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Abstract

Isolation of nanocrystalline celluloses (NCC) from pulverized kenaf core (PKC) particles using hydrothermal treatment with low concen-
tration of oxalic acid hydrolysis was investigated in this study. Prior to hydrolysis treatment, PKC particles were pretreated using alkali
(NaOH) and bleaching treatments to eliminate lignin and hemicellulose. Zeta potential and particles size analysis showed that the zeta
potential value and the average size of NCC obtained is -31.6 mV and 182.55 nm respectively. The median diameter, dsq for the NCC
suspension is 316.72 nm. A rough surface of flake shape agglomerated NCC particles was shown in SEM image. Fourier transform infra-
red (FTIR) spectroscopy showed the removal of lignin and hemicellulose after alkali treatment and bleaching process since there is no
peak at wavelength number of 1740 and 1590 cm™. X-ray diffraction (XRD) analysis revealed that the crystallinity increased from

59.72% to 64.29%.
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1. Introduction

Kenaf is natural fibres that have been studied extensively and
receive attentions owing to their biodegradability, renewability
and high quality equivalent to other synthetic fibres. In recent
years, green, sustainable and environmental friendly materials
have gain attentions for many applications. Therefore, the use of
renewable and biodegradable biomass fibres reinforced composite
materials has been established to get successive generation of
ecological and green resources in this field. The productions of
cellulosic fibres in nano dimensions known as nanocellulose en-
hance favourable properties for example high mechanical charac-
teristics and low density besides its biodegradability and renewa-
bility.

‘Nanocellulose’ term generally denotes the cellulosic materials
having any one dimension in the nanometer range. Nanocellulose
can be synthesis from various lignocellulosic sources by different
methods. Recently, cellulose nanofibres has caught significant
interest due to their low thermal expansion, strengthening effect,
high aspect ratio (length per diameter ratio), good mechanical and
optical properties that may discover numerous applications in
paper production, nanocomposites, coating additives, security
papers and food packaging. Integration of ecological biomass
nanoreinforcements such as cellulose nanofibres into other poly-
mers has previously recognised to be the key approach for gaining
nanocomposites with advanced mechanical performance [1]. Pro-
digious potentials for the progression of novel green nanocompo-
site resources are also offered by these biodegradable nanorein-
forcements. Furthermore, it has also favourable application in
many electrical devices.

Presently, the synthesis, characterization, and quest for applica-
tions of novel forms of cellulose, variously named crystallites,

whiskers, nanocrystals, nanofibres and nanofibrils is creating plen-
ty of activity. Novel techniques for their synthesis range from top-
down approaches comprising chemical, physical or enzymatic
procedures for their segregation from wood and agricultural lefto-
vers to the bottom-up synthesis of cellulose nanofibrils from glu-
cose by bacteria.

In a unique approach, these nanocelluloses possess significant
cellulose properties such as hydrophilicity, broad chemical-
modification capacity, and the development of versatile semi crys-
talline fibre morphologies with the specific features of nano scale
elements owing to the large surface area of these materials. Based
on their dimensions, functions, and preparation techniques, which
consecutively are determined by mostly on the cellulosic source
and on the treating conditions, nanocelluloses may be classified in
three main categories which are nanocrystalline cellulose (NCC),
microfibrillated cellulose (MFC) and bacterial nanocellulose
(BNC).

NCCs are synthesis by the elimination of amorphous regions of a
purified cellulose source by acid hydrolysis, frequently followed
by ultrasonic treatment. It has very limited flexibility although
comparable in size to MFC as it does not have amorphous seg-
ments but instead display lengthened crystalline rod like shapes.
Depending on their biological source, NCC crystals might also
express diverse geometries; for example, both bacterial and tuni-
cate cellulose chains have twisted-ribbon geometry whereas algal
cellulose membrane shows a rectangular structural orientation [2].
Many technologies, such as acid hydrolysis, enzymatic treatment,
hydrothermal treatment, ultrasonication or combinations thereof
have been extensively explored to isolate NCC from biomass [3-
6]. Among these technologies, hydrothermal treatment become
interested to be used because of its advantages, such as no catalyst
requirement, less corrosion, high energy efficiency and so on [7].
Moreover, it is also efficient in hemicellulose and lignin removal
as it is conducive to the dissolution of both materials. Pihlajaniemi
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V, et al. reported that 86 % of lignin have been removed from
wheat straw using combination of hydrothermal and alkali treat-
ment [8].

Sulphuric acid is widely used in previous research on isolation of
NCC [9,10,11]. But, in this study, Oxalic acid dihydrate is a natu-
rally abundant, biodegradable, non-volatile, and thus a sustainable
reagent was used to isolate NCC [12]. There are several research-
ers that used oxalic acid in isolation of NCC. Abraham E., et al.
used oxalic acid to isolate nanocellulose from banana, jute and
pineapple leaf fibres [13] while Sirvid, J. A., et al. has successfully
isolate NCC from wood fibers using dihydrate oxalic acid [14].
The objective of this research is to isolate NCC from pulverized
kenaf core. Hydrothermal treatment with low concentration of
oxalic acid hydrolysis was used to isolate the cellulose. It is ex-
pected that this technique is viable for isolating NCC and less
harmful to the environment.

2. Methodology
2.1. Materials

Pulverized kenaf core (PKC) powder was obtained from Kefi
(Malaysia) Sdn. Bhd. Sodium hydroxide (NaOH) used for alkali
treatment was purchased from Merck. Sodium hypochlorite
(NaClO) and acetic acid used for bleaching process were pur-
chased from R&M Chemical respectively. Oxalic acid dihydrate
used for acid hydrolysis was purchased from R&M Chemical.

2.2. Alkali treatment

30g pulverized kenaf core (PKC) were treated using 4% wiv
NaOH at 121°C for 1 hour in an autoclave. The resulting PKC
were strained and washed with distilled water and cloth filter until
the alkali was completely removed. The PKC powders were then
oven dried in an air-circulating oven.

2.3. Bleaching treatment

Alkaline treated PKC were bleached using a mixture of 27 wt%
NaOH and acetic acid (27 g and 75.1 mL respectively) and a
mixture of NaClO solutions with ratio 1:3. The ratio of PKC to
liquor was 10:100 (g/mL). The bleaching was repeated 5 times.
After bleaching, the bleached PKC were washed repeatedly with
distilled water until the pH reached neutrality and subsequently
dried in air circulating oven.

2.4. Acid Hydrolysis

5 g bleached PKC were treated with 50 ml 11 wt% oxalic acid in
an autoclave at 120°C until it attained a pressure of 150 kPa. The
pressure was released immediately. The resulting NCC suspension
was dialysed using 3L distilled water for several days until neutral
pH of 7. The resulting suspension was then sonicated using ultra-
sonicator.

2.5. Characterization of nanocrystalline cellulose

2.5.1. Particles size distribution and zeta potential

The particles size distribution and zeta-potentials values were
determined using Zetasizer Nano-ZS (Malvern Instruments Ltd.)
to examine NCC suspension size distribution, colloidal stability
and electrophoretic mobility. The samples were measured after
sonication.

2.5.2. Scanning electron microscope (SEM)

The surface morphology was studied by using SEM with magnifi-
cation of x300 at 15 kV.

2.5.3. Fourier transform infrared (FTIR) spectroscopy

Four samples which are untreated PKC, alkaline-treated PKC,
bleached PKC and NCC) were analysed using Perkin-Elmer Spec-
trum One. FTIR spectral analysis was performed within the wave
number range of 600-4000 cm .

2.5.4. X-ray diffraction (XRD)

X-ray diffraction was used to determine the crystallinity of the
PKC after bleaching and hydrolysis treatments. The samples were
analysed using Rigaku X-ray diffractometer with monochromatic
Cu Ka radiation source (A = 0.1539 nm) from 26 = 2° to 50° with
a step size of 0.05. To characterize the crystallinity of the different
samples, the crystallinity index, Crl was determined using Segal’s
equation. It was calculated using the following equation [15];

o [200-Tam e 700
Crystallinity index (Cri%) = 1200 )
where lgg; is the maximum intensity of the (002) lattice diffraction
peak and ., is the intensity scattered by the amorphous part of the
sample. The intensity distributed by the amorphous part is meas-

ured as the lowest intensity at a diffraction angle around 26 = 18’
[16].

3. Results and discussion

3.1. Particles size distribution and zeta potential

Fig. 1 shows the size distribution of the sonicated NCC suspension
that indicates the suspension is polydisperse particles because
there are three size distributions obtained from the acid hydrolysis.
The distribution of NCC suspension consists of 35 % volume par-
ticle with size range of 10 to 100 nm, 28.2 % volume for range
101 to 1000 nm and the remaining 36.8 % for bigger than 1000
nm. The agglomeration of the NCC particle during sonication may
promote the agglomeration of particles. However, zeta potential
value of the NCC suspension is -31.6 £ mV. Particles with zeta
potentials more positive than +30mV or more negative than -
30mV are normally considered stable [17].
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Fig. 1: Size distribution of sonicated NCC suspension

Cumulative plot of NCC size distribution is presented in Fig. 2.
dso also known as median diameter is the particle size at the 50 %
of the cumulative graph. From Fig. 2, the dsyof the NCC size dis-
tribution is 316.72 nm means the particle size of 50 % of the cellu-
lose particle in the NCC suspension is smaller than 316.72 nm.
The average diameter of the NCC particle is 182.55 nm.
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Fig. 2: Cumulative size distribution of sonicated NCC suspension
3.2. Scanning electron microscope (SEM)

Fig. 3 shows the SEM images of the dried isolated NCC from
PKC. The acid hydrolysis was expected to reduce the particle size
of the NCCs. The SEM image clearly shows the reduction of the
NCCs size after acid hydrolysis because of the removal of amor-
phous structure of the bleached PKC but the sizes are not con-
sistent. The image shows that the dried NCC particles were ag-
glomerated as have been circled in the image. The agglomeration
might due to the freeze drying process. This is a common phe-
nomenon reported by other researchers [18].

Fig. 3: SEM image oried NCC islated from PKC
3.3. Fourier transforms infrared (FTIR) analysis

FTIR spectroscopy was used with the purpose to reveal the
composition of the PKC before and after treatments. Fig. 4 shows
the FTIR spectra recorded for (a) raw PKC, (b) alkali treated PKC,
(c) bleached PKC and (d) NCC suspension from PKC. The ab-
sorption peak in 3400-3300 cm, which was observed in all spec-
tra, is corresponded to O-H stretching and bending vibration of the
cellulose’s OH groups. The peak represents the intra- and inter-
molecular hydrogen bonds [19]. Whilst the absorption peak
around 1640-1630 cm™ in all spectra is due to the O-H bending
and streching of hydrogen bond resulted from absorption of water
[20]. These results show that the cellulose component was not
removed during the chemical treatment of the PKC. The aliphatic
saturated C-H stretching linked with methylene groups in cellulose
was observed at around 3000-2900 cm™ [21]. The peak is present
in the spectra of all of the fibre components, but most remarkably
in the spectra for cellulose [22,23]. The peak is the characteristic
peak for NCC as it is more obvious compared to on raw, alkaline
treated and bleached fibre. Absorption peak observed at around
1740 cm™ in the raw kenaf fibre spectra attributed to C=0 stretch-

ing of acetyl groups in hemicellulose or corresponded to the p-
coumeric components of hemicellulose and/or lignin [24]. The
peak disappears after alkali treatment, showing that the alkali
treatment removed non-cellulosic materials [25].
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Fig. 4: FTIR spectra recorded for (a) raw PKC, (b) alkali treated PKC,
(c) bleached PKC and (d) NCC suspension from PKC

The absorption peak at around 1590 cm™ corresponds to the aro-
matic symmetric stretching in lignin [26]. However, this peak
disappears after the bleaching treatment due to the removal of
lignin [27]. The peak was not detected for bleached kenaf fibre
and NCC. Absorption peak at around 1030 cm is attributed to the
stretching of C-O. The absorption peaks prove the existence of
three polymeric constituents which are lignin, cellulose and hemi-
celluloses [28]. It appeared in raw PKC, alkali-treated PKC and
bleached PKC. This peak is not disappearing even after the chem-
ical treatment which indicates the presence of cellulose since the
lignin and hemicellulose are removed during alkali treatment and
bleaching process.

3.4. X-ray diffraction (XRD)

Cellulose has crystalline regions and amorphous regions. The
unfavorable amorphous regions are crucial to be eliminated by
means of chemical treatments to proficiently extract highly crys-
talline and purified NCC. X-ray diffraction (XRD) analysis was
carried out to evaluate the crystallinity of the PKC after different
chemical treatment as chemical treatment performed on PKC can
affect the crystallinity of cellulose. The crystalline regions of cel-
luloses are impenetrable by acids during the acidic incursion, but
it hydrolyzed the amorphous regions to release individual crystal-
lites [29]. The crystallinity of chemically treated PKC can be de-
termined and compared to access the effectiveness of the chemical
treatment.

Fig. 5 shows the diffraction patterns obtained for (a) after acid
hydrolysis of PKC (dried NCC), (b) after bleaching of PKC. The
peaks obtained from the XRD intensities were the characteristics
peaks for Cellulose I [30]. These peaks become more distinct upon
chemical treatment. The crystallinity index was determined for the
bleached PKC and NCC, and the results are summarized in Table
1. The Crl for bleached PKC is 59.72%. Further treatment using
oxalic acid increased the Crl from 59.72% for bleached PKC, to
64.29% for dried NCC sample.
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Fig. 5: XRD Intensities of (a) after acid hydrolysis of PKC (dried
NCC), (b) after bleaching of PKC

The increase of the Crl value after acid hydrolysis of PKC was
contributed by the elimination of amorphous regions. The core
function of the acid was to disintegrate the ordered structure of the
nanofibril bundles into crystalline nanocrystals by releasing hy-
dronium ions (H+) for hydrolytic cleavage of glycosidic bonds in
cellulose molecular chains inside amorphous segments alongside
the cellulose fibrils [31,32]. In addition, throughout the synthesis
of nanocrystalline cellulose, rearrangement of monocrystals may
take place in parallel and thus increase the cellulose crystallinity
[33,34].

Table 1: Cellulose intensity peak and its respective degree of crystallinity

Gel ez Degree of crystallinit:
Samples intensity peak 9 © /r)y y
(26) °
After acid hydrolysis of PKC
(dried NCC) 223 64.29
After bleaching of PKC 23.15 59.72

4. Conclusion

In summary, NCCs were successfully synthesis from pulverized
kenaf core via hydrothermal with low concentration of oxalic acid
hydrolysis after chemical pretreatments. Zeta potential analysis
shows a stable NCC suspension with value of -31.6mV. The size
distribution shows polydisperse NCC particles in the suspension
with median diameter, dso of 316.72 nm and average diameter of
182.55 nm. The SEM image show agglomerated NCC particles
after freeze drying. The purification of cellulose was performed
using chemical treatments comprising of alkali and bleaching
treatments. It was observed that the alkali treatment was efficient
in removing hemicellulose while the bleaching treatment removed
lignin. FTIR spectroscopy analysis confirmed the elimination of
non-cellulosic materials. From the XRD analysis, it was shown
that the oxalic acid hydrolysis induced and increased of the crys-
tallinity index from 59.72% to 64.29%. This study suggested that
hydrothermal with low concentration of oxalic acid (weak acid)
can be used for isolation of NCC.
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