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INTRODUCTION


Clothing originated with the idea of protecting human beings from the elements of nature. In the beginning, barks of plants and skins of animals were used as the main source of covering the body. Slowly men learnt the art of spinning and weaving clothes. In due course, he developed a liking for colour and tried to colour clothes with natural colouring matters like red earth, iron buff and extracts of vegetable matter. Thus natural dyes came into existence. Kannan and Geethamalini (2005) define natural dye as those obtained from plants, insects and minerals.


Today, scientific and technological developments have introduced synthetic dyes for colouring articles of any nature. Textile materials are not an exception to this. Synthetic dyes are coal tar dyes, manufactured in abundance to suit fabrics of any origin. They produce innumerable shades of colour, with very good fastness properties.


The main problem with synthetic dyes is that they need the assistance of chemicals for their application on textile materials. People working in synthetic dye industries suffer due to one or other health problem, which is sometimes found to be carcinogenic in nature. People wearing clothes dyed with synthetic dyes also develop allergic problems, if not immediately, atleast in the long run. Hence we must stop or atleast try to limit the use of synthetic dyed fabrics in the healthcare and medical field.


The effluent from the synthetic dye industries affect the flora and fauna, as it is full of colloidal particles of dye powder and chemicals. Disposal of the effluent is the major problem, threatening the globe, as it affect the ecological balance. Efforts taken by both government and non governmental agencies have failed to bring 100 per cent success in effluent treatment.


The best way to overcome the pollution problem created by the dye industries, is to find an alternative for synthetic dyes. Natural dyes are the best solution for the problem. By using natural dyes for colouring textiles, we can revive the earlier art of dyeing, for which India was once world famous. The main objection about natural dyes is the availability of limited shades besides labour and time consumption. But Vankar (2001) encourages that unlimited colours are possible with our plant kingdom. All that is needed is that one has to patiently explore the right source and dye extraction methods. 


Natural dyes require the use of mordants for their fixation. Jeet (2002) remarks that mordants can even help to produce variety of colours with the same dye. Mordants can be either synthetic or natural. Chemical mordants are nothing but metallic salts like ferrous sulphate, copper sulphate and potassium di chromate. But they have a tendency to introduce toxic matter in the process of dyeing with natural colourants. Hence the very safe purpose of using natural dyes will be lost, if one has to seek the help of synthetic mordants. The best way to save the environment, is to use natural dyes along with natural mordants.


In this study, an attempt has been made to colour cotton fabric with natural dye using natural mordants. Tea waste, which is a common solid waste found in almost all houses, has been chosen as a source for natural dye along with mordants like alum, myrobalan, pomegranate rind, sour buttermilk and lemon waste. Thus an attempt has been made in this study to make wealth out of waste.


The major objectives of the study are to

· find out the possibility of extracting dye out of tea waste.

· try different natural mordants and compare the colour yield.

· study the performance of the fabric dyed with the selected source.

· evaluate the performance of dyed fabric under normal washing conditions.

2.  REVIEW OF LITERATURE


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

2.1 Natural Dyes

2.1.1 History 

2.1.2 Classification 

2.1.3 Utilisation 

2.1.4 Need 

2.1.5 Advantages and Disadvantages 

2.1.6 Sources 

2.2 Mordants and Mordanting Techniques

2.3 Dyes and Dyeing

2.4 Tea

2.5 History of Cotton

2.6 Cotton and its Importance

2.1 NATURAL DYES

2.1.1 History 

In every civilization from ancient times, to the present day, mankind has shown a great liking for colour. Colour is an element which transforms the entire life of fabric. It is the first property that is noticed and frequently the first factor governing fabric choice. Colour improves appearance and evokes immediate response to the buyer’s eye. Colour on clothing has been extensively used since about 5000 years back. The primitive men used crude painting processes to decorate their bodies, as well as their clothes. The colours used were natural colours derived from plants, insects and minerals. Thus, the term “natural dyes” covers all the dyes derived from plants, insects and minerals i.e., derived from natural sources, narrate Bhuyan and Saikia  (2004).

Man was fascinated to colour the objects of daily use employing inorganic salts or natural pigments of vegetable or animal origin, Dayal  et al. (2001). Chan et al. (1997) express that since the dawn of civilization, man’s culture has been interwoven with a rainbow of colours used to express ideas, emotions and the arts. Colour in ancient times was considered as a spiritual necessity, of equal importance to the physical need of food, states Ahmed et al. (1997). 

Coloured fragments of madder dyed cloth have been found in the ruins of the Indus valley civilization of Mohen-jadaro and Harappa (3500 B.C.). Madder dye has been mentioned as “majistha” in the Vedas. Quick reference of dyed cloth “pitamber” indicate that the process of dyeing is thousands of year old. The colouring matter present in the roots of Rubia cordifolia is a mixture of Purpurin and Munjistin. The evidence of use of natural dyes during pre‑Mughul and Mughul period of Indian history is much preserved in the form of paintings and manuscripts. The coloured exquisite silk and muslin fabrics of India had acquired frame throughout the world during the 16th and 17th  centuries, state Gulrajani (2003).

Singh (2000) states that the art of dyeing dates back to time immemorial. Singh (1985) narrates that the art of dyeing was discovered in the bronze age. The mention of the use of colour in India is found in ancient epics like Ramayana and Mahabharata as well as in the Vedas. 

The history of natural dyes is more than 4000 years old, states Moses (2000). Subratamondal (2004) feels that the main natural dye substances used in India have been extracted from the roots, barks, flowers and fruits of various dye producing plants. These were used extensively during the Harappan and Vedic civilizations, during medieval times even during early days of British rule in India.

India’s contribution to the field of natural dyes has been a long tradition, narrate Kapila (1999). India has a rich tradition of using natural dyes and was the leading source of earliest natural dyes, points out Garima et al. (2004).

Until the latter half of the 19th century, almost all the dyes were vegetable or animal in origin. Colouring matter was extracted from the roots, stems, leaves, berries and flowers of various plants and from certain insects, indicates Bains (2005). Dayal and Dobhul (2000) state that until the discovery of synthetic dyes in 1856, plant and animal kingdom provided the materials for dyeing textiles and for the preparation of paints and cosmetics. 

Natural dyes are derived from plants, fruits, seeds, flowers, barks and roots, point out Ansari and Thakur (2000). Dantyagi (1998) views that some of the traditional dyes came from cutch, indigo, majeeth, pomegranate, turmeric and walnut rinds. According to Monasuri et al. (1999) natural dyes are produced from natural wealth like plants, minerals and insects. They are fairly non‑polluting challenging.

Katti et al. (1996) express that the use of natural dyes in India for dyeing various commercial products like textiles and handicrafts is not a new concept. Indians are quite familiar with natural dyes and their uses. Iyer and Saxena (1999) narrate that India has been a world leader in textile dyeing and manufacture since the times of the Indus valley civilization of 3000 B.C. Dyeing and printing of textiles with natural dyes were the ancient crafts of India and these textiles were being exported till the end of the 19th century.

Venugopal (1993) reveals that the art of natural dyeing from natural sources is well known in India from time immemorial, because many of these natural matters also constitute the raw material in the Ayurvedic preparation. 

A lot of attention is directed towards the development of natural dyes, for the dyeing of cellulose and polyamide fibers, especially those that are being exported to developed countries like Japan and USA. The use of azodyes have been banned in the developing countries, state Agarwal and Gupta (2002). 

2.1.2
Classification 


Natural dyes can be classified in various ways. Kannan and Geethamalini (2005) remark that the earliest classification was according to alphabetical order. Later classification was based on chemical structure, where grouping of each structure was carried out according to the use. The important classes include :

· Indigoid dyes

· Anthraquinone dyes

· Flavones

· Dihydropyrans

· Anthocyanidins

· Carotenoids

· Alpha‑napthoquinones

Sekar (1999) classify natural dyes as substantive and adjective dyes.

Substantive Dyes


Substantive dyes produce a fast colour just by boiling. They need an additional chemical to make the colour permanent. 


According to Nalankilli (1997), the substative dyes can further be classified as direct (for cotton (ex.) turmeric, sunflower, myrobalan and silk (ex.) safflower), acid (for silk and wool (ex.) saffron), basic (for silk and wool (ex.) berberine).

Adjective Dyes


Adjective dyes dye only material mordanted with a metallic salt. In the pure state, the adjective dyes are generally only slightly coloured, and when used alone, they give poor dyeing. Those dyes which have affinity for the mordanted fibres are called mordant dyes. 


According to Mukherjee et al. (2005), natural dyes can be classified as monogenetic and polygenetic. Monogenetic dyes produce only one colour irrespective of the mordant present on the fibre or applied along with the dye. Polygenetic colours produce different colours according to the mordant employed. Examples of these classes are logwood, alizarin, fustic and cochineal.


Wickens (1983) explains that the dyestuffs are placed into seven groups such as  Bark, Roots, Flowers, Flowers, leaves and stems, Leaves and stalks, Skins and Berries.

Teli et al. (2000) indicate that natural dyes can be broadly classified as natural organic dye stuffs of vegetable or animal origin and mineral dye stuffs or inorganic pigments.

Based on Chemical Nature

Teli et al. (2000) classify dyes as :  Indigoids, anthraquinones, alpha naphthoquinones, flavones, dihydropyrans, anthocyanidins, carotenoids. They further classify dyes based on colour as :

Red Colour  :   Madder, Lac, red sandal wood, kerms, cochineal, alkannin, safflower.

Yellow Colour  :  Turmeric, kapila (kamela), tersu (palas), fustic.

Blue Colour  :  Indigo, wood

Black Colour  :  Logwood

Brown Colour  :  Onion, cutch.

Orange Colour  :  Annato


Natural dyes can be sorted into three categories :

(i)
natural dyes obtained from plants (indigo).

(ii)
those obtained from animals (cochineal) and

(iii)
those obtained from minerals (ocher), states Tawfik (2002).


Natural dyes have also been classified based on botanical and common names and also on the basis of their method of application, The Textile Trade (2001). According to Singh (2000), natural dyes can be classified based on affinity, application and structure.


Natural organic dyes and pigments cover a wide range of chemical classes namely, polymethine, ketone, quinines, flavones, anthraquinoids, napthaquinones, flavonals, indogoids and chlorophyll, Mehra and Mehra  (1993). The Encyclopedia of Textiles (1972) differentiates natural dyes as major and minor natural sources. Major natural sources include annatto, brazil wood, cud bear, cutch, fustic, young and zanto, old fustic, indigo, kermes, lac, logwood, madder. Minor natural sources include bengal kino tree, bael tree, Indianmadder, babool tree, pomegranate, henna plant, monkey face tree, red sandal wood.


The availability of natural dyes depends primarily on four sources namely, specialized plant and animal sources, by products (especially lac dye), synthesis, tissue or cell culture by DNA transfer biotechnology, Vankar  (2001). These colours can be derived from plants, roots, insects and minerals for the colouration of textile materials.


Natural dyes according to Chavan (1999) are natural organic dyestuff of vegetable or animal origin and mineral dyestuff or inorganic pigments. Plant dyes are used to a considerable extent all over the world for their fastness  and  brightness,  report  Ahmed et al. (1997).


Sundaram et al. (1999) express that on the basis of their origin, natural dyes are classified as

· Vegetable Dyes  :  Those derived from roots, bark, wood, leaves, flowers and fruits of the plants.

· Mineral Dyes  :  Those derived from minerals and found in nature.

· Natural Dyes of Animal Origin  :  Such as dyes derived from lac and       cochineal. 

2.1.3 Utilization 

The use of natural dyes in India for dyeing various commercial products like textiles and handicrafts is not a new concept. Indians are quite familiar with natural dyes and their uses, state Katti 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).

Natural dyes are safe and compatible with environment. They also have medicinal and curative properties. Natural dyes are soft in colour, cool to eyes and good to skin, point out Kale et al. (2004).

The use of natural dyes has increased substantially during the last couple of years. These dyes are mainly used by

· Hobby groups

· Designers

· Traditional dyers and printers

· Non-government organisations (NGO’s)

· Museums

· Academic Institutes and Research Associations / Laboratories

· Industry

Convention on Natural Dyes (1999). 

2.1.4
Need 


From environmental consideration point of view, Shukla (2005) state that a number of factors need to be accounted for, such as the

· physical nature of dye,

· chemical nature of dye,

· application process of dye on textiles, including the mechanical approach and the physical chemistry of dyeing,

· auxiliaries used in dyeing process,

· after treatments, wash off procedures and

· treatment of dyeing waste water.

Awareness and concern for the environmental issues has led to extensive use of natural dyes, remark Shanker and Vankar (2005). The important eco‑parameters to be tested as regards natural dyed textiles are :

· Traces of heavy metals on textiles

· Heavy metal contamination in the effluent

· pH of aqueous extract of the dyed textiles

· pH of the effluent

· Product behaviour in use i.e., fastness to washing, perspiration, rubbing both dry and wet, express Dheeraj et al. (2003). 

2.1.5
Advantages and Disadvantages 


Natural dyes have the following advantages according to Ghorpade et al. (2000). 

· natural dyes have better biodegradability and generally higher compatibility with the environment.

· they are non‑toxic, non‑allergic and non‑carcinogenic.

· they save energy because the raw materials are not from petroleum products.

Ghorpade et al. (2000) lists the limitation of natural dyes as follows :

· lack of standardization

· higher cost of dyeing

· easy and ready availability

· their pastel shades due to variation from batch to batch. The present processes for application of natural dyes need optimization. The tone adjustment is tedious and therefore needs re‑dyeing leading to larger consumption of energy, water and dye.

· it is a belief of chemists that the use of mordant, dye extract from raw materials, low colour value, long dyeing time, pushes the cost of dyeing with natural dyes much higher than the synthetic alternatives.

Naturally dyed materials have good resistance to moth invasion. Some of its constituents are anti allergent and hence proved to be safe for body contact, state Glover and Pierce (1993).

Shukla (2005) states that the natural dyes by themselves can be a class apart, known for their natural and pastel shades, but not definitely for the bright, deep colours necessarily going hand in hand with fashion trends.

With the present national and international awareness of environment, ecology and pollution control, natural dyes or colourants derived from flora and fauna are believed to be safe because of their non‑toxic, non‑carcinogenic and biodegradable nature. They can be handled very easily and safety, as pointed out by Bhuyan and Saikia (2004). Karolina and Dilliwar  (2004) point out that the past decade has witnessed a growing interest in natural dyes, which are biodegradable, un harmful and eco‑friendly in nature. Researchers have proved that natural dyes produce fantastic, attractive, soothing colours.

Most of the natural dyes based on vegetable origin are renewable, biodegradable and eco‑friendly. They produce rare and uncommon shades which are soft and lustrous and in some cases the shades are enhanced with age during use, states Samanta (2003). Natural dyes have several advantages over synthetic dyes as its resources are self‑perpetuating and natural. They involve mild chemical reaction and easy to dispose, as pointed out by Parmer et al. (1998). Natural dyes are soft, delicate and give harmonized paste shades of natural colours obtained from renewable resources. They do not possess any health hazards, states Ghorparde  (2001).

The use of natural dyes amongst craftsman is increasing due to its unique characteristics to produce individuality in colour and shade, Seong-il Eometal (2001). Paige (2002) remarks that all hand made crafts can be developed as value added products by using eco‑friendly natural dyes. Natural dyes yield lustre, the under glow of rich colour, aromatic smell, soft light and shadow, smoothening to human eyes. The demand for natural dyes is increasing day by day. Kale et al. (2004) remark that natural dyes are safe and compatible with environment. They also have medicinal and curative properties. Natural dyes are soft in colour, cool to eyes and good to skin.

According to Ansari and Thakur (2000), the advantages of natural dyes are as follows :

· they are produced from renewable natural wealth like plants, minerals and insects.

· they are biodegradable

· they are environment friendly and their production and consumption will help in maintaining the ecological balance.

· they are aesthetically appealing

· they are non-toxic and health hazards like allergies can be avoided.

· they generate rural employment and are cost effective. 

· present an opportunity for export leading to the earning of foreign exchange.

· help in waste land utilization and improve the fertility of the land.

· they are unsophisticated and harmonized with nature.

Natural dyes are fast catching up due to harmful effects caused by synthetic dyes during their production and use, Mahale et al. (2004). Thus, it is of immense importance to explore the sources of natural dyes particularly from waste materials. It has opened up a new avenue in the globalization. 

2.1.6. Sources 

Dyeing with natural dyes is a traditional craft of India until the latter half of the 19th century, almost all the dyes were vegetable or animal in origin. Colouring matter was extracted from the roots, stems, leaves, berries and flowers of various plants and from certain insects, expresses Bains (2005). Main sources of natural dyes are vegetables, animals and minerals, state Patel and Karolia (2005). Vegetable dyes can be obtained from various parts of a plant like the leaves, fruits, seeds, flowers, barks and root. They further add that 500 varieties of plants are available in India that can yield natural colours.

Until the advent of synthetic dyes, all the colouring matters were derived from natural sources. India has a very rich tradition in the use of natural dyes. India had a virtual monopoly in the production of dyed, printed and painted textiles with natural dyes, state Gill and Singh (2005). According to Mondal (2004), the term “natural dyes” refers to the dyes obtained from insects, plants and mineral substances and used for dyeing textile materials. 

In the present era of revivalism, natural dyes have much more utility and importance. It was thought worth while to explore the renewable source for producing natural dyes from abundantly occurring and easily available forest biomass, remark Dayal et al. (2001). The idea of using natural dyes to dye cotton yarns and fabrics for the production of furnishing fabrics originated during the year 1992, reports Agarwal (2003).

Natural dyes are those colourants which are obtained from plant, animal or mineral sources with little or no chemical processing at all, Gupta  (2000). The plants and trees are major sources of natural dyes. Natural dyes are pigments derived from mineral, animal or plant sources, state Gogoi and Kalita (1999). 

Natural indigo blue is the king of all natural dyes and it is now‑a‑days used for denims and jeans material and exported. Natural indigo blue is from indigo plant which is extracted and made into cake sold for use in dyeing, opine Ramakrishna (1999). Natural colours can be derived from plants, roots, insects and minerals for the colouration of textile materials, food, drugs and cosmetics. Some amount of these is also used in colouration of paper, leather, shoe polish, wood, candle and such other products requiring colouration, state Adivarekar et al. (2004) and http://www.dyesonline.net/dyes /historyindhtm. 

Imported natural dyes based on Plant or vegetable sources include indigo, obtained from the plant (1) Indigofera tinctoria gives a deep blue colour, (2) Madder, from the roots of the plant Rubia tinctorum, yields a rich red colour, (3) Log wood, from the central American tree Haematoxylon campechianum, produces purple on wool, blue and black on cotton, violet and black on silk. Cutch, from Acacia catechu, gives a rich dark brown colour. Dye based on animal sources include cochineal, obtained from the dried bodies of the insect coccus cacti and provides a rich red dye, state Stuart and Robinson (1982).

Until the latter half of 19th century, with the exception of a few mineral colours, all dyes were vegetable or animal in origin, state Thames and Hudson (1992). Many dyes can also be extracted from the wood of various trees. Brown / black can be obtained from Walnut, tea, reports Wells (1997).

Natural dyes according to Dean (1994), fall mainly into the following broad categories :

· Leaves and stems (Ex.) Weld, nettles, cow parsley, carrot, golden rod, eucalyptus.

· Twigs and tree purning – They produced beige and light brown to pink

· Flower heads (Ex.) Golden rod, tansy, corepsis, marigold, chamomile

· Barks – (Ex.) wild cerr bark, buckthorn bark

· Roots – (Ex.) madder, turmeric.

· Insect dyes – (Ex.) Coccus cacti.

· Outer skins, hulls and husks – (Ex.) Onion skins, black walnut hulls.

· Heartwood and wood shaving – (Ex.) fustic, logwood, cutch

· Berries and seeds and

· Lichens

2.2 MORDANTS AND MORDANTING TECHNIQUES

The word ‘mordant’ has been derived from the Latin word “Modere” which means “to bite”. According to Kannan and Geethamalini (2005), majority of natural dyes need a chemical in the form of a metal salt to create an affinity between the fibre and the pigment. A mordant is now regarded as a chemical which can itself be fixed on the fibre which also combines with the dyestuff. A  mordant bites the surface of a fibre so that a dye can sink in, Singh (2000). It combines with both the fibre and the dye, forming a link between dye and fibre which otherwise has no affinity for the dye. The mordant forms a complex with a dye, which is insoluble in water and thus gives a fast colour. A  mordant is a substance which combines the dye to render it insoluble, Gogoi et al. (1997). Mordant is a colour fixative, indicates Paliwal  (2001).  Mordants  were  known  in  India  by  2000   B.C.,   says  Held (1999). Majority of natural dyes need a mordant in the form of a metallic salt to  create  an  affinity  between  the  fibre  and  the  pigment, narrate Sengupta (2001). A  mordant is an element which aids the chemical reaction that takes place between the dye and the fibre, so that the dye is absorbed (http://www.raise.org/natural/pubs/dyes.stm).

There are several different mordants, out of which the five most effective ones are alum, copper, chrome, iron and tin (Garg and Shinde,  1991). Out of these, according to eco‑standards, copper and chrome are red listed. While dyeing with natural dyes, a substantial proportion of mordant remains unexhausted in the residual dye bath and thus may pose serious effluent problems. Alum and harda are considered as the most eco‑friendly mordants. So the use of alum or harda alone or in combination as substitutes of metallic salts is a good idea. Harda powder has been used as mordant since ancient periods.

Mordants also help to produce different ranges of colour by using single colourants, Maulik and Pradhan  (2005). But an attention towards pollution control is very essential while using these different metallic mordants. Salts of magnesium, calcium, aluminium, ferrous and zinc are comparatively safe mordants than chromium, lead, arsenic and copper, (Jeet  et al., 2003). Mordants are also known to improve a variety of colours with the same dye material, (Verma and Gupta ,1998). 

Development of shades and fixation of natural dyes on natural fibres like cotton depends on the use of mordants. Mordants provide specific colours as well as improved wash and light fastness, state Vankar and Mishra (2000).

Gupta (2000) states that some traditional mordants used in dyeing, such as salts of tin, copper and chrome are heavy metals that may be objected to on environmental grounds. It is however, perfectly possible in many cases to dye without mordants or use of natural products other than metal salts to develop and fix shades.

The depth of shade and colour fastness properties of dyeing with natural dyes depends on the amount of aluminium mordant state Nicolai  et  al.  (1994). Mordants increase the uptake of dye on the fabrics, giving brighter, deeper colours ; they increase the dye’s fastness to light and washing narrate Vankar et al. (2003). Gupta (1999) points out that the fastness of a mordant dye depends on the mordant and mordanting method. One can improve wash fastness of some of the natural dyes by a post-treatment with alum or a dye-fixing agent resulting in the formation of a dye – fibre complex or a cross link between the dye and fibre, respectively, Gulrajani  (1999).

Cotton has no affinity for most of the dyes from natural sources, but protein fibres such as wool and silk show more affinity than others. Hence use of mordants is imperative to fix the dye on cotton fibres, state Sumanthy  et  al.  (2002). Brass, copper or iron pots will do their own mordanting (http://www.quilthistory.com/dye.htm). 

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

Mordants
Common chemicals in dyeing
Use

· Alum

· Copper sulphate

· Potassium dichromate

· Ferrous sulphate

· Stannous chloride

· Tannic acid
White vinegar

Chalk powder 

Household ammonia

Baking soda

Washing soda

Common salt

Cream of tartar 
For acidity

For alkalinity

For alkalinity

For alkalinity

For alkalinity

Chemical assistant

Leveling agent


According to Iyer and Saxena (1999) and Gupta et al. (1998), mordants are classified as metallic, oil and tannins and tannic acid.

According to Samanta (2003) and Ghorpade et al. (2000), the various methods of mordanting are,

(1)
Pre‑Mordanting  : The fabric is mordanted prior to dyeing and is then carried forward for dyeing in the wet state after squeezing the excess water.

(2)
Simultaneous Mordanting  :  The fabric is dyed by adding the mordant into the extracted dye liquor at the start.

(3)
Post-Mordanting  :  The fabric is first dyed and then mordanted.


The mordanted fabric is finally rinsed in tap water and dried in the air. 

2.3 DYES AND DYEING

Dyes are very highly coloured organic chemicals, synthesised from products of the petro chemical and coal-tar industries, state Duff and Sinclair  (1989). Dyeing is invariably carried out in an aqueous medium and hence most dyes are supplied in water soluble form.

Dyes are intensely coloured substance used for the colouration of various substrates including paper, leather, fur, hair, foods, drugs, cosmetics, petroleum products, plastics and textile material. For any organic molecule to be classified as a dye, it must contain two types of groups (a) the chromophore, (b) an auxochrome, states Shah (1994).

Dyeing is the process which imparts colour to the whole of a fabric or yarn, narrates Murphy (2000). Dye stuffs are classified according to the method of application, Barker (1998).

According to Gulrajani and Deepti (2001) characteristics of dyes include :

· intense colour,

· solubility in water,

· substantivity to the fibre inquestion

· durability to wet treatments

· safe and easy to handle

Coloured compounds containing auxochromes become dyes, narrates Shenai (1999). Dyeing involves a penetration of the fibre by the dyestuff and some degree of combination of the acid / base type. Dyeing implies some affinity between the fibre and the dye, indicates Vidyasakar (1998). Dyeing is carried out either at the fibre stage or yarn or fabric stage. Dyes are classified based on their application, explains Manivaskam (1995).

A dye is a colourant that penetrates the actual fibre and appears to become a part of it. Colour may be applied at various stages like stock dyeing, top dyeing, yarn dyeing, piece dyeing, garment dyeing, express Lowan et al. (1980). Dyeing is the process of colouring garments, fibres, yarns or fabrics with either natural or synthetic dyes, Garment and Textile Dictionary (1997). Dyes can be divided into two main groups, synthetic and natural dyes, states Wells (1997).  

2.4
TEA


Commercial name
:
Tea


Botanical name
:
Camellia sinensis

Family name

:
Theaceae

History


Tea plants are largely cultivated in India and China since ancient times. The important tea‑growing countries are India, Sri Lanka, East Africa, Japan and Indonesia. The total area under tea cultivation in our country is about 3,58,000 ha and over 468 million kilograms of product is obtained annually. Over one million workers are employed by the tea industry. Tea is an important beverage the world drinks more than any other beverages, states Pradhan (1995). There are different views regarding the probable centre of origin of tea. The portable centre is near the source of Irrawady river in Myanmar from where it spread to South‑Eastern China, Vietnam (Indo‑China) and Assam, points out Krishnan Marg (1992). Of the commercially successful natural dyes, tea is unique because of its widespread use as a beverage, express Deo and Desai (1999).

Types of Tea


According to Deo and Desai (1999), tea plants are classified as Camellia sinensis – variety sinensis and variety assamica. There are six types of teas  :  green, yellow, dark, white, oolong and black. This classification is based on the processing methods employed, the degree of fermentation and the oxidation of the polyphenols present in tea.


Two distinct varieties of tea‑plant are generally recognized, the small leaved China (Sinensis) and the large‑leaved Assam (Assamica), states Pradhan (1995).

Composition


Tea leaves are considered as a rich source of caffeine (1-3 per cent). It is extracted from tea dust. It also contains theobromide and theophylline in minor qualities. The colour of tea leaves is due to the presence of a yellow volatilc oil. Tea leaves also contain an enzymatic mixture. Caffeine gives murexide colour reaction, state Bhattacharya and Shah (1999). 


The different  classes of compounds found in tea include : amino acids, caffeine, carbohydrates, carotenoids, lipids, minerals, organic acids, express Deo and Desai (1999).


Chemical composition of tea shoots, according to Krishnan Marg (1992),   is as follows : 

Compounds
Total of dry leaf (%)
Water soluble (%)

Cell wall

   *  Hemicellulose

   *  Pectin

Protoplasm

   *  Fat

   *  Starch

   *  Protein

Vacuole

   *  Polyphenols (Catechins)

   *  Caffeine

   *  Amino acids

   *  Sugars

   *  Organic acids

   *  Ash
24.0

6.5

8.0

0.5

17.0

22.0

4.0

7.0

3.0

3.0

5.0
0.0

2.3

0.0

0.0

0.0

22.0

4.0

7.0

3.0

3.0

4.0


The waste tea contains caffeine (1.5 to 3.5 per cent), pectin (5  per  cent), cellulose (20 per cent) and can be used as raw material for their extraction.


Tea leaves are used as a natural mordant which contain aluminium  in small quantities. These may well be considered as alternatives to alum, points out Jenny Dean (1994). 

Uses


Tea, as a natural dye, has greater potential because it is grown already on an industrial scale. It also shows good fastness on cellulosic substrates. Tea has a very good substantivity for cotton, state Deo and Desai (1999).

2.5
HISTORY OF COTTON


The word cotton is derived from the Arabic. Depending upon the Arabian dialect, it is pronounced kutan, qutn and qutun, state gohl and Vilensky (1999). “The sanskrit word karpasa-I, usually rendered ‘cotton’ is connected with the Greek and Latin karpasos and carbasus, but meant originally Spanish flax”. The English word “cotton” came from the Arabic word qutun or kutan, Brown (2002).


Cotton is the oldest and the most important of the textile fibres. India is believed to be the oldest cotton growing country. The concept of producing textile fibres from these seed hairs was known to ancient Egyptians and by the earliest Chinese. There is some evidence that cotton was used in Egypt as early as 3000 B.C. but there is no doubt that India developed cotton production as an industry, fine fabric being produced as early as 1500 B.C., narrate Jayaprakasam et al.(1997). Cotton as a textile fibre is associated with man, right from birth to the last breath say Sinha et al. (2006). It has held a place of pride amongst the cash crops all over the world. 


India may be considered the birth place of cotton fibre. Records show that it was already in use five centuries before the Christian era. Cotton candle  wicks  were  first  made  in  England,  state  Hess and KP (2000). Cook (1998) considers India as the cradle of the cotton industry as cotton was used in India even in the 18th century.


Mahalingam (2001) points out that cotton, the oldest fibre is known as “White Gold”. According to Mishra and Kothari (1995), cotton is the oldest fibre.


India is the acknowledged birth place of cotton and the original home of the best and finest cotton fabrics produced in the world for thousands of years, right upto the 19th century A.D., states Deulkar (1988). Nakamura (2000) states that the raw cotton is being used as the material for clothing, since long and its origin can be traced to 2300 B.C.


The first record of cotton is from the valley of the Indus in India around 1800 B.C., narrate Lowan et al. (1980). Cotton plant appears to have been native to the area known today in India and Pakistan. The earliest evidence of actual woven cotton fabrics was found in India during the excavation of Mohenjo-Dura, Collier and Tortora (2001).


One of the earliest references to cotton in literature comes from Rigveda hymn, believed to be written about 3,500 years ago, which mentions, “threads in the loom”, showing that cotton was already used in weaving, points out Shenai (2000).

India was the centre for world’s cotton industry as well as variety of fine fabrics till 1600 A.D. China and Japan introduced cotton from India, only in 800 A.D., but extensive cultivation was started from 1300 A.D. American cotton dominates world market, reports Mishra (2000).

Fragments of cotton fabrics have been found in dry caves and burial sites of the American Indians who inhabited the south west centuries ago, and anthropologists interpret this fact as indicating the importance of fabrics to early Indian cultures. Samuel Slater, a textile machinist from England, has opened the first spinning mill in the United States in 1791. By 1810 there were 226 mills in the New England area, points out Joseph (1980).

Cotton has been cultivated for more than 5000 years. Archeological finds indicate that cotton was grown and used for textile purposes in the Indus valley well before 2100 B.C., in Mexico by 3500 B.C., in Pero by 2500 B.C. Cotton was used extensively in the Medo-Persian Empire and may have been used in ancient Egypt as well. Cotton fabrics have been well known and extensively used throughout the world for hundreds of years, states Corbman  (1983).

2.6
COTTON AND ITS IMPORTANCE

Mandloi and karkannavar (1995) consider cotton as the gift of nature to mankind. According to Sekar (2001), cotton enjoys a unique position among textiles and is often referred to as the king of fibres. Among the natural fibres, cotton is the most commercially significant fibre in the world, indicates Shukla  (2005). Cotton has some advantages as a fibre, being a natural fibre and generally perceived by consumers in a “green” light, says Holme (1997). Raghavan (2000) considers cotton as an agricultural commodity with renewable resources.


India, China and USA are the three major cotton producing countries of the world, (Natarajan, 2004). India, China and Brazil rank second in the production and export of cotton, point out Mullick (1981) and Singh (1997). 


Cotton is the back bone of the textile market and cotton occupies almost half of the world’s total consumption of textiles, remarks Chavan  (2001). At one time, cotton was our greatest single export fibre. Approximately 70 per cent of all the raw fibres produced in the world are cotton, point out Hess and KP (2000). Cotton grows in subtropical climates, reports Mishra (2000).

Cotton consists of cellulosic and non‑cellulosic component, states Rao  (2001). The cellulosic component constitutes 88 – 96.5 per cent of cotton, while non‑cellulosic material include protein (1 – 1.9 per cent), wax (0.4 – 1.2 per cent), pectin (0.4 – 1.2 per cent) and inorganic (0.1 – 1.6 per  cent), point out Usha et al. (2002). 


According to Storey (1992) softness and durability are the most important characteristics of cotton. Prayag (1990) remarks that the most important characteristics determining the quality of cotton are its fibre length, maturity, fineness and strength. Cotton is also known for its quick absorbency of dyes, state Devi et al. (1999). According to Khadi and Kulkarni (1996), cotton is used for making all kinds of clothing items. Cotton is used for the production of woven and knitted fabrics, narrates Alat (2001). No doubt, cotton is a king of fibres. 

3.  EXPERIMENTAL PROCEDURE


The procedure adopted for the study includes the following steps :-

3.1 Selection of Material

3.2 Preparation of Fabric for Dyeing

3.3 Selection of Dye

3.4 Selection of Mordants

3.4.1 Mordanting Techniques

3.5 Optimization

3.5.1 Optimization for Dyeing

3.5.2 Optimization for Mordanting 

3.6 Actual Dyeing

3.7 Artificial Soiling

3.7.1 Soiling  Procedure

3.7.2 Washing

3.8 Nomenclature of Samples

3.9 Evaluation

3.9.1 Subjective Evaluation

3.9.2 Objective Evaluation – Laboratory Tests

3.9.2.1 Fabric Weight

3.9.2.2 Fabric Thickness

3.9.2.3 Fabric Stiffness

3.9.2.4 Breaking Strength and Elongation

3.9.2.5 Abrasion Resistance

3.9.2.6 Crease Recovery Angle

3.9.2.7 Drape

3.9.3 Colour Fastness Tests

3.9.3.1 Sunlight

3.9.3.2 Dry and Wet Crocking

3.9.3.3 Dry and Wet Pressing

3.9.3.4 Washing

3.9.3.5 Artificial Perspiration

3.10 Statistical Analysis

3.1
SELECTION OF MATERIAL


Cotton as a textile fibre is associated with man, right from birth to the last breath, say Sinha et al. (2006). Cotton is a gift of nature that plays a vital role in our lives, indicates Karkannavar (1995). The reasons for the abundant use of cotton are its superior weaving qualities, high strength, good absorption, reasonable cost, desirable handle, stability to repeated blending, excellent abrasion and pilling resistance, point out Venkidusamy and Ramachandran (2000). Cotton fibres can be dyed using natural dyes to get the basic colours namely blue, green, red, black and yellow, remark Srivatsava et al. (1999). 


Owing to the above reasons, cotton fabric was selected for the study. The details of the selected fabric are given in Appendix  I.

3.2
PREPARATION OF FABRIC FOR DYEING


Wet processing of any cotton fabric starts with the removal of size says Prayag (1990). The same is known as desizing. According to Moghe and Khera (2005), desizing improves the dye absorption of cotton. As recommended by them, the selected fabric was desized by boiling in five per cent detergent solution for two hours duration and thoroughly rinsed. 

3.3
SELECTION OF DYE


Conventional wisdom leads to the belief that natural dyes are more friendly to the environment than synthetic dyes, say Bhattacharya and Shah  (1999). Today in the world of environmental and ecology conservance, natural colourants have attracted the attention of the whole world, state Katyayini and Jacob (1999). The awareness of environmental damages caused  by  the  industrial  process  boosted  the  development  of  the “green” 
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process in the production line, and the status of natural dyes is reaffirmed, remark Chan  et  al. (1997). 


Hence it was decided in this study to colour fabric with natural dyes. Tea waste was selected as a source for natural dye (Plate I), considering its abundant and easy availability at very reasonable price. Deo and Desai (1999) point out that tea waste does not cause any damage to the environment, as it is bio degradable. 

3.4
SELECTION OF MORDANTS


A mordant is a mineral salt used to help the dye adhere to the material being dyed (www.house barra.com). Mordants are generally metallic salts, which have an affinity for both the colouring matter and the fibre, say Gogoi  et  al. (1997). Mordants can be of synthetic (or) natural origin. The most commonly used synthetic mordants with natural dyes are chrome, copper and tannic acid, states Rathi and Godbole (1999). Natural mordants according to Venugopal (1993) include myrobalan, sour buttermilk, alum and  pomegranate. Alum, myrobalan, pomegranate, sour butter milk and lemon waste were selected (Plates III, IV, V, VI and VII) for the study as they are not synthetic in nature. 

3.4.1
Mordanting Techniques


Mordanting can be done at various stages, say Ghorpade et al. (2000). They include :

1.
Pre mordanting – where mordanting is done prior to dyeing.

2.
Simultaneous mordanting – where both mordanting and dyeing are carried out simultaneously.

3.
Post mordanting – where mordanting follows dyeing.


Based on pilot study results, pre mordanting was followed for mordants like alum, myrobalan, lemon waste and sour buttermilk.


Post mordanting was followed for pomegranate mordant. 

3.5
OPTIMIZATION

3.5.1
Optimization for Dyeing


For determining the concentration of dye, tea waste weighing 10, 20, 30 and 40 gms were individually added to 100 ml water in separate beakers and boiled for different durations namely 70, 80 and 90 minutes respectively, varying the temperature as 90, 100, 110(C. Samples were dyed in each of these extracts for the fixed time. Later they were taken out rinsed thoroughly and dried in the shade.


The dyed samples were visually inspected for the colour yield. They were also individually evaluated for the dye absorption using colorimeter (Plate XVII) at different wave lengths, as indicated in Appendix  V.

3.5.2
Optimization for Mordanting 


The concentration of each of the selected mordants was varied as, 1, 2 and 3 gms / 100 ml water. All the three mordanting techniques namely, pre, post and simultaneous were carried out for each of the selected mordants. The samples were suitably dyed and visually evaluated for the colour yield. 


The evaluation proved that pre and post mordanting were better than simultaneous mordanting. Based on the suitability of the mordanting technique, it was decided to follow pre mordanting for all the mordants except pomegranate. Pomegranate mordant gave better result in post mordanting than in the others.

3.6
ACTUAL DYEING


Samples were individually dyed using tea waste as the dye source (Plate II) and alum, lemon waste, myrobalan, pomegranate, sour butter milk as natural mordants. The following parameters were followed for actual dyeing based on optimization procedures.


1.
Dye concentration


-
40 gms / 100 ml


2.
Mordant concentration

-
3 gms / 100 ml


3.
Dyeing temperature


-
100( C


4.
Mordanting temperature

-
90( C


5.
Duration of dyeing


-
90 minutes


6.
Duration of mordanting

-
80 minutes


Each of the dyed samples was thoroughly rinsed in three changes of soft water and dried in the shade.

3.7
 ARTIFICIAL SOILING
3.7.1
Soiling Procedure


A portion of the dyed samples were kept aside as unwashed original and the rest were used for artificial soiling. Artificial soiling procedure as suggested by Ranganathan (1996) was followed for the study. The components used for soiling each sample of one metre size are listed below with their proportion.



Component



Weight in gms



Carbon black




20



Egg albumen




  5



Oil





  5



Sodium chloride



10



Water





60


Each of the sample material of 1 meter size was padded through the soil mix and dried thoroughly before washing.

3.7.2
Washing


Soft water was selected for washing the samples as suggested by Prayag (1990). The soiled samples were washed individually with one per cent detergent solution, following kneading and squeezing melted for washing. Later each of the samples was rinsed thoroughly and dried in the shade.


Thus each of the samples under went artificial soiling and washing for a total of 30 times. 

3.8
NOMENCLATURE OF SAMPLES


The    first    letter    in      nomenclature      represents      mordant.    ‘A’  –  Alum,  ‘L’   –   Lemon waste,   ‘S’   –   Sour   butter   milk,   ‘M’   –   Myrobalan and ‘P’ – Pomegranate rind. Number ‘1’ indicates pre mordanting, while ‘3’ indicates post mordanting. Letter ‘W’ denotes washed samples. The original sample is represented by letter ‘O’. 

3.9
EVALUATION

3.9.1
Subjective Evaluation


The dyed samples were evaluated visually by a panel of 25 judges using a proforma given in Appendix  III. General appearance, colour yield, evenness of dyeing, texture and lustre were the main factors taken into consideration for evaluation. Twenty five post graduate students of the Department of Textiles and Clothing were selected as the judges for the study.

3.9.2
Objective Evaluation – Laboratory Tests

3.9.2.1   Fabric Weight


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


An Electronic Balance (Plate  VIII) was used to determine the fabric weight of the samples directly. Ten specimens were cut randomly from each of the sample by using a template and readings were taken in ounces per square yard. The mean value was calculated and recorded. 

3.9.2.2   Fabric Thickness


The thickness of the fabric is defined as the distance between the upper and lower surface of the fabric measured under the specified pressure states Taylor (1985). Fabric thickness test is used to find out its density in connection with such properties as air permeability, water permeability and thermal conductivity, remark Lomex (1986).

The equipment used to measure thickness of the fabric was “Batty Thickness Tester” (Plate  IX). It is a hand operated instrument, which has a dial that reads the thickness of the fabric. Two clamps are attached to the dial. Each of the specimen was placed in between the two clamps and pressed. The thickness was measured at ten different places of each sample. The mean value was calculated and recorded. Care was taken to see that the places chosen were away from the selvedges and free from wrinkles.

3.9.2.3   Fabric Stiffness


Fabric stiffness is defined as a combined effect of elastic property and mass per unit area, says Chaudhuri (2000). According to ASTM (1989), fabric stiffness is defined as the resistance of a fabric to bending. Stiffness is a key factor in evaluating fabric hand, states Talukdar et al. (1998). Stiffness is the ability of a textile fabric to resist changes in their shape, due to bending deformation, remarks Koblyakav (1989).

Bending length according to Booth (1982) is the length of a fabric that will bend under its own weight, to a definite extent. According to Elliot and Hamby (1989), stiffness is the ability of a material to resist deformation.


Shirley Stiffness Tester (Plate  X) was used to determine the stiffness of the samples. The specimen were cut in the warp direction six inches in length and one inch in width using a template. The template and the specimen were mounted together on a horizontal platform with the specimen underneath. The scale was moved along with the fabric slowly until the fabric fell to the edge of the platform and the tip of the fabric coincided with the index line, which was viewed in the mirror. The bending length was recorded from the scale marked opposite to zero on the side of the platform. The same procedure was carried out for all the other specimens in the warp and weft directions. Ten readings were taken and the mean value was calculated.
3.9.2.4   Breaking Strength and Elongation


Breaking strength is a measure of the resistance of the fabric to a tensile load or stress in either warp or weft direction, state Angappan and Gopalakrishnan (2002). Breaking strength is the ability of a material to resist rupture due to external tension, points out Booth (1982). According to Pizzuto (1985), breaking strength is the force required to break a fabric when it is under tension. 


Breaking strength is the resistance of a material to a force tending to stretch in one direction, Indian Standard Institution (ISI, 1982). Vatsala and Subramaniam (1999) state that of all the performance characteristics, dimensional stability and strength are the most important factors which determine the durability of the fabric.

Breaking length or elongation of the specimen, is the length of the specimen, where mass is equal to the breaking force (Textile Institute, 1991). The Eureka Model Tensile Strength Tester (Plate  XI) was used to determine the strength and elongation of the samples.


Ten samples from each of the dyed materials with 33.02 cm length and 3.81 cm width were cut in the warp and weft directions, of each sample. The extra length is allowed for gripping in the jaws. Threads from both the edges were removed from these samples, until the width was reduced to 2.54 cm. Each sample was clamped tightly between the two jaws. The load was applied until the samples were broken. The dial readings in kilograms, elongation in centimeters were noted and the mean value was calculated.

3.9.2.5   Abrasion Resistance


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


Abrasion resistance of fabric is dependent upon many factors including fibre properties, yarn structure and size, fabric weight, fabric finishes, moisture content and the type of abradant. Abrasion test would predict the serviceability of 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. Ten 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. Rubbing was given in the multi directional way. 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 was calculated.

3.9.2.6   Crease Recovery Angle


Crease recovery is the ability of a fabric to recover from unwanted creases. It is the property of the material to resist wrinkling and to restore the initial state after the force causing its crease is removed, states Kori (1996). Creasing of textile materials is a complex effect involving tensile flexing, compressive and torsional stresses, says Saville (1999).


Eureka Crease Recovery Tester (Plate XIII) was used for testing the crease recovery of the samples. 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, for measuring the recovery angle. A sample was cut using a template two inches long and one inch wide. It was carefully creased by folding it into half and placing it at the center of the thickness tester under a load of 2 kgs. After a minute, the weight was removed and the sample was slowly transferred to the fabric clamp of the crease recovery tester and allowed to recover from 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 degrees was read directly from the engraved scale. The mean value was calculated and recorded. 

3.9.2.7   Drape


Drape is the ability of a fabric to assume a graceful appearance in use, says Booth (1996). It is an important property of textile material which allows fabric to orient itself into graceful fold or pleats as a result of force of gravity, state Angappan and Gopalakrishnan (2002). Drape is the ability of the fabric to a gracefully on the wearer or person, remarks Kori (1996).


Eureka Drape Meter (Plate XIV) was used to determine the drapability. Five samples were cut according to the size of the template from each of the dyed materials. A brown paper was also cut according to the template size and was weighed using electronic balance. Each sample was placed on the circular disc. Image of the draped sample, found on the brown paper was traced and was cut along the outline. It was then weighed using electronic balance.


Drape co-efficient (F)
=
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3.9.3
Colour Fastness Tests


The resistance of a coloured material to any such change in colour is termed as its colour fastness, states Gupta (1999). Dye stuffs are evaluated in terms of their colour fastness to the variety of environmental situations, remarks Patil (2003). The outstanding property of the dyed material is the fastness of its shade, says Trotman (1994). According to Sharma (1996), colour fastness properties of the dyed textile material depends upon the nature of dye, dyeing procedure, washing method and after treatments.


Colour fastness and serviceability of dyed material are important from the view point of ultimate consumers, states Pant et al. (2001).

3.9.3.1   Sunlight


Fastness to light is one of the most important properties of dyed fabric needed to fulfill its utilization purpose over a period of time, states Gupta  (1999). Ingamell (1993) remarks that humidity, air, temperature, surface temperature of the sample, presence of atmospheric impurities, spectral gravity and intensity of light source are variables that affect the influence of light on the fading of dyes . 


According to Gulrajani and Gupta (2001), the light stability of dyes depend on structural details of the dyes, nature of the substrate, state of dye in fibre, mordant, method of mordanting, the energy of incident radiation, atmospheric contaminants, temperature, humidity and presence of foreign substances.


The sample piece of 20.5 x 2.5 cm was cut from each of the dyed materials. It was divided exactly into eight divisions of 2.5 cm width and the strip was covered with a black chart paper of the same size. It was divided into eight equal divisions. First division was cut and exposed on the first day from 9.00 pm to 4.30 pm. 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.

3.9.3.2   Dry and Wet Crocking


Crocking is the rubbing fastness of dyes. AATCC (1995) states that crocking is the transfer of colourant from the surface of the coloured fabric to an adjacent area of same fabric or to another surface, principally by rubbing action.


Crockmeter (Plate  XV) was used for this test. The specimen to be tested was rubbed against perfectly scoured and bleached cloth of dimension not less than 22 cm x 5 cm using a white cotton rubbing cloth placed over the end of the finger.


Dry and wet crocking tests were carried out with dry and wet rubbing cloths respectively. Each of dyed samples was cut to a size of 25 x 20 cm and mounted on flat base. Each sample was given 10 rubs based on standardization. The colour transfer from the dyed sample to the white material was accessed using AATCC grey scale.

3.9.3.3   Dry and Wet Pressing


Colour fastness of the samples to pressing, was measured following the specifications of Bureau of Indian Standards (1989). 


A sample of 5 x 10 cm size was sandwiched with a desized white material both in dry and wet conditions. The samples were pressed with a heavy hot iron for 10 minutes. Later, the samples under dry and wet conditions were assessed for colour change and staining using AATCC grey scale. 

3.9.3.4   Washing


The loss in colour during laundering is referred to as lack of wash fastness or bleeding, say Gohl and Vilensky (1987). Test sample of 5 x 10 cm size was cut from each of the dyed samples. Each of them was sandwiched between the undyed cloth which was desized well. Composite specimen were soaked in the soap solution about 5 gm / l for 30 minutes at 40(C. After that, the samples were removed, rinsed in cold water thoroughly, squeezed well and dried. Evaluation of staining on the white adjacent fabric was done by using a gray scale for staining.

Percent absorption
=
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O.D. – Optical Density

3.9.3.5   Artificial Perspiration


According to Gohl and Vilensky (1987), perspiration is a complex combination of body oils, fats and saline solution. It is possible for the constituents of perspiration to react chemically with the dye and cause chemical degradation of the dyed molecule, thereby resulting in loss of colour.


Hall (1975) expresses that artificial perspiration tests have been devised, in which the coloured material is treated successively with special acid and alkaline liquor whose effects closely resemble those of human perspiration. Hence the investigator has selected the artificial perspiration test method for assessing colour fastness. Sasmira Perspirometer (Plate XVI) was used for the study.


Two test samples of 5 cm x 4 cm size were cut from each of the material and placed between two pieces of undyed cotton cloth, each having a size of 5 cm x  5 cm. The two common sides were sewn, to from a composite specimen.



Following the AATCC procedure for artificial perspiration, the acid and alkali solutions were prepared separately for which the recipe is given below. 

​TABLE – I

COMPOSITION OF PERSPIRATION SOLUTION

Chemical
Acid weight in gms
Alkali weight in gms

Sodium chloride

Lactic acid U.S.P. 85 per cent

Ammonium carbonate U.S.P.

Disodium hydrogen phosphate Anhyd. (Na2HPO​4)

PH

Temperature
10

1

-

1

5.6

Room temperature
10

-

4

1

7.2

Room

 temperature


The acid and alkaline test liquors were prepared separately by dissolving the respective chemicals in a litre of distilled water. The samples were thoroughly wetted in acidic and alkaline medium separately for half an hour at room temperature and were removed to be placed between glass plates of the Sasmira Perspirometer, under a load of 4.5 kg. the apparatus was placed in a hot air oven for four hours at 37 ( 2(C, after which the samples were removed and dried out separately at room temperature. The samples were evaluated for colour change and staining using respective grey scale.

3.10
STATISTICAL ANALYSIS


The results of laboratory tests were analysed statistically using test for analysis of variance. Statistical analysis was done for fabric weight, fabric thickness, fabric stiffness, breaking strength and elongation, abrasion resistance, crease recovery, drapability. Least significant difference was computed at 5 per cent and 1 per cent level to find out whether the difference between mordants, is significant or not.


A model of the statistical analysis is given in Appendix VI.
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4.  RESULTS AND DISCUSSION


The results of the study are discussed under the following heads  :

4.1 Subjective Evaluation

4.1.1 Visual Inspection

4.2 Laboratory Tests

4.2.1 Fabric Weight

4.2.2 Fabric Thickness

4.2.3 Fabric Stiffness 

4.2.4 Tensile Strength and Elongation 

4.2.5 Abrasion Resistance

4.2.6 Crease Recovery Angle 

4.2.7 Drape

4.3 Colour Fastness Tests

4.3.1 Sunlight

4.3.2 Dry and Wet Crocking

4.3.3 Dry and Wet Pressing

4.3.4 Washing

4.3.5 Artificial Perspiration 

4.1
SUBJECTIVE EVALUATION

4.1.1
Visual Inspection


The Table II deals with the visual inspection of the dyed samples. The details of the panel ratings include general appearance, evenness of dyeing, texture and lustre.

TABLE – II

VISUAL INSPECTION

Samples
General appearance
Evenness of dyeing
Texture
Lustre


Percentage of judges evaluating as


Good
Fair
Poor
Evenly dyed
Unevenly dyed
Soft
Medium
Course
Bright
Medium 
Dull

  A1
  L​1
  M1
  S1
  P3
  A1W

  L1W

  M1W

  S1W

  P3W
64

64

100

54

80

62

50

80

61

92
36

26

-

33

20

38

40

20

39

  8
-

16

-

13

-

-

10

-

20

-
  98

100

100 

  96

100

100

100

  97

100

100
  2

-

-

4

-

-

-

3

-

-
40

33

40

77

76

40

58

48

78

90
60

67

60

23

24

50

42

50

22

10
-

-

-

-

 7

10

-

 2

-

-
82

46

53

20

87

82

50

40

30

100
18

27

47

70

13

18

40

60

50

-
-

27

-

10

3

-

10

-

20

-


From Table II, it is clear that the general appearance of almost all samples have been considered as good, by more than 60 per cent of the judges. However sample M1 and P3W ranked I and II as rated by 100 and 92 per cent of the judges, respectively.


Almost all samples were rated to be evenly dyed by more than 95 per cent of the judges.


Regarding texture, samples S1, P3, S1W and P3W were rated to be soft in texture by more than 75 per cent of the judges.


As regards lustre, samples A1, P3, A1W  and P3W  were considered as bright by more than 80 per cent of the judges. 


4.2
LABORATORY TESTS

4.2.1
Fabric Weight


The fabric weight of the samples is presented in Table  III and Figure  I.

TABLE – III

FABRIC WEIGHT

S.No.
Samples
Mean weight (gms)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
0.792

0.861

0.791

0.794

0.878

0.823

0.803

0.764

0.795

0.796

0.804
-

 0.069

-0.001

 0.002

 0.086

 0.031

-

-

-

-

-
-

-

-

-

-

-

-0.058

-0.027

 0.001

-0.082

-0.019
-

8.712

-0.126

0.252

10.858

3.914

-6.736

-3.413

0.079

-9.339

-2.308
Between mordants
2276.95**

**  Significant at 1 per cent level.


From Table  III, it is evident that all samples except L1 had gained weight on dyeing with tea waste. Sample C1 had a maximum gain of 11 per cent followed by sample A1 with nine per cent gain. Washing reduced the weight of all samples, except M1W. Sample C1W had a maximum loss of nine per cent. 

Statistical analysis indicates that weight of samples vary significantly based on mordants. 

4.2.2
Fabric Thickness


Table  IV  and Figure  II  deal with the fabric thickness of samples.

TABLE  -  IV

FABRIC THICKNESS

S.No.
Samples
Mean thickness (mm)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
0.29

0.32

0.31

0.32

0.32

0.34

0.31

0.31

0.31

0.30

0.33
-

0.03

0.02

0.03

0.03

0.05

-

-

-

-

-
-

-

-

-

-

-

-0.01

0

-0.01

-0.02

-0.01
-

10.344

6.896

10.344

10.344

17.241

-3.125

0

-3.125

-6.25

-2.941
Between mordants
21.82**

**  Significant at 1 per cent level.


From Table  IV and Figure II, it is clear that dyeing with tea waste has increased the thickness of almost all samples. Sample P3 had a maximum gain of 17 per cent.


On washing, sample L1W alone maintained thickness same as that of the original, while the rest decreased. Sample C1W had a maximum loss of six per cent. Statistical analysis reveals that mordants have a significant effect on the thickness of samples.

FIGURE  I

FABRIC WEIGHT
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FIGURE  II

FABRIC THICKNESS
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4.2.3
Fabric Stiffness 


Fabric stiffness of samples in the warp and weft directions are presented in Tables  V and VI respectively.

TABLE  -  V

FABRIC STIFFNESS – WARP

S.No.
Samples
Mean bending length (cms)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
1.9

2.0

1.7

1.9

1.9

2.0

1.5

2.2

1.4

1.8

1.9
-

0.1

-0.2

0

0

0.1

-

-

-

-

-
-

-

-

-

-

-

-0.5

0.5

-0.5

-0.1

-0.1
-

5.263

-10.526

0

0

5.263

-25

29.411

-26.315

-5.263

-5
Between mordants
23.26**

**  Significant at 1 per cent level.


From Table  V, it is clear that samples M1 and C1 maintained stiffness same as that of the original in the warp direction. Samples A1 and P3 increased in stiffness by five per cent, while sample L1 decreased by 11 per cent. On washing, sample L1W alone increased in stiffness by 29 per cent while the rest decreased.


Statistical analysis indicates that mordants have a significant influence on the stiffness of samples in the warp direction.

TABLE -  VI

FABRIC STIFFNESS – WEFT

S.No.
Samples
Mean bending length (cms)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
1.5

1.8

1.8

1.8

1.7

1.8

1.4

1.8

1.4

1.5

1.8
-

0.3

0.3

0.3

0.2

0.3

-

-

-

-

-
-

-

-

-

-

-

-0.4

0

-0.4

-0.2

0
-

20

20

20

13.333

20

-22.222

0

-22.222

-11.764

0
Between mordants
18.18**

**  Significant at 1 per cent level.


Table VI shows that dyeing has increased the stiffness angle of almost all samples in the weft direction. Samples A1, L1, M1 and P3 had a maximum gain of 20 per cent. In spite of washing, samples L1W and P3W maintained stiffness same as that of original, whereas the rest reduced. Samples A1W and M1W had a maximum loss of 22 per cent.


Statistical analysis indicates that stiffness of samples in the weft direction vary significantly based on mordant.

4.2.4
Tensile Strength and Elongation


Tensile strength of the samples in the warp and weft directions are given in Tables VII and VIII respectively. The same are given in Figures III and IV respectively.

TABLE  -  VII

TENSILE STRENGTH – WARP

S.No.
Samples
Mean strength (kgs)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
16

15

20

16

17

17

20

22

20

20

18
-

-1

4

0

1

1

-

-

-

-

-
-

-

-

-

-

-

5

2

4

3

1
-

-6.25

25

0

6.25

6.25

33.33

10

25

17.64

5.88
Between mordants
29.23**

**  Significant at 1 per cent level.


From Table VII,  it is evident that samples A1 alone decreased in warp strength as a result of dyeing. Sample M1 maintained the strength same as that of original. Sample L1 had a maximum gain of 25 per cent.


Washing further increased the strength, in the warp direction irrespective of the mordant and the mordanting technique. Sample A1W had a maximum gain of 33 per cent followed by sample M1W with 25 per cent gain.


Statistical analysis indicates that the strength of sample in the warp direction vary significantly based on the mordant used while dyeing.

TABLE  -  VIII

TENSILE STRENGTH – WEFT

S.No.
Samples
Mean strength (kgs)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
11

11

16

12

11

13

12

15

14

16

15
-

0

5

1

0

2

-

-

-

-

-
-

-

-

-

-

-

1

-1

2

5

2
-

0

45.45

9.09

0

18.18

9.09

-6.25

16.66

45.45

15.38
Between mordants
24.88**

**  Significant at 1 per cent level.


From Table  VIII, it is clear that samples A1 and C1 maintained weft strength same as that of original even after dyeing while the rest increased in strength. Sample L1 had a maximum gain of 45 per cent, followed by sample P3 with the gain of 18 per cent.


Washing improved the strength of almost all the samples in the weft direction. Sample C1W had a maximum gain of 45 per cent.


Statistical analysis indicates that the strength of samples in the weft direction vary significantly based on the mordant used while dyeing. 

Elongation 


The elongation of samples in the warp and weft directions are shown in Tables  IX and X respectively.

FIGURE  III

TENSILE STRENGTH - WARP
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FIGURE  IV

TENSILE STRENGTH - WEFT
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TABLE  -  IX

ELONGATION – WARP

S.No.
Samples
Mean elongation (cms)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
2.5

3.25

2.25

3.0

2.5

2.75

2.50

3.0

2.5

3.5

2
-

0.75

-0.25

0.5

0

0.25

-

-

-

-

-
-

-

-

-

-

-

-0.75

0.75

-0.5

1

-0.75
-

3-

-10

20

0

10

-23.076

33.333

-16.666

40

-27.2727
Between mordants
21.67**

**  Significant at 1 per cent level.


As Table  IX  reveals sample L1 decreased in elongation by 10 per cent. Sample C1 maintained elongation same as that of the original. Sample A1 had a maximum gain of 30 per cent followed by M1 with 20 per cent gain. 


On washing, samples L1W and C1W increased in elongation by 33 and 40 per cent respectively in the warp direction, while the others reduced.


Statistical analysis indicates that mordants have a significant impact on the elongation of samples in the warp direction.

TABLE  -  X

ELONGATION – WEFT

S.No.
Samples
Mean elongation (cms)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
5

5.5

5

4.75

5

4.5

4.75

5

5.25

5

4.75
-

0.5

0

-0.25

0

-0.5

-

-

-

-

-
-

-

-

-

-

-

-0.75

0

0.5

0

0.25
-

10

0

-5

0

-10

-45.45

0

27.70

0

5.5
Between mordants
6.62**

**  Significant at 1 per cent level.


It is obvious that samples L1 and C1 maintained elongation same as that of the original in the weft direction, while the others increased. Samples A1 and P3 had a maximum gain of 10 per cent.
In spite of washing, samples L1W and C1W maintained elongation same as that of the original. Sample A1W reduced in elongation by 45 per cent, while the rest increased.


From statistical analysis, it is clear that mordants have a significant impact on the elongation of the samples in the weft direction.

4.2.5
Abrasion Resistance


Abrasion resistance of samples is given in Table  XI and Figure  V.

TABLE  -  XI

ABRASION RESISTANCE

S.No.
Samples
Mean weight (mgs)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
0.012

0.007

0.014

0.005

0.007

0.007

0.005

0.003

0.005

0.006

0.005
-

0.005

-0.002

0.007

0.005

0.005

-

-

-

-

-
-

-

-

-

-

-

0.002

0.001

0

0.001

0.002
-

41.666

-16.666

58.333

41.666

41.666

28.571

78.571

0

14.285

28.571
Between mordants
42.99**

**  Significant at 1 per cent level.


It is clear that abrasion resistance of sample L1 alone reduced, as it has shown greater loss in weight due to abrasion, when compared to the original. The rest of the samples had better abrasion resistance than the original, as they have shown lesser loss in weight due to abrasion when compared to the original. Samples M1 ranked first with 58 per cent gain in abrasion resistance. On washing, sample M1W maintained abrasion resistance same as that of the original, while the others increased in abrasion resistance. Sample L1W had a maximum gain of 79 per cent in abrasion resistance.


Statistical analysis indicates that the abrasion resistance of samples vary significantly based on the mordant used.

4.2.6
Crease Recovery Angle 


The crease recovery angle of samples in the warp and weft directions are shown in Tables XII and XIII respectively.

FIGURE  V

ABRASION RESISTANCE
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TABLE  -  XII

CREASE RECOVERY ANGLE – WARP

S.No.
Samples
Mean recovery (degrees)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
118

118

120

113

126

118

102

107

107

109

109
-

0

2

5

8

0

-

-

-

-

-
-

-

-

-

-

-

-16

-13

-6

-17

-9
-

0

1.694

4.237

6.779

0

-13.559

-10.833

-5.309

-13.492

-7.627
Between mordants
345.78**

**  Significant at 1 per cent level.


From Table XII, it is learnt that samples A1 and P3 maintained crease recovery angle same as that of the original in the warp direction, while the rest increased. Sample C1 had a maximum gain of seven per cent.


The crease recovery angle of almost all samples decreased on washing. Sample A1W had a maximum loss of 14 per cent, followed by sample C1W with 13 per cent loss.


Statistical analysis reveals that mordants have significant impact on the crease recovery angle of samples in the warp direction.

TABLE  -  XIII

CREASE RECOVERY ANGLE – WEFT

S.No.
Samples
Mean recovery (degrees)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
114

117

113

116

113

113

100

102

103

107

107
-

3

-1

2

-1

-1

-

-

-

-

-
-

-

-

-

-

-

-17

-11

-13

-6

-6
-

2.6315

-0.877

1.754

-0.877

-0.877

-14.529

-9.734

-11.206

-5.309

-5.309
Between mordants
3.07**

**  Significant at 1 per cent level.


From Table  XIII, it is understood that the crease recovery angle increased in the weft direction in the case of samples A1 and M1 while the same decreased in others. The percentage increase was 3 and 2 in the case of samples A1 and M1.


Washing reduced the crease recovery angle of almost all samples. Maximum reduction of 11 per cent was shown by sample M1W.


Statistical analysis indicates that mordants have a significant impact on the crease recovery angle of samples. 

4.2.7
Drape


The drape co‑efficient of samples is shown in Table  XIV and Figure VI.

TABLE  -  XIV

DRAPE

S.No.
Samples
Mean drape co‑efficient(%)
Loss or gain over
Percentage loss or gain
Source of variance
F value




Original
Unwashed




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
O

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
0.4351

0.5587

0.5566

0.5561

0.4832

0.569

0.4343

0.522

0.5768

0.4765

0.593
-

0.1236

0.1215

0.121

0.0481

0.1339

-

-

-

-

-
-

-

-

-

-

-

-0.0008

0.0869

0.1417

0.0414

0.1579
-

28.407

27.924

27.809

11.054

30.774

-14.318

15.612

25.481

8.567

27.75
Between mordants
2101788.39*

*   Significant at 5 per cent level.


From Table  XIV, it is evident that the drape co‑efficient of all samples increased on dyeing. Sample P3 had a maximum gain of 31 per cent. 


On washing, sample A1W alone reduced in drape co‑efficient, while the rest increased. Sample P3W had a maximum gain of 28 per cent.


Statistical analysis indicates that mordants have a significant impact on the drape co‑efficient of samples. 

4.3
COLOUR FASTNESS TESTS


Colour fastness of samples to sunlight, washing and pressing are shown in Table  XV. Colour fastness to crocking and perspiration are shown in  Table  XVI.

FIGURE  VI

DRAPE
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TABLE  -  XV

COLOUR FASTNESS TO SUNLIGHT, WASHING AND PRESSING

Samples 
Sunlight
Washing
Pressing


Colour change
Colour chage
Staining
Dry
Wet





Colour change
Staining
Colour change
Staining

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
4

3

3/4

2/3

4

2/3

3

4

2/3

3
4/5

4/5

5

5

4

5

5

5

5

5
4/5

4

5

5

4

5

5

5

5

5
5

5

5

5

5

5

5

5

5

5
5

5

5

5

5

5

5

5

5

5
5

4/5

3

5

2/3

5

5

5

5

5
4/5

4/5

4/5

5

3

5

5

5

5

5

1 – Very poor ; 2/3 – 3 – Moderate ; 4 – Good ; 5 – Excellent ; 1/2 –2 – Poor ; 3/4 – Fair ; 4/5 – Very Good.


From Table  XV, it is clear that samples A1, P3 and M1W had good colour fastness to sunlight, while almost all samples had excellent fastness to washing and pressing in the dry and wet condition.

TABLE  -  XVI

COLOUR FASTNESS TO CROCKING AND PERSPIRATION

Samples
Crocking
Perspiration


Dry
Wet
Acidic
Alkaline


Colour change
Staining
Colour change
Staining
Colour change
Staining
Colour change
Staining

A1
L1
M1
S1
P3
A1W

L1W

M1W

S1W

P3W
5

4

5

4/5

2/3

4/5

4/5

5

4/5

4/5
4

4

4/5

4/5

3

4/5

4

4/5

4

4
4/5

4/5

4/5

4/5

2/3

4

4

4

4/5

4/5
3/4

3/4

4/5

4/5

3

3/4

3/4

4/5

4/5

4
4

4/5

2/3

4/5

4/5

5

5

5

2/3

¾
4/5

4

2/3

4/5

4

4/5

4

4/5

3/4

2/3
5

5

5

4/5

23

5

4

4/5

4

4
4

3/4

2/3

3/4

3/4

3/4

4/5

2/3

4/5

3/4

1 – Very poor  ;  2/3 – 3 – Moderate  ;  4 – Good  ;   5 – Excellent ;  1/2 –2 – Poor ; 3/4 – Fair  ;  4/5 – Very Good.


From Table  XVI, it is clear that almost all dyed samples except P3 had good fastness to crocking in the dry and wet conditions.


Almost all samples had good fastness to alkaline perspiration. But there was slight variation in the samples regarding their fastness to acid perspiration. Samples M1, S1W and P3W had poor fastness, while the rest had good fastness to acid perspiration. 

5.  SUMMARY AND CONCLUSION


In the present national and international awareness of environment, ecology and pollution control, natural dyes appear to be an ideal choice. They are non‑toxic. They can be handled very easily and safely.


Natural dyes require the use of mordants for their fixation. Mordants can even help to produce variety of colours with the same dye. In this study, an attempt has been made to colour cotton fabric with natural dye using natural mordants. Tea waste, which is a common solid waste found in almost all houses, has been chosen as a source for natural dye along with mordants like alum, myrobalan, pomegranate rind, sour buttermilk and lemon waste. Thus an attempt has been made in this study to make wealth out of waste.


The major objectives of the study are to

· find out the possibility of extracting dye out of tea waste.

· try different natural mordants and compare the colour yield

· study the performance of the fabric dyed with the selected source

· evaluate the performance of dyed fabric under normal washing conditions.

The procedure adopted for the study consisted of dyeing cotton material using natural dye extracted from tea waste. The mordants used for the study included alum, pomegranate rind, myrobalan, lemon waste, sour buttermilk. Based on the mordants the samples were named as A1, L1, M1, S1 and P3. 

A portion of the material was kept aside as unwashed sample and the rest were subjected to washing after artificial soiling. The washed samples were named as A1W, L1W, M1W, S1W, P3W. Each of the samples underwent a total of 25 washes following artificial soiling.

The dyed samples both before and after washing, were evaluated subjectively and objectively. Subjective evaluation included visual inspection by a panel of 25 judges, while objective evaluation included laboratory tests like fabric weight, thickness, stiffness, tensile strength, elongation, abrasion resistance, crease recovery angle and drape. 

The dye yield of tea waste was assessed using colorimeter. Colour fastness of the samples to various conditions like sun light, washing, crocking (dry and wet), pressing (dry and wet) and artificial perspiration were also evaluated using a grey scale. 

The results of laboratory test were analysed statistically. 

Findings of the Study are as follows  :

· Visual inspection revealed that the general appearance of the dyed samples was good and was also evenly dyed, irrespective of the mordant, both before and after washing.

· The texture of samples S1P3 and S1W was soft, while that of the rest was medium.

· The lustre of samples A1, P3, A1W and P3W was rated to be bright, while that of the others was rated medium.

· Fabric weight of all samples, except L1 increased before washing.

· Dyeing with tea waste increased the thickness of all samples irrespective of the mordant. On washing, sample L1W alone maintained the same thickness as the unwashed sample, while the others reduced by less than seven per cent.

· The stiffness angle of sample L1 alone reduced in the warp direction before washing, but it increased after washing.

· Stiffness angle of all samples increased in the weft direction before washing. After washing, samples L1W and P2W maintained stiffness angle same as that of the unwashed sample.

· The tensile strength of sample A1 alone reduced in the warp direction. Sample M1 maintained strength same as that of the original. Washing has improved the tensile strength of almost all samples.

· Samples A1 and S1 maintained weft strength same as that of the original, while the others increased. On washing, sample L1W alone reduced in strength, while the others increased.

· Sample L1 alone reduced in elongation in the warp direction. On washing, samples L1W and S1W increased in elongation, while the others reduced.

· Samples M1 and P3 reduced in elongation in the weft direction before washing. On washing, sample A1W alone reduced in elongation, while the others increased.

· The abrasion resistance of sample L1 alone was poorer than that of the original, while the rest of the samples had better resistance to abrasion.

· There was an increase in the crease recovery angle of all samples in the warp direction, before washing. But the same decreased on washing.

· Samples A1 and M1 had better crease recovery angle than the original in the weft direction, while the rest reduced both before and after washing.

· The drape co-efficient of all samples except A1W was found to be greater than that of the original.

· While the colour fastness of all samples to washing, pressing and crocking was encouraging, their fastness to light was not satisfactory.

· Samples A1, L1, S1 and P3 had good fastness to acidic and alkaline perspiration.

It may be concluded that tea waste can be a very good source of natural dye, as the colour produced is fast to washing, pressing, crocking and perspiration. Even fastness to light can be obtained if only the fabric is dried in the shade. The dyed fabric has appreciable performance qualities like thickness, strength, abrasion resistance, crease recovery and drape. No doubt, this study is a stepping stone towards the production of an eco-friendly textiles. It also provides an opportunity to make wealth out of waste.
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APPENDIX  -  III

PROFORMA USED FOR VISUAL INSPECTION

Samples
General appearance
Evenness of dyeing
Texture
Lustre


Percentage of judges evaluating as


Good
Fair
Poor
Evenly dyed
Unevenly dyed
Soft
Medium
Course
Bright
Medium 
Dull

  A1
  L​1
  M1
  S1
  P3
  A1W

  L1W

  M1W

  S1W

  P3W












APPENDIX  -  IV

GENERAL METHOD OF TESTING COLOUR FASTNESS

USING GREY SCALE


In colour fastness testing, generally, a specimen of the textile to be tested and the adjusted fabric for assessing staining are subjected to the action of the agency fabric are assessed as fastness numbers  0  ratings. Regardless of the character of change the colour change assessment is based upon the magnitude of contrast between the specimen after test and a specimen of the original material. The extent of staining on adjacent fabric is assessed by comparing the side of the adjacent fabric which was in contact of specimen with the original unstained adjacent fabric. 


The fabrics to be assessed for colour change and staining are arranged side by side in the same plane and oriented in the same direction. The appropriate grey scale is placed nearby in the same plane. For optimum precision, the areas of contrast to be compared shall be approximately of the same size and shape. The light is incident upon the surfaces at a angle of 45 degree and the direction of viewing is approximately along the perpendicular to the plans of the surface.


The contrast between the fabrics for colour change and staining is compared with the contrast represented by the pairs of colour chips in the appearance grey scale. The very nature of testing the colour fastness clearly indicates that the results obtained are of subjective in nature. Grey scale for assessing change in colour.


The nine step scale consists of a pair of non‑glossy grey colour chips which illustrates the perceived colour differences corresponding to fastness ratings, 5, 4-5, 3-4, 3, 2-2, 2, 1-2, 1. The first member of each pair is neutral grey in colour and the second member of the pair illustrating fastness rating 5 is identical with the first member. The second member of the remaining pairs are increasingly lighter in colour so that each pair illustrates increasing contrasts or perceive colour difference which are defined calorimetrically.

Grey scale for assessing


The nine step scale consists of 9 pairs of non‑glossy grey or white colour chips which illustrate the perceived colour difference corresponding to fastness rating 5, 4-5, 4, 3-4, 3, 2-3, 2, 1-2, 1.


The first member of each pair is white in colour and the second member of each pair illustrating fastness rating  5  is identical with the first member. The second member of the remaining pairs are increasingly darker in colour so that each pair illustrates increasing contrasts or perceived colour differences which are defined calorimetrically. 

APPENDIX  -  V

CALCULATION FOR DYE UPTAKE USING COLORIMETER

Pre-mordanting

Dye – 0.6 ml, water – 3 ml (5 times dilution)




Before

After


Percentage

420 nm

11


7


36.4%

660 nm

4


3.0


25%

620 nm

2.6


1.9


26.9%

470 nm

7


5.1


27.1%

530 nm

6.60


3.1


53%

Dye – 0.4 ml, water – 6 ml (15 times dilution)




Before

After


Percentage

470 nm

13


10


23.1%

420 nm

9


7.5


16.7%

660 nm

3.0


2.3


23.3%

530 nm

13.0


7.8


40.0%

620 nm

7.3


5.1


30.1%

Post-mordanting

Dye – 0.6 ml, water – 3 ml (5 times dilution)




Before

After


Percentage

420 nm

10


7


36%

660 nm

4.5


3.0


33.3%

620 nm

2.5


1.5


40%

470 nm

7.5


5


33.3%

530 nm

6.65


3


54%

Dye – 0.4 ml, water – 6 ml (15 times dilution)




Before

After


Percentage

470 nm

15


12


20%

420 nm

11.25


9.5


15.5%

660 nm

3.75


2.5


33.3%

530 nm

12.75


8


37.2%

620 nm

7.5


5.2


30.6%

APPENDIX  -  VI

STATISTICAL ANALYSIS – A MODEL

Table of sample (S) means for weight (Ave. over 10 Reps)

Sample
Ranks
Means

O

A

B

C

D

E

F

G

H

I

J
3

10

2

4

11

9

7

1

5

6

8
0.792 b

0.861 g

0.791 b

0.794 c

0.878 h

0.823 f

0.803 e

0.764 a

0.795 cd

0.796 d

0.804 e

Mean

0.809

Mean followed by a common letter are not significantly different at 5% level by DMRT.

SEd

CD(5%)
CD(1%)

0.001

0.002

0.003

WEIGHT

REP1

REP6
REP2

REP7
REP3

REP8
REP4

REP9
REP5

REP10

8.894

8.899

0.809

0.809
8.905

8.898

0.810

0.809
8.910

8.911

0.810

0.810
8.909

8.895

0.810

0.809
8.900

8.902

0.809

0.809

ANALYSIS OF VARIANCE FOR WEIGHT

SV
DF
SS
MS
F

Sample (S)

Error (R)
10

99
0.10908680

0.00047430
0.01090868

0.00000479
2276.95**

Total
109
0.10956110



​CV  =  0.3 per cent

**  Significant at 1 per cent level.
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