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Cellulose has been isolated from sugarcane bagasse and applied for azo dye adsorption.
Hydrolysis process for cellulose isolation was performed with different concentrations of
HCI and the best concentration was 20% (v/v). Fourier Transform Infrared Spectroscopy
(FTIR), X-ray Diffraction (XRD), and Thermogravimetric Analysis (TGA). The increase
in peak intensity at wavenumber 897 cm* was connected to cellulose stretching C-O and
C-H, which resulted in greater cellulose content following hydrolysis. The thermal
resistance of cellulose enhanced after treatments due to the significant intermolecular
hydrogen bonding in the cellulose particles. Cellulose particles have been studied for
their capacity to eliminate methylene blue (MB) from aqueous solutions. The analysis
indicated that the OH, C=0, and C-O groups were particularly important in azo dye
adsorption based on FTIR data. After 120 minutes of methylene blue adsorption and
adsorption conditions at pH 10, a very high percent removal was obtained, precisely
99.7%. Based on adsorption kinetics, MB adsorption adopted a pseudo-second-order
model (PSO) with an adsorption rate constant (kz2) was 0.0276 g/mg.min. According to
isotherm investigations, Freundlich isotherm model dependent adsorption (adjusted-R?

=0.928), with Kf = 66.386 mg/g.

1. INTRODUCTION

An important agricultural crop, sugarcane is cultivated in
tropical and subtropical areas all over the world. Sugarcane
has long been acknowledged to be one of the most effective
crops at turning solar energy into chemical energy, which can
be collected as sucrose and biomass [1]. After its production
from the fields, sugarcane was brought to the manufactory and
used to extract juice from sugar production. Sugarcane
cultivation contributes to roughly 80% of world sugar demand
[2]. The sugarcane sector was important for tropical and
subtropical nations not only for sugar production, which is a
key export product for many emerging economies but also for
its byproducts. More than 50 first-generation and over 100
second-generation products may be made from byproducts of
the sugarcane and agricultural industries. Sugarcane by-
products are used as raw materials to make paper pulp,
plywood, animal feed, wax, biofertilizers, alcohols, and many
other valuable goods [3]. Sugarcane bagasse is significant by-
product of industrial sugarcane processing [4]. It is typically
produced following cleaning and extraction of sugarcane
juice. Sugarcane bagasse (SCB) is a fibrous residue that
contains  approximately ~ 17-32%  lignin,  20-32%
hemicellulose, 1.0-9.0% ash, 32-45% cellulose, and other
components [5].
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Cellulose is a common natural polymer produced from
several materials, such as wood, plants, and microbes [6].
Because of their sustainability and renewability, cellulosic
materials are gaining popularity as biocomposites agents for
medical and industrial applications. They have many of (-OH)
groups on their surfaces, which are chemically malleable.
They have excellent mechanical qualities, a low toxicity, a
high aspect ratio, and a low density [6, 7].

Various pre-treatment techniques have been developed to
remove hemicellulose, lignin, wax, ash, and other non-
cellulosic substances from plant cellulose [8]. These cellulose
materials are instinctive formed into cellulose nanocrystals
(CNC), cellulose nanofibrils (CNF), cellulose nanoparticles
(CNP), and bacterial nanocellulose (BNC) through chemical
or mechanical pre-treatment [9]. The dewaxing process was
started with the purpose of removing the wax content
contained in the SCB. Fatty deposits, aldehydes, fatty acids,
esters, and hydrocarbons were discovered in wax [10]. Some
researchers that separate cellulose from natural sources still
rarely use this method. The fact that this approach reduced the
wax component in the SCB by about 94% [11]. Considering
how important the dewax process is and the researchers rarely
do this step first, in this study the dewax process was carried
out first before proceeding to the alkalization and hydrolysis
steps. In order to reduce the amount of lignin and make it
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easier to separate the cellulose, the SCB's lignocellulosic
structure was then disrupted during the alkalization process
[12]. This is followed by an acid-based hydrolysis. The
hydrolysis of cellulose with acid, which dissolve amorphous
cellulose to produce well-defined crystalline domains. Acid
hydrolysis successfully dissolves amorphous cellulose and
extracts CNC from it [13, 14]. Some researchers have been
used H,SO, for hydrolysis of cellulose [3, 15, 16]. This is a
consideration in this study because H.SO. has hygroscopic
properties. So in this study, the process of hydrolysis using
HCI. To establish the optimal concentration, the hydrolysis
process was carried out in this investigation utilising HCI
solutions at concentrations of 5, 10, 20, 25, and 30%. Acid
hydrolysis is used to break down cellulose, and cellulose is
then produced by separating the crystalline domains from the
amorphous component [17]. The properties of cellulose
particles were also evaluated based on the characterization
results using FTIR, XRD, and TGA.

In this study, cellulose particles were used to methylene
blue (MB) adsorption. Methylene blue is a cationic azo dye
produced in textile industry waste, which pollutes the aquatic
environment. Methylene blue consumption has been proven in
studies to have negative effects on human health, including
symptoms such as vomiting, irregular heartbeat, excessive
sweating, gastritis, and chest discomfort [18]. As a result, an
effective and efficient approach for removing MB from
industrial effluent is required. Because of its ability to remove
cationic dyes, the cellulose derived from sugarcane bagasse is
a particularly beneficial product for the environment.
Naturally, this is one of the reasons we wanted to change SCB,
a useless product at first, into a highly useful product. Herein,
we also studied how methylene blue adsorbs to cellulose,
focusing on the effects of contact time, pH, adsorption Kinetics,
and adsorption isotherms. The findings of this study, there was
an increase in a-cellulose composition as well as an increase
in HCl concentration during the hydrolysis process. The
maximum crystallinity index, 63.57%, was found at a
concentration of 20% HCI. The optimal conditions for
methylene blue adsorption using cellulose were 120 minutes
and pH 10. Isothermal studies have shown that this adsorption
process follows the Freundlich isotherm model. The structure
of this paper includes an introduction, materials and methods,
results and discussion, and conclusions. In this paper we
discuss cellulose isolation, evaluation of cellulose
composition, characterization, and adsorption studies of
methylene blue in the materials and methods sections as well
as results and discussion.

2. MATERIALS AND METHODS
2.1 Materials

This study's materials included HCI, NaOH, toluene,
ethanol, distilled water, 15% NaClO,, Methylene Blue, and
SCB (collected solid waste from a supplier of sugarcane juice
drinks in Banda Aceh, Indonesia). All of the compounds were
analytical grade and acquired from Sigma-Aldrich (Selangor,
Malaysia).

2.2 Cellulose particles isolation

a. Preparation
Herbarium testing was used to identify SCB species. SCB
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was cleaned and dried until no water remained. The SCB was
then chopped into little pieces. Using a pestle and mortar, the
sugarcane bagasse was pounded to a powder of around 0.5 mm.
After processing, SCB was stored in a ziplock bag for later use.

b. Dewaxing process

A magpnetic stirrer was used to stir SCB in a 2:1 mixture of
toluene and ethanol for 24 hours at room temperature. The
mixture was then filtered and steeped in distilled water until it
achieved a pH of 7. Following that, filtration using a Buchner
funnel and vacuum was undertaken, followed by 20 hours of
drying in a 50°C oven.

c. Alkalization process

Sample was soaked in 5% NaOH and stirred for 4 hours at
50°C with a magnetic stirrer at 500 rpm. After that, the
suspension was filtered through a Buchner funnel and diluted
with distilled water until pH 7. The sample was then heated in
a 50°C oven for 20 hours before being weighed [19].

d. Hydrolysis process

The procedure employed in this section was the same as that
used by Abral et al. [19], with the exception of minor changes
in HCI concentration variations. SCB was hydrolyzed at 50°C
for 12 h at HCI concentrations of 5, 10, 20, 25 and 30%. After
filtering and vacuuming the hydrolyzed cellulose, it was rinsed
with distilled water until the pH reached neutral. It was then
dried in a 50°C oven for 20 hours.

e. Bleaching process

The hydrolyzed cellulose was immersed in a 4:1 solution of
NaOCI and CH3COOH and swirled with a magnetic stirrer for
two hours at a speed of 500 rpm and a temperature of 60°C.
After bleaching the cellulose, it was washed with distilled
water until the pH was neutral [19].

f. Ultrasonications process

Ultrasonication was performed with a 600 W voltage
ultrasonic. At a maximum temperature of 60°C, 100 mL of
suspension was sonicated for 60 minutes.

2.3 Evaluation of cellulose particle composition

The ASTM D5896-96 technique was used to determine the
hemicellulose content [20]. 10 mL of 0.5 M NaOH was mixed
with 1 g of sample. It was placed in a 100°C boiling water bath
for 3 hours before being rinsed and filtered with distilled water.
After that, it was dried in a 50°C oven for 12 hours. Eq. (1) is
used to determine the results based on a method in the
literature [20].

The presence of hemicellulose = W: — Wy (1)
where, W; and Ws are the starting weight and the final weight
respectively.

1 g of the material was mixed with 72% H,SO4 while
stirring to determine the lignin concentration. Following that,
the sample was let to stand for 1 hour until being diluted with
H2SO4 3% and placed in a water bath at 100°C for 4 hours.
The filter paper was measured and weighed. The material was
then filtered, neutralised, and dried for 12 hours at 50°C.
Furthermore, the lignin content of the sample and filter paper
was determined using Eq. (2) based on a method in the
literature [20].



W,
The presence of lignin (%) = Wd x 100

1

2

Wy, W, are the dried sample's weight and the starting
weight respectively. The cellulose content was determined by
Eq. (3) based on a method in the literature [20].

Cellulose % = 100 — (Hemicellulose + lignin)

3)

2.4 Characterization

To study functional groups, samples were cleaved on
sample holders and oven-dried overnight at 40°C prior to
Fourier transform infrared (FT-IR) analysis. The functional
groups were identified using the Shimadzu FT-IR 8400 (Kyoto,
Japan). The analysis was carried out in the 4000-400 cm™
range. The samples which were characterized using FT-IR
were cellulose particles before hydrolysis, cellulose particles
after hydrolysis using HCI 5, 10, 20, 25 and 30%. Peak and
intensity alterations were observed in all samples. Shimadzu
XRD-700 Series X-Ray Diffractometer was used for crystal
structure analysis (Kyoto, Japan). Cu Ka,» radiation (1.54060
nm) was used to scan the samples from 10° to 30° (26), at a
speed of 8/min. The X-ray generator's tube current was 30 mA
and it ran at 40 kV. The samples which were characterized
using XRD were SCB (row material), cellulose (in powder)
before hydrolysis, cellulose after hydrolysis using HCI 5, 10,
20, 25 and 30%. Thermal characteristics of the sample were
examined using thermal gravimetry analysis (TGA), in which
the sample (1 mg) was placed on an aluminium cell and heated
from 50 to 600°C at a rate of 40 C/min in a Shimadzu DTG-
60 Thermal Gravimetric Analyzer in a dynamic nitrogen
atmosphere (flow rate: 20 mL/min) (Kyoto, Japan).

2.5 Adsorption study

a. Parameters of adsorption

There were two value parameters, the contact time and pH
of solutions. 0.5 g of cellulose particles were added to 20 mL
of 20 mg/L methylene blue solution in 250 mL Erlenmeyer.
The mixture was then shaken with varying contact times (10,
50, 80, 120 and 180 minutes). After filtering methylene blue,
a UV-Vis spectrophotometer (UVminil240, Shimadzu
Corporation, Kyoto, Japan) was used to measure its
absorbance at its maximum wavelength. Next, pH of
methylene blue (pH 2-10) was varied to investigate the effect
of pH by adding 0.1 M HCl and 0.1 M NaOH. Egns. (4) and
(5) were used to provide the data as equilibrium adsorption
volume (Qe (mg/g)) and percent removal (%) according to
reference [21].

Co_Ce

e= W, Vg @)
Co—C

%R = — x100 5)

[o]

Ce, Co, Vy and Wy are equilibrium concentration (g/ml), the
initial concentration (g/ml), volume of adsorbate (ml), and
weight of adsorbent (g), respectively.

In addition to the effect of pH, we also calculated the pHpzc
of the adsorbent. The pHyc was determined using the pH drift
method with 0.1 M KNO3 above a contact duration of 72 hours
[22].
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b. Adsorption isotherm

The maximum adsorption capacity of cellulose was
determined via an equilibrium isotherm analysis. The isotherm
was established by varying the MB concentration. The
concentrations used in this investigation were 10, 20, 30, 40,
and 50 mg/L with 0.5 g of cellulose particles.

c. Adsorption kinetic

Adsorption Kinetics describes the rate of adsorption of the
adsorbent to the adsorbate. By analyzing MB concentrations
at each time of contact (10, 30, 50, 80, 120, and 180 minutes)
with 0.1 g of cellulose, the adsorption kinetics model of MB
by cellulose was established. To determine the mechanism of
adsorption, the experimental data was fitted with pseudo first
order (PFO) (6) and pseudo second order (PSO) (7) kinetic
models according to reference [23].

qe = qm(1 — e*1%) (6)
2
gkt
qr = _tm72> (7)
1+ gkt

3. RESULTS AND DISCUSSIONS

SCB utilised in this study was identified by herbarium
investigation at the Faculty of Mathematics and Natural
Sciences, Universitas Syiah Kuala (voucher number.
20/UN11.1.8.4/TA.00.01/2022). According to the findings,
the SCB used in this study was Saccharum officinarum Linn.

3.1 Cellulose particles isolation

(;,‘H:OH

1 (;,Hg 0/
CH, O HC-OH 9
HC.o-C Ho N
O OH| ; NaOH —>» " SN
Ry 0
- 0
0 | ! R n I n

~n Lignin Cellulose

Lignocellulose

Figure 1. The mechanism of lignin-cellulose bond
dissociation in lignocellulose using NaOH

This step begins with the dewaxing treatment. It sought to
remove the wax components of the SCB. 80% of the extracted
material was recovered by this procedure. The most popular
approach for removing lignin and hemicelluloses from
lignocellulosic materials and dispersing bulk lignocellulosic
materials into lignocellulosic is alkalization. Under alkaline
conditions, the ester bonds in hemicelluloses and lignin are
easily Dbroken down during the alkalization. Many
lignocellulosic materials have been pretreated using alkaline
reagents such as NaOH, Ca(OH),, KOH, Na2COs, and aqueous
ammonia. NaOH and Ca(OH); are the most often used alkaline
reagents [24]. Further, at a temperature of 50°C, the
alkalization method was performed by adding 5% NaOH. This
process, also known as delignification, aimed to decrease the
lignin and hemicellulose content in SCB. The amorphous
component of hemicellulose might also be dissolved by NaOH,
which would also turn the solution's colour dark brown.
Delignification was caused by hydroxide ions (OH") from
NaOH attacking the H atom linked to the phenolic OH group.



The H atom would depart as H* ions due to its partial positive
charge. The basic bonds of lignin would be broken by the OH"
ions of NaOH, whereas Na* ions may interact with lignin to
form phenolic salts. The phenolic salt would disintegrate into
the water and be thrown away during the sample washing
procedure. Figure 1 illustrates the mechanism.

SCB would be alkalized before being treated with an acid
hydrolysis procedure. The elimination of amorphous cellulose
would make cellulose isolation easier. The addition of HCI
solution with various concentrations 5, 10, 20, 25, and 30%
was used to carry out this acid hydrolysis procedure. It took 12
hours to complete the acid hydrolysis process at 50°C. The
hydrolysis process will accelerate with increasing HCI
concentration usage, causing a large amount of glucose
monomer to dissolve while washing with distilled water [25].
Following that, cellulose would be bleached. This procedure
aims to increase the cellulose sample's brightness.
Furthermore, one of the active bleaching agents, hypochlorite
ion, destroyed the residual lignin chain and chromophore
molecules throughout the bleaching process. In general, the
process includes the oxidation of water-insoluble lignin to
break certain bonds, including aryl ether linkages, carbon-
carbon bonds, and B-O-4 bonds, and create water-soluble
chemicals, including aldehydes and carboxylic acids [26]. In
this study, 15% NaOCI solution with 4:1 addition of
CH3COOH was used as the bleaching agent.

This study also used ultrasonication, which is effective for
dispersing cellulose synthesis. Cavitation, which is caused by
ultrasonic vibrations, weakens the crystal cell walls and
loosens the amorphous regions. The density of the structure
will be maintained if the crystal cell wall is damaged. The
ultrasonic technique will promote crystallinity. The majority
of the amorphous sections of cellulose are therefore
hydrolyzed.

3.2 Compositional analysis of cellulose particles

To determine the composition of the samples, the dry
weight of the samples was plotted after extractables such as
ethanol and toluene soluble were removed from the samples.
This is achieved by ensuring that the estimate of total cellulose
content This is accomplished by making sure that the
estimation of total cellulose content is independent of the
sample's overall composition. Wax content is affected. Based
on the results presented, the hemicellulose and lignin
concentrations of samples subjected to the hydrolysis
treatment phase may be found to be significantly decreased.
Hemicellulose and lignin percentages in non-hydrolyzed
samples were still rather high, at 27 and 36.8%, respectively.
Nevertheless, the hydrolysis samples had hemicellulose and
lignin percentages of 9.43% and 2.48%, respectively. It is also
evident that increasing the concentration of HCI used in the
hydrolysis process decreases the amount of hemicellulose and
lignin while increasing the amount of a-cellulose. The
contents of hemicellulose and lignin were lower in hydrolysis
with 10% HCI than in hydrolysis with 5% HCI. Hemicellulose
and lignin concentrations were decreased by 4.2 and 0.11%,
respectively, after hydrolysis with 20% HCI. However, lignin
and hemicellulose concentrations both slightly decreased after
hydrolysis with HCI 25% and HCI 30%. It can be seen in
Figure 2. The sample was quite black because the crystalline
a-cellulose had been converted into carbon. As a result, HCI
at a concentration of 20% was applied in the following stage.
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Figure 2. The differences in lignin, hemicellulose, and a-
cellulose content in samples after different treatments

3.3 Characterization of cellulose particles

According to the chemical composition (hemicellulose,
lignin, and a-cellulose) report, a-cellulose was efficiently
generated by dewaxing, alkalization, hydrolysis, bleaching,
and sonication procedures, where the concentration of HCI
present also affected the percentages of hemicellulose and
lignin, as well as the amount of a-cellulose that was present. It
was validated by FTIR (Figure 3(a)) and XRD data (Figure

3(b)).
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Figure 3. FTIR spectrum (a) and diffractograms (b) on
cellulose with various hydrolysis



According to the acquired FTIR spectrum, it is evident that,
with the exception of the SCB spectrum, none of the six
spectra displayed the absorption band at wavenumber 1730
cm?® linked to stretching C=0O groups in lignin and
hemicellulose [27]. Similarly, after the alkalization treatment
(SCB-A), the intensity of SCB in the absorption band at 1250
cm? referring to the lignin's aromatic ring decreased
significantly [28, 29]. Furthermore, the presence of peaks
among 1510 cm™ wavenumber occurring in the SCB proves
that lignin's methoxy groups are present and the aromatic C=C
strain. The strength of the peak reduced when the material was
alkalized and hydrolyzed. These findings show a considerable
loss or decrease in lignin and hemicellulose content comparing
SCB and SCB-A. The peak intensity of samples treated with
various hydrolysis treatments (HCI 5, 10, 20, 25, and 30%)
was only slightly reduced. In this situation, the HCI
concentration may also be stated to have an influence on lignin
and hemicellulose levels. Furthermore, the increase peak at
wavenumber 897 cm™ was connected to cellulose stretching
C-O and C-H, which resulted in greater cellulose following
acid hydrolysis [17, 30]. When compared to SCB, SCB-A,
HCI 5%, and HCI 10%, the intensity of the samples treated
with HCI 20, 25, and 30% increased. These findings were
directly related to the sample composition study, that showed
more o-cellulose was produced when cellulose was
hydrolyzed at higher concentrations of HCI.

In the case of cellulose I, the existence of O-H stretching on
intramolecular hydrogen is shown by the absorption band at
wavenumber 3175-3490 cm™ [19]. Furthermore, CH
stretching may be seen between 2850 and 2970 cm™ [31]. The
existence of CH; scissoring vibrations in cellulose is shown by
the wavenumber 1430 cm [32]. Additionally, the crystallinity
of materials containing cellulose I, cellulose I1, or a mixture of
the two, as well as amorphous cellulose, may be assessed using
this FTIR spectral peak [33]. According to different studies for
the cellulose crystal structure, the peak in the wavenumber
range of 850-1500 cm™ is crucial. Because the spectra ratio
reflects the crystallinity index, the peak at wavenumbers 1430
cm and 897 cm* are highly useful in explaining the crystal
structure of cellulose [31]. According to the FTIR spectra
reported in this investigation, hydrolysis enhanced the
intensity at wavenumbers 1430 cm™* and 897 cm™. The peak
more sharply in the HCI 10% and HCI 20%. However, the
strength of the HCI 25% and HCI 30% samples decreased
somewhat. These findings show that the hydrolysis process
can remove the amorphous structure of cellulose, resulting in
a greater crystalline cellulose concentration in the sample. In
relation to the outcomes produced by XRD, these findings are
equally relevant.

XRD has an advantage over other crystallinity measurement
methods since the collected data is more accurate [34]. When
X-rays are diffracted, the crystalline component of cellulose
emits a significant signal. According to Ferreira et al. [35], it
is possible to determine crystallographic characteristics in this
situation, including crystal unit cell separation. Following the
hydrolysis process, the sample's crystallinity index improved,;
the crystallinity index grew inversely with HCI concentration.
The equation may be used to determine the crystallinity index

(Eq. (8)) [36]:

Crystalline peak area 0

®)

Total area of all Peak (crystalline+amorphous)

In cellulose particles, the crystalline peak region is located
at angles of 20 = 15.4° and 22.3°. This is also consistent with
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Kumar et al. [31] and Park et al. [37]. In each sample that has
undergone the hydrolysis procedure, the diffractogram (Figure
3(b)) reveals peak intensity increases at an angle of 2 =22.3".
The drop in peak intensity, on the other hand, occurs at an
angle of 20 = 18°, representing cellulose amorphous. In this
investigation, the Scherrer equation was used to determine the
sample's crystalline size (Eq. (9)) [12]:

KA

D= —
B1/2 cost

)

D, K, A, 0 and B are size of crystalline (nm), Scherrer
constant (0.91), radiation wavelength (1.54060 nm), the
diffraction angle, and FWHM (radians) respectively.

The data from each sample's estimated crystallinity index
and crystalline size are shown in Figure 4. On the basis of these
calculations, it can be shown that cellulose's crystallinity index
and crystalline size were both impacted by the HCI
concentration used to hydrolyze cellulose. The crystallinity
index increased significantly at HCI concentrations ranging
from 5 to 20%. The acid used during hydrolysis caused an
increase in the crystallinity index. As soon as the cellulose's
amorphous component broke down, the crystalline part was
formed. Acid degrades the amorphous cellulose chain more
easily than the crystalline cellulose chain [38].

[—m—crystallinity index (%)
crystalline size (nm)|
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60 / 412
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Figure 4. The crystalline size and crystallinity index of
cellulose with various treatments
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Figure 5. Thermograms of SCB and cellulose particles



The cellulose crystallinity index is an essential feature of
cellulose because it influences its mechanical and physical
characteristics. The physical and mechanical characteristics of
cellulose particles with a high crystallinity index are excellent.
This is due to hydrogen bonds between cellulose chains and
Van der Waals interactions between glucose molecules
forming the crystalline structure of cellulose. The degree of
cellulose crystallinity also influences the efficacy of the
hydrolysis process. As a result, knowing cellulose crystallinity
index is critical before proceeding with additional processing
in order to optimize the chemicals utilized, manufacturing, and
analysis time.

A TGA curve depicts the sample's weight loss in 2 stages.
The first stage at 75-150°C is associated with weight loss in
the sample as a result of absorbed moisture evaporation. A
second weight loss is recorded in the range of temperature
360-575°C owing to complete degradation to ash. Cellulose
particles have the lowest residue since it has the fewest
contaminants. Following treatments, cellulose's thermal
resistance increased (Figure 5). The maximal disintegration
rate for SCB was 318°C, which was changed to 333°C for
cellulose particles. This temperature change is caused by the
highly density cellulose particles caused by high
intermolecular hydrogen bonding [19].

3.4 Adsorption study

The cationic dye methylene blue has positively charged
surface groups. As a result of electrostatic attraction, It may be
adsorbed by any adsorbent with exposed anionic functional
groups. Furthermore, as shown subsequently, the hydroxyl on
the cellulose surfaces may play an essential part of the
adsorption mechanism. This study also investigated important
factors in the methylene blue adsorption process such as effect
of contact time and pH adsorption, adsorption isotherm and
adsorption kinetic.
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Figure 6. The impact of contact time

a) Adsorption parameters

Cellulose particles were used to establish the optimum
contact time and pH for MB adsorption. Figure 6(a) shows the
results of the optimal contact time in the adsorption processes.
Based on the data, there is an enhancement in adsorption
capacity and % removal of MB from 10 to 120 minutes.
Adsorption increases with longer contact duration until it
reaches equilibrium. There were a lot of unused active sites in
the adsorbent during the beginning contact times. When the
removal rate is slow, adsorbate diffusion, which is physical
rather than chemical, occurs [22]. After 120 minutes of contact
time, equilibrium was reached as demonstrated by maximum
in adsorption capacity (39.91 mg/g). The term "equilibrium"
refers to the condition that the amount of MB desorbed and
adsorbed is identical. As a result, 120 minutes of contact time
was chosen as the optimum contact time for further
investigation.

(b) and pH (a) on adsorption performance, also pHy,. data
(c). pHpzc was determined by subtracting the pH drift technique
was used to calculate the starting pH (black line) and final pH
(red line) (0.1 M KNOs, 72 h). pH is equally important as
contact time. The change in adsorption capacity at various pH
values of the solution can be used to study this. The effect of
pH on MB adsorption onto cellulose can be seen in Figure 6(b).
To improve MB adsorption, it is necessary to manage the
system's pH. When pH was increased from 1 to 10, the
percentage of MB removal increased from approximately 89-
99.87% and the adsorption capacity improved from around 35-
39.95 mg/g. Electrical property changes caused by pH can
explain this effect of the MB and cellulose particles. Under
strongly acidic [18] circumstances, the hydroxyl groups in the
cellulose will have been protonated, decreasing their ability to
attract cationic MB molecules. This reduces the adsorption
capability. The hydroxyl groups have been deprotonated,
which has caused them to have negative charges at higher pH
levels. As a result, they may bind the positively charged MB
molecules at these higher pH levels. To validate this, we used
the pH drift method to determine the point of zero charge
(pHpzc) (Figure 6(c)). pHp. of cellulose was 6. Cellulose
surface was predicted to be positive if the solution's pH was
lower than pHj,c. Electrostatic attraction was usually attributed
to MB adsorption by cellulose. Thus, adsorbate containing the
same positive charge with adsorbent might be electrostatically
repulsed. It could decrease the adsorption capability.

b) Adsorption isotherm study

To represent the equilibrium of adsorption, adsorption
isotherms were employed. The adsorption isotherm explains
how the adsorbent interacts with MB and its adsorption



properties. The foundation of the Langmuir equation is the
concept that adhesion to an adsorbent surface causes a
homogeneous monolayer of adsorbate to form. However, the
Freundlich equation presupposes since each binding site has a
different amount of energy, leading to heterogeneity and
potentially multilayer adsorption. Figure 7(a) shows the
Langmuir and Freundlich curves for adsorption isotherms. The
comparison of modified R? values based on the curve obtained
further reveals that cellulose particles during the adsorption
process conform to the Freundlich isotherm model. The K¢ for
MB adsorption onto cellulose particles was 66.386 mg/g.
c) Adsorption kinetic study

Pseudo-first-order (PFO) and pseudo-second-order (PSO)
kinetic models were used to study the adsorption Kinetics of
MB onto the cellulose particles. The pseudo first order and
pseudo second order models' non-linear adsorption kinetics
equations are presented in Figure 7(b). The maximum
adsorption capacity for the pseudo second order in this case is
39.969 mg/g, and the adsorption kinetics generally follow this
model. A pseudo-second order adsorption rate constant (k2) of
0.0276 g/mg.min was measured. With an R? value close to 1,
the pseudo second order model explained the data more
effectively. It can be seen in the Table 1. Based on the data, it
can be concluded that the adsorbate and adsorbent's ability to
transport electrons controlled how much methylene blue was
removed [39].
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Figure 7. Non-linear isotherm models (a) and kinetic models
for MB adsorption onto cellulose particles (b)

Table 1. Isotherm and kinetic parameters for MB adsorption onto cellulose

Models Equation Parameters  Value
) Qumax- Ki. Ce Adjusted R? 0.885
Langmuir Q.= TrK Kv (L/mg) 0.856
Isotherm L*  Qmax (mg/g) 150.06
1 Adjusted R>  0.928
Freundlich — n Kr (Mmg/g) 66.36
Qe = K. Ce n 0.697
Adjusted R 0.919
Pseudo-First-Order (PFO) g, = Q,(1 — e**)  Ki(g/mg.min)  0.260
Qe (mg/g) 39.58
Kinetic , Adjusted R 0.921
Pseudo-Second-Order (PSO) = ekat K2(g/mg.min)  0.027
1+ qtht
Qe (mg/g) 39.96

in which, Qe stands for the amount of MB adsorbed at
equilibrium (mg/g), Ce for the concentration of MB at
equilibrium (mg/L), Qmax for the maximum adsorption
capacity (mg/g), and KL for the Langmuir constant (L/mg).
KF: adsorption capacity (mg/g), 1/n: system adsorption
intensity. qt is the quantity of MB that cellulose particles have
adsorbed at equilibrium at time t (in mg/g), ki is the PFO rate
constant (1/min), k; is the PSO rate constant (in mg/mg min);
and t is the time.
d. Adsorption mechanism

FT-IR study on the cellulose particles before and after
adsorption was used to investigate the effect of the functional
group during MB adsorption (Figure 8). Several differences in
the FT-IR spectrum profile following MB adsorption are
attributed to disturbances in the vibration of N-H, C=0, and
O-H. Functional groups containing O and N have been
attributed to the removal of a wide range of pollutants.
Adsorption mechanism studies indicated the importance of
functional groups in establishing electrostatic attraction with
the adsorbate. When the cellulose particles spectra were
compared before and after treatment, it was discovered that the
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majority of the absorption bands had been moved to lower
frequencies. These changes were consistent with previous
reports of cellulose treatment [40, 41]. This data is also
supported by several other studies, which also prove that an
important role in an adsorption process is the functional group
contained in the adsorbent [42-44].
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Figure 8. Comparison of spectra before and after MB
adsorption on cellulose



4. CONCLUSIONS

This study was successful in isolating cellulose particles
from sugarcane bagasse. In case of composition of the sample,
SCB that had been hydrolyzed with 20% HCI included more
a-cellulose and less lignin and hemicellulose. The crystallinity
index of the cellulose particles produced in this study was
63.57%, and their average crystalline size was 2.73 nm.
Adsorption studies also demonstrated that cellulose particles
from sugarcane bagasse was particularly effective in
methylene blue adsorption. According to spectroscopic results,
the C-OH, C=0, C-0, and OH groups were mainly significant
for MB dye adsorption. Cellulose particles have a high
maximum adsorption capacity of MB (66.386 mg/g). The high
maximum adsorption capacity achieved on sugarcane bagasse-
derived cellulose is evidence that it can be used to treat textile
industry waste containing cationic dyes. As a result, this
research was successful in converting sugarcane bagasse,
which is categorized as waste and has no value, into a product
with a high value in order to address environmental
contamination caused by textile industry waste, which is now
prevalent. The cellulose produced in this study has several
advantages over previous studies, including a high
crystallinity index, superior heat resistance, and application in
methylene blue removal. In this paper, we detail each
treatment procedure used to obtained cellulose particles. In
order to be a source of information in future studies, we also
detail the process for lignocellulose breakdown, the reaction
mechanism between cellulose and methylene blue, and study
at adsorption experiments.
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