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 
ABSTRACT 
 
Studies in this paper relate to the development of composite 
materials. Special attention  is given to the development of 
polymer composite materials which are reinforced with 
natural fibers. At present a very intense investigation using 
local materials sources. This paper presents an analysis of 
surface fractures caused by Charpy impact and tensile 
loading. Specimens prepared in this study used polyester resin  
85% by weight, and areca nut fiber which has been boiling 
with 100oC of boiling water for 6 hours of 15% by weight. 
The making of polyester matrix composite material with 
areca nut fiber reinforcement material that has undergone 
physical treatment is done by mixing. This mixture was 
entered into the mold that has been prepared for the tensile 
test specimen and impact test specimen. The mold that has 
been filled with the composite material is pressed with a 
high-pressure press to get a solid composite material and 
reduce cavities. Fracture surface of specimens due to impact 
tests and tensile tests are examined using a scanning electron 
microscope. The results of the analysis of the fracture surface 
in tensile loading showed that the fiber was broken evenly 
with the matrix breaking. While the fracture surface that 
occurs in the tensile loading shows a very fibrous fracture 
surface where the broken fiber is not on the broken surface but 
as if it was pulled from the matrix. On the fracture surface the 
tensile test and impact test specimens reveal very little 
cavities and the visible gaps between the fiber and the matrix 
are very small. This shows the bond between the fiber matrix 
is good. 
 
Key words : Surface fracture, areca nut fiber, Polyester 
matrix composite, mechanical properties.  
 
1. INTRODUCTION 
 
The use of polymer matrix composite materials reinforced 
with glass fiber and carbon fiber materials has been able to 
replace some metal and wood materials since the 
development of composite materials began in the middle of 
the last century, [1, 2]. However, the use of polymer 
composite materials reinforced with artificial fibers is 

 
 

considered environmentally unfriendly [3, 4] because the 
material is not able to decompose naturally or 
non-biodegradable [5].  
 
Based on the consideration of these environmental problems, 
a substitute for artificial fiber is needed and based on previous 
research, the most suitable material for its replacement is 
natural fiber [6-8]. Natural fiber has several advantages, 
namely strength and stiffness, which almost resemble 
artificial fibers [9] cheap, easily obtained, renewable [10,11], 
non-toxic [12]. The combination of natural fibers with 
polymers raises another problem, namely natural fibers are 
hydrophilic while polymeric materials are hydrophobic, this 
creates a mismatch between the polymer material and natural 
fiber material as reinforcement [4, 12, 13]. In order to 
increase suitability it is necessary to modify the surface of 
natural fibers [15] namely physically [16-18], and chemically 
[18, 19]. The process of physical modification can also be 
done by boiling [20, 21]. 
 
The main performance of polymer composite materials which 
are reinforced with natural fibers, must have a strong enough 
bonding interface, so the matrix are able to move the load to 
the reinforcing fibers. The composition of the fiber contained 
in the composite is an important parameter that plays a role in 
determining the properties of the composite [22, 23]. 
Composite material performance testing can be done in 
various ways including by conducting impact testing, tensile 
testing and analyzing the morphology of materials and can 
also be done by analyzing the fracture surface of materials due 
to damage [24]. As it is known that in impact testing is giving 
a load at high speed to the material being tested, whereas 
tensile testing is giving a slower load here will result in a 
fracture pattern that is different from the two types of loading.  
 
In another study, conducted by Mahoto [25]. on epoxy matrix 
composite materials reinforced with glass fibers, by giving 
different loading rates performed by tensile testing, showed 
the strength of the composite material was different but the 
modulus of elasticity did not change, and showed also the 
strain until it fails also increases with increasing loading rate. 
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The surface morphology of the fracture is studied to identify 
the location of the origin of the crack and to determine the 
mechanism of crack propagation. The fracture surface 
evaluation and morphology due to loading can be done by 
impact testing and tensile testing [26]. In this investigation, 
the study was focused on analyzing the surface fracture of 
composite materials reinforced with areca nut fiber. The 
objective of this study is to analyze the morphology of the 
fracture surface resulted tensile and impact test with several 
fiber compositions and different loading, So that it can be 
seen the fracture behavior and the quality of bonding between 
areca nut fiber and polyester matrix. 
 
Further studies can consider some research in related works 
[27-29] 
 
2. EXPERIMENTAL PROCEDURE 

2.1 Materials: Areca Nut Fiber 
Areca nut fiber is the result of plantation waste that is peeled 
from the seeds obtained from the South Aceh Region. Before 
being used as a reinforcing fiber for composite materials, 
areca nut fiber is first dried to remove the water content of the 
fruit that is still in the skin. Furthermore, physical treatment 
is carried out to modify the surface of the fiber so that it can 
improve the bonding ability with the matrix. This physical 
treatment process is carried out by boiling fiber in water at a 
temperature of 100 oC for 6 hours, and then dried with 
sunlight. To reduce the moisture content that is still present in 
the fiber, before drying, it is carried out at 100 oC for 1 hour. 

2.2 Resin and Hardener 
The matrix material used for the manufacture of composite 
materials is clear polyester resin number 102. To accelerate 
the hardening of the matrix material, polyester is mixed with 
the hardener, the hardener composition in the resin is 1% so 
that it has enough time to process the composite material used 
for the specimen before the resin hardens.   

2.3 Composite Manufacturing Process 
The process used in making composites is the mixing of fibers 
with a matrix, this is because the length of areca nut fiber is 
difficult to do with the hand lay up method. The mixture of 
resin and hardener is then mixed with areca nut fiber 
according to a predetermined composition. Mixing is done in 
a container.  
 
The mixture of fiber and resin is then put into a mold and then 
pressed with a high pressure press machine of around 60 tons, 
so this load is expected to release the trapped air in the 
composite material mixture. These high pressures can also 
form denser composites with fewer pores, The mold is 
removed after finishing the curing process for around 12 
hours. Two composite plates were molded for impact test 
specimens with a thickness of 10 mm and for tensile test 

specimens with a thickness of 3 mm. The process of making 
specimens for impact testing refers to ASTM E23-07, while 
the tensile testing specimens in this study refer to ASTM 
D-638. 

2.4 Tensile Testing 
Composite plates that have been made in the same 
composition as impact test specimens with a thickness of 3 
mm. The composite plates are then cut to make tensile test 
specimens according to E658 standard. The making tensile 
test specimens using a milling machine. The tensile test 
specimen that has been prepared is carefully installed into the 
testing machine, then the load given is controlled and the 
length of the specimen is measured. Tensile testing of 
specimens is carried out using a universal testing machine at a 
tensile speed of 2 mm. 
 
3.  RESULT AND DISCUSSION 
 
The tensile properties is part of the mechanical properties of 
the materials, this property shows how the force acting in the 
direction of pull can be responded to by the material, tensile 
property can be determined by performing tensile testing. 
Tensile testing is a very basic mechanical test, where the 
specimen is prepared according to the test standard. The 
tensile testing is carried out to determine elastic limits, 
proportional limits, elongations, reduction in area, modulus 
of elasticity, tensile strength, yield strength, yield points, 
Poisson ratio, and other tensile properties such as fracture 
surface behavior. 
 
Impact properties are material properties that show 
toughness, impact properties can be determined by giving 
impact loads to the material. The energy absorbed by the 
material during impact testing is the level of toughness of the 
material. The more energy absorbed indicating that the 
material is more ductile. This can be confirmed with the 
fracture surface of material that occurred at the time of impact 
test. The features of the fracture surface of the material can 
determine the brittle or ductile of the material. Furthermore, it 
only discusses fracture surface features to get an idea of the 
damage to the composite material that might occur. 
 
The fracture surfaces are two surfaces that are formed due to a 
fracture material, while fracture is the separation of an object 
or material into two or more pieces due to the action of stress. 
A material fracture can occur due to the development of crack 
length or crack propagation into the material. The fracture 
surface of this material can be used to analyze material 
properties such as brittle properties and ductile  and can also 
be used to study the failure of material. To study the fracture 
surface in macro can be done by observing the fracture surface 
using the naked eye, but if it can not be concluded the results 
of observation with the naked eye can be continued 
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observation using an optical microscope, laser confocal 
microscope or by using a scanning electron microscope. 
Fracture surface characteristics are analyzed to infer the cause 
of the failure. The morphology of fracture surface also can be 
used to determine the quality of a material. 
 
The fracture of the specimen after impact testing can be seen 
in Figure 1. while the fracture by tensile testing is shown in 
Figure 2. Both of these images show macroscopic fractures in 
various compositions, respectively for specimens with 
different composition of polyester and areca nut fiber that is 
5%, 15% and 25% by the weight of fibers in the composite. 
Specimens that experience Charpy impact loads (Figure 1) 
show that with the increasing fiber content, the characteristics 
of the material are more resilient. Fractures of specimens 
subjected to tensile loading for all compositions did not show 
differences in surface characteristics of fractures, and all 
exhibited as brittle characteristics as shown in Figure 1.  
 

   
Figure 1: Specimen fracture due to charpy impact test 

 
 

 
 

Figure 2: Specimen fracture by tensile test. 
 
The Charpy impact test for specimens with 25% fiber content 
shows the characteristics of composite material specimens 
appear to be very resilient compared to other lower 
compositions. In Figure 1 with a fiber content of 25% the 
specimen did not break completely or was not separated in 
two parts after impact. This happens because cracks cannot 
propagate into the matrix, caused by the more dominant fiber 
content in the matrix thereby blocking crack propagation. In 

this composition, if all the fibers are cut off, the specimens 
will separate into two parts, thus requiring greater absorption 
of energy for crack opening. Impact surfaces fracture for 
specimens with the fiber composition up to 15% by weight all 
show brittle fracture surfaces, the crack begins at the notch on 
the surface of the specimen and propagates transversely, and 
cuts the matrix to cause a perfect fracture. The result shows 
the similarity of the phenomenon as described by Pereira et. 
al. [2] who used impact specimens from epoxy composite 
materials reinforced with jute fibers.  
 
In general, this composite material for various fibers 
compositions shows that the direction of the fiber 
arrangement is not aligned or shows the arrangement of fibers 
randomly. From the fracture surface there are also voids in the 
composite matrix. This void is partly a trace of fiber that is 
uprooted when crack opening occurs, while voids with larger 
sizes indicate the presence of air trapped during processing. 
 
Figures 3a to 3c of micrograph photo results using SEM at 
30x, 100x, and 250x magnification respectively,  This image 
shows a broken surface on one side. Figures 3d to 3f show 
broken surfaces on the other side. On Charpy impact loading 
with a composition of 15% by weight of fiber shows a more 
obvious surface fracture mechanism compared to other 
compositions. If observed with a greater magnification of 
250X, the fracture surface shows unequal conditions for both 
sides, on one side it shows a smooth surface condition and 
also shows the void, surface conditions on the other side, 
show more rough conditions. Both sides of the fracture do not 
indicate a gap between the fiber and the matrix. Because it 
shows a good adhesion between the fiber and the matrix while 
the void is formed during processing due to trapped air. 
 

 
Figure 2 : Fracture surface under impact charpy loading, specimen 
15% weight fiber, (a), 30x (b) 100x (c) 250x, on the other side (d) 

40x, (e) 100x and (f) 250x 
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Figure 3: Fracture surface under impact charpy loading, specimen 
of 25% weight fiber, (a), 30x (b) 100x (c) 300x, on the other side (d) 

100x and (3) 300x 
 

 
Figure 4: Fracture surface of the charpy impact loading, specimen 
with the composition of 25% by weight and longitudinal direction, 

(a) 30x, (b) 100x dan (c) 250x 
 

 
Figure 5: Fracture surface under tensile loading, specimen 25% 

weight fiber, both of part (a) 30x, (b) 100x and (c) 300x, other side 
(d) 30x, (e) 100x, (f) 300x 

 
To clearly see the fracture surface of a composite material 
with a 25% fiber composition can be observed in Figures 4a to 
4e, from this figure, it can be seen the fracture condition 
where the fracture surface does not show any gaps between 
the fiber and polyester matrix, this shows that most of the 
fracture area appears a good adhesive between the two 
materials. When observed from the side of the fiber on the 
fracture surface in the image it can also be seen that the fiber 
can be cut off, partially pulled so as to see the condition of the 
form of the stringy surface. When compared with 15% fiber 
composition composites which show smoother fracture 
surfaces, then composites with greater fiber content become 
more ductile. 

In the thick direction of the specimens with a composition of 
25% by weight of the fiber it is found that there is separation 
or splitting as shown in Figure 1 while the fractography can 
be seen in Figures 5a through 5c. Separation occurs because 
of the energy absorbed when the crack opening is blocked by 
fiber, then some of the energy spreads towards the 
longitudinal specimen, resulting in delamination between 
fibers and polyester which form longitudinal fractures or 
show split cracks, this shows a decrease in interface strength 
between the fiber and the matrix. The same situation was also 
reported by other researchers as reported by Pereira et. al. [2]. 
 
The surface fracture characteristics on the tensile loading 
shows a difference with the impact surface fracture impact 
characteristics. On tensile loading the fracture surface shows 
more stringy because the tip of the fiber is pulled out of the 
matrix as shown in Figure 6. In the picture can also be seen 
fracture surface also shows the fibers in the transverse 
direction of the specimen, this shows that the arrangement of 
fibers in the composite is random. If viewed from the aspect of 
loading speed, tensile testing is carried out using a pull speed 
of 2 mm/minute, with this velocity the fracture opening also 
occurs slower than the fracture opening at the impact loading. 
As is known the speed of loading the impact test is much 
faster than the speed of loading the tensile test. Testing 
conditions with slow tensile speeds can cause fibers to be 
pulled out of the matrix, and some of the matrices on the 
fracture surface are destroyed. The fracture surfaces in the 
same specimen can be seen in the transverse direction as 
Figure 7a to 7c. Consequence of the fiber being torn out and 
the matrix destroyed, the fracture surface is very rough and 
many ends of the fibers protrude out into the form of fibers. 
 

 
Figure 6: Facture surface under tensile loading. specimen 25% 

weight fiber, view on transversal direct, (a) both of part fracture 30x, 
(b) 100x, (c) 250x, other side (d) 100x, (e) 300x 

4. CONCLUSION 
In this investigation, analyzing the fracture surface behavior 
caused by loading the Charpy impact, and tensile loading of 
polyester matrix composite material with areca fiber 
reinforcement material that was physically treated. From the 
above discussion several conclusions can be drawn. 
 



Sulaiman Thalib et al.,  International Journal of Emerging Trends in Engineering Research, 8(6), June 2020, 2523 - 2528 
 

2527 
 

 

Polyester matrix composite material reinforced with areca nut 
fibers shows increasingly ductile behavior with the increasing 
fiber content, this can be demonstrated by interpreting the 
composite fracture surfaces at different compositions by 
Charpy impact testing. 
 
The fracture surface pattern that occurs due to impact loading 
and tensile loading shows different fracture patterns, on 
impact loading the fracture surface pattern shows a flatter and 
finer shape, while the fracture surface pattern on tensile 
loading shows a rough and stringy fracture surface. This is 
because of differences in speed and direction of loading. 
 
 
Specimen 25% by weight fiber, found that there is a 
separation or splitting,  Separation occurs because of the 
energy absorbed then some of the energy spreads towards the 
longitudinal specimen, resulting in delamination between 
fibers, and polyester which form longitudinal fractures or 
show split cracks, this shows a decrease in interface strength 
between the fiber and the matrix. 
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