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ABSTRACT

Royal palm (Roystonea regia) is still utilized in traditional way. In this study, royal palm fiber is employed as a
reinforcing material in composites. The fiber is divided into two groups of fibers, which are continuous and
discontinuous, with a length of fibers of 20 and 5 cm, respectively. Continuous fibers are arranged in parallel, while
discontinuous fibers are sown in random orientation. The variations in fiber volume fraction were 15, 25, 50, and 75%.
Tensile tests were performed to determine composite strength. The test results show that composite tensile strength
values with continuous fibers are higher than those of discontinuous fibers. In addition, the increase in fiber volume
fraction is directly proportional to the tensile strength of the specimen. These results indicate that the royal palm fiber has
the potential to be used in composite applications.
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INTRODUCTION

The royal palm plant that has the Latin name Roystonea regia still has not been fully utilized. It is still used traditionally.
Plants originating from the Americas are often used as ornamental plants on the roadside (Naderali, et al., 2015). Seeds of
the plants are used as animal feed (Naderali, et al., 2015). In addition, the leaves are processed into materials for
traditional roofing houses (Glimn-Lacy, et al., 2006). Then, the wood is used for building materials (Connor, 2002).
According to those facts, attempts to find other applications are necessary in order to increase usability and increase its
economic value.

Composites are a type of material that is derived from a combination of two different types of materials. The composite
consists of a material that acts as a matrix and filler. Matrix is a component that serves as a filler binder, therefore this
component must have good adhesion. In addition, the matrix must have a good ductility nature. On the one hand, the
filler is an element that gives strength to the composite. There are two forms of material used as fillers: particles form and
fiber forms. Fiber-shaped fillers are more commonly used because they produce better composite strength. Fiberglass,
carbon, and aramid are the kinds of materials that are widely used as synthetic fiber material. However, the use of
synthetic materials is not environmentally friendly so scientists began researching about natural fibers to replace
synthetic fibers.

Recently, several studies related to the utilization of natural fibers as a reinforcing material on composites or better
known as biocomposites have been done. Research has been done using bamboo fiber (Lee, et al., 2006) (Chen, et al.,
1998), ramie (Rouison, et al., 2006), linen (Liyan, et al., 2004), sisal (Joseph, et al., 1999), cotton (Tserki, et al., 2003),
silk (Priya, et al., 2006), feathers (Huda, et al., 2009), and wool (Kelly, et al., 2011) as filler. However, opportunities of
other natural fiber utilization are still open.

Previous study has shown that the royal palm fiber has several advantages (Rao, et al., 2007). The royal palm fiber has a
light weight (density of 0.81 g / cm®) and high tensile strength (tensile strength of 549 MPa). In addition, this plant is
easy to find in tropical countries so easy to get it in Indonesia. Considering the advantages possessed by the royal palm
fiber, this fiber is suitable if used as a filler material on composites in order to increase the value of the use.

Experimental Method
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The material of specimen used for the research is royal palm’s fiber and polyester resin which function as reinforcement
and matrix, respectively. Royal palm fiber is cleaned prior to the specimen manufacturing to remove lignin that is able to
reduce the adhesive power when mixed with resin. Subsequently, the fibers were cut using scissors and rulers resulting in
two groups of fibers, continuous and discontinuous with lengths of 20 cm and 5 cm, respectively. Then both types of
fibers are arranged in a mold that has been smeared with wax to make it easier to remove specimens from the mold. The
shape and dimensions of the specimens for the tests are shown in Figures 1 and Table 1. Each of these fiber types is
arranged in different prints and with different ornaments. Continuous fibers are arranged in parallel, while discontinuous
fibers are sown in random orientation. The resin which has been mixed with the catalyst is poured into the mold, then the
surface of the resin is flattened. The mold is pressed using a press machine for 4 hours until the resin hardens. After that,
the specimen is released from the mold. The variations in fiber volume fraction used were 15, 25, 50, and 75%.
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Figure 1. lllustration of ASTM D638 type 3 specimen for tensile test. (ASTM, 2008)

Table 1. Dimensions of ASTM D638 type 3 specimens for tensile test. (ASTM, 2008)

Dimension W G D Lo R Wo L T

mm 19 50 115 246 78 29 57 3.2

After the specimen has been completed, a tensile test is performed to determine its strength. The specimen is placed on
the holder of a Micro Computer Universal Testing Machine (Shimadzu, Japan) tensile test, then subjected to tensile load
until fracture. The load data is recorded and used to calculate the tensile strength of the composite.

Result

Data of tensile strength of composites with continuous and discontinuous fibers is shown in Fig. 2. Based on these
results, the value of specimen strength with continuous fibers has higher tensile strength compared to specimens with
discontinuous fibers. In addition, fiber volume fraction also affects the tensile strength of specimens, either using
continuous fibers or discontinuous fibers. The value of tensile strength of continuous and discontinuous fiber specimens
with a volume fraction of 15% at 23.5 and 16.5 MPa increased as the volume fraction increased to 28.4 and 22.3 MPa at
a 75% volume fraction.
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Figure 2. Tensile strength of the composites.

Discussion

a. Comparison of composite tensile strength with continuous and discontinuous fibers
Test results have shown that composites with continuous fibers show higher tensile strength than composites with
discontinuous fibers. This is influenced by two things: fiber length and fiber orientation (Callister, 2011). Each

explanation will be elaborated below.

The first factor affecting the composite tensile strength is the fiber length. This phenomenon can be explained by scheme
at Fig. 3. In a composite with continuous fibers, where the fiber length (l) is greater than the critical length (I¢), the fiber
is able to bear the tensile stress until it reaches the maximum tensile strength of the fiber (o*f) as shown by Fig. 3a. In
contrast, composites with discontinuous fibers will be damaged before the stress reaches the fiber tensile strength
resulting in a decrease in composite strength (see Figure 3b).
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Figure 3. The stress-position profile of the composite with (a) continuous fibers and (b) discontinuous fibers. (Callister,
2011)

The second factor that affects composite strength is fiber orientation. Different fiber orientations will affect the value of
the efficiency of composite reinforcement (see Table 2). Since tensile testing is carried out with one-way loads parallel to
continuous fibers, the efficiency values of reinforcement in continuous fiber composites are higher than discontinuous
fiber composites that have random fiber orientation so that their tensile strength is higher than that of discontinuous fiber
composites.

Table 2. Reinforcement efficiency of fiber—reinforced composites for several fiber orientations and at various directions
of stress application. (Callister, 2011)

Reinforcement

Fiber Orientation Stress Direction -
Efficiency
All fibers parallel Parallel to fibers 1
Perpendicular to fibers 0
Fibers randomly and uniformly distributed Any direction in the plane of the fibers 0.375
within a specific plane ’
Fibers randomly and uniformly distributed Any direction 0.2

within three dimensions in space
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b. Effect of volume fraction on composite strength

According to the test results, fiber composition, both continuous and discontinuous fibers correlate to composite tensile
strength. The relationship between fiber composition and composite strength is shown by equation (1) (Callister, 2011).
The higher the fiber composition (Vs), the higher the tensile strength (o). Composite fibers are an important component
because the fibers function to receive the load from the matrix when the force is applied to the composite. In addition,
fiber also has a higher strength than matrix materials. The more fibers contained in the composite, the more the load is
distributed to the fiber so that the composite will be stronger.

ocl = omVm + Vs (1)

Conclusion

Based on the results of research that has been done, the conclusion that can be drawn is the royal palm fiber has the
potential to be used in composite applications. To get the optimum result, it is neccesary to adjust the composition /
fraction volume
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