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Abstract: The effect of areca fiber percentage on mechanical properties and biodegradability of 
polypropylene composites made with the addition of banana and taro starches has been investigated. 
The composites were prepared using a hand lay-up method with the fiber percentage of 3%, 5%, 7%, 
and 9%. The highest strength, strain, and modulus of elasticity were obtained for composites made 
of 3% fiber, while the highest impact strength was obtained for the composite with 7% fiber. The 
biodegradability of the composites is moderate (0.00376%/day). The tensile strength, modulus of 
elasticity, and impact strength of the composites meet the ABS high impact standard. 
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1. Introduction
Areca nut (Areca catechu) is a palm that spread in

Sumatera, Borneo, Celebes, and Nusa Tenggara1,2). These 
plants grow naturally, even if planted they are used only 
as a farm separator. Areca nut plant does not receive much 
attention likely due to their limited use, seeds are only 
eaten with betel and mayang during traditional ceremonies. 
Eating areca nut seed is a hereditary habit in some areas 
in Indonesia as it is believed good for health and 
stamina3,4). Areca nut is a commodity that is mostly 
exported to India where West Sumatera contributes 
approximately 30% of Indonesia areca nut export.  

Areca nuts are exported while their fruit skins are 
removed as pulp. Areca nut skin contains fibers that can 
be used to replace synthetic fibers as filler in composites. 
Fiber occupies approximately 30 - 45% of the total fruit 
volume. Areca nut skin fibers are preferable because they 
are renewable, lightweight, good thermal insulator, and 
stronger than glass5).  

Intrinsic properties of fibers like strength, density, 
aspect ratio, and cellulose content determine the quality of 
the resulting composites5). Areca nut has a high tensile 
strength (231.66 MPa), low density (0.78 g/cm3), and high 
cellulose content (57.35%)6). The greater the ratio 
between length and diameter of fiber (aspect ratio), the 
better the fiber to be used as the filler. The diameter of the 
areca fiber is approximately 0.4349 mm6). 

Properties of composite not only depend on materials 
but also the interactions or bonding between fiber and 
matrix. Areca nut contains lignin that has a slippery 
surface, therefore good binding with the matrix can only 
be obtained after removing the lignin layer. Lignin can 
only be dissolved in hot alkalis7). Prior to mixing of areca 
fiber with matrix it is necessary to treat it with 5% alkali 
(e.g. NaOH) at a temperature of 70 °C 8,9). Another factor 
influencing the properties of composites is volume 
fraction of fiber10). Mechanical strength of composites 
made of areca nut fiber and epoxy matrix with different 
volume percentage has been investigated11). The highest 
average tensile strength (5.614 kg/mm2 or 40.705 MPa) 
was obtained for the composite with 3% fiber, while the 
lowest tensile strength (3.636 kg/mm2) was obtained for 
the composite with 7% fiber. The largest average strain 
(2.48%) was obtained for 3% fiber volume, while the 
lowest strain (2%) was for 7% fiber volume. The highest 
(18.2 MPa) and the lowest (14.5 MPa) average modulus 
of elasticity were obtained at 7% and 9% fiber volume, 
respectively. The binding age between fiber and matrix 
must also be considered to achieve strong bond between 
fiber and matrix12). 

In this paper we report the characteristics of 
composites made of areca nut fiber and polymer blend (a 
mixture of polypropylene with natural polymer) matrix 
that was treated with alkali (NaOH)13,14). The volume 
percentage of areca nut fiber in the polymer blend matrix 
was varied to obtain the best mechanical properties and 
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biodegradability15,16). The measured characteristics of the 
resulting composites include tensile strength, strain, 
modulus of elasticity, impact strength, and degradability. 
We found that the highest strength, strain, and modulus of 
elasticity were obtained for composites made of 3% fiber, 
while the highest impact strength was obtained for the 
composite with 7% fiber. 

2. Sample Preparation and Characterization
Experimental procedure for sample preparation and

characterization procedure follow the flowchart shown in 
Figure 1 and described in details in the following sub-
sections.  

Figure 1: Flow-chart of sample preparation and 
characterization 

2.1 Sample Preparation 
Composite samples were prepared using the blend and 

hand lay-up method. Areca nuts were dried under direct 
sunlight for 2 days. After drying, areca fibers were 
separated and then soaked in a 5% NaOH solution for 2 
hours. After soaking, areca fibers were rinsed with water 
several times to remove the remaining NaOH. The 
remaining water in areca fibers was removed by drying in 
an oven at a temperature of 140 °C for 2 hours. Dry fibers 
were then cut so that their length becomes 3.5 mm. 

Polypropylene resin was melted using a hot plate at a 
temperature of 300 °C for 30 minutes17). The mixture of 
melted resin, banana (or taro) starch and fiber was then 
homogenized by vigorous stirring. Resin mixture was 
poured into a mold whose dimension 16.5 cm x 2 cm x 0.5 
cm for tensile strength test, a mold of 5 cm x 5 cm x 0.5 
cm for biodegradation test, and a mold of 5.5 cm x 1 cm x 

1cm for Fourier-transform Infra-red (FTIR) spectroscopy, 
scanning electron microscope (SEM), and impact test. Air 
bubbles formed in the mold were removed using a spatula 
tip. The surface of the resin mixture in the mold was 
flattened by putting an iron bar on top of the mold that was 
being heated using hot plate18). The resulting Areca nut 
fiber-reinforced polymer blend composites were dried for 
5 minutes at room temperature. After drying, the resulting 
composites were removed from the molds. 

Morphology of the resulting composite surface was 
investigated using JSM-6360LA Scanning Electron 
Microscope, while bonding between matrix and filler of 
aged samples was measured using the Perkin Elmer 
Frontier FTIR spectrometer.  

2.2 Mechanical Test 
Tensile strength measurement was carried out to 

determine the strength of the material against the tensile 
force. The tensile strength can be written mathematically 
as follows:  

F
A

σ =       (1) 

where σ is the tensile strength (kg/cm2), F is the tensile 
force (N), and A is the area of the sample (cm2). 

Strain is defined as a change in the size of an object 
due to the force in equilibrium compared to the original 
size. Strain in the composite was calculated using the 
following equation:  

 
l

l
ε ∆
=        (2) 

where ε is the strain, l∆ is the change in specimen length 
(cm), and l is the initial length of sample (cm). 

Modulus of elasticity ( E ) is the ratio between stress 
(σ ) and strain ( ε ). The modulus of elasticity is defined 
as:    

E σ
ε

=  (3) 

2.3 Impact Strength 
Impact test was carried out to find out how much the 

strength of the material. Impact strength of polymer blend 
composites was tested using ASTM D256-02 standard 
with the Izod method using Electronic Impact Testing 
Machine XD-5D. The impact strength was calculated 
using the following equation:    

EI
A

=              (4) 

where I is the impact strength (J/mm2), E is the impact 
absorption energy (J), and A  is the cross-section area of 
the sample (mm2). 
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2.4 Biodegradability test 
The simplest quantitative method for testing the 

biodegradation of a polymer is to determine the mass loss 
of material19). The percentage of mass loss ( ML ) can be 
calculated using the following relation: 

100%i f

i

m m
ML

m
−

=        (5) 

where im  and fm  are the mass of the specimen before 
and after the biodegradation process (g), respectively.  

Degradability of a material can be determined from the 
rate of degraded mass at a certain time duration ( t∆ ). 
Mathematically, degradability can be calculated using the 
following equation:  

degradability ML
t

=
∆

(6) 

3. Results and Discussion

3.1 Tensile Strength 
Tensile strength of the composite samples made of 

polypropylene resin with different areca nut fiber 
percentage is shown in Figure 2. 

Figure 2: Effect of areca nut fiber percentage on tensile 
strength of the composites made of polypropylene resin, areca 

fiber and banana starch. 

The tensile strength of the polypropylene resin mixed 
with banana starch decreases non-monotonously with 
fiber percentage. It decreases up to 7% fiber percentage 
and then reincreases. The highest tensile strength of 11 
MPa is obtained for the composite with 3% fiber. The 
decrease of tensile strength is due to weak bond between 
the fibers in the composite. The bonding becomes weaker 
when the fiber volume fraction increases. Percentage of 
fiber higher than 7% leads to irregular fiber orientation so 
that tensile strength of the composites decreases20,21). 
Reincrease of tensile strength for fiber percentage above 
7% indicates that the tensile strength of composites is 
influenced by the fiber volume fraction and fiber 
orientation. The mechanical strength of the composite 
increases again when the critical fiber volume percentage 
is achieved22,23). Therefore, we may conclude that the 

critical volume fraction of the resulting composites is 
around 7%. 

Figure 3: Effect of fiber percentage on the strain of 
composites made of polypropylene resin, areca fiber and 

banana starch. 

The strain was calculated by comparing the increase of 
the sample length under the influence of external force 
with respect to its initial value. Calculated strain is 
displayed in Figure 3. The highest strain of 1.6% is 
obtained for the composite made of 3% fiber. The strain 
decreases when fiber percentage above 3%. There is no 
significant change of the strain for fiber percentage 
between 5% and 9%. Constant length increment for 
composites made of fiber with volume percentage above 
3% indicates that the bonding of functional group between 
matrix and filler is quite strong, therefore the mechanical 
properties of the composites remain constant24). 

Figure 4: Effect of fiber percentage on the modulus of 
elasticity of composites made of polypropylene resin, areca 

fiber and banana starch. 

Figure 4 shows the modulus of elasticity of the samples. 
The highest modulus of elasticity of 1187.5 MPa is 
obtained for samples with 3% fiber, while the lowest 
modulus of elasticity is 785.7 MPa that is obtained for 
sample with 7% fiber. Modulus of elasticity decreases 
with the increase of fiber content. These results show that 
the composite has the ability to influence the stress value 
where the greater the modulus of elasticity, the greater the 
stress. 
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3.2 Impact Strength 
The impact strength test was carried out to determine 

the amount of energy absorbed to break the samples. The 
impact strength of the samples is shown in Figure 5.  

Figure 5: Effect of percentage of fiber on the impact 
strength of polypropylene resin mixed with banana starch 

The composite with 7% fiber has the highest impact 
strength that is 0.0739 J/mm2, while the lowest value of 
0.0532 J/mm2 is obtained for the sample made of 5% fiber. 
The difference in impact strength for sample made of 
different fiber percentage can be explained as a result of 
several factors including non-homogeneous fiber 
distribution. Non-homogeneous distribution causes a 
lowering in the ability of the composite to absorb external 
forces. The addition of starch to this composite causes a 
better impact strength because the starch mixed in 
polypropylene resin spreads evenly. Starch distributed 
homogeneously in the composite improve the ability of 
the composite to absorb external forces. 

3.3 Effect of sample age and starch material on 

impact strength 
The age of the sample influences the impact strength 

produced. Impact strength of samples measured after 12 
days and 18 days is shown in Figure 6.  

Figure 6: Effect of fiber percentage on impact strength for 
two different sample age (12 days and 18 days) 

Samples tested after 12 days have an impact strength 
between 0.0061 J/mm2 and 0.0072 J/mm2. The impact 
strength increases significantly (i.e approximately one 
order of magnitude) when samples were measured after 
18 days. This result indicates that aging leads to 
strengthening the bonds between matrix and filler.  

Figure 7: FTIR spectrum of composites made of 
polypropylene resin, areca fiber and banana starch. 

FTIR spectrum (Figure 7) shows the existence of a 
bond between matrix and filler. Strong bond results in the 
increase of the mechanical strength of the composite, 
especially the impact strength. The polypropylene bonds 
are C-H at wave-number of 2951.63 cm-1, CH3 at 1376.28 
cm-1 and CH alkene at 997.62 cm-1 and the bond at banana 
starch is OH, C = O, C-O-C 25,26). The FTIR spectrum also 
shows the existence of new bonds namely NH at wave-
number 3744.42 cm-1, C = C at 2305.81 cm-1, C = N at 
2305.81 cm-1, C ≡C at 2167.44 cm-1 and CO at 1150.42 
cm-1. 

Figure 8: Effect of composite age and type of starch on 
impact strength of the composite 

Figure 8 shows a comparison between two composites 
with different starches, namely taro and banana starch. 
The age of the composite influences the impact strength 
of the composite made of both starches. The material of 
starch determines the impact strength of the resulting 
composite. The composites made of taro starch has a 
higher impact strength. Effect of sample age is similar for 
banana and taro starch, 18 days aging increases impact 
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strength significantly in comparison to those of samples 
aged 12 days. 

3.4 Biodegradability 
Biodegradation was determined based on the rate of 

sample mass change after burial in the soil for a specific 
time duration. The degradation process was determined 
from the mass change before and after burial. Figure 9 
shows the degradation of the samples after 30-days burial. 

Figure 9: Effect of percentage of fiber on the rate of 
degradation of polypropylene resins mixed with banana starch 

Degradation of composites increases monotonously 
within the experimental range with the increase of fiber 
percentage. The higher the fiber percentage, the faster the 
degradation process occurs. The Fastening of the 
degradation process is due to the fact that areca fiber is 
more favorable to microbes compared to the polymer. 
Banana starch mixed with polypropylene resin also 
favorable to microbes, therefore causes faster degradation 
process. Another very influential factor on degradation is 
the moisture and the number of decomposing microbes in 
the soil27,28).  

3.5 Sample Morphology 
SEM image shows that there are many voids or 

cavities in the sample. The voids affect the mechanical 
properties of materials as it inhibit the formation of bonds 
between matrix and polymer29). The mechanical 
properties of composites decreased with the increasing 
number of voids30). Figure 10 shows the SEM image of 
the composite sample. 

The hand lay-up method has the advantage that the 
strength and thickness of the composite can be controlled 
by increasing the thickness of the fibers and resins. This 
method is very simple, but often causes the formation of 
voids in the composites31,32). Voids reduce density and 
therefore the mechanical strength of the resulting 
composites. 

Figure 10: SEM image of composites made of polypropylene 
resin, areca fiber and banana starch. 

4. Conclusions
Percentage of fiber affects the mechanical properties

and biodegradability of the fiber-reinforced polymer 
composite. The highest tensile strength, modulus of 
elasticity, and strain are obtained for samples with 3% 
fiber, while the highest impact strength is obtained for 
samples with 7% fiber. The strain value almost meets the 
requirement of ABS (Acrylonitrile Butadiene Styrene) 
high impact standard for car dashboards which is 2%. The 
modulus of elasticity at the percentage of fiber 3% and 9% 
meet the ABS high impact standard for car dashboards 
that is 1000-2500 MPa. The impact strength also satisfies 
the ABS high impact standard for car dashboards that is 
13.48 kJ/m2. The age of the sample affects the composite 
impact strength. The Impact strength of samples aged 18 
days is ten times higher than those aged 12 days. FTIR 
spectrum indicates the formation of new bonds namely N-
H, C = C, C≡C, C-N, and C-O. The degradation rate of the 
composites is 0.00376%/day and increases with fiber 
percentage. SEM image indicates the presence of voids or 
cavities in the composite. The voids affect the mechanical 
properties of composites. The optimum percentage of 
fiber cannot be obtained because the required strengths 
occur at different fiber percentage. The critical volume 
fraction value was at a percentage of 7%.  
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