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Nanocellulose from oil palm mesocarp fiber (OPMF) was isolated using hydrothermal treatment at a pres-
sure of 150 kPa and 120 °C coupled with hydrolysis of low concentration of weak acid i.e. oxalic acid dihy-
drate (OAD). Two different concentrations of OAD i.e. 11 and 13 wt% were introduced in the acid
hydrolysis process. Crystallinity index of the raw fiber increased from 39.5 to 70.4 and 70% for 11 and
13 wt% OAD, respectively. The average particles sizes of nanocellulose measured using TEM was approx-
imately 25 nm for both concentrations of OAD which approximately equivalent to the one measured
using dynamic light scattering (DLS). The values of zeta potential of the nanocellulose suspension isolated
using 11 and 13 wt% OAD were —26 and —27.5 mV respectively. Isolation technique which is hydrother-
mal treatment coupled with low concentration of OAD was effective in producing OPMF nanocellulose at
high crystallinity index, less than 100 nm size distribution, and it is a stable suspension.
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1. Introduction

Palm oil production is one of the major agricultural crops that
contribute to the economic growth of Malaysia. Current policy of
Malaysia aims to produce 23% of oil extraction recovery in the oil
palm milled industry whereby biomass generated is expected to
increase from 80 million tonnes in 2010 to 110 million tonnes in
2020. The biomass generated includes oil palm empty fruit
bunches (OPEFB), palm kernel shell (PKS), oil palm mesocarp fiber
(OPMF), palm oil mill effluent (POME), oil palm trunk (OPT), oil
palm leaves (OPL) and oil palm frond (OPF). Oil palm mesocarp
fiber (OPMF) is one of the biomasses produced after an extraction
of crude palm oil. The OPMF are usually used as fuel to generate
steam for boiler. The boiler is used in sterilization process of fresh
fruit bunch (FFB). Oil content of the OPMF should be below than 6%
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after being pressed by screw press to obtain palm oil. It contains
42.81-32.22% of cellulose, 33.10-31.62% of hemicellulose and
20.49-23.89% of lignin [1]. It also creates a big opportunity for
researchers as it is rich in lignocellulose which is highly potential
of nanocellulose development for further application [2,3].
Nanocellulose is a result of an isolation process from plant and
generally referred as cellulose in nanosizes [4]. Several advantages
of nanocellulose that have already been discovered, are biodegrad-
able, renewable resources, high specific strength and modulus.
Nanocellulose can be categorized into two types which are
filament- like cellulose nano fibrils (CNF) or rod-like cellulose
nanocrystals (CNC) [5,6]. Width of CNF is between 5 and 60 nm
and a length of about several micrometers, whereas the width
and length of CNC is around 5-70 nm and 100-250 nm respec-
tively. CNF and CNC are obtained via mechanical disintegration
methods such as ultrasonication and homogenization, steam
explosion [7,8], superheated steam [9], cryo-crushing, aqueous
counter collision, nanofibrillation [10] or milling in combination
with biological and/or chemical pretreatments [11,12] or produced
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via acid hydrolysis, enzymatic treatment, hydrothermal treatment,
ultrasonication [13] or combinations thereof [14,15]. Few
researches have been conducted on OPMF to isolate nanocellulose.
Recent work demonstrates the isolation and characterization of
nanocellulose from OPMF using sulphuric acid during hydrolysis
of the cellulose [16]. They produce nanocellulose from OPMF using
strong acid hydrolysis with maximum 70% of crystallinity index
and average diameter of 7-21 nm.

An alternative way to replace the usage of strong acid is by
introducing weak acid such as oxalic acid which is important to
reduce environmental issues during the process. Oxalic acid is an
organic acid usually found in plants. The acid is a type of weak
and dicarboxylic acid. Oxalic acid has a low water solubility at
ambient temperature and thus, it can be crystallized by using
low cost acid recovery [17]. Previous studies used 11% concentra-
tion of oxalic acid in acid hydrolysis to isolate nanocellulose from
banana and pineapple leaf fibers by using an autoclave [18]. Crys-
tallinity obtained were 73.62 and the diameter of the nanocellulose
obtained was around 5-60 nm respectively. This shows a great
opportunity to use 11% concentration of oxalic acid by combining
with an autoclave. Standard solubility of oxalic acid is 143 g/L
which is 14% wt/v concentration. Oxalic acid dihydrate is 71% pur-
ity from anhydrous oxalic acid. It is more stable than anhydrous
because it contains two molecules of water.

Objective of this study is to isolate nanocellulose from OPMF
using hydrothermal treatment coupled with low concentration of
weak acid i.e. 11 and 13 wt¥% of oxalic acid dihydrate (OAD). Com-
pare to sulfuric acid, OAD can be easily recycle as it has low water
solubility at ambient temperature and can be crystalized easily for
acid recovery [19]. To the knowledge of authors, this is the first
application of using OAD as a weak acid for isolating nanocellulose
of waxed and oily lignocellulosic sample of OPMF. As OPMF is an
oily lignocellulosic biomass, efficiency of cellulose isolation will
decrease as oil content hinders chemical to get through into the
OPMF component (lignin, hemicellulose and cellulose)

2. Materials and method

Oil Palm Mesocarp Fiber (OPMF) was obtained from Felda Sun-
gai Tengi (Selangor, Malaysia). Chemical reagents used were oxalic
acid dihydrate (OAD) (purchased from Sigma - Aldrich, USA),
sodium hypochlorite solution, glacial acetic acid and sodium
hydroxide (purchased from R&M Chemical, Malaysia).

2.1. Materials

Oil Palm Mesocarp Fiber (OPMF) was obtained from Felda Sun-
gai Tengi (Selangor, Malaysia). Chemical reagents used were oxalic
acid dihydrate (OAD) (purchased from Sigma - Aldrich, USA),
sodium hypochlorite solution, glacial acetic acid and sodium
hydroxide (purchased from R&M Chemical, Malaysia).

2.2. Isolation of nanocellulose

Isolation of cellulose was modified from methodology by
[18,20]. OPMF were dried in an oven at 105 °C for 1 day. Then,
the dried OPMF was grinded using a cutting mill and sieved using
500 pm sieve. The milled OPMF were treated using 4 wt% (w/v)
NaOH at 121 °C for 1 hr by using an autoclave. Alkali treatment
was repeated twice. Then, bleaching treatment was carried out
using a mixture of NaOH and acetic acid (27 g and 75.1 mL respec-
tively) and a mixture of 1:3 vol of sodium hypochlorite solutions.
The bleaching was set at 70 °C for 2 hrs. The ratio of fiber to liquor
was 10:100 (g/mL). Bleaching step was repeated until the sample
turned white. The bleached samples were washed with distilled
water and filtered using filter paper after each treatment.
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The bleached fibers were treated using autoclave as a
hydrothermal treatment technique coupled with hydrolysis using
OAD. The autoclave was set to a pressure and temperature setting
of 150 kPa and 121 °C, respectively for 1 hr. The samples were
hydrolyzed using two different concentrations of OAD i.e. 11 and
13 wt%. The pressure was released immediately after 1 h. The
fibers were then subjected to dialysis using cellulose tubing mem-
brane until pH turn to 7. The fibers were then sonicated using an
ultrasonicator at an output of 700 W, frequency of 20 kHz and
amplitude of 20% for 15 min. Then, it was freeze-dried to remove
the water and recover the nanocellulose in solid phase only. The
process is illustrated as in Fig. 1.

2.3. Characterization

2.3.1. Fourier transform infrared spectroscopy (FTIR)

FTIR spectra for raw, bleached and isolated OPMF were recorded
using FTIR (Perkin Elmer, US) within a range of 500-4000 cm™! to
examine the changes in their functional groups due to the treat-
ment used.

2.3.2. X-ray diffraction (XRD) analysis

Crystallinity index of nanocellulose was determined using X-
Ray Diffraction (XRD, Rigaku Ultima IV, Japan) at 40 kV and
40 mA. Samples were scanned in the range of 26 from 10 to 50°
with a scanning rate of 2°/min at room temperature. Major inten-
sity peak is located around 22.6° which indicate the crystalline
structure of cellulose whilst around 18° refer to the amorphous
region [21]. Crystallinity index (Crl) of cellulose has been calcu-
lated using Segal’s empirical formula [21];

crp = T2 = Tam 109
looz

where, Crl is crystallinity index of cellulose, Iy is intensity of lattice

peak diffraction and I, is intensity of the amorphous fraction.

2.3.3. Field emission scanning electron microscope (FESEM)

Morphology and size reduction of raw, bleached and isolated
OPMF (nanocellulose) samples were determined using FESEM (Carl
Zeiss AG, Germany) at 15 kV.

2.3.4. Transmission electron microscopy (TEM)

TEM was used to study structure and size of nanocellulose pro-
duced from OPMF. The samples were analyzed using TEM (Tecnai
G2 F20 X-Twin, US). Aspect ratio, L/D of nanocellulose was calcu-
lated from captured images where L and D is length and width of
100 selected nanocellulose respectively.

2.3.5. Particle size and zeta potential values

Particle size distribution using dynamic light scattering (DLS)
and zeta potentials of OPMF nanocellulose were measured using
Zetasizer Analyzer (Nano ZS, Malvern, UK) at pH 7. Deionised water
was used as a dispersant. Three replicated data were recorded.

3. Results and discussion
3.1. FTIR

Figure 2 shows spectra analysis of FTIR for raw, bleached and
isolated OPMF using 11 and 13 wt% OAD. 11 and 13 wt% OAD is
considered as low concentration since in previous research, 50%
concentration of oxalic acid [22] was used. Furthermore, this
research used oxalic acid dihydrate which has 71% purity i.e lower
than anhydrous oxalic acid. The main lignin peaks can be found at
2922 cm~', 2845 cm™' [16]. The bleached and isolated OPMF
shows lower spectral intensity than the raw fiber due to removal
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Fig. 1. Illustrative diagram for the isolation of nanocellulose from OPMF.

of hemicellulose and lignin fractions during processing. Raw fiber
shows an intense peak at 1705 cm~' that indicates ester linkage
of carboxylic group of ferulic and p-coumaric acids of lignin or
hemicelluloses. The peak between 1701 and 1731 cm™! is attribu-
ted to C = O stretching of hemicellulose and lignin [16,23]. More-
over, these peaks were less visible in the spectra of the bleached
fiber and hydrolyzed fibers due to removal of lignin and hemicellu-
lose by chemical treatments [16]. This result strongly agreed with
[24] which indicates that wax and oil covered the external surface
of the fiber cell wall was removed with an alkali treatment. How-
ever, a peak is observed at 1702 cm™~! for nanocellulose (isolated
OPMF) which reflected esterification process of ester carbonyl
group (C = O) that occurred during acid hydrolysis process using
OAD. The peak indicated a weak intensity which can be concluded

as weak degree of esterification [22]. The absorption band at 897-
1160 associated with cellulose [23,25] due to C-O stretching and
C-H rocking appears in the spectra of raw, bleached, isolated OPMF
of 11 and 13 wt% OAD which originated from OPMF.

3.2. XRD analysis

XRD patterns of raw, bleached and isolated OPMF (nanocellu-
lose) are shown in Fig. 3. All samples exhibited high peak intensity
at 260 value of 21-22° related to crystalline structure of cellulose. A
broad peak at around 15° indicates amorphous arrangement of
OPMF which is a crystalline polymorph I cellulose [5]. The high
intensity peak at 20 = 22° for bleached OPMF was representing
high composition of crystal structure of the fiber. Crystallinity

250 Raw Fibers
/\m\/__ Bleached Fibers
F 200 o~ ~ 11wt% OAD
S | | 13wt% OAD
e150 [/
8
€ i
g 100
©
=
50 T
0 | N T N T N N N I Y Y Y Y N I |
500 1500 2500 3500 4500
Wavenumbers (cm?)

Fig. 2. FTIR bands for raw, bleached, isolated OPMF with 11wt% and 13 wt% OAD.
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Fig. 3. XRD analysis and crystallinity index of fibers (a) raw OPMF, (b) bleached OPMF, (c) isolated OPMF with 11 wt% OAD and (d) isolated OPMF with 13 wt% OAD.

Fig. 5. TEM images of nanocelluloses from isolated OPMF for (a) 11 wt% and (b) 13 wt% OAD.

index (CrI) of the isolated OPMF increased from 39.5% for the raw
fiber to 70.4 and 70.0% for 11 and 13 wt% OAD respectively.
Increasing value of Crl showed that hydrothermal treatment and
acid hydrolysis successfully removed lignin and hemicelluloses
that were attached to the cellulosic fibers. The Crl of nanocellulose
in this research is lower than the isolated OPMF by [20] i.e. 77.8%
where OPMF is isolated using 65 wt% sulphuric acid. However,
the value of Crl in this research is remarkable since the concentra-
tion of OAD used is very low which is 11 and 13 wt%. It is proved
that by using hydrothermal treatment and coupled with low con-
centration of weak acid (OAD), the Crl value of OPMF is comparable
and as good as the one that used concentrated and strong acid. On
the other hand, the Crl value of the produced isolated OPMF
nanocellulose is higher than the one using pulverized Kenaf core
particle [26] although the same process was applied.
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3.3. Field emission scanning electron microscope (FESEM)

Figure 4 shows FESEM images of raw, bleached and isolated
OPMF (before sonication process). Raw OPMF exhibited irregular
surface and some residues from grinding activities. After bleaching,
the residues disappeared as shown in Figure 4(b) . Figure 4 (c)
shows the FESEM image of the isolated OPMF (nanocellulose)
where the nanocellulose, which was in flaky structure, were still
intact. Results suggested the removal of hemicellulose and lignin
occurred during hydrothermal treatment and hydrolysis.

3.4. Transmission electron microscopy (TEM)

Figure 5(a) and (b) show TEM images for 11 and 13 wt% OAD of
nanocellulose produced after ultrasonication. The images showed a
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disordered elongated rice-like of nanocellulose which can be con-
sidered as CNC as highlighted by Moon et al. [27]. Nanocellulose
can be isolated into filament-like cellulose nanofibres which is
CNF or rod-like or elongated rice-like cellulose nanocrystals
(CNC) [27]. Fig. 5 indicates that hydrothermal treatment of
bleached OPMF using OAD produced a nano scale of a disordered
elongated rice-like shape of nanocellulose. Acid treatment was
expected to remove amorphous region and maintain a flat crystal
region of cellulose under controlled condition. Average value of
width and length of both samples are shown in Table 1. Calculated
length, width and aspect ratio of the nanoparticles are 263.32 + 80.
12 nm, 24.80 * 7.33 nm and 5-25 for 11 wt% OAD respectively and
256.24 + 88.77 nm, 24.56 *+ 8.64 nm and 5-27 for 13 wt% OAD
respectively.

3.5. Zeta potential and DLS measurements

Table 1 shows zeta potential values around -26.0 and
—27.5 mV for 11 and 13 wt% OAD respectively which shows high
stability of nanocellulose suspension due to abundant natural
hydroxyl groups on surface of the nanocellulose crystal. However,
reported zeta potential values were lower than the one found by
[28] where OPMF zeta potential values may induce agglomeration.
Therefore, agglomeration of nanocellulose was expected and
observed in Fig. 6. Fig. 6 shows cumulative particle size distribu-
tion (PSD) for nanocellulose OPMF isolated using 11 and 13 wt%
OAD. It has been observed that lack of surface charge i.e. less than
30 mV induced continuing agglomerate of insoluble nanocellulose
particles, resulted in a wide and binomial size distribution. Diam-
eter of the nanocellulose was taken as approximately 25 nm. The
finding is in agreement with the results from TEM images as
depicted in Table 1. Particle size distribution for 13 wt% OAD with
25 nm diameter was lower than 11 wt% OAD. It was due to high
agglomeration found at 51 nm where high concentration of acid
during hydrolysis produced small size of nanocellulose of isolated
OPMF that can be easily agglomerated.

Table 1
Dimension and zeta potential of isolated OPMF (nanocellulose).
Sample Length (nm) Width (nm) Aspect pH Zeta
(based on TEM  (based on TEM ratio Potential
images) images) (mV)
11 wt% OAD  263.32 +80.12 24.80 +7.33 5-25 7.0 -26.0
13 wt% OAD  256.24 + 88.77 24.56 + 8.64 5-27 7.0 =275
20
15 1 l/\
3 ! 11% OAD
= N ---- 13%OAD
g '
£
S
=
0 — —_
10 ~100 1000
Size (hm)

Fig. 6. Particle size distribution of isolated OPMF using 11 wt% and 13wt% OAD.
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4. Results and discussion

I[solation of nanocellulose from oil palm mesocarp fiber
(OPMF) has been successfully achieved by using a combination
of hydrothermal treatment and weak acid hydrolysis i.e. oxalic
acid dihydrate (OAD). Nanocellulose produced from this method
with 11 wt% and 13wt% OAD show rod-like morphology with an
aspect ratio around 5 to 25 and 5 to 27 respectively and diam-
eter (width) of approximately 25 nm. It has higher crystalline
index as compared to raw fiber and it is a stable nanocellulose
suspension. With crystallinity index (Crl) around 70%, the pro-
posed technique using hydrothermal treatment and coupled
with weak acid hydrolysis at low concentration shows potential
application in isolating nanocellulose for OPMF biomass. This
technique is potential to be applied for isolating other lignocel-
lulosic biomass in the future.
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