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INTRODUCTION

Nanocellulose or cellulose nanoparticle is cellulose with
a diameter less than 100 nm and characterized by a high modulus,
surface area, and crystalline character. In recent years, there is
a growing interest in producing nanocellulose from numerous
sources, especially from plants, such as bagasse [1], sisal fiber
[2], residue of banana [3], wood and plantation waste [4].

The extraction of nanocellulose with the acid hydrolysis
has been widely studied using various cellulose sources [4,5].
Furthermore, hydrochloric acid, phosphoric acid and sulphuric
acid have been regarded as the most common and effective
acids to remove the amorphous portion in the isolation process
of nanocellulose, sparing the crystalline part of cellulose in a
colloidal suspension [6]. Sulphuric acid can produce a negative
surface of the nanocellulose and increase the suspen-sion
stability due to electrostatic repulsion [7]. The cellulose nano-
particles have a high surface area, stiffness and crystall-inity,
appropriate for applications in composites for food packa-ging
as filler or reinforcing agent [8] and biomedical applications.
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Eleocharis dulcis is a sustainable wetland material available in enormous quantities in Kalimantan, Indonesia. This study aimed to
evaluate the suitability of the acid hydrolysis method for the isolation of nanocellulose of E. dulcis. The isolation process started with
delignification, followed by the removal of hemicellulose to produce cellulose. The hydrolysis was performed at 45 ºC for 60 and 120
min, respectively, using sulphuric acid. Furthermore the nanocellulose was characterized using particle size analyzer, Fourier transform
infrared spectroscopy and X-ray diffractions. The particle size analysis showed that the diameter of the nanocellulose was affected by
hydrolysis time. In addition, the X-ray diffractions results showed that the crystallinity index of the nanocellulose was 71.99% and
71.61% for the acid hydrolysis time of 60 min and 120 min, respectively. This study also demonstrated that the aquatic wetland plant, E.
dulcis has a good potential for nanocellulose production in Indonesia.
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Eleocharis dulcis is an aquatic plant that can adapt and
grow well in acid sulfate-rich soils or swamps. In Indonesia,
their stems are used to make various handicrafts such as mats,
bags, and others and as animal feed. Furthermore, E. dulcis is
cheap and abundant in the wetland region in Kalimantan,
Indonesia and consists of more than 40% of cellulose [9,10].
Although many researches demonstrated the production of
nanocellulose from various resources, there is no information
on the isolation of E. dulcis nanocellulose. The study aimed
to produce and characterize nanocelluloses from E. dulcis by
acid hydrolysis using sulfuric acid at a mild temperature. In
addition, investigation was carried out on the effect of the
period of acid hydrolysis treatment on the particle size and
crystallinity of the nanocelluloses.

EXPERIMENTAL

Samples preparation: E. dulcis was harvested from South
Kalimantan in Indonesia. The stems were washed, cut, dried,
and ground. The powder was further sieved through a 60 mesh
and stored in a plastic container at room temperature.
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Isolation of  ααααα-cellulose: Extraction of air-dried E. dulcis
powder (5 g) was done with 240 mL mixture of ethanol and
toluene (1:2, v/v) for 6 h using a Soxhlet extractor and then
kept at room temperature for a day to remove the residual
solvents. The free extracted sample (2.5 g) was delignified
with 150 mL of distilled water in an Erlenmeyer flask. Further-
more, 1 g of NaClO2 and 0.2 g of CH3COOH were added to
the flask and heated at 70 ºC in a water bath. After this process,
the sample was then clarified and rinsed with distilled water
and acetone. The sample was soaked in 17.5% m/v NaOH for
4 min and then homogenized by a glass stick for 5 min. Distilled
water (25 mL) was added after 5 min to the suspension, allowed
to stand for 5 min and further refiltered by using a glass filter
to isolate cellulose from holocellulose.

Isolation of nanocellulose: Approximately 5 g of E. dulcis
cellulose was added to 100 mL of H2SO4 (50% (v/v)) at 45 ºC
and agitated at 1.200 rpm for 60 min and 120 min, respectively.
Distilled water (500 mL) was then added to discontinue the
reaction. The suspension was centrifuged for 30 min, and the
filtrate was discarded. Furthermore, the nanocellulose
suspension was dialyzed using a dialysis membrane (12,000-
14m000 MWCO) with water until the neutral pH of suspension
was attained. The nanocellulose suspension was sonicated by
using an ultrasonic bath for 5 min and the sample was then
kept in a refrigerator at 5-7 ºC. In addition, the sample was
mixed with chloroform to avoid any bacterial growth until
when required.

FTIR analysis: FTIR analysis of the cellulose and nano-
cellulose samples was carried out using an attenuated total
reflectance-infrared (ATR-IR) spectrophotometer (ALPHA-
P model, Bruker Optics, Germany) and scanned at a range of
4000-400 cm-1. Furthermore, based on the literature, the typical
band spectra of the cellulose and nanocellulose were recognized.

XRD analysis: X-ray diffraction of nanocellulose samples
were analyzed using a diffractometer Shimadzu XRD-7000,
which operated at room temperature within a 2θ range from 5
to 40º and a scan rate of 1º min-1, with a current of 30 mA and
CuKα radiation at a power of 40 kV. The cellulose index of
crystallinity (CrI) was evaluated using Segal’s equation [11].
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where I002 is the maximum peak intensity of the 0 0 2 lattice
diffraction at 2θ = 21.9º, and Iam is the minimum intensity
between the 0 0 2 and 0 1 1 lattice diffraction. I002 corresponds
to the crystalline part of nanocellulose and Iam correspond to
the amorphous region of nanocellulose. The X-ray diffraction
patterns of cellulose crystallites estimated their average
thickness by using Scherrer’s equation [12]:
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where Dhkl is the crystallite size of cellulose, K is the Scherrer
constant, λ is the wavelength of X-ray, θ is the Bragg angle
and β1/2 is the half-height width at maximum intensity of the
diffraction band.

Particle size analyzer: The particle size distribution of
nanocellulose was evaluated using a particle size analyzer
called Malvern Zetasizer Nano. Measurement of particle size
utilizes the principle of visible light scattering. Therefore, the
diluted suspension of the nanocellulose was placed in the cuvette
and passed through the visible light that diffraction occurred.

RESULTS AND DISCUSSION

Fig. 1 shows the photograph of visual appearance of the
stable aqueous suspension of nanocrystalline cellulose, produced
from E. dulcis by 50% H2SO4 at 45 ºC for 60 min (1) and 120
min (2). The suspensions were white, milky, turbid and stable
for a long time. These photograps confirmed the hydrolysis
treatment by sulfuric acid has formed sulfate groups which
yield a negative surface charge on nanocelluloses surfaces.
Furthermore, these negative sulfate charges will produce an
electrostatic repulsion between the nanocellulose particles and
avoid aggregation. The stable suspension of nanocrystalline
cellulose presents a piece of principal evidence about the hydr-
olysis of cellulose, it is an indicator of the presence of nano-
particles.

Fig. 1. Aqueous suspension of E. dulcis nanocellulose (1) hydrolysis for
60 min and (2) 120 min

FTIR studies: FTIR spectroscopy was used to assess the
chemical composition changes due to acid hydrolysis process
on E. dulcis cellulose (Fig. 2). Furthermore, two dominant
transmittance peaks in the FTIR spectra of cellulose and
nanocellulose were detected in the region at 3400-2900 cm-1

and 1700-800 cm-1, respectively. Generally, nanocellulose samples
produced with different period of time of hydrolysis demonstrate
a similar FTIR spectrum. Based on the FTIR spectra in Fig. 2,
there was no significant change in the cellulose structure and
chemical components because of the sulfuric acid hydrolysis
process for 60 and 120 min, respectively. In addition, a main
and broad transmittance band located at peak in the region
about 3330 cm-1 and 2890 cm-1, respectively, are recognized
to O-H groups stretching in cellulose and contributed to stret-
ching vibration of the aliphatic saturated C-H in cellulose
[9,13].
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Fig. 2. FTIR spectra of E. dulcis cellulose (a) and nanocellulose (b)
hydrolysis for 60 min (c) 120 min

A band detected at around 1640 cm-1 in the FTIR spectra
of cellulose and nanocellulose was recognized by the bending
of O-H from the adsorbed water because of the interaction
between water and cellulose/nanocellulose. Meanwhile, the
vibration peak detected at around 1366 cm-1 in cellulose and
nanocelluloses from E. dulcis samples corresponded to C-O,
and C-H bending vibration in the aromatic rings of polysacc-
haride. A transmittance band at around 1023 cm-1 is associated
with the stretching of C-O and rocking vibration of C-H in the
pyranose ring [14]. In addition, the band at 894 cm-1 referred
to the β 1-4 gycosidic bond between the glucose monomer in
the cellulose [15]. The existence of this peak in the nano-
cellulose spectra is fascinating because this peak indicates that
the cellulosic part is remain through the hydrolysis process.

XRD studies: Fig. 3 shows the X-ray diffractogram of
nanocellulose obtained under different hydrolysis time and
the crystallinity values, respectively. Furthermore, the X-ray
diffraction patterns of nanocellulose at 60 min and at 120 min
are the characteristic of cellulose polymorphs. The typical
cellulose I and cellulose II structures were observed in the
diffraction patterns for each nanocellulose. Cellulose I has strong
crystalline peaks at 2θ 14.5º and 22º corresponding to the (110)
and (002) planes of crystals and weak crystalline peaks at 2θ
34.8º to the (004) plane. Meanwhile, the peak at 2θ 12.1º and
19.8º corresponds to cellulose II structure [16]. Probably, the
existence of cellulose II is related to the agglomeration of nano-
cellulose after drying procedure [17]. Consequently, the intensity
of X-ray diffraction peaks of nanocellulose at around 2θ 14.5º
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Fig. 3. XRD diffractogram of E. dulcis nanocellulose (a) hydrolysis for 60
min and (b) 120 min

and 22º slightly increase from 60 min to 120 min hydrolysis
time, which indicated the removal of amorphous part of cellu-
lose.

The value of crystallinity index (CrI), interplanar distance
(d-spacing) and crystal size of nanocrystalline cellulose
calculated using eqn. 2. The three main crystals size (L) and
interplanar distance (d-spacing) of nanocrystalline cellulose
for each crystal plane (110), (110) and (200) are represented
with the symbols L1, L2, L3 and d1, d2, d3, respectively (Table-1).
Therefore, the values of interplanar distance of nanocrystalline
cellulose are essential due to these values and can provide
modifications in the form of nanocrystalline cellulose structure
(Iα and Iβ). The crystal size (L) reveals the nanocrystalline
cellulose stiffness [18]. Additionally, the d-spacing values of
nanocrystalline cellulose did not change drastically because
of the hydrolysis process of E. dulcis. However, the crystallite
sizes were more sensitive to the hydrolysis process and changed
significantly.

The CrI value of the nanocrystalline cellulose with different
hydrolysis times (60 and 120 min) calculated using eqn. 1 gave
values of 71.99% and 71.61%, respectively and were not statis-
tically different. Consequently, the slight decrease in crystallinity
of nanocrystalline cellulose with 120 min of hydrolysis time
indicated that the acid hydrolysis process eliminated the amor-
phous part and attacked the crystalline part of cellulose. The
comparable data of the influence of hydrolysis time on nano-
crystalline cellulose isolation was reported by Chen et al. [19].

TABLE-1 
CRYSTALLINITY PARAMETER OF NANOCELLULOSE FROM E. dulcis UNDER DIFFERENT HYDROLYSIS TIME 

d-spacing (nm) Crystallite (nm) 
Sample 

d1 d2 d3 L1 L2 L3 
CrI (%) 

Nanocellulose 60 0.611 0.533 0.405 6.2 14.1 4.1 71.99 
Nanocellulose 120 0.611 0.532 0.401 – – 64.8 71.61 
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Dynamic Light Scattering (DLS) is a popular method to
analyze the particle size distribution of nanoparticles in emul-
sions or suspensions. Nevertheless, it is principal to underline
that DLS methods assume that all of the particles are in the
same shape (spherical) and the particle size relies on the particle
direction in suspension [20]. Generally, the geometrical
dimension for nanocellulose includes the width in tenths of
nanometers and the length in hundredths of nanometers. In
this research, the width of nanocelluloses from E. dulcis under
100 nm were successfully produced (Fig. 4). According to the
results, an increase in the acid hydrolysis time decreases the
nanocellulose size, including the z-average (particle size
distribution) from 336.5 nm to 256.3 nm. Furthermore, it was
observed that the diameter ranges from 36.17 nm to 169.8 nm
at 60 min of hydrolysis time (Fig. 4). It showed homogeneity
at 71.51 nm in diameter due to the longer hydrolysis process.
Therefore, these results showed that acid hydrolysis for 120
min was the best treatment to produce nanocellulose in homo-
geneity diameter.

Conclusion

In this study, nanocrystalline cellulose was successfully
extracted from the Eleocharis dulcis by acid hydrolysis process
for the first time. Furthermore, this process resulted in the
production of a stable suspension because of the negatively
charged sulfate group. Using the acid hydrolysis method, the
nanocellulose had a CrI value about 72% and a diameter in
the range of 36.17 nm to 169.8 nm. Subsequently, a diameter
of 71.51 nm for 60 min and 120 min hydrolysis time, respec-
tively. This study demonstrates the potential of E. dulcis bio-
mass as a suitable raw material for the production of nano-
cellulose.
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