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Renewable and Low-cost Agro-waste-based Biosorbents for the Removal of Methylene
Blue from water : Analytical Performance and Mechanism Study
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Abstract

This study presents the utilization of peanut shell agricultural wastes to create environmentally acceptable and cost-efficient
biosorbents for the adsorption of cationic methylene blue (MB) dye from water-based solutions. The present study focuses on
the production of two biosorbents obtained from peanut shell bio-wastes. The indicated materials comprise unprocessed (SP),
as well as sodium hydroxide treated (SPS). The biosorbents undergo analysis using a range of Energy dispersive X-ray
spectroscopy (EDX), techniques, such as scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FT-
IR), Brunauer, Emmett and Teller (BET) analysis, N2 adsorption isotherm, X-ray diffraction (XRD), Thermogravimetric
analysis (TGA), and determination of the point of zero charge. The batch adsorption approach is employed to determine the
ideal operational parameters for removing MB from aqueous solutions. The maximum adsorption capacities were 314.24, and
336.24mg/qg for PS, and SPS respectively. The collected kinetics data suggests that the adsorption process of the dye is more
accurately characterized by the pseudo-second order model rather than the pseudo-first order model. The equilibrium data
exhibited a robust correlation between the dye adsorption and the Langmuir equilibrium isotherm model. An analysis has
been conducted on the thermodynamic parameters AG®, AH®, and AS°. The negative standard free energy change (AG®)
values for both biosorbents demonstrate the inherent spontaneity of the adsorption process. The negative values of AH® can
explain the exothermic behavior displayed by both biosorbents. The biosorbents derived from peanut shell were efficiently
employed for the removal of modest levels of color from different water samples. The adsorption of MB onto SPS is
enhanced by many interactions, including pore-filling, electrostatic attraction, n—r, and H-bonding interactions. Methylene
blue molecules can diffuse through all the pores of PS, and SPS via pore diffusion
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1. Introduction textiles,  pharmaceuticals,  plastics, tanneries,

The limited availability of drinkable water is a
substantial obstacle faced in the contemporary day.
The deterioration of water resources is increasingly
exacerbating due to various human activities,
unregulated urban expansion, and the expanding
industrialization[1]. The wastewater generated by
various industries contains a variety of contaminants
such as dye, heavy metals, antibiotics, and pesticides
[2]. Methylene blue dye is a chemical molecule with
a planar structure that belongs to the class of
heterocyclic aromatic compounds [3]. Methylene
blue (MB dye), a regularly used thiazine-type dye, is
widely utilized as a colorant in industries including

cosmetics, paper, food, and medicine. Furthermore, it
functions as a dye for categorizing microorganisms
[4-6]. However, the existence of MB can be a
significant threat to the environment and human well-
being if not handled appropriately and in an eco-
friendly manner [7]. MB dye becomes hazardous to
health when its concentration exceeds a particular
level, as it possesses significant toxicity [8].
Methylene blue (MB), a substance that is poisonous,
carcinogenic, and non-biodegradable, can cause
many health risks in humans, such as respiratory
failure, abdominal discomfort, visual impairment,
and digestive and mental disorders [9,10]. In
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addition, it causes symptoms such as nausea,
diarrhea, vomiting, cyanosis, shock, gastritis,
jaundice, tissue necrosis, and tachycardia, finally
leading to cellular apoptosis, tissue damage, and
irritation of the skin and eyes [11,12]. Prior to
discharging it into the environment, it is imperative to
properly treat wastewater that contains MB dye.
Various methods and treatment technologies, like as
flotation, can be employed to remove MB and other
textile dyes from industrial effluent. The techniques
mentioned include adsorption, cloud point extraction,
photocatalytic degradation, ultrafiltration,
electrocoagulation, coagulation, microwave
treatment, vacuum membrane distillation, hybrid
systems, nanofiltration, and others. Conventional
techniques are not successful in breaking down MB
dye into smaller inorganic compounds because of its
resistance to heat and light, as well as its inability to
be broken down by biological processes. Adsorption
is commonly recognized as a very efficient method
for treating wastewater since it is cost-effective,
versatile, and  straightforward.  Furthermore,
adsorption hinders the creation of additional
contaminants by means of the oxidation or degrading
response of the MB [30, 31]. A wide range of organic
and inorganic adsorbents, including zeolites,
activated charcoal, clays, chitin, and polymers, are
used [32-35]. There is currently a growing interest
in using plant residues (agricultural byproducts) to
remove colorants. These materials, because of their
plentiful occurrence in nature and exceptional ability
to remove substances, can be used to absorb colors
from solutions that are water-based. Agricultural
wastes consist of lignocellulosic materials, which
have three main structural components: lignin,
cellulose, and hemicelluloses [36]. Lignin is a
complex polymer made up of aromatic compounds,
which has a highly convoluted three-dimensional
structure. The phenylpropane lignin is composed of
interlinked chemical units that are linked together by
a series of bonds, forming a complex framework that
contains various functional groups, such as hydroxyl,
methoxy, and carbonyl groups. In addition,
hemicellulose is mostly soluble in alkali and
undergoes hydrolysis more easily.  Lignocellulosic
materials consist of both hemicellulose and cellulose,
which contain various oxygen functional groups such
as hydroxyl, ether, and carbonyl [37]. The presence
of these functional groups greatly influences the
production process of adsorbents. Literature explores
the utilization of different agricultural wastes for the
purpose of purifying water and wastewater by
eliminating contaminants. Studies have investigated
the ability of agricultural wastes, such as sawdust
from different trees [38-40], rice hulls [41, 42],
leaves from various plants [43-46], seeds [47, 48],
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fruit hulls [49], peanut shell [50,51]. The substantial
production and widespread utilization of peanuts
contribute to a significant volume of generated waste.
Inadequate management of these byproducts poses a
potential threat to environmental pollution,
consequently  impacting  human  well-being.
Leveraging peanut husk (PH) as an adsorbent for
wastewater remediation represents a commendable
initiative. This approach is economically viable due
to its low cost, environmentally friendly, and aligns
with the principles of green chemistry[52].

1.1. Objectives

The aims of the current study can be stated as
follows:

1 - Production of SPS mercerized cellulosic
biosorbents derived from peanut shell.

2-The structural, surface functional groups, surface
potential, textural, and morphological properties of
the prepared PS and SPS were analyzed using various
instrumental techniques. These techniques included
Scanning Electron Microscopy (SEM), Fourier
Transform Infrared Spectroscopy (FT-IR), Brunauer,
Emmett and Teller (BET) analysis, N2 adsorption
isotherm, X-ray Diffraction (XRD),
Thermogravimetric Analysis (TGA), and Energy
Dispersive X-ray Spectroscopy (EDX).

3 - Investigating the optimal parameters for the
absorption of MB dye in water solutions (both in
static and dynamic modes) using the developed
cellulosic biosorbents. These parameters include pH,
contact time, initial MB concentration, biosorbent
dosage, and reaction temperature.

4- The experimental data will be examined using
several isotherms, such as Langmuir and Freundlich,
as well as kinetic model equations, including pseudo-
first order and pseudo-second-order.

5 - Examining the desorption experiments with
different solvents.

6 - Utilization of the produced biosorbents for the
extraction of MB from actual water samples.

7- Investigating the potential mechanism of MB
biosorption onto the produced biosorbents.

2. Experimental

2.1 Materials and Method

2.1.1 Materials

The following chemicals were acquired from Sigma-
Aldrich: methylene blue dye (MB), hydrochloric acid
(HCI), sodium hydroxide (NaOH), sodium
bicarbonate (NaHCO3), sodium chloride (NaCl),
nitric acid (HNO3), ethanol, and magnesium sulfate
(MgS0O4). A concentrated solution of MB was
created by dissolving the precise quantity of MB in
distilled water. The solution was suitably diluted to
achieve the intended starting concentration.
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2.1.2 Preparation of Adsorbents

2.1.2.1 Preparation of PS adsorbents

The unprocessed outer covering of peanut shell was
gathered from the agricultural outskirts of Mansoura,

Egypt. The biowaste materials underwent treatment
using 99% ethanol (immersed for a duration of 24
hours), followed by rinsing with distilled water.
Ultimately, the biowaste was thoroughly cleansed
and then subjected to grinding and sieving processes.
After undergoing drying in an oven at a temperature
of 75 °C until a stable weight was achieved, fractions
measuring between 0.7 and 1.5 mm were chosen.
2.1.2.2 Preparation of SPS biosorbents

The untreated PS was immersed in a solution
containing varying amounts of sodium hydroxide
(NaOH) at various concentrations (0.1, 0.5, 1, 2, 3, 4,
and 5 M) for a duration of 24 hours. This was done to
determine the most effective concentration. The
biomass of SPS underwent several decantation and
filtration procedures. Subsequently, the specimens
were thoroughly washed using distilled water until
the solutions achieved a neutral pH of 7. Ultimately,
they were subjected to a drying process in an oven at
a temperature of 75 C until they reached a state of
full dryness.

2.2. Instrumentation

The MB dye concentrations were evaluated at the
wavelength of maximum absorption (Amax 662 nm)
using a Perkin Elmer 550 spectrophotometer.
Analyzed utilizing a Jusco instrument (Model 6100,
Japan), the FTIR spectra of PS,SPS and SPS-MB
were examined. To analyze the physical structure of
the materials, we utilized scanning electron
microscopy (SEM) with a JSM-T 220A model from
JEOL, Japan. The SEM operated at an accelerated
voltage of 20 kV.

EDX was utilized for elemental identification by
energy-dispersive X-ray analysis. An Oxford X-Max
20 electron microscope, equipped with an EDS
detector, was utilized for the experiment.

The surface area was calculated via the Brunauer-
Emmett-Teller (BET) equation, which was derived
from the N2 adsorption-desorption isotherm data
acquired from the BEL SORP MAX instrument
manufactured in Japan. The X-ray diffraction
(XRD) patterns of the wheat husk and straw samples
were obtained using a PANalytical X’Pert PRO
diffractometer, which measured the 2-theta (26)
angle. The thermal stability of the wheat husk and
straw materials was evaluated by thermogravimetric
analysis (Perkin Elmer TGA 4000) with a heating
rate of 15 °C/min, covering a temperature range from
30 to 800 °C.
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2.3 Adsorption experiments

2.3.1 Batch adsorption study

In the MB adsorption batch experiments, 0.025 grams
of the untreated and altered substances were placed in
a conical flask with 25 milliliters of MB solution (50
parts per million) and stirred at a speed of 200
revolutions per minute. The adsorption studies were
conducted using a shaker with a constant temperature
setting. A comprehensive examination was
undertaken to assess the influence of many
parameters, such as contact time, dose, initial
concentration, ionic strength, temperature, and pH, on
the process. The sorption capacity (in mg. g—1) and
recovery percentage of MB were determined for the
adsorbents using equations 1 and 2, respectively [53].

qe= (Co—-Ce)V (1)
%hR= (Co—Ce) x100 (2)
Co

The starting concentration of MB solutions is denoted
as C, whereas the equilibrium concentration is
denoted as Ce, both measured in milligrams per gram
(mg/g). V represents the volume of the solution
containing the adsorbate, measured in liters, while W
represents the mass of the adsorbent, measured in
grams. %R is the proportion of adsorbates that have
been eliminated from the aqueous solution.

2.3.1.1 Studies on point zero charges (pHpzc)

A 0.01 M NaCl solution was created and its pH was
measured within the range of 2 to 12 by adding either
0.01 M NaOH or HCI. Afterward, 50 ml of a separate
0.01 M NaCl solution was added, followed by
another 0.01 M NaCl solution. Each solution was
allocated 1 gram of the corresponding substance. The
vials were subjected to incubation for a period of 70
hours, and the final pH of each solution was
determined using a pH meter. A comparative graph
was created to demonstrate the correlation between
the end and starting pH levels [54].

2.3.1.2 Effect of pH

0.025 g of both unaffected and changed materials
were added to sealed vials. Each vial contained 25 ml
of a dye solution with a starting concentration of 50
ppm for methylene blue (MB). The pH of the
solution was initially modified to different values
(ranging from 2 to 12) by adding either 0.1 M HCI or
0.1 M NaOH. The sealed bottles containing the
solution were then placed in a stable shaker and
agitated at a speed of 200 rpm and a temperature of
30 °C for a total of 240 minutes. The absorption
studies were conducted under the aforementioned
circumstances. The measurement of residual dye was
conducted according to the procedures outlined in the
Methods section.
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2.3.1.3 Effect of dose

To determine the most effective amount of biowaste
materials to use as adsorbents, precise quantities of
PS and SPS were added to separate bottles with
stoppers. Four masses (0.0125 g, 0.025 g, 0.05 g, and
0.1 g) were introduced into hermetically sealed
bottles containing 25 mL of the dye solution. The
initial concentration of the dye in the MB solution

was 50 parts per million (ppm). The sealed bottles
were subsequently placed in a temperature-controlled
shaker and agitated for a duration of 240 minutes at
ambient temperature at a speed of 200 revolutions per
minute. The concentration of the dye in the solid
phase at equilibrium (ge) was determined using
Equation 1.

2.3.1.4 Effect of initial dye concentration

0.0125 grams of PS, and SPS were introduced into a
set of sealed transparent bottles, each holding 25
milliliters of the dye solution. The initial dye
concentration was modified to values of 50, 100, 150,
and 200 ppm. The sealed transparent bottles were
thereafter placed in a temperature-controlled shaker,
set at a speed of 200 revolutions per minute, and kept
at room temperature for a period of 240 minutes.

2.3.1.5 Isotherms adsorption study

Analyzed the equilibrium isotherm data utilizing the
non-linear Langmuir and Freundlich isotherm
models. The efficiency of these models was
evaluated by applying the non-linear coefficients of
determination (R2). The calculations were executed
utilizing the Origin software program (version 9).
The Langmuir adsorption isotherm states that
adsorption takes place at certain uniform spots inside
the adsorbent and has been successful in accurately
representing several monolayer adsorption processes.
The equation for the Langmuir isotherm can be
represented as [55]:

(Ce)/(ge )=1/(KL gm)+Ce/gm 3)

The variables in question are ge, representing the
amount of dye adsorbed, qgm, representing the
maximum adsorption capacity of a monolayer, Ce,
representing the equilibrium concentration of the dye
in solution, and KL, representing the Langmuir
adsorption constant. The Freundlich isotherm is an
empirical equation that postulates adsorption taking
place on surfaces that are not uniform in nature. The

Freundlich equation can be mathematically
represented as follows:
Inge =InKF+ 1/niInCe 4

KF and 1/n are adjustable parameters that can be
roughly interpreted as the ability and intensity of
adsorption, respectively.
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2.3.1.6 Effect of the contact time

To do the kinetic experiments, 0.0125g of both PS,
and SPS were placed in a set of sealed bottles at
various time intervals (30, 60, 90, 120, 150, 180, 210,
and 240 minutes). The solution used contained 25 ml
of MB dye solution with a concentration of 50 parts
per million (ppm) of MB. The preparation is
conducted under ideal pH conditions and at room
temperature, with constant agitation at 200
revolutions per minute.

2.3.1.7 Adsorption kinetics To determine the step
that limits the rate of adsorption, two kinetic models
were used to conduct Kinetic investigations. The
pseudo-first-order kinetic model is represented by the
equation [55]:

l/gt = Kt/get + 1l/ge (5)

The equation that represents the pseudo-second-order
kinetics, which is derived from the adsorption
equilibrium capacity, can be expressed as:

t/gt = 1/(K2g2e ) + t/ge (6)

The variable ge (mg/g) reflects the degradation
efficiency at equilibrium, while gt (mg/g) represents
the degradation efficiency at a specific time t (min).
K1 corresponds to the rate constant of decay for a
pseudo-first-order reaction, whereas K2 corresponds
to the rate constant of degradation for a pseudo-
second-order reaction. The models k and ge were
calibrated together and showed a strong correlation
with the experimental deterioration data. The
correlation coefficient was utilized to ascertain the
optimal kinetic model that precisely correlates to the
experimental results.

2.3.1.8 Effect of thermodynamics parameters

The experiment involved the use of multiple airtight
bottles, each holding 25 ml of a solution containing
200 parts per million (ppm) of MB at a pH level of
7.5. Within each bottle, a quantity of 0.0125g of both
untreated and modified materials underwent agitation
for a duration of 240 minutes in a shaker that was
pre-stabilized and operated at a speed of 200 rpm.
The temperature was consistently kept between 30
and 50 °C. The residual concentration of the dye was
determined after adsorption and filtration. The
thermodynamic properties energy (Go), enthalpy
(Ho), and entropy (So) have been calculated using
equations (Egs. 7) and (Eq. 8) [55]:

AGo =-RTInKc

Ini/o} [(Ke=(AS°)/R- AH/RT ) (8)

The equation (7) represents the relationship between
the change in Gibbs free energy (AGo), the gas
constant (R), the temperature (T), and the equilibrium
constant (Kc).
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The gas constant R, which has a value of 8.314 J/mol
K, is utilized in the computations. The values of AHo
were calculated by calculating the slope (—AHo/R) of
the natural logarithm of Kc versus the reciprocal of
temperature (1/T), whereas ASo was determined by
calculating the intercept (ASo/R) of the natural
logarithm of Kc versus 1/T.

2.3.1.9 lonic strength

The impact of different NaCl, NaHCO3, and
MgSO4 solutions at concentrations of 0.01, 0.5, and
0.1 M on the adsorption of MB on PS, and SPS
samples was examined. The dye concentration was
then evaluated after the adsorption and filtration
procedure.

2.3.1.10 Desorption studies

Desorption studies were done to evaluate the
practical usefulness of biowaste products and
cellulose powder. After conducting the biosorption
test, 0.05 grams of sorbent with dye were combined
with 100 milliliters of 0.1 molar solutions of NaOH,
Ethanol, HCI, and HNO3 for desorption. The
concentration of dye in the solution was quantified
following 120 minutes of agitation. To determine the
appropriate eluent, the desorption stages were
repeated five times following three concentration
tests for the ideal eluent. The desorption of dye by PS
and SPS was determined using equation 9 [55].

D%= (amount desorbed to the solution(mgA))/(The
amount adsorbed on adsorbents (mg1))*100

©)

2.3.2 Column studies

Most studies on adsorption columns focused on using
artificial wastewater as the substance being adsorbed.
In this situation, a solution containing metal or dye is
generated and then subjected to treatment with the
adsorbent. This work utilized a synthetic MB solution
as an adsorbate while employing raw and modified
materials as adsorbents. The effects of several
process variables, including solution volume,
adsorbate flow rate in the column, adsorbent dosage
impact, and column diameter, were evaluated using
spectrophotometric analysis. Next, the percentage of
degradation was calculated using Equation 1.
Equation 1 represents the relationship between the
dosage impact of adsorbents, while Equation 2
represents the relationship for other factors [55].

2.3.2.1 Effect of dose

PS and SPS were packed in columns with a diameter
of 0.7 cm. The materials were dosed at 0.1, 0.15, and
0.2 g. The flow rate of the solution was 0.056
ml/min, and the pH was set at7.5. Additionally, the
solution contained 50 ppm of MB.
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2.3.2.2 Effect of volume of solution

The experiment involved using different volumes of
solution (10, 20, 30 ml) and packing PS and SPS
(0.19g) into columns with a diameter of 0.7 cm. The
flow rate was set at 0.056 ml/min, the pH was
adjusted to 7.5, and the concentration of MB solution
was 50 ppm.

2.3.2.3 Effect of column diameter

PS and SPS were placed into columns of varying
widths (0.7 and 0.9 cm). The experiment involved
applying a flow rate of 0.056 ml/min, a pH of 7.5, a
concentration of 50 ppm of MB solution, and a
volume of 10 ml of solution, along with 0.1g of each
ingredient.

2.3.2.4 Effect of the flow rate

The experiment involved applying PS and SPS at
varying flow rates (0.056 and 0.017 ml/min) with a
diameter of 0.7 cm. The solution used had a flow rate
of 0.056 ml/min, a pH of 7.5, and a concentration of
50 ppm of MB.

3. Results and discussion

3.1. Materials design

3.1.1. Alkali modification of biosorbents

Figure 1 illustrates the alkali modification procedure
conducted during a 24-hour timeframe using NaOH
solution at different concentrations (0.1, 0.5, 1, 2, 3,
4, and 5). The graphs indicate that the ideal
concentration of SPS in the laboratory circumstances
was 3 M . All adsorption studies were conducted
using the optimal concentration of each substance.

—t— 5P

Remowvalt

Concentration of MaCH M

Figure 1: Effect of alkali modification by NaOH at different
concentrations

3.1.2. Mechanism of Alkali modification of
biosorbents

Applying alkaline agents to PS has been proven to
improve their ability to attract and hold substances by
(i) removing impurities like waxes and fats from the
surface, which exposes chemically reactive functional
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groups such as C — OH, C— O, — OH, and C - O; (ii)
increasing the capacity for exchanging positively
charged ions; (iii) boosting the ability to expand in
size; (iv) promoting further expansion; and (v) raising
the concentration of oxygenated basic complexes on
the surface. Due to its superior disintegrating
properties among all alkaline agents, NaOH has been
extensively employed for alkaline alteration. The
internal arrangement of lignocellulosic components
contributes to the formation of a porous structure in
the material. The presence of aqueous sodium
hydroxide enhances the ionization of the hydroxyl
group to form alkoxide in natural fiber [56,57].

on the removal of hemicellulose, scanning electron
microscopy images indicate a decrease in
hemicellulose content on the surface of the fiber.
Figure 2 depicts the FTIR spectra of PS and SPS that
have been treatment with an alkaline solution.
Second.

3.2 Characterization

3.2.1 FTIR analysis

Figure (2) presents the FTIR spectrum of the
materials in three states: before treatment with
sodium hydroxide, after treatment with sodium
hydroxide, and after the adsorption of MB dye. To
elucidate the specific functional group that exists on
the surface of the adsorbent. A total of 400
milligrams of KBr were utilized to encapsulate SP,
and SPS before the adsorption process. Subsequently,
SPS was encapsulated again following the adsorption
of MB dye. This procedure was conducted to detect
infrared spectra. The spectra were obtained using a
Fourier Transform Infrared (FTIR) instrument,
covering a wavelength range of 500 — 4,000 cm-1.
The FTIR spectra of untreated samples (PS), NaOH-
treated sample (SPS), and NaOH-treated sample after
the methylene blue dye adsorption process were
analyzed. The results demonstrate that (PS) without
NaOH treatment display a —OH functional group
within the wavenumber range of 3451 cm™. These
wavenumbers correspond to the anticipated stretching
of the —OH group, which typically occurs between
3100 and 3600 cm™. This observation suggests the
existence of phenol, alcohol, and water groups. The
detected functional groups originate from cellulose,
hemicellulose, and lignin, accompanied by C-H
stretching at wavenumbers of 2925 cm™* for PS,
Cellulose and hemicellulose are responsible for the
C—H stretching seen in the range of 2500 to 3000
cm ' [58, 59].

After subjecting the substance to alkali treatment
using NaOH, there is an observable change in the
wavenumbers to 3419 cm' for PS. This shift
indicates the elimination of lignin content, which
commonly contains a -OH group. The purpose of
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NaOH treatment is to remove lignin, hemicellulose,
and other contaminants. Furthermore, the lack of
hemicellulose impurities is indicated by the absence
of wavenumbers associated with the carbonyl group
(C=0) at 1633-1659 cm™* for SPS [60,61]. The
presence of functional groups such as -CH, -OH, and
CH2 bending, indicating hemicellulose content, is
observed in all four samples within the wavenumber
range of 1500 to 1000. The application of chemical
treatment diminishes the amplitude of the wave,
indicating a reduction in hemicellulose content on the
surface of the material. While the FTIR plot does not
explicitly demonstrate the impact of alkali treatment

220 PS
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200 = \ / v ~/
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160 o
140 o
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100 W
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Figure 2: FTIR spectra of PS and SPS.

3.2.2 Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) is a technique
used to examine samples at high resolution by using a
focused beam of electrons to scan the surface of the
sample. The morphology of PS and SPS is
investigated using scanning electron microscopy.
The surface shown in Figure 3 is characterized by its
morphology. The impact of the sodium hydroxide
modification is evident when comparing the images
of the original materials and their altered versions.
Compared to PS surfaces, SPS surfaces exhibit
greater irregularity and porosity, resulting in an
increased specific surface area. This enhancement in
structure contributes to their higher adsorption
capabilities.

3.2.3 Thermogravimetric analysis

The TGA curves of PS and SPS were shown in
Figure (6 ), the samples show an initial weight loss
ranging from 70 to 250 °C, and 90 to 200 °C for PS
and SPS respectively, which would be related to the
evaporation of the adsorbed water molecules in both
PS and SPS degradation [67]. The second weight
loss gradually starts with a sharp fall at 270 to 380
°C, and 270 to 360 °C for PS and SPS respectively,
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this would correspond to the degradation of the
impurities content of PS and SPS degradation [53].
The thermal degradation was studied under the same
conditions for S and SPS the total residues were
determined as follows 18.5%, and 28.8% for PS, SPS
respectively. PS showed higher weight losses than
SPS, which is due alkali treatment reducing the
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cementing material followed by the removal of
moisture, which makes the treated fiber more stable
than the untreated fiber [68,69].
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Figure 4: TGA of (a) PS and (b)SPS.
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3.3.3 Adsorption studies

3.3.1 Point of zero charges (pH )

The point of zero charges (pHpzc) is an important
factor that determines the linear range of pH
sensitivity and then indicates the type of surface-
active centers and the adsorption ability of the
surface. Many researchers studied the point of zero
charges of adsorbents that are prepared from
agricultural solid wastes in order to better understand
of adsorption mechanism. Cationic dye adsorption is
favored at pH>pHpzc, due to the presence of
functional groups such as OH-, and COO- groups.
Anionic dye adsorption is favored at pH<pHpzc
where the surface becomes positively charged [70] .
The pHpzc was shown in Table (1) for materials
before and after sodium hydroxide modification

which determines the charge on the surface present as
mentioned.

Table 1. pHpzc for PS, and SPS.

(@)PS
5 -
| |

4

3

2

PZC=6
14 \
ApHQ
2 4 6 8 10 12
14 pH initial
| |
2

materials pHpzc
PS 6
SPS 7.11
(b)SPS
44
]
34
24
PzC=7.11
14
ApHo v . .
P 8 10 12
14 pH intital
24
34

Figure 5: Point of zero charge (pH,.c) of (a)PS (b)SPSP.

3.3.2 Effect of pH on MB adsorption

Figure 8 illustrates the impact of pH on the
adsorption of Methylene Blue (MB). The observed
data indicates that pH plays a significant role in
influencing the adsorption process, particularly for
MB, which is a cationic dye existing in an aqueous
solution as positively charged ions (MB+). The
degree of adsorption onto the adsorbent surface is
predominantly governed by the surface charge on the
adsorbent, which, in turn, is contingent upon the
solution pH. As depicted in Figure 4, the removal
percentage exhibited a minimum at pH 2 (3.58% and
18.7%) for Pr and Pm, respectively. Subsequently,
the curves exhibited an increase up to pH 6 and 7,
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followed by a near-constant removal percentage
(90%) for PS and SPS within the initial pH range of
7-12 at a concentration of 50 ppm.This observed
phenomenon is attributed to the presence of excess
H+ ions in the adsorbate, competing with the cation
groups on the dye for adsorption sites The lower
adsorption of MB at acidic pH (pH < pHpzc) is a
result of the abundance of H+ ions, which hinder the
adsorption of cationic dye molecules. Conversely, at
higher solution pH (pH > pHpzc), Pr and Pm are
likely negatively charged, facilitating electrostatic
attraction with the positively charged dye cations,
leading to enhanced adsorption. This finding aligns
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with a similar result reported by Do et al. (2021),
where the adsorption percentage of MB increased
from 94.60% to 97.50% as the pH of the solution
rose from 4 to 11[71]. This underscores the crucial
role of pH in modulating the electrostatic interactions
and, consequently, the adsorption behavior of
cationic dyes onto modified adsorbent surfaces. All
of the following experiments were validated at pH
7.5.

3.3.3 Effect of adsorbent dose

Adsorbent dosage is a critical factor that has a
substantial impact on the adsorption process,
influencing the adsorbent's capacity for adsorption. In
Figure 9, variations in dosage for the adsorption of
Methylene Blue (MB) at various masses are depicted.
It is evident across all materials that the adsorption
capacity decreases as the adsorbent dose increases.
The reduction in sorption capacity with an increasing
dosage of adsorbent at a constant dye concentration
and volume can be attributed to the saturation of
adsorption sites caused by particle interactions, such
as aggregation. The aggregation phenomenon leads
to a decrease in the total surface area of the adsorbent
and an increase in the diffusional path length.
Consequently, as the adsorbent dose rises, the
available surface area for adsorption diminishes, and
the diffusion of dye molecules to active sites becomes
less efficient. To address this issue and maintain a
consistent and effective adsorption process, the
adsorbent dose for subsequent studies was set at
0.0125 g¢/25 ml. This optimized dosage aims to
balance the need for a sufficient quantity of adsorbent
for effective adsorption while avoiding excessive
dosages that may lead to reduced adsorption capacity
due to particle aggregation and diminished accessible
surface area

3.3.4 Effect of initial concentration on MB
adsorption

Figure 10 illustrates variations in the initial dye
concentration during the adsorption process of
Methylene Blue (MB) at different concentrations. A
noticeable trend is observed wherein the adsorption
capacities increase for both adsorbents as the initial
concentrations of MB rise. This phenomenon can be
attributed to the saturation of active sites available for
the set adsorbent dose. At lower initial concentrations
of MB (50 ppm), only a few adsorbent molecules
occupy the adsorbent's surface, resulting in a decline
in the adsorption capacity of MB. In contrast, an
increase in the initial MB concentration to 200 ppm
leads to a higher coverage of the adsorbent surface by
MB molecules, causing a corresponding increase in
the adsorption capacity of MB. To ensure consistent
and effective adsorption conditions in subsequent
experiments, the initial dye concentration was
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standardized and fixed at 200 ppm. This
concentration was chosen to strike a balance,
avoiding the limitations observed at lower
concentrations while preventing excessive saturation
of active sites at higher concentrations. By setting the
initial dye concentration at 200 ppm, the study aims
to maintain optimal conditions for adsorption and
provide reliable insights into the adsorption behavior
of MB on the specified adsorbents
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3.3.5 Adsorption isotherms

The adsorption capacity of an adsorbent is commonly
predicted through isotherm studies. In this study,
nonlinear Langmuir and Freundlich isothermal
equations, represented by Egs. (5) and (6), were
utilized to analyze the experimental Methylene Blue
(MB) adsorption data at equilibrium conditions. The
corresponding plots are presented in Figure 11. The
Langmuir isotherm assumes the formation of
monolayers at homogeneous sites. Table 2 displays
the calculated parameters of Langmuir Isotherms,
revealing a maximum adsorption capacity of 344.83
mg/g and 363.64 mg/g for PS and SPS, respectively.
The Langmuir constant (KL) was further employed to
assess the separation factor (r). A value of r between
0 and 1 suggests favorable adsorption; in this case,
the calculated r values fell within this range,
indicating favorable adsorption. The values of r
provide insight into the nature of adsorption: if r > 1,
adsorption is unfavorable; if r = 1, it is linear; if 0 <r
< 1, it is favorable; and if r = 0, it is considered
irreversible.

On the other hand, the Freundlich isotherm assumes a
heterogeneous distribution of adsorption sites. The
calculated KF values were 84.83 and 108.69 for PS
and SPS, respectively. The determination coefficient
(R2) was used to compare the fit of the Langmuir and

Freundlich models. In both cases PS and SPS), the
Langmuir isotherm was found to be preferred over
the Freundlich isotherm, as indicated by higher R2
values. In summary, the Langmuir model suggests
the formation of monolayers at homogeneous sites,
and the favorable adsorption indicated by the
separation factor (r) is consistent with the calculated
parameters for both PS and SPS. The results support
the conclusion that the Langmuir isotherm provides a
better fit to the experimental data in comparison to
the Freundlich isotherm.

capacity was 280.11, and 290.69 (mg/g) for CP, and
SCP respectively. The K value was further used to
evaluate the separation factor (r). If r > | adsorption is
unfavorable, r =l it is linear, 0 < r <l it is favorable,
and if r = 0, it is irreversible. In both cases, the
calculated value of r was between 0 and 1, suggesting
favorable adsorption Freundlich isotherm assumes
heterogeneous distribution of adsorption sites. Kg
values were 51.64, and 59.21 for CP, and SCP
respectively. The R? indicates that in both cases (CP,
and SCP) Langmuir is preferred over Freundlich.

Table 2. Langmuir and Freundlich isotherms constants for adsorption of Methylene blue dye

Sample Langmuir constants Freundlich constants
gm(mg/g) | K,(L/mg) R’ Ks n R?
PS 344.83 0.00312 0.997 84.83 | 2.759 | 0.962
SPS 363.64 0.2781 0.990 | 108.69 | 3.01 | 0.986
(@) Langmuir model (b) Freundlich model
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Figure 9: Adsorption isotherm Langmuir model (a)and Freundlich(b) for MB.
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3.3.6. Effect of contact time.

In order to determine the optimal duration required to
achieve equilibrium, the impact of contact time on
the adsorption process of MB was examined at
different intervals. Figure 12 illustrates the impact of
interaction time on the outcomes. The proportion of
MB removal increased as the period of contact
between the MB and the adsorbents increased,
reaching equilibrium after approximately 175
minutes. After reaching a state of equilibrium, the
quantity of adsorbed MB remains rather constant
over time without any significant fluctuations. From
the provided figure, it is evident that the adsorption
process exhibits a rapid starting rate (75 minutes).

Remowval (%)

This phenomenon can be attributed to the presence of
several active sites on the adsorbent material during
the initial stage. This resulted in an elevation of
concentration gradients between the initial adsorbate
in the solution and the initial adsorbate on the
adsorbent surface. Over time, the concentration
diminishes due to the influx of additional MB
particles occupying the vacant sites. This leads to a
deceleration in the rate of adsorption, heightened
saturation of active sites, and eventual occupation of
all exchange sites. The optimal duration for the
succeeding studies was 180 minutes.

Contact time {(min)

Figure 10: Effect of contact time on the adsorption of MB.

3.3.7 kinetic adsorption study

The dynamics of adsorption can be elucidated by
studying the kinetics of the process, particularly
focusing on the order of the rate constant. This
parameter is crucial in selecting suitable materials for
adsorption applications, as an effective adsorbent
should not only possess a large adsorption capacity
but also exhibit a fast adsorption rate. Pseudo-first-
order and pseudo-second-order models are commonly
employed to investigate adsorption Kkinetics. The
pseudo-first-order model posits that the adsorption
rate is proportional to the first power of
concentration, characterizing the process as diffusion
through a boundary. However, this model may not
always fit well for the entire range of contact time,
leading to deviations from theoretical predictions. In
such cases, the pseudo-second-order model is often
utilized, assuming that chemisorption is the rate-
controlling step in the adsorption process. In the
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analysis of the transient behavior of Methylene Blue
(MB) adsorption by PS and SPS, both pseudo-first
and pseudo-second-order kinetic models were
employed, and the results are depicted in Figure 13.
The rate constants (k1) derived from these plots,
along with the corresponding correlation coefficients,
are presented in Table 3. The selection of the best-fit
model is typically based on the linear regression
correlation coefficient (R2) values. For cationic dye
adsorption, the pseudo-second-order model generally
provides a better representation of kinetic adsorption.
The R2 values for the pseudo-first-order Kinetic
model ranged from 0.613 to 0.889, indicating a less
satisfactory fit. Conversely, the R2 values for the
pseudo-second-order model were close to 1,
surpassing the R2 values obtained for the pseudo-
first-order model. Therefore, the adsorption Kkinetics
of MB on PS and SPS are more accurately and
favorably described by the pseudo-second-order
kinetic model
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Table 3. First and Second — order kinetic equation for adsorption of Methylene blue dye

Sample First — order kinetic equation Second — order kinetic equation
ge(mg/g) K, (L/min) R? ge(mg/g) | K,(g/mg.min) | R?
CP 171.81 1.9107 0.954 89.93 0.019351 0.999
SCP 115.61 1.2821 0.926 90.33 0.01155 0.999
First — order kinetic equation plots Second — order kinetic equation plots
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Figure 11: Second and First — order kinetic equation plots

3.3.8 Effect of temperature and thermodynamics
parameters

3.3.8.1 Effect of temperature.

The significance of adsorption is influenced by
temperature fluctuations. Additionally, it discloses
whether the process is endothermic or exothermic.
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The studies were conducted at three distinct
temperatures, specifically 303, 313, and 323 K, while

keeping the other parameters unchanged. The
percentages of dye elimination for PS, and SPS at
303 K were  78.56%, and 84.06% respectively.
These percentages fell to 76.21%, and 82.11% at
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323 K. The removal rate dropped as the temperature
increased, indicating that the adsorption process was
exothermic in both cases.

3.4.8.2 Thermodynamics

Thermodynamic properties such as enthalpy, entropy,
and Gibbs free energy have all been investigated.
Table 4 and Figure 14 display the thermodynamic
parameter values determined for the present system.
The standard Gibbs free energy (G°) values for the

removal of methylene blue on PS, and SPS were
determined to be negative, indicating that the process
is thermodynamically beneficial at all temperatures.
The enthalpy change, AH®, exhibited a negative value
in this system, providing more evidence of the
exothermic character of the adsorption process. The
presence of negative entropy values provides
evidence for the potential occurrence of advantageous
adsorption [72].

Table 4. Thermodynamic coefficients for methylene blue MB

Sample - A GY(K J/mol) - AH® (K J/mol ) - AS® (3/mol .K®)
303 313 323
PS 3.27 3.22 3.13 5.46 7.20
SPS 4.19 4.13 4.09 5.65 4.85
= PS
17 - ® SPS
1.6 -
1.5+
(=]
i 1.4 4
|
1.3 4
1.2 /

T T
0.00310 0.00315

T
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Figure 12: Thermodynamic coefficients for methylene blue MB (PS, and SPS).

3.3.9 lonic strength

An investigation was conducted to examine the
influence of ionic strength on the removal of MB dye
from a water-based solution utilizing PS, and SPS,
with the addition of inorganic salts such as NaCl,
NaHCO3, and MgCI2. The results are presented in
Table 5. The addition of salts to the solution was
found to have a minimal effect on the sorption
capacity of all the materials. Nevertheless, when the
levels of salt concentrations increase, the decline in
sorption capacity becomes increasingly noticeable.
The cations present in the solution compete with the

cationic dye to occupy the binding sites on the
surface of the sorbent. In contrast, the presence of
anionic chemicals resulted in a decrease in the
absorption capacity. This phenomenon can be
explained by the abundant presence of anionic
species, such as chloride ions (Cl-), bicarbonate ions
(HCO3-), and sulfate ions (SO4-2), in close
proximity to the cationic dye molecules. These
anionic species hinder the attachment of the dye
molecules to the active sites on the surface of the
adsorbent material.

Table 5. effect of lonic strength on the adsorption of MB by PS, and SPS.

lonic strength Concentration (M) Removal%
PS SPS
NaCl 0.1 25.22 30.87
0.05 53.19 63.14
0.01 64.26 65.83
NaHCO; 0.1 17.65 36.59
0.05 40.47 56.31
0.01 43.10 59.08
MgSO, 0.1 1.75 2.36
0.05 12.73 14.63
0.01 30.72 34.85
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3.3.10 Desorption and reusability studies
Desorption is a crucial concern as it enables the
retrieval of valuable dye and the recycling of the
sorbent in many processes. This study investigated
the efficacy of four eluents, namely ethanol, HCI,
HNO;, and NaOH (all at a concentration of 0.1M), in
terms of their ability to separate compounds. The
findings are displayed in table 6. The highest dye
recovery was achieved with HNO3 for all materials
(exceeding 94%).

Table 6. Effect of eluent_solution on the desorption process of
MB.

Eluent_solution Desorption%
PS SPS
HNO; 96.45 95.23
HCI 95.39 94.31
Ethanol 90.03 90.59
NaOH 17.12 17.64

The observed elimination efficiency followed the
sequence: NaOH < Ethanol < HCI < HNOj. The
study investigated the impact of three different
concentrations of HNO; (1 M, 0.5 M, and 0.1 M) on
PS, and SPS. The results showed that the
concentration of all materials tested was 1 M, as
shown in Table 7.

Table 7. Effect concentrations of HNO3 on the desorption process
of MB.
Concentration of HNO;

Desorption%

PS SPS

1 99.42 99.51
0.5 98.19 96.31
0.1 96.45 95.23

To recycle the given sorbent, a total of five cycles of
sorption-desorption tests were performed using 1 M
HNO; as the eluent. Table 8 contains the results.
After each cycle, there was a noticeable decline in the
sorption capacity of all sorbents.  After undergoing
five cycles, the efficiency decline demonstrated
substantial enhancement in all materials.

Table 8. Repeated degradation of MB dye on the PS, and SPS

Cycle number Recovery %
PS SPS
1 99.42 99.51
2 98.26 98.42
3 97.61 98.03
4 96.62 96.69
5 95.63 95.46
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3. 3.11 Applications

Actual samples were utilized to assess the
effectiveness of PS and SPS in absorbing MB dye
under ideal experimental conditions. The samples
subjected to analysis included wastewater, seawater
sourced from Alexandria City, and tap water obtained
from our laboratory at Mansoura University. The
analytical data are presented in Table 9. The table
displays a decrease in the ability of the examined
materials to absorb MB dye, which is attributed to the
presence of salts in the actual samples, as
demonstrated earlier in the analysis of the influence
of ionic strength. Furthermore, it has been found that
when the concentration of dye increases, its
absorption capacity also increases. Based on the
findings, it is justifiable to conclude that the
examined materials effectively eliminate MB dye
from actual samples with a concentration of 50 ppm
or lower.

Table 9. Analytical results of adsorption MB in real water samples
using the prepared PS, and SPS  at 25, 50, 100ppm of MB

Spiked PS SPS
Tap water (Recovery%)
25 ppm 88.81 90.23
50 ppm 85.05 89.39
100 ppm 73.76 75.16
Wastewater (Recovery%)
25 ppm 86.28 89.61
50 ppm 79.06 80.37
100 ppm 69.84 75.68
Sea water (Recovery%)
25 ppm 61.81 66.52
50 ppm 39.29 47.30
100 ppm 33.44 35.63

3.3.12 Plausible Mechanism of adsorption of MB
onto the mercerized biosorbents

The adsorption mechanism of MB onto mercerized
biosorbents can be understood by examining optical
pictures of the biosorbents before and after
adsorption, doing BET studies, SEM analysis, EDX
analysis, and FTIR analysis of the biosorbents before
and after MB adsorption
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3.3.12.1. Optical images

Figure 13 (a-d) depicts the optical images of PS,
SPS, PS-MB, and SPS-MB, respectively. An
evident disparity in the color and shape of the
materials is noted, as the samples' color transitions
from a pale hue (Fig. 15a) to an even lighter shade
following the reaction with NaOH (Fig. 15b). The
alteration is substantiated by this shift in color.
Moreover, the change in the color of the material (

PS, SPS) before and after the adsorption of MB dye
is regarded as proof that the dye has been absorbed
onto the surface of the material. This is evident from
the transformation of color to a dark blue-black
shade, as depicted in Figure 15 (c). Figure 15(d)
illustrates the concentration of the MB solution at 50
ppm before and after adsorption, as determined from
batch tests conducted under the ideal conditions
being explored.

(@)PSs

(b)SPS

©

(d)

Figure 13 (a-d) depicts the optical images of PS, SPS, PS-MB, and SPS-MB

3.3.12.2. BET studies and N, adsorption isotherm
Figure 14 displays the BET and N2 adsorption
isotherms for PS, and SPS. The estimated
parameters are documented in Table 10. The surface
area of PS, and SPS was determined to be 2.0816,
and 2.417 m?/g, respectively. The surface area of SPS
exhibited a greater magnitude in comparison to PS.
The increase can be ascribed to the reduction in
cellulose, hemicellulose, lignin, and other
constituents, which is a consequence of the NaOH
treatment. The methylene blue molecule has a length
of either 13.82 A [73] or 14.47 A [74], and a width of
approximately 9.5 A, The length of the molecule is
dictated by the precise locations of the chloride ion,
which can either be attached to the center sulfur atom
or one of the nitrogen atoms on the sides.

Given the size of the methylene blue molecule and
the pore sizes of PS, and S PS, it is feasible for
methylene blue molecules to enter all of the pores in
PS, and SPS.
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3.3.12.3. FTIR before and after MB biosorption

The FT-IR spectra depicted in Figure 15 exhibit a
notable displacement in the positions of the —OH, C =
O, and —C—-C- group peaks subsequent to adsorption.
This suggests that the binding of MB predominantly
takes place at the —-OH and C = O sites. The carboxyl
group acted as a proton donor, resulting in the
creation of the anionic structure of the materials.
Hence, the formation of anions due to the existence
of -OH and -C=0 compounds can be ascribed to their
capacity to donate protons and their anionic
character, which subsequently attracts MB species.
The presence of cations (MB) influences the
attraction of anionic formations, showcasing the high
adsorption capability of (SPS) towards MB [75].
When SPS are mixed with Methylene Blue (MB), the
elongation of the -C-N- bonds in the amine groups
becomes apparent, along with a subtle band
indicating the bending of the -C-H bonds out of the
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plane in the aromatic rings. These observations
exhibit typical behaviors of MB [76]. The process of
methylation was also found to contribute to the
decrease in the broad absorption band of the

stretching vibrations of the amino and hydroxyl
groups [77].
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Figure 14: displays the BET plots for (a) PS (b) SPS.

The adsorption of MB onto the PS, and SPS
biosorbents can be attributed to various interactions
such as pore-filling, electrostatic attraction, n—x, and
H-bonding interactions. Figures 16, and 17 depict a
schematic illustration of the likely process of MB
adsorption onto PS, and SPS biosorbents. The pHpzc
values (Table 2) validate the basis of this proposal:
PS, and SPS surfaces possess a negative charge,
which is enhanced after alkaline modification, hence
enhancing the adsorption capacity of the cationic dye
(MB).
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Figurel5: IR spectrum before and after adsorption of PS SPS,
SPS-MB.
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The adsorption process of the examined species was
anticipated by taking into account the functional
groups existing on the surfaces of PS, and SPS. In
an alkaline environment, the functional groups that
can be found are carbonyl groups (C = O) and
hydroxyl (-OH) groups. Within this context, the
adsorbents PS, and SPS exhibit the ability to attract
and bind MB molecules by electrostatic interactions.
The cationic groups (-N+) on the MB molecules
interact with the anionic oxygen (CO) on the
adsorbents SPS.  Additionally, hydrogen bonding is
essential in the adsorption process as it enables the
interaction between hydrogen atoms on the surface of
the adsorbent and nitrogen atoms in the structure of
the cationic dye. Figure 18 illustrates the n-r and -
7 interactions that take place when the cationic dye
(MB) is adsorbed by the adsorbent. The interactions
between the electron-donating groups, namely the
nitrogen and oxygen groups of the ad-sorbent, and
the aromatic rings of the dye are responsible for these
interactions [20].
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MB dye molecules

Figure 16: Schematic illustration of the potential MB adsorption process onto SPS.
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Figure 17: The mechanism of adsorption MB [ 77].
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3.3.13 Dynamic studies

Optimization of the parameters by column test
The study involved optimizing some parameters
through the use of a column test. Table 10 displays

the factors that were examined and their impact on
enhancing the absorption efficiency of MB dye by
PS, and SPS

Table 10. Column studies for the maximum removal of MB.

PS | SPS
Dose effect (g) With fast flow rate, 10ml, diameter 0.7cm, pH 7.5, 50ppm MB
ge(mg/q)
0.1 4.79 4.80
0.15 3.24 3.28
0.2 2.49 25
volume effect(ml) With fast flow rate, 0.1g, diameter 0.7cm, pH7.5, 50ppm MB
Removal%
10 94.92 97.37
20 78.27 89.09
30 73.09 78.98
diameter effect( cm) | With fast flow rate, 10ml, 0.1g, pH 7.5, 50ppm MB
Removal%
0.7 94.92 97.37
0.9 72.99 88.51
Flow rate effect With 0.1g, 10ml, diameter 0.7cm, pH7.5, 50ppm MB
Removal%
fast 94.92 97.37
slow 96.02 99.73

3.3.14. Performance of the prepared biosorbents

Table 11 displays the comparative performance of
PS, and SPS in respect to other adsorbents.
Comparative studies emphasize the significance of
analyzing multiple parameters, including pH,

adsorption capacity, equilibration interval, sorbent
type, and temperature. According to the
investigations, PS, and SPS exhibited a higher
capability for MB, as indicated in Table 12.

Table 11. presents the maximum adsorption capacity of several adsorbents for the adsorption of MB.

NO Adsorbents Temperature: pH Interaction Maximum adsorption References
time: capacity (mg/ g)
1 Rice straw 35 6 120 32.60 78
2 Walnut shell 25 6 120 51.55 79
3 Moringa oleifera leaf - 7 90 136.99 73
4 Mango leaf powder 25 7 120 156 80
5 Acacia wood 30 7 180 210.21 81
30 12 180 280.71
6 Onion skin (cold 30 10 150 250 82
plasma treated)
7 PS 30 7.5 240 314.24 Present study
8 SPS 30 75 240 336.24 Present study
Conclusion isotherm and exhibits pseudo-second order Kinetics,

This investigation verifies that peanut shell, which
are cost-effective biosorbents, may efficiently adsorb
MB from water. The PS, and SPS samples treated
with sodium hydroxide (NaOH) have a notable
ability to adsorb dye, with absorption capacities were
314.24 mg/g, 336.24 mg/g of PS, and SPS,
respectively.  The circumstances that yielded the
highest absorption of MB were a pH of 7.5, a contact
time of 240 minutes, a concentration of 200 ppm, and
a temperature of 30°C. The adsorption process can
be more accurately characterized by the Langmuir
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as evidenced by the kinetic investigation. The
generated samples demonstrate broad suitability for
different water sources, as we have observed their
efficient elimination of MB from water matrices with
a substantial proportion. Moreover, the does rption
experiment showcased the recyclability of the
generated samples, as they may be easily reused
following the desorption process. The subsequent
steps of synthesis, cha of PS and SPS and adsorption
studies tests are shown in Figure 18
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Figure 18: The subsequent steps of synthesis, cha of PS and SPS and adsorption studies tests.
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