
INTRODUCTION

Lignocellulosic waste management is a global issue, espe-
cially tough for developing countries due to rapid population
growth, immigration, urbanization and higher living standards
[1]. According to a recent approach, worldwide lignocellulosic
biomass production is around 181.5 billion tons per annum,
8.2 billion tons of which are used in different areas [2]. Uncon-
trolled waste dumping harms public and environmental health.
Therefore, developing sustainable waste management systems
is essential for the economic growth of these countries. This
issue is critical for wood processing enterprises due to declining
nearby industrial wood reserves. These enterprises generate
significant waste, such as sawdust, bark and slabs, which are
often burned or buried, leading to the environmental hazards.
Practical experience shows that sawmills produce adequate
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sawdust regardless of the technology used. Adopting the use
of this waste as an additional raw material is critical for the effi-
cient utilization of timber resources [3].

Sawdust and wood shavings, the byproducts of wood-
working processes such as sawing, planning, sanding and
milling, hold immense potential as raw materials [4]. These
lignocellulosic materials are not only abundant and affordable
but also frequently pose disposal issues. Sawdust, for instance,
is commonly used in farms and paper mills, with the surplus
often being discharged untreated into the environment. How-
ever, with the appropriate methodology, these wastes can be
converted into valuable resources, motivating wood processing
companies and researchers to investigate creative ways for their
effective exploitation [5]. The sawdust is often overlooked as
a byproduct of wood processing and has attracted attention as a
potential source of valuable bioproducts [6].
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A significant drawback of cellulose in biomedical appli-
cations [7] is its solubility in water and common solvents,
caused by the stabilization of intra- and intermolecular hydrogen
bonds and electrostatic and hydrophobic interactions within
the fibrils [8]. Nanocellulose derived from cellulose have many
applications, due to its nano dimensions, a larger surface area
and a unique identity, making it an exciting material to research.
These smaller dimensions are achieved by removing the amor-
phous phase of cellulose particles [9].

Thus, keeping in mind about these facts, this study intends
to prepare nanocellulose from neem sawdust using ionic liquid
(1-butyl-3-methylimidazolium chloride). The FT-IR, XRD,
SEM and thermogravimetric analysis were utilized to examine
the effects of ionic liquid treatment on the dissolution, morp-
hology, thermal stability, crystallinity and size of the nano-
cellulosic materials.

EXPERIMENTAL

The neem sawdust was collected from a local sawmill in
Davanagere, India. Sodium chlorite, sodium hypochlorite,
acetic acid, sodium hydroxide, 1-methylimidazole, chlorobutane
and 1-butyl-3-methylimidazolium chloride were purchased
from Loba Chemie Pvt. Ltd. All chemicals have a purity of ≥
98% and the double distilled water was prepared on a lab scale.

Isolation of cellulose from neem sawdust: The isolation
of cellulose from neem sawdust was done by two processes
viz. delignification and decolourization also known as
bleaching [10]. The neem sawdust (20 g) and 10% of NaOH
were heated for 2 h in the delignification step [11]. The mixture
so obtained was washed several times with purified water until
the soapy nature of NaOH was not observed [10]. The residue
was then collected and dried on a glass petri plate, sieved and
weighed [12].

 In the decolorization step, the delignified sample was
placed in a round-bottom flask followed by the addition of
5% sodium chlorite solution. The mixture was boiled for 1 h,
and then 5 mL of sodium hypochlorite was added. The gradual
addition of 10 mL of glacial acetic acid during 1 h of heating
results in the formation of a white cellulose precipitate. The
mixture was further subjected to multiple decantations to collect
the white residue. The obtained residue was then transferred
to a Petri plate for drying cellulose [13]. Finally, the dried cell-
ulose is weighed and collected.

Synthesis of nanocellulose using ionic liquid: To a clean,
dried two-necked round bottom flask, added 30 mL of ionic
liquid and place in an oil bath maintaining a range of 120-122
ºC. The cellulose was added gradually to avoid agglomeration
with continuous stirring and the mixture was allowed to react
for 1 h until the pale yellow solution was visible [14]. The reac-
tion was quenched by adding cold distilled water to the flask,
resulting in the formation of precipitate. The precipitate was
washed with distilled water 5-8 times to obtain high grade nano-
fibers. The nanocellulose was dried and transferred into a clean
container for further use .

Characterization: The infrared spectra of different mate-
rials were captured using Bruker ATR alpha instrument at 25.0
± 0.5 ºC in the 4000-400 cm–1 range to identify various func-

tional groups. For examining the crystal nature of a material,
the XRD data was recorded by using a Bruker D8 Advance
Diffractometer instrument.To investigate the surface morpho-
logy of nanocellulose obtained from neem saw dust, the sample
was scanned using a Hitachi SU 3500 scanning electron micro-
scope (SEM) operating at an accelerating voltage of 10 kV at
different magnifications. Thermogravimetric analysis (TGA) and
differential thermal analysis (DTA) were carried out utilizing
the Perkin-Elmer STA 6000 instrument.

RESULTS AND DISCUSSION

FTIR studies: The FTIR spectra of neem cellulose, comm-
ercial cellulose and nanocellulose are shown in Fig. 1. Several
common absorption peaks associated with cellulose samples
were observed at 3343 cm–1 showing strong hydrogen-bonded
O-H stretching. The peak at 2900 cm–1 represents the C-H stre-
tching, the band at 1633 cm–1 shows the C=C stretching vibration
of acetyl and uronic ester groups; the another peak at 1318
cm–1 shows the characteristic C-O stretching and 896 cm–1

reveals the presence of β-glycosidic linkage. The spectra con-
firmed the presence of preserved cellulose structure due to
the appearance of the same characteristic peaks from all three
samples. The C-H and O-H stretching in commercial cellulose
and neem cellulose likely show stronger intensity when comp-
ared to prepared nanocellulose. Nanocellulose could have varied
the interactions of O-H groups leading to decreased H-bonding
within the nanostructure by ionic liquid treatment. The presence
of a C=C stretch conjugated group indicates that nanocellulose
has a different amount of unsaturation when compared to comm-
ercial cellulose. The C-O stretching intensity was higher in
nanocellulose is a key feature of cellulose suggesting structural
modifications due to size reduction. The β-glycosidic linkage
peak is more pronounced in each sample resulting from the
breakdown of hydrogen bonding and increased surface area
of the nanoscale. It is a backbone and fundamental structure
of cellulose which remains intact in nanocellulose when proce-
ssed with ionic liquid treatment indicating that β-glycosidic
bonds are secured during the processing of nanocellulose even
when the material undergoes size reduction leading to more
surface area and a higher degree of functional groups. Overall,
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Fig. 1. FTIR of neem cellulose, commercial cellulose and nanocellulose
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the FTIR results emphasize the effect of treatment on cellulose
structure offering important information for potential appli-
cations.

SEM: The SEM images highlight the surface morphology
and dimensions at different magnifications. A semicircular,
unorganized, inconsistent network is observed in the prepared
nanocellulose from neem sawdust with the size range of 198-
496 nm (Fig. 2).  At higher magnification, the image provides
in detailed fibrous structure of nanocellulose, which is a
characteristic feature of nanocellulose. It represents a dense
agglomeration of entangled fibrils with the typical size range
from micro to nanoscale, as the fibers are several microns in
length, different shapes of fibers having nonuniform and rough
surfaces, irregular cross sections and lumen along with more
number of tiny microfibrils. At lower magnification, it exhibits
a broader view of nanocellulose structure, which contains
complex fibrils with more dispersed as compared in the higher
magnification image. The fibrils of nanocellulose show the
heterogeneous nature of the material, which is expected in the
nanocellulose.

Fig. 2. SEM of neem nanocellulose

Thermal studies: Thermogravimetric and differential
thermal analysis curves of dried nanocellulose are shown in
Fig. 3. TGA analysis was conducted at a heating rate of 10 ºC/
min. At 262.6 ºC, the thermal degradation begins due to the
mass loss and reaches a midpoint at 314.9 ºC, therefore sugges-
ting a significant decomposition. This deterioration process
continues until the temperature hits around 365.9 °C, at which
the overall mass loss reaches about 96.45%, according to the
TG analysis. This significant mass loss indicates that the nano-
cellulose is volatilizing or nearly completely disintegrating,
as most of its components are become volatile. The reason is
attributed to the the breakdown of nanocellulose particularly
the glycosidic linkage breakdown and release of volatile comp-
ounds. Concurrently, the DTA curve reveals an exothermic
peak at 348.8 ºC, which represents a clear correlation between
mass loss and thermal energy release as the peak is located at
the middle of the mass loss as observed in the TGA plot. This
exothermic property indicates that the energy is being released
by the sample during this thermal event, which is connected

80

60

40

20

0

-20

D
TA

 (
m

W
/m

g
)

100 200 300 400 500 600 700 800
Temperature (°C)

300

200

100

0

-100

-200

T
G

 (
%

)

exo TG
DTAOnset: 263.4 °C

Mass change: -96.45%

Mass loss (Marsh):
Onset:     262.6 °C
Mid:         314.9 °C
Inflection: 344.0 °C
End:         365.9 °C

Complex peak:
Area: -37.11 J/g
Peak: 348.8 °C
Onset: 343.4 °C
End:    399.6 °C
Width: 38.1 °C (37.000%)
Heigth: 0.668 mW/mg

Fig. 3. TGA and DTA of neem nanocellulose

to phase transitions or breakdown events taking place inside
the nanocellulose. This thermal event begins at 343.4 ºC, with
a maximum peak of 348.8 ºC, which indicates the breakdown
of glycosidic linkage was observed and ends at 399.6 ºC, with
the height of the exothermic peak being 0.668 mW/mg, as it
reflects the thermal process. The combined data indicates that
the nanocellulose possesses a significant thermal degradation
event within the temperature range, along with the release of
heat.

XRD studies: The XRD pattern of nanocellulose reveals
several peaks, including 14.5º and 19.8º, which are associated
with the 110 and 200 planes of native cellulose as they are
separated from 120º indicating that the ionic liquid process
has not fully disrupted the crystalline regions of cellulose. The
strongest peak at 22.5º [15,16] is the 002 plane and reflects
the crystalline nature of cellulose fibers which indicates that
there is interlayer spacing between them. Another peak at 28.6º
may indicate a change or new crystalline structure formed due
to ionic liquid, small amounts of amorphous content or different
crystalline structures not typically observed in unmodified
cellulose. The remaining peaks at 29.2º, 30.9º, 41.6º and 51.8º
suggest the presence of other crystalline phases or impurities,
possibly due to the formation of carboxylate groups ionic liquid
method in cellulose (Fig. 4). The overall XRD pattern indicates
that the ionic liquid method of nanocellulose maintains a subs-
tantial level of crystalline structure, specifically, the cellulose
I phase, with the presence of additional peaks that are likely
attributed to newly formed crystalline phases or oxidation by-
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Fig. 4. XRD spectrum of ionic liquid processed nanocellulose
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products. The presence of well-defined peaks suggests a signi-
ficant level of crystallinity, which the oxidation process may
have further improved.

Conclusion

The nanocellulose was successfully synthesized from neem
sawdust as biomass using ionic liquid and characterized by
FTIR, SEM, XRD and TGA/DTA techniques. By utilizing ionic
liquid, cellulose dissolves effectively and regenerates nano-
cellulose. The FTIR results confirmed the presence of β-glycosidic
linkage, which is present in all the three samples (nanocellulose,
cellulose and commercial cellulose). The SEM results revealed
that the nanocellulose is fibrous with dense agglomeration and
contains fibers of several microns in length having nonuniform
surfaces. It also exhibits a heterogeneous nature of material in
nanocellulose of varying dimensions and flexibility with strong
fibers. The TGA/DTA analysis shows that nanocellulose exhibits
limited thermal stability, as within a specific temperature range,
it undergoes significant mass loss and decomposition. The
XRD confirmed that the synthesized nanocellulose possesses
a high degree of crystallinity with a prominent cellulose I phase,
representing its potential suitability for applications required
for the structural stability of nanocellulose. These results suggest
that the ionic liquid method was an effective process for deve-
loping exquisite nanocellulose.
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