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Abstract: Today, various methods are used to remove the dye pollution in the increasing water. Adsorption is
a fast and effective method that has been used since the past. The value of the obtained adsorption capacity
varies according to the type of biosorbent material used. The seeds of the fruit of Sophora Japonica (SJfs), a
tree commonly found in nature, were pyrolyzed at 450°C to produce biochar (SJfsB) in this study. Iron
nanoparticles were immobilized into the SJfsB structure to form a more active biosorbent matrix. The obtained
SJfsB and nM-SJfsB were used in the removal of methyl blue, an anionic dye. SJfsB and nM-SJfsB used for dye
removal were characterized by FT-IR and SEM instruments. The obtained results revealed that the adsorption
process occurred in the pseudo-second-order and was consistent with the Langmuir model. The maximum
adsorption capacity for MB removal was 434.783 mg/g for nM-SJfsB and 76.923 mg/g for SJfsB, respectively.
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Introduction

Water pollution in the world has become a serious environmental problem that has gained importance with the
development of many industries. Clean, drinkable water resources are gradually decreasing. Most industrial and
domestic processes produce wastewater containing toxic substances (Amari et al. 2019). Pollutants that threaten
the environment and human health, such as dyes and heavy metals, are often mixed with industrial wastewater
and water sources in nature. Many industries such as cosmetics, leather, paper, textiles use dyes, and non-
biodegradable dyes in these areas that use large amounts of water harm the environment with wastewater (Jawad
et al. 2020). Dyes cause color pollution in water even at low concentrations, and this pollution delays
photosynthesis by preventing light transmission. According to their ionic structure, dyes are divided into three
as non-ionic, cationic and anionic dyes. Methyl blue is an anionic dye in the triphenylmethane group (Mouni et
al. 2018). The treatment of wastewater and the use of purified water in industrial processes are gaining
importance today. Many physical and chemical processes are applied for water purification. To treat dye-
contaminated wastewater, various chemical, biological, and physical methods such as biodegradation,
membrane filtration, ion exchange, electrochemical oxidation, and adsorption are used and many of them are

- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License,
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- Selection and peer-review under responsibility of the Organizing Committee of the Conference
© 2022 Published by ISRES Publishing: www.isres.org


http://www.isres.org/

International Conference on Research in Engineering, Technology and Science (ICRETS), July 01-04, 2022, Baku/Azerhaijan

costly (Arunachalam et al. 2018). Adsorption is one of the most effective and simple methods and it is used to
detoxify and purify wastewater by removing its color and odor (Mohammed et al. 2022).

Adsorption occurs as a result of the formation of chemical and physical bonds between a porous solid surface
and a liquid phase (Al-Ghouti & Da’ana, 2020). Biomass, agricultural wastes and natural minerals are at the
forefront of environmentally friendly, low cost, easily available, high capacity, renewable biosorbents that do
not form harmful by-products. Adsorption rate and selectivity are the most important properties of biosorbents.
Researches on high selectivity biosorbents with fast adsorption and desorption rates are continuing (Kadhom et
al. 2020). Biomass from plants contains oxygen-rich functional groups such as hydroxyl and carboxyl. The
surface properties and adsorption capacity of these carbon-containing biosorbents are improved by chemical
activation method (Jawad et al. 2020). As the specific surface area, pore volume, and surface chemical
functional groups increase and the pore size decreases, the adsorption capacity of biosorbents increases. Biochar
is obtained by pyrolysis of biomass in the presence of low oxygen. Surface area and porosity are two important
physical and chemical properties of biochar. Biochar is rich in carbon content. It has a stable structure, large
surface area and cation exchange capacity. Biochar is an biosorbent widely used to remove organic pollutants,
toxic metals from industrial wastewater, agricultural wastewater, municipal wastewater (Wang & Wang 2019).
Nanomaterials have been employed as a feasible choice of pollutant removal processes due to their unique
qualities such as good recovery and high specific surface area. To protect human health and the natural
environment, there is a need for nanobiosorbent materials to remove dyes from industrial wastes. The
morphological and chemical properties of biological wastes can be enhanced by a wide variety of modification
procedures (Bayram et al. 2022). One of them involves the inclusion of the magnetic form of nanomaterials
matching the original structure. As biosorbents for dye removal, magnetically sensitive inexpensive biological
materials were used. Recently, metals such as iron and their oxides have been used to obtain magnetic biochar.
We created a magnetically modified biosorbent (nM-SJfsB) as a low-cost biosorbent for the removal of organic
pollutants from an aqueous system in this study. SJfsB and nM-SJfsB were investigated and characterized for
the removal of MB as anionic dye.

Materials and methods
Reagents and Instrumentation

The chemical materials (FeSO,.7H,0, FeCl;.6H,0, NaOH, HCI) used were obtained from Merck Company.
Methyl blue (MB) was provided from Isolab Company. A 0.05 M HCI and 0.05 M NaOH solution was used to
adjust the pH of the solutions. Table 1 shows the chemical formula, properties, and structures of MB.

Table 1. Some properties of methyl blue dye
Name Molecular Molecular Anm 2D Structure
Formula Weight
Methyl blue Ci7H27N3Na,0gS;  799.81 g/mOI 595-605 nm

Na

y
CJ
o ;RI | Na o
B 507
NPWORSWEL
gy S N
H H

The samples for the FT-IR measurements were prepared using the KBr technique and peaks were recorded by
Perkin Elmer Spectrum BX FT-IR spectrometer. The SEM FEI QUANTA 250 FEG was used for SEM images
of the produced biosorbents.

Preparation methods

Wavelength Scan

In the wavelength scan, the highest absorbance value was measured at 600 nm. The wavelength scan for methyl
blue is shown in Figure 1.
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Figure 1. Wavelength of methyl blue

Preparation of Biochar (SJfsB)

SJfs were burned for 4.30 hours at 450 °C in a Carbolite ELF 11/6B brand muffle furnace. The produced SJfsB
biochar and modified nM-SJfsB were used in the adsorption experiments.

Preparation of the nM-SJfsB

SJ seeds were cleaned and stored at room temperature for one day. It was then dried again for one more day at
60 °C. The co-precipitation method, which had previously been described in the literature, was used to prepare
nM-SJfsB (Fig. 1) (Song et al. 2022). A volumetric flask was filled with 10 g of dried biosorbent. FeClz.6H,0
(1 M, 25 mL) and FeSO,.7H,0 (1 M, 25 mL) solutions were added to a reactor containing 100 mL pure water,
and the mixture was stirred at room temperature for one hour to dissolve the iron salt completely. After adding
the biochar, the solution was stirred for another 30 minutes. The bottle is then filled with a 30% ammonia
solution, which is added drop by drop to adjust the pH of the slurry, and the resulting yellow solution quickly
turns into black precipitates. A color change revealed the production of the nM-SJfsB. The nM-SJfsB was
filtered using a vacuum. The black precipitates were washed several times with deionized water and dried in an
oven at 50 °C for one day after being separated from the solution phase using an external permanent magnet.
For the adsorption experiments, the nM-SJfsB was stored in desicator. The reactions that occur during the
generation of nM-SJfsB are depicted below (Zhao et al. 2022):

ield.
2FeCly. 6Hy0 + FeS0,. THy0 + 8NH,0H 3 6NH,CL + (NH,),S0, + Fe;0, + 17H,0 1)
yields
SJfsB + Fe;0, + H,0 — nM — S/fsB 2
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Figure 2. The FT-IR spectral characteristics of SJfsB, SJfsB-MB, nM-SJfsB and nM-SJfsB-MB
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Figure 3. SEM images of SJfsB and nM-SJfsB before and after MB removal
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FT-IR spectra for SJfsB, nM-SJfsB and SJfsB, MB absorbed on nM-SJfsB were analyzed FT-IR spectrometer
(in the infrared region of 4000400 cm™. FT-IR spectroscopy was used to observe the chemical structures of
SJfsB and chemically modified nM-SJfsB and to determine their functional groups. The spectra are given in
Figure 3. When the spectra were examined, broadbands were observed at approximately 3516 cm™ for SJfsB
and 3583 cm™ for nM-SJfsB. These bands correspond to the OH stretching vibration. Similar bands were
observed in the FT-IR spectra of nM-SJfsB-MB around 3584 cm™ (Bayram et al. 2022). The bands seen around
2989 cm™ in the spectra in Figure 3. correspond to the C—H stretching vibrations in the structure. Similar band
was seen around 3010 cm™ in modified nM-SJfsB, nM-SJfsB-MB spectra. The FT-IR spectrum showed that
nM-SJfsB’s generally consisted of functional groups such as alcohol, phenol, carboxylic groups (O-H groups,
C=0 and —C-0 bonds). The formation of these groups is thought to be due to complexation reactions with MB
(Khan et al. 2022; Deng et al. 2022). Stretching vibrations of the C=0 bond in the spectra of SJfsB (1774 cm™)
and nM-SJfsB (1757 cm™) were observed in similar bands in the FT-IR spectra of SJfsB-MB and nM-SJfsB-
MBs. This result demonstrated that both SJfsB and chemically modified nM- SJfsBs interacted with dyes as
expected. The bands at 786 and 654 cm™ in nM-SJs have been assigned to Fe-O vibrational bonds, confirming
the presence of Fe components (Bayram et al. 2022; Wang et al. 2018). The changes and intensities in the bands
observed following MB adsorption in nM- SJfsBs suggested that they could be indicative of MB adsorption
with functional groups present in nM- SJfsBs.

The surface morphology of both SJfsB and nM-SJfsB was investigated using scanning electron microscopy
(SEM) before and after dye adsorption. SEM images were taken on a Quanta FEG250 (Thermo Fisher
Scientific) brand device and a magnitude of 10000x was used. SEM examination at various magnifications
revealed morphological changes before and after MB biosorbent. Figure 4 depicts the surface morphology
results from SEM images, and the surface of SJfsB was discovered to be very porous and amorphous. These
spherical granules have a brilliant, noticeable appearance. SEM analysis of nM-SJfsB revealed a wide range of
voids on the surface that can be beneficial for MB removal, as well as a significant change in the structure of the
biosorbent (Bayram et al. 2022).

Adsorption experiments of MB with the biosorbents

The batch method was used to investigate dye adsorption on the nM-SJfsB with different parameters such as
temperature, concentration, pH, and time. To confirm the equilibrium at 25 °C, the following MB batch
adsorption experiments were designed: The saturation of biosorbent by MB was investigated using 0.2 g
dosages of SJfsBs and nM-SJfsB in solutions containing 200 mg/L MB. The beaker was removed from the
shaker and was placed in an incubator shaker (250 rpm) at 25 °C for different contact times (15 minutes, 30
minutes, 60 minutes, 90 minutes, 120 minutes, 180 minutes, and 240 minutes), and then removed from the
shaker. The effect of SJfsB and nM-SJfsB biosorbent amount on MB removal was tested by mixing 200 mg/L
MB solutions with the certain amount of the biosorbent for 60 minutes. In each vessel, the amount of nM-SJfsB
in the dye solution was 0.05 g, 0.1 g, 0.2 g, 0.5 g and 0.75 g. The pH of the solution phase was adjusted from 2
to 9 by including 0.2 g of nM-SJfsB in serious beakers containing 200 mg/L of MB solution. Different starting
concentrations of MB (25 mg/L-300 mg/L) were investigated at a stationary pH value of the dye solution. The
experiments were repeated to ensure the data's dependability and accuracy. Following the adsorption process,
nM-SJfsB was separated from the solution medium with a magnetic bar, and the remaining dye concentration
was determined with a UV-Vis spectrometer set to 600 nm for MB. The following equation was used to
calculate the adsorption capacity (ge) of biosorbents. (Eg. (3 and 4)):

_ (Co=Ce)V 3)
€ w

where C, (mg/L) is initial dye concentration and C. (mg/L) is equilibrium dye concentration. V (L) is the
volume of the dye solution and m (g) is the amount of biosorbent.

The color removal efficiency was calculated using the following formula.

100(Cy—Ce)

Colour(%) = c

(4)

where C, is initial MB concentration and C. is the equilibrium MB concentration. The volume of the solution is
denoted by V (mL), and the amount of SJfsBs and nM-SJfsB is denoted by W (g). Eq. (3) was used to calculate
the g. (mg/g) of the SJfsBs and nM-SJfsB. In an equilibrium study, each trial is repeated twice.
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Results and Discussion
Effect of different parameters on MB removal
Effect of contact time

0.2 g biosorbent was added to 30 mL of the prepared 200 mg/L MB (pH: ~5.0-5.5) solution. The dyes were
adsorbed at various times ranging from 15 to 240 minutes, and the effect of contact time on adsorption was
investigated. Figure 5 depicts the effect of contact time on MB adsorption. Adsorption experiments measuring
the effect of contact time revealed a slower phase in which MB adsorption began rapidly and tended to the
horizontal asymptote in the first 30 minutes. Figure 5 shows that nM-SJfsB has significantly greater adsorption
ability than SJfsB. The experiment found that 40-80 minutes of contact time was sufficient to achieve the
biosorbent substance-MB equilibrium.
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Figure 4. Effect of time change on adsorption (conditions: biosorbent amount: 0.2 g; concentration of dyes: 200
mg/L MB, temperature: 25 + 1 °C, pH: solution pH 5.0-5.5 for MB; time: 30 min, 45 min, 60 min, 90 min, 120
min, 180 min, 240 min).

Effect of pH on Biosorption

The adsorption process is controlled by pH, which affects the surface charge of the biosorbent, the strength of
ionization, the division of functional groups, the specification of the adsorbate, and the degree of ionization.
Traditional biosorbents remove decolorization primarily through adsorption, and they may be effective if the
concentration of dye in the solution is quite low. It is known that properties such as physical, mechanical, and
chemical properties are effective in the interaction of dyes with biosorbent. In adsorption studies, the effect of
pH is an important factor in the adhesion interactions of dye to the biosorbent surface. The adsorption of dyes is
significantly affected by the surface charge on the biosorbent (nM-SJfsB). The pH is an effective factor in the
ionization of MB and the chemical properties of nM-SJfsB in adsorption studies. The pH range of 5.0-5.5
provided the best dye adsorption for both biosorbents.
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Figure 5. Effect of time change on adsorption (conditions: biosorbent amount: 0.2 g; concentration of dyes: 200
mg/L MB, temperature: 25 + 1 °C, pH: solution pH 2.0-9.0 for MB; time: 60 min).

Effect of MB Initial Concentration (Adsorption Isotherms)

Adsorption isotherm models are used to explain the distribution of adsorbate molecules on the biosorbent
surface when the solid and liquid phases are in equilibrium. Figure 7 shows the adsorption values obtained for
equilibrium studies at various MB concentrations. Adsorption capacity SJfsBs and nM-SJfsB by changing the
dye concentrations to 25 mg/L-300 mg/L were calculated. It indicates that the percent adsorption of MB reaches
a horizontal equilibrium after the initial concentration of 300 mg/L. This is because MB saturation of active sites
in SJfsBs and nM-SJfsB coats the surfaces of the biosorbents with sufficient dyes, causing the adsorption rate to
slow down until equilibrium is reached. Over time, the surface of the biosorbents becomes saturated and thus
the rate of adsorption slows down. Langmuir, Freundlich, Temkin, Dubinin and Radushkevich and Scathard
isotherms were used to correlate experimental equilibrium adsorption data (Zhang et al. 2022, Jain et al. 2022).
The isotherm equations and the obtained calculation results are shown in Table 2. Compared with other
isotherms, Langmuir isotherm was found to be more suitable for dye adsorption. If the calculated R, value is
between 0 and 1, the sorption is considered sufficient. SJfsB and nM-SJfsB strongly absorbed MB dyes from the
solution phase with R values ranging from 0.016 to 0.290 in our study (Table 2) (Bayram et al. 2022). For
SJfsB and nM-SJfsB, the Langmuir isotherm model's high correlation coefficient range (R?* 0.949-0.979) is
more suitable (Table 2). The results showed that the adsorption process occurred in the pseudo-second order,
which was consistent with the Langmuir model. The maximum adsorption capacity for MB removal for SJfsB
was 434.783 mg/g for nM-SJfsB and 76.923 mg/g for SJfsB, respectively. The Freundlich isotherm was used to
predict the adsorption process occurring on the heterogeneous biosorbent surface (Giri et al., 2022). The K¢and
n parameters of the Freundlich equation were calculated and the n values were found to be 1.257 for MB
adsorption by nM-SJfsB and 1.658 for MB adsorption by SJfsBs. If n is between 1 and 10, adsorption is
considered suitable. The Freundlich isotherm model calculated Ky values of 19,173 mg/g for SJfsB-MB and
17,721 mg/g for nM-SJfsB-MB.
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Figure 6. Effect of concentration change on adsorption (conditions: biosorbent amount: 0.2 g; concentration of
dyes: 25 mg/L, 50 mg/L, 75 mg/L, 100 mg/L, 150 mg/L, 200 mg/L, 250 mg/L, 300 mg/L MB, temperature: 25 +
1 °C, pH: solution pH 5.0-5.5 for MB; time: 60 min).

Table 2. Adsorption isotherm parameters and results

Eq
Equation . Biosorbent Dye Parameters for dye
no.
Langmuir 1 1 1 1
(19196) @ Ko C e O Orax  Ku R’ R
SJfsB MB 76.923  0.405 0.929 0.047
nM-SJfsB  MB ‘3‘34'78 0049 0949 0290
Freundlic 1
h (1907) Logq, = LogK; + r—lLogCe (6) K n R?
SJfsB MB 19.173 1.658 0.831 19.173
nM-SJfsB MB 17.721 1.257 0.899 17.721
Dubinin
and
Radushke Ing, = Ingy, — B €2 (7) Xm K E R?
vich
(1947)
SJfsB MB 3071  4x10® 3282'4 0.992
nM-SJfsB MB 2.582 3x10°% 2335'5 0.984
Scatchard e
(1949) ¢, = &K~ acks ®) Qs Ks R?
SJfsB MB 26.608 3.552 0.960
nM-SJfsB MB 19.315 39.815 0.997
Temkin
gr)]ghev g. =BInK; +BInC, 9) BT K R?
(1940)
SJfsB MB 8.452 8.776 0.980

nM-SJfsB MB 10.684  8.655 0.989
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Effect of SJfsB and nM-SJfsB dosage

In adsorption studies, the amount of nM-SJfsB that will provide maximum dye adsorption should be
determined. Figure 8 shows the relationship between the amount of nM-SJfsB and its biosorption capacity.
Between 0.05 g and 0.75 g of SJfsB and nM-SJfsB were added to the reactor bottles and 30 mL of 200 ppm MB
was placed on it. At the end of 60 minutes of shaking, the optimal biosorbent amount was determined.
Approximately 70.0% of MB could be removed with 0.2 g SJfsB and nM-SJfsB and further addition of
biosorbents did not alter dye adsorption (Figure 8.), which quickly reached equilibrium. The high dye uptake
could be attributed to the high adsorption displayed on the surface of the biosorbents. This could be due to the
amorphous and porous structure of biosorbents (Chen et al. 2022, Liu et al. 2022). The optimum amount of
biosorbent was determined in the equilibrium study to be 0.2 g. By increasing the amount of biosorbent, the
biosorbent was able to have more surface contact area. As a result, the adsorption percentage increased.
Aggregation of the biosorbent material may occur as the amount of biosorbent used in the experiments
increases. As a result, the surface area is reduced. This was seen with 0.75 g of nM-SJfsb.
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Figure 7. Effect of biosorbent amount change on adsorption (conditions: biosorbent amount: 0.05 g, 0.1 g, 0.2 g,
0.5 g, 0.75 g; concentration of dyes: 200 mg/L. MB, temperature: 25 + 1 °C, pH: solution pH 5.0-5.5 for MB;
time: 60 min).
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S%

Kinetic Models

The many adsorptions kinetics, developed according to various physical and chemical conditions, are used to
determine which mechanisms the adsorbed material fits during its adsorption onto the biosorbent surface.
Adsorption kinetic modelling was used to explain dye transfer from solution phase to the solid phase (Huang et
al. 2022, Srikhaow et al. 2022), with the observed data fitted to pseudo-first-order and pseudo-second-order
kinetic models. To determine the mechanism of retention of dyes on the surface of nM-SJFSB and to understand
the speed control step, kinetic data were equipped with these kinetic models. The pseudo-first-order Kinetic
model and pseudo-second-order kinetic equations are written as follows (Eq. 10 and Eq. 11):

qr = q.(1 — e~ "at) (10)

1 1 1
@ a e (1)
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Table 3. Rate constants for the biosorption of MB with original and modified biosorbent (Pseudo-first-order
Kinetic equation and Pseudo-second-order kinetic equation)

Sorbent e-cal (mg/g) kl(llmin) q e—exp.(mg/g) R”
First Order SJfsB 17.995 1.25x10°% 20.036 0.955
nM-SJfsB  18.013 1.25x10% 20.157 0.907
Sorbent Je-cal (mg/g) k2(g/mg- min-) q e—exp.(mg/g) RZ
Second Order  S3TsB 19.700 0.013 20.036 0.998
nM-SJfsB  20.200 0.464 20.157 1.000

(e-ca=calculated, ge..xp=experimentally found)

The reaction order of dye adsorption on biosorbents was investigated. Table 3 shows the parameters of the
kinetic models for MB adsorption. As shown in Table 3, the adsorption process for MB showed the pseudo-
second-order rate model. Despite this, the calculated value (ge) for the pseudo-second-order model deviated
significantly less from the pseudo-first-order experimental data. The fact that the pseudo-second-order model
has a higher R? value indicates that this model equation is more effective for adsorption kinetic studies
(Yagnamurthy et al. 2022, Isik et al. 2022).

Thermodynamic Studies

The adsorption capacity of nM-SJfsB increased with increasing temperature of the system. This shows that the
adsorption is endothermic. (Fig. 9). To determine the process, the following thermodynamic parameters must be
considered: changes in standard enthalpy AH® and standard entropy AS° caused by the transfer of a unit mole of
dye from solution to the biosorbent-liquid interface. Using the Van't Hoff equation, the values of AH® and AS°
can be calculated from adsorption data at different temperatures (Saeed et al. 2022). Thermodynamic studies
have been completed at various temperatures (25 °C, 35 °C, 45 °C, and 55 °C) and AH®, AS° and AG® values
were calculated (Table 4.). In equilibrium studies, when the ambient temperature of the solution is raised from
25 °C up to 55 °C, the capacity of SJfsB decreased slightly, while the capacity of nM-SJfsB increased slightly.
This is the situation that demonstrates a weakening or slight strengthening of the binding relationship between
the dyes and biosorbent’s active sites (Kayalvizhi et al. 2022).

0.50
0.45
- ]
Y
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(@]
—
0.30
0.25 +
| SJfsB-MB
—aA— nM-SJfsB-MB
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Temperature (°C)

Figure 8. Effect of temperature change on adsorption (conditions: biosorbent amount: 0.2 g; concentration of
dyes: 200 mg/L MB, temperature: 25+ 1 °C,35+1°C,45+ 1 °C, 55+ 1 °C pH: solution pH 5.0-5.5 for MB;
time: 60 min).
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Table 4. Thermodynamic parameters for MB removal with SJfsB and nM-SJfsB

Dye T(K) AS° (kJmol 1) AH® (kJmol ) AG® (kJmol )
298.150 2.262 -1.147 -1.827
308.150 -1.830

SJisB-MB 318.150 -1.875
328.150 -1.888
298.150 3.348 -1.431 -2.437
308.150 -2.450

nM-SifsB-MB 318.150 -2.496
328.150 2534

The equilibrium constant is calculated in relation to temperature change using the following equation (Eq 12, Eq
13):

0 0

AH®  AS
rr TR (12)

anL - -

where, K equilibrium constant, T temperature (K); R, ideal gas constant. The changes in the free energy (AG®,
kJ/mol) values were calculated from Equation (13).

AG’ = AH' - TAS’ (13)

SJfsB-MB and nM-SJfsB-MB excothermic responses are indicated by negative AH® values. The positive AS°
values indicates that the biosorbent-solution boundary is disordered during dye absorption of SJfsB-MB and
nM-SJfsB-MB. Negative AG® values indicate that the adsorption technique is applicable, and that dye
adsorption is self-executing and spontaneous. Adsorption processes were exothermic and spontaneous.
Thermodynamic parameters indicate that physisorption is the primary mechanism of dye adsorption to SJfsB-
MB, nM-SJfsB-MB.

Recycling and Reusability of nM-SJfsB

The adsorption process used in wastewater treatment is a simple, low-cost, and highly efficient method in which
pollutants are absorbed on biosorbent surfaces, without by-products. The desorption of dyes is an important in
the adsorption process. Considering whether biosorbents can be reused is important in determining the
adsorption mechanism. In the experiment, 0.1 mol/L diluted HCI was used as a desorption agent to examine the
reuse of biosorbents (Ghaedi et al. 2022, Wu et al. 2022). The biosorbent still has a high adsorption efficiency
after three cycles (respectively 92.0 %, 91.2%, 90.1% removal). These good results show that biosorbents can
be used to remove MB effectively.

Comparison of MB removal with different biosorbents reported in the literature
Table 5 compares the biosorption capacity of dyes to various biosorbents studied in the literature. Because of its
unique properties, nM-SJfsB has a higher dye adsorption capacity than others. This previously unpublished

biosorbent may be useful for removing dyes from aqueous solutions.

Table 5. Comparison of maximum biosorption capacities of literature results with our results for MB dyes

Types of biosorbents Dye Biosorption capacities (mg/g)  Reference
TPP-PP MB 159.80 He et al. 2022
Na-Bala,Ti 015 MB 37.6 Chang et al. 2022
Zn-BaTiOs/Bala,Ti;04 MB 33.0 Chang et al. 2022
BMNPs MB 136 Wang et al. 2017
Nanoporous Carbon MB 555.56 Han et al. 2018
ZnCo,0, MB 2400 Lin et al. 2018
SJfsB MB 76.923 Present work
nM- SJfsB MB 434.783 Present work
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Conclusion

The adsorption efficiency of modified SJfsB in the removal of MB from the aqueous environment was
investigated in this study. The results revealed that dye removal was sped up in the early stages of the
biosorbent's contact with the dye, then increased and slowed when it reached equilibrium. The experiments were
carried out over a period of 240 minutes. After examining the various dye concentration options, the MB was
removed with high capacity by nM-SJfsB, and equilibrium was reached in a very short time, and the biosorbent
efficiently adsorbed most of the dyes in the solution phase. The adsorption model fit to the Langmuir isotherm.
The maximum adsorption capacity for SIfsB-MB was 76.923 mg/g, and the maximum adsorption capacity for
nM-SJfsB was 434.783 mg/g. Negative AG® values calculated from thermodynamic studies indicated that the
adsorption technique is applicable and dyes adsorption occur spontaneously. The biosorbents demonstrated
reusability and a high adsorption capacity during the sequential adsorption cycle. This research demonstrates
that the nM-SJfsB can be replaced with a green synthesis approach to create a biochar/nano iron composite with
good dye removal capacity. The proposed nM-SJfsB provides a new solution for the long-term, cost-effective
removal of harmful contaminants from toxic dyes. The results show that using a green synthesis approach to
create nM-SJfsB is an effective way to improve the properties and potential practical applications of this nano-
biosorbent for toxic dye environmental remediation.
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