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Abstract 

Fibrous composite materials continue to be researched and developed with the long-term goal of becoming an 
alternative to metal substitutes. Due to the nature of the fiber reinforced composite material, its high tensile strength, 
and low density compared to metal. In general, the composition of the composite consists of reinforcing fibers and a 
matrix as the binding material. The potential of natural fibers as a reinforcing composite material is still being developed 
and investigated. The research that has been done aims to determine the characteristics of the tensile strength of the 
composite strengthened with Hibiscus tiliaceust bark powder (HTBP) with alkaline NaOH and KOH treatment. The 
reinforcing material used is HTBP and the matrix is polyester resin, with volume fraction of 5%, 10% and 20% with an 
alkaline treatment of 5% NaOH and 5% KOH with immersion for 2 hours, 4 hours, 6 hours and 8 hours. Tensile testing 
specimens and procedures refer to ASTM D3039 standard. The results of this study showed the highest tensile strength 
of 34.96 MPa in the alkaline treatment of 5% KOH, soaking time of 8 hours with a volume fraction of 10% and the lowest 
tensile strength of 21.96 MPa of 5% KOH alkaline treatment, soaking time of 6 hours with a volume fraction of 20%. 
.with 10% volume fraction of 34.96 MPa and the lowest tensile strength was 5% KOH alkaline treatment at 6 hours 
immersion with 20% volume fraction.  

Keywords:  Fibrous composite materials; Hibiscus tiliaceust bark powder; NaOH; KOH; Volume fraction; Tensile 
strength 

1. Introduction

The rear bumper is one part of the vehicle that has a very important role, apart from being aerodynamic and 
aesthetically pleasing to attract consumers, the bumper also functions as a collision damper from the rear that occurs 
in the vehicle. Therefore, the material used as the rear bumper often gets damaged during a collision, so it requires a 
material that has good impact toughness, is light, ductile and corrosion resistant. 

Composite material is a type of engineering material that is made by combining two or more types of materials that 
have different mechanical properties into one new material with better mechanical properties. Composites have 
advantages such as strong, lightweight, corrosion resistant, economical and so on [1]. Composite material components 
consist of matrix and reinforcement. The function of the matrix as a binder is in the form of: polyester, metal and 
ceramics. The reinforcement as a reinforcement, which holds, transmits the force or load on the composite, in the form 
of fibers and particles. Fibers in the form of synthetic fibers: E-Glass, Kevlar-49, Carbon/Graphite, Silicone Carbide, 
Aluminum Oxide, and Boron, and natural fibers (derived from plants). The emergence of the issue of non-organic waste 
problems, the use of synthetic fibers is starting to be abandoned, on the other hand, natural fibers are getting attention 
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again as a composite reinforcing material because they are environmentally friendly and have relatively lower 
production costs. Composites made of fiber (fibrous composite) continue to research and developed to become an 
alternative material to replace metal, this is due to the nature of the fiber composite which is strong and has a lighter 
weight compared to metal. 

The characteristics of natural fiber are having a hydrophilic nature [2]. In addition, the surface of natural fibers also has 
dirt and other substances that may affect the bonding strength of the fibers with the matrix. Therefore, various studies 
have been done to improve the surface of natural fibers in order to have a good bonding strength between natural fibers 
with the matrix. Coconut fiber is very good to be used as a filler in the composite because it has several advantages such 
as: strong, lightweight, heat resistant, salt water resistant, cheap, and easily obtained [3,4]. Many ways of treatment has 
been done to improve the compatibility of natural fibers. The treatment, both physically and chemically, aims to modify 
the fiber surface. Chemical treatment is one method for improving the properties of natural fibers such as surface 
geometry, dirt removal, fiber strength, and the interaction between the fiber and the matrix [5]. Chemical treatment 
often used in natural fiber is alkali treatment. Alkali treatment is expected to remove most of hemicelluloses, lignin, 
waxes, and oils soluble in alkali, so that the fiber surface became rough because of reduced fiber aggregation [6]. Study 
on alkali treatment of the coconut fiber has been done by many researches [7, 8, 9]. There was a decrease in the fatigue 
life for a large stress composite reinforced with coconut fiber treated with sodium hydroxide [10].  

The works [12] investigated the effect of chemical treatment on the coconut fiber surface morphology. This study is 
divided into three stages, preparation of materials, treatment and testing of coconut fiber. The first treatment is coconut 
fiber soaked in a solution of NaOH for 3 hours with concentration, respectively 5%, 10%, 15%, and 20%. The second 
treatment is coconut fiber soaked in KMnO4 solution with a concentration of 0.25%, 0.5%, 0.75%, and 1% for 3 hours. 
The third treatment is coconut fiber is soaked in H2O2 solution with a concentration of 5%, 10%, 15%, and 20% for 3 
hours. At each treatment the fiber is dried in an oven at a temperature of 90oC for 5 hours. The result shows that the 
highest tensile strength of the fiber obtained in the first treatment. In general the mechanical strength of the fiber 
decrease slightly however, the fiber surface morphology becomes rough. NaOH treatments cause crystallization on the 
surface of the fiber. Crystallinity index was decreased with increasing concentration of NaOH. The second treatment 
caused the trench grooves on the surface of the fiber that can improve bonding between fiber and matrix 

In general, treated natural fibers used as a composite reinforce treatment give tensile strength and modulus of elasticity 
greater than the untreated natural fiber composites. Therefore, modification of the fiber surface treatment is considered 
to increase the strength of natural fiber Composite [10]. Surface treatment using stearic acid and potassium 
permanganate other than NaOH provide a better performance than the untreated fibers [11]. Hydrogen peroxide 
(H2O2) was also used in coconut fiber treatment [6]. In addition to chemical treatment, coconut fiber is treated by 
washing and boiling to remove dirt on the surface of the fiber so as to produce a cavity [13]. Structural characteristics 
and chemical composition made tensile strength and modulus of elasticity of coconut fiber relatively low compared to 
other natural fibers. However, coconut fiber has special advantages such as large strain, low density, and weather 
resistant so that it is good for functional material [14].  

This study aims to determine the mechanical properties (tensile strength  and  morphology) of polyester matrix 
compocite reinforced Hibiscus tiliaceust bark powder (HTBP), for the feasibility of these composites as an alternative 
solution to the replacement material for vehicle bumpers categorized as Multi-Purpose Vehicle (MPV) which in its 
application is closely related to safety usage especially in the automotive sector.  

2. Material and methods 

2.1. Materials 

The research materials are (Hibiscus tiliaceust bark powder) HTBP, Polyester matrix type 157 BQTN and G3253T, 
MEKPO catalyst, 5% KOH, 5% NaOH, HTBP with a grain size of 200 mesh, shawn in Figure1.  The equipment used are 
Universal Testing Machine (Tensilon RTG-1310), Scanning Electron Microscope (FEI inspect S50), composite mold 
made of silicon, with a thickness of 6 mm standard and composite fabrication equipment for  specimens according to 
the ASTM D3039, as shawn in Figure 2.  
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Figure 1 The making process of HTBP, a. Taking Hibiscus tiliaceust bark, b.Drying, c. Grinding, d. Screening. 

2.2. Mathods 

The specimens (polyester matrix composite reinforce HTBP) are made by using the press mold method.The composite 
tensile test specimen refer to the D3039 standart, as shown in Figure 2. The fracture section of the test specimen is 
subjected to a macro photo to identify the pattern failure. 

 

Figure 2 Composite material mold and specimen, a. Composite material mold, b.Specimens ASTM D3039 standart. 

After the preparation is complete, tensile and observational tests are carried out with SEM, with the research design as 
shown in Table 1. 

Table 1 Research Design 

 

Specimens 

5% NaOH Treatment 
(Hours) 

5% KOH Treatment 
(Hours) 

2 4 6 8 2 4 6 8 

Volume Fraction 5 % HTBP 3 3 3 3 3 3 3 3 

Volume Fraction 5 % HTBP 3 3 3 3 3 3 3 3 

Volume Fraction 5 % HTBP 3 3 3 3 3 3 3 3 

Specimens  for SEM 2 2 
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3. Results and discussion 

3.1. The tensile strength of polyestre matrix compocite reinforce HTBP  

From the results of the tensile test, the tensile strength of the specimens was obtained by immersion treatment with 5% 
NaOH, time variations of 2 hours, 4 hours, 6 hours, 8 hours and variations in the volume fraction of 5%, 10% and 20% 
SKW as shown in Figure 3a and soaking with 5% KOH, time variation and the same HTBP volume fraction is shown in 
Figure 3b. Immersion with 5% NaOH, the highest tensile strength of 33.33 MPa, immersion time for 8 hours with a 
volume fraction of 5% HTBD. Meanwhile, the lowest strength value was 22.97 MPa for 2 hours of immersion of powder 
with 10% powder volume fraction. The increase in tensile strength occurs due to the result of the 5% NaOH alkaline 
treatment which causes the coarse powder surface (damaged) so that the bond between the HTBD and the matrix 
becomes better. Meanwhile, the decrease in tensile strength occurs due to the presence of voids (cavities) in the 
specimen. The highest tensile strength value with 5% KOH immersion was 34.96 MPa, for soaking for 8 hours with 10% 
SKW volume fraction, the lowest strength value was 21.96 MPa at immersion for 6 hours with 20% HTBD volume 
fraction. The tensile strength by immersing 5% KOH is higher than 5% NaOH. Because the KOH solution is classified as 
a strong base, its solubility is greater than weak base, with the same concentration and immersion time, relatively more 
hemicellulose and lignin layers in the fiber that can be broken down by the solution, so that the fiber is cleaner and more 
porous which has an impact on increased adhesion strength between fiber surface and matrix [4,6].  

 

 

 

Figure 3The effect of immersion time on the tensile strength of the specimens. 
a. Immersion with 5% NaOH, b. Immersion with 5% KOH 

 
 
 

 

a

 

b 
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3.2. The microsructure of polyestre matrix compocite reinforced HTBP 

The results of SEM observations of specimens with the highest tensile strength values and the lowest tensile strength 
values with immersion of 5% NaOH are shown in Figure 4a and Figure 4b. In the specimen with the highest tensile 
strength value, it can be seen that the bond between the HTBP and the bonded matrix is very good, has a few voids, the 
specimen with the lowest tensile strength value, it can be seen that the number of HTBP experiences a pullout because 
the mixture between the HTBP and the matrix is not perfect, there are also many voids. which causes a decreasing the 
tensile strength of the composite. In accordance with the results of research [12] which states that the pulsed pullout 
and debonding mechanism causes the mechanical strength of the composite to be quite low. 

 

Figure 4 Observations of SEM test results with 5% NaOH immersion, a. Specimen with the highest tensile strength,  
b. Specimen with the lowest tensile strength 

 
From the results of SEM observations taken from the specimen sample with the highest tensile strength value and the 
lowest tensile strength value with 5% KOH alkaline treatment, as shown in Figure 5a. and Figure 5b. The specimens 
with high tensile strength due to the visible powder and matrix bonded well and a little cavity, as in Figure 5a. The 
tensile strength of the specimen is lower because there is a deeper and bigger cavity as shown in Figure 5b. 

 

Figure 5 Observations of SEM test results with 5% KOH immersion, a. Specimen with the highest tensile strength, b. 
Specimen with the lowest tensile strength. 
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4. Conclusion 

From the results of the tensile test, the tensile strength of the composites with immersion of 5% KOH is higher than with 
5% NaOH. The resulting tensile strength was 34.96 MPa with 10% HTBP volume fraction for 8 hours of immersion, 
while for the tensile strength of immersion with 5% NaOH was 33.33 MPa with 5% HTBP volume fraction for 8 hours 
of immersion. Based on the results of the high tensile strength, the polyester matrix compocite reinforced HTBP which 
is soaked with 5% KOH during 8 hours to be used as a rear bumper vehicle.  
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