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Abstract: Oil palm empty fruit bunch (EFB) has a big potential in biocomposite
production. The porous surface of EFB is advantageous for physical interlocking with
polymer in composite fabrication. The objective of this study is to determine the properties
of biocomposite prepared from steam-treated EFB with polypropylene (PP). The EFB was
treated using steam at 120 °C for 30 min (Steam-30) and 60 min (Steam-60) in an
autoclave. The biocomposite was prepared from EFB and PP at different fiber contents
(10 and 30 wt.%). The Steam-30 EFB partially removed silica bodies and other impurities
without damaging the surface of the EFB. The thermal stability improved from 276 to
283 °C. The Steam-30/PP biocomposite had the highest tensile strength at 10 and 30 wt.%
EFB contents with the increments of 23.9 and 23.8%, respectively, compared to that of the
untreated EFB/PP biocomposite. The Steam-30/PP biocomposite containing 30 wt.% of
EFB had a low water absorption of 5.6% compared to that of the untreated EFB/PP
biocomposite at 7.2%. In conclusion, steam treatment improved the characteristics of EFB
and increased the compatibility between the fiber and polymer.

Keywords: empty fruit bunch (EFB); polypropylene (PP); biocomposite; tensile strength;

water absorption

m INTRODUCTION

The production of conventional plastics is
associated with carbon dioxide emission and depends on
crude oil resources as the raw material. In addition, the
disposal of petroleum-based plastic products is linked to
environmental pollution such as polluting the rivers,
lakes, and oceans [1]. The negative impacts of microplastic
substances in the soil is also an emerging issue [2-3].

Therefore, biocomposites are considered to be more
environmentally friendly as their products used less
petroleum-based polymer and produce less toxic side
products [4-5]. In palm oil mills, biomass fiber such as
empty fruit bunch (EFB) is used for power generation (as
a fuel for the boiler) and fertilizer in the plantation [6-7].
However, biomass fiber is not utilized efficiently due to
the large amount generated on a daily basis. Therefore,
there is a need to propose an alternative usage of the
biomass fiber; thus it will add value to the biomass and at

the same time will help in managing this biomass in the
mill.

Since biomass fiber has high fiber content, it has
the potential to be as reinforcement in the composite.
However, to utilize EFB as a reinforcing material, there
is a need to improve the characteristics of the fiber [8-9].
The incompatibility between the hydrophobic polymer
and the hydrophilic fiber is the main drawback in the
production of biocomposite. Steam treatment is one
alternative that can be used as fiber treatment, and the
treatment requires no chemical [10].

The aim of this research is to determine the
properties of biocomposite prepared by steam-treated
EFB and polypropylene (PP). The EFB underwent steam
treatment at 120 °C for 30 and 60 min that modified the
fiber surface. The preparation of biocomposite involves
the use of PP at different fiber contents (10 and 30 wt.%).
The characterization of the untreated and treated EFB
was analyzed for its morphology and thermal analysis.
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As for biocomposite, tensile test, scanning electron
microscopy (SEM) and water absorption analysis was
conducted. Water absorption analysis able to demonstrate
the toleration of biocomposite in water.

m EXPERIMENTAL SECTION
Materials

The materials used were PP, EFB, and sodium
hydroxide (NaOH). The EFB was collected from Lepar
Hilir Palm Oil Mill in Gambang, Pahang. PP was bought
from Commercial Plastic Industries Sdn. Bhd., Selangor,
Malaysia. NaOH was supplied by Merck (Darmstadt,
Germany) and used as received.

Procedure

Fiber treatment

The fresh EFB collected was washed and dried to
remove dirt and any impurities. Steam treatment was
conducted using an autoclave at 120 °C and 21 psi for
30 min (Steam-30) and 60 min (Steam-60). For a
comparison with the chemical treatment, the EFB was
treated with 5 wt.% of NaOH (alkali) for 3 h at room
temperature. The untreated and treated EFB were ground
and sieved to isolate ground fiber with a size of 180-
355 um.

Preparation of EFB/PP biocomposites

In the production of EFB/PP biocomposite, the
materials were blended in a twin screw extruder machine
(Model: Prism Eurolab 16) with fiber contents of 10 and
30 wt.%. The extruder was operated with inlet and die
temperatures of 200 and 160 °C, respectively at 50 rpm
rotor speed. The blended biocomposites were pressed
using hot and cold press machine (Model: Lotus
Scientific-2205) with a pressure of 10 KPa to produce thin
film EFB biocomposites with a size of 10 x 10 cm and 1 mm
thick. The hot press machine was operated at 180 °C with
molding and cooling times of 10 min each.

Thermal gravimetric analysis

The thermal gravimetric analysis (TGA) for the EFB
fiber and EFB/PP biocomposite were done using Hitachi
STA7200 thermal analysis. The analysis was conducted in
a nitrogen atmosphere with a gas flow rate of 50 mL/min
by heating from 30 to 600 °C at a heating rate of 10 °C/min.

About 1-6 mg of samples were placed in an aluminum
pan [11].

Morphological analysis

Hitachi TM3030 Plus tabletop microscope was
used for SEM analysis. The samples were mounted on
the aluminum specimen stubs using double-sided
adhesive carbon tabs [11]. The SEM analysis was also
done on the fractured biocomposite from tensile tests to
observe the physical adhesion of EFB with the PP matrix.

Tensile strength properties

The tensile test was conducted at a crosshead speed
of 10 mm/min using an AG-1 Shimadzu universal
testing machine according to ASTM D638 and fitted
with a 1000 N load cell [12]. The average value from five
specimens was taken as the tensile strength of the
EFB/PP biocomposite.

Water adsorption analysis

The weight of the samples was measured before
and after the treatment. The samples were carefully cut
in the size of 3 X 2 cm to avoid any cracks. The specimens
were dried at 60 °C in an oven until a constant weight
was reached. The initial weight of the dried samples was
recorded. The samples were immersed in distilled water
for 12 days at room temperature, and the weight
increment was recorded [13].

m RESULTS AND DISCUSSION
Thermal Stability Analysis of EFB

The thermal degradation of EFB analyzed by TGA
is shown in Table 1 by indicating the weight loss of the
sample at 5, 20, and 50% weight loss. Also included is the
percentage of residual of EFB at 550 °C. Fig. 1 shows the
weight loss of the EFB sample, and three regions are
denoting the weight loss: (i) < 100 °C, (ii) 150-220 °C,
and (iii) 240-350 °C. The weight loss at less than 100 °C
was due to moisture content. The second region of
weight loss may be due to the hemicellulose component.
It was reported that hemicellulose is enriched with
carbon sugars chain and branched structures, which are
susceptible to decomposition at low temperature (200-
260 °C) [14]. The third region of weight loss is
contributed to cellulose degradation. The residual mass
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Table 1. Thermal stability analysis for EFB
EFB sample Temperature for 5%  Temperature for 20% Temperature for 50%  Residue at 550 °C
P weight loss (°C) weight loss (°C) weight loss (°C) (%)
Untreated 54.22 276.53 326.29 24.33
Steam-30 66.37 283.26 328.27 25.13
Steam-60 55.09 279.93 327.34 24.70
Alkali 69.13 293.66 336.93 27.11
100 covered the surface of the fiber. Silica bodies in nature
G0 . . .
a0 wesers Untreated act as a shield against fungal attack and give support to
£70 — -ﬁw the plant structure [13]. Fig. 2(b) shows the structure of
E €0 Alkain Steam-30 where it can be observed that the silica bodies
= ig were partially removed making the strand to have a rough
23 ———— surface. The removal of silica on fiber surface is good for
= 20 fiber-matrix adhesion because it provides the physical
13 interlocking between the fiber and polymer [11].
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Fig 1. TG analysis for untreated and treated EFB
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left at 550 °C mainly containing lignin [13].

In overall, the thermal degradation of treated EFB
was increased compared to untreated EFB. The thermal
degradation of the untreated EFB was recorded at a lower
temperature compared to the treated EFB due to the
presence of thermally unstable components such as
hemicelluloses and low molecular lignin [15].

From Fig. 1, it can be observed that the weight loss
in the temperature range of 150-220 °C contributes to
hemicellulose content in the untreated EFB. While the
partial removal of hemicelluloses after steam and alkali
treatment increased the thermal degradation of the fiber
[14]. Residue for treated samples was higher compared to
the untreated fiber show that the treated fiber had a higher
percentage
hydrocarbon and benzene rings making it less hydrophilic.

of lignin. Lignin contains non-polar
Thus, the increased residue shows the treated fiber had

better hydrophobicity compared to untreated fiber.
Morphological Analysis of EFB

Fig. 2 shows the images of EFB at 300x, 500x, and
1000x magnifications. The untreated EFB surfaces were
covered with silica bodies. However, the silica bodies are
not clearly observed due to wax and other impurities that

Fig. 2(c) shows a rough surface of Steam-60
compared to Steam-30 due to the longer retention time
exposed to the high pressure of steam. More silica bodies
were removed from the surfaces, and the fiber surfaces
were cracked and damaged. The open structure of the
fiber due to crack will benefit the adhesion between fiber

and polymer, where the polymer can penetrate the

Fig 2. Morphology analyses of EFB, (a) Untreated, (b)
Steam-30, (c) Steam-60, and (d) Alkali
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structure of the fiber; thus adhesion is improved. Fig. 2(d)
shows that the structure of Alkali treated EFB changed.
According to Izani et al. [11], NaOH treatment removes
the wax and cuticle by the interaction with sodium and
makes the surfaces of EFB smoother [16].

Tensile Properties of EFB/PP Biocomposites

Table 2 shows the data for the tensile strength of
EFB/PP biocomposites from different treatments and
percentages of EFB loading. The tensile strength decreased
as the percentage of EFB loading was increased. Steam-30
biocomposite had the highest tensile strengths for both 10
and 30 wt.% of EFB loadings followed by Alkali, untreated,
and Steam-60 biocomposite.

It was reported that the tensile strength for pure PP
was around 30-40 MPa [17]. Biocomposite prepared from
10 wt.% of EFB loading was able to improve the tensile
strength of PP in the range of 43-60%. Meanwhile, 30 wt.%
of EFB loading improved the tensile strength for 30-44%.

Thermal Stability Analysis of EFB/PP Biocomposites

Table 3 shows the thermal stability of the EFB/PP
biocomposite. In overall, the thermal stability of
biocomposites prepared from treated EFB had improved
compared to untreated EFB biocomposite. Fig. 3 presents
the weight loss of the untreated EFB and treated EFB/PP
biocomposites at 30 wt.% of EFB loading.

The first stage of thermal degradation of EFB/PP
biocomposite started at a temperature above 270 °C due to
the fiber content in the polymer matrix. The second stage
started to degrade at a temperature of 410 °C was due to
the PP.

Morphological Analysis of EFB/PP Biocomposites

Fig. 4 shows the SEM images of the fractured sample
from a tensile test of the EFB/PP biocomposites at 30 wt.%
fiber loading.

295

Fig. 4(a) shows that the fiber was pulled out
indicating a poor adhesion between the fibers and

Table 2. Tensile strengths of EFB/PP biocomposites

Tensile strength (MPa)
EFB/PP
. . 10 wt.% of EFB 30 wt.% of EFB
biocomposite ) )
loading loading
Untreated 72.22 51.70
Steam-30 89.45 64.00
Steam-60 62.21 50.91
Alkali 76.53 54.24
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Fig 3. TG analysis of EFB/PP biocomposites
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Fig4. Mor"pholog.y analysis of EFB/PP t;io-composite: (a)
Untreated, (b) Steam-30, (¢) Steam-60, and (d) Alkali

Table 3. Thermal stability analysis of EFB/PP biocomposite with 30 wt.% fiber loading

EFB/PP Temperature for Temperature for Temperature for Residue at 550 °C
biocomposites 5% weight loss (°C)  20% weight loss (°C)  50% weight loss (°C) (%)
Untreated 277.58 411.77 459.70 7.70
Steam-30 287.67 425.02 459.03 6.74
Steam-60 277.77 413.38 458.14 5.87
Alkali 295.29 410.95 458.22 9.38
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matrix [18]. However, the treated EFB biocomposites
have a better adhesion between fiber and PP matrix where
fiber breakage can be observed. The fibers were well
wetted by the PP matrix, and fiber breakages occurred due
to strong adhesion.

According to Kabir et al. [19], better mechanical
properties of composites can be achieved after modifying
the surface of the natural fiber. The images were in
agreement with results obtained from the tensile test.

Water Absorption Analysis of EFB/PP Biocomposite

Table 4 shows the maximum water absorption for
the untreated and Steam-30 biocomposite was 7.16 and
5.59%, respectively.

Nadzri et al. [20] reported that the untreated fiber
exhibited the highest water absorption that attributed the
existed of void or gap between fiber and PP. The presence
of avoid in biocomposite structure makes it absorbs more
Water EFB/PP
biocomposite was illustrated in Fig. 5.

water. absorption analysis for

Both biocomposite samples absorbed water after
immersed in water until reaching the saturation point. The
untreated EFB/PP biocomposite absorb 22% more water

than Steam-30 biocomposite. Steam-30 biocomposite had

Table 4. Water absorption of untreated and Steam-30

biocomposite
EFB/PP biocomposite Maximum water
sample absorption (%)

Untreated 7.16
Steam-30 5.59
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Fig 5. Water absorption of untreated and Steam-30
biocomposite with 30 wt.% EFB loading

low water absorption due to the removal of
hemicellulose which makes the fiber less hydrophilic.
Water will be absorbed by the hydroxyl groups
contained in the hemicellulose which tends to make a
hydrogen bond with water molecules that will increase
the absorption of water [12]. Eliminating hydrophilic
hydroxyl groups from the fiber structure through fiber
treatments able to lower the water absorption of fiber
[19]. In this study, steam treatment for 30 min was able
to partially remove hemicellulose content in the EFB
that directly decreased the water absorption of its

EFB/PP biocomposite.
m CONCLUSION

The thermal stability, morphological, water
absorption, and mechanical properties of the EFB/PP
biocomposites were studied in this research. The tensile
properties of the EFB/PP biocomposites improved after
steam treatment for 30 min. However, the tensile
strength decreased gradually with respect to the
increased EFB loading. Meanwhile, the retention time of
the steam treatment is very important to avoid the
surface of the EFB fiber from damage and cracks where
it will reduce the mechanical properties of the
biocomposite. The steam treatment for 30 min showed
the best performance in terms of thermal stability,
morphological, mechanical properties, and water
absorption. The thermal stability of Steam-30 increased
from 276 to 283 °C. The treated fiber had a rough
surface, low silica bodies, and presence of crater (due to
the removal of silica) which will benefit for polymer
adhesion. The tensile strength of Steam 30 with 30 wt.%
of fiber content increased almost double compared to
that of the pure PP composites. It also had low water
absorption which was 22% lower than the untreated EFB
biocomposite. In conclusion, steam treatment was able
to treat the EFB fiber for better adhesion of the natural
fiber EFB with the PP polymer matrix.
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