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Article info. ABSTRACT

Received 28 Apr 2025 Chemically modified corncob biochar was prepared to remove methyl
Revised 15 May 2025 violet, an organic dye, from simulated wastewater. Modern analytical
Accepted 26 Dec 2025 methods, including SEM, FT-IR, BET/pore, etc., indicated that the porous

biochar exhibited excellent characteristics, with a high specific surface
area (989.14 m?/g), a large pore volume (0.61 cm’/g), and abundant

Keywords functional groups on its surface. Consequently, it achieved high removal
efficiency for methyl violet, with an adsorption capacity of 290.7 mg/g and

Adsorption, biochar, a removal rate of 92.4% at high concentrations. The Pseudo-first-order

chemical modification, and Temkin models can effectively simulate the kinetic and isotherm

corncob, methyl violet adsorption processes of BioPNa for MV, with R?> > 0.99, indicating
physicochemical composite processes as the adsorption mechanisms,
including pore filling, electrostatic attractions, hydrogen bonds, and n-n
interactions. The porous material also demonstrated high stability and
reusability after five adsorption-desorption cycles. Therefore, it can be
used as a low-cost, high-efficiency material for effectively removing methyl
violet from wastewater.

1. INTRODUCTION of dibenzothiophene on activated carbon derived

from coconut was determined in the presence of
benzene and olefins. The removal rate of
dibenzothiophene decreased with increasing
hydrocarbon concentration in the presence of
benzene in the mixture, whereas the olefin in the
system could prevent its adsorption (Yu et al.,
2008). An investigation of dye removal on
microporous phenolic resin-based activated carbon
fibers in a binary system showed that Congo red
blocks the active adsorbent sites, preventing the
adsorption of atrazine. It was also found that
increasing the average pore size of a solid material
promoted competition in the system (Pelekani &
Snoeyink, 2001). The simultaneous adsorption of
methylene blue and Rhodamine B was studied using

The social economy has grown rapidly, discharging
large amounts of wastewater into surface waters and
groundwater (Wang et al., 2021). Among harmful
contaminants, dyes are widely used in industrial
applications; however, a large amount of unused dye
is released into the natural environment, resulting in
serious pollution (Tran-Nguyen et al., 2025).
Methyl violet (MV), a synthetic dye with a complex
molecular structure, poses significant threats to both
the environment and human health. Recently,
biochar prepared from agricultural wastes has
attracted the attention of many researchers for its
effectiveness in removing various pollutants, owing
to its eco-friendly nature, reusability, and cost-
effectiveness (Yaashikaa et al., 2020). The removal
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activated carbon prepared from orange peel. Both
dyes have been reported to adversely affect mutual
adsorption (Fernandez et al., 2014). Bustard et al
(1998) found that high initial concentrations of dyes
offered a strong force to overcome all mass transfer
resistance between solid and aqueous phases
(Bustard et al., 1998; Bustard et al., 1998; Bustard
et al, 1998). Recent developments in biochar
activation techniques have significantly increased
adsorption capacity, making biochar a promising
approach for wastewater treatment (Nguyen et al.,
2024). Biochar can be physically or chemically
modified to achieve the desired surface properties
(Sajjadi et al., 2018; Sajjadi et al., 2019). Improving
its properties can enhance the contaminant removal
rate in aqueous solutions. It was reported that
biochar from phenol-formaldehyde (PF) resin-
treated wood, which was further modified with
KOH, exhibited a remarkable porous structure and
abundant functional groups on its surface, resulting
in very high adsorption capacity for methylene blue
(1112 mg/g) and congo red (> 3472 mg/g) (Zhang et
al., 2024). Thus, it is promising for widespread use
in environmental protection, particularly for
removing organic pollutants from wastewater and
the chemical industry. However, combining two
chemically activated steps for biochar modification
has rarely been reported in the current literature,
resulting in a lack of understanding of the behavior
and changes in biochar properties during the
activation and adsorption processes (Nguyen et al.,
2024; Sajjadi et al., 2019). Consequently, this may
hinder large-scale applications.

In this study, NaOH- and H3PO4-modified corncob
biochar was prepared to investigate the feasibility of
methyl violet removal from aqueous solutions. The
modified biochar was characterized to determine its
intrinsic properties and the relationship between
these properties and the MV adsorption efficacy.
Various adsorption parameters, including contact
time, mass dosage of biochar, and MV
concentration, were analyzed to determine their
effects on adsorption performance. Additionally, the
stability and reusability of the porous material were
evaluated through multiple adsorption cycles. The
results of the adsorption kinetics and isotherm
analyses can predict the adsorption behavior and
suggest the mechanisms occurring in the adsorption
process. Therefore, this study provides valuable
insights into the effective treatment of organic
contaminants using porous materials derived from
agricultural waste.
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2. MATERIALS AND METHODS
2.1. Materials and chemicals

Sodium hydroxide (NaOH, > 96,0 % purity),
methanol (99,5%), and hydrogen peroxide (H»O,,
30%) were bought from Xilong Chemicals, China;
Phosphoric acid (H3;POs, 75,0-85,0 %) and methyl
violet (C24H2sCIN3, > 99,0% purity) were from
DaoMao, China.

Corncobs were collected in Cai Rang district, Can
Tho city. They were then thoroughly washed several
times in distilled water to remove water-soluble
impurities and dried in an oven at 105°C for 24
hours before being preserved for final use.

2.2. Modified biochar preparation

Biochar was prepared by pyrolyzing corncob in a
muffle furnace at three different temperatures, 400,
500, and 600°C, for 2 hours, with a heating rate of
10°C/minute. The biochar was milled and sieved to
approximately 0.1 mm, washed with distilled water
until the pH of the wash solution was nearly neutral,
and dried in an oven at 105°C to obtain biochar
materials, namely Bio 400, Bio 500, and Bio 600.

To prepare modified biochar, corncobs were
immersed in an 8 M H3;POy solution for 24 hours,
then heated in a muffle furnace at 400, 500, and 600
°C with a 10 °C/min ramp for 2 hours. The solids
obtained were washed with distilled water and then
immersed in a 0.3 M NaOH solution for 24 hours.
Then, they were washed several times, dried at
105°C, and milled to produce modified biochar with
a size of 0.1 mm, denoted as BioNaP 400, BioNaP
500, and BioNaP 600.

2.3. Biochar characterization

The BET (Joyner-Halenda) method was employed
to determine the modified biochar's specific surface
area and pore-size distribution. The pore structure
analysis was carried out using nitrogen
adsorption/desorption isotherms at a temperature of
77 K. Scanning electron microscopy (SEM, JCM-
7000/JEOL, Japan) was utilized to investigate the
surface morphology of the biochars. To examine the
surface functional groups of the biochar, Fourier-
transform infrared spectroscopy (FT-IR,
PerkinElmer Frontier FT-IR/NIR) was applied, with
measurements taken in the mid-infrared range of
400 to 4000 cm’'. Thermogravimetric analysis
(TGA) was used to monitor weight loss (TG signals)
and the rate of weight loss (DTG signals) over the
temperature range of 0 to 1000°C. The concentration
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of MV in the solution was measured using a UV-Vis
spectrophotometer (Spectro UV-Vis Double Beam
UVD-3500).

Batch adsorption investigations

MYV crystals were dissolved in water to prepare
antibiotic ~ wastewater solutions at specific
concentrations. Batch adsorption tests were
performed to assess MV removal performance in
terms of both adsorption efficiency and capacity. In
each test, a finite amount of biochar was introduced
into 20 mL of simulated wastewater and stirred at
400 rpm with a magnetic stirrer. After the reaction,
the solution was separated by centrifugation for 10
min. The concentration of MV remaining in the
solution was measured at 583 nm using a UV-Vis
spectrophotometer  to  evaluate  adsorption
performance. All tests were conducted in triplicate
to ensure reproducibility, and the average values
were analyzed using statistical methods.

The removal efficiency (RE) and the adsorption
capacity (Q,) at time t were calculated according to
Equations (1) and (2) as follows.

RE (%) = C"C—;Cf.loo (1)

Q. (12) = et @

where Co (mg/L) and C; (mg/L) are the initial and
remaining MV concentrations at time t (mg/L), V(L)
represents the solution volume, and w (g) is the mass
of adsorbent.

2.4. Reusability investigation

The reusability and stability of the modified biochar
were examined under the optimal MV removal
conditions identified in previous sections. Then, in
the adsorption process, the solid material was
regenerated by first drying it and ultrasonically
shaking it in a H,O,-methanol mixture (1:10 v/v) for
30 min. The solid was then collected by
centrifugation, rinsed with distilled water, and dried
again at 105 °C for 24 hours to restore the adsorbent.
This process was repeated for five adsorption-
desorption cycles.

2.5. Adsorption kinetics and isotherm models

A kinetic analysis explored the impact of reaction
time on the adsorption capacity of modified biochar.
Determining the adsorption mechanism is crucial
for predicting the solid-liquid sorption interaction
and the behavior of the process. The study applied
four kinetic models to experimental data, including
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the pseudo-first-order (PFO, equation 3), pseudo-
second-order (PSO, equation 4), and Intraparticle
diffusion models (5) (Wang & Guo, 2020; Tovar et
al., 2021; T. Wang et al., 2021).

Q=0 [1 — €Xp (_ 21.{31(:3)] 3)
t__1 ¢t

Q0 k202 ' Qe @)
Q; = k;it®5+¢C (5

where Q; (mg/g™') denotes the adsorption capacity at
a time t; ki (1/min) and k, (1/g.min) are the rate
constants for PFO and PSO; k; refers to the
intraparticle diffusion rate constant (mg/g.min®%). a
is the initial sorption ratio (g/mg.min), and b refers
to the desorption constant (g/mg), which is related
to the extent of surface coverage and activation
energy for chemisorption. For biochar, C reduces
with enhanced surface heterogeneity and the
number of hydrophilic groups.

Adsorption isotherms were performed to investigate
the amount of MV adsorbed at equilibrium,
providing insights into the potential adsorption
capacity and behavior of biochar treatment. These
isotherms can offer valuable physicochemical data
to improve the sorption process. The experimental
data were fitted to three isotherm models: Temkin
(equation 6), Freundlich (equation 7), and Dubinin-
Radushkevich (D-R model, equation 8), as follows
(Tovar et al., 2021; Wang et al., 2021).

Temkin isotherm model.

Qe = Bin(Kr.Ce) (6)

Where B denotes the Temkin constant related to the
adsorption heat, Kr is the equilibrium binding
constant (mg/L).

Freundlich isotherm model.

q. = KpCJ'" (7)

where Kr (mg/g.(L/mg)"™) and n represent the
Freundlich rate constant referring to adsorption
capacity and adsorption intensity, respectively.

Dubinin-Radushkevich  isotherm  model (D-R
model).
e = qo-exp(—Kpgre?) (®)
1 1
e=RT(1+7) ; E=2=

where Kpr (mol?/kJ?) is the D-R rate constant
related to adsorption energy, E (kJ/mol') is the
average adsorption energy per molecule of
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100 100

adsorbate required to transfer one mole of the
adsorbate from the solution to the adsorbent surface, .
€ denotes the Polanyi adsorption potential which is 80 - SRR L
a function of temperature, R is the ideal gas
constant, 8.314 J/(mol.K), and T is the absolute
temperature (K).

RE (%)
Q, (mg/g)

The non-linear mathematical models were fitted and
plotted in OriginPro 2022 v.9.9.0225 (SRI1)
software.

3. RESULTS AND DISCUSSION

3.1. Effect of heating temperature on MV 7 Biochar 7
removal Figure 1. Effect of heating temperature of

Preparation conditions are crucial to determining the biochar on MV removal

properties of biochar, particularly its performance in 3.2. Biochar characterization

removing contaminants from the liquid phase. ) ] ) ) ]
Figure 1 shows the impact of treatment conditions The basic physicochemical properties of biochar
on the MV removal performance of different treated at 400°C are summarized in Table 1. It is
biochar materials derived from corncobError! noted that the modified biochar's specific surface
Reference source not found.. Modified Biochar area and pore volume have significantly incjrease.d
(BioPNa) demonstrated a significant enhancement to 989:14 H}z/ g and 0.61 cmf/ g, which is
in MV removal performance compared to pyrolyzed substantially higher than those of Bio 400. It could

biochar, achieving a maximum value of 82.8% be attributed to chemical activation with H3PO4 and
compared to 65.2% for unmodified biochar (Bio). NaOH at high temperatures, resulting in the
This increase was due to chemical modification, forr'r'latl'on of pores and an mgreased surface area
which significantly improved the properties of  (Sajadi et al, 2019). Additionally, the surface
biochar, including its specific surface area and morphology of biochar pyrolyzed at 400°C and

porosity. However, the MV adsorption efficiency of modified biochar is depicted in Figure 2. The
BioPNa declined slightly, whereas with increasing surface of BioPNa 400 exhibited a rough, irregular,

treatment temperature, an increasing trend was honeycomb-like  structure and  sharp-edged
observed for Bio. This could be attributed to the fragments, indicating that the biochar consists of a
higher pyrolysis temperatures promoting the carbonaceous skeleton (Divband Hafshejani et al.,
thermal degradation of organic compounds in the 2016; Ghani et al., 2013). The porous structure of
biomass feedstock, resulting in an enhancement of the biochar developed during the activation process
the surface area and porosity, which favors the resulted in a high specific surface area and large
overall adsorption capacity (Sajjadi et al., 2019). On pore volume as tar, bound water, and organic
the other hand, biochar activated by H;POy at lower substances were removed at elevated carbonization
temperatures retains a higher density of functional temperatures. Compared to Bio 400, BioPNa 400’s
groups on the biochar surface, which facilitates surface had a richer porous structure. This may be
interactions with water-soluble pollutants and polar attributed to H;PO4 and NaOH etching or removing
organic compounds, even though its surface area parts of the biochar structure and its internal
may be limited (Sajjadi et al., 2018). Therefore, inorganic components, thereby increasing pore size

biochar modified at 400°C (BioPNa 400) was and mesopore volume (Sajjadi et al., 2019).
selected for further characterization and
experimental investigations of MV removal.

Table 1. Basic physicochemical characteristics of biochar materials

Materials C (wt.%) O (wt.%) P (wt.%) Sser (mzlg) Pore volume (cm3/g) Pore size (nm)
Bio 400 71.54 24.94 0.14 1.28 0.0037 0.78
BioPNa 400 77.87 20.63 0.47 989.14 0.61 2.71
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Figure 2. SEM image of Bio 400 (a) and BioPNa
400 (b)
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Figure 3. FT-IR spectra characterization of
corncob-based biochar materials

Figure 3 presents FT-IR spectra of two biochar
samples, which reveal the vibrational patterns of
various functional groups on their surfaces, offering
essential insights into their chemical makeup and
potential reactivity. Both materials exhibit a broad
peak around 3383 cm™!, indicative of the stretching
vibration band of the hydroxyl group (-OH), which
may be linked to adsorbed water molecules, alcohol,
or phenolic groups (Sajjadi et al., 2019). The C-H
stretching vibration peaks appear at approximately
2914 cm’!, and are typically associated with
aliphatic hydrocarbons or aromatic compounds.
Peaks at 1601 and 1576 cm'! are attributed to C=C
bond stretching in aromatic rings, a common feature
of biochar due to its aromatic carbon structure. The
C-O stretching vibration peak at 1220 cm™, likely
related to C-O—C groups, alcohols, and ethers
(Sajjadi et al., 2019), gradually vanished for BioPNa
400, while a new stretching vibration peak was
found at 1045 cm™! in the modified biochar, linked
to the stretching of C-O bonds in ether groups or
alcohols or possibly due to the formation of a P-O-
P bond after phosphoric acid activation (Han, 2024).
This is due to the crosslinking through the formation
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of phosphate and polyphosphate ester during the
activation at high temperature (Sajjadi et al., 2019).
The characterization results show that the chemical
modification significantly enhanced the biochar’s
properties, including specific surface area, porosity,
and functional groups on its surface.

3.3. MV removal experiments
3.3.1. Effect of pH solution

The pH level is a key factor influencing the
interaction between the MV molecules and the
porous material. The experiment aimed to determine
the effectiveness of MV removal at pH levels from
6 to 12, which were selected because of the pHpzc
(6.7) of BioPNa 400. As shown in Figure 4a, the MV
removal efficiency remained relatively stable across
this pH range, indicating that the pH solution did not
significantly impact the MV removal capability of
BioPNa 400. This could be attributed to the fact that
the charge of MV, a cationic dye, can change with
the pH level due to its structure. This dye typically
contains amino groups (-NH) that can be
protonated or deprotonated depending on the pH. In
acidic conditions, methyl violet carries a more
positive charge, whereas it becomes less positively
charged or neutral at high pH levels. When the
solution pH exceeds 6.7 (pHpzc), the BioPNa
surface becomes negatively charged, reducing
electrostatic attraction between MV and the
adsorbent. This suggests that the effectiveness of
MV adsorption on BioPNa was also affected by
other adsorption mechanisms.

3.3.2. Effect of contact time

Figure 4b shows the impact of the contact time on
MV  removal performance. The removal
effectiveness increased considerably by 11.2% and
11.7 mg/g for efficiency and adsorption capacity,
respectively, within the first 10 minutes. As the
contact time continued to increase, the performance
remained mostly unchanged, at around 82% and 86
mg/g. Equilibrium was likely reached after 10 min
of contact time. This trend may be due to the
abundance of active sites on the surface of the
porous material, leading to a rapid adsorption rate
during the initial stage. As the contact time
increased, the rate slowed significantly due to a
decrease in unoccupied active sites and an
increasing MV desorption rate, resulting in a slight
increase in MV removal before equilibrium was
reached.
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Figure 4. Effect of factors on MV removal performance: (a) pH solution, (b) reaction time, (c) mass
dosage, and (d) MV concentrations

3.3.3. Effect of mass dosage of BioPNa

The mass dosage of porous material is crucial for
MV removal from an aqueous solution. In this
investigation, the influence of BioPNa mass dosage
on MV removal effectiveness was evaluated over
the range 0.05-0.25 g/L. As shown in Figure 4c,
increasing the mass dosage slightly enhanced the
removal efficiency by 2.4%, while the adsorption
capacity decreased significantly by nearly 80%
within this range. This increase in MV removal
efficiency was attributed to the higher dosage,
which provided more available adsorption sites on
the biochar surfaces, thereby enhancing the
interaction between BioPNa and MV. Furthermore,
the removal rate reduced slightly as the dosage
exceeded 0.15 g/L, consequently, further increases
did not considerably increase the amount of MV
adsorbed on the biochar’s surface.

3.3.4. Effect of MV concentration

The initial MV concentration significantly affects
removal efficiency, as the interaction between MV
in an aqueous solution and the adsorbent is a crucial
factor in determining how much MV is captured or
bound to the surface of the porous material. In this
experiment, the initial MV level varied from 8 to 48
mg/L. The removal efficiency increased from 68%
to 92.4% within this concentration range. This
behavior can be due to the higher amount of MV in
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the bulk solution, which results in more MV
molecules being available to interact with the
biochar surface. As the concentration continued to
increase, adsorption sites on the porous material’s
surface became saturated. Consequently, the excess
MYV in the solution could not be absorbed, leading
to no further change in removal efficiency.

3.3.5. Biochar reusability investigation

The regeneration and reusability of BioPNa were
assessed over five cycles under the optimal
conditions identified in the previous sections. After
five cycles, the removal efficiency showed a
minimal decline of just 4% (Figure 5a),
demonstrating that BioPNa maintained its high
effectiveness in removing MV during regeneration.
The FT-IR spectra presented in Figure 5b reveal that
most of the functional groups on BioPNa‘s surface
persisted after five cycles, although their intensity
had reduced compared to the original material.
Additionally, minor damage was observed in the
porous structure of the material at the fifth cycle
Figure S5c. This suggests that the chemically
activated biochar, sourced from agricultural waste,
retains its high removal efficiency and structural
stability after multiple cycles, indicating its
potential for effective, industrial-scale wastewater
treatment of MV with both high performance and
good reusability.
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Figure 5. Recycling effectiveness of BioPNa for MV removal

3.3.6. Adsorption kinetics and isotherms

The study on adsorption kinetics focused on
identifying the adsorption rate, the possible
mechanisms, and factors influencing the adsorption
process. Three kinetic models, including pseudo-
first-order (PFO), pseudo-second-order (PSO), and
intraparticle diffusion models, were applied to the
measured data over a contact time range of 0 to 24
hours. Nonlinear estimation methods were applied
because they provide more precise results than
linearization (El-Khaiary et al., 2010; Ho, 2006).
The results of the adsorption kinetics study are
presented in Figure 6a and Table 2. PFO and PSO
models were observed to be the best fit to the
experimental data, each with a high R? (> 0.99).

100 | (a)
Qi T i e e — e — — e m s Y
sof T
*
Zn 60r
)
g
~ 40t +  Measured data
o] Pseudo-first-order model
=-=--Pseudo-second-order model
20 F = = = Intraparticle diffusion model
0OF
0 300 600 900 1200 1500

contact time (min)

Additionally, the equilibrium adsorption capacity
calculated from the PFO model (Qe(can=86.77 mg/g)
was in close agreement with the experimental data
(Qeexp) = 85.3 mg/g), suggesting that the adsorption
of MV onto BioPNa is likely associated with a
heterogeneous adsorption surface and physical
adsorption behavior. This model assumes that
adsorption mainly occurs in the initial stage with a
few active sites at high initial MV concentration
(Divband Hafshejani et al., 2016). Furthermore,
these models with high R? (> 0.99) may indicate that
the rate-limiting step of adsorption involves
physicochemical interactions between the two
phases, and that the adsorption rate depends on a
mechanism at active sites on the BioPNa’s surface
(Tovar et al., 2021).

400 - (b)

300
=
en
E 200 - +  Measure data
d’ Freundlich isotherm model

- - = D-R isotherm model
100 - ====Temkin isotherm model
0 [ '
00 05 10 15 20 25 30 35
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Figure 6. Adsorption kinetics (a) and adsorption isotherms (b) fitting curves for MV on BioPNa
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Table 2. Kinetic parameters of MV adsorption by BioPNa

Pseudo-first order

Pseudo-second order

Intraparticle diffusion

Q. (mg/g) ki R? Q. (mg/g) k2 R? ki C R?
86.494 0.379 0.999 89.131 0.013 0.995 0.099 86.18 0.08
Table 3. Isotherm parameters of MV adsorption by BioPNa
Temkin Freundlich model D-R model
A B R? Kr n R? E (kJ/mol) R?
0.3713 1993.1 0.997 0.0069 0.11 0.968 0.22 0.976

Adsorption isotherms were carried out to study the
relationship between the concentration of MV in the
bulk phase and its quantity absorbed by the BioPNa
surface at equilibrium. These isotherms can
provide valuable insights into the interaction
between MV and the porous material during
adsorption. Three isotherm models, including
Temkin, Freundlich, and Dubinin-Radushkevich
(D-R), were implemented to describe the adsorption
behavior. The model estimations are presented in
Figure 6b and Table 3.

The Temkin model showed the best fit to the
measured data (R> = 0.997), indicating that the
adsorption process involved chemisorption and is
described by a uniform distribution of binding
energies up to some maximum binding energy
(Demiral, Samdan, & Demiral, 2017; T. Wang et al.,
2021). The Freundlich and the D-R models also
exhibited high R? (> 0.96), with the Freundlich
model yielding an n value of 0.11 (less than 1),
corresponding to a poor adsorptive potential
(Shikuku & Mishra, 2021). The average adsorption
energy obtained from the D-R model was 0.22,
suggesting the MV removal in this study was mainly
governed by physisorption.

3.3.7. Possible adsorption mechanisms

According to the adsorption kinetics and isotherms,
methyl  violet adsorption likely  follows
physisorption due to the high specific surface area,
large pore volume, and polarity of the modified
biochar. Since MV's molecular diameter
(approximately 1.24 nm (Muniandy, Salleh, &
Zaini, 2020)) is smaller than the porous biochar's
average pore size, MV molecules can fully penetrate
the pores of the modified biochar. Furthermore,
electrostatic attraction may contribute to adsorption
due to the opposite charges on the surfaces of
biochar and MV. The functional groups on the
material surface, including hydroxyl and carboxyl
groups, could interact efficiently with the amine
groups in MV molecules through hydrogen bonds.
Based on the structural characteristics of MV and
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the modified biochar, n-m interactions between the
aromatic rings of MV and the conjugated n-electron
systems in the biochar may also play a significant
role in adsorption.

4. CONCLUSION

Modified biochar was successfully prepared from
corncobs via chemical activation with NaOH and
H3PO4 for methyl violet removal from aqueous
solution. The batch adsorption investigations for
methyl violet were performed by BioNaP.
Characterization results indicated that chemical
modification could significantly improve biochar
properties, including high specific surface area,
large pore volume, and abundant functional groups.
The adsorption capacity could reach approximately
290 mg/g at high MV concentrations. The Pseudo-
first-order and Temkin models can well describe the
kinetic and isotherm adsorption process of BioPNa
for MV, suggesting that the adsorption of methyl
violet was dominated by physical adsorption. The
adsorption mechanisms could include pore filling,
electrostatic attractions, hydrogen bonds, and n-nt
interactions. The BioNaP also demonstrated high
stability and reusability, maintaining its high
removal effectiveness after five adsorption-
desorption cycles. Therefore, the results provided a
scientific basis for the comprehensive study of
chemically modified biochar adsorbent for the
treatment of methyl violet and organic dyes from
wastewater.
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