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INTRODUCTION


India being the world's largest cotton growers with second biggest textile industry and it has the pride of producing the widest quality range of cotton, cotton is the 'King' among the crops contributing about so per cent of the raw material to the textile industry. Cotton enjoys an extremely positive image due to its naturalness and gentleness to the human. The coloration of cotton is achieved by dyeing and printing (Ghorpade, 2009). Cotton is worldwide one of the most important fibres used in the textile industry. Cotton is the predominating fabric used in the India textile industry hearly 60 per cent of all over all conscription Textile and more than 75 per cent in spinning mills is cotton. India is among the world's largest produces of cotton with ones a million and an annual crop of around 3 million tones (Brain Cauver, 2010). India's cotton textile industry has a high export potential. Cost competitiveness is driving the penetration of Indian basic yarns and grey fabrics in international commodity markets. Small and flexible batches of appearals can be manufactural  in India and can provide a larger variety of casual wear and leisure garments at significantly lower costs                          (Encyclopardia, 2003).


Textile industry is one of the nation's oldest and dynamic segment of entire manufacturing industries (Nadaraj, 2008). Textile industries in India are the backbone of the national economy. It is the largest industry in India occupying a vital role in the Indian economy and occupies a unique place in our country. one of the earliest to come into existence in India, it accounts for 14 percent of the total industrial production, contributes to nearly 30 per cent of the total exports and is the second largest employment generator after agriculture (Lal, 2006).


The present textile processing methods are causing enomous damage to environment by the way of water pollution by releasing toxioc chemicals, non - bio degradable dyes, total dissolved solids and sludge from effluent treatment plots. The consumption of synthetic dyes has been estimated to be one million tones per year, reports sengupta (2008). Recent findings on harmful effects of synthetic dyes on environment and human beings made the world to develop the eco - friendly and safe dyes that may be used for textiles (Mahal, 2007).


Textile dying currently produces significant levels of waste which is harmful to the environment and dangerous to health not properly treated. This volume reviews some of the key legislation driving improvements in dyeing processes and the lazardous dyes can pose of to health. It also discusses the key technologies which can make dyeing more efficient and environmentally friendly, as well as methods for dealing with the dye effluents, with its international team of contributors it provides a important reference for textile manufacturing in making the industry more systainable (Christie, 2008).


The natural dyes have aroused considerable interest in dyeing of textile dye to their eco - Friendly nature. Dyeing of textile material is the process of applying dye, so that the material not only change colors but so fastly retain the dye. Fastness property of dye depends upon the chemical structure of the colouant, dye concentration, environment condition, natural of fiber, atmospheric contamination, presence of foreign substance and state of dye inside the fibre (Opine, 2009).


In recent years their demand have been declined because these dyer release enormous amount of hazardous chemicals in the environment during their production and subsequent use with the increasing awareness of environment, ecology and pollution control. Natural dyer have a revival and heading towards a period of renaissance (Agarwal and Gupta, 2008).


Application of natural dyer has once again caught the attention of the world and others itself as an effective eco- option for the use of synthetic dyer through out the world. Most of the natural dyeing based on vegetable origin are renewable, bio degradable and eco- friendly are being professed over the synthetic dyer because they exhibit better biodegradability and compotibility with the environment (Anand, 2008).


Most natural dyeing is done with the use of mordants, most commonly heavy metal ions, but sometimes tannies. The mordant allows many natural dyes which would otherwise just wash out to attain acceptable wash fastness. A mordant remains in the fiber f\permanently, holding the dye. Each different metal used as a mordant produces a different range of colors for each dye. Some natural dyes have a chemical makeup that will not allow them to bind with various fabrics. Mardants are metallic salts that act on the dye molecules by breaking apart existing links and forming new ones that will bind with the fabric. Difference between mordants and other chemical assistants used in dyeing:- Some of the metals, such as chromium and tin, are extremely toxic. Even copper and iron mordants can be quite dangerous if misused. Alum is the most popular mordant; through less toxic than the other metal ions, it is an irritant, and may be harmful if ingested. 


Mordants can be applied to the fiber before dyeing, at the same time as dyeing, or after dyeing. Earth Hues recommend pre- mordanting, as they find they get better colors than when mordanting at the same time as dyeing.


To select the proper dye for a fiber, it is Heccessary to know which dyer have an affinity for the vegetable, animal, or manemade fibers primitive people obtained dyer from flowers, nuts, berries and other forms of vegetable and plant life as well as from mineral and animal sources. These sources have provided such natural dyes throughout civilization. They are no longer used in quantity by the dyeing industry; But they are still used in oriental countries to a certain extent for dyeing and in may parts of the world for nature handicraft.


Cotton is one of the important fiber in the world of textile (Sekar, 2008). Mishra says that, cotton is the oldest fibre used for textile purpose. In tropical countries, it is the most important fibre cotton is the most important apperal fibre through out the world. 


Cotton can be easily dyed with various colours because of its high absorbent property. cotton is a good conductor of heat. Cotton does not contain any chemicals and through is a natural product.


Some natural dyes have a chemical makeup that will not allow them to bind with various fabrics. Mordants are metallic salts that act on the dye molecules by breaking apart existing links and forming new ones that will bind with the fabric. 


For thousands of years, the act and craft of natural dyeing has connected our creative urges with the inner worbings or the natural world. As humans dyed fibers and then turned them into textiles and a range of other useful everyday objects, they transferred color from the plant and mineral kingdoms into human material culture. The dye process that have evolved through the centuries are an outcome of both human error and conscious creation.


Since there is an increasing realization in the textile industry as well as among the textile consumers of the need to develop and demand eco-friendly methods of dyeing textiles. Natural dyes offer an important alternative in this regard, as these are safer in use with minimum health hazards, have easy and loss disposa problems of effluent. Hence, the investigator felt the need to study the “Application of Selected Natural Dyes on Cotton Fabric” with the following objectives:

· To study the application of selected natural dyes, bio-mordants and mordanting techniques on cotton fabric.

· To evaluate the dyed samples

· Subjective and objective evaluation of dyed samples.
II. REVIEW OF LITERATURE


2.1. 
Cotton



2.1.1. History of Cotton



2.1.2. Property of Cotton



2.1.2.1. Physical properties




2.1.2.2. Chemical properties


2.1.3.
Importance of cotton


2.2.
Natural dyes



2.2.1. Classification of Dyes



2.2.2. Eco-friendly



2.2.3. Uses of Natural dyes

2.1. 
COTTON 


Cotton is one of the important fiber in the world of textile, says Sekar (2008). Mishra says that, cotton is the oldest fibre used for textile purpose. In tropical countries, it is the most important fibre cotton is the most important apperal fibre through out the world.  Corbman remarks that, the cotton fibre is a single elongated cell that is flat turisted and ribbon like with a wide inner hollow. All parts of cotton plants are useful. The most important is the fibers or lint, which is used in making cotton cloth.


First of all cotton fibers are separated from seed pods, this method is called ginning, this process is performed in the cotton field with the help of machines.
Cotton Plant Profile


English Name
: 
Cotton


Botanical Name
: 
Gossypium arboretum, Gossypium barbadense, 



Gossypium herbarem


Family
: 
Malvaceae, the marsh mallow family
2.1.1. HISTORY OF COTTON 

Cotton can grow at attitudes of 1000 m in India and is planted in late spring, when there is little risk of frost. It takes about 100 days for the plants to mature and produce fruits. Harvesting is a continuous process. As the plants flowers and fruit at different times, when the fruit, or bolls, are mature, they burst to reveal masses of soft white fibres attached to seeds.


These hair - like fibers are almost 90 per cent cellulors the bolls also contain shorter, fuzzy fibers known known as linter, they are used industrially for making water - soluble polymers and paper started that Draw stings (2008) (www.Plant cultures. Com). 


According to, Tiwoani, cotton has been Cultivated for more than 5000 years. Archeological findings indicate that cotton was grown and used for textile  purposes in the Indus valley well before 2100 BC, and corbman. The word "Cotton" comes form the Arabic word "Qutum". The use of cotton in England is mentioned, in writings of the this teenth century. 


According to, balidason (2008) in ancient past people most of the countries were not aware about the cotton fibre. They were dependent only on animal fibers for apparel as well as other requirements. In fact climatic conditions in India and the constituent of soil in areas nearby to Indus River were considered as some of the major conductive factors for the growth of cotton.

2.1.2. Properties of Cotton 
2.1.2.1. Physical Properties 

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


Cotton fiber have 5 to 8 percent of moisture, it has ability to absorb, remarks Gienadt. cotton offers an excellent resistance to heat as well as dimensional stability and strength even at temperature of up to 175Oc usually cotton with a staple length of 7.25 mm and rays about 1.2 to 1.8 demier, states watzl. cotton can successful by a wide variety of days.
2.1.2.2. Chemical properties 

Dantyagi, says that, cotton absorbs moisture and long, exposure to water or moisture has no harmful effect on cotton. They are not affected by moisture content. Cotton has great affinity to dyes. Gohl and vilensby, say that, cotton weakened and destroyed by acid. They are resistant to alkali are relatively unaffected by normal laundering is cotton is cellulosic in nature. cotton chemically consists of 88-90 of pure cellulosic along with protein, pectin substances, state naik and Wilson (2006) cotton attached by hot dilute or cold concentrated acid solution. Acid hydrolysis of cellulose produces hydrocellulose, expresses lait.

2.1.3. Importance of Cotton  


India being the world's largest cotton growers with second biggest textile industry and it has the pride of producing the widest quality range of cotton, cotton is the 'King' among the crops contributing about so per cent of the raw material to the textile industry. Cotton enjoys an extremely positive image due to its naturalness and gentleness to the human. The coloration of cotton is achieved by dyeing and printing state that Ghorpade (2009). Cotton is world wide one of the most important fibres used in the textile industry. Cotton is the predominating fabric used in the India textile industry hearly 60 per cent of all over all conscription textile and more than 75 per cent in spinning mills is cotton. India is among the world's largest produces of cotton with ones a million and an annual crop of around 3 million tones state that Brain cauver et al. (2010) India's cotton textile dindustry has a high export potential. Cost competitiveness is driving the penetration of Indian basic yarns and grey fabrics in international commodity markets. Small and flexible batches of appearals can be manufactural  in india and can provide a larger variety of casual wear and leisure garments at significantly lower costs ( Encyclopardia, 2003).


In comparison with other natural fibers, cotton is rather weak, it can absorb moist up to 20 per cent of its dry weight, without feeling we and is also a good heat conductor. Cotton is applied for the manufacturing of cloths, carpets, blankets, mobs and medical cotton wool ( Encyclopaedia, 2003).


Hundred percent natural cotton is very soft and light weight and each item we carry is handmade in the USA dye and shink each item to guarantee the out fit will maintain its original comfort fit after its first washing, so there is no needs to worry about shrinkage. The light weight fabric has a soft texture that does not cling to your sking and it also breather to provide cool and comfort reveal that Draw stings (2006 ). 


Cotton can be early dyed various colors because of its high absorbent property, cotton is a good conductor of heat, cotton does not contain and chemicals and therefore is a natural product. The advantages of working with voile are that it clearses well and sews easily.  Cotton fabrics fades quickly, which means. 

2.2. 
NATURAL DYES 

Natural dyes are a class of colorants extracted from vegetable matter and animal residues. There are many plants materials that can be used for dyeing yarns and materials, bark, bessies, seeds twigs, branches, tubers and nut hulls, each capable of producing a range of colours, with various mordants and yarns. In addition, when properly applied natural dyes are fast, registing fading due to exposure to sunlight.


Consider these contrasts. Natural products obtained from what natural no longer nees - peels, shells, barbs, tuing, artificial substances that harm and exploit the environment. subdued colours and smooth fabrics that lie gently on the skin in a tropical climate, stach colours and synthetic textiles that reflect the mood of another culture and life style (Kousalya Santhanam, 2008). 


Workers handling chemical dyes have been afflicted with respiratory problems. Chemical dyed clothes are harmful to the skin and can cause allergies (Devi et al, 2008 ).
2.2.1. Classification of Dyes

Dye


In textile terms, a soluble colorant that attaches in molecular form to the fibers, as opposed to a pigment, which exists as much large particles that are attached to the fiber with a binder dyes get classified by the application technique used, and by their chemical structure. A class of dye based on chemical structure may have members in several different application classes, acid dye, azoic dye, basic dye, sulfur dye, vat dye. All commercial dyes are organic chemicals remarks (Wilson, 2004).


The first man made organic dye, mauve, was discovered by William Henry Perkin in 1856. Many thousands of dyes have since been prepared and because of vastly improved properties imparted upon the dyed materials quickly replaced the traditional natural dyes. Dyes are now classified according to how they are used in the dyeing process (Textile Dyeing 2005), Dye must adhere to the fibers or they will be washed out. In some cases, the dyes stuffs bind tightly and in others they are only bound by hydrophobic interactions (Seigler, 2006).

2.2.2. Natural dyes Eco Friendly 

The eco friendly natural dyes and at the same time savour the culture and heritage depicted there on, appreciate these products world wide, Demand for hand block printed textile in fashion garments is on the rise state Geigle (2007). 


According to Wilson (2008) Naloral dyes are being used since very ancient time, but have lost out to synthetic dyes, as it is generally very difficult to have proper stadarization and reproductibility of shades with the recent trand of higher preference of natural dyes fuelled by increased public awareness about environmental issue and actions like the GFerman Ban on use of some synthetic dyes, Prompted indioans to have a re - lock at the potential of natural dyes.


Eco friendly dyes of natural origin seem to have promising use in the fields of feed colouratioin, deugs and cosmetics, such uses seem to be extremely sound and safe while they use in textile coloration has stated gaining impetus, the success which may be largely dictated by the development and availability of environmentally. safe methods of application to textile substrates, designing eco-friendly dyes of artificial or man - made type is no doubt a rewarding area sekar (2008).


The process of making chemical dyes was less elaborate than that of vegetable dyes which was time consuming and depended on sunlight and huge amounts of water. Chemical dyes were also considered " More durable". This led to the decline of vegetable dyes. Once used widely all over the sub - continent, now there are only pockets where pure vegetable dyed fabrics are made and some areas where vegetable dyes are used in conjunction with chemical dyer. 

2.2.3. Uses of Natural Dyes 

Natural dyer are dyestuffs made from plants, minerals and in the case cochineal, an inset. a dye can generally be described as a coloured substance that has an affinity to the substracte the which it is being applied. The dye is usually used as an aqueous solution and may require a mordant to improve the fastness of the dye on the fibre ( Apparel and textile Dying U.S. 2008). 


Historically, natural dyer were used to colour clothing or other textiles, and by the mid 1800's chemists began producing synthetic substitutes. By the early part of this century only a small percentage of textile dyer were extracted form plants. Mother nature has gifted us with more than 500 colour giving plants. In India we can use those natural material, which are available in abundance, cost effective, yield good colour and fastness properties (Tiwari, 2005). Lately there has been increasing interest in natural dyer, as the public become aware of ecological and environment problems related to the use of synthetic dyer, use of natural dyer cut down significantly on the amount of toxic effluent resulting from the synthetic dye processes (Apparel and Textile Dyeing U.S. 2008).


India has a very rich tradition of using natural dyer. the art and craft of producing natural dyed textiles is being practiced in many villages and by some craftman in the country, but there is no organized effort to revive and improve the methods of dyeing with natural dyer (Gahlot, 2008 ). 


Natural dyer are associated with out assient culture and heritage. The traditional kalamkari and Rajasthani prints, Bandhani are all arts which used Natural dyer (Sharma, 2007).

Natural dyer can be derived form through herbs and plants, flowers, reads, insects, minerals, bark and roots. Natural dyer give subtle, rich, warm colours that are unique. The beauty of natural dyer rests in their colours and ability those colours to blend and mix in a way uniform and visually pleasing. They have a mystery and life that fescinates and satisfies (Javali, 2009).

III. EXPERIMENTAL PROCEDURE

The methodology pertaining to the study on “Application of Selected Natural Dyes on Cotton Fabrics” is discussed under the following headings:


3.1. 
Selection of the Fabric


3.2. 
Pretreatment of the fabric


3.3. 
Pretreatment of the fabric for dyeing


3.4. 
Conduct of Pilot Study



3.4.1. Selection of Natural dye sources



3.4.2. Selection of Bio-Mordants



3.4.3. Extraction of dye solution



3.4.4. Selection of optimized proportions of dyeing variables for 


the study



3.4.5. Selection of mordanting techniques



3.4.6. Procedure used for actual dyeing


3.5. 
Evaluation of the dyed samples



3.5.1. Subjective Evaluation




3.5.1.1. Visual inspection



3.5.2. Objective Evaluation




3.5.2.1. Fabric weight




3.5.2.2. Fabric thickness




3.2.2.3. Breaking strength and Elongation


3.6. 
Wettability and Absorbency Test



3.6.1. Drop test



3.6.2. Sinking test



3.6.3. Capillary rise test


3.7. 
Colour fastness test



3.7.1. Effect of sunlight on the fabric



3.7.2. Effect of washing on the fabric



3.7.3. Effect of wet and dry crocking on the fabric



3.7.4. Effect of wet and dry pressing on the fabric

3.1. 
SELECTION OF THE FABRICS


Cotton can be easily dyed with various colours because of its high absorbent property. Cotton is a good conductor of heat. Cotton does not contain any chemicals and therefore is a natural product. Cotton possess many excellent qualities such as coolness, durability, good absorbency, high tensile strength, good abrasion resistance and low cost (Christie, 2008). Hence the investigator selected hundred per cent 40’s count plain weave cotton material for the study. The cotton material was procured from Udhayakumar textiles, Erode.

3.2. 
PRE-TREATMENT OF THE FABRIC


The aim of preparatory process is improving the quality, by removing impurities and foreign matters thoroughly and uniformly from the fabric and make the fabric suitable for follow up processes. Desizing plays a major and very important role in achieving a prefect fabric feel. Desizing is a process of removing the size material from the warp yarn in woven fabrics. The selected cotton yarn in woven fabrics. The selected cotton material was desized in the Textile and Clothing Laboratory.

3.3. 
PRE-TREATMENT OF THE FABRIC FOR DYEING


Cotton has no affinity for most of the dyes from natural sources. The majority of natural dyes need a chemical in the for of metallic salts to waste an affinity between the fibre and pigment. These chemicals are known as mordants. The mordants forms a link between the dye stuff and fiber. Cotton fabrics need to be created with tannin which modify the affinity of fibers towards different dyes. Sharma state that myrobalan treated fabrics have more affinity to dyes and have better dye fastness property. Myrobalan is one of the most important source of vegetable. Tannin material has been used in India for a long time for mordanting and dyeing cotton material. Cotton material is invariably treated with Myrobalan extract before dyeing for even dye update. Hence the mercerized cotton material was pretreated  with Myrobalan solution for better dye fixation.

3.4. 
CONDUCT OF PILOT STUDY


A pilot study was carried out in order to select dye source, mordants, mordanting technique and dyeing procedure.

3.4.1. Selection of Natural Dye Sources


In recent years, concern for the environment has created a deep interest on natural dyes. The use of natural dyes offers no pollution problem as non toxic substances are involved. Hence dyeing with natural dyes can be a way of value addition to textile products.


The natural dye sources was selected based on easy application, affordable cost, and colours about natural dyes derived from different sources like seeds, leaves, barks, lubers, roots and rinds were chosen for the study. (1) Jambo tree bark (2) Green berk bark (3) sandal wood bark (4) Bornvilla flower and (5) Athi bark were selected for the pilot study.

3.4.2. Selection of Bio-Mordants


A mordant is a substance used to set dyes on fabrics by forming an insoluble compound with the dye. Mordants are the materials that cause the natural dyes to bond chemically with the cloth (Indi and Chinta, 2008).


A mordant is a chemical which forms unison between the dye and the substance to be dyed. It is a colour fixative. It is a metallic salt that is used to fix the dye on the substrate. Metallic mordants are often used for dyeing of natural dyes. While the natural dyes are themselves harmless, the metallic  mordants are not generally eco-friendly. In order the develop a totally eco-friendly natural dyeing process, it is necessary to replace the metallic mordants with more eco-friendly bio-mordants (www.tutorvista.com)


Keeping the above points in mind the investigator selected bio-mordants such as pomegranate rind powder, Myrobalan powder, alum and Amla powder for the pilot study.

3.4.3. Extraction of the Dye Solution


Gahlot et al., (2008), says dye from natural sources can be extracted in alkaline, acid and aqueous medium. As aqueous medium does not involve the use of harmful chemicals to extract the dye, the investigator selected aqueous medium for the study.

3.4.4. Selection of optimized proportion of Dying variables for the study


The optimum dyeing parameters namely dye concentration, dyeing time, mordant concentration and mordanting time were selected and used for the study. The selected parameters for the final study of dyeing the cotton fabric are as follows:

	Material liquor ratio
	:
	1:20

	Dye soaking time
	:
	24 hrs

	Dye extraction temperature
	:
	100ºC

	Dyeing temperature
	:
	2 hrs.

	Mordant soaking time
	:
	100ºC

	Dye extraction medium
	:
	Aqueous



The dyed samples produced from the pilot study (30 Nos.) were visually evaluated by a panel of Judges consisted of 20 members who were specialized in the field of textile and clothing in Avinashilingam University for women, Panel members evaluated the dyed samples in terms of evenness in dyeing, brilliancy of colour, luster and general appearance. Based on their recommendation, the following dye sources, mordants and mordanting techniques were selected for the find study which are as follows.

Dye sources
	Local Name
	:
	Botanical name

	Sandal wood bark
	:
	Santalum album

	Jambo tree bark
	:
	Syzygium jambos

	Bouganvilla flower
	:
	Begonia


Sandal Wood Bark (Santalum album)

The sandal wood tree grows almost exclusive in the forests of Karnataka, followed Tamil Nadu, Kerala and Andhra Pradesh, Timor Island of Indonesia etc. The tree is medium sized 12-15 meters tall. The trees have gray bark, the bark and sapwood however are odorless, properties of restoring, disinfecting, a urinary and pulmonary antiseptic.

Jambo Tree Bark (Syzygium jambos)
Jambo tree bark is originally in South East Asia and occurring widely elsewhere, having been introduced as ornamental and fruit tree. The wood is dense and accordingly is used as a source of charcoal. Its leaves and tugs are glabrous and the bark, though dark brown, is fairy smooth two, with little relief texture.

Bouganvilla Flower (Begonia)

The original plants came from South America in the regions around Brazil, Peeu and Argentina, Bougain villa flowers also called as paper flowers. Different species have different coloured bracts like red, orange, white, purple, yellow and pink.
3.4.5. Selection of Mordanting techniques


Bio mordants

: Myrobalan and Pomegranate rind


Mordanting Techniques
: pre, simultaneous and post


Based on the visual evaluation the best dyes, mordants and mordanting techniques were selected. For dyeing the cotton material for the study.
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	PLATE II

JAMBO WOOD BARK
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EXTRACTION

	PLATE III

BOUGANVILLA FLOWER




3.4.6. Procedure Used for Actual Dyeing

The cotton samples were dyed following three mordanting techniques and the dyed samples were taken out, rinsed thoroughly and soaping was done by boiling the samples with 2g/litre of non-ionic detergent powder at 60ºC for the two minutes. Finally the samples were thoroughly rinsed and dried in the shade. 

3.5. 
EVALUATION OF THE DYED SAMPLES
3.5.1. Subjective Evaluation
3.5.1.1. Visual Inspection

The dyed samples were evaluated by 25 judges. comprising of P.G. Students of textiles and clothing department, Avinashilingam institute for home science and higher education for woman Coimbatore-, An evaluation sheet was prepared and given to the judges. The criteria for evaluation sheet they includes evenness in dyeing, colour, lustre, texture and appearance of the dyed samples. the scores were collected consolidated and presented in the chapter in results consolidated and presented in the chapter in results and Discussion.

3.5.2. Objective Evaluation

Textile testing is the process of inspecting, measuring, evaluating characteristics and properties of textile material. The desiged originals and the samples dyed with selected natural dyer with different mordants were tested for their respective laboratory tests namely fabric weight, fabric thickness, breaking strength and elongation, wettability and absorbency test and colour fastness tests.
3.5.2.1. Fabric weight

Electronic weighing Balance was used to determine the fabric weight. the samples for this test was cut in five inches by fives inches. square fabric. The samples were cut individually and weighed. the reading was noted. the fabric weight of samples from the desized originals and dyed samples were taken. 




GSM
=
Weight of the fabric
x Square meter 






Area of square 




Weight of the fabric 
=
?




Area of square 

=
5" x 5"




Square meter 

=
Length x Breadth 

3.5.2.2. Fabric Thickness

The thickness of a textile material is the distance between two place parallel plants as the pressure foot and the other as the anvil. the sample was placed on the anvil without tension (or) crease and the presses foot was lowered on to the sample by releasing the raising level very slowly and allowed it to rest upon to measure up to an accuracy of 0.01 mm. the readings were taken in co different places. From the desized original and the dyed sample.

3.5.2.3.  Breaking Strength and Elongation 

Tensile strength tester was used to determine the breaking strength and elongation of desized and dyed samples. The gauge length (or) the distance between the jaw was set at 20 cm. The sample were cut to a width of 2.5. inches and 12 inches length. The yarn were raveled from both edges until the width measured to one inch.


In optimum condition the sample was mounted centrally, gripped along the full width to prevent slippage of the sample. The pendulum of the tester was set vertically and the pointer at zero on the scale, when the load was applied to the sample it ruptured the sample, mechanism was stopped and the dial reading was recorded in bilograms for breaking strength and elongation. The readings were taken for the desized originals and dyed samples both in warp and weft directions. 
3.6. WETTABILITY AND ABSORBENCY TESTS


The desized original material was found to be wettable (or ) univettable. a drop of water was placed on the specimen fabric which is mounted horizontally. The desized original material were considered us original for the drop, sinking and capillary rise tests. 

3.6.1. Drop test  


A burette filled with distilled water was clamped in a stand. The same was mounted in an embroidery frame and was placed at the base of the stand. The weight between the sample and burette was opened to allow a drop of water to fall on to the sample. The stop watch was stated simultaneously and it stopped when the drop of water fully sank into the material. After that the time taken for this was noted. The same procedure was repeated for five samples of the same material and the mean value of five samples, from the desized original and the dyed material was calculated and thus, the wettability of each material was recorded separately.

3.6.2.  Sinking Test 

In this test a sample measuring 5" x 5" was cut and droped in to the surface of water in a beaber. Tabe 1000ml beaber was filled with distilled water and add a few drops of wetting agent into the distilled water. the sample was dropped on the surface of the water from a standard height, the stop watch was started when the fabric struck the surface of water and stopped when the last comer sank below the water surface and the time taken for the sample to sink was noted. the same procedure was respected for five samples the mean value was calculated for the above samples. Similarly, the mean value of the desized original and the dyed material were calculated and the sinking time of each material were recorded separately. 

3.6.3. Capillary rise test 

Capillary rise test is that measures rapidly of absorption samples were developed with 15 cm length and 2.5 cm width from the dyed samples. at one end, the sample strip was pasted with a glass rod and at the other end, two grams weight was attached to keep the sample straight. Both the ends of the glass rod was placed on heavy wooden blocks. At the weighted ends (2 inches ) of the sample was allowed to immerse in a tray of distilled water. The rise of the water level in the strip was measured after 15 minutes. 

3.7. Colour fastness test 

Colour fastness is the good property of a dye that enable it to retain its depth shake throughout the wear life of a product. the textile material supposed to have certain fastness to washing, sunlight, crocking, pressing, difference classes of dyer possess these fastness characteristics in different degrees.


The investigator followed the AATCC grey scale for the assessment of colour change, transfer and staining with the use of true view colour matching cabinet. 

3.7.1. Effect of Sunlight on the Fabric

A sample size of 16 cm x 5cm was taken from each of the dyed sample. the entire samples were divided into eight parts by marking distance of two inches in the larger side marked black paper to prevent the samples from direct sunlight. The first portion was exposed to direct sunlight, for eight hours and remaining parts of the samples were kept away from direct sunlight for the successive seven days the other portions. The fist portion got seven days exposure and the last portion got one - day exposure to sunlight. The changes in colour of the dyed sample were compared with original and the specimens were rated with grey scale.

3.7.2. Effect on Washing on the Fabric

The wash fastness of all dyed samples were tested according to ISO 105 - Cob (1994) washing test in a hundermeter. The fastness for washing the sample is tested together with an equal quality of white cloth and soaked in a natural solution of socap ater at temperature of 50 degree for about twenty minutes. The composite samples measured 10 x 4 cm were washed with 4 gm/ 10ml of water at 40oC for 45 minutes in laundometer. the change in colour of the staining of the two adjacent undyed fabrics was evaluated with gray scale.

3.7.3. Effect of Wet and Dry Crocking on the Fabric

The national Bureau of standards suggested a test to determine colour fastness to dry & wet pressing. A hot iron was used to ascertain the fastness of dyed textiles to wet and dry pressing. Test samples were cut into 5 cm x 10cm. They were dept between the white material both in dry and wet condition and were pressed with a heavy iron for five seconds at room temperature at 425o F & 10 seconds at 350o F respectively. 


The colour transfers from the dyed samples were assessed using AATCC grey scale. The same procedure was repeated for all the samples of dyed materials. The colour fastness of each dyed material to wet & dry pressing was carefully observed and recorded separately. 
3.7.4. Effect of Wet & dry Pressing on the Fabric


Sasmira crock meter was used for as curtaining the fastness of dyed textiles to wet and dry crocking. It consisted of two metal blocks. The base block was stationary, while the upper block had an arrangement to move to and from the base by the means of a rotating handle. These was a finger knob attached to the upper movable block to hold the original material with rig. the sample were cut into pieces with the size of 20 cm x 10cm. The sample was fixed on the base block with longer size in the direction of rubbing. The white material (5 cm x 5cm ) was fixed on the finger knob of upper movable block with a ring.


The number of rubs given was standardized and fixed as ten rubs. the white material was rubbed to against the dyed sample along with track of 10 cms with pressure of 900 grams on the finger. The colour transfers from the dyed samples to the while material assessed with AATCC gray scale for staining. The colour fastness of each dyed materials to dry and wet crocbing was carefully observed and recorded separately.
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NOMENCLATURE

TABLE  I

THE NOMENCLATURE OF THE DYED SAMPLES
	S.No.
	Samples
	Mordanting techniques
	Dye conditions

	1
	CSMP
	Pre mordanting
	HOT

	2
	CSMS
	Simultaneous mordanting
	HOT

	3
	CSMPt
	Post mordanting
	HOT

	4
	CSPP
	Pre mordanting
	HOT

	5
	CSPS
	Simultaneous mordanting
	HOT

	6
	CSPPt
	Post mordanting
	HOT

	7
	CJMP
	Pre mordanting
	HOT

	8
	CJMS
	Simultaneous mordanting
	HOT

	9
	CJMPt
	Post mordanting
	HOT

	10
	CJPP
	Pre mordanting
	HOT

	11
	CJPS
	Simultaneous mordanting
	HOT

	12
	CJPPt
	Post mordanting
	HOT

	13
	CBMP
	Pre mordanting
	HOT

	14
	CBMS
	Simultaneous mordanting
	HOT

	15
	CBMPt
	Post mordanting
	HOT

	16
	CBPP
	Pre mordanting
	HOT

	17
	CBPS
	Simultaneous mordanting
	HOT

	18
	CBPPt
	Post mordanting
	HOT


Fabric
: C-Cotton

Dyes:
 S-Sandal Wood bark;   J-Jambo Tree bark;    B-Bouganvilla Flower

Mordants: M-Myrobalan;   P-Pomegranate rind

Mortanting Techniques: P-Pre;    S-Simultaneous;   Pt-Post

IV. RESULTS AND DISCUSSION

The results and discussion pertaining to the study on “Application of Selected Natural Dyes on Cotton Fabric” are discussed under the following heads:


4.1. 
Evaluation of the Dyed Sample



4.1.1. Subjective Evaluation




4.1.1.1. Visual inspection of dyed samples



4.1.2. 
Objective evaluation




4.1.2.1. Fabric weight




4.1.2.2. Fabric thickness




4.1.2.3. Tensile Strength of the Fabric (Warp and Weft)




4.1.2.4. Elongation of the fabric (Warp and Weft)


4.2. 
Wettability and Absorbency Tests



4.2.1. Drop test



4.2.2. Sinking test



4.2.3. Capillary rise test


4.3. 
Colour Fastness Test



4.3.1. Effect of sunlight



4.3.2. Effect of washing



4.3.3. Effect of wet and dry pressing



4.3.4. Effect of wet and dry crocking

4.1. 
EVALUATION OF THE DYED SAMPLES

4.1.1. 
Subjective Evaluation

4.1.1.1. Visual inspection of the dyed samples


The details of the panel rating including the evenness in dyeing, brilliancy of colour texture, luster and general appearance of the dyed samples. These are given in Table II and Figure I.

TABLE II
VISUAL INSPECTION OF DYED SAMPLES

	
	
	Aspects / percentage of Judge evaluating the sample

	
	
	Evenness in dyeing
	Brilliancy in colours
	Texture
	Lustre
	General appearance
	Mean

	S.No.
	Sample
	Even
	Uneven
	Very bright
	Bright
	Dull
	Smooth
	Medium
	Rough
	High
	Medium
	Low
	Good
	Fair
	poor
	

	
	Cotton samples dyed with sandal wood bark

	1. 
	CSMP
	100
	-
	30
	70
	-
	100
	-
	-
	-
	100
	-
	100
	-
	-
	94

	2. 
	CSMS
	100
	-
	20
	80
	-
	80
	20
	-
	20
	80
	-
	100
	-
	-
	88

	3. 
	CSMPt
	100
	-
	-
	100
	-
	100
	-
	-
	-
	100
	-
	9
	10
	-
	98

	4. 
	CSPP
	100
	-
	10
	90
	-
	90
	10
	-
	10
	90
	-
	100
	-
	-
	94

	5. 
	CSPS
	100
	-
	30
	70
	-
	100
	-
	-
	-
	100
	-
	100
	-
	-
	98

	6. 
	CCPPt
	100
	-
	-
	100
	-
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	100
	-
	10
	90
	-
	100
	-
	-
	-
	100
	-
	100
	-
	-
	94

	8. 
	CJMS
	100
	-
	30
	70
	-
	90
	10
	-
	-
	100
	-
	100
	-
	-
	92

	9. 
	CJMPt
	100
	-
	20
	80
	-
	100
	-
	-
	10
	90
	-
	100
	-
	-
	94

	10. 
	CJPP
	100
	-
	30
	70
	-
	100
	-
	-
	20
	80
	-
	90
	10
	-
	88

	11. 
	CJPS
	100
	-
	20
	80
	-
	9
	10
	-
	-
	100
	-
	100
	-
	-
	94

	12. 
	CJPPt
	100
	-
	10
	90
	-
	100
	-
	-
	10
	90
	-
	80
	20
	-
	92

	
	Cotton samples dyed with Bouganvilla flower

	13. 
	CBMP
	100
	-
	20
	80
	-
	100
	-
	-
	10
	90
	-
	90
	10
	-
	92

	14. 
	CBMS
	100
	-
	-
	100
	-
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100

	15. 
	CBMPt
	100
	-
	30
	70
	-
	90
	10
	-
	-
	100
	-
	80
	20
	-
	88

	16. 
	CBPP
	100
	-
	10
	90
	-
	100
	-
	-
	20
	80
	-
	100
	-
	-
	94

	17. 
	CBPS
	100
	-
	20
	80
	-
	100
	-
	-
	-
	100
	-
	100
	-
	-
	96

	18. 
	CBPPt
	100
	-
	-
	100
	-
	90
	10
	-
	10
	90
	-
	90
	-
	-
	94
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FIGURE I
VISUAL INSPECTION OF THE DYED SAMPLES

The above Table clearly showed among the cotton samples dyed with sandal wood bark, Jambo tree bark and Bouganvilla flower mordanted with myrobalan and Pomagranate rind following all the three mordanting techniques CSPPt and CBMS samples recorded 100 per cent acceptance with regard to evenness in dyeing, brilliance in colour, texture, luster and general appearance.

4.1.2. Objective Evaluation

The dyed samples were subjected to fabric weight, thickness, tensile strength and elongation. The findings are given below.
4.1.2.1. Fabric Weight


The mean value of fabric weight of original and dyed samples using bio mordants following different mordanting techniques is shown in Table III and Figure II.
TABLE III
FABRIC WEIGHT OF THE DYED SAMPLES

	S.No.
	Samples
	Mean Value (kg/cm2)
	Gain/loss over original
	Percentage Gain / loss over original

	
	O
	164.8
	
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	184.0
	19.2
	10.434

	2. 
	CSMS
	190.0
	25.2
	13.263

	3. 
	CSMPt
	187.0
	22.2
	11.871

	4. 
	CSPP
	180.0
	15.2
	8.444

	5. 
	CSPS
	185.0
	20.2
	10.918

	6. 
	CSPPt
	183.0
	18.2
	9.945

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	181.0
	16.2
	8.950

	8. 
	CJMS
	189.0
	24.2
	12.804

	9. 
	CJMPt
	187.0
	22.2
	11.871

	10. 
	CJPP
	181.0
	16.2
	8.950

	11. 
	CJPS
	187.0
	22.2
	11.871

	12. 
	CJPPt
	185.0
	20.2
	10.918

	
	Cotton samples dyed with Bouganvilla flower

	13. 
	CBMP
	179.0
	14.2
	7.932

	14. 
	CBMS
	185.0
	20.2
	10.918

	15. 
	CBMPt
	182.0
	17.2
	9.450

	16. 
	CBPP
	180.0
	15.2
	8.444

	17. 
	CBPS
	184.0
	19.2
	10.434

	18. 
	CBPPt
	181.0
	16.2
	8.950


ANOVA for Fabric Weight% loss / gain from Original

	
	Sum of Squares
	df
	Mean Square
	F
	Signi-ficance

	Main Effect
	Dyes
	0.024
	1
	0.024
	0.25
	NS

	
	Mordants
	43.300
	1
	43.300
	43.288
	**

	
	Techniques
	150.116
	2
	75.058
	75.037
	**

	2-way Interactions
	Dye * Mordants
	8.861
	1
	8.861
	8.859
	**

	
	Dyes*Techniques
	2.590
	2
	1.295
	1.294
	NS

	
	Mordants * Techniques
	1.362
	2
	0.681
	0.681
	NS

	3-Way Interactions
	Dyes*Mordant*Techniques
	1.264
	2
	0.632
	0.632
	NS

	Residual
	
	48.013
	48
	1.000
	
	

	Total
	
	255.532
	59
	4.331
	
	


** - 1% level of significant
  *-5% level of significant
 NS – No significant
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FIGURE II
FABRIC WEIGHT OF THE DYED SAMPLES 



It is evident from the above Table III and Figure II, that the fabric weight had increased among all the cotton samples dyed by using sandal wood bark, Jambo tree bark and Bouganvilla flower mordanted with Myrobalan and pomegranate rind as biomordant. Following pre, simultaneous and post mordanting techniques. Then its respective original sample.


Among the increased values, the samples dyed by using sandal wood bark, Jambo tree bark and Bouganvila flower using Myrobalan is bio mordant following simultaneous techniques recorded highest values in fabric weight by 13.263 per cent, 12.804 per cent and 10.918 per cent respectively.


In view of fabric weight all the cotton samples exhibited increased mean values than its respective original sample irrespective of dyes, bio mordants and three different mordanting techniques used.


Among the increased values CSMS, CJMS and CBMS samples recorded maximum in the order of improved fabric weight performance by 13.263per cent 12.804 per cent and 10.918 per cent respectively.


Statistical analysis of the data relating to fabric weight, comparing the effect of dyes, mordants and mordanting techniques. One per cent level of significant difference was found between techniques, whereas significant difference was found between dyed and between mordants.


In two way interaction, five per cent level of significant was found between dyes and techniques, whereas no significant difference was found between dyes and techniques and also between mordants and techniques.


In three way interactions, between dyes with mordants and techniques no significant difference was recorded.

4.1.2.2. Fabric Thickness

The mean value of fabric thickness of original and dyed samples using Biomordant following three different mordanting techniques is shown in Table IV and Figure III.

TABLE IV
FABRIC THICKNESS OF THE DYED SAMPLES

	S.No.
	Samples
	Mean Value (mm)
	Gain/loss over original
	Percentage Gain / loss over original

	
	O
	0.202
	
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	0.230
	0.028
	12.173

	2. 
	CSMS
	0.262
	0.060
	22.900

	3. 
	CSMPt
	0.252
	0.050
	19.841

	4. 
	CSPP
	0.226
	0.024
	10.619

	5. 
	CSPS
	0.266
	0.064
	24.060

	6. 
	CSPPt
	0.242
	0.040
	16.528

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	0.226
	0.024
	10.619

	8. 
	CJMS
	0.256
	0.054
	21.093

	9. 
	CJMPt
	0.242
	0.040
	16.528

	10. 
	CJPP
	0.228
	0.026
	11.403

	11. 
	CJPS
	0.258
	0.056
	21.705

	12. 
	CJPPt
	0.244
	0.042
	17.213

	
	Cotton samples dyed with Bouganvilla flower

	13. 
	CBMP
	0.230
	0.028
	12.173

	14. 
	CBMS
	0.248
	0.046
	18.548

	15. 
	CBMPt
	0.242
	0.040
	16.528

	16. 
	CBPP
	0.236
	0.034
	14.406

	17. 
	CBPS
	0.252
	0.050
	19.841

	18. 
	CBPPt
	0.244
	0.042
	17.213


ANOVA for Fabric Thickness% loss / gain from Original

	
	Sum of Squares
	df
	Mean Square
	F
	Signi-ficance

	Main Effect
	Dyes
	0.408
	1
	0.408
	0.026
	NS

	
	Mordants
	33.085
	1
	33.085
	2.104
	NS

	
	Techniques
	1358.527
	2
	679.263
	43.195
	**

	2-way Interactions
	Dye * Mordants
	3.676
	1
	3.676
	0.234
	NS

	
	Dyes*Techniques
	103.748
	2
	51.874
	3.299
	*

	
	Mordants * Techniques
	2.451
	2
	1.225
	0.078
	NS

	3-Way Interactions
	Dyes*Mordant*Techniques
	2.451
	2
	1.225
	0.078
	NS

	Residual
	
	754.828
	48
	15.726
	
	

	Total
	
	2259.174
	59
	38.291
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FIGURE III
FABRIC THICKNESS OF THE DYED SAMPLES

It is evident from the above Table IV and Figure III,  that the fabric thickness values had increased among all the cotton samples dyed by using Sandal wood bark, Jambo tree bark and Bouganvill flower mordanted with Myrobalan and pomegranate rind following three mordanting techniques. Than its respective original.


Among the cotton samples dyed with Sandal wood bark mordanted with Pomegranate rind and Myrobalan following simultaneous mordanting techniques recorded highest value in Fabric thickness by 24.060 per cent respectively. Than the rest of the samples. Jambo tree bark dyed sample mordanted with pomegranate rind following simultaneous techniques ranked next in the order by 21.705 per cent.


With regard to fabric thickness all the cotton samples recorded increased values than the original sample irrespective of dyes, mordants and mordanting techniques used. Among the increased values the maximum increase in fabric thickness has exhibited by SCPS as 24.060 per cent followed by CSMS as 22.900 per cent.


Statistical analysis of the data relating to fabric thickness, comparing the effect of dyes, mordants and mordanting techniques one per cent level of significant difference was found between techniques where as no significant difference between dyes and mordants.


The two way interaction showed that five per cent level significant difference was found between dyes and techniques where as no significant difference was identified between dyes and mordants, and also between mordants and techniques.


Three way interaction revealed that no significant difference between dyes with mordants and techniques.

4.1.2.3. Fabric Tensile Strength (Warp Side)


The mean value of tensile strength of fabric (Warp side) original and dyed samples using bio mordants following three different mordanting techniques is shown in Table V Figure IV.

TABLE V
FABRIC TENSIL STRENGTH OF THE DYED SAMPLES 
(WARP SIDE)
	S.No.
	Samples
	Mean Value (kg/cm2)
	Gain/loss over original
	Percentage Gain / loss over original

	
	O
	47.60
	
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	55.00
	7.4
	13.454

	2. 
	CSMS
	57.80
	10.2
	17.647

	3. 
	CSMPt
	55.20
	7.6
	13.768

	4. 
	CSPP
	57.00 
	9.4
	16.491

	5. 
	CSPS
	57.20
	9.6
	16.783

	6. 
	CSPPt
	54.60
	7.0
	12.820

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	58.00
	10.4
	17.931

	8. 
	CJMS
	57.40
	9.8
	17.073

	9. 
	CJMPt
	58.00
	10.4
	17.931

	10. 
	CJPP
	55.00
	7.4
	13.454

	11. 
	CJPS
	54.80
	7.2
	13.138

	12. 
	CJPPt
	57.80
	10.2
	17.647

	
	Cotton samples dyed with Bouganvilla flower

	13. 
	CBMP
	53.40
	5.8
	10.861

	14. 
	CBMS
	57.20
	9.6
	16.783

	15. 
	CBMPt
	57.00
	9.4
	16.491

	16. 
	CBPP
	57.60
	10.0
	17.361

	17. 
	CBPS
	58.00
	10.4
	17.931

	18. 
	CBPPt
	57.00
	9.4
	16.491


ANOVA for Tensile Strength (Warp) % loss / gain from Original

	
	Sum of Squares
	df
	Mean Square
	F
	Signi-ficance

	Main Effect
	Dyes
	32.439
	1
	32.439
	8.321
	**

	
	Mordants
	45.974
	1
	45.974
	11.792
	**

	
	Techniques
	14.270
	2
	7.135
	1.830
	NS

	2-way Interactions
	Dye * Mordants
	80.106
	1
	80.106
	20.547
	**

	
	Dyes*Techniques
	214.939
	2
	107.469
	27.566
	**

	
	Mordants * Techniques
	19.567
	2
	9.783
	2.509
	NS

	3-Way Interactions
	Dyes*Mordant*Techniques
	80.768
	2
	40.384
	10.358
	**

	Residual
	
	187.134
	48
	3.899
	
	

	Total
	
	675.197
	59
	11.444
	
	


** - 1% level of significant
  *-5% level of significant
 NS – No significant
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FIGURE IV
FABRIC TENSILE STRENGTH OF THE DYED SAMPLES (WARP SIDE) 


It is evident from the above Table V and Figure IV, that the fabric tensile strength had increased among all the cotton samples dyed by using Sandal wood bark, Jambo tree bark and Bouganvilla flower, Mordant with Myrobalan and pomegranate rind following three mordanting technique than the original samples.


Among the increased values the maximum value of 17.647 per cent was recorded by the samples dyed with Sandal wool bark using Myrobalan as mordant following simultaneous technique, Jambo tree bark using Myrobalan as mordant following pre and post technique and Bouganvilla flower dyed samples using pomegranate as mordant following simultaneous mordanting techniques.


It is evident from the above data that all the cotton samples recorded increased values than the original irrespective of dyes, mordants and techniques used. Among the increased values, maximum was recorded by CSMS, CJMP, CJMPt and CBPS samples.


Statistical analysis of the data relating to fabric tensile strength, comparing the effect of dyes, mordants and mordanting techniques, one per cent level of significant difference between dyes and mordants where as no significant difference between mordanting techniques.


The two way interaction showed that significant difference atone per cent level was found between dyes and mordants and also dyes and technique where as no significant difference was identified between mordants and techniques.


In three way interaction revealed that between dyes, with mordants and techniques, one per cent level of significant difference was recorded.

Fabric Tensile Strength (Weft Side)


The mean value of tensile strength of fabric (Weft side) original and dyed samples using bio mordants following three different mordanting techniques is shown in Table VI and Figure V.

TABLE VI
FABRIC TENSIL STRENGTH OF THE DYED SAMPLES 
(WEFT SIDE)
	S.No.
	Samples
	Mean Value (kg/cm2)
	Gain/loss over original
	Percentage Gain / loss over original

	
	O
	41.80
	
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	50.00
	8.2
	16.400

	2. 
	CSMS
	53.80
	12.0
	22.304

	3. 
	CSMPt
	51.60
	9.8
	18.992

	4. 
	CSPP
	51.20
	9.4
	18.359

	5. 
	CSPS
	50.80
	9.0
	17.716

	6. 
	CSPPt
	50.80
	9.0
	17.716

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	52.80
	11.0
	20.833

	8. 
	CJMS
	50.60
	8.8
	17.391

	9. 
	CJMPt
	50.80
	9.0
	17.716

	10. 
	CJPP
	51.20
	9.4
	18.359

	11. 
	CJPS
	51.20
	9.4
	18.359

	12. 
	CJPPt
	51.80
	10.0
	19.305

	
	Cotton samples dyed with Bouganvilla flower 

	13. 
	CBMP
	`50.00
	8.2
	16.400

	14. 
	CBMS
	51.40
	9.6
	18.677

	15. 
	CBMPt
	50.00
	8.2
	16.400

	16. 
	CBPP
	51.00
	9.2
	18.039

	17. 
	CBPS
	51.80
	10.00
	19.305

	18. 
	CBPPt
	51.00
	9.2
	18.039



ANOVA for Tensile Strength (Weft) % loss / gain from Original

	
	Sum of Squares
	df
	Mean Square
	F
	Signi-ficance

	Main Effect
	Dyes
	0.0954
	1
	0.0954
	0.017
	NS

	
	Mordants
	16.121
	1
	16.121
	2.840
	NS

	
	Techniques
	8.203
	2
	4.102
	0.0723
	NS

	2-way Interactions
	Dye * Mordants
	16.121
	1
	16.121
	2.840
	NS

	
	Dyes*Techniques
	112.368
	2
	56.184
	9.899
	**

	
	Mordants * Techniques
	26.518
	2
	13.259
	2.336
	NS

	3-Way Interactions
	Dyes*Mordant*Techniques
	155.865
	2
	77.932
	13.731
	**

	Residual
	
	272.430
	48
	5.676
	
	

	Total
	
	607.720
	59
	10.300
	
	


** - 1% level of significant
  *-5% level of significant
 NS – No significant
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FIGURE V

FABRIC TENSILE STRENGTH OF THE DYED SAMPLES
It is evident from the Table VI, and Figure V, that all the tensile strength values had increased among the cotton samples dyed using sandal wood bark, Jambo tree bark and Bouganvilla flower. Bio-mordanted with Myrobalan and pomegranate rind following three mordanting techniques when comparing with its original.


Among the cotton samples, the samples dyed by using sandal wood bark mordanted with Myrobalan following simultaneous techniques, Jambo tree bark dyed sample using Myrobalan as mordant following pre mordanting technique and Bouganvilla flower dyed sample using pomegranate rind as mordant following simultaneous technique recorded maximum increased values in fabric tensile strength by 22.304 per cent, 20.833 per cent and 19.305 per cent respectively than the rest of the samples.


In view of tensile strength (Weft side) all the cotton samples recorded increased values irrespective of dyes, bio mordants and mordanting techniques used. Among the increased values maximum value in tensile strength of 22.304 per cent was recorded by CSMS sample followed by CJMP sample by 20.833 per cent.


Statistical analysis of the data relating to fabric tensile strength, comparing the effect of dyes, mordants and mordanting techniques no significant difference was found between techniques, where as one per cent level of significant difference was found between dyes and mordants.


In two way interaction no significant difference was found between dyes and mordants and also between mordants and techniques, where as one per cent level of significant difference was found between dyes and techniques.


Three way interaction revealed one per cent level of significant difference between dyes with mordants and techniques.

4.1.2.4. Fabric Elongation (Warp Side)


The mean value of elongation of fabric (Warp side) original and dyed samples using bio mordants following three different mordanting techniques is shown in Table VII and Figure VI.

TABLE VII
FABRIC ELONGATION OF THE DYED SAMPLES 
(WARP SIDE)
	S.No.
	Samples
	Mean Value (kg/cm2)
	Gain/loss over original
	Percentage Gain / loss over original

	
	O
	2.340
	
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	3.22
	0.88
	27.329

	2. 
	CSMS
	2.88
	0.54
	18.750

	3. 
	CSMPt
	3.00
	0.66
	22.000

	4. 
	CSPP
	2.98
	0.64
	21.476

	5. 
	CSPS
	3.12
	0.78
	25.000

	6. 
	CSPPt
	3.02
	0.68
	22.516

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	3.02
	0.68
	22.516

	8. 
	CJMS
	2.92
	0.58
	19.863

	9. 
	CJMPt
	3.00
	0.66
	22.000

	10. 
	CJPP
	3.08
	0.74
	24.025

	11. 
	CJPS
	3.00
	0.66
	22.000

	12. 
	CJPPt
	2.98
	0.64
	21.477

	
	Cotton samples dyed with Bouganvilla Flower

	13. 
	CBMP
	3.08
	0.74
	24.025

	14. 
	CBMS
	3.04
	0.70
	23.026

	15. 
	CBMPt
	3.02
	0.68
	22.516

	16. 
	CBPP
	3.00
	0.66
	22.000

	17. 
	CBPS
	3.00
	0.66
	22.000

	18. 
	CBPPt
	3.02
	0.68
	22.516


ANOVA for Elongation (Warp) % loss / gain from Original

	
	Sum of Squares
	Df
	Mean Square
	F
	Signi-ficance

	Main Effect
	Dyes
	36.830
	1
	36.830
	2.142
	NS

	
	Mordants
	14.915
	1
	14.915
	0.867
	NS

	
	Techniques
	183.237
	2
	91.619
	5.327
	**

	2-way Interactions
	Dye * Mordants
	7.610
	1
	7.610
	0.442
	NS

	
	Dyes*Techniques
	4.261
	2
	2.131
	0.124
	NS

	
	Mordants * Techniques
	292.814
	2
	146.407
	8.513
	**

	3-Way Interactions
	Dyes*Mordant*Techniques
	259.941
	2
	129.971
	7.558
	**

	Residual
	
	825.480
	48
	17.198
	
	

	Total
	
	1625.088
	59
	27.544
	
	


** - 1% level of significant
  *-5% level of significant
 NS – No significant
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FIGURE VI
FABRIC ELONGATION OF THE DYED SAMPLES (WARP SIDE)


It is evident from the above Table VII and Figure VI, that the fabric elongation (warp side) had increased among all the cotton samples dyed using sandal wood bark, Jambo tree bark and Bouganvilla flower. Bio-mordanted with Myrobalan and pomegranate rind, following three mordanting techniques when compared with the original sample.


Among the increased values of cotton samples, the samples dyed with sandal wood bark using Myrobalan as mordant following pre mordanting technique by 27.329 per cent, Jambo tree bark dyed sample by using pomegranate rind as mordant following pre mordanting technique recorded next in the order of highest value in fabric elongation by 24.025 per cent.


In view of fabric elongation (warp side) irrespective of dyes, mordants and techniques used, all the samples exhibited increased values than the original sample. Among the increased values, the maximum increase in elongation was recorded by CSMP and CBMP samples as 27.329per cent and 24.025 per cent respectively.


Statistical analysis of the data relating to fabric elongation, comparing the effect of dyes, mordants and mordanting techniques one per cent level significant difference was found between techniques, where as no significant difference was found between dyes and mordants.

In two way interaction no significant difference was found between dyes and mordants and also dyes and techniques, where as one per cent level significant difference was found between mordants and techniques.


In three way interaction one per cent level significant difference was found between dyes with mordants and techniques.

Fabric Elongation (Weft Side)


The mean value of elongation of fabric (Weft side) original and dyed samples using bio mordants following three different mordanting techniques is shown in Table VIII and Figure VII.

TABLE VIII
FABRIC ELONGATION OF THE DYED SAMPLES 
(WEFT SIDE)
	S.No.
	Samples
	Mean Value (kg/cm2)
	Gain/loss over original
	Percentage Gain / loss over original

	
	O
	2.940
	
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	3.50
	0.56
	16.000

	2. 
	CSMS
	3.50
	0.56
	16.000

	3. 
	CSMPt
	3.40
	0.46
	13.529

	4. 
	CSPP
	3.72
	0.78
	20.967

	5. 
	CSPS
	3.68
	0.74
	20.108

	6. 
	CSPPt
	3.46
	0.52
	15.028

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	3.58
	0.64
	17.877

	8. 
	CJMS
	3.54
	0.60
	16.949

	9. 
	CJMPt
	3.28
	0.34
	10.365

	10. 
	CJPP
	3.80
	0.86
	22.631

	11. 
	CJPS
	3.64
	0.70
	19.230

	12. 
	CJPPt
	3.70
	0.76
	20.540

	
	Cotton samples dyed with Bouganvilla flower

	13. 
	CBMP
	3.60
	0.66
	18.333

	14. 
	CBMS
	3.52
	0.58
	16.477

	15. 
	CBMPt
	3.44
	0.50
	14.534

	16. 
	CBPP
	3.68
	0.74
	20.108

	17. 
	CBPS
	3.52
	0.58
	16.477

	18. 
	CBPPt
	3.66
	0.72
	19.672


ANOVA for Elongation (Weft) % loss / gain from Original

	
	Sum of Squares
	df
	Mean Square
	F
	Signi-ficance

	Main Effect
	Dyes
	37.793
	1
	37.793
	3.843
	NS

	
	Mordants
	694.155
	1
	694.155
	70.588
	**

	
	Techniques
	436.547
	2
	218.273
	22.196
	**

	2-way Interactions
	Dye * Mordants
	37.793
	1
	37.793
	3.843
	NS

	
	Dyes*Techniques
	20.053
	2
	10.027
	1.020
	NS

	
	Mordants * Techniques
	32.394
	2
	16.197
	1.647
	NS

	3-Way Interactions
	Dyes*Mordant*Techniques
	158.884
	2
	79.442
	8.078
	**

	Residual
	
	472.026
	48
	9.834
	
	

	Total
	
	1889.645
	59
	32.028
	
	


** - 1% level of significant
  *-5% level of significant
 NS – No significant

[image: image19.png]Fabric Elongation (cm)

Original

Sandal

Myrobalan Bio-Mordant

Jambo

Pre Mordant

Bouganvila Sandal Jambo Bouganvila
Pomegranate Rind Bio-Mordant
Samples

= Simultaneious Mordant “ Post Mordant





FIGURE VII
FABRIC ELONGATION OF THE DYED SAMPLES (WEFT SIDE)


It is evident from the above Table VIII and Figure VII, that the fabric elongation (Welt side) had increased among all the cotton samples dyed by using sandal wood bark, Jambo tree bark and Bouganvilla flower mordanted with Myrobalan and pomegranate rind following three mordanting techniques than the original sample.


Among the increased values in cotton samples, the sample dyed with Jambo tree bark mordanted with pomegranate rind as mordant following pre mordanting technique and the sandal wood bark dyed sample using pomegranate rind following pre mordanting techniques recorded highest value in fabric elongation by 22.631 per cent and 20.967 per cent respectively.


In view of fabric elongation all the cotton samples revealed increased values irrespective of dyes, mordants and mordanting techniques used. Among the increased values of the maximum was recorded by CJPP as 22.631 per cent, followed by CSPP and BPP as 20.967 per cent and 20.108 percent respectively.


Statistical analysis of the data related to fabric elongation, comparing the effect of dyes, mordants and mordanting techniques, there was no significant difference between dyes whereas one per cent level of significant difference was found between mordants and also between techniques.


In two way interaction no significant difference was found between dyes and mordants, dyes and techniques and also between mordants and techniques.


In three way interaction revealed that one per cent level significant difference between dyes with mordants and techniques.

4.2. Wettability and Absorbency Test

4.2.1. Drop Test


The drop test volumes of original and dyed samples mordanted with Myrobalan and pomegranate rind following difference mordanting technique is given in Table IX and Figure VIII.
TABLE IX
FABRIC DROP TEST OF THE DYED SAMPLES 
	S.No.
	Samples
	Mean Value (sec)
	Gain/loss over original
	Percentage Gain / loss over original

	
	O
	10.0
	
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	18.0
	8.0
	44.444

	2. 
	CSMS
	15.0
	5.0
	33.333

	3. 
	CSMPt
	15.0
	5.0
	33.333

	4. 
	CSPP
	15.0
	5.0
	33.333

	5. 
	CSPS
	20.0
	10.0
	50.0

	6. 
	CSPPt
	18.0
	8.0
	44.444

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	14.0
	4.0
	28.574

	8. 
	CJMS
	19.0
	9.0
	47.368

	9. 
	CJMPt
	17.0
	7.0
	41.176

	10. 
	CJPP
	14.0
	4.0
	28.574

	11. 
	CJPS
	20.0
	10.0
	50.0

	12. 
	CJPPt
	17.0
	7.0
	47.368

	
	Cotton samples dyed with Bouganvilla flower

	13. 
	CBMP
	14.0
	4.0
	28.574

	14. 
	CBMS
	21.0
	11.0
	52.380

	15. 
	CBMPt
	18.0
	8.0
	44.444

	16. 
	CBPP
	14.0
	4.0
	28.574

	17. 
	CBPS
	20.0
	10.0
	50.0

	18. 
	CBPPt
	17.0
	7.0
	47.368


ANOVA for Drop Test % loss / gain from Original

	
	Sum of Squares
	df
	Mean Square
	F
	Signi-ficance

	Main Effect
	Dyes
	354.456
	1
	354.456
	3.806
	NS

	
	Mordants
	2343.750
	1
	2343.750
	25.165
	**

	
	Techniques
	33000.579
	2
	16500.289
	177.165
	**

	2-way Interactions
	Dye * Mordants
	1041.667
	1
	1041.667
	11.184
	**

	
	Dyes*Techniques
	405.093
	2
	202.546
	2.175
	NS

	
	Mordants * Techniques
	43.403
	2
	21.701
	0.233
	NS

	3-Way Interactions
	Dyes*Mordant*Techniques
	303.819
	2
	151.910
	1.631
	NS

	Residual
	
	4470.486
	48
	93.135
	
	

	Total
	
	41963.252
	59
	711.242
	
	


** - 1% level of significant
  *-5% level of significant
 NS – No significant
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FIGURE VIII
FABRIC DROP TEST OF THE DYED SAMPLES

It is evident from the Table IX and Figure VIII, that among the cotton dyed samples with Myrobalan and pomegranate rid mordants using different mordanting technique the time taken for absorbency performance by drop test had increased. The lower the mean value, the greeter is the absorbency of the samples.


Among the increased values of the cotton samples, sandal wood bark dyed sample mordanted with pomegranate rind using simultaneous technique, Jambo tree bark dyed sample mordanted with mango bark using simultaneous technique and also Bouganvilla dyed sample mordanted with pomegranate rind following simultaneous by 50.0 per cent than the rest of the samples. Greater the value lesser in the absorbency of the sample.


With regard to drop test the absorbency performance was reduced among the dyed samples irrespective of dyes, mordants and mordanting techniques used.


Statistical analysis of the data relating to dyes, mordants and mordanting techniques. One per cent level of significant difference was found between mordants and techniques where as no significant difference was found between dyes.


In two way interaction one per cent level of significant different was found between dyes and mordants. Whereas no significant difference was recorded between dyes and techniques and also between mordants and techniques.


The three way interaction revealed that no significant difference between dyes with mordants and techniques.

4.2.2. Sinking Test


The sinking test values of original and dyed samples mordanted with Myrobalan and pomegranate rind following different mordanting is given in  Table X and Figure IX.

TABLE X
FABRIC SINKING TEST OF THE DYED SAMPLES 
	S.No.
	Samples
	Mean Value (sec)
	Gain/loss over original
	Percentage Gain / loss over original

	
	O
	12.4
	
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	17.0
	4.6
	27.058

	2. 
	CSMS
	22.0
	9.6
	43.636

	3. 
	CSMPt
	20.0
	7.6
	38.000

	4. 
	CSPP
	17.0
	4.6
	27.058

	5. 
	CSPS
	25.0
	12.6
	50.400

	6. 
	CSPPt
	21.0
	8.6
	40.952

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	17.0
	4.6
	27.058

	8. 
	CJMS
	25.0
	12.6
	50.400

	9. 
	CJMPt
	21.0
	8.6
	40.952

	10. 
	CJPP
	17.0
	4.6
	27.058

	11. 
	CJPS
	23.0
	10.6
	46.086

	12. 
	CJPPt
	20.0
	7.6
	36.000

	
	Cotton samples dyed with Bouganvilla flower

	13. 
	CBMP
	18.0
	5.6
	31.111

	14. 
	CBMS
	24.0
	11.6
	48.333

	15. 
	CBMPt
	21.0
	08.6
	40.952

	16. 
	CBPP
	17.0
	04.6
	27.058

	17. 
	CBPS
	24.0
	11.6
	48.333

	18. 
	CBPPt
	20.0
	07.6
	38.000


ANOVA for Sinking Test % loss / gain from Original

	
	Sum of Squares
	df
	Mean Square
	F
	Signi-ficance

	Main Effect
	Dyes
	4.336
	1
	4.336
	0.092
	NS

	
	Mordants
	39.022
	1
	39.022
	0.828
	NS

	
	Techniques
	29197.017
	2
	14598.508
	309.609
	**

	2-way Interactions
	Dye * Mordants
	1404.787
	1
	1404.787
	29.793
	**

	
	Dyes*Techniques
	112.730
	2
	56.365
	1.195
	NS

	
	Mordants * Techniques
	78.044
	2
	39.022
	0.828
	NS

	3-Way Interactions
	Dyes*Mordant*Techniques
	806.452
	2
	403.226
	8.552
	**

	Residual
	
	2263.267
	48
	47.151
	
	

	Total
	
	33905.654
	59
	574.672
	
	


** - 1% level of significant
  *-5% level of significant
 NS – No significant
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FIGURE IX
FABRIC SINKING TEST OF THE DYED SAMPLES



It is evident from the Table X and Figure IX, that among the cotton dyed samples with Myrobalan and pomegranate rind as mordants using different mordanting techniques, the time taken for absorbency performance of sinking test had increased. As the percentage increases the wettable nature was also reduced irrespective of mordants and mordanting techniques used.


Among the increased values of cotton sample, sandal wood bark dyed using pomegranate rind as mordant following simultaneous techniques and Jambo tree bark dyed by using Myrobalan as mordant following simultaneous technique recorded maximum increase in value by 50.00 per cent.


In view of sinking test all the cotton samples revealed reduced absorbency performance than its original sample. Among the reduced absorbency performance values CSPS and CJMS exhibited maximum values.


Statistical analysis of the data relating to fabric sinking performance, no significant difference was found between dyes and mordants, whereas one per cent level of significant difference was found between techniques.


In two way interaction one per cent level of significant difference was found between dyes and mordants, whereas no significant difference was found between dyes and techniques and also between mordants and techniques.


In three way interaction one per cent level of significant difference was found between dyes with mordants and techniques.

4.2.3. Capillary Rise Test


The capillary rise test values of original and dyed samples with Myrobalan and pomegranate rind mordanted using different mordanting techniques is presented in Table XI and Figure X. 

TABLE XI
FABRIC CAPILLRY RISE TEST OF THE DYED SAMPLES 
	S.No.
	Samples
	Mean Value (kg/cm2)
	Gain/loss over original
	Percentage Gain / loss over original

	
	O
	22.6
	
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	28.0
	5.4
	19.285

	2. 
	CSMS
	24.0
	1.4
	5.833

	3. 
	CSMPt
	21.0
	1.6
	7.619

	4. 
	CSPP
	26.0
	3.4
	13.076

	5. 
	CSPS
	30.0
	7.4
	24.666

	6. 
	CSPPt
	33.0
	10.4
	31.515

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	27.0
	4.4
	16.296

	8. 
	CJMS
	34.0
	11.4
	33.529

	9. 
	CJMPt
	30.0
	7.4
	24.666

	10. 
	CJPP
	26.0
	3.4
	13.076

	11. 
	CJPS
	31.0
	8.4
	27.096

	12. 
	CJPPt
	28.0
	5.4
	19.285

	
	Cotton samples dyed with Bouganvilla flower

	13. 
	CBMP
	27.0
	4.4
	16.296

	14. 
	CBMS
	31.0
	8.4
	27.096

	15. 
	CBMPt
	28.0
	5.4
	19.285

	16. 
	CBPP
	26.0
	3.4
	13.076

	17. 
	CBPS
	31.0
	8.4
	27.096

	18. 
	CBPPt
	28.0
	5.4
	19.285


ANOVA for Capillary Rise Test % loss / gain from Original

	
	Sum of Squares
	df
	Mean Square
	F
	Signi-ficance

	Main Effect
	Dyes
	377.216
	1
	377.216
	21.607
	**

	
	Mordants
	690.474
	1
	690.474
	39.551
	**

	
	Techniques
	7894.771
	2
	3947.386
	226.112
	**

	2-way Interactions
	Dye * Mordants
	1.305
	1
	1.305
	0.075
	NS

	
	Dyes*Techniques
	16.316
	2
	8.158
	0.467
	NS

	
	Mordants * Techniques
	20.231
	2
	10.116
	0.579
	NS

	3-Way Interactions
	Dyes*Mordant*Techniques
	82.883
	2
	41.442
	2.374
	NS

	Residual
	
	837.967
	48
	17.458
	
	

	Total
	
	9921.163
	59
	168.155
	
	


** - 1% level of significant
  *-5% level of significant
 NS – No significant
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FIGURE X
FABRIC CAPILLARY RISE TEST OF THE DYED SAMPLES

It is evident from the Table XI and Figure X, that among the dyed samples with Myrobalan and pomegranate mordants the time taken for absorbency performance by capillary rise test had increased irrespective of mordants and mordanting techniques used.


Among the increased values of cotton samples, Jambo tree bark dyed sample mordanted with Myrobalan following simultaneous technique and sandal wood bark dyed sample mordanted with pomegranate rind following park mordanting technique ranked maximum in capillary rise test value by 33.529 per cent and 31.515 per cent respectively.


With regard to capillary rise test all the samples revealed reduced absorbency performance than the original sample. Among the reduced absorbency performance CSPPt and CJMS ranked maximum value, which showed reduced wittability and absorbency performance.


Statistical analysis of the data relating to capillary rise performance revealed that one per cent level of significant difference was found between dyes and mordants and also techniques.


In two way interaction revealed that no significant difference was found between dyes and mordants, dyes and techniques and also mordants and techniques.


In three way interaction revealed that no significant difference was found between dyes with mordants and also techniques.

4.3. Colour Fastness Test


The result of the colour fastness test on exposure to sunlight, washing, pressing, crocking and bio-mordants following three different mordanting techniques are shown in the Table XII and Figure XI.

TABLE XII
COLOUR FASTNESS OF DYED SAMPLES USING BIO-MORDANTS

	S.No.
	Samples
	Sunlight
	Colour Fastness
	Percentage

	
	
	
	Washing
	Crocking
	Pressing
	

	
	
	CC
	CC
	CS
	DS
	WS
	DS
	WS
	

	
	Cotton samples dyed with Sandal wood bark

	1. 
	CSMP
	5
	4
	5
	5
	5
	5
	5
	97.2

	2. 
	CSMS
	5
	5
	4
	5
	4
	5
	5
	94.3

	3. 
	CSMPt
	5
	5
	5
	5
	5
	5
	5
	100

	4. 
	CSPP
	4
	5
	5
	5
	5
	5
	5
	97.2

	5. 
	CSPS
	5
	5
	4
	5
	4
	5
	5
	94.3

	6. 
	CSPPt
	5
	5
	5
	5
	5
	5
	5
	100

	
	Cotton samples dyed with Jambo tree bark

	7. 
	CJMP
	5
	5
	5
	5
	5
	5
	5
	100

	8. 
	CJMS
	5
	5
	5
	5
	4
	5
	5
	97.2

	9. 
	CJMPt
	5
	5
	5
	5
	5
	5
	5
	100

	10. 
	CJPP
	5
	5
	4
	5
	5
	5
	5
	97.2

	11. 
	CJPS
	5
	5
	5
	5
	5
	5
	5
	100

	12. 
	CJPPt
	4
	5
	4
	5
	4
	5
	5
	91.5

	
	Cotton samples dyed with Bouganvilla Flower

	13. 
	CBMP
	5
	5
	5
	5
	5
	5
	5
	100

	14. 
	CBMS
	4
	5
	4
	5
	5
	5
	5
	94.3

	15. 
	CBMPt
	5
	5
	5
	5
	4
	5
	5
	97.2

	16. 
	CBPP
	5
	5
	5
	5
	5
	5
	5
	100

	17. 
	CBPS
	4
	5
	4
	5
	5
	5
	5
	94.3

	18. 
	CBPPt
	4
	5
	5
	5
	5
	5
	5
	97.2



It was clear that among the cotton samples most of the samples showed excellent colour fastness to sunlight with a maximum score of five. Whereas samples CSPP, CJPPt, CBMS, CBPS and CBPPt showed good colour fastness by scoring four.


With respect to wet and dry pressing all the samples showed excellent colour fastness by scoring a maximum of five.


Regarding crocking by dry staining all the samples showed excellent colour fastness with a score of five. CSMP, CSMPt, CSPP, CSPPt, CJMP, CJMPt, CJPP, CJPS, CBMP,CBMS, CBPP, BPS and CBPPt showed excellent colour fastness to crocking by wet staining by scoring a maximum value of five, rest of the samples showed good colour fastness by scoring 4.


Considering the colour fastness to washing all the samples showed excellent colour fastness by scoring a maximum value of 5.

TABLE XIII
FINAL EVALUATION OF SELECTED PARAMETERS OF THE STUDY (HIGHEST SCORE)
	S.No.
	Samples
	Fabric Weight
	Thickness
	Fabric Tensile Strength (Warp
	Fabric Tensile Strength (Weft)
	Fabric Elongation (warp)
	Fabric Elongation (weft)
	Drop Test
	Sinking Test
	Capillary rise Test

	1.
	CSMP
	
	
	
	
	I
	
	
	
	

	2.
	CSMS
	I
	II
	II
	I
	
	
	
	
	

	3.
	CSMPt
	
	
	
	
	
	
	
	
	

	4.
	CSPP
	
	
	
	
	
	II
	
	
	

	5.
	CSPS
	
	I
	
	
	II
	
	II
	I
	

	6.
	CSPPt
	
	
	
	
	
	
	
	
	I

	7.
	CJMP
	
	
	I
	II
	
	
	
	
	

	8.
	CJMS
	II
	
	
	
	
	
	
	I
	

	9.
	CJMPt
	
	
	I
	
	
	
	
	
	

	10.
	CJPP
	
	
	
	
	
	I
	
	
	

	11.
	CJPS
	
	
	
	
	
	
	II
	
	II

	12.
	CJPPt
	
	
	
	
	
	
	
	
	

	13.
	CBMP
	
	
	
	
	
	
	
	
	

	14.
	CBMS
	
	
	
	
	
	
	I
	II
	II

	15.
	CBMPt
	
	
	
	
	
	
	
	
	

	16.
	CBPP
	
	
	
	
	
	
	
	
	

	17.
	CBPS
	
	
	I
	
	
	
	II
	II
	II

	18.
	CBPPt
	
	
	
	
	
	
	
	
	



It was inferred from the study that among the samples dyed with sandal wood bark, Jambo tree bark and Bouganvilla flower as mordants following three mordanting techniques. The samples dyed with sandal wood bark using Myrobalan as mordant following simultaneous technique excelled in all the selected parameters used for the study.

V. SUMMARY AND CONCLUSION

The globalization of markets and increasing demand for products has created a deep interest in the use of raw materials from natural resources. Research cite immence potential for natural dye with regard to its biodegradable and eco-friendly nature in the fabric use. The use of natural dyes in fabric production is still under experimentation. From the dawn of civilization to the present day, the art of applying colour through dyeing has played an important role.


Owing to the eco-friendly, eco-conservation, eco-protection and concern over the depleting eco-system and also the global consciousness about the se of eco-friendly dyes due to the hazardous and carcinogenic effect among synthetic dyes, natural dyes are preferred over synthetic dyes.


Hence, the investigator felt the need to study the “Application of Selected Natural Dyes on Cotton Fabric” with the following objectives:

· To study the application of selected natural dyes, bio-mordants and mordanting techniques on cotton fabric.

· To evaluate the dyed samples

· Subjective and objective evaluation of dyed samples.
Findings of the Study
· Visual Inspection: In view of visual inspection all the cotton samples dyed with sandal wood bark, jambo tree bark and Bouganvilla flower mordanted with myrobalan and pomegranate rind following all the three mordanting techniques. CSPPt and CBMS sample recorded 100 per cent acceptance with regard to evenness in dyeing, brilliance in colour, texture, luster and general appearance.
· Fabrc weight: Among the increased values CSMS, CJMS and CBMS samples recorded maximum in the order of improved fabric weight performance by 13.263per cent 12.804 per cent and 10.918 per cent respectively.

· Fabric Thickness: With regard to fabric thickness all the cotton samples recorded increased values than the original sample irrespective of dyes, mordants and mordanting techniques used. Among the increased values the maximum increase in fabric thickness has exhibited by SCPS as 24.060 per cent followed by CSMS as 22.900 per cent.

· Fabric Tensile strength (Warp): It is evident from the above data that all the cotton samples recorded increased values than the original irrespective of dyes, mordants and techniques used. Among the increased values, maximum was recorded by CSMS, CJMP, CJMPt and CBPS samples.

· Fabric Tensile strength (Weft): In view of tensile strength (Weft side) all the cotton samples recorded increased values irrespective of dyes, bio mordants and mordanting techniques used. Among the increased values maximum value in tensile strength of 22.304 per cent was recorded by CSMS sample followed by CJMP sample by 20.833 per cent.

· Fabric Elongation (Warp): In view of fabric elongation (warp side) irrespective of dyes, mordants and techniques used, all the samples exhibited increased values than the original sample. Among the increased values, the maximum increase in elongation was recorded by CSMP and CBMP samples as 27.329per cent and 24.025 per cent respectively.

· Fabric Elongation (Weft): In view of fabric elongation all the cotton samples revealed increased values irrespective of dyes, mordants and mordanting techniques used. Among the increased values of the maximum was recorded by CJPP as 22.631 per cent, followed by CSPP and BPP as 20.967 per cent and 20.108 percent respectively.

· Drop Test: With regard to drop test the absorbency performance was reduced among the dyed samples irrespective of dyes, mordants and mordanting techniques used.

· Sinking Test: In view of sinking test all the cotton samples revealed reduced absorbency performance than its original sample. Among the reduced absorbency performance values CSPS and CJMS exhibited maximum values
· Capillary Rise Test: With regard to capillary rise test all the samples revealed reduced absorbency performance than the original sample. Among the reduced absorbency performance CSPPt and CJMS ranked maximum value, which showed reduced wittability and absorbency performance.
· Colourfastness Test: Thus colour fastness of the natural dyed samples showed an excellent rating during washing, sun dyeing, pressing in general for all the samples irrespective of the dyes, mordants and mordanting techniques.
CONCLUSION


Seven meters of plain weave 62 ends and 58 picks/inch of 100 per cent cotton was used for the study. One meter in each was kept aside as original for laboratory testing purposes. The remaining six meters of material in each was cut into 12 equal pieces. First six pieces in each was used for dyeing with sandal wood bark, Jambo tree bark and Bouganvilla flower using Myroloban and pomegranate rind as mordant following pre, simultaneous and post mordanting techniques. The nomenclature of the samples are given below, CSMP, CSMS, CSMPt, CSPP, CJPS, CSPPt, CJMP, CJMS, CJMPt, CJPP, CJPS, CJPPt, CBMP, CBMS, CBMPt, CBPP, CBPS, CBPPt.
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APPENDIX – I

Details of Selected Material

	Sized Cloth
	Desized Cloth

	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	40S count, Plain Weave
	40S count, Plain Weave


Material – 100% cotton

Procedure used for Desizing


Material 
– 1 Kg


Water 
– 10 liters


Soap powder 
– 25 gms


Temperature 
– 100º C


Time 
– 35 to 40 minutes

Procedure


Ten litres of cold water was taken with 25 gms of soap powder. This was mixed thoroughly. The material was immersed in the water bath and boiling was continued for 30-40 minutes. Then the material was taken out, rinsed thoroughly in cold water by changing several times and dried well.

APPENDIX II

Samples Dyed by using all the three mordanting Techniques with selected natural dyes and bio mordants
	Dyes
	Mordanting
	Myrobolan
	Pomegranate rind

	
	Pre
	CSMP
	CSPP

	
	
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	Sandal wood bark
	Simultaneous
	CSMS
	CSPS

	
	
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	
	Post
	CSMPt
	CSPPt

	
	
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	
	Pre
	CJMP
	CJPP

	
	
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	Jambo tree bark
	Simultaneous
	CJMS
	CJPS

	
	
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	
	Post
	CJMPt
	CJPPt

	
	
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	
	Pre
	CBMP
	CBPP

	
	
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	Bouganvilla flower
	Simultaneous
	CBMS
	CBPS

	
	
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 




	
	Post
	CBMPt
	CBPPt

	
	
	 SHAPE  \* MERGEFORMAT 



	 SHAPE  \* MERGEFORMAT 





APPENDIX III

RATING SCALE SUED TO EVALUATE THE DYED SAMPLES

	S.No.
	Sample
	Evenness in dyeing
	Brilliancy in colours
	Texture
	Lustre
	General appearance

	
	
	Good
	Fair
	Poor
	Good
	Fair
	Poor
	Good
	Fair
	Poor
	Good
	Fair
	Poor
	Good
	Fair
	Poor

	
	Cotton samples dyed with Sandal wood bark

	1.
	CSMP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	CSMS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.
	CSMPt
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4.
	CSPP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5.
	CSPS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6.
	CCPPt
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Cotton samples dyed with Jambo tree bark

	7.
	CJMP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	8.
	CJMS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9.
	CJMPt
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10.
	CJPP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	11.
	CJPS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12.
	CJPPt
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Cotton samples dyed with Bouganvilla flower

	13.
	CBMP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	14.
	CBMS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	15.
	CBMPt
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	16.
	CBPP
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	17.
	CBPS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	18
	CBPPt
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


APPENDIX IV

GRAY SCALE USED TO EVALUATE THE DYED SAMPLES


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

	Nomanclature
	Used for colour change

	5
	No changed (Excellent)

	4
	Slightly changed (good0

	3
	Noticeably changed (Fair)

	2
	Considerably changed (Poor)

	1
	Much changed (Very Poor)


	Nomanclature
	Used for Staining

	5
	No changed (Excellent)

	4
	Slightly changed (good0

	3
	Noticeably changed (Fair)

	2
	Considerably changed (Poor)

	1
	Much changed (Very Poor)


18





24
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Chart1

		Original		Original		Original

		Sandal		Sandal		Sandal

		Jambo		Jambo		Jambo

		Bouganvila		Bouganvila		Bouganvila

		Sandal		Sandal		Sandal

		Jambo		Jambo		Jambo

		Bouganvila		Bouganvila		Bouganvila



Pomegranate  Rind Bio-Mordant

Myrobalan Bio-Mordant

Pre Mordant

Simultaneious Mordant

Post Mordant

Samples

Tensile Strength (lbs)

47.6

55

57.8

55.2

58

57.4

58

53.4

57.2

57

57

57.2

54.6

55

54.8

57.8

57.6

58

57



Sheet1
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