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Abstract 
Natural fibers have become essential elements to produce composites, which 
have the renewability, sustainability, low cost and less health hazardous. Nat-
ural wastes improved the physical and mechanical properties of polyest-
er-based composites. Reinforced polyester composites with natural fibers are 
spread widely in recent decades as an alternative to synthetics. This paper 
deals with effectiveness of palm fronds when they were added to a polyester. 
Percentage of palm fibers with respect to polyester is considered through present 
work. A Pin-on-disc tribometer has been used in experimental work under ex-
ternal forces, and the correlations of coefficient of friction have been used to 
make analysis of the experimental results. Ibertest universal testing machine was 
used to measure the tensile strength at a crosshead speed of 8 mm/min. The ex-
perimental analysis shows the improvement of properties of the used reinforced 
polyester, where, the results show that the highest values of coefficient of fric-
tion are 1.16667 for 5 N load and the lowest value is 0.55 for 9 N load. And the 
change for load 11 N is not significant. And also, 7.01 MPa is the highest value 
for tensile strength with the lowest value of modulus of rigidity 5.84 when the 
palm frond content is 3% and the lowest value of tensile test is 4.81 MPa with 
the highest value of modulus of rigidity 11.9 when 21% content. 
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1. Introduction 

It is a good alternative to the usage of glass fibre as a reinforcement in polyester 
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composites which cause bad health effects. It is utilizing as an alternative to oth-
er fibre composites. So, it has wide application in new industries which use local 
crops, wastes. This will make a significant reduction in plastics demand and 
others.  

In the last few decades, interest of researchers deals with the replacement of 
advanced renewable materials with non-renewable and petroleum-based prod-
ucts [1]. Generally, composite materials possess combination of properties such 
as stiffness, strength, corrosion resistance, hardness and conductivity which are 
not possible with the individual component [2]. Light in weight is a huge advan-
tage of natural materials [3]. Low cost, density, sustainable and unlimited availa-
bility are other advantages of natural fibers [4]. In recent decades, scientists con-
sider natural fibers which can be used as a potential reinforcement inside poly-
mer composites instead of synthetic fibers [5].  

From 1868, the use of natural reinforced polymer composites was a start to 
fabricate aircraft seats. Through the period 1941 to 1946, it is used to fabricate 
other aircraft and ship elements as bearings [6]. The composite’s properties are 
affected with distribution, concentration, and orientation of fibers, size, shape 
and properties of the individual components [1] [5]. Palm fibers are used as 
composites reinforcement to get excellent properties at a very low cost [7]. 
Cellulose content of natural fibers makes the mechanical properties are strong 
and this provides fibers cell walls with high strength and stability [8] [9]. Ishak 
studies the effect of content of fiber weight fractions on mechanical properties of 
palm fiber composites [10]. In present work, mechanical properties as coefficient 
of friction, tensile strength and modulus of elasticity were studied, and, the re-
sults showed that properties are increased when fiber percentage is increased.  

2. Experimental Work 

1) Materials 
Frond fiber has the highest cellulose content which is followed by bunch fiber, 

then ijuk fiber and finally by trunk fiber, whereby these show a good agreement 
with their tensile strength [11]. Figure 1 illustrates the main content of palm fi-
ber. 

To remove dust and sand contents, palm fibers are immersed in water for 5 
days. To remove the water inside fiber, palm fibers are taken out and kept in a 
hot air oven for 60 min at 150˚C [12]. Mechanical retting machine was used to 
extract the fibers to get separated fibers. Figure 2 represents the palm frond fi-
bers.  
 

 
Figure 1. Main palm fiber content. 
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Figure 2. Palm frond fibers. 

 
2) Preparation of Specimens  
Next procedures were taken into consideration to prepare the used specimen. 

Composites were manufactured by compression molding machine (press capac-
ity 30 T and 300˚C). A steel mold of 400 mm × 400 mm × 15 mm was used to 
fabricate the composites. The volume fraction starts from 0% to 30% of chopped 
palm fibre, where this was mixed with polyester with 3% jumping. Composite 
mixer was poured inside the die cavity which is closed by hydraulic compression 
with 3 tons force to get a uniform thickness and to eliminate any porosity. Mold 
was kept under pressure for 6 hours at room temperature (23˚C). Lastly, speci-
mens were cut to suitable sizes. Finally, specimens were cut into 100 mm long, 
30 mm width and thickness of 5 mm. 

3) Devices 
 A pin-on-disc type friction and wear monitoring tribometer (POD) was used 

to get the coefficient of friction. Under constant conditions, tribometer runs 
at constant speeds (2000 rpm) and applied normal forces. For tangential 
force, a load cell is used to measure it. The counterface is a hardened alloy 
steel disc (EN-31) with surface roughness of 1.6 µm and 60 - 70 HRC [13]. 
Four weights (about 0.5, 0.7, 0.9 and 1.2 Kg) are used as external forces (5, 7, 
9 and 12 N). Figure 3 represents pin-on-disc tribometer.  

 Ibertest universal test machine (with capacity up to 1200kN) is used through 
this work to measure the tensile strength when applying a constant force and 
various percentage of palm fiber in the composite. Tests were operated at a 
crosshead speed of 8 mm/min. Figure 4 represents the used machine.  

4) Experiment procedures  
 For coefficient of friction: coefficient of friction “μ” depends on materials 

nature, surface roughness, sliding speed and pressure of contact [14]. The 
coefficient of friction was tested in this work according to changes in palm 
frond percent. 30 specimens were used. While disc was rotated, Pin (speci-
men) was held and the lever mechanism is used for the applied load [13]. 
When a normal force was applied on a held specimen over a rotating abrasive 
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counterface, a tangential force will be generated at the contact area. This 
force depends on the friction coefficient and it is monitored on a digital 
screen. Any experiment with any specimen takes 4 minutes under the used 
force. Figure 5 illustrates a sketch of pin on the abrasive disc, disc size, wear 
track due to generated frictions between pin and disc, and directions of nor-
mal force (Fn) and tangential force (Ft).  

 For tensile test: a tensile strength will be generated with an external force, 
and it depends on force and cross-section area of the specimen, and modulus 
of rigidity can be calculated from stress-strain curve slope. For specimen 
ends, aluminum tabs were glued. The tensile specimen was mounted with the 
universal machine jaws. The jaws were tightening evenly and firmly to pre-
vent specimen slippage during the test. The operating machine program was 
adjusted to carry out the test with a cross head speed of 8 mm/min. Figure 6 
illustrates the tensile test. 

5) Calculations  
 For coefficient of friction: normal force (Fn) which depends upon the mass 

(m) [Fn = m * gravity acceleration], and friction coefficient (μ) which depends 
upon friction force (Ft) and Fn [μ = Ft/Fn] were calculated. Figure 5 illustrates 
normal force and the generated friction force. 

 For tensile test and modulus of rigidity: the results of tensile strength and 
modulus of rigidity will be taken from the universal test machine directly. 

 

 
Figure 3. Pin on disc tribometer. 

 

 
Figure 4. Universal test machine. 
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Figure 5. Sketch of pin on disc. 

 

 
Figure 6. Tension test. 

3. Results and Discussion 

1) For coefficient of friction  
Next figures have horizontal axes which represent the percentage of palm 

fronds and vertical axes which represent the friction coefficient. The figures illu-
strate the decreasing of coefficient of friction as increasing of load. The friction 
coefficient of reinforced polyester composites with palm fronds has been ex-
amined and it was found that, additional palm fronds enhanced the behavior of 
the composites. To study the correlation between the friction coefficient and 
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percent content of palm fronds, a 2-D chart was drawn between the values of 
each, and then the correlation coefficient was calculated by Excel. The next fig-
ures show that the increasing of volume fraction of palm fronds leads to de-
creasing of friction coefficient, this is can be explained by the abrasive nature of 
palm fronds which increases the friction force. So, the value of friction force will 
be closed to the value of normal force, and this causes a small value of friction 
coefficient according to its relation. 

For 5 N load: Figure 7 shows positive correlation between friction coefficient 
and palm fronds percentage (R2 = 0.8402). The figure illustrates the decreasing 
of friction coefficient due to the increasing of palm fronds. 

For 7 N load: Figure 8 shows positive correlation between friction coefficient 
and palm fronds percentage (R2 = 0.6107). The figure illustrates the decreasing 
in friction coefficient is less than the 5 N case. This is due to the increasing of 
palm fronds percentage inside the composites, so the friction force will be in-
creased. According to friction coefficient relation, the value of μ will be more 
decreased more than 5 N case.  

For 9 N load: Figure 9 shows positive correlation between friction coefficient 
and palm fronds percentage (R2 = 0.5627). The figure illustrates the decreasing 
in friction coefficient is less than the 5 and 7 N cases. This is due to the more in-
creasing of palm fronds percentage inside the composites, so the friction force 
will be increased more than 5 and 7 N cases. According to friction coefficient re-
lation, the value of μ will be more decreased than 5 and 7 N cases. 

For 11 N load: Figure 10 shows positive correlation between friction coeffi-
cient and palm fronds percentage (R2 = 0.4995). The figure illustrates the de-
creasing in friction coefficient is not significant. This can be interpreted as a re-
sult of the high value of friction force which will be closer to the value of normal 
force. So, the value of μ in friction coefficient relation will be near to 1. 
 

  
Figure 7. Friction coefficient/content % for 5 N load. 
 

  
Figure 8. Friction coefficient/content % for 7 N load. 
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2) For tensile strength  
Figure 11 has a horizontal axis which represents the percentage of palm 

fronds and a vertical axis which represents the tensile strength. To study the 
correlation between the tensile strength and percent content of palm fronds, a 
2-D chart was drawn between the values of each, and then the correlation coeffi-
cient was calculated by Excel. The next figure shows that the increasing of vo-
lume fraction of palm fronds leads to decreasing of tensile strength, this is can be 
explained by the abrasive nature of palm fronds which increases the weakness of 
bonding between its particles, so, the usage of these types of composites requires 
medium applications with medium properties. The figure shows positive corre-
lation between tensile strength and palm fronds percentage (R2 = 0.962). 

3) For modulus of rigidity 
Figure 12 has a horizontal axis which represents the percentage of palm fronds 

and a vertical axis which represents the modulus of rigidity. To study the corre-
lation between the modulus of rigidity and percent content of palm fronds, a 
2-D chart was drawn between the values of each, and then the correlation coeffi-
cient was calculated by Excel.  
 

  
Figure 9. Friction coefficient/content % for 9 N load. 
 

  
Figure 10. Friction coefficient/content % for 11 N load. 
 

   
Figure 11. Tensile strength/content %. 
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Figure 12. Modulus of rigidity/content %. 
 

The next figure shows that the increasing of volume fraction of palm fronds 
leads to increasing of modulus of rigidity; this gives an advantage for these types 
of composite at loading. The figure shows positive correlation between modulus 
of rigidity and palm fronds percentage (R2 = 0.9257). 

4. Conclusion and Recommendations 

This paper represents an experimental investigation of the effect of palm fronds 
reinforced on composite. Based on the experiments and analysis, next results are 
extracted: 
 Increasing of fraction of volume of palm fronds decreasing friction coeffi-

cient because of the abrasive nature of palm fronds which increases the fric-
tion force. So, the value of friction force will be closed to the value of normal 
force, and this decreases the friction coefficient value. 

 Increasing of loads is a significant effect where causes decreasing of a coeffi-
cient correlation, and increasing of friction force to be very close to normal 
force, and this decreases the friction coefficient value. 

 For 5 N load, the correlation (R) = 0.9166. And the friction coefficient is de-
creased due to the increasing of palm fronds. 

 For 7 N load, the correlation (R) = 0.7815, this is lesser than 5 N case. And, 
the decreasing of friction coefficient is lesser than the 5 N case.  

 For 9 N load, the correlation (R) = 0.7501, this value is lesser than 5 and 7 N 
cases. And, the decreasing of friction coefficient is lesser than the 5 N and 7 
N cases.  

 For 11 N load, the correlation (R) = 0.7068, this value is lesser case in this 
work. Little decreasing of friction coefficient due to the increasing of palm 
fronds. But, the decreasing in friction coefficient has not a significant value. 

 Increasing of fraction of volume of palm fronds decreasing tensile strength 
because of the abrasive nature of palm fronds which make the bonding be-
tween particles is poor. And, the correlation (R) = 0.9808.  

 Increasing of fraction of volume of palm fronds increasing modulus of rigid-
ity. And, the correlation (R) = 0.9621.  
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The recommendation of the work can be summarized in the nature of apply-
ing these results, where these polyester composites can be used when abrasive 
surfaces are important and in medium tensile strength applications as in some 
machine elements.  
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Appendix A 

Table A1 illustrates friction coefficient values versus palm fronds content %. 
 
Table A1. Friction coefficient values versus palm frond contents %. 

friction coefficient/content % 

Contents % 5 N Contents % 7 N contents % 9 N contents % 11 N 

0 1.16667 0 0.78333 0 0.73889 0 0.80556 

3 1.13333 3 0.75833 3 0.68333 3 0.75556 

6 1.13333 6 0.75 6 0.67222 6 0.75 

9 1.13333 9 0.61667 9 0.65556 9 0.72222 

12 1.08333 12 0.58333 12 0.55 12 0.66667 

15 1.11667 15 0.65 15 0.51111 15 0.68333 

18 1.13333 18 0.68333 18 0.57222 18 0.72778 

21 0.75 21 0.7 21 0.62778 21 0.71111 

24 0.66667 24 0.55 24 0.68333 24 0.75 

27 0.65 27 0.51667 27 0.57222 27 0.62778 

30 0.66667 30 0.58333 30 0.65 30 0.68333 

Appendix B 

Table B1 illustrates tensile strength and modulus of rigidity values versus palm 
fronds content %. 
 
Table B1. Tensile strength and modulus of rigidity values versus palm frond contents %. 

Contents % Tensile Strength (Mpa) Modulus of Rigidity (Mpa) 

3 7.01 5.84 

6 6.4 6.98 

9 5.6 7.21 

12 5.43 8.67 

15 5.22 9.34 

18 5.1 10.52 

21 4.81 11.9 
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