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ABSTRACT: This study examined the extraction and characterization of nanocrystalline cellulose (NCC) from sugarcane bagasse
(SCB) using sulphuric acid hydrolysis. The sugarcane bagasse was initially pre-treated with 4% NaOH solution to dissolve
hemicelluloses, lignin, and other impurities and to isolate the cellulose. This was followed by bleaching with 5% hydrogen peroxide.
The isolated cellulose was then hydrolyzed with 64% sulphuric acid to extract the nanocellulose. The crystallinity index, morphology,
and structural properties of the cellulose and nanocellulose were carried out using X-ray diffractometer (XRD), scanning electron
microscope (SEM) and Fourier Transform Infra-red spectroscopy (FT-IR) respectively. The crystallinity index of sugarcane, extracted
cellulose, and NCC were calculated to be 58.9%, 70.4%, and 77.1% respectively. SEM analysis showed agglomerated rod-like NCC.
The FT-IR results clearly showed the removal of hemicelluloses and lignin from sugarcane bagasse after pre-treatment and also confirms
bonds characteristic of the functional group of pure cellulose at 3330 cm™, 2920 cm?, 1630 cm™ and 896 cm™. The FT-IR results also
showed that no chemical reactions resulting in changes in functional groups occurred. These results show that sugarcane bagasse of ho
economic value can be used in the synthesis of crystalline nanaocellulose of high industrial potentials.

Keywords: nanocrystalline cellulose, sugarcane bagasse, cellulose, acid hydrolysis.

1.0 INTRODUCTION

Plant cellulose comprises of crystalline and amorphous region in varying proportions The current demand for green chemistry, more
environmentally friendly resources, and renewable raw material, has made cellulose a highly attractive and sought for material. This
can be attributed to its desirable properties such as renewability, biodegradability, and non-toxicity. Cellulose is the most abundant
natural polymer and it is the main constituent of plant cell walls that gives it strength and rigidity. It was first isolated from plant by
Anselm Payen, a French scientist in 1838, who later determined its chemical composition [1]. It is a linear homopolymer consisting of
D-anhydroglucopyranose units linked together by a B(1,4) glycosidic bonds. Cellulose can be derived from a variety of sources such as
plants, microbes, and some sea animals. These include seed fibers (cotton), wood fibers (hardwoods and softwoods), bast fibers (flax,
hemp, jute, ramie), grasses (bagasse, bamboo) algae (Valonica ventricosa), bacteria (Acetobacter xylinum) and sea animals (Tunicates).

Recently, nanocellulose has received a lot of attention due to its unique mechanical properties making them suitable as reinforcement
in polymer nano-composites as well as rheological properties which makes them capable of influencing flow properties of liquids with
which they are mixed. It has gained many applications in the field of medicine such as biomaterial for constructing tissues, tissue
regeneration, tissue repair, bio-sensing, drug delivery, bio-catalysts etc. [2-4]. It has also been applied as wood adhesives [5-6],
adsorption and filtration in water treatment [7], and for dye removal [8]. There are two general classes of cellulose nanomaterials that
can be extracted from different sources which include: cellulose nanocrystals (CNCs) or nano-crystalline cellulose (NCC) and cellulose
nanofibrils (CNFs) [9-10]. NCCs are nanometer size range in all dimensions. They are typically rod-shaped with 10-100 nm in length
and 1-100 nm in diameter [11], and 54-88% crystallinity index [12], depending on the plant species, which explains why chemical
compositions and dimensions of NCC materials depend largely on particular plants, their origin, and extraction methods [13-14]. A
series of nanocrystalline products have been produced from various sources such as wood [15], cotton [16-18], sisal [19-20], tunicate
[21-22], bacteria [23], Ramie [24].

UNRD2304016

International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/

© 2023 IJNRD | Volume 8, Issue 4 April 2023 | ISSN: 2456-4184 | JNRD.ORG

Among the methods used in preparing NCC, acid hydrolysis method is the most commonly used method. This method occurs in two
stages [25-28]. The first stage is a pre-treatment stage which involves delignification of the source material to remove hemicelluloses,
lignin and other impurities, and the isolation of the cellulose fibers. The second stage is a controlled acid hydrolysis treatment to remove
the amorphous region of the cellulose polymer. Natural cellulose consists of crystalline and amorphous regions. The amorphous region
has lower density compared to the crystalline region [28] and so when cellulose fibers are subjected to acid treatment, the amorphous
region breaks up, releasing the crystalline region.

Sugarcane bagasse is an abundantly available agro-waste worldwide and is utilized as a source of cellulose. It is the fibrous residue
remaining after sugarcane stalk has been crushed and the juice extracted. Sugarcane bagasse comprises about 30-40% pith fiber and is
mainly parenchyma material and bast, rind or stem fiber which is largely derived from sclerenchyma material. The fiber of sugarcane
bagasse is lignocellulosic and consist of 43.8% cellulose, 28.6% hemicelluloses 23.5% lignin, 1.3% ash, and 1.3% of other components
[29]. Although many lignocellulsic materials maybe used to produce nanocellulose, there is an important commercial economic
advantage in using bagasse as a lignocellulosic fiber resource such as it being cheap, abundant, and non-toxic.

The aim of this study was to extract nanocrystalline cellulose (NCC) and to characterize the NCC produced using Scanning Electron
Microscope (SEM), Fourier Transform Infrared (FTIR), and X-ray Diffractometer (XRD).

2.0. MATERIALS AND METHODS

2.1. MATERIALS

Sugarcane stalks were obtained from a farmland at Otor — Udu in Udu L.G.A. of Delta — State, Nigeria. The reagents used were sodium
hydroxide, NaOH; hydrogen peroxide, H2O,, sulphuric acid. H,SOs, and sodium bicarbonate, NaHCOj3 and were all of analytical grade.
Distilled water was used throughout the experiment.

2.2 METHODS

2.2.1. Preparation of bagasse
Sugarcane bagasse was obtained from sugarcane stalk by extracting the juice from the stalk and the bagasse dried and then ground to
powder.

2.2.2. Isolation of cellulose

About 30g of the ground bagasse was treated with 200 mL of 4% NaOH for 2hrs at a temperature of 75°C with constant stirring. The
lignin and other impurities were dissolved during this treatment. This was followed by washing with distilled water. The process was
repeated for the second time and then finally washed. Method used as reported by [25].

2.2.3. Bleaching treatment
The cellulose was treated with 200 mL 5% H.O. solution for 1hr at a temperature of 75°C with constant stirring. The process was
repeated to achieve satisfactory bleaching. The cellulose was then washed with distilled water and dried.

2.2.4. Extraction of NCC

The purified cellulose was hydrolyzed with 64% sulphuric acid at material to liquor ratio of 1:10 for 45mins in a water bath at a constant
temperature of 55°C with constant stirring. Hydrolysis was stopped by pouring content of the beaker into a tenfold of water with stirring
and then allowed to settle for about 1hr. The clear top was decanted and the content washed repeatedly with more distilled water by
centrifugation at 6000rpm for 30mins. It was then washed with a solution of 5% sodium bicarbonate to neutralize residual acid. It was
oven dried at 50°C until a steady weight was obtained. Acid hydrolysis method as reported by [30] was adopted.

2.2.5  Determination of percentage yield of cellulose
The percent yield of cellulose was determined using the formula in equation 1 below.

% yield = dry weight of cellulose powder X 100 -------------------- equation. 1
dry weight of sugarcane bagasse 1

2.3. CHARACTERIZATION METHOD

2.3.1. Fourier-Transform Infrared Spectroscopy (FT-IR)

FTIR analysis was carried out on SCB, extracted cellulose and NCC to detect the presence of the main organic groups that constitute
the lignocellulosic cellulose structure. FT-IR analysis was carried out in the absorption band range of 4000cm*— 500cm™ using a Bruker
FT-IR Laser Class 1 spectrophotometer.

2.3.2. X — Ray Diffraction Analysis (XRD)

The x — ray diffraction analysis of the samples was evaluated using a GBC EMMA XRD Diffractometer with a monochromatic Cu Ka
radiation source (A= 1.540560A) operating at 60 KV and 80 mA. The XRD pattern were obtained over the angular range of 20 = 5° —
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60° with scan step of 0.02°at a rate of 2°/min. The crystallinity index (Crl) of the samples was calculated using the peak height method
by Segal et al (1959), as shown in equation 2 below.

Crystallinity Index (CI) = Igoz = lam X 100 ----------------- equation 2

looz 1
Where logz is the maximum intensity of diffraction of the (002) lattice peak at a 26 angle of between 21° and 23°, which represents both
crystalline and amorphous materials. lam is the intensity of diffraction of the amorphous material which is taken at a 20 angle between
18° and 20° where the intensity is at a minimum.

2.3.3. Scanning Electron Microscope (SEM) Analysis

The morphology of sugarcane bagasse, extracted cellulose and nanocrystalline cellulose produced were characterized using a
Phenom proX SEM, Model number 800 — 07334. Samples were gold coated prior to recording the micrographs. The acceleration voltage
was set at 15KV.

3. RESULTS AND DISCUSSIONS

3.1 Isolation and yield of cellulose

Sugarcane bagasse which is known as lignocellulosic material contains hemicelluloses, lignin, and other components such as waxes and
pectin. During the alkaline treatment, it was observed that the solution became dark and this could be as a result of dissolution of lignin,
hemicelluloses and other impurities that are present in the sugarcane bagasse. Further treatment with hydrogen peroxide bleached the
cellulose by removing the natural yellow colour in the bagasse until it became white. About 30g of dry sugarcane bagasse powder was
initially treated, but after alkaline and peroxide treatment about 17g of cellulose was obtained. The percentage yield of cellulose isolated
was about 57% as determined using the formula in equation 1 above.

3.2 FT-IR results

The FTIR spectra of sugarcane bagasse, chemically purified cellulose and nanocrystalline cellulose are shown in figure 1 below. In all
three spectra, peaks were observed around 3330cm™ -3450cm?, 2850cm?-2920cm?, 1620cm-1648cm™ and 896cm™-898cm™. The
broad absorption band around 3330cm™ - 3450cm™ corresponds to O-H stretching intramolecular and intermolecular hydrogen bond in
cellulose. The peak around 2850cm™ — 2920cm™ is attributed to C-H stretching vibration of methylene group. The peak around 1620cm
1 _ 1648cm™ corresponds to free O-H stretching vibration of absorbed water while the peak around 896cm™ — 898cm™ is associated
with B — glucosidic linkages of glucose ring in cellulose [31].

There are several peaks in the sugarcane bagasse spectrum which are absent from the cellulose and NCC spectra. These peaks are around
1241cm?, 1512cm™ and 1725cm™. The absorption peak at 1241cm™ is associated with C-O stretching vibration of the aryl group in
lignin. The peak at 1512cm™ is associated with C=C stretching vibration of aromatic ring in lignin while the peak at 1725cm*
corresponds to the C=0 stretching vibration of carboxylic groups of hemicelluloses and lignin [32]. The absence of these peaks in the
extracted cellulose and NCC spectra clearly showed the removal of lignin from the sugarcane bagasse after chemical treatment. Another
band of interest is the band around 1421cm*-1427cm™. This band represents CH, scissoring motion and it is called “the crystallinity
band”. Increase in intensity of this band means increase in crystallinity of the sample. In the SCB spectrum, the band appeared at
1422.83cm™ while in CPC and NCC spectra it appeared at 1426.52cm™ and 1426.837 respectively. It was observed that the extracted
cellulose and NCC bands were a bit more intense than that of SCB which showed that there was increase in crystallinity from SCB to
NCC. No difference was found between the spectra of cellulose and NCC. This suggests that no other chemical reaction resulting in
changes in the functional groups occurred during the hydrolysis process.
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figure 1. FT-IR results of a (SCB), b (chemically purified cellulose), c (NCC)

3.3. X- RAY diffraction (xrd) analysis result

Figure 2 below shows the X-ray diffraction (XRD) micrographs of sugarcane bagasse, extracted cellulose and nanocrystalline cellulose
(NCCQC). All three diffractograms showed that the typical peaks of semicrystalline materials consist of broad amorphous region and sharp
peaks of crystalline region. Each diffractogram showed three peaks around 26 = 16°, 22.5°, and 35°. These peaks are related to the
typical type of cellulose | and correspond to the crystallographic planes that are 101, 002 and 040 respectively [33-34]. The peaks
indicate the crystallinity of the material. The crystallinity index of SCB, cellulose and NCC were calculated using equation 2 above and
the following results were obtained.

Sample crystalinity index (Crl) %

SCB 58.9
CPC 70.4
NCC 77.1

The crystallinity index of the SCB as calculated is less than that of the NCC. The reason is because SCB contains both crystalline and
amorphous regions. After hydrolysis, more amorphous regions were destroyed leaving much more crystalline region thus increased
crystallinity.

The XRD patterns shown in fig. 2 below have very clear differences. The characteristic peak at the 002 plane (26 = 22.5°) is associated
with crysstallinity. It can be seen from the diffractograms shown that this peak is broad in SCB than in the extracted cellulose and NCC.
The broadening of the peak is attributed to increased amorphousity as SCB contains all the amorphous regions predominated by lignin
and hemicelluloses. After hydrolysis, the peak at the 002 plane showed increased sharpness and intensity due to the destruction of the
amorphous region.
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figure 2: XRD results of a (SCB), b (chemically purified cellulose), c (NCC)

3.3 SEM results

The SEM micrographs of SCB, extracted cellulose and NCC samples at a magnification of X1000 are shown in figure 3 below. The
SCB micrograph in figure 3a shows a rough surface of different sizes. This can be attributed to the fact that SCB contains all the
components that give plant cell its rigidity hence the rough appearance. After pre-treatment and subsequent hydrolysis there was
increased homogeneity as observed in images b and c. As a result of the chemical treatment the sugarcane bagasse underwent,
hemicelluloses, lignin and pectin were successfully removed. figure 3c shows agglomerated rod like nanocellulose. The agglomeration
could be attributed to the method used in drying the nanocellulose.

figure 3: FT-IR results a (SCB), b (chemically purified cellulose), ¢ (NCC)
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4.0 CONCLUSION

This study showed that sugarcane bagasse of no economic value can be used in the synthesis of crystalline nanocellulose of high
potential value. The characterization of the NCC showed agglomerated rod-like nanocellulose which could be attributed to the drying
method used, and high crystallinity index.
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