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Abstract-- Polymer materials are being rapidly researched because 
they have the potential to replace metal materials, offering advantages 
such as low mass, ease of shaping, and moisture resistance. However, 
this material still has many disadvantages, including low mechanical 
strength and easy cracking under impact. Unsaturated polyester is a 
widely used matrix material for composite materials in the engineering 
field, such as for vehicle bodies and ship hulls. In this study, the flexural 
strength of polyester composites reinforced by coconut shell charcoal 
was studied. From flexural strength testing according to ASTM D 390-
92, a tendency to increase flexural strength with the addition of a 
coconut shell charcoal mixture from 10% to 20% was observed; 
beyond 20%, the flexural stress decreased. The maximum flexural 
stress value obtained at a percentage of 20% coconut shell charcoal 
was 132.43 N/mm². This value can increase the maximum flexural 
stress of pure polyester, which was only 52.10 N/mm², by 253.35%. 
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1. INTRODUCTION  

 
The use of composite materials made from polymers reinforced with natural fibers has been widely 
developed as a substitute for metal materials in the construction industry. These materials are used in 
transportation equipment such as car bodies and yachts, light vehicles, and other engineering 
applications [1][2][3]. Replacing metal materials with lighter composite materials can reduce vehicle 
propulsion energy requirements and significantly lower fuel consumption [4][5][1][3]. Coconut shell 
charcoal is a byproduct of abundant coconut plantations, but its use has been limited to burning for 
boiler energy and as a heating source. As raw materials for wooden boat construction become 
increasingly scarce for fishermen in Indonesia, the manufacture of composites from coconut shell 
charcoal is an alternative to wood [6][7][8]. Two factors that determine the quality of a composite are its 
tensile strength and its ability to withstand cracks under load. One advantage of polymer composite 
materials is their low density and ease of shaping [2][9][10][11]. Several requirements must be met: the 
polymer must not be prone to cracking [5][12][7]. Polyester resin is one of the materials widely used for 
the manufacture of composite matrices [9][13]. To strengthen composite materials, synthetic or natural 
fibers must be added to achieve the desired mechanical strength [14][5][15]. The desired composite 
material has good mechanical strength and does not cause environmental pollution, i.e., it is easily 
recyclable and biodegradable [16][17].  

Polyester reinforced with synthetic fibers, such as carbon fiber, has seen rapid adoption across 
luxury cars, airplanes, and other transportation components. [18][14][19].  Composites with synthetic 
fibers are derived from petroleum, so their use needs to be reduced because they cause side effects 
that can damage the environment through the waste they produce [20][21].  

Several studies have been conducted to develop easily degradable composite materials, one of 
which involves mixing polyester resin with natural materials derived from empty palm fruit bunches to 
reduce mass. Another composite material is made by substituting natural materials for synthetic 
materials, such as hemp fiber, knaff fiber, rice husk fiber, and other natural fibers. Several previous 
studies have reported that adding CPO oil increases the toughness of polyester, enhancing crack 
resistance, tensile load, and flexural load [13][4][14][22]. Complete information has been obtained on 
the improvement of the crack resistance of polyester resin with the addition of rice husk fiber and palm 
fiber [15][19][23][24]. 

In this study, the crack resistance properties of polyester resin (unsaturated polyester), denoted as 
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(UP), were improved by adding coconut shell charcoal (AT) as a reinforcing material to enhance the 
crack resistance properties of the composite formed from these two materials with various specific 
mixing percentages. 
 
2. METHODOLOGY 
 
This study uses a monofiber composite consisting of a single type of natural material, uniformly mixed 
coconut shell charcoal fiber. The method used in this study is the hand-layup method. This manufacturing 
process involves pouring polyester resin by hand into a mold containing fiber, then applying pressure while 
smoothing it with a press wheel or a brush. This process is repeated until the required thickness is 
achieved. The specimen mold is shown in Figure 1. 
 
2.1  Preparation of Research Materials 
To form composite materials, two types of materials are needed: a matrix material to form a binder, and 
natural fibers to strengthen the composite. 
 
2.2  Matrix Materials 
The material used in this study is intended to serve as a binding matrix for composite materials made 
from coconut shell charcoal-derived natural fibers. Polyester and coconut shell charcoal fibers are mixed 
and stirred to evenly distribute the fibers and improve the composite's flexural strength. The good fiber-
binding properties of polyester make this material widely used in engineering construction, and, in terms 
of price, polyester binding material is inexpensive [5][4]. Some properties of polyester include: easy fiber 
bonding, moisture resistance, fairly good mechanical strength, high density, and quick drying. The type 
of polyester used in this study is unsaturated polyester resin (UP), specifically the Yukalac 1560 BL-EX 
product. The mechanical properties of polyester are shown in Table 1. 
 

Table 1. Physical Properties of Polyester 
Item Unit Price 

Maximum Tensile Strength MPa 20-100 
Modulus of Elasticity GPa 2.1- 4.1 
Ultimate Strain % 1- 6 
Poisson's Ratio - - 
Density g/cm3 1.0 – 1.45 
Tg oC 100 – 140 
CTE 10-6/oC 55 -100 
Cure Shrinkage % 5-12 

  
2.3 Reinforcing Material 
To obtain a composite material, a reinforcing fiber is needed. The natural fiber used in this study is derived 
from coconut shell charcoal (AT) and undergoes a refining process by pounding until it reaches a fineness 
of 50 microns. The reason for choosing these fibers is that they have not been optimally utilized as 
coconut agricultural waste, and the excess fibers can be processed into fibers with uniform fineness and 
sufficient particle density. The charcoal is quite complicated and does not contain bound wax or lignin, 
so not much purifying material, such as NaOH, is needed. Based on the above reasons, it is expected 
that the bond strength between the matrix and fiber materials will be well established and uniform, thereby 
improving the flexural strength of the composite material [22][25][6][10][6]. 
 

 
 

Figure 2. Finely ground coconut shell charcoal. 

           σ =
3𝑃𝐿

2𝑏ℎ²
                         (1) 

 
For the processing of flexural test data, standard dimensions are used in accordance with Figure 4 and 
calculated using Equation (1). 
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2.4 Research Equipment 
Magnetic stirrers with heating plates are devices used to mix matrix and reinforcing materials at 
controlled temperatures to ensure proper formation of composite materials. The specifications of the 
magnetic stirrer with heating plate are as follows: Specifications of Daihan Scientific magnetic stirrer 
with heating plate, Model MS-H280-Pro, Working Temperature 25–280 °C, Rotation Speed 0–1500 rpm. 

 
 

Figure 3. Hot plate type material mixer 
 
To make composite materials, a mold is needed that produces materials with dimensions that comply 
with ASTM D 790–92, as shown in Figure 4. 
 

 
Figure 4. Dimensions of the flexural test specimen in accordance with ASTM D 790-92. 
 
The materials for this study were planned with compositions consistent with the literature reviewed 
previously [3][10][26]. The composition of the materials used in this study, consisting of coconut shell 
charcoal, is shown in Table 2. 
 

Table 2. Composition of Test Specimen Mixtures 

Material Polyester (% wt) Charcoal (% wt) 

UP/AT 100 100 0 
UP/AT 90 90 10 
UP/AT 80 80 20 

UP/AT 75 70 30 

 
Figure 5. Flexural testing of specimens in accordance with ASTM D 790-92. 

Flexure Testing Machines are used to perform flexural load tests by moving downward to press the 
material, with the load automatically increasing as the material withstands it. GALDABINI 32559 series 
Universal Testing Machines are used for flexural testing of specimens. 
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Figure 6. GALDABINI 32559 Series Flexure Testing Machine. 

 
 
3. RESULT AND DISCUSSION 

 
3.1    Flexibility Test 
The test results for each flexural test specimen can be displayed on the flexural testing machine, and the 
recorded load value can be displayed until the material undergoes flexural failure. The maximum flexural 
load values recorded on the flexural testing machine are shown in Table 3 and in the graphs in Figures 8 
and 9. The maximum flexural load values show an increase with the addition of 10% to 20% coconut shell 
charcoal, but decrease above 20%. It is estimated that above 20% coconut shell charcoal does not adhere 
well to the polyester material. 
 

 
Figure 7. Results of testing specimens that have undergone flexural testing. 

 
Table 3. Flexural Test Results of Test Sample Mixtures 

Material 
Material    Maximum 

Flexural Load, F 
(N) 

Maximum Flexural Stress, σ_b 
(N/mm²) 

UP/AT 100 
 

220,34 52,10 

UP/AT 90 
 

432,76 80,57 

UP/AT 80 
 

623,23 132,43 

UP/AT 75 
 

310,65 58,35 
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Figure 8. Graph of Flexural Strength Test Results for test specimen mixtures. 

 

 
  

Figure 8. Graph of Flexural Strength Test Results for test specimen mixtures. 

 
Next, the flexural stress is presented in Table 3 and graphed in Figure 10. After the load value is 
displayed on the flexural testing machine monitor, the flexural stress value is then calculated using 
Equation (1). The flexural stress value increases with the addition of coconut shell charcoal from 10% 
to 20%, but the flexural stress value decreases with the addition of coconut shell charcoal of more than 
20%. It is estimated that adding more than 20% coconut shell charcoal is not well bound to the polyester 
material. 

To obtain the maximum flexural stress, the flexural test was continued until the specimen fractured 
in flexure. The test results showed that in a mixture of polyester and 80% coconut shell charcoal: 20%, 
the maximum flexural stress value obtained was σ_b = 132.43 N/mm². 
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Figure 10. Graph of Flexural Strength Test Results for UP and AT Mixtures. 

 
 
4. CONCLUSION 

 
The test results show that the breaking strength of each mixture of polyester fiber (UP) and coconut 
shell charcoal fiber (AT) can increase the flexural strength of pure polyester (without mixture) by up to 
220.34 N. In addition, adding up to 20% coconut shell charcoal fiber can increase the material's flexural 
strength. The maximum flexural strength was achieved in a mixture of 80% UP and 20% AT, with an 
average of 623.23 N, an increase of 282.84%. Furthermore, the test results show that the maximum 
flexural stress of each polyester (UP)-coconut shell charcoal fiber (AT) mixture can increase the 
maximum flexural stress of pure polyester (without mixture) to a maximum of σ_b = 52.10 N/mm². In 
addition, adding up to 20% coconut shell charcoal can increase the material's flexural stress. The flexural 
strength value occurred in the UP 80% and AT 20% mixture, with an average σ_b = 132.43 N/mm², an 
increase of (254.18%). 
The results of this study indicate that polyester can bond well with coconut shell charcoal to form 
composite materials at coconut shell charcoal contents of up to 20%, and molecular bonding decreases 
above 20%. This study aligns with previous Research trends [3][10][26]. 
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