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INTRODUCTION

atural-fiber-reinforced composites, or "green composites,” have been the subject of extensive investigations in
recent years for use in a variety of structural and non-structural applications. They are considered a preferable
alternative to synthetic fibers due to their biodegradable, sustainable, and economical properties as opposed to
synthetic fibers, which are known to be environmentally harmful, non-renewable, and difficult to decompose, leading to
increased carbon dioxide and greenhouse gas emissions [1,2]. One natural fiber that has the potential to replace synthetic
fibers is the pineapple leaf fiber (PALF). Because of its ability to biodegrade, this fiber has minimal environmental effects.
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PALF has gained significant attention as a reinforcement in polymeric composites, in addition to other fibers such as coir,
sisal, hemp, flax, and kenaf. PALF is a natural fiber derived from the pineapple plant (Ananas comosus), which belongs to
the Bromeliaceae family. PALF is extracted from pineapple leaves. It consists of 70-82% cellulose, 13.6-21%
hemicellulose, 5-12% lignin, and 1.1% pectin [3]. It is abundant in tropical climates, particularly in Southeast Asian
nations, such as Thailand, Malaysia, the Philippines, and Indonesia [3,4]. Today, world pineapple production is around
33.38 million tons per year, of which Indonesia produces 2.45 million tons [5]. PALF has been developed for various
applications, such as infrastructure, packaging, biomedicine, furniture, automotive, etc. It exhibits good mechanical
properties and is environmentally friendly, making it a widely used reinforcing material in polymer composites [6].
However, natural fibers such as PALF have several limitations, including hydrophilic properties, variable and irregular
fiber dimensions, and relatively low fiber properties compared to synthetic fibers. One technique to overcome this
problem is to modify the matrix using micro- and nanofillers. Fillers play an important role in helping to increase the
wettability and interface of the base material so that, in the end, they affect the final properties of the composite. Mishra et
al. [3] suggested another method to improve the performance of natural composites, that is, to use particulate fillers such
as alumina (ALO3), silicon, graphite, and carbon. The incorporation of fillers into the composite improves the rigidity of
the matrix phase and the cross-linkage between the matrix and the reinforcement, such that the physical, mechanical, heat
resistance, and wear resistance properties of the composite become enhanced. The dispersal of fillers can also cover
microvoids, which slows crack propagation and failure [7].

In addition to the types of reinforcement and filler, the type of polymer matrix also influences the characteristics of the
composite. The matrix selection is based on the application requirements of the composite materials. Epoxy and
unsaturated polyester resins (UPRs) are two widely used thermoset matrices for various structural and performance
applications. Both resins have low cost, low density, good chemical resistance, and excellent processability [8]. Mishra et
al. [3] investigated the characteristics and potential industrial applications of hybrid composites filled with inorganic
nanoparticles. The effect of adding inorganic fillers to unteinforced polymer composites on water uptake, thermal
conductivity, and tensile strength has been investigated. All the three properties examined showed positive results with the
inclusion of a filler in the composite matrix [9]. The incorporation of SiC, graphene, ALOs3, and titanium oxide fillers in
polyester and epoxy polymer composites reinforced with a natural fiber also affects the mechanical and physical properties
[10]. In addition, the influence of inorganic fillers on natural fiber composites (e.g., flax [11], sisal [12], coir and banana
[13], and jute and hemp) has also been examined [14].

Numerous works have studied the effect of inorganic fillers as composite fillers. However, studies on the impact of
adding the alumina filler on the physical and mechanical properties of PALF-reinforced composites have yet to be
conducted. Radoor et al. [15] examined the technique for the extraction of PALF and PALF use as reinforcement in
polymer matrices. Other studies have also investigated the suitability, competitiveness, and capacity of PALF as a
reinforcement in natural composites [16,17]. The mechanical and physical properties of PALF-reinforced polymer
composites are influenced by aspects such as aspect ratio, microfibrillar angle, crystallinity, and cellulose concentration,
similar to other natural fibers. Potluri et al. [18] figured out that adding the ALOs filler enhances the water absorption,
wear resistance, and strength of pineapple leaf, sisal, and coir fiber hybrid composites.

Although many research studies have been published on the characteristics of polymeric composites with the
incorporation of inorganic fillers, studies investigating the impact of AlO3; microparticles on the properties of PALF-
reinforced epoxy and UPRs composites have yet to be published. Therefore, this study aims to investigate the effect of
AlO3 microparticles addition to PALF-reinforced polymeric composites (with epoxy and UPRs matrices) on the physical,
mechanical, and thermal properties of the composites. The composites were manufactured by the hand lay-up technique
with 30 wt% pineapple fiber and a fiber orientation of 0 degrees.

MATERIALS AND METHODS

Materials

T he PALF-reinforced composites were manufactured using epoxy and UPRs matrices with variable levels of Al,O3
microparticle content. PALF was collected from Subang, West Java, Indonesia. The AlLO; microparticles,
purchased from Labchem Sdn. Bhd, Selangor, Malaysia, were used as a filler in powdered form (50—90 um) with a

purity level > 99.9%. In this study, two types of matrix, epoxy and UPRs, were provided by Justus Kimia Raya, Medan,

Indonesia. The epoxy matrix consisted of bisphenol A diglycidyl ether (Eposchon A) and polyaminoamide (Eposchon B)

as a hardener in a 1:1 ratio. Meanwhile, the UPRs matrix (Yukalac 157 BQTN-EX) was hardened with 1% methyl ethyl
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ketone peroxide. The various characteristics of PALF, Al,O3, and the matrices are shown in Tab. 1. The PALF-reinforced
composites’ forming materials are shown in Fig. 1.

L. Mawardi et alit, Frattura ed Integrita Strutturale, 67 (2024) 94-107; DOL: 10.3221/IGF-ESIS.67.07

Chemical/Propetties Pi[rllg?f 9%16 [52)1]2’[0231] E[ECZ)TY ng)} S
Cellulose (%) 70-82 - - -
Hemicellulose (%) 19.5 - - -
Lignin (%) 5-12 - . _

Density (g/cm?) 0.8-1.6 3.78-3.95 1.13 1.09-1.35
Tensile strength (MPa) 184-627 200-265 26.84 40
Young’s modulus (GPa) 1.44-6.32 210-380 2-6 3.33
Poisson ratio - 0.24-0.30 0.20-0.35 0.44

Table 1: The chemical content and mechanical and physical properties of the composites’ raw materials

Figure 1: PALF and Al:O3 microparticle filler materials

Two types of PALF-reinforced composite structures were produced, as shown in Tab. 2. The PALF-reinforced composite
structures consisted of epoxy and UPRs matrices mixed with Al,O;s at 0, 5, 10, and 15 wt%.

Type of Epoxy UPRs Pineapple fiber AlL,O3

specimen  (wt%)  (wt.%) (%) (wt.%)
CE0 70 0 30 0
CE5 65 0 30 5
CE10 60 0 30 10
CE15 55 0 30 15
CPO 0 70 30 0
CP5 0 65 30 5
CP10 0 60 30 10
CP15 0 55 30 15

Table 2: The structure design of PALF-reinforced composites with Al,O3 microparticles
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Composites production process

In this study, the first process carried out was the selection of fiber dimensions. The PALF obtained was cleaned with
water and then dried in an oven (Memmert Oven model UN55 531, Germany) until it reached a moisture content of 10—
15% before being used. This study used PALF with a weight fraction of 30% as a continuous phase (0° fiber otientation)
and 0, 5, 10, and 15 wt% of AlOj; to prepare the composites. A mold was prepared from a blockboard with dimensions
of 300 X 250 X 15 mm. The mold was covered with aluminum foil, and PALF was placed on it. Aluminum foil was used
for easy removal of the composite from the mold.

Composites were made using the hand lay-up technique. Direct mixing was applied to create both types of composites.
Homogenous dispersion was first achieved by adding AlO3; powder to the resin and stirring with a mechanical stirrer
(mixer model HM-620 Miyako, Japan) at 200 rpm for 3 minutes. Catalysts or hardeners were used as initiators for curing
processes. After complete mixing, the finished mixture was poured into the mold, followed by rolling and a 24-hour
curing process before the mixture was removed from the mold. For each experimental scenario, five samples were created
and checked in accordance with ASTM standards. The composites were cured at room temperature for seven days before
testing. Fig. 2 depicts the stages of manufacturing the PALF-reinforced composite specimens with the alumina filler.

Figure 2: The manufacturing of PALF-reinforced composites with the alumina filler

Characterization of composites
The effect of AlLOs; microparticles in the PALF-reinforced composites was evaluated by carrying out physical and
mechanical tests on the prepared samples.

Physical characterization

Physical characterization tests consisted of density and water absorption tests. The density test of the PALF-reinforced
composites used the theorem of Archimedes using water as a medium and precision scales (model AND EK-610i
Compact Balance, Japan) in reference to the ASTM D792 standard [23]. Five specimens were prepared according to the
experimental design, and averages were calculated to determine the composite density for each level of AlLO3 content. To
evaluate the water absorption performance of the composites, the ASTM D570 [24] standard was used. Samples with
dimensions of 25 X 25 X 3 mm were dried in an oven before being immersed in water for 16 days. Every 2 days, the
samples were taken out and weighed again, and the dry weight after immersion was recorded.

Mechanical characterization

The investigation of mechanical properties consisted of tensile strength, flexural strength, and shore hardness tests.
PALF-reinforced composite samples were prepared for tensile (230 X 25 X 3 mm) and flexural strength (100 X 25 X 3
mm) tests according to the ASTM D3039 [25] and ASTM D790 standards [20], respectively. An RTF 1350 model
Tensilon universal testing machine (Japan) with a 50 kN load cell was used in both tests at 5 mm/min and 2 mm/min
crosshead speed for the tensile and flexural strengths, respectively. The flexural strength of the PALF-reinforced
composite samples was evaluated using the three-point method. Furthermore, a composite hardness test was carried out
using a 0.5 HD Shore D digital durometer (China) in accordance with the ASTM D2240 standard [27]. Hardness was
evaluated by inserting a durometer needle into the composite samples and reading the resulting hardness numbers on the
pointer. Measurements were taken on both sides by calculating the average of five readings.

Thermogravimetric analysis

The influence of different matrices and fillers on the thermal degradation characteristics of the PALF-reinforced
composites was investigated using the Thermogravimetric Analysis (TGA) test. TGA tests were carried out using a
thermal analyzer (SHIMADZU DTG 60, Japan) following the ASTM E1131-08 standard [28]. A sample of 5 mg was
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heated in a sample pan from 30 °C to 600 °C in a nitrogen atmosphere at a heating rate of 40 °C/min, with a flow rate of

20 ml/min. In general, the research flowchart diagram is shown in Fig. 3.

Epoxy resin
_ Sortnig ?{) Laying the — - Matrix (mixing Pouring the
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Figure 3: Research flowchart diagram

RESULTS AND DISCUSSION

haracterization of the mechanical and physical properties, as well as the thermal stability, showed a variety of
composite performance depending on the amount of Al,Ojs filler and the type of matrix used. The following are
some of the findings from the characterization tests.

Effect of ALOj contents on tensile strength

The tensile property is one of the most crucial mechanical characteristics of a material. This stress is the external force
required to break the sample and is usually found at the peak of the stress-strain curve. Fig. 4a—b illustrates the stress-
strain curves from the tensile tests of the PALF-reinforced epoxy and UPRs composites with ALOs5 filler. As shown in
Fig. 4a, all PALF-reinforced epoxy composites with the AlOs filler show lower stiffness than the composites without
filler. The same held true with the UPRs composites (Fig. 4b), but these composites had lower stress than the epoxy
composites. Fig. 4 and Tab. 3 show some of the composites' mechanical properties.
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Figure 4: Stress-strain curves of tensile properties of the PALF/ALO3 composites: epoxy matrix, (b) UPRs matrix.
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The tensile and flexural strengths of the PALF-reinforced epoxy and UPRs composites at varying concentrations of ALO3
microparticle filler are shown in Tab. 3. This table also shows the corresponding tensile and flexural results of the epoxy
and UPRs composites without filler as control specimens. Fig. 5 depicts the results from Tab. 3 for visual interpretation. It
is shown in the figure that the epoxy composites had greater tensile strength than the UPRs composites.
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The tensile strength of the PALF-reinforced epoxy and UPRs composites ranged from 22.42 MPa to 33.54 MPa and from
15.39 MPa to 21.62 MPa, respectively. In addition, the PALF-reinforced epoxy and UPRs composites with 0% filler (CEO
and CPO) displayed tensile strength values superior to the PALF-reinforced epoxy and UPRs composites with 15 wt%
ALO; (CE15 and CP15). In this case, the presence of more ALOj3; microparticles could gradually reduce the tensile
strength. Compared to the decrease of tensile strength of the composites without ALOs (i.e., 33.54 MPa), the epoxy
composites with 5, 10, and 15 wt% ALOj; filler decreased in tensile strength by 16.70, 24.92, and 49.59%, respectively.
For the UPRs composites, the decreases in tensile strength ranged from 19.51 to 40.48%. The decrease in tensile strength
might be due to agglomerations that acted as stress concentration centers representing internal defects. This caused
weakening and ultimately decreased the tensile strength [29-31]. Fig. 6 shows the scanning electron microscopy (SEM)
images of composite defects, where alumina microparticle agglomerations caused poor interfacial interaction between the
fiber and filler and the matrix, which caused a dectease in tensile strength. In addition to agglomerations, composites have
micro-defects as voids that initiate cracks. Moreover, as revealed by previous studies involving nanofillers addition, tensile
strength tends to decrease with increasing Al,Oj3 content in the polymer matrix [32].

Tensile strength  Flexural strength

Samples (MPa) (MPa)
CEO 33.54£29 26.88 £ 4.3
CE5 28.74 £ 25 38.61 £ 3.7
CE10 26.85% 2.6 39.92 £ 3.6
CE15 2242+ 22 47.58 £ 3.5
CPO 21.62£2.7 6222+ 38
CP5 18.09 £ 2.1 7221 % 3.6
CP10 1724 £ 24 7397 £ 3.8
CP15 1539 £ 2.3 80.20 £ 4.1

Table 3: Mechanical characteristics of the PALF/ALO3 composites.
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Figute 5: Compatison of tensile strength of the PALF/ALOj; composites using epoxy and UPRs matrices.

Effect of ALO; contents on flexural strength

The stress-strain curves for the flexural test are similar to the stress-strain curves for the tensile test, but the strain that
occurred in the former was longer than the strain that occurred in the latter. As observed in Fig. 7, the strain-break of the
composites increased with increasing Al,O3 content. The elongation was directly comparable to the flexural strength. An
increase in flexural strength usually leads to an increase in strain.
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Figure 6: SEM images of ALOs-filled PALF-reinforced composites.
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Figure 7: Stress-strain curves of the flexural property for the PALF/ALO3 composites. (a) epoxy mattix, (b) UPRs matrix

Fig. 8 depicts that the flexural strength of the PALF-reinforced epoxy and UPRs composites was affected by AlLOs3
incorporation. The flexural strength of the composites with the UPRs matrix was higher than that of the composites with
the epoxy matrix (~45.67%). The flexural strength of the epoxy and UPRs composites ranged from 26.88 MPa to 47.58
MPa and from 62.22 MPa to 86.20 MPa, respectively. Furthermore, the composites with 15 wt% AlLO3; microparticles
(CP15 and CE15) had the maximum flexural strength. The composites’ flexural strength gradually increased as the
percentage of AlO3; microparticles increased.

The increases in flexural strength of the filler-incorporated PALF-reinforced composites might be attributed to polymeric
chain interlocking due to Al O3 microparticles (Fig. 9). The composites could better resist external pressure, which
increased the flexural strength. In addition, the flexural strength was also influenced by the properties of ALO;
microparticles. This finding helps devise a strategy to improve the flexural strength of composite materials. Similar
findings were also observed in previous studies with the incorporation of different fillers in polymer composites [33,34].

Effect of ALOs contents on hardness
Tab. 4 shows the PALF-reinforced composites' Shore D hardness observed with different matrices and Al,Os loadings.
The Shore D hardness of the composite specimens with both matrices increased with the increase in ALOs filler content.
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Figure 8: Compatison of flexural strength of the PALF/ALO3 epoxy and UPRs composites
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Figure 9: Surface micrographs of PALF-reinforced composites with alumina microparticles

Sample CEO CE5 CE10 CE15

Shore-D hardness 61.6 £ 212 632+ 184 0645+262 668+ 3.25

Sample CPO CP5 CP10 CP15

Shore-D hardness 58.2 221 62.6+216 7221282 81.5+254

Table 4: PALF /alumina composites’ Shore D hardness

For the PALF-reinforced epoxy composite with 0% filler, the Shore D hardness value was 61.6, whereas the maximum
increase was obtained by the composite filled with 15 wt% AlO3 microparticles (CE15). This Shore D hardness measured
66.8 at the maximum, which was approximately 8.4% higher than the Shore D hardness value obtained by the 0-wt%-
ALOs-filled composite (CEOQ). It can also be observed from Tab. 3 that the UPRs composites filled with ALO;
microparticles had the maximum shore D hardness value of 81.5 (CP15 sample). In the case of composites filled with 10
and 15 wt% AbLOs, the Shore D hardness of the UPRs composites was higher than that of the epoxy composites.

In general, the addition of ALOs3 to the composites enhanced the composite hardness. The hard AlO3; microparticles
blocked the movement of the polymeric bonds. Consequently, the composites became more resistant to external
indentation, leading to higher hardness values [35]. The homogeneous distribution of filler particles could cover voids,
which leads to increased indentation resistance. However, the increase in the filler content in the composite also triggers
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an increase in the risk of agglomeration. In this work, agglomeration has a negative effect on tensile strength, but a
positive effect on flexural strength (Fig. 10).
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Figure 10: The correlation of Shore D hardness with the tensile and flexural strengths of Al,Os-filled PALF-reinforced composites

Several researchers have previously published that the incorporation of nano-ALOs improves hybrid composites'
mechanical properties and wear behavior [34]. Nayak et al. and Latief et al.,, for instance, reported an increase in the
hardness of UPRs composites filled with marble dust and micro-AlOs [10,36]. The Shore D hardness of the PALF-
reinforced UPRs composites was higher than that of the PALF-reinforced epoxy composites. This suggests that the
matrix used also has a role in determining the hardness of a composite. In this study, the composites produced were
categorized as hard, for CP0, and extra hard, for the other samples [37] (Fig. 11).

o i) [ I
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SHORE A 0 10 20 30 40 50 &0 70 80 90 100
| | | |
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Figure 11: The PALF-reinforced composites’ positions in terms of Shore D hardness category

Effect of ALOs contents on physical properties

Fig. 12 shows the graphical depiction of the theoretical and experimental densities of the PALF-reinforced epoxy and
composites with different levels of AlO3; content. For all samples, the theoretical density was slightly higher than the
UPRs experimental density. This finding can be attributed to the voids in the composites that formed due to the
production process being carried out by hand lay-up. Therefore, forming composites in a vacuum is highly recommended
to reduce voids [10,36]. The experimental density of the epoxy and UPRs composites ranged from 1.11 to 1.23 g/cm?® and
from 1.18 to 1.36 g/cm?, respectively. When the ALO; filler was added, the value of density increased, which was the
highest for the composite with 15 wt% AlLO; microparticles. The effect of AlOs on density was higher than that of the
other constituents of the composite, which improved the average density of the PALF-reinforced composite as a whole.
Fig. 13 shows the effect of Al O3 microparticles on the water absorption behavior of the PALF-reinforced epoxy and
UPRs composites. The water absorption performance of all composite samples was significant from the second to the
twelfth day and became practically constant until the sixteenth day. The results showed that all samples experienced an
increase in their water-holding capacity over a long time until they were saturated on the twelfth day. In this case, the
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UPRs composites performed better in terms of water resistance than the epoxy composites. The different physical
properties of both matrices led to differences in water absorption performance. The UPRs matrix has more excellent
density than the epoxy matrix, so the UPRs composites had better water resistance than the epoxy composites.
Furthermore, the water absorption capacity of the epoxy and UPRs composites ranged from 2.94 to 8.47% and from 2.56
to 3.85%, respectively, in which case the CEO and CPO samples had the highest water absorption performance.

PALF is hydrophilic and tends to absorb moisture when exposed to water. This may cause the fiber to swell and create
microcracks at the matrix-fiber interface, thereby affecting the mechanical properties of the composite. Adding the
alumina filler into the matrix gradually reduces the water absorption ability of natural fiber composites. The hydrophobic
alumina filler reduces a PALF-reinforced composite's water intake affinity and covers microcracks or cavities trapped in
the composite [14].
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Figure 12: Graph of the experimental and theoretical densities of the ALOs-filled PALF-reinforced composites
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Figure 13: The water absorption performance of the ALOs-filled PALF-reinforced composites.

Effect of ALOs contents on thermal stability

Fig. 14 shows the TGA curves of the ALOs-filled PALF-reinforced epoxy and UPRs composites. The composites with
the two different matrices showed similar decomposition patterns with three phases of mass loss. The first phase of mass
loss due to moisture evaporation occurred at 30-152 °C at about 4.4% and 30-156 °C at about 3.6% for epoxy and UPRs
composites, respectively. The mass loss in the second phase was the main decomposition. In this phase, the main
constituents of the composites, i.c., the matrix and fiber (cellulose, hemicellulose, and lignin), were degraded. The third
phase was the final phase in the constituent decomposition [38].
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Figure 14: The TGA curves of the Al,Os-filled PALF-reinforced composites

Fig. 14 shows that the main decomposition temperature range of the CEO sample (0% AlLOj loading) was between 382.7
and 505.73 °C. The first peak was between 268 and 442 °C, with a threshold of 418 °C. The second decomposition was
between 442 and 540 °C, with a maximum of 469 °C (Fig. 14). The two peaks corresponded to a weight loss of about
79.5%, and the addition of AlO; to the PALF-reinforced composites had shifted the TGA curve to the right. This
finding showed the positive effect of Al O3 on the composites’ thermal stability. In the case of the CE5 sample (5 wt%
AlO3), the first peak was between 242 and 444 °C, with a maximum of 423 °C, and the last decomposition phase was in
the range of 444-540 °C, with a maximum of 469 °C. Furthermore, several mass losses of the CE15 sample (15 wt%
AlO3) occurred in the range of 392-540 °C. Derivative Thermogravimetry (DTG) (Fig. 14) showed the main temperature
peak of the complicated decomposition of TPU around 467 °C. The decomposition of CE5 and CE15 was very fast, with
complicated degradation and weight losses of about 74.4% and 70.5%, respectively.
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Figure 15: The DTG curve of the Al,Os-filled PALF-reinforced composites.

The TGA curve of the composite materials made of PALF and unsaturated polyester resins (UPRs) exhibited a similar
behavior to that of the epoxy composites, as shown in Fig. 14. However, the decomposition temperatures of all samples
of the UPRs composites were lower than those of the epoxy composites. The decomposition temperatures of CPO, CP5,
and CP15 ranged between 363 and 453 °C, 364 and 456 °C, and 365 and 460 °C, respectively, and they were
comparatively lower than those of the epoxy composite samples. The CP samples disintegrated rapidly with complicated
decomposition in the range of 297-510 °C, with a weight loss of about 59.6 and 67.5%. Furthermore, charcoal residues
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were generated from the decomposition that occurred, which was observed at 550 °C. The composites produced charcoal
residues in the range from 2.2% to 17.9%, in which case the highest and lowest charcoal residues were produced by CP15
and CEO, respectively. Increasing the amount of alumina filler would increase the amount of charcoal residues. The
characteristics of the alumina filler, which has better heat resistance than the fiber and matrix, played an essential role in
increasing charcoal residue production.

The DTG curve (Fig. 15) shows the maximum temperature peaks of the complicated decomposition of CP0O, CP5, and
CP15 at around 421, 424, and 425 °C, respectively. The addition of AL O3 increased the initial temperature of the main
decomposition, and the AlO; microparticles created a char layer and reduced oxidative degradation. The increased
amount of AlO3; microparticles in the composites made the process of creating a char layer faster. This phenomenon
reduced ignition and resulted in weight loss. This finding demonstrated that the incorporation of AlO3; microparticles
increases composites' thermal stability, particulatly in terms of the polymer matrix. This result is supported by a previous
study [39], which proved that silica positively increases the thermal stability of spruce wood composites.

CONCLUSIONS

properties of epoxy and UPRs composites reinforced with PALF. PALF-reinforced composites were made with

varying levels of AlbOs content (0, 5, 10, 15% by weight) by hand lay-up. The addition of AlOs microparticles
affected the physical, mechanical, and thermal stability properties of epoxy and UPRs composites reinforced with PALF.
The flexural strength, hardness, density, water resistance, and thermal stability gradually increased with the Y%weight of
AlOs in the composite, while the tensile strength decreased. The PALF-reinforced epoxy composites had higher tensile
strength than the PALF-reinforced UPRs composites, while the opposite was true for the flexural strength. The CP15
sample (composed of 30% fiber, UPRs matrix, and 15 wt% ALOs) showed supetiority in flexural strength (86.20 MPa),
Shotre D hatrdness (81.50), experimental density (1.36 g/cm?), and water absorption capacity (3.33%), but not in tensile
strength. TGA observations of the composites showed that the thermal stability increased with more alumina
microparticles added, and the CE15 sample showed higher thermal stability than the other samples. The characterization
results showed that alumina-filled PALF-reinforced composites have the potential as engineering materials. However,
their application must consider the working loading conditions.

T his research examined the effect of Al,Os; microparticles on the physical, mechanical, and thermal stability

ACKNOWLEDGMENT

he author expresses profound gratitude to the Politeknik Negeri Lhokseumawe, Aceh, Indonesia for the support
and funding of this study.

REFERENCES

[1] Kopparthy, S.D.S., Netravali, A.N. (2021). Green composites for structural applications, Composites Part C: Open
Access, 6, pp. 100169, DOI: 10.1016/j.jcomc.2021.100169.

[2] Parameswaranpillai, J., Gopi, J.A., Radoor, S., Dominic, C.D.M., Krishnasamy, S., Deshmukh, K., Hameed, N., Salim,
N. V., Sienkiewicz, N. (2022). Turning waste plant fibers into advanced plant fiber reinforced polymer composites: A
comprehensive review, Composites Part C: Open Access, pp. 100333, DOI: 10.1016/j.jcomc.2022.100333.

[3] Mishra, T., Mandal, P., Rout, A.K., Sahoo, D. (2022). A state-of-the-art review on potential applications of natural
fiber-reinforced polymer composite filled with inorganic nanoparticle, Composites Part C: Open Access, pp. 100298,
DOI: 10.1016/j.jcomc.2022.100298.

[4] Asim, M., Abdan, K., Jawaid, M., Nasir, M., Dashtizadeh, Z., Ishak, M.R., Hoque, M.E. (2015). A review on pineapple
leaves fiber and its composites, International Journal of Polymer Science, DOI: 10.1155/2015/950567.

[5] World Population Review. World Population Review.(2023). Pineapple Production by Country 2023. Available at:
https:/ /wotldpopulationreview.com/ country-rankings/pineapple-production-by-country.

[6] Todkar, S.S., Patil, S.A. (2019). Review on mechanical properties evaluation of pineapple leaf fiber (PALF) reinforced
polymer composites, Composites Part B: Engineeting, 174, pp. 106927, DOI: 10.1016/j.compositesb.2019.106927.

105



L. Mawardi et alii, Frattura ed Integrita Strutturale, 67 (2024) 94-107; DOL: 10.3221/1GF-ESIS.67.07

[7] Hasanuddin, I., Mawardi, I., Jaya, R.P. (2023). Evaluation of properties of hybrid laminated composites with different
fiber layers based on Coir/Al203 reinforced composites for structural application, Results in Engineering, pp.
100948, DOL: 10.1016/j.rineng.2023.100948.

[8] Hsissou, R., Seghiri, R., Benzekri, Z., Hilali, M., Rafik, M., Elharfi, A. (2021). Polymer composite materials: A
comprehensive review, Composite Structures, 262, pp. 113640, DOL: 10.1016/j.compstruct.2021.113640.

[9] Sugiman, S., Salman, S., Maryudi, M. (2020). Effects of volume fraction on water uptake and tensile properties of
epoxy filled with inorganic fillers having different reactivity to water, Materials Today Communications, 24, pp.
101360, DOLI: 10.1016/j.mtcomm.2020.101360.

[10] Latief, F.H., Chafidz, A., Junaedi, H., Alfozan, A., Khan, R. (2019). Effect of Alumina Contents on the
Physicomechanical Properties of Alumina (Al203) Reinforced Polyester Composites, Advances in Polymer
Technology, DOI: 10.1155/2019/5173537.

[11] Sathish, S., Kumaresan, K., Prabhu, L., Gokulkumar, S., Karthi, N., Vigneshkumar, N. (2020). Experimental
investigation of mechanical and morphological propetties of flax fiber reinforced epoxy composites incorporating SiC
and A1203, Materials Today: Proceedings, 27, pp. 22492253, DOI: 10.1016/j.matpt.2019.09.106.

[12] Ferreira, B.T., da Silva, L.J., Panzera, T.H., Santos, J.C., Freire, R.T.S., Scarpa, F. (2019). Sisal-glass hybrid composites
reinforced with silica microparticles, Polymer Testing, 74, pp. 57-62, DOL: 10.1016/j.polymertesting.2018.12.026.

[13] Sumesh, K.R., Kavimani, V., Rajeshkumar, G., Indran, S., Saikrishnan, G. (2021). Effect of banana, pineapple and coir
fly ash filled with hybrid fiber epoxy based composites for mechanical and morphological study, Journal of Material
Cycles and Waste Management, 23, pp. 1277-1288, DOI: 10.1007/s10163-021-01196-6.

[14] Mahesha, C.R., Suprabha, R., Harne, M.S., Galme, S.G., Thorat, S.G., Nagabhooshanam, N., Seikh, A.H., Siddique,
M.H., Markos, M. (2022). Nanotitanium Oxide Particles and Jute-Hemp Fiber Hybrid Composites: Evaluate the
Mechanical, Water Absorptions, and Morphological Behaviors, Journal of Nanomaterials,

DOI: 10.1155/2022/3057293.

[15] Radoor, S., Karayil, J., Rangappa, S.M., Siengchin, S., Parameswaranpillai, J. (2020). A review on the extraction of
pineapple, sisal and abaca fibers and their use as reinforcement in polymer matrix, Express Polymer Letters, 14(4), pp.
309-335, DOI: 10.3144/expresspolymlett.2020.27.

[16] Singh, T., Pruncu, C.I., Gangil, B., Singh, V., Fekete, G. (2020). Comparative performance assessment of pineapple
and Kevlar fibers based friction composites, Journal of Materials Research and Technology, 9(2), pp. 1491-1499,
DOI: 10.1016/j.jmrt.2019.11.074.

[17] Senthilkumar, K., Saba, N., Chandrasekar, M., Jawaid, M., Rajini, N., Alothman, O.Y., Siengchin, S. (2019). Evaluation
of mechanical and free vibration properties of the pineapple leaf fiber reinforced polyester composites, Construction
and Building Materials, 195, pp. 423—431, DOI: 10.1016/j.conbuildmat.2018.11.081.

[18] Potluri, R. (2019). Mechanical properties of pineapple leaf fiber reinforced epoxy infused with silicon carbide micro
patticles, Journal of Natural Fibers, 16(1), pp. 137-151, DOI: 10.1080/15440478.2017.1410511.

[19] Faruk, O., Bledski, A.K., Fink, H.P., Sain, M. (2012). Biocomposites reinforced with natural fibers: 2000-2010.
Progress in Polymer Science, 37 p. 1552-1596, DOI: 10.1016/j.progpolymsci.2012.04.003.

[20] Fenta Aynalem, G., Sirahbizu, B. (2021). Effect of Al203 on the tensile and impact strength of flax/unsaturated
polyester composite with emphasis on automobile body applications, Advances in Materials Science and Engineering,
pp- 1-9, DOLI: 10.1155/2021/6641029.

[21] Abu-Okail, M., Alsaleh, N.A., Farouk, W.M., Elsheikh, A., Abu-Ogqail, A., Abdelraouf, Y.A., Ghafaar, M.A. (2021).
Effect of dispersion of alumina nanoparticles and graphene nanoplatelets on microstructural and mechanical
characteristics of hybrid carbon/glass fibers reinforced polymer composite, Journal of Materials Research and
Technology, 14, pp. 2624-2637, DOI: 10.1016/].jmrt.2021.07.158.

[22] Mawardi, 1. (2019). Microfibrillation of Coir Using High Speed Blender to Improvement of Tensile Behavior of Coir
Reinforced Epoxy Composites, KnE Engineering, , pp. 157-170, DOI: 10.18502/keg.v1i2.4441.

[23] ASTM D792. (2020). Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics by
Displacement, West Conshohocken, PA, USA, ASTM International.

[24] ASTM D570. (2000). Standard Test Method for Water Absorption of Plastics, West Conshohocken, PA, USA, ASTM
International.

[25] ASTM D3039. (2014). Standard Test Method for Tensile Properties of Polymer Matrix Composite Materials, West
Conshohocken, PA, USA, ASTM International.

[26] ASTM, D.-03. (2003). Standard Test Methods for Flexural Properties of Unreinforced and Reinforced Plastics and
Electrical Insulating Materials, West Conshohocken, PA, USA, American Society for Testing and Materials.

[27) ASTM 2240. (2016). Standard Test Method for Rubber Property—Durometer Hardness, West Conshohocken, PA,

106



y L. Mawardi et alii, Frattura ed Integrita Strutturale, 67 (2024) 94-107; DOI: 10.3221/1GF-ESIS.67.07

USA, ASTM International.

[28] ASTM E 1131-08. (2010). Standard Test Method for Compositional Analysis by Thermogravimetry, West
Conshohocken, PA, USA.

[29] Asim, M., Jawaid, M., Abdan, K., Ishak, M.R. (20106). Effect of alkali and silane treatments on mechanical and fiber-
matrix bond strength of kenaf and pineapple leaf fibers, Journal of Bionic Engineering, 13(3), pp. 426—435,

DOI: 10.1016/81672-6529(16)60315-3.

[30] Yazman, S., Samanci, A. (2019). A comparative study on the effect of CNT or alumina nanoparticles on the tensile
properties of epoxy nanocomposites, Arabian Journal for Science and Engineering, 44, pp. 1353-1363,

DOI: 10.1007/s13369-018-3516-4.

[31] Yousri, O.M., Abdellatif, M.H., Bassioni, G. (2018). Effect of AI203 Nanoparticles on the Mechanical and Physical
Properties of Epoxy Composite, Arabian Journal for Science and Engineering, 43, pp. 1511-1517,

DOI: 10.1007/s13369-017-2955-7.

[32) Wu, M., Lu, L., Yu, L, Yu, X, Naito, K., Qu, X., Zhang, Q. (2020). Preparation and characterization of
epoxy/alumina nanocomposites, Journal of Nanoscience and Nanotechnology, 20(5), pp. 2964-2970,

DOI: 10.1166/jnn.2020.17460.

[33] Wang, Z., Huang, X., Bai, L., Du, R,, Liu, Y., Zhang, Y., Zhao, G. (2016). Effect of micro-Al203 contents on
mechanical property of carbon fiber reinforced epoxy matrix composites, Composites Part B: Engineering, 91, pp.
392-398, DOLI: 10.1016/j.compositesb.2016.01.052.

[34] Vinay, S.S., Venkatesh, C. V. (2021). Effect of nano-Al203 particles on mechanical and wear behaviour of glass fiber
epoxy composites, Matetials Today: Proceedings, 46, pp. 9004-9007, DOI: 10.1016/j.matpt.2021.05.378.

[35] Zhang, X., Zheng, J., Fang, H., Zhang, Y., Bai, S., He, G. (2018). Al203/graphene reinforced bio-inspired
interlocking polyurethane composites with superior mechanical and thermal properties for solid propulsion fuel,
Composites Science and Technology, 167, pp. 4252, DOI: 10.1016/j.compscitech.2018.07.029.

[36] Nayak, S.K., Satapathy, A. (2021). Development and characterization of polymer-based composites filled with micro-
sized waste marble dust, Polymers and Polymer Composites, 29(5), pp. 497-508, DOI: 10.1177/09673911209260.

[37] Smooth-On. (2023). Durometer Shore Hardness Scale. Available at: https://www.smooth-on.com/page/durometet-
shore-hardness-scale/.

[38] Mawardi, 1., Aprilia, S., Faisal, M., Rizal, S. (2021). Characterization of Thermal Bio-Insulation Materials Based on Oil
Palm Wood: The Effect of Hybridization and Particle Size, Polymers, 13(19), pp. 3287,

DOI: 10.3390/polym13193287.

[39] Bazyar, B., Samariha, A. (2017). Thermal, flammability, and morphological properties of nano-composite from fir

wood flour and polypropylene, BioResources, 12(3), pp. 6665-6678, DOL: 10.15376/biotes.12.3.6665-6678.

107




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


