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Abstract

Present study deals with the extraction and isolation of microcrystalline cellulose (MCC) from date palm fruit bunch stalk
(DPES) of date palm tree (Phoenix dactylifera L.) through integrated chemical method. To facilitate comparative study,
each DPFS-treated, DPFS-pulp and DPFS-MCC samples were produced through respective bleaching, alkaline and acid
hydrolysis treatments. The obtained samples were characterized in aspects of structural, morphological, elemental, crys-
tallinity and thermal properties. From physicochemical analysis, fourier transform infrared ray (FTIR) and X-ray diffrac-
tion (XRD) showed the improved cellulose crystalline structure from DPFS-treated to DPFS-MCC. Morphology analysis
revealed that the isolated DPFS-pulp and DPFS-MCC samples had microfibrillar structure, which achieved through the fibre
disintegration by a series of chemical treatments. Moreover, the rigidity was also found the highest for isolated DPFS-MCC
with 79.4% crystallinity degree. Further, the DPFS-MCC sample manifested better thermal properties for its high weight
loss (84.15%), low residual weight (15.44%) and high decomposition temperature (364.2 °C) compared to the other fibre
samples. Also, the DSC analysis showed the thermal behaviour which is in line with the thermal decomposition of those
fibre samples. Therefore, in view of the overall result, the isolated DPFS-MCC could act as potential filler for reinforcing
polymeric materials in composite field of applications.
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Introduction

Cellulose is a plant polymer that is both biodegradable
as well as renewable and that has the potential to be pro-
cessed into micro fibrils with whisker-like appearance [1, 2].
Among the remarkable traits that it possesses is the advan-
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tage of reinforcing capability, low density, environmental
friendly nature and interesting mechanical properties [3].
These traits have caused scientists to be particularly inter-
ested in the plant polymer aiming to exploit it in developing
green polymer composites that are environmentally friendly
[4]. Cellulose is also regarded as the most ubiquitous and
abundant natural polymers that produced by plants and
microorganisms [5]. It is a linear homopolymer with for-
mula of (C6H1005)n in 4C1 conformational structure The
repeating units which made up of d-glucose that does not
dissolve in water but can be degraded by fungal and micro-
bial enzymes [6, 7]. Naturally, the molecular chains of cel-
lulose are biosynthesized and through self-assembly, they
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turn to microfibrils that are made up of crystalline as well
as amorphous domains [8, 9].

Hydrogen bonds laterally stabilize the molecules of cel-
lulose via hydroxyl groups that aligned between adjacent
molecules [9]. Subjecting native cellulose of its amorphous
regions to strong acid hydrolysis results in them being seam-
lessly hydrolyzed with close to no weight being lost [10].
Usually, the utilization of wood yields hydrolyzed cellulose
could produce microfibrils with approximately 3—10 nm in
width and 100-300 nm in length. The microparticles are
given the term of ‘microcrystalline cellulose’ due to the
possession microscale dimension [11-13]. Microcrystal-
line cellulose (MCC) refers to a crystalline powder as well
as biodegradable material that is fine, has no order, is white
and it can be removed from cellulose for use in water reten-
tion and as a suspension stabilizer in three major indus-
tries; pharmaceuticals, food and cosmetics [14, 15]. MCC
for industrial use is collected by hydrolyzing wood as well
as cotton cellulose primarily by use of dilute mineral acids
[16]. High crystallinity degree is a typical characteristic of
MCC although variations occur between MCC grades with
values often ranging from 50 to 80 percent as is identified
through X-ray diffraction examination [14]. When cellulose
is collected from different hydrolysis conditions and origins,
its crystallinity, particle size, surface area, molecular weight,
porous structure and moisture content may vary accordingly
[6, 13, 15].

Researchers have in the recent past reported that cellu-
lose fibers can be extracted from rice husk through alkali as
well as bleach treatments and using sulfuric acid (H,SO,)
hydrolysis treatment, conversion of the cellulose fibers to
nanocrystals was possible [17]. That same technique of acid
hydrolysis has been found to isolate microcrystalline cel-
lulose from jute cellulose [18]. Researcher has also used
hydrolysis to produce cellulose nano fibres from empty fruit
bunch fibers of oil palm [19]. Additionally, there have been

reports of synthesis as well as characterization of cellulose
phosphate that have been obtained from microcrystalline
cellulose that is derived from oil palm empty fruit bunch [20,
21]. In the past few years, interest has grown significantly
on production of nanocomposite materials. Such interest is
linked with the extraordinary properties that the nanocom-
posite materials exhibit based on nanoscale reinforcement
that provides properties like increased surface area which
enhances bonding with resins and creates optical transpar-
ency in addition to other properties such as electrical con-
duction. For nanocomposites that are fully renewable as
well as biodegradable to be produced, derivation of both
nano reinforcement and polymer matrix needs to be done
from resources that are renewable [22, 23]. Researchers are
increasingly becoming interested in MCC particularly on
its potential use with cellulose reinforced nanocomposite as
a starting material [24]. Additional reports indicate that the
characteristics of MCC are depending on the origin of raw
materials as well as the employed methods in their prepara-
tion steps [25].

All the findings indicate the possible use of MCC as uni-
versal filler during the process of extrusion or spheronisa-
tion. Unique mechanical properties of cellulose nanofibers
have been displayed including their high modulus of approx-
imately 140 GPa [26]. Further, they represent ideal materials
to utilize as reinforcement in the context of a transparent
polymeric matrix largely due to their capacity to avoid light
scattering. Inability to scatter light is associated with their
lateral dimensions which are smaller compared to visible
light’s wavelength [27]. Characterization of isolated MCC
from OPEFB in a comprehensive manner or comparing it
with commercial MCC as well as OPEFB-pulp has been
achieved by using oil palm biomass residue as the raw cel-
lulosic material [28]. Some of the recently reported studies
on the isolation of MCC from natural fiber and wastes are
listed in Table 1.

Table 1 Reported study on
MCC isolation from natural

source

MCC-source Isolation methods References
Indonesian native oil palm empty fruit bunch Acid hydrolysis [29]
Roselle fiber Acid hydrolysis [30]
Oil palm empty fruit bunches, stalk and spikelet Acid hydrolysis [31]
Pre-hydrolysed oil palm fronds wastes Chemo-mechanical process [32]
Recycled waste of cotton fabrics Catalytic hydrolysis of phospho- [33]
tungstic acid
Oil palm fronds waste Acid hydrolysis [34]
Pomelo peel Acid hydrolysis [35]
Alfa fibres or esparto grass Acid hydrolysis [36]
Waste papers Acid hydrolysis [37]
Banana fibre wastes Acid hydrolysis [38]
Ensete glaucum (Roxb.) Acid hydrolysis [39]
Rice husk Chlorine-free multiple steps [40]
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From the literature review, it is known that the isolation
and characterization of MCC from wood, cotton, jute, coir,
flax and roselle has been reported. However, no studies have
been focused on date palm fruit bunch stalk as a source of
cellulose more specifically MCC. Most probably the present
study for date palm and its findings will fill a knowledge gap
for MCC extraction from other cellulose sources. With this
regard, this work was performed to isolate and character-
ize MCC from fruit bunch stalk (DPFS) obtained from date
palm tree through acid hydrolysis followed by its compara-
tive study with DPFS-treated and DPFS-pulp. DPFS-MCC
was fully characterized in terms of structural, morphologi-
cal, elemental, crystallinity and thermal stability. Hence, the
novelty of this work emphasizes on the utilization of DPFS
as a new raw material for isolating MCC product.

Materials

DPFS were supplied from Riyadh, Saudi Arabia. Through
water retting technique, extraction of the fruit bunch
stalks fiber was done. In order to remove impurities, fiber
were thoroughly washed with tap water and dried in an
oven for 24 h at 60°, followed by grounding and sieving
to around 10 mm size of dried of fruit bunch stalk fiber.
Sodium hypochlorite, hydrochloric acid, acetic acid and
sodium hydroxide were procured from Evergreen Sdn. Bhd.
Malaysia.

Methods
Preparation of MCC

Firstly, extraction of MCC involved the bleaching treatment
of fiber by using 10.0 (w/v) sodium hypochlorite (NaCIO)
solution for an hour and at temperatures ranging between
70-80 °C. The ratio of fiber to NaCIO was 1:60 (g/ml) and
acidification of the solution was done using acetic acid until
a pH of 4 was achieved. Bleached fibers were filtered after
washing several times with distilled water until white-yel-
lowish fibers are collected followed by drying it in oven for
24 h at 60 °C. Bleached fibers were then treated with 8.0%
(w/v) of sodium hydroxide (NaOH) solution based on a 1:50
(g/ml) fiber to NaOH ratio for 30 min at room temperature.
Alkali treated bleached pulp was filtrated, washed and then
dried in an oven for 24 h and at 60 °C.

The next step involves hydrolyzing of the alkali treated
bleached pulp by using 2.5 mol/L of hydrochloric acid for
30 min, at 85 °C based on a 1:30 (g/ml) solid to liquor ratio
[14, 41], with constant stirring for hydrolysis agitation, fol-
lowed by cooling at ambient temperature. Cooled hydro-
lyzed alkali treated bleached pulp were washed with distilled
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water, filtered and washed until a pH of 7 was achieved, to
obtain MCC. Isolated MCC was then put in a vacuum oven
where it dried at temperatures between 70-80 °C for 5 h
until constant weight was reached.

Characterizations
Chemical Composition and Yield Determination

Chemical composition of fiber samples (a-cellulose, hemi-
cellulose and holocellulose) were determined accordingly
to the TAPPI test methods: holocellulose by Tappi 249-
75, a-cellulose by T203cm-99, and lignin by TAPPI T222
om-88. Meanwhile, hemicellulose was calculated by sub-
tracting the content of holocellulose with a-cellulose.

The fiber yield (%) was estimated following the Eq. (1)
provided:

(M, — M5)
=

1

Yield(%) = x 100% (1
where M, refers the mass of raw date palm fruit bunch stalk;
M, refers the total mass of chemically-treated fiber in weigh-
ing bottle; M, refers the mass of weighing bottle.

FT-IR

FT-IR was done by conducting 32 scans through Perkin
Elmer 1600 Infrared spectrometer ranging of 4504000 cm™"
wavenumbers at a resolution of 4 cm™" for the individual
samples. Nicolet software was used to track the significant
transmittance peak position recorded for a specific wave
number.

SEM, EDX and Particle Size Analysis

A Hitachi S-3400 N SEM was used to observe the mor-
phology of the samples equipped with EDX under 15 kV of
accelerating voltage. Prior to scanning sample were coated
with gold sputter in order to avoid charging effect. EDX
diffraction determines the sample elemental composition.
Particle size analysis was done through an effective particle
size analyzer called the Malvern Mastersizer 2000.

XRD

A SIEMENS D5000 XRD was used to identify the samples
crystallinity by employing Ni-filtered Cu Ka radiation under
angular incidence (20 angle range 5°—40°). The diffraction
peak height intensity method Eq. (2) was used to calculate
the samples’ Crl (crystallinity index).
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where, Iy, refers to the peak intensity that corresponds to
crystalline domain at about 20=19.0°, while I, refers to
the peak intensity that corresponds to amorphous domain
at about 20 =22.6°.

Thermal Analysis

Thermal stability of the samples was done through TA
Instruments Q500. Approximately 6 mg of the sample was
put under a nitrogen gas atmosphere with heating rate of
20 °C/min and scanned in the range of 30-900 °C. Differ-
ential scanning calorimeter (DSC) thermograms of 10 mg
of dry sample were recorded through TA Instruments Q20
based at heating rate of 10 °C/min under nitrogen purge with
temperature range of 30-350 °C.

Results and Discussion

Physicochemical, Chemical Composition, and Yield
Production

Figure 1 illustrates the FTIR spectra of three samples DPFS-
treated, DPFS-pulp and DPFS-MCC. At different absorb-
ance bands, the samples manifest differences in reactions
to chemical treatments. For instance, at approximately
3290 cm™!, it represents —OH stretching group on cellulose
chain. The degree of changes for the individual samples
throughout the chemical treatments is insignificant, while
similar outcome is identified at 2896 cm™"! absorbance band.
From the Fig. 1, it is also observed the absorbance band peak
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DPFS-treated

— T T T " T T ‘T T " T " T T
4500 4000 3500 3000 2500 2000 1500 1000 500 0

-1
Wavenumber (cm )

Fig. 1 FTIR spectra of DPFS-treated, DPFS-pulp and DPFS-MCC

around 1640 cm™! broadens from DPFS-treated to DPFS-
MCC largely due to increased cellulose-water interactions
strength. Moreover, pure cellulose and its common char-
acteristics are represented at three key absorbance peaks,
namely; 898 cm~!, 1157 cm~! and 1365 cm™" which can also
be referred to as ‘P-glycosidic linkage vibration’, ‘C—O-C
pyranose ring skeletal vibration’ and ‘C-H asymmetric
vibration’ respectively [28].

With regards to the DPFS-treated sample, a small peak
is seen at 1727 cm™~! which might be considered as an indi-
cation that hemicellulose is present following the alkaline
reaction. However, for DPFS-pulp and DPFS-MCC, that
peak is less likely to be seen because substantial hemicel-
luloses has been removed after the bleaching as well as
hydrolysis treatments have been done. Interestingly, almost
complete elimination of lignin compound that occur during
alkaline treatment make it insignificant to observe any of
the related peaks from 1510 to 1610 cm™" in all the samples
(C=C aromatic stretching) [42, 43]. This observation was
strongly supported by the determined chemical composi-
tion as summarized in Table 2. The a-cellulose was found
increasing from DPFS-treated to DPFS-MCC samples with
the declined hemicellulose and lignin components. Also, the
yield of MCC could be extracted in this work was with a
total of 35.4%.

Morphology, Element and Particle Size Analysis

Figure 2 illustrates SEM images of the DPFS-treated,
DPFS-pulp and DPFS-MCC. Initially, the DPFS-treated
sample shows its fibre in a bundle-like feature and reflects
a relatively smooth surface following an alkaline treatment
reaction. With further bleaching treatment, the residual
component of DPFS-treated fibre was dissolved and hence
resulting in the fibre disintegration into individualized form
of DPES-pulp. As for the isolated DPFS-MCC sample, simi-
larity with the DPFS-pulp sample is manifested with regards
to the long microfibrillar structure that it achieves through
self-assembly. A difference is however manifested between
the DPFS-MCC and DPFS-pulp samples as the former
has a rougher surface than the latter partly because of acid
hydrolysis and the surface cracking caused by the disruption
[44, 45]. Moreover, the dimension of MCC extracted in this

Table 2 Chemical composition and yield data

Samples a-Cellulose (%) Hemicel- Lignin (%) Yield (%)
lulose
(%)
DPFS-treated  71.2 14.2 9.4 57.1
DPFS-pulp 74.7 13.6 7.9 52.2
DPFS-MCC  82.5 5.11 3.6 354
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Fig.2 SEM of DPFS-treated (a, b), DPFS-pulp (c, d) and DPFS-MCC (e, f) at magnifications of X 70 (a, ¢, e) and x3000 (b, d, f)

work had diameter of 21.4-90.6 pm and length of more than
200 pm. The size of MCC obtained in this work was larger
than the reported works of alfa MCC (5 to 10 pm diameter,
20 to 200 pm length) extracted by Trache et al. [16], soy-
bean hull MCC (13 + 3 pm diameter, 48 + 16 pm length) by
Merci et al. [44], and rice straw MCC (15-20 pm diameter,
100-1000 length) by Elanthikkal et al. [38]. However, the
large dimension range of DPFS-MCC could more likely to
improve the composite strength during reinforcement.

@ Springer

Figure 3 shows EDX spectra of three samples DPFS-pulp,
DPFS-treated and DPFS-MCC. Figure 3 clearly indicate that
every fiber from the three samples shows peaks for oxygen
as well as carbon elements as being the key composition
correlating to the natural characteristics of cellulose as listed
in Table 3. In addition, phosphorus as well as silica impu-
rity elements were present in negligible amounts in the fibre
samples. As such, through EDX analysis, it was shown that
the cellulose content in the individual fiber has high purity
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Fig. 3 EDX spectra of a DPFS-treated, b DPFS-pulp and ¢ DPFS-MCC
Table 3 Elemental, particle size and crystallinity data of DPFS-
treated, DPFS-pulp and DPFS-MCC
Samples C(%)* O (%) SWMD VWMD Crl (%)° .
(um)* (um)* ]
84
DPFS- 63.48 36.52 270.19 411.13 74.6 J A
treated 74
DPFS-pulp  65.65 34.35 73.24 287.25 76.5 6_' DPFS-treated
DPFS-MCC 65.16 34.84 7192 259.32 79.4 J
£ 54 px:
2Carbon o 1 / R — 4 S
E 4 o e —
®Oxygen 3 4
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“Surface weighted mean diameter 34 .
4Volume weighted mean diameter 24 DPES-MEC
Crystallinity index . 1 {,N/‘
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after alkaline, bleaching and acid hydrolysis treatments have
been performed in respective fashion [46, 47].

Figure 4 elucidates the distribution of particle size in all Fig.4 Particle size distribution of DPFS-treated, DPFS-pulp and
the three samples under investigation. The pattern shows  DPES-MCC

Particle Size (um)
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that there is a decline in volume weighted mean diameters
as one moves from DPFS-treated to DPFS-pulp samples.
Manifested pattern observed as large cellulosic bundles
gets separated into fibrous strands that are smaller after the
hemicelluloses and lignin binding components have been
removed in the alkaline treatment.

The volume weighted mean diameter of DPFS-MCC with
259.32 um declines slightly following acid hydrolysis treat-
ment to DPFS-pulp with 287.25 um. The pattern exhibited
by DPFS-MCC was corresponding to the mild decline in
surface weighted mean diameters from 73.24 pum for the
DPFS-pulp sample to 71.92 um for the DPFS-MCC sample
(Table 3). The inference agreed with the fact that the hydro-
lytically cleavage of cellulose amorphous segments had
contributed to the formation of smaller DPFS-MCC micro-
crystallites. Moreover, the size distribution of DPFS-MCC
samples is unsymmetrical relative to that of DPFS-pulp
as shown in Fig. 4 because of inconsistent size reduction
resulted by the acid attack on the glyosidic bonds [32].

XRD

XRD patterns of DPFS-treated, DPFS-pulp and DPFS-MCC
are shown in Fig. 5. Each of the samples shows their main
peaks of reflections in correspondence with their respec-
tive crystallographic planes. Table 3 listed the crystallinity
degree (%) of DPFS-treated, DPFS-pulp and DPFS-MCC.
Meanwhile, the main peaks reflected that the individual
samples have cellulose IP type structure [34]. Crystallin-
ity degree was presented higher for DPFS-pulp with 76.5%
when in comparison with DPFS-treated having crystallin-
ity of 74.6%. Noticeably, the peak became sharper and nar-
rower at 22.8° from DPFS-treated to DPFS-pulp fibres. The
variation in peaks and crystallinity occurred between them
because the amorphous cellulose content was eliminated

8000
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Fig.5 XRD plots of DPFS-treated, DPFS-pulp, and DPFS-MCC
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in DPFS-treated fibre causing crystallinity to increase. In
addition, the highest crystallinity is 79.4% which exhibited
by DPFS-MCC. The contributing factor is the fragmenta-
tion of amorphous segments in cellulose by hydronium ions
attack occurred during acid hydrolysis and thereby resulted
in crystalline structure in highly ordered [31, 47]. The MCC
isolated from date palm empty fruit bunch fibre in this study
had a greater crystallinity degree than the jute MCC pro-
duced by Jahan et al. [18] with 75% crystallinity index. Also,
this work had greater MCC crystallinity comparing to Merci
et al. [44] by which the isolation of 70% crystallinity of
soybean hulls MCC using reactive extrusion.

Thermal Properties

Figure 6a illustrates TGA curves for DPFS-treated, DPFS-
pulp and DPFS-MCC. Loss of weight from 70 to 130 °C is
observed due to the evaporation of absorbed water for each
sample. Beyond 200 °C, the thermal decomposition begins
at 272.6 °C for DPFS-treated fibre which represents a lower
thermal stability compared to DPFS-pulp at 235.3 °C and
DPFS-MCC at 251.8 °C, respectively (Table 4). It is proba-
bly caused by the residual hemicelluloses and lignin content
in DPFS-treated fibre that had increased the tolerance to heat
degradation. Apart from this, it might be also attributed by
its bundle-like structure which improved its thermal stability
[48]. The initial thermal decomposition found poor in DPFS-
pulp compared to DPFS-MCC most probably because the
cellulose amorphous regions easily get degraded in DPFS-
pulp. However, the weight loss was lowest in DPFS-treated
at 83.91% but residual weight was highest at 16.03% com-
pared to the other samples probably because of the formation
of char due to the presence of undecomposed components
[49]. Additionally, weight loss was observed to be highest in
the DPFS-MCC at 84.15% most likely because the relatively
high content of pure cellulose. Residual weight in DPFS-
MCC was also found to be slightly higher than in DPFS-pulp
probably because the crystalline structure of DPFS-MCC
exhibits flame retardant behaviour [16]. From derivative
thermograms (DTG) as illustrated in Fig. 6b, double thermal
decomposition was only observed for DPFS-treated fibre at
265.4 °C and 359.9 °C probably due to the fibre contained
unremoved impurity such as hemicelluloses. The peak tem-
perature of decomposition was higher in the DPFS-MCC at
364.2 °C compared to 350.4 °C for DPFS-pulp. This shows
that the heat resistance capability is remarkable in the DPFS-
MCC due to the presence of rigid crystals [50].

Figure 7 illustrates the DSC plots and the data are tabu-
lated in Table 4. Absorption of heat energy in the individual
samples for the process of water evaporation was noticed to
occur from 60 °C to 140 °C endotherms. Second endotherms
were observed at 206.6 °C for DPFS-treated, 204.3 °C,
205.8 °C for DPFS-pulp and DPFS-MCC respectively which
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Table 4 Thermal analysis data of DPFS-treated, DPFS-pulp and DPFS-MCC

Samples TGA analysis DSC analysis

Tr)nset (oc)a Tpeak (oc)b Wloss (%)c Wresidue (%)d Tonset (OC)C Tpeak (OC)f AH (J/g)g
DPFS-treated 272.6 359.9 83.91 16.03 206.6 320.6 244.6
DPFS-pulp 235.3 350.4 84.04 15.44 204.3 319.5 138.5
DPFS-MCC 251.8 364.2 84.15 15.71 205.8 328.1 87.9

AH Enthalpy change

4TGA onset decomposition temperature

"DTG maximum weight loss peak temperature
‘TGA weight loss

4TGA char residual weight

°DSC onset degradation temperature

fDSC peak temperature

£DSC heat of degradation

DPFS-pulp

DPFS-treated
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N
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Fig.7 DSC curves of DPFS-treated, DPFS-pulp and DPFS-MCC
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is an indication that cellulose degradation has begun to pre-
vail [34, 51]. When temperatures increased beyond 220 °C,
the DPFS-treated sample showed a series of broad exother-
mic and endothermic peaks compared to the other two sam-
ples. As such, the amount of AH that is required for the
DPFS-treated was quite high with approximately 244.6 J/g
to undergo thermal degradation which is likely caused by
the strongly interacted bundle structure. Further, cellulose
decarboxylation and depolymerisation in DPFS-MCC con-
sumed less AH of about 87.9 J/g compared to the AH for
DPFS-pulp with about 138.5 J/g. This difference precisely
associated with the binding capability between its contained
particles and the amorphous domains which is more obvious
in the DPFS-pulp fibre. The binding capability facilitated
the formation of a structure that is strongly self-entangled.
Moreover, the observed peak temperature is in relation to
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maximum degradation proving that the DSC result was in
agreement with TGA result [21, 52].

Conclusion

In this work successful attempt were made to isolate MCC
through the integrated processes of bleaching, alkaline and
acid disintegration from the fruit bunch stalk of date palm
tree. That finding has strong implications on date palm trees
which found abundance in Saudi Arabia. FT-IR analysis
confirmed that the individual samples reacted differently
to the performed chemical treatments, while the degree of
changes associated with reaction to chemical treatments
was irrelevant and insignificant. SEM analysis illustrate that
the morphological structure of isolated DPFS-MCC with
short micro-crystallites shape varies from long microfibril-
lar DPFS-pulp owing to hydrolytic fragmentation process.
Moreover, crystallinity was the highest for DPFS-MCC with
79.4%, endowing it with rigidity for reinforcing composite
during fabrication process. Thermal properties evaluation
also proved that DPFS-MCC has relatively good thermal
stability, suggesting it could withstand high temperature for
various application purposes. The results generated prompt
the researchers to conclude that production of DPFS-MCC
through acid hydrolysis is quite facile and practical. There-
fore, the extracted DPFS-MCC can be utilized as bio-
reinforcing material for future nanocomposite fabrication
process.
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