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1. INTRODUCTION

Sisal the origin of Maxico obtained from Agave Sisalana of Agavacea (Agave) family yield stiff fibers traditionally used in making twine and rope.  In the 19th century it was grown in Sisalean island and Brazil, as well as spread to countries in Africa, notably Tanzania, Kenya and Asia. The first commercial plantings in Brazil were made in the China are source of Sisal  [www.worldjute.com]. Sisal has been used as an environmentally friendly strengthening agent to replace asbestos and fiber glass in composite materials in various uses including the automobile industry explains Rastogi (2009). 

Natural dyes have been used as means of coloring textile for centuries. Till later half of the 19th century all the dyes were derived from animal and vegetable sources. Many hazardous chemicals such as napthols are aromatic amines which are carcinogenic in nature. Therefore demand for natural dyes is increasing day by day says Susan et al., (2006). “Go back to the nature” this is the only way for us to move the researchers attention has again shifted back on the revival of the old art of dyeing with natural dyes. Recently a lot of concern and awareness toward maintenance of ecological balance has led to the revival of natural colourants says Gulrajani and Maulik (2002).

Natural dyes are gaining popularity, as they are harmless to the body and pollution free remark Eom et al. (2001). The dyes are being natural are earth friendly, some dyes even have some therapeutic values for which the raw materials find use in ayuruedic industry. Natural dyes are being preferred over with the synthetic dyes because these exhibit better biodegradability and compatibility with the environment quote Neetu and Shawnaz (2003).

In every civilization from ancient time to the present day mankind has shown a great like for colour. Colour is an element which transforms the entire fabric to life. Colour on clothing has been extensively used since about 5000 years. Thus the term ‘Natural dyes’ covers all the dyes derived from plants, insects and minerals. During the late 1800 and 1900 the dye industry was the major synthetic organic industry and was forerunner of the pharmaceutical and agriculture chemical industry, s well as synthetic fibers, plastics and food industry says Saikia (2004). 

Color has played an important role in human life since stone age to present silicon age. Colour application not only improves surface appearance ideas of the weaver.  Gokarneshan (2008) enumerates that various processes that contribute to water pollution are sizing, desizing, scouring, bleaching, dyeing, printing and finishing says Anita (2003).

Colour compounds derived from natural sources have been categorized in to several groups such as quinines, anthocyanins, carotenoides , chlorophylls, betataines, curcumins and a number of others driven by the current eco-movement and the resultant inclination of the world for green fashion. There has been a revival of interest in eco-friendly natural dye throughout the world explain Dayal et.al (2007). Colour is extremely important in the modern world. In most cases, colour is an important factor in the production of the material and it is often vital to the commercial success of the product say Becerir (2006).

Dyeing especially is a water intensive process which consumes 16 per cent of the total water say Jaipura et al. (2004). Textile industry is the major polluters by discharging dyes and chemicals waste liquor into ground and to river water. A large number of chemicals of diverse nature are involved in the process and thus the effluents pose a definite environmental treat, to avoid such problem, researchers selected natural dye feels Prabhu (2003). The global consciousness about use of eco-friendly dyes due to the hazardous and carcinogenic effect of many synthetic dyes, awareness has been developed selection of dyes that may be used for textiles. The latest development on this score is that the European Union has proposed to 300 textile dyes, states Patra et al. (2008). Due to carcinogenic effect of synthetic dyes, the green mined consumers are back to natural dyes as these are non-hazardous, biodegradable and have better compatibility with the environment, quotes Moses (2000). 

Clothing is one of the three basic needs of human beings. ‘Textile’ is not just pertinent to clothing, their performance and functional properties but means much more by way of their aesthetic, decorative and functional attributes, say Rakshit et.al (2003). As a consequence of increased environmental awareness, natural dye is preferred over the synthetic dyes because they exhibit better biodegradability and compatibility with the environment. Gahlot et al. (2008)  state, India being a tropical country have good resources of plant dyes which can be easily integrated into the textile manufacturing. Therefore now a days attempts are being made to utilize natural dyes for incorporating colour to textiles says Sharma et al. (2003).


Mordants are integral parts of natural dyes. Variety of shades are obtained by mordanting. The natural mordants are gifts of textile industry as these it contain  sufficient tannic acid which remains with peels of the fruits report Mahale et al. (2003).

The realization of eco- friendly agriculture productions are due to an increase in the consumer allergies and emergence of various diseases which are caused due to textile dyeing effluents emphasize Dumitrescu (2004).

Considering the above facts on pollutions caused due to synthetic fibers, dyes and mordants, the researcher selected natural dyes and mordants for dyeing yarn of vegetable source for the study.

The objectives of the study are to,

· extract of dye from padouk wood

· optimize dyeing process

· select suitable mordant

· dye with suitable mordant

· dye sisal yarn

· evaluate dyed yarn

2. REVIEW OF LITERATURE


The literature review of the study is presented under the following headings:


2.1. Natural Fiber 


2.2. Sisal Fiber 


2.3. Yarn 


2.4. Natural Dye 


2.5. Natural Mordant

2.1. NATURAL FIBER 


Natural fibers have been used to make textiles since prehistoric time. They are still used today because of their excellent performance reveal Goel and Nishkam (2003). Natural fiber is divided into plant fiber (cellulosed fiber) animal fiber and mineral fiber. Plant fiber is one of most abundant natural polymer materials in nature categorize Wang and Zhang (2009). Mishra (2005) classifies plant or vegetable fibers according to the source of plants, where they occur and from which they are extracted, as seed hair fibers from seeds or seed pods - cotton and kapok, bast fibers - fibers occurring the bast tissue or bark of dicotyledonous plant, -jute, flax, hemp, ramie, leaf fibers from leaves of selected monocotyledonous plants-sisal, pineapple, banana and malina and fruit or husk fibers from husk of the fruit - coconut and beetle nut. The leaf fibers are also often termed “hard” fibers because they are generally harder, stiffer and coarser in textiles than the bast fiber group. Leaf fibers are also some times called as “structural” fibers. Leaf fibers are obtained from the leaves of monocotyledonous plants stress Mauresberger (2000). 

2.2. SISAL FIBER 

2.2.1. Origin  

In the 19th century, sisal was cultivated in Brazil, as well as spread to countries in Africa, notably Tanzania and Kenya, an Asia according to Rastogi (2009). In India, sisal has been cultivated on an experimental scale in Assam, Bengal, Tamil Nadu and Karnataka of the different species of Agave cultivated for fiber, true sisal is by far the most important. It contributed nearly 72 per cent of the world total Agave fiber production about 9, 27,000 tonnes says Nehra (2007). Sisal is a natural fiber extracted from the leaves of the Agave sisalana, a succulent plant, which grows in dry desert climates . Since sisal has gained popularity for use in a variety of products, sisal farms have been established, especially in Africa (www.sustainablefloors.co.uk/Sisal.flooring).
Sisal usually referred to as long fiber agaves. The sisal agave has a short stem  of 37.5cm thick bearing a number of dark green thick fleshy, rigid leaves generally, no spines are found on the leaf margin. Each plant yields about 200-300 leaves during its life time of 7-8 years, states Sambamurty (2000).  Sisal is coarser hard fiber, that appears as a nearly white or pale yellowish fiber varying in length from 3 to 5 feet. It is very strong, rough to the feel than and not as flexible as abaca fiber. The ultimate fiber cells are about 2.5 mm long and in transverse section are polygonal in outline, with polygonal lumen expresses (NIIR Board).      

2.2.2. Properties 

The thickness and the length of single fiber of sisal hemp are almost same as that of manila hemp.  It is varying in length from 3 to 5 feet, it is very strong but is rough to the feel than abaca fiber, The ultimate fiber cells are about 2.5mm long & in transverse section are polygonal in outline quotes Nakamura (2000). 

 A sisal strand consists of a bundle of many individual fibers held together by non cellulosic gummy material, such as lignin states Goswami (2002). Sisal contains few fibers with a characteristic lattice pattern and others rectangular pattern explain Cook (2000). Kaur (2010) expresses the characteristics of sisal that it absorbs moisture well, dyes and withstands high temperature.
2.2.3. Advantages 
Sisal in not only sustainable and 100 per cent bio-degradable, it carries may other advantages as well. It is extremely hard to wearing and strong. It is one of the toughest fibres in the natural plant fibers. Sisal also provides a natural sound insulation and is generally better for those prone to allergies aesthetic reactions. The fine texture of sisal takes dyes easily and offers the largest range of dyes colors of all natural fibers. High strength to weight ratio, resistance to breakage during processing, low energy content and recyclability are some of the main advantages of sisal fibres. (www.Sustainablefloors.co).

2.2.4. Disadvantages

Sisal fiber absorbs air humidity leading to a small amount of expanding and contracting which may lead to curling  rugs and unsecured edges. Sisal fiber is too tough for textiles and fabrics. This fiber is not suitable for a smooth wall finish. (www.worldjute.com). 
2.2.5. Applications 

          The high strength, lustre and good color of sisal have made it into an attractive fiber for certain textile uses says Cook (2001). The fiber is used for making ropes, sail cloth, sacks and carpets due to its strength. Sisal ropes are exptensively used in ship building industry, marine vessels and steamers as it is resistant to saline waters. It is used as composites for floor covering explain Mishra (2000). Sisal is also used as a binding material for plaster molding as well as in the construction industry to reinforce plaster in ceilings and walls. In recent years sisal has been utilized as strengthening agent to replace asbestos and fiberglass, and as a compound in automobile industry (www.wigglesthfibres.com/ products/sisal/uses).

2.3. YARN 


Twisting fibers into yarn is the process called spinning (http://enwikipedia.org). Staple fibers are twisted together on the spinning frame to get enough cohesion between the fibers and continuity in the yarn. The fibrous strand is twisted in the spinning machine to hold the constituent fibers together, thus giving strength reveal Palaniswamy and Mohammed (2005). 

2.4. NATURAL DYE
2.4.1. History of Natural Dye

In every civilization from the very early time to present day the  art of applying color through dyeing has played an important role. Dyeing of textile material not only changes color but helps to retain the dye effectively say Paul et al. (2003). Traditionally, natural dyeing has been a labour intensive four step process, harvesting the dye stuff, extraction of the dye, preparing the goods and dyeing fabric by immersing it in the dye bath states Sharma et al. (2007)

Natural dyes have been synonymous with traditional Indian textile like the Kalamkari and Madhubani Paintings, Patolas and Kashmir Shawls in vegetable dyes have been used to enhance the design and ornamentation to create a harmonious combination according to Ekta et al., (2007). The history of natural dyes is more than 4000 years old. Till 1856 all dyes were extracted from varieties of plants as well as from a few animal sources. In early times the plant world served as the principle source for the dye stuffs by which man obtained color explains Mahale (2003).

The term ‘natural dyes’ comprises of all the dyes derived from plants, insects and minerals says Paul et al. (2003). The color of dyed fiber is expected to withstand these agencies such as light, weather, moisture & washing feels Alkagoal (2010). During the last 10 years, realizing the importance of natural dyes there has been an increase in the production and application of natural dyes for apparels, carpets and other many home textiles view Gulrajani et al. (2001). Dyeing is a process of imparting colored organic compounds called dyes, which are soluble in appropriate solvents and capable of becoming absorbed into molecular ‘surfaces’ of substrate in controllable manner and of defocusing within these substrates explain Adetuyi (2009). 

2.4.2. Classification of Natural Dye

Natural dyes cover all the dyes derived from natural resources namely plants, insects and minerals reveals Adivarekar (2008). Kannan and Geethamalini (2005) remark that the earliest classification was according to alphabetical order. Later classification was based on chemical structure, where grouping of each structure was carried out according to the use. The important classes include: indigoid dyes, anthraquinone dyes, flavones, dihydropyrans, anthocyanidins, carotenoids and alpha-napthoquinones.

The dyes are classified based on colours as red colour -madder, lac, red sandalwood, cochineal, alkannin, and safflower, yellow colour -turmeric, kapila, tersu, blue colour -indigo wood, balck colour -log wood, brown colour -onion, cutch, and orange colour –annatto says Teli et al. (2000).

Natural dyes can be sorted into three categories by source as namely plants (indigo), animals (cochineal), and minerals (ocher) states Tawfik (2002).

The basis of their origin, natural dyes are classified as vegetable dyes that are derived from roots, bark, wood, leaves, flowers, and fruits of the plants, mineral dyes that are derived from minerals and found in nature and natural dyes of animal origin such as dyes derived from lac and cochineal express Sundaram et al. (2000).

Natural dyes are classified as, substantive dyes and adjective dyes. Substantive dyes like indigo, orchid and turmeric require no pretreatment to the fabric. Adjective dyes can be dyed with addition of a mordant to the dye bath like logwood, madder, cochineal, fustic and alizarin enumerates Chakraborty et al. (2010). Natural dyes are those which are obtained from natural process without chemical processing. It may be from insect vegetable or mineral source. Insect dye includes cochineal, kermes and lac red dye but here in India we have plenty of vegetables dyes which are also used as ayurvedic or urban medicine narrates Khan (2005).
2.4. 3 .Dye Source

In India some 500 varieties of plants are available that can yield natural color. They can be obtained from any part of plant like leaves, fruits, flowers, barks & root report Ansari et al. (2000). Dyeing with material dyes is carried out mainly from natural raw material in powder form  reveal Bhattachargya et al. (2004). 

Natural dyes are class of colorants extracted from vegetative matter and animal residues quote Vankar et al. (2001). Pruthi (2008) says natural dyes have been an integral part of textile since time immemorial. 

 
Oil mordants are mainly used in the dyeing of Turkey red color from Madder. The main functions of the oil mordant are to form a complex when alum is used as the main mordant explains Singh (2000). Dyeing may also be called as a finishing process. Dye molecules which are loosely held by fiber or bond by weak force such as hydrogen bonds, the fading or bleeding of the dye occur during laundering informs Siddiqui (2008).


In the present era of revivalism, natural dyes have much more utility and importance. It was thought worthwhile to explore the renewable source for producing natural dyes from abundantly occurring and easily available forest biomass remark Dayal et al. (2001). According to Dean (2000), natural dyes fall mainly into the following broad categories namely leaves and stems - weld, nettles, cow parsely, carrot, golden rod, eucalpyptus, twigs and tree purning – beige and light brown to pink, flower heads - golden rod, tansy, corepsis, marigold, chamomile, barks - buckthorn bark, roots - madder, turmeric, insects - coccus cacti and outer skins hulls and husks - fustic, logwood, cutch, berries, seeds and lichens.

2.4.3.1. Padouk

· Features

Pterocarpus soyauxii is a species of pterocarpus in the family fabaceae, native to central and tropical West Africa, from Nigeria East to Congodinshasa and south to Angola. It is tree growing to 27- 34 metre tall, with a trunk diameter up to 1 meter with flaky reddish grey bark. The leaves are pinnate, with 11-13 leaf lets. The flowers are produced in panicles. The fruit is a thorny pod 6-9 centimetres long, which does not split open at maturity, says Jansen (2005).


Sandalwood or Pterocarpus soyauxii is a small tree that has been said to have several benefits. It has actually been  used for over four thousand years. The sandalwood tree is only about 45 feet tall but takes almost 80 years to fully mature Padouk are valued for their toughness, stability in use, and pterocarpus wood contain either water or alcohol  soluble substances and can be used as dyes remarks Bannerjee (2000). 

      
Pterocarpus soyauxii leaves are eaten as vegetables and have a high ascorbic acid. The wood eaten as vegetables and have a high ascorbic acid. The wood commercially known as “African Padouk” is of medium weight, very hard and durable, termite resistant, fading blood red in colour, impregnable with preservatives difficult to plan, can be turned and polished. The heartwood is bright red when freshly cut, becoming orange-red on exposure and darkening to purple-brown and distinctly demarcated from the whitish to brownish yellow sapwood 6-10 cm wide. The grain is straight to interlock, texture coarse. The wood has a faint aromatic scent when freshly cut state Surowiec (2004).


Soyaurii wood is moderately heavy the density is at 12 per cent moisture content, the shrinkage rates are moderately low, from green to oven dry 2.2 - 3.8 per cent radical and 4.1 - 6.2 per cent tangential. The wood dries weel but moderately difficult to impregnate. The heart wood is rich in extractive substances by organic pentosane content is very low describe Cardon (2003). The low damping factor, shrinkage co-efficient and moisture uptake of padouk heartwood appear to be linked to its specific composition in extractive substances, and sapwood has much higher values of these physical properties. The wood is also rich in tannins, which contribute to mordanting in the dyeing process. In the colour index bar wood is cited as a source of natural red quotes Burkill (2001).

· Non textile applications of Padouk 


The wood of pterocarpus soyauxii is a valuable multipurpose hard wood. Because of its resistance to water it is locally used to make canoes and because of its beautiful reddish colour it is favoured for carving and sculpturing, furniture,, cabinets, knife and tool handles, traditional hair  combs walking sticks and musical instruments quotes Nowik (2004).

       
The wood is highly durable and used for construction, carpentry, outdoor joinery, flooring, staircases, railway sleepers, boats ,veneer inlay, billiard tables, toys, joinery, dowels, shuttles, bobbins, spindles, sporting goods and paddles. As a wood is resistant to marine borers it was used in temperate resistant for marine constructions such as piers and sluice gates. The wood is also used as fuel states Issembe (2000).


The heartwood is the source of the so called true bar wood dye. In Africa now a days, the dye is still used to colour red fabrics, fibers and clothes, included the tail-like ornaments made from raffia fiber in cameroon and worn on the back by women of the bulu people. Pterocarpus soyauxii red with a more violet shade, obtained by combining the red dye with tannin-rich plants and a mordant of iron rich mud reports Gerard (2004). The leaves are eaten as a cooked vegetables used for walking sticks, canoe construction, buildings, wooden shovels, yarn pestles and heavy furniture; pulping trials were satisfactory reveals Duke (2000).The leaves are edible and contain large amounts of vitamin C; they are eaten as a leaf vegetable. Bark extracts are use in herbal medicine to treat skin parasites and fungal infections. The leaves have high ascorbic acid content even after cooking. The bark of pterocarpous soyauxil showed antifungal activity against some pathogenic fungi emphasizes Hong (2000).

2.4.4. Characteristics of Natural Dye

The characteristics of natural dyes as environment friendly, biodegradable, non-toxic, cost effective and also creates rural employment enumerate  Pardeshi et al. (2000). Natural dyes are advantageous as these are fastness can be achieved by the use of proper mordants stresses     Chakaborty (2009). Favour of natural dyes are their aesthetic appeal. Compared to synthetic colors the colors obtained from natural sources are more soothing to human eyes says Sidhu (2008). The disadvantages of natural dyes as these depend on climatic condition, not available in all the countries, have poor fastness properties, have limited need shades, more consumption of dye and that reproducibility of the same shade is not easy express Mishra (2000).

Natural dyes are  biodegradabile  and generally compatibile with the environment, and readyily  available ,says  Ghorpade et al. (2000).  Ansari and Thakur (2000) enumerate the advantages of natural dyes as these are renewable natural wealth like plants, minerals, and insects,  are environment friendly and their production and consumption will help in maintaining the ecological balance, they are aesthetically appealing, present an opportunity for export leading to the earning of foreign exchange. Awareness and concern for the environmental issues had led to extensive use of natural dyes emphasize  Shanker and Vankar (2005). The important eco-parameters to be tested as regards natural dyed textiles are traces of heavy metals on textiles, heavy metal contamination in the effluent, pH of aqueous extract of the dyed textiles, pH  of the effluent, product behavior in use fastness of washing, perspiration, rubbing both dry and wet. The characteristics of dyes as intensive colour, solubility in water, substantivity to the fiber in question, durability to wet treatments, safe and easy to handle enumerate Gulrajani and Deepti (2001).
2.5. NATURAL MORDANT
Mordants are the chemicals that bite the surface of the fiber, so that the dye sinks in. It forms the complex with the dye, which is insolvable in water and thus gives fast color point out Sujatha et al. (2002).Natural dyes are famous for creating variety of shades with the help of bio and metallic mordant state Sharma et al. (2007). The mordant is considered as an integral part of the natural dyes. The mordant is usually applied in a separate process after dyeing. But in some cases, the mordant and dye are used together, say Mahale et al. (2003) 

The vegetable colorants required a mordant in dyeing of the textiles to enhance the binding force between colorant and substrate. It is possible to obtain brilliant colors in natural dyes quote Paul et al. (2003).   Mordants have a fair color range but the colors produced are lighter then acid dye shades. Mordants required addition chrome and are used for dyeing stress Navneet et al. (2010). Natural dyes do not adhere permanently to the fiber without the use of chemical known as mordants. They fade away or bleed unless treated with mordants. Mordants are considered as an integral part of the natural dyes. The use of the mordant can alter the hue and dye up take feel Deo (2004).       

2.5.1. Types of Mordant

Common Mordants are alum, blue, vitriol, tannic, acid Chakaborty (2009). Paul et al. (2005) explain there are three types of mordants, tannic acid, metal salts, or metallic mordants and oil mordants.The idea of using of bio-mordants are  to reduce the usage of chemicals and to see the effect of dye uptake as well as for the reconstruction and revival of traditional dyeing techniques, and to achieve eco-friendliness state Vankar et al. (2000).

In order to develop a totally eco- friendly natural dyeing process, it is necessary to replace the metallic mordants with eco-friendly mordant remark Deo and Paul (2003). A mordant has a direct effect on the dye and governs the colour produced  from a dye. A same dye produces different colours if used with different mordant states Deo (2010).

Most of the vegetable colourants have poor affinity towards textile and hence it requires mordants at the time of its application. Mordants also help to produce different ranges of colour by using single colourants. But an attention towards pollution control is very essential while using these different metallic mordant explains Maulik (2005). 

Yarn can be mordanted at various stages of the dyeing process. The most common procedure is to mordant before dyeing. Bottom mordanting, which allow yarns prepared with different mordants to be placed in the same dye bath. Mordant applied before and after dyeing is known as top mordanting states Held (2000).

2.5.2. Mordanting Technique

Pre-mordanting technique  mandating is the first step after which dyeing is done, Pre mordanting method is producing lighter shades,  while in simultaneous technique, mordanting and dyeing are done simultaneously and it produce light & dark shades. remark  Kumar et al. (2002) .In post mordanting technique, dyeing is the first step following which mordanting is done. In the without mordanting technique, dyeing is done without the aid of a mordant. 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 cases, the mordant and dye are used together say Mahale (2003).

2.5.3. Advantages of Mordant

An almost complete range of soft, gentle, excellent and subtle colors can be obtained by appropriate combination of various natural dyes and mordants. Due to the environment hazard caused by synthetic mordant while dyeing of textile fabric, manufacturers have to find out safe natural mordants for natural dyes inform Deo and Paul (2003).  

Metalic mordants are used which are environmentally objectionable quotes Teli (2008). The mordants are used for enhancement in fastness as well as to obtain variability in colour states Dheeraj et al. (2003)

2.5.4. Mordant sources 

2.5. 4.1.Myrobalan (Terminalia Chebule )

 It is a medium sized tree bearing oval shaped fruits in a cluster. It is commonly found in northern India. In Northern India the tree does not attain to any great size, but attain up to 100 feet in height. The nuts of myrobalan are immature fruits of Teo tree species of India. Terminalia Chebula nuts of these species have a tannin content of 30 per cent to 40 per cent quotes Pandey (2007). 

It is utilized for giving yellowish colour which gives better result  when combined with other matters. The pulp of the fruit is medicinally important. The chief commercial value of chebule myrobalan is a tanning material remarks Singh (2007).The fruit is commercially known as chebulic myrobalan and is one of the mildest, safest and effective laxative astringent, tonic chronic ulcers and wound may be treated with a fine powder of the fruit states Chadha (2006).
2.5.4.2. Pomegranate rind   (Punicagranatum)
     
It is deciduous small tree, may attain a maximum height of 8 metres with reddish colour flowers. Its fruits are edible. Bark of trunk and roots processes medicinal properties which contain 20 per cent to 30 per cent tannin and 0.5 to 1 per cent alkaloids. The fruits pulp contain protein, fat, fiber, mineral, vitamins. The flowers yield red  colour which is used for dyeing cloth. The fruits rind constitutes one of the important tannins in Jammu and Kashmir. The flowers yield a light red dye said to have been used in India for dyeing cloth explains Kumar (2004).

2.5.4.3. Reetanut (Acacia Concinna)


An attractive medium sized deciduous tree stands up to                     20 metres in height, with gray smooth bark and pinnate leaves. The flowers on Reeta nut plant grow during the summer season and are small in size and greenish white in colour. This ripened fruit is then either sold            in the market as soap nut or collected for seeds, as they tend to         germinate easily. Reeta is used as the main ingredient in soaps and shampoos for washing hair, as it is considered good for the health for hair. It is used in dyeing textile material. The plant is known for its antimicrobial properties that are beneficial for septic (www.iloveindia.com/indianherbs/ sapindusmukorossi.html).

2.5. 4.4. Alum (Aluminum potassium sulfate)

Alum was one of the first mordants. It is only the basic alumina which in combination salts says Murphy (2000).
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      FIGURE 1

3. EXPERIMENTAL PROCEDURE


The experimental procedure of the study comprises of the following steps:


3.1. Selection of Yarn


3.2. Pretreatment of Yarn


3.3. Conduct of Pilot Study for Dyeing


3.4. Selection Extraction of raw materials for dyeing


3.5. Selection of dyeing parameters

3.6. Nomenclature of the Dyed Yarn Sample

3.7. Evaluation of the Dyed Sample


3.8. Estimation of Cost


3.9. Statistical Analysis

3.1. SELECTION OF YARN


The yarn selected for the study was sisal yarn. Raw sisal, fibers have higher tenacity than other leaf fibers. It has high tensile property. They have the characteristics of high durability says Lewin (2007).It is good dyeing characteristics and can be dyed with the same direct dyes used for cotton explains jindal (2005).  Hence to study the dye affinity of the sisal yarns for natural dyes this study was taken up.
3.2. PRETREATMENT OF THE YARN


The aim of the preparatory process is to improve the quality, by removing impurities and foreign matters thoroughly and uniformly from the fabric and make it suitable for processing explain   Anthappan et al. (2006). 


Efficient removal of these impurities during grey preparation is essential to guarantee proper dyeing process explain Prabakaran and Rao (2003). Hence scouring and bleaching processes were carried out for the yarn samples.

3.2.1. Scouring

    
Scouring is to remove the non cellulosic cuticle constituents prior to bleaching and dyeing. This improves wet ability of the fibers there by facilitates uniform dyeing and finishing says Nakamura (2000). Hence the scouring process was carried out as per the suggestions of Goel et al. (2007).



About 500 grams of yarn was scoured in a bath, containing 0.75 lissopol, 4 per cent of a soda ash in MLR 1:50 at 60(C for 15 minutes. After scouring, the material was taken out, rinsed thoroughly in soft water by changing three times, and squeezed well and dried in cold place.

3.2.2. Bleaching


Bleaching   is to impart perfect whiteness to the fabric by removing the natural coloring matter from the fabric explains Pradeshi (2006). To attain the whiteness necessary for satisfactory dyeing, the scoured yarns were bleached as per the instructions of Jayakodi (2000).


About 500 grams of yarn was bleached in a bath containing 4 per cent of hydrogen peroxide 3 per cent of soda ash 5 per cent of caustic soda in MLR 1:50 at 60(C for 30 minutes. After the bleaching was carried out, the yarn was washed thoroughly with detergent water. The yarn sample was neutralized with mild acetic acid. 
3.3. CONDUCT OF PILOT STUDY FOR DYEING

        
Pilot  study is a preliminary study conducted in a limited scale before the large scale are carried out in order to gain  some primary information on basis of which the main project would be planned and formulated says Saravanavel (2000). A pilot study was carried out to note the dye penetration of padauk wood dye colour into sisal yarn with and without mordants. 
3.4. SELECTION EXTRACTION OF RAW MATERIALS FOR DYEING

       The selection of raw materials and namely dye and mordant, and extraction of the same are explained under.

3.4.1. Selection of natural dye source

Based on abundant availability of waste powder from saw mill and appealing colors obtained form it on sisal yarns in the pilot study padouk wood was considered for the study (Plate 1).

3.4.2. Selection of Mordants 
a. Myrobalan (Teninalia Chebula) 
   
It can be used both as dye and mordant as it contains 90 per cent natural tannin. It is an extract of a plant used in dyeing and tanning. The fruit of T.Procera are used for dyeing suggests Bhattacharjee (2004). Hence myrobalan was dried, powdered  for use as one of the mordants for the study (Plate II).

b. Pomegranate rind (Punica Granatum)


      
The pomegranate is a fruit that contains 25 per cent natural tannin. In dyeing the rind of the fruit is most widely used. A yellow dye is obtained from the dried rind. The dried peel of the fruits contains 26 per cent tannin. The color obtained exhibit good fastness to washing rubbing and light(www.bharthiya.netcreation). So, Pomegranate rind used as one of the mordants to improve fastness in the yarn along with padouk wood dye (Plate III). 

c. Reeta nut (Acacia Concinna) 

     
  Reeta nut contains nearly twenty five species yield tannin 56 per cent, gum and timber quotes Kumar (2004). Hence reeta nuts were dried, powered and used as mordant along with padouk dye for dyeing (Plate IV). 

d. Alum (Aluminum Potassium Sulphate) 

      
 It is most commonly used mordant. It does not affect color; the use of two much will leave the fiber feeling sticky and harsh. The use of alum is recommended as it helps in even dyeing (www.chemistryex plained.com). It is also considered to be eco-friendly. Hence alum was procured from shop powdered and selected for the study to be used as one of the mordants (Plate V).

3.4.2.1. Extraction of the Dye Solution

Dye from selected natural source was extracted in aqueous medium. The prepared padouk wood powder was mixed with 150 ml of water and boiled for 30 minutes at boiling temperature and kept for one hour at 100(C temperature. Then the extracted dye was filtered for use (Plate VI).

3.4.2.2. Extraction of the Mordant


The selected powdered mordants namely myrobalan, pomegranate rind, rita nut and alum were mixed with 150 ml of water and boiled for 30 minutes at boiling temperature and kept for 1 hour at the temperature  of 100ºC. Then the extracted mordants were filtered for use. The same procedure was followed for all the sources for the mordant extraction  (Plate VII).

3.5. SELECTION OF DYEING PARAMETERS

         Dyeing parameters may be optimized for dye concentration, dyeing time and dyeing temperature. They have used the following parameters for optimization which were utilized for the study express Rani and Singh (2003). 


The dyeing parameters were optimized with various trials as under,
         
Dye concentration              - 10gram, 20 gram, and 30 gram
       
Dye soaking time                - 30 minutes, 45 minutes, 60 minutes

         
Dye extraction temperature - 60( C , 80( C, and 100(C
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	PLATE 1

PADOUK WOOD AND PADOUK WOOD POWDER

	


	



	PLATE II

MYROBALAN AND MYROBALAN POWDER
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	PLATE III

POMOGRANATE RIND AND POMEGRANATE RIND POWDER

	


	



	PLATE 1V

REETA NUT AND REETA NUT POWDER


	



	



	PLATE V

ALUM AND ALUM POWDER
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	PLATE VI

EXTRACT OF THE DYE SOLUTION
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	PLATE VII

EXTRACT OF MORDANT SOLUTION



3.5.1. Dye Concentration


The concentrations of 10 gram, 20 gram and 30 gram of dye powder 150 ml of water individually and allowed to stand for boiling temperature. The sisal yarn sample was immersed in to the respective concentrations and the dye solutions were boiled for 60 minutes by maintaining the temperature at 100(C. The yarns were assessed visually after several washes. The maximum depth obtained in the yarn samples was considered as the best concentration.

3.5.2. Mordant Dyeing of yarn samples

In pre mordanting technique the sample is mordanted prior to dyeing and is then carried forward for dyeing in the wet state after squeezing the excess water. In simultaneous mordanting, the sample is dyed by adding the mordant into the extracted dye liquor at the start, whereas in post mordanting, the fabric is first dyed and then mordanted describes Samanta (2003). Accordingly the three methods of pre-mordanting, simultaneous mordanting and post-mordanting techniques were adopted for the study.

3.5.2.1. Pre mortanting technique

       For the pre mordanting technique two dye baths were used, of which 1 bath was used for mordant solution and another for dye solution. The pre treated yarn sample in wet condition, was immersed in the motrdant solution and kept for 30minutes, at 60( C. The yarn samples were taken out squeezed and put in the dye bath, dyeing was carried out using optimized concentration of 30grams at different time duration of 30minutes,45minutes, 60minutes at various temperatures of 60( C,80( C,100( C. Thus nine samples were obtained.

3.5.2.2. Simultaneous mordanting technique

        As for simultaneous mordanting techniques single bath was utilized. The extracted mordant solution and optimized concentration of dye solution were taken in the same bath, and the yarn sample was immersed in it.  The time of 30minutes,45minutes, 60minutes were used for dyeing at temperature 60ºC, 80°C, 100ºC individually. Thus nine samples were obtained in this technique.

3.5.2.3. Post mortanting technique

       For the post mordanting technique two dye baths were used, of which one  bath was used for dye solution and another for mordant solution. The pre treated yarn sample in wet condition, was immersed in the mordant solution and kept for 30min, at 60( C. The yarn samples were taken out squeezed and put in the bath containing optimized concentrations of dye (30grams). The process was carried out with different time durations namely 30minutes, 45 minutes, 60 minutes and the temperature of 60ºC, 80ºC, 100ºC. Thus nine samples were obtained in this process. 

3.5.3. Analysis of dyed yarn samples


Thus dyed yarn samples were analysed subjectively for dye adherence properties namely general appearance, brilliancy of colour, luster, future and evenness of dye in yarn. From these data the time and temperature those gave best results in the yarn samples in dye adherence were noted and these yarns were objectively analysed.
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	PLATE  VIII

DYEING OF YARN



3.6. NOMENCLATURE OF THE DYED YARN SAMPLES

The details of nomenclature of the yarn samples and those were treated with various mordants are presented in Table I.
TABLE I
NOMENCLATURE OF THE DYED SAMPLES

	S.No
	Nomenclature
	Details

	1
	SO
	Sisal original yarns

	2
	SS
	Sisal scoured yarns

	3
	SB
	Sisal bleached yarns

	4
	APr
	Alum Pre-mordanting 

	5
	APo
	Alum Post-mordanting 

	6
	AS
	Alum Simultaneous 

	7
	MPr
	Myrobalan Pre-mordanting 

	8
	MPo
	Myrobalan Post-mordanting 

	9
	MS
	Myrobalan Simultaneous mordanting

	10
	PPr
	Pomegranate Rind Pre-ordanting 

	11
	PPo
	Pomegranate Rind Post-mordanting 

	12
	PS
	Pomegranate Rind Simultaneous mordanting 

	13
	RPr
	Reetanut Pre-mordanting 

	14
	RPo
	Reetanut Post-mordanting

	15
	RS
	Reetanut Simultaneous mordanting 


3.7. EVALUATION

3.7.1. Optimization of Dyeing parameters


The dyeing parameters were optimized after trial conditions of dyeing on sisal yarn samples visually and with the help of colour matching cabinet at D65 lighting as per ASTM D 1729 (Plate IX).
3.7.2. Evaluation of the Dyed Sample


The dyed samples were evaluated by subjective and objective methods.

3.7.2.1. Subjective Evaluation 

3.7.2.1a. Visual Assessment of original and treated samples

       Visual Assessment  of original, scoured and bleached yarn samples was carried out to assess the differences that the yarn acquired on scouring  and bleaching processes over original yarn samples.

       The yarn samples were displayed for assessment for the judges of postgrduation students specializing in Textile and Clothing. About 25 judges assessed the samples. The yarn samples were estimated for the characteristics of color, texture, lustre, and good general appearance.

3.7.2.1.b Visual Assessment of dyed yarn samples


The shade of the fabric creates the first impression in the mind of an observer. Feel and handling the acceptance of yarn (Sule and Bardhan, 2000). To find out the acceptance of the dyed samples, visual evaluation was carried out by the panel of judges. The panel consisted of students postgraduation Textile and Clothing specializing. The criteria considered for evaluation were evenness in dyeing brilliancy in colour, lustre and overall appearance of the yarn samples. The scores were consolidated and tabulated for future in depth study.

3.7.2.2. Objective Evaluation 



Textile testing is the process of inspecting measuring and evaluating the characteristics and properties of textile materials. The bleached original and the dyed samples were tested for their colourfastness properties, strength and elongation, yarn count, yarn crimp yarn appearance, wickability.

3.7.2.2.1. Colour Fastness Test


The color applied to the textile material should be retained as long as the fabric lasts. Different dyes have different degrees of fastness to various conditions as perspiration; exposure to sunlight, crocking and washing says Mahale (2003). The American Association of Textile colourants and chemists  (AATCC, 1995) have established standard terminology for rating colour fastness  properties of fabric through different tests and also evaluating colour staining and colour change in fabrics. 


The investigator followed the AATCC grey scales and utilized three view colour matching cabinet at D65 lighting as per ASTMD 1729 for the assessment of colour variations in the samples. Colour fastness is defined as the resistance of a material to change in any its colours characteristics, to transfer its colourants to 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, states AATCC (2001). To compare loss of colour or staining of any hue irrespective of depth, it is necessary to use ‘Grey Scale’ expresses Bhattacharya (2000). Accordingly various colour fastness ratings were done.  

3.7.2.2.1a. Colour Fastness to Washing 

The wash fastness of all the dyed samples were tested, according to ISO 105- C06 (1994) and Raul (2005).


    The laundrometer consists of a central axis with four rods with eight rods with stainless steel jaw with tight fitting lids which rotates inside the hot water bath in clockwise direction when the machine is in function. Test yarn sample of 5cm size was cut from each of the dyed samples were and sandwiched between undyed desized muslin yarns one at a time. Composite specimens were washed with 4 grams of phosphate ECE – B detergent powder in 1000 ml of water for 45 minutes at 40( C for the wash test, after which the yarn 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. (Plate IX) 

3.7.2.2.1b. Colour Fastness to light


  The samples of the dyed yarn were exposed to day light under prescribed conditions including protection from rain. The fastness was assessed by comparing the change in colour of the specimen with that of the standard patterns. An area of textile product not less that 6cm should be used so that each exposed portion is not less than 2 cm. The specimen may be parallel to the machine direction. The specimens were simultaneously exposed to day light every day from sunrise to sunset. Until the contrast between the exposed and the unexposed of the specimen or the standard pattern was equal to grey scale. The yarn samples were cut and exposed to daylight says according Bureau of Indian standards (2000) 

	



	PLATE IX

COLOUR MATCHING CABINATE



	



	PLATE X

LAUNDROMETER



3.7.2.2.1c. Colour Fastness to pressing



This method was intended for the determination of colour fastness of textile materials of all kinds and in all forms to ironing and to processing on hot cylinders. Tests were given for hot pressing in both dry and wet conditions. The dry and wet specimens 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 standard atmosphere for testing textiles. Then the change in colour of the specimen and the standing of the cotton adjacent fabric was assessed with the appropriate gray scale explains Savile (1999). Accordingly the dyed yarn samples were subjected to colour fastness to pressing in both dry and wet conditions.
3.7.2.2.2. Yarn Strength and Elongation 




Tensile strength of a thread of yarn samples were  measured in lea strength tester as the weight to break it under tension, says Raul (2005). The untreated sisal yarn was taken and clamped between the upper clamp and lower clamp. Then the bottom jaw is engaged with the screw mechanism and the motor is switched on. As the bottom jaw descends, load is imposed on the loops of yarn constituting the lea. The pull on the upper, jaw the pendulum arm is pulled which moves the pointer over the dial. At one point, one or two strands break and then many will slip and at the stage, there is no any further movement to the pendulum. The pendulum was prevented in falling back suddenly by the pawl which engages with the teeth over the serrated quadrant. At the place the pointer also stops moving and indicates the maximum load on the dial this load is called the strength of the lea. Then the tenacity is calculated using the formula,






     Mean breaking load in kg X 1000


Tenacity in g/tex =  
---------------------------------------------------








                 Tex


The elongation is also measured by nothing down the relative position of the upper clamp.
     




     Elongation scale reading

Elongation per cent =  
 -------------------------------------- X 100








    Guage Length

Thus the yarn strength and elongation were observed for the original dyed yarn sample. The same procedure was repeated for all the dyed yarn samples about five samples in each were tested and the means were obtained.(Plate XI)

3.7.2.2.3. Yarn Count 


The count of a yarn is a numerical expression which defines its fineness. The count of the yarn is the number indicating the mass per unit length or the length per unit mass of yarn states Raul (2005). The specimen can be cut from the conditional yarn at least two strips, containing different count of yarn and at least five strips representing different count of the yarn. Place the balance over the glass surface of front door of the wooden box when it is in opened condition. Set the pointer of the beam directly opposite to the datum point marked red on the frame of the balance by means of adjusting the level screw. Place the large of the two standard weights supplied in the slot of the beam. Draw the threads from the samples and place them over the templates cut level with the template on open end, place the thumb on the cut ends press cut excess length at the other edge by used a sharp larger blade. Place the threads on yarn hook. Until a balance is obtained by for the beam being the pointer of the back to original position. Likewise the yarn count was observed for the original yarn and selected dyed yarn samples about the samples were tested and recorded to obtain the mean value (Plate XII).
3.7.2.2.4. Yarn Crimp 


The crimp tester is a device for measuring the crimp free length of a piece of yarn, remarks Bhattacharya (2004).


The Original yarn sample was first determined and the correct tension is calculated. The yarn sample is prepared as above and one end of the yarn is in line with the as above and one end of the yarn is in line with the near edge of the clamp. The sliding weight on the balancing head was adjusted to the required tension with the movable jaw set to a length somewhat less than the estimated length of the yarn, the other end of the yarn is inserted into it. The index marks on the balancing head and the frame are using. Then length of yarn corresponding to the red mark on the movable grip was noted from the base scale. 


 Then, the crimp was calculated as,






Straightened length – Original length

Crimp per cent = 

------------------------------------------------ X 100








      Original Length

Thus  yarn crimp was observed for the original yarn samples. The same procedure was repeated for the dyed samples also. About the five samples were tested and the mean was obtained (Plate XIII)

3.7.2.2.5 Yarn Appearance 


Yarn appearance influenced by short fibers protruding from the surface of the yarn. Yarns were available for either the qualitative analysis of yarn for appearance says Shukla (2005). Yarns can be examined by wrapping on blackboard. The wraps should be equally spaced to avoid any optical illusion. The blackboards were examined under good lightening conditions. Good lighting condition was provide indirect illumination and also edge lighting was order to make the yarn defects such as naps are of greater prominence.


In order to measure the evenness of the yarn it is wound onto a black board having the dimension of 9½ in X 5½ in approximately, with the current spacing between the threads. The yarn in its place on the black board and also evenly. It was done used an instrument yarn appearance winder, now, in order to examine the grade of the yarn, comparison was made with the standard boards. The American society of testing materials ASTM – USA) has a series of yarn appearance standards which are the photographs of different counts with the appearance classified into four grades as A, B, C, D. Accordingly both original yarn and selected dyed yarn samples were observed for yarn appearance and recorded. (Plate XIV).

3.7.2.2.6. Wickability Test 

Wicking can only occur when a liquid wets fibers assembled with capillary spaces between them. The resulting capillary forces drive the liquid into the capillary spaces. Wicking can be visualized as a spontaneous displacement of a solid-air interface with a solid-liquid interface in a capillary system. Yarns were wound at constant tension around a frame on which two raised platforms were mounted. The ends on the platform were fixed with cello tape and the remaining portions ensured that there existed a gap between the yarns and the frame so that when the frame was dipped into water, the movement of the water through the yarns was not hindered. A scale was attached next to the yarns on the frame. Four yarns were mounted at a time. A beaker containing distilled water with 1 per cent dye solution was prepared. The frame was slowly lowered into the solution so that 2cm lengths of yarn remained submerged in the solution. Simultaneously, a stop watch was pressed and the rise of dye solution through the yarn continuously monitored by means of a cathetometer. The time required to cross every 1cm mark was noted. About ten tests were carried out for treated and selected yarn samples and recorded according to Patnaik (2006). (Plate XV). 

3.8. Estimation of Cost

     The cost of padouk wood dye and mordants used were estimated and compared with  the existing costs of synthetic dyes.

3.9. Statistical Analysis


      Mean is the most popular widely used measure of representing the entire data by one value says, Mann (2004).
The mean value, loss / gain value and ANOVA are applied to the results of laboratory tests as per requirement in the study.
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	PLATE XV

WICKABILITY



4. RESULT AND DISCUSSIONS

The results of the study are discussed under the following headings



4.1. Evaluation of Optimized Dyeing Concentration 



4.2. Subjective Evaluation 



4.3. Objective Evaluation 

    


4.3.1. Colour Fastness

    

 
4.3.2. Physical property 



4.4. Cost Estimation 

4.1.EVALUATION OF OPTIMIZED DYEING CONCENTRATION


The optimized dyeing concentration in presented in Table II.

TABLE II

OPTIMIZED  DYE CONCENTRATION

	S.No.
	Parameters
	Optimized concentration (grams)

	1.
	Padouk wood dye
	30



The above table shows that the optimized dye concentration was 30 grams.

4.2. SUBJECTIVE EVALUATION

4.2.1. Visual Assessment of original and treated yarn samples


The results of visual assessment of original and treated yarn samples are presented in Table III.

TABLE III
VISUAL ASSESSMENT OF ORIGINAL AND TREATED YARN SAMPLES (%)

	S. No.
	Sample
	General Appearance
	Brilliancy of colour
	Lustre
	Texture

	
	
	Good
	Fair
	Poor
	Very Bright
	Bright
	Dull
	High
	Medium
	Low
	Soft
	Medium
	Rough

	1.
	SO
	12
	80
	8
	-
	95
	5
	2
	95
	3
	13
	87
	-

	2.
	SS
	15
	83
	2
	-
	2
	98
	10
	89
	1
	90
	10
	-

	3.
	SB
	78
	22
	-
	95
	5
	-
	98
	2
	-
	95
	5
	-


· General Appearance

           From the Table III  it is clear that the maximum judges  assessed the sample SO to have fair general appearance of 80 per cent followed by 83 per cent of judges who assessed the sample SS as fair in general appearance. The sample SB was assessed to have good general appearance by maximum of 78 per cent of judges. 

· Colour 

  
As for colour, the sample SB was assessed as very bright by 95 per cent of judeges. About 98 per cent of judges assessed the sample SS to have dull clour, where as the sample SO was rated to have bright colour by 95 per cent of judges.

    
The exhibits of loss of brightness in colour by scoured yarn  sample was turned to very bright on bleaching.

· Lustre 

    
The maximum of 98 percent of judges the yarn samples to have lustre. About 89 per cent and 95 per cent of judges rated the samples SS and SO to have moderate lustre respectively.

· Texture

     
 The  maximum of 95 per cent of judges rated sample SB to have soft texture followed by 90 percent of judges for sample SS.

   
Hence it could be concluded that on bleaching, the yarn samples gained good general appearance, very bright colour, high lustre and soft texture.
4.2.2. Visual Assessment of Dye adherence on yarn sample with various mordants

The visual assessment of dye adherence on yarn sample with various mordants are presented below,

4.2.2.1. Visual assessment of dye adherence using Alum Mordant


The results of visual assessment of dye adherence using Alum Mordants are presented in Table IV.

TABLE IV

 VISUAL ASSESSMENT OF DYE ADHERENCE USING ALUM MORDANT

	S.No.
	Samples
	Evenness in Dye
	Brilliancy of Colour
	Texture
	Lustre
	General Appearance

	
	
	Even
	Uneven
	Very

Bright
	Bright
	Dull
	Soft
	Medium
	Rough
	High
	Medium
	Low
	Good
	Fair
	poor

	1
	APr1 
	56
	44
	-
	72
	28
	-
	40
	60
	-
	20
	80
	24
	48
	28

	
	APo1
	48
	52
	8
	76
	16
	8
	72
	20
	12
	16
	72
	28
	64
	8

	
	AS1
	72
	28
	24
	54
	20
	16
	54
	28
	36
	32
	32
	72
	24
	4

	2
	APr2 
	52
	48
	32
	48
	20
	32
	28
	40
	28
	24
	48
	24
	40
	36

	
	APo2
	40
	60
	36
	36
	28
	28
	28
	44
	32
	28
	40
	32
	32
	36

	
	AS2
	76
	24
	52
	28
	20
	40
	36
	24
	36
	24
	40
	64
	20
	16

	3
	APr3 
	60
	40
	40
	32
	28
	36
	24
	40
	24
	40
	36
	36
	24
	40

	
	APo3
	48
	52
	36
	32
	32
	28
	28
	44
	36
	28
	36
	28
	36
	36

	
	AS3
	80
	20
	48
	44
	12
	40
	36
	24
	48
	16
	60
	64
	-
	36


1-30 min,60°C,  2- 45min,80°C, 3-60min,100°C.



From Table IV, it is clear that at 60°C, among the pre-mordanting, post-mordanting and simultaneous mordanting techniques carried out on sisal yarn using padouk wood, with alum as mordants, evenness of dye adherence was rated to be even by the maximum judges of 72 per cent in simultaneous mordanting technique. As for the brilliancy of colour, texture, lustre and general appearance also, simultaneous mordanting technique proved to be the best as maximum number of 24 per cent, 16 per cent, 36 per cent and 72 per cent of judges rated the yarn sample to be very bright, soft in texture, highly lustrous and good appearance respectively.

At 80°C among the pre, post and simultaneous mordanting techniques carried out on sisal yarn using padouk wood dye, with the alum mordant were rated as even by 76 per cent of the judges. The samples were rated to have brilliant colour, soft texture, good lustre and good general appearance in the simultaneous mordanting technique by 52 per cent, 40 per cent, 36 per cent and 64 per cent of judges respectively.


At 100°C also the same trend was observed with maximum ratings for simultaneous mordanting as 80 per cent, 48 per cent, 40 per cent, 48 per cent, 64 per cent of the judges rated these samples to have even, brilliant colour, soft texture, high lustre and good general appearance respectively.


Hence it could be concluded that the alum mordant used along with padouk wood dye in the simultaneous mordanting technique at 100ºC gave the best results.

4.2.2.2. Visual Assessment of dye adherence using Myrobalan Mordant


The results of visual assessment of dye adherence using myrobalan mordant are presented in Table V. 

TABLE V
VISUAL ASSESMENT  OF DYE ADHERENCE USING MYROBALAN MORDANT

	S. No.
	Samples
	Evenness in Dye
	Brilliancy of Colour
	Texture
	Lustre
	General Appearance

	
	
	Even
	Uneven
	Very

Bright
	Bright
	Dull
	Soft
	Medium
	Rough
	High
	Medium
	Low
	Good
	Fair
	Poor

	1
	MPr1 
	32
	68
	8
	72
	20
	24
	64
	12
	32
	28
	40
	36
	24
	40

	
	MPo1
	40
	56
	28
	48
	24
	28
	36
	32
	28
	36
	36
	36
	36
	28

	
	MS1
	56
	44
	39
	30
	15
	32
	-
	68
	36
	32
	32
	40
	40
	20

	2
	MPr2 
	42
	68
	24
	28
	40
	8
	32
	60
	12
	48
	20
	32
	36
	50

	
	MPo2
	36
	64
	36
	-
	64
	12
	48
	40
	16
	40
	44
	20
	44
	36

	
	MS2
	48
	52
	38
	32
	30
	30
	28
	42
	24
	28
	48
	34
	36
	30

	3
	MPr3 
	8
	92
	36
	24
	40
	17
	28
	33
	12
	36
	52
	20
	48
	32

	
	MPo3
	12
	88
	24
	28
	48
	20
	24
	56
	8
	36
	56
	24
	36
	40

	
	MS3
	24
	76
	72
	20
	8
	28
	12
	60
	28
	32
	40
	36
	32
	32


1-30 min,60°C,  2- 45min,80°C, 3-60min,100°C.



From the Table V, it is clear that among the pre, post and simultaneous mordanting techniques carried out on sisal yarn using padouk wood, with myrobalan mordant at 60ºC was rated to be even in dye as per the ratings of the maximum judges of 56 per cent. As for the brilliant colour, soft texture also simultaneous mordanting technique showed the best result with 39 per cent and 32 per cent of judges respectively.  The myrobalan samples were rated as high lustre and good general appearance by 36 per cent and 40 per cent of the judges respectively.

 At 80°C among the three mordanting techniques carried out on sisal yarn using padouk wood dye, with the myrobalan mordant was the simultaneous mordanting techniques rated to have even dye, brilliant colour, soft texture, high lustre and good general appearance by 48 per cent, 38 per cent, 30 per cent, 24 per cent, 34 per cent of judges respectively.

At 100°C also the same trend was observed with maximum ratings for simultaneous mordanting as 24 per cent, 72 per cent, 28 per cent, 28 per cent, 36 per cent of the judges rated these samples to have even of dye, very bright colour, soft texture, high lustre and good general appearance respectively.


Hence, it could be concluded that the myrobalan mordant used for dyeing padouk wood with the simultaneous mordanting technique at 100ºC gave the best results.

4.2.2.3. Visual assessment of dye adherence using pomegranate rind mordant


The results of visual assessment of dye adherence using pomegranate rind mordants are presented in Table VI.
TABLE VI 
VISUAL  ASSESSMENT  OF DYE ADHERENCE USING POMEGRANATE RIND MORDANT

	S.No.
	Samples
	Evenness in Dye
	Brilliancy of Colour
	Texture
	Lustre
	General Appearance

	
	
	Even
	Uneven
	Very

Bright
	Bright
	Dull
	Soft
	Medium
	Rough
	High
	Medium
	Low
	Good
	Fair
	Poor

	1
	PPr1
	12
	88
	36
	48
	16
	33
	48
	19
	28
	24
	48
	20
	36
	44

	
	PPo1
	24
	76
	42
	38
	20
	36
	28
	36
	40
	40
	20
	28
	24
	48

	
	PS1
	8
	92
	12
	40
	48
	12
	48
	40
	12
	68
	20
	8
	76
	16

	2
	PPr2
	30
	70
	28
	36
	36
	18
	24
	44
	32
	32
	36
	28
	32
	44

	
	PPo2
	32
	68
	36
	48
	16
	22
	18
	74
	48
	24
	28
	46
	30
	24

	
	PS2
	28
	72
	24
	28
	48
	28
	30
	52
	32
	36
	32
	40
	20
	40

	3
	PPr3
	40
	60
	24
	24
	52
	24
	28
	48
	32
	27
	40
	24
	28
	48

	
	PPo3
	52
	48
	28
	24
	48
	28
	34
	28
	35
	32
	33
	28
	36
	36

	
	PS3
	36
	64
	24
	24
	52
	24
	28
	48
	16
	24
	60
	16
	32
	48




1-30 min,60°C,  2- 45min,80°C, 3-60min,100°C.

 

From the Table VI, it is clear that among the pre-mordanting, post-mordanting and simultaneous mordanting techniques carried out on sisal yarn using padouk wood, with pomegranate rind mordant, at 60°C even dye adherence was rated by the maximum judges of 24 per cent for post-mordanting technique . As for the brilliant colour, soft texture, high lustre and good general appearance also post-mordanting technique proved to be the maximum of 42 per cent, 36 per cent, 40 per cent, and 28 per cent by the judges respectively.

At 80°C among the pre-mordanting, post-mordanting and simultaneous mordanting techniques carried out on sisal yarn using padouk wood dye, with the pomegranate rind mordant were rated to be even by 32 per cent of the judges. The samples were rated to have brilliant  colour, soft texture, good lustre and good general appearance in post-mordanting technique by 36 per cent, 20 per cent, 48 per cent, and 46 per cent of judges respectively.

At 100°C also the same trend was observed with maximum ratings for post-mordanting  as it was rated by  52 per cent, 28 per cent, 28 per cent, 35 per cent, 28 per cent of the judges that  these samples had evenness in dyeing, brilliant colour, soft texture, high lustre, and good general appearance respectively.
Hence it could be concluded that the pomegranate rind mordant used along with padouk wood dye with the post mordanting technique at 80ºC gave the best results.

4.2.2.4. Visual Assessment of dye adherence using reetanut mordant


The results of visual assessment of dye adherence using reetanut mordant are presented in Table VII.
TABLE VII

VISUAL ASSESMENT OF DYE ADHERENCE USING REETANUT MORDANT

	S.No.
	Samples
	Evenness in Dye
	Brilliancy of Colour
	Texture
	Lustre
	General Appearance

	
	
	Even
	Uneven
	Very

Bright
	Bright
	Dull
	Soft
	Medium
	Rough
	High
	Medium
	Low
	Good
	Fair
	poor

	1
	RPr1 
	68
	32
	40
	26
	40
	22
	46
	32
	36
	28
	36
	76
	12
	12

	
	RPo1
	40
	60
	28
	36
	36
	12
	40
	48
	16
	60
	24
	8
	28
	64

	
	RS1
	48
	52
	30
	38
	24
	16
	64
	20
	10
	64
	26
	32
	-
	68

	2
	RPr2 
	52
	48
	36
	24
	40
	36
	24
	40
	28
	44
	28
	36
	20
	44

	
	RPo2
	36
	64
	32
	28
	40
	32
	28
	36
	8
	60
	32
	20
	24
	40

	
	RS2
	40
	60
	32
	36
	32
	20
	56
	28
	24
	48
	28
	20
	28
	52

	3
	RPr3 
	64
	36
	40
	28
	32
	36
	24
	40
	28
	12
	60
	60
	24
	16

	
	RPo3
	40
	60
	36
	32
	32
	28
	36
	36
	24
	46
	30
	40
	36
	24

	
	RS3
	50
	50
	32
	28
	40
	30
	24
	46
	28
	16
	56
	32
	28
	40




1-30 min,60°C,  2- 45min,80°C, 3-60min,100°C.

Reetanut: 

At 60°C from the Table VII, it is clear that the finished sisal sample using padouk wood, with reetanut mordant, was rated to be even by the maximum of 68 per cent of judges by pre-mordanting technique. The ratings  for brilliancy of colour, soft textue, and high lustre, good general appearance were rated as the maximum by 40 per cent, 22 per cent, 36 per cent, 36 per cent, and 76 per cent of judges respectively. 

At 80°C among the pre-mordanting carried out on sisal yarn using padouk wood dye, with reetanut mordant, were rated as even by the maximum of 52 per cent of judges. The samples were rated to exhibit brilliant colour, soft texture, good lustre, and good general appearance in pre-mordanting by 36 per cent, 36 per cent, 28 per cent, and 60 per cent of the judges respectively. 

At 100°C also the same trend was observed with maximum ratings for pre-mordanting by 64 per cent,40 per cent, 36 per cent, 28 per cent, 60 per cent of the judges rated these samples to have even in dye, brilliant colour, soft texture, high lustre, and good general appearance respectively.

Hence it could be concluded that the reetanut mordant used for dyeing along with padouk wood dye in the pre mordanting technique at 60ºC gave the best results.
4.3. OBJECTIVE EVALUATION 

4.3.1 Colour Fastness Tests


Colour fastness tests of dyed samples are given in Table VIII.

TABLE VIII

COLOUR FATNESS OF THE DYED SAMPLES

	S.No.
	Samples
	wash
	light
	press

	
	
	
	
	Wet
	Dry

	
	
	Colour 

change 
	Staining
	Colour Change 
	Staining
	Colour Change 
	Staining
	Colour Change 
	Staining

	1.
	AS
	4/5
	4
	4
	3
	4/5
	4
	5
	4/5

	2.
	PPo
	4/5
	4
	4/5
	4
	4/5
	4
	5
	4/5

	3.
	MS
	4
	3
	4
	3
	4/5
	4
	5
	4/5

	4.
	RPr
	4
	3
	4
	4
	4
	3
	5
	4/5


As per AATCC the grades are 
1 - Very Good , 
2  - Poor, 
3  -  Fair, 

4 -Good 
4/5- Very Good       
5 -Excellent 

Colour fastness to washing

From Table VIII, it is clear that samples AS and PPo, were rated as very good of 4/5 fastness to colour change on washing where as the samples MS, RPr the colour change rating was good of 4. 

As for colour staining, the samples As and Ms were observed to have good fastness of 4 on washing where as the samples MS and RPr showed only  Fair of 3 on washing. 

Colour Fastness to light

Samples AS, MS and RPr were rated as good fastness of 4 to colour change on light, where as the sample PPo were rated as very good fastness of 4/5. As for colour staining, the samples AS and RPr were rated as good of 4 to light whereas the samples MS and PPo  were observed to have fair fastness of 3 on light. 
Colour fastness to Wet pressing 

Samples AS, PPo and were rated as very good of 4/5, fastness wet, where as the sample RPr were rated as good of 4 to wet pressing. AS for colour staining, the samples AS, PPo and MS were observed to have good fastness of 4 and the sample RPr showed only fair of 3 on pressing. 

Colour Fastness to Dry pressing 

As for colour fastness to dry pressing, the samples AS, MS, PPo and RPr were rated as excellent of 5 to pressing whereas the samples AS, MS, PPo and RPr were rated as very good of 4/5 to dry pressing.

4.3.2. Analysis of yarns for Mechanical Properties

The results of original and dyed yarn samples analysed for various parameters of strength, Elongation, count, crimp and appearance are represented in the following tables. 
4.3.2.1. Yarn Strength 


Yarn strength of original and dyed yarn samples and statistical data for the same are given in the Tables IX a and IX b.

TABLE IX a

COMPARISON OF YARN STRENGTH

	S.No.
	Samples
	Mean value (g)
	Loss or gain value
	Loss or gain %

	
	SO
	7
	
	

	
	Dyed Samples

	1.
	AS
	8.4
	1.4
	20

	2.
	MS
	8.4
	1.4
	20

	3.
	PPo
	8.8
	1.8
	25.71

	4.
	RPr
	8.5
	1.5
	21.42


TABLE IX b 

 ANOVA FOR YARN STRENGTH 

	Source
	Sum of Square
	Df
	Mean Square
	‘F’

	Actual 
	10.24
	4
	2.56
	6.0952 **

	Error
	8.40
	20
	0.42
	

	Total 
	18.64
	24
	2.98
	


** - 1% level significant

Comparison of yarn Strength of dyed samples over original 

From the table IXa, it clear that the maximum strength gain was observed in sample PPo of 25.71 per cent followed by sample RPr of 21.42 per cent over the original yarn sample SO Both the samples AS and MS were noted to have same gain in strength of 20 percent over the original yarn sample. 

From the Table IXb statistical data, it is clear that the difference was significant to 1% level with Fvalue of 6.0952.(Figure II) 

4.3.2.2 Yarn Elongation

 
The  Result of yarn elongation of original and dyed samples are given in the Table X a and X b.
TABLE X a

COMPARISON OF YARN ELONGATION

	S.No.
	Samples 
	Mean value (g)
	Loss or gain value
	Loss or gain %

	
	SO
	11.02
	
	

	
	Dyed Samples

	1.
	AS
	16.58
	0.50
	49.64

	2.
	MS
	15.78
	0.43
	42.41

	3.
	PPo
	18.42
	0.66
	66.32

	4.
	RPr
	13.68
	0.24
	23.55


Table X b

ANOVA FOR YARN ELONGATION 

	Source
	Sum of Squares
	Df
	Mean Square
	‘F’

	Actual
	3.058
	4
	0.76
	4.7751**

	Error 
	3.20
	20
	0.16
	

	Total 
	6.24
	24
	0.26
	


** - 1% level significant

Comparison of yarn Elongation of dyed yarn samples over original 

      
From the Table Xa is clear that the maximum gain in yarn elongation was observed in the sample PPo of  66.32 per cent followed by sample AS and MS of 49.64 per cent and 42.5 per cent respectively over original yarn sample. 

From Table Xb, it clear that the statistical table also proved a significant difference 1% between the original and dyed yarn samples with F value of 4.775. Hence it could be concluded that the elongation of dyed yarns improved over original of samples (Figure III).
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 FIGURE 2– YARN STRENGTH
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FIGURE 3 – YARN ELONGATION
4.3.2.3. Yarn count 


Yarn count test of original and dyed samples are given Table XIa and XIb.

TABLE XIa

YARN COUNT

	S.No.
	Samples
	Mean value (g)
	Loss or gain value
	Loss or gain %

	
	SO
	40
	
	

	
	Dyed Samples

	1.
	AS
	43.2
	3.2
	8

	2.
	MS
	43.4
	3.4
	8.5

	3.
	PPo
	44.8
	4.8
	12

	4.
	RPr
	44.8
	4.8
	12


TABLE XIb

ANOVA FOR YARN COUNT 

	Source
	Sum of Squares
	Df
	Mean Square
	‘F’

	Actual
	74.16
	4
	18.54
	4.5000**

	Error 
	82.40
	20
	4.12
	

	Total 
	156.56
	24
	6.52
	


**- 1% Level Significant 

Comparison of yarn count Dyed yarn samples over original
From the Table XIa it is clear that the yarn count increased on dyeing to the maximum level in both the samples PPo and RPr of 12 per cent followed by sample MS of 8.5 per cent and sample AS of 8 percent  over the original sample. 

From the Table XIb, it clear that the statistical data also proved a significance of 1 per cent difference between original and dyed samples with Fvalue of 4.5000.

Hence it could be concluded that dyeing improved the strength of  sisal  yarn sample (Figure IV). 
4.3.2.4 Yarn Crimp

 The Yarn crimp of original sample and dyed samples are given in the Tables XII a and XIIb.

TABLE XII a

YARN CRIMP

	S.No.
	Samples
	Mean value (g)
	Loss or gain value
	Loss or gain %

	
	SO
	10.25
	
	

	
	Dyed Samples

	1.
	AS
	10.52
	0.27
	2.63

	2.
	MS
	10.54
	0.29
	2.82

	3.
	PPo
	10.53
	0.28
	2.73

	4.
	RPr
	10.54
	0.29
	2.82


TABLE XIIb

ANOVA FOR YARN CRIMP 

	Source
	Sum of Squares
	Df
	Mean Square
	‘F’

	Actual
	0.39
	4
	0.08
	126.94**

	Error 
	0.01
	20
	0.01
	

	Total 
	0.34
	24
	0.01
	


**- 1% Level Significant 

Comparison of yarn crimp of  dyed yarn samples over original
From the table XIIa it is clear that there was a gain in crimp value to maximum extent in samples MS and RPr of 2.82 per cent in both the samples which was followed by samples PPo and As of 2.73 per cent and 2.63 per cent respectively. 

From the Table XIIb, as per the statistical analysis, the difference was noted to be have a significance of 1% with F value 126.94.
Hence it could be concluded that the crimp of the sisal yarn increased on dyeing (Figure V).  
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FIGURE 4 – YARN COUNT
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FIGURE 5 - YARN CRIMP
4.3.2.5. APPEARANCE OF DYED YARNS


The results of appearance of dyed yarn samples presented in Tables XIII a and XII Ib. 
TABLE XIII a

YARN APPEARANCE

	 S.No.
	Samples
	Grade
	Index

	1
	SO
	B
	110

	2
	SS
	C
	90

	3
	SB
	C
	90

	Dyed samples

	4
	AS
	C
	90

	     5
	MS
	C
	90

	6
	PPo
	B
	110

	7
	RPr
	C
	90


C- Fair, B- Good 

From Table XIIIa it is clear that the sample PPo was grated as B, as good in appearance, where as other samples SS,SB,AS, MS and RPr were graded as C, that is fair in appearance (Figure V). 

4.3.2.6. Wickability of original, treated and dyed yarn samples


The results of wicakbility of original, treated and dyed yarn samples are presented in Table XIV.
TABLE XIV

WICKABILITY

	S.No.
	Samples
	Wickability (Seconds)
	Loss/gain (%)

	
	Original and Treated samples

	1.
	SO
	33.2
	-

	2.
	SS
	30
	-9.63

	3.
	SB
	31.5
	-5.12

	
	Dyed Samples

	4.
	AS
	30.2
	-9.036

	5.
	MS
	31.7
	-4.518

	6.
	PPo
	29.8
	-10.24

	7.
	RPr
	30.6
	-7.831



Comparison of yarn wickability dyed samples over original. From the table XIV, it is obvious that the original sample took 33.2 seconds for absorbing water to 1cm level where as it was noted to by sample SS of 9.63 per cent followed by sample SS of 5.12 per cent. Among the dyed yarn sample the maximum reduction in wicking time was noted in sample PPo of 10.24 per cent followed by samples AS, RPr and MS of 9.03 per cent, 7.83 per cent and 4.51 per cent respectively (Figure VII).


Hence it could be concluded that on treatment the sisal yarn gained the property of absorbency, on dyeing also the rate of absorbency was maximized in the yarn samples of which the maximum was noted in sample PPo.
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4.4. COST ESTIMATION

       
The  estimated cost

TABLE XV

COST ESTIMATION

	Mordant source
	Quantity (gram)
	Cost (Rs.)

	Natural

	Alum

Myrobalan

Pomegranate rind

Reethanut

Padouk wood
	500 

50 

50 

50 

750 
	40

15

15

15

Nil 

	synthetic

	Reactive 

Basic

Vat

Acid

Napthol

Direct 
	5 

5 

5 

5 

5 

5 
	10

13

25

20

15

23


From the Table XIII it is clear that for dyeing 1 kg of sisal yarn with alum mordant the cost work to Rs.40 and other mordants namely myrobalan, pomegranate rind and reeta nut  cost Rs. 15 individually. 

The Padouk wood waste powder from the saw mills was procured and utilised for the study.  Hence it was free of cost. 

But in the case of synthetic dyes, the cost seems to be lesser in the case of reactive, direct dyes than the natural mordant used proving the findings of indi (2007) that natural dyestuffs are more expensive then synthetic dyes.
V. SUMMARY AND CONCLUSION


The textile industry creates a host of pollution problems, due to the discharge of dyes and chemicals into water ways from factories. Environmental friendly textile are largely comprised of natural fibres and natural dyes. As consumer wake up to global warming and globalization nowadays the vast array of eco-friendly textiles on the market. Natural fibres are abundantly available in India. The products created from these natural fibres are completely bio-degradable. Environmental criteria for eco-label are being developed on the basis of cradle – to – grave approach.


Considering the above facts on pollutions caused due to synthetic fibres, dyes and mordants, the researcher selected natural dyes and mordants for dyeing yarn from vegetable source for the study. The objectives of the study are to,

· extract dye from padouk wood

· extract of dye from padouk wood

· optimize dyeing process

· select suitable mordant

· dye with suitable mordant

· dye sisal yarn

· evaluate dyed yarn

Methodology


The methodology of the study comprise of the following steps,

· Selection of yarn


The yarn selected for the study was sisal yarn obtained from twisting sisal fiber which have high tenacity good strength and good dye affinity.
· Pretreatment of yarn


The sisal yarn were scoured using sodium hydroxide to improve wettability of the yarn. Bleaching was carried out using hydrogen peroxide to obtain whiteness of the yarn.

· Pilot study


The pilot study was conducted to observe the colour penetration of padouk wood, dye solution into sisal yarn.
· Selection of dye source, mordants and their extraction

Padouk wood waste powder from saw mill was abundantly available and its adherence of sisal yarn made the researcher to select padouk wood. The ecofriendly mordants namely myrobalan, pomegranate, reetanut, alum were selected for the study.


The dye was extracted in aequeous medium in 150ml of water for 30 minutes at temperature of 100°C. The selected mordants were powdered, mixed in 150ml of water, boiled for 30 minutes at temperature of 100ºC. 

· Selection of dyeing parameters


The dyeing parameters namely concentration was optimized.

· Dyeing of yarn


The dye concentration was obtimized as for the best result on sisal yarn of 30 grams.

The three mordanting techniques namely pre, post and simultaneous mordanting were carried out using optimized of concentration of dye at with various time duration of 30 minutes, 45 minutes, 60 minutes at different temperature of 60°C, 80°C, 100°C.
· Evaluation


The yarn samples were subjectively and objective analysed. The objective analysis comprise of colour fastness properties, yarn strength, yarn elongation, yarn count, yarn crimp, yarn appearance and wettability.
Findings of the study

The dye concentration was observed as 30grams. From the trial quantities of 10g, 20g, 30grams.

Visual assessment

· Visual assessment of original and treated yarn samples showed improvement in general appearance, brightness, lustre, and texture on bleaching.

· Alum mordant used for dyeing with padouk wood in simultaneous mordanting technique at 100°C gave the best result.

· Pomogranate  rind mordant used for dyeing with padouk wood in post mordanting technique at 80°C gave the best result.

· Reetanut mordant used for dyeing along with padouk wood dye in pre mordanting technique at 60°C gave the best result.

· The samples AS and PPo showed the maximum fastness rating of 4/5 showing very good fastness to colour change property. Colour staining was observed to be the maximum in samples PPo and AS.

· The maximum rating for colour fastness to light was observed in sample PPo in both the cabes of colour change and staining with rating of 4/5 and 4 respectively.

· AS for wet and dry pressing, the ratings of PPo and MS were observed to be equal.

· Yarn strength was observed to have maximum gain of 25.71% in the sample PPo over the original sample SO.

· Yarn count was observed to have equal gain in both the samples PPo and RPr of 12 per cent over the original.

· Yarn crimp was observed to be equal in both the samples RPr and MS of2.82 per cent over the origina sample.

· Yarn appearance was noted to be good in sample SO. Yarn appearance was noted to gain appearance after dyeing in the sample PPo.

· Yarn wickability of the treated sisal yarn gained the property of absorbency, on dyeing the maximum absorbency was noted in sample PPo.

· The estimated cost for dyeing 1kg of sisal yarn with alum worked to Rs. 40/- and other mordants namely myrobalan, pomogrante rind and reeta nut cost Rs. 15/- individually. The padouk wood waste powder  procured from the saw mill was utilized for the study. Hence it was free of cost.

Conclusion


Thus from the study it could be concluded that sisal yarn has very good dye affinity towards natural dyes, the padouk wood dye as it gave reddish brown colour to the yarn with slight shade variations in different  mordants. The best mordant among the utilized ones, the pomegranate rind mordant in post mordanting technique at 80ºC gave the best results in subjective as well as objective analyses.

Recommendation

· Due to the bio-degrable property of sisal yarn dyed with padouk wood using natural mordant it could be used for product creations in the field of handicrafts.

· Due to the best dye adherence of sisal yarn with natural dyes and mordant, similar studies could be adopted with other sources also.

· The fabrics created from sisal yarns could be dyed for innovating various products. As the leaves of padouk tree has medicinal value the textiles dyed with padouk wood dye could be analysed for various antimicrobial properties also.
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Appendix 1

Colour Fastness of the Dyed Samples
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	Wash
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Appendix 2
Original and Treated Samples
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Appendix 3

Dyed Samples

                                 AS                                               PPo

                                  MS                                             RPr

Selection of yarn





Pretreatment of yarn 





Conduct of pilot study





Selection of Raw material for dyeing 





Extraction of Dyeing Raw materials





Optimization of dyeing parameter





Dyeing of yarn with Padouk wood (Pterocarpus soyauxii)





MORDANTING





Alum





Myrobalan





Reeta nut





Pomogranate rind 





Concentration


10 gm, 20gm, 30gm





Selected parameters





Subjective evaluation





Temperature 60°C, 80°C, 100°C





Time


30 min, 45 min, 60min





Subjective and Objective evaluation
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