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A B S T R A C T

Water pollution from the textile industry affects environmental conditions by generating large-scale effluent
mixed with various dyes. Dyes are mostly organics with multiple compound structural and molecular weight
variations; if not managed properly before release, they may harm the environment and organism. However,
many dyes are categorized into distinct groups, and various adsorbents for dye adsorption have been identified.
Among these dyes, methyl dyes, which come in multiple colours, are the most popular in research due to their
availability and accessibility. It is imperative to use effective treatments using special adsorbents to remediate
water contamination before discharging into streams. As awareness of environmental issues increases with time,
the need for a wide range of adaptive alternative feedstock that satisfies ecological regulations has become a
priority for researchers worldwide. Therefore, there is a need to develop other adsorbents from alternatively
economic raw materials such as locally available industrial and mineral waste and by-products. Additionally,
numerous materials have been used, prepared, or grafted from various agricultural peel-based adsorbents.
Biomass is a significant source of renewable adsorption processes for hazardous compounds, including toxic
organics and metals/elements. It is much cheaper, has abundance, effective adsorption capability, and reusa-
bility, have numerous advantages over conventional materials. This review focuses on using plant agricultural
wastes to remove dyes. Different adsorption capacities, operating conditions, and application forms have been
investigated. The adsorption kinetics and isotherms are demonstrated to illustrate the adsorbent's properties and
adsorption mechanisms.

1. Introduction

The textile sector is among the largest industries in the world, yet, it
emits high levels of dyes, hazardous metal components, and chemicals
in discharged wastewater (Kadhom et al., 2020). Textile wastewater
effluents are hazardous wastes containing toxic complex elements, if
not properly handled, may harm the environment, destroying aquatic
ecosystems and human health (Ahmed et al., 2020). Pollutants from dye
wastewater block ecosystems from performing their functions required
by communities and threaten environmental sustainability (Amalina
et al., 2021; Li et al., 2019). Pollution caused by the textile dyeing in-
dustry due to the intense colour of the wastewater discharges cannot be
hidden, which is persistent due to the poor biodegradability of these
dyes (Hassan and Carr, 2021).

Over 100,000 dyes are reported to be useable, with the textile in-
dustry being the primary application (Amalina et al., 2022c). As a re-
sult, it is expected that more than 300,000 tonnes per annum will be

discharged into the waterways from the textile industry, excluding
other sectors (Kadhom et al., 2020). The main characteristics of these
effluents include higher levels of alkaline content, biological oxygen
demand (BOD), chemical oxygen demand (COD), and total dissolved
solids (TSS) with a concentration of dye/dm3 below 1 g (Jesudoss et al.,
2020). Adverse effects of dyes on plants and animals include skin irri-
tation, carcinogenesis, decreased photosynthesis in aquatic plants, and
disturbing the exquisite balance of the ecosystem (Amalina et al., 2019;
Bagotia et al., 2020).

Dyes used in textiles are classified into two types, natural and syn-
thetic dyes. Prior to the middle of the 19th century, dyes were derived
from raw materials such as beet root. Typically, natural dyes are de-
rived from plants, insects/animals, and minerals (Amalina et al.,
2022d). They are generally less allergic and poisonous than synthetic
dyes and produce biodegradable effluent (Benkhaya et al., 2020).
Synthetic dyes are typically categorized as per their use, chemical
structure, ionic forms, solution state, and colour (Chen et al., 2019).
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The most effective method for organizing dyes is their chemical struc-
ture, which provides numerous advantages (Nyoo et al., 2021). Syn-
thetic dyes are formulated to meet current biological and physical re-
sistant colouring agent requirements (Zubair et al., 2021). Thus,
synthetic dyes are being established and gradually replacing natural
dyes, especially in the textile and fabric industries (Zhou et al., 2019).

Generally, synthetic dyes contain several dyes in each category,
including anionic, cationic, and non-ionic (Amalina et al., 2022c).
Anionic dyes include direct, reactive, and acid dyes; cationic and non-
ionic dyes include base and dispersed pigments, respectively (Kadhom
et al., 2020). For instance, methylene blue is a widely used dye in the
textile sector and other chemicals, medicinal, and biological applica-
tions (Nedjai et al., 2021). Methylene blue is a cationic stain with a
complex structure, making it challenging to remove. Similarly, methyl
orange is used in numerous industries and has the same molecular
weight as methylene blue (Rattanapan et al., 2017). The molecular
structure of the multiple dyes is depicted in Table 1. In addition to
methyl orange, methyl red is an azo dye with considerable molecular
weight and numerous barriers to remove; many additional acidic and
basic dyes exist and must be discarded.

Multiple decontamination techniques, including filtration, chemical
oxidation, chemical coagulation, precipitation, electrochemical re-
moval and electrocoagulation, photocatalysis, ultrasonic and biological
decomposition, and adsorption, are employed for dyes removal
(Krishnan et al., 2021a, 2021b; Nasrullah et al., 2020). Among these,
adsorption offers numerous advantages due to its easy and direct op-
eration, high efficiency, simplicity, and lack of dangerous by-products
(Amalina et al., 2022a, 2022b). When the strengths and disadvantages
of each technique are examined, adsorption may be a perfect idea;
hence, numerous research organizations have reported on it extensively
(Jinendra et al., 2021; Nasrullah et al., 2022).

Adsorbents are the primary factor in adsorption, for which many
substances have been utilized (Amalina et al., 2022e). Moreover, nat-
ural adsorbents are highly effective (Ahmed et al., 2020), and scientific
researchers have recently attracted attention. The advantages of ad-
sorption are simplicity, efficient, high selectivity, high performance,
inexpensive recovery of adsorbent and adsorbate, and efficient removal
of contaminants (Nwuzor et al., 2018; Zhou et al., 2019). For instance,
activated carbon (AC) is widely reported in the context of dyes and
organics adsorption due to its exceptional performance in this area, yet,
its relatively high cost limits its application. Therefore, natural re-
sources such as adsorbents derived from agriculture are more alluring,
as their efficacy for various dye adsorption types is well-established
(Nasrullah et al., 2019; Zaied et al., 2020). Multiple techniques have
been used to modify adsorbents, which have proven highly effective in
enhancing adsorption (Esteves et al., 2020).

In recent times, academic researchers have shown a growing interest
in developing economical and environmentally friendly adsorbents for
wastewater treatment. Modern studies have discovered a variety of
inexpensive adsorbents produced from agricultural waste that is cur-
rently being explored for the removal of dyes from wastewater. Today,
agricultural peels-based adsorbents have validated their potential as
eco-friendly and cost-effective, readily available (because all inhabited
areas generate biowaste), efficient, and might be utilized in the devel-
opment of absorbent material for addressing the water contamination
issue (Amalina et al., 2020; Haziq et al., 2020). The direct use of de-
veloping, functioning, and/or synthesizing adsorbents constitutes the
application of this resource in the adsorption process (Bedia et al.,
2018; Iftekhar et al., 2018). This review examines how locally available
agricultural wastes can be converted to the respective carbonized
(charcoal) or activated carbon and biochar forms. The schematic in
Fig. 1 depicts the utilization of plant waste in dye removal.

In this study, the authors present a range of studies on removing the
most often reported dyes utilizing green materials, mainly agricultural
waste, especially peels, leaves, and seeds. This waste was used in var-
ious ways, particularly as a raw material for synthesizing modified

adsorbents. The adsorption capacity, isotherm, influencing factors, ef-
ficiency, etc., were described to comprehend this material's most pre-
valent behaviours and characteristics. This study provides a current
overview of the use of biomasses as adsorbents for removing dyes,
where different adsorption results were documented.

2. Dyes removal using agricultural waste

The expansion of the textile industry resulted in the discharge of
vast volumes of effluents containing dye. This dye is harmful to humans
and organisms, even in extremely low doses (Mishra et al., 2021).
Methylene blue, orange, red, and yellow dyes have also been used
commercially (Tkaczyk et al., 2020; Zhu et al., 2018). Various re-
searchers have analysed the potential of agricultural waste biomass as
an adsorbent for wastewater treatment and have found encouraging
results that minimize the harmful effect of colours on aquatic systems
(Amalina et al., 2022f; Shamsollahi and Partovinia, 2019).

Agricultural residues have been proposed as low-cost alternative
adsorbents due to their high proportion of cellulose and lignocellulose
(Aguilar-Rosero et al., 2022). Agricultural waste is classified as crop
and processing residues (Raud et al., 2019). Cereals, seeds, fruits, ve-
getables, herbage, and forage, which represent the most common
wastes in the food and agricultural industries, have enormous potential
as adsorbents capable of decontaminating polluted effluents (Ibrahim
and Maslehuddin, 2020). On the other hand, products or by-products,
including bran, husk, citrus peel, onion peel, garlic peel, shells, etc., are
produced during processing residues (Senthil and Lee, 2020). Variety
types of agricultural and plant wastes are selected as inexpensive by-
products to remove various dyes from aquatic solutions (Nyoo et al.,
2021). Agricultural waste products have many advantages, such as ease
of disposal, high biodegradability, low price, high availability, and
sustainable and environmentally friendly wastewater treatment
(Krishnan et al., 2021a, 2021b; Liu et al., 2018). It is noted that the
maximum absorption capacity of crop residue is ecologically sustain-
able, economically viable, and technically feasible for long-term in-
dustrial use. Since scientists discovered the adverse effects of dyes, al-
most every physical, chemical, and biological system for treating
dyeing wastewater had been used, especially coagulation/flocculation,
membrane separations, adsorption, ion exchange, advanced oxidation,
and electrochemical processes (Krishnan et al., 2021a, 2021b;
Mohamad et al., 2022; Zaied et al., 2020).

2.1. Removal of methylene blue

Methylene blue (MB) is the most persistently utilized dye as a
standard for microfiltration and absorption studies (Kadhom et al.,
2020). Its molecular weight made it suitable for numerous uses, parti-
cularly medical ones. MB, a large heterocyclic aromatic dye, is an ex-
cellent option for evaluating the adsorbent's efficiency, whose meso-
porosity means that it may be used to adsorb liquid pollutants (Gu,
2021). Thus, the MB value is the most used parameter to accurately
calculate the adsorption potential of AC's mesoporous structure.
Nevertheless, MB is formulated as (C16H18N3SCl); if not adequately
treated before release, it can harm the ecosystem. It has been observed
that high dosages of MB can directly oxidize haemoglobin and produce
methemoglobinemia. Additionally, it can cause haemolysis-related
complications, particularly in neonates. Long-term exposure may cause
serious anaemia (Kadhom et al., 2020; Wahi et al., 2017).

Üner et al. (2016) widely employed watermelon rind (WMR) for the
chemical activation of AC (WRAC) utilizing zinc chloride (ZnCl₂). The
author has conducted a comprehensive investigation of the adsorption
of MB using AC derived from WMR and obtained excellent findings.
When the adsorption temperature increased, MB's maximal adsorption
capacity (qm) was determined to be 231.48mg/g. The Langmuir iso-
thermal and pseudo-second-order (PSO) models best fit the equilibrium
and kinetic data. The authors investigated several models for defining
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the diffusion mechanism for MB adsorption into WRAC, including the
intraparticle diffusion model, the bangham model, and the Boyd model.
The authors found that intraparticle, film, and pore diffusion played a
significant role in adsorption. Üner et al. (2016) also conducted a
thermodynamic analysis of the adsorption process and reported that it
was spontaneous, endothermic, and governed by the physisorption
mechanism. Sahu et al. (2020) reported the same findings while re-
moving MB with kendu fruit peel. The WMR's carbonization tempera-
ture was 700 °C using thermogravimetric and BET analyses (Üner et al.,
2016). The pores were empty before MB adsorption. After MB adsorp-
tion, the pores were filled with MB molecules, and MB covered the
surface of WRAC in solution. At 303 K, the chemically activated WMR
demonstrated a higher adsorption capacity (200mg/g) than the WMR
(188.68mg/g). The kinetic and equilibrium data for both adsorption
processes were comparable, as both data sets fit the PSO model and
Langmuir isotherm. Jawad et al. (2019) determined that the process
was spontaneous and endothermic and followed the physisorption
mechanism. In the case of non-activated WMR, however, physisorption
predominated, which is compatible with the results of Üner et al.
(2016) and Bhattacharjee et al. (2020a, 2020b). In all cases, adsorption
uptake increased with increasing pH, and the initial, unadjusted pH of
5.6 was appropriate. In both instances, the researchers determined that
WMR functional groups, such as carboxyl and hydroxyl, played a cru-
cial role in the MB biosorption process. Both Üner et al. (2016) and
Jawad et al. (2019) performed chemical activation of the melon rind
using ZnCl₂ and sulfuric acid (H₂SO₄) and discovered the adsorption
mechanism to be endothermic, which indicates significant surface
structure changes in the adsorbent as a result of chemisorption.

Biodegradable wastes were utilized to absorb the MB. Rashid et al.
(2019) produced AC from pumpkin peels that were functionalized by
various extracts and utilized to absorb the dye from aqueous solutions.
The peels were carbonated at 250, 350, 450, and 550 °C, with 250 °C
being the most effective. For AC production, as the temperature in-
creases, the structure may shrink the absorption sites together (Rashid
et al., 2019). AC was treated using beetroot extract, citric acid, nitric
acid, and oxalic acid; the beetroot gave the best performance among
these agents. Under an initial concentration of 0.2 g/L, an adsorbent
amount of 0.5 g/L, a temperature of 50 °C, and 180min, the maximum
adsorption capacity was 198.15mg/g. This increase in adsorption ca-
pacity can be explained by the fact that when heat is applied and
aromatics evaporate, the carbon network expands as the existing pores
expand and new pores form. The adsorption kinetics followed a pseudo
model of the second order; additionally, the equilibrium data show a
better fit with the Langmuir model than with the Freundlich model,
which describes a monolayer adsorption process.

The banana peel produced porous AC using the hierarchically in-
terconnected approach, followed by hydrothermal treatment and KOH
activation (Saigl and Ahmed, 2021). Hierarchically interconnected
porous AC have high specific surface areas, vast numbers of dye ad-
sorption sites, and interconnected pores enabling dye molecule dis-
persion and transport (Lu and Li, 2019). This structure generates a
framework with a high surface area (approximately 600m2/g with an
average pore diameter of 2.11 nm and a pore volume of 0.32 cm3/g),
which enhances the transport and diffusion of the dye within the AC
and increases the adsorption sites. By increasing the dosage of the ad-
sorbent, the dye removal efficiency improved until it reached almost
100% at a dosage of 1.5 g/L. In adsorption, the pollutant is generally
removed at a fast rate and then starts to slow down until it reaches a
steady state. This could initially be attributable to the availability of
adsorption sites; when these become occupied, the adsorption rate de-
creases. It was determined that the Langmuir adsorption model best
describes adsorption, while the PSO model describes adsorption ki-
netics. As an adsorbent for MB and other colours, the synthesis of AC
from biomass has been extensively described.

Grape peel was also used in MB adsorption, applying the micro-
wave-hydrothermal technique to treat the peel for 3min at 180 °C (Ma
et al., 2018). Despite the apparent ease of achieving these conditions,
the resulting product is superior to the conventional hydrothermal
procedure, which requires 16 h of treatment. Based on the Langmuir
model, the optimal operating parameters for obtaining the highest ad-
sorption capacity (216mg/g) were a pH of 11 and an adsorbent dosage
of 250 g/L. The cationic charge of MB was linked to the increased ad-
sorption at high pH values. This strategy offers great potential because
the adsorbent is economical, environmentally friendly, and effective.

The synthesis of hydrogels from the peel of pitahaya (dragon fruit) was
performed using microwave (MV) radiation and compared to gamma (G)
radiation (Abdullah et al., 2018). Pectin was removed from the peels and
treated with acrylic acid to create polymerized hydrogels that varied ac-
cording to the radiation intensity and pectin/acrylic acid ratio. Both gels
contained the COO– group responsible for the dye's absorption. The op-
timal conditions for preparing the swelling gel were a pH of 8, a pectin/
acrylic acid (Pc/AA) ratio of 2/3, and MV and gamma radiation powers of
400W and 10 kGy, respectively. At an initial dye concentration of 20mg/
L, pH of 8, and adsorbent dosage of 20mg, the most incredible removal
efficiency was attained, which was 45%. SEM gives information on the
hydrogel's pore geometry and size. Both characteristics are crucial in de-
fining the adsorption characteristics. In contrast, Pc/AA(Mw) has a denser
porous network, which may impact its absorption capacity. The presence
of a crosslinking agent made the space denser, decreasing the pore size.
Greater pore size minimizes the time required to attain an equilibrium.

Fig. 1. A general diagram shows methods of using agriculture waste in dye removal.

F. Amalina, A.S.A. Razak, S. Krishnan et al. Cleaner Waste Systems 3 (2022) 100051

5



Jawad et al. (2018) also used dragon fruit peels for MB removal, but
without other treatments. The results of the Langmuir isotherm model
fitted with the adsorption capacity are superior to those of the Freun-
dlich model, whose maximum value was 192.31mg/g. At a dosage of
600mg/L of adsorbent, a temperature of 25 °C, an initial dye con-
centration of 100mg/L, a rotating speed of 120 strokes/minute, and a
contact time of 180min, the removal efficiency was optimized to ap-
proximately 83%.

Soto-Robles et al. (2017) utilized Lycopersicon esculentum (to-
mato) peel extracts to produce modified zinc oxide (ZnO) from zinc
nitrate for MB removal. As a stabilizing and reducing component,
the concentration of removal influenced the form and size of zinc
oxide particles. Increasing the extract concentration by 1%, 2%, and
4% caused the ZnO band gap to increase to 3.08, 3.1, and 3.18 eV
and the particle diameter to rise to 6.54, 10.75, and 24 nm, re-
spectively. MB was absorbed by 92% after 120 min and 97% after
150 min of exposure to a 4% ZnO extract concentration; this finding
is greater than the impact of conventional ZnO. The results were
obtained using a 4% extraction because minuscule particles were
produced.

Ren et al. (2018) used pomelo peel that had been treated with citric
acid (C₆H₈O₇) to remove MB. The removal efficiencies of MB onto po-
melo peel and modified pomelo peel in averaged were 81.7mg/g and
199.2mg/g, respectively, implying that applying anionic groups en-
hanced adsorption capacity. The biosorption process was aided by in-
creasing the dye concentration and pH of the colour solvent. On mod-
ified pomelo peel, the adsorption equilibrium took about 3 h. Treatment
with C₆H₈O₇ was reported to have improved surface cleanliness. Fur-
thermore, if the pH is more significant than 5.3, the charge dominates
absorption, with the negative charge of the treated peels increasing
absorption. The PSO model best defined the kinetics adsorption, while
the Langmuir model best explained the isotherm of adsorption. The
mechanism was exothermic and random and showed entropy reduc-
tion.

Said et al. (2020) investigated the synthesis of hydrochar from the
male oil palm flower (MOPF) and its application for MB removal. MOPF
was turned to hydrochar at 180 °C for 8 h in an oxygen atmosphere. The
produced hydrochar indicated favorable properties concerning the
functional group active sites, surface area, texture, and structure. The
adsorption mechanism was more suitable for the monolayer Langmuir
isotherm with a maximum adsorption capacity of 42.92mg/g at 30 °C.
A kinetic investigation revealed that MB adsorption followed the PSO
model, demonstrating that chemisorption was the rate-determining step
for MB adsorption onto hydrochar.

Peels of Cucumis sativus (cucumber) were employed as an MB ad-
sorbent (Shakoor and Nasar, 2017). The best removal efficiency
reached 85% at 6 g/L when the adsorbent dosage was 6 g/L; subsequent
dosage increases resulted in a slight improvement in removal efficiency.
Nonetheless, as the adsorbent dosage increased, the adsorption capacity
dropped. After 1 h of contact, the equilibrium adsorption capacity was
obtained for all initial concentrations. The removal efficiency increased
with increasing pH; as a result, it reached 80% at pH 9 and higher.
Entropy and enthalpy were negative; thus, as the temperature in-
creased, the process rate slowed. In detail, utilized peels were re-
generated with HCl, and the desorption efficiency was 63.6%. The
Freundlich model explains the adsorption isotherm, which refers to the
heterogeneous surface of the adsorbent, and the PSO model fits the
adsorption kinetics.

Biochar was produced from the leaves of the Magnolia grandiflora
tree and used to remove MB (Ji et al., 2019). The leaves were washed,
dried, and carbonized in the furnace at 500 °C to prepare the biochar.
Increasing the pH and ionic strength enhanced the adsorption capacity
and removal performance. The maximum adsorption capacity at am-
bient temperature, pH 12, and 0.1M ionic strength was 101.27mg/g.
The study of the thermodynamics of the process revealed that it is
spontaneous and endothermic. The best models for describing the

adsorption isotherm and kinetics were the Langmuir and PSO models,
respectively.

In addition, Rawat et al. (2019) and colleagues investigated the
removal of MB from an aqueous medium via biochar. The plant biochar
was produced from Mentha plant waste by slow pyrolysis at tempera-
tures 450 and 700 °C. It was discovered that the adsorbent synthesized
at 700 °C had a significantly larger adsorption capacity (588mg/g) than
that synthesized at a lower temperature (87mg/g). Furthermore, it has
been observed that the optimal pH for maximum adsorption capacity at
both temperatures was 10, which could be related to the increase in the
hydrated ionic radius and the negative charge on the surface.

Cress seed mucilage was employed to produce nanoparticles of iron
oxide with remarkable magnetic properties and adsorption capacity
(Allafchian et al., 2019). The thermodynamic test revealed that the
process was spontaneous and exothermic. The adsorption rate im-
proved with increasing initial concentration and pH but dropped with
increasing feed temperature and ionic strength. The Langmuir model
determined that the maximal adsorption capacity of MB was 44.6mg/g
and its removal effectiveness was 84%. Used nanoparticles were re-
generated by dispersing them in a 0.5M aqueous HCl solution for two
hours. Nonetheless, after reusing the nanoparticles, a loss in efficiency
of around 52% was seen after five cycles.

Wijaya et al. (2020) employed kaffir lime peels as a green reduction
agent of graphene oxide (GO) and then examined its adsorption ability
for MB removal. The optimal ratio of kaffir lime peels to GO was de-
termined to be 1:2, whereas the optimal reduction time was 8 h. The
highest adsorption potential (qmax) was 276.06mg/g. The isotherm
analysis showed that MB adsorption best fit the Langmuir isotherm,
whereas the kinetic study revealed that MB adsorption followed the
PSO model. This method has several benefits, including simple pro-
duction, a sustainable and environment-reducing agent, and non-toxic
wastes at the end of the reduction process.

Hassan et al. (2020) reported using palm bark and eucalyptus biomass
as adsorbents to remove MB from an aqueous solution. The carbonaceous
structure of adsorbents is the main component of carbon in the biochar.
Biochars from palm bark and eucalyptus have surface areas of 2.46 and
10.35m2/g, respectively. The mesoporous was identified by pore diameters
of 4.75 and 2.29 nm. The PSO adsorption kinetic model better explained
MB sorption by biochars. The Langmuir model accurately represented the
MB adsorption onto biochars compared to the Freundlich adsorption iso-
therm model. Thomas et al. (2019) activate the sawdust carbon produced
from the H2SO4, significantly improving MB's removal capacity.

MV biochar has also been stated to be an efficient dye remover. Li
et al. (2019), who studied on orange peel reported the removed of MB
by potassium carbonate (K2CO3) concentration on the MV biochar. The
optimum adsorption of MB was 171.15mg/g when the IR was 1.25,
compared to 56.52mg/g when the IR was 0.25. Owing to the porous
structure of the char and the depletion of potassium carbonate, it is best
to extract MB. The treatment expands the existent pores and creates
new ones as the potassium molecule generated through oxidation
spreads within the biochar's internal structure (Li et al., 2019). In an-
other study, the MV-treated biochar empty fruit bunches showed 99.9%
MB removal efficiency and 265mg/g adsorption capacity (Daful and
Chandraratne, 2018). This is due to the treated MV biochar's large
surface area and pore size. Some examples of research using biomass for
MB removal are provided in Table 2.

2.2. Removal of methyl orange dye

Similar to other dyes, methyl orange (MO) (C14H14N3NaO3S) is a
hazardous substance and carcinogen (Wang et al., 2022). Exposure to
MO dye can cause nausea, vomiting, and diarrhea (Eljiedi and Kamari,
2017). The removal of MO dye has been studied using various agri-
cultural waste materials.

Zhang et al. (2020) were made of charcoal derived from pomelo peel
which was then chemically activated with phosphoric acid (H3PO4).
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The optimum pH and solvent dosage are reported to be 3 and 1 g/L,
respectively; after investigating the contact time, pH, dye concentra-
tion, and biochar dose are all variables to consider. A residence time
ranging from 0 to 300min was examined, and absorption rate results
were confirmed at 140mg/g at 70min. The absorption potential was
proportional to the dye concentration. The findings were compared
using the Langmuir, Freundlich, Temkin, and BET models; however, the
Freundlich isotherm provided the best fit as opposed to the others.
Besides, the PSO model represented the kinetic findings better than the
first-order model.

MO can also be reduced through degradation, where nanoparticles
can regulate the reaction. Prasad et al. (2017) generated Fe3O4 mag-
netic particles with a size range of 20–30 nm and a surface area of
17.6 m2/g from an aqueous extract of Pisum sativum peels. UV spec-
troscopy investigated the catalytic degradation property in response to
magnetic and other features. At a pH of 5.5, the removal efficacy
reached about 96%. The dye removal rate enhanced with increasing
adsorbent dosage but declined as dye concentration at the intake in-
creased. Similarly, Karnan and Selvakumar (2016) generated ZnO na-
noparticles with a particle size of 25–40 nm and a surface area of
69m2/g from rambutan peel extract and evaluated their ability to re-
move MO dye via photodegradation. Peels of Nephelium lappaceum L.
(rambutan) served as a binder, making the method environmentally
friendly. In addition, the powder was tested using various techniques,
including UV visible spectroscopy, to detect dye degradation. After
120min in the presence of UV radiation, the degradation percentage
was approximately 84%. The chemical oxygen demand (COD) test re-
vealed that mineralization was achieved, as the COD values reduced
from 6162–481mg/L.

AC was produced from biomass waste and employed to absorb MO.
Tao et al. (2019) generated AC from shaddock (pomelo) peels by car-
bonizing at high temperatures and activating with phosphoric acid. The
researchers utilized this fruit peel since it performed the best when
compared to orange, apple, banana, and tangerine peels. Therefore, it
was used to study the absorption of MO and Cr (VI) in single and
binary-component systems (Fang et al., 2021). In a system with a single
component, the highest dye adsorption capacity exceeded 94.6mg/g at
pH 3, and the Freundlich model was used to explain the dye sorption.
The extended Freundlich multicomponent isotherm was discovered to
better apply to the binary system. In the binary system, it was found
that dye adsorption lowered chromium adsorption, whereas chromium
presence did not affect dye adsorption. The high acting force between
the AC and the dye was attributed to the dye's high adsorption capacity.
Similarly, Kadhom et al. (2020) synthesized AC from walnut peels,
activated it with ZnCl₂, and used it to remove methyl organic and acid
magenta dyes. It was observed that the adsorption capacity and re-
moval rate increase as the adsorption time and pH decrease. But, as the
initial concentration of the adsorbate increases, the adsorption in-
creases and the removal rate drops until the adsorption capacity
reaches its maximum at an initial concentration of 180mg/L of MO.
After 6 h, the adsorption capacity exceeded its maximum, and at a pH of
6, 95% of these two dyes were removed. A quasi-two-dimensional
equation represented the adsorption mechanism of MO and acid ma-
genta, and the findings indicated that they were subject to monolayer
and multilayer adsorption, respectively.

Pomelo peels were employed to develop porous carbon, which was
then treated with KOH to absorb MO (Li et al., 2016). Findings indicate
that a 2:1 ratio of KOH to pre-carbonized material provided the highest
performance, with a maximum adsorption capacity of 680mg/g. The
PSO model was employed to describe the kinetics of adsorption, and the
Langmuir isotherm was shown to be a better fit for the experimental
data than the Freundlich model. Adsorption occurred immediately and
exothermically.

Danish and Ahmad (2018) examined the performance of AC ob-
tained from Acacia mangium wood towards MO dye. Using the face-
centered central composite design method of response surface

methodology, batch adsorption was conducted to optimize the ad-
sorbent dosage, temperature, and contact time for maximum adsorption
capacity and percentage removal rate of MO dye. The optimal condi-
tions for maximal adsorption capacity and removal percentage were
found to be 0.51 g/L, 55.0 °C, and 24 h for a dose of AC, temperature,
and contact time, respectively. At optimal operating conditions, the
maximum adsorption capacity and removal percentage were reported
as 181mg/g and 90.5%, respectively. The thermodynamics and kinetics
of MO dye degradation under optimal operating variable processes
were investigated. It was discovered that it fitted the endothermic and
spontaneous PSO kinetic rate model.

Hajialigol and Masoum (2019) used walnut peels to produce AC,
which was then activated with ZnCl2 and stripped of the MO and acid
magenta dyes. The maximum adsorption potential is achieved at a MO
concentration of 180mg/L. Once the initial concentration of the ad-
sorbate is increased, the adsorption rises but the adsorption rate de-
creases. The removal potential peaked after 6 h and at a pH of 6, re-
moving these two dyes reaching 95%. MO and acid magenta adsorption
behaviour were defined by a quasi-two-dimensional equation, in-
dicating that they were adsorbable in monolayers or multilayers, re-
spectively.

Machrouhi et al. (2019) examined the adsorption efficacy of ACs
extracted from Thapsia transtagana stems for removing MO dyes from
the solvents. The authors found that at 500 °C for 145min, the max-
imum adsorption potential was 118.10mg/g with a 2 g/g IR. The im-
pregnation and modification temperatures have been the most critical
parameters that positively affected the activation process. Jawad et al.
(2019) investigated the adsorption efficiency of nickel nanoparticles
adsorbent made from Citrullus colocynthis (bitter cucumber) stem ex-
tract to remove the reactive yellow-160 dye. By using 0.02% dye con-
centration, pH 7, temperature 40 °C, and 9mg/L adsorbent content,
they achieved a maximum decolourization of 91.4%. Naik et al. (2019)
applied banana pseudo-stem cellulose-based super adsorbent hydrogels
via free radical graft co-polymerizing sodium acrylate and acrylamide.
Authors explored the ability of super-absorbent hydrogels to dissolve
MO dye and discovered that average absorption was 124mg/g, with the
greatest desorption of> 96% for both dyes, leading to a rise in hy-
drogel use.

Due to the presence of raw elements in the waste disposal structure,
AC was often documented as a product of carbonation from agricultural
waste. Commonly, the procedure entails reducing the waste to powder,
followed by drying, pre-carbonation, carbonation in the presence of N2
and a base, and acid and water washing. Table 3 lists the research on
utilizing agricultural waste for MO removal.

2.3. Removal of Methyl Red Dye

Methyl red (MR) is an anionic azo dye applied in the textile and
paper printing industries. When inhaled or ingested, it can cause eye,
skin, and digestive problems (Benkhaya et al., 2020). Also, it has been
observed that MR dye in high concentrations in the water may be
harmful to aquatic life (Samsami et al., 2020). Hence, it is vital to re-
mediate wastewater sources containing MR dyes.

Trifi et al. (2019) employed orange peel-derived non-AC to remove
MR from aqueous systems. A quadratic polynomial mathematical
modelling was used to analyse surface morphology and determine the
best assessment conditions using the Doehlert model (Czyrski and
Jarzebski, 2020). The pH and stirring time significantly influenced azo
dye adsorption, whereas the adsorbent dosage had a negligible impact.
The research findings revealed a normal distribution behaviour when
analysed.

Ravindran at el. (2018) investigated the absorption of MR dye using
a cassava peel NaOH-AC. The effects of dye concentration, feed flow
rate, and adsorbent bed height on adsorption capacity were studied
while maintaining a normal pH and temperature range of 28–31 °C.
Thomas and Yoon-Nelson models with R2 values of 0.90 were utilized
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to validate the experimental data. It was discovered that the adsorption
capacity increased when the feed concentration and flow rate were
raised while the carbon bed height was decreased. With a feed con-
centration of 200mg/L, a flow rate of 13ml/min, and a bed height of
20 cm, the ideal adsorption capacity of 206mg/g was achieved.

Tay et al. (2021) produced AC through carbonization and activation
of crude oil palm empty fruit bunches (EFBs). The Taguchi method was
used to discover the optimal parameters for dye removal. The con-
tribution of each factor to the reduction of MR by raw EFB and EFB-
based AC was assessed. Agitation speed has the highest contribution
percentage for raw EFB. Regarding EFB-based AC, the amount of ad-
sorbent is the most crucial variable. The optimal operating parameters
for raw EFB were 25 ppm of initial dye concentration, 0.01 g of ad-
sorbent, and 200 rpm agitation speed. In contrast, for EFB-based AC, the
optimal operating parameters were 20 ppm of initial dye concentration,
0.06 g of adsorbent, and 120 rpm of agitation speed. The anticipated
percentages of dye removal for raw EFB (55.54%) and EFB-based AC
(86.72%) were in excellent agreement with the experimental values for
raw EFB (50.5%) and EFB-based AC (84.61%), respectively.

The experiments that utilized agricultural material for MR removal
are included in Table 4.

2.4. Other dyes

Manihot esculenta (cassava) peels were used to produce AC, which
was then thermally treated with acid, base, and silver nitrate to remove
a variety of dyes (acidic, alkaline, direct, sulfuric, and reactive)

(Parvathi et al., 2018). AgNO3-AC produced the best performance, with
approximately 90% removal efficiency. Notwithstanding, the removal
rate of the dyes followed the order alkalic> direct> sulfuric>
acidic> reactive; the equilibrium time for direct, sulfuric, and reactive
dyes at the optimal adsorbent dose of 150mg/150ml was 150min,
whereas it was 180min for acidic and alkalic dyes. The removal effi-
ciency of direct and acidic dyes improved as pH increased, whereas the
opposite was found for basic and sulfuric dyes; the conductivity of the
reactive dye was undetermined.

Emerald green dye was extracted by synthesizing Musa acuminate
peels (a type of banana) and Solanum tuberosum (potato) (Rehman et al.,
2019). At their optimal efficiency, Musa acuminate showed a higher
adsorption capacity (10.75mg/g) than Solanum tuberosum (2.61mg/g).
The Langmuir model was preferable to the Freundlich model in de-
scribing the adsorption isotherm; meanwhile, the adsorption kinetics
fitted the PSO model. Maximum removal efficiencies of 96% for So-
lanum tuberosum and 76% for Musa acuminate were achieved at pH le-
vels 3 and 6, respectively. However, increasing the contact time and
temperature showed minor positive and negative impacts on adsorption
capacity. Adsorption was the highest during short contact times. It was
demonstrated that the adsorption of the cationic dye was due to the
acidic functional groups of carboxyl and hydroxyl, as well as the peel
powder porosity.

Citrullus lanatus peels (watermelon) were found to be effective for
removing acidic dyes of eosin and fluorescein (Latif et al., 2019),
comparing untreated, 0.1 N HNO3-treated, and 0.1 N NaOH-treated
powders. The alkali-treated peels demonstrated the maximum removal

Table 3
Methylene orange dye removal from textile effluent by agricultural waste as an absorbent.

Adsorbent Activating agent Adsorption
rate (mg/g)

Efficiency
(%)

Best Isothermal
model

Best Kinetic
model

Reference

Pomelo peel H3PO4
KOH

141
680

94.6
-

Freundlich
Langmuir

PSO (Zhang et al., 2020)
(Li et al., 2016)

Acacia mangium wood KOH 181 90.5 – PSO (Danish and Ahmad, 2018)
Walnut peels ZnCl2 180 95 Langmuir PSO (Hajialigol and Masoum,

2019)
Thapsia transtagana stems – 118.10 91.4 Langmuir PSO (Machrouhi et al., 2019)
Watermelon rind H2SO4 27 85 Langmuir PSO (Üner et al., 2016)

(Bhattacharjee et al., 2020a)
Coffee ground waste – 658 – Freundlich PSO (Rattanapan et al., 2017)
Wheat straw – 304.2 – Langmuir PSO (Senthil and Lee, 2020)
Pisum

sativum peels
Fe3O4 – 96 – – (Prasad et al., 2017)

Rambutan peels ZnO – 84 – – (Reza et al., 2020)
Shaddock peels 94.6 54.25 Freundlich PSO (Tao et al., 2019)

Table 4
Methyl red dye removal from textile effluent by agricultural waste as an absorbent.

Adsorbent Activating agent Adsorption
rate (mg/g)

Efficiency
(%)

Best Isothermal model Best Kinetic
model

Reference

Orange peels H2SO4 – 99 Langmuir PSO (Daful and Chandraratne,
2018)

Cassava peels NaOH 206 78.62 Thomas and Yoon-
Nelson

PSO (Ravindran et al., 2018)

Fibers of banana
pseudo-stem

– – 88.5 Freundlich PSO (Saigl and Ahmed, 2021)

Potato peels KOH 30.48 64 Freundlich PSO (Naik et al., 2019)
Durian seeds H3PO4 384.62 92.5 Freundlich PSO (Ahmed et al., 2020)
Atemoya shell K2CO3 435.25 64 Langmuir PSO (Khan et al., 2018)
Annona

squamosa shell
– 226.9 61 Langmuir PSO (Khan et al., 2018)

Annona
squamosa seed

– 40.48 82.81 Langmuir,
Freundlich,
Dubnin-
Radushekevich
and Temkin model

PSO (Khan et al., 2018)
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efficiency, whereas the untreated peels demonstrated the lowest. The
kinetics of adsorption fitted the PSO model, and the thermal analysis of
the data showed that the reaction was spontaneous and exothermic.
Fluorescein and eosin adsorption was described by the Freundlich and
Langmuir isotherms, respectively. The removal efficiency reduced as
pH raised, particularly at pH levels above 5. The highest removal rate
occurred at a contact time of around 20min and a temperature of 25 °C.

Reactive Black 5 (RB5) and Congo Red (CR) dyes were neutralized
with banana peel powder (Munagapati et al., 2018). Characterizations
revealed that the powder's surface was porous and contained amine,
carboxyl, and hydroxyl groups, which aided in the adsorption of dyes.
The equilibrium results best suited the Langmuir isotherm, where the
maximal adsorption capacities of RB5 and CR at pH 3 and ambient temp
were calculated to be 49.2 and 164.6mg/g, respectively. While the PSO
model best described the kinetics of adsorption for both dyes, the
pseudo-first-order model was the second best. The adsorption was
spontaneous and endothermic, but the desorption was accomplished
using a 0.1M NaOH aqueous solution with 90% recovery efficiency.

Munagapati et al. (2018) have studied modified banana peels as
adsorbents to remove RB5 dye from aqueous solutions. The high carbon
content of banana peels (due to the presence of hemicelluloses, cellulose,
chlorophyll, pectin, and other low molecular weight species) makes them
a suitable precursor for producing AC. Chemical amendments increase the
functional group potential and number of active sites, hence enhancing
their adsorption characteristics. Formaldehyde and formic acid were used
to modify the chemical composition of the banana peels. At pH 3, the
maximum adsorption capacity was attained at 211.8mg/g. Langmuir>
Temkin> Freundlich> Dubinin–Radushkevich were the isotherm
models that best fit the experimental results. The PSO model described
the kinetic data of adsorption is higher than the pseudo-first-order model.
In addition, regeneration tests using a 0.1M NaOH solution demonstrated
that the modified banana peel adsorbent could be reused five times.

The adsorption of several common textile dyes, including Reactive
Black 5, Reactive Yellow 84, Acid Yellow 23, and Acid Red 18, on
sunflower seed hulls, were studied. The researchers examined both
aminated and non-aminated seed hulls (Jóźwiak et al., 2020). The ad-
sorption capacity of the aminated adsorbent was significantly greater
than that of the non-aminated adsorbent, increasing by 1665%, 1425%,
1881%, and 2284%, respectively, for the dyes listed above. This is
owing to the animation of polysaccharides of sunflower seed hull, in
which the amine groups incorporated into the sorbent serve as anionic
dye sorption sites. Studies of adsorption isotherms demonstrated that
the Langmuir model best describes experimental data for all dyes stu-
died. Kinetic experiments showed that the PSO model provided the best
fit for all dyes.

The adsorption of CR and malachite green (MG) was investigated on
biochar produced from litchi peel using a simple hydrothermal treat-
ment and subsequent activation (Wu et al., 2020). The adsorption rate
for CR and green malachite was 404.4mg/g and 2468mg/g, respec-
tively, indicating that litchi peel biochar has a high performance in
adsorption. The adsorbent's specific surface area and pore volumes
were 1006.0m2/g and 0.588.0 cm3/g, respectively. The excellent ad-
sorption characteristics resulted from pore filling, hydrogen bonding, -
interaction, and electrostatic interactions. The Langmuir, Freundlich,
Temkin, and Dubinin-Radushkevich adsorption isotherm models were
investigated for CR and green malachite dyes. It was determined that
the Freundlich model best described the experimental results for both
dyes, suggesting that adsorption proceeded on a multilayer and het-
erogeneous surface.

Bhattacharjee et al. (2020b) investigated the removal of CR dye
from wastewater via WMR and achieved beneficial outcomes. The au-
thors determined that physisorption dominated the biosorption using
five different isotherm models, including Langmuir, Temkin, Freun-
dlich, Dubinin-Radushkevich, and Harkins-Jura of CR into WMR.
Masoudian et al. (2019) also examined ultrasound-assisted biosorption
of CR utilizing WMR containing titanium dioxide (TiO2) nanoparticles.

Loading TiO2 nanoparticles into the WMR, an adsorbent with a high
surface area (667.8m2/g) was obtained. The authors conducted a re-
sponse surface methodology-based experimental design using a desir-
ability function. They reported the following optimal conditions: CR at
a pH of 4.3, 0.04 g adsorbent, 8.22min of sonication, and an initial
concentration of 14.7mg/L. It was observed that the maximum ad-
sorption capability was 17mg/g. Masoudian et al. (2019) also con-
ducted desorption investigations with NaOH and discovered that the
nanoparticle-loaded adsorbent was reusable for up to 5 cycles with an
adsorption capacity of more than 70%. Isotherm research and bio-
sorption process kinetic analyses indicated the Langmuir model and
PSO. Thus, the researchers discovered that WMR might be employed as
an inexpensive adsorbent for CR removal from wastewater.

Sahoo (2021) integrated WMR as an adsorbent to remove the an-
thraquinone dye Remazol Brilliant Blue Reactive (RBBR) from an aqueous
system. The authors chemically activated the carbonaceous rind with
KOH. The findings demonstrated that a high initial dye concentration
required a substantially extended period to obtain the same adsorption
percentage, which is associated with the adsorbent's active surface sites
being saturated. As RBBR is an anionic dye, electrostatic interaction be-
tween the anionic dye and the positively charged surface of the melon
rind led to increased adsorption at a pH of 2. The removal efficiency
decreased as the pH of the solution increased. Bello et al. (2019) found
comparable results for RBBR removal utilizing cocoa pod husk as an
adsorbent. The authors discovered that the biosorption process was en-
dothermic, indicating a higher adsorption rate at higher temperatures,
which was compatible with Slama et al. (2021) and Zhou et al. (2019) for
RBBR removal using various adsorbents. Film and intraparticle diffusion
were discovered to be the predominant biosorption mechanism for RBBR.
In addition, the researchers observed that the Freundlich model ade-
quately characterized equilibrium adsorption data and that the RBBR
adsorption onto WMR adsorbent followed a physisorption process.

Idrus and Hamad (2022) investigated the effectiveness of WMR in
removing brilliant green (BG) dye from an aqueous solution. The in-
vestigators activated WMR using orthophosphoric acid (H3PO4) and
discovered that activated WMR had a considerably better biosorption
capacity than untreated WMR. With reported values of 32.7 and
22.6mg/g, the researchers concluded that H3PO4 as an activating agent
was highly effective at enhancing the adsorption capacities of WMR.
The SEM analysis was carried out to study the surface morphology of
WMR. The surface area of the H3PO4-activated WMR was three times
larger than that of the raw WMR. The authors also found an increased
pore volume following SEM analysis of the activated WMR. In addition,
the authors noted that the biosorption equilibrium data followed the
Langmuir isotherm model and that the process was exothermic and
spontaneous.

Chigbundu Kayode and Adebowale (2017) studied watermelon
shells as a biosorbent for the removal of the dyes Basic red 2 (BR2) and
Orange G (OG) from an aqueous system. They analysed fractal-like
kinetics (which contains time dependence of biosorption rate coeffi-
cients) for the biosorption process and determined that chemical reac-
tions at the solid/solution interface were the predominant interaction
mechanism between the dyes and biosorbent. Likewise, Aguilar-Rosero
et al. (2022) reported similar findings. Chigbundu Kayode and
Adebowale (2017) discovered that the Fractal-like pseudo-first-order
kinetic equation was appropriate for interpreting kinetic data for both
dyes. The chemisorptive nature of the interaction between the dyes and
the active sites of the biosorbent was further validated using two-
parameter models, such as the Elovich model. The authors observed
that the Elovich model was appropriate for the cationic dye (BR2). In
contrast, the Diffusion-Chemisorption model adequately explained the
equilibrium results for the anionic dye Orange G. BR2 adsorption was
endothermic, but OG adsorption was exothermic, as determined by
thermodynamic analysis.

Ibrahim and Maslehuddin (2020) investigated the biosorption of
MO, and Rhodamine B (RB) on WMR activated with H₂SO₄. They
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discovered that dye adsorption increased with rising temperature,
reaching a maximum of 318 K. The authors ascribed this response to the
elimination of solvent (water) molecules, which made more active sites
available at the interface. Ahmed et al. (2016) discovered a similar
effect of temperature during the biosorption of RB utilizing sugarcane
bagasse. Kinetic studies revealed that the PSO model applied to the
absorption process and that intra-particle diffusion played a substantial
role. The presence of OH– ions at high pH promotes competition be-
tween –N+ and –COO, reducing the aggregation of RB aggregation and
causing RB adsorption at higher pH.

Zhou et al. (2020) employed an MV pyrolysis technique to synthe-
size biochar from agricultural residues to remove eosin and safranine D
by absorption. The pore volume and biochar surface area were mea-
sured as 0.23 cm3/g and 459m2/g, respectively. Zhang et al. (2018)
used a liquefaction mechanism with aqueous solutions, including
ethanol, methanol, and acetone at 260–380 °C to produce biochar,
which was then used to adsorb MG and MB. Although this biochar's
surface area and pore size were less than those observed for carbon
(12–17m2/g and 18.1–20.1 nm, respectively), the substance was stated
to have a high concentration of oxygen functionalities. Lately, thermal
alkaline pre-treatment has been employed to develop biochar for the
sorption of cationic red X-GRL (Xiao et al., 2018). This technique en-
hanced the biochar's pore volume and surface area by 33.3% and
43.5%, respectively, resulting in a 49.2% improvement in dye removal
yield, with an absorption ability of 39.1–47.6mg/g. Lian et al. (2016)
reported composing SrFe12O19 assembled magnetic biochar and its use
in the removal of MG. The adsorption ability was 388.65mg/g for an
initial concentration of MG of 500mg/L and a biomass dose of 2.0 g/L.

Hajialigol and Masoum (2019) synthesized and successfully used
Juglans regia (walnut) shell-based AC as a biomass material to remove
MG from a solvent. The effect of operating variables, particularly initial
MG concentration (16.5–33.5 mg/L), nano biomass dosage
(16.5–33.4 mg), and residence time (13–47min) on MG uptake from
the liquid phase, was investigated using a central composite design.
About 100% removal was achieved at an initial concentration of
33.3 mg/L MG, a nano biomass dose of 33.3mg, and a residence time of
20.0 min. When comparing the degree of MG removal at 100mg/L
concentrations, it was discovered that the nano biomass AC had the
greatest extent of MG removal. As opposed to the raw walnut shell,
nano biomass AC contains porous nature, well-distributed internal pore
structure, and large surface area. Since nanoparticles have a large
surface area in a constant volume of dye solution, more interaction
between nano biomass and dye molecules could explain the effect of
higher nano biomass dosage on MG removal. It was also noticeable that
as the MG concentration increases, the percentage of MG removed
decreases due to a reduction in the dye molecule to accessible surface
adsorption sites ratio. The data was analysed using various adsorption
isotherms, including Langmuir, Temkin, Freundlich, and Dubinin–Ka-
ganer–Radushkevich (DKR), with the outcomes establishing the Lang-
muir isotherm as a valid model for defining adsorption behaviours.
Ultimately, the PSO kinetic model accurately predicted the MG sorption
mechanism (R2 = 0.9897). Table 5 displays the removal of various dyes
from various biomass sources.

3. Conclusions

Extensive synthesization of agricultural residue for eliminating dyes
from textile effluent pollution was reviewed. This study provides an
overview of the different novel absorbers from agricultural by-products
(mainly peels, leaves, and seeds). It gives a general overview of re-
moving other dyes from wastewater simulated by absorption tech-
nology. The natural atmosphere synthesizing carbon is the most
abundant economic resource. The assessment also indicated that the
absorption capacity of the carbon was upgraded by expanding the
surface area but indicated a slight enhancement in increasing the pore
size. The relationship between methyl dyes and the surface of carbon

materials was complex. Each of these technologies has its advantages
and disadvantages. The transformation of adsorbent technologies is a
simple, reliable, and cost-effective process that has been explored for
textile effluent treatment. Thus, the decolorization of colored pollutants
from wastewaters using agriculturally derived AC and biochar has
shown promising results with the highest efficiency in the field of ad-
sorption technology, as they exhibit exceptional removal capabilities
for a wide variety of dye classes and could be used in place of industrial
adsorbents.
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