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Abstract

The use of natural resource materials has gained awareness among industries recently. Today,
replacing the material with something more environmentally friendly, especially from waste natural
products like pineapple leaf fibre (PALF), is a top concern. This research aims to look at the flexural
properties of a glass fibre/pineapple leaf fibre (PALF) hybrid composite. The hand layup and cold
compression methods were used to manufacture the hybrid composite plates, which provide 30 wt% of
fibre and 70 wt% of the matrix. The form of the hybrid composite was unidirectional with a size of 30
cm 30 cm 3 cm and sandwich stacking. Universal testing equipment was used to conduct the flexural
test. With a flexural strength of 290.11 MPa, 5 wt% PALF and 25 wt% bi-directional glass fibre were
found to have the maximum flexural strength.
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1. Introduction

In recent years, environmental degradation has sparked interest among researchers to study
natural source materials such as natural fibres, which due to their characteristic properties, are
excellent for recycling, safe for the environment, and inexpensive. Therefore, this powerful catalyst
has led research partners to carry out endless studies related to the strengthening of different kinds of
fibres in polymer composites for applications in various fields such as clothing, packaging, paper
production, car components, building materials, and sports equipment [1-4]. Because of its properties,
combining some fibre reinforced has benefited industries such as automotive, civil, and sporting
equipment [5].

It is stated that the strength of other materials, as well as greater thermal stability and longevity,
can be improved by using a hybrid composite [6]. With the goal of generating alternative materials
that address concerns about the low sustainability of conventionally reinforced polymer composites,
the use of recycled fillers as reinforcements from renewable sources should be considered [7].
Researchers have previously hybridised glass fibre and natural fibre [8,9]. The incorporation of
synthetic and natural fibres highlights the difference between these two fibres, which have increased
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tensile, flexural, and impact strengths when combined. However, literature on hybridization between
glass fibre and PALF as waste material is still limited for flexural properties.

In this study, the PALF-glass fibre reinforced polymer hybrid composite was investigated with
the objective of finding the effect of hybridisation on the flexural properties of a hybrid composite,
which at the same time may produce a lightweight composite.

2. Literature review

Pineapple leaf fibre (PALF) was used as a natural fibre, and glass fibre as a synthetic fibre.
PALF was chosen over flax, jute, OPEFB, cotton, sisal, and oil palm mesocarp fibre because of its
favourable aspect ratio, better tensile strength, and modulus of elasticity. Furthermore, the PALF is a
waste material that requires optimal utilisation for the development of biomaterials in order to prevent
waste disposal in landfills. [10]. The electronic glass (E-Glass) has 2.58 g/cm3 of density, 3445 MPa
for tensile strength and 72.5 GPa for tensile modulus [11]. There are many types of a hybrid composite
including natural-natural [5,12], natural-synthetic [8,9] and synthetic-synthetic [13] fibre reinforced
polymer. Based on the results, the incorporation of different types of reinforcement in composite
materials improved the mechanical properties.

Natural fibre hybrid reinforced composites are relatively strong, lightweight, and free of health
hazards, and have the potential to be employed as a material for strong components such as building
materials, transport, and automobiles [14]. However, when compared to synthetic fibres like glass
fibre, they have several weaknesses, such as poor moisture resistance and low strength. Due to this
issue, researchers have overcome this problem with the hybridisation of natural glass fibre reinforced
polymer hybrid composites to take advantage of natural fibre's advantages as a cheap and lighter
material, which provides better stiffness [15]. Fibre hybridisation was achieved at the macroscopic
level via layer-by-layer intermixing although, at the time of mat formation, the hybridization of fibres
may have been done in the layer itself. The mechanical properties of produced polymer composites are
also influenced by the reinforced mat's structure. [16]. Besides the good mechanical properties, the
method used is one of the important elements in the formation of hybrid composites. Rana et al.
(2017) investigated the mechanical properties of a sisal/glass fibre hybrid composite and discovered
some non-uniformities, such as trapped air or porosity. According to Rana et al. (2017), the sisal/glass
fibre hybrid composite with the best mechanical properties contained 4% sisal and two layers of glass
fibre. [17]. Filho et al. (2019) investigated the effect of hybridisation on the elongation, maximum
deflection, and strength properties of piassava/glass fibre reinforced composites. The experiment's
results indicated that the values of elongation, maximum deflection, and strength were decreasing, but
the trend on modulus was different [18].

3. Methodology

PALF was delivered in long fibres from Acheh, Indonesia. Salju Bistari Sdn. Bhd. provided
the synthetic fibre used in this study, which was E-glass bi-directional fibre. The matrix was Epoxy
Amite 100, which was obtained from Mecha Solve Engineering Sdn Bhd in Malaysia. PALF long
fibres were cut into 15 cm lengths, then ground into 1 to 20 mm lengths using a Mini Plastic Crusher
(HLong, China) machine. To characterise the fibre size distribution, the short fibre was sieved using a
sieve machine. The majority of the PALF was between 3 and 14 mm in length. PALF was dried in a
vacuum oven for 24 hours at 80°C to eliminate the remaining 9.67% moisture content in the fibre, then
stored in a vacuum bag to prevent air infiltration. Table 1 summarises the weight distribution of PALF,
glass fibre, and epoxy resin. PALF's variable weight distribution was 5 wt %, 10 wt %, 15 wt %, 10 wt
%, and 5 wt % throughout the mixture, but the bi-directional glass fibre weight fraction was vice versa
from PALF. The letters G and P stood for glass fibre and pineapple leaf fibre, respectively. First, the
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bi-directional glass fibre was cut using a mould with dimensions of 260 mm x 192 mm. Short PALF
fibres were then evenly scattered on top of one layer of bi-directional glass fibre, followed by another
layer of glass fibre. The process was repeated until the task was completed. Before pouring the epoxy
resin, the mould was prepared and cleansed with a special wax remover. To avoid a cross-epoxy
crossbar, the epoxy and hardener were added in a 3:1 weight ratio and blended for 3 minutes at 200
rpm with a mechanical stirrer. The mixed resin was then stored for 5 minutes to ensure that there were
no trapped air bubbles. The slurry was then evenly poured into the mould, followed by a layer of bi-
directional glass fibre and more epoxy. After that, glass fibre was added, and finally, epoxy was
poured and allowed to cure.

Table 1. Summary of weight distribution PALF, glass fibre and epoxy resin

Specimen  Glass Glass PALF Epoxy
fibre fibre wt% wt%
ply wt%

G30 6 30 - 70

G25P5 5 25 5 70

G20P10 4 20 10 70

G15P15 3 15 15 70

G10P20 2 10 20 70

G5P25 1 5 25 70

P30 0 - 30 70

The sequence of glass fibre and PALF layering is shown in Figure 1. Based on the assumption
that the fabrics have similar qualities in each direction, the warp and weft directions of the cloth were
ignored because glass fibre woven mats have balanced plies (0°/90°) [12]. The mould was cured for at
least 8 hours after manufacturing using a 60-psi cold press machine. Using a HASS VF 6 (Germany)
CNC milling machine, the plates were cut precisely according to the American Society for Testing and
Materials (ASTM D790) standard test procedure for plastics for flexural. Figure 2 depicts the PALF-
glass fibre hybrid composite's sequence of processes

1
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Figure 1. Sequence layering of glass fibre and PALF.
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Figure 2. Steps in producing the hybrid composite.

Each plate was cut to flexural test specifications with five specimens for each test. The
dimension testing, based on ASTM, had been fixed. The flexural test was carried out according to
ASTM D790 [19], with specimens measuring 127 mm in length, 12.7 mm in breadth, and 3 mm in
thickness. The tests were carried out using a Universal Testing Machine (Instron Model 3369,
Germany) at a loading rate of 2 mm/min at room temperature, with a 62 mm gap between the two
noses. The flexural strength and flexural modulus were evaluated using a three-point approach, as
shown in Figure 3 (a), by testing five samples of each variant and calculating the average value and
standard deviation. Figure 3 (b) shows the fractured samples after testing, with most of the samples
failing at the same midpoint.
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Figure 3. (a) Flexural test setup and (b) Fractured samples after flexural tests.

4. Finding and analysis

Table 2 displays the flexural strength and flexural modulus for different weight fractions of
the PALF/glass fibre hybrid composite combination. The flexural strength and modulus are shown in
the bar chart in Figure 3. The sample that could bear the highest force to bend was G30, but there was
just a small variance (4% difference) with G25P5 as the highest flexural strength PALF glass fibre
hybrid composite. The values for G30 and G25P5 were 302.17 MPa and 290.11 MPa, respectively.
The lowest flexural strength was P30 (70 MPa), but for hybrid composites it was G25P5 with 166.85
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MPa. The difference between both was 50%. The flexural strength increased drastically from P30 to
G5P25 compared to G25P5 to G30, which increased slightly. This situation happened because glass
fibre has a much higher strength than PALF strength. The trend of the bar chart was a declining slope
with an increase in PALF. At the same time, the reduction of glass fibre affected the strength of
bending. Meanwhile, for the modulus of flexural, the highest was G10P20 with 16.67 GPa. The lowest
sample was P30 (3.77 GPa), but the hybrid composite was G5P25 (6.56). The gap between both was
40%. The flexural result of this PALF glass fibre hybrid composite was similar to the high infection
rate even though he used long PALF [3]. Based on the result, the weight of the composite would be
affected as the glass fibre increased. By reducing the glass fibre, the weighted composite also reduced
its mechanical properties because the PALF characteristics are better than those of other natural waste
materials [10].

Table 2. Summary result for flexural

Flexural modulus

Sample Flexural strength (MPa) (GPa)
G30 302.17£17.5 9.57+0.5
G25P5 290.11+8.5 11.09+0.3
G20P10 255.28+10.6 10.18+0.7
G15P15 237.41+2.6 11.58+0.4
G10P20 189.96+12 16.67£1.2
G5P25 166.85+4.7 6.56+0.3
P30 70.18+£2.3 3.77+0.1
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Figure 4. Flexural strength and modulus.
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The fracture effect after a flexural test could be observed by scanning the morphology
surface using SEM (Figure 5). The glass fibres were fractured without pulling out, but the PALF
was pulled out when the PALF increased. Most of the samples had matrix breakage and worsened
when PALF was increased. The surface of the fractured area was uneven due to the debris from
matrix and fibre when adding PALF. The adhesive interfacial between fibres and matrix became
worse when there was increased PALF and reduced glass fibre due to inadequate epoxy to absorb
the PALF. As a fact, the PALF is a hydrophilic natural fibre [20].

Figure 4. Surface morphology of (a) 5 wt % PALF; (b) 10 wt % PALF; (c) 15 wt % PALF; (d)
20 wt % PALF; (e) 25 wt % PALF.

5. Conclusion

PALF has been successfully used to develop natural fibre-glass fibre reinforced polymer
hybrid composites. The structure was created using bidirectional glass fibre and short PALF fibres. In
the process, hand lay-up and compression moulding were used. The highest flexural strength of PALF
hybrid composites was G25P5 but 10% lower than G30. Meanwhile, the highest flexural modulus
was G10P20. It may be deduced that raising the number of natural fibres in hybrid composites and
decreasing the proportion of glass fibres reduce their strength and weight. The modulus was proved to
be independent of the glass fibres and rather dependent on the characteristics of the natural fibre,
which imparted stiffness to the hybrid composite. The adhesive interfacial bonding in the internal
structure also played a role in having a better composite property. There are some limitations to the
results obtained from this study, among which was the bond between the fibre and the epoxy, which
did not absorb evenly. This could be seen in the fracturing effect, where there were fibrous epoxy
fragments. This PALF glass fibre hybrid composite is a new composite material, making it difficult to
obtain comparisons of results with theories or previous studies. Further research on this PALF glass
fibre hybrid composite’s mechanical qualities such as tensile strength, impact strength, and
compression strength should be conducted in the future. Simultaneously, it is necessary to investigate
how to optimise the absorption of matrix materials using fibres. With these hybrid composites, it is
feasible to create items that are both lightweight and sturdy.
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