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ABSTRACT  

Coconut leaf sheath fiber is a kind of natural fiber obtained from the coconut palm 

tree (Cocos nucifera). The extracted fiber was examined for its Fiber Richness, Fiber Yield, 

physical properties, Chemical properties, Physico- mechanical, Tensile Strength. The fiber 

microstructure and functional elements were recorded using Scanning Electron Microscope 

and IR spectroscopy. Thermal properties and crystallinity index were analyzed using 

Differential Scanning Calorimerty and X- ray differaction.  
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1. INTRODUCTION 

India has a rich biodiversity. Although hundreds of plants are known to yield fibers, 

only a handful of them are commercially exploited. Many plant fibers are being used by 

natives, which are unknown in global market. Plant fibers have a variety of applications from 

textile and paper industries to smart fabrics and as light weight automobile panel parts. 

Therefore finding novel sources of fibers and new applications of already known fibers has 

become the need of the day. Natural fibers are greatly elongated substances produced by 

plants. All plant species are built up of cells. When a cell is very long in relation to its width, 

it is called fiber. Natural fibers have been used in structural applications. Nature is blessed 

with an ample availability of different kinds of fibers such as Jute, Coir, Sisal, Pineapple, 

Ramie, Bamboo, Banana etc. The development of fiber composites serves the dual strategy of 

prevention of depletion of forests resources by reducing or replacing the need of wood stems 

with polymer composites or polymer based composites and getting good economic returns 

thus promoting more cultivation and development of natural fibers. Therefore an attempt was 

made here to extract and characterize fibers from coconut leaf sheath. Natural fiber products 

possess high quality and durability. These products have the potential for promoting income 

generating cottage industries. Coconut leaf sheath and their fiber reinforced epoxy 

composites are evaluated for the possibility using of it as a new material in engineering 

applications. So a study has been carried out to investigate the anatomical characters and 
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evaluate the physical, chemical and mechanical properties of coconut leaf sheath (Cocos 

nucifera, L) selected for the study. 

 

2. MATERIALS AND METHODS 

 The Coconut Leaf Sheath were used for the extraction of fibers and to study their 

physical chemical and mechanical properties. The hand sections of plant material was taken 

and stained with saffranin for 2 minutes and mounted on glass slides with glycerin to identify 

the fiber bundle with the help of microscope and micrographs were taken(Sathyanarayana et 

al.,2012). In this fiber richness process to calculate the Area of the fiber bundles and Area of 

the cross section( Brindha et al., 2013). The extracted fiber was macerated to study their 

ultimate cell features (Jeffery,1940) . Using the ultimate cell features to calculate the 

Slenderness ratio, Runkel ratio, Flexibility ratio(Tamalong et al.,1957) .The plant materials  

were taken and cut into equal pieces. It was immersed in a container containing 2 liters of tap 

water and allowed to retting process for 15 days and cleaned to extract the fibres. It was 

allowed to dry and the dry weight was taken. The dried fibre was scrapped off to remove the 

outer portions and green tissues, so as to extract the fibre(Sharma, 1996). In physical 

properties, the length of the fibre was measured using a ammeter scale, 10 samples were 

selected and observed. The diameter of the fibre was calculated using the ocular meter. 

Moisture regain process to calculate the weight of the specimen before drying and weight of 

the specimen after oven dried. In biochemical analysis, estimation of cellulose, Hemicellulose 

and Lignin content was noted. The thickness swelling is calculated from the difference in 

specimen thickness before and after soaking in water for 24 h. It was assessed using a digital 

caliper with a precision of 0.01 mm. The samples before and after accelerated aging were 

soaked in water for 2 h and 24h. The fiber was cut to 10 cm of length, then soaked in a 5% 

alkali solution (aqueous NaOH) at room temperature and tested for their weight change. 

Mechanical properties of the fibers in terms of the breaking tenacity, percentage of elongation 

and young’s modules were determined using as INSTRON Tensile Tester methods mean 

value of 5 fibers for each sample tested for their tensile properties. The fiber sample were cut 

into very fine pieces (less than 1mm) with scissors for FTIR analysis. FTIR Instrument to 

observe the chemical constituents based on their wave numbers. The X-ray Diffraction 

method to measure the cryatallinity index of the cellulose crystals in a fiber to its axis. 

Crystallite size of the fiber sample was measured using Scherer formula. The morphological 

features of the fibers could be observed using Scanning Electron Microscopy(SEM). It was 
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used to study the surface of fiber. Differential Scanning Calorimetry (DSC) thermal analysis 

of the sample were carried out by using NETZSCH to measure the degree of crystallinity. 

 

3. RESULTS AND DISCUSSION 

Coconut leaf sheath was studied for the fiber richness anatomically and the extracted 

fibers characterized for their yield, physical, chemical and mechanical properties were given 

in Table.1 Coconut leaf sheath fiber richness was 4.70%. Fiber was extracted and the yield 

was 3.284g.The length of the coconut leaf sheath used for extraction of fiber was 18cm. The 

diameter of fiber ranged from 2-3µm. The fiber source has a density of 0.35 g/cm
3.  

The linear 

density was observed as 4.897 (den) The values are lower than the value of E-glass materials. 

Therefore this fiber will be an excellent material for light weight composites The leaf sheath 

moisture regain was 13.33% of coconut leaf sheath shows that it has the potential to be used 

in textile and paper making industry. Extracted fibers from coconut leaf sheath were observed 

under the microscope to measurements like Slenderness ratio, the value was 12.76, Flexibility 

ratio the fiber value was 67.64 and Runkel ratio was higher (1.91) The morphological index 

of the fiber signifies the suitability for making good quality paper pulp in addition to produce 

grease proof paper (Goswami et al., 2008). The Chemical studies of cellulose in fiber bundles 

revealed their ligno cellulosic nature. The cellulose content (9%), hemicelluloses (5%) and 

lignin content (79%). Coconut leaf sheath had the tensile strain at break as 0.82%, stress at 

break was 0.12Mpa, Tenacity at break was 31.42(gf/den). Time at break was 0.70% and the 

young’s modulus was 3552.86(gf/den) suggests that the fiber can be used in paper and other 

related industries. The fiber Thickness swelling was 25%. The Water absorption was 13.33% 

and Weight loss was observed by 18%. The FTIR analysis revealed the uniqueness of 

coconut leaf sheath extracted fiber by absence of NO2 bonds. In the XRD analysis, the 

crystallinity index was 74.78%, which reveals a very small crystal size. DSC result of 31.19% 

shows that using natural fiber blends, we can achieve the optimal, physical and mechanical 

properties for particular applications because of both environmental and economical benefits.  
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TABLE: 1 Physical, Chemical, Mechanical and Physico-Mechanical properties of 

Coconut Leaf Sheath. 

S.NO PROPERTIES VALUE 

1 Fiber richness (%) 4.70 

2 Fiber Yield (%) 3.284 

 CHEMICAL PROPERTIES  

3 Cellulose 9 

4 Hemicellulose 5 

5 Lignin 79 

 PHYSICAL PROPERTIES  

6 Moisture (%) 13.33 

7 Fiber density (g/cm
3
) 0.35 

8 Fiber linear density (den) 4.897 

 DERIVED VALUES  

9 Slenderness ratio 12.76 

10 Runkel ratio 1.91 

11 Flexibility ratio 67.64 

 MECHANICAL PROPERTIES  

12 Strain (%) 0.82 

13 Stress (Mpa) 0.12 

14 Tenacity at break (gf/den) 0.70 

15  Young’s Modulus (gf/den) 3552.86 

 PHYSICO-MECHANICAL PROPERTIES  

16 Thickness Swelling (%) 25 

17 Water Absorption(%) 13.33 

18 Weight Loss(%) 18 
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FIGURE: 
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