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I.Introduction

              The term ‘Textile’ is a Latin word originating from the world ‘Texere’ which means “To weave” textile refers to flexible material campership of a network of natural or artificial fibres Suggests by Neelima(2009). Textiles are developing into interdisciplinary high tech products. It has become an integral part of everyone’s life. It is associated with round the clock. These are used to envelop human body. Thus protecting from dust, sunlight, wind and other foreign matter present in the environment. Hence textiles in apparel has retained an important place in human life starting from historical era to today’s modern world. In the past, textiles were considered primarily for economical and functional point of view. But now some end users in particular demands on the safety of textiles for the health state Saraf and Alat (2005). 
                Cotton is the fabric for every home and is of the most widely produced textile fabric. India was the first country to use cotton. Therefore, cotton must have been produced in India as far back as even the fourth millennium and until today cotton fabric is being used widely in India pointed out Deshwal and khambra.

                According to Cook (2003) cotton is the backbone of the worlds textile trade. Many of our every day textile fabrics are made from cotton fabrics that are hard wearing and capable of infinite variety of weave and colour denotes Rawat (2004) cotton have been so will know and so extensively used throughout the world for hundreds of year ago. State corbman (1983). 

           Cotton, natural vegetable fibre of great economic importance as a raw material for cloth. Its widespread use is largely due to the ease with which its fibres are spun into yarns. Cotton's strength, absorbency, and capacity to be washed and dyed also make it adaptable to a considerable variety of textile products. 

                 Dyeing is the process of adding color to textile products like fibers, yarns, and fabrics. Dyeing is normally done in a special solution containing dyes and particular chemical material. After dyeing, dye molecules have uncut Chemical bond with fiber molecules. The temperature and time controlling are two key factors in dyeing. There are mainly two classes of dye, natural and man-made.

                For most of the thousands of years in which dyeing has been used by humans to decorate clothing, or fabrics for other uses, the primary source of dye has been nature, with the dyes being extracted from animals or plants. In the last 150 years, humans have produced artificial dyes to achieve a broader range of colors, and to render the dyes more stable to resist washing and general use. Different classes of dyes are used for different types of fiber and at different stages of the textile production process, from loose fibers through yarn and cloth to completed garments.

“Eco- friendly” is the first step in this direction to improve this situation, which was worsening over the year’s status by Clark (1980). The current world wide awareness about the environmental pollution by the production and application of synthetic dyes and the disposal effluent formed after dyeing, causes water pollution particularly in the drainage system leading to rivers and ponds, denotes Facob (1999). In recent years, many synthetic dyes are considered to be carcinogenic, mutagenic as well as allergic. The reincarnations of much less hazardous, eco- friendly, natural dyes are gaining importance. Beceuse of the awareness of the environment issues through discussion about the green house effect, ozone layer depletion, water pollution & water disposal. India is a native of a large variety of flora which could be source of natural dyes considered as very good for their experimentation quantity they are excellent for their endurance even after a long period, they retain great beauty. Natural dyes being based on raw materials available in the natural do not create any pollution problem. Another very important factor in favour of natural dyes is their aesthetic appeal compared to synthetic colours the natural dyes are very soothing to human eyes and non pollution to the environment. 
The world today is much brighter and more colorful place than it was 100 and 50 years ago mainly because of technical advance which have vastly increased the range of dyes available. Until the middle of the last century the only dyes, available where natural products obtained mostly from plants and flowers. The researcher’s attention is now focused on revival of the old art of dyeing with excellent, luster’s, colors with the use of different mordants. In the recent part of the demand for natural dyes has increased. As a consequence of increased environment awareness, natural dyes are being prepared over the synthetic dyes because the exhibit better bio degradable and compact ability with the environment. Also the dyes obtained from natural source do not possess the danger of allergic the reactions and are not toxic in natural. Therefore the investigator selected the topic on “APPLICATION OF NATURAL DYE ON ECO FRIENDLY FABRIC” with the following objectives 
OBJECTIVE

· To procure cotton yarn 

· To select the natural dye source, natural mordant

· To dye the fabric with selected natural dye and mordant

· To evaluate the dyed samples.      
II.REVIEW OF LITERATURE
Review of literature for the present study. “APPLICATION OF NATURAL DYE ON ECO – FRIENDLY FABRIC” is discussed under the following headings.

2.1. Cotton   

    
2.1.1. History of Cotton 

   
 2.1.2. Properties of Cotton 

    
2.1.3. Advantages of Cotton 

    
2.1.4. Disadvantages of Cotton 

    
2.1.5. Uses of Cotton 

   
2.2. Natural dyes 

   
2.2.1. History of Natural Dyes 

   
2.2.2. Classification of Natural Dyes 

   
2.2.3 Recent innovation of Natural Dyes  

   
2.2.4. Advantages of Natural Dyes 

   
2.2.5. Disadvantages of Natural Dyes 
2.2.6. Uses of Natural Dyes

  
2.3. Mordant 
2.3.1. Types of Mordanting Technique 
2.1. Cotton 


            Cotton is one of the most important fibres in the world of textiles, says sekar (2001). Mishra (2000) says that, cotton is the oldest fibre used for textile purposes. In tropical countries, it is the most important fibre. Cotton is the most important apparel fibre throughout the world Corbman (1983) remarks that, the cotton fibre is a single elongated cell that is flat twisted and ribbon like with a wide inner hollow. Cotton is the most popular natural fabric of all the time. No fibre is as familiar as this stuffy white product from the cotton plant. The story of cotton goes back to at least 700years. The Sanskrit word ‘cotton’ came from the Arabic word ‘Qutun’ or ‘Kutun’ says Brown (2002).                                        

                Cotton as a textile fibre is associated with man, right from birth to the last breath. Cotton enjoys a unique position among textile and is often referred to as the king of fibres, indicates Shukla (2005). Cotton was known generally throughout the world. It was first spun by machinery in England. The industrial revolution in England and the invention of the cotton in the U.S paved way for the important place that cotton hold in the today. Cotton plants appear to have been native to the area known today in India and Pakistan. India was famous for dacca muslin, because it would float like a cloud when thrown in the air. It was the excellence of Indian cotton fabrics, named as webs of woven wind, remark Jain (2006). American cotton dominated world market, reported Mirsha (2000). 
 2.1.1. History of Cotton

Cotton has been cultivated from more than 5000years. Archeologically finds indicate cotton was grown and used for textile purpose in the Indus valley well before 2100B.C and in the south western United States by 500B.C. Fragments of fibre and bolls dating from 5800B.C were found in Mexico, although there is a question as to whether cotton was used as a textile that early. Cotton was used extensively in the Egypt as well says corbman (1983).

Nobody seems to know exactly when people first began to use cotton, but there is evidence that it was cultivated in India, Pakistan, Mexico and Peru 5000years ago. In these two widely separated parts of the world cotton must have grown wild then people learned to cultivate cotton plant in their fields. In 14th century cotton was grown in Mediterranean countries and shipped from there to mills in Netherlands in Western Europe for spinning and weaving mention Kaplan (2002).  

In these two widely separated parts of the world cotton must have grown wild. Then people learned to cultivated cotton plants. Cotton is defined as white fibrous substance covering seeds harvested from cotton plant. Cotton is cultivated in 80 countries with an approximate area of 32 million hectares state Ajay et.al (2007). Although cotton is the most common textile now in use, it was the last natural fibre to attain commercial importance. In the 5th century B.C, the Greek historian Herodotus reported that among the valuable products in India was the wild plant that bears fleece as its fruit says Thomas (2006).     

2.1.2. Properties of Cotton

Under the microscope cotton fibres appears as narrow, flattened structure with spiral twists. Cotton fibres are very strong as compared to other natural fibres. It has the ability to absorb 15percent to 20percent of the moisture, explain Gupta (2005). The average extension of cotton fibers is 5percent to 7percent and is not a very resilient fibre, fineness and moisture of cotton yield cohesiveness. Cotton is highly resistant to degradation on heat. Cotton fibre is indeed the single most important fibre because of its versatility and durability.

Absorbency cotton will retain 24-27times its own weight in water and is stronger when wet. The fibre absorbs and release perspiration quickly, thus allowing the fabric to ‘breathe’. Cotton can stand high temperature. So the quality makes the fibre, yarn and fabric to withstand hot dyeing procedure any damage of the property. Mercerized cotton is treated to permanently straighten the cotton fibre, and make a smooth road like fibre that is uniform in appearance with a high lustre says Singh (2001).          

Physical properties 

The quality of cotton is based on the length and brightness of the fibre, states Lyle (1982). Mishra (2000), remarks that, cotton fabrics have a pleasant feel or handle. They are cool in hot weather and versatile in its use. Needles (1986), says that, the properties of cotton fabrics are such that it serves as nature’s ability. The superior absorbency of cotton, coupled with its ability to absorb moisture, makes it very comfortable fabric to wear. The resistance to cotton is used common household chemicals, sunlight and heat makes it durable in most textile applications.

Cotton fibre have 8-5 percent of moisture, it has ability to absorb, remarks Gienanth (2006). Cotton offers an excellent resistance to heat as well as dimensional stability and strength even at temperatures of up to 175c usually. Cotton can be dyed successful by a wide variety of dye, states Watzl (2002).

Chemical properties

Dantyagi (1996) says that, cotton absorbs moisture and long exposure to water or moisture has no harmful effect on cotton. Thus if worn next to the skin, it absorbs perspiration readily and soon gives a sense of chillness. Deulkar and Bai (1988), state that, cotton fabric’s shrink to an extent. They are not affected by moisture content. Cotton has great affinity to dyes. Gohl and Vilensky (1999) say that, cotton is weakened and destroyed by acid. They are resistant to alkali and acid, are relatively unaffected by normal laundering. Cotton is considered to be a relatively easy to dye.

Cotton is cellulosic in nature. Cotton chemically consists of 88-96% of pure cellulose along with protein, pectic substances reported Naik and Wilson (2006). Cotton is attacked by hot dilute or cold concentrated acid solution. Acid hydrolysis of cellulose produces hydrocellulose, expresses Bit (2000). Cotton fabric can be bleached but too much bleaching weakens the fibre. Sunlight does harm cotton by causing it to oxidize and turn yellow. 

Fabrics that are 100% cotton can shrink. If they have not been treated with a durable press or a shrinkage resistant finish. Cotton is not affected by friction to sunlight, heat and alkalizes but it is deteriorated by the action of acid and oxidizing agents such as hydrogen per oxide and chlorine bleaching compounds. New varieties of special finished cottons are now available in the market (www.fibre2fashion.com). 
2.1.3. Advantages of cotton


Cotton is the backbone of the world’s textile trade. Many of our everyday textile fabrics are made from cotton, fabrics that are hard wearing capable of infinitive of weave and colouring. In cotton nature given us as all round utility fibre that is second to none. Cotton fabrics combine remarkable, durability with attractive wearing qualities. Cotton fabrics have a pleasant feel or handle. They are cool in hot weather. It is inherently strong and it strong when wet than dry. This property, allied with cotton’s stability in water and alkaline solution, endows cotton garments with a long life. It can withstand repeated washing and is therefore ideal for household goods and garments that can be laundered time and time again reported Gordon (1993).  

Cotton is cheap, abundant and absorbent. It dyes smoothly and does not burn scorch rapidly. It can be laundered and ironed comfortably. Yellow with time. It is not affected, suggests Rastogi (2009).    

Cotton has the property of cool, soft, comfortable, the principle clothing fibre of the world. Its production is one of the major factors in world prosperity and economic stability. Since cotton wrinkles, polyester was added to give it wash and wear properties for a busy world consumer now often request 100% cotton. The fibre absorbs and releases perspiration quality, these allowing the fabric to breath. Cotton can stand high temperature and takes dyes easily. It can also ironed at abrasion and wears well mention Thomas (2006). Cotton fabric is soft and comfortable to wear close to skin because of its good moisture absorption qualities, describe Ajay et. al (2007)

2.1.4. Disadvantages of cotton


Cotton fabric fades quickly, which means they are not colour fast. Cotton wrinkles easily and often needs special care after it is washed. Ironing, pressing, and steaming are usually needed. Cotton blends will hold their value and shape much longer, denotes Furter et.al (2007). Voile material can be easily creased. It weakness on exposure to light mildews and soils easily, burns readily, states John Hoye (1942).  
2.1.5. Uses of cotton

Cotton, the king of fibres importance in the apparel industry in spite of developments in synthetic fibres, state Alat (2005). Cotton has many versatile intrinsic qualities that make it a fibre for all masses and occasions, reported Narayanan (2005). A wide range of cotton varieties / hybrids are available in India for diversified uses. The fibre can be made into a wide variety of fabrics ranging from light weight voiles to heavy sail cloths and thick piled velveteen, suitable for a variety of wearing apparel, home furnishes and industrial uses, pointed out Collier and Tortora (2001). 

In weaving apparel the qualities of comfort, dye ability and launder ability have led to its wide use in articles ranging from underwear to evening gowns. In the home textiles bed linen, table linen, draperies, upholstery, slip cover fabrics and towels are frequently made from cotton. Industrial products containing cotton are as diverse as wall covering, book binds, and zipper tapes. The biggest cotton users in this category. However, are medical supplies, industrial thread and tarpulins, un spun and raw cloth finds it uses in mattresses, upholsteries for stuffing purpose (www.cotton.org/pubs).     

2.2. Natural dyes

             Natural dyes have become a part of human life. India has a rich cultural heritage and the tradition of using dyes obtained from natural sources, remark Sharma et. al (2008). Pandhyay and Charrya (2000) says that there has been increasing interest in natural dyes. Natural dyes are owing to the public awareness of ecological and environmental problems related to production and usage of synthetic dyes.                                                                                                                                                               

Natural dyes are considered as mordant dyes as they require the inclusion of one or more metallic salt of aluminium, iron, chromium, copper, tint and other for ensuring reasonable fastness of the colour against sunlight and washing. These metallic salts combine with the dye stuff to produce dye aggregate, which cannot be removed from the cloth easily, Tiwai and Vankar (2001). Patel (2005) remark that natural colorants are unsophisticated and harmonized with possibility of very little chemical reaction and consequently health hazards.

Natural dyes are excellent for their endurance and soft lustrous colouring. Even after a long period, they retain great beauty and charm. Another very important factor in favour of dyes is their aesthetic apparel. Compared to synthetic colours, the natural dyes are very smoothing to human eyes and none pollution tool to regenerate local flora. Natural dyes producing communities can effectively manage natural forests, protect the local soil, water and plant growth.       

Pardhesh et. al (2000) mentioned that, there is an increasing realization in the textile industry as well as among the textile consumers to develop and demand eco-friendly methods of dyeing textiles. According to Susan Paul et. al (2003) that natural dyes offer an important alternative in these are safe in use with minimum health hazards and cause less disposal problem.

2.2.1. History of Natural Dye

           Natural dyeing is an age old practice. It was the result of the quest of man for colouring his body which made him discover the colouring matter from natural sources such as plant and animals. But most of natural dyes do not fix permanently to the fibre unless they are used with chemicals called mordant. Also with the use of mordant a range of colours can be obtained with the same dye material described Jeet et.al (2003).

In ancient times, all colouring matters were extracted from the naturally available material. But the natural dyes were pushed into oblivion by the synthetic dyes from mid-19th century. However in the present context of eco-preservation, a growing trend towards the application of natural colouring material has been observed. Many researches are being undertaken for extraction of dye from different natural colouring sources suggested Matheer et. al (2003).

From early times, plants were used for textile material leather, cosmetics, perfumes and food dyeing. In Romania due to the climatic varieties and geographic condition, there are numerous plants in the spontaneous flora or grown on specially arranged fields in order to obtain natural dyes Suggested  Dumitrescu,  et. al (2004). 
Natural dyes are until the latter half of nineteenth century, all dyes with exception of a few mineral colours, were vegetable or animal in origin colouring matter was extracted from the root and stem, leaves, berries and flowers of various dye-plant and from certain insects and shelfish by an elaborated series of process used. After the discovery of first synthetic dye in 1856. The use of natural dye receded and has become the domain of hobbyists. Although, the natural dyes are used for past many centuries for colouration, yet the lack of scientific approach to explore the resource subdued this enormously potential field says Nadiyer et. al (2004).  

In the Modern times, Alexander the great, mention having found purple robes dating to 54BC in the royal treasury when conquered Susa, the Persian capital. Kermes is identified in the bible book of Exodus. Ancient China, India and other ancient countries developed sophisticated skills in dyeing but similar technique have been used by tribes also. People around the world adapted plant materials for painting, clothing or decorate the skin with the preparation states Celevely (1997). Patel (2006) provides data that the art of verbal dyeing had its, origin in India. India enjoyed the monopoly in the production of naturally dyed printed and painted textiles remark Rani (2004).                                                                                                                            

India had produce in the past a fabulous range of beautifully coloured hand painted and printed cotton textiles, which were naturally dyed and exported all over the world. It is the fact that India abonds in a great many substance processing colour yielding properties. Vegetable sources for dyes are madder, indigo, sumac, genista and wood, minerals and animals and animal sources from insect, reveals Sankar (2006).

Rose (2005) records that the techniques like application of natural dyes extracted from cursed fruits, berries and other plant by boiling with transfer the colour to the material were used. Relics from excavation at Mohanjadaro and Harappa (Indus valley civilization) Egyptian Mummies, Ajanta cave paintings and Mughal printing paintings and quotes of Vedas show the use of natural dyes, reported Bains (2005). Tomer and Singh (2004) say that natural dyes are extensively used for the dyeing of the natural fibre only.          
2.2.2. Classification of natural dyes

Dyes are pigments comprise all those that are obtained from vegetable and animal matter with no or very little chemical processing. Other than this they can be also of mineral origin. Naturally dye can broadly be classified as natural organic dye stuff of vegetable, animals organic and mineral dye stuff are inorganic pigments. The organic dye stuff is obtained from roots, stem, leaves, berries, flowers of various plants and for certain insects like shellfish. The inorganic pigments are insoluble salts precipitated on fibre by suitable double decomposition, remark Bhuyan (2004). Srivastava (2008) describes plants as store house of natural dyes which can be obtained by from all its parts. 

According to Bagyalakshmi (2007) natural dyes are classified as major and minor, depending upon their source. Major natural source include annatto, bracil wood, cub bead, cutch, fustic, young or zanto, indigo, kermes, lac, logwood, madder and minor natural source include Bengal kino tree, beal tree, Indian madder, babool tree, pomegranate, henna plant, monkey face tree, red sandal wood, tamarinal and tulip tree. Classifies natural dyes are monogenetic and polygenetic dyes. Monogenetic dyes produce only one colour irrespective of the mordant. While the colour generate on the fibre by the polygenetic dyes produce colours depending on the mordant used.  

Natural dyes are classified into two group’s namely (i) substantive and (ii) adjective dyes. The substantive dyes require no pretreatment to the fabric. The adjective dyes can only dye mordanted mutual or with addition of a mordant to the dye bath. It can be further classified into monogenetic and polygenetic dyes. The monogenetic type of dyes produce only colour irrespective of the mordant applied. Whereas the polygenetic dyes produce different colours according to the mordant employed. They are mainly of adjective type suggests Chakraborty et. al (2010).
2.2.3. Recent Innovation of Natural dye

Natural dye can be successfully used for dyeing, but more scientific approach regarding fastness properties method of extraction and dyeing techniques is needed for its commercial acceptability. The following are some of the recent innovations to increase the growth of natural dyes. (i) Gamma irradiation of natural dyes (ii) Swelling treatments & enzymatic treatment. (iii) Evaluation of whiteness index dyeing and washing fastness with the help of computer colour matching system (iv) Multiple dip technique for dyeing says chakraborty et.al (2010).

According to Lipika et. al (2009) Environmental issues are becoming more crucial all over the world. Nature dye due to its eco- friendly nature creates superior value to the textile substrate with the advent of synthetic dye stuff in abundance a wide large of colours of remarkable, fastness properties has made its way, making natural dyes a past. Production of synthetic dyes from petroleum products involves pollution health hazards, toxic chemicals environmental destruction etc.
Carcinogenic substance cause enormous pollution and there by threaten the existence of living beings. All these factors have seen environmentalists for eco friendly substances and processes, which are bio- degradable substanles and processes, which are bio- degradable with safe and clean dyeing processes. Dye is a molecule of the organic compounds. The dyes extracted from natural sources like plant, animal and minerals are called natural dyes. They are at present most successful alternatives for the red listed synthetic dyestuffs. Reported Supriyo et. al (2009).

In the recent past, the demand for natural dye has increased tremendously. As a consequence of increased environmental awareness, natural dyes are being preferred over the synthetic dyes because they exhibit better biodegradability and compatibility with the environment. Also the dyes obtained from natural sources do not process the danger of allergic reactions and are non toxic in nature mention Neetu et. al (2003).

The current eco- movement and the resultant yearning of the world for green fashion there has been a revival of interest in eco- friendly natural dyes though out the world and large number of synthetic dyes have been banned by Germany and some other European countries due to their, toxicity, carcinogenicity and non- biodegradability described Gill et. al (2005).

However only recently natural dyes has gained in acceleration keeping in view the eco- friendly aspect of natural dyes. Eco- friendliness never means that natural dyes do not have azo chromospheres group/ carcinogenic amines but the selection of proper mordant and optimization of dyeing conditions to reduce the effluent load says by Nadiger, (2004).
2.2.4. Advantages of Natural Dye

Natural dyes bearing eco- mark are eco- friendly and acceptable in today’s world. (ii) They are non toxic and non-allergic, hazard free for skin. (iii) Fastness can be achieved by the use of proper mordants. (iv) Biodegradability of the waste generated after dye extraction from the plant sources, hence minimisation of effluent treatments described Lipika et. al (2009).

Natural dyestuffs attract people as it is a combination of factors, including a preference for naturalness, environmental friendliness, harmonising natural shades or just for novelty. Some natural dyes with colouring effects also have healing, antimicrobial and antioxidant properties. The introduction of modern biotechnological methods to improve quality and quantity of textile material before dyeing helps in producing brilliant shades with good fastness properties. The innovative methods of extraction of dyes and modern techniques of dyeing will definitely help the manufactures to prosper in the global market and come up with standardised recipe for dyeing mention Supriyo et. al (2010).

According to Dumitrescu et. al (2004). The necessity of using natural dyes or advantages of natural dyes in due to (i) Body loss of immunity because of pollution, having immediate consequences the increase of the consumer allergies on skin, eyes and mucous membrane sensibility, emergence of various diseases like skin cancer, fibromas, melanomas etc. (ii) Reduction of pollution level in textile dyeing (iii) realisation of eco- friendly agriculture productions (iv) spontaneous flora valorisation and the enrichment of growing areas through diversifying the various types of plant species. 

Many of the natural dyes have pharmalogical effect and possible health benefits. They are obtained from renewable sources. Natural dyes cause no disposal problem, as they are biodegradable (www.occi.ab.ca). According to Dedhia (1998) natural dye act as manner, enriching the soil, are used in the conservation and repair of historic textiles. Natural dyes as color suited for ecological home fashion by environmentally concerned consumer. Natural dyes practically has no chemical reaction involved in these preparations, expresses Sreenivasa (2001). Natural dyes works best with natural fibers as well as synthetic fibers. Since most of the natural dyes are obtained from naturally available raw materials, they save energy, review Seengupta (2001).

   2.2.5. Disadvantages of Natural Dyes              

Natural dyes have limited availability. Then natural dyed fabric tends to fade quicker than fabrics colored with synthetic dyes. Although natural dyes initially produced brighter colours in a variety of shades. It takes time to extract the color from raw materials (www.maiwa.com). Most of the vegetable colorants have poor affinity towards textile it requires mordant at the same time of its applications, sates Sankar (2002). 

Natural dyes as not cost effective, since their dyeing yield is less and dyeing cost is more. Natural dye consumes more energy and time. To obtain a full color range and alum and aluminium sulphate are considered as the best mordant in dyeing with natural dyes but they are environmentally toxicity, remarks Sood (2005).  Natural dyed material is not widely available to the average consumer. Many textile manufacturers are not using these dyes regularly because these dyes are more expensive than synthetic dyes, states Indi and Chinta (2008).   

2.2.6. Uses of Natural Dyes       

Natural dye is derived from nature through organic and inorganic materials or sources. Weavers have used these dyes exclusively for thousands of years. The trade in natural dyes was also an excellent source of transaction for government (www.naturemagics.com). The dyes were used for textiles and even in cosmetics. Pigments and dyes have artistic and decorative uses (www.dyeman.com).

 2.3. Mordants                      

The name mordant being derived from Latin word “ Modere ” to bite. According to Deulkar (2000) a mordant is regarded as chemical, which can itself be fixed and which also combines with the dyestuff. A mordant helps to fix the colours, it bite into the fabric and natural dyes needed no mordant as they can be strong enough to fix the fabric without the need of something to fix them. The mordant used for enhancement in fastness as well as to obtained variability in colour reported Dheeraj et. al (2003).   

Most of the natural dyeing is done with the use of mordants most commonly heavy metal ions, but sometimes tannins. The mordant allows many natural dyes, just wash out to attain acceptable wash fastness. However, there are plenty of natural mordants are available, for natural dyes (www.en.wikipedia.com
A mordant is a chemical which combines with the dye within the fibre. Dyes which cannot be fixed on the fibre or any other material without the use of chemical assistance is called mordant dye. Most of the natural dyes belong to this group, suggest Dayal (1999). The attention towards pollution is very essential while using those different metallic mordant salts of magnesium, calcium, aluminium, ferrous and zinc are comparatively safe mordant than chromium and lead, arsenic or copper. Ferric sulphate one of the oldest mordant used mainly to dull or ‘shaded’ a colour. Stannous chloride is also used to enhance or brighten colour.         

2.3.1. Types of Mordanting Technique


According to Hema et.al (2006), the mordant are of three type’s namely metal salts or metallic mordants, oil mordants and tannin and tannin acids. Several metallic salts are used as mordants. Alum, potassium dichromate, ferrous sulphate, copper sulphate, stannous chloride and stannic chloride are few examples. Tannins from barks can also be used for dyeing natural colouring matter to ensure fastness. Metal mordants are often used for dyeing of natural dyes. Alum and ion were the early metallic mordants. 


Now a day’s metal salts of aluminium, chromium, tin, copper and stannous and stannic chloride are being used. Tannic mordant is considered as natural mordant. The world tannin comes from easily French word tan which means bark of an ok. Tanning is naturally occurring colouring compounds of high molecular weight, mention Gill (2005). 


The term tanning was introduced by Seguin in 1796 to describe the substance present in the number of vegetable extracts. Cotton fabric treated with tannic acid absorbs all type of natural dyes. Oil mordants are used mainly in dyeing to Turkey red from madder. Oil mordants forms a complex with the metal salts present to give Turkey red colour of superior fastness and hue, says Nadiger (2004).        


The mordants are considered as an integral part of the natural dyes. The mordant is usually applied in a separate process after dyeing. But in some case, the mordant and dyes are used together, says Mahals et. al (2003). There are three choices of mordanting, states pre- mordanting, post- mordanting and simultaneous mordanting. In pre- mordanting,  in which the sample is mordanted and then dyed, post- mordanting in which the sample is first dyed and then mordanted, simultaneous in which mordanting and dyeing are carried out at the same time, remark Katyayini and Jacob (1998). Devi et. al (2001) says that, pre- mordanting method was suitable for producing lighter shades and post- mordanting method for darker shades with alum mordant. Simultaneous mordanting was for lighter and darker shades.

                   III Experimental Procedure

            The methodology pertaining to study on “APPLICATION OF NATURAL DYE ON ECO-FRIENDLY FABRIC” is discussed under the following headings:

3.1. Selection of yarn
3.2. Weaving

     3.2.1. Selection of weaving

     3.2.2. Process of weaving

3.3. Pretreatment of Fabric

     3.3.1. Desizing

     3.3.2. Bleaching

3.4. Pilot Study

     3.4.1. Selection of Dye Source

     3.4.1.1. Clitoria Ternatea

3.4.2. Selection of Mordant

     3.4.2.1. Alum

     3.4.2.2. Myrobalan

    3.4.3. Selection of Mordanting Technique

         3.4.3.1. Pre Mordanting

          3.4.3.2. Post Mordanting

          3.4.3.3. Simultaneous Mordanting
3.5. Selection of Dyeing Procedure for the Process

    


  3.5.1. Dyeing Concentration

    3.5.2. Dyeing Time

            3.5.3. Mordanting Time 

            3.5.4. Nomenclature of the Sample 

3.6. Evaluation of the Dyed Sample 

           3.6.1. Subject Evaluation 

           3.6.1.1. Visual Inspection 

3.6.2. Objective Evaluation 

           3.6.2.1. Fabric weight 

           3.9.2.2. Fabric Thickness

           3.6.2.3. Tensile Strength and Elongation 

    3.6.3. Wettability and Absorbency Tests 

           3.6.3.1. Drop Test 

           3.6.3.2. Sinking test  

    3.6.4. Color Fastness test 

          3.6.4.1. Washing 

          3.6.4.2. Sunlight  

          3.6.4.3. Pressing 

          3.6.4.4. Perspiration 

   3.7. Statistical Analysis 

3.1. Selection of yarn


Cotton yarn are 100 percent natural and biodegradable. Cotton is a cellulose fibre it creates a stylish trend look to the world textile. Most of the home furnishing is made by cotton material. Hence cotton yarn 40s count was selected for the present study. Hence cotton yarn 40s count was selected for the present study.

3.2. Weaving 


Weaving is the most important type of fabric construction. Interlace right angle to each other. It is the process so that they cross each other at right angles to produce woven fabric. The warp yarns or ends, run lengthwise in the fabric and filling threads (weft) or picks, run side to side. Weaving may be done on a power loom or hand looms (www.centuryray.com.in). 
3.2.1. Selection of Weaving  

              Thomas (1993) defines weaving as interlacing two sets of yarns one set placed longitudinally and the other transversely in a fabric. Plain weave fabrics to be usually firm in construction and least expensive. In plain weave, texture is stronger and firmer than any other ordinary cloth. Furnishing materials are mostly plain woven fabrics. Hence the investigator selected plain weave for the study. 

3.2.2. Weaving Process

The first step in weaving is to stretch the warp to longitudinal yarn which must be very strong. The weft or filling crosses the warp threads at either side to form the selvage. The three essential are: shedding or raising every alternative warp yarn or set of yarns to receive the weft, picking or inserting the weft and battening or pressing home the weft to make the fabric compact, suggest Thomas (2005). Since the selected yarns were not suitable warp yarns, they were wound on bobbins and used as weft yarns. Hundred percentage cotton of 40s count were purchased and sized using tapico and water in the ratio 1:6. later the sized cotton yarns were wound the warp beam and used as warp yarns. 

               Following the weaving operation, namely shedding, picking, beating up, taking up and letting off the selected yarns were woven into cotton fabric. The woven fabric is presented in Appendix -1. 

3.3. Pre Treatment of Fabric                
         Pre-treatment of cotton based textiles include desizing to remove sizing materials, Scouring to remove impurities such as fat, waxes and pectin  and oxidative treatment to destroy natural colouring matter. Bleaching to improve the whiteness of the fabric describe Prataharan (2003). The surface layer of cellulosic fibres contain, lipid, wax, pectins and other unidentified substance protecting the fibre against the environment during yarn spinning and fabric construction. So, the fabric has to be bleached and desized says Micheal (2005). 

3.3.1. Desizing 

               Desizing plays a major role in achieving a perfect fabric feel. Desizing is a process of removing the sizing material from the warp yarn in woven fabrics, views Sivaramakrishnan (2005). Desizing is the first step which enable the garment to properly receive subsequent chemical and mechanical treatment, mentioned Shroft (2003).
               A stainless steel vessel was taken with ten litres of soft water and non ionic detergent was added. Five meters of cotton fabric was rinsed well and introduced into the water bath. The vessel was heated for one hour then the fabric was taken out from the bath and rinsed well in soft water. The rinsed fabric was then dried in the shade, pointed out Amsamani (2003).

Table I

Desizing parameter

	S.No
	Name
	Quantity
	Temperature
	Time

	1
	Fabric
	7 Meters
	80oC
	1hour

	2
	Water and Ionic Detergent
	15 liters
	
	


3.3.2. Bleaching 

The object of bleaching of course is to whiten the cloth which comes from the loom is grayish in color. Bleaching is also used to strip dye off the fabrics which have been imperfectly dyed or need to be redyed. Bleaching agent’s bleaches are chemicals which are use for discoloring the colored fabrics into white. So called bleaching process in laundries is more or less limited to the removal of stains on fabrics. Oxidizing bleaching agents work through liberation of oxygen, which combines with stain to form an oxidized colorless compounds, are sodium hydro chlorite, sodium per borate, hydrogen peroxide, potassium permagnate and also sunlight. The fabric should not be treated for long period with these oxidizing bleaches as these cause weakening of the fabric strength. Sodium hypochlorite bleach ingredients are washing soda, chloride of lime, cold water, boiling water. 
           Separately dissolve washing soda in boiling water and chloride of lime in cold water. Mix two solutions and the precipitates settle down. Strain the clear supernatant and store in dark coloured bottle as the hypochlorite formed is unstable to light. This solution is termed as ‘Javelle water’ and gives out oxygen which is powerful bleaching agent. 

           It is used for bleaching white cotton and linen only. For application to these dilute the javelle water with half volume of hot water. Dip the stained part of fabric in this solution till it bleached. Do not dip the fabric for more than 20minutes. Therefore, rinse the fabric in the plain water to wash out any residual amount of bleach.
Table II

Optimization Bleaching Parameter

	S. No
	Parameters
	Quantity
	temperature
	Time

	1
	Fabric
	7Meters
	Medium
	20minutes

	2
	Javelle water
	5liters
	
	

	3
	Hot water
	5liters
	
	


3.4. Pilot Study

3.4.1. Selection of source

Dayal (2006)  views that the environmental awareness as well as presence of toxicity in synthetic dyes has increased the interest in biodegradable, environment friendly, non toxicity and aesthetically appealing natural dyes which can be extracted from plants, leaves, barks, roots, woods, flowers or fruits of some trees. Hence natural dye was selected for the study. 

3.4.1.1. Clitoria ternatea

Names: Tamil – Kakkatan,


A climber with woody stem base, straggles over bushes and trees leaves pinnately compound with 3-7 leaflets, oblong, terminal leaves larger than the others. Flower blue or white, axillaries, showy, with linear bluish markings, centre yellowish white Pods flat, linear, 6-8cm long, many seeds reported Rethnam and Martin (2006).   Therefore this was chosen as natural source for dyeing.  
3.4.1.2. Prepartion of Source for Dyeing                   

            Clitoria ternatea flowers was collected from around  Sankari, in Salem (DT).The carefully collected flowers were separately cleaned, removed dust and dried under the shade for 4 or 5 days. Dried flowers were powdered using an electrical mixer and stored in a clean dry glass bottle. 3.4.2. Selection of mordants 

 3.4.2. Selection of mordants                       
           Mordants are used to fix natural dyes to the fabric. Mordant is a mineral salt used to increase the affinity of the material. Natural dyes need mordants namely vinegar, salts, tannic acid and alum for the fixation of the colour. The future of natural dies lies in its ability to produce fast and bright colour with the combination of non-chemical mordants. Considering these facts the investigator decided to use mordants for dyeing
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3.4.2.1. Myrobalan 

                Myrobalan is a fruit of tree terminalla chebula from the conbretaceae family. It is the source of the most important vegetable tanning materials and used as mordant dye stuff (www.amaherbal.com). Terminalia chebula is oval in shape about 5cm and was dull yellow in color. Myrobalan contains astringent principle, tannin [tannin acid] and a large amount of gallic acid. Lucilage, a greenish yellow coloring chebolinic acid which when heated in water splits up into tannic and gallic acid, state  Nadkarni (2002).
3.4.2.2. Alum 

              Alum is considered as a most eco-friendly mordant says Iyer (1997). Alum known as Phulkari in Hindi is a cheap source. Its solution can be applied to all fibres. Yadav (2001) express that alum forms octahedral shaped crystals. The group of salts known as alum constituted the commonest class of mordant and for many year stocks was handled by Mediterranean traders for dyeing textile fabrics. It is safe to handle and easy to use. It produces bright shades and gives relatively good fastness properties remarks Vankar (2003). Hence the alum was selected as the mordant. 
3.4.3. Selection of Mordanting technique 

                The mordanting techniques alter the tone of the dyed samples, but generally don’t affect the fastness ratings of the dyed samples to a great extent. According to Patel (2006) three mordanting techniques were used are, pre mordanting, post mordanting, simultaneous mordanting .

Pre mordanting 

               The sample of material was boiled in the respective mordant solution for alum, myrobalan specified time prior to dyeing. Further, it was taken out squeezed well and put in the dye solution.
Post mordanting 

              Post mordanting was carried out after dyeing. Each of the dyed sample was squeezed well and immersed in the mordanting solutionalum, myrobalan and boiled for required time.
Simultaneous mordanting 

                The respective quality of each mordant was mixed well with the already prepared respective dye solution. Each of the fabric samples was entered into this mixture and boiled for selected time. Later it was taken out rinsed thoroughly in two change of soft water and dried in the shade. Considering the effect of mordanting techniques, all the three methods were selected for the pilot study.
3.4.4. Extraction of dye solution 

              The clitoria ternatea flower powder was procure and extracted. The fine powder was mixed with required amount of water and boiled for 30 minutes at boiling temperature and kept for 48 hours at room temperature. Then, the extracted dye solution was filtered and ready for dyeing plate (III).
3.5. Optimization Parameters 

              The details of selected proportion of dyeing parameters for dyeing cotton material are given in Table-1.
Table - III

Proportion of Dyeing Variables for Dyeing Cotton Material
	S.NO.
	Dyeing Variables
	Selected proportion

	1
	Dye Concentration
	5%

	2
	Dye Extraction time
	48 hrs

	3
	Dyeing Time
	45 min

	4
	Mordanting Time
	30 min



A series of experiment were carried out to determine optimum value of four dyeing parameters, namely dye concentration, dyeing time, extraction of dye, mordanting time.
3.5.1. Dyeing concentration

        The concentration of dye was taken in 5% concentration were prepared by boiling at100oC.   The extracted dye solution was filtered in a vessel and allowed it boil to separate the fine crystals. 
3.5.2. Dyeing time

          The cotton fabric was dyed with 5% of dye concentration and the dyeing time was recorded after 45 minutes. The maximum dye absorption found after 45minute of dyeing.
3.5.3. Mordanting Time
         The mordanting time was recorded fixed as 30 minutes based on literature survey. This was done based on the highest optical density. 
3.5.4. Nomenclature of the dyed samples

              The details of Nomenclature of the dyed samples are given Table II.

Table - IV

Nomenclature of the dyed samples selected for

Present study

	S .No
	Samples
	Expansion

	1
	PRA
	Pre mordanting Alum

	2
	POA
	Post mordanting Alum

	3
	SLA
	Simultaneous Alum

	4
	PRM
	Pre mordanting Myrobalan

	5
	POM
	Post mordanting Myrobalan

	6
	SLM
	Simultaneous Myrobalan


3.6. Evaluation of the dyed sample

3.6.1. Subjective evaluation 
3.6.1.1. Visual inspection
Table V

Rating Scale in Percentage

	S. No
	Samples
	General Appearance
	Brilliancy of Color
	Evenness in Dyeing
	Texture
	Luster

	
	
	E
	V
	F
	G
	M
	D
	E
	P
	U
	S
	M
	R
	H
	M
	L

	1
	PRA
	100
	0
	0
	98
	2
	0
	95
	3
	2
	96
	3
	1
	99
	1
	0

	2
	POA
	99
	1
	0
	97
	2
	0
	94
	3
	3
	100
	0
	0
	96
	4
	0

	3
	SLA
	97
	2
	1
	100
	0
	0
	98
	2
	0
	99
	1
	0
	98
	2
	0

	4
	PRM
	99
	1
	0
	98
	1
	1
	96
	2
	2
	100
	0
	0
	100
	0
	0

	5
	POM
	100
	-
	-
	99
	1
	0
	95
	4
	1
	98
	2
	0
	98
	2
	0

	6
	SLM
	97
	2
	0
	97
	2
	1
	97
	3
	0
	98
	2
	0
	99
	1
	0


General Appearance    Brilliancy of Color   
 Evenness in Dyeing    Texture    Luster    

Excellent                   Good                       Even                       Soft          High       

Very good                  Medium                  Partially Even               Medium       Medium       
Fair                           Dull                        Uneven                     Rough     Low        
            The dyed samples were evaluated by fifty judges comprising of post graduate students of Textiles and Clothing, of Avinashilingam Deemed University, coimbatore. The dyed samples were evaluated using a rating scale which is given in Appendix VI. The scores were collected and consolidated for further discussion and presented in the chapter result and discussion. 

3.6.2. Objective evaluation 

The textile testing plays a crucial part in production process, as a result of mechanical properties on fabrics for undergoing evaluations. The desized originals and dyed samples were tested by using the sample pieces, from the relative portions of the material for their respective laboratory testes namely fabric weight, fabric thickness, tensile strength and elongation, fabric count before and after, wettability and absorbency tests, and color fastness test, states Weaver (1998).  

3.6.2.1. Fabric weight

Fabric weight (Plate VI), is an impoprtant component when comparing two similar fabric construction. It refers to the relative weight of the fabric. It may be expressed as the weight of a particular size such as grams per meter square or ounce per square yard. The method of obtaining weight per unit area is implict in the tiles that means, one has to weigh a known area and divided the weight by the area, states Paul (2005).

A sample was cut using a square template of 10cm long and 10cm wide and it was weighted in the electronic weighing balance (plate VII). The fabric weight was calculated using the formula.

Grams per square meter (GSM)  =     Fabric   weight X square meter                                                        
                                                           Area of rectangle                                                                                   

Therefore, 

Weight of the fabric          =     X

Square meter                     =    100 X 100 = 1000

Area of square                   =      Length x Breath

And was recorded. The same procedure was followed for the dyed samples and their mean value was calculated

3.6.2.2. Fabric Thickness

Fabric thickness, (Plate VIII), is defined as the distance between upper and lower surface of the material as measured under standard pressure suggest Storer (1999). The difference in thickness of the samples was found out by using Baty thickness tester.

The fabric was placed between the pressure foot and anvil. The reading was noted from the dial. The readings were taken from the original material and the dyed sample. The mean value was calculated.
3.6.2.3. Fabric count

The determinations of the number of threads are ends and picks per unit length of fabric is very important for the analysis of the fabrics, (Indian standard methods 1963-1981). In woven fabric the warp and weft yarns are commonly referred to as ends and picks. The number of warp threads per inch width of the cloth stated as ‘ends per inch’. Similarly weft per inch is called ‘picks per inch’. There several methods for determining the threads per inch, state Basu (2006). 

Pick glass, (Plate IX). Fabric counting methods is the most commonly used methods. The number of threads per inch was counted through a pick glass. The threads per inch were counted at five different places of each desized original sample and dyed sample and their mean value was calculated. The region near the selvedge was avoided because of the spacing of thread is often a little different than in the body of the fabric.

3.6.2.4. Tensile strength and Elongation

           Tensile strength, (Plate X), is the force required to break the fabric when it is under tension express Vaishnav and Joshi (2000). Elongation is the extent to which the fabric under tension extends, till it gets cut off, denotes Nakamura (2000). To determine the fabric strength, strip method was selected. The tensile strength and elongation was tested using Eureka model Tensile Strength Tester. The rate of 
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transverse and capacity of the machine was 45cm per minute. The gauge length was kept as 25cm. The dial of the machine was calibrated in pounds and kilograms.
The test samples from each of the dyed material were minimum length of 33cm and a width of 7cm were cut from the warp and weft directions separately. Each sample was raveled from both the edge until the width measured 5cm. each samples was mounted between the two jaws. Care was taken to see that the sample was perpendicular to the load. The load was applied until the sample was torn. The dial reading in kilograms for tensile strength and elongation in centimeters in scale was noted. The samples were tested and readings were noted for each sample from desized originals and samples. Mean values were calculated and this recorded. The tensile strength and elongation of each material separately for both warp and weft direction.

3.6.3. Wettability and Absorbency Test

3.6.3.1. Drop Test

The ability of a fiber to take up moisture is determined as absorbency. Wettability is the time take in seconds for a drop of water to sink into the fabric. If it takes more than 200 seconds to absorb the water are considered as unwettable. 

A burette filled with distilled water was clamped in a stand. The sample was mounted in an embroidery frame and was placed at the base of the stand. The distance between sample and burette nozzles was kept constant. The nozzle of the burette was opened just to allow a drop of water to fall on the sample. The stop watch was started simultaneously and it was stopped when the drop of water fully sank into the material (Plate XI). The time taken for this was noted. The sample procedure was repeated for the same materials and mean value were calculated.

3.6.3.2. Sinking Test

             Sinking test is a simple test of wettability of fabric (Plate XII). The time taken for the material to sink below the surface is observed. The shorter the time, the greater is the wettability states Paul (2005). For the sinking test. The sample was cut with the size of 5cm / 5cm square. A 100 ml beaker was filled with distilled water. The sample was dropped on the surface of the water from a standard height. The stop watch was started when the fabric struck the surface of water and stopped the last corner sank 
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below the water surface and the time required for the sample of same materials. The mean values were calculated. 

Colour fastness is defined as the resistance of a material to change in any of its color characteristic, to transfer of colourants adjacent material or both, as a result of the exposure of the material to any environment that might be encountered during the processing, testing or use of the material, suggests AATCC (2001).The possible to compare loss of color or staining of any hue irrespective of the depth. It is necessary to use two scale called ‘Grey Scale', one for assessing change in color and the other for staining, denote Bhattacharya and Raja (2006).

Evaluation of samples dyed and their combinations was done for light, washing, pressing and perspiration fastness to compare the fastness grade of the samples, state Bains et.al (2006).

3.6.4. Color Fastness 

3.6.4.1. Color fastness to Washing

According to ISO 105 – 106: (1994) the wash fastness of the dyed samples was tested using laundrometer (Plate XIII). The laundrometer consist central axis with four rods with eight stainless steel jar (two jars in each rod) with tight fitting lids which rotates inside the hot water bath in forward direction when the machine is in working condition. Due to the high alkali sensitivity of natural dye, it is recommended that these textiles can be washed with non – alkaline soap only. Hence the non alkaline soap detergent was used for washing. The composite yarn, samples measured 20cms were washed with 4 gm/1000 ml of water at 40 c for 45 minutes in laundrometer. The change in colour of the treated test specimen and degree of staining of the two adjacent undyed fabrics were evaluated using grey scale.

3.6.4.2. Color Fastness to Sunlight

According to Burea of Indian Standards (1989), the sample of the textile material was exposed to day light under prescribe conditions including protection from rain. The fastness was assessed by comparing the change in color of the specimen with that of the standard patterns. An area of textile products not less that 1cm x 6cm should be used. So that each exposed portion is not less than 1cm x 2cm. the specimen may be a strip of the cloth parallel to the machine direction. The specimen and the standard pattern were simultaneously exposed to day light every day from sunrise to sunset. Until the contrast between the exposed and unexposed portion of the specimen or the standard pattern was equal to grey scale.
3.6.4.3. Colour Fastness to Pressing 

This method was indented for the determination of color fastness of textile materials of all kinds and in all forms to ironing and to processing on hot cylinders. Tests are given for hot pressing when the textile in dry and wet. The dry and wet specimen were placed separately on dry undyed cotton adjacent fabric and pressed for 15 seconds with a heated press. Then the specimen was allowed to condition for 4 hours in the standard atmosphere for testing textiles. The adjacent cotton fabric was assessed with the appropriate grey scale, explains Saville (1999).

3.6.4.4. Colour Fastness to Perspiration

The perspiration is a complex combination of body, oils and saline solution. This test requires a device called a perspirometer which applies pressure to the specimen as it is heated to body temperature after being wetting on a stipulated perspriation may be acidic or alkaline. Samples were tested in acidic and alkaline solution. Two specimens measuring five by five the centimeters were cut down from each of the original and dyed samples. From this, the reading of the samples was observed carefully.

3.7. Statistical Analysis

The result obtained from various dyed samples was subjected to the statistical analysis. Based on the result, inferences were drawn  

END PRODUCT 
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                  PERFORMANCE  STUDY 
Performance study was conducted to evaluate the effect of dye, mordant and mordanting technique 

Selection of performance study 

The sample selected for performance study was cushion cover. The cushion cover was stitched with PRA and PRM dyed cotton fabric. The dimension of the each cushion was 1feet square.

 Duration of usage 

The stitched cushion cover was covered for a period of 6 hours 10 am to 4 pm for 10 days. The cushion covers were washed after each wear using a detergent.

Soft water is the most valuable agent used in laundering,  as it washes whiter, brighter and ensures durability. Hence soft water was used for washing the cushion cover. 

Selection of detergent  

In order to maintain satisfactory appearance of one’s clothing  a good number of home makers use detergents for washing. A commonly preffered detergent was used for washing the cushion covers. For washing of six cushion cover 10 grams of detergent was used for each wash. 

Selection of washing method

Vast majority of people still do their washing manually that hand washing by kneading and squeezing is the ideal method of washing. Hence the samples were given hand washing by kneading and squeezing method.    

The samples were soaked in detergent solution for ten minutes and washed by kneading and squeezing. It was rinsed in three changes of soft water and dried in the shade.
IV. RESULT AND DISCUSSION
The result of the study is discussed under the following headings:

 4.1. Subjective Evaluation 

       4.1.1. Visual inspection

  4.2. Objective Evaluation

  4.2.1. Tests for Physical Property

             4.2.1.1. Fabric weight 

            4.2.1.2. Fabric thickness

            4.2.1.3. Fabric count 

4.2.2. Tests for Mechanical Property 

            4.2.2.1. Tensile Strength 

           4.2.2.2. Elongation

  4.2.3. Wettability and Absorbency Tests 

           4.2.3.1. Drop test 

           4.2.3.2. Sinking test  

4.2.4. Color Fastness Test 

          4.2.4.1. Color Fastness to Washing 

          4.2.4.2. Color Fastness to Sunlight  

          4.2.4.3. Color Fastness to Pressing 

          4.2.4.4. Color Fastness to Perspiration 

4.1. Subjective Evaluation
From the table – V, it is clear that, the general appearance of PRA is rated as excellent by cent percent of the judges. The samples POA and SLA are rated as excellent by 99 and 97 percent of the judges respectively. With regard to POM, cent percent of the judges rated as excellent. Similarly, the samples PRM and SCM are rated as excellent by 99 and 98 percent of the judges respectively.        

Considering the brilliancy of colour, SCA is rated as good by cent percent of judges. The samples PRA and POA are rated as good by 98 and 97 percent of judges respectively. With regard to POM it is rated by 95 percent of judges. The sample PRA and POM are rated as good by 98 and 97 percent of judges respectively. Considering the sample PRA, it is rated as good by 100 percent of judges. Then, the other two samples POM and POA are rated as good by 98 percent of judges.

Regarding the evenness of dyeing, SLA is rated as even by 98 percent of the judges. The samples PRA and POA are rated as even by 95 and 94 percent of judges respectively. With regard, to the sample SLM is rated as even by 97 percent of judges. The sample PRA and POM are rated as excellent by 96 and 95 percent of the judges respectively. Considering, the sample PRM, it is rated as even by 99 percent of judges. 98 and 97 percent of judges are rated as even for the samples SLA and SLM respectively.

             Considering the texture, the sample POA is rated as soft by 100 percent of judges. The samples PRA and SLA are rated as soft by 96 and 99 percent of judges respectively. With regard to the sample PRM, it is rated as soft by 100 percent of judges. SLM is rated as soft by 98 percent of judges and the sample PRM is rated as soft by 99 percent of judges. 

The luster, of the sample PRA is rated as highly lustered  by 99 percent of judges. The samples SLM and SLA are rated as high by 96 and 98 percent of judges respectively. With regard to the sample PRM, it is rated as high luster by 100 percent of the judges. The samples POA and POM are rated as high by 98 and 99 percent of judges respectively. With regard to the sample POM, it is rated as high luster by 99 percent of the judges. 

4.2. Objective Evaluation

  4.2.1. Tests for Physical Property

    4.2.1.1. Fabric Weight

Fabric weight of the original and dyed samples are given in Table VI and Figure I

Table VI

Fabric weight

	S. No
	samples
	Mean value
	Loss or gain over original
	Percentage of loss or gain over original(%)
	

	1
	Original
	0.96
	
	
	

	
	Dyed sample
	
	
	
	

	2
	PRA
	1.04
	-0.8
	-7.92
	

	3
	POA
	1.04
	-0.8
	-7.92
	

	4
	SLA
	1.03
	-0.7
	-7.92
	

	5
	PRM
	1
	-0.4
	-7.92
	

	6
	POM
	1.01
	-0.5
	-4.79
	

	7
	SLM
	1.03
	-0.8
	-7.08
	


Anova for  fabric weight

	
	Sum of square
	Degrees of freedom
	Mean value
	Fvalue
	Sig

	Between groups
	286.339
	8
	35.792
	6.600
	**

	Within groups
	195.231
	36
	5.423
	
	

	Total
	481.570
	44
	
	
	


       **significant at 1% level

From the above Table VI and Figure I, it is evident that all the dyed samples showed increased fabric weight, when compared with originals irrespective of mordants used. Among the dyed sample, expect POM all the other samples showed 7 percent increase in fabric weight.
The statistical analysis also proves that there is 1% significant between the samples.

4.2.1.2. Fabric Thickness 
  Fabric thickness of original and dyed samples are given in Table VII Figure

Table VII
Fabric Thickness

	S .No
	Samples
	Mean Value (mm)
	Loss or gain over original
	Percentage loss or gain original (%)

	1
	Original
	0.22
	
	

	
	Dyed sample
	
	
	

	2
	PRA
	0.27
	-0.05
	20.19

	3
	POA
	0.27
	-0.05
	22.73

	4
	SLA
	0.27
	-0.05
	24.55

	5
	PRM
	0.25
	-0.03
	14.55

	6
	POM
	0.26
	-0.04
	16.36

	7
	SLM
	0.28
	-0.06
	26.36


Anova for Fabric Thickness

	
	Sum of square
	Degrees of freedom
	Mean value
	F
	Sig

	Between groups
	286.339
	8
	35.792
	6.600
	**

	Within groups
	195.231
	36
	5.423
	
	

	Total
	481.570
	44
	
	
	


          **significant at 1% level

From the above Table VII and Figure II, it is evident that the thickness of the dyed samples has increased. The fabric thicknesses of the dyed samples have increased along with the origin when compared with the original samples. Among the samples maximum thickness of 26.36 is seen in SLM. The increase thickness is due to the dye uptake.            

On analyzing the results statistically, 1 percent level of significant difference was found between groups.

Figure I

Fabric weight
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Figure II

Fabric Thickness
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4.2.1.3. Fabric count 

             Fabric count of warp and weft of original and dyed samples are given in Table VIII and Figure III.

Table VIII

Fabric Count

	S.No
	Samples
	Mean values(inches)
	Loss or gain

over original
	Percentage of

loss or gain

over original

	warp
	Weft
	Warp
	Weft
	Warp
	weft

	1
	original
	37
	39
	
	
	
	

	
	Dyed sample
	
	
	
	
	
	

	2
	PRA
	41
	43
	-4
	-4
	-10.8
	-10.2

	3
	POA
	39
	41
	-2
	-2
	-5.4
	-5.1

	4
	SLA
	42
	43
	-5
	-4
	-13.5
	-10.2

	5
	PRM
	41
	41
	-4
	-2
	-10.8
	-5.1

	6
	POM
	39
	40
	-2
	-1
	-5.4
	-2.5

	7
	SLM
	42
	42
	-5
	-3
	-13.5
	-7.6


Anova for Fabric Count

	
	Sum of square
	Degrees of freedom
	Mean value
	F
	Sig

	
	
	
	62.146
	7.663
	**

	Between groups
	49.169
	3
	8.109
	
	

	Within groups
	291.941
	36
	5.423
	
	

	Total
	481.570
	44
	
	
	

	Between groups
	286.339
	8
	35.792
	6.600
	**

	Within groups
	195.231
	36
	5.423
	
	

	Total
	481.570
	44
	
	
	


     **significant at 1% level

The above Table VIII and Figure III present that the fabric count along  warp and weft direction. The above data revealed the fact that the warp and weft yarns per square inch of dyed samples have been increased when compared with original, irrespective of mordants and dyeing  techniques used. It may be due to the compactness of yarn after dyeing.

Among the dyed samples SLA and SLM, seemed to show increased fabric count  showed maximum by 13.5 percent.

           With regard to weft yarns per square inch, SLA showed 10.2 percent increase in count. Statistics also proved the significant difference at 1 %level.  

4.2.2. Tests for Mechanical Property 

   4.2.2.1. Tensile Strength 

Tensile strength of dyed samples along warp and weft side is given in Table IX and Figure IV.

Table IX

Tensile Strength

	S.No
	Samples
	Mean values(kg/cm)
	Loss or gain

over original
	Percentage of

loss or gain

over original

	                               Warp
	Weft
	Warp
	Weft
	Warp
	weft

	
	original
	18.14
	12.20
	
	
	
	

	
	Dyed sample
	
	
	
	
	
	

	1
	PRA
	19.48
	16.52
	-1.34
	-4.32
	-7.39
	-35.41

	2
	POA
	19.40
	16.52
	-1.26
	-4.22
	-6.95
	-34.59

	3
	SLA
	19.30
	16.10
	-1.16
	-3.90
	-6.39
	-31.97

	4
	PRM
	30.66
	23.24
	-12.52
	-11.40
	-69.02
	-90.49

	5
	POM
	30.50
	23.20
	-12.36
	-11.00
	-68.14
	-90.16

	6
	SLM
	30.24
	23.10
	-12.10
	-10.90
	-66.70
	-89.34


Anova for Tensile Strength

	
	Sum of square
	Degrees of freedom
	Mean value
	F
	Sig

	Between groups
	28229.780
	8
	3528.722
	248.648
	**

	Within groups
	296.360
	36
	8.232
	
	

	Total
	28526.139
	44
	
	
	

	Between groups
	30829.108
	8
	3853.639
	666.984
	**

	Within groups
	208.009
	36
	5.778
	
	

	Total
	31037.117
	44
	
	
	


   **significant at 1% level

The above Table IX and Figure IV, present the tensile strength of warp and weft side of dyed samples. When compared with original, samples PRM and POM show increase in strength along warp direction as stated by 69 and 68 percent respectively. And along weft side of tensile strength is increased by 90 percent.
 Hence it could be concluded that myrobalan is a best source for mordanting while dyeing with natural dyes. 

The statistics also proved that the significant difference is at 1% level
Figure III

Fabric Count
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Figure IV

Tensile Strength
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4.2.1.2. Fabric Elongation  
              Fabric Elongation of warp and weft side of the original and dyed samples are given in Table X and Figure V.

Table X

Fabric Elongation

	S.No
	Samples
	Mean values(inches)
	Loss or gain

over original
	Percentage of

loss or gain

over original

	                                     warp
	Weft
	Warp
	Weft
	Warp
	Weft

	
	original
	1.38
	0.80
	
	
	
	

	
	Dyed sample
	
	
	
	
	
	

	1
	PRA
	1.78
	1.34
	-0.40
	-0.54
	-28.99
	-67.50

	2
	POA
	1.50
	1.28
	-0.12
	-0.56
	-20.29
	-60.00

	3
	SLA
	1.66
	1.36
	-0.28
	-0.56
	-20.29
	-70.00

	4
	PRM
	1.70
	1.30
	-0.32
	-0.50
	-23.19
	-62.50

	5
	POM
	1.66
	1.28
	-0.28
	-0.48
	-20.29
	-60.00

	6
	SLM
	1.90
	1.42
	-0.52
	-0.62
	-37.68
	-77.50


Anova for fabric Elongation

	
	Sum of square
	Degrees of freedom
	Mean value
	F
	Sig

	Between groups
	2319.444
	8
	289.931
	0.397
	NS

	Within groups
	26312.500
	36
	730.903
	
	

	Total
	28631.944
	44
	
	
	

	Between groups
	2319.444
	8
	289.931
	0.9397
	NS

	Within groups
	2631.500
	36
	730.903
	
	

	Total
	28631.944
	44
	
	
	


          NS   Not significant

The above Table X and Figure V, exhibit the elongation of the warp and weft side of dyed samples. From the above data it is clear that, all the samples showed increase in elongation in values than originals irrespective of mordants and dyeing techniques used. 

           Both in the warp and the weft side, the maximum gain in percent was noticed with SLM by 37.68 percent and 77.50 percent respectively.

Statistical analysis proved the fact that there is no significant difference between the groups both in the warp and weft side of the dyed samples.

4.2.3. Wettability and Absorbency test 

4.2.3.1. Drop Test 

Drop Test of original and dyed samples are given in Table XI and Figure VI.

Table XI

Drop Test

	S .NO
	Samples
	Mean values(sec)
	Loss or gain

over original
	Percentage of

Absorption

	
	original
	1.04
	
	

	
	Dyed sample
	
	
	

	1
	PRA
	0.88
	0.16
	15.38

	2
	POA
	0.86
	0.18
	17.31

	3
	SLA
	0.78
	0.26
	25.00

	4
	PRM
	0.78
	0.26
	25.00

	5
	POM
	0.72
	0.32
	30.76

	6
	SLM
	0.74
	0.30
	28.85


Anova for drop Test 

	
	Sum of square
	df
	Mean value
	F
	Sig

	Between groups
	1421.762
	8
	177.720
	1.055
	NS

	Within groups
	6065.089
	36
	168.475
	
	

	Total
	7486.851
	44
	
	
	


NS – Not Significant

The above Table XI and Figure VI, present the wettability performance of the original and dyed samples. From the data it is evident that all the samples exhibited lesser mean values than the original. Lesser the mean value greater in the absorbency performance. Among the dyed samples, Myrobalan used as a mordant for dyeing following different dyeing techniques revealed maximum absorbancy performance among which POM exhibited highest value of 30.76 percent.

Statistical analysis proves that there is no significant difference was found between the samples.
Figure V

Fabric Elongation
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Figure VI

Drop Test
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4.2.3.2. Sinking Test 

                    Sinking Time of original and dyed samples are given in Table XII and Figure VII

Table XII

Sinking Time

	S .NO
	Samples
	Mean values(sec)
	Loss or gain

over original
	Percentage of

loss or gain

over original

	
	original
	10.60
	
	

	
	Dyed sample
	
	
	

	1
	PRA
	2.80
	7.80
	73.03

	2
	POA
	3.20
	7.40
	69.29

	3
	SLA
	2.80
	7.80
	73.03

	4
	PRM
	3.00
	7.60
	71.69

	5
	POM
	2.80
	7.80
	73.58

	6
	SLM
	3.00
	7.60
	71.69


                                              Anova for Time
	
	Sum of square
	df
	Mean value
	F
	Sig

	Between groups
	67043.225
	8
	8380.403
	56.974


	**



	Within groups
	5295.347
	36
	147.093
	
	

	Total
	72338.572
	44
	
	
	


  **significant at 1% level

                                    Table XII and Figure VII, show the wettability performance of the original and dyed samples. From the above data it is evident that all the samples exhibited lesser mean values than the originals. Lesser the value greater is the absorbency performance. Among the dyed samples, Myrobalan used as PRA, SLA and POM mordant for dyeing techniques revealed maximum absorbency as these samples only in 3 seconds to sink completely when to compared to original tha .

                  On analyzing statistical between the groups 1 percent level of significant difference was found.    
Figure VII

Sinking Time
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4.2.4. Colour fastness tests

           Colour fastness Test of original and dyed samples are given in Table XII  
Table XIII

Color fastness for the dyed samples

	s.no

Samples
	Color fastness to washing
	Color fastness to sun light
	Color fastness to pressing
	Color fastness to perspiration

	
	C
	S
	C
	S
	Wet
	Dry
	Acid
	Alkaline

	
	
	
	
	
	C
	S
	C
	S
	C
	S
	C
	S

	1
	PRA
	4
	4
	4/5
	5
	4
	4
	4
	4
	4
	4
	4
	4

	2
	POA
	4
	4
	4/5
	5
	4
	4
	4
	4
	4
	4
	4
	4

	3
	SLA
	4
	4
	4/5
	5
	4
	4
	4
	4
	4
	4
	4
	4

	4
	PRM
	4/5
	4
	4/5
	5
	3
	3
	3
	3
	3
	3
	3
	3

	5
	POM
	4/5
	4
	4
	5
	3
	3
	3
	3
	3
	3
	3
	3

	6
	SLM
	4/5
	4
	4
	5
	3
	3
	3
	3
	3
	3
	3
	3

	7
	DD
	4/5
	4/5
	4
	5
	3
	3
	3
	3
	3
	3
	3
	3


            C - Color Change                                      S - Staining
As per AATCC the grades are

1 – Very poor, 2 – Poor, 3 – Fair, 4 – Good, 4/5 – Very Good, 5 – Excellent

       From the above Table XII, it is evident that color fastness to washing showed that, the dyed samples with Alum mordant was good and with other mordant Myrobalan dyed samples were rated as very good respectively. Regarding, color fastness to sun light, the dyed samples with alum mordant was rated as very good and Myrobalan used samples were rated as good respectively. 

          Considering the colour fastness to pressing in wet condition the samples dyed with alum as a mordant was rated as good and myrobalan  mordanted dyed samples were rated as fair respectively with regard to color  fastness to pressing in dry condition, the sample with alum as mordant was rated as good and with other mordant myrobalan dyed samples were rated as fair respectively. Regarding the colour fastness to perspiration in acidic condition, the samples dyed with alum mordant were rated as good and myrobalan as mordant used for dying samples were rated as fair. Considering  color fastness to perspiration in alkaline condition the dyed sample mordanted with alum was rated as good and with other mordant myrobalan, the samples were rated as fair respectively.
                              V Summary and Conclusion
The Indian textile and clothing business covers wide scale  of activities and processes ranging from production of basic fibre required to the finished value added product such as fabrics made  ups and apparels. Cotton fabric is mostly considered for its natural aesthetic, comfort characteristic and is suitable for all weathers. Cotton is considered to be a relatively easy fibre to dye and print. So, cotton voile fabric was selected for the present study.        

Man is fascinated by color. Color may be of natural original or synthetically developed. The word of textile without color is almost unimaginable. Dyeing may also be called as finishing process, which brings a variety of colors to the fabrics. The dyes and chemicals used in the textile industry contain toxic and hazardous substances, which not only affect only the consumer but also causes severe damage to the environment remark Adivarekar et. al (2004).  

             ‘Eco-friendly’ is the first step in this direction to improve this situation, which was worsening over the year. The current world wide awareness about the environment pollution by the production of synthetic dyes and the disposal of effluent formed after dyeing, causes water pollution. The reincarnation of much less hazardous, eco-friendly, natural dyes are gaining importance. Natural dyes are obtained from natural sources such as vegetable matter, minerals and insects. Any part of the plant which can yield from 1 to 4 percent colour can be considered a potential natural dye source. Mordant is a color fix agent. Mordants are mineral salts that bind dyes into fibre prevents color bleeding. 

            India has a rich traditional of using, natural dyes, especially for dyeing and printing. The use of natural dyes in textile dyeing and printing is achieving acceptability worldwide. The traditional methods of fabric dyeing and printing occupy a unique place in the history of Indian civilization. Hence, the eco friendly coloration through the different type of mordanting technique was taken up “Application of Natural Dye on Eco-Friendly Fabric”, with the following objectives. 

· To procure cotton yarn 

· To select the natural dye source, natural mordant

· To dye the fabric with selected natural dye and mordant

· To evaluate the dyed samples.      
                   Based on availability, affordable, cost and appealing natural color the clitoria ternatea flower was selected and powdered for the study. Clitoria ternatea belongs to the medicinal plant.The flower contain blue dye. The natural dyes need mordant to fix their color on to the fibre were alum and myrobalan selected for the study. Alum is the most commonly used mordant. It does not affect color, though it brightens most light color. Myrobalan can be used  both as a dye and a mordant. It is an extract of a plant. The metallic mordants produce bright fast colors but they are not eco-friendly. In order to produce eco-friendly natural dyeing, the two bio mordants namely alum and myrobalan were selected as mordants for the study.  

             Mordants can be done at various stages, namely pre, post and simultaneous mordanting. All the three mordanting technique were selected for the  pilot study. The selected cotton fabric was desized  for further printing or dyeing Base on the judges evaluation pre mordanting technique with two mordants were selected for final study

              In dyeing various techniques were tried for the pilot study. From that one technique was selected for the final study and a furnishing item was constructed. Base on judge evaluation pre mordanting technique with two mordants were selected for the final study.   

           For the actual dyeing concentration was 5%, dye extraction time was 48hours, dyeing time was 50 minutes, and mordanting time 30 minutes. 
Findings of the study

Visual inspection

                  Among clitoria ternatea dyed samples, PRA and PRM were rated as excellent in general appearance. POA and POM were rated as good in brilliancy of color. Regarding, evenness in dyeing SLM and POM samples were rated as even. PRM, DD and SLM were rated as soft in texture. The samples PRA and SLM were rated as high with regard to luster.

               It is evident that all the dyed samples showed increased fabric weight, when compared with originals irrespective of mordants used. Among the two mordants, the samples dyed by using clitoria ternatea with myrobalan as mordant exhibit  maximum gain in fabric weight 8.78 percent by SLM.The statistical analysis also proves that there is 1% significant between the samples

                 Regarding the thickness the dyed samples increased along, when compared with the original samples. Among the samples maximum thickness of 26.18 was seen in SLM. The increase thickness is due to the dye uptake. The result is significant at 1 percent level.                
              With regard to weft yarns per square inch, PRA and SLA have showed 10.2 percent increase in count. Statistics also proved that there is significant difference at 1 %level

              The  PRM and POM samples show increase in strength along warp direction as 69 and 68 percent respectively. The samples mordated with myrobalan gives better improvement in the strength.    

              All the samples showed increase in elongation when compared with their originals irrespective of mordants and dyeing techniques used. Both in the warp and the weft side, the maximum gain in percent was noticed with SLM 37.68 percent 77.50 percent respectively. Statistical analysis shows no significant difference between the groups both in the warp and weft side of the dyed samples.

             Myrobalan mordanted sample revealed maximum absorbency performance, among which POM exhibited highest value of 30.76 percent. 
Conclusion 
          ‘Eco Friendly’ is the voice of every one individual around global. In this contest this research as focused upon the use of “Clitoria ternatea” flower dye on the king of fabrics” the stability of color and brightness is rightly increased by application of alum and myrobalan. The study also says foundation to control pollution. The result has proved bright colour, good absorbency by myrobalan mordanting. To conclude the study could help Indian exporters, especially home textiles to be in bar with international standards.

Limitation of the study  
            Due to the lack of time other home furnishing could not be selected for the performance study.
Suggestion for Future Research
           Other natural mordants could be tried to dye with Clitoria ternatea dye.

             Clitoria ternatea dye could be tried on other natural fabrics like silk and wool.
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