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Nanocellulose-Based Biofuel
Production from Sugarcane
Bagasse: A Sustainable Approach

Sustainable biofuel production has many advantages, including that it
accelerates the worldwide transition away from fossil fuels and toward renewable
forms of energy. The current study included the synthesis and characterization of
nanocellulose (NC) from sugarcane bagasse. The prepared NC was used to produce
biofuel using a simple and rapid method including fermentation cellulose and NC
using the Saccharomyces cerevisiae yeast. Gas chromatography was used to
determine the concentration of produced ethanol. About 49% and 79.5% ethanol
were obtained when fermentation cellulose and NC, respectively. To increase
concentration of produced ethanol, calcium oxide nanoparticles (CaONPs) were
prepared from egg shells and added during the distillation of ethanol. The
concentration of ethanol was increased to %97 after added CaONPs due to the fact
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that CaONPs works as adsorbent water molecules.

Keywords: Nanocellulose; Biofuel; Calcium oxide; Gas chromatography
Received: 30 June 2024; Revised: 14 August 2024; Accepted: 21 August 2024

1. Introduction

Production of agricultural goods rises in tandem
with  the ever-increasing global population.
Agricultural wastes amount to millions of tons as a
consequence of this growth in crop production [1].
The near future of intelligent solid waste management
for a green and circular economy includes the use of
nanomaterials that aid in the generation and storage
of energy from agricultural wastes [2], such as fruit
waste and skin, rice straw, wheat straw, corn cob,
corn stalk, and bagasse [3]. Cellulose is the most
common biopolymer and can be found in trees, crop
wastes, and other biomass [4]. Cellulose is a
structural component of green plant cell walls and can
be produced by algae, acetobacter, and rhizobium. All
plant matter has a cellulose concentration of
approximately 33% [5]. The emergence of NC
obtained from various natural resources has gained
increased interest for a wide range of applications [6].

Out of 640 million tons of sugarcane, over 160
million tons of sugarcane bagasse (SCB) is generated;
this accounts for over 80% of the global sugar output.
This has led to a great deal of interest in the idea of
processing SCB to extract useful elements. Using
natural biomass resources, this method lessens
environmental contamination. [7]. As a result of
sugarcane refining, a byproduct known as sugarcane
bagasse (SCB) is produced. Its composition consists
of lignin, cellulose, hemicellulose, and ash, in the
range of 19-25% [8]. Bioethanol, which has the
molecular formula CHs-CH»-OH, is a bio-based
product that greatly aids in worldwide transition from
the use of fossil fuels. Bioethanol is at the forefront of
its field, with yearly sales reaching 58 billion [9]. The
use of bioethanol, instead of gasoline, has many
advantages, such as rapid vaporization rate and high-
octane number (108), which prevent the cylinder
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from banging early during combustion [10].
Moreover, the high oxygen content (35%) of
bioethanol allows its mixing with gasoline and
reduces the emissions of carbon monoxide and
hydrocarbons. Bioethanol may be seen as a
sustainable energy source since it is made from cheap
and easily accessible lignocellulosic waste biomass
[11]. Calcium oxide (CaO) shows promise in a variety
of fields. The manufacturing of CaO from trash is
both straightforward and affordable [12]. One of the
main sources of CaO is eggshells, which contain 94%
calcium carbonate and 6% proteins and minerals.
Each gram of eggshell contains 381-401 mg of
calcium [13].

2. Experimental Part

SCB was collected from local markets in Amman,
Jorden. Sodium hydroxide was purchased from HlI
media. Sulfuric acid was obtained from BDH
Chemicals. Sodium hypochlorite was supplied by
Sigma—Aldrich, and instant dry yeast was provided
by Star Maya.

SCB was collected, sun-dried, ground, treated
with 2% NaOH, and heated at 80 °C for 4 hrs under
continuous stirring to increasing its internal surface
area, and causing lignin breakdown [14]. The sample
was washed several times with distilled water until it
reached pH=7 when measured with pH meter. The
sample was then filtered, dried, and bleached with
sodium hypochlorite. It was washed repeated until pH
be 7 and dried. About 10 g of fine powder was
hydrolysed with 30% sulfuric acid at 30 °C under
vigorous stirring. The amorphous regions of cellulose
are fast hydrolysis while the crystalline regions are
retained [15]. The resulting sample was washed
multiple times until the pH reached 7. The resulting
solution was sonicated by a UP400S ultrasonic device
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for 80 mins to obtain gel, namely, NC, which was
stored for later use [16].

Saccharomyces cerevisiae was activated by
adding 0.1 g of it to 2 mL of 5% sterilised glucose
solution through filtration. The yeast was activated at
38 °C for 1 h and cooled to 30 °C prior to use in the
experiment. Fermentation was then conducted using
two conical flasks. About 5 g of cellulose was added
to the first flask, and 5 g of NC was added to another
conical flask. Each conical flask was pre-treated with
diluted H.SO4 (0.5%) at 121 °C for 60 min and 100
mL of distilled water. The remaining materials were
then cleaned with distilled water. After adding NaOH
to increase the pH to 5, the activated yeast was mixed
with 100 mL of distilled water [17]. After 5 days of
fermentation, ethanol was produced and its
concentration was measured by gas chromatography.
Figure (1) shows the steps of production of ethanol
from prepared nanocellulose.

= .

Fig. (1) Steps of production of ethanol from prepared
nanocellulose

Ethanol Distiliation

CaO nanoparticles (NPs) were synthesised
through calcination of eggshell. Iragi eggshells were
collected after home use, washed, and removed the
inner membranes attached to them. The shells were
dried at room temperature and ground for 5 min with
an electrical milling machine. The fine powder was
burned for 1 hour at 900°C [18] in the process
referred to as calcination, which decomposes calcium
carbonate by heating it to high temperatures to form
CaO NPs and CO; gas, [19].

The distillation process of ethanol from
fermentation solution aims to increase the amount of
ethanol produced. Columns are designed to separate
and vaporize ethanol by using different boiling points
of ethanol and water as shown in Fig. (2). Distillation
involves concentrating alcohol to achieve high purity.
In this experiment, 100 mL of fermented material was
heated for 2 hours at a controlled evaporation
temperature of 80°C by using a digital heating mantle
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to produce ethanol. For every 100 mL of fermented
material, 25 mL of condensate was produced. About
0.5 g of CaO NPs was added to the ethanol and mixed
thoroughly to enhance purification. The mixture was
then distilled at 80°C to achieve high purity. Ethanol
concentration  was  determined using  gas
chromatography (GC).

Ethanol+ CaO NPs

Condenser

Water

Pure Ethanol

. N L D

Fig. (2) Distillation lab instrument for Ethanol Preparation
from nanocellulose

Fourier-transform infrared (FTIR) spectroscopy
determines the molecular composition by measuring
the absorbed IR radiation [20]. A ZEISS SIGMA VP
EM10C field-emission scanning electron microscope
(FE-SEM) was used to determine the diameter of the
prepared NC and CaO NPs. Crystallinity size and
crystallinity index of NC were calculated based on the
XRD diffraction (XRD) data [21]. Crystallinity index
was calculated using the following formula [22]:

Areacrystalline o
AreacrystallinetAr€aAamorphous * 100% (1)
where Areacrestaliingy 1S the integrated area under the
crystalline peaks in the XRD pattern, and
Areaamomphous 1S the integrated area under the

amorphous halo

In GC technique, the relative concentration of an
analyte material was determined using the area under
the curve (AUC) of the chromatographic peak. The
formula for calculating the concentration (C) of an
analyte using the AUC is [23]:

Aredsample
— X C (2)
standard
Areastandard

where Areaggmpie IS the area under the curve of the
analyte peak in the sample chromatogram,
Areag;anaara 1S the area under the curve of the peak
in the standard chromatogram, and Cs;gnaara 1S the
known concentration of the standard

4. Results and Discussion

Figure (3) shows the SEM image of the
macrofibre of cellulose before conversion into NC,
with diameter ranging from 3 to 10.4 um. Figure (4)
shows the morphology and size of NC prepared from
SCB. The FE-SEM images demonstrated the
formation of tiny and spherical granular NC
nanoparticles, with diameters ranging from 29 to
43nm. The morphology and size of CaO NPs
prepared from eggshells are depicted in Fig. (5). The
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FE-SEM image indicated that CaO NPs have
diameters ranging from 29 to 70 nm.
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lignin, has a crystalline structure that is generated by
bonds of hydrogen and van der Waals reactions
among molecules within it. The amorphous part is
more hydrolysable than the crystalline one.
Hydrolysis process using 30% H,SO, and treated
with ultrasonication breaks down the amorphous
cellulose, leading to NC with a high crystallinity
index [24]. Crystallinity index of NC calculated using
Eg. (3) was found to be 80.98%, while that of
cellulose was 59.62%. The diffraction peaks indexed
to the lattice planes (220), (110), (004) associated
with the characteristic peaks of cellulose at 26 of
16.68°, 23.31° and 35.88° compared to NC slightly
displaced peaks at 20 values of 15.82°, 22.28°, and
34.67° [25], as shown Fig. (6). It was evident from
the sharp and intense peak shifts that NC had a greater
crystallinity than cellulose.
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Fig. (4) FE-SEM images of nanocellulose prepared from
sugarcane bagasse

Fig (5) FE-SEM image of the prepared CaO NPs

Cellulose, in contrast with hemicellulose and
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Fig. (6) XRD patterns of (a) cellulose and (b) NC prepared from
sugarcane bagasse

As shown in Fig. (7), the FTIR spectra of cellulose
and the synthesised NC showed strikingly similar
profiles, although the peak intensity differed [26].
The stretching vibration of OH groups is indicated by
the broad absorption band at 3339 cm* [27]. In NC,
the peak will be at a low intensity.Hydrolysis causes
a reduction in band intensity because intermolecular
hydrogen bonds are broken [28]. An absorption peak
at 2900 cm? is indicative of C-H bond stretching
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vibration [27]. The bending mode of the absorbed
water is responsible for the absorption band at 1617
cm?® while the peak in NC became less intense,
indicating a decreased tendency to absorb water. The
peak at 1318 cm refers to C=C stretching vibration
of the aromatic ring, and those seen at 1160 and 1026
cm? are attributed to C-O and C-C stretching
vibration [29]. The C-O-C stretching vibration of the
B-glycosidic linkages in cellulose symbolizes the
crystalline integrity of the cellulose structure and was
identified as the source of the peak at 896 cm™ [30].

1 1 1 1 1 1 1 1
——— NC from sugarcane bagasse
—— Cellulose from sugarcane bagasse

L L

L

Transmitance (%)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm’™)

Fig. (7) FTIR spectra for cellulose and NC prepared from SCB

The GC retention times of standard ethanol and
bioethanol were compared. Figures (8a,b) shows the
graphs for standard ethanol and ethanol prepared
from SCB cellulose respectively. Figure (9a)
represents the standard ethanol and figure (9b)
represents the ethanol prepared from NC.
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Fig. (8) GC spctra for (a) standard bioethanol, (b) bioethanol
preaperd from cellulose

The concentrations of distilled ethanol prepared
from cellulose and ethanol prepared from NC are
49% and 79.5%, respectively, while the graph
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displayed in Figures (10a,b) for standard ethanol and
distilled ethanol prepared from sugarcane bagasse
nanocellulose after adding CaO NPs, respectively, the
bioethanol concentration increased to 97%.
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Fig. (9) GC spectra for (a) standard bioethanol, (b) bioethanol
preaperd from nanocellulose
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Fig. (10) GC spectra for (a) standard bioethanol, (b) bioethanol
preaperd from nanocellulose

4. Conclusion

In this study, NC was prepared successfully from
SCB through hydrolysis with 30% sulfuric acid
followed by ultrasonication for 80 min. The NC had
diameters ranging from 29 to 43 nm. The crystallinity
index values of cellulose and NC were equal to
59.62% and 80.9815%, respectively. The produced
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ethanol concentrations were 49% and 79.5% when
using cellulose and NC, respectively. The GC
technique proved that the concentration of ethanol
was increased to 97% when CaO NPs added during
the distillation process. By integrating CaO
nanoparticles into  the distillation  process,
manufacturers may get increased ethanol yields with
improved purity, thus enhancing the total energy
advantages of bioethanol. This development enables
the more widespread embrace of bioethanol as a
renewable energy source, hence enhancing energy
stability and ecological sustainability.
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