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Structure and thermal properties of microcrystalline
cellulose extracted from coconut husk fiber
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Abstract: In this work, chemically treated microcrystalline cellulose (MCC-C) was extracted from coconut
husk fiber. In order to extract hemicellulose, the sieved coconut husk fiber was treated with sodium hy-
droxide (NaOH) for dewaxing and acidified using sodium chlorite (NaClO,) to extract the residual lignin
(bleaching process). The obtained lignin-free cellulose was then treated with potassium hydroxide (KOH).
The characterizations used to equate the MCC-C with commercial grade microcrystalline cellulose (MCC)
are solubility test, X-ray diffractogram (XRD), thermogravimetric analysis (TGA) and scanning electron
microscopy (SEM). The XRD showed that the crystallinity of MCC and MCC-C increased significantly by
80.15% and 71.8% by chemical treatments. TGA found that the active removal of lignin-hemicelluloses and
the thermal stability of the material were about 350-500°C and 300-500°C. The morphology of the fiber
confirmed that there is an irregular cross-section, non-uniform surface, a large amount of short microfi-
brils and some impurities on the surface of the coconut husk fiber. The findings showed that microcrystal-
line cellulose has been successfully extracted from coconut husk fiber and that it can be used further.
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Struktura i wlasciwosci termiczne celulozy mikrokrystalicznej
pozyskiwanej z wldkien tupiny orzecha kokosowego

Streszczenie: Celuloze mikrokrystaliczng (MCC-C) wyekstrahowana z widkien tupiny orzecha kokoso-
wego poddano obrébce chemicznej. Na przesiane widkna tupin orzecha kokosowego dziatano roztworem
wodorotlenku sodu (NaOH) w celu usuniecia wosku, nastepnie zakwaszono je roztworem chlorynu(III)
sodu (NaClO,), w celu ekstrakcji resztkowej ligniny (proces bielenia). Na otrzymana, pozbawiona ligniny
celuloze dziatano wodorotlenkiem potasu (KOH). Poréwnano uzyskang MCC-C z handlowa celuloza
mikrokrystalicznag (MCC) na podstawie przeprowadzonego testu rozpuszczalnosci, badan metodami
dyfrakcji rentgenowskiej (XRD), analizy termograwimetrycznej (TGA) i skaningowej mikroskopii elek-
tronowej (SEM). Wyniki badart XRD wykazaty, ze po obrébce chemicznej krystalicznos¢ zardéwno MCC,
jak i MCC-C zwigkszyla sie¢ istotnie o, odpowiednio, 80,15% i 71,8%. Wyniki badann TGA wykazaty, ze
aktywne usuniecie lignin-hemiceluloz powoduje zwiekszenie stabilnosci termicznej celulozy mikrokry-
stalicznej i przesuniecie temperatury rozktadu do zakresu, odpowiednio, 350-500°C i 300-500°C. Anali-
za morfologii wtdkien potwierdzita ich nieregularny przekrdj poprzeczny, niejednorodna powierzchnie,
duza liczbe krotkich mikrofibryli oraz zanieczyszczenia na powierzchni. Stwierdzono, ze celuloza mi-
krokrystaliczna wyekstrahowana z wtdkien tupiny orzecha kokosowego nadaje si¢ do wykorzystania.

Stowa kluczowe: celuloza mikrokrystaliczna, fupina orzecha kokosowego, obrobka chemiczna.

Wood, cotton, hemp and other plant-based materials reinforcement element in the structure of plants. Their
are constituted from cellulose, which is known as one  application in composite materials has gained growing
of the most plentiful biopolymers on earth and the main  consideration because of their weight, biodegradability
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and renewability [1]. From many agricultural wastes, such
as sugarcane bagasse, wood, cotton, pineapple leaves and
coconut husk cellulose can be extracted. Coconut husk is
a coconut residue, and it is produced every year in large
quantities. Tones of unused agro-industrial waste are
produced annually, with only a small percentage being
used as feedstock for energy production [2]. Because of
its biodegradable and reusable structural plant polymers,
cellulose can be transformed into whisker-like microfi-
brils, microcrystalline cellulose (MCC), nanocrystalline
cellulose (NCC) and many more [3]. To solve these issues,
a strong call for renewable energy sources has been
launched worldwide. The increasing use of renewable
energy sources (wind, solar, efc.) faces many key chal-
lenges, including the modulation from time to time of
variable renewable resources, the smooth incorporation
into the grid and the balancing of electricity generation
and demand in peak and off-peak times [4].

Coconut husk is the mild, fluffy material that comes
off coconut (Cocos nucifera L.) fruit from thick mesocarp
when its miles are shredded during the processing of
husk [5]. By their nature, coconut residues are a lignocel-
lulosic material with renewable, biodegradable and bio-
compatible characteristics, and can be a valuable resource
for natural fiber as a perfect raw material [6]. One of the
agricultural waste products from the processing of coco-
nut oil is coconut husk fiber, which belongs to the palm
fiber family, and can be obtained in the tropical regions of
the world, especially in South America, Africa and Asia.
Coconut husk fiber can be obtained in Malaysia in large
amounts. The fiber was obtained by removing a coconut
from the outer shell [7]. The key content of coconut husk

fiber [8] is cellulose, hemicellulose and lignin. The effects
of many synthetic polymers and biodegradable polymers,
agar, starch, cellulose, chitin, chitosan and carrageenin,
due to their natural resources, plentiful availability, bio-
degradability and low cost, are now attracting great atten-
tion due to a lot of risk to our climate [9]. Cellulose is an
abundant and naturally occurring element with good
mechanical properties. Cellulose is not soluble in water
in its native form. A chemical reaction of its hydroxyl
groups with a hydrophilic substituent will rectify this
[10]. Despite its relative chemical simplicity, the physical
and morphological structure of native cellulose in taller
plants is complex and heterogeneous. In addition, in plant
cell walls, more complex morphologies of cellulose mole-
cules are familiarly correlated with other polysaccharides
and lignin [11]. Chemical treatments consisting of alkali
extraction and bleaching have also been used in plant
fiber cellulose purification [12]. In order to improve the
compatibility of natural fiber, several treatment methods
have been accomplished. The procedure seeks to change
the surface of the fiber physically and chemically. Figure
1 illustrates the schematic principle of isolation process
from cellulosic plant fiber to cellulose fiber.

The factors influencing the improvement of the proper-
ties of natural fibers [13] are surface geometry, soil drainage,
fiber consistency and contact between the fiber and the base
and the framework. Treatment with alkali on natural fibers
is also used as part of chemical treatment. Alkali treatment
depends on the evacuation of a significant proportion of
alkali hemicelluloses, lignin, waxes and oils, resulting in
a rough fiber surface due to decreased fiber aggregation
[14]. Studies on chemical treatment of coconut fiber have

Coconut tree

SEM micrograph of MMC

Coconut husk

Hemicellulose

Isolation of cellulose

Fig. 1. Schematic principle of isolation process cellulose fiber from cellulosic plant
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been performed by researchers [14-16], but to the best of
our knowledge there is no literature study using coconut
husk fiber as the key material for the development of MCC.
The physical and chemical properties of cellulose and its
chemical reactivity and behavior were highly affected
by the arrangement of the hydroxyl group and hydrogen
bonding with respect to each other and to the fiber axis.
Sequences of its native cellulose organize the amorphous
region and the crystalline region. It is possible to eliminate
the amorphous region and isolate the crystalline region
when it undergoes a chemical reaction [17]. Low cost, low
density, comparable basic tensile properties, non-abrasive
to the machinery, non-irritating to the skin, reduced energy
consumption, less health risk, renewability, recyclability
and biodegradability are the various advantages of cellulose
from natural fibers over man-made cellulose. The current
scientific focus is more on cellulose biosynthesis because of
the great economic importance of cellulose, as it is still not
well understood. Few researches were done on comparing
the properties and morphology of coconut husk fiber using
chemical treatment with commercial grade of MCC. Thus,
this work focuses on the extraction of coconut husk fiber by
using alkaline and bleaching treatment of MCC from coco-
nut husk fiber, followed by empirical study of its properties
and comparison to the commercial grade of MCC.

EXPERIMENTAL PART
Materials

The coconut husk fibers were collected from the local
agricultural farm, Sabak Bernam, Malaysia. A total of
2 bags, or 3 kg of sample weight, were collected in this
study. Reagent grade chemicals were obtained from
R&M Chemicals Ltd. (United Kingdom) for fiber sur-
face modifications and bleaching, namely toluene, etha-
nol, potassium hydroxide and sodium chlorite. For pur-
poses of contrast, industrial microcrystalline cellulose
(MCC) R&M Chemicals Ltd. (United Kingdom) was used.
Without any further purification, these pure and analyti-
cal grade chemicals were used directly.

Isolation of microcrystalline cellulose from
agricultural waste

Pre-treatment of MCC-C

In this study, coconut husk fibers cut into small parts
before were blended using grinder machine. The husk was
washed repeatedly with water and dried for 18 h in a tem-
perature-controlled oven at 60°C. The sample was held in an
airtight bag and, before further analysis, put in a desiccator.

Preparation of MCC-C

The process used for the extraction of microcrystalline
cellulose was based on [18] with a slight modifications. The

fiber was dewaxed in the Soxhlet system with toluene-etha-
nol (2: 1, v/v) and then dried in an oven at 60°C. Dried coco-
nut husk samples (5 g) were first kept at 70°C for 1 h with
sodium chlorite (NaClO,) (acetic acid was used to achieve
pH 4), and this process was repeated until the sample
turned white. At 70-80°C, heating persisted for 2 h. Then, it
was filtered until the pH was neutral to eliminate water-sol-
uble components and washed. The residue was then treated
at room temperature overnight using potassium hydrox-
ide (6 wt %). Cellulose was washed carefully with distilled
water after filtration and dried in an oven for 16 h at 40°C.
Cellulose that was dried was preserved for further use.

Methods of testing
Chemical composition analysis

The chemical composition of MCC-C and commercial
MCC was determined by its moisture, hemicellulose, cel-
lulose and lignin while its solubility test were determined
by using distilled water (DI), sodium hydroxide (NaOH),
hydrochloric acid (HCI) and acetone content.

Structural analysis

To test the crystallinity of the samples, XRD (D8-Advance
Bruker AXS GmbH) was performed with a monochro-
matic CuK radiation source (0.1539 nm) at room tempera-
ture (RT) in step-scan mode with a period of 2 of 5.0 min.
The material crystallinity index was measured using
the peak height method, which is the most common and
easy method of calculating the degree of crystallinity as
an analytical method. To measure the crystallinity of the
samples, the crystallinity index value was computed. The
index of crystallinity (CI) is defined by [19]:

CI (%) = Icry - Iams/Icry (1)
where: CI - the crystallinity index (%), I, — the maxi-
mum intensity at 20, I _—the intensity of the amorphous

ams

substance at an angle between the peaks in the valley [20].
Crystallite size (nm) D = kA/( cosO 2

where: D — diameter or mean size of the ordered (crys-
talline) domains, k — the Scherrer’s constant (0.94), A — the
wavelength of the X-ray radiation, (3 — the full width of
the diffraction peak at the half limit (FWHM), 6 — the cor-
responding Bragg’s angle.

Thermogravimetric analysis

To determine the degradation features of the samples,
TGA was performed. Using a Perkin Elmer Thermal
Analyser (Waltham, MA, USA) the thermostability of the
sample prepared was analysed. Approximately 16 mg of
the sample were heated from room temperature to 800°C
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under nitrogen atmosphere with a gas flow (60 cm®min)
with a heating rate of 10°C/min. In order to determine the
mass loss of the sample after heating, the percentage of
residue mass was reported.

Morphology studies

Morphology experiments were conducted using the
SEM (model Philips XL 30) to determine the coconut husk
fiber surface morphology of the sample. Prior to SEM
observation, the samples were coated before the study
with gold in a plasma sputtering apparatus. The thick-
ness of the layer of gold was roughly 0.01-0.1 nanometres.
15 kV was the accelerating voltage.

RESULTS AND DISCUSSION
Chemical composition of coconut husk fiber

Cellulose, lignin and hemicellulose are major compo-
nents of coconut husk fibers. Table 1 summarises this per-
centage of the chemical composition found in MCC-C.

Comparison of solubility test of microcrystalline cellu-
lose prepared from coconut husk fiber with commercial
MCC are presented in the Table 2 below.

These compositions were inspired by the different
properties of coconut husk fibers. Ultimately, due to
the pre-treatment of fiber modifications, the proper-
ties of coconut husk fibers have also improved [7]. The
fiber surface became rough to minimise fiber aggrega-
tion due to alkali treatment and most hemicelluloses,
lignin, waxes and alkali-soluble oils were required to be

Table 1. Chemical composition of MCC-coconut husk fiber

Content, wt %
Moisture 25.3
Hemicellulose 16.3
Cellulose 41
Lignin 31.2

removed [14]. Bleaching treatment was used to complete
the disposal of the residual cementing materials from the
fiber. Polysaccharide, soluble in water, is a component of

Table 2. Comparison of solubility tests of MCC and MCC-C

Solvent MCC-C Commercial MCC
Completely Completely
Acetone insoluble insoluble
Distilled water Partially soluble Partially soluble
1% HCl Insoluble Insoluble
1% NaOH Partially soluble Partially soluble

hemicellulose. The soluble character of alkali is a complex
organic lignin compound. Therefore, the percentage of
lignin was reduced from raw fiber to bleached fiber [21].

The MCC properties of coconut husk fibers were caused
by these compositions and the pre-treatment process.

Structural analysis

XRD patterns of commercial MCC and MCC-C cellu-
lose are shown in Fig. 2. The extracted MCC XRD spec-
trum reveals two peaks at 20 =20° in the Fig. 2 it is about
23° and 15° and 20 = 12° In contrast with hemicellulose
and lignin, cellulose has a well-known crystalline struc-
ture due to its hydrogen bonding and the amorphous
nature of van der Waals [22]. The increase in cellulose
fiber crystallinity is expected to increase its rigidity,
whereas higher crystallinity is associated with higher
tensile strength. Table 3 summarizes the crystallinity
of the samples. The sample with successive chemical
treatments has higher I values in comparison with the
MCC. This is because it partly eliminates the amorphous
stages such as hemicellulose and lignin by conducting
the chemical procedure. Alkali treatment eliminates the
amorphous sections of the plant and the material con-
tains more crystalline cellulose regions after treatment
as a result of increased crystallinity [23, 24].

Thermogravimetric analysis
Thermogravimetric studies are shown in Figs. 3, 4, 5and 6.
The results of the TGA also verified the successful removal

of lignin and hemicelluloses and showed material thermal
instability around 350-500°C and 300-500°C. There was

Table 3. The crystallinity of MCC and MCC-C

Crystallinity
index, %

80.15
71.8

Crystallite
size, nm

5.08
4.47

Sample

Commercial MCC
MCC-C

180

1601 |
1401 ‘
1201 |
1001

801 |

Intensity, a.u.

601

401

201

70

Fig. 2. XRD of the cellulose samples
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Fig. 3. TGA of the MCC
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Fig. 5. TGA of the MCC-C

no noticeable mass loss in the 50-350°C range of the MCC
(TGA) until the MCC started to degrade near 350°C due to
cellulose degradation. At around 340°C, the non-cellulose
began to decompose, and continued to decompose until
~350°C, while at 330°C the fastest mass loss was observed.
The initial mass loss for MCC-C occurred marginally in
the temperature range of 60 to 100°C [25], this is primarily
due to the vaporisation and removal of bound water in the
cellulose and depends on the initial fiber moisture content
[24]. In the 100-240°C range, there was no substantial mass
loss until the coconut started to degrade at around 250°C
due to the degradation of coconut cellulose, hemicellulose
and lignin. At about 270°C, the non-cellulose in the fiber
began to decompose, and continued to decompose until
~320°C, while at 290°C, the fastest mass loss was observed.

Morphology analysis
SEM can be a valuable method for proving the morphol-

ogy of coconut husk fiber and microcrystalline cellulose. SEM
micrographs of the MCC and MCC-C are shown in Fig. 7.

Fig. 7. SEM image: a) MCC, 50%, b) MCC-C, 50x
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Fig. 4. DTG of the MCC
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Fig. 6. DTG of the MCC-C

It is typical for the SEM images of coconut husk fiber to
have an agglomerate fiber, a large amount of short micro-
fibrils and a non-uniform surface. In the material mor-
phology, a mixture of plated and rod-shaped forms could
be seen. Coconut husk fiber defibrillation during alkaline
therapy has been demonstrated. Lignin can be extracted, by
treating the coconut fiber with sodium chloride, by complex
formation and depolymerization. There are some agglomer-
ate elements in the SEM image, as shown in Fig. 7b, because
the removal of water from the fiber has not been completely
realized. The removal of non-cellulosic constituents can
result in a significant decrease in fibril diameter. This may
also mean that hemicellulose, lignin, pectin, wax, and other
impurities found in the coconut husk have been partially
extracted from the non-cellulosic outer layer.

CONCLUSION
Microcrystalline cellulose from coconut husk residues

has been synthesized successfully. XRD shows that all
lignin and the bulk of hemicellulose were extracted by

b)
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chemical treatments. The crystallinity of MCC by 80.15%
and MCC-C by 71.8% is substantially increased by the
chemical treatments. SEM images showed that certain sur-
face impurities, consistent with the removal of wax, pectin,
lignin and hemicellulose, could be extracted by chemical
treatment, as shown by chemical analysis. TGA found that
the chemical treatments damage and increase the degree
of crystallinity of the amorphous area of the cellulose.
Higher crystallinity values have resulted in higher heat
resistance and overall temperature rises for thermal deg-
radation. The cellulose degradation took place at tempera-
ture ranging from 300 to 350°C. The morphology of the
fiber confirmed that there is an irregular cross-section,
non-uniform surface, a large amount of short microfibrils
and some impurities on the surface of the coconut husk
fiber. The findings showed that microcrystalline cellulose
has been successfully extracted from coconut husk fiber
and has great potential in advanced applications.
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