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Use of an economical cellulose material for dye removal
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ABSTRACT

The objective of this study was to investigate the performance and applicability of two adsorbents
for the removal of two dyes, namely Neutral red (NR) and Malachite green (MG), from aqueous
solutions. The adsorbents were okara adsorbent (OA) and modified okara adsorbent (SOA) pre-
pared from biological waste okara through sodium lauryl sulfate treatment. The changes in surface
morphology and functional groups of okara before and after modification were studied by scanning
electron microscope and infrared spectroscopy. The results indicate that the adsorption process was
more in line with the pseudo-second-order kinetic equation, and also in line with the Langmuir
isotherm. The maximum adsorption capacity of OA and SOA for NR were 208.33 and 227.27 mg/g;
40.98 and 125.00 mg/g for MG, respectively. The regeneration efficiency of both adsorbents decreased
after 5 cycles. The adsorption process is primarily governed by electrostatic attraction and hydro-
gen bonding between the adsorbent and the dye molecules (NR and MG). It is a multi-layer adsorp-

tion process and a spontaneous endothermic process.
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1. Introduction

The global production of dyes amounts to 700,000 tons
annually, with 10% of these dyes being discharged into the
environment. Consequently, dyes have become one of the
most detrimental pollutants present in industrial wastewa-
ter [1]. Even at low concentrations, dyes have a noticeable
coloring effect on water [2]. This pollution not only detracts
from the aesthetic appeal of natural surroundings but also
poses significant risks to human health and the normal met-
abolic processes of aquatic organisms [3]. Malachite green
(MG) finds extensive usage as a biocide in the worldwide
aquaculture industry, where it is employed for the control of
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external fungal and protozoan infections in fish [4]. However,
the permissible concentration of these dyes is exceedingly
low, and elevated concentrations can exhibit toxicity towards
aquatic animals. When ingested through the oesophagus,
these substances give rise to carcinogenic, genotoxic, and
chronic toxic effects within the human body [5]. Neutral red
(NR) is often used as an indicator [6]. Its discharge into the
water body is potentially harmful to the health of aquatic
organisms, and it will also affect the sunlight penetration
and gas solubility of the water body [7]. Collectively, these
two dyes can inflict harm upon the water environment,
severely disrupting its ecological equilibrium. In the event of
their entry into the food chain, they may exert carcinogenic
and mutagenic effects on human beings.
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At present, the methods of treating dye wastewater are
mainly divided into three categories: chemical method, bio-
logical method and physical method [8]. Chemical meth-
ods encompass various approaches such as electrochemical
methods, photochemical methods, photocatalytic oxidation
methods, ozone oxidation methods, and Fenton methods [9].
However, chemical methods are not economically appeal-
ing due to the need for specialized equipment, high energy
consumption, substantial chemical reagent usage, and the
production of toxic and detrimental secondary pollutants
[10-13]. Biological method is a method that uses the metabo-
lism of microorganisms to degrade pollutants and gradually
convert organic matter in water into intermediate products
or simple inorganic matter [14]. According to the types of
microorganisms, biological methods can be divided into
aerobic biological methods, anaerobic biological methods
and aerobic—anaerobic combined methods [15]. However, the
disadvantages of this method are the long processing time
and the strict requirements for the processing environment.
Among the three types of methods, the physical method
emerges as the most suitable option, primarily encom-
passing adsorption, membrane separation, and magnetic
separation [16]. While these physical methods may have
minor limitations, they offer simplicity and high efficiency
in comparison to the alternative approaches.

Adsorption method is defined as one of the most prom-
ising technologies because of its ability to efficiently sepa-
rate various compound pollutants, and adsorption method
has been widely used to remove various pollutants in water
[17]. Due to the problem of adsorbent cost, scientists have
focused on low-cost adsorbents [18]. For instance, certain
researchers have explored the utilization of waste tea, con-
verted into biochar and modified with polyethyleneimine,
for the adsorption of activated black and methyl orange
[19]. Other researchers use biochar made from persimmon
peel to adsorb Methylene blue [20]. Biochar is a potential
low-cost adsorbent that has attracted the interest of many
researchers [21]. Notably, the adsorption of substances using
biochar remains a relatively underexplored area of study.
Agricultural wastes such as rice straw, rice husk, and bean
dregs are widespread biomass. They have the characteris-
tics of good porosity, large specific surface area (S,.,) and
abundant functional groups (such as alcohols, aldehydes
and other groups) with adsorption capacity [22]. Notably,
these functional groups demonstrate a strong affinity for
pollutants [23]. Some researchers use defatted algal biomass
as an adsorbent to remove basic dyes from water [24], and
Eucalyptus angophoroides bark as an adsorbent to remove
dyes from water [25]. Although the adsorption perfor-
mance of biomass may not rival that of commercial activated
carbon, their potential remains immense.

Northeast China is one of the most important areas for
soybean cultivation [26]. The processing of soybeans into edi-
ble products like soybean milk, tofu, and soy sauce results
in the generation of substantial quantities of bean dregs,
comprising cellulose, protein, carbohydrates, and other
nutrients, which serve as the primary constituents of the
investigated soybean residue biomass, referred to as okara
adsorbent (OA) [27]. Notably, this cellulose-rich waste OA
can be directly employed as an adsorbent for dye adsorption
research [28]. Converting waste into adsorbents to absorb

dyes is very beneficial to protect the environment [29].
Surfactants can improve the adsorption capacity of adsor-
bents. They usually contain both hydrophobic and hydro-
philic groups, which help them adsorb various pollutants
[30]. In this study, sodium dodecyl sulfate (SDS), an anionic
surfactant, was utilized to modify the bean dregs adsorbent
and investigate the adsorption efficiency of dyes, thereby
resulting in the development of the modified adsorbent
referred to as modified okara adsorbent (SOA).

This study focuses on investigating the adsorption behav-
ior of NR and MG onto OA and SOA. Various parameters
including contact time, pH, absorbent dosage, ionic strength,
initial dye concentration, and temperature were examined.
The adsorption kinetics and isotherms were analyzed, and
a brief investigation into the adsorption mechanism was
conducted. The primary objective of this research is to con-
tribute to the removal of NR, MG, and other similar organic
contaminants from the environment.

2. Materials and methods
2.1 Materials and reagents

Analytical pure NR and MG were purchased from
M/s Tianjin Fuchen (Tianjin) Chemical Reagent Co., Ltd. SDS
was purchased from M/s Sigma Corporation of the United
States. OA was collected from M/s the Canteen of Northeast
Agricultural University. Concentrated hydrochloric acid,
absolute ethanol, and sodium bicarbonate were all ana-
lytical grades. Distilled water was used.

2.2. Characterization of materials

Before the adsorption experiment, OA and SOA were
characterized and analyzed. For scanning electron micros-
copy (SEM), a small quantity of dry OA and SOA solid pow-
der was uniformly applied to the sample stage. Any excess
powder was removed using a rubber suction bulb, fol-
lowed by a fine spray of gold powder for even distribution
on the surface. The microporous structure of the material
was studied using Brunauer-Emmett-Teller analysis (BET)
(JW-BK112, China). Then, a scanning electron microscope
(SU8010 M/s Hitachi, Tokyo, Japan) was used to observe
and take pictures by selecting the appropriate magnifica-
tion. The isoelectric point (pH,,.) of OA and SOA were also
measured. Add 0.01 mol/L NaCl solution to multiple 50 mL
Erlenmeyer flasks, and adjust the pH value of the NaCl solu-
tion to 2.0-12.0 by adding 0.1 mol/L HCl or 0.1 mol/L NaOH
range. Finally, 0.1 g of OA and SOA were added separately
and shaken at 298 K for 48 h. After shaking, measure the
final pH (pH,) of the solution. To compare the changes in
surface functional groups and chemical bonds before and
after adsorption, the same tablets were prepared from the
OA and SOA solid powders after dye adsorption for obser-
vation [31]. For X-ray diffraction (XRD), a small amount of
dried OA and SOA solid powders were placed on a glass
slide and observed by an X-ray diffractometer (D/Max 2200
M/s Rigaku Corporation, Japan). The experimental con-
ditions are: Cu-Ko was used as the radiation source with
a scanning range of 5°-70° and a scanning rate of 3°/min.
For the Fourier-transform infrared spectroscopy (FTIR)
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experiment, nominal quantities of desiccated solid pow-
ders of OA and SOA were admixed with potassium bro-
mide (KBr) of exceptional purity. Subsequently, the result-
ing blends underwent mechanical milling, followed by
compression into thin, uniform flakes. This sample prepa-
ration approach was executed to facilitate FTIR analysis.
For FTIR measurements, we employed a Fourier-Transform
Infrared Spectrometer (Model 8400S, Shimadzu Instruments
Co., Ltd., Japan), a recognized instrument in the field. The
spectra were acquired over a spectral region spanning from
4,000 to 400 cm™, a range typically suited for the elucida-
tion of molecular structures and functional groups.

2.3. Preparation of adsorbents

A specified quantity of fresh soybean residue was taken
and thoroughly washed with tap water and distilled water
to eliminate larger impurity particles. Subsequently, the mix-
ture was dried to a constant weight using an electric heat-
ing constant temperature blast drying oven set at 333 K, and
then stored for future use. To remove any residual grease,
the mixture underwent multiple washes using an organic
solvent, ethanol, and a sodium bicarbonate solution. After
each wash, it was dried to a constant weight. The dried
mixture was then ground and passed through a 100-mesh
sieve, resulting in the production of OA, which was carefully
stored. For the modification of the cellulose absorbent, OA
was soaked in a 0.00082 mol/L SDS solution, continuously
stirred using a glass rod for 6 h. The material was then rinsed
several times with distilled water to remove any excess
reagents and subsequently dried to a constant weight in an
electric heating constant temperature blast drying oven set
at 333 K. After grinding, the SOA was obtained by passing
it through a 100-mesh screen and stored for subsequent use.

2.4. Batch experiments

In this experiment, only one variable was altered to
investigate its impact on the adsorption of OA and SOA.
The variables manipulated included pH, contact time, initial
dye concentration, Na' ion concentration, and temperature.
Adjust the pH value of the solution in the range of 2.0-12.0
by adding 0.1 mol/L HCI or 0.1 mol/L NaOH. Since NR pre-
cipitates under alkaline conditions, pH values of 2.0, 3.0,
4.0, 5.0, and 6.0 were chosen to investigate the effect of pH
of NR solution on the adsorption effect, whereas pH values
of 2.0, 4.0, 6.0, 8.0, 10.0 and 12.0 were set to investigate the
effect of pH of MG solution on the adsorption performance.
Each group of experiments includes three parallel exper-
iments and one control experiment. Five cycles of regener-
ative adsorption experiments were added to investigate its
regeneration capacity and sustainability. Add 25 mL of NR
or MG solution with a concentration of 25 mg/L and a cer-
tain amount of adsorbent in a 50 mL Erlenmeyer flask, and
absorb for 2 h at a temperature of 298 K and an oscillation
speed of 165 r/min. After that, the solution was filtered using
a 0.45 mm syringe filter, the supernatant was centrifuged
and placed in an ultraviolet spectrophotometer to measure
the absorbance at 540 nm (for NR) and 616 nm (for MG).
According to Lambert-Beer law, the standard curve method
was used to calculate the concentration of NR and MG.

2.5. Adsorption kinetic and isotherm models

In this work, pseudo-first-order and pseudo-second-or-
der model were used for adsorption kinetic analysis.
Langmuir and Freundlich model were used to fit adsorp-
tion isotherms. The specific formula is as follows [32-34]:
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where g, is the adsorption amount at equilibrium, and g, is
the adsorption amount at time ¢. k, is the pseudo-first-order
adsorption rate constant, and k, is the pseudo-second-order
adsorption rate constant. K, is the Langmuir equilibrium
constant. R, is the Langmuir separation factor. When the
value is in the range of 0-1, the adsorption process is easy
to proceed. C, is the equilibrium concentration. K, is the
Freundlich constant, and it is related to the affinity of the
adsorbent. The meaning of n value is the degree of influence
of concentration on adsorption capacity. When 0 < 1/n < 1,
the adsorption process is easy. When 1/n > 1, the adsorbent
is not easy to proceed. It is a reliable way to use statistical
physical models to examine and explain the adsorption
mechanism related to pollutants. Two models were selected
to simulate the unit adsorption of two dyes by OA and SOA.

3. Results and discussion
3.1. Characteristics of OA and SOA

The morphology of the adsorbent surface was observed
by SEM, as shown in Fig. 1a and b. The surface of OA and
SOA is irregular and rough with many folds, which may
provide more sites for the dye. With BET, we measured
S total hole volume, and average hole diameter. The
Syer of OA and SOA were 1.05 and 1.70 m?/g, respectively,
the total pore volume of OA and SOA were 0.0034 and
0.0056 mL/g, respectively, and the average hole diameter of
OA and SOA is shown in Fig. 2a. From the XRD (Fig. 1c),
the diffraction angle 20 is about 22° and there is a main
peak, which is the characteristic peak of cellulose, indicat-
ing the cellulose structure of OA and SOA. The pH,,. is
closely related to the electrostatic force between the adsor-
bents. When the pH < pH,,, the surface of the adsorbent
is positively charged, which facilitates the adsorption of
anions; otherwise, the surface of the adsorbent is negatively
charged, which facilitates the adsorption of cations [35].
According to Fig. 1d, the pH,,. of the OA is 5.50 and SOA
is 5.70. Utilizing FTIR spectroscopy, one can discern the

BET
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Fig. 1. Scanning electron microscopy image obtained for (a) OA, (b) SOA, (c) X-ray diffraction patterns obtained for OA and SOA,

and (d) pH,,,. of OA and SOA.
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distinctive functional groups within the adsorbent material.
Moreover, a qualitative assessment of the pivotal functional
groups can be deduced by contrasting infrared spectros-
copy of the pristine and adsorbed materials. Fig. 3 presents
the FTIR spectra of the OA and SOA adsorbents. At wav-
enumbers 3,434.77 and 2,926.21 cm™, conspicuous stretch-
ing vibrations corresponding to hydroxyl (O-H) and alkane
(C-H) functionalities are evident, while at 1,053.92 cm™, a
discernible peak associated with the ether bond (C-O-C) is
apparent. These functional moieties represent characteris-
tic constituents of cellulose, thus further corroborating the
presence of cellulose components within the SD and MSD
adsorbents. Additionally, vibrational modes attributed
to carbonyl groups (C=O) in aldehydes and ketones are
observable at 1,654.72 cm™. It is noteworthy that during the
adsorption process of NR and MG, certain chemical bonds
exhibit alterations in their peak positions, accompanied by
the phenomenon known as “red-shifting”. This phenome-
non arises due to the superimposition of absorption peaks
resulting from the stretching vibrations of specific chemical
bonds. It indicates that charring of soya bean dregs at high
temperature promotes the formation of aromatic groups
[36]. Concurrently, some functional group absorption peaks
demonstrate diminished sharpness, implying their active
involvement in the adsorption process. Within this con-
text, the most substantial variations in absorption peaks
are observed for hydroxyl groups (O-H), carbonyl groups

(C=0), and ether bonds (C-O-C). Therefore, it is reason-
able to infer that these three functional groups may exert a
pivotal influence on the adsorption process of NR and MG.

3.2. Effect of ionic strength

In this section, we investigate the effect of salt ion con-
centration in solution on the adsorption of dyes by OA
and SOA. The concentration of salt ions in solution plays
an important role in the adsorption process and can influ-
ence the overall efficiency of dye removal. By studying the
effect of Na* concentrations from 0-0.5 mol/L, we can gain
insight into the behaviour and performance of OA and SOA
as adsorbents at different Na* levels. The results revealed
that as the Na* concentration gradually increased within
the range of 0-0.5 mol/L, both OA and SOA exhibited a
gradual decrease in the removal efficiency of the two dyes.
Specifically, for NR, the removal efficiency of OA decreased
from 94.53% to 20.42%, while for MG, it decreased from
61.52% to 7.72%. Similarly, for SOA, the removal efficiency
decreased from the initial values of 95.52% and 69.31% for
NR and MG, respectively, to 20.04% and 7.72%. The observed
decrease in the removal efficiency of OA and SOA can be
attributed to the competition of Na* ions for active sites in
the solution, resulting in reduced contact area between
the adsorbent and the dyes. Consequently, the adsorption
capacity of OA and SOA was weakened.



154 W. Li et al. / Desalination and Water Treatment 315 (2023) 150-159

0.0025
0.0023 (@)
0.0021 | —=—0A
 0.0019 —e— SOA
=
g 0.0017 |
A&
&
0.0015 |
?
= 0.0013 F
2 0.0011 }
0.0009 |
0.0007 |
0.0005 L L L L L
1 2 4 8 16 32 64
D (nm)
100 -
' - ' (b)
80
-y
v
g 60 e
=
2
5
2 40
—#— OA-NR
0 —8—0AMG
—h—SOA-NR
= SOA-MG
0 b 1 L
3 4 5

Time (h)

Fig. 2. Fourier-transform infrared spectra of the OA and SOA
adsorbents.

3.3. Regenerative adsorption experimental

To further investigate the long-term stability and sus-
tainability of the adsorbents, OA and SOA underwent
5 cycles of regeneration, as shown in Fig. 4. After 5 cycles,
OA exhibited a decrease in regeneration efficiency for NR
and MG, dropping from 94.35% and 96.52% to 69.69% and
71.37%, respectively. Similarly, SOA showed a similar trend
with a decrease in regeneration efficiency for NR and MG,
decreasing from 59.35% and 72.26% to 37.62% and 51.33%,
respectively. This observed decline in regeneration efficiency
may be attributed to the disruption of the original morpho-
logical structure caused by the ultrasonic treatment, which
subsequently affects the adsorption performance.

3.4. Adsorption kinetics

Adsorption kinetics is an important indicator for study-
ing the practicality of adsorbents. The adsorption rate curve
depicted in Fig. 5a and b demonstrates that the adsorbent
exhibits rapid adsorption initially, followed by a grad-
ual approach towards equilibrium. To describe the kinetic
adsorption data accurately, an appropriate adsorption
kinetic model is employed. In this investigation, the pseu-
do-first-order and pseudo-second-order models were chosen
for fitting purposes.
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Fig. 3. Barrett-Joyner-Halenda method (desorption) differen-
tial integral pore volume and pore diameter logarithmic distri-
bution curve.

According to the data in Fig. 5 and Table 1, in the NR
model fitting, the pseudo-second-order kinetic model
has a very high degree of fitting to the adsorption pro-
cess, and R* has reached 1.000. Comparing q, ., with q,
it can be clearly seen that the fitting data obtained by the
pseudo-second-order model is closer to the actual situ-
ation. Thus, the pseudo two-stage kinetic model, indic-
ative of chemical adsorption, is deemed suitable for the
entire adsorption process of OA and SOA [37]. At the same
time, the k, and k, are both less than 1.000, indicating that
the reaction rate is faster [38].

The fitting effect of the two dynamic models of MG is
very good. The R? obtained by the fitting of the pseudo-
first-order model is in the range of 0.9971-0.9976, while
the R? obtained by the fitting of the pseudo-second-order
model is in the range of 0.9957-0.9997. By comparing 4, ,
and using the pseudo-second-order model to obtain data
close to the value of g, , it is speculated that the adsorp-
tion process of MG is more in line with the pseudo-sec-
ond-order model, and the main control of the adsorption
process rate is chemical adsorption [39], k, is always less
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Table 1
Relative parameters table of kinetic models

Adsorbent Models Parameters NR MG
k, (h™) 0.0246 0.0189
Pseudo-first-order g, (mg/g) 496 552
R? 0.9916 0.9976
OA k, (g/mg-h) 0.015 0.090
q,. (Mg/g) 2994 14.77
Pseudo-second-order R 1000 0.9997
e (MG/8) 29.70 1440
k, (h™) 0.0146 0.0212
Pseudo-first-order g, (mg/g) 128  5.64
R? 0.9677 0.9737
SOA k, (g/mg-h) 0.060 0.010
Pseudo-second-order ‘¢! (mg/g) 30.03 1834
R? 1.000 0.9957
q,.., (mg/g) 30.00 18.10

e,exp

than 1.000, indicating that the speed of this adsorption
reaction is very fast [40].

3.5. Adsorption isotherm

Fig. 6 is the adsorption isotherm of NR and MG at 298 K,
showing the relationship between the equilibrium concen-
tration of the solution and the adsorption capacity. With
the gradual increase of the concentration of the dye solu-
tion, the equilibrium adsorption capacity also increases, and
the final curve tends to be stable. The maximum adsorp-
tion capacity (g,) of OA and SOA for NR are 174.41 and
206.00 mg/g; 61.71 and 150.30 mg/g for MG. This can be
explained by the fact that when the solution concentration
is small, the adsorbent can provide enough adsorption sites.
However, with a fixed amount of adsorbent added, as the
solution concentration increases, the adsorption sites become
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Table 2
Relative parameters of each fitting isotherm
Adsorbents Dyes Langmuir Freundlich
q,, (mg/g) K, (L/mg) R? K, (L/mg) n R
OA NR 174.41 0.21 0.9491 59.47 4.88 0.8733
MG 42.69 0.08 0.9348 10.62 3.53 0.8987
SOA NR 206.00 0.20 0.9793 66.12 4.74 0.9094
MG 148.70 0.01 0.9731 8.82 2.24 0.9544

fully occupied, leading to a state of equilibrium where the
adsorption capacity remains constant. In order to further
explore the adsorption method, the above adsorption iso-
therm was fitted to the model. The adsorption isotherm
models are: Langmuir and Freundlich isotherm model.

It can be seen from Table 2 that the adsorption process
of NR is more in line with the Langmuir isotherm model.
The R? values of OA and SOA are 0.9491 and 0.9793, respec-
tively, which are much larger than the R* (0.8733 and 0.9094)
obtained by the Freundlich isotherm model. This shows
that the adsorption process is single-layer adsorption, and
the surface of the adsorbent is uniform. At the same time,
the g, of NR of OA and SOA are 174.41 and 206.00 mg/g,
respectively. These values are comparable to the experimen-
tal measurements, confirming a good fit with the Langmuir

isotherm model. And through formula calculation, it is
found that R, <1.00, indicating that the adsorption process is
easy to proceed [41].

The R? values of the Langmuir isotherm model fitting
process of OA and SOA adsorption of MG are 0.9348 and
0.9731, respectively, and the R? values of the Freundlich
isotherm model fitting are 0.8987 and 0.9544, respectively.
At the same time, the g, OA and SOA obtained from the
Langmuir isotherm model are 42.69 and 148.70 mg/g, respec-
tively. These results are similar to the value of the equilib-
rium adsorption capacity obtained in the actual adsorption
isotherm. Therefore, the adsorption process of MG is more
in-line with the Langmuir isotherm model. In addition, since
the value of R, is always less than 1.0, it can be understood
that the adsorption process for MG is very simple [6,42]. In
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general, the adsorption effects of NR on the above two dyes
are better than that of MG. In order to show that both OA
and SOA have better research prospects, this article lists
the g, of different adsorbents for different dyes, as shown
in Table 3. Comparatively, the adsorbent employed in this
study demonstrates enhanced adsorption efficacy compared
to other adsorbents. For the adsorption of NR, OA and SOA
have great potential and ability, while for MG, the adsorp-
tion effect of OA is moderate and that of SOA is excellent.
In general, OA and SOA, as a cheap cellulose adsorbent,
have low price and good adsorption effect, and have huge
application potential.

Table 3
Maximum adsorption of dyes by different adsorbent

3.6. Adsorption mechanisms

At present, existing studies show that common adsorp-
tion mechanisms include electrostatic interactions, -7t
conjugates, hydrogen bonding, and intermolecular forces
[43]. In this study, the adsorption mechanism was explored
by analyzing the results of characterization measurements
and adsorption experiments. The mechanism diagram is
shown in Fig. 7. First, from the SEM image and S, , mea-
surement results, we can see that the surface of the adsorbent
did not show obvious microporous structure instead, more
folds provide adsorption sites [44]. Research indicates that

Adsorbent Dyes q, (mg/g) References
Wheat straw NR 25.47 [41]

Peanut husk NR 37.50 [42]

Spent cottonseed hull substrate NR 166.00 [43]

Biochar from crispy persimmon peel NR 39.08 [44]

Charcoal T5 NR 30.21 [45]

OA 208.33 .

SOA NR 927 27 This research
Degreased coffee beans MG 55.30 [46]

Brewers spent grain MG 2.55 [47]

Chinese fan-falm biochar MG 21.40 [48]
Sulfur-doped biochar derived from tapioca peel waste MG 30.18 [49]

OA 40.98

SOA MG 125.00 This research

Fig. 7. Possible mechanism of OA and SOA removing Malachite green and Neutral red.
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for organic molecules like dyes, the adsorption energy sites
offered by edge folds favor adsorption, with minimal contri-
bution from pore filling [45]. Subsequently, examination of
the FTIR spectra of NR and MG adsorbed onto SOA revealed
the abundance of oxygen-containing functional groups
within the adsorbent, which possess negative charges. The
combined action of these modes achieves the adsorption
effect. Before and after adsorption, the functional groups that
play a major role are hydroxyl (O-H) and carbonyl (C=0)
for NR and the functional groups that play a major role are
hydroxyl (O-H) for MG [46]. In the study, after modifica-
tion with SOA, the surface of the SOA carried more anionic
groups, which further enhanced the electrostatic attraction
between the adsorbate and the adsorbent, which enhanced
the adsorption effect and obtained the modification effect.
At the same time, according to the influence of the pH of
the solution on the experimental results, it can be predicted
that the change in the pH of the solution has a very sig-
nificant effect on the adsorption effect. From the side, it is
explained that the electrostatic effect is the important role
of the adsorbent SOA on the adsorbate. Some researchers
used citric acid-modified soybean straw to adsorb copper
ions in water [47]. By citric acid modification, the surface car-
ries more -COOH groups. When the solution pH was 3.0,
the group appears as the COO- form enhanced the electro-
static interaction with copper ions [48]. Consequently, the
primary driving forces in the adsorption process between
the adsorbent and NR and MG are electrostatic attraction
and hydrogen bonding.

4. Conclusion

This study investigates the adsorption of two dyes,
namely NR and MG, by OA and SOA, presenting a novel
approach for treating dye wastewater. The modified mate-
rial, SOA, exhibits superior performance compared to the
unmodified material, OA, owing to the surface electroneg-
ativity enhancement achieved through SDS modification.
The Langmuir model provides a better description of the
dye adsorption process, with the maximum adsorption
capacities (g,) of OA and SOA for NR measured at 208.33
and 227.27 mg/g, respectively, and for MG at 40.98 and
125.00 mg/g, respectively. The pseudo-second-order kinetic
model demonstrates good fitting, indicating that chemi-
cal adsorption governs the overall adsorption process. The
regeneration efficiency of both OA and SOA decreased after
5 cycles. The analysis of adsorption and diffusion reveals
that the diffusion model outside the membrane accurately
describes the diffusion process, with external diffusion act-
ing as the primary factor controlling the reaction rate. The
interaction mechanism observed in the adsorption process
involves electrostatic attraction, where adsorption occurs
through the interaction between the cationic groups in the
dye and the negatively charged functional groups on the
adsorbent’s surface. The adsorbent in this experiment was
prepared by using a biomass material-bean dregs, with good
adsorption effect, fast adsorption rate, low price and easy
availability, simple preparation process and environmen-
tally friendly, and it has application prospects as a new high-
efficiency adsorbent.
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