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Abstract

Understanding the characteristics of organic materials is necessary for using them. This study set out to determine the
characteristics of the separated cellulose from Cocos nucifera endocarps to determine its suitability for future use. To
accomplish this, Cocos nucifera endocarp powder was alkaline pulped and chlorite bleached, and then the cellulose was
subjected to various instrumental analyses using ImageJ software, Scanning Electron Microscopy (SEM), Fourier transform
infrared (FTIR) spectroscopy and other tools. The existence of important cellulose functional groups such O-H, C-H, and C=0
was confirmed by the FTIR. The cellulose appeared in the SEM micrograph as a cluster fiber with a rough surface that
resembled a short rod. Using Visio 2016 and Origin PRO 2018, it was discovered that the average cellulose length and
diameter are 56 mm and 20 mm, respectively, while the XRD revealed a mixture of crystalline and amorphous particles with
51% crystallinity and a crystallite size of 1.30 nm. The values of the total crystalline index and the lateral order index are 0.75
and 1.2, respectively. The findings might be used to assess the suitability of cellulose extracted from Cocos nucifera endocarps

for various uses.
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Introduction

Cocos nucifera endocarp is one of the biodegradable waste
materials that does not decompose within a short period.
This material can be converted to useful materials such as
nanocellulose, cellulose plastics, hydrogel, membrane, and
mechanical enhancers. Cellulose from agricultural waste is
renewable and increasing rapidly in the progress of
nanotechnology [. Cocos nucifera endocarp is mostly
available in the vegetation zones in Nigeria (Okoroji et al.,
2020). This material is very cheap, environmentally friendly
and can be broken down by micro-organisms into simple
organic molecules 12,

The biomass of Cocos nucifera endocarps consists of
cellulose, lignin and hemicellulose. Cellulose is a flexible,
composite and natural form of sugar found in plants or
animals. Additionally, cellulose is a polymer with straight-
chain crystalline units in groups as a result of intermolecular
and intramolecular hydrogen bonding B! and is visible as
microfibrils under an electron microscope ™. Cellulose
molecules are arranged in crystalline regions and amorphous
regions. Some methods such as synthetic and non-synthetic
can be used to derive cellulose from various sources. Pure
cellulose is normally extracted from plants using different
pulping processes 1. Chemical modification of cellulose is
performed to produce cellulosic that can be adapted for
different purposes. Cellulose is widely applicable in food
products, composites, netting, upholstery, coatings, packing,
paper, rope, clothing, electronics, construction, and so on B,
Therefore, there is a need to produce low-cost cellulose
from organic materials for several applications.

The research aims to isolate and analyse the structure of
cellulose from Cocos nucifera endocarps.

Materials and Methods

1. Materials

Cocos nucifera endocarps were obtained from an area of
global positioning system (GPS) coordinates of 7° 17’

latitude and 5° 9' longitude with 355 meters altitude, Ondo
State, Nigeria. The endocarp was removed from the back of
the endosperm of a Cocos nucifera and used as a raw
material for this research. The Cocos nucifera endocarp was
dried and ground into particles using a Fritsch pulverizer. A

600 WM Sjeve Shaker (Wiley Mechanical, England) was
used to sieve the raw material and collect fine particles.
Sodium hydroxide (NaOH), acetic acid (CH;COOH) and
sodium chlorite (NaClO;) were purchased from Pascal
Scientific Ltd and used as reagents.

2. Preparation of Cellulose

To obtain cellulose, 600 km particles of Cocos nucifera
endocarp (100 g) and NaOH (20%) before cooking (90°C. 90
min) as earlier reported by Afolabi et al. (2021a). The
material was washed free of alkaline after the reaction

period and oven dry (105°C). The obtained pulp material
was bleached using sodium chlorite. Briefly, the pulp
sample (10 g) was added to hot water (200 ml, 70°C), then
sodium chlorite (6 g) and CH3COOH (1.5 mL). The mixture
was allowed for half an hour in the water bath (70°C). The
addition of sodium chlorite (6 g), and CH;COOH (1.5 mL)
was repeated and the reaction continued (30 min). The
bleached sample was obtained after filtration, washed free
of chlorine and dry (105°C).

Characterization of Cellulose

The isolated cellulose was analysed using X-ray diffraction
(XRD), Scanning electron microscopy (SEM) and Fourier
transform infrared (FTIR) spectroscopy techniques.

1. X-ray diffraction (XRD)

The crystal structure of the isolated cellulose from Cocos
nucifera endocarps was evaluated by utilizing a Cu-Ka
monochromator, Philips PW diffractometer at a voltage of

15kV, scanned along 20 angle from 5° to 90°at wavelength
A=1.54A.
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Bragg’s equation was utilized to acquire interplanar spacing
(d-spacing) &7

d= ni
o 2sin© (1)

where, Bragg’s angle (°) is €, wavelength is 4(0.154nm) and
interplanar spacing is d, order of reflection is n.

Segal et al. (1959) 8 method was used to calculate the
crystallinity index (¢-0 estimated from the X-ray
diffraction pattern [
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Where' intensity peak of the amorphous region at 20 degrees
is fam and maximum intensity of the lattice diffraction is
I:DCI.

Scherrer equation was used to obtain crystallite size (&) [9
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where, constant of value 0.91 is K , X-ray wavelength
(0.1542 nm) is 4, intensity of the Full Width at Half
Maximum (FWHM) is B and Bragg’s angle (°) is ©.

The proportion of crystallite interior chains or surface
chains (¥) 11

YAV
X =w
L (4)

where crystallite size is L and the layer thickness of the
surface chain is & = 0.57nm

The size distribution of the cellulose was determined using
Microsoft Visio 2016, Origin Pro 8.5 software and the ratio:

unit_value length

unit_length - rel_length ©)

The relative length (mm) was obtained from the Scanning
Electron Micrograph using the line tool in Microsoft Visio
2016. 70 particles were considered whose both ends could
be visibly seen.

Where unit value is the value of the magnification as
obtained from the SEM micrograph given as 100 um and
the unit length is the length of the magnification bar
measured using the line tool as 20.0882 mm. Thus:

((relative_length) x (1E — 3) = (100E — 6))
20.0882E — 3 (6)

Length (pm) =

Similarly, the mean width of the nanoparticles was
computed using the same method above

((relative_width) = (1E — 3) * (100E — 6))

Width (um) = 20.0882E — 3 0

www.allsciencejournal.com

2. Fourier Transform Infrared (FTIR)

Change in functional groups induced by several treatments
within a wavelength range of 700-4000¢m " was
determined by Fourier transform infrared (FTIR)
Spectrophotometer.

The infrared crystallinity (IR) ratio was evaluated using
total crystalline index (TCI) [1% 13

A1372

2900 (8)

TCI =

Aizis the absorbance ratio from 1372 cm™, Azsmis the
absorbance ratio 2900 cm.

The lateral order index (LOI) was obtained from FTIR
spectra [ (Ciolacu et al., 2011)

A1427

LOI =
Agoy )

Ays27 is the absorbance ratio 1430 cm™ or 1420 cm?, 4esz is
the absorbance ratio 896 cm

3. Morphological Characteristics

The morphology of the isolated cellulose was determined by
the scanning electron microscopy (SEM) JEOL/EO JSM-
6390 at 15 kV accelerated voltage and has a resolution of up
to 100um.

Results and Discussion

1. X-ray diffraction (XRD) Analysis

The diffractogram (Figure 1) of isolated cellulose from
Cocos nucifera endocarps showed sharp peaks in Figure 1
with 1582°21.89° gand 3449° which deduced crystalline
phases of the cellulose. These three distinct crystalline peaks
were characteristics of cellulose | which are similar to the
X-ray diffraction patterns of cellulose extracted from rice
husks 151 The peaks correspond to crystallographic planes
(110), (200) and (004) which is in agreement with the result
achieved by Abiaziem [ from Sugarcane peels cellulose.
The XRD micrograph presents the cellulose with both the
amorphous and crystalline particles; the high intensity
(21.89°) could be ascribed to the crystalline particle while
the amorphous particle falls within the regions where there
were no sharp peaks 181, The high degree of crystallinity is a
result of the crystal’s growth in the crystalline regions and
the broken bonds were well arranged during alkaline
treatment (17 181, The calculated value of crystallite size is
1.30 mm and crystalline cellulose chains were densely
packed with an interplanar spacing of 4.03 A. The value of
interplanar spacing is similar to the result obtained from
delignification and bleaching for the production of Sago
Frond cellulose . The crystallinity index is 51%, the full
width at half maximum is 0.11 and the surface chain is 0.06.
All these parameters supported that the degree of
crystallinity of the isolated cellulose is high, which is in
agreement with the result obtained by Afolabi % from
Moringa oleifera seeds cellulose.
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Fig 1: XRD of isolated cellulose from Cocos nucifera endocarps

2. Scanning Electron Microscopy (SEM) Analysis

The short-rod-like cluster fiber shape of the particles of the
surface morphology of the isolated cellulose presented in
Figure 2 is similar to the reported image for lignocellulosic
corn agro-waste into cellulose and pharmaceutical
application 3. The particles are partially rough owing to
the incomplete clear away of the lignin and hemicellulose
221, |t was noticed that the particles are agglomerated due to

= 1=
X190

the high density of O-H groups on the molecule of cellulose
chain surface in favour of the formation of hydrogen bonds
231, Using Visio 2016 and Origin PRO 2018, it was revealed
that the average length and diameter of the cellulose are
56¢#m and 20 #m respectively. This is in agreement with the
results reported for structure, morphology and permeability
of cellulose films 24,

14 40 SEI

Fig 2: SEM of isolated cellulose from Cocos nucifera endocarps.

3. Surface Roughness

It was evident from the 3D image in Figure 3 that the
isolated cellulose presents uneven surface morphology due
to residual lignin after alkaline treatment. The surface
roughness pattern of this study is similar to the result
reported for three-dimensional microstructural properties of
cellulose 21, Surface roughness is significantly important to
scientific applications owing to its indispensable position in

chemical and physical interactions in various matters [261,
Additionally, the surface is also rough owing to the build-up
and readjustment of the crystalline structure during the
treatment 71, The surface roughness is likely associated
with the surface area with the large particle size 8. This is
similar to the result from previous research on the study of
the particle size effects and properties, blending techniques
and processing time on content uniformity 29,
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Fig 3: Surface roughness of isolated cellulose from Cocos nucifera endocarps.

4. Fourier Transform Infrared (FTIR) Analysis

The spectra of the Fourier transform infrared spectroscopy
of the isolated cellulose in Figure 4 showed a wide band
centered at 3332.5 cm™ which specified O-H stretching
vibration, whereas the stress at 2800-2950 cm* is ascribed
to C-H of CH,/CHj3 and a weak carbonyl group at 1750 cm?
391 These hydroxyl groups could be responsible for the
crystalline structure of the cellulose B4 (Park et al., 2010).
Various bands at 1300-1400 cm showed the occurrence of
-O- which joined with the carbon chain in the cellulose B2,
The peaks at 1021 cm™ and 895 cm* were connected to the
spectra characteristics of C-O stretching and C-H bending
vibration of the isolated cellulose 23 201,

The C-H bending vibration of the cellulose indicated the
special formation as a result of B-glycosidic affinity with the
glucose ring B+ 31, The value of TCI is the same as the
overall crystallinity degree of isolated cellulose which is
0.75 and the obtained result of LOI is 1.23 correlated to the
whole amount of order in cellulose. These are in agreement
with the finding of (61 on thermally modified properties of
Oakwood and cellulose. The values of TCI and LOI were
acquired from the FTIR spectra. These parameters revealed
a high degree of crystallinity of cellulose. The values are in
agreement with the findings of 1 on cellulose composites.
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Fig 5: FTIR of isolated cellulose from Cocos nucifera endocarps
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Conclusion

The structure of isolated cellulose from Cocos nucifera
endocarps was investigated using alkaline treatment.
Crystallographic planes from the X-ray diffraction are
(110), (200) and (004). The XRD pattern revealed the
crystalline structure with the most pronounced peak at
21.89° Scanning electron micrograph showed that the
particles are agglomerated. The average length and diameter
of the cellulose are 56¢m and 20= m respectively. The
surface roughness of the isolated cellulose from Cocos
nucifera endocarps revealed the degree of irregularity of the
surface. Furthermore, the surface is also rough owing to the
growth and readjustment of the crystalline structure during
the treatment. FTIR spectra showed the presence of
hydroxyl groups (O-H) producing a well-arranged
crystalline structure. In addition, the spectra characteristics
of C-O stretching and C-H bending were revealed. It has a
significant influence on the applications of cellulose in our
environment.
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