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ABSTRACT  

This work presents the extraction of fibers from various parts of the palm tree, its chemical and physical property 
characterization through standard tests and also development of composite samples with these fibers for testing tensile 
strength on a computerised universal testing machine. The results obtained through experimentation were compared with 
few other natural fiber based composites and the values were presented. The composite developed possess appreciable 
tensile strength and shall be used in automotive industry, aerospace applications, etc. 
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1. INTRODUCTION  
 Natural fibers were obtained in nature from plants 
(roots, stems, leaves, fruits, etc). Efforts were taken from 
past few decades to use natural fibers as reinforcements in 
polymer matrix during composite preparation. These fibers 
offer the potential to act as reinforcement for low to 
medium strength applications such as automotive, marine, 
electrical, industrial, etc.[1-2]. Some of the natural fibers 
commonly used as reinforcements were henequen [3], 
sisal [4], coconut fiber [5], jute [6], bamboo [7], palm [8], 
wood [9], basalt [10], banana [11], etc.  
 It is necessary to characterise plant fiber based on 
its cellular structure in order to use as reinforcements. The 
chemical structure of natural fiber or plant fiber comprises 
of cellulose, hemicellulose, lignin, pectin and extraneous 
materials. Each cell of fiber comprises of crystalline 
cellulose regions called microfibrils interconnected by 
hemicellulose and lignin fragments. Also natural fibers 
after treating with alkali undergo chemical modification 
and holds better strength there by replacing glass fibers for 
reinforcement in polymer matrix [12]. Investigations on 
the mechanical properties of composite materials 
reinforced with several natural fibers were studied [13-14]. 
Palm trees (Borassus flabellifer) available plenty in the 
southern parts of India has fibers from root to tip [15]. 
 In this work fibers from various portions of the 
palm tree were extracted normally by retting and hand 
picking. The fibers chemical contents (Cellulose, hemi-
cellulose, lignin and moisture) were found through 
standard tests. The physical properties (fiber density and 
tensile strength) were also calculated after testing. 
Composite samples were developed with each fibers and 
tested for tensile strength. From the test results the 
composite developed with palm fibers possess appreciable 
tensile strength and shall replace synthetic fibers for 
automotive applications. 
 
 
 
 

2. MATERIALS AND METHOD  
 
a) Fiber extraction 

The fibers from various parts of the palm tree 
(leaf stalk, leaf sheath, petiole and fruit) were extracted by 
retting and mechanical processing like hand picking. The 
fibers were cleaned with fresh water and dried in natural 
sunlight to remove moisture content, thus uniform fibers 
were obtained as shown in Figure-1. 
 

 
 

Figure-1. Extracted fibers from various parts of palm tree. 
 
b) Composite preparation 
 Polyester resin along with cobalt napthanate 
(oxidizer) methyl ethyl ketone peroxide (catalyst) was 
used for preparing matrix material and extracted palm 
fibers as the reinforcing materials. The weight ratio of 
matrix (70%) and fiber (30%) were maintained. The 
method adopted for fabricating composite plates was 
normal hand lay-up process.  
 The fiber was placed inside the mould box 
(200mmx200mmx10mm) and required amount of 
polyester resin was poured over it, using hand rollers the 
air bubbles were removed. This process was continued 
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until the composite plate with required thickness was 
obtained. Same procedure was adopted to fabricate 
samples with rest fibers. 
 All the composite samples were air dried at 28 °C 
for one day. Finally the FRP composite plates were 
removed from the mould and cut as per ASTM D 638 
standard.  
 
c) Testing chemical properties  
 Cellulose, hemi-cellulose, lignin content present 
in fibers has positive effects for reinforcements and were 
determined using standard test procedures.  
 The moisture content  in fibers has negative 
effects for reinforcements and the percentage of moisture 
present per unit weight of each variety of fibers were 
evaluated by weight loss during the drying of fibers in an 
oven at 104 °C for 4 hrs. 
 
d) Testing physical properties 
 
i. Fiber density 

 Using pycnometer having tolune as density 
comparing element, the density of palm fibers was 
calculated using the relation as shown in Equation. (1). 


t )]2 - 4( )1 - 3[(

 )1 - 2(  fiber mmmm
mm     (1) 

 
Where,    fiber  is the density of palm fiber (g/cm3), 

  t  is the density of toluene (g/cm3), 

 m1 m2 m3 & m4 their respective mass (kg). 
 
ii. Tensile strength of fibers 
 Using INSTRON 5500 R-type Universal Testing 
Machine (UTM) tensile tests was conducted on fibers with 
ASTM D 3822-07 standard. The fibers with gauge lengths 
of 30 mm, 40 mm and 50 mm were examined. A constant 
crosshead speed of 0.1 mm/min was used for testing all 
fibers. The test was conducted at (ambient temperature of 
28°C and R.H. of 65%). 
 
e) Testing tensile strength of composites 
 Tensile strength is a measure of force required to 
break a specimen and the specimen elongation before 
breaking. Tensile test on all composite samples were 
performed on a computerized servo controlled UTM. The 
cut specimens were placed in the grips of the UTM, whose 
gauge length 50mm and cross head speeds 2mm/min 
respectively. The samples were then pulled apart for 
measuring strength and elongation until the specimen got 
fractured. 
 
3. RESULTS AND DISCUSSIONS 
 The composition of cellulose, hemi-cellulose, 
density and strength of fiber varies with age and the 
plantation environment. The properties of palm fibers in 
comparison with other natural fibers have been discussed 

in this chapter. Also the tensile strength of composite 
samples prepared using these fibers were discussed  
 
a) Chemical properties  
 Palm fibers show the presence of high cellulose 
content as shown in Table-1. Cellulose content is 
responsible for long fiber chain and it ranges from 28 % to 
53 % for palm fibers.  
 

Table-1. Chemical properties of palm fibers. 
 

 
 

The hemi-cellulose content of palm fibers was 
very low than other natural fibers. Hemi-cellulose causes 
disintegration of microfibrils which decrease the fiber 
strength and ranges from 12 % to 43 % for palm fibers.  
 
b) Physical properties 
 The Physical properties of palm fibers on 
comparison with few natural fibers were presented in the 
Table-2. In general palm fiber holds appreciable fiber 
density and tensile strength.  
 

Table-2. Physical properties of palm fibers. 
 

 
 
i. Fiber density 

 The investigated palm fibers was found to have 
an average density of (0.7 to 1.55 g/cm3) which is 
significantly lower than widely used synthetic fibers such 
as E-glass fiber (2.56 g/cm3) and carbon fiber (1.4–1.8 
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g/cm3) but higher than other natural fibers. Figure-2 
shows the density of these fibers and few natural fibers. 
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Figure-2. Fibers versus density. 
 
ii. Tensile strength   
 Figure-3 shows the tensile strength of palm fibers 
and few other natural fibers. The tensile value of the palm 
fibers increases with increase in gauge lengths from 30 
mm to 40 mm beyond that it decreases. 
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Figure-3. Fibers versus tensile strength. 
 
iii. Tensile strength of the composites 
 Figure-4 illustrates the plots of tensile strength in 
MPa versus specimens combinations, it can be seen that 
the palm fruit fiber reinforced polymer composites yielded 
102 MPa and holds superior values when compared with 
few natural fiber reinforced composites. 
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Figure-4. Composite specimen versus tensile strength. 

4. CONCLUSIONS 
 The high rich cellulose content and lower lignin 
content in palm fibers ensure better mechanical strength. 
The tensile values of palm fibers were significantly high 
than any other natural fibers investigated in this study and 
hence it can be used for reinforcement in polymer matrix. 
Among all the developed composite samples the palm fruit 
fiber reinforced polyester composite holds appreciable 
tensile strength. Hence it can be concluded that the palm 
fibers shall be used as reinforcements in to the polymer 
matrix for use in various automotive industries. 
 
REFERENCES 
 
[1] J. Bolton. 1995. The potential of plant fibres as crops 

for industrial use. Outlook Agric. 24: 85-89. 
 

[2] A.K. Bledzki., J. Gassan. 1999. Composite reinforced 
with cellulose base fibers. Progress in Polymer 
Science. 24: 224-74. 
 

[3] Y. Li and Y.O. Shen. 2015. The use of sisal and 
henequen fibres as reinforcements in composites. 
Composite Materials. 6: 165-210.  
 

[4] Yan Li., Hao Ma., Yiou Shen., Qian Li., Zhuoyuan 
Zheng. 2015. Effects of resin inside fiber inside fiber 
lumen on the mechanical properties of sisal fiber 
reinforced composites. Composites Science and 
Technology. 108: 32-40. 
  

[5] Pakanita Muensri., Thiranan Kunanopparat., Paul 
Menut. Suwit Siriwattanayotin. 2011. Effect of lignin 
removal on properties of coconut coir fiber / wheat 
gluten biocomposite. Composites Part A: Applied 
Science and Manufacturing. 42: 173-179.  
 

[6] P. Pradeep., J. Edwin Raja Dhas., M. Ramachandran., 
B. Stanly Jones Retnam. 2015. Mechanical 
Characterization of jute fiber over glass and carbon 
fiber reinforced polymer composites. International 
Journal of Applied Engineering Research Journal. 
10(11): 10392-10396. 
 

[7] H.P.S. Abdul Khalil., M.S. Alwani., M.N. Islam., S.S. 
Suhaily., R. Dungani., Y.M. H’ng and M. Jawaid. 
2015. The use of bamboo fibres as reinforcements in 
composites. Biofiber Reinforcements in Composite 
Materials. 16: 488-524.   
 

[8] P. Pradeep and J. Edwin Raja Dhas. 2015. Tensile and 
Flexural Characteristics of Palm/Glass Sandwiched 
Polymer Composite. Journal of Mechanical and 
Mechanics Engineering. 1(3): 1-9. 
 

[9] K. Charlet., F. Saulnier., M. Dubois., A. Béakou. 
2015. Improvement of wood polymer composite 
mechanical properties by direct fluorination. Materials 
& Design. 74: 61-66.  



                                VOL. 11, NO. 12, JUNE 2016                                                                                                                 ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2016 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
7930

[10] V. Fiore., T. Scalici., G. Di Bella., A. Valenza. 2015. 
A review on basalt fibre and its composites. 
Composites Part B: Engineering. 74: 74-94.  
 

[11] A. Alavudeen., M. Thiruchitrambalam., N. 
Venkateshwaren., N. Rajini., S. Karthikeyan. 2015. 
Mechanical properties of banana/kenaf fiber-
reinforced hybrid polyester composites: Effect of 
woven fabric and random orientation. Materials & 
Design. 66: 246-257.  
 

[12] P. Pradeep and J. Edwin Raja Dhas. 2015. 
Investigations on alkali treated natural fiber reinforced 
polymer composite by finite element analysis. Journal 
of Mechanical and Mechanics Engineering. 1: 1-13. 
 

[13] M. Ramesh., K. Palanikumar., K. Hemachandra 
Reddy. 2013. Mechanical property evaluation of 
sisal–jute–glass fiber reinforced polyester composites. 
Composites Part B: Engineering. 48: 1–9. 
 

[14] Sreekala., Jayamol George., Kumaran., M. G. Sabu 
Thomas. 2002. The mechanical performance of hybrid 
phenol-formaldehyde-based composites reinforced 
with glass and oil palm fibres. Composites Science 
and Technology. 623: 339-353. 
 

[15] P. Pradeep., J. Edwin Raja Dhas. 2015. Evaluation of 
Mechanical Property on Palm/Coir Based Polymer 
Matrix Composites. Advances in Materials Science 
and Engineering: An International Journal. 2: 9-16. 
 

[16] L. G. Caldas and L. K. Norford. 1994. Screws, motors 
and wrenches that cannot be bought in a hardware 
store. In: Robotics Research: The First International 
Symposium. M. Brady and R. Paul (Eds.). 679-693. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


