisons. Thus, choosing CEC as an
adsorbent to evacuate poison may be an economical
choice [59].

Carbon materials. Recently, considerable numbers of
adsorbents have been used in removing different dyes,
including RhB dye. Among those adsorbents, activated
carbon exhibited several advantages. High surface area,
porosity, and chemical properties are all responsible for
its higher adsorption capacity in wastewater treatment
with organic dye molecules [60-61]. Most carbon
adsorbents are generated from fruit peels, sugar, beans,
and zeolites [62-65]. White sugar undergoing the acid
dehydration method was used to prepare a highly
porous carbon. The carbon then gets activated in a
nitrogen environment, which gives the activated sugar-
based carbon (ASC). The ASC was characterized using
some classical characterization techniques such as X-ray
diffraction (XRD), Brumaire-Emmett-Teller (BET), and
Fourier Transform Infrared (FTIR). The obtained result
reveals that the pore parameters of the ASC were
considered adequate for adsorption.

The obtained findings reveal that the pore
parameters of the ASC were considered adequate for
adsorption; for instance, 1144.77 m?*/g, 0.53 cm’/g, and
2.17 nm were recorded for surface area, the volume, and
size of the pore, individually. Furthermore, ASC was
used to remove RhB dye, and the results showed
maximum adsorption efficiency of about 98.28% and an
adsorption capacity of 123.46 mg/g within 12 min
contact time. RhB adsorption onto ASC followed
Langmuir isotherm and pseudo-second-order models. It
was found to be regenerated up to 7-times, and the data
related to the equilibrium and kinetic., respectively [17].

Also known as the African locust bean, a
dicotyledonous angiosperm belonging to the family
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Fabaceae is Parkia biglobosa. It is classified under
spermatophytes, i.e., vascular plants usually referred to in
the beginning as locust beans. They are pink and, when
fully grown, turn dark brown. On average, they are 30-40
cm long, with some reaching lengths of about 45 cm. A
novel adsorbent for RhB dye removal uses activated
carbon prepared from the locust bean pod. The goal was
to turn locus bean pod biomass waste into AC by
preparing a superior functionalized adsorbent to remove
RhB dye from the aqueous solutions. The kinetic,
isothermal, and thermodynamic parameters regulating
the adsorption mechanism have also been examined [41].

In addition, zeolites from Brazilian coal fiery
remains have been utilized as a successful low-cost
adsorbent in numerous applications. Zeolites have lasting
negative charges in their precious stone structures, which
empower them to be adjusted by cationic surfactants, such
as hexadecyltrimethylammonium [51]. Furthermore, the
alteration of the zeolitic fabric improves the expulsion of
natural and anionic poisons from effluents [65].

Besides, researchers are paying attention nowadays
to biochar carbon materials to remove organic dyes from
wastewater. This is due to their inexpensive cost and
stability, and sustainability [66-68]. Moreover, the
carbon-rich plantain peel (PP) is approximately 30
percent of the plantain fruit. Salts such as sodium chloride
and zinc chloride activated PP biochar using ferric nitrate,
as well as acids and bases, can be used as chemical
activating agents. PP is a waste without any economic
value and is generally friendly environmental. For the
removal of RhB from wastewater, prepared activated
biochar has been used [69]. Moreover, the preparation of
biochar from bamboo shoot shell (BSS) hydrothermal
carbonization to obtain hydrocar, followed by a treatment
for high-temperature carbonization, has been reported to
evaluate biochar's ability to remove RhB dye from
wastewater. The main component of BSS is very similar to
other types of woody biomass containing cellulose,
hemicellulose, and lignin, an ideal raw material for carbon
material production [42].

Likewise, agricultural waste cassava slag was used to
develop cassava slag biochar by hydrothermal technique
structural

carbonization process. The properties,
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adsorption performance, and mechanism were
comprehensively investigated with multiple tools, such as
Scanning Electron Microscopy (SEM), Leica microscope,
(BET), batch

experiments, Fourier-transform infrared (FTIR), and X-

Brunauer-Emmett-Teller adsorption
ray photoelectron spectroscopy (XPS). The results from
the experiment showed that the cassava slag biochar
could remove 96% of RhB from an aqueous solution,
with a maximum adsorption amount of 105.3 mg/g. The
good adsorption efficiency of RhB could be due to
intermolecular hydrogen bonding and electrostatic
interaction. In addition, for different colors, the cassava
slag biochar has indicated an excellent adsorption
efficiency and was economically practical in engineering
applications, suggesting a great potential in functional
operations [70].

Inorganic adsorbents

Inorganic adsorbents such as zeolites, clays, and
perlite are natural, low-cost, abundant, and sustainable
materials used in the adsorption process to remove dyes
[51,71].
aluminosilicates consisting of different structures linked

Zeolites naturally occur as porous
together by a shared oxygen atom. The use of zeolite as
an adsorbent is available in various types. The 3A zeolite
was assessed as a promising adsorbent for the removal of
RhB samples from wastewater. Taguchi configuration of
the experiment is a multivariate optimization method
used to optimize effective parameters. It is a very
successful approach and has some benefits over
conventional univariate optimization strategies, such as
minimizing experimental costs and reducing practical
research time [72]. As a synthetic zeolite, beta zeolite is
one of the most widely used molecular sieves,
particularly in adsorption due to many important
characteristics, such as large pores, high Si/Al ratio, and
three-dimensional pore networks. Therefore,
adsorption materials based on graphene oxide/Beta
zeolite composite materials and their adsorption
performance for RhB have been studied [73].

Clays are fine-grained minerals, there are around
30 different types of clays, but most “natural” clays are
mixtures of these different types. They have a high

special surface area and a high potential of cation
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exchange potential [74]. Therefore, they have been widely
used as sorbents to remove various forms of pollutants.
Clay can remove up to 70% of the wastewater. Modified
Moroccan natural clay with cetyltrimethylammonium
bromide has been investigated for RhB dye removal
[49,75]. The quests showed that clay minerals are effective
absorbents for removing cationic dyes such as RhB dye
from water [7].

In addition to that, expanded perlite has been used
to treat wastewater from RhB. It has also been studied
applying pseudo-first-order, pseudo-second-order, and
intra-part-diffusion models. The results showed that the
sorption mechanism was better fitted with a pseudo-
second-order model. To describe the phenomenon of
adsorption, adsorption isotherms models, e.g., Langmuir,
Freundlich, and Temkin, and thermodynamic studies
were applied. In addition, the UV spectrophotometric
technique is used for the determination of RhB. The
results have shown that expanded perlite is a suitable
adsorbent for removing RhB from aqueous solutions. The
quantity removed was depended on the initial
concentration, contact time, solution temperature, and
pH of the solution [9]. Besides, paper industries produce
a large amount of sludge every year, which can be used as
an adsorbent to remove dyes. Therefore, it can be
considered a promising, eco-friendly adsorbent with low-
cost production to remove dyes from wastewater in a
short time. Response surface optimization of RhB dye
removal using paper industry waste as adsorbent has been
investigated [76].

Moreover, SiO,/TiO; particles were synthesized and
coated with white Portland cement paste on the surface,
with RhB degradation tests examining the photocatalytic
efficiencies of treated pastes before and after an
accelerated weathering process. Via investigations of its
pozzolanic reactions with the major components of
cement concrete, bonding, and its mechanisms on
hardened cement-based materials were studied [30]. Also,
a typical Zr-MOF(bpy) material has nitrogen atoms that
can form hydrogen bonds with the carboxyl groups found
on RhB dye to be removed. The addition of ZnO
nanoparticles to Zr-MOF(bpy) during growth Zr-
MOF(bpy) synthesis aided its gelation and created the gel-
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like ZnO/Zr-MOF(bpy) nanocomposite. This addition
enhanced RhB dye adsorption appropriately [77].

Similarly, synthesized ZnFe,Os nanocomposite
was used as an adsorbent to remove RhB, characterized
by SEM, BET, and FTIR. The parameter effects that were
studied are initial RhB concentration (5-25 mg L"), pH
(3.4-11.1), and temperature (20-60 °C). At equilibrium,
the adsorption capacity increased from 5.02 to 9.83 mg
g!, with the increasing amount of initial concentration
of RhB from 5 to 25 mg L™ at pH 7.0 and 20 °C. The
experimental results showed that at a solution pH of 4.4
and the adsorption capacity obtained was 6.02 mg g',
and the maximum Rhodamine B removal could be
achieved. Among the pseudo-first-order kinetic, the
pseudo-second-order, and the intraparticle diffusion
models, it was best fitted using a pseudo-second-order
kinetic model. The adsorption of RhB onto ZnFe-NC
was also analyzed using both Langmuir and Freundlich
isotherm model. In addition, various thermodynamic
parameters, such as standard Gibbs free energy (AG®),
enthalpy (AH°), and entropy (AS°), have also been
calculated [78].

Cobalt ferrite is cubic inverse spinel and occupied
a prominent place in photocatalysis, with characteristic
behavior and a narrow bandgap range of 1.1-2.3 V. The
characteristic feature of cobalt ferrite is high coercivity,
moderate  saturation, large = magnetocrystalline
anisotropy, and large magnetostrictive coefficient at
room temperature. The microwave combustion method
is one of the most effective and feasible methods for
preparing copper-doped cobalt ferrite nanoparticles.
They focused on preparing copper doped cobalt ferrite
nanoparticles by microwave combustion method
employing L-arginine as fuel and studying the structural,
morphological, optical, vibrational, and magnetic
properties of Co;_Cu,Fe;O,4 (0 < x < 0.5) nanoparticles
by various characterization techniques. The prepared
materials were employed for the photocatalytic
degradation of RhB under visible light irradiation and a
suitable degradation mechanism is proposed [34].

Likewise, recent researches describe the synthesis
and Fe,05/g-C;N, monoliths
prepared by implementing the nano casting and vacuum

of magnetic Fe,O;
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impregnation methods, individually. For examining the
magnetic potentiality of the monoliths, vibrating sample
magnetometer (VSM) analysis was used. The monoliths
have great significance in wastewater treatment
applications because of their nature to easily separate.
The toxic dye, i.e., RhB, has been removed photo
catalytically from the aqueous medium using the
Fe;05/g-C5N,

degradation efficiency was 94.7% in 140 min at pH ~7

synthesized  monoliths. monolith
under visible light. This was assigned because the
monoliths, along with the efficient charge separation
efficiency, exhibited a porous nature, which increases
their catalytic activity. Moreover, the monolithic catalysts
showed excellent stability and reusability over several
studies of degradation processes [79].

Moreover, L-Serine (L-Ser) capped magnetite
nanoparticles (Fe;O4 NPs) is a green one-pot synthesis. It
has potential application for the adsorption of RhB dye
from an aqueous solution. Due to their high surface area
to volume ratio, nanostructured materials can easily
functionalize their surface by different molecules for
efficient adsorption. Moreover, its unique structural,
electrical, optical, and magnetic properties can provide
outstanding opportunities for the adsorption of dyes. The
study of facile green synthesis of L-Ser capped Fe;O, NPs
via a coprecipitation of Fe;C and Fe,C salts in the presence
of L-Ser as a capping agent. The as-synthesized L-Ser
capped Fe;O, NPs were characterized by using UV-
Visible Spectrophotometry [47]. Furthermore, recent
research found that uranyl-organic frameworks are good
candidates for removing such chemical pollutants. Part of
the uranyl-organic frameworks, heterometallic uranyl-
based (such as Ni-U, Ag-U) photocatalysts, have
excellent photocatalytic activities for degradation of RhB
under UV/visible light irradiation [80].

Additionally, impregnation of TiO, and bentonite
followed by microwave irradiation processes is the way
for preparing bentonite-TiO, composites, characterized
by XRD, FTIR, and SEM. Liquid phase adsorption of RhB
was used to study the adsorption and photocatalytic
capabilities of the composites. The adsorption and
photocatalytic degradation experiments were conducted
in the presence or absence of UV light irradiation [81].
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Also, Cu,O/rGO nanocomposites would have Cu,O
nanoparticles distributed evenly on reduced graphene
oxide (rGO). It was fabricated by a facile in-situ wet-
reduced method. The crystalline and photoluminescence
structures of Cu,O/rGO nanocomposites have been
analyzed and characterized. Comparing Cu,O/rGO
nanocomposites with the pure Cu,O nanoparticles, the
corresponding removal percentage of RhB achieved
more than 95% showing good photocatalytic activity of
the Cu,O/rGO nanocomposites. A mechanism for
photocatalytic of the Cu,O/GO nanocomposites activity
could be ascribed to the enhanced adsorption intensity
and effective charge carriers separation by rGO [82].

Recently, and due to economic concerns,
functionalized polymeric resins have become an
alternative to activated carbon and other absorbents.
Characterizing polymeric resins is done by their high
surface area, moderate swelling, and narrow pore size
distribution. Improving the adsorption of resins can be
done by modification using the interaction between
adsorbate and adsorbent. Mainly, for it is comparatively
lower in cost than activated carbon and serves several
advantages as a matrix, styrene-divinylbenzene cross-
linked copolymer was used to prepare ion-exchange
resins. Additionally, the polystyrene-based matrix can
provide excellent chemical and physical stability
together with resistance to degradation by oxidation or
hydrolysis.

Moreover, solvent impregnated resins (SIR) are
synergistic properties of both ion exchange and solvent
extraction. SIR is defined as a liquid complexing agent
distributed homogenously in a solid polymeric medium.
The removal with SIR processes happens when a solute
is extracted from the aqueous phase into the pores of the
resin in an organic phase. As a result, the resin reduces
the entrainment and irreversible emulsification during
solvent extraction as it acts as a carrier of the solvent
[83]. Therefore, the removal of RhB dye from water
using a solvent impregnated polymeric Dowex 5WX8
[83]. The tables below

summarize the analytical features of experimental,

resin has been achieved

thermodynamic, isothermal, and kinetic parameters of
adsorption from 2016 to 2020.
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Table 2. Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques
during 2016

Experimental Parameters Thermodynamic
Adsorbent max T C T AD AG® AH® AS°
Q pH o ° . Model Ref.
(mg/g) (°C) (mg/L) (min) (g/L) (kJ/mol) (kJ/mol) (J/mol K)
C i isetifoli
asuarina equisetifolia 495 2 25 50 30 005 L,F,andS -0.1 14.19 51.16 (59]
Cone Powder
Raphia hookerie fruit L,F, T, and
K 666.6 3 26 100 50 2 -3.1 11.74 49.23 [8]
epicarp DR
Azolla pinnata 199.7 3.6 65 20-600 30 2 L,F,DR, T -0.6 23.3 80.4 [84]
C i isetifoli
asuarina equisetifolia 82.34 44 25 50 180 004 L, and DR 22 20.1 75 85]
needles
Bi,Os-bentonite
K 69 3 400 20 80 1 LandF NA NA NA [16]
nanocomposite
Aleurites Moluccana 117 6 25 300 60 005 LESand 5.0 12.9 5712 [86]
Waste Seeds ’ R-B ’ ’ ’
Surfactant-modified L,F, T,and
. 0.388 8 45 20 40 0.5 -24 NA NA [65]
zeolite D-R

Qumax: Maximum adsorption of RhB adsorbed per unit mass of adsorbent after equilibrium (mg g™'), T (°C): Temperature, Co: Initial Concentration (mg L™), T
(min): Equilibrium Contact Time, AD: Adsorbent dosage (g L™'), AG®: Standard Gibbs free energy (k] mol™), AH®: Standard enthalpy (k] mol™), AS°: Standard
entropy (J mol™ K™), L: Langmuir isotherm model, F: Freundlich Isotherm model and DR: Dubinin-Radushkevich. NA: Not Achieved

Table 3. Analytical features of isothermal and kinetic parameters of adsorption RhB by different techniques during 2016

Isotherm Kinetic parameter
Langmuir Freundlich Pseudo-first order Pseudo-second order
Adsorbent . X X Ref.
Jm L Rz R, Ky n Rz . 1,1 Qe Rz ' 2 e Rz
(mg/g) (L/mg) (min™) (mg/g) (g/min mg) (mg/g)
Casuarina
equisetifolia Cone 49.5 0.033 0.993 0.057 4.087 2.21 0.900 0.018 8.22 0.919 0.004 11.5 0.985 [59]
Powder
Raphia hookerie fruit
. 666.6 0.01 0.9876 0.19 10.55 1.29 0.9969 0.038 25.2 0.984 0.0033 47.1 0.9820 [8]
epicarp
Azolla pinnata 72.2 0.001 0.986 0.085 4.3 2.1 0.925 0.001 18.4 0.977 0.0020 31.5 0.995 [84]
Casuarina
e 82.34 0.02 0.99 0.11 3.73 1.90 0.950 7.2 0.09 0.801 0.040 7.2 0.999 [85]
equisetifolia needles
Bi,0;-bentonite NA
. 31.25 0.727 0.892 0.0643 12.62 0.49 0.944 0.07 NA NA 0.004 NA [16]
nanocomposite
Aleurites Moluccana
101 0.003 0.996 NA 2.8 0.4 0.962 0.06 21.2 0.866 0.004 23.6 0.949 [86]
waste seeds
Surfactant-modified
2.03 0.041 0.067 NA 0.110 1.38 0.900 0.004 0.01 0.219 1.02 0.23 0.990 [65]

zeolite

gm: Monolayer maximum adsorption capacity of RhB per unit mass of sorbent (mg g™') and Ki: Langmuir constant related to the binding energy of RhB sorption
(L mg™), Ru: indicates the dimensionless separation factor, Ki: adsorption capacity of the sorbent (L g™*), n: gives an indication of how favorable the adsorption
process in terms of surface heterogeneity and affinity for the adsorbate, qe: Equilibrium quantity of adsorbate per unit mass of the sorbent (mg g™'), Ku: First-order
kinetic model (min™), Ka: Second-order kinetic model (g (mg min)™ ), and R*: Correlation factor and NA: Not achieved

Table 4. Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques
during 2017

Experimental parameters Thermodynamics
Adsorbents Qumax T AD AG° AH° AS° Ref.
H T C° /L Model
(mg/g) ° © gl iny @ % (/mol)  (/mol)  (J/mol K)
Coal-based carb b ith
08 "based calbon memprane With ya 4 NA 100 48  NA NA NA NA NA [9]

an electric field

Natural Moroccan Clay 83.95 2-12 298 20 270 0.01 F, L, Te 8.016 12.887 0.0701 [75]
Modified Moroccan Clay 90.10 2-12 298 20 270 0.01 F,L, Te 9.355 26.214 0.1193 [75]
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Table 4. Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques
during 2017 (Continued)

Experimental parameters Thermodynamics
Adsorbent max T AD AG® AH® AS° Ref.
sorbents Q pH T(K) C°(mgl) . Model €
(mg/g) (min) (g/L) (kJ/mol) (kJ/mol)  (J/mol K)
Coal-based carb b ith
08 "hased calbon membrane With va 4 NA 100 48  NA NA NA NA NA [9]
an electric field
Natural Moroccan Clay 83.95 2-12 298 20 270 0.01 F, L, Te 8.016 12.887 0.0701 [75]
Modified Moroccan Clay 90.10 2-12 298 20 270 0.01 F, L, Te 9.355 26.214 0.1193 [75]
Co1-xCuxFe;04(0 <x<0.5
01xCu:Fe0,(0 < x<0.5) NA 2 298 6 330 031 KK NA NA NA (34]
nanoparticles
L-Serine capped magnetite
X 6.82 7.4 300 10 60 2.18 K, F, L -1.165 41.75 0.145 [47]
nanoparticles
Artocarpus odoratissimus peel 131 4.15 358  0-1000 210 210 L NA 11.32 46.31 [57]
3.02 and
Coffee ground 1 6612111 2 292 15 180 50 Ky, K, F, L 2.420 52.185 170.429 [58]
Paper waste 75 4.4 308 75 60 0.5-2.5 K, L -11.94 11.70 0.0768 [76]
Graphene oxide/Beta zeolite 64.47 6.5 330 0.1179 60 2.5 F,L NA NA NA [73]
Uranyl coordination polymer 10 2.7 293 40-100 270 0.157 L NA NA NA [80]
ZnFe,04 nanocomposite 9.83 7 293 25 1440 12.1 K, K5, L,F -0.42 6.60 24 [78]
Bentonite-titanium dioxid
entontte-ianium dloxice NA 8 343 200 120 1084 FL NA 14.56 NA (81]
composites
Zinc oxide loaded activated carbon
128.2 7 313 50 140 50 Ki, K, F, L -11.0819 28.043 57.192 [5]

(ZnO-AC)

Qmax: Maximum adsorption of RhB adsorbed per unit mass of adsorbent after equilibrium (mg g™'), T (°C): Temperature, Co: Initial Concentration (mg L"),
T(min): Equilibrium Contact Time, A.D: Adsorbent dosage (g L™), AG® Standard Gibbs free energy (k] mol'), AH®: Standard enthalpy (k] mol™), AS:
Standard entropy (J mol K™'), L: Langmuir isotherm model, F: Freundlich Isotherm model and DR: Dubinin-Radushkevich. NA: Not Achieved

Table 5. Analytical features of isothermal and kinetic parameters of adsorption RhB by different techniques during 2017

Kinetic parameters Isotherm parameters
pseudo-first order pseudo-second order Langmuir Freundlich
Adsorbents K K, K Ref.
Qe 1 2 Qe -1 2 qm L 2 2
) R (g min R Ke n R
(mg/g) (min™) (mg/g) gmg") (mg/g) (L/g)
Natural Moroccan Clay 4.362 0.01 0.688 84.03 0.05 0.999 68.4 -1.678 0.999 107 -4.79 0.996 [75]
Modified Moroccan Clay 3.526 0.07 0.9469  90.09 0.05 0.999 90.1 0.03 0.999 983 -7.88 0.996 [75]
Co1-xCuxFe:04 (0 <x<0.5
orCuke0i(0x<05) ) 57 0980 NA 086 0958 NA NA NA NA NA  NA [34]
nanoparticles

L-Ser capped Fe;O4 NPs 6.11 0.01 09756  7.940 0.01 0991 719  0.03-0.08 0991 7.19 0.03-0.08 0.999 [47]
Artocarpus odoratissimus

bee NA NA NA NA NA NA 130 002 098 NA NA NA  [57]
Coffee ground 4018 379 0999 4018 656 0999 525 4364 0958 119 206 0884 [58]
Paper waste NA NA NA 3.74 0.69 1 6.71 0.01 0.996 NA NA NA [76]
Graph ide/Bet
Zeroalft:ne oxide/Beta NA NA NA  NA NA NA 279 0080 0992 253 183 0879 [73]
Uranyl coordinati
rany? coordination NA NA NA NA NA NA 205 NA 0991 NA  NA NA  [80]
polymer
ZnFe,O, nanocomposite 338 005 09861 1010 004 0999 121 019 0994 303 266 0972 [78]
Bentonite-titanium dioxid.
cntonitte-itanium gioxide NA NA  NA NA NA 025 1523 0995 012 562 0988 [81]
composites
Zinc oxide loaded activated
7637 005 0876 1205 002 0999 128 650 0997 88 735 0735  [5]

carbon (ZnO-AC)
qm: Monolayer maximum adsorption capacity of RhB per unit mass of sorbent (mg g™') and Kv: Langmuir constant related to the binding energy of RhB sorption

(L mg™"), Ri: indicates the dimensionless separation factor, Kg: adsorption capacity of the sorbent (L g™), n: gives an indication of how favorable the adsorption
process in terms of surface heterogeneity and affinity for the adsorbate, q.: Equilibrium quantity of adsorbate per unit mass of the sorbent (mg g™*), Ki: First-
order kinetic model (min™"), Ka: Second-order kinetic model (g (mg min)™), and R%: Correlation factor and NA: Not achieved
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Table 6. Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques
during 2018

Experimental parameters Thermodynamics
Adsorbents Qua (mglg)  pH T c° T AD Model AG° AH® AS° Ref.
(K) (mg/L) (min) (g/L) (kJ/mol) (kJ/mol) (J/mol.K)

Banana peel 211.9 6 383 100 30 0.1 F-L NP NP NP [37]
Ki-Ka

Cucumber peel 179.9 6 383 100 30 0.1 F-L NP NP NP [37]
Ki-Ka

Potato peel 107.4 6 383 100 30 0.1 F-L NP NP NP [37]
Ki-Ka

Banana peel powder NP 4 304-333 100 60 0.04-0.5 L-F-T NP NP NP [48]

Chlorella pyrenoidosa 63.14 8 298 100 120 0.1 L-F-Ki-K»>-E- NP NP NP [13]
Te-S

Clay minerals 24 2-12 295 NP 20 NP L-K» -14.6 3.7 0.06 (7]

Electrochemical decolorization NP 6.5 298 50 90 NP K NP NP NP [45]

Ability of 3A zeolite in removal of RhB NP 9 NP 20 40 0.5 NP NP NP NP [73]

AgsPO4/Bi;WOs nanocomposites NP 0.71 353 NP 30 2.5 NP NP NP NP [35]

Iron-doped mesoporous silica NP 3 308 10 180 1 NP NP NP NP [44]

Iron oxide/carbon nanocomposites 93.35 6.5 298 100 60 1 L-F, Ki-K; NP NP NP [28]

Qumax: Maximum adsorption of RhB adsorbed per unit mass of adsorbent after equilibrium (mg g™), T (°C): Temperature, Co: Initial Concentration (mg L™"), T
(min): Equilibrium Contact Time, A.D: Adsorbent dosage (g L"), AG*: Standard Gibbs free energy (k] mol™), AH®: Standard enthalpy (k] mol™), AS®: Standard
entropy (J mol K"') and L: Langmuir isotherm model, F: Freundlich Isotherm model and DR: Dubinin-Radushkevich. NA: Not Achieved

Table 7. Analytical features of isothermal and kinetic parameters of adsorption RhB by different techniques during 2018

Kinetic Parameters Isothermal Parameters

Pseudo-first order kinetic Pseudo-second order kinetic Langmuir Freundlich
Adsorbents X K, K Ref.
Qe 1 2 Qe (g mg™! R? Qm L R? K 2
. F n R
(mg/g) (min™) (mg/g) J . % (mg/g) (L/mg)
min")
Banana peel 97 23.58 0.9919 99.9 5.14 0.9992 211.9 0.288-0.013  0.999 3576  0.4752 0.836 [37]
Cucumber peel 78.5 24.85 0.9009 76.5 21.79 0.9998 1074 0.459-0.027  0.999 544  0.7928 0.80 [37]
Potato peel 84 49.31 0.9944 85.6 16.97 0.9995 179.9 0.172-0.053  0.993 1494 04338 0.853 [37]
Banana peel powder NP NP NP NP NP NP 1.6572 0.0658 0.9740 NP NP NP [48]
Chlorella pyrenoidosa 2475 0284  0.9799 25.54 NP NP NP 0.0070 0.9905 NP NP NP [13]
Iron oxide/carbon
. 72.79 23.21 0.990 102.27 0.65 0.9985  131.80 0.19 0.9398 3441 3.06 0.8454 [28]
nanocomposites
Direct carbonization of 1
. 89.8 0.0963  0.8935 101.8  9.1x10 0.9991 119.9 0.18 0.9991 61.1 7.50  0.9458 [32]
Zn/Co zeolitic imidazolate
Polyamide grafted heavy
metals 4.1 0.033  0.8979 1.5 1.157 0.9968 19.9 1.04 0.9946 2.88 212 09873 [19]
Novel biopolymer
e 2.2 0.012 0.97 4.5 0.034 0.99 45 0.034 0.97 3.4 1.61 0.99 [10]
silicalite-1
Microporous nanohybrids
NP NP NP NP NP NP 50 0.008 0.995 8.50 2.43 0.946  [87]

of carbon xerogels

gm: Monolayer maximum adsorption capacity of RhB per unit mass of sorbent (mg g™') and Ki: Langmuir constant related to the binding energy of RhB sorption
(Lmg"), Ru: indicates the dimensionless separation factor, Ke: adsorption capacity of the sorbent (L g™'), n: gives an indication of how favorable the adsorption
process in terms of surface heterogeneity and affinity for the adsorbate, q.: Equilibrium quantity of adsorbate per unit mass of the sorbent (mg g™), Ki: First-order
kinetic model (min™"), Ka: Second-order kinetic model (g (mg min)™ ), and R%: Correlation factor and NA: Not achieved

Table 8. Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques
during 2019

Experimental Parameters Thermodynamic
Adsorbent Qmax AD AG® AH° AS° Ref.
H T (C° c° /L Model
(mg/g) F ) e/l (in) (@) %Y (/mol)  (W/mol)  (J/mol K)
Acid activated locust bean 454.5 6.8 30 1000 120 0.1 LFEK: -26.35 58.779 208.95 [88]
Hybrid ion- exchanger 1.23 29> 50 10 180 5 LEK:  1.69 NA NA [18]
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Table 8. Analytical features of experimental and thermodynamic parameters of adsorption RhB by different techniques
during 2019 (Continued)

Experimental Parameters Thermodynamic

Adsorbent Qunax T AD AG° AH° AS° Ref.
H T(C° c® /L Model

(mg/g) F ©) e/l im) (/L) % (/mol)  (/mol)  (J/mol K)
MgO nanoparticles 24625 7 25 10 60 0.04 LF -12.06 9.440 72.00 [36]
Activated -based
ctivated sugar-base 12346 2-11 15-45 50 12 008 LEK: NA NA NA [17]
carbon (ASC)
Zeolitic imidazolat
cotttic indazo ate 850  10< 30 20-200 1440 21 LF NA NA NA [41]
frameworks (ZIF)
Organo-vermiculites

528 2 25 50-1000 90 0.05 LF -20.8 -5.21 52.79 [89]

(organo-Vts)

Qmax: Maximum adsorption of RhB adsorbed per unit mass of adsorbent after equilibrium (mg g™), T (°C): Temperature, Co: Initial Concentration
(mgL™), T (min): Equilibrium Contact Time, A.D: Adsorbent dosage (g L™!), AG®: Standard Gibbs free energy (k] mol™), AH®: Standard enthalpy (k]
mol™), AS: Standard entropy (J mol™ K™), L: Langmuir isotherm model, F: Freundlich Isotherm model and DR: Dubinin-Radushkevich. NA: Not
Achieved

Table 9. Analytical features of isothermal and kinetic parameters of adsorption RhB by different techniques during 2019

Isothermal Kinetic parameter
Langmuir Freundlich Pseudo-first order Pseudo-second order

Adsorbent Ref.

Jm Ko 2 ) Ky Qe 3 Qe 5

R RR K n R o R K R
(mg/g)  (L/mg) (min™)  (mg/g) (mg/g)
Acid activated locust
b 455 4.66 0.9991 0.6 80 0.4 0.9966 0.03 73 0.9865 0.1 909 0.9941  [88]
ean

Hybrid ion- exchanger 1.23 0.97 0.992 0 1.2 1.2 0.986 0.01 51 0.854 0.3 69.4 0.992 [18]
MgO nanoparticle 2791 0.07 0.9991 0 18 1.2 0.9993 3.92 0.9 09823 0.2 954  0.9992 [36]
Activated sugar-based

123 0.72 0.9796 0.2 50 2.7 0.6416 0.39 61 0.9679 0.7 71.9 09982 [17]
carbon (ASC)
Zeolitic imidazolate

85 0.01 09970 NA 09 3.9 0.8048 0.01 21 0.8377 0.2 73 0.9989  [41]

frameworks (ZIF)

gm: Monolayer maximum adsorption capacity of RhB per unit mass of sorbent (mg g™') and Ki: Langmuir constant related to the binding energy of RhB
sorption (L mg™), Ru: indicates the dimensionless separation factor, Kr: adsorption capacity of the sorbent (L g™), n: gives an indication of how favorable
the adsorption process in terms of surface heterogeneity and affinity for the adsorbate, ge: Equilibrium quantity of adsorbate per unit mass of the sorbent
(mg g™), Ku: First-order kinetic model (min™), Ka: Second-order kinetic model (g (mg min)™ ), and R%: Correlation factor and NA: Not achieved

Table 10. Analytical features of experimental and thermodynamic parameters of adsorption RhB by different

techniques during 2020
Experimental Parameters Thermodynamic
Adsorbent Qmax T (o T AD AG® AH° AS° Ref.
pH . X Model
(mg/g) (°C) (mg/L) (min) (g/L) (kJ/mol)  (kJ/mol) (J/mol K)
Cassava slag biochar (HCS) 105.3 4.99 35 500 1-720 0.1 L,F, DR, T -8.116 222.5 1.192 [70]
Dowex 5WX8 Resin 43.47 2.8 25 50 12 0.08 Land F NA NA NA [83]
Three-di ional 1 d doubl
tee-dimensionalfayered Coube 06 NA 150 60 30 005 LandF  NA NA NA  [90]
hydroxide
SiO/TiO2 composite powders 625 3.2 25 75-300 8.6 NA Land F NA -14.75 -40.43 [30]
CdO nanomaterial NA 6 35 10-100 80 0.1 LFET -79.55 NA NA [91]
Ni-graphene hybrid it
graphene Hybric composttes 963  NA 70 120 15 NA  LandF  NA NA NA  [74]
(NGC25b)
Grass-Waste 54 6.6 35 100 400 0.1 Land F -0.23 20.28 0.07 [49]

Qumax: Maximum adsorption of RhB adsorbed per unit mass of adsorbent after equilibrium (mg g™'), T (°C): Temperature, Co: Initial Concentration (mgL™),
T (min): Equilibrium Contact Time, A.D: Adsorbent dosage (g L™'), AG®: Standard Gibbs free energy (kJ mol™), AH®: Standard enthalpy (k] mol™), AS°:
Standard entropy (J mol™ K™'), L: Langmuir isotherm model, F: Freundlich Isotherm model and DR: Dubinin-Radushkevich. NA: Not Achieved
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Table 11. Analytical features of isothermal and kinetic parameters of RhB adsorption by different techniques during

2020
Isothermal Kinetic parameter
Langmuir Freundlich Pseudo-first order Pseudo-second order
Adsorbent < < < Ref.
qm L Rz R, Ke n RZ 1 - Qe 2 2 . Qe 2
(mg/g)  (L/mg) (min™)  (mg/g) (g/min mg) (mg/g)
Cassava slag biochar (HCS)  105.3 0.51 0973 NA 129 23 0989 0.038 5.09 0.923 0.01 24.1 0.99 [70]
Dowex 5WX8 Resin 43.4 0.01 0.990 0.2 NA <l 0.087 NA NA NA NA NA NA [83]
Three-dimensional layered
. 52.63 0.3 0930 NA 186 3.8 0982 0.7 259 0.9872 0.08 50.8 0.999 [90]
double hydroxide
$i02/Ti0; composite powders NA NA NA NA NA NA NA NA NA NA NA NA NA [30]
CdO nanomaterial 361.01 0.68 0994 NA 1.63 0.8 0.989 0.006 4.008  0.906 0.01 3.5 0.9907 [91]
Ni-graphene hybrid
grapiene 1y m 96304 NA 0957 NA NA NA NA NA NA 09989 NA NA  NA (74]

composites (NGC25b)

(m: Monolayer maximum adsorption capacity of RhB per unit mass of sorbent (mg g™') and K, : Langmuir constant related to the binding energy of RhB sorption
(L mg™), Ry: indicates the dimensionless separation factor, Kg: adsorption capacity of the sorbent (L g™!), n: gives an indication of how favorable the adsorption
process in terms of surface heterogeneity and affinity for the adsorbate, q.: Equilibrium quantity of adsorbate per unit mass of the sorbent (mg g'), K;: First-order
kinetic model (min™"), K,: Second-order kinetic model (g (mg min)™"), and R Correlation factor and NA: Not achieved

Modern Techniques for the Removal of RhB Dye

In general, most of the toxic material composition in
the textile industry effluents and the challenging
conditions of breaking down the bonding of few dyes used
in textiles, usage of conventional techniques needs a flavor
of modern technological support. The modern enabling
techniques for water quality monitoring utilize smart
sensors interfaced with modern controllers and
interconnected using wireless standards to monitor water
quality. Several examples of widely used sensors are smart

[92], optical [93], and wireless [51] sensors.
m CONCLUSION

This review covers recent information and future
applications of RhB dye adsorption. The results showed
that kinetic data of adsorption of RhB dye usually follow
the pseudo-first-order and pseudo-second-order kinetic
models. It has also been revealed that Langmuir and
Freundlich adsorption isotherm models are frequently
used to evaluate the adsorption capacity of the adsorbents.
Furthermore, thermodynamic examination showed that
RhB adsorption was endothermic and unconstrained in
nature. Therefore, both photocatalytic degradation and
adsorption methods offer good potential to remove RhB
dye from industrial effluents. The present review indicated
that the adsorption technique using natural adsorbents
such as different fruit peels and rice husk was beneficial
and cost-effective for better removal of RhB dye. The work

is in progress to evaluate the possibility of using other
modified waste biomass for industrial pollution control.
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