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a b s t r a c t
Agriculture waste such as sugarcane bagasse (SCB) is composed mostly of cellulose, a very versatile
natural biopolymer with well-established applications in many industries. The purpose of this study
was to use combination treatment methods which include alkaline treatment and mild acid hydrolysis
assisted with ultrasonication to extract cellulose nanofibers (CNFs) from sugarcane bagasse. Initially,
the SCB fibers were treated with sodium hydroxide and aqueous hydrogen peroxide, a bleaching agent
before subjected to mild acid hydrolysis followed by ultrasonication at 70% amplitude to defibrillate
and disperse the fibers. The study focused on acid hydrolysis using mild sulfuric acid to the alkaline
treated cellulose fibers extracted from SCB. The FESEM images of isolated CNFs exhibited diameter in
the range 20–30 nm and length of up to several micrometers. This observation suggests that the
combined treatment methods are highly effective in isolating CNFs from the plant biomass. Moreover,
XRD analysis reveals the presence of peaks at 2h of 15.2° and 22°, indicating cellulose type I with the
crystallinity of 42%. Meanwhile, the FTIR spectra prove that individual CNF was successfully isolated
due to the removal of non-cellulosic constituents. This result verifies that amorphous portions such as
lignin and hemicellulose were completely removed. CNFs with long entangled network fibrils were
successfully extracted from SCB through the combination of alkaline treatment and mild acid hydrolysis
assisted with ultrasonication. The CNFs are expected to have high strength and aspect ratio that can be
used as reinforced material in manufacturing nanocomposites.
Ó 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Recently, biodegradable and environmentally friendly products
have gained worldwide attention as people become more aware of
environmental conservation. The need for sustainable production
methods and more efficient use of natural resources has driven
the growth and expansion of green technology in numerous applications to address increasing industrial demand and reduce enviAbbreviations: MFC, microfibrillated cellulose; SCB, sugarcane bagasse; CNF,
cellulose nanofibers; CNC, cellulose nanocrystals; AFM, Atomic force microscopy;
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ronmental impacts. The growing demand for green technology
has stimulated significant interest in the development of inexpensive and environmentally sustainable materials, especially lignocellulosic biomass material (LBM) which is an ideal alternative
for fossil fuel products (Tayeb et al., 2018).
Lignocellulosic biomass materials (LBMs) can be found abundantly in woody and non-woody plants. The cell structure is
mostly made up of three different polymers which are cellulose,
hemicellulose, and lignin while other constituents including pigments, pectin, and extractives are available in lower quantities
(Padzil et al., 2020). The production volume of LBMs is estimated
to be more than 198 billion metric tons per year (Gan et al.,
2015). LBM is a natural fiber source with attractive properties such
as abundance, sustainable, biodegradable, and environmentally
friendly. They have a great advantage of being low cost and widely
available feedstocks for various applications due to their unique
nature (Habibi et al., 2010).
LBM is also a suitable alternative for producing cellulose products due to the high cost of wood as the main raw material (Habibi
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to generate SCB nanocellulose only consume less energy (Rosa
et al., 2010).
Nanocellulose is a natural nanomaterial derived from any
resources such as lignocellulose fibers commonly available in
2000 plant species (Chirayil et al., 2014). A previous study reported
that nanocellulose possesses exclusive properties such as non-toxic,
lightweight, excellent stiffness, large surface area, and great tensile
strength, and abounding on earth (Dufresne, 2013). Commonly, two
major nano-structured cellulose such as cellulose nanocrystal (CNC)
and cellulose nanofiber (CNF). The diameter of CNCs is 3–5 nm while
CNF is 10–30 nm (Padzil et al., 2020). Nanofibers are fibrillar units
made up of a linear combination of cellulose macromolecules with
both amorphous and crystalline cellulose regions and contain
entangled networks in their structure. In contrast, cellulose
nanocrystals have a perfect crystalline structure (Eichhorn, 2011).
CNFs have a rigid rod-shaped structure that resembles spaghetti
with a high aspect ratio due to their small diameter and several
microns length (Benhamou et al., 2015). Whereas CNCs exhibit a
crystalline-like structure that looks like rice and has a relatively
small diameter and length (Dufresne, 2013).
Numerous methods have been performed to search for an
appropriate extraction method to easily separating nanocellulose
from lignocellulosic materials. Previous studies have suggested
that both CNCs and CNFs can be prepared using chemical, mechanical, or combined methods (Dufresne, 2013, Mtibe et al., 2014,
Jimat et al., 2016a). Pretreatment is a crucial step before fibrillation
of cellulose fibers to achieve simple nanofibrillation separation
which is usually accomplished by swelling and loosening of cellulose fiber cell wall structure. Before separating the fibrils, the cell
wall needs to undergo a pretreatment process to swell the fibers
to reduce hydrogen bonds between them and subsequently
increase the surface area (Jawaid et al., 2017). A previous study
reported that an efficient pretreatment of CNFs could reduce
energy consumption by 20–30 folds (Plackett, 2010).
The pretreatment of lignocellulose biomass usually utilizes
strong acidic and alkaline solutions. However, a previous study
reported that vigorous acid treatment and sonication technique
induced aggressive hydrolysis, which then attacked nanocrystalline fractions (Pääkkö et al., 2007). The application of the combined techniques between strong acid hydrolysis and sonication
has resulted in the generation of cellulose type I fibrils with low
aspect ratio, resulting in relatively week mechanical gels that are
unsuitable for mechanical strengthening or reinforcement agents
(Pääkkö et al., 2007). It should be noted that oxidizing agent, such
as strong acid can cause severe dehydration and redistribution of
biopolymers in lignocellulose materials (Pääkkö et al., 2007).
Moreover, the increase in acid and alkali concentration drastically reduces the crystallinity of the cellulose index. Hence, the use
of these chemicals needs to be regulated properly to avoid undesired
cellulose degradation (Jimat et al., 2016). Strong concentrated chemicals result in cellulose degradation and cause serious corrosion of
equipment resulting in high operating and maintenance costs.
Chemical treatment is purposely performed to separate the cellulose from the lignin and hemicellulose in the soft matrix of the
cell wall. Other components such as wax and ash from the bagasse
fibers can be removed with the toluene/ethanol mixture in soxhlet
(Sofla et al., 2016), a mixture of sodium hydroxide and anthraquinone (Ghaderi et al., 2014), and alkaline acid treatment (Jimat
et al., 2016). The enzymatic pretreatment is often done using a special enzyme called endoglucanase because of its good traits that do
not attack crystal cellulose as easily as other types of cellulose
enzymes (Henriksson et al., 2007). Enzymes such as endoglucanase
and pectinase are usually used after the alkaline and bleaching processes to isolate the nanofibers from sugarcane bagasse. However,
enzymatic treatment alone is insufficient to break down the cellulose fibers into smaller components. They are often combined with

et al., 2010). Cellulose fiber is considered a promising raw material
for development in large-scale commercial processes at relatively
low selling prices (Gan et al., 2015). The annual biosynthetic production of cellulose is estimated to be over 1011 tons (Habibi,
2014).
Cellulose with the molecular formula (C6H10O5) and density of
1.50 g/cm3 is a natural polysaccharide, where D-glucopyranose
rings are connected at one and four carbon atoms by b-glycosidic
linkages (Ngadi and Lani, 2014). Cellulose has low density,
biodegradability, and great mechanical properties according to
the kind of cellulose available (Habibi et al., 2010; Jimat et al.,
2016a). Natural fiber is made up of cellulose that is arranged into
fibrils parallel to each other. Each fiber is a composite where rigid
cellulose microfibrils are embedded in a soft matrix of the cell wall,
consisting mainly of hemicellulose and lignin (Satyanarayana et al.,
2009).
Cellulose is generally classified into four important polymorphic forms comprising cellulose I, II, III, and IV. The structure can
be transformed into different forms depending on the production
method (French, 2017, Anuar et al., 2019). Naturally occurring cellulose, commonly recognized as cellulose type I, is a semicrystalline polymer present in lateral strands without intersheet
hydrogen bonding, and it is not the most stable crystalline form
(French, 2017). Cellulose type I exhibits the best mechanical properties (Jimat et al., 2016a, Anuar et al., 2019).
Cellulose can be extracted from various of lignocellulosic biomass materials (LBMs), including cocoa pod husks (Jimat et al.,
2016a,b), banana (Zuluaga et al., 2007), oil palm empty fruit
brunch (Lani et al., 2014, Anuar et al., 2019), sugarcane bagasse
(Li et al., 2012, de Campos et al., 2013), and cotton (Morais et al.,
2013). Sugarcane, scientifically known as Saccharum officinarum
is a perennial grass of the Poaceae family, mainly grown for its juice
from which sugar is processed. The cultivation of this crop is
important for biofuel production because it can be used directly
to produce ethanol (ethyl alcohol) (Verheye, 2000). Cane is typically grown in subtropical and tropical areas, which has great relevance to Malaysia. It is considered one of Malaysia’s mot
cultivated crops besides palm oil and rubber trees (Hsuan et al.,
2011). The rapid processing of sugarcane into various sugar products in the industry has resulted in the production of unwanted
wastes such as straw and residue (cellulose fiber) which are commonly used to produce second-generation biofuel, namely cellulosic ethanol (Pereira et al., 2015).
The production of large quantities of sugarcane bagasse (SCB)
often regarded as agricultural waste is an unavoidable byproduct from factories during the process of making various sugarcane products. About 280 kg of bagasse is produced for every ton of
sugarcane used by industry. It is estimated that 5.4  108 tonnes of
dried sugarcanes are processed annually worldwide (Cerqueira
et al., 2007). Bagasse is mainly made up of cellulose, which
accounts for about 43.6% of the fiber (Sun et al., 2004). Sugarcane
has the highest cellulose content compared to other natural
sources such as durian (33%) (Penjumras et al., 2015), bamboo
sugar (41%) (Yu et al., 2012, Nguyen et al., 2013), and rice husk
(35%) (Johar et al., 2012).
Meanwhile, the compositions of non-cellulosic materials in sugarcane bagasse are 33.8%, 18.1%, 2.3%, and 0.8% for hemicellulose,
lignin, ash content, and wax respectively (Sun et al., 2004). As a
non-woody plant, sugarcane generally contains less lignin than
wood, offering several advantages such as fewer processing steps
and less demanding bleaching process required to obtain cellulose
(Siro and Plackett, 2010, Krishnan et al., 2010). The extraction of
nanocellulose from sugarcane bagasse is easier than that of wood
because cellulose microfibrils are organized in the less tightlywound manner in the primary cell of agriculture fibers compared
to the secondary wall of the wood. Thereby, the fibrillation process
2
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was modified from Achor et al. (2014). The ground SCB was transferred to a 1L beaker filled with a 2% (w/v) sodium hydroxide
(NaOH) solution. The mixture was then heated in a water bath at
80 °C for 5 h to produce white solid residues. Subsequently, the
solid residues were filtered and washed with deionized water
about three times during the filtration process using a vacuum
pump to separate the white precipitate from the solution mixture.
The process was repeated with 12% (w/v) NaOH at 80 °C for an
hour.

chemical treatments, resulting in time-consuming procedures and
high energy demands (de Campos et al., 2013).
In contrast, mechanical pretreatment is often performed
through different techniques such as disk refining, valley beating,
or cyrocrushing to decrease the size and open the cell wall structure for further separation processes. The lack of mechanical treatment is associated with high energy consumption which
drastically reduces in CNFs volume (Rani et al., 2016). Highpressure homogenization and refining are mechanical methods
typically used to generate microfibrillated cellulose. A previous
study reported that high-pressure homogenization and refining
produced irreversible changes and enhanced microfibrillated cellulose bonding potential by altering their size and morphology as
well as consumed relatively high energy (Nakagaito and Yano,
2004). The mechanical refining method might cause damage to
the microfibrils structure by lowering molar mass and crystalline
level or insufficiently break the pulp fiber (Henriksson et al.,
2007). Pretreatment prior to mechanical treatment such as refining
or homogenization is vital to lower the energy consumption of
refining or homogenization processes of the feed material.
In this study, the isolation of nanocellulose from SCB fibers was
carried out with minimum use of chemicals assisted with ultrasonication. Several studies had been performed to extract nanocellulose with ultrasonication after chemical treatment (Wang and
Cheng, 2009, Jimat et al., 2016b, Xie et al., 2016). The search for
an effective extraction method to separate plant fibers into smaller
elements is often a challenging process because high energy
requirements can restrict its production and limit application
(Siro and Plackett, 2010).
The heterogeneity and crystalline structure of lignocellulose
biomass impede the direct use of this biomass (Xie et al., 2016,
Padzil et al., 2020). For this reason, combined treatment methods
are essential to provide more effective isolation of nanocellulose
from any agricultural fiber. Therefore, in this study, a combination
treatment method which includes alkaline treatment and mild acid
hydrolysis assisted with ultrasonication was performed to extract
nanocellulose fibers from sugarcane bagasse. Many studies
reported on the usage of concentrated acid in treating the lignocellulosic materials that later affected the nanocellulose structure
produced. Thus, our study focused mainly on the usage of a mild
acid to produce nanocellulose fibers with long entangled networks
with higher strength. The yielded nanocellulose is classified as type
I cellulose fibrils which are suitable to be utilized as mechanical
reinforced materials.

2.2.2. Bleaching and hydrolysis processes
The alkaline treated SCB was dissolved in 200 mL of aqueous
hydrogen peroxide (H2O2), a bleaching agent in a 1:1 ratio at
75 °C for 15 min (Jimat et al., 2016a). The bleached samples were
washed and filtered about three times using a vacuum pump to
eliminate all impurities. The treated SCB fibers were further treated with a 1% (v/v) H2SO4 solution at 80 °C for an hour. After washing and filtering the treated samples ten times to remove all
impurities, the treated samples were stored in a refrigerator at
4 °C until further treatment
2.2.3. Ultrasonication
The ultrasonication process was conducted as described by
Jimat et al. (2016) using the Ultrasonic Dismembrator FB-705 with
a 1/8 ‘‘ microtip probe. The treated samples were subjected to an
ultrasonication process for 2 h at a specific amplitude of 70%. In
this process, the flasks of the treated samples were placed in an
ice bath to avoid overheating problems. Next, the cellulose suspension samples were separated from the pellets (solid structure)
using a centrifuge at the rotational speed of 10,000 rpm for
15 min before storing them in a refrigerator at 4 °C until further
treatment.
2.2.4. Morphological analysis
2.2.4.1. Field emission scanning electron microscopy (FESEM). The
architecture of untreated and treated samples were observed using
the FESEM (MERLIN, Zeiss) analysis with a voltage up to 10 kV at
30,000x magnifications and 100, 000x. The sample was placed on
the holder with double-sided cellophane tape and left to dry for
24 h. Next, the samples were coated with iridium for 15 min.
2.2.4.2. Atomic force microscopy (AFM). The analyses of the physical
and chemical properties and measurement of the morphologies or
microroughness of the surface of dry cellulose suspension films
were performed using the atomic force microscopy (AFM), NTEGRA
Prima/NT-MDT device.

2. Materials and methods
2.1. Lignocellulosic biomass materials (LBMs)
First, SCB fibers which were locally collected, were cleaned with
distilled water to remove dirt and left in an oven to dry at 55 °C for
72 h. Next, the fibers were subjected to a size-reduction process via
a grinding process to reduce the size of the fibers into a granular
form of 100-mm size by using a blender. All chemicals are of analytical grades. Sulfuric acid was purchased from Laboratory Reagents
whereas chemical reagents such as hydrogen peroxide, ascorbic
acid, and sodium hydroxide were purchased from Friendemann
Schmidt Sdn. Bhd.

2.2.5. Fourier transforms infrared (FTIR) spectroscopy
The FTIR spectra were recorded using Nicolet iS50 FTIR spectrometer (Thermo Scientific) in the range of 600 to 4000 cm1
and the resolution of 2 cm1.
2.2.6. X-ray diffraction (XRD) spectrometry
The X-ray diffraction (XRD) patterns were determined using D8
Quest Photon 100 CMOS detector (Bruker AXS, Germany) with the
power of 40 mA and 40 kV. For all samples, the readings of angles
were set to a = b = c = 90. The following equation was used to calculate the crystallinity index (CrI):

2.2. Preparation of cellulose nanofibers (CNFs) from sugarcane bagasse
(SCB)

Crl ¼

2.2.1. Alkaline treatment
The alkaline treatment method used for the preparation of cellulose nanofibers (CNFs) extracted from sugarcane bagasse (SCB)

I002  Iam
I002

where, I002 (2h = 18°) and Iam (2h = 22°) (Segal et al. (1959))
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mit greater stability of the nanocellulose and enables better dispersion capability in aqueous media. This procedure is vital to
guarantee that the nanocelluloses do not undergo permanent
agglomeration or known as ‘‘hornification”.
A previous study reported that the cellulose rod with the
dimension of 170  35 nm was obtained after alkaline treatment
followed by hydrolysis with concentrated sulfuric acid (60% w/v)
for 5 h and sonicated for 5 min (Mandal and Chakrabarty, 2011).
In another study, the extracted nanocellulose content is cellulose
type II which generally displays a lower chain modulus (Oudiani
et al., 2011). In this study, the mild acid treatment inhibited the
production of the rod-like structure of cellulose nanocrystal
(CNC) or whisker that is mechanically weak and exhibits a low
aspect ratio. This study proved that the mild acid hydrolysis process could produce longer and more fibrous nanoscale cellulose
fibers with e a high ratio. Typically, this type of nanocellulose fibers
is considered as powerful mechanical reinforcement agent for the
application of nanocomposites and advanced materials. Reinforced
fibers are important in composites as they enhance the composites’
strength and stability (Abdo et al., 2019). Furthermore, selecting
appropriate base material (matrix) and reinforcing agents of the
utmost importance in producing good quality composite (Obada
et al., 2020). Moreover, further defibrillation of SCB fibers was
achieved with the aid of an ultrasonication process that breaks
up microfibrils into individual fibers to produce uniformly dispersed nanosized fibrils (Jimat et al., 2016). Another study reported
that cavitation throughout sonication could efficiently opens up
the structure of treated fibers to release the microfibrils that form
cell walls, consequently yielding CNF with relatively great aspect
ratio and large surface area (Tonoli et al., 2012).
The surface morphology of CNF extracted via alkaline-acid
treatment assisted with ultrasonication from SCB fiber was analyzed using AFM (NTEGRA Prima/NT-MDT/2010) with the scan
area 2  2 lm. The instrument was used to measure the dimensions of the CNF and to observe the surface structure of cellulose
that is significant for subsequent alteration of CNF to enhance its
functionality and compatibility. As depicted in Fig. 4(a), 2D image
of a uniformly distributed fibers and the nanosized fibers deposited
on the cellulose surface was carefully monitored. The root mean
square (Sq) of CNF obtained was 14.11 nm, as shown in Fig. 4(b).

3. Results and discussion
3.1. Morphological examination of CNFs extracted from SCB fibers
Fig. 1 shows the physical observation of cellulose nanofiber
(CNF) gel isolated from SCB fibers by alkaline-acid treatment coupled with ultrasonication. The presence of a clear and transparent
gel demonstrates that individual nanocellulose was released from
the fiber.
Besides that, the FESEM images of crude fibers from sugarcane
bagasse (SCB) at different magnifications are illustrated in Fig. 2
(a) and (b). The alkaline-treated SCB fibers without acid hydrolysis
and a short period of ultrasonication are shown in Fig. 2(c) and (d)
at different magnifications. The crude fiber of SCB was still in a
dense structure because non-cellulosic components such as pectin,
lignin, and hemicellulose are were intact.
There are significant differences for SCB samples that were
alkaline-treated but without acid hydrolysis and short ultrasonication time as depicted in Fig. 2(c) and (d) compared to SCB samples
that were alkaline-treated with acid hydrolysis and long ultrasonication time as illustrated in Fig. 3. Based on Fig. 2(c) and (d,) large
SCB fibers were produced when SCB samples were alkaline treated
without acid hydrolysis and short ultrasonication time. Meanwhile, the SCB samples that were alkaline treated followed by acid
hydrolysis and long ultrasonication time produced fibers with the
homogeneous long rod-shaped structure as depicted in Fig. 3.
Based on Fig. 3, the produced fibers are homogeneously distributed and their dimensions are within the nanometer range.
This result indicates that alkaline treatment and bleaching process
followed by mild acid hydrolysis combined with a long ultrasonication process has resulted in the separation of microfibrils from
the fiber bundles, leading to a uniform distribution of fibers. The
average diameter of the SCB ranges from 20 to 30 nm. The fibers’
length is up to several micrometers as the fiber lenghts cannot
be precisely measured due to the randomly entangled CNFs and
the ends are not visible. A similar observation was reported by
Henriksson et al. (2008) where single nanofibrils most often comprise of cellulose microfibril aggregates rather than smaller single
microfibrils (Henriksson et al., 2008). Perhaps, this result indicates
that the ratio of the extracted fiber’s nanoscale diameter to microscale length was expected to be high.
The application of alkaline treatment using sodium hydroxide
solution is essential to induce rapid swelling and internal binding
of the cell wall, resulting in the partial removal of hemicellulose
and complete removal of lignin. The utilization of mild sulfuric acid
hydrolysis has stimulated rapid solubilization of the hemicellulose
component whereas the cellulose component remains intact in the
alkaline treated SCB fibers. Furthermore, sulfuric acid treatment is
crucial to provide negative charges on cellulose suspensions to per-

3.2. Fourier transforms infrared (FTIR) spectroscopy
The presence of functional groups in SCB before and after treatment was identified using FTIR analysis. The spectrum demonstrated in Fig. 5 exhibits identical patterns but varied in terms of
the peak sharpness.
Based on Fig. 5a, the untreated bagasse fiber has a characteristic
peak between 1600 and 1730 cm1, mainly due to the non-

Fig. 1. (a) Cellulose nanofiber–sugarcane bagasse (CNF–SCB) sheet (b) Cellulose nanofiber (CNF–SCB) suspension.
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Fig. 2. FESEM images of crude SCB at (a) 1000  and (b) 5000  magnifications. The alkaline-treated SCB fiber without acid hydrolysis and a short ultrasonication time of
3 min at (c) 1000  and (d) 5000  magnifications.

Fig. 3. The FESEM images of SCB after alkaline-acid treatment coupled with longer ultrasonication process at (a) 30,000  and (b) 100,000  magnifications.

3.3. Analysis of X-ray diffraction (XRD)

cellulosics components (lignin and hemicellulose) (Sofla et al.,
2016). The discrete absorption peaks before the treatment with a
peak at 1727 cm1 suggest the existence of polysaccharides with
the C=O broadening of acetyl and uronic ester group, verifying
the existence of hemicellulose and lignin components.
The wide FTIR bands in the range of 3200 and 3500 cm1 suggest the existence of free OH stretching vibrations on the hydrogen
bonding of the cellulose structure. The OH bonds extending peak at
3300 cm1 became wider and less sharp, indicating the elimination
of a great amount of non-cellulosic components (hemicellulose and
lignin) from the SCB fiber compared to all three spectra. It should
be noted that the FTIR peak became sharper due to the rapid
increase in the OH concentration when the raw SCB underwent
alkaline and acid treatments. A previous study reported the occurrence of a small peak at about 890 cm1 in the SCB fibers treated
with alkaline-acid treatment, indicating the existence of the C–H
deformation vibration of cellulose (Aditiya et al., 2016). According
to Sofla et al. (2016), this peak growth increased in the percentage
of cellulose components at 896 cm1 attributed to the glycosidic
linkages between glucose units in cellulose.

The XRD pattern of the SCB nanocellulose fibers after alkalineacid treatment assisted with ultrasonication is presented in Fig. 6.
The SCB cellulose exhibit a distinctive cellulose type I pattern
with clear peaks at 2h at 22° and 15.2° (Sofla et al., 2016). The first
peak (2h at 22°) correlates to the crystallographic field of 200 cellulose lattices, while the later peak at 15.2°) represents the amorphous region of cellulose type I (Fig. 6). The diffraction ranges
between 10° and 79°. This wide range captures all the intensities
of both the amorphous and crystalline fractions of the sample.
In this study, the crystallinity of nanocellulose was determined
using XRD analysis software (DIFFRSC.EVA). The SCB nanocellulose
has a crystallinity of 42%. The low crystalline index may be due to a
large number of remaining intact nanocrystalline regions resulting
in a high aspect ratio of the cellulose type I elements. This result
leads to the production of more fibrous, strong entangled and
irregular nanocellulose fibrils networks due to the partial break
down of fibril aggregates as shown in Fig. 3. This result is in line
with the results reported by Pääkkö et al. (2007).
5
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Fig. 4. AFM images of SCB nanocellulose fibers after alkaline-acid treatment assisted with ultrasonication (a) 2D image (5 mm scale) and (b) 3D image.

Fig. 5. FTIR spectra of (a) raw fibers without any treatments, (b) alkaline-treated SCB fibers, and (c) fiber after alkaline-acid treatment and ultrasonication (SCB nanocellulose
fibers).
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4. Conclusion
The isolation of CNFs from sugarcane bagasse material is possible through various treatment methods. New procedures have
been reported continuously to identify efficient ways of producing nanocellulose. This study demonstrated that the application
of alkaline and mild acid treatment together with ultrasonication could produce long entangled network fibrils CNFs
with a nanoscale diameter (20–30 nm) and several micrometers
length.
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