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EXECUTIVE SUMMARY  

 

The present research successfully explored the possibilities of utilizing coconut 

coir as a source material for synthesis of composites having potential of 

engineering applications. The studies undertaken in the project demonstrated 

fabrication of novel composites using coir fibres and polymeric waste materials; 

the project work also showed possibilities of synthesis of SiC based ceramic 

composites using bio-precursors made of coconut coir. 

 

Modification of surface of coir fiber was necessary for assuring proper contact 

with the bonding materials including matrix materials used for novel composite 

synthesis. Native coir fibers were treated with different chemical for surface 

modification. The surfaces of the treated and untreated fibers were examined under 

electron microscopy. Microstructures of the untreated fibers clearly indicated 

filling up of the intercellular spaces by binder lignin and fatty material holding 

firmly the unit cells of the fibers. Microstructure examination of the HCL ï treated 

fibers revealed presence of surface cracks and/or pits likely because of partial 

removal of wax and fatty materials by the acid treatment. A large number of holes 

or pits were visible on the surface of NaOH-treated fibers because of dissolution of 

substances like tyloses, globular fatty deposits, etc. Nearly similar observations 

were made in the surfaces of the fibers treated with other chemicals such as 

alcohol benzene and acetic acid. The treatment conditions were so chosen that they 

could ensure minimum surface damage.  

 

Synthesis of novel composites was carried out using coir fibers. Polyethylene bags 

(PE) of lower density ~ a domestic and industrial waste considered detrimental to 

environment ~ were used as the filler or matrix materials. Processing parameters 

were evaluated. Content of the PE varied from 25 to 60 % w/w. The novel 

composites, so developed, showed variations of moisture content, density and 

MOR in the ranges of 3.0 to 4.8%, 0.70 to 0.78 g cm
-3 

and 140 to 175 kg cm
-2 

respectively. The best properties were achieved at 50 % w/w PE addition. 

Synthesis of the novel composites was also made by using low density 

polyethylene (LDPE) powder and chemically treated coir fibers for surface 

modification. The processing parameters were experimentally evaluated. A 

variation of density from 0.83 to 0.96 g cm
-3 

was obtained depending on the type 

of chemical treatment, which was more than the density of waste PE-coir fiber bio-

composite. The maximum tensile strength (7.28 N/mm
2
) was obtained in case of 

novel composite made from the NaOH-treated fibers, while the strain-at-failure 



 

was minimum (3.83%) for the composites made of HCl-treated fibers. The 

compressive strength of the novel composites also showed improvement by the 

surface modification of the coir fibers. Compressive strength, measured parallel to 

the plane of the composite board, varied from 10.2 to 12.8 MPa for the samples 

made from the fibers treated with HCl, NaOH and alcohol-benzene (1:1) treated 

mixture. The novel composite made with untreated fibers, when tested under 

identical conditions, exhibited a minimum compressive strength of 10 MPa. When 

compressive was done along the direction perpendicular to the plane of the 

composite board, the compressibility varied from 39 to 43 mm for the samples 

made with the treated fibers. The value for the sample made with untreated fiber 

being 39 mm only. Reinforcement of inorganic powder was also done with an aim 

to achieve further improvement of properties. Ceramic powder like SiC powders 

were added as reinforcement to the PE powder-coir fiber novel composites and the 

processing parameters were evaluated. The variations of density and strength for 

these samples were from 9.6 to 9.7 g cm
-3 

and 6.4 to 7.1 N/mm
2 
respectively. The 

addition of SiC powder reinforcement, thus, was not found to have significant 

effects on the properties of the novel composites. 

 

The concept of using waste polyethylene materials for manufacture of novel 

composites is unique in a sense that it gives the way of mitigating the hazards of 

the materials to the environment. The processing was found to be eco-friendly as 

natural rosin and cellulose acetate are natural binders which are also 

environmentally safe. The properties of the novel composites, when compared to 

those of the similar materials made from different PE powder-coir fiber based 

compositions, exhibited suitability of their applications as engineering and 

structural materials. 
 

The present project work also demonstrated synthesis of novel SiC based ceramic 

composite materials from coir fibres ~ an agricultural waste materials with 

immense economic potential in a country like India. The SiC based ceramic 

composites were synthesized following a three-step processing route. In the first 

step, coir fibres were suitably processed to synthesize a bulk preform that acted as 

the precursors (bio-precursors) to SiC ceramics. Bio-precursors were made in the 

form of rectangular boards (coir fibreboards) by mixing chopped fibres of coconut 

coirs with a suitable organic binder followed by pressing. In the next step 

following a pyrolytic method the coir fibreboard bio-precursors were converted to 

bulk carbon bodies (carbon templates) that acted as the intermediates for 

formation of ceramics. In the third and final stage, the carbon templates were 

silicided to produce SiC based ceramics, by a method called liquid silicon 

infiltration processing (LSIP).  

 



 

The raw fibres were selected from a local source (Jhorat, Assam). Physical 

verification, determination of chemical composition, microstructure examination 

(using electron microscopy), thermo-analytical tests (DTA/TG), etc., were done 

for characterization of the fibres. The fibres were composed of three major bio-

polymers ~ around 37wt % cellulose, 18wt % hemi-cellulose and 42 wt% lignin. 

Microstructure examination revealed hollow structure of the fibres with individual 

filament diameter varying between 100 and 450 mm and cell diameter and the strut 

being from 2.3 to 11.8 and 1.8 to 1.5 mm, respectively. The coir fibreboard bio-

precursors were characterized by measurement of linear dimensions, weight, bulk 

density and examination of microstructure. The coir fibreboard samples exhibited 

moderate to high scatters of linear dimensions ~ length of 129.7±10.7 mm, width 

of 122.6±10.7 mm and thickness of11.9±1.6 mm. The variations in linear 

dimensions were related to difference in cutting of the samples and due to uneven 

flow of the fibre particles during compaction and/or uneven pressing pressure. The 

recorded bulk density was 0.82±0.20 g cm
3
; the uneven flow of the fibre particles 

during compaction, uneven pressing pressure and lack of mixing uniformity of coir 

fibres might cause the high scatter of the bulk density data. Microstructure 

examination of coir fibreboard samples revealed that the coir fibres were highly 

piled and their distribution was not very uniform. Some void spaces were seen to 

be present and they were also found to be unevenly distributed likely because of 

unevenness in the pressing pressure.   

 

The pyrolytic degradation of bio-precursors and their conversion to carbon 

template samples were studied by the thermo-analytical technique. Sever thermal 

degradation was observed at 250-500
o
C with maximum loss in weight. The 

kinetics of the thermal degradation process was also studied by the non-isothermal 

thermo-gravimetric technique following the well-known Coats and Redfern 

method of treatment of experimental data. The most probable mechanism function 

for the thermal degradation process could be best described by the kinetic 

equations of n
th
 order (Fn mechanism) and the recorded kinetic parameters such as 

activation energy, pre-exponential factor and reaction order were 121.8±8.7 kJ 

mol
-1
, 3.2 x 10

9 
to 2.1 x 10

11
 and 2, respectively. The experimental data of kinetic 

parameters showed that thermal decomposition behavior of coir fibreboard bio-

precursors nearly matched with that of the individual constituent bio-polymers and 

that the process of the thermal decomposition involved reactions occurring through 

a free radical mechanism.       

  

The bulk carbon template samples were prepared by pyrolysis of the bio-precursor 

samples at 800
o
C under controlled atmosphere with a selected slow heating and 

cooling rate and a hold of certain period at the peak temperature. The bulk carbon 

samples showed prefect formability, structural integrity and shape retentivity, 



 

despite vast pyrolytic shrinkage and mass loss (67%); nearly equal shrinkage was 

observed along the length (21.9%) and width (21.8%), while thickness-wise 

shrinkage was more (33%) likely due to uneven compaction of the bio-precursor 

samples along the pressing direction. The bulk density of the carbon templates was 

found to be around 82% of the bulk density of the coir fibreboard bio-precursor 

samples and this was found to be closely matching with the value (80%) predicted 

by an empirical model derived on the basis of bio-precursor density and pyrolytic 

mass loss and shrinkage data. The carbon of the template samples was found to be 

almost amorphous in nature and microstructure examination revealed perfect 

retention of the morphology of the bio-fibres in the carbon template samples. 

Carbonized coir fibres were seen to be randomly piled and they had the average 

diameter of ~90 mm. The fibres were seen to be hollow with interconnected 

channel pores of sizes varying from 5 to 14 mm and thickness of the pore wall 

ranging from 2 to 3 mm. Presence of pores or void spaces was also noticed and 

they were seen to be formed mostly by the networking of the carbonized coir 

fibres. 

 

The reaction of silicon (Si) with the carbon (C) of the templates was studied by the 

non-isothermal differential thermo-analytical (DTA) technique and using a 

controlled atmosphere. The results showed that siliconization reaction was 

exothermic and it started after the endothermic melting of Si (Tm= 1410
o
C). The 

start , peak and end temperatures, the activation energy, pre-exponential factor and 

order of reaction for the C+Si reaction were found to be 1475, 1485 and 1512
o
C, 

2793 kJ mol
-1

, 
 
8.01 x 10

46
- 1.83 x 10

86
 sec

-1
 and 1, respectively. Based on the results of the 

thermo-analytical studies, SiC ceramic composites were synthesized following 

reactive infiltration of Si melt into carbon templates. The reactive infiltration was 

done at around 1550
o
C under vacuum. Vacuum was selected as a controlled 

atmosphere as it is cheap compared to use of costly inert gas (argon). 1550
o
C was 

selected as the reactive infiltration temperature because of low suitable viscosity of 

the infiltrating Si melt at the siliconization temperature. The SiC ceramic 

composites were characterized by measurement of materials properties (linear 

dimensional changes, bulk density and bulk porosity), structural and micro-

structural examination (XRD and electron microscopy), mechanical properties 

(flexural strength, Youngôs modulus by three point bending method, fracture 

toughness by single etched notch beam method, hardness  by micro indentation 

method using diamond indenters) and oxidation resistance behavior (by isothermal 

thermo-gravimetric technique). The ceramics was prepared without any structural 

deformation and surface cracks. Near net shape and near net dimension processing 

advantages were achieved. The ceramic samples had an average density of 2.64 g 

cm
-3
 and porosity of around 12%, indicating that all the large pores present in the 

samples were not possible to be infiltrated by the liquid Si. Structural 



 

characterization by X-ray diffraction technique showed the presence of crystalline 

phases of b-SiC and Si. The ceramics were therefore duplex composites (SiSiC 

ceramic composites) containing both the SiC (79 wt %) and Si (21wt%) phases. 

 

Microstructure examination by optical and scanning electron microscopy also 

revealed the composite nature of the ceramic samples and the presence of SiC and 

Si phases were evident. The carbon fibres originating from the coir fibres were 

converted to SiC fibres.  Microstructure examination also revealed a non-uniform 

distribution of the constituent phases and a fairly coarse microstructure with large 

masses of SiC and some free Si occupying the remaining porosity. Some void 

spaces adjacent to SiC phases were also noticed. The room temperature flexural 

strength, Youngôs modulus and fracture toughness of the SiC ceramic composite 

were 126 MPa, 161 GPa and 2.6 MPaãm, respectively. The scatters obtained in 

the mechanical property data were related to the flaws present in the test specimen. 

The reliability of the strength data was assessed by the Weibull statistical 

approach.  The Weibull modulus was found to be 8.13 which indicated that 

distribution of flaws was not very uniform in the samples. The strength limiting 

flaws were analyzed by factorgaphic method and the flaws common to the failed 

specimens included pores, cracks, large grains and occasional surface preparation 

defects. 

  

The indentation hardness was found to decrease with indentation load. The load-

indentation hardness relation was explained by the effects of two factors, viz. 

elastic strain recovery and the plastic deformation, acting in counter direction. The 

average room temperature hardness at 1 kg load was found to be around 18 GPa.  

The SiC ceramic composite materials showed around 38% increase in flexural 

strength of up to 1200
o
C and the increase in strength with temperature was 

attributed to the healing of crack tip owing to oxidation. The SiC ceramic 

composite also showed 41% increase in fracture toughness up to 1200
o
C. This was 

explained by the combined effects of increasing amount of plasticity in Si and the 

possibility of crack healing as a result of oxidation at elevated temperature. The 

SiC ceramic composites synthesized from the coir fibreboard bio-precursors 

exhibited adequate oxidation resistance because of the formation of the protective 

silica scale. The oxidation resistance behavior was studied by the isothermal 

thermo-gravimetric technique. The activation energy obtained over the 

temperature range from 1200 to 1350
o
C was found to be 163.4 kJ mol

-1
, indicating 

that the process of oxidation was likely governed by the diffusive transport of 

molecular oxygen through the silica layer.   

 

The materials properties like density and porosity, mechanical properties like 

flexural strength, Youngôs modulus and fracture toughness and the oxidation 



 

resistance behaviour are considered important for assessment of the application 

possibilities of ceramic materials in advanced engineering areas. These properties 

of the SiC ceramic composites synthesized from the coir fibreboard bio-precursors 

were found to be comparable with those of the similar materials conventionally 

prepared using ceramic powder preforms. The property data of the coir fibreboard 

derived ceramic composites indicated their suitability for application as 

engineering ceramics. The application possibility as kiln furniture of the ceramic 

composites synthesized from the coir fibreboard bio-precursors was also tested. 

They were tested as support plates in heating of charges in a furnace continually 

for 24 h at 1300
o
C and satisfactorily test results were produced. The project work 

thus demonstrated the utilization of coconut coir in synthesis of high temperature 

SiC ceramic composites and established the possibility of using the SiC ceramic 

composites as engineering materials (kiln furniture).      

 

 

 
 
 



 

 
 
 
 
 
 

 

 

Part A: Work Done At CSIR-NEIST, 

Jorhat, Assam 



 

 

Part A : Chapter 1  

Introduction  

Coir is a coarse fiber obtained from the tissues surrounding the seed of the coconut 

palm Cocos nucifera. The fibrous layer forms a strong, shock-absorbing mesh, 

which protects the seed from mechanical damage and is water-resistant. The 

individual fiber cells are narrow and hollow, with thick walls made of cellulose. 

They are pale when immature but later they become hardened and yellowed when 

a layer of lignin, a complex woody chemical, is deposited on their walls. Mature 

brown coir fibers contain more lignin and less cellulose than fibers such as flax 

and cotton and so are stronger but less flexible. White fiber is smoother and finer 

than the harder brown fiber but is also weaker. The coir fiber is relatively 

waterproof and is the only natural fiber resistant to damage by salt water. Brown 

coir is used in brushes, doormats, mattresses and sacking. A small amount is also 

made into twine, used in this country as hop strings. Pads of curled brown coir 

fiber, made by 'needle-felting' are shaped and cut to fill mattresses and for use in 

erosion control on riverbanks and hillsides. A major proportion of brown coir pads 

are sprayed with rubber latex, which bonds the fibers together to be used as 

upholstery padding for the automobile industry in Europe. The material is also 

used for insulation and packaging. The major use of white coir is in rope 

manufacture. Mats of woven coir fiber are made from the finer grades of bristle 

and white fiber using hand or mechanical looms. There is a strong possibility of 

further value addition through the utilization coir fibers in making novel 

composites for application as engineering materials. In recent studies it revealed 

that coir fibers could be used in combination with polymeric wastes to yield novel 

composite materials with application potential as ceiling board and wall tiles. Coir 

fibers are generally hydrophobic in nature. So the surfaces of the fiber are to be 

properly treated to get them interacting with the polymeric matrix. The matrix 

materials need to be properly selected from the unusable waste so that adequate 

fiber-matrix interaction would be developed. The need of undertaking a systematic 

scientific investigation in these directions has been deeply felt the findings of 

which must end up with generation of new knowledge and development of new 

technologies of synthesis of novel composite materials for engineering 

applications.  

 

One of the purposes of the project was to examine the possibility of synthesizing 

novel composite boards using coir fibres in combination with poly waste materials 

for engineering applications. This work has been done at CSIR-North East 

Institute of Science and Technology, Jorhat, Assam. This part of the project report 

(Part A) is related to the work done at CSIR-NEIST on synthesis of novel 



 

composite boards in combination of poly waste material. The other purpose of the 

project was to synthesize SiC based ceramic composites using coir fibres. This 

work has been done at CSIR- Central Glass and Ceramic Research Institute, 

Kolkata, and the report pertinent to that work is given in Part B.   

 

The report in Part A includes a literature review in Chapter 2 to highlight the 

background of the work, the objectives and experimental outlines are given in 

chapter 3, materials and methods are discussed in chapter 4, results and 

discussions are summarized in chapter 5 and chapter 6 contains the conclusions.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Part A : Chapter 2  

Review of Literature 

Fiber reinforced polymeric composites have been used for a variety of structural 

applications because of their high specific strength and modulus compared to 

metals. Initially developed for the aerospace industry, high-performance or 

óadvancedô composites are now found in applications from automotive parts to 

circuit boards, and from building materials to specialty sporting goods. Most 

composites currently available on the market are designed with long-term 

durability in mind and are made using nondegradable polymeric resins, such as 

epoxies and polyurethane, and high-strength fibers, such as graphite, aramids, and 

glass. Many of these polymers and fibers are derived from petroleum, a non-

replenishable commodity. The push now is to use composites in place of common 

plastics in consumer products to improve performance and reduce weight and cost. 

 

At the Central Building Research Institute, Roorkee, the potential of sisal and jute 

fibers as reinforcements have been systematically investigated to overcome their 

well-defined problems of moisture absorption. The performance of polymer 

composites made from these natural fibers and unsaturated polyester/epoxy resin 

was evaluated under various humidity, hygrothermal and weathering conditions. 

Various composite products such as laminates/panels, doors, roofing sheets, 

shuttering and dough moulding compound have been prepared. The suitability to 

these products is assessed as an alternate material according to the existing Indian 

standard specifications. According to the Food and Agricultural Organization 

Survey, natural fibers like jute, sisal, coir, banana, etc. are abundantly available in 

developing countries such as India, Sri Lanka, Thailand, Indonesia, Bangladesh, 

Philippines, Brazil, China and South African countries. Recent reports indicate 

that plant fibers can be used as reinforcement in polymer composites replacing to 

some extent more expensive and non-renewable synthetic fibers such as glass 

especially in low pressure laminating. Notable contributions in this field are the 

construction of cheap primary school buildings using jute fiber reinforced 

polyester in Bangladesh under the auspices of the Cooperative of American Relief 

Everywhere (CARE) and UNIDO. Subsequent efforts on the development of 

prototype for low cost housing units and food grain silos in India, demonstrate the 

use of appropriate technology in developing countries. Building panels and roofing 

sheets made from bagasse/phenolics were installed in houses in Jamaica, Ghana 

and the Philippines. In another programme, developmental work on low cost 

building materials based on henequen/palm/ sisal fibers and unsaturated polyester 

resin has been undertaken as a co-operative research project between Government 

of Mexico and UNIDO for appropriate utilization of natural resources (Mathur, 

2006). 



 

 

Coir is a natural fiber obtained from coconut husk by the process of retting or 

mechanical de-fibring. They are harsh and tough fibers mainly used for producing 

doormats, mating, mattress etc. Utilizing coir fiber, building and furnishing 

materials are made which can serve as substitutes for woods. Efforts concerning 

making of boards for partition panels, ceiling boards, table tops etc. using coir with 

different binding materials are becoming popular and such studies are already 

documented Viswanathan & Gothandapani, 1999; Khedari,  et al, 2003; Rao, et 

al,2009) Still, there is sufficient scope for utilization of coir fiber for making 

certain new products- coir fiber composites.  Coir fiber possesses adequate 

physical strength. If the fibers can be suitably reinforced into polymeric matrices, 

the composite will definitely exhibit high strength and damage tolerance behavior. 

Research initiative showed that coir fibers have tremendous potential as 

reinforcement materials. There is a need to develop novel bio-composite by 

reinforcing coir fibers in a suitable matrix of polymeric material to realize such 

potential. This particular proposal envisages a research plan of using coir fibers as 

cheap, renewable and unique reinforcements in advanced bio-composites for 

engineering applications. The selection of matrix materials will have the aim to 

bring in complete synergy in material and mechanical behavior of reinforcing coir 

and matrix polymer through exhaustive examination of properties of the individual 

phases and exploration of correct means of their combination into composite 

morphology. The research will have a focus on developing the bio-composite 

suitable for application as wall tiles. Since the tiles will be made from bio-

composite of coir fibers, they will be light-weight, unbreakable, exceptionally 

strong and compressive load bearing compared to the conventional materials. The 

research will further have a focus to search for suitable polymeric waste materials 

to be used as matrix. The aim is to further scale down the manufacturing cost of 

the product tiles through the effective utilization of waste polymers. Polymer 

wastes become a hazard to the environment and its recycling and safe disposal are 

key issues. So fixing the waste polymers in the form of bio-composites may open 

up an easy way of their disposal. Designing of the matrix polymer is also possible 

with emergence of nice appearance and decorative look. 

 

Natural fibers already have been used the first time 3000 years ago in composite 

systems in the ancient Egypt, where straw and clay were mixed together to build 

walls. Over the last decade, polymer composites reinforced with natural fibers 

have received ever increasing attention, both from the academic world and from 

various industries. There is a wide variety of different natural fibers which can be 

applied as reinforcement or fillers. Increased environmental awareness and 

consciousness throughout the world has developed an increasing interest in natural 

fibers and applications in various fields. Natural fibers are now considered as 



 

important fields.  

 

Research on natural fiber composites has existed since the early 1900ôs but has not 

received much attention until late in the 1980ôs. Composites, primarily glass but 

including natural reinforced composites are found in countless consumer products 

including boats, skis, agricultural machinery and cars (Holbery et al., 2006; 

Bledzki et al., 2006; Mohanty et al., 2000).  

 

Plant waste fibers can be described as lignocellulosic, i.e. resources comprised 

primarily of cellulose, hemicelluloses and lignin. Lignocellulosic include wood, 

agricultural residues, water plants, grasses and other plant substances (Rowell et 

al., 2000).The ótermô composite in the building materials industry is often used in a 

board sense to describe woody materials bonded together by adhesives covering 

the entire gamut of plywood, oriented strand board, wafer board, fiber board and 

other types of paneling products. Such natural fiber thermoplastic composites find 

a wide array of application in the building and construction industry such as door 

and window frames, decking material, railings for the parapet wall systems, 

furniture sections (park benches etc.) and others. These can also cater to a number 

of industrial applications. All such products are fabricated by extrusion through 

properly designed dies. Thermoplastic composite is consistent and uniform in 

properties due to intimate compounding of resin and natural and natural fiber/ 

filler. While positioned against wood, they score much better in terms of 

dimensional stability, no water absorption and hence, no swelling in moist 

weather, better fungal resistance, reduced  thermal linear expansion etc. The 

workability of the composite is also quite good in terms of its ability to be sawn 

and nailed or screwed by conventional methods. 

Plant waste fibers have the composition, properties and structure that make them 

suitable for uses such as composite, textile and pulp and paper manufacture. 

Biomass, including agricultural crops and residues, forest resources and residues, 

animal and municipal wastes, is the largest source for cellulose in the world. 

Organic plant waste such as oil palm, pineapple, banana and coconut fiber are 

annually renewable, available in abundance and of limited value at present. These 

lignocellulosic by products could be a principle source for fibers, chemicals and 

other industrial products (Reddy et al., 2005). The use of natural fibers as 

reinforcing materials in both thermoplastics and thermoset matrix composites 

provides positive environmental benefits with respect to ultimate disposability and 

best utilization of raw materials (Singha et al., 2005; Kaith et al., 2007). 

 

Natural fiber reinforced resin matrix composites have to overcome many 

challenges in order to be commonly used as engineering materials. A common 

drawback of these composites is the large variability of their mechanical 



 

properties, in many instances associated with low mean values for their properties 

(Baley et al., 1997; Satyanarayan et al., 1986). These characteristics are due to the 

intrinsic variability of the properties of the fibers, the susceptibility of natural 

fibers against moisture and poor wetting of the fibers by the resin matrix. 

Considerable work has been done to in order to improve the strength of fiber/ 

matrix interface (Prasad et al., 1983; Mohanty et al., 1995; Bledzki et al., 1996; 

Denes et al., 1997), but much work has yet to be done in order to guarantee 

reliability to natural fiber composites. 

 

There has been much recent work devoted to the use of agricultural fibers, 

particularly cellulosic fiber derived from plants in reinforcement of commodity 

thermoplastics such polyethylene (PE) (Kaun et al., 2006; Colom et al., 2003; 

Singleton et al., 2003) and polypropylene (PP) (Wambua et al., 2003; Cantero et 

al., 2003; Jayaraman., 2003; Maldas et al., 1995). Agricultural fibers are 

interesting materials to use for the reinforcement of polymer because they are 

usually of lower density than inorganic fibers, environment friendly and relatively 

easy to obtain (Bledzki et al., 1999). It is anticipated that the fibers would not 

contribute to the wear of polymer processing equipment and may not suffer from 

size reduction during processing, both of which occur when inorganic fibers or 

filler are used. Although the absolute property increase when using organic fibers 

is not anticipated being nearly as high as inorganic fibers, the specific properties 

are anticipated to be high owing to the much lower density of the organic fibers 

(Wambua et al., 2003).   

 

Ecological concerns and the impending depletion of fossil fuels are driving the 

development of new bio-based green product. Over the past few decades, the 

possibility of exploiting natural fibers (bio-fibers) as load bearing constituents in 

composite materials has been exposed and produced encouraging results (Sain et 

al., 1994; Gassan et al., 1997; Hornsby et al., 1997; Panthapulakkal et al., 2006). 

Industrial use of these natural fiber- reinforced composite is increasing due to their 

relative cheapness compared to conventional materials and their potentialily to be 

recycled. 

 

New environmental legislation as well as consumer pressure has forced the 

manufacturing industries to search new materials that can substitute for 

conventional non- renewable reinforcing materials, such as carbon and glass fibers 

etc. On account of this, in recent years, the use of natural fiber including banana, 

sisal, hemp and flax, jute, coconut and oil palm have attracted scientist and 

technologist for application in consumer goods, low-cost housing and other civil 

structures (Justiz-Smith  et al., 2008; Spinace et al., 2009; El-Taybe.,2009). 

Natural fibers are very attractive for composite material because of their 



 

advantages compared to synthetic fibers; these include good recyclability, 

abundant supply, low cost, low density, high specific strength to weight ratio, non-

toxicity, lower levels of skin irritation and respiratory system during handling, 

reducing tool wear during the processing and biodegrability (Spinace et al., 2009, 

Gu.,2009; John., 2009).  

 

At present time, technology is used to manufacture materials from agricultural 

waste which is considered to substitute natural wood.  Natural fibers are rapidly 

emerging in composites applications where glass fibers (predominantly E-glass) 

have been traditionally used. These natural fibers provide several benefits: low 

cost, green, easy availability, lower densities and recyclable, biodegradable, 

moderate mechanical properties, abundant. Their uses have found entry into booth 

the thermoset and thermoplastic composites market places. Industries are rapidly 

learning how to process effectively these natural resources and use them in 

numerous composites applications. Typically they are used with well-recognized 

thermoset resin families: polyesters, vinyl esters and epoxies. Thermoplastics resin 

matrices also are those commonly seen within the commercial markets: 

polypropylene, low density polyethylene (LDPE), high density polyethylene 

(HDPE), polystyrene, Nylon 6 and Nylon 6, 6 systems (Backwith, 2008). 
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Part A : Chapter 3  

Objectives and experiments outlines 

3.1 Objectives: 

1. Feasibility study and evaluation of possible methodologies of utilizing coir 

fibers in combination with poly waste materials to synthesize composite 

boards and converting coir fiber derived bio-precursor to silicon carbide 

(SiC) based composite ceramics. 

 

2. Identification of methods for producing poly waste composite boards and 

biomorphic SiC ceramics using coir fibers. 

 

3. Characterization of polywaste composite boards and biomorphic SiC 

ceramics synthesized using coir fibers. 

 

4. Comparison of properties of composite boards synthesized using coir fiber 

and poly waste materials and other conventional materials.  

   

5. Comparison of properties of SiC ceramic composite synthesized using 

synthetic precursor and coir fiber derived precursor.  

 

6. Examination of application potential of novel poly waste composite boards 

and biomorphic SiC composite ceramics as engineering materials. 

 

The whole research work of the project has been conducted at CSIR-North East 

Institute of Science and Technology and CSIR-Central Glass and Ceramic 

Research Institute (CGCRI), Kolkata.  The project activity consists of two partsï  

 

Part A is related to the work on synthesis of novel composite material using coir 

fiber and waste polyethelene/polymeric material. The work of part A was done by 

the CSIR-NEIST, Jorhat, (principal institute)  

 

Part B is related to the work on synthesis of SiC based ceramic composites using 

coir fibers. The work of part B was done by CSIR-Central Glass and Ceramic 

Research Institute (CGCRI), Kolkata (collaborating institute) in collaboration with 

CSIR-NEIST, Jorhat, (principal institute). The principal institute has prepared the 

coir fibre based bio-precursors required for synthesis of ceramic  

 

3.2 Experiments outlines 

 



 

The physic-chemical properties of coir fiber prior to making the composite with 
polymeric waste were evaluated as per TAPPI Standard Test Method. The fibers 
were suitably treated (i) chemically, (ii) mechanically and (iii) a suitably 
combination thereof and the effect of such treatment on properties of fiber 
were studied and compared with the untreated fiber. The downsizing of fiber 
was done mechanically to generate particles of variant sizes which was 
subsequently separated into different sizes (mesh sizes) by screening process 
(sieve shaking). The polymeric materials were selected from common type of 
polymeric wastes. The different sizes of polymeric materials were generated 
mechanically with the help of a pulvarizer. The novel composite boards were 
prepared by mixing of coir fiber in the form of particles with polymeric 
materials of different sizes under conditions of hydraulic hot pressing. The 
composite boards were characterized in terms of physical properties (density, 
water absorbency, thickness swelling etc.) and mechanical properties (MOR, 
tensile strength, breaking load, etc.). The process of composite board making 
was studied via examination of influence of different process variables (weight 
ratio of particle to polymer, time, temperature, pressure and binders (chemical 
agent)) on the properties of composite boards. The usefulness of the composite 
boards as ceiling tiles and wall tiles was tested as per IS Specification and a 
comparative study was made with the existing market products. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Part A : Chapter 4 

Materials and Methods  

4.1 Collection of coir fiber 

 

Coir fibers were procured in the form of 50 kg bundles from the nearest Jorhat 
Town Market. After collection, the moisture content of the fibers was 
determined in a laboratory moisture meter. The fibers were screened and then 
washed properly with cold fresh water and sun dried. The dried fibers were 
packed in polythene bags and kept for subsequent study. 

 

4.2 Proximate chemical analysis  

 

Proximate chemical constituents of coir fiber, was carried out using the 
analytical method suggested by Technical Association of Pulp and Paper 
Industry (TAPPI, T-21 cm-86, T-222 om-83, USA) and standard method of 
biochemical analysis. The fibers were washed, dried in oven for 6-8 h at 40±50C 
temperatures and then powdered in a Wiley mill. The powder was then 
screened with 40 and 60 BSS mesh and the powder fraction passed through 40 
BSS mesh and retained on 60 BSS mesh was taken for different chemical 
analysis. 

 

Lignin content was determined by Technical Association of Pulp and Paper 
Industry (TAPPI, T-222 om-83) standard method. Cellulose and hemicelluloses 
content was determined by Standard Methods of Biochemical Analysis by S.R. 
Thimmaiah. 

 

4.3 Morphological characteristics  

 

For determination of morphological properties of the fibers, 20 g fiber were 
taken and cut into 3 cm length and then digested in 60% alkali solution for 3 h 
at boiling temperature. After digestion, the fibers were washed properly with 
cold fresh water and air-dried. The air-dried fibers were taken in a stainless 
steel container with sufficient distilled water and disintegrate till the fibers free 
from bundles. Thin bundle free fibers were taken for microscopic study for 



 

determination of fiber dimension. Approximately fiber length and diameter 
were measured in two different microscopic fields and each having 25 
observations and finally an average value was taken for length and width of 
each individual fiber. 

 

 

 

 

4.4 Surface modification  

 

Screened coir fibers were treated with15% NaOH solution at 1000C for 4 h, 1.5% 
HCl at 650C for 3 h,  1:1 ethanol-benzene solution at 800C for 6 h and 50% acetic 
acid solution at 1000C for 3 h. After the treatments, the fibers were washed 
properly with distilled water and dried under sunlight.  

 

4.5 FTIR & XRD studies of treated fiber 

 

FT-IR studies were conducted by using a Perkin-Elmer system 2000 FT-IR 
Spectrophotometer. Powder XRD diffractions were carried out on a Rigaku, 
Ultima IV X-ray diffractometer from 2-800 2 Σ̒ ǳǎƛƴƎ /ǳYʰ ǎƻǳǊŎŜ ό┐ҐмΦрп *ύΦ ¢ƘŜ 
crystallinity index (CI) was calculated using equation 1, where I002 is the 
maximum intensity of the I002 lattice reflection and I101 is the maximum intensity 
of X-ray scattering broad band, due to amorphous region of the sample. This 
method was developed by Segal et al. 1959 and it is widely used for the study of 
natural fibers. 

 CI (%) =IллнI101/I 002×100   ..................... 1 

 

4.6 Thermogravimetric analysis  

 

The fiber samples were characterized for their thermal stability using a 
thermogravimetric analyser (TGA), TA, SDQ600. The samples were heated from 
200C to 10000C at a heating rate of 100 C/min under a nitrogen environment 
flow of 100ml/min.   



 

 

4.7 Scanning electron microscopic study 

 

Scanning Electron Microscopy (SEM) images were analyzed with JSM-6360 
(JEOL).  

 

4.8 Composite Board making 

 

Boards were made in the laboratory using untreated and chemically treated 
fiber and polyethylene waste cuttings. Polyethylene bags (PE) of lower density 
were considered for the present investigation. The wastes PE were first 
screened and after removal of dust and foreign particles, these were washed 
with water, dried under sunlight and cut in a chopping machine. The cut pieces 
obtained from the chopper were mixed with coir fiber for making the boards. 
The size of the particles maintained at 1-1.5 cm in length and 0.5- 0.75cm width. 
Approximately 500 g of coir fiber was taken and mixed with 250 g of waste 
polyethylene (PE) bag cuttings. These were mixed with coir fibers in such a way 
that the cut pieces were uniformly distributed all around the fiber mass. The 
mixture was put into the wooden mould size 30 × 30 cm and hot pressed at 115 
± 50 C for 20 minutes and at 50 ± 5 kg/cm2 pressure. A releasing agent was 
spread on both sides of the fiber mass before hot pressing. After that, the 
pressure was released from the hot press and the board was kept for some time 
in open air for conditioning. The properties of the boards made from each 
treated coir fiber and PE waste bag cuttings were studied. 

 

4.9 Testing of board samples 

 

Tensile strength of composite specimens was analyzed at 250 C and 55% RH 
using Universal Testing Machine (UTM) INSTRON Make, Model 5594. Ultimate 
tensile strength, maximum load, tensile modulus values were calculated by the 
software Merlin software version V22054. The values of elongation at break 
were calculated using equation 2.  

  

 Elongation at break (%) =TensilŜ {ǘǊŜƴƎǘƘκ¢ŜƴǎƛƭŜ aƻŘǳƭǳǎҎ млл ΧΧΦ 2 



 

 

For determination of Modulus of Rupture (MOR), 3 point flexural test attachment 

was used.  The MOR was then calculated and expressed in N/mm
2
 by equation 3:

   

 3PL 

R = -----------------      ...............  3 

                   2bd
2
 

 

     Where, P - Maximum load in kg  

       L - Length of span in cm  

       b - Width of specimen in cm 

       d - Depth of specimen in cm 



 

 

Part A : Chapter 5 

Results and Discussions 

5.1 Chemical and morphological study of the coir fiber 

 

The results of chemical and morphological study of the coir fiber showed that 
there are lots of soluble materials in the raw coconut fibers. Cellulose content 
was found to be 36.36%, lignin 44.00% and hemicelluloses content 18.00%. The 
average fiber length was found to be 20 cm and fiber diameter was 218 µm 
(Table 2).   

 

Table 1: Proximate chemical analysis of the coir fiber 

Particulars Percentage (%) 

Cold water solubility 10.5 

Hot water solubility                  13.9 

1% NaOH solubility  17.0 

Alcohol benzene solubility 13.7 

Ash content 1.8 

Cellulose 36.36 

Lignin 44.00 

Hemicelluloses 18.00 

 

 

Table 2 : Morphological characteristics of the coir fiber 

 

    Properties Coir fiber  

Fiber length, cm  

Maximum 25 

Minimum 18 

Average 20 

Fiber diameter, ɛm  

Maximum 220 
Minimum 215 

Average 218 



 

 

5.2 Study on surface treatments of fiber 

 

The surface treatment of the coir fiber was carried out by hydrochloric acid, 
acetic acid, ethanol-benzene and sodium hydroxide at different concentrations 
under controlled condition. Table 3 shows the chemical constituents of both 
untreated and treated coir fiber.  It has been observed from the Table that the 
lignin content was recorded 40% for hydrochloric acid treated fiber, while 39%, 
35% and 24% recorded for acetic acid, ethanol-benzene and sodium hydroxide 
treated fiber respectively.  In case of untreated fiber lignin content was 
recorded 44%. The higher lignin content makes the fiber more rigid and stiff 
compare to other natural fiber. Lignin provides plant tissue and individual fibers 
with compressive strength and protects the carbohydrates from chemical and 
physical damage. But after treatment removal of lignin decreases rigidity and 
stiffens of the fiber and enhanced the surface roughnesses which will ultimately 
helps in compatibility of fiber to bond with the polyethylene matrix for making 
composites.  

 

Table 3: Chemical constituents of untreated and treated coir fiber 

Particulars 

 

Untreated 

(%) 

HCl 
treated 

(%) 

CH3COOH 
treated 

(%) 

 

Alcohol-
benzene 

treated (%) 

NaOH 
treated 

(%) 

Ash 2.00 5.00 4.00 3.00 4.00 

Cellulose 36.36 36.53 37.21 37.50 38.53 

Lignin 44.00 40.00 39.00 35.00 24.00 

Hemicelluloses 18.00 8.00 15.00 13.00 6.00 

Hot Water 
Soluble 

13.9 2.35 5.84 6.78 5.4 

Pentosan 
Content 

8.74 3.82 7.65 6.56 7.25 

Alcohol-
benzene 
solubles (wax, 

13.7 6.75 5.89 16.56 12.48 



 

 

Table 3 represents the different constituents of coir fiber including cellulose, 

lignin, hemicelluloses, pentsan content of untreated and treated fiber. In case of 

untreated fiber hemicelluloses content was recorded 18%, while after chemical 

treatment it was reduced and recorded 8% after hydrochloric acid treatment, 15% 

after acetic acid treatment, 13% after ethanol-benzene treatment and 6% after 

sodium hydroxide treatment respectively. Among all the treatments, alkali 

treatments remove higher percentage of hemicellulose from the fiber and as a 

result showed a greater exposure of cellulose has taken place and thereby increase 

in thermal stability. Hemicellulose is strongly bound to cellulose fibrils most 

probably by hydrogen bonds. Hemicellulosic polymers are branched, fully 

amorphous and have a significantly lower molecular weight than cellulose. 

Because of its open structure containing many hydroxyl and acetyl groups, 

hemicelluloses is partly soluble in water and hygroscopic.  

 

So also, cellulose content recorded 36.36% for untreated fiber, while 36.53%, 

37.21%, 37.50% and 38.53% for hydrochloric acid, acetic acid, ethanol-benzene, 

and sodium hydroxide treated respectively. Presence of hydroxyl groups of the 

cellulose in coir is responsible for its inherent hydrophilic nature. Treatments were 

done to reduce the number of free hydroxyl groups of cellulose. This would result 

in the reduction of the polarity of cellulose molecules and in the improvement of 

its compatibility with the thermosetting matrix used in composites. Among all the 

treatment used for modification of surface properties of coir fiber, the alkali 

treatment showed better result in terms of quality and strength. Chemical treatment 

decreases the amorphous region of the fibers resulting in the increase in crystalline 

portion. Because of higher crystallinity of cellulose improves the bonding property 

as well as ultimate tensile strength.   

 

After the chemical treatment, removal of impurities like wax, tannin and  other 

non-cellulosic polysaccharides improved the fiber properties suitable for making 

composite have been observed. The fibrils get separated from each other because 

of lignin, the cementing component had been removed by the action of chemical 

treatment, leading to an increase of the surface area and potentially improving the 

fiber-matrix adhesion in composite. 
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FIG. 1.  FT-IR spectra of untreated and treated coir fiber . 

The FTIR spectra (Figure1) of treated and untreated coir fiber showed a broad and 

intense band   centring at ~3400 cm
-1
 due to the hydrogen bonded O-H stretching 

vibration from the cellulose. The IR band at ~2925 cm
-1
 for untreated fiber is 

assigning to -CH2 antisymmetric stretching. This band at ~2925 cm
-1
 shifted to  

~2900 cm
-1
 for treated coir fiber with decrease in intensity, which concluded that 

carbon atoms attached to carbon or hydrogen (-C-C- or ïC-H) decrease. The 

untreated coir fiber also showed an absorption band at ~1735 cm
-1
 due to -C=O 

stretching of the carbonyl and acetyl groups in the  4-O-methyl-glucuronoacetyl 

xylan component of hemicelluloses in coir fiber. The band is disappeared for the 

treated fiber indicating removal of hemicelluloses component. The treated and 

untreated fiber also showed an absorption band at ~1607 cm
-1 

due to adsorbed 

water molecule. The intensity of this band increased upon treatment under 

controlled condition. The band at ~1510 cm
-1
 for untreated fiber due to presence of 

aromatic rings of lignin which shifted to ~1498 cm
-1
 with decrease in intensity for 

treated fiber indicating partial removal of the lignin. A band at ~1250 cm
-1
 was 

observed for untreated coir fiber which may be attributed to -C-O-C- bond in the 

cellulosic chain. This band shifted to ~1258 cm
-1 

for treated fiber indicating the 

change in the bonding environment due to dissolution of hemicelluloses during 

treatment. 

 

 

 

 

 

 

 

 

 

 

 

FIG. 2. TGA of 



 

untreated and treated fiber. 

The TGA curves of untreated and treated coir fiber are shown in Figure 2. Two 

prominent weight loss were invariably found (Figure 2) for all the fibers. One was 

around 30-138
0
C and other is around 220-457

0
C. The lower temperature thermal 

peak may be accounted for evaporation of absorbed and crystal water molecule 

associated with the cellulose fiber .The weight loss occurred in this stage were 

7.81% for untreated fiber, 14.45% for NaOH , 10.66% for acetic acid, 10.30% 

hydrochloric acid and11.20% for ethanol-benzene treated fiber respectively. The 

weight loss due to moisture was found higher for treated fiber than untreated one 

because, the treated fiber contains more pores which substantiate the finding from 

SEM image. Control treatment of coir fiber leads to removal of fatty wax 

materials, pectins as well as hemicelluloses ultimately makes the fiber more 

hydrophilic in nature. Therefore, moisture loss is easier and weight loss is more 

compared to untreated one. The main degradation peak occurred 220-457
0
C. It has 

been observed that for untreated fiber the weight loss between 221-397
0
C is 

50.82%, which may be assign for degradation hemicelluloses and Ŭ-cellulose. The 

main degradation peak was observed 60.99% for sodium hydroxide treated, 

66.10% for acetic acid treated, 68.00% for hydrochloric acid treated, 62.85% for 

ethanol benzene treated respectively in the temperature range 227-457
0
C . The 

degradation temperature for treated fibers shifted to higher temperature well over 

221
0
C to 457

0
C compared to the untreated fiber (397

0
C) indicating the higher 

thermal stability of 

treated fiber. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

FIG. 3.  X-ray diffraction spectra of untreated and treated coir fiber. 

 

XRD studies of different treated and untreated fibers were carried out to 

investigate the crystalline behaviour of coir fiber (Figure 3). XRD analysis showed 

two main peaks representing the planes 101 and 002 at 2ɗ around 16
0
 and 22.4

0
 

respectively, characteristic of cellulose crystalline phase of the fiber. Crystallinity 

index (CI) was calculated according to equation 1, it was found  27.16 % in case of 

untreated fiber whereas, it was recorded 30.07 %, 32.5 %, 28.71 % and 33.87 %, 

for acetic acid, hydrochloric acid, ethanol- benzene, sodium hydroxide treatment 

respectively. The higher CI of treated fiber than untreated one due to removal of 

residual lignin increased the exposure of the cellulose, resulting in the crystalline 

index. X-ray graph shows that the chemically treated fiber peaks were more 

intense than untreated fibers i.e. treatments were able to remove part of the 

amorphous material covering the fiber. 

  

5.3 Scanning Electron Microscopic Study of the Untreated and Treated Coir 

Fiber  

 

Experiments were carried out to study the structure of both treated and untreated 

coir fiber with the help of Scanning Electron Microscope (SEM). Untreated coir 

fibers were properly washed with fresh water dried in an oven and made bundle 

free with the help of carding machine. However the treated fibers were also made 

bundle free with the help of carding machine and then washed properly with fresh 

water and dried in sunlight.  

 

               
          (a)       (b)      (c) 

FIG. 4. Scanning electron microphotograph of untreated coir fiber at                                    
(a) magnification x 330,  (b) magnification x1000  (c) magnification  x 5500) 
 

SEM pictures of untreated coir-fiber surfaces at increasing magnifications are 

shown in Figure 4. From all three pictures, it can be observed that the unit cells run 

longitudinally with more or less parallel orientations. Irregular pores and 

longitudinal cracks are visible on the surface of the fiber. The intercellular gaps, in 

the form of shallow longitudinal cavities, can be clearly marked as the unit cells 

are partially exposed. The intercellular space is filled up by the binder lignin and 



 

by fatty substances that hold the unit cells firmly in the fiber. At several places, 

particularly to the right of Figure 4 (c), a large number of globular protrusions or 

patches around 10 µm in diameter and embedded in the fiber surface at regular 

intervals can be observed.  

     
      (a)       (b)             (c) 

FIG. 5. Scanning electron microphotograph of treated coir fiber  with HCL at  
(a) magnification x300,  (b) magnification x1000  (c) magnification  x 2500) 

 

     
(a)       (b)             (c) 

FIG. 6. Scanning electron microphotograph of treated coir fiber  with NaOH at 

(a) magnification x 330,  (b) magnification x1000  (c) magnification  x 1900) 

 

     
      (a)       (b)            (c) 

FIG. 7. Scanning electron microphotograph of treated coir fiber  with Alcohol Benzene at 

(a) magnification x 500,  (b) magnification x1000  (c) magnification  x 2500) 

 

     
                   (a)       (b)            (c) 

FIG. 8. Scanning electron microphotograph of treated coir fiber  with Acetic acid at 



 

(a) magnification x 500,  (b) magnification x 1500  (c) magnification  x 4300) 

 

 

SEM pictures of the HCL treated coir fiber at increasing magnifications are shown 

in Figure 5 (aïc). In these pictures are apparent a larger number of surface cracks, 

or pit formations, compared to Figure 6 (b & c). These might occur because of the 

partial removal of wax and fatty substances during the treatment with HCL solvent 

mixture. Very interestingly, the parallel unit cells look partially split due to the 

removal of fatty materials. Micrographs with increasing magnifications of the 

dilute NaOH treated, alcohol benzene, acetic acid treated fibers are shown in 

Figure 6 (a-c), 7 (a-c) and 8 (a-c) respectively. The pictures show a large number 

of regularly placed holes or pits on the surfaces. These may be due to the removal 

of fatty-deposit tyloses on the surface. Given the large number of these pits, it can 

be considered that a large number of the tyloses, globular fatty deposits, were 

lying hidden inside the surfaces of the untreated fiber. These were therefore not 

revealed in the untreated fiber, which were partially revealed in the alcohol 

benzene and acetic acid treated fibers and largely revealed in the fiber treated with 

dilute NaOH and HCL. Alkali treatment at lower concentration, thickening of the 

cell walls does not occur, and hence the shrinkage of the unit cells does not take 

place. This can be verified by comparing the nature of the unit cells and the 

intercellular gaps for untreated and dilute alkaliïtreated fibers. Barring the 

formation of pits, the overall surface morphology among the all four treated fiber 

does not change much.  

 

5.4 Board making from mixture of coir fiber and waste polyethylene 

 

A series of experiments were conducted in the laboratory for making composite 

board from chemically treated coir fiber and waste polyethylene cuttings. Waste 

polyethylene bags (PE) of lower density were considered for the present 

investigation. The waste bags were first screened and after removal of dust and 

foreign particles, these were cut in a chopping machine into the size of 1-1.5 cm 

length. The cut pieces obtained from the chopper were mixed with coir fiber for 

making the boards. The polywaste cuttings were mixed with coir fibers in such a 

way that the cut pieces were uniformly distributed all around the fiber mass. The 

mixtures were then taken in a wooden mould of size 30 X 30 cm and then put 

under hot press at 80±5°C for 20 min and at 130±5 kg/cm
2
 pressure. A releasing 

agent was spreaded in the both side of the fiber mass before hot pressing. After 

that, the pressure was released from the hot press and the boards were kept outside 

in open air for some time for cooling and removed from the mould (the detailed 

process is presented in Fig 5). A number of experiments were conducted in the 

laboratory to optimize the ratio of coir fiber and PE, temperature, pressure, time 

requirement to get uniform quality boards. The physical strength properties of the 



 

boards made from treated coir fiber and PE waste cuttings were tested and the 

results are presented in Table 4.  

Table-4: Physical strength properties boards made from the mixture of coir 
fiber and waste Polyethylene  

  

Sl 
No 

Blend 
ratio 

Thickness 
of 

boards, 
mm 

Density, 
g/cm3 

Moisture 
content 

% 

MOR 
Kg/cm2 

Water 
absorption, 

% 

Total 
swelling 
due to 
surface 

absorption, 
% 

Coir: 
PE 

1 75:25 8.3 0.78 4.8 140 2.5 0.5 

2 *50:50 7.2 0.70 3.7 175 1.8 0.2 

3 40:60 7.8 0.74 3.0 161 2.0 0.5 

*  Optimum condition for board making. 

  

From the Table 4, it was observed found that density of the boards ranges from 

0.70 to 0.78 g/cm
3
, Modulus of rupture was recorded maximum 175 kg/cm

2
 in the 

board made from coir fiber and PE ratio 50:50, which are followed by coir and PE 

ratio 40:60 and coir and PE ratio 75:25. Water absorption values were maximum 

(2.5%) in case of coir and PE ratio 75:25 and minimum (1.8%) in case of coir and 

PE ratio 50:50. Total swelling due to surface absorption were also determined and 

found a minor variation from 0.2-0.5% in all the blend ratio of coir and PE.  
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Pressed under hydraulic Hot Press       Coir -Polyethylene composite Board 

FIG.5  Board making process : Composite  board  making  from  the  
mixture  of  coir  fiber  and  low  density polyethylene (LDPE) 


