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This research explored the isolation of cellulose from coconut shells using
ultrasound. It involved two types of cellulose isolation: alkali and bleached
cellulose (ABC) and ultrasound-alkali-assisted isolated cellulose (UAIC).
The products were characterized using various techniques, including
attenuated total reflection-Fourier transform infrared spectroscopy (ATR-
FTIR), X-ray diffraction analysis (XRD), thermogravimetric analysis (TGA),
and field emission scanning electron microscopy (FESEM). The ATR-FTIR
results confirmed the effective removal of lignin and hemicellulose in the
ABC and UAIC samples. Field emission scanning electron microscopy
analysis revealed the production of micro-sized cellulose. The TGA and
XRD results showed improved thermal stability and crystallinity in ABC
and UAIC, attributed to the elimination of non-cellulosic constituents.
However, the thermal stability and crystallinity of UAIC were lower
compared to ABC, likely due to the cavitation effect caused by sonication.
The findings suggest that ultrasonication is an efficient and promising
method for isolating cellulose.
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INTRODUCTION

Cocos nucifera, more commonly known as coconut, is a vital food and oil source
that has been grown in over 90 countries (Jerard et al. 2018). Coconut is one of the most
consumed products in the world, with approximately 5 kg per capita of coconuts consumed
annually. However, this high consumption results in significant coconut waste, especially
the coconut shell material. Coconut shell is one of the many valuable lignocellulosic
biomass residues. It is the non-edible component of the coconut. It is mainly composed of
hemicellulose, cellulose, and lignin (Rizal et al. 2020; Kalla et al. 2022). While coconut
shells are biodegradable, they are remarkably durable and strong, leading to an extended
biodegradation process. Coconut shells are often discarded or burned, both of which
present environmental challenges. Disposing of coconut shells in landfills contributes to
landfill issues, as they take a long time to break down and can accumulate in landfills.
Burning them, on the other hand, leads to air pollution. Rather than discarding or burning
coconut shells, they can serve as valuable sources of cellulose for various industries,
including cosmetics, pharmaceuticals, and the food industry.

Although there are a plentiful and renewable resource with a lot of promise, coconut
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shells have historically been regarded as waste material with little commercial utility.
Because coconut shells are readily available and have a high cellulose content, they are a
desirable source for cellulose production, particularly in areas where coconuts are plentiful
(Nayar 2017). Utilising coconut shells also complies with waste valorisation and
sustainable development concepts, turning trash into useful products.

Cellulose has been gaining significant attention globally due to its high availability,
biodegradability, and unique physical and chemical properties, which makes it suitable for
a variety of applications such as biofuel production and fillers in the pharmaceutical
industry (Shokri and Adibkia 2013; Gupta et al. 2019).

In plants and trees, photosynthesis produces cellulose. It is considered the most
abundant resource of renewable polymers on earth and is the main source for the
replacement of oil-based feedstocks (Chen et al. 2015). Cellulose has an unbranched chain
with high crystallinity and polymerization degree (Pasquini et al. 2010). The cellulose
molecule has a length of up to several micrometers (Gardner et al. 2008). Cellulose is
present in an amorphous form in the plant fiber linked by intermolecular and intramolecular
hydrogen bonds to the crystalline phase.

Cellulose is commonly isolated using alkali and bleaching treatments. This method
involves treating the lignocellulosic biomass with an alkali such as sodium hydroxide,
followed by bleaching with sodium chlorite and acetic acid to remove the non-cellulosic
components such as hemicellulose, lignin, and impurities. The bleaching also ensures a
high purity of isolated cellulose (Ouarhim et al. 2019).

Although conventional isolation techniques are well-established, in order to
degrade the lignocellulosic structure of biomass such as coconut shells, they frequently
need strong chemicals, high temperatures, and prolonged reaction periods (Javanmard et
al. 2024). This contributes to both the operational costs and negative environmental effects
due to the need for extensive chemical recovery systems. Research has indicated that the
high lignin content and compact structure of coconut shells (Rizal et al. 2020) make them
particularly resistant to conventional isolation techniques making the isolation of cellulose
difficult. An alkali-assisted ultrasound isolation method was employed in this study to
isolate cellulose. Ultrasound is a multipurpose energy applied in a variety of disciplines,
including health, navigation, and industrial. This energy is used in industrial processes,
including homogenization, emulsification, isolation, crystallization, degassing, defoaming,
and cleaning. Ultrasound has several advantages in these operations, especially in the
isolation of cellulose compared to conventional isolation techniques. Ultrasound-assisted
isolation reduces the need for harsh chemicals and improves the yield and quality of the
isolated cellulose, making it a more environmentally friendly and energy-efficient method.
Ultrasound’s mechanical effects, such as cavitation, improves mass transfer and hasten the
lignocellulosic matrix’s breakdown, which is less possible with conventional techniques
(Rodrigues and Pinto 2007; Lavilla and Bendicho 2017).

Despite the many potentials of cellulose, there is a lack of research exploring the
isolation of cellulose from coconut shells. Using ultrasound to investigate coconut shells
as a cellulose source is a novel strategy that may lead to new directions in both industrial
and scientific applications. While the potential of other biomass sources, such as empty
palm fruit bunches, has been well investigated, investigating the possibilities of coconut
shells may reveal novel material qualities and uses.

Even though there are studies that have used coconut shells to isolate cellulose
(Kalla et al. 2022), the application of ultrasound for the isolation of this material is
insufficient. Therefore, the current study aimed to isolate and compare the properties of
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cellulose from coconut shells using alkali and bleaching treatment and ultrasound-assisted
treatment with alkali. Attenuated total reflection-Fourier transform infrared spectroscopy
(ATR-FTIR), field emission scanning electron microscopy (FESEM), X-ray diffraction
(XRD), and thermogravimetric analysis (TGA) were used to characterize the isolated
cellulose and analyze their properties.

EXPERIMENTAL

Materials

Coconut shells were collected from a local grocery store, while the chemicals used
were commercially available. Toluene (99.5%), ethanol (95%), and 80% sodium chlorite
(NaClOz2) were purchased from Sigma Aldrich, sodium hydroxide (NaOH) was purchased
from Emsure, and glacial acetic acid (CHsCOOH) was purchased from J.T. Baker. All
chemicals were of reagent grade and used as received without further purification.

Methods
Pretreatment of raw coconut shell fiber (RCSF)

The raw coconut shell was dried and ground into powder using a high-speed multi-
function mill in order to decrease the particle size and enhance the surface area of the
coconut shells and allow for more efficient chemical penetration during the isolation. The
obtained powder was sieved using a 35-mesh sieve and dried until a consistent weight was
achieved. This material was referred to as raw coconut shell fiber (RCSF). To remove
impurities such as wax and extractives, the RCSF was subjected to Soxhlet extraction for
6 h using a mixture of toluene and ethanol in a 2:1 ratio. The coconut shell powders were
subsequently termed Soxhlet extracted coconut shell fiber (SCSF).

Cellulose isolation from SCSF: Alkali delignification and bleaching treatment purification

The sample was treated with 1 M NaOH for 4 h at 80 °C to remove hemicellulose.
The resulting residue was filtered and washed multiple times with distilled water until the
filtrate reached a neutral pH. Following the alkali treatment, the bleaching method was
used to remove lignin. The alkali-treated sample was heated in 150 mL of water with 1.5
g of sodium chlorite and 27 drops of glacial acetic acid for one h at 80 °C. The process was
repeated 11 times. Finally, the residue was filtered and rinsed with distilled water until a
neutral filtrate was obtained. This experiment was repeated 3 times and the standard
deviation obtained was 0.141. The obtained sample was referred to as ABC (alkali and
bleached cellulose).

Cellulose isolation from SCSF: ultrasound-assisted alkali treatment

The coconut shell powder was treated with 1 M NaOH solution at room temperature
while being exposed to ultrasonic irradiation at 30% sonication power out of 500 W, which
is 150 W, for 30 min at room temperature. The sonication was conducted using continuous
mode with continues flow of water to avoid temperature increase. The ultrasonication was
performed using a 1.0 cm tip diameter probe, with the depth kept constant at 4 cm. After
the sonication, the mixture was constantly stirred for 2 h at 80 °C. The residue was filtered
and thoroughly washed with water until a neutral filtrate was obtained. The isolated
cellulose was dried until a consistent weight was achieved. This experiment was repeated
3 times and the standard deviation obtained was 0.173. The resulting sample was termed
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UAIC (ultrasound-assisted isolated cellulose).

Characterizations
Yield

The yield of each isolated cellulose was calculated using Eg. 1 and 2 to obtain the
average yield,

Yield (%) = % x 100% 1)

Average yield = Z—Yief (%)

)

where mx is the final mass (mass of cellulose), and mi is the initial mass of sample (SCSF)
used in g.

Attenuated total reflection-Fourier transform infrared spectroscopy (ATR-FTIR) analysis

Fourier transform infrared spectrometry analysis was carried out to observe
changes in functional groups resulting from different treatments. Attenuated total
reflection-Fourier transform infrared spectroscopy (ATR-FTIR) was used to record the
FTIR spectra in the transmittance mode, covering a range from 400 to 4000 cm™.

Field emission scanning electron microscopy (FESEM) analysis

Field emission scanning electron microscopy analysis was used to study the
morphology of the samples. To prepare the sample for analysis, a small amount of sample
was placed on a glass grid. The samples were vacuum-dried and sputter-coated with
platinum before FESEM analysis. The size distribution was obtained by measuring the size
of 150 particles using ImageJ software.

X-ray diffraction (XRD) analysis

X-ray diffraction analysis was conducted to evaluate the crystallinity of the
samples. The samples were characterized using an X-ray diffractometer. The diffracted
intensity of Cu Ka radiation (4 = 0.154 nm) was measured in a 20 range between 10° and
70°. The generator was operated at 40 kV and 20 mA. The crystallinity index was
calculated according to the Segal’s equation (Segal et al. 1959),

Cl (%) = 2ee=lam » 10006 A3)

I200

where l200 is the highest intensity of the lattice diffraction peak, which occurs at
approximately 22 to 23°, and lam is the minimum intensity of the amorphous region of the
sample, which occurs at about 18°.

Thermogravimetric (TGA) analysis

The thermogravimetric analysis was used to provide information on the thermal
stability of the samples. The samples were subjected to thermogravimetric analysis by
heating 1 mg of each sample from 30 to 900 °C under a nitrogen atmosphere with a heating
rate of 10 °C min and a flow rate of 20 mL min™. The thermogravimetric analysis provides
data on how samples and their masses respond to the increasing temperature applied.
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RESULTS AND DISCUSSION

Yield of Cellulose

After each treatment, the quantification of cellulose yields was calculated using Eq.
1, and the average yield was calculated using Eq 2. The UAIC treatment had a significantly
higher yield of cellulose (65.3%) compared to ABC (24.7%). The lower yield of ABC can
be attributed to the repetitive process and the high-temperature bleaching treatment,
resulting in cellulose degradation and decomposition.

The increased yield of UAIC is attributed to the cavitation phenomenon from
sonication. During ultrasonication, the high-frequency sound waves create cavitation
bubbles, which expand to their maximum expansion size and asymmetrically collapse near
the RCSF surface. This generates intense localized forces known as microjet, which disrupt
the cell wall of the RCSF, leading to the release of cellulose from the plant material. The
advantage of ultrasound lies in its ability to enhance the accessibility of NaOH to the
cellulose through increased mass transfer. It also enhances the breakdown of lignin and
hemicellulose components within the RCSF (Chemat et al. 2016; Yi et al. 2019).
Consequently, ultrasound-assisted isolation can give a higher yield of cellulose compared
to conventional methods that rely solely on chemical treatments.

The alkali and bleaching treatment method also shares the aim of breaking down
the cell wall of RCSF and degrading lignin and hemicellulose. Although this approach is
efficient during cellulose isolation, cellulose yield may not be fully maximized due to
limitations in the degree of breakdown or solvent accessibility to cellulose. In this instance,
it is thought that ultrasound-assisted isolation provides additional mechanical disruption
that improves the isolation of cellulose and, as a result, leads to a larger yield of cellulose.

ATR-FTIR

Attenuated total reflectance-Fourier transform infrared spectroscopy analysis was
done to discern the changes in the cellulose’s functional groups following the isolation
process, particularly upon confirming the elimination of hemicellulose and lignin
components (Wulandari et al. 2016). Figure 1 shows the FTIR spectra of RCSF, ABC, and
UAIC.

The functional groups present in the isolated celluloses from coconut shell (ABC
and UAIC spectra in Fig. 1) exhibited similarity to those identified in cellulose isolated
from different raw materials, such as Agave angustifolia fibers, sugarcane bagasse, and oil
palm empty palm fruit bunch fibers (Rosli et al. 2013; Ching and Ng 2014; Theivasanthi
et al. 2018).

The FTIR spectra of ABC and UAIC shared similarities in terms of the peaks
present. However, they can be distinguished by the slight change in peak intensities. This
variation indicates a change in the crystallinity of the samples (Rosli et al. 2013). In Fig.
1, the intensity of the ABC peaks was lower compared to UAIC samples. The decrease in
peak intensity indicates a decrease in crystallinity.

In the FTIR spectra of RCSF, ABC, and UAIC, the peak at 3336 cm™* corresponds
to the stretching vibration of OH groups in cellulose. The peak at 2878 cm™ corresponds
to the C-H stretching vibration. Cellulose is typically hydrophilic and has a strong
interaction with water. This is indicated by the absorbance peak at 1619 cm™ due to the O-
H bending in the absorbed water (Evans et al. 2019). These observations highlight the
structural similarities and water-interacting properties of the isolated cellulose samples in
this study, consistent with cellulose isolated from different sources. The FTIR spectra
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provide further insights into the composition of the isolated cellulose sample. The peaks
around 1433, 1360, and 1318 cm™ are attributed to CH2 scissoring at C-6 in the crystalline
region of cellulose, C-H bending, and CH2 wagging at C-6 of the cellulose, respectively
(Kumar et al. 2014). The peak at 1235 cm™ represents C-OH in plane stretch at C-6, while
the absorption peak at 1027 cm™ is due to the C-O-C group of the pyranose skeletal ring
(Melikoglu et al. 2019; Cichosz and Masek 2020).

—UAIC
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——RCSF

Transmittance (%)

w‘:\/\/’_\

1740 cm-! 1510 em-!

T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Fig. 1. FTIR spectra of Raw coconut shell fiber (RCSF) (black), Alkali and bleached cellulose
(ABC) (red) and Ultrasound-alkali-assisted isolated cellulose (UAIC) (blue)

The C = O stretch of the acetyl and uronic ester group of hemicellulose ester,
carbonyl ester linkage of the ferulic group, and p-coumaric monomeric lignin exhibit an
absorption peak around 1740 cm™ (Ching and Ng 2014). The peak at 1510 cm represents
the stretching of the aromatic ring of lignin. Referring to Fig. 1, these peaks are present in
the FTIR spectra of RCSF but are notably absent in the FTIR spectra of ABC and UAIC.
This absence serves as strong evidence that hemicellulose and lignin underwent
degradation and were effectively eliminated during the chemical and ultrasonication
treatments due to hemicellulose and lignin bond cleavage (Zhang et al. 2014). This

supports the successful isolation and purification of cellulose from the coconut shell
material.

Morphological Analysis

Field emission scanning electron microscopy analysis was conducted to examine
the morphological characteristics, encompassing aspects such as the shape and size of
isolated materials. For the accuracy of the observation, the samples were sputter coated
with platinum during preparation to avoid charge accumulation. Figure 2 displays the
FESEM images of raw coconut shell fiber (RCSF), alkali and bleached cellulose (ABC),
and ultrasound-alkali-assisted isolated cellulose (UAIC).

The results revealed that RCSF exhibits bundles of fibers with varying sizes and
irregular shapes alongside some isolated individual fibers. To provide a comprehensive
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assessment of these materials, a size distribution analysis was conducted, based on the
examination of 150 particles. The outcome of the size distribution analysis is visually
presented in Figs. 3 and 4. The analysis results for size distribution are also summarized in
Tables 1 and 2.

Fig. 2. FESEM images of a, b) Raw coconut shell fiber (RCSF) , ¢, d) Alkali and bleached
cellulose(ABC) and e, f) Ultrasound-alkali-assisted isolated cellulose (UAIC) at different
magnifications

The average length and diameter of ABC and UAIC were lower than that of the
RCSF. The initial raw material contains non-cellulosic components such as lignin,
hemicellulose, wax, and other impurities that act as cementing material, holding the fibers
together in bundles. However, the application of alkali, bleaching, and ultrasonication
treatments on the RCSF caused the removal of these non-cellulosic cementing materials by
cleaving the bonds between hemicellulose and lignin. This effectively led to the fiber
bundles separating into individual fibers with smaller average lengths and diameters. The
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morphological alteration indicates the successful purification and processing of cellulose
from the raw coconut shell fiber.
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Fig. 3. Length distribution of Raw coconut shell fiber (RCSF), Alkali and bleached cellulose (ABC)
and Ultrasound-alkali-assisted isolated cellulose (UAIC)
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Fig. 4. Diameter distribution of Raw coconut shell fiber (RCSF), Alkali and bleached cellulose
(ABC) and Ultrasound-alkali-assisted isolated cellulose (UAIC)
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Table 1. Summary of Length of Particles for Raw Coconut Shell Fiber (RCSF),
Alkali and Bleached Cellulose (ABC) and Ultrasound-Alkali-Assisted Isolated

Cellulose (UAIC)

Sample Length (um)

Mean Standard deviation Minimum Maximum
RCSF 187.84 80.57 57.28 471.90
ABC 59.53 22.49 14.01 157.40
UAIC 77.79 23.63 37.77 183.10

Table 2. Summary of Diameter of Particles for Raw Coconut Shell Fiber (RCSF),
Alkali and Bleached Cellulose (ABC) and Ultrasound-Alkali-Assisted Isolated

Cellulose (UAIC)

Sample Diameter (um)
Mean Standard deviation Minimum Maximum
RCSF 38.20 12.85 16.77 74.87
ABC 22.57 13.99 6.51 67.45
UAIC 32.87 11.81 8.94 73.82

Moreover, there is a notable distinction in the surface morphology of ABC (Fig.
2d) and UAIC (Fig. 2f). Alkali and bleached cellulose and UAIC display a smoother
surface and smaller size when compared to RCSF. The difference can be attributed to the
effective removal of non-cellulosic components from the fibers by repeated bleaching with
sodium chlorite. The FTIR analysis (Fig. 1) also confirms the removal of non-cellulosic
components from ABC and UAIC. However, the UAIC shows a rougher and cracked
surface, which can be attributed to the cavitation effect, specifically micro jetting during
the asymmetrical implosion of microbubbles, as investigated by He et al. (2022). Previous
research has demonstrated that the combined action of NaOH and ultrasound induces
surface rupture and disintegration (He et al. 2022).

The results demonstrate that the isolation of cellulose from coconut shells can be
achieved through ultrasound-assisted alkaline treatment. This process not only purifies the
cellulose but also reduces particle size, presenting valuable insights for the potential
applications of cellulose derived from this sustainable source.

XRD Analysis

X-ray diffraction analysis was conducted to examine the crystallinity index (Ci) of
both the isolated cellulose. Figure 5 shows the XRD diffractogram of RSCF, ABC, and
UAIC.

The XRD pattern of cellulose exhibited diffraction peaks at approximately 26 =
18°, 22.5°, and 35.5°, corresponding to the planes of 110, 002, and 004, respectively. The
intensity peaks at 110 represent the amorphous region of the sample while the intensity
peaks at 002 and 004 represent crystalline regions of the samples. These peaks also indicate
the presence of the crystallinity index (Ci) in all samples (Rosli et al. 2013). The intensity
peaks at 38°, 44°, 65°, and 78° correspond to the silicon dioxide and silicon carbide in the
RCSF. The absence of these peaks in the ABC and UAIC indicates that impurities and non-
cellulosic components were removed from the raw material (Madakson et al. 2012). The
Ci was calculated using Eq. 3 and is presented in Table 3.
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Fig. 5. X-ray diffraction diffractogram of raw coconut shell fiber (RSCF), alkali and bleached
cellulose (ABC), and ultrasound-alkali-assisted cellulose (UAIC)

Table 3. Crystallinity Index of Raw Coconut Shell Fiber (RCSF), Alkali and
Bleached Cellulose (ABC) and Ultrasound-Alkali-Assisted Isolated Cellulose
(UAIC)

Sample Ci (%)
RCSF 37.5
ABC 50.3
UAIC 46.5

The crystallinity of ABC (50.3%) and UAIC (46.5%) was higher than RCSF. The
crystallinity increased in the order of RCSF < UAIC < ABC. The lower crystallinity index
of RCSF can be attributed to amorphous non-cellulosic components, such as hemicellulose,
lignin, and other impurities. These materials intertwine within the fibers, contributing to
reduced crystallinity. Materials such as lignin and hemicellulose have lower crystallinity
values since they are more amorphous than cellulose, which has both amorphous and
crystalline regions. The crystallinity of RSCF was lower than ABC and UAIC. After the
removal of the component with a lower crystallinity value, consequently, the crystallinity
for ABC and UAIC was higher because they only consist of cellulose.

Therefore, removing these materials during alkali, bleaching, and ultrasonication
treatments increased the crystallinity. However, the UAIC exhibited slightly lower
crystallinity compared to ABC. This can be attributed to the fact that, during sonication,
cavitation occurs, where the collapse of cavitating bubbles takes place. When this happens,
the potential energy of the bubble is converted to kinetic energy that passes through the
bubble and hits the opposite bubble at several hundred meters per second before hitting the
fiber surface. This causes extreme damage at the point of impact, and the amorphous and
crystalline regions are subjected to intense collision. Consequently, this causes fractures
and damage to the crystalline part of the cellulose, ultimately reducing the crystallinity (Li
etal. 2012).

Mohan et al. (2024). “Ultrasound isolated cellulose,” BioResources 19(4), 7870-7885. 7879



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

TGA Analysis

TGA was conducted to evaluate the potential utility of cellulose for high-
temperature applications (Liu et al. 2016). The TGA and DTG graphs of RCSF, ABC, and
UAIC are shown in Figs. 6 and 7. Table 4 summarizes the degradation temperature range
and percentage of weight loss in each degradation step of RCSF, ABC, and UAIC.
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Fig. 6. Thermogravimetric analysis graph of Raw coconut shell fiber (RCSF), alkali and bleached
cellulose (ABC), and ultrasound-alkali-assisted isolated cellulose (UAIC)
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Fig. 7. Derivative thermogravimetry graph of raw coconut shell fiber (RCSF), akali and bleached
cellulose (ABC), and ultrasound-alkali-assisted isolated cellulose (UAIC)
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Table 4. Degradation Temperature Range and Weight Loss Percentage in Each
Degradation Step of Raw Coconut Shell Fiber (RCSF), Alkali and Bleached
Cellulose (ABC) and Ultrasound-Alkali-Assisted Isolated Cellulose (UAIC)
Obtained from TGA and DTG Graphs

Degradation Step | Step Il Step 1l
Step a Deg. a Deg a Deg.
temp. Weight temp. Weight temp. Weight
Sample range | loss (%) range loss (%) range loss (%)
(°C) (°C) (°C)
RCSF 30-150 9.6 200-380 51.8 365- 590 37.2
ABC 30-140 9.6 240-380 58.3 380-560 30.5
UAIC 30-140 9.5 220-380 48.3 400-560 20.2

2Deg. temp. range represents degradation temperature range

The thermogravimetric analysis of RCSF in Figs. 6 and 7 reveals three degradation
steps. The first degradation step occurred at 30 to 150 °C with a weight loss of 9.6%, which
can be primarily attributed to moisture desorption and evaporation (Evans et al. 2019). The
second degradation phase occurred within the range of 200 to 380 °C with a weight loss of
about 51.8 %. In this stage, there were two distinct peaks. The first occurred within the
range of 200 to 315 °C, corresponding to hemicellulose degradation, while the second
occurred between 315 and 380 °C, which is consistent with cellulose degradation
(Tangsathitkulchai et al. 2016). In general, the thermal decomposition of lignocellulosic
biomass involves the degradation of its components; namely cellulose, hemicellulose, and
lignin. Lignin degradation begins around 160 °C and continues over a wide temperature
range up to 900 °C. On the other hand, hemicellulose degrades at lower temperatures,
typically in the range of 200 to 315 °C, while cellulose decomposes at temperatures
between 250 to 400 °C. The third degradation step occurred at 365 to 590 °C with a weight
loss of about 37.2%, which can be attributed to the degradation of carbonic residue into
components of low molecular weight and cleavage of glycosidic linkages in cellulose
(Mohammed et al. 2021; Reddy et al. 2011). Similarly, the TGA and DTG graphs of both
ABC and UAIC in Figs. 6 and 7 reveal three distinctive degradation phases. However, for
the second step of thermal degradation for ABC and UAIC, there was only one peak
observed. This thermal behavior can be attributed to the decomposition of cellulose (Bano
and Negi 2017), which confirms the earlier removal of non-cellulosic components.
Comparing with the RCSF, ABC and UAIC samples’ degradation temperature at this stage
started at a slightly higher temperature where the sample degraded at 200, 240, and 220 °C
for RCSF, ABC, and UAIC respectively. The increased thermal degradation temperature
of ABC and UAIC compared to RCSF is attributed to the removal of amorphous
hemicellulose and lignin during the chemical treatments, which has been shown through
FTIR analysis (Fig. 1). Additionally, the increased degradation temperature of ABC (240
°C) compared to UAIC (220 °C) is also due to the higher crystallinity of the fibers, as
shown in Table 3. On the other hand, the UAIC exhibited a slightly lower thermal
degradation temperature than ABC, which can be attributed to its lower crystallinity.
During sonication, cavitation bubble collapse leads to extreme fiber damage. The
crystalline portion of the fibers is broken and damaged as a result of the severe impact that
occurs between the amorphous and crystalline sections of the fibers. As a result, the fibers’
crystallinity is diminished, which lowers their thermal stability (Li et al. 2012). The third
step corresponds to the degradation of carbonic residue into lower molecular weight
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components, accompanied by the cleavage of glycosidic linkages in cellulose, resulting in
weight losses of about 30.5% for ABC and 20.2% for UAIC.

As shown in Tables 1 and 2, based on FESEM analysis, the ABC samples had a
length and diameter of 59.5 pum and 22.6 um, respectively, while UAIC has a length and
diameter of 77.8 um and 32.9 um, respectively. Therefore, the increased percentage of
weight loss at this stage for ABC is attributed to its smaller fiber size compared to UAIC.
Smaller fibers tend to degrade at slightly lower temperatures and consequently enhance
char yield as reported by Li et al. (2012). Moreover, the gradual weight loss beyond 400
°C in UAIC sample is consistent with its larger size compared to ABC samples. These
longer chains can contribute to the formation of a more extensive network of polyaromatic
structures when the cellulose decomposes. This network can enhance the stability of the
resulting char, making it more resistant to decomposition at higher temperatures. The
generation of larger aromatic compounds and a more extensive cross-linked network take
more energy to disintegrate. These structures contribute to the observed thermal
degradation. Additionally, the surface area-to-volume ratio of larger cellulose particles is
typically smaller, which may have an impact on how the material is exposed to heat and
reactive gases during degradation and this could lead to a more stable and controlled
degradation process.

CONCLUSIONS

1. This study presents compelling evidence of the successful isolation of cellulose from
coconut shells using various investigated methods. The alkali and bleaching treatment
(ABC) and the ultrasound-assisted alkali treatment (UAIC) proved effective in yielding
cellulose from the coconut shells. Remarkably, UAIC demonstrated a higher cellulose
yield compared to ABC. However, despite both methods yielding micro-sized particles,
UAIC resulted in larger particles.

2. Ultrasonication played a crucial role in generating cellulose from raw material, owing
to the physical effects of acoustic cavitation. These effects were primarily attributed to
the asymmetrical implosion of cavitation microbubbles, leading to the generation of
microjets near the plant surface. This, in turn, facilitated particle fragmentation,
breaking down the cell wall of raw material and leading to the release of cellulose

3. While the hardness of coconut shells might have led researchers to believe that isolating
cellulose would be challenging, current literature lacks the use of ultrasonic technology
for these purposes. This research, however, demonstrated that the hardness of the
coconut shell does not hinder cellulose isolation. The dense and lignin-rich structure of
coconut shells presents physical obstacles that ultrasound technology can overcome,
resulting in larger cellulose yields and improved quality. This makes ultrasound
technology particularly attractive in this context. This study showed that ultrasonic
isolation can improve the effectiveness of cellulose isolation while minimising
processing time and energy usage. For this reason, it's a viable technique for handling
difficult materials like coconut shells.

4. Further investigations such as chemical modifications or blending with other materials
will make it possible to increase the isolated cellulose’s quality. This work lays the
groundwork for additional research and optimizations to address certain application
requirements.
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5. This study also showed that it is feasible to isolate cellulose from unconventional
sources such as coconut shells, therefore expanding the range of raw materials available
for cellulose manufacturing. This is a critical step that will support global sustainability
efforts by lowering reliance on conventional wood-based sources.
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