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1.  INTRODUCTION
India has a rich heritage of natural plant material due to its wide range of climatic conditions from the torrid to the arctic with its rich and varied vegetation, which only few other countries possess. ‘Green fibres’ produced by nature in lavish abundance, which is widely used in the past are emerging once more, as indispensable raw materials for mankind. The origin of fibres took place long ago and the human race began using fibres as a means for living right from the dawn of history. There is no other material on earth, which has such a long development procedure as fibre and which is seen around us in large volumes in multifarious forms. 

Along with the changes in fashion, the emergence of a variety of new products and new terms every year also spuns the complexity of fibre goods. India is known for its ancient and rich textile trade and industry. Man has never stopped at being contented with whatever he possessed, went on inventing newer and newer products, opportunities, meeting challenges all throughout the generations.

Rational growth can only take place in harmony with nature as per environmentalists and ecologists. Industrialization and technical advancement increased the comfort of living of the people whereas their byproducts created a worse environment to live, so the natural air purifying system is gradually declining and we are proceeding towards disaster, hence the most logical and reasonable alternative to promote healthy environment by using natural fibres. Diversified fibres made from vegetables have come into limelight. The eyes of the world are focused on cellulosic fibres because of the superficial trend.

The natural fibres are the essential alternative in the ever-expanding horizon of textile fibres. The world is facing challenges of preserving a sustainable and healthy eco-system for future generation versus the global industrial revolution that in underway. So, balance must be maintained between these two competing forces to sustain economic development. The growing environment awareness and preservation has led to the development of strategies for utilizing fibres and its by products from agricultural sources to satisfy the conventional material. We need a change of heart and consciousness with an awareness of the debt that we owe to the green plants as we take their life to make ours possible. So that, there is a spurt in the demand of plant derived products for processing of textile goods.
Natural fibres are becoming the essential necessity in the growing concerns for the degrading environment conditions, which are ever growing. The radical changes have taken place in the extent of utilization of the natural ligno-cellulosic fibres. These fibres, being environment friendly, do not pose the toxicity and water disposal problem. So more and more attention has been drawn to agricultural products, wastes and derivatives because of their renewability. Even among natural fibres, light need to be thrown on non-conventional fibres like jute, palm, kapok, ramie, sisal and pineapple.  No wonder that so many myths attribute to plants an intimate personal relationship with our daily lives and with our destinies. 
India, endowed with an abundant availability of natural fibers such as sisal, pineapple, ramie and bamboo has focused on the development of natural fibre composites primarily to explore value-added application avenues. The developments in composite material after meeting the challenges of aerospace sector have cascaded down for catering to domestic and industrial applications.  Such composites are now emerging as a substitute to wood and glass in the housing, construction, automobile, aerospace, and military applications.

The development of natural fibre composites in India is based on a two-pronged strategy of preventing depletion of forest resources as well as ensuring good economic returns for the cultivation of natural fibres. In order to save the crop from extinction and to ensure a reasonable return to the farmers, non-traditional outlets have to be explored for the fibre. One such avenue is in the area of fibre-reinforced composites. The emergence of several new technologies warrants a reappraisal of the reinforced plastic market.

Environmental legislation, consumer pressure and waste management approaches based on concepts like the 'polluter pays' are all increasing the pressure on manufacturers of materials and end-products to consider the environmental impact of their products at all stages of their life cycle - including ultimate disposal, hence a 'cradle to grave' approach- (www.polymers.nl). At this moment, 'designing for recycling' or 'ecodesign' is becoming a philosophy that is applied to more and more materials and products.  Especially the automotive industry is now trying to make every component recyclable. 
 
The development of plant fibre composites has begun. Although the ecological aspects of using natural fibres were the initial reasons for being considered for industrial products, future work will emphasize the specific technological properties and advantages of plant fibres. Thus the trend is towards increasing performance and the gap to synthetic products has become very small. 

Cultivation of fibres especially for technical purposes, continued development of fibre preparation methods and new processing techniques which will further improve the properties, thus the design principles of nature will play an increasingly important role alongside the technical uses of natural products and bionics will gain importance. The most recent World Eco-Fiber and Textile (WEFT) Forum 2006 held in May 2006 in Kuching explored "TEXTILE TRADITIONS TODAY -- the Relevance of Natural Fibre Techniques and Traditions in the Modern World." brought together international experts to exchange the information gathered through research work and experiences.  -(www.weftforum.org).

Textiles come to our help in every walk of life, in conspicuous form. Industrial textiles are specially designed and engineered structure, containing textile materials that are used in products, processes or services, which are also called as “Technical textiles”. The non-conventional traditional textiles are termed as “Industrial textiles” states Vidur (2004). Thus the industrial applications include roofings, textile constructions, automotives and geo textiles. Research indicates that the plant based natural fibre can very well be used as reinforcement in polymer composites, replacing to some extent more expensive and non-renewable synthetic fibres such as glass. So the natural fibre composites can be cost effective in building constructions. 

In this study, an attempt has been made to extract fibre from pineapple and sisal leaves which are grown throughout the world. The aim is to give a face-lift to pineapple and sisal fibre, which is otherwise used for making handicraft items like mats, wall hangings and cordage ropes. Pineapple can also be combined with sisal in reinforcement material suggest Mishra et al (2004). 

Thus pineapple leaves, and sisal leaves were extracted individually and also combined for web formation. While these fibres are used as inner fillers; and outer sheets on either side happens to be polypropylene for making composites. 

Hence the specific objectives of the study are as follows:

· Extract fibres from sisal and pineapple leaves

· Blend pineapple fibres with sisal

· Prepare composites with 

a) Pineapple polypropylene

b) Sisal pineapple polypropylene

· Study the mechanical properties of the evolved composites

· Collect opinion regarding end uses.

2.  REVIEW OF LITERATURE


The literature collected for this study are reviewed under the following heads:

2.1
FIBRE

A fibre is a thread like tissue obtained from plants, animals and minerals, says Meena (2000). The word fibre creates a mental picture of long, thin, hair-like units, which indeed is like textile fibres in general physical shape, reports Mahadeven (2001). Fibre is the raw material of fibrous goods, reveals Nangia (2002). A fibre is a slender and greatly elongated structure (Encyclopedia Britannica, 2005). 

The fibres themselves are bonded into a cohesive structure, point out Collier and Tortora (2001). A fibre is a long thin object with a high ratio of length to thickness, state Gupta and Kothari (1997). The fibre is a material, which is several hundred times as long as it is thick, pin point Jayaprakasam et al. (1997). A material, which is most common in the world, is fibre (Encyclopedia of Textile Technology, 1999). 

Textile fibres consist of a giant molecules, each of which contains thousands and thousands of atoms of few elements such as carbon, hydrogen, oxygen and nitrogen, expresses Shenai (2000). The nature has used fibres as a basis of strength providing material, explains Cook (1984). The fibres are the basic visible unit of which fabrics are made, points out Deulkar (1988). Fibres can be broadly classified into two categories according to its generation process, reports Biswas (2004). 

The fibre can be either natural or man-made, describes Srikanth (2001). The fibres are build up of polymers, which are molecules of many repeating units, pinpoints Landi (1985). A fibre contain many small crystallites which are generally oriented parallel to fibre axis, says Saravanan (2005). Spencer (2004) classified fibres as natural fibres, which consist of vegetable, animal, and mineral fibres. The other is man-made fibre, which are regenerated, synthetic, semi-synthetic and man-made inorganic fibres.
2.2
NATURAL FIBRES
The modern world calls for eco-friendly textile product made out of natural fibre, point out Kandaswamy and Kumar (2005). They further state that nature has abundant fibre sources out of which only few have been found as potential textile fibres. Natural fibres are biodegradable one, which are considered as sustainable environmentally responsible material, explains Yates (2002). The extensive use of natural resources to support industrialization has also put tremendous pressure on ecological balance of earth; report Rani and Arora (2007). No substance that negatively affects the environment has been added in the manufacturing process of natural fibres, reveals Abdella (2003). The most of the natural fibres were traditionally used for non-sophisticated products, express Goel and Nishkam  (2003). 

Natural fibres originate commonly in an impure state, describe Cardamone and Marmez (1995) they further say impurities arise from natural exudates, local vegetation and indigenous contaminants. Pant and Pushpanjali (2006) report natural fibres have a wide range of applications in the field of textiles, particularly in the light of the recent global inclination to eco-friendly textiles. Sakthivel et al. (2005) reveal that natural fibres are mostly used in the areas like apparel, industrial and household textiles based on the particular type of fibres. 

Murthy (1987) views that natural fibres are still holding their commercial status by virtue of some special characteristic properties, which are not available with man-made fibres. Bhatnagar (2002) states that fibres from the natural sources may be cellulose or proteinus in nature. Kumar and Sakthivel (2006) say that the attention has been drawn to agricultural products, wastes and derivatives because of its renewability, so one such field is called “unconventional natural fibres”. India is endowed with an abundant supply of natural fibres such as coir, jute, sisal, pineapple, ramie, bamboo and banana, which has focused more on the research and development, points out Phani (2003).

2.2.1 Vegetable fibres

The vegetable fibres are based on cellulose, found in the stem, leaves and seed-hair of wide range of plants, which is formed in nature by photosynthesis under the assistance of a specific enzyme, reveals Wilding (1995). He further states it is stronger but less extensible than cotton. Lewin and Pearce (1998) say traditionally, vegetable fibre classification has been carried out by argonomists, botanists and they further describes the source of vegetable fibres, as the richest plant life of earth.

Fibres grow like hemp, ramie, flax and jute as a skin of the plant stem (Pholem bast), says Mukherjee (2004).  Trotman (1990) pinpoints that all vegetable fibres other than cotton are mullticellular, which are composed of many cells held together by surface attraction. Deulkar (1988) pinpoints vegetable is composed chiefly of cellulose (66 to 70 per cent) and natural impurities (25 to 30 per cent). 

2.2.1.1   Leaf fibres
Leaf fibres are taken from variety of plants, most of which are perennials, that produce fibre for 5 to 20 years, say Collice and Tortora (2001) they further point out that they have a long, fleshy leaves with spiny edges. Grayson (1984) reports leaf fibres are multicelled and not readily split into the component cells. Shahrum (2000) states leaf fibres are fibres that run lengthwise through the leaves of most monocotyledonous plants such as sisal, henquen, abaca and esparto. Rosnah (2000) reveals leaf fibres, which are also referred to as 'hard fibres’, which are most commonly employed for reinforcement areas. Ghosh (2004) views that leaf fibres from monocotyledon plants grow with long heavy leaves which helps in shape deriving strength from the fibres which run in hawser-like strands through the length of the leaves.
2.3
PINEAPPLE FIBRE

As per the studies conducted by SITRA, the average land under pineapple cultivation is around 87,200 hectares, report Basu et al. (2003) they further say by using the proper extraction methods, the fibres of about 0.6 million tones of PALF can be produced in India every year.


Pineapple plant is a member of a large family of monocotyledons known as bromeliaceae. Yu and Franck (2005) point out pineapple (Anannus comosus) is a member of the bromeliaceae family, which has 1,300 species, most of which are native to south America which is now widely cultivated for its fruit in tropical and sub-tropical regions in the world. Hayavadana et al. (2003) state that the pineapple is a major fruit crop grown in areas where it is not only used for local market and processing but also for exports. 


Pineapple is easy to propagate by means of offsets from the base of the mature root, says Murphy (1999). Ghosh (2000) pinpoints that the PALF (pineapple leaf fibre) are somewhat thin in relation to other hard plants. They are rather flat and a dense rosette of short stiff leaves grow from the crown of the fruit. Pandey (2001) points out that pineapple is a biennial herb, usually two years old leaves are cut and the fibres are scrapped out by hands. Gayathri and Bala (2006) reveal generally combing PALF fibres in wet conditions with fine pins is easy to separate the fibres than from coarser bundles. 

Joseph (1981) quotes that the fibre length is about 2 to 4 inches (5 to 10 cm) and its fine, lustrous, soft, flexible, strong and highly resistant to water. Mohanty et al. (2004) explain fresh leaves yield about 2 to 3 per cent of fibre and the filament of PALF is being strong and finer than jute. The fibre has a very small lumen size almost like a line. Manersberger (1947) says PALF withstands water well and it is slightly stronger when wet than in dry condition. Meena (1987) reports that the tensile strength is estimated to be 23 per cent, which is greater than that of manila. 

The thermal conductivity of PALF is as low as 1237 watts per square meter per Kelvin, suggesting that PALF fibre would act as good thermal insulators, state Doraiswamy and chellamani (1992). Mishra (2000) reveals PALF are more ordered to its crystalline and has good strength and elongation when it is compared with cotton fibres. 

Pineapple leaves go mostly as an agricultural waste, reports Marwaha (2006) he further says it is a multi-cellular lignocellulosic fibre, which has the potential for making copolymer reinforcement and composites for automobiles and non-structural applications. Kadolph and Langford (2002) state that pina cloth is highly susceptible to acids and enzymes. 

2.4
SISAL FIBRE
The sisal plant is a triennial, where the leaves grow from the base of the plant, and each leaf is cut by hand close to the ground, says Agi (1996). Sisal (Agave sisalana) is a monocotyledon plant, of 300 species of the agave genus, which is one of the 21 genera of the agavacea family, states Franck (2005). 

In India, sisal is being cultivated in Assam, Bengal, Tamilnadu, Maharashtra and Karnataka where the matured leaves are grayish to dark green in color, reveal Teli et al. (2002) they further explain that the cross-section of fibre look like concave, sometimes turned horse shoe for most of their length. 

It generally stores water in wet season and consumes it during the period of drought. Chavan (1999) reports that each plant has about 100 to 150 dark pale green leaves, in which each leaf is 1 to 2 m long, 10 to 15 wide and 6 mm thick. Catling and Grayson (1982) point out that sisal is propagated by growing the small bulbils, which develop in the axis of peduncles. 

The sisal derives its name from a small port in the yucatan peninsula in Mexico where the earliest supplies of agave fibre which were exported as ‘sisal hemp’, quotes King (1985).Shiva Prakash and Prakash babu (2006) pin point that each leaf contain 1000 to 1200 fibre bundles, which is composed of 4 per cent fibre, 0.75 per cent cuticle, 8 per cent dry water and 87.25 per cent water. So normally a leaf weighing about 600 gram will yield about 3 per cent weight of fibre.. 

The sisal plant produces approximately three hundred leaves throughout its productive period (www. binhaitimes.com). The sisal leaf contains three types of fibre as mechanical, ribbon and xylem. The mechanical fibres are mostly extracted from the periphery of the leaf which have a roughly thickened-horseshoe shape and seldom divide during the extraction processes where mechanical fibres are used commercially as sisal fibre, reveal Bisanda and Ansell (1992). The leaves contain woody fibres from which sisal hemp’ is obtained for various purposes, says Chopra (1991).  Sisal fibres are from the leaves of the amaryllidaceae family, states Buruham (1980). 

The fibre is usually obtained by machine decorticator in which the leaf is crushed and the resulted pulp is scraped, washed and dried by natural means (Britannica Micropedia, 2000). 

The fibres sometimes appear saw-edges and tapering ends where the lumen varies in thickness often packed with tiny granules, views Cook (1984). Sisal does shows good elasticity and extensibility report Cowan and Jungerman (1980). Sisal fibre is very strong, but rougher to feel and not so flexible as abaca fibre, says Kirby (1963).

The sisal fibre contains 72 per cent cellulose and 14 to 16 per cent lignin, points out Nakamura (2000). Sisal fibres, unlike hemp have only moderate resistance to deterioration in seawater, pin points Hall (2004). The tensile properties are not uniform throughout the length of the fibre but the fibres are stronger and stiffer at the mid-span and moderate at the tip, reveal Sudha et al. (2006). In agriculture the baler twines use a considerable amount of sisal fibre, describe Wingate and Mohler (1984). 

True sisal hemp (Agave sisalana) came to India in-between 1885 to 1892, and they further say that the old leaves yield coarser, harder and brittle fibre, points out Chardhury (2000). 

2.5
EXTRACTION AND PROCESSING METHODS

After the harvest of leaves, these are tied in bundles and within twenty‑four hours, the leaves are processed and the fibre is extracted, says Bhattacharjee (2004). The two methods used to extract the fibre from fresh leaves are using decorticating machine and retting. Whereas the leaves are kept in water for 24 to 28 hours at the temperature of 15 to 30 c, after that the fibres can be easily separated from the leaves, report Yu and Franck (2005).

The kenaf plant stems are decorticated to remove the inner part of the stalk and then retted to obtain the fibre bundles, describe Sakthivel and Vasanthkumar (2006). The extraction of the fibres from the non-fibrous tissues in the bank of the plant is done by a process known as ‘retting’, says Mishra (2000). The fibres from the pineapple leaves could be extracted by hand as well as by a decorticator. But the common method, in practice is a combination of water retting and scraping, view Doraiswamy and Chellamani (1993). 

In the hand decorticator machine, the outer bark is removed, followed by the extraction of fibre through simple scraping with a sharp knife and they further say that the retting method can involve both cold and hot water retting treatments as stated by Pant and Pushpanjali (2006). It is shown that the mechanical process yields a large quantity of poor quality fibres, describe Chand et al. (1988). Degumming is done to remove gums and pectin from the decorticated fibres either by chemical or microbial means, point out Kundu et al. (1996).

The retting is the cheapest and most commonly used process, reports Kardile (1992). Chadhury (2000) describes that the retting method involves the steeping of bundles in stacked water, for one layer over another, upto 2 to 3 layers with the stack size of 10 or 12 feet square so, that the stack is commonly covered with water weeds. This procedure is adopted for loosening the fibre from binding in the case of jute and leaf fibres. In the chemical extraction method sodium hydroxide and sodium carbonate were used for the stipulated time, concentration and temperature, state Borah and Kalita (2005).

2.6
SYNTHETIC FIBRE
The use of synthetic fibres brought many changes in the textile economy, because production method and the physical characteristics of fibres could be adjusted to suit the specific requirements, pin out Jefferson (2005). New synthetic fibres of high performance and high functionality plays a key role in the field of high technology, points out Arun (2001). 

The high performance fibres are expensive but gives added value to the final products, says Mukhopadhyay (2004). Today synthetic fibres are not a mere alternative to natural fibres, remark Hongu and Phillips (1997). The high performance fibres goes into major areas like, ballistic protection, marine ropes, industrial fabrics and fibre-reinforced composites, reveals Spencer (2000). 

The synthetic fibre nonwoven fabric is recyclable and reusable to fabricate functional products with high additional values because the synthetic fibres used in the nonwoven industry are almost thermoplastic polymer, explain Lin and Lon (2005). 

2.6.1
Polyester

Polyester fibres spun under specific condition features like high modulus and high thermal stability. Polyester refers to a class of polymers containing a number of ester groups in the polymeric chain, states Hewinson (1999).  The view that polyester is hydrophobic in nature. It is also known for its ease of soiling and static charge, says Person (2004). 

Polyester fibre is highly crystalline in nature, and has poor moisture regain which result in discomfort to wear, pinpoint Chakraborty et al. (2004). Polyester is the commonly used fibres for manufacture of needle-punched fleece, which forms the top surface of carpet, views Balasubramaniam (2003). 

 
Polyester is used initially for apparel and household application, which can be manufactured at a lower cost alternative to viscose, and polyamide in an increasing range of technical applications, reports Kothari (2004). Polyester nonwoven is widely used in automotive industry due to benefit of higher maximum processing temperature, flexible manufacturing and its strength, lightweight, points out Gorguin (2006). 
2.6.2
Polypropylene

Polypropylene is the first steroregular polymer to have industrial importance, say Gupta and Kothari (1997). According to Rao (1985), polymerization must be carried out under controlled condition by special catalysis that is suitable for polypropylene fibre. Polypropylene is cheaper than nylon and polyester, reports Vadodaria (2005). Polypropylene fibres resist dyeing, stain and soil resistance, comfort qualities, and strength are some of the properties of polypropylene besides being light in weight, reveals Matsui (2003).

Rowell (2006) view that polypropylene fibres can deliver durability and color fastness in automotive interiors, which are used, in or on kick panel, package shelf, seat construction, truck liners and load decks. Miller (1984) pin points that polypropylene can be tufted, woven or non-woven form because of its resistance to acids and alkalis which makes it suitable for work wear.

The polypropylene fibres meet good strength and durability in geo textiles and its uses in reinforce textiles, paper products, filter fabrics, packaging materials, industrial applications and for its durable non‑woven fabric, suggests More (2000). Sandoz (1994) states polypropylene offers a big variety of possibilities such as it can be used in the form of fibres for upholstery, carpet non‑woven, in form of blends in injection molding for dash boards, bumpers and decorative parts in the car interiors. 

The major uses of polypropylene fibres are industrial and carpet applications because of its good insulative properties, which make it desirable in high tech active wear, where moisture transport is important, reports Frings (1999).

2.7
NATURAL FIBRE REINFORCED COMPOSITES
Man had used this idea for a long time, since the beginning of our civilization when grass and straw were used to reinforce mud bricks, states Sheng (2003).  The use of composite materials dates back to centuries, and started with natural fibre, says Browner (2004). Two composite ingeniously created by nature, namely wood and bone, which have served as a benchmark for the designers and manufacturers of composites, reveals Gupta (2001).

The word composite means a macroscopic combination of two or more distinct materials having an identifiable interface between them, explains Ghosh (2002). Composites are products formed by combining two or more discrete physical phases, usually a solid matrix and a fibrous reinforcing material, points out Spencer (2001). Composite as a bi-phase or a multi-phase material combining two or more material differing in composition or form, which remain bonded together but retain their identity and properties, describes Mondal (2003). 

Composite material is increasingly replacing metals and wood, state Chellamani et al. (2006). Several investigations have reported that the natural fibres can be used as reinforcement materials in both thermosetting and thermoplastic matrixes, pin point Padmavathi and Naidu (1998). Natural fibres are added to synthetic polymer which act as reinforcement and improve the mechanical; properties of the polymer matrix, describe Prasad et al. (2006). 

Natural fibre reinforced composites are friendly processing without causing any skin irritations, explains Nilweski (2003). Preparation of natural fibre composites require low investment, quote Sarkar (2001).  Thermal recycling is possible for natural fibre reinforced composites, express Spurlin (2004). Gridev et al. (2006) reveal that natural fibres such as jute, banana, sisal, flax, and pineapple are nowadays gaining importance as reinforcement in fibre reinforced plastics. 

Plant based natural fibres can very well be used as reinforcement in polymer composites, suggests Schuh (2004). In which the most composites of textiles comprises of less than 50 per cent of the weight were it account more than 75 per cent of the strength. Mitra (1998) reveals that composites are creating a revolution all over the world in almost every field. So the future of composite industry in the country looks bright, and soon it will be available readily to the common man with quality products.  

The fibre is an important constituent in composite where it generally occupies 30 to 70 per cent of the matrix volume, report Babu and Chandrasekaran (2004). Meyer (1995) states that thermoplastic matrix materials like polypropylene and polyethylene are low cost, having good adhesion so it can be preferred anywhere, without any demand for special requirements of their end uses.

Fibre and binder/resin are the two basic components in the adhesive bonded nonwoven and fibre-reinforced material, report Samajpati and Sengupta (2006). Gupta (2001) says that the matrix must be relatively soft so that it does not damage the fibres by scratching, which act as a stress-transmitting medium, to hold the fibre well. Tarafder and pantu (2004) point out that the reinforcement structure can be made out of fibres, yarns and fabrics, which are also known as textile performs. The two major steps in manufacturing composites are welting of textile reinforcement structure with resin (matrix) and curing which result in 3d formation of a polymer network, reveal Shivaprakash and Prakashbabu (2006)

 
The properties of polymer composite are determined not only for the kind of matrix and reinforcing material but also by the geomentry of the reinforcement which is in the forms of discrete fibre, strands/continuous fibres and textile performs, say Rao et al. (2000) they further say that textile performs are widely used to give better intra and inter-laminer strength. Ogale and Alagiruswamy (2004) say that the textile performing operations play a key role in most of the composite manufacturing processes, which in recent years is finding increasing importance in composite applications. They further state that textile performs are considered to be the structural backbone of composite structures.  

Patridge (1989) views that reinforcement efficiency of a filler/matrix system and the degree to which the material splits during failure processes, depends on the adhesion at the filler/matrix interface. Textile composites can be flexible or rigid, states Adanur (1995) he further points out that the strength and stiffness of the composite structure are the main functions of fibre and matrix. Dev and Sinnur (2005) pin point that the textile structure not only provide a mechanism for structural toughening of composites but also to facilitate the processing of composites into near net shape structural parts. Jefferson (2005) quotes that the conventional textile structures and nonwoven webs can be combined with a wide range of elastomeric and plastic materials to make composites.

At present the vegetable fibre composites are used in the manufacture of press-molded thermoset or thermoplastic panels with 5 to 10 kg of fibre which is used per car, report Mussig et al. (2005) and they further say that the production of natural fibre material is bonded with a thermoplastic, in a pourable and dispensable form.

2.7.1
Merits and Demerits of Natural Fibres for Reinforced Composites

Plant reinforced composites give increased comfort than synthetic composites, points out Cokta (2006). Natural fibre reinforced composites replace synthetic fibres such as glass in cost and ecological aspect, states Salmiah (2003). Natural fibre composites are light in weight with high strength to weight ratio, remarks Meyer (2000). Natural fibre reinforced composites can be produced with lower density, abrasion resistant, better dimensional stability and absence of toxicity, describes Morgin (2006).

Good thermal and acoustic insulating properties is the main feature of natural fibre reinforced composites, reports Lakkad (2002). Thermal recycling is possible by using natural fibres but glass causes problems in combustion furnaces, pinpoints Porter (1995). Natural fibre reinforced composites can be produced with low investment at low cost, which makes the composite material an interesting product for developing countries, reveals Wasiak (1993). 

Natural fibres have poor fire resistance and lower durability, states Ifire (1998). Variable quality in natural fibres depending on unpredictable influences such as weather (Kocsis, 1998). Price can be fluctuated by harvest results or agricultural products, says Yan (1997).  Natural fibres have lower strength properties, particularly impact strength in composites, reports Bozec (2000).

2.8
METHODS OF COMPOSITE PREPARATION
         There are five methods for composite preparation, they are reviewed below.

· Hand lay up and Spray Techniques:
Hand lay up and spray techniques (Figure – 1) are perhaps the simplest polymer processing technique. Fibres can be laid onto a mould and the resin is sprayed or brushed on. This technique is more suitable to thermoset matrix materials including epoxy, unsaturated polyester and vinyl ester, reports Oogswell (1995).

· Resin Transfer Moulding
Resin transfer mould (Figure – 2) is a closed – mould, low-pressure process, views Harris (2004). He further states, the technique is more suitable to carbon, glass or aramid fibres. Hayavadana and Kumar (2006) state that the fibre reinforcement, which has to be pre-shaped is placed in the cavity of a closed mould and a liquid resin of low viscosity is injected under pressure into the cavity which is subsequently cured. It is suitable for manufacturing of high fibre volume fraction (upto 70 per cent) composite structures.

· Injection Moulding
Injection moulding techniques (Figure – 3) are extrusion and thermoforming. Thermoforming involves the production of a sheet, which is heated and stamped, followed by vacuum or pressure forming. It is similar to metal die-casting. The matrix is melted and forced in to the mould cavity, where it freezes and is ultimately ejected as a finished part. This technique is more suitable to fibre-reinforced thermoplastic and thermo set composites, points out Anderson (2000).
· Pultrusion Technique

In the pultrusion (Figure – 4) technique, continuous reinforcement fibres or roving are drawn through a resin bath for impregnation and through a heated die to produce the desired shape and control over the resin content in continuous process. Drawing velocity and mould temperature is critical during the process. This technique is more suitable to polyester, vinyl ester and epoxy fibres, reports Deopura (2003). The continuous and automated process is cost effective for high volume of production with uniform cross section, resin distribution, alignment with excellent composite structures can be fabricated for industrial gratings, ladders, cable trays, reveal Sudha et al. (2006).
· Compression Moulding

The compression-moulding machine (Figure – 5) is especially suitable for manufacturing flat or slightly curved panels or laminates. Both thermoplastic and thermosetting polymers are suitable for compression molding. In this method, prepregs or wet impregnated textile performs are placed in to an open mould. The mould is closed and heat and pressure are applied until the structure is formed and cured. The textile preforms can be vaccumed before moulding to eliminate air bubbles in the composite, cites Hodgkinson (2004). 
2.9
APPLICATIONS OF REINFORCED COMPOSITES

Now-a-days, natural fibre composites play an important role in building and construction industry, says Sukahara (2003). 

Automotive interiors such as headliners, dash board, door panels are reinforced with a natural fibres to be physiologically safer than glass fibre in case of car crash, reveal Borkar and Mantha (2006) and they further say that one of the major fields of application of natural fibre reinforced composites is the automotive industry due to its aspects such as ecological consideration and environment friendly.

The natural fibre-based composites have made important material in building and civil engineering fields such as partitioning, separating panels, false ceiling, roofings, sound insulation walls, exterior cladding panels, report Gayathri and Bala (2006). Gupta and Gupta (2005) explain that fibre composites can be used in various industries such as aircraft, aerospace, automotive, sporting goods, marine, chemical, construction and electrical.

Bottcher (2002) points out the application fields of industrial fibre are as insulating material, geotextiles and agricultural textiles. Whereas the fibres from renewable raw material are currently employed in automobile sector as moulded composite material in combination with polypropylene fibres in the areas of car boot lining, interior door cladding, seat back rests and roof linings. 

Recently, natural fibres have attracted the attention of scientists and technologists for the applications in consumer goods, low-cost housing and civil structures due to its potential advantages, state George et al. (1993). Scott (2005) 
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FIGURE – 1

SCHEMATIC DIAGRAM OF HAND LAY UP AND SPRAY TECHNIQUE
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FIGURE – 2

SCHEMATIC DIAGRAM OF RESIN TRANSFER MOULDING TECHNIQUE
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 FIGURE – 3

SCHEMATIC DIAGRAM OF INJECTION MOULDING TECHNIQUE
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FIGURE – 4

SCHEMATIC DIAGRAM OF PULTRUSTION TECHNIQUE
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FIGURE – 5

SCHEMATIC DIAGRAM​ OF COMPRESSION MOULDING TECHNIQUE
reports that textile composites have successfully replaced metals and alloys in many applications such as automotives, aerospace, electronics and military. So that the most typical textile composites used for the production are lightweight armor, ballistic helmet and vest with add on car armour using laminating and molding techniques. 

Fisher (2000) states that the bioactivity of a polymeric ceramics or glasses to polymers can produce a composite with two reinforcing components in matrix materials. Jayachandran (1997) says that structural composites can be used in the areas like load bearing walls, framing components, furniture. While the non-structural composites can be used as doors, windows, ceiling tiles and automotive interior parts.

3.  EXPERIMENTAL PROCEDURE


The procedure and techniques adopted for the study are as follows :
3.1
EXTRACTION AND PROCESSING OF SISAL FIBRES 

The sisal fibre processing includes the  following steps :

3.1.1      Selection of source

The annual sisal production ranks second in worldwide, after cotton; refer  to  the  statistical database by FAO (www.fao.org). The sisal plant (Plate – 1) was found in several parts of the country, but its commercial utilization is confined only to southern India. A good sisal, grown under the most favorable conditions, may yield about 150-180 leaves for each plant. Hence the investigator carried out the study using sisal leaf fibre for their selected end uses. Self-help groups to be formed to promote cultivation of sisal plants that are in demand in the market said by Initiatives for Development through Participation of Marginalised Sections (IDPMS), in association with the Union Ministry of Textiles (The Hindu, 2004). 
3.1.2 Collection of sisal leaves

The  basic  raw  material,  sisal  leaves  for  the  study  was  collected. The  plants consist of a rosette of sword-shaped leaves about 1.5 to 2 meters tall. Planting is usually done in advance of the seasonal rains when the soil is dry. Rooting is shallow and most roots are concentrated in the upper 40 cm of soil. Thus it will grow on well-drained clay soils (www.rirdc.gov.au). Sisal is considered as a plant of the tropics and subtropics, has production benefits from temperature above 25 degrees Celsius and sunshine, depending on climatic conditions, sisal will absorb air humidity or release it causing expansion oe contraction. Sisal is not recommended for areas that receive wet spills, or rain or snow (www.wikipedia.org.). Thus the sisal leaves were cut from the end of the rosette.
3.1.3 Fiber extraction

Fibre extraction was the complex process of removing all the gums and resins attached to the fibre cells to separate and make the fibres suitable for their end uses. Different fibre extraction processes yield different quantities and qualities of fibers (www.rbgkew.org). The effectiveness of the fibre during the further processing strongly dependent on the procedure used to extract the fibers (www.fao.org). In order to find out the best method of extraction, a pilot study was conducted following the various fibre extraction methods.

3.1.4    Pilot study

The pilot study for the research work was carried out by the investigator for the extraction of sisal fibres from the leaves using the following four retting techniques.

3.1.4.1   Retting

The extraction of fibres was of great importance since the quality as well as the quantity was to be considered. Retting is a ferment process where the pectin ovurum bacteria eat the gum which binds the fibre to the stem view Saini(1989).As a microbiological process, retting was influenced by environmental conditions. So the important characteristics to be considered for the sisal fibre included colour, texture and strength, which were dependent on the methods of retting. The environmental factors, which influence retting, are pH, Temperature, Sunlight, Hardness of retting water, Presence of microbiological agents in water like fungi and bacteria, Presence of oxygen and iron in water.

Retting process was done by four methods.
· Stagnant water retting

The fresh leaves were made into bundles and immersed in stagnant water pond, so that the fungal action took place for the required period. After twenty-three days of fermentation, the fibre floated up on the surface of the stagnant water indicating the completion of retting process. The retted leaves were taken out and scraped to remove the decomposed non-cellulose matter surrounding the fibers. Thus the extracted fibers were then washed thoroughly, laid in the ground to get dried and combed fibres (Plate-2 and Appendix-Ia).
· Running water retting
In this type of retting, sisal leaves were immersed in fresh continuous flowing water in big bundles, tied at loose conditions. Then the leaves were left under flowing water for around thirty days for retting. When it was fully retted, the bundles were taken out and fibres were extracted by pulling out the fibres manually. Thus the fibres were washed in clean water, dried and combed fibres (Plate-3 and Appendix-Ib).

· Chemical Retting
It consisted of softening the tissues of the leaves by boiling with the concentration of 0.5 per cent sodium hydroxide at a boiling temperature for 6 – 8 hours states Sengupta (2003). Thus the leaves were subjected to alkali for 20 days. By this process, the lignin, hemicellulose and the pectic matters are hydrolysed and degraded. After the treatment, the fibres were washed with clean water and fibres were dried (Appendix-Ic). In comparison with previous retting methods, this process was expensive, as it required chemicals and special vessels for the treatment.
· Dew Retting

In this process, sisal leaves were kept in warm and humid atmosphere by simply stretching over green grass for 20 days in thin layer with occasional turn over. By this process, all the sisal leaves got a direct exposure to bright sunlight in daytime and moisture at night. Gradually the leaves split out, skin came out. After proper retting, the fibres were separated from the sisal leaves, rinsed with water thoroughly and it was dried (Appendix-Id). Schunke et al. (1995) state that, dew retting is the most frequently used method for the separation of fibres from the plant.

3.1.5 Evaluation of extracted sisal fibres
The fibres were separated by different retting techniques and the retted fibres were labelled and neatly placed on a white sheet of paper for visual evaluation to find out the best method of extraction, by 30 post graduate students specialized in the field of Textiles and Clothing, Avinashilingam University for Woman, Coimbatore using a proforma. The criteria for evaluation were general appearance, color, texture and yield.
3.1.6   Results of the pilot study

The requisites of various extraction  methods were evaluated using the main criterias of, the materials needed, time required, amount of water consumed in each method. Apart from this, the results obtained from the visual  evaluation  are presented in the chapter Results and Discussion, proved that stagnant water retting was the best method for sisal fibres.

3.1.7 
Actual extraction of the fibre

The actual production of the sisal fibers were done by stagnant water retting method, in which the sisal leaves were placed on a stagnant pond for 23 days and scraped with a blunt knife, followed by washing the fibres in water to remove the non fibrous matter. About 20 kilograms of raw material was used for the extraction of 2.5 kilograms of fibre.
3.2
EXTRACTION AND PROCESSING OF PINEAPPLE FIBRES

The pineapple fibre processing includes the  following steps :

3.2.1
Collection and extraction of pineapple leaves


The pineapple plant in Plate-4 is a terrestial, having many epiphtic adaptations, including a short stem and coarse, stiff, narrow with spiny leaves arranged in the form of a rosette, reports Janick(1982). Pineapple plant orginated in Brazil and reached India by 1548, state Singh et al. (1997).The basic raw material, pineapple leaves for the study was collected. Then the leaves of equal length were arranged together and fed into the decortication machine in SITRA are shown in Plate-5. In this process the three to five leaves were fed between the drum and the backing plate owing to the crushing and beating action, thus the pulpy material were removed, while care should be taken to avoid the breaking of the crushed pulp which are very delicate. 
3.2.2
Processing of the fibres


Thus the crushed fibre pulp is rinsed with water thoroughly, dried and combed when the fibres were slightly in wet condition, using a brush to remove the remaining pulp adhering to the fibres. In this process a number of very delicate fibres were cut, matted  and knotted. If the loss on these accounts is considered, the yield of the fibre 
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falls below two per cent of the leaves weight, reports Ghosh (2000). Thus the colour of the pineapple fibre is creamish brown (Appendix-Ie).

3.3
PREPARATION OF COMPOSITE SAMPLES


The preparation of composite samples includes the  following steps :

3.3.1
Fibre preparation

The investigator decided to blend the sisal fibre with that of pineapple fibre, which is natural cellulose fibre and completely biodegrable. Moreover it is easily available and cheaper than the other major fibres. Thus the process of preparing the sisal pineapple blend for the web formation :

3.3.1.1   Sisal and Pineapple  Fibre
· Combing

In  the combing operation, the sisal and pineapple fibres (Plates – 6 and 7) were combed using hand stripper and straightened, until they were arranged in a parallel manner. Combing process is known as hackling, says Paulsingh (2004). The short sisal and pineapple fibres are called noils, they were combed out and completely separated from the longer fibres to attain good strength. Thus the long fibres were taken for the further processing.

· Cutting and blending of fibres

Blending enhances the performance of the fibre qualities. So the investigator decided to blend sisal and pineapple fibres in 50:50 proportions respectively. The combed fibres were cut into required length and in equal quantities of sisal and pineapple fibres were weighed in order to get the required proportion.

· Hand Batching

The fibres were hand batched for proper mixing of two varieties namely sisal and pineapple. For softening, the mixed fibres were spread out thinly and sprayed with a mixture of emulsifier oil and water, which were allowed to stand for twenty-four hours, and then it was passed through the softening machine in order to blend and hold the fibres together.

· Carding


The blended fibres were feed into the breaker card machine for carding are shown in Plate-8, where the fibres were cut, carded, parallelised and transformed into a thin web of blended fibres, which were then condensed into a silver form. The blended fibres (Plate –9 and Appendix-If).

3.3.2
Selection of Allied Matrix
The matrix, is the stuff that holds the fibers, which is usually a thermoset or thermoplastic material. So that the fiber is embedded in the matrix in order to make the matrix stronger.

The polypropylene sheet is light in weight with high tensile strength, high compressive strength, impact resistance, and excellent dielectric properties, remarks Hongu (1997). He further adds that polypropylene resists alkalies, acids and stress cracking besides retaining stiffness and flexibility with low moisture absorption. 

It is non-staining, non- toxic, easily fabricated, says Shah (2004). Polypropylene sheet is a material that offers a combination of outstanding physical, chemical, mechanical, thermal and electric properties which are not found in any other thermoplastic fibre, pin points Kaup (2001). The melting point of polypropylene is lower than that of polyester, reports Balasubramaniam (2004). Owing to the above reasons, polypropylene sheets were selected for the study as a matrix material, which are to be combined with fibre mat.

3.3.3
Compression Moulding Method for Composite Preparation 

The compression moulding machine (Plate – 10) it  is especially suitable for manufacturing flat or slightly curved panels or laminates. Both thermoplastic and thermosetting polymers are suitable for compression moulding. Majority of the composites are manufactured with two different polymers. But recyclability and developing bond between two different polymers are the major problems encountered with such polymers. Thus the increasing interest in the use of compression molding technique, as they offer possibilities for improved lightweight and recyclability over the other traditional composite preparation techniques, says Sayed (2006).
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Compression moulding method is commonly called as hot compaction technique. There are several advantages of using fibre-reinforced composites through hot compaction. Hot compacted products are lightweight materials. It is thermoformable and exhibits improved impact resistance, high stiffness and tensile strength, states Roth (2000). The recycling characteristics are superior to many conventional methods such as glass-reinforced composites. The material also maintains its high impact resistance even at cryogenic (sub‑zero) temperatures offering outstanding opportunities for cold weather and refrigeration applications, reveals Huihui and Shidong (2003).

The major feature of this process is the use of a single component as the reinforcing fibre mat and polypropylene sheet, which avoids the use of compatibilisers.

The advantages of using compression molding technique includes low cost, low mineral wastes with close tolerances, part to part uniformity and reproducibility, good control of fibre to resin ratios, void content and shorter cycle times. 


While considering the above facts, the compression molding method were selected to do the composites. 

3.3.4
Material preparation

The polypropylene sheet was cut to a size of 20 x 20 cms (Plate –11) to suit the size of the mould plate. An aluminum foil was also cut to the same size to cover the mould plate.

 3.3.5
Moulding sequence

The compression – molding machine with a hydraulic system of loading were employed in this work, which comprises of six heating coils, three at the top plate and three at the bottom. The molding process is explained with the help of the following flow chart :
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Care should be taken to avoid dislocations of the mould plates, which may occur during the cooling process, as it may cause a serious effect in the orientation of polymer matrix.

3.3.6
Composite preparation

The combed fibres were manually laid down on a polypropylene sheet in a uniform manner. Another polypropylene sheet was kept over the fibre mat, so that a double stack material was prepared as shown in Plate -12. Two mould plates were taken and cleaned thoroughly with a piece of white cloth. The aluminum foil were then wrapped over the two mould plates and the prepared double stack material were placed on the top of the aluminum foil plate without altering the alignment of the polypropylene sheet and fibres. Then the mould plates were closed and kept inside the compression-molding machine in Plate-13 and the door was closed. 

Using the hydraulic pump the piston (Plate -14) was moved upwards by reciprocating the lever. The required pressure of 200 PSI was set in the pressure indicator. The temperature was set by pressing the press button for few minutes (Plate –15). Temperature was raised upto the set point and allowed to stabilize. Care was taken to maintain the temperature. The heat produced from the coils of the hot plates got transferred to the stainless steel plate, when the polypropylene sheet melted and combined with the fibre mat to form composite was then cooled. After the time duration of 10 minutes the lever was released and the plates were taken out as suggested by Hine (1998). Then the pack was kept at room temperature for 20 minutes as recommended by Huihui and Shidong (2003), in order to enhance the properties of composite material, noteably molecular orientation, crystallinity, physical and mechanical properties (Tensile, flexural and impact). Finally the mould plates were separated and the composite material was taken out are shown in sample Plate-16.
In this study, an attempt has been made to prepare composites by varying the inner fibres mat as 100 per cent pineapple and blend of sisal pineapple, maintaining the matrix as polypropylene sheet. 

3.3.7
Pilot study to Optimization of Time, Temperature and Pressure


Time, temperature and pressure were the three parameters associated with compression molding machine. In order to obtain a versatile end product the above-mentioned parameters should be in proper control. If not, it directly affects the physical and mechanical properties of the composites, says Stern (1997).  
· Time


Time limit plays an important role. The time taken for the polymer to melt and get diffused into the fibre structure is important. In case if the polymer takes excess time, it leads to disorientation of the matrix, while shortage of time affects the adhesion of the fibre to the polymer melt, describes Bessel (1999). So, the pilot study has been conducted for pineapple and sisal pineapple blend at four different times namely 10, 15, 20, 25 minutes. The experiment revealed that the fibre burns when the time was increased beyond 10 minutes. Hence for the final study the duration of 10 minutes was decided as the optimum time to be maintained throughout the process.
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· Temperature

Maintenance of temperature is crucial and important. Even a slight change in temperature can make the composite material brittle, warns Campbell (2000). So by carrying out the pilot study at eight different temperatures like 178(C, 180(C, and 182(C 184(C, 186(C, 188(C, 190(C and 192(C respectively. The fibre burns even when the temperature has increased beyond 188(C, 190(C and 192(C were omitted and the rest were considered for the study. 

· Pressure

Accurate pressure should be applied to the polymer. Excess pressure can force the molten polymer outside the mould plate, leading to fibre slippage and create void space in the composites, points out Billon (1996). The pilot study was conducted at three different pressures namely 200 PSI, 250 PSI and 300 PSI respectively. At 250 PSI and 300 PSI the fibre alignment changed and the void space occured in the composite sample so that, for the final study 200 PSI pressure was selected and processed.  

3.4
EVALUATION OF FIBRE SAMPLES
3.4.1
Visual inspection of the sisal leaf fibre


The samples were inspected visually for its general appearance, color, texture and yield. The visual inspection was carried out by a panel of judges using a proforma. The panel consisted of 30 postgraduate students specialized in the field of Textiles and Clothing at Avinashilingam University for Women, Coimbatore.

3.4.2
Objective evaluation through laboratory tests


The samples were evaluated objectively to determine the longitudinal section of sisal and pineapple fibres, physical characteristics of sisal and pineapple. chemical composition of sisal and pineapple, tensile strength, tensile modulus, flexural strength, flexural modulus, impact strength. 

3.4.2.1   Fibre Morphology

The test was carried out to identify the longitudinal section of sisal and pineapple fibre x 500 m, longitudinal section of sisal and pineapple fibre x 1000 m.

The longitudinal and cross sectional views of pineapple and sisal fibre was determined by using Scanning Electron Microscope (SEM) – JOEL model TSM – 6360 (Plate – 17).

SEM is an optical instrument which increases the apparent size of an object and shows the magnified image of the object, states Saville (1999).

The SEM image has a characteristic of three-dimensional appearance and is helpful in judging the surface structure of the sample. Due to its larger depth of focus, higher resolution and higher magnification, scanning electron microscope is applied in research areas. It has an evacuated chamber inside which two pumps are placed. One is vacuum pump and the other is rotary pump, due to this voltage is reduced to 10-3. The specimen of fibre was mounted on the specimen stub. The ejected primary and secondary electrons hit the fibres and SEM shows an enlarged view of longitudinal section of pineapple and sisal fibres. Thus the magnified view of pineapple and sisal fibre are showed in results and discussion.

3.4.2.2   Physical  characteristics

The physical characteristics of pineapple and sisal fibres were determined for fibre length, fineness, diameter, breaking strength and elongation.

· Fibre length


Staple length is a quantity estimated by personal judgement by which a sample of fibrous raw material are characterized as its technical most important fibre length, defines Angappan and Gopalakrishnan (2002). The cut and weigh technique may be satisfactory for finding the mean fibre length, says Warner (1995). Hence the cut same method was selected for finding out the fibre length of the samples.The pineapple and sisal fibre were arranged separately with one of the ends of each fibre aligned with the others. A cut was then made to a short fixed distance, which is L1 from the aligned ends. The cut divides each fibre into two parts. The section containing the aligned ends was weighted as a group to optain M1. And the second group was then weighed to determine M2. A ratio is used to determine the mean L2, [L1] = M1/L1 =M2/L2, The mean fibre length, [L1], is the sum of two lengths; L= L1 + L2.

The test was repeated fifty times separately for pineapple and sisal fibres, readings were recorded and calculate the mean value in millimeters.

· Fibre diameter

The diameter of the fibers were calculated using a projection microscope with magnification 500x in Plate-18 (Basu, 2006). The pineapple and sisal fibers to be tested were cut into very small pieces and mounted on a microscopic slide with a suitable dispersing medium, then the slide was covered with the coverslip and the same was transferred to the platform of a projection microscope with suitable magnification, where a light source from the bottom magnifies the longitudinal view of the fibers, which was displayed on the dial provided on the top. The readings were taken hundred times at different places for accurate result. The diameter readings in millimeter can be read out directly from the scale mounted on the dial then the millimeter readings has been converted into microns, by multiplying them by 2, would give the mean diameter in microns. 

· Fibre fineness

The linear density or weight per unit length of the fibre is the more commonly used index of finess. Fiber fineness is the measure of mass per unit length of the fibers (ASTM Standards, 2005). The fiber fineness tests were carried out in gravimetric method following the procedure as per the ASTM Standards (2006) - D725 - 049E1. In this method the pineapple and sisal fibers were taken randomly from the whole bunch of fibers in such a way that the samples contain a specified number of fibers. The basic principle of this method was to count the number of fibers of a given bunch, measure their length and weight. The process was repeated twenty times and the readings were recorded. The linear density can be calculated using the following formula.     
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where f = linear density, n = number of fibres, l = average length of fibres, m = mass in gm.

· Single fiber strength and elongation
Fibre strength is generally considered to be next to fibre length and fineness in the order of importance among fibre properties, expresses Douglas (1998). The tenacity of a material is the mass stress at break, the units being grams per denier or grams per Tex. Ghosh (2004) states that tenacity is simply the breaking strength expressing grams per denier.


The strength and elongation test for sisal fibre were carried out on an Instron Tensile Tester 6021 (Plate-19) using a principle of constant rate of extension. By  changing  the  capacity  of  load  cell,  the  INSTRON  Tester can be used for the determination of tensile strength of either fibre, yarn or fabrics. The upper jaw linked with load cell remained stationary and  the  lower  jaw  moved  downwards  at  a  constant  rate  (Plate – 20). The sisal fibre length of 40 mm was mounted between the two jaws. As the machine was operated, a point was reached, when,  the  sample  was   broken  into  two and the strength and elongation readings were directly displayed on the instrument (Agrawal et al., 2004). The process was repeated for ten times and the readings were recorded and the mean calculated. 
3.4.2.3  Chemical tests

The chemical constituents of the pineapple and sisal fibers, were evaluated as follows.
· Estimation of alpha cellulose

   
Cellulose, a major structural polysaccharide in plants, which is most abundant organic compound in nature is composed of glucose units joined together in the form of the repeating units of the disaccharide cellobiose with numerous cross linkages, says Sadasivam and Manickam (2005). In order to estimate the alpha cellulose content, five grams of the pineapple and sisal fiber was treated with acetic/nitric reagent, in a test tube and mixed in a vortex mixer. Then the test tube was kept in the water bath at 100 c for thirty minutes, cooled and centrifuged for 50 minutes. The supernatant was discarded and the residue was washed with distilled water. It was treated with 67 percentage sulphuric acid solutions and allowed to stand for an hour. One milliliter of this solution was mixed with anthrone reagent, followed by subsequent heating and cooling operations. A green color was developed into the testube, which was measured by using UV spectrophotometer at 630 nm. The value obtained was compared with the standard and the amount of cellulose in the sample. The procedure was repeated ten times and mean value calculated for accuracy.
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· Estimation of hemicellulose:
In order to estimate the hemi cellulose content, one gram of the powdered sample of pineapple and sisal fibre in a refluxing flask ten-milliliter of cold neutral detergent solution was added, followed by two-milliliter of decahydronaphthalene and point five-gram sodium sulphite were added. After heating and refluxing for 60 minutes, the contents were filtered through sintered glass crucible by suction and washed with hot water. Finally the contents were washed with acetone and transferred to a crucible, to dry at 100oC for 8 hours. The cooled contents were weighed to get the amount of hemi cellulose present in the fibre. The procedure was repeated for ten times for accurate results.

· Estimation of lignin content

The association of lignin with cellulose to form lignified tissue constitutes one of the most definite relationships in the plant world, remarks Doree (1976). About 2-3 gram of accurately weighed pineapple and sisal fibres were cut into small pieces and placed in a 100 milliliter conical flask to which 40 milliliter of 72 percentage ice cold concentrated sulphuric acid was added. It was then kept at deep frozen conditions for eight hours. The sample was then removed, diluted with distilled water upto 800 milliliters and digested for eight hours to precipitate the lignin. The solution was filtered, washed with hot water and subsequently with cold water and then dried in an oven. Residual lignin content was estimated based on original sample weight (Bandyopadyay et al., 1999). The procedure was repeated for ten times and the mean calculated.

· Estimation of ash content

The ash content was determined by heating the pineapple and sisal fibres in a muffle furnace. Test specimen of about 4 g was compressed into pellet form after cutting into 2 millimeter bits. The compressed specimen was placed in a tared silica crucible and weighed accurately. The specimen in the crucible was then ignited over a bunsen flame until it was carbonized. The crucible was then transferred to a muffle furnace and the ashing was continued at 750(C, until it attained a constant weight.  The oven dry weight of the material taken for ashing was found by measuring the moisture content in the sample. From the weight so measured the percentage of ash content was determined on original dry weight basis. The procedure was repeated ten times for accurate results.

· Estimation of fat and wax content

The ten grams of pineapple and sisal fibre were taken in two seperate beakers and benzene ethanol was added to the same at the ratio of 1 : 1 at room temperature. The mixed content was placed in the soxhlet apparatus (Plate – 21) and it was given six rotations per hour, the experiment was repeated for six hours and totally 36 rotations were given. Then the residue was taken from the apparatus and weighed. In order to obtain fat and wax content value, the weight of the residue was subtracted from the final weight and the value was recorded.

· Estimation of moisture content:

Moisture content is defined as the amount of moisture present in the material expressed as a percentage of its original weight, states John (1995).

Moisture content test was carried out using Barkbender Semi Automatic Tester. This instrument directly gives the moisture content in percentage. Ten grams of pineapple and sisal fibre were weighed, separately using sensitive balance and was taken in a sealed container. Then the fibres were transferred into perforated dishes. The rotating knob was released downwards and the drying chamber was allowed to revolve slowly and half an hour was taken for drying. The knob stopped the revolving hot chamber by releasing it upwards. The level was lowered and the reading was noted on the direct reading balance. The above operation was repeated five times. The mean value of the moisture content was calculated and recorded in percentage.

3.5
EVALUATION OF COMPOSITE TESTING


Tests conducted for pineapple polypropylene and sisal pineapple polypropylene composites included tensile strength, tensile modulus, flexural strength, flexural modulus and impact strength.
3.5.1
Tensile strength, tensile modulus, flexural strength and flexural modulus

Tensile strength testing and flexural strength testing of the composites was carried out in UTM (Universal Tester Machine) (Plates – 22 and 23) according to ASTM D-638 and ASTM -695 standards respectively.

UNIVERSAL tester works on the strain guage principle. The upper jaw is attached to the free end of the beam and the lower jaw has a controlled vertical movement on the tester. The upper jaw linked with loan cell remains stationary and the lower jaw moves downwards at constant rate. The specimen was mounted on the tester (Plate –24). By moving the lower jaw a tensile force was developed which caused the free end of the beam to deflect. Flexural strength is the ability of the sample to withstand bending forces applied perpendicular to its longitudinal axis (Plate-25). Thus for testing flexural strength the upper or lower portion of the movable crosshead is used, the dual- purpose load cell that indicates the load applied in tension as compression facilities. The machine used should operate at constant rate of cross head motion over the entire range and error in the load measuring system should not exceed +1-1 percent of the maximum load expected to be measured. A strain gauge type of mechanism called a deflectometer or compressometer is used to measure deflection in specimen. The effect of the deflection was used to measure the tensile strength (Plate-26) and flexural strength (Plate-27) of pineapple polypropylene and sisal pineapple polypropylene composites. The dimensions of the samples, pineapple polypropylene composite and sisal pineapple polypropylene composite samples were 25 x 150 mm. 

3.5.2 Impact strength tester

Impact strength tester are shown in Plate-28 was carried out according to ASTM D256 standards. The izod method of impact testing was followed. The capacity of the machine used   was  0 – 50 joules. 


The specimen are shown in Plate-29 which was anchored at a fixed point and also connected to a grip on the job of the pendulum. 
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The work required to break the sample can be calculated by considering the height to which the center of gravity rises after the break.


The potential energy in this position, after the break will be equal to W x h2 inch. Lbs. Thus, the difference in potential energies in position 1 and 2 is the energy or work required to break the sample (Plate-30). The experiment was repeated  for both pineapple and sisal pineapple composites. The dimensions of the pineapple polypropylene and sisal pineapple polypropylene composite samples were 5*1/2*1/8 inch in which notching was made to provide a stress concentration area that promotes a brittle rather than a ductile failure. The izod method of testing requires a specimen to be clamped vertically as a cantilever beam. A pendulum type hammer with anti friction bearing is used. Additional weight may be attached to the hammer for breaking tougher specimen. The pendulum is connected to a pointer and a dial mechanism that indicates excess energy remaining in a pendulum after breaking the sample, the dial is calibrated to read the impact values directly in Lbs.

3.5.3
Optical microscopic view of composite sample


The fractured samples of pineapple polypropylene composite at 180°C and sisal pineapple polypropylene at 178°C were subjected to morphological analysis with the help of an optical microscope. Images were observed at 40 x magnification. 

3.5.4
Evaluation of end-uses

The prepared composites namely pineapple polypropylene and sisal pineapple polypropylene were shown to a group of 30 civil engineers and interior decorators, with a request to suggest suitable end uses. Their recommendations were presented in the chapter Results and Discussion.  

3.6
STATISTICAL ANALYSIS

Analysis  of  variance  (ANOVA)  is  a  useful  tool,  which  helps  the user  to  identify  sources  of  variability  from  one  or  more  potential sources, sometimes referred to as treatments of factors. It performs a comparison of the means of a number of replications of experiments performed where a single input factor is varied at different settings or levels (www.weibull.com).
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3.7
NOMENCLATURE OF THE SAMPLE
TABLE – I

NOMENCLATURE OF THE SAMPLE
	S.No.
	Sample 
	Temperature
	Nomenclature

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.
	Pineapple Polypropylene

Sisal Pineapple Polypropylene

Pineapple Polypropylene

Pineapple Polypropylene

Pineapple Polypropylene

Pineapple Polypropylene

Pineapple Polypropylene

Sisal Pineapple Polypropylene

Sisal Pineapple Polypropylene

Sisal Pineapple Polypropylene

Sisal Pineapple Polypropylene

Sisal Pineapple Polypropylene
	-

-

178(C

180(C

182(C

184(C

186(C

178(C

180(C

182(C

184(C

186(C
	PP

SPP
PP1
PP2
PP3
PP4
PP5
SPP1
SPP2
SPP3
SPP4
SPP5



From Table – I, it is clear that the original sample was named as PP and SPP, and the samples for various temperatures were named as 1, 2, 3, 4 and 5.
4.  RESULTS AND DISCUSSION


The results and discussion of the study are given under the following headings :

4.1 EVALUATION OF EXTRACTED FIBRES

The results of the evaluation of extracted sisal fibres are given :
4.1.1
Requisites of Selected Extraction Methods


The requisites of various methods for the extraction of sisal fibres from five kilograms weight of leaves are given in Table – II. 

TABLE – II
REQUISITES OF SELECTED EXTRACTION METHODS 

	S.No.
	Methods
	Requisites
	Fibre grams

	
	
	Materials
	Labour
	Days
	Water (litres)
	

	
	
	
	
	Process
	Drying
	
	

	1.

2.

3.

4.
	Stagnant water retting

Running water retting

Chemical retting

Dew retting


	Pond, knife, board, string, stone and tub, water

Knife, board, string, stone and tub

NaOH, tub, knife, board, string, vessel, heating source

Knife, board, string and tub


	2

2

2

2
	23

30

20

20
	6

5

5

5
	120

110

120

120
	270

240

220

200


· Stagnant retting

In stagnant water retting, the stagnant water  was the main source for retting. The requisites for carrying out the process included, pond, knife, board, string, stone, tub. From Table – II, it is evident that the process required for retting were 23 days. The fibres were exposed to sunlight for complete drying, for six days so as to remove the bad odour from the retted leaves. Then it was cleaned with water and the quantum of fibres obtained were about 270 grams.
· Running water retting

It is clear that the requisites for carrying out the process includes knife, board, string, stone and tub. Duration required for retting was 30 days, whereas drying of fibres done by exposure to sunlight for five days. Then the fibres were cleaned with water and the quantum of fibre extracted were about 240 grams.

· Chemical retting

The requisites for carrying out the process includes vessel, NaOH, mixer, tub, knife and board. The process required for carrying out retting were 20 days. After retting the fibres were removed by knife and it is washed with water and then it is dried for five days. Thus the amount of fibre extracted were 220 grams.

· Dew retting

The requisites for carrying out the process includes knife, tub, board, string. It is evident that the process required for retting were 20 days. Then the fibres were removed from leaves through hand scraping and washed in water and dried for five days. The quantum of fibres extracted were 200 grams. 

4.1.2
Visual Evaluation of Extracted Fibres


The sisal samples were evaluated visually for their general appearance, colour and texture and yield. The visual evaluation was carried out by a panel of judges given in Appendix-II. The panel consisted of 30 post graduate students specialized in the field of textiles and clothing at Avinashilingam University for Women, Coimbatore.


The result of the visual evaluation are given in Table – III and Figure – 6.
TABLE – III
VISUAL EVALUATION OF THE SISAL FIBRES
	S.No.
	Samples 
	General appearance
	Colour
	Texture

	
	
	Good
	Fair
	Poor
	Bright
	Medium
	Dull
	Smooth
	Medium
	Rough

	1.

2.

3.

4.
	Dew retting

Stagnant water retting

Running water retting

Chemical retting 
	71

95

79

73
	27

5

16

20
	2

-

5

7
	90

92

80

69
	10

8

9

24
	-

-

11

7
	25

85

30

51
	55

6

50

17
	20

9

20

32


​
· General Appearance

It is clear from the Table – III that the stagnant water retted fibres were rated as good in appearance by 95 per cent of the judges whereas running water retted fibres were rated as fair by 79 per cent of the judges. 

· Colour

Most of the samples were rated to be bright in colour, whereas the fibre retted by stagnant water retting technique gained the maximum rating of 92 per cent. 

· Texture

As for the texture of the sample, stagnant water retted fibre were rated as smooth by 85 per cent of the judges while all other samples were rated medium by less than 51 per cent of the judges.

4.2 OBJECTIVE EVALUATION THROUGH LABORATORY TESTS

The results of the laboratory tests are discussed under following headings :

4.2.1 Fibre Morphology

The longitudinal section of pineapple fibre x 500 m and 1000 m, the longitudinal section of sisal fibre x 500 m and 1000 m are shown in the Figures – 7, 8, 9, 10 which helps to identify the fibre structure. It was evident that the pineapple and sisal fibre structure were amphorphous. Hence moisture absorption property is good. 
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FIGURE – 6
VISUAL EVALUATION OF THE SISAL FIBRE
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FIGURE – 7
LONGITUDINAL SECTION OF PINEAPPLE FIBRE X 500 MAGNIFICATION
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FIGURE – 8
LONGITUDINAL SECTION OF PINEAPPLE FIBRE X 1000 MAGNIFICATION
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FIGURE – 9
LONGITUDINAL SECTION OF SISAL FIBRE X 500 MAGNIFICATION
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FIGURE – 10
LONGITUDINAL SECTION OF SISAL FIBRE X 1000 MAGNIFICATION

4.2.2 Physical Characteristics

The physical characteristics of the extracted pineapple and sisal fibres are presented in the following table for comparison, for a blend of sisal pineapple has been utilized for the formation of web for composite preparation.

TABLE – IV
​PHYSICAL CHARACTERISTICS OF PINEAPPLE AND SISAL FIBRES
	S.No.
	Parameters
	Pineapple
	Sisal

	1.

2.

3.

4.

5.
	Fibre length in mm

Diameter in (m

Fibre fineness in tex

Breaking strength in gms

Fibre elongation in percentage
	70

13.2

60

-

-
	80

20.1

25.1

292

2.9


From Table – IV it is evident that the fibre length of pineapple is 70 mm whereas the length of the sisal fibre is found to be 80 mm. The diameter of the sisal fibre is 20.1 (m when compared with pineapple 13.2 (m. As for fineness the pineapple is 60 tex which is very soft when compared with that of sisal fibre of 25.1 tex. The single fibre strength and elongation were done for sisal fibre where it is 292 gms and 2.9 per cent elongation whereas for pineapple fibre owing to its very fineness and small diameter single fibre strength cannot be tested.


Thus the sisal fibres were found to be better in physical characteristics when compared to pineapple fibre.
4.2.3 Chemical Composition of Pineapple and Sisal Fibre

The chemical composition of pineapple and sisal fibres are presented in Tables – V and Figure – 11.
TABLE – V

CHEMICAL COMPOSITION OF PINEAPPLE AND SISAL FIBRES
	S.No.
	Content
	Percentage composition

	
	
	Pineapple
	Sisal

	1.

2.

3.

4.

5.

6.
	Lignin

Hemicellulose

Alphacellulose

Ash

Fat and wax

Moisture
	5.80

21.81

70.32

2.10

2.26

8.1
	11.0

13.3

76.1

3.85

1.53

14.4



From the Table – V, it is obvious that alpha and hemi cellulose constitute a major portion of the composition in pineapple and sisal fibres. The hemi cellulose were high at 21.81 when compared to pineapple fibres. But the alpha cellulose was high at 76.1 for sisal fibres than that of pineapple fibre. Thus the lignin content was high at 11.0 for sisal fibres. Whereas the ash and moisture content was high for sisal fibre than that of pineapple fibre. 
4.3 EVALUATION OF COMPOSITE RESULTS

The mechanical properties have been tested for Pineapple Polypropylene (PP) composites and Sisal Pineapple Polypropylene (SPP) composites and discussed under the following headings :

4.3.1
Tensile Strength and Elongation – PP

The tensile strength and elongation of PP composite samples of various temperatures are shown in Table – VI and Figure - 12.
TABLE – VI

TENSILE STRENGTH AND ELONGATION – PP

	S.No.
	Sample
	Temperature
	Strength in MPa
	Elongation in %
	Source of variation 
	Probability

	1.

2.

3.

4.

5.
	PP1
PP2
PP3
PP4
PP5
	178(C

180(C

182(C

184(C

186(C
	37.91

36.24

32.35

31.85

33.03
	26.19

27.70

27.00

19.60

23.42
	Temperature for tensile strength

Temperature for elongation of tensile strength


	0.000**

0.016*


CV% for tensile strength = 3.52  ;  CV% for elongation  =  10.23

** 1% significant  ;  *  5% significant
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FIGURE – 11
CHEMICAL COMPOSITION OF PINEAPPLE AND SISAL FIBRE
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FIGURE - 12
TENSILE STRENGTH – PP


From the Table – VI, it is evident that the tensile strength and elongation of the sample PP varies according to the temperature. The tensile strength  of  sample  PP1 was the maximum as 37.91 MPa at 178(C whereas the lowest tensile strength was found in sample PP4 (31.85 MPa) at 184(C. The tensile strength is expressed in mega pascal. The peak elongation of sample PP2 was maximum as 27.70 per cent at 180(C whereas the lowest elongation was found in sample PP4 as 19.60 per cent at 184(C. The differences in tensile strength of PP between the samples due to temperature was significant at one per cent level. Same way elongation of PP between the samples due to temperature was significant at five per cent level. 
4.3.2 Tensile Strength and Elongation – SPP

The tensile strength and elongation of SPP composite samples of various temperatures are shown in Table –VII and Figure– 13.
TABLE – VII
TENSILE STRENGTH AND ELONGATION – SPP
	S.No.
	Sample
	Temperature
	Strength in MPa
	Elongation in %
	Source of variation 
	Probability

	1.

2.

3.

4.

5.
	SPP1
SPP2
SPP3
SPP4
SPP5
	178(C

180(C

182(C

184(C

186(C
	22.6

21.3

21.37

20.01

19.14
	22.50

19.46

19.55

16.35

17.29
	Temperature for tensile strength

Temperature for elongation of tensile strength


	0.013**

0.013**


CV% for tensile strength = 4.75  ;  CV% for elongation  =  9.69 ;  ** 1% significant  


From the above Table – VII, it is clear that the tensile strength and elongation of the sample SPP varies according to the temperature. The tensile strength of sample SPP1 was the maximum as 22.6 MPa at 178(C whereas the lowest tensile strength was found in sample SPP5 as 19.14 MPa at 186(C. The tensile strength is expressed in mega pascal. The peak elongation of sample SPP1 was maximum as 22.50 per cent at 178(C, whereas the lowest elongation was found in sample SPP4 as 16.35 per cent at 184(C. The differences in tensile strength of SPP between the samples  due  to  temperature  was  significant  at  one  per cent level. Same way the 




[image: image21.emf]17

18

19

20

21

22

23

Tensile strength - Mega pascal (MPa)

178 180 182 184 186

Temperature in degrees


FIGURE - 13
TENSILE STRENGTH – SPP

differences in elongation of SPP between the samples due to temperature was significant at five per cent level.

4.3.3 ANOVA – Two Way for Tensile Strength and Elongation – PP and SPP
The tensile strength and elongation of samples were analysed using two way ANOVA table for the identity of best variable among the samples are shown in Table – VIII. 
TABLE – VIII
ANOVA - TENSILE STRENGTH AND ELONGATION  -  PP AND SPP

	S.No.
	Source of variance
	Degrees of freedom (DF)
	Sum of squares
	Mean square (MS)
	F
	Probability

	1.

2.

3.
4.
	PP and SPP tensile strength
Temperature

PP and SPP
Temperature


	1

4

1

4


	1344.029767

84.793532

248.832000

171.312213


	1344.029767

21.198383

248.832000

42.828053


	1100.6833

17.3603


50.6050

8.7100


	0.000**

0.009**

0.002**

0.030**




CV%  =  4.08
;  
CV%  =  11.02

From Table – VIII, it is clear that the differences in tensile strength among the PP and SPP was significant at one per cent level. The differences in tensile strength due to temperature was also significant at one per cent level. Thus using mean comparison by LSD (Least Square Design) revealed that PP has the best treatment for tensile strength when compared with SPP.

Whereas the differences in elongation among the PP and SPP was significant at one per cent level. The differences in elongation due to temperature was also significant at one per cent level. Thus using mean comparison by least square design revealed that PP has the best treatment for elongation when compared with SPP.

4.3.4
Tensile Modulus – PP


The tensile modulus of PP composite sample of various temperatures are shown in Table – IX and Figure – 14.
TABLE – IX
TENSILE MODULUS – PP

	S.No.
	Sample
	Temperature
	Modulus in GPa
	Source of variance
	Probability

	1.

2.

3.

4.

5.
	PP1
PP2
PP3
PP4
PP5
	178(C

180(C

182(C

184(C

186(C
	0.95

0.96

0.92

0.91

0.91
	Temperature for tensile modulus
	0.001**


CV % of Tensile modulus  =  1.11   ;   **  1% significant

From the Table – IX, it is clear that the tensile modulus of the sample PP  varies  according  to  the temperature and the tensile strength of the sample PP2 was high as 0.96 GPa at 180(C, whereas the lowest tensile modulus of samples PP4 and PP5 were 0.91 GPa at 184(C and 186(C. The tensile modulus is expressed in GIGA pascal. The differences between the tensile modulus of PP along the various samples due to temperatures was significant at one per cent level. 

4.3.5
Tensile Modulus – SPP

The tensile modulus of SPP composite samples of various temperatures are shown in Table – X and Figure – 15.

TABLE – X
TENSILE MODULUS – SPP

	S.No.
	Sample
	Temperature
	Modulus in GPa
	Source of variance
	Probability

	1.

2.

3.

4.

5.
	SPP1
SPP2
SPP3
SPP4
SPP5
	178(C

180(C

182(C

184(C

186(C
	0.86

0.80

0.79

0.79

0.80
	Temperature of tensile modulus
	0.006**


CV% of tensile modulus  =  2.20  ;    ** 1% Significant.
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FIGURE - 14
TENSILE MODULUS – PP
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FIGURE - 15
TENSILE MODULUS – SPP


From the above Table – X, it is clear that the tensile modulus of the sample SPP varies according to the temperature and the tensile modulus of SPP1 was 0.86 GPa at 178(C whereas the lowest tensile modulus was found in samples SPP3 and SPP4 as 0.79 GPa at 182(C and 184(C. The tensile modulus is expressed in GIGA pascal. The differences between the tensile modulus of SPP among the various samples due to temperatures was significant at one per cent level. 

4.3.6 ANOVA – Two Way for Tensile Modulus PP and SPP

The tensile modulus of both samples were analysed using two way ANOVA  for  the  identity of best variable among the sample as shown in Table – XI.
TABLE – XI
ANOVA - TENSILE MODULUS FOR PP AND SPP 
	S.No.
	Source of variance
	Degrees of freedom (DF)
	Sum of squares
	Mean square (MS)
	F
	Probability

	1.

2.


	PP and SPP
Temperature


	1

4
	0.111630

0.011453


	0.111630

0.002863


	523.2656

13.4219


	0.000**

0.014**




CV%  =  1.67  ;   ** 1% Significant

From the Table – XI, it is clear that the differences in tensile modulus among the PP and SPP was significant at one per cent level. The differences in tensile modulus due to temperature was also significant at one per cent level. Thus using mean comparison by LSD (Least Square Design) revealed that PP has the best treatment for tensile modulus when compared with SPP.

4.3.7   Flexural Strength and Elongation – PP


The flexural strength and elongation of PP composite samples of various temperature are shown in Table –XII and Figure – 16. 
TABLE – XII
FLEXURAL STRENGTH AND ELONGATION – PP

	S.No.
	Sample
	Temperature
	Strength in MPa
	Elongation in %
	Source of variance
	Probability

	1.

2.

3.

4.

5.
	PP1
PP2
PP3
PP4
PP5
	178(C

180(C

182(C

184(C

186(C
	29.36

30.06

29.41

28.70

28.33
	25.5

29.2

26.7

28.6

28.5
	Temperature for flexural strength

Temperature for elongation of flexural strength


	0.005**

0.003**




CV% for flexural strength = 1.47  ;    CV% for elongation  =  8.38  ;  ** - 1% significant


From the Table – XII, it is evident that the flexural strength and elongation of the sample PP varies according to the temperature. The peak flexural strength of sample PP2 was as 30.06 MPa at 180(C, whereas the lowest flexural strength was found in sample PP5 as 28.33 MPa at 180(C. The flexural strength is expressed in megal pascal. The peak elongation of sample PP2 was as 29.2 per cent at 180(C, whereas the lowest elongation of sample PP1 was 25.5 per cent at 180(C. The differences in flexural strength of PP between the samples due to temperature was significant at one per cent level. Same way elongation of PP between the samples due to temperature was significant at one per cent level.
4.3.8
Flexural Strength and Elongation – SPP

The flexural strength of SPP composite samples of various temperatures are shown in Table – XIII and Figure - 17.
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FIGURE - 16
FLEXURAL STRENGTH – PP

TABLE – XIII
FLEXURAL STRENGTH AND ELONGATION – SPP

	S.No.
	Sample
	Temperature
	Strength in MPa
	Elongation in %
	Source of variance
	Probability

	1.

2.

3.

4.

5.
	SPP1
SPP2
SPP3
SPP4
SPP5
	178(C

180(C

182(C

184(C

186(C
	48.46

47.58

47.18

44.82

43.40
	26.46

26.53

24.00

23.00

22.60
	Temperature for flexural strength

Temperature for elongation of flexural strength 
	0.002**

0.009**




CV % for flexural strength =  2.65 ;   CV% for elongation  = 8.57  ** - 1% significant


From the Table – XIII, it is evident that the flexural strength and elongation of the sample SPP varies according to the temperature. The peak flexural strength of sample SPP1 was as 48.46 MPa at 178(C, whereas the lowest flexural strength was found in sample SPP5 as 43.40 MPa at 186(C. The flexural strength is expressed in megal pascal. The peak elongation load of sample SPP2 was 26.53 per cent at 180(C, whereas the lowest elongation was found in sample SPP5. The differences in flexural strength of SPP between the samples due to temperature was significant at one per cent level. The differences in elongation of SPP between the samples due to temperature was significant at one per cent level. 

4.3.9 ANOVA – Two Way for Flexural Strength and Elongation – PP and SPP

The flexural strength of both samples were analysed using two way ANOVA  for the identity of best variable among he samples are shown in Table – XIV.

FIGURE – 17
FLEXURAL STRENGTH – SPP

TABLE – XIV
ANOVA – FLEXURAL STRENGTH AND ELONGATION – PP AND SPP

	S.No.
	Source of variance
	Degrees of freedom (DF)
	Sum of squares
	Mean square (MS)
	F
	Probability

	1.

2.
3.

4.

	PP and SPP Flexural strength
Temperature

PP and SPP elongation for flexural strength 
Temperature
	1

4

1

4


	2215.017613

46.322267

76.800000

42.321020


	2215.017613

11.580567

76.800000

10.020050


	2622.1915

13.7094

15.6437

9.2051


	0.000**

0.013**

0.017*

0.009**


CV% for flexural strength  =  2.15
CV% for elongation  =  8.30

** - 1% significant    * - 5% significant

From Table – XIV, it is clear that the differences in flexural strength among the PP and SPP was significant at one per cent level. The differences in flexural strength due to temperature was also significant at one per cent level. Thus using mean comparison by LSD (Least Square Design) revealed that SPP has the best treatment for flexural strength when compared with PP.


Whereas the differences in elongation among the PP and SPP was significant at five per cent level. The differences in elongation due to temperature was also significant at one per cent level. Thus using mean comparison by LSD (Least Square Design) revealed that SPP has the best treatment for flexural strength when compared with PP.

4.3.10
Flexural Modulus – PP

The flexural modulus of PP composite samples of various temperatures are shown in Table – XV and Figure - 18.
TABLE – XV
FLEXURAL MODULUS – PP

	S.No.
	Sample
	Temperature
	Modulus in GPa
	Source of variance
	Probability

	1.

2.

3.

4.

5.
	PP1
PP2
PP3
PP4
PP5
	178(C

180(C

182(C

184(C

186(C
	1.58

1.58
1.57

1.56
1.55
	Temperature for flexural modulus
	0.012**


CV%  of flexural modulus = 0.64 ;   ** - 1% Significant

From the Table – XV, it is evident that the flexural modulus of the sample PP varies according to the temperature, and the peak flexural modulus of samples PP1 and PP2 were 1.58 GPa at 178(C and 180(C. Whereas the lowest flexural modulus of sample PP5 is 1.55 GPa at 186(C. The flexural modulus is expressed in GIGA pascal. The differences between the flexural modulus of PP among the various samples due to temperatures was significant at one per cent level.
4.3.11
Flexural Modulus – SPP

The flexural modulus of SPP composite samples of various temperatures are shown in Table – XVI and Figure - 19.

TABLE – XVI
FLEXURAL MODULUS – SPP

	S.No.
	Sample
	Temperature
	Modulus in GPa
	Source of variance
	Probability

	1.

2.

3.

4.

5.
	SPP1
SPP2
SPP3
SPP4
SPP5
	178(C

180(C

182(C

184(C

186(C
	1.76

1.74

1.72

1.70

1.69
	Temperature for flexural modulus
	0.041**


CV% for flexural modulus  = 1.37 ;  ** - 1% significant

FIGURE – 18 

FLEXURAL MODULUS – PP


FIGURE – 19
FLEXURAL MODULUS – SPP 

From the Table – XVI, it is evident that the flexural modulus of the sample SPP varies according to the temperature and the peak flexural modulus of sample SPP1 was 1.76 GPa at 178(C, whereas the lowest flexural was found in sample SPP5 as 1.69 GPa at 186(C. The flexural modulus is expressed in GIGA pascal. The differences between the flexural modulus of SPP among the various samples due to temperatures was significant at five per cent level. 

4.3.12 NOVA – Two Way for Flexural Modulus – PP and SPP

The flexural modulus of both samples were analysed using two way ANOVA  for  the  identity of best variable among the sample as shown in Table – XVII.
TABLE – XVII
ANOVA – FLEXURAL MODULUS – PP AND SPP 
	S.No.
	Source of variance
	Degrees of freedom (DF)
	Sum of squares
	Mean square (MS)
	F
	Probability

	1.

2.


	PP and SPP
Temperature


	1

4


	0.177870

0.009653


	0.177870

0.002413


	539.0000

7.3131


	0.000**

0.040*




** - 1% significant      * - 5% significant


From the Table – XVII, it is evident that the differences in flexural modulus among the PP and SPP was significant at one per cent level. The differences in flexural modulus due to temperatures was also significant at five per cent level. Thus using mean comparison by LSD (Least Square Design) revealed that sisal pineapple polypropylene has the best treatment for flexural modulus when compared with pineapple polypropylene. 

4.3.13 Impact Strength – PP

The impact strength of PP composite samples of various temperatures are shown in Table – XVIII and Figure - 20.
TABLE – XVIII
IMPACT STRENGTH – PP

	S.No.
	Sample
	Temperature
	Strength in Joules / M
	Source of variance
	Probability

	1.

2.

3.

4.

5.
	PP1
PP2
PP3
PP4
PP5
	178(C

180(C

182(C

184(C

186(C
	7.4

9.2

8.1

13.5

9.7
	Temperature for impact strength
	0.018*


* - 5%  Significant

From the Table – XVIII, it is clear that the impact strength of the samples PP varies according to the temperature, and the peak impact strength of sample PP4 was 13.5 J / m at 184(C, whereas the lowest impact strength was found in sample PP2 was 9.2 J / m at 180(C. The impact strength is expressed in Joules / m. The differences between the impact strength of PP among the various samples due to temperatures was significant at five per cent level. 

4.3.14 Impact Strength – SPP

The impact strength of SPP composite samples of various temperatures are shown in Table – XIX and Figure –21.

TABLE – XIX
IMPACT STRENGTH – SPP

	S.No.
	Sample
	Temperature
	Strength in J/m
	Source of variance
	Probability

	1.

2.

3.

4.

5.
	SPP1
SPP2
SPP3
SPP4
SPP5
	178(C

180(C

182(C

184(C

186(C
	7.19

7.71

5.30

4.33

4.27
	Temperature for impact strength 
	0.006**


** - 1% Significant


FIGURE – 20
IMPACT STRENGTH – PP 

FIGURE – 21
IMPACT STRENGTH – SPP 

From the Table – XIX, it is clear that the impact strength of the sample SPP varies according to the temperature, and peak impact strength of sample SPP2 was 771 J / m at 180(C, whereas the lowest impact strength was found in sample SPP5 was 4.27 J / m at 186(C. The impact strength is expressed in Joules / m. The differences between the impact strength of SPP among the various samples due to temperature was significant at one per cent level. 

4.3.15 ANOVA – Two Way Factor for Impact Strength of Both PP and SPP

The impact strength of both samples were analysed using two way ANOVA for the identity of best variable among the samples are shown in Table – XX.

TABLE – XX
ANOVA – IMPACT STRENGTH – PP AND SPP 
	S.No.
	Source of variance
	Degrees of freedom (DF)
	Sum of squares
	Mean square (MS)
	F
	Probability

	1.

2.
	PP
Temperature


	1

4


	176.494472

43.574808


	176.494472

10.893762


	36.3780

2.2453


	0.004**

0.226NS




From the Table – XX, it is clear that the differences in impact strength among the PP and SPP was significant at one per cent level. Thus using mean comparison by LSD (Least Square Design) revealed that PP has the best treatment for impact strength when compared with SPP.
4.4 OPTICAL MICROSCOPIC VIEW OF COMPOSITE

The fractured samples of pineapple polypropylene composite at 180(C and sisal pineapple polypropylene composite at 178(C are shown in Figures – 22 and 23 respectively. The images were observed at 40 x magnification. 

Figures – 22 and 23 give the microscopic structure of the prepared composites. Colour of the pineapple polypropylene composite changes at the elevated temperature (180(C). It is evident that there is minimum fibre pull out from the matrix. Hence there is a proper adhesion between the fibre and the matrix.
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4.5 EVALUATION OF END USES

Eighty five per cent of Civil Engineers remarked that the pineapple polypropylene and sisal pineapple polypropylene composites are suitable for roofings.

Ninety two per cent of the Interior Decorators suggested that the two namely, pineapple polypropylene and sisal pineapple polypropylene composites prepared in this study could be used for car interior (Figure – 24), and it could be used as chair, table top, room partition and door panel.
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5.  SUMMARY AND CONCLUSION

Today natural fibres are gaining momentum owing to their biodegradable nature, which in turn saves the environment. There is no other material on earth, which has such a long development procedure as fibre and which is seen around us in large volumes in multifarious forms. 

After having been almost completely replaced by their synthetic counterparts in the sixties and seventies, natural materials are regaining ground in various applications. The use of renewable materials has gathered much momentum throughout the nineties and twenties. The concern for the degrading environmental conditions have led to worldwide efforts to develop eco-friendly fibres in the expanding horizon of textile fibres.

A time has come, when people have to explore the possibilities of using non-conventional fibres like jute, ramie, palm, kapok sisal and pineapple. Thus the natural fibres are available in abundance and they can replace synthetic fibres in common applications.

The objective of the study are as follows:

· Collection of sisal and pineapple leaves

· Extract fibres from leaves

· Blending pineapple fibres with sisal

· Preparation of composites with

a) 
Pineapple polypropylene

b) 
Sisal pineapple polypropylene

· Study the physical and chemical properties of sisal and pineapple 

· Study the mechanical properties of the evolved composites

· Evaluation of composite end uses

Experimental Procedure
In this study an attempt has been made by the investigations to extract the fibre from sisal and pineapple leaves. The study consisted of first cutting the leaves from the sisal and pineapple plants. Then the extraction of fibres from these leaves were done by methods of retting namely: dew, running water, stagnant water and chemical retting was done for sisal leaves. Fibres separated by stagnant water retting, for a period of 23 days were rated to be good by a panel of judges by visual inspection. Hence the same method was adopted for the final study. The machine decorticated pineapple fibres was then washed, dried and combed to remove the unwanted pulp and waste material from the fibres.

The retted sisal and machine decorticated pineapple fibre were used in the form of a blend  to form the web with pineapple fibre and  with the blend of sisal pineapple fibres. Thus the preparation of fibres was fifty per cent of sisal and pineapple fibres were hand mixed, sprayed with oil, then passed through the softening machine and finally through carding machine to get the blended web.

The fibre-reinforced composites were made by using the fibre mat and the polypropylene sheet to cover either side of the fibre mat. The technique adopted for composite preparation was compression molding due to its various advantages.

The two composites were prepared, one with pineapple fibre web and other with sisal pineapple fibre web, which was used as a fibre filler for making composite. Keeping the fibre web in between the polypropylene sheet of either sides the double stack was prepared to place it on the molding plate. Then the pilot study were done by various  temperatures, pressure and time respectively. And the five different temperatures namely 178(C, 180(C, 182(C, 184(C, 186(C, pressure of 200 psi and the time duration of 10 minutes were selected for the final study and the composites were then prepared.

The two composites were evaluated for their tensile strength, elongation, tensile modulus, flexural strength and elongation, flexural modulus and impact strength. These datas and the composite samples were given to a group of civil engineers and interior decorators to evaluate and to  suggest the suitable end uses.
Finding of the study are as follows:

· The major similarities between sisal and pineapple was their length. The length of pineapple is more than that of Sisal.

· There was negligible difference between sisal and pineapple regarding the fibre fineness, tensile strength, elongation.

· Alpha and hemicellulose is the major constituent of pineapple fibre such as 70.3, 21.8 per cent respectively.

· Alpha was a dominant feature of sisal fibre composition as 76.1 per cent 

· Hemicellulose was comparatively less as 13.3 per cent.

· The pineapple fibre is so soft when compared with sisal fibre.

· Sisal fibre is a coarser and stiffer fibre.

· The mechanical properties of the evolved composite samples are given in Table – XXI.

TABLE – XXI

MECHANICAL PROPERTIES OF EVOLVE COMPOSITES

	S.No.
	Sample
	Temperature
	Tensile strength
	Elongation
	Tensile modulus
	Flexural strength
	Elongation
	Flexural modulus
	Impact strength

	1.

2.

3.

4.

5.
	PP1
PP2
PP3
PP4
PP5
	178

180

182

184

186
	37.91

36.24

32.35

31.85

33.03
	26.19

27.70

27.00

19.60

23.42
	0.95

0.96

0.92

0.91

0.91
	29.36

30.06

29.41

28.70

28.33
	25.5

29.2

26.7

28.6

28.5
	1.58

1.58

1.57

1.56

1.55
	7.4

9.2

8.1

13.5

9.7

	1

2

3

4

5
	SPP1
SPP2
SPP3
SPP4
SPP5
	178

180

182

184

186
	22.6

21.3

21.37

20.01

19.14
	22.50

19.46

19.55

16.35

17.29
	0.86

0.80

0.79

0.79

0.80
	48.46

47.58

47.18

44.82

43.40
	26.46

26.53

24.00

23.00

22.60
	1.76

1.74

1.72

1.70

1.69
	7.19

7.71

5.30

4.33

4.27


· From the Table – XXI it is clear that the tensile strength of pineapple polypropylene was high at 178(C and elongation at 180(C were high.

· The  tensile modulus of pineapple polypropylene were high at 180(C and the elongation was also high at same temperature.

· The flexural strength of pineapple polypropylene were high at 180(C.

· The flexural modulus of pineapple polypropylene were high at 178(C and 180(C respectively.

· The impact strength of pineapple polypropylene were high at 184(C.

· The tensile strength and elongation of sisal pineapple polypropylene were high at 178(C.

· The tensile modulus of sisal pineapple polypropylene were high at 178(C.

· The flexural strength of sisal pineapple polypropylene were high at 178(C but elongation is high at 180(C.

· The flexural modulus of sisal pineapple polypropylene were high at 178(C.

· The impact strength of sisal pineapple polypropylene were high at 180(C.

· From the analysis of statistical method the ANOVA of two-way classification has proved that the pineapple polypropylene composite samples was best for its tensile strength and elongation, tensile modulus and impact strength .
· The ANOVA of two way classification has proved that the sisal pineapple polypropylene composite samples was best for its flexural strength and elongation. 

· Civil engineers opined that the two prepared composites are suitable for roofings, automotives and in building construction.

· They also felt that the evolved composites are definitely economical when compared with the pure synthetic composites, which are in use today.

· Interior decorators views that the two composites are suitable for car interiors, chairs, table top, door panels, room partition and furniture items respectively.

CONCLUSION
Thus the study revealed that the extracted fibres of sisal and pineapple could be either individually used as pineapple polypropylene composite or in the form of blend with sisal pineapple polypropylene composite. The prepared composites could be used for various end uses. It is astonishing to note that pineapple and sisal leaf fibres can be raised to the level of “Technical Textiles” in the field of fibre reinforced composites.

RECOMMENDATIONS
· Extraction of natural fibres using various advanced techniques could be employed.

· Efforts could be made to blend pineapple and sisal fibre with other non‑conventional fibres.

· Web formation could be done with non-woven techniques.

· Similar composites could be tried with various method of composite preparation such as resin molding, injection molding so on.

· Composite matrix or resins could be varied with polyethylene, epoxy and polyester.

· Composite material could be prepared with various fibres, yarns and fabrics.

· Practical application of composites can be tried in detail.
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APPENDIX – I

SISAL FIBRE EXTRACTION TECHNIQUES
	

	
	
	

	I.a.  
Stagnant Water Retted Fibre
	I.b.
Running Water Retted Fibre
	I.c.

Chemical     Retted Fibre
	I.d.

Dew

Retted Fibre


	
	
	
	

	
	I.e.
Pineapple Decorticated Fibre
	I.f.

Sisal Pineapple Blended Fibre
	


APPENDIX - II

VISUAL EVALUATION OF THE SISAL FIBRES
	S.No.
	Samples 
	General appearance
	Colour
	Texture

	
	
	Good
	Fair
	Poor
	Bright
	Medium
	Dull
	Smooth
	Medium
	Rough

	1.

2.

3.

4.
	Dew retting

Stagnant water retting

Running water retting

Chemical retting 
	71

95

79

73
	27

5

16

20
	2

-

5

7
	90

92

80

69
	10

8

9

24
	-

-

11

7
	25

85

30

51
	55

6

50

17
	20

9

20

32


APPENDIX – III

PINEAPPLE AND SISAL PINEAPPLE POLYPROPYLENE COMPOSITE – TENSILE SAMPLES

  a.  PINEAPPLE POLYPROPYLENE    b.  SISAL PINEAPPLE POLYPROPYLENE
APPENDIX – IV
PINEAPPLE AND SISAL PINEAPPLE POLYPROPYLENE COMPOSITE – FLEXURAL SAMPLES


  a.  PINEAPPLE POLYPROPYLENE    b.  SISAL PINEAPPLE POLYPROPYLENE
APPENDIX – V
PINEAPPLE AND SISAL PINEAPPLE POLYPROPYLENE COMPOSITE – IMPACT SAMPLES


  a.  PINEAPPLE POLYPROPYLENE    b.  SISAL PINEAPPLE POLYPROPYLENE
The mould was taken at cool condition





Mould was placed inside the compressing machine





Fibres and matrices were placed in the mould





Setting of temperature for desired time





Application of heat without pressure over the mould





Application of pressure for desired time





Removal of mould from the heater and cooling in the open air





Separation of the composite sample from the mould plate
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