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I.  INTRODUCTION
“The culture of adornment is woven

with sun, rain, cold and chastity”


“The past will have the tradition and the future will have the innovation and here comes the need for nonwovens for a better today and a best tomorrow”. 


Indian textile sector is one of the most important sector having considerable scope for employment and investment. It has been recognized as a priority sector for development during 11th 5 year plan, as it is the 2nd largest employment generator after agriculture providing direct employment of about 35 million people (Amin, 2008). It forms the backbone of the economy of developing nations, say Senthilkumar and Sivakumar (2008).


Textiles have such an important bearing on our daily lives. From earliest time, people have used textiles of various types for covering, warmthness, personal adornment and to display personal status and wealth. Textiles are everywhere in modern society, worn as protective and self expression on the human body, used as decoration and comfort elements in homes, offices, hospitals, hotels or public buildings, as interior components in transport items, structural elements for tents, roofs, bridges as reinforcements for roads, dikes, artificial turf in sports and outdoor activities (Shanmugasundaram, 2009). Thus textiles has become a part of every walk of life and occupies a premier position in the industrial economy (Dudeja, 2002).


As opines Mishra (2000) that the use of fibres for textile purpose is one of mankind’s oldest art. So the study of textile fibres has become a very interesting and challenging science. Fibres are fine hair like structures of animals, vegetables, minerals or synthetic origin. All animal fibres are complex protein substances, states Thomas (2006). Menezes (2008) points out that the fibres from animal sources include sheep, alpaca, Ilama, goat, camel and also wool and hair.


The feathers of birds differ from the down in that they have a quill from which protrude coarse, thread like fibres describe Sberger et al. (1904). The feathers used for textile purposes were obtained chiefly from the birds such as ostrich, goose and ducks. The feathers from emu birds are much softer and flexible than most of other birds (www.redoakfarm.com).


The Emu, Dromaius novaehollandiae, is the largest bird found in the deserts, on plains and in the forests but not in the densed forests of north east Australia. It is also the second largest extant bird in the world by height, after its ratite relative the ostrich. The soft feathered brown, flightless birds reach up to 2 m (6.5 ft) in height, says Kumarasamy and Rahumathulla (2008). The emus reach 110-120 pounds in weight with female averaging 10 pounds heavier than males. They make two basic sounds a guttural and a drumming noise (Sheriff, 2008). The average female emu will lay 32 eggs in a breeding season. Emu run at a speed of 30-40 mph in short bursts with strides of up to nine feet. The feathers are new after the moult, they look almost black, fading to pale brown with age. The base of the feathers are white, each feather has two identical shafts.


Emu birds have adapted well to our climatic conditions. Many farmers in the country are now attracted towards emu farming (Prabakaran, 2008). Emu farming has been tried for several decades but recently emu farming is popular among the farmers and researchers due to their appearance and proposed economical value (Thyagarajan, 2008).


The seed pods of many pea like shrubs and trees, grass, herbage are food sources for emu. Adult emu’s feed mainly on fruits, flowers, seeds, green vegetation, insects, caterpillars, beetles and grasshoppers are taken in large quantities (Perrins and Harrison, 1976). A pair of emus may produce ten eggs a year under good captive conditions, which yield on an average 5.5 chicks. At the end of 15 months, these would yield 4 m of leathers, 150 kg of meat, 5.5 kg of feathers and 2.7 litre of oil. Egg shells of infertile eggs are suitable for carving (http : // amonline.net.au/birds/fact sheets emu.htm).


Currently the emu oil is used in cosmetics and pharmaceuticals industries because of its skin penetrating, moisturizing, anti-arthritis and anti-inflammatory properties. Some commercial products from emu oil includes moisturing creams, body lotion, soap and lip balm (Ramamurthy, 2008). The skin from emu birds are popular for use in fancy and luxury leather articles. Emu meat is low fat and low cholesterol, which look and taste like red meat providing yet another meat choice to consumers.


The multipurpose emu bird is a boon of nature to mankind. The emu farmers in local areas are mainly concentrate in increasing the emu numbers, egg production, oil production and meat supply, but they are not giving importance of emu feathers and its end uses. The soft double plumed feathers are simply dumped in the soil. The dumped emu feathers can be used to produce valuable craft items, most important accessories and can also blend with synthetic fibres to form bonded fabrics.


Textile finishing industry is one of the major industry in which colouration of textiles is the main process describe by Damble and Shukla (2008). The process of applying colour to a textile is to producec a visually enhanced appearance. Colour also adds value to the material, energizes the imagination and continues to fascinate man kind with its vibrancy and vividity. Sudhakar et al. (2006) stress that colouring is a creative and lucrative art nurtured and patronized through centuries. Indian textiles are greatly valued and sought after for their colour and enduring qualities. Textile industry largely uses a variety of dyes for colouratin of different fibres. Today more than 9000 types of dyes have been incorporated in the colour index Jawale and Shukla (2008).


Patel et al. (2006) explains the art of herbal dyeing had its origin in India. It is the fact that India abounds in a great many substances possessing colour yielding properties. Natural colourants were the only source available for imparting colour to the life of man (Patel and Patel, 2003).


As the science and technology progressed, synthetic dyes were invented and the world quickly adopted them because of certain advantages like brilliance of shades explain Mahajan et al. (2007). The soft double plumage feathers have been dyed by using various different colours (www.leicestershire emus.com). The feathers are dyed by both natural and synthetic dyes.


Sangawan et al (2006) say blends of manmade and natural fibres are certainly preferred to pure synthetics for the reason of environment and health. Mahapatra (2009) explains that the 2009 was declared as the International year of natural fibres. Krishna Bai (2007) points out that the blends of various fibres will probably increase the importance because the blending of proper amount of certain fibers will give a fabric that should serve the purpose, better than one fiber alone.


Textile is a vast field ever growing with the improvement in the field of science and technology (Kalaiarasi and Rinsey, 2008). The number of features expected from textile products has increased due to changes in their awareness of quality and regulation about the environment concerns (D’Souza et al., 2007).


Menezes (2008) opines that the history of textile market using natural fibres is ancient. The use of natural fibres comes from plants, animals and mineral fibers to meet our needs. For most of our history, people had only natural fibres to use in making cloth. Starting from then to now, man made fibre production has reached an estimate of more than 24 million tons used for different applications (Davis, 2006).


The green environment protection is gaining importance, and the synthetic fibre nonwoven fabric is recyclable and reusable to fabricate functional products with high additional values. It is because the synthetic fibres used in nonwoven industry are almost thermoplastic polymer (Lin and Lou, 2005).


Nonwoven textiles and fibres are widely regarded as the most thriving and most promising sector of the global industry. “Innovation in new materials, processes and application is expanding non-traditional end uses for both new and existing textile products” (Prabhu, 2007). As compared to woven fabrics, the nonwoven fabrics after several advantages such as lower cost of production, lower bulk density, better hydraulic properties, better thermal and insulation property (Sengupta et al., 2008). 


Nonwoven technology is one of the conventional sectors of the traditional ‘textile’ industry and was best known for making felt used in craft products (Prabhu, 2007). Nonwovens are an important part of the textile sector and continue to grow in the global market. Probably the first type of fabrics produced in the prehistoric times, nonwovens became more prominent in the later part of the 20th century (Bhat, 2008).


Nonwoven fabrics can be manufactured by various techniques such as needle punching, spun bonding, thermal bonding and spunlacing. Bonding is defined as a process of adhering fibres or layers of fabrics by a bonding agent (Balasubramanian et al., 1990). Rawal (2008) explains thermal bonded nonwovens are produced by bonding the assemblies of fibres oriented in the preferential direction at random manner using heat energy. Thermoplastic fibres are combined with the base fibres, heat is applied to soften the thermoplastic fibres for fabric production. 


Early in the 20th century, some textile manufacturers who were discarding sizable amount of textile fibres as waste discovered that by modifying certain existing equipment. These fibers could be transformed at high speeds into fabric like materials, held together with a binder (INDA).


The emu feathers are used by the fashion industry for ear rings, hair picks, hats and in the manufacture of brushes for cleaning high sensitive electronics and computer equipments. Feathers are used in trims. Trims refer to all the items used to embellish and finish the garments.  Fashion designing is an art of creating apparels and related accessories to get a life style statement. Fashion accessories are items apart from the garment itself. Accessories catch the eye and make most of the articles of clothing more appealing which includes hats, hand bags, ear rings, belts and hair accessories (Pundir, 2007).


Wealth from waste is nothing but making useful and decorative items from the waste items and throw outs to enhance creativity and to save money in preparing decorative items and needs at our own desk. The things which are thrown away by us will be moulded into useful decorative items.


As Reddy (2006) stress that the projects like this could really make the fibre industry more sustainable because turning farm waste into fabric could help as well. “Necessity is the mother of invention”. Since there was no such research could be traced, the investigator made an attempt to study on “UTILIZATION AND EVALUATION OF EMU FEATHERS BONDED WITH SYNTHETIC FIBRES” to highlight the uses of emu feathers and to justify the above mentioned statement. 


The major objectives of the study are :

· To process the selected emu feathers

· To blend the selected emu feathers with synthetic fibers

· To study the performance of nonwoven fabric

· To explore the possibilities of producing creative objects and accessories.

II.  REVIEW OF LITERATURE

The review of literature pertaining to this study on “UTILIZATION AND EVALUATION OF EMU FEATHERS BONDED WITH SYNTHETIC FIBERS” is dealt under the following headings :

2.1    Role of Textile Industry in Indian Economy

2.2    Importance of Natural, Synthetic fibers

2.3    Feather Structure, types, properties and uses of feathers

2.4    Dyeing of Feathers with Natural and Synthetic Dyes

2.5   Production of Nonwovens Types and Thermal Bonding

2.6    Income Generation Through Emu Farming

2.1
ROLE OF TEXTILE INDUSTRIES IN INDIAN ECONOMY

Textiles is one of the world’s oldest and richest culture it is no surprise that Indian civilization plays host to a multifaceted wealth of textile traditions explains Sapina et al. (2009). For centuries India has been famous for its beautiful textiles. The diversity of Indian textiles is enormous, the country is home to many different racial and religious groups (Rani and Latha, 2007).

Nimkar and Bhajekar (2006) points out that the Indian textile industry is one of the oldest and largest industrial sectors in the world. Chavan (2001) and Ramyachitra (2009) says Indian textile industry is a significant contributor to many National economics. It occupies an unique position in the Indian economy in terms of its contribution to industrial production, raw materials, employment and exports. It is the second largest employment generator after agriculture providing employment of about 35 million people.

According to Dhandapani and Selladurai (2003) textile industry is a self-reliant industry starting from the production of raw materials to the delivery of final products with considerable value addition at each stage of processing. Textile industries are facing a challenging condition in the field of quality and productivity, due to the globalization of the world market (Parthiban and Ramanathan, 2009).

Ethics of clothing has not been a new idea for us Indians. Mahatma Gandhi made people of India and the rest of the world aware of clothing with ethics in 1920s (Amin 2008). During the last 100 years, a number of interesting textile products have been developed for different applications. These innovative products have been added unusual characteristic and enlarged application of the textile products in interesting  areas and added value to the product (Kothari and Yadav, 2008).

Textiles are primarily used for apparels, home furnishings and industrial uses. Home textiles can be defined as non-apparel textile end products having non-industrial utilities. Although they are categorized as home textiles but their usage is not restricted to homes but to commercial premises as hotels, hospitals, institutions and offices reveals Chatterjee (2008).

2.2
IMPORTANCE OF NATURAL, SYNTHETIC FIBERS AND PURPOSE OF BLENDING FIBERS

From the beginning of time until the 1950s all textile clothing produced anywhere in the world was made from natural fibers and the fiber itself remains to this day the most important of any textile (Amin 2008). Natural fibers have been used historically to produce our cloths, carpets, cordages, ship sails, insulation and building materials. The use of natural fibers from both plants and animals to meet our needs and play a significant role in history (Mahaptra, 2009).

 
Mukhopadhyay and Fangueiro (2008) states that the interest in the use of natural fibers for varied application is for long. Natural fibers are clearly a renewable resources. However their rapid growth as raw materials for increasing global fiber demand faces a number of significant constraints (International Business, 2007). Smriti et al. (2009) says it is high time to utilize every bit of our natural resources for profitable diversified product making, generating employment as well as protecting environment.

The animal fibers are chiefly protein complex. Animal hair, wool and silk fibroin are the protein and protein derivatives of natural fibers and the casein, albumen, keratin are the protein and protein derivatives of manufactured fibers. At present, fibers from casein, zein, feathers, egg white, waste hair, silk, soya beans and peanuts are primarily of scientific interest (Lee, 1953).

During the last four decades, the textile industry has witnessed phenomenal growth of synthetic fibers, many of which are being commonly used because of their affordability and excellent functionality. Over the last 70 years the growth of synthetic fibers were increased states Deshpande (2001).

Cook (1968) explains that the manufacture of synthetic fibers is a wonderful example of the way in which industrial chemistry is contributing to modern life. According to Dixit(2001) the manufacturing process of synthetic fibers consists of extruding the molten mass of the polymer through spinnerets in the form of filaments, stretching/drawing to desired extension and cooling the drawn filaments. Fusible adhesive fibers are especially valuable construction elements in producing adhesive-free bonded nonwovens (Fust, 2001).

Fabric produced from the blended fibers may have better characteristics than that could be obtained in a fabric produced from a single fiber. Sometimes, the cost of production is also reduced through the blending of cheaper fiber with a costly one. Blending of fibers with different fibers having dissimilarity in their properties is usually done to achieve or improve certain characteristics of its processing performances (Ali et al., 2001).

According to Gangwar (2006) blending is a very important process in textiles. It can be defined as mixing of different fibers taken from two or more dissimilar families. Charankar et al. (2007) views blend used for better serviceability of fabrics but they are also used for improved appearance and hand.

2.3
FEATHER STRUCTURE, TYPES, PROPERTIES AND USES OF FEATHERS

Structure :

          Feathers are modified reptilian scales that develop from tiny pits, called feather follicles in the skin. Just as, snakes and lizards birds replace their feathers by molting. Few birds shed all of their feathers at one time. (Johnson et al., 2000)

Feathers are made from the protein keratin and there are two forms of microcrystalline keratin in the feathers-the fiber and the quill. Thus the feather fibers, with an (-helical structure at the molecular level explains Thilagavathi et al. (2008.) Structure of the feathers are composed of about 91 per cent protein, 8 per cent water and 1 per cent lipids. The type of protein in feathers is called keratin, a Sulphur containing, fibrous protein. The structure of the keratin gives the feather its strength and suppleness (www.bishopmusemum.org)

Types of Feathers

Different types of feathers serve different purposes.

Birds have 2 main types of feathers.

a. Contour feathers

b. Down feathers

Contour Feathers

Contour feathers cover the body and give adult birds their shape. Specialized contour feathers called flight feathers are found on a bird’s wing and tail. These feathers help to provide lift for flight. Contour feathers has many branches called barbs. Each barbs has many projections called barbules, that are equipped with microscopic hooks. These hooks link the barbs to one another, giving the feather a continuous surface and a sturdy but flexible shape. There is a strong flexible centre shaft. The lower part of the shaft is called the quill. The upper part of the shaft is called the rachis. It supports the vane. The vane is the flat part of the feather.

Down Feathers

Down feathers cover the body of young birds and are found beneath the contour feathers of adults. Their soft, fluffy structure provides good insulation for the bird helping the bird conserve body heat (Johnson et al., 2000). There are four other main types of feathers:

a. Semi plumes

b. Filo plumes

c. Bristles

d. Powder feathers

Semi Plumes

Semi plumes are half-way between a contour feather and a down feathers. These occur between the contour feathers and help to supply insulation and a certain amount of form.

Filo Plumes

Filo plumes and bristles are much smaller. Filo plumes have only a very few barbs at their tips and are believed to have a sensory function, helping birds keep their feathers in order.

Bristles

Bristles have practically no barbs at all and are stift. They occur around the eyes and mouths of some  birds and protective in function.

Powdered Feathers

Powdered feathers are unusual in that they grow continuously and they disintegrate at the tip. The barbs breaking down into a fine powder that in herons at least as useful in mopping up the slime and dust that gets on their fronts during feeding. Thus they help keep the plumage clean. Powder feathers occur scattered throughout the plumage of most birds, but their function is not well under-stood.(http://www.earthlife.net/birds/feathers.html) 

Emu Feathers

Emu is a flightless bird of the ratite family. The name ‘emu’ is an Arabic word for large bird. The term was subsequently transferred to the emu by early European explorers to Australia. Emu feathers are much softer and flexible than most of other bird feathers (www.redoakfarm.com) the new feathers appearing almost black and fading to a pale brown with age (Sheriff, 2008). Emu feathers have a double plume from a single shaft. The “second feather” is often called the twined part of the feather, and is a actually an after-shaft or after feather-the small tuft at the base of the vane. same length as the main vane (Burton and Burton, 1968)


In scientific terms, according to a directory of birds this structure resembling a feather in miniature attached to the underside of the feather at the superior umbilicies. Six types may be recognized of which the most developed is that found in casuaniformes (emus),where the after feather closely resembles the main feather so that each feather appears double.(http://www.emu.coza/feathers.htm) emu feathers are unique because both the primary and secondary feathers are the same length. Each feather has two shafts, with barbs, so widely spaced that they do not interlock to form a firm vane as in most birds; instead they form a loose, hair like body covering. They are four types of feathers:

a. The short, black neck feathers

b. The downy-white fluffy chest feathers

c. The silvery-brown, black – tipped back feathers and 

d. The long, bristly tail feathers.(www.wildroseemu.com)

Feathers are Non-Allergic


Allergies to down is a bit of an old wives tale. People who believe they are allergic to down and feather actually allergic to dust mites. Allergies to down and feather are quite rare(www.ahappyplanet.com).

Human Usage

            Feathers have a number of utilitarian and cultural and religious uses. Almost every culture has used feathers in some manner to enhance personal adornments, sacred or ritual objects and decorative arts. Feathers also have many functional uses, down comforters and quill pens.

Utilitarian Functions

           Feathers are both soft and excellent at trapping heat: thus they are sometimes used in high-class bedding, especially pillows, blankets, and mattresses. They are also used to make filling for winter clothing, such as quilted coats and sleeping bags. Feather waste has been used in a number of industrial applications as a medium for culturing microbes, biodegradable polymers, and production of enzymes. Feather protein have been tried as an adhesive for wood board(http://en.wikipedia.org/wiki/ feather).

              Feathers were first combined with other textile fibers in America in the early 1930’s. their use in cloth however, originated in Europe, particularly France (Sberger et al., 1904). Feather in olden day and still are used for drawing and writing. They are used for stuffing cushions and mattresses, for making flights for darts used in games and for battledores (Bhamrah and Juneja, 1990).

In Religion and Culture

               In South America, brews from the feathers of condors are used in traditional medications. In India, feathers of the Indian peacock have been used in traditional medicine for snakebite, infertility and coughs.


Manufacturers have used down mainly in industrial and heavy-duty outerwear, sleeping bags, comforters, quilts and pillows. But today, high styling has come to a variety of down filled jackets, parkas, skiwear, snowmobile suits, jumpsuits, biboveralls, pants, vests, hunting gear and sweat shirts. Down in nonapparel uses such as bedding and furniture (Lyle, 1982).

Feather Boa


A feather boa is a fashion accessory that is usually worn wrapped around the neckline a scarf. A boa may be made of fur, but it is usually made from various types of feathers. Feathers used go through bleaching and/or dyeing processes and are glued and stitched into lengths called “ply”. Feather boas have fallen in and out of fashion many times over the years.

Feather Basketry


Cotemporary adaptions of historic design are seen in a ceremonial basket with feathers(Granhold). The material used in ancient basketry, such as vegetable fibers, it is difficult to establish exactly when basket making originated. The most priced of the pomo baskets, the ceremonial feather basket, had 1000 of feathers decorating the surface.

Pillows

A good pillow is plump, light, odorless, free from lumps or stiff feathers and has a quick rebounded. An excellent filling is 75 per cent small goose or chicken feathers. Pillows are washable, but it is a job that a good commercial laundry understands better than the house wife.

Feather  Duster


Emu feather dusters make great gifts. They are very useful around the home or office. The emu feather is very unique, it has thousands of hair like strands on each feather shank. These strands hold a charge and pick up dust like a magnet. Major automotive and delicate instrument manufacturers use emu feathers to dust their products prior to final assembly and painting (www.jimsemufarm.com/ giftideas.html).

Down Filled Items


Fashion and high styling have come to all types of garments. Apparel is consuming at least 50 per cent of all down related aw materials. Close stitching of a down filled item will prevent shifting of the fibers during wear, use and cleaning. Closely woven or finished fabrics are used to quilting to avoid the penetrating of barbs (Lyle, 1982).

Uses of Emu Feathers


The feathers are used in the automotive and electronic industries as feather dusters and by fishermen for tying flies. Visually enticing, emu feathers work well in dried floral arrangements. It is also used as a feather pads, fans, masks, boas and finishing metals prior to printing. (www.emuvr3.com).


Emu feathers are also used in crafts, clothing accents, jewelry and even pillows these feathers have a variety of uses.(www.emufacts.com). Emu feathers are used to create pencil buddies, hair picks, ear rings, doll, hats and also used by the fashion industry.(http://www.tamilnaduemmubird.com/emu products.html) emu feathers have been dyed with different following colours such as red, deep blue, dark green, orange, gold, pale turquoise.(http://www.leicestershireemus.com/ feathers.html).

2.4
DYEING OF FEATHERS USING NATURAL AND SYNTHETIC DYES

The world today is much brighter then it was 100 or 50 years ago mainly because of technical advances which have vastly increased the range of dyes available says Singh et al(2003). The art of dyeing was discovered in the Bronze age. The mention of the use of colors in India is found in ancient epics, remarks Rani and Singh(2003).

Dyeing may also be called as a finishing process which brings a variety of colors to the fabric views Siddiqui(2008). In every civilization from remote ages to the present, the art of dyeing has played an important role in adding beauty to the world (Agarwal and Gupta,2003).

According to Nakamura(1980)the purpose of dyeing is to prevent the filtering of rays(sun-umberlla material and black curtain etc)or to play the role of colour protection military uniform. The most important purpose is to raise the decorative value of clothes. Sddiqui(2008)points out that the dye molecules enter the amorphous region of the polymer system. Dye molecule which are loosely hold by fibers or bond by weak force such as hydrogen bonds, the fading or bleeding of dye during laundering.

In the early days, dyeing was not a science but an art or a craft. Dyeing process involved treating the fibers with mixtures of ‘dyes’ of animal or vegetable origin and varying gums(Delvin,2006).Natural dyes are the colourants extracted from vegetable matter,minerals,or insects. Very commonly these dyes are used in textiles, food,drugs and cosmetics. It is also used in small quantities these dyes are considered as ecofriendly dyes(Indi and Chinta,2007).

The history of natural dyes is more than 4000 years old.The art of herbal dyeing had its origin in India(Patel et al,2006). In dyes from natural sources have an ancient history and can trace their roots to antiquity. Indian textiles are greatly valued and sought after for their colors and enduring qualities. Since the advent of synthetic dyes,textile dyeing units are making increased use of chemicals for getting bright and colorful shades on different textile substrate(Meenu et al,2006).

The introduction of reactive dyes by ICI in 1956 is an important landmark in the history of synthetic dyes(Shennai,1999).Reactive dyes the newest addition of exciting dyes chromogens and in structure selection and number of reactive groups have led to an increased use of reactive dyes(Mehta et al, 2008). The reactive dyes are unique among other dyes in that they are covalently bonded to substrate,that is the dye and the fiber fiber substrate form a bond of shared electronics(sekar and Deulgaonkar,2006).

2.5
PRODUCTION OF NONWOVENS, TYPES AND THERMAL BONDING

EDANA defines nonwovens are a manufactured sheet, web or batt of directly or randomly oriented fibers, bonded by friction, and/or cohesion and/or adhesion,excluding paper or products which are woven, knitted,tufted,stitch bonded, incorporating binding yarns or filaments, or felted by wet milling, whether or not additionally needled.

                    Fiber ----------------------------> Fabric               


   (without weaving)


As the name indicates nonwovens are not woven fabrics. It skips intermediary process such as spinning, weave preparation and weaving. Productivity and speed is high while compared to conventional/woven process stated by Ramkumar and Sata(2007). Nonwoven bonded fabrics are surely one of the oldest fabrics made by man. Commercial production of textiles made of bonded fiber webs dates back to 1942. when the first few thousand yards were produced in the U.S. It was than that the term “nonwoven fabrics” was first used.


During the ensuring 35 years, many nonwoven production techniques were developed and commercialized. Chemical industry advances-particularly in the fields of man-made fibers,plastics and synthetic polymers opened new avenues of investigation of scientists and engineers(INDA,1978).

                  “21st century in a knowledge Base industry, 

                      creation of wealth by value addition” 


The development of the nonwovens industry has been pushed forward rapidly in many countries. India have extremely good potential markets for nonwovens equipment,machinery as well as nonwoven products. Nonwovens are most widely used in diverse applications of technical textiles due to their unique characteristics, performance and cost advantages(conference report,2009).


The growing middle class population and rise in income levels of half of India’s population are the major diverse for the growth of Indian nonwoven and technical industry. There is much interest in both the public(govt.) and private sectors to look into opportunities(Ramkumar and Arunachalam,2008). Malshe(2008) views that the nonwoven industry has grown exponentially in the recent past and processing technology for nonwovens has definitely come a long way, nonwovens industry will continue to se a booming time in future.

Manufacturing Methods of Nonwovens


According to Singh(2004) and Baumgartinger the processing and manufacture of nonwoven fabrics vary with the fibers, methods of laying the fibers and bonding agents used. The staple which is usually not waste, ranges from about 2-150mm in length. The fibers are processed through a series of opening, conditioning and blending operations. Layers of webs of fiber are then formed. Adhesion of fibers is accomplished by fiber friction, heat, resin, latex or other bonding agent.

Web Formation


Web formation is dependent up on the following methods are cross laid web, parallel-laid web, random-laid web, high-velocity sprayed web, air-laid web, wet-laid web.

Parallel-Laid Web


The most widely used web forming methods are carding and cross lapping. Fibers are passed through carding machine that put them into parallel alignment. Thin webs of parallized fiber produced by successive machine and running in the same direction, are laid on each other to form a multilayer web. This technique produces a fabric which has lengthwise strength but low crosswise strength.

Bonding the Web


A sheet or web of fibers which are held or bonded together by an adhesive or by the fusing properties of the fibers themselves. There are several methods of bonding the fibers in the web to form fabrics are resin bonding, latex foam bonding, gelatin bonding, thermoplastic bonding, spunbond, spun-laced bonding, mending, autogenic bonding, radiation bonding, composite bonding, stisch through bonding, needle punching the web, printed adhesive bonding. 

Thermal Bonding

Thermoplastic fibres with a low melting point may be blended into either a nonthermoplastic fibre web or a web composed of  the  plastic fibres that have high melting point. The web may then be either calendered or embassed by passing it between rollers heated to the low melting point of the added thermoplastic fibres that fuse and bond with the other fibre.

Thermobonding  usage has increased in recent years.Thermobonding  corresponds to 32000 tonnes/year  respectively.It is approximately 29% of total nonwoven production.(Sadikoglu 2002).

Characteristics of nonwoven fabrics

  
The particular set of properties that a nonwoven fabric may have is dependent upon the combination of factors in its production.The range of Characteristics is wide.The  appearance of Nonwoven fabrics may be  paper like, felt or similar to that of woven fabrics.

They may have a soft ,resilient hand,or they may be hard,Stiff or boardy with little plilability.They may be as thin as tissue paper or many times thicker.Nonwoven  fabrics  may be translucent or opaque.This  porosity may range from low tear and burst  strength to very high tensile Strength.They may be fabricated by gluing,heat  bonding or sewing.The  drapablity of nonwoven fabrics varies from good to none to all.Some  Non wovens  have excellent launderability,Others  have none.Some may be dry_Cleaned.  

Uses of Nonwovens

The nonwovens are mostly used as interlinings ,filling materials for quilts, beds and furniture, wall  floor coverings, automotive inner coverings  and headliners, Coverstock for lady’s hygiene products and baby diapers, Cleaning wipes, insulation materials, geotextiles, shoelinings, medical textiles, home furnishings, packaging materials, luggage linings, filters, artificial leather backings. The most important end  uses are interlinings ,filling materials, Covering materials sadikoglu(2002).

Advantages of thermal bonding

According to wadsworth(1999)and watzi(1994),the main advantages of thermal bonding are good hygienic properties of fabrics, environment friendly process, simple devices, high productivity, low energy consumption, high economic efficiency as compared to chemical bonding, soft quality product and capital expenditure, maintenance and operating costs are often lowers.

Uses of Bonding materials

Bonded materials may be soft or stiff. Soft  flexible  fabrics handle like woven fabrics and are used for  towels, disposable sheets, table cloths, and napkins, dishcloths, dusting and polishing cloths, handkerchief, diapers, ibs, shoulder pads, curtains and draperies, costumes and graduation gocons. The stiffer fabrics are used for wrappings ,pennants and banners, labels and playcards Lee(1953) 

2.6
INCOME GENERATION THROUGH EMU FARMS


Emu spells- Mehta of Pune says a farm can yield 200 per cent of the investment within two years. The meat of one bird fetches a farmer Rs. 5,000-7,000, while its fat 22-25 per cent of its weight, used as a therapeutic oil, brings in up to Rs.10,000. A slaughtered emu yields more than twice as much as a live bird, as there’s money to be made from the meat,fat,bones,skin,and feathers. Mehta says recently sold a pair of 15-month-old emus for Rs.43,000. An 18-month-0ld bird would cost Rs.15,000-20,000,and a kilo of meat is for Rs.300-350.(http://www.businessworld.in). Owing to the 100 per cent utility in terms of market value of the emu bird, emu farming is gaining popularity in India, and is being taken as an alternative to cash crops. (http://goldeneggsemufarm.tradeindia.com).

III.  EXPERIMENTAL PROCEDURE


The methodology pertaining to the study on “UTILIZATION AND EVALUATION OF EMU FEATHERS BONDED WITH SYNTHETIC FIBRES” is discussed under the following headings :


3.1
Conduct of survey



3.1.1
Emu farm survey


3.2
Selection of feathers


3.3
Pretreatment - processing of the feathers



3.3.1
Cleaning



3.3.2
Decolourising (or) bleaching



3.3.3
Softening


3.4
Dyeing of feathers



3.4.1
Natural dyes



3.4.2
Synthetic dyes


3.5
Evaluation of the feather samples



3.5.1
Subjective Evaluation




3.5.1a.   Feeling test



3.5.2
Objective Evaluation




3.5.2.a.   Length




3.5.2.b.   Colour fastness test


3.6
Extraction of fibres from feathers


3.7
Selection of fibre blending



3.7.1
Blending of fibres


3.8
Web Formation


3.9
Thermal bonding


3.10
Evaluation of thermal bonded fabrics



3.10.1
Subjective Evaluation




3.10.1a.   Visual Inspection



3.10.2
Laboratory test




3.10.2a.   Fabric weight




3.10.2b.   Fabric thickness




3.10.2c.   Bursting strength




3.10.2d.   Air permeability




3.10.2e.   Thermal conductivity




3.10.2f.   Scanning Electron Microscope appearance


3.11
Creating innovative products



3.11.a
Evaluation of the emu feathers and thermal bonded             


products 

3.12
Analysis and interpretation of data

3.1
CONDUCT OF THE SURVEY


Survey is a method of research involving collection of data directly from a population or a sample there of at particular time by applying observation or interviewing or mainly questionnaires (Krishnaswami and Ranganathan, 1983).

3.1.1
Emu Farm Survey


Survey is a “fact-finding” study. The sociologists should look upon surveys as way and a supremely useful one of exploring the field of collecting data around as well as directly on the subject of the study. Emu farm survey is very essential to gather information regarding availability and breeding of emu birds, sale details, uses of emu skin, flesh, feather and oil and the income generated by the emu bird farms (Plates I – VI). The survey included the following steps.

a. Selection of area, target groups and farms

b. Selection and formulation of the tools

c. Collection, analysis and interpretation of data

a.   Selection of Area, Target Groups and Farms


There may be many appropriate farms for emu birds. Many farmers in the country are now attracted towards emu farming because of its economic value. The investigator approached the selected farms in Coimbatore, Erode and Namakkal district in Tamil Nadu at their convenient time and explained the purpose of the study. The necessary information was gathered by using the interview schedule. For conducting emu farm survey, based on the availability the investigator selected 15 farms in Coimbatore, 5 farms in Erode and 5 farms in Namakkal district as location for the study.
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EMU EGG
	PLATE – II

EMU BIRD
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	PLATE – III

EMU OIL
	PLATE – IV

EMU FLESH
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	PLATE – V

LEATHER PRODUCTS
	PLATE – VI

EMU FEATHERS


b.   Selection of Formulation of the Tools


The tool selected for conduct of survey is an interview schedule. Interview is one of the prominent methods of data collection. An interview is one where a number of questions or statements relating to the investigation is prepared and these questions were asked face to face and answers recorded by the interviewer, thus informations obtained in first hand and origin in character as stated by Gupta (2004) and Kothari (2004). It was found necessary to assess the uses of emu and emu farms. 


The schedule comprised of questions pertaining to the availability, cost and sale of emu bird and eggs uses of emu feathers and production of art and craft items made out of emu feathers. Schedule is given in Appendix – I.

c.   Collection, Analysis and Interpretation of Data


According to Kothari (1990) conducting a survey is very important which will proceed to correct tones and at the same time, the data collection are dependable. A good rapport was developed with the selected 25 farm owners, who were willing to cooperate and wish to express their views. The questions from the prepared schedule was putforth one by one and the answers were recorded instantly. The collected data was systematically, consolidated, analyzed and interpreted. The results of the survey is presented in Chapter – IV : Results and Discussion.

3.2
SELECTION OF FEATHERS


The feathers used for textile purposes were obtained chiefly from the bird types such as ostrich, goose, ducks and emus. Birds have different types of feathers that vary in structure and function (Miller and Levine, 1998). Emu feathers are much softer and flexible than most of other bird feathers. Recently emu farming is popular among the farmers and researchers due to their economic value. Emu feathers have a number of utilitarian, cultural and religious uses.


Hence the investigator selected emu feathers and collected from Emu Farms in Coimbatore, and Erode and Namakkal district, Tamil Nadu for the study.

3.3
PRETREATMENT – PROCESSING OF THE FEATHERS


Pretreatment of fibres lead them clean and absorbent, a necessity for further processes. The process after the pretreatments are the value addition processes and the end results are achieved in terms of colouration and finishing (Shukla, 2006).


The processing of the feathers included the following steps : 



3.3.1
Cleaning



3.3.2
Decoloursing (or) bleaching



3.3.3
Softening

3.3.1
Cleaning

The emu feather samples contain impurities and greese substances. As pointed out by Brannt (2000) the impurities are removed by soaking the feathers in a strong solution of castile soap for overnight and washed using wash board for 10 minutes. Again soaked in a weak soda bath for one hour at 100(F. The same procedure was repeated by using fresh bath and finally drawn through an acid bath with diluted sulphuric acid and again rinsed and finally rinsed for further utilization. The cleaned emu feathers are shown in Plate – VII.

3.3.2
Decoloursing and Bleaching


The process in which natural colouring matter is removed from a fiber to make it white. The removal of these natural colouring matters is called bleaching (http://www.answers.com.) hydrogen peroxide has strong oxidizing properties and a powerful bleaching agent. Its oxidizing properties are used in the bleaching of substances, such as hair, ivory, feathers and delicate fabrics (http://enlarta.msn.com). Natural coloured feathers are bleached in a mixture of hydrogen peroxide and ammonia results in a wonderful, warm light. Hence the selected emu feathers were decolourised as per the procedure given below.

Decorlourising Parameters for Decolourising

TABLE I

PARAMETERS FOR DECOLOURISING

	Chemicals
	Percentage

	Hdrogenperoxide 

Ammonia 

Water
	50

3

47


Procedure for Decolourising


The cleaned feathers were drawn flat in a glass or stone ware vessel. The bath contains 50 per cent of hydrogen peroxide, and 47 per cent water. The bath was heated to 100(F and 3 per cent ammonia was added after the bath reached to 100(F. The bath was heated at 100(F for half an hour and was allowed to rest for half an hour and again heated at the same temperature for half an hour. The time taken for the treatment was 1 ½ hours.


The feathers were taken out and soaked in fresh water again the same procedure was repeated. Just by putting the feather samples in diluted sulphuric acid bath and taken out immediately following thorough washing and rinsing by using fresh water. The feather samples were dried well. The decolourised feathers are shown in Plate – VII. 

3.3.3
Softening


The application of softeners to textile materials in principally improving the handle and drape of the materials. The application of softener to natural fibers is at the final stage of wet processing (Talebpour and Holm, 2006). Enzymes are used for depilling, neutralization of H2O2 softening and wash down effects (Sundar and Sivakumar, 2008). Enzymes are used in textile industry because they accelerate reaction. As a catalyst, enzymes required substrate on which they can act and participate in bond-making or bond breaking process, ultimately transforming the substrate into a product, views Amsamani and Yasotha (2008). The feathers are softened  by  different  sources  namely  bio-gas,  henna  and  amylase  enzyme. The feather samples were immersed  in the amylase enzyme solution in the ratio of 1:40 for one day. The soaked feathers were taken out and washed thoroughly and dried in shade. The dried feathers were used for producing thermal bonding fabrics. 

3.4
DYEING OF FEATHERS


Colour had played a dominant role in the life of human beings since time immemorial, states Micheal et al. (2003). A dye or a dyestuff is usually a coloured organic compound or mixture that may be used for imparting colour to a substrate, views Chatwal (1988).
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CLEANED EMU FEATHER
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	PLATE – VIII

DECOLORISED EMU FEATHER


3.4.1
Natural Dyes


Natural dyes make an important contribution to fabric decoration by producing various beautiful colours and colour harmonies, obtained by a combination of various dyeing methods, says Agarwal and Gupta (2003).

3.4.1.a.   Selection of Dye Source


Based on availability, easy application, affordable cost and appealing colours, two natural dyes namely Annatto seed and red sandal wood were selected for the study.

3.4.1.b.   Dye Sources

	Local Name
	Botanical Name

	Annatto seed dye 

Red sandal wood dye
	Bixorellana 

Petrocarpus santalinus


Annatto Seed


Annatto (Bixorellana) seed is an age old source for food colour. It is a fast growing ever green topical tree. The learners are simple with pink flowers and red pods. Each seed is coated with a yellowish orange substance which ultimately is the dye. The seeds are distributed mainly in South America and Branzil.

Red Sandal Wood


Red sandal wood (Petrocarpus santalinus) a very pretty, moderate sized deciduous, upto 11 m in height with blackish brown bark, deeply cleft into rectangular plates and dark purple heart wood, gradually narrowed into a rectangular plates and dark purple heart wood, gradually narrowed into a short stalk, winged, the central hard portion containing the seed (reddish brown and smooth). Distributed in Cuddapah district in Andhra Pradesh and adjoining areas of Tamil Nadu and Karnataka.

3.4.1.c.   Mordants


Jeet et al. (2003) report that most of natural dyes do not fix permanently to the fibres unless they are used with chemicals called mordants. Singh and Bains (2003) point out that natural dyes produce a wide range of excellent soft lustrous colours with the use of different mordants. 


The most commonly used mordants with natural dyes are alum, chrome, copper sulphate, ferrous sulphate and tannic acid. Mathur and Srivastava (2003) opine that the chemicals used for fixing colour on protein fabric were alum, chrome, copper sulphate, ferrous sulphate and stannous chloride. Hence the investigator selected copper sulphate as mordants for the study.

Mordanting Technique


Mordanting is a process of impregnating materials with a mordant usually salt or acid to fasten the dyestuff which is applied before or after modanting. Sometimes a mordant is applied along with the dyestuff itself.


Shrivastava et al. (2007) observes that in the premordanting technique mordanting is the first step after which dyeing is done, while in simultaneous technique the mordant and the dye were applied in the same bath and in post mordanting technique, dyeing is the first step and mordanting is the next step. The investigator selected all the three techniques for the study. 

3.4.1.d.   Extraction of the Dye Solution


Dye from natural sources can be extracted in alkaline, acidic and aqueous medium. As aqueous medium does not involve the use of harmful chemicals to extract the dye, the investigator selected aqueous medium for the study.

Actual Dyeing


As stated by Lakshmi and Purushothaman (2007) the natural dyeing procedure and constant parameters were followed in all the experiments.

Constant Parameters


Material liquor ratio


-
1 : 40


Dye soaking time


-
48 hrs


Dye extraction temperature

-
100(C


Dyeing temperature


-
100(C


Mordant soaking time


-
1 hr.


Mordanting temperature

-
100(C


Dyeing extraction medium

-
aqueous

Dyeing Procedure


The dye bath was prepared by dissolving 2.5 g of dye powder in 100 ml soft water. After 48 hours of extraction of dye, 0.01 g of sodium carbonate was added to the dye solution to increase the exhaustion of the dye.


In premordanting the required quantity of feather samples were soaked in the respective quantity of mordanting solution for an hour at room temperature. After mordanting the feather samples were taken out, squeezed thoroughly and introduced into the respective dye solution without intermediate washing. The samples were taken out, rinsed thoroughly and soaping was done by boiling the samples with 2 gm of non-ionic detergent powder and dried.


In simultaneous mordanting each of the specified quantity of mordant was mixed well in the prepared dye solution. The required quantity of feather samples were introduced into the mixture and soaked for an hour. The bath was heated to boil and continued for 30 minutes.


In post mordanting technique the feather samples were boiled in the respective dye bath. The samples were taken out and introduced in the respective mordant bath for an hour at room temperature.


The feather samples were dyed by using annatto and red sandal dyes with alum and copper sulphate as mordants following pre, simultaneous and post mordanting techniques.

3.4.2
Synthetic Dyes


The advent of synthetic dyes, textile dyeing units are making increased use of chemicals for getting bright and colourful shades. 

3.4.2.a.   Reactive Dyes


Reactive dye have gained importance in dyeing on account of their brilliance, ease of application and good wash fastness properties, state Maisel and Kottani (2001) and Holme (2003). Introduction of reactive dyes gave dyers a wide range of shades with brightness, required fastness characteristics, flexibility in application and cost effectiveness, opines Goyal and Prabhu (2006). According to Gohl and Vilenky (1987) the fibres most readily coloured with reactive dyes are the man-made, natural cellulose fibres, synthetic nylon and protein fibres.

Parameters for the Reactive Dye Procedure


Weight of the feather

=
1 gm


Amount of the dye stuff
=
0.02 gm


Sodium chloride

=
0.02 gm


Sodium carbonate

=
0.02 gm


Time



=
30 minutes


Temperature


=
80(C


Material : Liquor ratio

=
1 : 30

Procedure followed for Dyeing


The decolourised feathers were weighed using an electronic balance and the dye solution was prepared based on the requirement. The feather samples were immersed in the dye solution and the temperature was raised to 80(C and maintained for 15 minutes. The samples were lifted and the common salt was added in the dyebath and stirred well and boiling was continued for another 10 minutes. The feather samples were lifted, finally sodium carbonate and acid solution were added and stirred well. The feathers were put back and boiling was continued for another 10 minutes. Then the feather samples were washed in cold water and dried in shade. 


The nomenclature of the samples dyed by using natural dyes and synthetic dye are given in Table  II.

TABLE – II

NOMENCLATURE OF THE SAMPLES

	S.No.
	Sample

	1.

2.

3.

4.

5.

6.

7.
	RSC1
RSC2
RSC3
ASC1
ASC2
ASC3​

RSD


RS- Red Sandal ; AS – Anatto Seed  ;  RSD – Reactive Dye  ;  C – Copper sulphate

1 – Pre mordanting technique ; 2 – simultaneous mordanting technique 3 – Post mordanting techniques.

3.5
EVALUATION OF THE FEATHER SAMPLES


3.5.1
Subjective evaluation

a.   Feeling test


3.5.2
Laboratory Test

3.5.1.a.   Feeling Test


Different fibres shows different behaviour, while placing the hand on the fibres. To find out the properties of emu feather samples, feeling examination was carried out by the panel members. The panel which consisted of 25 judges comprising of PG students in Textiles and Clothing, evaluated the feathers visually and touching using an evaluation sheet. The criteria for evaluation were cool to touch, feel soft, lustrous, warm to touch and light  weight  as  suggested  by  Mishra  (2000).  Proforma is given in Appendix – II.

3.5.2
Laboratory Test

Objective Evaluation


Testing is the process of inspecting, measuring and evaluating the characteristics and properties of the samples. The treated feather samples were tested for their length, diameter and moisture regain. The dyed feather samples were tested for colour fastness to sunlight and washing.

3.5.2.a.   Length


The length of the fibre was measured as outlined by Jewel (2005) that, length is the distance between the fibre ends. To find out the length of the feathers, the vanes alone from shaft part of the feathers were removed and the test was carried out for the quantity of 5 number of feather fibre samples and the average was calculated and recorded as the length of the feather fibre. 

3.5.2.b.   Colour Fastness Test


Bansal and Sood (2001) opines that colour fastness of any textile product is the most important factor for any consumer. The resistance of the samples to any change in any of its colour characteristics to transfer of its colourants to adjacent samples or both as a result of exposure of the material to any environment that might be encountered during the processing, testing, storage or use of the material. The investigator followed the AATCC grey scales to assess the fastness of samples. 

Fastness to Sunlight


Light fastness is the degree to which a colourant resists fading due to light exposure (Nimkar and Bhajekar, 2007). According to Lyloe (1982) a majority of colours fade when exposed to sunlight and a few become dark. The fastness to sunlight depends on the number, nature and position of constituent groups on the dye chromospheres. 


A bunch of feather samples were taken from each of the dyed samples. Bunch of feather samples were arranged and sticked on a white chart. The arranged feathers were divided exactly into eight equal divisions, by drawing lines. A black chart paper on the same size with equal number of divisions mark was attached width-wise to each of the sample at the top. The first division on the paper was removed on the first day and exposed to sunlight from 9.00 am to 4.30 pm. consecutively the second division was cut on the second day and so on. Finally, the first division after exposing it for seven days was assessed for colour change using AATCC grey scale (1995). The same procedure was repeated for all the samples dyed feathers. 

Fastness to Washing


Gohl and Vilensky (1987) explain that the loss in colour during laundering is referred to as lack of wash fastness or bleeding. Colour fastness to washing is the common quality parameter which is considered very important from the point of view of consumers (Nimkar and Bhajekar, 2007). Adjacent white materials become coloured due to the transfer of dye from the coloured material and referred as staining. 


The wash fastness for all the dyed samples were tested by the laundrometer. The laundrometer consists of a central axis with four rods with eight stainless steel jars (two jars of each rod) with tight fitting lids, which rotates inside the hot water bath in clockwise direction when the machine is in function. Test sample of 4 to 6 feathers was taken from each of the dyed samples were sandwiched between undyed desized cotton fabric one at a time. Composite specimens were washed with 4 gm of phosphate ECE-B detergent powder in 100 ml of water for 45 minutes at 40(C for the wash test, after which the samples were rinsed in cold water thoroughly, squeezed well and dried. The colour change and staining of the samples were assessed using AATCC grey scales. Grey scale is given in Appendix – III.

3.6
EXTRACTION OF FIBRES FROM FEATHERS FOR WEB FORMATION


The quill has been separated from the feather fibres. The ground feather was found to be fluffy in nature. The only fluffy and soft feather fibres are removed alone from the quill by hand picking method. 

3.7
SELECTION OF FIBRE BLENDING


Blending of fibres, both natural and man-made for securing specific quality, says Sangwan et al. (2006). It was found necessary to blend low melt synthetic fibers with growth and breeding emu feather fibers to produce a wonderful and appreciable web form non-woven fabric. Hence the investigator blended the emu feather fibres with low melting synthetic fibers. The selected low melt synthetic fibre and emu feather fibres are given in Plate – VIII.
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PLATE – IX
EMU FEATHER FIBRES AND SYNTHETIC FIBRES

3.7.1
Blending of Fibres

A blend is an intimate mixture of fibres of different composition, length and diameter, says Sumand and Sumanpat (2000). Blending enhance the performance and improves the aesthetic qualities of the fabric and is done in various proportions. The investigator selected grower and breeding age emu feathers and low melt synthetic fibres for blending. The blend proportions were grouped under three categories namely sample I, II and III groups.

Sample I
Grower emu feathers with low melt synthetic fibres (GFS)

Sample II
Breeding emu feathers with low melt synthetic fibres (BFS)

Sample III
Grower and breeding emu feathers with low melt synthetic fibres      

(GBFS)

at the proportions of 25 : 75, 50 : 50 and 75 : 25.


For blending the emu feather fibres and the low melt synthetic fibres were weighed and used for different proportions. The fibres were blended thoroughly by hand method. 

3.8
WEB FORMATION


Alternative production technologies have been developed for web and batt-forming processes namely (carded, spun bond, melt blown, air laid and wet laid) methods. The blended fibres were passed through the TRYTEX carding machine (Plate – IX). Where the entangled fibres were arranged in a parallel manner so as to produce a fibrous web. The final fibrous web is rolled in the roller. This fibrous web was cut and taken out from the roller.
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3.9
THERMAL BONDING


INDA defines nonwovens are a sheet, web or batt of natural and / or man-made fibres or filaments that have not been converted into yarns, and that are bonded to each other by any of several means (Shrinivasan and Arun, 2006). Non woven fabrics can be manufactured by various techniques such as needle punching, spun bonding, thermal bonding, spun lacing quote by Basu (2006).


In thermoplastic bonding, a thermoplastic heat setting fibre with a lower melting point than a base fibre, is blended with the base fibre, low melt in the form of a web. The web is pressed between heated rollers to bonding the plastic fibres with the base fibres, says Thomas et al. (2006).


The fibre web with different ratios were processed in the fulontech fusing machine (Plate  X) for thermal bonding. The heat bondable synthetic fibres were melted by using the hot air at 110(C and bonded with base fibre together, forming a fibre web top produce nonwovens. The material was processed at a speed of 1 metre / minute with pressure of 4 kg / cm2. 
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3.10
EVALUATION OF THERMAL BONDED FABRIC


3.10.1
    Subejctive evaluation

3.10.1a   Visual inspection


3.10.2     Laboratory test
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PLATE – X

TRYTEX CARDING MACHINE
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PLATE – XI
FULONTECH FUSING MACHINE

3.10.1
Subjective evaluation

3.10.1.a   Visual Inspection


Feel and handling of fabric determine the acceptance of fabric. To find out the acceptance of the bonded fabrics, visual evaluation was carried out by the panel members. The panel which consisted of 25 judges comprising of PG students in Textile and Clothing, evaluated the bonded fabrics using an evaluation sheet. The criteria considered for evaluation were evenness in bonding, texture, luster and general appearance of the sample. The scores were consolidated and the data were considered for further study. The proforma for visual inspection is given in Appendix – IV.

3.10.2   Laboratory Test


The thermal bonded fabric was evaluated by Laboratory tests for finding various properties of fabric weight, thickness, bursting strength and air permeability. Kothari (2004) is of the opinion that under random sampling design, every item of the universe has an equal chance of inclusion in the sample and is the best technique of selecting a representative sample. So random sampling technique was followed for all the tests in drawing the sample from the whole lot. The conditioning and testing was carried out in standard atmosphere at 65 + 2 per cent relative humidity and 27 + 2(C temperature.


The following tests were carried out for the evaluation of the fabric. 

· Fabric weight

· Fabric thickness

· Bursting strength

· Air permeability

· Thermal conductivity

· Scanning Electron Microscope

3.10.2.a.   Fabric Weight


Fabric weight is an important component for comparing the two similar fabric constructions. Saini (2004) describes fabric weight as the relative weight of the fabric and expressed as the weight of a particular size of piece, such as grams per square meter or ounces per square yard.


Weight of the fabric is determined as weight per unit area, states Stoker et al. (2005). A sample was cut using a template and suitable weighing balance was used to find out the weight of the samples. 

3.10.2.b.   Fabric Thickness


Fabric thickness is defined as the distance between the face and the back of the textile fabric measured under a specified pressure and is expressed in millimeter – IS 7702 (1975). The thickness was measured according to the ASTM Standard 5729 (2004). Thickness testing gauge with an accuracy of 0.01 mm was used. The fabric was placed between the pressure foot and anvil, the reading was noted from the dial. Five readings were taken from different places of the samples and the mean value calculated. Fabric thickness was noted in five different points of the various proportion samples and mean value was calculated and considered as the fabric thickness. 

3.10.2.c.   Bursting Strength


This method is to determination of the resistance of textile fabrics to bursting and generally applicable to a wide variety of knitted and non-woven fabrics. Bursting strength is the method of measuring strength in which the material is stressed in all directions, says Saville (2000). In this method bursting strength of the fabric was determined using bursting strength tester. A specimen of the fabric or garment is clamped over an expandable diaphragm. The diaphragm is expanded by fluid pressure to the point of specimen rupture. The difference between the total pressure required to rupture the specimen and the pressure to inflate the diaphragm is reported as bursting strength. Readings were noted in the pressure gauge and mean calculated. 

3.10.2.d.   Air Permeability

Air permeability can be defined  as the rate of air fiow under a differential pressure between the two fabric surfaces.Air at standard atmosphere is drawn from the laboratory through the test specimen by means of a suction pump,the rate of flow being controller by means of the bypass valve and a series valve.The rate of flow is adjusted untilthe required pressure drop across the fabric is indicated on a draught gauge,gratuated from 0 to  25 mm head of water.The required pressure drop which is normally 1 cm of water ,is attained and the indicator of draugh gauge is steady ,the rate of flow of air is read off one of the four rotamaters,selected according to the permeability of the specimen.Readings from  the rotameter can be computed and the average air flow was calculated to obtain the air permeability in cubic centimetres per second at 1 cm head of water.(baasu 2006). 

3.10.2.e.   Thermal conductivity

Lee’s Disk (Plate XI) was used to determine the thermal conductivity (K).Thickness of the nonwoven sample of 11 cm diameter was placed over lee’s disk. The hot plate was placed over the nonwoven sample. The hot plate pump was joined with the boiled water and the other side of the hot plate was joined with the empty vessel. Ordinary and sensitative thermometers are fixed with hot plate and disk respectively. The measurements were carried out at room temperature(27+ 2ºc). The normal  temperature was maintained at both thermometers. The temperature readings were taken out from both thermometers for once in five minutes until to reach constant temperature. The direct thermal conductivity temperature without conductor was taken out with + constant readings. The temperature readings were note down for 30 seconds once. Thermal conductivity(K) was calculated using the following relationship:


K   =   
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3.10.2.f.   Scanning Electron Microscope

Scanning Electron Microscope was used to view the interlocking of fibers in the fabric. Scanning Electron Microscope is the imaging systems with its wide range of magnification and great depth of focus, remarkably suited to the needs of textile technology. In the Scanning Electron Microscope an electron beam of current  is scanned over a specimen’s surface. The response of the specimen to this beam is such that the negative charge input from this beam is balanced by the combined effect of charge conduction to ground from the specimen and secondary emission at the specimens surface says Kaplan(2001). The thermal bonded fabric samples were scanned by using SEM. The magnified views of the samples were presented in Plate.
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PLATE – XII
LEE’S DISC

[image: image17.jpg]



PLATE – XIII
SCANNING ELECTRON MICROSCOPE


The nomenclature of samples bonded by using emu feather fibers with the synthetic fibers are given in Table  III.

TABLE  III

NOMENCLATURE OF THE SAMPLES

	S.No.
	Sample

	1.

2.

3.
	GFS1
GFS2
GFS3

	4.

5.

6.
	BFS1
BFS2
BFS3

	7.

8.

9.
	GBFS1
GBFS2
GBFS3


GF – Grower feather fibers  ;  BF – Breeding feather fibers  ;  GBF – Grower and Breeding feather fibers  ;  S – Synthetic fibers ;  I (25 : 75)  ;  II (50 : 50)  ;  III (75 : 25)

Innovative craft items 

Handicraft has gained importance, as focused attention is given to handicraft to enable the sector to increase both its contribution in exports and productive employment by National textile Policy (2000). Handicraft –also known as craft work or simply craft is a type of work where useful and decorative devices are made completely by hand or using only simple tools.

Handicraft an intrinsic part of our rich cultural and provide the individual style that we desire. Our range of innovative, exclusive and decorative Indian traditional handicrafts are artistically designed and individually crafted by our master craftsmen. (http://www.indiamart.com/bhawaniarhandicrafts).The result is a fascinating variety baskets, pottery, wall hangings, handbags, travel kits, toys,ashtrays, carpets, embroidered quilts and so on. The products are characterized by utility sustainability and environmental friendliness blended with aesthetic appeal and are suitable for everyday use (http://bangladeshpedia.search.com.bd/ht/h_0041.htm). Innovative products were developed from the emu feathers and emu feather fibres and low melt synthetic fibre blend fabrics.

Table mat : Dining table mats of various sizes were prepared from the bonded fabric. It was decorated and finished by piping.

Cell pouches: Cell pouch was constructed using bonded fabric with lining. Piping was given for decoration.

Applique motifs: appliqués of a particular motif were cut and stitched on a T – shirt for decoration.

 Wall hangings: A decorative wall hanging was prepared as an art piece using bonded fabrics and fibres.

Paintings: The dyed and undyed feathers were added to beauty the glass paintings. Feathers were attached at the back side of the glass.

Key chains: key chains were the items attracted by all the age groups especially by youngsters. The weightless and colorful key chains were made with dyed and undyed feathers, bells and beads were attached to hold the key chains.

Fringes: fringes were made with the long double plumage undyed feathers. The feathers were attached to the satin ribbon and bells were added at the centre  for decoration purpose.

Cushions: cushions were filled with soft double plumed cleaned feathers. It gives excellent soft feel to the cushion.

Dusters: the feathers are inserted or tied at the edge of the plastic sticks, the short duster for cleaning lap top, and other electronic items, the long one is used to dust television and furniture items.  

Tassels: The undyed feathers were tied in a bunch and it is used for decorative purpose.
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PLATE – XIV
CRAFT ITEMS

Further may more fancy, functional and decorative articles could be done using emu feathers and nonwoven fabrics. The fibres and fabrics as such could be used for home textiles and as lining and interlining for some of the apparel items.

3.11.a.   Visual inspection


The innovative art objects and utility items produced using emu feathers and non woven fabrics products were evaluated by 25 judges comprising of textile experts and post graduate students to textiles and clothing, Avinashilingam University for Women, Coimbatore. A rating scale was used for evaluation and is shown in Appendix – VII. The created objects were displayed for easy evaluation. The prepared scale was given to the selected judges and they were requested to evaluate the objects. Scores were collected and consolidated for further discussion and presented in the Chapter  IV Results and Discussion. 

Analysis and Interpretation of Data:

           After the data collection, it was essential to organize the information in a systematic manner, in order to obtain the desired results and interpretation scientifically. The information thus collected were analysed statistically and findings are given in chapter –IV: Results And Discussion. 

IV.  RESULTS AND DISCUSSION

The results and discussion pertaining to the study on “UTILIZATION AND EVALUATION OF EMU FATHERS BONDED WITH SYNTHETIC FIBRES”, are discussed under the following heads :


4.1.
Findings of the Emu Farm Survey


4.2.
Evaluation of the Emu Feathers

                 
4.2.1.
Microscopic Appearance

                 
4.2.2.
Feeling Test

4.2.3
Length

                
4.2.4.
Colourfastness Test

4.3. 
Evaluation of the Thermal Bonded Fabrics

                
4.3.1. 
Visual Inspection of Bonded Fabrics

               
4.3.2.
Fabric Weight

4.3.3.
Fabric Thickness

4.3.4.
Air Permeability

4.3.5.
Bursting Strength

4.3.6.
Thermal Conductivity

4.3.7.
Scanning Electron Microscope Appearance

4.4. 
Evaluation of the Creative Objects Produced by the use of Emu        

Feathers and Bonded Fabric


4.4.1
Evaluation of the emu feathers and thermal bonded               


products  

4.1
FINDINGS OF THE EMU FARM SURVEY

The investigator gathered information related to Emu farming by visiting selected 25 units in Coimbatore, Erode and Namakkal districts in Tamil Nadu. The interpretation of the data are as follows,

Table - IV  and Figure - I shows the information related to person responsible for taking care of  Emu farm in the selected districts in Tamilnadu. 
TABLE IV

PERSON RESPONSIBLE FOR TAKING CARE OF THE FARM

	S.No.
	Particulars
	Coimbatore (N=15)
	Erode      (N=5)
	Namakkal (N=5)

	
	
	N
	%
	N
	%
	N
	%

	1
2
3
4
	Head of the family
House wife
Children
Employed person
	5
1
2
7
	33
7
13
47
	2
-
1
2
	40
-
20
40
	2
-
-
3
	40
-
-
60

	
	Total
	15
	100
	5
	100
	5
	100


From the above table it could be inferred that the employed person were taking care of the farm in 47 per cent, 40 per cent and 60 per cent of the farm located in Coimbatore, Erode, Namakkal respectively. Head of the families shouldered the responsibilities of caring the farm on 40 per cent of the selected farm located in Erode and Namakkal followed by 33 per cent in Coimbatore. This may be due to the fact that in most of the families were emu farming was considered as a side business and taken care by head of the families.

The salary details of the employed persons in the emu farm is given in Table  V and Figure II.

TABLE V
DETAILS OF THE SALARY PAID TO THE EMPLOYED PERSONS

	S.No
	Salary
	Coimbatore (N=15)
	Erode (N=5)
	Namakkal (N=5)

	
	
	N
	%
	N
	%
	N
	%

	1
2
3
4
5
	2000 – 2500
2500 – 3000
3000 – 3500
3500 – 4000
4000 - 4500
	-
2
2
1
2
	0
13
13
6
13
	1
1
-
-
-
	6
6
0
0
0
	1
2
-
-
-
	6
13
0
0
0

	
	Total
	7
	
	2
	
	3
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PERSON RESPONSIBLE FOR TAKING CARE OF THE FARM

FIGURE I

From the table it could be inferred that the employed persons in three places were working as full time from morning till evening 8 hours a day. In Coimbatore minimum of Rs.2500 and maximum of Rs.4500 was paid as monthly salary, minimum of Rs.2000 and maximum of Rs.3500 was paid as salary in Erode and Namakkal. This shows that due to demand of labourers in Coimbatore, the salary also was high in Coimbatore.

Details regarding the amount invested to start the Emu farms are given in Table - VI and Figure III.
TABLE VI

DETAILS OF AMOUNT INVESTED IN THE EMU FARMS

	S.No.
	Amounts
	Coimbatore (N=15)
	Erode (N=5)
	Namakkal (N=5)

	
	
	N
	%
	N
	%
	N
	%

	1
2
3
4
5
6
7
8
	1,50,000 – 2,50,000
2,50,000 – 3,50,000
3,50,000 – 4,50,000
4,50,000 – 5,50,000
5,50,000 – 6,50,000
6,50,000 – 7,50,000
7,50,000 – 8,50,000
8,50,000 – 9,50,000
	2
4
3
-
2
-
-
2
	13
26.6
20
-
13
-
-
13
	1
-
2
3
-
-
-
-
	12.5
-
40
60
-
-
-
-
	-
1
1
1
1
-
-
-
	-
12.5
12.5
12.5
12.5
-
-
-


It was interesting to note that information gathered from the survey among the selected 15 Emu farms in Coimbatore, 5 farms in erode and 5 farms in Namakkal, the amount invested minimum ranged from Rs.1,50,000/- Rs. 4,50,000 in by 9 farms in Coimbatore, 3 farms in Erode and 2 farms in Namakkal, and maximum amount ranged from Rs.5,5 to 9,5 lakhs by 4 farms in Coimbatore, 3 farms in Erode and 2 farms in Namakkal were utilized to establish their farms. Only one farm owner has taken up a loan of 5.5 lakhs to start his farm.

Among the selected Emu farms it was found that based on the number of birds, the required area was fenced properly with wire mesh. Hundred per cent of the selected farms were started their emu farms with emu bird stage,not by egg stage.
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DETAILS OF THE SALARY PAID TO THE EMPLOYED PERSONS

FIGURE  II
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DETAILS OF AMOUNT INVESTED IN THE EMU FARMS

FIGURE III

Regarding the type of feed, most of the emu farm owners were used special feed, while some of the farm owners fed mixed gains to emu birds. Approximately ¾ kgs of feed was given as three times a day to a bird.

Above 2 years emu birds start laying approximately 7 to 8 eggs per year. It was multiplied by the increase in age. The eggs were hatched with the use of incubator for a period of 53 days. The incubator facility was not available in each and every farm. In such case, for hatching of eggs the farm owners should bear the cost because this facility could be available only in large scale units.

Regarding details about emu farming information, the farm owners collected information by attending the conferences and seminars which were conducted at times in Chennai. Apart from this regularly the farm owners discussed with large scale farm owners and only few farm owners collected relevant information through internet.

The details related to the cost of birds and the purchase details furnished by the selected emu farm owners are presented in Table –VII.
TABLE VII

THE COST OF EMU BIRDS BASED ON AGE GROUP

	Age in Months
	Cost
   Rs.
	Coimbatore (N= 15)
	Erode (N=5)
	Namakkal (N=5)

	
	
	No. of farms
	%
	To start with
	Existing No.
	No. of farms
	%
	To start with
	Existing No.
	No. of farms
	%
	To start with
	Existing No.

	3 – 5
	5500– 7500
	2
4
1
1
1
	13
26
6
6
6
	40
30
60
32
36
	1-40
1-32
1-28
3-30
1-60
1-30
1-32
	1
1
1
	6
6
6
	60
8
30
	100
230
30
	1
1
1
	6
6
6
	30
25
20
	30
25
20

	
	Total
	9
	60
	198
	
	3
	60
	170
	
	3
	60
	
	

	5-7
	7500-8500
	1
1
1
	6
6
6
	50
40
10
	1-45
1-46
1-9
	-
	-
	-
	-
	1
1

	6
6

	34
40
	34
38

	
	Toal
	3
	20
	100
	
	
	
	
	
	2
	40
	74
	

	7-9
	8500-9500
	1
	7
	20
	20
	-
	-
	-
	-
	-
	-
	-
	-

	
	Total
	1
	7
	20
	
	
	
	
	
	
	
	
	

	9-11
	9500-11500
	1
	7
	70
	600               6 branches
	-
	-
	-
	-
	-
	-
	-
	-

	
	Total
	1
	7
	70
	
	
	
	
	
	
	
	
	

	1 year & above
	15000 & above
	1
	7
	10
	10
	-
	-
	-
	-
	-
	-
	-
	-

	
	Total
	1
	7
	10
	
	
	
	
	
	
	
	
	


The above table showed the details about the cost of emu bird, number of birds to start with and existing numbers at present in the selected farms. In Coimbatore 60 per cent of the farms purchased minimum of 30 to maximum of 60 numbers at the age of 3-5 months emu birds ranged between Rs.5500 to Rs.7500 where as in Erode and Namakkal 60 per cent of the units respectively bought 170 and 75 birds at the same cost.

In Coimbatore and Namakkal 20 and 40 per cent of the farms purchased 5-7 months old, 100 and 74 number of Emu birds respectively at the cost ranged between Rs.7500 to Rs.8500.

In Coimbatore alone 7 per cent of the farms purchased 7 to 9 months old 20 numbers of emu birds at the cost ranged between Rs. 8500 to Rs. 9500, 9 to 11 months old 70 numbers of emu birds at the cost ranged from Rs. 9500 to Rs. 11500 and above 1 year , 10 number of emu birds at the cost of Rs.15000 and above. It was inferred from the above data that the cost of the bird increased with the age of  emu bird.

             The details regarding the sale of emu products as expressed by the selected units are presented in the Table – VIII and Figure – IV.

                                                    TABLE VIII

SALE OF EMU PRODUCTS

	Item
	Coimbatore (N=15)
	Erode (N=5)
	Namakkal (N=5)

	
	N
	%
	N
	%
	N
	%

	Egg *
Flesh *
Oil *
Feathers, Nails and eggshells
	12
6
4
-

	80
40
27
-
	4
2
2
-
	80
40
40
-
	3
2
1
-
	60
40
20
-

	Total
	22
	49
	8
	53
	6
	40


* Number exceeds due to multiple response
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SALE OF EMU PRODUCTS

FIGURE IV

The above table revealed the fact that with regard to sale of emu products 12 farms in Coimbatore, 4 farms in Erode and 3 farms in Namakkal sold the emu eggs cost ranged betweenRs.1250 to Rs.1500 per egg, 4 units in Coimbatore, 2 units in Erode and one unit in Namakkal sold the emu oil. Oil was sold at the cost of Rs.300 per 100ml. The flesh of the emu bird was also sold by the farm people at the rate of Rs.250 / kg by 6, 2 and 2 farms in Coimbatore, Erode and Namakkal respectively. The farm people sold the oil as pain reliever to the consumers on their demand. However it was noticed that simply egg shells and emu feathers were simply disposed as waste.

The highlight of the survey revealed the fact that one of the farm owner named as Mr. Rajendra kumar in Coimbatore had started his business during 2001 by investing 9.5 lakhs. Being the pioneer in this field had encouraged and greeted many other emu farm owners to raising emu farms. It was surprising to note that he had started this venture with 70 birds and now it had increased to 600 within a span of 10 years. He runs 6 branches in and around Tamilnadu, in each farm the responsibility for running the farm was taken care by individual families.

4.2.1. Microscopic appearance

The microscopic appearance of emu feather fiber using projection microscope is viewed in Plate - XIV.
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PLATE – XV

MICROSCOPIC APPEARANCE OF EMU FEATHER FIBER


The above figure clearly views a single emu feather fiber under a projection microscope, which showed numerous small branched projections from the fiber.

4.2.2
Feeling test


The feeling test values of randomly selected five bunches of feathers are given in Table – IX.

TABLE  IX

EVALUATION OF FEATHER BUNCHES BY FEELING TEST

	S.No.
	Cool to touch in per cent
	Warm to touch in per cent
	Feel soft in per cent
	Luster in per cent
	Light weight in per cent

	1.

2.

3.

4.

5.
	50

50

50

50

50
	98

98

98

98

98
	100

100

100

100

100
	100

100

100

100

100
	100

100

100

100

100



The table revealed the fact that with regard to feeling test.


One hundred per cent of the judges were revealed as soft lustrous and light weight, where as 98 per cent and 50 per cent of the judges were rated as warm and cool to touch respectively.


It could be concluded that the emu feather fibres have warmthness, soft and lustrous properties. 

4.2.3. Length


Randomly selected emu feather fiber lengths are given in Table - IX and Figure VI.

TABLE X

LENGTH OF EMU FEATHER FIBRES

	S.No
	Length (cm)
	Mean value (cm)

	1

2

3

4

5
	1.5

1.0

0.8

1.5

1.5
	1.26


From the above data the mean length of the randomly selected five individual feather fibers were identified as 1.26 cm.
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LENGTH OF EMU FEATHER FIBRES

FIGURE V
4.2.4 COLOR FASTNESS TEST

The details of the color fastness to washing and sunlight of the natural and reactive dyed feather samples are given in Table XI.
TABLE  XI
EVALUATION OF THE COLOR FASTNESS OF THE DYED FEATHER SAMPLES

	S.No.
	Dyed samples
	Colour fastness to washing
	Colour fastness to sunlight

	1.

2.

3.
	RSC1
RSC2
RSC3
	5

5

5
	3.5

4

3

	4.

5.

6.
	ASC1
ASC​2
ASC3
	5

5

5
	4.5

4

4.5

	7.
	RSD
	5
	5


The above table XI showed that all the feather samples showed good color fastness property to washing irrespective of dyes used.

Regarding sunlight reactive dyed  feather samples showed good color fastness property where as natural dyed samples exhibited good and fair fastness property.

To conclude the above results, dyed feather samples revealed better performance.

4.3.1
Visual Inspection of the Bonded Sample 


The Table – XII presents the details relating to findings of visual inspection of thermal bonded fabric. 

TABLE – XII

EVALUATION OF THE NONWOVEN FABRIC

	Sample
	Evenness of bonding
	Texture
	Luster
	General appearance

	
	Even
	Uneven
	Soft
	Medium
	Coarse
	High
	Medium
	Low
	Good
	Fair 
	Poor

	25 : 75

GFS1
BFS​1
GBFS1
	95

97

96
	5

3

4
	-

-

-
	75

85

85
	25

15

15
	92

90

93
	4

5

5
	4

5

2
	85

90

90
	15

10

10
	-

-

-

	50 : 50

BFS1
BFS​2
BFS3
	97

98

98
	3

2

2
	96

97

97
	2

2

2
	2

1

1
	95

96

98
	3

2

2
	2

2

-
	95

95

90
	5

5

10
	-

-

-

	75 : 25

GBFS1
GBFS2
GBFS3
	100

100

100
	-

-

-
	95

97

98
	3

2

1
	2

1

1
	-

15

10
	75

75

65
	25

10

25
	96

98

97
	4

2

3
	-

-

-



The above table revealed the fact that GBFS1, GBFS2 and GBFS3 of 75 : 25 proportion were rated as evenly bonded by 100 per cent of the judges.


With regard to texture except 25 : 75 other proportions were rated as soft by 95 to 78 per cent of the judges.


Considering the luster BFS1, BFS2 and BFS3 of 50 : 50 proportion samples were rated as highly lustrous by 95 to 98 per cent of the judges, while 25 : 75 proportion samples were also rated by 90 to 93 per cent of the judges.


In view of general appearance 96-98 per cent, 90 to 95 per cent and 85 – 90 per cent of the judges were rated as good by 75 : 25, 50 : 50 and 25 : 75 proportions respectively.
4.3.2. Fabric Weight

Table - XIII  and Figure - VI shows the mean fabric weight of the grower emu feather and synthetic fiber, Breeding emu feathers and synthetic fibers and blending of grower and breeding emu feathers and synthetic fibers with various proportions of 25 :75; 50:50 and 75:25 respectively.

TABLE XIII
FABRIC WEIGHT

	Sample
	Proportion

	
	25 : 75
	50 : 50
	75 : 25

	
	Mean     S.D
(GSM)
	Mean     S.D
(GSM)
	Mean     S.D
(GSM)

	         I
	4.99  ± 0.01
	3.04 ± 0.00
	1.73 ± 0.00

	        II
	4.99  ± 0.00
	3.04 ± 0.00
	1.73 ± 0.00

	        III
	4.99  ± 0.01
	3.04 ± 0.00
	1.73 ± 0.00

	Total
	4.99  ± 0.01
	3.04 ± 0.00
	1.73 ± 0.00


ANOVA for Fabric Weight

	
	Sum of squares
	Df
	Mean Square
	F
	Sig.

	Between Samples
	0.00018
	2
	0.00008887
	10.374
	**

	Between Proportions
	80.36735
	2
	40.184
	4690701.344
	**

	2-way interactions                Sample * Proportion
	0.00005
	4
	0.00001133
	1.323
	NS

	Residual
	0.00031
	36
	0.000008567
	
	

	Total
	80.36788
	44
	1.827
	
	


** - Significant at 1 per cent level


NS – Not significant

The above table clearly showed the fabric weight of all the three samples with different proportions. It was evident from the data that between the samples there was no increase in fabric weight performance, where as between proportions decreased fabric weight performance was noticed.

Statistical analysis proved the fact that 1 per cent level of significant difference was found between samples and also between proportions.
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FABRIC WEIGHT
FIGURE VI
In two way interactions between the samples and proportions no significant difference was found.

It was inferred from the data that there was no improved fabric weight performance irrespective of samples and proportions used.

4.3.3. Fabric Thickness

The mean fabric thickness of the grower emu feather and synthetic fiber, breeding emu feathers and synthetic fibers and blending of grower and breeding emu feathers and synthetic fibers with various proportions namely 25 : 75, 50: 50 and 75 :25 of bonded fabrics are given in Table - XIV  and Figure VII.

TABLE XIV
FABRIC THICKNESS

	Sample
	Proportion

	
	25 : 75
	50 : 50
	75 : 25

	
	Mean     S.D
(mm)
	Mean     S.D
(mm)
	Mean     S.D
(mm)

	I
	83.00 ± 2.74
	74.00 ± 4.18
	55.00 ± 3.54

	II
	77.00 ± 4.47
	76.00 ± 2.24
	56.00 ± 4.18

	III
	85.00 ± 3.54
	74.00 ± 5.48
	55.00 ± 3.54

	Total
	81.67 ± 4.88
	74.67 ± 3.99
	55.33 ± 3.52


ANOVA for Fabric Thickness

	
	Sum of squares
	Df
	Mean Square
	F
	Sig.

	Between Samples
	21.111
	2
	10.556
	0.704
	NS

	Between Proportions
	5581.111
	2
	2790.556
	186.037
	**

	2-way interactions                Sample * Proportion
	168.889
	4
	42.222
	2.815
	*

	Residual
	540.000
	36
	15.000
	
	

	Total
	6311.111
	44
	143.434
	
	


NS – Not significant     ** - Significant at 1% level     * - Significant at 5 % level
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FABRIC THICKNESS

FIGURE VII
The above table XIV and figure VII clearly showed the mean increase in fabric thickness of all the three samples and its proportions The grower emu feathers and synthetic fibers ( 25:75) proportion sample III, grower and breeding feathers with synthetic fiber blended nonwoven  (25:75) sample I revealed maximum increase in fabric thickness followed by feathers with synthetic fibers (25:75).Among the three samples, combination of grower and Breeding feathers blended with synthetic fibers  used nonwoven 25:75 scored maximum increase in thickness, whereas between proportions gradual decreased fabric thickness performance were noticed.

Statistical analysis proved that between samples no significant difference was found where as 1 per cent level of significant difference was found between proportions.

In two way interaction between samples and proportions 5 per cent level of significant different was found.

It was inferred from the data that 25:75 proportion exhibited increased fabric thickness performance irrespective of groups used. 

4.3.4.Air Permeability

Table – XV and Figure - VIII shows the mean air permeability of the various proportions of emu feather fibers with synthetic fibers used bonded fabric.

TABLE XV
AIR PERMEABILITY

	Sample
	Proportion

	
	25 : 75
	50 : 50
	75 : 25

	
	Mean     S.D (CC/sec)
	Mean     S.D (CC / sec)
	Mean     S.D (CC  / sec)

	I
	31.10 ± 2.29
	53.02 ± 8.68
	91.62 ± 1298

	II
	28.16 ± 1.82
	52.88 ± 8.00
	91.02 ± 14.05

	III
	29.94 ± 1.69
	54.43 ± 9.34
	93.00 ± 13.37

	Total
	29.73 ± 2.20
	53.44 ± 8.08
	91.88 ± 12.51


ANOVA FOR AIR PERMEABILITY

	
	Sum of squares
	Df
	Mean Square
	F
	Sig.

	Between Samples
	24.664
	2
	12.332
	0.142
	NS

	Between Proportions
	29508.748
	2
	14754.374
	169.643
	**

	2-way interactions                Sample * Proportion
	14.924
	4
	3.731
	0.043
	NS

	Residual
	3131.024
	36
	86.973
	
	

	Total
	32679.360
	44
	742.713
	
	


NS – Not significant

** - Significant at 1% level
The table clearly showed the mean air permeability of the samples and proportions. Among the three samples 75 (feather) 25 (synthetic fibers) proportion revealed maximum porosity performance when compared with other proportions. Among the 75:25 proportion, grower with breeding feathers blended with synthetic fibers 75:25 ranked first by scoring maximum mean value

             Statistical analysis revealed the fact that no significant difference was found between samples, where as 1 per cent level of significant difference was found between proportions.

In two way interaction between samples and proportions no significant difference was found. Thus it could be concluded that Air permeability was excellent in sample III where 75 (feathers) : 25 (synthetic ) fibers were used.
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AIR PERMEABILITY

FIGURE VIII
4.3.5. Bursting Strength

Table - XVI and Figure - IX shows the mean bursting strength of various proportions of emu feather fibers with synthetic fibers used bonded fabric.

TABLE XVI
BURSTING STRENGTH

	Sample
	Bursting Strength

	
	Proportion

	
	25:75
	50:50
	75:25

	
	Mean  SD  Kg/cm2
	Mean  SD Kg/cm2
	Mean  SD Kg/cm2

	Sample I
	12.50 + 61
	8.30  + .57
	1.70  + .57

	Sample II
	13.40  + 42
	9.10  + .42
	2.10  +  .42

	Sample III
	13.00  + 79
	9.20  + .57
	2.10  + .55

	Total
	12.97   +  69
	8.87  + .64
	1.97  + .52


ANOVA FOR BURSTING STRENGTH

	
	Sum of Squares
	Df
	Mean Square
	F
	Sig

	Between Samples
	4.300
	2
	2.150
	6.911
	**

	Between proportions
	927.100
	2
	463.550
	1489.982
	**

	2-Way Interactions Sample * Proportion
	.700
	4
	.175
	.563
	Ns

	Residual
	11.200
	36
	.311
	
	

	Total
	943.300
	44
	21.439
	
	



The above table clearly showed the three samples, with different proportions bursting strength mean values. It was evident from the data that among the three samples, sample II and sample III revealed increased bursting strength performance irrespective of proportions used.
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BURSTING STRENGTH

FIGURE IX


Between the proportions decreased bursting strength performance was noticed irrespective of groups used. This revealed the fact that bursting strength has been reduced where more of feathers with minimum of synthetic fibres used samples.


On analyzing statistically, one per cent level of significant difference was found between samples and also between proportions.


In two way interactions between samples and proportions no significant difference was found.


Hence it could be inferred that 25:75 proportion in all the samples recorded maximum increased values, thus showed greater strength than the other proportions.

4.3.6. Thermal Conductivity


Table - XVII and Figure – X shows the thermal conductivity of various proportions of emu feather fibers with  and synthetic fibers used bonded fabric.

TABLE XVII
THERMAL CONDUCTIVITY

	Sample
	25:75 (Wm-1K-1)
	50:50 (Wm-1K-1)
	75:25 (Wm-1K-1)

	I
	0.0043
	0.0041
	0.0037

	II
	0.0039
	0.0039
	0.0029

	III
	0.0034
	0.0035
	0.0027



Thermal conductivity of the non-woven  produced from grower emu feather fibers 25:75 synthetic fibers, breeding feather fibers with synthetic fibers 50:50 and grower and breeding feather fibers with  synthetic fibers 72:25  were represented diagrammatically. Lowers the thermal conductivity higher will be the insulation property of a non-woven fabric.


From the above data it was clear that 75:25 proportion showed lowest thermal conductivity irrespective of proportions and samples used. Thus it could be concluded that more of feathers used samples were excelled higher insulation property than the rest of the samples.

[image: image31.png]0.0045
0.004
0.0035
0.003
0.0025
0.002
0.0015
0.001
0.0005

1]
Samples

m25:75 m50-50 m75- 25





THERMAL CONDUCTIVITY

FIGURE X
Scanning Electron Microscope

Sample
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75 : 25 proportion

Sample
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50 : 50 proportion

Sample 
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25 : 75 proportion


The above Figure XI clearly views the interlocking of emu feathers with synthetic fibers with the proportions of 25 : 75, 50 : 50 and 75 : 25. The scanning electron microscope appearance showed that the more of interlocking fibers were in 25 : 75 whereas 75 : 25 showed the appreciable limit of interlocking fibers than 50 : 50 proportion.


Based on the feather and synthetic fibers proportion more of projected ends at the surface could be traced. 

Visual inspection


The details of the panel ratings include the general appearance, utility and finish of the emu feather and non-woven fabric. These are given in Table XVIII.
TABLE – XVIII

EVALUATION OF THE EMU FEATHER AND THERMAL BONDED PRODUCTS

	S.No.
	Product
	General appearance
	Utilities
	Finish

	
	
	Good
	Fair
	Poor
	High
	Medium
	Low
	Satisfactory
	Not satisfactory

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.
	Table mat

Cell phone pouch

Applique

Wall hangings

Paintings

Key chains

Fringes

Cushions

Dusters

Fassels

Flocked mat

Feather basket

Fashionable accessories
	90

100

95

100

98

100

90

100

100

93

92

95

97
	10

-

5

-

2

-

10

0

0

7

8

5

3
	-

-

-

-

-

-

-

-

-

-

-

-

-
	80

95

85

100

100

100

90

100

100

85

95

80

97
	20

5

15

-

-

-

10

-

-

10

5

15

3
	-

-

5

-

-

-

-

-

-

5

-

5

-
	85

100

95

100

10

10

100

100

100

98

95

95

100
	15

-

5

-

-

-

-

-

-

2

5

5

-



From the above table it was clear that among the 13 items produced, cell phone pouches, wall hangings, key chains, cushions and dusters were rated as good by 100 per cent of the judges. While the remaining items were rated as good by 85 to 97 per cent of the judges with regard to general appearance.


Considering the utility aspect wall hangings, painting, key chains, cushions and dusters were rated as highly useful by 100 per cent of the judges, while the remaining items were rated as very useful by 80 to 97 per cent of the judges.


With regard to finish of the products except table mat, tassels, flocked mat and feather basket all the other items were rated as satisfaction by 100 per cent of the judges. 
V. SUMMARY AND CONCLUSION


Food, Clothing and Shelter are the three basic needs of human beings and for clothing Man has been using textile fibers right from the stone age. The use of fibers for textile purpose is one of the man kind’s oldest art. So the study of textile fibers has becoming a very interesting and challenging science. Fibers from casein, feathers, egg white, waste hair, soybeans and peanut are primarily of scientific interest. The feathers from Emu birds are much softer and flexible than most of other birds. The base of the feathers are white, each feather has two identical shafts.


Emu farming has been tried for several decades but recently emu farming is popular among the farmers and researchers due to their appearance and economical value. Currently emu oil is used in cosmetics and pharmaceutical industries, skin from emu birds are popular for use in fancy and luxury leather articles, emu meat providing yet another meat choice to consumers.


 The multi purpose emu bird is a boon of nature to mankind. The emu farmers in local areas are mainly concentrate in increasing the emu numbers, egg production, oil production and meat supply, but they are not giving importance to emu feathers and its end uses.


The projects like this could really make the fiber industry more sustainable because turning farm waste in to fabric could help as well. Since there was no such research could be traced, the investigator made an attempt to study on “UTILIZATION AND EVALUATION OF EMU FEATHERS BONDED WITH SYNTHETIC FIBRES” to highlight the uses of emu feathers and to justify the above mentioned statement 

The major objectives of the study are :

· To process the selected emu feathers

·  To blend the selected emu feathers with synthetic fibres

·  To study the performance of non-woven fabric

· To explore the possibilities of producing creative objects and             
accessories.          

The methodology consisted of the following steps: Emu farm survey and production of non-woven fabrics and creating innovative products. The investigator collected data from the selected 15 farms in Coimbatore, 5 farms in Erode and 5 farms in Namakkal district of  Tamil Nadu. The datas were collected based on the details of emu farms, availability, cost and sale of emu bird and eggs, uses of emu feathers and production of craft items made out of emu feathers.

Processing of the feathers:

The emu feathers were processed by cleaning, bleaching, softening and dyeing.. Cleaning was done by treating  the feathers with castile soap for over night. Bleaching was done using hydrogen peroxide and ammonia for one and a half years. After bleaching process, the fibers were washed thoroughly and treated with amylase enzyme for a day to soften the feathers. The feathers were rinsed thoroughly, dyeing  was done using natural and synthetic dyes.

Evaluation of the processed feathers:

Visual evaluation was done to find the best method to soften the feathers. Laboratory tests were carried out to analyze the physical property like length and colour fasteners property of the fibres.

Conversion of fibers in to fabri

Various age groups of emu feathers fibers and low melt synthetic fibers were taken in different proportions namely 25:75, 50:50 and 75:25. The blended fibers were carded and converted in to web formation. The webs prepared in various proportions were passed through FULONTECH fusing machine where the web structures were bonded thermally by interlocking of fibers. The low melt synthesis fibers were melted at low temperatures and bonded with base fibers.


Evaluation of the non-woven fabric was done subjectively and objectively to analyze the proportions.

Creative Innovative Products


Innovative products for handicrafts, utility items and fashionable accessories were done from emu feather fibers and non-woven fabric. The products for utility items like tablemats, key chains, purses, cell phone pouches, dusters, wall hangings, feather filling cushion, feather baskets, feather hats, appliqué motifs, hair bands, boas, fringes were prepared.


The findings of the study

· To conduct the emu farm survet the investigator selected 15 farms in Coimbatore, 5 farms in Erode and 5 farms in Namakkal district of tamilnadu.

· The survey revealed the fact that the emu farms were taken care by 60 per cent, 47 per cent and 40 per cent of the employed persons in Namakkal, Coimbatore and Erode respectively. They were working as full time and minimum of Rs. 2500 and maximum of Rs. 4500 as monthly salary was received by them.

· It was interesting to note that 20 per cent, 26 per cent and 12.5 per cent of the of the families were invested the amount ranging from 1.5 to 4.5 lakhs in Coimbatore, Erode and Namakkal respectively, while 60 per cent, 13 per cent and 12.5 per cent  of the families were invested the amount ranging from 4.5 to 9.5 lakhs.

· The investment cost included the cost of bird, proper fencing of the location, type of special feed and water facilities required for the emu birds. Amounts spend for hatching of eggs by use of incubator as an when required and also for miscellaneous expenses like transportation charges, when ever they need to go and discuss with experts in their field of specialization.

· The cost of the emu bird increased proportionately with age. The cost of 3-5 months old ranged between Rs. 5500 to 7500, and maximum of Rs.15000 was paid above one year old emu bird. Though the cost of the emu bird looks high but an appreciable income was earned by the farm owners.

· Majority of the farmers sold emu flesh, oil, eggs, and skin at an profitable cost. So far emu feathers were simply dumped as waste because they were not aware of emu feather craft items and the production of nonwoven fabric. 

· Regarding colour fastness to washing and sunlight dyed feather samples revealed better performance.

· It was inferred from the study that there was no improved fabric weight performance irrespective of sample and proportions used.

· It was inferred from the study that 25 :75 proportion exhibited increased fabric thickness performance irrespectively of groups used.

· Thus it could be concluded that air permeability was excellent in sample III where 75 (feathers) : 25 (synthesis) fibers were used.

· With regard to bursting strength it could be inferred that 25 : 75 proportion in all the samples recorded maximum increased values, thus showed greater strength than the other proportions. 

· Thus it could be concluded that more of feathers used samples were excellent higher insulation property than the rest of the samples. 

· The potentials know how of producing craft items were not tapped so far by the families of emu farm owners. Hence the investigator requested the emu farm owners and families to assemble in community center in each place and the prepared articles and the nonwoven fabrics were displayed for them to see and learn the items which were prepared from feathers and nonwoven fabrics. This motivated the farm owners and the family members to learn and so also and the family members to learn and so also to earn money from wealth out of waste.

CONCLUSION


“If you learn a handicraft you will rest in a place” says Daniel and Chandran (2008). If one could produce wealth out of emu wastes with little creativity he can get an additional income to the family. Thus emu bird is a boon from nature to mankind. From the emu farm survey it was proved, the emu farm owners insisted the statement again and again that the emu farming is exactly like “Golden egg laying duck”.

The present research study highlighted the production of nonwoven fabric and production of innovative craft items and created indepth awareness among the emu farm  owners.

RECOMMENDATIONS


Further, future researchers can choose emu feathers to blend with other feathers to produce nonwoven fabric in different proportions and can be studied their end uses.


Since the 75 : 25 proportion revealed higher insulation property, this proportion may be recommended to use as a lining and interlining materials suitable to different garments. 
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ANNEXURE – I

INTERVIEW SCHEDULE TO ELICIT INFORMATION REGARDING THE EMU FARMS

1.
Name of the interviewer
:

2.
Name of the interviewee
:

3.
Address


:

4.
Location of the farm

:

5.
Family Background

:

	S. No.
	Name of the members
	Relationship
	Education / Qualification
	Occupation
	Income / Month

	
	
	
	
	
	


6.
Who will look after the family ?



Head of the family

  
[image: image35.wmf]W



Children

[image: image36.wmf]W




Specially employed person
  
[image: image37.wmf]W


7.
If employed person how much you will paying ?

	Working hours
	Amount

	
	Minimum
	Maximum

	Full time

Part time
	
	


8.
How much you have invested to start the farm ?



Civil work

Equipment



Parent bird

9.
When the farm has been started ?

10.
How much space you have allotted for emu farm ?

11.
At what age you have bought the bird and how many ?

12.
At present how many birds you have ?




Chick  
:




Grower
:




Breeding
:




Total

:

13.
Have you got any financial support to start the farm ?



Yes

[image: image38.wmf]W



No

[image: image39.wmf]W



If yes, how much amount ?

14.
How much you have spent for the farm till now ?



Feed



Medicine



Labour wages



Water

15.
What are the facilities available in the farm ?



Water



[image: image40.wmf]W




Feeding system

[image: image41.wmf]W




Lightings


[image: image42.wmf]W


16.
How did you start the farm ?



Bird farm

[image: image43.wmf]W



Egg farm

[image: image44.wmf]W


17.
What type of feed given to the bird ?



Specialized emu feed

[image: image45.wmf]W




Mixing of grains


[image: image46.wmf]W


18.
From where you will procure ?

19.
Do you give any specialized feed ?

	Type of food
	Frequently
	Weekly once
	Monthly once or twice

	
	
	
	


20.
How after medical care is given to the bird ?



Frequently


[image: image47.wmf]W




Once in 15 days

[image: image48.wmf]W




Once in a month

[image: image49.wmf]W


21.
Who is the contact person regarding emu farming information ?

22.
Did they visit your farm ?



Yes 

[image: image50.wmf]W



No

[image: image51.wmf]W



If yes


How after they will visit your farm ?

23.
Do you require any trained persons ?



Yes

[image: image52.wmf]W



No

[image: image53.wmf]W



If yes why they need ?

24.
What are the problems faced by the farmers ?



Taking care of the bird
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Breeding of the bird
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Medical care
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Regarding feed
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Labour
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Sales of eggs
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Sales of birds
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25.
Based on your experience, state the life span of emu bird ?

26.
Specify the approximate hatching period ?

27.
How it is done ?



Nature or



With the help of incubator

28.
What is the cost of bird based on age wise ?

	S. No.
	Month
	Cost

	1.

2.

3.


	
	


29.
What are the uses of emu birds ?



Egg


[image: image61.wmf]W



Skin
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Meat
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Feathers
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Egg shells
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Nails
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30.
For what purpose the following items were used ?



Oil

[image: image67.wmf]W




Feathers

[image: image68.wmf]W






Skin
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Meat
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31.
Do you make any objects (or) things from emu feathers ?



Yes

[image: image71.wmf]W



No
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32.
How will you dispose the feathers ?

33.
It is really profitable business or time being business ?



Yes

[image: image73.wmf]W



No
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34.
How much profit you gain from emu farm till now ?

35.
Your suggestions and recommendations about the bird and farm ?

36.
Do you have any idea to increase the marketability of emu products ?

37.
If you are interested to make craft items from emu feathers ?



Yes

[image: image75.wmf]W



No
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38.
If you are interested to learn to make craft items from emu feathers >



Yes
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No
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ANNEXURE – II

PROFORMA USED TO EVALUATE OF FEATHER BUNCHES BY FEELING TEST

	S.No.
	Cool to touch (%)
	Warm to touch (%)
	Feel soft (%)
	Lustre (%)
	Light weight (%)

	1.
	
	
	
	
	

	2.
	
	
	
	
	

	3.
	
	
	
	
	

	4.
	
	
	
	
	

	5.
	
	
	
	
	


ANNEXURE – III

GREY SCALE USED TO EVALUATE THE DYED MATERIALS


The dyed materials were rated by using the AATC (American Association of Textile Colourants and Chemicals) Grey scale to measure the extent of colour change and staining. The grey ratings envisaged the following standards for colour fastness to Annatto and red sandal natural dyes applied and reactive dyes in decolourized feathers using alum and copper sulphate following pre, simultaneous and post mordanting techniques. 

	Nomenclature
	Used for colour change

	5

4

3

2

1
	No change (Excellent)

Slightly changes (Good)

Noticeably changed (Fair)

Considerably changed (Poor)

Much changed (Very poor)


	Nomenclature
	Used for shading

	5

4

3

2

1
	No staining (Excellent)

Slightly staining (Good)

Noticeably stained (Fair)

Considerably stained  (Poor)

Much stained  (Very poor)


ANNEXURE – IV

PROFORMA USED TO EVALUATE VISUAL INSPECTION OF THE BONDED SAMPLES

	Proportion
	Sample
	Evenness of bonding
	Texture
	Luster
	General appearance

	
	
	Even
	Uneven
	Soft
	Medium
	Coarse
	High
	Medium
	Low
	Good
	Fair
	poor

	25 : 75
	GFS1
BFS​1
GBFS1
	
	
	
	
	
	
	
	
	
	
	

	50 : 50
	GFS2
BFS​2
GBFS2
	
	
	
	
	
	
	
	
	
	
	

	75 : 25
	GFS3
BFS​3
GBFS3
	
	
	
	
	
	
	
	
	
	
	


ANNEXURE – V

DETAILS OF THE DYED FEATHER SAMPLES

	RSC1
	ASC1

	

	

	RSC2
	ASC2

	

	

	RSC3
	ASC3

	

	

	RDS

	



ANNEXURE – VI

DETAILS OF THE THERMAL BONDED NONWOVEN SAMPLES
	GFS1
	GFS2
	GFS3

	

	
	

	BFS1
	BFS2
	BFS3

	
	
	

	GBFS1
	GBFS2
	GBFS3

	
	
	


ANNEXURE – VII
PROFORMA USED TO EVALUATE THE EMU FEATHER AND THERMAL BONDED PRODUCTS

	S.No.
	Product
	General appearance
	Utilities
	Finish

	
	
	Good
	Fair
	Poor
	High
	Medium
	Low
	Satisfactory
	Not satisfactory

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.
	Table mat

Cell phone pouch

Applique

Wall hangings

Paintings

Key chains

Fringes

Cushions

Dusters

Fassels

Flocked mat

Feather basket

Fashionable accessories
	
	
	
	
	
	
	
	


GLASS PAINTING 


CUSHION


WALL HANGING


FEATHER POT





CELL PHONE PUCH


DUSTERS


FEATHER BASKETRY


TABLE MAT


TASSELS





FINGES


BELT


HAT


WREATH


JEWELS
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