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Article info. ABSTRACT

Received 26 Jun 2024 In this study, cellulose nanofiber (CNF) was synthesized from Nypa
Revised 17 Jul 2024 fruticans shells as raw material in Can Tho City. CNF was successfully
Accepted 20 Dec 2024 produced via several steps. Firstly, raw material was treated with a

mixture of Peroxyformic acid solution, then with an alkaline solution and
bleached. Finally, it was hydrolyzed with 5% oxalic acid combined with

Keywords hydrothermal and used ultrasonic waves with a high number of 40 kHz.

The obtained materials after each step were surveyed and evaluated
Cellulose nanofiber, through advanced analysis methods, such as Fourier transform infrared
Hydrothermal method, spectroscopy, X-ray diffraction, thermogravimetric analysis, and scanning
Nypa fruticans, Oxalic acid, electron microscopy. The results indicate that the CNF material had high
Peroxyformic acid purity, high crystallinity, and an average size of about 15.74 nm. The

results of this study demonstrate the potential of Nypa fruticans shells as a
low-cost and environmentally friendly raw material for CNF synthesis.

1. INTRODUCTION used as a fuel source or discharged directly into the
environment, causing pollution. The main
components of the Nypa fruticans shell are
cellulose, hemicellulose, and lignin (Pramila &
Shiro, 2011; Wijana et al., 2023). This makes Nypa
fruticans shells an abundant carbon source suitable
for applications in Lithium-ion batteries.

Nypa fruticans, also known as leaf Nypa fruticans or
mangrove palm, is the only palm species that can
live in swamps. It originates from the coasts of the
Indian and Pacific Ocean, widely distributed in
mangrove forests in South Asia, Southeast Asia, and
other regions with saltwater or brackish water

environments (Lawrence & Dennis, 1988; Kenvin Cellulose is one of the most common natural
& Siti, 2000; United States Department of polymers in the world and is the main component of
Agriculture, 2024). Parts of the nipa palm tree are plants and algal fibers. Cellulose can be
used in various ways, such as for food, firewood, decomposed into a nanometre-sized structure called
and nipa fronds, which are used as composites for nano cellulose, which helps improve mechanical
medium-density fiberboards (Kruse & Frithwald, properties and adsorption capacity, and increases
2001). Nypa fruticans is a plant commonly grown in the number of active -OH functional groups on the
Viet Nam. Despite its economic benefits, many surface (An et al., 2021). Nanocellulose from Nypa
Nypa fruticans shells are not fully utilized; most are fruticans  shells was synthesized through
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pretreatment, isolation, bleaching, and hydrolysis.
Because the structure of lignocellulose is consists of
fiber bundles made up of cellulose bundles
surrounded by hemicellulose and lignin, it must
undergo steps such as pretreatment, isolation, and
bleaching to remove lignin and hemicellulose to
create nanocellulose. Finally, only cellulose is was
hydrolyzed to produce nanocellulose. Various
techniques were used to determine the structure of
nanocellulose such as scanning electron microscopy
(SEM), X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), and
thermogravimetric analysis (TGA) (An et al., 2020;
Fahma et al., 2021).

Cellulose nanofiber (CNF) obtained from Nypa
fruticans shells exhibits significant potential as a
sustainable and biodegradable material, finding
applications in various fields such as packaging,
textiles, biomedicine, energy storage (Fahma et al.,
2021; Sandeep et al., 2021; Khalil et al., 2016). With
many excellent physical and chemical properties,
CNF is widely used in daily life, including energy
storage. Its large surface area and high electrical
conductivity make CNF suitable material for
supercapacitors (and) batteries.

2. MATERIALS AND METHODS
2.1. Materials

Nypa frutican shells as raw material were collected
from Can Tho City, Viet Nam. The chemicals used
included oxalic acid dihydrate (CH204.2H.0, >
99.5%), formic acid (HCOOH, > 88.0%), hydrogen
peroxide (H202, > 30%), sodium hydroxide (NaOH,
>96%). All chemicals were purchased from Xilong
Scientific Co., Ltd., China, and used without any
purification process.

2.2. Methods
2.2.1. Fourier transform infrared spectroscopy

The FTIR spectrum was measured using a Bruker
Vertex 70 FTIR spectrometer. The analysis was
performed on powder samples in the wave number
range from 4000 — 400 cm, with a resolution of
4cm

2.2.2. X-ray diffraction

XRD patterns were measured using an ADVANCE
D8 — Bruker device. Samples were measured under
operating condition of 40 kV, 40 mA (1,600 W) with
a step size of 0.01°, and a step time of 250 seconds,
covering the range 20 — 80°.
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2.2.3. Thermogravimetric analysis

TGA is an analytical method used to determine the
thermal stability and decomposition temperature of
nanocellulose. The analysis was conducted using a
TAQ500 thermal analysis system. Samples were
scanned from 30°C to 800°C in a nitrogen
atmosphere.

2.2.4. Scanning electron microscope

The method was performed using Hitachi S-4800
equipment. This method is used to analyze the
morphology of fiber structure and solid
morphology, and it is widely employed in
determining the characteristics of materials after
processing steps.

2.2.5. Pretreatment of Nypa frutican shells

The pretreatment process is illustrated in Figure 1.
In this process, Nypa fruticans shells are sorted and
washed. Then, the heads of Nypa fruticans shells are
cut into pieces about 1 cm thick and removed. They
are dried at 80°C for 24 h. After drying, the materials
are coarsely ground using an AH-260 chopper and
finely ground with an MF 10BSOAOQ mill, operating
at 230 V, 1000 W, and 50 Hz frequency. After
grinding, the resulting material has a diameter of
less than 250 micrometers (referred to as raw
material).

G-l

A’);;é:ﬁ:ztticans

Sorting, cutting, washing Drying 80°C, 24 h
: ! : . ,{)--.‘
Raw material i : i
D < 0.25mm Grinding finely Crushing

Figure 1. Diagram of the pretreatment process
of Nypa fruticans shells

2.2.6. Peroxyformic acid (PFA) treatment

After grinding, the raw material was pretreated with
distilled water at a 1/20 (wt/vl) ratio, continuously
stirred for 2 h at 90°C and 400 rpm to thoroughly
remove dust, dirt, and tannins from the Nypa
fruticans shells. It was then evenly mixed in the PFA
mixture (90% HCOOH + 5% H,0; + 5% H;0) at a
ratio of 1/40 (wt/vl) and stirred continuously at 90°C
for 4 h. After stirring, it was filtered and washed
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with distilled water several times until reaching a
neutral pH.

2.2.7. Bleaching

Samples after PFA treatment were subsequently
treated with an alkaline solution using 0.5 M NaOH.
This process was conducted at 70°C with stirring for
4 h and adjusted to pH = 12. After alkaline
treatment, multiple filtrations were performed,
followed by bleaching with 30% H,0O; at a ratio of
4/1 (wt/wt) at 80°C for 1 h. The objective of this
process was to remove lignin and hemicellulose
completely. The samples were washed with hot
water and filtered using a vacuum filtration system
after each treatment. Following these treatments, the
resulting sample consisted of pure cellulose.

2.2.8. Hydrothermal treatment

The bleached mixture was treated using an
autoclave as a hydrothermal treatment technique
combined using hydrolysis with 5% oxalic acid
dihydrate (HOOC-COOH) at a ratio of 1/10 (wt/vl)
at 160°C for 4 h. Subsequently, the sample was
sonicated using an Ultrasonic Cleaner (TUC-20)
with a power of 60 W and a frequency of 40 kHz for
30 min at 50°C. After this process, the sample was
filtered and centrifuged at 4500 rpm three to four
times until it reached a neutral pH. The sample was
then freeze-dried by freezing itat —80°C for 3 h and
drying it for 24 h at 30°C. The product obtained after
drying is CNF.

PFA [90% HCOOH NaOH 0.5M H,0,30%
H,0 1:40 { 5% H,0, Ratio 1:20 Ratio 4:1
1:20 (wiivl) (wtivl)| 5% H,O (wtivl) (wtiwt)
v&ashed ‘washed
Stirred p}m 90°C,4h pH~7  70°C,4h  pH~7  80°C,lh
o
220 (wt/vl=1:10)
-
= - Hydrothermaal
an “Eam ?
TR Al
Centrifugation Ultrasonic 160°C, 4 h
CONF 4500rpm, 40KHz. 50°C,
B Filtered/washed 30 minute
pH~7

Figure 2. Schematic illustration for the synthesis
of CNF from Nypa fruticans shells

3. RESULTS AND DISCUSSION
3.1. Fourier transform infrared spectroscopy

FTIR analysis provides information about the
chemical structure by determining the vibrations of
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chemical functional groups present in the sample.
Figure 3 shows the FTIR spectrum of the samples at
each stage, revealing two main absorption regions:
one at low wavenumbers ranging from 1800 to 700
cm? and another at higher wavenumbers around
3500-2700 cm, related to the vibrations of the OH
group. Particularly, the OH group spectrum peak
exhibits a bulb shape, a wide spectral base, and high
transmittance, indicating the presence of hydroxyl
groups on the surface and intermolecular hydrogen
bonds between chains (Prado & Spinacé, 2019; Hai
et al., 2020; Ma et al.,, 2023). Additionally,
absorption is observed around 2900 - 2800 cm™ and
approximately 1500 - 1250 cm'%, representing the C-
H bonds present in cellulose, hemicellulose, and
lignin compositions. (Prado & Spinacé, 2019).
Specifically, lignin shows a characteristic
absorption peak in the of 1600 - 1500 cm™ range of
the C=0 group, corresponding to the vibrations of
the acetyl groups in lignin and hemicellulose (Prado
& Spinacé, 2019; Maet al., 2023). Peaks in the wave
number range of 1161 - 1030 cm™ correspond to the
stretching vibration of the C-O bond and the
deformation vibration of the C-H bond in the
pyranose ring of cellulose (Trilokesh & Uppuluri,
2019; Ma et al., 2023).

Through the processing from the original raw
sample to the bleached sample, the characteristic
spectral peaks of the functional groups in the lignin
and  hemicellulose ~ components  gradually
disappeared, indicating that all the impurities were
removed after the bleaching process. Only the
amorphous part remained, consisting of pure
cellulose. Upon comparing the FTIR spectra of the
bleached sample and CNF, it becomes evident that
the spectral peaks characteristic of the cellulose
bonds, such as O—H bond, the bond in the pyranose
ring, and the B-glucoside bond, exhibited reduced
intensity (Zhao et al., 2019; An et al., 2020).

Based on the above results, it is concluded that no
lignin or hemicellulose was present in the CNF
sample. This is evident specifically in the absence of
absorption peaks associated with these components.
Furthermore, acid hydrolysis, combined with the
hydrothermal  method, effectively  removed
impurities, leaving behind concentrated cellulose.
The absorption peaks observed in the range of 900 -
620 cm* indicate the presence of C-OH bonds,
C-O-C and C-C interactions within the crystal
structure resulting in relatively weak absorption
peaks (An et al., 2020; An et al., 2021). FTIR
analysis reveals fluctuations in functional groups of
the material after processing stages, similar to those
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in the raw sample. However, the vibration at 1060
cm™ characterizes the C-O functional groups in the
cellulose structure with higher intensity compared to
the raw sample. This suggests that processing
removes components like lignin, hemicellulose, or
other impurities, resulting in cellulose with
increased purity.

H,0,

Transmittance (a.u)

Raw material

c-o

T d T T T T T
3000 2500 2000 1500 1000

Wavenumber (cm 1)

T T
4000 3500

Figure 3. FTIR spectra of raw material,
material after treatment with PFA, NaOH,
H202, and CNF material

3.2. X-ray diffraction

Figure 4 shows the XRD diagram of raw material,
samples after treatment with PFA, NaOH, H.0,, and
CNF material. According to theory, the XRD
pattern of pure cellulose is characterized by three
diffraction peaks at angles 20 with values of 15.4°,
22.5° and 34.6° respectively (Liu et al., 2010; Park
et al., 2019; Yadav et al., 2021; Ma et al., 2023).
From the raw material to the bleached material, the
intensity of the diffraction peak gradually increases,
with a prominent shift observed in the peak at 26 of
approximately  22.5°.  The CNF sample
demonstrated significantly higher crystallinity
compared to the other samples, as evidenced by the
pronounced peak at approximately 22.5°. This
demonstrates that impurities and amorphous
fractions, including hemicellulose and lignin, were
completely removed through the processing stages.
Therefore, the XRD results obtained are consistent
with the FTIR results analyzed earlier.

Comparing the XRD patterns of the bleached
material and CNF material reveals a sharp decrease
in the intensity of the diffraction peak around 20
approximately 22.5°. This observation indicates that
the crystallinity of CNF decreased after undergoing
acid hydrolysis combined with the hydrothermal
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method. Cellulose, being a semi-crystalline
polymer; with alternating crystalline and amorphous
regions, undergoes selective attack by H* ions
during acid hydrolysis. These ions primarily target
and break the B-1,4-O-glucoside bonds in the
amorphous region, thereby reducing the CNF chain
length and fiber size (Rhim et al., 2015; Wang et al.,
2019). XRD analysis revealed no peaks associated
with impurities in the treated material. This finding
suggests that the chemical treatments effectively
removed impurities present in the original material.
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Figure 4. XRD patterns of raw material,
material after treatment with PFA, NaOH,
H202and CNF material

3.3. Thermogravimetric analysis

The TGA results of the raw material are presented
in Figure 5, indicating an initial mass decrease of
approximately 5.64% in the temperature range from
60 to 150°C, attributed to the evaporation of water
molecules and impurities present in the raw sample.
Subsequently, there is a sharp mass decrease
between 200 and 400°C, resulting in a loss of about
40.93% (Kim et al., 2019). This significant mass
loss during this phase is due to the decomposition of
lignin and hemicellulose, which initiates around
323°C (Anetal., 2020). The decomposition process
generates a char layer that envelops the cellulose
structure, acting as a fire-retardant agent that slows
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the contact between cellulose fibers and heat
sources, thereby prolonging the cellulose
decomposition process. At approximately 460°C, an
additional 12.48% mass loss occurs due to the
decomposition of the char layer, followed by a
further decrease of 17.03% in mass around 485°C,
indicating the onset of cellulose decomposition (An
et al., 2020).
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Figure 5. TGA diagram of raw material

The TGA analysis of the CNF material is shown in
Figure 6. The results indicate that the mass of CNF
begins to decrease in the range of 80 to 200°C due
to evaporation of water molecules present in the
CNF (An et al., 2020). Subsequently, nanocellulose
rapidly decomposes in the temperature range of 250
to 450°C, reaching peak decomposition at 380°C,
with a mass loss of approximately 70.99% (Anet al.,
2020). The removal of the amorphous region,
including lignin and hemicellulose, during the
processing stages results in a nanocellulose material
that exhibits lower thermal stability compared to the
original raw material sample (An et al., 2020).
Between 450 and 600°C, there is a further mass loss
of about 24.47% due to the decomposition of
impurities and residual cellulose, ultimately leading
to complete decomposition of the CNF (An et al.,
2020). TGA analysis of the CNF compared to the
raw material indicated high purity of the obtained
product, with negligible amounts of impurities
detected.
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Figure 6. TGA diagram of CNF sample
3.4. Scanning electron microscope

The results of morphological analysis using the
SEM method are shown in Figure 7. The SEM
image analysis in Figure 7(a) of the raw material
reveals that the fiber surface has a textured shape
due to the tightly interconnected outer layers, which
include lignin, hemicellulose, pectin, wax, and oil.
In Figure 7(b), the bleached cellulose fiber produced
from the raw material shows that the fiber bundles
have been separated into extremely small-sized
fibers, confirming that hemicellulose and lignin
present in the raw material have been successfully
removed. These results are consistent with the
findings from XRD and FTIR analyses (Xing et al.,
2022; Zhang et al., 2020).

The SEM image of the CNF material (Figure 7(c))
demonstrates that the CNF material has achieved the
desired nanostructure size. Figure 7(d) reveals that
CNF is in the form of long fibers with an average
diameter of 15.74 nm, produced through a
hydrothermal process combined with acid
hydrolysis. Through the processing stages, the
amorphous regions in the structure have been
eliminated. Additionally, under the effect of
hydrothermal treatment and ultrasonic treatment,
the CNFs are broken, and their size is reduced due
to the impact of temperature, high pressure, and
ultrasonic waves. The CNFs are distributed in an
interwoven network, forming CNF sheets.
Combined analysis by FTIR, XRD, and TGA
strongly suggests a high degree of purity in the
obtained CNF.
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Figure 7. SEM images of samples (a) Raw
material, (b) Cellulose, (c) CNF (d) Diameter
distribution

4. CONCLUSION

In this study, CNF was successfully synthesized
from Nypa fruticans shells using a combination of
chemical treatments with hydrothermal methods.
The chemical treatment process effectively removed
hemicellulose, lignin and other impurities in Nypa
fruticans shells, yielding pure cellulose. Subsequent
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