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Abstract. Empty palm oil fruit bunches (EPOFB) are lignocellulose which is abundantly available in

Indonesia. EPOFB has big potential as raw materials to substitute wood in nanocellulose
manufacture. The production of nanocellulose from EPOFB consists of various stages, such as
preparation by grinding and sizing, @ -cellulose isolation, acid hydrolysis, and freeze-drying. « -
cellulose isolate from EPOFB through delignification using 17.5% NaOH (w / v) at 80°C for 30
minutes and bleaching using 10% H202 (v / v) at 70°C for 15 minutes. The bleached cellulose was
then hydrolyzed by acid hydrolysis process using 64% H2SO4 for 45 minutes with temperature
variations to determine the effect of temperature on the size of nanocellulose. Obtained
nanocellulose then dried with the freeze-drying method at a temperature of 50°C for 6 hours. The
nanocellulose morphology was characterized using SEM analysis, and FTIR analysis was done to
determine the presence of cellulose and lignin. The smallest average diameter obtained at 50°C
temperature is 86.8 nm with a 51.5 — 66.5 nm distribution range.
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INTRODUCTION

One of the major abundant resources of
natural polymers is cellulose. It can be found
in plants (such as wood and cotton), animals
(such as tunicate and other marine animals
that consist of carbohydrates and protein),
and microbial species (such as amoeba and
invertebrate) (Burhani and Septevani 2018,
Moniri et al. 2017). Nowadays, applications
from cellulose materials have already been
developed due to their sustainability,
renewability, and biodegradability (Padzil et
al. 2020, Shanmugarajah et al. 2015).
Cellulose is the biggest component arranged
in plant cells that contained in plants cell

around 25-30% of the plant's dry weight; the
other component is hemicellulose and lignin
(Tayyab et al. 2017). Cellulose is a glucose
chain that becomes a linear chain and
connected by S-1,4-glycosidic bonds.
Cellulose can be divided into three types,
namely «-Cellulose, S -Cellulose, and 7 -
Cellulose (Widyanti et al. 2020). Based on the
morphology and crystallinity, nanocellulose
can be divided into two major categories.
Cellulose nanocrystals (CNCs), this kind of
nanocellulose have 2-30 nm in width and
length range between 100 and 500 nm that
formed from cellulose fibers hydrolysis.
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Meanwhile, cellulose nanofibrils (CMCs) are a
type of nanocellulose with a diameter of less
than 100 nm and varies from 100 nm to 2 um.
CMCs are commonly produced by
mechanical treatment (Hastati et al. 2019).
Nano cellulose is a value-added raw material
because it can be used as a good quality of
polymers fillers. By far, nanocellulose has
better mechanical properties than ordinary
cellulose. The mechanical properties of
nanocellulose must have a large surface ratio,
high air binding ability, high tensile strength,
and very porous (Trache et al. 2020). These
properties make nanocellulose a very good
filler for a composite product. According to
Dufresne (2017) adding wood base
nanocellulose to a polymer matrix was
significantly increased the tensile strength of
the composite.

Recent research showed that various
biomass had been used as raw material in the
production of nanocellulose, such as
sugarcane bagasse (Kumar et al. 2020,
Wulandari et al. 2016), wood (Winter et al.,
2020), cotton (Theivasanthi et al. 2018),
wheat straw (Liu et al. 2019), etc. One of the
potential abundant biomass resources is the
empty palm oil fruit bunch (EPOFB). In 2017,
Indonesia's oil palm plantations reached
14,048,722 Ha, while in 2018, there was
14,327,093 Ha. The estimated area in 2019
was 14,677,560 Ha made Indonesia the
largest palm oil plantations in the world
(Directorate General of Agricultural Product
Processing and Marketing. 2019). Moreover, a
large amount of EPOFB as palm oil industry
waste is produced every year. In 2016, crude
palm oil (CPO) production reached 32 million
tons (Palm Oil, 2017). Meanwhile, 1 ton of
CPO production produced 1.1 tons of EPOFB
waste (Douglas et al. 2009). The sustainability
of EPOFB feedstock will continue to increase
along with the uplifting in crude palm oil

(CPO) production in Indonesia. Moreover,
based on the chemical composition of EPOFB,
its consist of lignin > 20%, hemicellulose >
25%, cellulose > 35% and moisture content
about > 5% (Rame. 2018, Ramli et al. 2015,
Widyanti et al. 2020). Thus, the high cellulose
content in EPOFB can be used as feedstock
for making nanocellulose.

Cellulose from EPOFB obtained through
isolation includes delignification with bases
(NaOH) to remove hemicellulose and lignin,
bleaching with H202 to purify the obtained
cellulose, followed by acid hydrolysis. Several
comprehensive studies had done to reduce
the size of cellulose into nanoparticles by acid
hydrolysis process (llyas et al. 2018, Kumar et
al. 2020, Kusmono et al. 2020, Mehanny et al.
2021, Yang et al. 2017), strong acid like H2SO4
is commonly used to eliminate amorphous
region in cellulose. But the process rarely has
been able to produce nano-sized cellulose
that has a diameter under 100 nm. Therefore,
additional processes need to be carried out,
so the nano-sized cellulose can be achieved.
It is done by freeze-drying. Freeze-drying
(lyophilization) is one of the available
methods that is considered the simplest and
most versatile way to remove suspension
water without reducing the initial volume.
There are two main lyophilization processes:
growth of ice crystals (frozen) by cooling the
material below its eutectic point and
sublimation of ice molecules (drying) that
occurs when water in a solid state is
converted to water vapor without passing
through the liquid phase. (Voronova et al.
2012, Zimmermann et al. 2016). This study
aims to obtain cellulose in nanoscale from
EPOFB at range diameters: 10-100 nm by acid
hydrolysis. Freeze-drying is used as an
additional treatment for nanocellulose to
reduce agglomeration.




54 Nanocellulose Production from Empty Palm Oil Fruit Bunches (EPOFB) Using Hydrolysis

Followed by Freeze Drying

MATERIALS AND METHODS

Materials

The empty palm oil fruit bunch (EPOFB)
material was collected from Bogor Palm Qil
Plantation. Chemical compound such as
sodium hydroxide (NaOH, 17.5% (w/v)),
sulphuric acid (H2SOs, 64% (v / v)) and
hydrogen peroxide (H202, 10% (v/v)) glacial
were purchased from Merck, and purified
water. All those chemicals were used without
any further purification.

Apparatus

The apparatus used in this work consists
of the three-necked flask, freeze dryer,
grinder, centrifuge, analytical balance, stirrer,
water bath, hotplate, thermometer, and
condenser.

Procedure

This study's extraction of nanocellulose
was carried out through several stages, such
as EPOFB grinding and sizing, « -cellulose
isolation, acid hydrolysis, centrifugation, and
freeze-drying. The EPOFB ware ground and
reduced their size into 200 mesh before the
a -cellulose isolate process. Loss on drying
analysis was carried out to measure the
moisture content of EPOFB. Analysis of
moisture content is carried out by weighing
the wet sample then heating it in the oven
until the sample reaches an equilibrium
weight. The amount of weight loss is the
moisture content of the sample. The isolation
of a-cellulose itself consists of two steps,
including delignification by adding NaOH
17.5% (w/v) to 80°C for 30 minutes and the
bleaching process by adding H202 10% (v/v)
at 70°C for 15 minutes. The acid hydrolysis
process is then carried out using a 64% (v/v)
H2SOs4 solvent with a ratio between the
sample weight and the volume of the H2S04

solvent (1:10) to break the amorphous bond
on cellulose. Variations of the hydrolysis
process were carried out at temperatures
40°C, 45°C, and 50°C for 45 minutes (Burhani
and Septevani 2018; Wulandari et al. 2016).
The acid hydrolysis product is then carried
out in a centrifugation process with a speed
of 4000 rpm for 30 minutes to separate the
sediment from the solution. The precipitated
which has been separated was then dried
using a freeze dryer at -53°C for 7 hours. The
obtained nanocellulose then characterized by
SEM and FTIR method.

Characterization Methods

SEM

The morphology of nanocellulose was
characterized using a scanning electron
microscope (SEM) (Zeiss Evo 10) at 10 kV. The
morphology image of the nanocellulose was
taken at 10.00K X magnification. Due to the
unique chamber configuration, the sample
was mounted on the sample holder and
imaged directly without pretreatment, even in
the hydrated sample. The diameter was
determined with Image) software from the
SEM images. This SEM analysis was carried
out in the laboratory of the Department of
Civil Engineering, Bandung State Polytechnic.

FTIR

The  Fourier  Transform Infrared
Spectroscopy (FTIR) spectra of the raw EPOFB
and nanocellulose were recorded on Bruker
FTIR Alpha Il Spectrometers at the laboratory
of the Department of Chemical Engineering,
Bandung State Polytechnic. First, the sample
suspensions were filtrated and dried at
ambient temperature before analyzed. The
samples were put in a cell holder. Infrared
spectra of each sample were measured in the

wavelength range between 4000 to 500 cm™.
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RESULT AND DISCUSSION

Preparation Stage of Empty Palm Oil Fruit
Bunches (EPOFB)

In the preparation stage, empty palm oil
bunches (EPOFB), which have been washed
and dried for about two days, are reduced by
using grinding and sizing to obtain a fine
sample of 200 mesh size. At this stage, the
moisture content obtained from EPOFB fibers
and fine EPOFB were 9.18 % and 6.9%,
respectively. Treated EPOFB was dried until
the moisture content was less than 10% prior
to usage. Figure 1 shows of EPOFB
preparation stage.

Moreover, Functional group observations

were made to determine the presence of
cellulose content in fine EPOFB using the FTIR
method, as shown in Figure 2.
FTIR analysis results show a wavelength
number of 3321.61 cm™ which indicates an
O-H stretching bond in the hydroxyl group,
while the peak at 2849.60 c¢cm™ is the
absorption area of C-H stretching. The
absorption peak around 1030.73 cm™ is a C-
O-C functional group of the pyranose ring,
and the peak of 898.38 cm™ is reflected B-1,4-
Glycosidic  functional group. The C-O
stretching of hemicellulose is represented by
the peak 1030.73 cm™' and the board
absorption in the range of 1200 - 1300 cm™,
an aromatic alkali skeletal vibration of group
C=C indicated that the fine EPOFB still
contained lignin. Based on the results, the
appearance of peaks on the -OH, C-H, and C-
C bonds indicates that EPOFB contains
cellulose, hemicellulose, and lignin (Alves et
al. 2015, Shanmugarajah et al. 2015).

Isolation Stage of a-Cellulose from Empty
Palm Oil Fruit Bunches

In the pretreatment, delignification and
bleaching processes were carried out to

isolate a-cellulose. Delignification is a
process to remove lignin between cells and in
the cell walls through alkalizing treatment by
using 17.5% (w / v) of NaOH accompanied by
stirring and heating at 80°C for 30 minutes.
Alkaline treatment allows the delignification
process, leading to swelling ordered surface
with several cracks and empty lines that occur
on the rise of the fiber (Burhani and
Septevani. 2018).

(©

Fig. 1: (a) Dried EPOFB, (b) Grinded EPOFB,
and (C) Fine EPOFB at 200 Mesh.
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Fig. 2: FTIR of Fine EPOFB at 200 Mesh.

The results of the delignification process
showed different colors between filtrate and
residue. The residue is then added with
waters and decanted for 24 hours until its
form into three layers, the top layer is light
brown foam, the middle layer is dark brown,
lignin, and the third layer is light brown
sediment. Next, the residue is rinsed using
distilled water continuously until the pH is
neutral, then filtering and drying for the
following process. The EPOFB delignification
result, which contains three layers of different
colors, is shown in Figure 3.

Fig. 3: Sample Results of the Delignification
Process

Fig 4: Sample Result of the Bleaching Process

This bleaching process was done to
increase the cellulose while decrease lignin
and hemicellulose content. Reactions of
anion that produced hydrogen peroxide in
alkaline solution with lignin lead remove
most chromophoric groups (carbonyl and
conjugated carbonyl groups and quinones) in
the lignin molecule (Mussatto et al., 2008).
The darker films created by the presence of
lignin and provides unwanted physical and
optical  properties of  nanocellulose.
Hemicellulose, in the meantime, also reduces
the individual fiber's resistance, which
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damages the mechanical properties of
nanocellulose. For those reasons, both lignin
and hemicellulose are needed to be removed
from cellulose (Mussatto et al. 2008). Amount
of H202 10% (v / v) was added to the treated
solution accompanied by stirring and heating
at 70°C for 15 minutes until its produce a
lighter residue. The sample color changes
from originally brown to yellow and can be
seen in Figure 4.

The resulting residue was rinsed with
distilled water through the neutralization
process until a neutral pH was obtained. And
then, it was filtered and dried for analysis
using FTIR, SEM, and cellulose lignin content

test. Figure 5 shows the result of the FTIR

analysis of the analyzed sample from the

bleaching process.
This FTIR result

hemicellulose

indicates that most

and lignin content were
removed after hydrolysis. However, it still
contains them even in a small amount,
proven by the absence of peak 1710.65 cm’”
and absorption peak 1225.80 cm, which
relates to hemicellulose and lignin content.
The 1710,65 - the

carbonyl/carboxyl peak associated with the

peak cm was
conjugated carbonyl-carboxyl stretching. The
result also strengthened by the SNI 0444:
2009 and SNI 0492: 2008 test to obtain the
percentage of cellulose and lignin content,

respectively. The yield was shown in Table 1.

110
N
'\1/_'
(%

Transmitance [%]
90 100
1

80

70

T
3500 3000

T
2500

T T T
2000 1500 1000 500

Wavenumber cm-1

Fig. 5: FTIR Analysis of the Bleaching Process Result

Table 1: EPOFB Cellulose and Lignin Content
After Bleaching and Hydrolysis Process

Component #Raw Treated
EPOFB (%) EPOFB
(%)
Cellulose 35,66 — 57,75 93.88
Hemicellulose | 6.61— 15,96 -
Lignin 21,27 - 36.68 4.98

(Source: * Widyanti et al. 2020)

Preparation of Nanocellulose using Acid
Hydrolysis followed by Freeze-Drying
Method

The preparation of nanocellulose from
EPOFB was carried out by acid hydrolysis
using H2SOs4 64% (v / v) with mechanical
treatment stirring and heating under
temperature variations of 40°C, 45°C, and
50°C for 45 minutes in a water bath. The

characteristics of nanocellulose from acid
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hydrolysis are influenced by several factors,
including the source of cellulose, type of acid,
acid concentration, reaction time, and

temperature of hydrolysis. The acid hydrolysis
treatment aims to break down the
amorphous part of cellulose to reduce the
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Fig. 6: (a) SEM figure of nanocellulose
from EPOFB at 40°C, (b) 45°C, and (c)
50°C Hydrolysis Process Temperature
Variations

size of the fiber to nano size (Borjesson &
Westman, 2015).

After acid hydrolysis, the sample
solution is neutralized to pH = 7, centrifuged
with a rotating speed of 4000 rpm for 30
minutes to obtain nanocellulose precipitates.
Nanocellulose deposits were put into a 10 ml
sample into the freezer for 24 hours and
continued with the freeze-drying process at a
heating temperature of 53°C for 7 hours. The
freeze-drying process has the purpose of
eliminating  the  water content  of
nanocellulose, which has been frozen with
the principle of sublimation. The drying
process will reduce the aggregation of
particles at nanocellulose. Moreover,
obtained nanocellulose was tested using SEM
to determine the morphology, particle size,
pores, and particle shape of the material.

In Figures 6, the results of the SEM
test for nano cellulose with temperature
variations of 40°C, 45°C, and 50°C. Based on
the result, nanocellulose fibers  still
experienced agglomeration. This
agglomeration occurs due to the Van der
Waals attractive force (ASTM Standard, 2004).
The SEM results showed that the largest
nanocellulose agglomeration was at a
hydrolysis temperature of 40°C. Meanwhile,
at 45°C and 50°C, the agglomeration has
been reduced.

The average diameter obtained at
temperature variations of 40°C, 45°C, and
50°C were 109.2 nm, 95.7 nm, and 86.8 nm.
With size distribution range of nanocellulose
was 98.9-119.7 nm, 71.2-88.2 nm, 51.5-66.5
nm, respectively. The results of the particle
size analysis are shown in Figure 7.

From this temperature variation, the
higher temperature during the acid
hydrolysis process, the smaller diameter of
the nanocellulose produced. If compared

with  the research  performed by
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Fig. 7: Particle Size Distribution Range of
Nanocellulose at 40°C, (b) 45°C, and (c)
50°C Hydrolysis Process Temperature
Variations

Shanmugarajah et al. (2015) and by Septevani
et al. (2020), the resulting diameter without
freeze-drying is 499.2 nm and about 123.3
nm, respectively. It means the effect of the
freezing process on the resultant diameters is
significant.

CONCLUSIONS

Nanocellulose was successfully isolated
from EPOFB using hydrolysis of sulfuric acid
followed by freeze-drying to get over the
aggregation of particles that might happen.
The presence of nanocellulose was
characterized using FITR, while the
morphology =~ of  nanocellulose  was
characterized using the SEM method. From
the result of this work, the average diameter
of nanocellulose was obtained. Based on the
temperature variations of hydrolysis at 40°C,
45°C, and 50°C, the average diameters are
109.2 nm, 95.7 nm, and 86.8 nm, with particle
size distribution ranges are 98.9 — 119.7 nm,
71.2 - 88,2 nm, 51.5 — 66.5 nm, respectively.
The higher the temperature during the
hydrolysis  process, the smaller of
nanocellulose average diameter produced.
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