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Abstract In this study, natural fiber-reinforced polymer composite materials were
fabricated by hand lay-up method. The pineapple leaf fiber as reinforced composite
has been investigated for tensile strength using Universal Testing Machine (UTM).
The chemical treatment with soaking in 5 wt% NaOH solution and varying the type
of fiber arrangement, the composite specimens have been made. The comparing of
fibers fraction volume is restricted from 20, 30, and 40 vol.% with Unsaturated
Polyester Resin (UPR), Yukalac 157 BQTN-EX Series as a total volume of the
composite. The results showed that the fiber volume fraction ratio of 40% and
unidirectional fiber orientation succeeded in increasing the tensile strength to
103.5 MPa.
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1 Introduction

Increased application of technology in composite materials have been fully leading
on the composite-based naturally well as material reinforcement [1, 2]. Natural fiber
has become an important commodity for economic matters and becomes a signif-
icant source of employment for developing countries. The natural fibers can be
easily obtainable in many areas of tropical and available in the whole world. The
characteristic of this composite are the properties of the fibers and the matrix was
enabled to modified without reducing the functions and chemical properties of the
materials itself. The development of natural reinforced composite has replaced the
function of metal and carbon [1–3].

Study on the reinforced natural fibers as substitute glass fiber as composites had
increased and got an opportunity to be mass-produced. However, the major
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weakness of the natural fibers is the compatibility between the fibers and the matrix.
Consequently, chemical treatment has been considered in modifying the properties
of the surface of the fiber [2, 3]. One of the reinforced natural fibers is made from
the leaves of a pineapple. It has been a lot of research with improvement through
the properties of physical and mechanical fiber pineapple that are combined with
polyester resin as a matrix [3].

In this research, the pineapple leaf will be used as a natural reinforced fiber. The
term of composites also includes the materials that have a form of particles or
layers. Volume fraction (in wt%) is the rule for mixing the volume of fiber and the
volume of the matrix towards the total volume of the composite [4]. Usually, the
term volume fraction refers to a large proportion (%) of the volume of reinforcing
materials used in the manufacture of composites.

If the purpose of making a composite is strength, the reinforced fibers must have
a larger aspect ratio when compared to the matrix [4, 5]. Obviously, the reinforced
composite should be a component that is powerful to carry the load, and the
reinforced fibers must have higher modulus elasticity. When the value of stiffness
between matrix and reinforcement is critical, the load must able transferred from the
matrix to the fibers if the composite was desirable with function with either [6].
Pineapple leaf fiber (PALF) which is relatively inexpensive and widely available,
has been to potential composites with natural fiber strengthened [7].

Based on previous research, it’s necessary to study the effect of volume fraction
of pineapple leaf fiber with polyester matrix by comparing types of unidirectional
and random fiber arrangement.

2 Experimental

2.1 Material

In this study, the materials of the natural composite of Pineapple Leaf Fiber (PALF)
were obtained at the village in the district of Bener Meriah, Aceh. Unsaturated
Polyester Resin (UPR), Yukalac 157 BQTN-EX Series with a density of 1.12 g/cm3

at 25 °C from Justus Sakti Raya Company used as matrix and 1% catalyst methyl
ethyl ketone peroxide (MEKP) used as a hardener of polyester. From the other
research in the same field, the physical and chemical properties of natural fiber
summarized as shown in Table 1.

2.2 Preparation of Specimens

The chemical used for the treatments of pineapple leaf fiber (PALF) was Sodium
Hydroxide (NaOH) at a concentration of 5% of water volume. The process of
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making the fiber is done by way of soaking pineapple leaves in water that contains
NaOH 5 wt% for 2 h. Then, the pineapple leaves are scratched in order to produce
fiber. The fibers are dried at room temperature for 48 h [3]. Some of the fibers are
cut into short fibers and others are cut out to the size of the test mold.

2.3 Methods

Comparison of volume between fiber and matrix in at 20, 30, and 40 vol.% of the
composite. The composite materials have been made by a hand lay-up method.
Composite fiber with unidirectional and random short fiber was created in the mold
with dimensions of 24 � 14 � 3.2 mm. Specimens have been removed from the
mold were cutting according to standard ASTM D638 [10] for tensile tests. The
specimen test sample is repeated several times and the average results are taken to
be discussed as the characteristic properties of the composite. Figure 1a, shows the
device that has been used for tensile test, and Fig. 1b and c, show the shape of the
composite specimen that has been made accordingly to ASTM D638.

Table 1 The properties of
pineapple leaf

Properties Pineapple leaf References

Cellulose (wt%) 71.6 [8, 9]

Lignin (wt%) 5–12.7 [8, 9]

Hemicellulose (wt%) 4.58 [6, 8]

Microfibril angle (wt%) 14 [7, 8]

Density (g/cm3) 1.3 [8]

Tensile Strength (MPa) 150–1627 [9]

Fig. 1 a Universal testing machine (UTM), b random fiber test specimen, c unidirectional fiber
test specimen
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3 Results and Discussions

Has been achieved the results of tensile testing on reinforcement composites
pineapple leaf fiber (PALF) with chemical treatment (5% NaOH) and optimization
of fiber volume fraction of 20, 30, and 40 vol.%.

Figure 2 shows the relationship between the tensile strength of the differences in
random fiber volume fraction. The results of the volume fraction of 20% random
fiber arrangement have an average tensile strength value of 25.9 MPa. On the
volume fraction of 30%, the average tensile strength only increased by 28.22 MPa.
For fibers with 40% volume fraction, there was a significant increase in tensile
strength above 40 MPa. This occurs since the greater the number of random fibers
results in more bonds between the fibers and the matrix [11].

Figure 3 shows a tensile test specimen with a unidirectional fiber arrangement
with a fiber volume fraction of 20, 30, and 40 vol.%. The average value of tensile
strength increases more than 100% where the lowest value occurs at the fiber
content of 20 vol.%, specifically 51.2 MPa. The highest tensile strength value was
found in the fibers with a volume fraction of 40% is 103.5 MPa with an average
tensile strength of 94.35 MPa.

The tensile strength increased of the reinforced composite was strongly influ-
enced by the fiber arrangement and fiber volume from its comparison to the matrix
[12]. The random arrangement did not significantly increase the tensile strength
even with a large fiber volume (40%), While the unidirectional arrangement of the
tensile plane showed significant strength results that exceeded twice than the ran-
dom fibers with a minimum fiber volume fraction (20%).

Different types of pineapple leaves based on the sampling location and variations
in chemical treatment also affected increased the tensile strength value. The bond
between the fiber and matrix is more uniform across the surface of the fiber with
chemical treatment [13]. The lower value of the tensile strength on this research,
when compared with the previous studies, is due to the difficulty of obtaining a
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Fig. 2 Correlation between the tensile strength of composite PALF in a random arrangement with
the difference in volume fraction
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uniform dimension of natural fiber [14, 15]. To ensure the results of the tensile
strength test, the specimen was taken in a microscopic image to see the shape of the
fracture. Figure 4 shows the results of the microscopic picture on random fiber
fracture and unidirectional arrangement at volume fraction 40%.

The fracture morphology of the two images in Fig. 4 shows different results. In
random fibers, the fracture that occurs does not show a significant fiber effect. The
fracture is shown in Fig. 4a shows the fracture of the brittle materials where the
strength of the matrix was dominant. Figure 4b shows the shape of the fracture that
extends in the direction of the pull, where the fracture results show the pull out of
the fiber without visible voids in the bonds between the fibers and the matrix.
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Fig. 3 Correlation between the tensile strength of composite PALF in a unidirectional
arrangement with the difference of volume fraction

Fig. 4 Specimens after tensile test a fracture in random fibers, b fracture in unidirectional fibers

Effect of Pineapple Leaf Fiber Volume Fraction … 251



4 Conclusion

Pineapple fiber has been extensively studied with various techniques and compo-
sitions to achieved results as a reference for natural reinforced fiber. Research on the
effect of chemical treatment with NaOH 5 wt% Pineapple leaf fiber showed that the
ratio of fiber volume fraction and fiber direction orientation succeeded in increasing
the tensile strength significantly up to 103.5 MPa. The selection of unidirectional
fibers with a fiber volume fraction composition of 40% is highly recommended
because it has an average tensile strength up to 94.35 MPa.
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