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ABSTRACT

Biocomposites are polymers reinforced with natural fibers, such as cellulose. This research
aims to synthesize cellulose from Oil Palm Empty Fruit Bunch (OPEFB) and biocomposites from
PLA and cellulose. In this study, cellulose was obtained through alkalization, hydrolysis, and
bleaching of OPEFB. Biocomposites production was carried out by mixing PLA and cellulose
using the extrusion method. In the extrusion method, PLA and cellulose of OPEFB were mixed
using an extruder above the melting point of PLA of 170°C. The output product of an extruder
was then pressed using a compression moulding machine to form biocomposites. The tensile
strength of biocomposites had a smaller value than pure PLA, whereas the modulus young of
biocomposites with 5% by weight of cellulose had a higher value than pure PLA. The decrease in
the mechanical properties of biocomposites was caused by poor adhesion between PLA and
cellulose. The water absorption of biocomposites was greater than pure PLA, which was
influenced by cellulose's characteristics as hydrophilic and PLA is hydrophobic. Also, the higher
water absorption in biocomposites accelerated the weight loss of biodegradability.
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INTRODUCTION degrade naturally by microbes in the soil will

. ) cause pollution and damage to the

In recent years, composites have rapid
environment. Therefore, biocomposites are

development due to the demand for
o ) ) ) developed because its advantages are

applications in the construction, automotive,
) ] environmentally friendly and biodegradable.

aerospace, and packaging industry [1-3].
) . } Polylactic acid (PLA) is one of the

Composite consists of polymers as matrix
) o ) biopolymers that are widely used and

and fillers. The characteristic of polymers is
) _ _ developed. PLA has advantages of excellent

lightweight material [1] compared to glass or
) biodegradability, processability, and biocom-

metal. Also, polymers are easily shaped
) ) ) ) patibility [4]. PLA can be used as a raw

according to the desired design and size.
i material to produce plastic bags, laminated

However, polymers and fillers that cannot
films, overwrap films, disposable glasses and
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plates, drug delivery systems, suture, and
scaffold [5].

The addition of filler into the PLA matrix
is interesting because it can increase the
biodegradation rate [6]. One type of filler
commonly used is cellulose. Cellulose can be
obtained from oil palm empty fruit bunch
(OPEFB). The cellulose of OPEFB is about
42.7-65% by weight. Cellulose from OPEFB
as a filler is also a solution to increase the
value of waste produced by palm oil
industries. The characteristics of OPEFB are
cheap, low density, high strength, and
biodegradable [7].

Several studies on the addition of
cellulose to PLA polymers have been done.
Harmaen et al. (2003) [8] produced PLA-
biocomposites with OPEFB fibres' addition
measuring 0.25-0.5 mm. In general, pure
PLA shows better tensile strength than PLA-
biocomposites, but tensile modulus increa-
ses with OPEFB fibres' addition. The use of
fiber as a filler [9] The tensile strength of
biocomposites decrease at the composition
of 40% by weight of flax fiber. The addition of
30% by weight of flax fiber has a tensile
strength of 53 MPa, while pure PLA has a
tensile strength of 50 MPa. But at the addition
of 40% by weight of flax fiber tensile strength
drops to 44 MPa. The decrease in biocom-
posite strength is due to poor adhesion
between flax fibers and the polymer matrix.
Surface modification of fiber can be used to
optimize the adhesion of filler and polymer
matrix. Previous studies focused on
hydrogen peroxide efficiency as a bleaching
agent to remove lignin, hemicellulose, and
surface impurities [10]. This article becomes

interesting when OPEFB cellulose is prepared

using surface madification through chemical
and physical routes. This article will also
discuss the biocomposite production of PLA-
cellulose OPEFB and characterization of the
mechanical properties, water absorp-tion
properties, and weight reduction of the
studied biodegradability.

METHODS
1. Production of Cellulose from OPEFB

OPEFB was ground and sieved using
a 30 mesh sieve. Then, OPEFB soaked in 0.5
M NaOH solution for 1 hour. Afterwards,
OPEFB filtered and placed in a hydrothermal
reactor. The reaction time was carried out for
30 minutes. OPEFB was further soaked using
NaOCl at 65°C with the composition of
OPEFB and NaClO solution of 1:50 (m/v).
The cellulose of OPEFB was filtered, washed
until pH neutral, and dried. OPEFB was
ground and sieved again using a 325 mesh

sieve.
2. Production of Biocomposites

The production process of PLA-
cellulose biocomposites using the extrusion
method. PLA and cellulose were mixed using
a magnetic stirrer. Afterwards, the mixture of
PLA and cellulose was extruded. The
composition variation of cellulose of OPEFB
were 0%, 5%, and 10% by weight. The screw
temperature of the extruder was 170°C. The
output of the extruder was pelleted. The
pellets were then pressed using compression
moulding with the pressure of 10 MPa and
temperature of 170°C [11].
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3. Characterization of Biocomposites

Fourier Transform Infrared Spectros-
copy (FTIR) Analysis: FTIR analysis was
used to identify the presence of functional
groups contained in the cellulose of OPEFB.
IR spectra were recorded in the spectra
range of 4000-500 cm using a Bruker
Platinum-ATR type spectrometer at room
temperature.

Mechanical Properties Analysis: The
mechanical properties of biocomposites were
analyzed using Universal Testing Machine
(RTF-1310). The tensile test was carried out
at a pull speed of 2 mm/sec and load of
10,000 N.

Water Absorption Analysis: Biocom-
posites were cut to size 5 cm x 1 cm X
thickness. The samples were dried until
constant weight. The water absorption
analysis was carried out by immersing the
water sample at a temperature of 30°C for
eight days. Then, water in the sample was
removed, dried, and weighed.

Biodegradation Analysis: Biocom-
posites were cut to the size of 5cm x 1 cm X
thickness. The initial weight of the samples
was weighed. Then, the samples were buried
in a compost instrument at 58°C [12]. The
samples were cleaned to remove impurities
on the surface of biocomposites. Sub-
sequently, the samples were dried and
weighed at 12, 24, and 36 days.

RESULT AND DISCUSSION
1. Fourier Transform Infrared Spectroscopy

The production of cellulose of OPEFB
through a series of processes via chemical

and physical route, including alkalization

using NaOH, hydrolysis using water at high
temperature, and bleaching using NaOCI.
The aim of a series of processes is to
breakdown lignin bonds. The FTIR results in
Figure 1 show the group of cellulose.

The peak in the absorption band of
3,331.55 cmtis a hydroxyl group of cellulose.
The —OH group at the peak of about 1,611.85
cm are attributed to the absorption of water
by cellulose. The reaction of processes
influences the number of -OH groups in
cellulose produced water. Because cellulose
is hydrophilic, the water is bound by cellulose
which causes the concentration of —OH
groups increase. The absorption band at
2,895.90 cm shows C-H stretching. At the
peak of about 1,427.20 cm shows the —CH:
bond in cellulose. The bands in the region
1,400-1,300 cm are attributed to the
aliphatic and aromatic methyl, methylene,
and methoxy groups [8]. The peak indicates
lignin between 1,300-1,200 cm, which is
shown at the peak of 1,201.71 cm for C=C
aromatic rings and 1,157.20 cm for C-O-C
stretching. The appearance of a peak on
these frequencies confirmed removing lignin,
hemicellulose, and surface impurities through

a series of processes not completed.

Tabel 1. Absorption Area of Cellulose

Observed Frequency

(cm) Vibrations
3,331.55 O-H stretching
2,895.90 C-H stretching
1,611.85 O-H bending
1,427.20 -CH: deformation
1,317.74 C=H stretching
1,201.71 C=C aromatic rings
1,157.20 C-O-C stretching
1,031.29 C-C stretching
897.19 C-H deformation
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Figure 1. FTIR Spectra of Cellulose

2. Mechanical Properties

The mechanical properties of biocom-
posites are shown in Figure 2. In general,
pure PLA has better tensile strength than
biocomposites, and the results of these
studies are the same as those conducted by
Harmaen et al. (2013) [8]. The addition of
cellulose (fillers) will have an impact on
decreasing The tensile strength of biocom-
posites. The hydrophilic characteristics of
cellulose can reduce biocomposites' mecha-
nical properties due to incompatibility with the
hydrophobic polymer matrix. Poor adhesion
between cellulose and PLA results in difficult
dispersion of cellulose in the PLA matrix and
decreased mechanical properties of the
biocomposites. Tensile strength of biocom-
posites with cellulose composition of 10% by
weight decrease by 43.96% compared to
pure PLA because the matrix cannot com-

pletely wet out the cellulose [8]. The decrease

in tensile strength becomes more drastic in
the addition of higher cellulose caused by
more filler-filler interactions compared to
filler-matrix interactions, resulting in agglo-
merates of cellulose. Agglomeration of
cellulose leads to local stress concentration
in the biocomposites. Furthermore, agglome-
ration reduces the effective cross-sectional

area for fillers [13].
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Figure 2. Effect of Cellulose Compaosition on
Mechanical Properties of Biocompo-
sites (a) Tensile Strength, (b) Modulus
Young, (c) Elongation at Break
Biocomposites with the composition of

cellulose of 5% by weight have higher

modulus young than pure PLA. The increase
in modulus young with cellulose addition
indicates that cellulose improves biocom-
posites' stiffness [14]. On the contrary,
biocomposite with a cellulose composition of

10% by weight has lower modulus young

than pure PLA. This is caused by the filler-

filler interaction at the high composition of
cellulose. Besides, the filler-filler interaction
decreases the ability of cellulose to transmit

stress to the polymer matrix.

The elongation of break decreases from
3.02 to 2.66 at 5% of cellulose and increase
from 3.02 to 3.08 at 10% of cellulose. However,
the increase of elongation at break in
biocomposite is not significant compared to
pure PLA due to the weak interaction between
cellulose and PLA. These results are in
agreement with those reported by Ke and Sun
(2000) [15] that adhesion between PLA and
wheat flour is present, but the interaction is not
strong. The interaction between PLA and
cellulose is hydrogen bonds between carbonyl

groups in PLA and hydroxyl groups in cellulose.
3. Water Absorption

The water absorption of biocomposites
increases with the addition of cellulose. The
results of the water absorption analysis of
biocomposites are shown in Figure 3.

Based on the research by Alhuthali et al.
(2013) [16], the high aspect ratio of filler can
decrease water absorption because the water
path is distributed. However, high cellulose
composition causes poor dispersion of
cellulose. The formation of voids indicates this
due to agglomeration of cellulose. These voids
will absorb more water molecules to increase

the percentage of water absorption [7].
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Figure 3. Water Absorption of Biocomposites
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The water absorption is related to the
diffusion water rate into the biocomposites
the high water absorption in biocomposites
due to cellulose's hydrophilic characteristic.
Cellulose has many hydroxyl groups which
interact with water molecules. Besides,
cellulose on the matrix's surface will absorb
more water than cellulose in the matrix. Water
molecules can saturate on the biocomposites
surface and penetrate through a hole, resulting
in high water absorption quickly.

4. Biodegradability

The amount of cellulose influences the
weight loss of biodegradability in biocom-
posite. Surface erosion indicates the level of
biodegradation that occurs in biocomposites
[17]. Figure 4. shows the percentage of weight

loss from biodegradation using a compost

instrument.
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Figure 4. The weight loss of Biocomposites

The weight loss of biocomposites is
greater than pure PLA, and This is because
the characteristic of PLA is hydrophobic,
which has a low affinity for water. Besides,
pure PLA has a semicrystalline structure with
resistance to enzymatic activity due to high
molecular interactions. On the other hand,

the characteristic of cellulose is hydrophilic.

So, the rapid rate of water absorption on
biocomposite (PLA + 5% cellulose) resulting

in rapid biodegradation.

CONCLUSION

cellulose will affect mechanical proper-
ties, water absorption, and weight loss biode-
gradability of biocomposites. Tensile strength
of biocomposites with cellulose composition
of 10% by weight decrease by 43.96%
compared to pure PLA. However, biocom-
posite with cellulose composition of 5% by
weight has higher modulus young than pure
PLA. The water absorption in all of the
samples of biocomposites is greater than in
pure PLA. Furthermore, water absorption
influences the weight loss of biodegradability.
The high rate of water absorption resulting in
the high weighs loss of biodegradability.
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