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ABSTRACT 

  

Natural fibers like palm fibers provides new hope for researchers to compete with hazardous synthetic 

fibers with its excellent chemical and physical properties This work investigates the extraction of various 

fibers that are available from various portions of the palm tree and to characterize its chemical and 

physical properties. Also the results were compared with other natural fibers.  
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1.INTRODUCTION 
 

Natural fibers were obtained by nature from plants (stems, leaves, roots, fruits and seeds, 

etc).Efforts has been taken to use natural fibers as reinforcements in polymer composites from 

very olden days. [1-4].These fibers offer the potential to act as reinforcement for low to medium 

strength applications such as automotive, sporting goods, marine, electrical, industrial, etc. Over 

the past few decades, natural fibers received much attention from the research community. 

Natural fibers are replacing glass fibers for fabricating composite materials [5-7]. Investigations 

on the mechanical properties of composite materials reinforced with several natural fibers were 

studied. These studies include palm, kenaf, jute, hemp, flax, bamboo, etc [8-14]. Palm fiber is a 

natural fiber obtained from various portions of Palm tree (Borassus flabellifer), which is found in 

abundance in the southern parts of India. Characterization of plant fiber can be done based on its 

cellular structure. 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 (microfibrils) which are interconnected via hemicellulose and lignin fragments. 

[15-17].  

 

In this paper we report the measured properties of fibers chosen from various parts of the palm 

tree and the compared results with other natural fibers.  
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2.MATERIALS ANDZ METHOD 
 

2.1 Fiber extraction 

 
The palm fibers were available plenty from Kanyakumari District, Tamil Nadu, INDIA fibers 

from various parts of the palm tree were extracted by either by retting in water and/or by 

mechanical processing or hand picking. The fibers were cleaned with water after soaking for two 

weeks. The fibers were further dried in natural sunlight to remove moisture content and long 

uniform fibers were obtained (Fig. 1). 

 

  

Palm leaf stalk fiber Palm fruit fiber 

  

Palm leaf sheath fiber Palm petiole fiber 

Figure 1. Extracted fibers from various portions of palm tree 

 

 

2.2. Testing Chemical properties  

Cellulose, hemi-cellulose, lignin affect the different properties of fibers while reinforcing. Also 

the rest moisture content in fibers have negative effects for reinforcement. To determine the 

moisture content the sample was dried in an oven at 104◦C for 4 hrs and weighed in an electronic 

weighing machine The percentage of moisture present per unit weight of each variety of fiber is 

evaluated. 
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2.3. Testing Physical properties 

2.3.1. Fiber density 

Using pycnometer having to line as density comparing element, the density of palm fibers was 

calculated using the relation: 

 ρfiber= (m2 – m1) / [(m3 – m1) (m4 – m2)] ρt     -------------------------------------Equ. 1 

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

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

 m1 is the mass of various elements used (kg). 

2.3.2. Tensile strength of fibers 

 
The tensile test was conducted using INSTRON 5500Rtype UTM as per the ASTM D 3822-07 

standard for all fibers. The fibers with gauge lengths of 20 mm, 30 mm, 40 mm and 50 mm were 

tested. A constant crosshead speed of 0.1 mm/min was used for the testing. The test was con-

ducted at (ambient temperature of 28°C and R.H. of 65%).  

 

3.RESULTS AND DISCUSSION 
 

The composition of cellulose, hemi-cellulose, density and strength of fiber varies with aging and 

the plantation environment. The properties of palm fiber in comparison with other natural fibers 

have been discussed in this chapter. 

 

3.1. Chemical properties  
 

Chemical analysis of palm fiber shows high cellulose content as seen from Table 1. The hemi-

cellulose content is quite low when compared with other natural fibers. Cellulose content is 

responsible for long fiber chain that ranges (28-53) % for palm fibers.  Hemi-cellulose leads to 

disintegration of cellulose microfibrils that decrease the fiber strength that ranges (12–43) % for 

palm.  
Table 1 Chemical properties of natural fibers in comparison with palm fibers 

 

Fiber 

Chemical properties 

Cellulose 

(%) 

Hemi cellulose 

(%) 

Lignin 

(%) 

Wax 

(%) 

Palm leaf stalk 40–52 42–43 - - 

Palm leaf sheath 28 25 45 - 

Palm petiole 30 14 28 - 

Palm fruit 53 12 21 0.8 

Coir 32–43 0.15–0.25 40–45 - 

Pineapple leaf 70–83 - 5–12.7 - 
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3.3. Physical properties 

 
The Physical properties of natural fibers in comparison with palm fibers were presented in the 

Table 2. 

Table 2 Physical properties of natural fibers in comparison with palm fibers 

Fiber 

Physical properties 

Density 

(g/cm3) 

Elongation 

(%) 

Tensile 

strength 

(MPa) 

Young’s 

modulus 

(GPa) 

Palm leaf stalk 1-1.2 2-4.50 97-196 

2.50-

5.40 

Palm leaf sheath 1.20-1.30 2.84 220 4.8 

Palm petiole 0.7-1.55 25 248 3.24 

Palm fruit 1.09 28 423 6.-8. 

Coir 1.15-1.2 30 175 4.-6. 

Pineapple leaf 0.80-1.60 14.5 144 400-627 
 

 

3.3.1. Fiber density.  
 

The investigated palm fibers  was found to have an average density of (0.7 – 1.55 g/cm3) which is 

significantly lower than widely used synthetic fibers such as E-glass fiber (2.56 g/cm
3
) and 

carbon fiber(1.4–1.8 g/cm3). Figure 3 shows the density of few natural fibers. 
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Figure 3 shows the density of palm fibers in comparison with other natural fibers. 
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3.3.2. Tensile strength   

 

Figure 4 shows the tensile strength of palm fibers and few natural fibers. The tensile behavior of 

the palm fibers increases with increase in gauge lengths from 10 mm to 40 mm. As the gauge 

length increases the deviation from the mean value for various samples increases, which was 

expected for any natural fiber characterization. The variation in Young’s modulus was rather high 

which is due to artifacts. 
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Figure 4 shows the Tensile strength of palm fibers and other natural fibers. 

 

4.CONCLUSION 

 
The characterization of palm fibers provides new hope for natural fiber research to compete with 

hazardous synthetic fiber with its excellent properties. The density of palm fibers is significantly 

lower than that of the popular glass fiber, carbon fiber, etc. and also gives 20% better specific 

strength. The tensile strength and Young’s modulus was significantly higher than any other 

natural fibers ever investigated. The high cellulose content and lower lignin content ensure better 

mechanical strength. Thus this characterization results firmly confirms the possibility of using 

this fiber for the manufacture of sustainable fiber reinforced polymer composite. 
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