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ABSTRACT: In this work, an experimental study of the behaviour of bamboo fiber/pineapple leaves/coconut
fiber reinforced with epoxy resin is presented. The properties of the material were tested using a universal
testing machine and crack surface structure through scanning optical and electron microscopy with the material
combined with epoxy resin to become a hybrid composite material to determine the best characteristics of the
tensile test properties treated with 6%. NaOH on every fiber. The results showed that the fiber mixture between
bamboo/pineapple leaves and coconut fiber showed an increased tensile strength of 304.7 MPa compared to
bamboo/pineapple leaves and 293.6 MPa compared to pineapple/coconut fiber leaves 268.2 MPa and the
lowest Polyester was 109 MPa. The morphological appearance of each combined fiber brings diffusion of the
polymer matrix to the porous fiber surface where the polymer matrix is compacted in a strong bond, causing
the presence of bamboo fibers that have a high cellulose content which can replace apple failure. Pine leaves
and coconut fiber and make hybrid composites not only as a strong material but also biodegradable.

Keywords: Flexural Strength; Hybrid Composite; Natural Fiber; Scanning Electron Microscope; Tensile
Strength

1. INTRODUCTION hemp, sisal, pineapple, abaca and coir which have
been considered as reinforcement and fillers in
Recent research shows that composites added composites. Therefore, the facility uses bamboo as
with natural fibers are more environmentally a filler because the plant can grow quickly, thus
friendly compared to the addition of other synthetic potentially becoming an abundant source of fiber
fibers because they cause environmental pollution that belongs to the Bambusae family, under the
[1]. Composites from natural fibers are now genus Gramineae [26]. Today many products use
considered the most promising materials in society bamboo as a common material such as food
because of their unique mechanical properties, containers, skewers, chopsticks, handicrafts, toys,
abundant raw material availability can be furniture, floors, pulp and paper, ships, charcoal,
biodegradable [2,3] and reduce the drastic effects of musical instruments, weapons, bicycles, air
global warming [4]. Previous studies have shown balloons, windmills, scales, anchoring walls, ropes
that there is increasing interest in developing and cables [27-29], another source of cellulose is
biodegradable reinforced polymer fiber reinforced pineapple leaf fiber (pineapple leaf fiber), which is
composites (BFRP) as a substitute for conventional relatively inexpensive and widely available which
materials, especially in the automotive, marine, has the potential to strengthen polymer composites
packaging, furniture and building construction [30]. Coconut coir is one of the outer parts
industries [5-7]. The production of natural fibers surrounding the coconut shell and the coarse
from composite materials is very attractive and can coconut  coir contains  dienriched  with
be widely applied, due to the problem of global lignocellulose [31]. This fiber is widely used to
warming and reduced availability of petroleum. make various kinds of flooring, furniture, yarn, rope
Natural fibers play an important role in developing and others [32]. Therefore, further research and
biodegradable composites to solve ecological and development of these materials to produce the latest
environmental problems [8-10]. Lignocellulose polymer sources include the use of coir as an
(plant fiber) is also known as fiber that comes from amplifier in polymer composites.
every part of the plant such as bark [11], wood Many materials are used as composite
[12,13], leaves [14-16], seeds [17,18], fruit [19], reinforcement and among them, the natural fibrous
vegetables [20], straw [21,22], bagasse [23], roots deserves attention. Indeed, due to its low thickness,

[24], and so on [25].
There are many natural fibers such as bamboo,
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2. EXPERIMENTAL
2.1 Materials

In this study bamboo fibers, pineapple leaves
and coconut fiber are used to make composite
specimens. Bamboo fiber, pineapple leaves and
coconut fiber are obtained from North Aceh.
Isofalatine polyester resin and methyl ethyl ketone
peroxide (MEKP) catalyst obtained from Sigma
Aldrich. The accelerator used for the investigation
is Cobalt Naphthenate and added 1% to the resin
and catalyst.

2.2 Treatment of Fiber

The chemical treatment used has the aim of
activating several hydroxyl groups wherein the
fiber structure there are cellulose and lignin and
may be involved in hydrogen bonding. With this
procedure, the weakening of hydrogen bonds occurs
in the molecular structure of cellulose, which
presents itself as a net, which leads to an increase in
the amount of amorphous cellulose. Because this
chemical treatment occurs in the presence of water,
the cellulose structure modifies its crystalline
structure from monoclinic to polymorphic and
hence swells. In addition, the mercerisation process
promotes the dissolution of hemicellulose
(dissolved in very low alkaline concentrations) and
lignin (basic hydrolysis), two constituents of
lignocellulosic fibers. This process increases the
surface roughness of the fiber and improves
mechanical retention [36].

Bamboo fiber is extracted by cutting it into
small pieces with a shredder to get bamboo powder.
Wash bamboo powder using water then immersed
in a sodium hydroxide (NaOH) at a concentration of
6% volume of water for 3 hours at room
temperature. Then the fiber is washed twice with
water. The fibers are dried at room temperature for
8 hours. Fibers are stored in plastic bags to avoid
atmospheric moisture contamination before the
formation of composites.

Pineapple leaves are put into the decertification
machine to get the fiber and then the fiber is cut into
small pieces. The fiber is then soaked in a 5%
NaOH solution for 1 hour at room temperature. The
last fiber is rinsed several times, then dried at room
temperature for 48 hours.

Coconut fiber is washed with water and dried.
Then the fiber is cut short. The powdered fiber is
soaked in 5% NaOH solution for 2 hours. The fiber
is then washed with water to remove the excess
NaOH attached to the fiber. Coir fibers are dried at
room temperature for 3 hours for the formation of
composites.

Based on the origin of natural fibers composed
of plant, animal, or mineral fibers. According to

some studies, among the most popular natural fibers
are plant fibers that are used as reinforcement in
fibre-reinforced composites. Plant fibers such as
bamboo, sisal, kenaf, cotton, hemp, coir, pineapple,
banana, etc., [37] are ideally widely used as
reinforcement for NFRP composites because of the
physical and chemical properties of natural fibers
that can biodegrade. Table 1 shows the physical and
chemical properties of bamboo fibers, pineapple
leaves and coir.

Table 1. The physical and chemical properties of
bamboo fiber, pineapple leaves and coconut husk
[38,39].

Fiber Bamboo ' ineapple  Coconut
leaf husk

Cellulosa 18.2.73.8 e ot
(wt.%) : . .
Lignin (wt.%) 30 5127  0.15-0.25
Hemicellulosa
(Wt.%) 21-31 4.58 40-45
MICFOfger 210 y 10t
angle (°)
Density
(g/cm?®) 1.23 1.3 1.2
Tensile
strenght (MPa) 500-575  150-1627  170-230
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2.3 Preparation of Composite Specimen

Polyester composite materials are produced by hand
lay-up and heat compression moulding methods.
The process begins with combined raw materials
including bamboo, pineapple leaves and coconut
fiber as fillers in polyester resin according to the
volume fraction and 1% of the methyl ethyl ketone
peroxide (MEKP) catalyst of the total weight of the
matrix. mixed rules such as pineapple-coir leaves
and bamboo-pineapple fiber, each type of fiber
consists of 30% composite weight, whereas for type
3-fibre each type of fiber consists of 20%.

2.4. Preparation of Composite Specimen

To evaluate the morphology of the microstructure
presented by untreated and observed fibers and to
observe the effect of surface modification provided
by the treatment, several observations were made
using a Scanning Electron Microscope (SEM) Type
JEOL-T20, where electron scanning analysis was
carried out at 5-20 voltages KV, as shown in Figure
1 (a). Next to test the tensile properties for hybrid
composite materials according to the ASTM D 638
standard. Tensile strength is measured using a
universal testing machine (UTM) EXCEED Model
E43. The dimensions, measuring length, and cross-
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head speed are selected according to ASTM D-638
standard.

3. RESULT AND DISCUSSION

Various kinds of fibers consist of cells (basic
units in structure) and tissues. The fiber consists of
parenchyma cells, distributed in vascular bundles
and inserted into the basic tissue. They are
composed for lignin and hemicellulose which
connects cellulose microfibrils. Lignin is formed by
aliphatic and aromatic polymer constituents, and
hemicellulose  consists  of  polysaccharides
associated with cellulose [40]. The relationship
between cellulose and lignin/hemicellulose, as well
as the spiral angle of microfibrils, varies from one
fiber to another, determining its properties. They
have different physiological, morphological and
structural functions [41,42].

Tensile testing of natural fiber reinforced
polyester composite materials was analyzed using
the Universal Testing Machine (UTM) Model E43
with a sample specimen used by ASTM D-638
shown in Figure 1 (b). Tensile strength and flexural
composite hybrid polyester composite results are
shown in Table 2 and Figure 2.
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Table 2. Mechanical properties of  different
composite sample
in.ratio
Young’s Tensile Failure
Sample modulus strength strain
GPa) CPY “mpay (MPA) o
PLC? 10.14 289 2682 849 3.19
BPL" 1545 391 2936 1214 7.8
BPLC® 2067 565 3047 1571  8.78
PE? 9.8 1.01 109 98.4 5.76

heS®stress-strain curve. Table 2 and summarize the

*PLC (Pineapple leaf-coconut husk)

“BPL (Bamboo-pineapple leaf)

“BPLC (Bamboo-pineapple leaf-coconut husk)
“PE (Polyester)

400

< 350

a

S 300

£ 250

oo

& 200

% 150

Q

2 100

£ 50
0

PLC BPL BPLC PE

Figure 2. Influence of the treatments performed on
composites on tensile strength
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main results of the tensile strength (Figure 2), both
Young's modulus (Figure 3) and failure strain
(Figure 4) are enhanced by the addition of various
types of fibers, which are the best in the
combination of bamboo fiber, coconut fiber and
pineapple leaf fiber compared to polyester matrix.
The results show that the mixture of bamboo
fiber, pineapple-coconut husk leaves has a higher
tensile strength compared to other materials. due to
the good mechanical properties of bamboo fibers
related to the composition of natural fibers as shown
in Table 1 [38,39]. Thereby making pineapple-
coconut  bamboo-coconut  hybrid  polyester
composite can produce a value of 304.17 MPa
which results obtained are in accordance with
ASTM D-638 standards. Polyester hybrid
composites have a higher tensile strength than
229.54 MPa studies and which report the results of
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their investigation of Banana-Flax-Glass fiber
composites which obtained the highest tensile
strength of 39.5 MPa. As for pure polyester, it
produces 109 MPa where there is no fiber mixture
which causes no lignin phase in the matrix so that it
brittle / breaks quickly [44]. Whereas the composite
of the three fibers showed treatment of dissolving

impurities, resins, hemicellulose and lignin portions.

With the withdrawal of these compounds, the
concentration in the volume of the lignin phase
increases. Because the lignin phase is a stronger
fiber compound, its properties are more exhibited.
Values higher than the standard deviation can be
explained by morphological changes, the strength
of chemical bonds and variations in cellulose,
hemicellulose and lignin content.

Despite the variability and irregularity, it was
observed that pieces of natural fibers affected
mechanical properties-inverse correlation between
tensile strength and diameter. Other authors have
also observed the same trend [45,46]. Other
parameters also affect the results, such as the length
of the fiber being tested - as the length increases, the
number of defects, and the lignin content increase,
leading to a decrease in tensile strength and strain
failure. The rate of displacement absorbed in the
tensile test also affects this parameter due to the
viscoelastic behaviour of lignocellulose fibers.
They behave like elastic material when subjected to
mechanical loading at high displacement rates,
making the crystal region experience most of the
applied pressure and, in this way, produce an
increase in Young's modulus and tensile strength
[47,48].

3.1 Scanning Electron Microscopy

The morphology of the hybrid composite shown
in Figure 5 (a), (b) and (c) observed at 1000x
magnifications indicates increased adhesion of
fibers and matrices distributed evenly throughout
the composite section so as to show the optimal
interface attachment between the fibers and Matrix
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Figure 5. (a) pineapple leaf - coconut husk, (b)
bamboo - pineapple leaf and (c) bamboo-pineapple
leaf-coconut husk

Figure 5 (a) shows a picture of the dentation
fracture of the specimen/fracture in a rough
specimen showing adhesion formation. Figure 5 (b)
poor bonding interactions at the substance interface
occur due to the nature of natural fibers such as
hydrophilic and hydrophobic [26]. Figure 5 (c)
shows the presence of the boning mechanism that
occurs between the fiber and the fiber matrix
reinforced by interlocking fibers. So from the SEM
analysis results obtained that the addition of three
fibers in the manufacture of bio-board is better than
the merging of the two previous fibers because of
the interrelated properties of bamboo-pineapple-
coconut fiber involving the diffusion of polymer
matrix to the surface of the porous fiber. The
polymer matrix will pass through the surface of the
porous fiber and the embedded polymer and be
compacted to form a strong bond between the fiber
and the matrix as shown by the optimal value as
reported in the results of the previous flexural test.

4. CONCLUSION

This research presents the results of the addition of
three bamboo fibers from pineapple and coconut
fiber fibers which are reinforced with a polyester
matrix so that it becomes an environmentally
friendly particle. The mechanical properties of the
tensile test results showed the highest value, namely
the addition of three types of fiber 304.7 MPa,
Young 20.67 GPa modulus and 8.78% failure strain.
Morphological appearance shows the structure of
flat composites and interconnected the interface of
the filler with the matrix thus affecting the
mechanical properties of the composite as well as
the cellulose content in the fiber playing an
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important role in the tensile characteristics of
composites and compounds. So that the
combination of the three fiber materials results in a
hybrid green composite so as to increase high
tensile strength and good flexibility for a particle
board for furniture products.
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