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Abstract. Research on the effect of fiber length on the physical and mechanical properties
of composite fibers has been conducted, with variations in fiber lengths of 1 cm, 1.2 cm, 1.4
cm, and 1.6 cm, each added Epoxy and Hardener 1: 1 then stirred by the Hand Lay Up
method and pressed for 20 minutes at a temperature of 90ºC. The characterization of
composite physical properties showed a density value of 1.1325 g/cm3, porosity by 1.53%,
and water absorption by 1.33%. The physical properties of composites have met the
standard SNI 03-2105-2006 and can be used as a composite replacement material. The
characterization of the composite mechanical properties shows a maximum bending strong
value of 25.15 kgf – 40.12 kgf, tensile strength of 11.31 MPa – 15.37 MPa, and a strong
impact of 50.43 J/mm2-80.93 J/mm2 has met high impact ABS quality standards of 13.48
J/m2. All mechanical properties of the composite meet the JIS A 5905:2003 standard.
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1

Introduction

Fiber-reinforced composite technology has long been developed by various scientists and
scientists who are producing rapid development. One is a natural fiber reinforced composite that
has many advantages such as low density, inexpensive and biodegradable materials [1]. This
opens up the possibility of competition for natural fiber composites as a replacement for
synthetic fiber reinforced composites in industries such as plastics, vehicles and packaging
industries to reduce their production costs. One of the potential natural fibers of cellulose is
Salacca zalacca, a family of Salacca zalaccaf palm trees (Arecaceae) under the subfamily
Calamoideae and better known as Salacca zalacca trees [2].
To date, only a few research discussed about fiber, a thorough investigation of the
characteristics of chemical and physical properties will affect the results of the contact angle and
the characterization of the interface, which indicates the interaction between the fiber with other
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materials, in this case, the matrix [3]. There are many approaches to improving the variety of
composites that are reinforced by natural fibers, including the chemical treatment of fiber
materials [4-6]. The chemical treatment of fiber materials improves the surface of the fiber and
increases the bonding strength of the interface which in turn results in better mechanical
properties [7-10]. The bond between natural fibers and the polymetric matrix increases after
alkaline treatment of the fibers because the bonding impurities, hemiscellulose, pectin and lignin
are removed from the surfaces of the fiber walls, which in turn increases the mechanical
composite properties of natural fibers [11-12].
Alkaline treatment is done by dyeing natural fibers into an alkaline solution [13], with varying
concentrations, time and temperature to get optimal results [14]. Resin is a material that will be
strengthened fiber in general. Resins are liquid with low viscosity, which will harden after
polymerization [15]. Epoxy resins are one type of polymer derived from the thermoset group
[16]. Epoxy resins have isotropic properties and are sensitive to temperature, have properties
that cannot melt, cannot be reprocessed, the atoms bind very strongly, cannot undergo chain
shifts [17-20]. This research aims to develop composite materials with epoxy-ironed salak pellet
fibers, with the length of the fibers used which are 1 cm, 1.2 cm, 1.4 cm, and 1.6 cm. To find
out the physical properties: density, porosity and water content, mechanical properties: strong
pull, strong bending and strong impact, and microstructure analysis using SEM.

2
2.1

Materials and Methods
Preparation of Salacca zalacca pellet fibers

The old or dark green midrib of Salacca zalacca or whose color begins to dark green is
separated from the inside and outside. The Salacca zalacca smelter fiber contained on the
inside, taken by manual means because the fiber is quite strong. Fiber is dried at room
temperature to remove moisture content, then soaked using NaOH 5% for 6 hours. Fiber is
cleaned with running water, then dried at room temperature. Salacca zalacca pellet fiber is
ready to be used and tested for its cellulose, lignin and moisture content.
2.2

Composite Manufacturing

The smelt fibers are cut to a size of 1 cm, 1.2 cm, 1.4 cm, and 1.6 cm, epoxy resin and hardener
are weighed at a ratio of 1 : 1 then mixed using the Hand Lay Up method. Specimen molds are
coated in wax so that the sample is not sticky on the mold. Both iron plates are coated in
aluminum foil so that the printed sample does not stick to the base iron plate and the lid plate.
The Salacca zalacca smelt fibers are arranged randomly with a volume fraction of 30% on the
mold then poured the epoxy mixture with the hardener into the mold using a spatula. Closed the
mold using a cover plate and placed on a hot press. It is then pressed and set to 90°C for 20
minutes. The mold is removed from the pump and left for 10 minutes. The sample is removed
from the mold by removing the iron plate from the aluminum foil then the aluminum foil is
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pulled slowly from the mold, making the sample like the first sample with a long variation of
the Salacca zalacca smelt fiber. The resulting sample is then tested for mechanical properties,
physical properties and SEM.

3
3.1

Result and Discussion
Chemical Content of Salacca zalacca pellet fibers
Table 1. Chemical content of Salacca zalacca
Chemical
Components
Water Content
Lignin
Alpha Cellulose
Others

3.2
A.

Unit

Test Results

Method

%
%
%
%

09.19
30.19
41.00
19.62

SNl 08-7070-2005
SNI 8429:2017
ASTM D 1103-60

Composite Physical Testing
Density

Figure 1. Fiber length of the composite of Salacca zalacca pellet fibers
Figure 1 shows the fiber length of fibers between the density and the length of the linier-inclined
fiber. The average composite density value is 1.13 g/cm3. The difference in fiber length from 1
cm to 1.6 cm does not affect the composite density. Salacca zalacca fiber composite can be
used as a composite board in accordance with JIS A 5905: 2003 with a fiberboard density value
of 0.35 g/cm3 - 1.30 g/cm3. All variations in fiber length from each composite of the resulting
Salacca zalacca smelt fibers have met JIS A 5905:2003.
B.
Porosity
Figure 2 shows the relation between porosity and the length of the linier-inclined fiber and the
land between low data. Therefore the value of composite porosity can be averaged by 1.53%
The difference in fiber length from 1 cm to 1.6 cm does not affect the porosity of the composite.
Based on the composite porosity value of the variation in the length of the Salacca zalacca
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smelt fiber has met the quality standard of SNI 03-2105-2006 which has a porosity value
smaller than 25%.

Figure 2. Fiber Length with Porosity Composite fiber smelt Salacca zalacca Graph
C.

Water Absorption

Figure 3. Fiber Long with Water Absorption composite Salacca zalacca pelepah Graph
Figure 3 shows the relation between water absorption and linier-inclined fiber length. The
average water absorption is 1.33%. Based on JIS A 5950:2003 and SNI 03-2105-2006, the
maximum fiberboard water absorption value is 25%. The composite water absorption of the
Salacca zalacca smelter for each variation in fiber length has qualified it to be a fiberboard in
accordance with JIS A 5950: 2003 and SNI 03-2105-2006.

3.3

Mechanical Testing

A.
Bending Strengh Test
Sample testing is in accordance with astm D-790 standards. The results of a strong bending
composite bending fiber can be seen in Figure 4.
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Figure 4. Load - composite deflection of Salacca zalacca pellet fibers
Figure 4 shows a variation in fiber length of 1 cm has a load of 19.19 kgf, experiencing a linear
increase in the length variation of 1.2 cm fiber of 25.81 kgf. Up to a variation in fiber length of
1.6 cm by 40.12 kgf. Figure 4 also shows deflection at a volume fraction of 2% which is 7.816
mm experiencing an increase in liner on variations in fiber lengths of 1.2 cm, 1.4 cm, and 1.6
cm, namely 8.9 mm, 12.43 mm and 13.178 mm. This condition causes deflection directly
proportional to the load. Based on JIS A 5905: 2003, the composite of the fiber with each fiber
length has qualified the Fiber Board with a firmly bending greater than 35 MPa.
B.
Tensile Strengh Test
Specimen testing using the ASTM 638 D standard. The results of the strong tensile tensile test
of Salacca zalacca smelt fibers can be seen in Figure 5. Figure 5 shows the relation of variations
in the length of the fiber and stress that increases, where the longer the fiber given, the greater
the stress produced. This suggests that the matrix still works well receiving the load and being
passed on to the fiber. Figure 5 also shows a strain at a fiber length of 1 cm which is 0.05%
experiencing an increase in liner at the length of fiber 1.2 cm which is 0.06% but experiencing a
decrease in strain at the length of fiber 1.4 cm which is 0.055% and increases back at the length
of fiber 1.6 cm which is 0.08%. This condition causes the strain not directly proportional to the
stress, based on Japanese Industrial Standard A 5905:2003. Fiberboard requires a pull strength
greater than 0.4 MPa, the composite of the Salacca zalacca smelt fiber for each volume fraction
has met the specified requirements.
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Figure 5. Long Fiber vs Strong Pull Composite Fiber shedding of Salacca zalacca
C.
Impact Strength Test
Sample testing in accordance with ASTM 256 D. The results of strong test impact composite
fiber Salacca zalacca can be seen in Figure 6.

Figure 6. Relationship of Long fiber vs Strong Impact Composite Salacca zalacca pellet fibers
Figure 6 shows the highest impact strength is at a fiber length of 1.6 cm of 80.93 J/m2 and the
lowest impact strong is found at a fiber length of 1 cm of 50.43 J/m2. The relationship of the
variation in the length of the Salacca zalacca fiber with a strong impact is directly proportional,
where the longer the fiber given, the greater the impact produced. The impact power of the car
dashboard that has a type of HIGH IMPACT ABS material of 13.48 J/m2 so that the results of
research from the composite of the accompany fiber Salacca zalacca-epoxy with variations in
the impact test volume fraction meet the standards of the car dashboard.

6

7

Journal of Technomaterial Physics Vol. 4, No. 1, 2022 | 1 - 9

3.4

Composite microstructure

Composite fault microstructure of Salacca zalacca-smelting fiber-epoxy is analyzed with SEM.
Composite samples are taken from the best tests on Strong Tens, Strong Bending, and Strong
Impact, where for testing the best is at a fiber length of 1.6 cm. The composite microstructure is
strong pull at a fiber length of 1.6 cm, strong bending at a fiber length of 1.6 cm and strong
impact on the length of the fiber 1.6 cm in a row given in Figure 7.

(a)

(b)

(c)

Figure 7. (a) Strong microstructure tensile, (b) Strong microstructure bending, (c) Strong
microstructure impact on a fiber length of 1.6 cm
Figure 7 (a-c) shows a composite of Salacca zalacca pellet fibers with epoxy resin binders that
the matrix and fiber are well-tinged. Composite surface damage after tensile tests, bending tests
and impact tests saw more uprooted fibers and pore-raised.

4

Conclusion

Variations in fiber length in composites Salacca zalacca pellet fibers affect the mechanical
properties of composites so that they can be used as natural fiber composite amplifiers. The
longer the fiber in the composite, the mechanical properties will increase linearly. The physical
properties of composites are also improved but not very significant. The same volume fraction
for each variation in fiber length results in less significant physical properties. The results of the
Composite Physical Properties test showed a density value of 1.1325 g/cm3. Porosity value of
1.53% and water absorption value of 1.33%. Mechanical Property Testing results showed a
strong bending value of 25.15 kgf – 40.12 kgf has met the quality standards of JIS A5905:2003
which is strong bending > 32 MPa or 3.26 kgf. The tensile strength value worth 11.31 MPa –
15.37 MPa, has met the quality standards of JIS A5905:2003. Fiberboard requires a tensile
strength greater than 0.4 MPa and a strong impact of 50.43 J/mm2 - 80.93 J/mm2 has met the
high impact ABS quality standard of 13.48 J/m2. Composite application with variations in the
length of the 1 cm, 1.2 cm, 1.4 cm, and 1.6 cm with epoxy matrix, can be used as a car bumper
material with a flexibility requirement greater than 32 MPa while at strong use the bending
fraction of 2% volume has met the specified requirements.

Journal of Technomaterial Physics Vol. 4, No. 1, 2022 | 1 - 9
REFERENCES

[1] P. H. Aditya, K. S. Kishore and D. V. V. K. Prasad, "Characterization of Natural Fiber
Reinforced Composites," International Journal of Engineering and Applied Sciences
(IJEAS), vol. 4, no. 6, pp. 26-32, 2017.
[2] D. Ariawan, T. S. Rivai, E. Surojo, S, Hidayatulloh, H. I. Akbar and A. R. Prabowo,
“Effect of Alkali Treatment of Salacca zalacca Fiber (SZF) on Mechanical Properties of
HDPE Composite Reinforced with SZF,” Alexandria Engineering Journal, vol. 59, no. 5,
pp. 3981-3989, 2020.
[3] T. Williams, M. Hosur, M. Theodore, A. Netravali, V. Rangari and S. Jeelani, “Time
Effects on Morphology and Bonding Ability in Mercerized Natural Fibers for Composite
Reinforcement,” International Journal of Polymer Science, vol. 2011, Article ID 192865,
pp. 1-9, 2011.
[4] M. Z. Rong, M. Q. Zhang, Y. Liu, G. C. Yang and H. M. Zeng, “The Effect of Fiber
Treatment on the Mechanical Properties of Unidirectional Sisal-Reinforced Epoxy
Composites,” Composites Science and Technology, vol. 61, no. 10, 1437–1447, 2001.
[5] M. J. John and R. D. Anandjiwala, “Recent Developments in Chemical Modification and
Characterization of Natural Fiber-Reinforced Composites,” Polymer Composites, vol. 29.
No. 2, pp. 187-207, 2008.
[6] S. Biswas, S. Kindo, and A. Patnaik, "Effect of fiber length on mechanical behavior of
coir fiber reinforced epoxy composites", Fibers and Polymers, vol. 12, no.1, pp. 73-78,
2011.
[7] M. Y. Hashim, M. N. Roslan, A. M. Amin, A. M. A. Zaidi and S. Ariffin, “Mercerization
Treatment Parameters Effect on Natural Fiber Reinforced Polymer Matrix Composite: a
Brief Review,” International Journal of Materials and Metallurgical Engineering, vol. 6,
no. 8, 784-790, 2012.
[8] D. Ariawan, E. Surojo, J. Triyono, I. F. Purbayanto, A. F. Pamungkas and A. R. Prabowo,
“Micromechanical Analysis on Tensile Properties Prediction of Discontinuous
Randomized Zalacca Fibre/High-Density Polyethylene Composites Undercritical Fibre
Length,” Theoretical and Applied Mechanics Letters, vol. 10, no. 1, pp. 57-65, 2020.
[9] H. I. Akbar, E. Surojo, D. Ariawan and A. R. Prabowo, “Experimental Study of
Quenching Agents on Al6061–Al2O3 Composite: Effects of Quenching Treatment to
Microstructure and Hardness Characteristics,” Result in Engineering, vol. 6, 100105,
2020.
[10] A. H. S. Rahiman and D. S. R. Smart, “Damping Characteristics of Aluminium Matrix
Composites – A review,” Materialstoday: Proceedings, vol. 11, no. 3, pp. 1139–1143,
2019.
[11] M. F. Rosa, B. S. Chiou, E. S. Medeiros, D. F. Wood, T. G. Williams, L. H. C. Mattoso,
W. J. Orts and S. H. Imam, “Effect of Fiber Treatments on Tensile and Thermal Properties
of Starch/Ethylenevinyl Alcohol Copolymers/Coir Biocomposites,” Bioresour. Technol.,
vol. 100, no. 21, pp. 5196–5202, 2009.
[12] M. A. Ghafaar, A. A. Mazen and N. A. El-Mahallawy, “Application of the Rule of
Mixtures and Halpin-Tsai Equations to Woven Fabric Reinforced Epoxy Composites,”
Journal of Engineering Sciences, Assiut University, vol. 34, no. 1, 227–236, 2006.
[13] S. Darmanto, H. S. B. Rochardjo, Jamasri and R. Widyorini, “Effects of Alkali and
Steaming on Mechanical Properties of Snake Fruit (Salacca) Fiber,” in AIP Conference
Proceedings, vol. 1788, pp. 030060-1 – 030060-6, 2017.
[14] J. Santhosh, N. Balanarasimman, R. Chandrasekar and S. Raja, “Study of Properties of
Banana Fiber Reinforced Composites,” International Journal of Research in Engineering
and Technology, vol. 3, no. 11, pp. 144–150, 2014.
[15] G. N. Made, “Studies on Bali Salak Cultivars (Salacca zalacca var. amboinensis)
(Arecaceae). M.S. thesis, James Cook University, Australia, 2005.
[16] F. L. Jin and S. J. Park, “Interfacial Toughness Properties of Trifunctional Epoxy

8

Journal of Technomaterial Physics Vol. 4, No. 1, 2022 | 1 - 9

[17]
[18]

[19]

[20]

Resins/Calcium Carbonate Nanocomposites,” Materials Science and Engineering: A, vol.
475, no. 1-2, pp. 190-193, 2008.
D. Gay, Composite Materials Design and Applications 3rd Edition, USA: CRC Press,
2015.
G. S. Harane, and K. Annamalai, “Processing and Characterization of Natural Fiber-Lycra
Composite Reinforced with Epoxy Resin. ARPN Journal of Engineering and Applied
Sciences, vol. 9, no. 5, pp. 687–691, 2014.
Z. Kassab, S. Mansouri, Y. Tamraoui, H. Sehaqui, H. Hannache, A. E. K. Qaiss and M. E.
Achaby, “Identifying Juncus Plant as Viable Source for the Production of Micro- and
Nanocellulose Fibers: Application for PVA Composite Materials Development,”
Industrial Crops and Products, vol. 144, 112035, 2020.
M. Senbagan, R. Gokulnath, K. Arulmozhi, H. Agrawal and A. Arunraja, “Study on
Banana, Bristle Coir and Jute Mixed Natural Composites Heat Transfer Properties
Analysis for Insulation,” Materialstoday: Proceedings, vol. 37, no. 2, pp. 102-106, 2021.

9

