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Abstract. Research objectives to determine the effect of treating pineapple leaf fiber (PLF) with liquid
smoke on the tensile toughness of composites and the impact strength of pineapple leaf fiber (PLF)
reinforcement. The Method of immersing the fiber with liquid smoke was done in 1, 2, and 3 hours, then
heating it in the oven at 40°% for 30 minutes. A tensile and impact test specimen following the ASTM
D638 — Type IV standard and ASTM D5942 standard. The tensile strength of the composite at 1 hour of
treatment was 64.42 MPa; at 2 hours, it increased by 72.53 MPa, and at 3 hours, it increased again by
74.65 MPa. In the composite impact test with fiber reinforcement, the 1-hour treatment was 9.32 J/m?, the
2-hour treatment increased by 13.44 J/m?, and the 3-hour immersion decreased by 10.21 J/m2. The effect
of liquid smoke treatment processing on PLF on the tensile strength and impact toughness of the
composites shows that the PLF reinforcing composite experienced the most significant change in tensile
strength at 3 hours of treatment, and impact toughness occurred at 2 hours of treatment; this shows that
liquid smoke can change the strength of PLF to be stronger and tougher.
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1 Introduction

It is believed that the use of natural composites will
experience a lot of improvement due to the increasing
demands for environmental preservation. This is
supported by government policies towards the use of
goods derived from renewable and biodegradable
resources. To avoid the further deterioration of
environmental quality due to the use of petroleum-
based materials, many natural composites are currently
being developed which include several types of natural
fibers such as hemp, bamboo[1], banana[2], palm oil,
and others. These materials function as composite
reinforcing fibers to replace glass fibers.

A Composite is a material formed from a
combination of two or more materials to become a
composite that has different properties and mechanical
characteristics of the constituent materials. Composites
have better mechanical properties than metals, stiffness
(Young's modulus), and higher specific strength than
metals. Several composite laminae can be stacked with
fibers oriented in different directions, the combined
laminae are referred to as laminates. Natural fiber-
reinforced composites as two or more types of
materials combined on a macroscopic scale that can be
used as new materials that are environmentally
friendly. Composites consist of 2 main parts/structures,
namely  the matrix (binder) and  filler
(reinforcement).[3]

North Maluku has abundant biodiversity and
opportunities to process natural fiber materials as
composite reinforcement. Pineapple plants grow a lot
in the West Halmahera area of Boso Village, and the
custom of the people there is only to take the fruit to
eat and sell and waste the leaves. The pineapple leaves
have fiber that can be used as a composite
reinforcement material but need research to determine
the characteristics of pineapple fiber.

Pineapple leaf fiber is another source of natural
fiber promising to be developed long-term as a
reinforcement for composite materials. Pineapple leaf
fiber is relatively cheap because this source is widely
available in various regions in Indonesia. In addition,
pineapple leaf fiber has good specific mechanical
properties and is environmentally friendly. Pineapple
leaf fiber has the potential to be used as a composite
reinforcement. However, it needs treatment so that the
mechanical properties and resistance to the outside
environment can be maintained from bacterial
contamination, directions, and voids in the printing
process.

Several researchers have previously treated the
fiber so that it has good mechanical properties; treating
fiber with NaOH can improve mechanical
properties[4], treating fiber with seawater can improve
mechanical properties[5], treatment fiber with turmeric
can improve mechanical properties[6], treatment of
fibers with silane can improve the mechanical
properties [7][8], improvement of the mechanical
properties of the fiber can be done by liquid smoke
treatment [9][10][3].

From the many treatment methods, there is an
interesting liquid smoke treatment to consider as a
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treatment method because liquid smoke not only has
the mechanical properties of fibers but can also protect
fibers from bacterial attack because liquid smoke has
antibacterial properties [11]. So that in recent years
fiber research has developed by treating fiber with
liquid smoke [12][10][13][14][9][15][16].

The pineapple leaf fiber reinforced composite
used a reinforcing material for the yukalac 157 resin
matrix composite. Adding a reinforcing agent at a
specific concentration can produce its constituent
materials' mechanical, thermal, and structural
properties. Polyester resin is also perfect and widely
used in the maritime transportation industry. Based on
the description above, research has revealed the effect
of liquid smoke treatment on pineapple leaf fibers on
the tensile and impact strength of composites.

2 Materials and Method

The material used is pineapple leaf fiber (PLF); the
method in this study is experimental. The material for
this research is PLF from North Maluku Province. The
picture is as follows:

Fig.1. Pineapple leaf fiber

Fiber collection is done by taking cleaned pineapple
leaves with clean water and then soaked in water for
seven days. Fiber is taken by combing pineapple leaves
until fine fibers appear; before making the composite, a
treatment consisting of two methods: fiber immersion
treatment with liquid smoke with a variation of soaking
time, namely 1, 2, and 3 hours. The fiber was dried in a
UN 55 Cap 53L memmert oven at 40°C for 30
minutes.

Tabel.1 Treatment notation on CFF

No Notation Code Treatment

1 1-hour treatment P1J Liquid smoke grade (1)
2 2 hours treatment P2J Liquid smoke grade (111)
3 3 hours treatment P3J Liquid smoke grade (111)

After immersion, the test specimens were then made by
cutting 10mm, then printed into a composite with 30%
fiber and 70% resin. The treatment of composites were
carried out by tensile and impact testing with ASTM
D638 — Type IV and ASTM D5942 standards.

Tensile Strength Testing
Specimen testing according to ASTM D638 —
Tensile Strength Type IV standard

o — 115~ — -Ai
\ 33 =
\ 1
\2 s )
4\ - w >
T =
e ——— fp: —


https://techniumscience.com/index.php/socialsciences/index
https://techniumscience.com/index.php/socialsciences/index

=\
\U

Fig. 2. Standard ASTM D638-Type IV

Impact Toughness Testing
Specimen testing according to ASTM D5942-96
Standard Impact Toughness of Composites

Fig. 3. Standard ASTM D5942-96

3 Result and Discussion

3.1 Effect of Liquid Smoke Treatment
Processing on Composite Tensile Strength

The result from the composite tensile test shown an
increasing of tensile strenght in 1,2 and 3 hours
treatment by 64.42 MPa, 72.53 MPa, and 74.65 MPa
for 2 and 3 hours treatment. The following graph
shows the result of the composite tensile test.
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Fig.4. Effect of liquid smoke treatment on composite
tensile strength

Changes in the tensile strength of composites
reinforced with PLF greatly determine the mechanical
properties of the composite, based on the results of
research on the graph above shows that liquid smoke
can change the mechanical properties of PLF-
reinforced composites ; the longer the treatment time,
the better the tensile properties of the composite
because liquid smoke affects the formation of rough
and porous fiber surfaces [11], so in the process of
forming resin composites as an input matrix into the
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pores of the fiber to form a bond between the fiber and
the matrix the better.

3.2 The Effect of Liquid Smoke Processing on
Composite Impact Toughness

The highest effect of liquid smoke treatment on
composite impact toughness was on treatment in 2
hours by 13.44 Mpa. The treatment on 1 and 3 hours
results in 9.32 MPa, and 10.21 MPa. The effect of
liquid smoke treatment on composite impact toughness
show on figure 2.
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Fig.4 Effect of Liquid Smoke Treatment on Impact
Toughness

The results show that the impact toughness of PLF-
reinforced composites with 2 hours of treatment has the
highest mechanical properties. The effect of liquid
smoke on the PLF surface increases the interfacial
bond between the fibers. PLF treated with liquid smoke
acts as a filler, forming a better fiber surface, thereby
promoting increased adhesion between the fiber and
the epoxy matrix. This enhanced interfacial bond leads
to improved load transfer and overall structural
integrity, ultimately contributing to increased
composite tensile and impact strength.

The increase in mechanical properties provides an
opportunity for the use of PLF to be a very potential
composite, because this can support the needs of non-
metallic materials in the future.

Conclusion

The effect of liquid smoke treatment on PLF on the
tensile strength of the composite occurred in the 3-hour
treatment of 74.65 MPa, and the impact toughness of
the composite occurred in the 2-hour treatment of
13.44 J/m2. Hence, liquid smoke can improve the
mechanical properties of the fiber as a composite
reinforcement.
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