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Abstract: The advantage properties of stinging nettle (Urtica dioica L.) fiber compared to other
natural fibers are its strength and lightweight. These fibers can be used as a substitute for synthetic
fibers for reinforcing epoxy resin composite hybrid materials. This study aimed to determine the
flexural properties of epoxy resin composite hybrids reinforced with stinging nettle fiber with weight
ratios: 10%, 15%, and 20%, and chemical treatment of silane on the fibers: 3%, 6%, and 9%. The
method of making composites was by hand lay-up, at room temperature, holding time 12 h, and
using a load of 10 psi. Flexural testing used the RTG 1250 type test tool concerning the ASTM
D790-3 standard. The results showed that the ratio of stinging nettle fiber composition to the epoxy
resin matrix and silane treatment had a significant effect on flexural strength. Hybrid composite
with 10% fiber and 3% silane treatment mode had the lowest flexural strength at 32.065 MPa and the
highest flexural strength at 20% fiber and 9% silane treatment at 49.325 MPa. The highest strain
was 0.0284 mm/mm in the 20% fiber and 9% treatment and the lowest was 0.014] mm/mm in
the 10% fiber and 3% silane treatment. Therefore, stinging nettle fiber-reinforced epoxy resin hybrid
composites are able to withstand bending loads due to their high flexural properties. With the
increase in fiber composition, the increase in silane concentration provides increased strain so that
the flexural ability will be better.
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1. Introduction

Stinging nettle plant (Urtica dioica L.) is an organic plant that grows in fertile soil, which can
grow to a height of 1.20 meters. The stinging nettle plant has fiber in the bark and is suitable for
cultivation in central Europe, tends to produce fibers with extremely high tensile strength and fineness.
Apart from growing in Europe, stinging nettle also grows in all temperate regions such as Asia and
North America [1]. In Asia, stinging nettle can be obtained, one of which is in the country of Indonesia,
especially the Tabanan district, Bali. The property and performance enhancement of natural fiber
composites is key to achieving acceptable properties similar to conventional fibres [2]. However, the
weakness of natural fibers is that the bond between the matrix and the fiber is not good, resulting in
weak composite properties. Chemical treatment can improve the bond between fiber and matrix so that
the properties of the composite are better than without treatment [3]. Stinging nettle has good fiber in
the bark of the stem. Fiber extraction from the bark can be done using the water retting method.

Chemical treatment of natural fibers is carried out by immersing them in a solution containing
silicon (Si), one of the chemical treatments with a solution containing silicon is called silane
treatment [4]. Silane treatment can be done by mixing the silane agent with ethanol/distilled water
solution. The silane coupling agent has hydroxy groups which can be attracted to the hydroxy groups
on the surface of the natural fibers so that the silane can come into contact with the matrix resin. This
causes the organo-functional groups to react with the matrix resin, forming strong bonds [3].

Silane is an intermediate material that is used to make a bond between two special materials, so
silane is called a coupling agent. Silane treatment is applied by mixing silane with ethanol solvent or
distilled water in a ratio of 80:20, the mixing of which can be done in a container. Silane works on
the interface between parts of inorganic and organic materials to combine the two types of materials.
Chemical modification of natural fibers can improve adhesion between fiber and matrix. The
mechanical properties increase because the interface bonds of each of the composition variations
bind to each other or provide reinforcement [5,6].

Weak interfaces can be repaired by adding a coupling agent or modification to the fiber surface.
Chemical modification of the nettle stem fiber surface can be done by silane treatment which can
remove lignin and hemicellulose in the fiber. Silane will increase the bonding as well as avoid the
loose bond between the fiber and the interface matrix during the use of the composite. Debonding
occurs because the bonds between the fibers and the matrix are imperfect. This is because it is
blocked by a wax-like layer on the surface of the fiber, resulting in the breaking of the bonds
between the fibers and the matrix and causing holes to form in the matrix [7].

Research by Haameem et al. [8] on polymer reinforced elephant grass with short fibers, using
a volume fraction calculation with a random orientation. The results obtained are the fiber
fraction 10% flexural strength 32.1 MPa, at 15% flexural strength 33.6 MPa, at 20% flexural
strength 37.1 MPa, and 25% flexural strength 47.9 Mpa. The results of this study also showed an
increase in flexural strength due to an increase in fiber fraction.

Previous research stated that short kenaf fiber reinforced epoxy composites with 6% NaOH
treatment showed that the optimal flexural strength was 46 MPa at a 40% fiber volume fraction. The
flexural strength is obtained by the spray composite manufacturing method, where the resin is
sprayed onto the mold surface which has been filled with kenaf fibers in a tortuous arrangement.
Then the mold was heated with an electric heater at 500 °C, for 25 min at a pressure of 6 MPa. After
that, the composite was heated in an oven at 80 °C for 12 h [9].

AIMS Materials Science Volume 8, Issue 2, 185-199.



187

Previous research by Haameem et al. [8] and Ashok Kumar et al. [10] showed that composites
with short fiber reinforcement and with the addition of fiber fractions provide increased ability to
withstand bending loads and flexural strain. This deals with efficient load transfer between
fibers—resin—fibers.

Natural fibers are an important component, which can be applied to industries such as textiles,
paper making, packaging, and building materials [11]. Natural fibers have many advantages over
other synthetic fibers, which include advantages such as good acoustic properties, thermal insulation,
low density, low cost, and high bending strength [12]. Natural fibers treated with silane can provide
better tensile strength properties compared to untreated natural fibers. In research by Asim et al. [13],
fiber treatment will help develop high-performance KF and PALF reinforced polymer composites for
industrial applications.

Silane treatment is widely used to modify the hygroscopic properties of natural fibers [14].
Previous studies regarding the use of silane as a treatment for natural fibers have been carried out by
Sepe et al. [15], Lu et al. [16], and Alix et al. [17]. Sepe et al. [15] in their research studied the effect
of alkali and silane treatments on the mechanical properties of hemp/epoxy composites. The results
indicated that the alkaline treatment followed by the application of (3-glycidyloxypropyl)
trimethoxysilane could improve the mechanical properties of the composites. Other studies regarding
silane treatment were also conducted by Lu et al. [16] who examined the effect of silane treatment on
the mechanical performance of bamboo fiber/epoxy resin composites, which gave the result that
alkaline and silane treatment increased tensile strength but slightly decreased impact strength. The
chemical treatment of flax fiber has also been studied by Alix et al. [17] with various chemicals,
which are maleic anhydride, acetic anhydride, methacryloxy propyl trimethoxy silane, and styrene,
which gave the result that only silane treatment increased the tensile modulus and strength of the flax
fiber while other chemicals reduce the mechanical properties of the fiber.

Application of natural fiber (luffa) as a concrete mixture, the addition of 1% and 2% of luffa
results in increased compression, stress, and bending test results [18]. Composites can be made in
hybrid or bio-composite composites, testing and processing the mechanical properties of hybrid
composites using graphene/epoxy with alumina [19], while the process is degradable hybrid natural
fiber polymer composites [20].

This study analyzed the effect of the concentration of chemical treatment on stinging nettle
fibers to determine changes in the flexural strength of hybrid composites. The solution used in the
stinging nettle fiber immersion is silane. This study examined the effect of silane concentration in
fibers: 3%, 6%, and 9% on the reinforcement of the epoxy composite material according to the
flexural strength and strain of the composite. The method of making test specimens by hand lay-up,
fiber length 5 mm, and random fiber orientation. Details of the research object and experimental
protocol are presented in the materials and methods section. The measurement results will be
presented and analyzed in the results and discussion section.

2. Materials and methods
2.1. Materials

One of the stinging nettle plants that can be harvested is in Pupuan Village, Tabanan, Bali
Indonesia and each plant that is harvested has a minimum height of 120 cm, so that the specimens
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have similar physical characteristics. The stems of the stinging nettle plant are then dried in the sun
for about a week, then soaked in distilled water to extract the fiber. The process of taking fiber from
stinging nettle plant shown in Figure 1.

Figure 1. The process of taking fiber (a) stems of stinging nettle, (b) separation of fibers,
(c) stinging nettle fiber.

The fibers were taken by decortication, that is, the fibers were carefully separated from the bark
using a simple tool. The retting process was carried out at the Laboratory of Basic Phenomena of
Mechanical Engineering, Udayana University. Stinging nettle fiber has an average density
of 0.72 g/cm® and a high specific stiffness [21]. Natural fibers before being used as reinforcing
materials in composites must be cleaned of various impurities that can reduce the strength of the
fibers.

Chemical modification of the stinging nettle stem fiber surface can be done by chemical silane
treatment, which removes lignin and hemicellulose in the fiber and strengthens the adhesion of the
matrix with fibers. Distilled water was used to wash the fibers, and silane was used to improve the
bonding of the fibers to the matrix. The stems of nettle plants were cut into =500 mm and dried
for 4 days using sunlight. After the stems of the nettle plant were dry, the fibers were soaked in
distilled water for 5 days at free air temperature until the fibers seemed to naturally separate from the
stems. Nettle plant fiber that had been obtained, was dried again for 2 days. The fibers were treated
with 3%, 6%, and 9% silane solutions for 2 h respectively, with the aim of removing lignin and
increasing fiber adhesive. Then the fibers were cut to a length of 5 mm which were used as fiber
specimens in the matrix.

Soaking with a silane solution can reduce the fiber diameter which has the potential to reduce
the maximum force. Silane can be used to reduce the hydroxyl groups of fibers and provide better
interface bonds between fibers and matrices. The hydrolysable alkoxy group leads to the formation
of silanols to reduce water absorption. The hydroxyl groups of the fibers react with silanol, forming
stable covalent bonds to the cell walls. Chemical absorption leads to the surface of the fiber. Silane is
able to reduce the swelling of fibers by creating interconnected networks due to covalent bonds [22].
The comparison of fiber diameter without treatment and with treatment is shown in Figure 2.
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Figure 2. Fiber diameter with (a) without treatment and (b) with treatment.

The matrix used was unsaturated epoxy resin, which is a type of thermoset resin. Epoxy resins
are a class of organic chemical bonding systems used in the preparation of special coatings or
adhesives. Epoxy is a thermosetting polymer which is a reaction product of epoxy resin and amino
hardener. The composition of the epoxy resin with hardner is 2:1. Hardener serves to accelerate the
hardening process of the resin liquid [23].

2.2. Manufacturing procedure
The hand lay-up making process is a composite hybrid laminating process. The resin and
reinforcement layers were manually bonded onto the exposed mold surface one by one until the

desired component thickness is achieved. The specimen making was done by hand lay-up process
and it is shown in Figure 3.

Stingng
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Silane
Load
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B2 |7 e 7— Cover
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Figure 3. Composite hybrid specimen hand lay-up procedure.
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The next step was done by manually pouring the resin into the mold with randomly arranged
fibers then applying pressure as well as leveling the surface. This process was repeated until the
desired thickness is achieved. The mold can be used after applying the glycerin thinly and evenly on
the inside. The resin and catalyst are mixed with a proportion of 1% catalyst in a measuring cup,
after which the two components are stirred until well blended. The fiber and resin mixture is poured
into the mold, leveled, and pressurized at 10 psi so that the reinforcement and binder are evenly
distributed throughout the mold [23]. In this process, the resin was directly in contact with air and the
molding process was carried out at room temperature. This hand lay-up method is usually used for
very large components, such as the manufacture of aircraft bodies, vehicle bodies, bathtubs, boats [24].

2.3. Data analysis

This study examined the effect of weight fraction and silane treatment of Tabanan stinging
nettle fiber on the flexural strength, strain, and elastic modulus of epoxy composite hybrid materials.
The test specimen was made by hand lay-up method, using fibers with a length of 5 mm and the
orientation of the random fibers in the mold as shown in Figure 3.

Testing and specimen manufacturing was carried out at the Metallurgy Laboratory of the
Mechanical Engineering Study Program, Faculty of Engineering, Udayana University. The tool used
in the bending test is the RTG 1250 type test tool using the ASTM D790-3 standard. The test
specimen dimensions include 120.7 mm x 15 mm X 7 mm, as shown in Figure 4.

120,70 mm

15,00 mm

| 7,00 mm

Figure 4. Dimensions of the test specimen.

The value of bending strength depends on the type of material and loading. Flexural testing is
carried out by applying pressure to the top of the specimen so that the bottom will experience tensile
stress. This will result in the failure of the composite test due to the inability to withstand the tensile
stress received. The flexural strength on the upper side is the same as the bending strength on the
lower side. This test has been carried out by Sari and Sinarep [25] with three points bending. As
illustrated in Figure 5, showed the stem specimen was pressed at the top. The calculation of bending
stress uses the Eq 1 according to the ASTM D790-03 standard.
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Figure 5. (a) Flexural strength test apparatus and (b) test specimen.

3P-L
ol = ﬁ (1)
where oL is flexture stress (MPa), P is flexture load (N), L is the cross-sectional length of the
specimen (mm), b is the width of the specimen (mm), and d is the thickness of the specimen (mm).
The flexural strain of the specimen being tested can be calculated using the following Eq 2:

66-d
el = = )

where €L is flexural strain (mm/mm), § is the deflection of specimen (mm), L is the distance of
support (mm), and d is the thickness of specimen (mm).

The modulus of elasticity requires a straight-line tangent to the elastic region of the
specimen (m). The value of m is obtained through a linear line drawn on the load and elongation
graph. The modulus of elasticity can be calculated using the following Eq 3:

L®-m

EL= ®)

where Er is the modulus of flexural elasticity (GPa), L is the cross-sectional length of the
specimen (mm), b is the width of the specimen (mm), d the thickness of the specimen (mm), and m is
the straight lines tangent of the load-deflection curve (N/mm).

Figure 6 shows the scanning electron microscope (SEM) tool used in the test. This type of tool
is an SEM JEOL JSM 5900 at 10 kV with a magnification of 20, 100, and 500 pm. SEM is an
electron microscope that is widely used to analyze the microstructure of composite materials. The
working principle of SEM is that two-electron rays are used simultaneously. One strike specimen
was used to test and the other strike is a cathode ray tube (CRT) giving an image display. SEM used
X-rays that have a wavelength of 4 x 1073 nm or about 100000 times shorter than the wavelength of
visible light. The detector used in SEM is a secondary electron [26].
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Figure 6. (a) SEM test equipment, (b) SEM schematic diagram.
3. Results and discussion

The process of making a composite resin hybrid test specimen began by mixing the brown fiber
with a matrix according to the composition variation, and the molding process was carried out using
the hand lay-up method, which is a composite hybrid laminating process. Then the composition
treatment of stinging nettle fiber (A) and treatment of silane concentration (B) was made.
Comparison of fiber weight composition with the concentration of silane chemical solution is (A/B).
So the research design is as follows (A1/B1), (A1/B2), (A1/B3); (A2/B1) and (A2/B2); (A3/B3) as
shown in Table 1. The capital letter A stands for fiber composition, B functions as a chemical
concentration treatment of silane solution. The suffix number is used as a code for differences in
fiber composition and differences in the concentration of the silane chemical ocean. The ratio of
stinging nettle fiber and chemical treatment was 10% fiber (A1)/3% silane (B1) and 15% fiber
(A2)/3% silane (B1) and 20% fiber (A3)/3% silane (B1). The differences in the weight composition
of the fiber with the resin were 10%, 15%, and 20%. The test result value is the average value of the
test with three repetitions, which can be seen in Table 1.

Table 1. Flexural strength, strain, and modulus of elasticity of hybrid composite.

Composition Flexure strength (MPa) Flexure strain (mm/mm) Modulus (GPa)
Al/B1 32065 0.0141 2212
Al1/B2 36367 0.0174 2285
Al1/B3 40425 0.0178 2405
A2/B1 41028 0.0189 2665
A2/B2 43455 0.0222 2755
A2/B3 45874 0.0241 2825
A3/B1 46659 0.0248 2955
A3/B2 47956 0.0275 3075
A3/B3 49325 0.0284 3195
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Figure 7 shows the stress-strain curve that occurs in a composite fiber-reinforced hybrid. The
curve shows that the stress increases directly proportional to the increase in the weight fraction of the
fiber. This is due to improved load transfer and stress at the fiber—resin interface, perfect resin
bonding to the fibers in the fiber lamination process.
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Figure 7. Stress-strain curves with composition (a) 10% fiber, (b) 15% fiber, (c) 20% fiber.

The addition of stinging nettle fiber was able to increase the composite stress, as seen from the
increased flexural strength with increasing silane treatment. The larger the fiber weight fraction, the
higher its flexural strength. Stinging nettle fiber treated with silane solution can increase the flexural
strength, where the higher the silane concentration in the fiber treatment, the resulting increased
strength and strain. This is due to the immersion of natural fiber-reinforced composites in different
silane concentrations.

Theoretically, the properties of the composite material are strongly influenced by the
constituents used in reinforcing the composite matrix. To improve the characteristics and
performance of epoxy resin composites, hybridization is generally seen as a good solution.
Comparison of fiber and silane treatment in epoxy resin matrix composites as an approach that can
affect the flexural strength of the composite [8]. Flexural strength testing uses the ASTM D790-03
standard with the 3-point bending method, where the specimen is placed on two pedestals with the
distance has been determined, then given the load in the middle of the pedestal with a constant
loading. The value of the flexural strength is calculated from the average of 3 samples. The test
results of an epoxy resin material on the fiber composition of 10% silane treatment 3% obtained the
lowest flexural strength of the composite hybrid at 32.065 MPa and the highest flexural strength
composition of 20% fiber with 9% silane treatment was 49.325 MPa. The flexural strength of the
stinging nettle composite increased with the addition of the fiber fraction composition in the matrix.
The increased flexural strength of the stinging nettle fiber reinforcing composites was due to the
addition of fiber weight fraction and the increase in the chemical solution treatment of silane. This is
due to the more the fibers are evenly distributed, the flexural load is more evenly distributed between
the fibers and the adhesive ability increases.
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Figure 8 shows the flexural strength of the jelatang fiber reinforced epoxy resin composite on
silane concentration treatment. Comparison of fiber reinforcement in the matrix shows that the
flexural strength of the fiber composition Al, A2, A3 and chemical treatment of silane B1, B2, and
B3 increases linearly. This can be seen in the composition A1/B1, the flexural strength of 32.065
MPa and the composition of A1/B2 is 36.367 MPa and the composition of A1/B3 is 40.425 MPa.
The variation of the weight fraction between the fibers and the matrix as a composite constituent
greatly affects the bending stress value, where the greater the fiber weight fraction, the higher the
bending stress because the high number of fibers can withstand a large bending load. This is due to
whether the bonds are homogeneous or not between the fibers and the matrix, as shown in
relationship between fiber weight fraction and flexural strength. In this study, the concentration of
silane solution also gave the effect of increasing the flexural strength from a concentration of 3%
to 9%. This is because the diameter is increasingly shrinking and denser due to the treated fibers,
which can be seen in the comparison of fiber diameter without and with treatment. The percentage
increase in flexural strength from composition and treatment (A1/B1) to treatment (A3/B1) by an
average of 7.37%. As research by Haameem et al. [8] on polymers reinforced with elephant grass
fiber with short fibers, using a volume fraction calculation with a random orientation, also shows an
increase in flexural strength due to an increase in fiber fraction.
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Figure 8. The results of the relationship between fiber weight fraction and flexural
strength.

Figure 9 shows the flexural strain of a hybrid composite with differences in fiber composition
and silane treatment. The flexural strain on composite hybrid specimens were tested with variations
in fiber weight fraction of 10%, 15%, and 20% and silane chemical treatment of 3%, 6%, and 9%.
The flexural strain value was calculated from the average of the three treatment samples. The results
of the epoxy resin material test at 10% fiber composition with 3% silane treatment obtained the
lowest composite hybrid flexural strain (A1/B1) at 0.0141 mm/mm and the highest flexural strain
composition of 20% fiber with 9% silane treatment (A3/B3) of 0.0284 mm/mm. Hybridization is an
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effective means of changing the flexural tensile properties of composite materials. The flexural
strain results were 0.0241 mm/mm at 15% fiber composition, 9% silane treatment (A2/B3)
and 0.0189 mm/mm at 15% fiber composition 3% silane treatment (A2/B1). As shown in Figure 9,
the results of the flexural strain on the specimens with the fiber weight fraction and constituent
matrices have increased. This can occur due to the increasing number of fibers and having a
homogeneous bond between the fibers and the optimal matrix. The amount of fiber composition that
is too much or too little will affect the deflection value acting on the specimen. With the addition of
the fiber weight fraction in the composite, there was a significant increase in the flexural strain. As
research by Haameem et al. [8] and Ashok Kumar et al. [10] states that short fiber-reinforced
composites and the addition of fiber fractions cause the ability to withstand flexural loads and
increased flexural strain. This deals with efficient load transfer between fibers—resin—fibers.
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Figure 9. The results of the relationship between fiber weight fraction and flexural strain.

Figure 10 shows the results of testing the fiber weight fraction in the matrix to the flexural
modulus with three types of weight fraction variations in the fiber and silane chemical treatment.
This test used a fiber weight ratio: 10, 15, and 20%, and silane treatment of 3%, 6%, and 9%. For the
composition of the fiber in the composite 10% showed the flexural modulus of 2.214, 2.285,
and 2.405 GPa, respectively. The fiber composition of the 15% composite showed the flexural
modulus: 2.665, 2.755, and 2.825 GPa, respectively. The fiber composition of the 20% composite
showed the flexural modulus: 2.955, 3.075, and 3.195 GPa, respectively. It can be concluded that the
lowest bending modulus at 10% fiber composition by weight is 2.214 GPa and the largest modulus
occurs at 20% fiber composition at 3.195 GPa. The value of the bending modulus was influenced by
the value of m (tangent straight line on the load deflection curve). The m value was obtained from
the comparison between the load received and the strain that occurs in the specimen so that the m
value was strongly influenced by the proportion of fibers with the optimum matrix in the specimen.
This can be seen in the highest flexural modulus value of the specimen at the composition
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of 20% fiber. This result is supported by research by Haameem et al. [8] on the tensile modulus for
fiber fraction 10% tensile modulus 2.20 GPa, at 15% tensile modulus 2.40 GPa, at 20% tensile
modulus 2.70 GPa, and 25% tensile modulus 3.20 Gpa. The results of this study provide the same
statement as research on hybrid stinging nettle epoxy resin composites about an increase in the
flexural modulus due to an increase in fiber fraction. This is also supported by research that natural
fibers have mechanical properties, which in the longitudinal section have tensile toughness
of 10.8 Mpa, the elastic modulus of 387.4 MPa, split toughness of 5.03%, and in the cross-section
have tensile toughness of 4.32 MPa, elastic modulus of 169.3 MPa and split toughness of 3.7% [27].
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Figure 10. The results of the relationship between fiber weight fraction and flexural
modulus.

Figure 11 depicts the internal condition of the hybrid composite after testing. The internal
condition of the specimens was confirmed using a scanning electron microscope (SEM) JEOL JSM
5900 at 10 kV. As can be seen in the results of the 10% fiber weight fraction of 3% Silane treatment
which has the lowest flexural strength, SEM observations of Figure 11a show that there are pull out
fibers from the matrix, and it can be seen that the distribution of fibers in the test material was not
quite evenly agglomeration in the matrix. Furthermore, in Figure 11b,c the fibers appear to be
stronger and more even and the pullout decreases from the matrix.
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Figure 11. SEM Specimens with weight fraction (a) 10%, (b) 15% and (c) 20%.
4. Conclusions

The results showed that the composition of the fiber weight fraction and silane chemical
treatment had a significant effect on the flexural properties of composite hybrids. Hybrid
composites with the sequence mode A1/B1, the lowest bending strength 32.065 MPa, the flexural
strain 0.0141 mm/mm, the bending modulus of 2.214 GPa and the highest in the A3/B3 order mode,
the flexural strength was 49.325 MPa, the flexural strain is 0.0284 mm/mm, the modulus 3.195 GPa.
Furthermore, it was shown that epoxy resin hybrid composites can operate as a marine vessel body
material, a vehicle body that is able to accept bending loads. It can be concluded that the composition
and treatment of fibers in a hybrid composite of epoxy resin reinforced with stinging nettle fiber has
a significant effect, so it is effective to modify the composite material in engineering materials. In
fact, Tabanan stinging nettle fiber has a higher flexural strength than other natural fibers. Therefore,
it is an excellent composite reinforcing material. Furthermore, it can be concluded that fiber
composition is an effective factor affecting the characteristics and structure of the material.
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