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1.  INTRODUCTION


Colour is one of the greatest joy of life, its exploration and uses are never ending and is involved in life, art, design, lifestyle and fashion. Colour has been an important part of our life style, expression, decoration and design since the drawn of civilization.


Pollution, ecology and environment have been of importance both nationally and internationally. The increasing awareness of these factors associated with synthesis processing and use of these dyes has led to worldwide interest in colouration of textiles with flora and fauna, says Rawat (2006). The environment friendly vegetable dyes and natural dyes are enjoying resurgence in popularity as a result of concern with the carcinogenic, mutagenic and sensitizing characteristics of synthetic dyes. Until the later half of 19th century, almost all dyes were vegetable and animal origin.


Nature is full of fascinating colours without which life would be dull and monotonous, say Bagyalakshmi et al. (2008). Every individual has his own choice and liking for colour (www.dyesonline.net). Natural dyes comprise those colourants (dyes and pigments) that are obtained from vegetable or animal matter without chemical processing, mentions Gupta (2000). The term natural dyes refers to the dyes obtained from insects, plants and mineral substance and used for dyeing textile material. The main natural dye substances used in India have been extracted from the roots, barks, flowers and fruits of various dyes producing plants, points out Mondal et al. (2004).


Natural dyes have a property of eco-friendliness that is it does not create environmental problems at any stage of production or use and maintains ecological balance. They are nontoxic and non-allergic, quotes Alikhan et al. (2005).


The application of colour to the textile material is to give aesthetic value and improve the value of the products, says Fatima et al. (2007). It is the first property that is noticed and is the first factor governing the fabric choice, says Bhuyan et al. (2004). Colour is an important factor in the production of material and it is often vital to be commercial success of the product, says Beceir (2006).


Natural dyes after several advantages over synthetic dyes from the point of view of health, safety and ecology, reveals Agarwal and Petal (2002). Natural dyes are not only eco-friendly but also possess better biogradability. Therefore demand for natural dyes is increasing day by day, proved Paul et al. (2006). Sometime it is possible to obtain some brilliant colours from natural dyes using mordants, point out Grover (2003).


Jayalakshmi (2008) say natural dyes all those that are obtained from waste, non usable skin of vegetable matter seeds, barks, stems with no or very little processing. Sunita and Jahan (2005) says until the turn of the century, natural dyes were the only source of colours available. 


Senthikumar et al. (2002) specify that natural dyes are safer in use with minimum health hazards, easy disposal, eco-friendliness and some dyes have medicinal properties that will improve value addition to the product and may be categorized under smart textiles. Prem and Rameshwar (2001) express that natural dyes are considered as very good for their colour experimentation quality and it has aesthetic appeal. 


According to Gulrajani (1999) the use of natural dyes has increased substantially during the last couple of years. These dyes are being mainly used by hobby groups, designers, traditional dyers and printers and non-government organization museums, academic institute and research association laboratories and industry.


Ketewells (2000) opine that mordant may be a chemical or natural mordant. Mathur and Gupta (2003) remark that the use of mordant especially metal ions produces harmful effects on the environment as well as to living organisms. Recently, the interest is further arisen in natural mordant, which are eco-friendly and non-carcinogenic in nature. 


Supriya (2004) says nerium are popular and commonly grown tropical shrubs. The nerium oleander is known as “Oleander” or “Rose Bay”. Flowers are double and single, appear in terminal panicles, fragrant 4.0 to 7.5 cm across and showy. There are several varieties in nerium oleander it is native to Mediterranean region and Japan. Nerium thrive well in variety of soil and climate. Rich well drained loamy soil and adequate amount of water supply is best. Nerium oleander is an evergreen shrub reaching four meters in height. The plant produces terminal flower heads, usually pink. A wide variety of different flower colour. Deep to pale pink, lilac, carmine, purple, salmon, apricot, copper orange and white. Each flower is about 5 cm in diameter and five petalled. The throat at each flower is fringed with long petal like projections, says Roger (2004). In spite of numerous limitations associated with the use of natural dyes, they still possess the potential, to change the textiles scenario owing to their numerous advantages, like eco-friendliness, synthesis without using hazardous chemicals, etc. Extensive research is needed to select plant species if the dye source is to become farm product.


Steps have to be taken to commercialise the cultivation of the plants from which most of the natural dyes are generated and new techniques which are effective enough to improve the fastness properties and marketability of natural dye to its full potential should be developed through proper research.


Hence these points and needs in mind this study entitled “Dyeing of khadi cotton with Nerium oleander flower” was undertaken for this study.

Khadi or khaddar simply means cotton. Usually hand spun and hand-woven cloth. The raw materials may be cotton, silk or wool which are spun in to threads on spinning wheel called a charkha (http://www.kamat.com).


The first true Indian designer was Mahatma Gandhi when he urged the people of India to wear khadi garment. It was not only a call to create self reliance but a call to wear something that could prove the unity of India – khadi was given a more important status by Gandhi after his return from South Africa. While in search of the charkha Gandhi felt that for a nation to turn self-reliant, it had to return to indigenous manufactured goods (http://www.kvic.org.in/v4/KHAD1L.ASP).


“Khadi is breezy, eco-friendly, comfortable and just get better and better every time you wash it”, say Rohitbal (2002). At present, khadi industry is facing tough competition admists the power operated spinning and weaving mills. Introduction of synthetic fabric their pure and blended from has further increased the challenge for khadi industry. A time has come for motivate the consumers to use more and more khadi materials (http://www.gandhinc.org).


Cotton is a natural vegetable fiber. It is the oldest and important textile fiber and has great economic importance as a raw material for textile cloth. Cotton has always ruled the textile world and is rightly known as the king among the fibre, says Nimkar (2006).


Cotton is the backbone and basic foundation of the world’s textile trade and industry. Cotton is essentially cellulose and in fact the purest form of cellulose, mentions Ghosh (2004). Nair (2006) reveals that cotton accounts for about 56 per cent of our fibre consumption. Mehta (2006) remarks that India is the first country to reveals hybrid cotton for commercial cultivation. The growth rate of cotton is increasing lately as much as faster rate as compared to that of 10 years ago and it is expected that during 2006-07 the production of cotton will be around 244 lakh bales, reveals Basu (2006). 


Cotton is most popular amongst natural fibers, and is admired by consumers the world over for its fascinating feel, comfort and versatility, states Malik (2007). Cotton is the most commonly used textile fibers, reveals Mahadevan (2001). It is known for its wear comfort. It gives cool feeling to the wears, reports Shalhotra (2004) and Shukla (2005) state the opinion that cotton is most commercially significant fiber in the world. Easy to cultivate in large quantities and utilized in wide variety of textile products, cotton is prepared for a wide range of application from apparel to home textiles and a variety as specialized application, says Procil (2007). Therefore an attempt has been made to use eco-friendly, non-toxic natural source and khadi cotton fabric for dyeing.

OBJECTIVES
· To optimise dye extraction of Nerium oleander flower dye.

· To optimise dyeing procedure to dye khadi cotton fabric with extracted dye.

· To evaluate the dyed fabric through subjective and objective analysis

· To conduct performance study.

2.  REVIEW OF LITERATURE


The review of literature pertaining to the current study “DYEING OF KHADI COTTON WITH NERIUM OLEANDER FLOWER” are presented as follows :


2.1
Khadi



2.1.1
History of khadi



2.1.2
Importance of khadi



2.1.3
Properties and uses of khadi


2.2
Cotton



2.2.1
History of cotton



2.2.2
Properties of cotton



2.2.3
Uses of cotton


2.3
Natural dyeing



2.3.1
History of natural dyeing



2.3.2
Sources of natural dyeing



2.3.3
Classification of natural dyeing



2.3.4
Utilization



2.3.5
Advantages of natural dyeing



2.3.6
Limitation


2.4
Mordants



2.4.1
Type of mordants



2.4.2
Mordanting techniques 

2.1
KHADI


“Khadi” means any cloth woven on handloom from cotton, silk or woolen yarn hand spun or from a mixture of any two or all of such yarns, explains Somasekhar and Rajmogili (1997). Mahatma Gandhi began to promote the spinning of khadi from rural self-employment in 1920s. He also wanted to spread the message of not using foreign clothes. The freedom struggle revolved around the use of khadi fabric, review Vasugi (2006).


Khadi clothes with a fusion of modern and traditional style have become popular today and are liked by the young and old. Khadi is widely accepted in fashion circles, these days, says Vasanthamani et al. (2006). Khadi industry needs proper encouragement in view of the fact that it is a source of income to many rural poor artisans, mostly very poor women, though the production of khadi in textile industry is less than that. Now designers are exploring fresh realms in term of texture, colour and styling, says Vishwanathan (2002). Khadi the national fabric has never lost its popularity despite a host of new fabrics flooding the new fashion scene, (Textile Trend, 2002). The khadi fabric is made in to a variety of furnishing items and garments (http://www.imagesfashion.com).

2.1.1
History of Khadi


Khadi and village industries commission act, defines the terms “khadi” as any cloth woven on handloom from cotton silk or woolen yarn that is hand spun in India. Guruswamy (1982) says that Mahatma Gandhiji chose ‘khadi’ as a symbol of our nation’s prosperity and as a solution to our economic problems. Khadi represents simplicity and service. Raghavan (1983) feels ‘khadi’ as is part and parcel of textile sector.


Khadi was regarded as dress code by freedom fighters during swadeshi movement in 1920, say Kutty et al. (1993). Khadi and village industries was well developed, but in an unorganized form. Raju (1983) points out khadi industry received a death blow, when the British began to flood India with mill cloth.


Sharma (1993) state that about 50.16 lakh artisans, 50,000 workers, 2,320 khadi institutions and 29813 co-operative societies are engaged in production and sale of khadi and village industries (KVI) products.

2.1.2
Importance of Khadi


Fashioning India’s freedom movement, Mahatma Gandhi chose khadi as hand woven Indian textile to defy British dominance in our life (www.imagefashion.com). The swadeshi movement stressed the need for use of khadi, both to preserve the craft forms and also to protect the interest of the Indian crafts persons (www.gandhimc.org and www.mahatma.com). Khadi is made from hand spun yarn, whereas hand loom fabric is got from mill made yarn (www.mkgandhi_sarvodaya.org.khadi (muslin). It can be made with low counts which is impossible to made in any mill of the world, reveals (http:library.thinkquest.org.). 


According to Vasugi (2006) khadi is a hand-spun and hand-woven fabric. Woven mostly in cotton, the process originates itself more than 5000 years ago and believed from ancient India. This most forgotten process was revived by Mahatma Gandhi in 1921, as a part of his movements of non‑violence and non‑cooperation against the British. 

2.1.3
Properties and Uses of Khadi


The khadi has the following qualities, which has proven record for the same, such as good drapeability, good tenacity, retain colour / dyes, versatile, eco-friendly and comfortable fabric (www.hindustantime.com).


Khadi is a durable fabric. It is natural and fully bio-degradable. It is suitable to every skin type and also saves individual from UV rays just like a sun screen. It also helps to check body odour. It doesn’t cause any allergies or irritation to the body (www.weaverstudio.com). It is totally non-polluting and does not risklessly destroy natural resources both in terms of raw material and energy. Khadi is a versatile fabric cool in summer and warm in winter. Khadi is favorite to all people of all age groups with varied tastes and interests as khadi clothes are available in all shapes and colours, (Apparel Talk, June, 2006).

2.2
COTTON


Cotton remains the most super natural fibre under the sun even after 800 years, opines Nelson (2003). Being the miracle fibre of the industrial revolution, it provides fibres for an array of textile products including the clothes we wear, oil for human consumption, feed for livestock and base chemicals for a plethora of industrial products, remark Smith et al. (2001). With nearly the entire world’s population wearing some sort of cotton clothes everyday. Cotton is the commercially significant fibre in the world. Representing 33 per cent of the total fibre market and 77 per cent of the natural fibre market, point out Pechan et al. (2005).


According to Khalje (1999), the word cotton comes from ‘qutun’, its Arabic name and it is the oldest fibre used for textile purpose, add Mishra (2000). The superiority of cotton is due to the easy availability, comfort during wear and excellent washing property, opine Patel and Bhattacharya (2004). Because of its inherent properties ‘The King of natural fibres’ is still regenerated to manmade fibres, view Alat and Saraf (2005).


Cotton continues to dominate the natural fibre market finding an outlet either alone or mixed with synthetic fibres, observe Wickens (2004). Being an agricultural based, cellulose containing fibre, it is made up of hollow spaces that make it breathe, be an absorbent and give comfortability to wear, states Brooks (2004). They can be coloured by a wide variety of dyes with the desired resistance to fading or colour changes to sunlight or atmospheric contaminants, remark Makwana et al. (2005). Gienandi (2006) describes that cotton textiles worn near to body such as shirts, blouses, trousers and bed linen are marketed by wear characteristics which are agreeable to the skin. Cotton is also preferred for a wide range of application from apparel to home textiles and a variety of specialized applications, views Malik (2007). The raw cotton is being used as the material for clothing since long and its origin be traced to 2300 B.C., reveals Nakamura (2000). 

2.2.1
History of Cotton


India’s 5000 years history with cotton is well known. Our country has a heritage of producing cotton textiles and is amongst the earlier exporters, having supplied to ancient Greece and Rome and even catered to the needs of Egyptian royalty, reveals Malik (2007). India is generally considered to be the birth place of cotton cloth. 


Cotton, the most widely used fibre in the world has a long and fascinating history. Cotton was used in India thousands of years ago and has been traced to ancient Egypt, Greece, Rome and pre-columbian American. It was introduced to Europe by Arab traders. It’s use spread widely in 17th century as trade with India also increased, remarks Khalje (1999). Now cotton is the world’s leading textile fibre. About 35 million hectares of land is used for cotton cultivation globally, reveals Gokarneshan (2003). Currently eight countries produces almost 85 per cent of the world market quantity of cotton, points out Textile Magazine (2007).

2.2.2
Properties of Cotton


Cotton remains the most miraculous fibre under the sun and no other fibres comes close to duplicating all of the desirable characteristic combined in cotton (www.cotton.org). Cotton fiber boast of its properties, like good absorption of fluid, biodegradability, breathability, drapability, sterilisability, heat resistance, high wet strength, insulation, non-allergic, non-irritant, renewable resources, water retention, say Reghavan (2002). Cotton is comfortable, strong, durable has good colour retention and is good to print (library.thinkquest.org). Cotton is a fibre which is good for all seasons, remarks Jain (2006). It stands with high temperature, stand upto abrasion resistance (www.fabric.net). Cotton is highly comfortable next to skin friendly fibre (deltrafarmpress.com). 

2.2.3
Uses of Cotton


In apparel, cotton garment rang from jackets, jeans, shirts to foundation garment and infant wear home furnishing drapes, curtains, upholstery, slip covers and in industry book binding, abrasives, luggage, slipper assert (Students Britannica, 2000).


Collier and Tortora (2001) says that in wearing apparel the qualities of comfort dyeability and launderability have led to its wide use in articles ranging from underwear to evening gowns. In the home bed linens, table linens and towels are frequently made from cotton. Upspun and raw cotton finds its uses in mattresses, upholsteries for stuffing purposes, tells Kumar (2002). Cotton has many versatile intrinsic qualities that make it a fibre for all masses and occasions, remarks Narayan (2005). 

2.3
NATURAL DYEING


Phadhyay and Charyya (2000) remark that there has been an increasing interest in recent years in natural dyeing owing to the public awareness of ecological and environmental problems related to the production and usage of synthetic dyes. According to Colourage (2000) the major advantage of natural dyes lies in the fact they they are produced from renewable resources. 


Natural dyes are obtained from natural sources such as vegetable matter, mineral and insects. These dyes find use in the colouration of textiles, states Gulrajani (2001). Any part of the plant which can yield dye from 1 to 4 per cent can be considered as potential natural dye source, state Shankar et al. (2002). India has a especially for dyeing and printing, say Paul and Jaiswal (2003). According to Asian Textiles (2002) natural dyeing can be powerful tool to regenerate local flora. Natural dyes and their application are better than those of synthetic dyes, say Teli et al. (2001). Handloom sector is a major consumer of natural dyes, remark Priyanka et al. (2003)


Suri et al. (2000) remark that natural dyes are produced from natural wealth like plants, mineral and insects. They are fairly non-polluting, challenging, have rare colour ideas and unlimited scope to generate new shade. Agarwal (2002) recommends that there is considerable demand for eco-friendly products in western countries.


Pardeshi et al. (2000) remark 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. Natural dyes offer an important alternatives in these regards, as these are safe in use with minimum health hazards and cause less disposal problem.

2.3.1
History of Natural Dyeing


Rani and Singh (2003) remark that the dyeing was discovered in the bronze age. Bains et al. (2003) says that in earlier times, man used only natural materials for clouring textiles. Agarwal and Gupta (2003) state that the history of natural dyes make more than 4000 years old. Much before the invention of synthetic organic dye stuffs, natural and vegetable colours have been used in India for centuries, mention Rakash and Rastogi (2000). A purple coloured piece of cotton was found in Mohanjodaro excavation (3,000 B.C.) which from recent chemical examinations suggest to be dyed with Indian madders, report Bhuyan and Saikia (2004). The earliest authentic records are those of Chinese dated 2600 B.C. in which reference have been made to silk dyeing with natural clours, reveals Charan (1995). Until he later half of the 19th century almost all dyes were of vegetable or animal origin extracts from roots, stem, barks and leaves provide colouring matter, asserts Krishna (1999). Until 1856, when the first synthetic dye ‘mauveine’ was dyes used colouration of textiles were natural dyes, reveal Gill and Singh (2005) and Bhattcharya et al. (2004). 

2.3.2
Sources of Natural Dyeing


Colour may be of the natural origin or synthetically developed. If the history of civilization of man, he started using colours long before. Plant and animal extracts were initially used. They are chiefly of monochromatic colour viz., indigo, violet, pink and yellow, explain Kulandaivel et al. (2005).


Gupta et al. (2005) remark that vegetable dyes are extracted from the leaves, barks, pods, flowers or fruits of some trees. Kiran and Kapoor (2004) says, there are 500 varieties of plants can yield natural dyes which can be obtained from any part of the plant. Rawat et al. (2006) state natural dyes those which are obtained from natural without chemical processing. It may be from insect, vegetable or mineral source.

Vegetable Source


Plants and trees are the major sources of natural colourants. The colouring matter is extracted from the leaves, barks, pods, flowers, or fruits of some trees, that is the natural colour from different parts, says Malik (2005). 

Animal Source


Animal source is colour matter consists of dried bodies of female insects occur cacti which lives on a species of catus. These insects and plants are natives of Mexico and therefore cochineal was first brought by captain Nelsn to Bengal and South India. Lack cochineal and kerms have been the principle dye yielding insects, defines Sumat (1999).

Mineral Source


An example of mineral group is the iron buff. Some kind of mineral ores red clay and ball clay can yield light colours along with mineral salts. But standardization is difficult as the source vary from place to place, express Mitra et al. (2005). 

2.3.3
Classification of Natural Dyeing


Natural dyes are classified in various ways. The earliest classification was according to alphabetical order and later classification was based on chemical structure, say Sengupta (2001). Natural colouring matters are broadly classified into three categories namely plant origin, animal origin and mineral origin, reviews Tawfix (2002). According to Pellow (1998) the natural dyes are classified as follows.

NATURAL DYES

Vegetable Dyes                                                                                                                                       Animal Dyes
                            Mineral Dyes


Roots
Flowers
Leaves
Fruits
Wood

Fish

Insects      Iron     Khaki     Mangen     Seru












     Buff                    ese           (Redohre)












                    brown

1. Madder
1. Sunflower
1. Indigo
1. Grapes
1. Sandal wood
1. Sheelfish
1. Lac
    Dye’s root
2. Kapila
2. Isatistintoria
2. Black berries
2. Bar wood
(Tyrian purple)
2. Kerms
2. Ratan Joe
3. Tesu               
3. Catche
3. Huckle berries
3. Lam wood


3. Cochineal
3. Berberine
4. Helichrysun  
4. Haemeliapatens
4. Peaches
4. Catechu


5. Bracteafium   
5. Litchichiensis
5. Pomegranate
5. Fustic


6. Marigold         
6. Heena
6. Myrobalan
6. Log wood





7. Brazil / 






Sappan wood





8. Oak tree


Litchene and Astringents

Seeds



Rhizomes

1. Parmelia saxatilis


1. Annato


1. Turmeric

2. Parmelia (Parietina)


2. Chakunda


2. Himalayan Rhubarb 



Teli et al. (2001) classify natural dyes based on chemical composition as indigoids, anthrax quinones, alphanapthoquinones, flowers pihydropyrans, antho cyanidins and carotenoids, natural dyes comprise those colourants that are obtained from natural source eg. animal, vegetable and mineral, say Rathi and Godbole (1999). Paul et al. (2000) classify natural dyes based on colour of the dye as yellow dye, orange dye, pink dye, green dye, blue dye, black dye, brown dye and red dye. A market survey done by national cloth market (2003) revealed that natural dyes can be broken down into following categories as shown in Table – I.

TABLE – I

CLASSIFICATION OF NATURAL DYE
	​S.No.
	Colours
	Chemical Classification
	Common Names

	1.

2.

3.

4.

5.

6.

7.

8.
	Yellowish brown

Yellow

Orange and Yellow

Brown and Purple grey

Red

Purple and black

Blue

Neutrals
	Flavone dyes

ISO – quinoline dyes

Chromene dyes

Napthoquinone dyes

Anthraquinone dyes

Benzophyrone dyes

Indigold dyes

Vegetable tannins : Gallo tannins, ellagi tannins and catechol tannins
	Weld, quercitron, justice, osage, tesu, chamomile dolu, marigold, cutch

Burberry

Kanala

Henna, walnut, pitti

Lac, cochineal, madder

Log wood

Indigo

Watte, myrobalan. Pomegranate, chestibut, eucalyptus



Storey (1992) classifies natural dyes based on application as substance dyes and adjective dyes. In substantive dyes, the colourants which dye the fibres directly. In adjective dyes, colourants are applied on materials with mordants or metallic salts. Natural dyes can be classified on the basis of affinity, structure or application, say Singh (2000).
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2.3.4
Utilization


The use of natural dyes in India for various commercial products like textile and handicrafts is not a new concept. Indian are quite familiar with natural dyes and their uses, state Ketti et al. (1996). Natural dyes are used in colouration of textiles drugs and cosmetics. Some amount of these is also used in colouration of paper, leather, shoe polish, wood, candles and such other products requiring colouration, report Adivarekar et al. (2004).


According to Maulik and Pradhan (2005) the use of natural colours for colouration of textiles has mainly been confined to craft dyers and printers, artisans community in the handloom sectors for producing value-added diversified products. Even in the export of textile like carpets, durries, blankets, knit wears, suiting’s, shawl, scarves, ties, sarees, casual wears, shirts and jeans and other fabrics are used and can be used in wool, silk, jute, linen, nylon, cotton and their blends and also in leather products successfully. It can also be used in food and drugs, state Khan et al. (2005).


Gulrajani (2001) reveals that the natural dyes are being mainly use by

· Hobby groups

· Designers

· Traditional dyers and printers

· Non-government organization

· Industry

· Academic institution and research association, laboratories and

· Museums.

Mukherjee et al. (2005) report that these dyes find use in the colouration of textiles, food, drugs and cosmetic. Small quantities of dye are also used in colouration of paper, leather, shoe polish, wood, cane and other such products requiring colouration. Also, the sculptures in ancient times are coloured with mineral dyes.

2.3.5
Advantages of Natural Dyeing


According to Muley et al. (2007) the major advantages of natural dyes are that

· Obtained from renewable resources

· Degrades to non toxic material

· Lot of creativity is required to use it judiciously.

(http : //textile information.blogspot.com/merits of natural dyes).

· Health and safety aspects of natural dyes.

· Natural dyes cause no disposal problem, as they are biodegradable.

· Practically no or mild reactions are involved in their preparation.

· They are unsophisticated and harmonized with nature.

· Natural dyes are cost effective.

· It is possible to obtain all range of colours using various mordants.

Based on Encyclopedia Britannica (1994) natural dyes have proved to be excellent they have remarkable beauty and subtlety of colour and they are durable. Natural dyes are soft in colour cool to eyes and good to skin. Khan et al. (2005) express that plenty of vegetable dyes are used as Ayurvedic or Unani medicines.

Natural dyes have proven therapeutic value and bring healthy, healing energy to whatever part of the body where they are worn (www.aurorasilk.com). Patel and Karolia (2005) point out that the natural dye are eco-friendly as naturally dyed materials have good resistance to moth invasion and they safe for body contact.

Karmakar (2007) report the following are the advantage.

· Natural dye processed for the market do not undergo any chemical operations.

· The vegetable dyes not only make sense in the Indian summer as they make the fabric.

· Natural dyes by virtue of their unique colour, shade dyes and aesthetic characteristics have a potential market from the buyers because of eco-standards and eco-labelling.

2.3.6
Limitation 


Gulrajani (1999) report that the main limitations of natural dyes are :

· Availability

· Colour yield

· Complexity of dyeing process

· Reproducibility of shade

· Limited number of suitable dyes

· Allow only wool, silk, linen and cotton to be dyed

· Great difficulty in blending dyes

· Non-standardized

· Inadequate degree of fixation

· Inadequate fastness properties

· Non-availability to standard shade card, precise and specific ways of application and standard norms.

· The appropriate technical knowledge of colour extraction, purification and standardization of dyeing techniques is immense value and require detailed study.

According to Kumar (2006) the use of natural dyes have certain disadvantage. They are

· Poor availability and colour yield

· Poor brightness and fastness properties

· Lengthy dyeing procedure

· Poor reproducibility of shade

· Poor solubility in water and tedious extraction procedure may be necessary.

Phukon (2003) report that the main limitations of natural dyes are

2.4
MORDANTS


The word mordant comes from the Latin word “mordere”, which means ‘to bite’ or ‘to take hold of’, view Gill and Sigh (2005). Mordants are the substance that are used to fix a dye to the fibre, say Dean (2001). Mordants increase the uptake of dye on the fibres giving brighter, deeper, colours, they increase the dyes fastness to light and washing, reveals Vankar et al. (2003).


Sujatha et al. (2002) points out that mordants are the chemicals that bite the surface of the fibre, so that the dye sinks in. They also improve the take-up quality of the fabric and help to improve colour and light-fastness (www.thesmarltime.com). Sengupta (2004) says natural dyes require chemical in the form of metal salts to produce an affinity between the fibre and the pigments and these chemicals are known as “mordant”. Deo and Paul (2003) inform that an almost complete range of soft, lustrous, gentle, excellent and subtle colours can be obtained by appropriate combination of various natural dyes and mordants.


Early French dyers were the first to discover and use of certain metallic salts as mordants, say Deo (2007). The main problem with natural dyeing is that whilst the natural dyes are themselves harmless, the mordants are generally not eco-friendly and in order to develop a totally eco-friendly natural dyeing process, it is necessary to replace the metallic mordants with eco-friendly mordants, remark Deo and Paul (2003). The use of mordants, especially metal ions, is found to produce the harmful effects on environment as well as to living organisms and this awareness was also probably in the mind of ancient workers as they were in use of natural mordants in the form of albumen from egg, ox-blood, urea, cow dung and rotten mud, says Krishna (1999).


As mentioned by Pal and Rao (2003) the most commonly used mordants are aluminium sulphate and is considered as the best mordants in dyeing with natural dyes as their environmental toxicity is low as compared to the other metallic mordants.


The mordants and chemicals suggested by Dobhal (2000) are summarized below :

	S.No.
	Mordants
	Common chemical dyeing
	Use

	1.

2.

3.

4.

5.

6.
	Alum

Copper sulphate

Potassium dichromate

Ferrous sulphate

Stannous chloride

Tannic acid
	White vinegar

Chalk powder

Household ammonia

Baking soda

Washing soda

Common salt
	For acidity

For alkalinity

For alkalinity

For alkalinity

For alkalinity

For alkalinity


2.4.1
Type of Mordanting


According to Acharya et al. (1999) the three type of mordants are as follows :

Metallic Mordants

Naturally occurring metal salts were used as mordants. Now-a-days metal salts of aluminium, chromium, iron, copper and tin are used. Some of the common mordants are alum, potassium, dichromate, ferrous sulphate, copper sulphate, stannous chloride and stannic chloride.

Tannins and Tannic Acid

Tannins such as Harda, Tannic acid etc. are considered as natural mordants. Myrobalan (Harda) and sumach are the substances containing tannin while dyeing textile substances, say cotton with these compounds, one introduce additional hydroxyl and carboxyl groups in the fibre. These groups by themselves can only increase the dye up take by basic dyes – subsequent treatment of tannin treated cotton with metal salts such as alum introduce aluminium ions in the fibre, say Nadiger et al. (2004).

Oil Mordants

Use mainly in dyeing of Turkey red colour for madder. The function of oil mordant is to form a complex with minimum amount of mordant. The sulfonated oils bind to metal ions with dye to give superior fastness, review Saha (2008). 

2.4.2
Mordanting Techniques 


According to Ghorpada et al. (2000) the different mordanting techniques are as follows :

1.
Pre-mordanting  :  (Mordanting before dyeing)  :  In this process the fabric to be dyed is treated first with mordants and than with dye liquor.

2.
Post Mordanting  :  (Dyeing after mordanting)  :  In this process, the fabric to be dyed is first treated with dye liquor and then with mordant solution to help fixing of the colour, says Samanta et al. (2003).

3.
Simultaneous Mordanting  :  (Mordanting and dyeing in the same bath)  :  In this process, the two steps of treating the fabric with dye and the mordant are carried out at the same time in the same bath, review Kumar et al. (2002).

4.
Pad Mordanting  :  
Mordanting, dyeing and then mordanting through a mordant this method is referred as paddening.

3.  EXPERIMENTAL PROCEDURE


The methodology pertaining to the study is presented under the following headings :


3.1
Selection of material


3.2
Preparation of fabric



3.2.1
Desizing


3.3
Pilot study



3.3.1
Selection of dye source



3.3.2
Selection of mordants




3.3.2.1   Amla




3.3.2.2   Myrobalan




3.3.2.3   Alum



3.3.4
Mordanting technique




3.3.4.1   Premordanting




3.3.4.2   Simultaneous mordanting




3.3.4.3   Post mordanting


3.4
Optimization of dyeing parameter



3.4.1
Dye extraction time



3.4.2
Concentration of dye



3.4.3
Dyeing time



3.4.4
Concentration of mordant



3.4.5
Mordanting time



3.4.6
Selected parameters


3.5
Actual Dyeing



3.5.1
Nomenclature of samples 



3.5.2
Dyeing with myrobalan



3.5.3
Dyeing with alum



3.5.4
Dyeing with amla


3.6
Performance study



3.6.1
Selection of furnishing item



3.6.2
Duration of utilization



3.6.3
Selection of water



3.6.4
Selection of detergent



3.6.5
Washing method


3.7
Evaluation



3.7.1
Subjective evaluation




3.7.1.1   Visual inspection



3.7.2
Objective evaluation




3.7.2.1   Fabric weight




3.7.2.2   Fabric thickness




3.7.2.3   Fabric stiffness




3.7.2.4   Fabric strength and elongation




3.7.2.5   Fabric drapability




3.7.2.6   Crease recovery




3.7.2.7   Abrasion resistance




3.7.2.8   Wettability and absorbency tests





    a.  Drop test





    b.  Sinking test





    c.  Capillary rise test 


3.8
Colour fastness test



3.8.1
Colour fastness to sunlight



3.8.2
Colour fastness to washing



3.8.3
Colour fastness to wet and dry pressing



3.8.4
Colour fastness to wet and dry crocking


3.9
Statistical analysis 

3.1
SELECTION OF MATERIAL


Khadi is hand woven exclusively made out of hand spun yarn from natural fibres like cotton, wool and silk. Khadi is most comfortable during summer due to the structure of the yarn and the fabric. Even the texture of khadi has a special appeal to the customer, report Nayak et al. (2006).


According to www.fibrefashion.com, khadi is a versatile fabric. It has the unique property of keeping the wearer warm in winter as well as cool in summer. It has the capacity to absorb moisture therefore it absorbs the sweat easily and keeps the wearer cool and dry. Khadi on washing is more enhanced it importance the quality of the fabric (www.kvic.org.in).


Moses (2003) the cotton fabric is produced by the affinity to almost all natural and synthetic dyes. The colour thus obtained are fast to repeated washing and prolonged wear. Thus the fabric was purchased from Khadi and Village Industries Commission (KVIC). Six meters cloth was purchased and used for the study. The details of the purchased khadi cotton fabric are presented in Appendix – I.

3.2
PREPARATION OF FABRIC

3.2.1
Desizing


Susheela (2004) defines desizing as removal of sizing material from the fabric. According to Prabhakeran (2003), desizing enables easy penetration of dye to the fabric as sizing material obstructs the absorption. As suggested by Asha and Anjali (2004) five per cent surf solution was prepared and the material was put into the solution. It was allowed to boil for 2 to 3 hours, rinsed thoroughly and dried in shade.


Sivaramakrishnan (2005) say desizing plays a major role in achieving a perfect feel. Desizing is a process of removing the sizing material from the warp yarn in woven fabric. Amsamani and Ranganathan (2003) view desizing was carried out by soaking the khadi cotton fabric in adequate quality of boiling water over light and washing in five per cent detergent solution 60(C. Later the fabric was thoroughly rinsed in three charges of soft water and then dried in shade.

3.3
PILOT STUDY


Gopalakrishnan (2002) adds that pilot study helps in knowing the overall outcome of the study when tried in a small quality. It acts as base for the main study. Ansari and Thakur (2000) recommend that the dye stuff to be added should be calculated on the weight of the textile material to be dyed and not on the liquor. Saravanavel (1999) say pilot study is a preliminary study to be conducted in a limited scale before the large scale are carried out in order to gain some primary information on the basis of which the main project would be planned and formulated. A pilot study was carried out in order to select dye sources, mordants, mordanting techniques and dyeing procedures are as follows :

3.3.1
Selection of Natural Dye 


Family name

:
Apocynacease


Common name
:
Nerium oleander


English name
:
Indian oleander


Tamil name

:
Arali, Sivapparali


According to Supriya (2004), Indian oleander (Nerium oleander) is a member of the family Apocynacease. Roger (2004) say the flower are mainly the leaves of oleander contain flavonic glyconsider. Already warned that the flower and leaves of this plant are “deadly poisonous for dogs, donkeys, mules and many four legged animals”. We can add that it is also poisonous for humans.


Kurian (1999) explain the flower cluster are showy fragrant, dark pink, white, red interminant inflorescence. Dark pink variety of nerium flower was collected from the temple. The flowers were dried and ground to powder are used as the natural dye (Plate – I).

Medicinal Use


According to Kurian (1999) are the medicinal use are follows :

· Externally used as an insecticide

· Used for skin eruptions like herbs, a viral skin disease

· Used for snake bite.

3.3.2
Selection of Mordants


 Mordants help to bite the dye on the khadi cotton material, which keeps the dye fast to washing, say Fritz (1998). Most of the natural dye do not fix permanently unless they are used with chemicals called mordants, remark Jeet et al. (2004). Mordant is the agent by which colouring materials are fixed on clothes. Metallic salts are commonly used as mordants, says Murphy (2000). Mordants are metallic salts with an affinity for both fibres and dye stuffs which improve the colour fastness of the dye, state Dayal et al. (2001). Mordanting of natural dyes always improve its affinity for the use and the fabric, says Dedhia (1999).

· Amla 

· Alum

· Myrobalan

3.3.2.1   Amla


Family name

:
Euphoriaceae


Common name
:
Phyllanthus emblica


Tamil name

:
Nelli


English name
:
Indian gooseberry


Hindi name

:
Amla


Amla (Indian gooseberry) and its application as a natural mordant have been reported. Amla is one of the most celebrated herbs in the Indian traditional medicine system, ayurveda, reveals Telli and Prabhu (2008). (Plate – II).


Amla is exceptionally rich source of vitamin ‘C’ and powerful antioxidant (http://ezinearticles.com).

3.3.2.2   Myrobalan


Family name

:
Conbretaceae


Common name
:
Myrobalan, harda, chebulic


Botanical name
:
Terminalia chebula


Myrobalan is fruit of tree Terminalia chebula. It is the source of the most important vegetable tanning materials and used as mordant and dye stuff (www.ayurveda.herbal_remedy.com). Senthikumar et al. (2002) say myrobalan treated fabric have good affinity for dyes and also and good fastness. Myrobalan makes pores on the surface  of  the  fibre,  the pores in which the dye can fix into the fabric (Plate – III).

3.3.2.3   Alum


Alum is used for weighing material and also have some antiseptic action, says Edge (1998). He also points out that alum is a complex  salt and the base is alumina. Treatment with alum before dyeing gives good colour fastness in washing and rubbing, says Padma et al. (1999) (Plate – IV). 

3.3.4
Mordanting Technique


Three different methods of mordanting can be tried to fix the dye on the fabric, namely premordanting, simultaneous mordanting and post mordanting, view Kalyani et al. (1998). The mordanting techniques for the study were varied as follows :

· Premordanting

· Simultaneous mordanting

· Post mordanting

3.3.4.1   Premordanting


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

3.3.4.2   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 soft water and dried in the shade.

	PLATE – I
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	Nerium oleander FLOWER DRY
	Nerium oleander FLOWER POWDER

	PLATE – II

	[image: image5.png]




	AMLA POWDER

	PLATE – III
	PLATE – IV
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	ALUM POWDER
	MYROBALAN POWDER


3.3.4.3   Post Mordanting


Post mordanting was carried out after dyeing. Each of the dyed sample was squeezed well and immersed into the mordanting solution and boiled for required time.


The trials thus made in the pilot study with combination dye source with three natural mordants used three mordanting techniques resulted into various shades of coloured on khadi cotton. Since the selected sources have given the satisfactory results and the same parameters were taken as such for optimization process. 

3.4
OPTIMIZATION OF DYEING PARAMETER


Nair and Pandian (2005) that eco-friendliness does not mean that natural dyes do not have azo chromospheres group / carcinogenic amines but the selection of proper mordants and optimization of dyeing conditions may reduce the effluent load, thus making it more eco-friendly.


A series of experiments were carried out by the investigator as per procedures suggested by Rani and Singh (2003) to determine optimum values for dyeing parameters, namely dye concentration, dyeing time, mordant concentration and mordanting time. In each optimization, the values of the parameters being optimized were varied while keeping the following parameters constant. The optimized value from previous experiment was used as constant for next parameters. The constant parameters used in all the experiments were


Natural liquor ratio


:
1:40


Dye soaking time


:
48 hours


Dye extraction temperature
:
100(C


Dyeing temperature


:
100(C


Mordant soaking time

:
1 hours


Mordant temperature

:
100(C


pH for dyeing and mordanting 
:
7


Dyeing extraction medium

:
aqueous

3.4.1
Dye Extraction Time


The optimum time for extraction of dye was found out by varying the duration as 45 and 60 minutes. The extraction time which gave the maximum colour density was taken as optimum. 

3.4.2
Concentration of Dye


The optimum concentration of dye source was found out by varying concentration of the dye 10, 15 and 20 gms / 150 ml of soft water. The measured dye powder was taken in different beakers. The prepared dye solution was brought to boil at 100(C for 45 minutes with fabric. After stipulated time the fabric was removed from the dye solution and rinsed thoroughly in five washing. The samples were dried in shade. The concentration which given the maximum dye absorption was taken as optimum.

3.4.3
Dyeing Time


Similarly the optimum dyeing time was found by varying the dyeing time 45 and 60 minutes. The dye solution was taken in different beakers and the samples were immersed. Late the samples were taken out washed and they were dried in shade. Dyeing time which gives the maximum dye absorption was taken as optimum.

3.4.4
Concentration of Mordant


The optimum concentration of mordants 5, 10 and 15 gms of the mordant proportions were tried for each of the three mordants namely myrobalan, amla and alum. The mordants were extracted for 45 and 60 minutes. The concentration which given the maximum dye absorption was taken as optimum.

3.4.5
Mordanting Time


The optimum time for mordanting was found by varying the mordanting time 45 and 60 minutes. The mordant solution was taken in different beakers and the samples were soaked and allowed to boil at 100(C. Based on the timings, the samples were removed, rinsed thoroughly and dried in shade.


The similar procedure was carried out for all the mordants. Based on the visual inspection results, best suited mordanting techniques for each mordant were selected. The optimum concentration of the dye and mordants, extraction time, dyeing and mordanting time were selected on the basis of visual inspection.

3.4.6
Selected Parameters


Based on the results of visual inspection the following dye sources, concentration, mordants and mordanting techniques were selected for the final study as given in the Table – II. The dyed samples were visually inspected by a panel of 25 judges. The panel consisted of post graduate textile oriented students of Avinashilingam University for Women, Coimbatore. 

TABLE – II

OPTIMIZATION OF DYEING PARAMETERS

	S.No.
	Parameters
	Trial proportion
	Selected proportion

	1.

2.

3.

4.

5.
	Dye extraction time (min)

Dye concentration (grams)

Dyeing time (min)

Mordant concentration (grams)

Mordanting time (min)
	45 and 60

10, 15 and 20 

45 and 60

5, 10 and 15

45 to 60
	60

20

45

15

45



Based on the visual evaluation all the three mordants namely, alum, myrobalan and amla were selected. The best suited techniques for each mordant chosen for dyeing the khadi cotton fabric as given in the Table – III. The dyed samples are given in Appendix – II.

TABLE – III

OPTIMIZATION OF MORDANTING TECHNIQUE

	S.No.
	Material
	Dye 
	Mordant
	Mordanting techniques

	1.

2.

3.
	Khadi cotton

Khadi cotton

Khadi cotton
	Nerium oleander

Nerium oleander

Nerium oleander
	Amla

Alum

Myrobalan
	Pre mordanting

Simultaneous mordanting

Post mordanting


3.5
ACTUAL DYEING


Dye uptake or dye exhaustion depends upon various factors like nature of fibre, degree of swelling, temperature of dyeing time, dye concentration, its affinity for fibre, pH of dye bath and electrolyte concentration, say Pant and Shail (2004). On the basis of optimization results for each dye category, two meters were independently dyed.

3.5.1
Nomenclature of Samples 


The nomenclature of original, dyed and washed samples are given in Table – IV.

TABLE – IV

NOMENCLATURE OF ORIGINAL, DESIZED AND DYED SAMPLES

	S.No.
	Samples

	1.

2.

3.

4.

5.
	O

dS

NAPD

NASD

NMPTD


O – Original 


A – Amla 

D – Desized


P – Premordanting 

S – Sample


A – Alum 

D – Dyed


S – Simultaneous mordanting

N – Nerium oleander

M – Myrobalan





PT – Post mordanting


Regarding the nomenclature of the samples the first and second letter indicates the “dye source” the third letter denotes the “mordants” and the fourth letter refers to mordanting techniques respectively. 

3.5.2
Dyeing with Myrobalan


With respect to myrobalan mordant, the post mordanting technique was found to be good. The dyeing was done and then the mordanting technique was followed.

3.5.3
Dyeing with Alum


With regard to alum mordant, the simultaneous mordanting technique was found to be best suited as per the visual evaluation. Dyeing and mordanting were carried out simultaneously.

3.5.4
Dyeing with Amla


The premordanting techniques was found to be best for amla mordant as per the visual evaluation. The dyeing and mordanting technique were carried out pre-mordant.


The dyeing parameters followed for actual dyeing are presented in Table – V and the samples in Appendix – III.

TABLE – V

ACTUAL DYEING

	S.No.
	Fabric (g)
	Powder
	Water
	Mordant
	Mordanting technique

	
	
	Dye (g)
	Mordant (g)
	Dyeing (lts)
	Mordant (lts)
	
	

	1.

2.

3.
	225

225

225
	2250

2250

2250
	1688

1688

1688
	16875

16875

16875
	11250

11250

11250
	Amla

Alum

Myrobalan
	Pre 

Simultaneous 

Post


3.6
PERFORMANCE STUDY


Wear is the net result of a number of agencies which reduce serviceability of an article. Some of the most important of these are bending and stretching, tearing, abrasion, laundering and cleaning, expresses Jewel (2005). Wear may be considered as a combination of physical and chemical degradation of fabric and physical degradation includes the effect of abrasion. The wear study samples are shown in Plate – V.

3.6.1
Selection of Furnishing Item


Cushion cover was selected for the wear study. Three samples were constructed and subjected for utilization study. This were washed with reetanut after use of every day.

3.6.2
Duration of Utilization


The samples were utilized for a period of 8 hours from 9.00 am to 5.00 pm for seven days and then washed after each use with natural detergent thoroughly.

3.6.3
Selection of Water


NIIR Board (2004) reveals that the best water for trouble free dyeing is soft water. It is also specified that pH of water should be between 7-8, soft water are used for laundering the samples as it is best suited for khadi cotton. 

3.6.4
Selection of Detergent


A substance when dissolved in water or dispersed in a liquid act as cleaning agent and wash a surface clean by removing oil in which dust particles are dispersed, remarks Yadav (1997). So, the natural detergent reetanut was selected to wash the sample.

	PLATE – V

PERFORMANCE STUDY
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	CUSHION COVER  1 (NAPD)
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	CUSHION COVER 2 (NASD)
	CUSHION COVER 3 (NMPTD)


3.6.5
Washing Method


The dyed samples were washed using genteel liquid. The detergent solution was prepared using one drop of genteel liquid with 5 litres of cold water. The worn cushion cover were soaked in the detergent solution for 10 minutes. Then the samples were kneaded, squeezed and drip dried in shade. 

3.7
EVALUATION


Evaluation of samples were done by subjective method and objective method.


3.7.1
Subjective evaluation


3.7.2
Objective evaluation

3.7.1
Subjective Evaluation


There are some properties of textiles which are difficult to assess numerically and where laboratory measurements are difficult, a useful device is to submit the samples to the panel of 25 judges or experts and ask them to evaluate, views Booth (1996).

3.7.1.1   Visual Inspection


The dyed samples were evaluated by the panel of 25 judges, namely the post graduate students specialized in the field of Textiles and Clothing at Avinashilingam University for Women, were selected for evaluating the dyed samples for general appearance, colour, evenness in dyeing and texture. The visual evaluation of the pilot study samples are given in Appendix – IV.

3.7.2
Objective Evaluation


Testing is an integral part of a textile company’s system that will help in addressing the market and process requirements, quote Nadiger and Subramanian (2002). It is the process of inspecting, measuring and evaluating the characteristics and properties of textile materials. There are varieties of instruments that are used in textile testing. The objective evaluation of the samples includes the following aspects :


3.7.2.1   Fabric weight


3.7.2.2   Fabric thickness


3.7.2.3   Fabric stiffness


3.7.2.4   Fabric strength and elongation


3.7.2.5   Fabric drapability


3.7.2.6   Crease recovery


3.7.2.7   Abrasion resistance


The above tests were carried out by the investigator.

3.7.2.1   Fabric Weight


The weight of the fabric can be described in two ways, either as the weight per unit area or the weight per unit length, states Angappan (2002). Booth (1996) says that fabric weight is generally expressed in one of the two ways. Ounces per linear yard for standard width and yards per pound for given widths.


It is a device (Plate – VI) to cut circular specimen of 100 square centimeters of a fabric very accurately. It has four blades that cut the fabric when the hand wheel is rotated by applying light pressure. The sample were cut and weighed accurately using digital balance having 0.01 sensitivity. The value in grams multiplied by 100 gives grams per square meter (GSM) of the fabric. The mean value was calculated and recorded. 

3.7.2.2   Fabric Thickness


The fabric thickness is used to find out its density in connection with some properties such as air permeability and thermal conductivity, says Greenwood (2004). Heals Thickness Gauge (Plate – VII) was used to measure the thickness of the fabric. The dial gauge is set in millimeter view, Lord (2003) and Mehta (2004). Thickness is the distance between the upper and lower surface of the material, measured under specific pressure, reviews Matsudaira (1995). The readings were taken at five different places in the woven fabric and the mean value was found. 

3.7.2.3   Fabric Stiffness


According to the Textile Committee (1993) stiffness is the resistance to bending, Shirley Stiffness Tester (Plate – VIII) was used to determine the stiffness in bending length, using a scale of six inches length and one inch width with aid of template. Samples were cut both in the warp and weft directions. Each sample along with the scale were mounted on the platform which was horizontal and the scale was waved along with fabric slowly, until the fabric fell to the edge of the mirror, the bending length was read from the scale mark opposite to the zero line on the side of the platform. Each specimen as tested four times at each end again and again with the strip turned over. The test was repeated for five samples cut in both warp and weft directions and the mean value were calculated and recorded. 

3.7.2.4   Fabric Strength and Elongation


Breaking strength of a fabric refers to its resistance to tensile force, opinions Behra (1998) and the tensile force recorded at the movement of rupture is sometime referred to as the tensile strength at break, say Daniel et al. (1995). Tensile elongation is a measure of fabric ability to be stretched under tensile load, views Jindal (2006). Five samples from the woven fabric specimen were cut at different portion of the cloth. The sample (30 cm x 6.25 cm) was mounted in between the upper and lower jaw in the length wise direction of the machine. As the machine was switched on, the fabric stretched and where the fabric got cut off from the middle was noted. The reading on the dial at this point correspond to the strength and elongation was noted. The process was repeated both in the warp and weft five times as directions described by Singh (2004). The mean values were calculated and recorded (Plate – IX). 

3.7.2.5   Fabric Drapability


Mitra et al. (2006) says drape of a fabric may be defined as the deformation of the fabric, produced by gravity, when only a part of it is directly supported. Behra and Mishra (2006) say the drape co-efficient for the fabric sample is evaluated by using the digital image processing based drape meter.


Basically, fabric drape is not an independent fabric property. It relates to fabric bending, shear tensile, fabric thickness and fabric weight, says Hu and Chan (1998). Drape is a manner in which a fabric falls when hung on a form, views Kavitha (2005). The measurement of drape and its correlation to the total application value of the fabric would make the understanding of the inter-drapemeter of these parameters more relevant and object oriented, say Behra and Mishra (2007).


The drape of the fabric was evaluated using a Eureka Drape Meter (Plate – X) recommended by Adanur (2000). In this method, a circular specimen of about 25 cm diameter was supported on a circular disc, about 1.5 cm diameters and the unsupported area drapes over the edges. 


Five samples were cut according to the size of the template from each of the original and treated samples. A brown paper was cut according to the size of the template (25 cm in diameter) and was weighed using electronic balance. Each sample was placed on the circular disc on the drape meter. As the machine was switched on the outline of the supported area was projected on the paper placed above the glass surface, which was drawn out and the rest of the portions were cut off. It was then weighed using electronic balance. 


Then the drape co-efficient can be calculated for each sample, point out Brand (2003).


Drape co-efficient (%)   =   
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-
Area of the draped sample


AD
-
Area of the undraped sample




(That is area of lasted shadow of the outer ring – lasted value)


Ad
-
Area of the casted shadow of supporting disc – constant. 

3.7.2.6   Crease Recovery


Crease recovery is one of the desired properties in cloth, say Vastrad and Shailaja (1995). Creasing of textile material is a complex effect involving tensile, flexing, compressive and other stresses. The ability of the fabric to resist creasing is dependent on the type of fibre used in its construction, says Saini (2004). Crease recovery is the ability of a fabric to recover from unwanted crease. It is the property of the material to resist wrinkling and to restore the initial state after the force causing its crease removed, says Kozi (1996).


Shirley Crease Recovery Tester was used for the study. The instrument consisted of a circular dial, which carries the clamp for holding the sample. A knife edge and an index line are seen directly under the centre of the dial to measure the recovery angle. Five sample each of 5 x 2 x 5 cm size were cut both in the warp and weft directions at random using a template from each of the dyed materials. Each sample was carefully creased by folding it into half and this was inserted into the metal sample holder. 


After two minutes the weight was lifted and the sample was transferred to the fabric clamp on the instrument and allowed to recovery from the crease. After two minutes the dial was rotated to keep the free edge of the sample coincide with the knife edge. The crease recovery angle in degree was read directly from the engraved scale. The mean value were calculated and recorded (Plate – XI). 

3.7.2.7   Abrasion Resistance


Abrasion is just one aspect of wear which is rubbing away of the component fibres and yarns of the fabric, state Jewel (2005). Abrasion is one of the major to assess the durability of the fabric, says Basu (2001).


Abrasion resistance of fabric is dependent on many factors including fibre properties, yarn structure and size, fabric weight, fabric finishes, moisture content. Abrasion test would predict the serviceability a fabric, remarks Kaplan (2001).


Eureka Martindale Abrasion Resistance Tester (Plate – XII) was used to determine the abrasion resistance of the sample. The severity of abrasion varies with the nature of the abradant. The silicon carborandum sheet was used as an abradant. Five specimens were cut at random from each of the dyed samples using a template. The initial weight of each specimen was taken accurately using an electronic balance. The same was mounted on a sample holder and rubbed against the abradant paper and this rubbing was given in the multi directional ways. The number of rubs given was twenty. After abrasion the final weight was taken. The loss of weight in each specimen was caused by the rubs and the same was calculated. The same procedure was repeated for all other specimens and the mean value calculated.

3.7.2.8   Wettability and Absorbency Tests


The wettability and absorbency tests include :

a) Drop test

b) Sinking test

c) Capillary rise test

a.
Drop Test


A drop of water is allowed to fall from a fixed height into the taut surface of a test specimen. The time required for the specular reflection of the water drop to disappear is measured and recorded as wetting time, cites AATCC (2007).


Specimens from each sample of original and dyed fabric were taut in a frame and placed under a burette full of distilled water (Plate – XIII). The distance between the specimen and the tip of burette was constant. A drop of water was allowed to spotted over the surface of the specimen. The time was noted in seconds that how many seconds a drop of water has taken to penetrate the fabric. The water drops disappears immediately record as zero, when wetting time exceeds 60s, record the time as “60s”.


This test was done for all the five samples and seconds were noted.

b.
Sinking Test


Sinking test is a simple test that helps to measure the wettability of a fabric, says Booth (1996). The samples were cut into size (5 x 5 cm) square from all the samples. A beaker filled with 1000 ml of distilled water added with few drops of wetting agent was taken. 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. The time required for the sample to sink was noted. The mean value was calculated for the above samples. Similarly the mean values of the treated samples were calculated and the sinking time of each material was recorded separately (Plate – XIV).

c.
Capillary Rise Test 


According to Rahul (2005) the capillary travel method measures the rapidity of absorption. Five samples were cut into size of 15 cm length and 2.5 cm width from all the samples. One end of the sample strip was passed with a glass rod which was placed on a heavy wooden block and at the other 
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	ABRASION RESISTANCE
	DROP TEST
	SINKING TEST


end two grams weight was attached to keep the sample straight. At the weighted end 2 cm of the sample was allowed to immerse in a tray of distilled water. The time taken for rise of the water level in the strip was noted by keeping length of the water rise 5 cm as constant. The same procedure was repeated for five readings of all the samples was recorded. 

3.8
COLOUR FASTNESS TEST


When a coloured material is subjected to particular conditions like light, washing, abrasion, the colour may change in depth, hue or brightness. The resistance of a coloured material to any such changes is termed as colour fastness, say Gulrajani and Deepti (2001).


According to AATCC (1995) colour fastness is defined as the resistance of a material to change in any of its colour characteristics. Colour fastness tests were conducted to determine the colour fastness of the dyed sample. They are as follows 


3.8.1.
Colour fastness to sunlight


3.8.2
Colour fastness to washing


3.8.3
Colour fastness to wet and dry pressing


3.8.4
Colour fastness to wet and dry crocking 

3.8.1
Colour Fastness to Sunlight


This test measures the resistance to fading of dyed textiles when exposed to day light, views Savile (1999). Ingamels (1993) states that humidity, air, temperature, surface temperature of the sample, presence of atmospheric impurities, the spectral quality and intensity of light source are the variables that affect the influence of light on the fading of dyes.


A sample piece of 20 x 2.5 cm was cut from the dyed materials. It was divided exactly into eight divisions of 2.5 cm width each. The strip was covered with black chart paper. The first division was cut and exposed on the first day consecutively and the second division was cut on the second day and so on. Finally the first division after exposure for seven days, was assessed for colour change using grey scale.

3.8.2
Colour Fastness to Washing


The loss of colour during laundering is referred to as lack of wash fastness or bleeding, state Gohl and Vilensky (1987). Gulrajani and Deepti (2001) views that, during wet treatments such as washing and dry cleaning, adjacent analysed material may take up colour due to the transfer of dye from the original dyed material known as “staining” in wet treatment (Plate – XV).


The test samples of 7 x 7 cm size were cut from the coloured materials. Each sample was sandwiched between the undyed cloth which was desized well. According to ISO specification as suggested by Ingamells (1993). For wash test, soap solution of about 5 gm / 100 ml was prepared and each of the test samples were removed, rinsed in cold water thoroughly, squeezed well and dried. The colour change and staining of the specimen were assessed using AATCC grey scale. 

3.8.3
Colour Fastness to Wet and Dry Pressing


Fastness to pressing can be carried out under three different conditions, dry, damp or wet, says Saville (2004). The standard test method followed for assessing fastness of the dye to hot pressing, says Patel (2005).


Dry, damp and wet hot pressing was carried out. In dry hot pressing the dry sample is placed between two dry layers of fabric for damp, the upper layer of the white fabric is wetted (it should not drip) and for wet hot pressing, both the sample and the top white fabric are wetted and then hot pressing is done with the help of a hot iron calibrated for a surface temperature of 170(C.

3.8.4
Colour Fastness to Wet and Dry Crocking


The crocking test to evaluate the rubbing fastness (dry and wet) of dyed samples was conducted using the crock-o-meter as per AATCC standard test method S-1961, say Anjali (2004).


The test specimen of 25 x 5 cms was prepared from the dyed fabric which was rubbed against standard crocking cloth provided with the equipment. Each sample was given ten strokes and the colour change and staining on the white cloth were graded by using grey scale. Similarly wet crocking test was also carried out, says Jahan et al. (2006) (Plate – XVI).

3.9
STATISTICAL ANALYSIS 


Statistics is indispensable in research work. The large volume of numerical information can be effectively organized, presented and analysed through statistical method.


According to Gupta (2005) the laboratory results were statistically analysed for tests like fabric weight, fabric thickness, fabric stiffness, fabric strength and elongation, abrasion resistance and least significance was computed at five and one per cent level to find out the significant  difference of the dyed samples, says Mann (2004). 
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IV.  RESULTS AND DISCUSSION


The results and discussion pertaining to the study entitled “DYEING OF KHADI COTTON WITH Nerium oleander FLOWER” is discussed under the following headings :


4.1
Subjective evaluation



4.1.1
Visual inspection


4.2
Objective evaluation



4.2.1
Fabric weight



4.2.2
Fabric thickness



4.2.3
Fabric stiffness – Warp 



4.2.4
Fabric stiffness – Weft 



4.2.5
Fabric strength – Warp



4.2.6
Fabric strength – Weft



4.2.7
Elongation – Warp



4.2.8
Elongation – Weft



4.2.9
Fabric drapability



4.2.10
Crease recovery – Warp



4.2.11
Crease recovery – Weft



4.2.12
Abrasion resistance


4.3
Wettability and absorbency tests



4.3.1
Drop test



4.3.2
Sinking test



4.3.3
Capillary rise test


4.4
Colour fastness test



4.4.1
Colour fastness to sunlight



4.4.2
Colour fastness to washing



4.4.3
Colour fastness to wet and dry pressing



4.4.4
Colour fastness to wet and dry crocking

4.1
SUBJECTIVE EVALUATION

4.1.1
Visual Inspection


The details of the panel rating including the evenness in dyeing, brilliancy of colour, texture, luster and general appearance of the dyed materials. These are given in Table – VI.

TABLE – VI

VISUAL INSPECTION

	S.No.
	Samples
	Rating in percentages

	
	
	General appearance
	Brilliancy of colour
	Evenness in dyeing
	Texture
	Lustre

	
	
	Good
	Fair
	Poor
	Brilliant
	Medium
	Dull
	Even
	Partially even
	Uneven
	Soft
	Medium
	Coarse
	High
	Medium
	Dull

	1.
	NAPD
	62
	38
	-
	85
	12
	3
	100
	-
	-
	60
	40
	-
	82
	18
	-

	2.
	NASD
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	100
	-
	-

	3.
	NMPTD
	80
	20
	-
	-
	100
	-
	100
	-
	-
	40
	60
	-
	40
	60
	-



From the Table – VI, it is clear that the samples dyed with mordant following different mordanting techniques were evaluated based on the criteria of evenness in dyeing, general appearance, colour, texture and luster of the samples. 


Among the dyed sample NASD was rated as good by 100 per cent of the judges with regards to general appearance. Considering the brilliance of colour, NASD and NMPTD were rated as medium of 100 per cent of the judges.


With reference to evenness in dyeing, NAPD, NASD and NMPTD were rated as even by 100 per cent of the judges.


The dyed sample NASD was rated as smooth by 100 per cent of the judge considering the luster, except NASD was rated as high by 100 per cent of the judge.

4.2
OBJECTIVE EVALUATION

4.2.1
Fabric Weight


The fabric weight of the original, desized and dyed samples are presented in the Table VII (A) and VII (B) and Figure – I.

TABLE – VII (A)

FABRIC WEIGHT

	S.No.
	Sample
	Mean weight (gms / sq.m)
	Gain / loss over original
	% gain / loss over original

	1
	O
	0.911
	-
	-

	2
	ds
	1.012
	-0.101
	11.08

	3
	NAPD
	1.033
	-0.122
	13.3

	4
	NASD
	1.016
	-0.105
	11.52

	5
	NMPTD
	1.016
	-0.105
	-11.52


TABLE – VII (B)

ANALYSIS OF VARIANCE

	Source of variation
	Fabric weight

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	0.04786
	4
	0.01196
	43.38**

	Error
	0.00552
	20
	0.0027
	

	Total 
	0.05339
	24
	
	


**   Significant at one per cent level.


The Table – VII (A) and VII (B) and Figure – I depicts that the fabric weight of original, desized and dyeing samples. The dyed sample NAPD had more increase in fabric weight about 13.3 per cent. The other dyed samples also gained fabric weight ranging from 11.08 per cent to 13.3 per cent when compared to original sample.
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FIGURE – I

FABRIC WEIGHT


The statistical analysis shows that there is a significant difference at one per cent level between original and dyed sample. 

4.2.2
Fabric Thickness


Table – VIII (A) and VIII (B) and Figure – II gives the fabric thickness and the analysis of the variance of original, desized and dyed samples.

TABLE – VIII (A)

FABRIC THICKNESS

	S.No.
	Sample
	Mean thickness (mm)
	Gain / loss over original
	% gain / loss over original

	1
	O
	0.35
	-
	-

	2
	ds
	0.41
	-0.06
	17.14

	3
	NAPD
	0.39
	-0.04
	11.42

	4
	NASD
	0.35
	0
	0

	5
	NMPTD
	0.43
	-0.08
	22.85


TABLE – VIII (B)

ANALYSIS OF VARIANCE

	Source of variation
	Fabric thicknes

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	0.02372
	4
	0.00593
	7.76**

	Error
	0.01528
	20
	0.000764
	

	Total 
	0.03900
	24
	
	


**   Significant at one per cent level.


From the above Table – VIII (A) and VIII (B) and Figure – II, it is clear that there was a variation in fabric thickness of original, desized and dyed samples. The dyed sample NMPTD showed more increase  in thickness by 22.85 per cent. The other dyed samples also gained fabric thickness ranging from 11.42 per cent to 22.85 per cent when compared to original sample.
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FIGURE – II

FABRIC THICKNESS


The statistical analysis shows that there is a significant difference at one per cent level between original and dyed sample. 

4.2.3
Fabric stiffness  - Warp


The fabric stiffness and the analysis of variance along warp direction for original, desized and dyed samples are presented in the Table – IX (A) and IX (B) and Figure – III.

TABLE – IX (A)

FABRIC STIFFNESS - WARP

	S.No.
	Sample
	Mean stiffness (cm)
	Gain / loss over original
	% gain / loss over original

	1
	O
	2.3
	-
	-

	2
	ds
	2.0
	0.3
	13.0

	3
	NAPD
	1.9
	0.4
	17.3

	4
	NASD
	2.2
	0.1
	4.3

	5
	NMPTD
	2.0
	0.3
	13.0


TABLE – IX (B)

ANALYSIS OF VARIANCE

	Source of variation
	Fabric stiffness - Warp

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	0.5144
	4
	0.12860
	1.20NS

	Error
	2.1520
	20
	0.10760
	

	Total 
	2.6664
	24
	
	


NS – Not Significant


From the above Table – IX (A) and IX (B) and Figure – III, it is clear that there was a variation in fabric stiffness in warp direction was increase. NAPD showed maximum increase in stiffness warp direction by 17.3 per cent. The other dyed samples also gained fabric stiffness in warp direction ranging from 4.3 per cent to 17.3 per cent when compared to original sample.
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FIGURE – III

FABRIC STIFFNESS – WARP


From Table – IX (B) it is seen that the analysis of variance done for fabric stiffness in warp proved that difference between original, desized and dyed sample is not significant. 

4.2.4
Fabric Stiffness – Weft


The fabric stiffness and the analysis of variance along weft direction for original, desized and dyed samples are presented in the Table – X(A) and X(B) and Figure – IV.

TABLE – X (A)

FABRIC STIFFNESS - WEFT

	S.No.
	Sample
	Mean stiffness (cm)
	Gain / loss over original
	% gain / loss over original

	1
	O
	1.8
	-
	-

	2
	ds
	1.8
	0
	0

	3
	NAPD
	1.6
	0.2
	11.1

	4
	NASD
	1.6
	0.2
	11.1

	5
	NMPTD
	1.7
	0.1
	5.5


TABLE – X (B)

ANALYSIS OF VARIANCE

	Source of variation
	Fabric stiffness – Warp

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	0.2296
	4
	0.05740
	2.87*

	Error
	0.4000
	20
	0.0200
	

	Total 
	0.6296
	4
	
	


*  Significance at 5 per cent level.


From the above Table – X (A) and X (B) and Figure – IV, it is clear that there was a variation in fabric stiffness in weft direction has increased. NAPD and NASD showed increase in stiffness weft direction by 11.1 per cent. The other dyed samples also gained fabric stiffness in warp direction ranging from 5.5 per cent to 11.1 per cent when compared to original sample.
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FIGURE – IV

FABRIC STIFFNESS – WEFT


From Table – X (B) it is seen that the analysis of variance done for fabric stiffness in weft proved that difference between original, desized and dyed samples is significant at five per cent level. 

4.2.5
Fabric Strength – Warp


The fabric strength and the analysis of variance along warp direction for original, desized and dyed samples are presented in the Table – XI (A) and XI (B) and Figure – V.

TABLE – XI (A)

FABRIC STRENGTH - WARP

	S.No.
	Sample
	Mean strength (kg)
	Gain / loss over original
	% gain / loss over original

	1
	O
	14
	-
	-

	2
	ds
	16
	-2
	14.2

	3
	NAPD
	18
	-4
	28.5

	4
	NASD
	16
	-2
	14.2

	5
	NMPTD
	15
	-1
	7.1


TABLE – XI (B)

ANALYSIS OF VARIANCE

	Source of variation
	Fabric strength - Warp

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	42.160
	4
	10.540
	1.94NS

	Error
	108.40
	20
	5.420
	

	Total 
	150.560
	4
	
	


NS – Not Significant


From the above Table – XI (A) and XI (B) and Figure – V, it is clear that there was a variation in fabric strength in warp direction was increase. NAPD showed more increase in strength warp direction by 28.5 per cent. The other dyed samples also gained fabric strength in warp direction ranging from 7.1 per cent to 28.5 per cent when compared to original sample.
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FIGURE – V

FABRIC STRENGTH  – WARP


From Table – XI (B), it is seen that the analysis of variance done for fabric strength in warp proved that difference between original, desized and dyed sample is not significant. 

4.2.6
Fabric Strength – Weft


The fabric strength and the analysis of variance along weft direction for original, desized and dyed sample are presented in the Table – XII (A) and XII (B) and Figure – VI.

TABLE – XII (A)

FABRIC STRENGTH  - WEFT

	S.No.
	Sample
	Mean strength  (kg)
	Gain / loss over original
	% gain / loss over original

	1
	O
	19
	-
	-

	2
	ds
	14
	5
	26.3

	3
	NAPD
	14
	5
	26.3

	4
	NASD
	13
	6
	31.5

	5
	NMPTD
	13
	6
	31.5


TABLE – XII (B)

ANALYSIS OF VARIANCE

	Source of variation
	Fabric strength – Weft 

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	107.440
	4
	26.860
	5.79**

	Error
	92.800
	20
	4.640
	

	Total 
	200.240
	24
	
	


**  Significant at one per cent level. 


From the above Table – XII (A) and XII (B) and Figure – VI, it is clear that there was a variation in fabric strength in weft direction has increased. NASD and NMPTD showed increase in strength warp direction by 31.5 per cent. The other dyed samples also gained fabric strength weft direction ranging from 26.3 per cent to 31.5 per cent when compared to original sample.
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FIGURE – VI

FABRIC STRENGTH  – WEFT


From Table – XII (B), it is seen that the analysis of variance done for fabric strength in weft proved that difference between original, desized and dyed sample is significant at one per cent level. 

4.2.7
Elongation – Warp


The elongation and the analysis of variance along warp direction for original, desized and dyed samples are presented in Table – XIII (A) and XIII (B) and Figure – VII.

TABLE – XIII (A)

ELONGATION - WARP

	S.No.
	Sample
	Mean elongation (inch)
	Gain / loss over original
	% gain / loss over original

	1
	O
	1.4
	-
	-

	2
	ds
	1.7
	-0.3
	21.42

	3
	NAPD
	1.6
	-0.2
	14.2

	4
	NASD
	1.5
	-0.1
	7.2

	5
	NMPTD
	1.7
	-0.3
	21.42


TABLE – XIII (B)

ANALYSIS OF VARIANCE

	Source of variation
	Elongation - warp

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	0.28560
	4
	0.07140
	< 1

	Error
	1.5680
	20
	0.07840
	

	Total 
	1.8536
	24
	
	



From the above Table – XIII (A) and XIII (B) and Figure – VII, it is clear that there is an increase in warp elongation of desized and dyed samples when compared to original sample. ds and NMPTD showed increase in elongation warp direction by 21.42 per cent. The other dyed samples also gained elongation in warp direction ranging from 7.2 per cent to 21.42 per cent when compared to original sample.
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FIGURE – VII

ELONGATION – WARP


Statistical analysis indicates that the elongation of sample in the warp direction there was no significant difference between original and dyed samples.

4.2.8
Elongation – Weft


The elongation and the analysis of variation along weft direction for original, desized and dyed samples are presented in the Table – XIV (A) and XIV (B) and Figure – VIII.

TABLE – XIV (A)

ELONGATION - WEFT

	S.No.
	Sample
	Mean elongation (inch)
	Gain / loss over original
	% gain / loss over original

	1
	O
	1.3
	-
	-

	2
	Ds
	1.4
	-0.1
	7.69

	3
	NAPD
	1.5
	-0.2
	15.38

	4
	NASD
	1.6
	-0.3
	23.07

	5
	NMPTD
	1.6
	-0.3
	23.07


TABLE – XIV (B)

ANALYSIS OF VARIANCE

	Source of variation
	Elongation - Weft

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	0.49760
	4
	0.12440
	3.84*

	Error
	0.6480
	20
	0.03240
	

	Total 
	1.14560
	24
	
	


*  Significant at 5 per cent level


From  the above Table – XIV (A) and XIV (B) and Figure – VIII, it is clear that there was a variation in elongation in weft direction was increase. NASD and NMPTD showed more increase in elongation weft direction by 23.07 per cent. The other dyed samples also gained elongation in weft direction ranging from 15.38 per cent to 23.07 per cent when compared to original sample.
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FIGURE – VIII

ELONGATION – WEFT


From the Table – XIV (B), it is seen that the analysis of variance done for the elongation in weft proved that difference between original, desized and dyed sample is significant at five per cent level. 

4.2.9
Fabric Drapability


Table – XV (A) and XV (B) and Figure – IX gives the fabric drapability of original, desized and dyed sample.

TABLE – XV (A)

FABRIC DRAPABILITY

	S.No.
	Sample
	Mean 
	Gain / loss over original
	% gain / loss over original

	1
	O
	40.2
	-
	-

	2
	ds
	42.9
	-2.7
	6.7

	3
	NAPD
	43.5
	-3.3
	8.2

	4
	NASD
	43.8
	-3.6
	8.9

	5
	NMPTD
	59.1
	-18.9
	47.0


TABLE – XV (B)

ANALYSIS OF VARIANCE

	Source of variation
	Fabric drapability

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	1132.3336
	4
	283.0834
	44.47**

	Error
	127.320
	20
	6.3660
	

	Total 
	1259.6536
	24
	
	


**  Significant at one per cent level.


From the above Table – XV (A) and XV (B) and Figure – IX, it is clear that there is a variation in fabric drapability of original, desized and dyed samples. The dyed sample NMPTD had more increase in fabric drape about 47.0 per cent. The other  dyed samples also gained fabric drapability ranging from 8.2 per cent to 47.0 per cent when compared to original sample.
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FIGURE – IX

FABRIC DRAPABILITY

The statistical analysis shows that there is a significant difference at one per cent level between original and dyed samples. 

4.2.10
Crease Recovery – Warp


The crease recovery and the anlaysis of variance along warp direction for original, desized and dyed samples are presented in the Table – XVI (A) and XVI (B) and Figure – X.

TABLE – XVI (A)

CREASE RECOVERY - WARP

	S.No.
	Sample
	Mean (angle)
	Gain / loss over original
	% gain / loss over original

	1
	O
	126
	-
	-

	2
	ds
	122
	4
	3.17

	3
	NAPD
	129
	-3
	2.38

	4
	NASD
	110
	16
	12.69

	5
	NMPTD
	125
	1
	0.79


TABLE – XVI (B)

ANALYSIS OF VARIANCE

	Source of variation
	Crease recovery - warp

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	1029.440
	4
	257.360
	4.08*

	Error
	1260.800
	20
	63.040
	

	Total 
	2290.240
	24
	
	


*  Significant at five per cent level.

From the above Table – XVI (A) and XVI (B) and Figure – X, it is clear that there is a variation in crease recovery in warp direction of original, desized and dyed samples. The dyed sample NASD had more increase in crease recovery about 12.69 per cent. The other dyed samples also gained crease recovery in warp direction ranging from 0.79 to 12.69 per cent when compared to original sample.
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FIGURE – X

CREASE RECOVERY – WARP 

From Table – XVI (B)., it is seen that the analysis of variance done for crease recovery in warp proved that difference between original, desized and dyed sample is significant at five per cent level. 

4.2.11
Crease Recovery – Weft


The crease recovery and the analysis of variance along warp direction for original, desized and dyed samples are presented in the Table – XVII (A) and XVII (B) and Figure – XI.

TABLE – XVII (A)

CREASE RECOVERY – WEFT

	S.No.
	Sample
	Mean (angle)
	Gain / loss over original
	% gain / loss over original

	1
	O
	122
	-
	-

	2
	ds
	132
	-10
	8.19

	3
	NAPD
	115
	7
	5.73

	4
	NASD
	105
	7
	13.93

	5
	NMPTD
	123
	-1
	-0.81


TABLE – XVII (B)

ANALYSIS OF VARIANCE

	Source of variation
	Crease recovery - Weft

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	2041.040
	4
	510.260
	3.65*

	Error
	2651.200
	20
	132.560
	

	Total 
	4692.240
	24
	
	


*  Significant at five per cent level.


From the above Table – XVII (A) and XVII (B) and Figure – XI, it is clear that there was a variation in crease recovery in weft direction was increase. NASD showed increase in crease recovery weft direction by 13.93 per cent. The other dyed samples also gained crease recovery in weft direction ranging from 0.81 to 13.93 per cent when compared to original sample.
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FIGURE – XI

CREASE RECOVERY – WEFT


From Table – XVII (B) it is seen that the analysis of variance done for crease recovery in weft proved that difference between original, desized and dyed sample is significant at five per cent level. 

4.2.12
Abrasion Resistance


Table – XVIII (A) and XVIII (B) and Figure – XII gives the abrasion resistance and the analysis of the variance of original, desized and dyed samples.

TABLE – XVIII (A)

ABRASION RESISTANCE

	S.No.
	Sample
	Mean (mg)
	Gain / loss over original
	% gain / loss over original

	1
	O
	0.004
	-
	-

	2
	ds
	0.004
	0
	0

	3
	NAPD
	0.002
	0.002
	50

	4
	NASD
	0.003
	0.001
	25

	5
	NMPTD
	0.003
	0.001
	25


TABLE – XVIII (B)

ANALYSIS OF VARIANCE

	Source of variation
	Abrasion resistance

	
	Sum of squares
	Degrees of freedom
	Mean square
	‘F’ test

	Sample
	0.000007
	4
	0.000001
	< 1

	Error
	0.00006
	20
	0.0000003
	

	Total 
	0.00007
	24
	
	



From the above Table – XVIII (A) and XVIII (B) and Figure – XII, it is clear that there is a variation in abrasion resistance increase. NAPD showed increase in abrasion resistance by 50 per cent. The other dyed samples also gained abrasion resistance ranging from 25 per cent to 50 per cent when compared to original sample.


[image: image34.png]mean (mg)

0.005

0.004

0.003

0.002

0.001

m

ds NAPD NASD NMPTD

Sample




FIGURE – XII

ABRASION RESISTANCE


Statistical analysis indicates that the abrasion resistance was no significant difference between original and dyed samples.

4.3
WETTABILITY AND ABSORBENCY TESTS


The wetability and absorbency tests include drop test, sinking test and capillary rise test. The findings are as follows.

4.3.1
Drop Test


Drop test of original, desized and dyed samples are presented in the Table – XIX and Figure – XIII.

TABLE – XIX

DROP TEST

	S.No.
	Sample
	Mean value (sec)
	Gain / loss over original
	% gain / loss over original

	1
	O
	4.9
	-
	-

	2
	ds
	1.9
	3
	61.2

	3
	NAPD
	1.4
	3.5
	71.4

	4
	NASD
	2.3
	2.6
	53.0

	5
	NMPTD
	2.2
	2.7
	55.1



From the above Table – XIX and Figure – XIII depicts that the drop test was increase. NAPD showed increase in drop test by 71.4 per cent. The other dyed samples also gained drop test ranging from 55.1 per cent to 71.4 per cent when compared to original sample. 

4.3.2
Sinking Test


Table – XX and Figure – XIV shows the mean sinking test of the original, desized samples compared against samples dyed with following different mordanting techniques.
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FIGURE – XIII

DROP TEST

TABLE – XX

SINKING TEST

	S.No.
	Sample
	Mean value (sec)
	Gain / loss over original
	% gain / loss over original

	1
	O
	9.3
	-
	-

	2
	ds
	5.8
	3.5
	37.6

	3
	NAPD
	6.2
	3.1
	33.3

	4
	NASD
	1.7
	7.6
	81.7

	5
	NMPTD
	1.9
	7.4
	79.5



From above Table – XX and Figure – XIV depicts that the sinking test of original, desized and dyed samples. The dyed sample NASD had more increase in sinking test about 81.7 per cent. The other dyed samples also gained sinking test ranging from 33.3 per cent to 81.7 per cent when compared to original sample. 

4.3.3
Capillary Rise Test


Capillary rise test of original, desized and dyed samples are presented in the Table – XXI and Figure – XV.

TABLE – XXI

CAPILLARY RISE TEST

	S.No.
	Sample
	Mean value (cm)
	Gain / loss over original
	% gain / loss over original

	1
	O
	5.1
	-
	-

	2
	ds
	3.1
	2
	39.2

	3
	NAPD
	4.0
	1.1
	21.5

	4
	NASD
	3.5
	1.6
	31.3

	5
	NMPTD
	2.9
	2.2
	43.1



From above Table – XXI and Figure – XV depicts that the capillary rise test of original, desized and dyed samples. The dyed sample NMPTD had more increase in capillary rise test about 43.1 per cent. The other dyed samples also gained capillary rise test ranging from 21.5 per cent to 43.1 per cent when compared to original sample. 
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FIGURE – XIV

CAPILLARY RISE TEST

4.4
COLOUR FASTNESS TEST


Details of colour fastness test of the dyed sample are presented in Table – XXII.

TABLE – XXII

COLOUR FASTNESS TEST

	S.No.
	Sample
	Colour fastness to sunlight
	Colour fastness to pressing
	Colour fastness to crocking
	Colour fastness to washing

	
	
	
	Dry staining
	Wet staining
	Dry staining
	Wet staining
	Colour changes
	Colour staining

	1
	NAPD
	4
	5
	 4/5
	5
	3/4
	3/4
	4

	2
	NASD
	5
	5
	5
	5
	4/5
	5
	5

	3
	NMPTD
	4/5
	5
	4/5
	5
	4
	4/5
	4/5


3/4 – Fair ; 4 – Good ; 4/5 – Very Good ; 5 – Excellent.


From the above Table – XXII, it is clear that the samples most of the sample showed excellent colour fastness to sunlight with a maximum score value of 5 where the sample NASD. The dyed samples showed excellent colour fastness to sunlight with a score value of 4 to 4/5 where the samples NAPD to NMPTD. 


The dyed sample NASD showed excellent colour fastness to the wet and dry pressing with a maximum score of 5. NAPD and NMPTD showed colour fastness by scoring 4/5.


Regarding crocking by dry staining all the samples NAPD, NASD and NMPTD showed excellent colour fastness with a score of 5. The samples NAPD, NASD and NMPTD showed colour fastness by scoring between 3/4 to 4/5.


Considering the colour fastness to washing the sample NASD showed excellent colour fastness by scoring 5. 

V.  SUMMARY AND CONCLUSION


Today in the world of growing environmental consciousness, natural colourants have attracted the attention of everyone. These natural dyes gained momentum not only from the point of safety of health and environment but also for their beauty and novelty. Natural dyes comprise those colourants that are obtained from vegetable, animal and mineral matter without chemical processing.


Colour influences almost all the aspects of our everyday life and describes our mood, feeling and state of health. The environmental consideration and increasing interest in ecology have revived the interest in natural dyes globally. Natural dyes are biodegradable, less toxic, less allergic, pollution free and easily available from natural sources. Hence an attempt has been made to dye khadi cotton fabric with Nerium oleander flower. The objectives of the study are :

1. To optimize dye extraction of Nerium oleander flower dye

2. To optimize dyeing procedure to dye khadi cotton fabric with extracted dye. 

3. To conduct performance study

4. To evaluate the dyed fabric through subjective and objective analysis

Based on the pilot study hundred per cent plain woven khadi cotton material. Nerium oleander flower as natural dye for dyeing. Three mordants namely alum amla and myrobalan such as and three mordanting techniques pre mordanting, simultaneous mordanting and post mordanting was selected for this study.


The other parameters such temperature 100(C pH 7, 48 hours and 45 minutes for dyeing during was selected for this study. Finally the sample were taken out from the dye bath then washed and dried in the shade.


The dyed fabrics were stitched into cushion covers for performance study for a period of five days. The used cushion cover was washed after each use each sample was given five washes.


The used samples were evaluated subjectively and objectively. In subjective evaluation, visual inspection and colour fastness was carried out. In objective evaluation, fabric weight, fabric thickness, fabric stiffness, fabric strength and elongation, fabric drapability, crease recovery, abrasion resistance, absorbency test like drop test, sinking test and capillary rise test were carried out. 

FINDINGS OF THE STUDY

· The samples NAPD, NASP and NMPTD were rated as excellent of all criterias.

· The sample NAPD had maximum weight gain of 13.3 per cent over all the other samples.

· The sample NMPTD had maximum increase in fabric thickness by 22.84 per cent than the other dyed samples, when compared with the undyed samples.

· The maximum increase in fabric stiffness of about 17.3 per cent of the sample NASD. In the sample NAPD and NASD shows 11.1 per cent in weft direction.

· Regarding fabric strength NAPD sample shows maximum strength of 28.5 per cent increase in warp direction and 31.5 per cent in NASD and NMPTD samples in weft direction.

· The washed sample had greater increase in elongation along warp direction than the original samples. The sample NMPTD had a maximum increase of 21.42 per cent in warp direction.

· The drapability has found to be maximum in NMPTD samples of about  47.0 per cent.

· The maximum crease recovery was found to be 12.69 per cent in NASD sample in warp direction and 13.93 per cent in weft direction.

· The maximum abrasion resistance was found to be 50 per cent in sample NAPD.

·  In drop test the sample NAPD has the maximum increase in absorbency about 71.4 per cent. 

· The dyed sample NASD has the maximum increase in absorbency of about  81.7 per cent  in sinking test.

· The dyed sample NMPTD had the maximum increase in capillary rise test about 43.1 per cent.

· From the colour fastness that the grey scale rating shows that the samples NAPD, NASD and NMPTD showed excellent and good colour fastness properties towards sunlight, washing, pressing and crocking. 

CONCLUSION


It may be concluded from the study that the dye extracted from Nerium oleander flower is suitable for colouring khadi cotton. The shade variation was brought out by the use of different natural mordants. The mechanical properties of the dyed samples NAPD, NASD and NMPTD before and after washing were good in most of the parameters. The colour fastness of the dyed samples was highly encouraging because there was an increase in colour strength. The study has resulted in revealing a natural dye which benefit the industrialists, manufacturers and the ultimate consumers.

RECOMMENDATIONS

· Dye extraction from different natural sources could be tried.

· Experimenting the use of bio-mordants with natural dyes on khadi.

· Natural dyeing on non-conventional fibers and khadi blends is worth trying.
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APPENDIX – I

SELECTED MATERIAL

FABRIC DETAILS




FABRIC
-
KHADI COTTON



COUNTS
-
60S


WEAVE
-
PLAIN



COST

-
Rs.50 / meter

APPENDIX – II

PILOT STUDY – DYED SAMPLES

	AMLA
	45 minutes
	
	60 minutes

	
	10 g
	15 g
	20 g
	
	10 g
	15 g
	20 g

	Pre mordanting (NAPD)
	

	
	
	
	
	
	

	Simultaneous mordanting (NASD)
	
	
	
	
	
	
	

	Post mordanting (NMPTD)
	
	
	
	
	
	
	

	ALUM
	
	
	
	
	
	
	

	Pre mordanting (NAPD)
	
	
	
	
	
	
	

	Simultaneous mordanting (NASD)
	
	
	
	
	
	
	

	Post mordanting (NMPTD)
	
	
	
	
	
	
	

	MYROBALAN
	
	
	
	
	
	
	

	Pre mordanting (NAPD)
	
	
	
	
	
	
	

	Simultaneous mordanting (NASD)
	
	
	
	
	
	
	

	Post mordanting (NMPTD)
	
	
	
	
	
	
	


APPENDIX – III

FINAL STUDY – DYED SAMPLES

	45 minutes (100(C)

	20 gram
	20 gram
	20 gram

	

	
	

	Pre mordanting            Amla mordant   (NAPD)
	Simultaneous mordanting             (NASD)
	Post mordanting myrobalan mordant (NMPTD)


APPENDIX – IV

VISUAL INSPECTION

	S.No.
	Samples
	Rating in percentages

	
	
	General appearance
	Brilliancy of colour
	Evenness in dyeing
	Texture
	Lustre

	
	
	Good
	Fair
	Poor
	Brilliant
	Medium
	Dull
	Even
	Partially even
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	Soft
	Medium
	Coarse
	High
	Medium
	Dull
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APPENDIX – V

GREY SCALE USED TO EVALUATE THE DYED SAMPLES


The dyed material were rated by using the AATCC (American Association of Textile Chemsits and Colourants). Grey scale to measure the extent of colour change and staining. The grey rating envisaged the following standard for colour fastness to natural dyes applied on khadi cotton material under selected conditions.

	Nomenclature
	Used for colour change

	5

4

3

2

1
	No change (Excellent)

Slightly changed (Good)

Noticeably changed (Fair)

Considerably changed (Poor)

Much changed (Very poor)


	Nomenclature
	Used for staining 

	5

4

3

2

1
	No staining (Excellent)

Slightly stained (Good)

Noticeably stained (Fair)

Considerably stained (Poor)

Much stained (Very poor)
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