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1. INTRODUCTION


Textile industry has been one of the oldest and most important sectors in the Indian economy.  It is the second largest employment provider in the country, next to agriculture. Textiles industries are facing a challenging condition in the field of quality and products due to the globalization of the world market (Nadaraj, 2005). Textile processing industry is one of the major environmental polluters.  In order to process a ton of textiles, one might have to use as much as 230 to 270 tones of water. The effluent  generated by this much water would pollute the environment as it contains heavy load of chemicals including dyes used during textile processing suggests Ali (2007)  Over 7x105 tonnes and approximately 10,0000 different types of dyes and pigments are produced world-wide annually.  It is estimated that 10-15% of the dye is lost in the effluent during   the dyeing process enumerate Iqbal and Ashiq (2007).  Thus there are two main ways to limit the environmental impact of textile processing.  
One is to construct sufficiently large and highly effective effluent treatment plants, and the other way is to make use of dyes and chemical that is environment friendly. The textile industry has become conscious about its negative contribution to the environment pollution through the textile.  Chemicals are used in its various manufacturing process.  As a result many textile manufacturers have adopted for textiles.  When the textiles are dyed with extractions obtained from various herbs, they are used in its dyeing process.  (http://www.fibre2 fashion.com)


The old age art of dyeing with natural dyes was common in India.  Natural dyes are dyes and pigments that are obtained from natural sources without chemical processing suggests Gupta Deeph (2000).  The Indian dyes were famous for creating variety of shades with help of natural and metallic mordant.  Therefore India was for runner in the art of dyeing with natural dye states Joy Oomen (2003).


Since early ages, natural dyestuffs were used for dyeing the fabric and almost until 19th century all the dyes are natural in origin.  But as the science and technology progressed, synthetic dyes were invented and the world quickly adopted them because of certain advantages like brilliance of shades easy availability, each use and reproducibility of shades as compared to natural dyes reveal Dayal et al. (2007).

Natural dyes have become a part of human life since time immemorial.  India has a rich cultural heritage and the tradition of using dyes obtained from natural sources state Saha and Datta et al. (2008). There has been increasing interest in natural dyes.  Natural dyes are owing to the public awareness of ecological and environmental problems related to the production and usages of synthetic dyes enumerate Pandhyay and Charyya (2000). 


The natural dyes offer an important alternative in these are safe in use with minimum health hazards and causes less disposal problem suggest Susan et al. (2003).


Natural dyes have several advantages over synthetic dyes from the point of view of health, safety and ecology. This is increased awareness and demand for this type of products.  Much work has been done on their applications.  On natural fibres, natural dyes have been mainly applied to natural fibre state Asli korkmaz et al. (2007). Cotton is the oldest fibre used for textile purpose. In tropical countries, it is the most important fibre, cotton is the most important apparel fibre throughout the world (Mishra, 2006).


The cotton fibre is a single elongated cell that is flat twisted and ribbon like with a wide inner hollow. This natural fiber has good strength when wet; its strength may increase temporarily by as much as 30 percent. Cotton may be permanently strengthened by mercerization and ammoniating.  It has good abrasion resistance reveals Bernard (2009). Cotton fibre have 8-5 percent of moisture, it has ability to absorb enumerates Gienandt (2006).  Cotton wax is a major hindrance in processing textiles and it must be removed before dyeing and finishing, conventional chemical preparation processes involve treatment of the cotton substrate with hot solutions of sodium hydroxide. Chelating agents and surface active agents often followed by a neutralization step with acetic acid suggest Meena and Nachane (2011).


Cotton is the backbone of the world’s textile trade many of our everyday textile fabrics remade from cotton. Cotton is one of the main fabrics used in India. It accounts about eighty one percent of the total fibre consumption in textile sector. Many of our everyday textile fabrics are made from cotton fabrics states Rawat Singh (2004). Cotton is a fibre that grows from the surface of seeds in the pods, of a bushy mallow plant and is composed basically of a substance called cellulose points out Bernard P Corbman (2009). Tencel fabric is an amazing eco-friendly fabric that represents a milestone in the development of environmentally sustainable textiles, made with wood pulp from sustainable tree farms.  Tencel the brand name of the lyocell fibre, developed by courtaulds is spun from the solvent NMMO (N-Methyl-Morpholine-N-Oxide).  It is a unique manufacturing process in which all the solvent used is recyclable reveals Telil (2006).


Now-a-day’s all efforts in the field of pre-treatment processes of textiles are directed towards shortening and simplification of the treatment.  In the conventional preparation, the desizing, scouring and bleaching process are carried out separately at high temperature, requiring the use of large amount of energy, water and labour.  In order to minimize energy consumption it has become necessary to combine several pre-treatment stages by reducing number of operations (or) by shortening the reaction time sugesst Breeni (2006).       
  


Tencel remains one of the world’s most desirable fibres and has real potential is the fast growing fashion industry.  It offers luxury practically, while working in tandom with nature.  Fabrics made from 100% Tencel have a luxuriously sensual and silk, hand and can be dyed in vibrant colours  states Mahale and Sunanda (2008). Tencel has the softness of silk, the strength of polyester and the absorbency of cotton and the strong tendency of the fibre to fibrillate opens a number of possibilities for the finishes to modify the textile surfaces (Shanker, 2007).


It has high strength with only 15% less of strength in the wet state. Tencel has a round cross- Section and a good open fibre appearance with provide ease of subsequent processing points out Siddiqui (2009).


The importance of textiles cannot be under estimated as it reflect fashion, design, aspects of culture, modern technological development and much more, with Indian consumers progressively demanding a better value for their money, textile manufacturers are forced to look at innovative styles and finishes. Eco-conscious man then began to search for fibres and dyes, which are biodegradable and help to protect the environment. The specific objectives of the study are

· To extract the natural dyes from the sources such as leaves, flowers, and barks

· To study the effect of selected natural dyes, bio-mordants and mordanting techniques on cotton and tencel samples.

· To compare dyed samples with original.

· Subjective and objective evaluation of dyed samples

· To evaluate the original and dyed samples
2. REVIEW OF LITERATURE


The literatures pertaining of the study are reviewed under the following headings:

2.1 Cotton



2.1.1 History of Cotton



2.1.2 Properties of Cotton



2.1.3 Uses of Cotton


2.1.4 Advantages of Cotton



2.1.5 Disadvantages of Cotton


2.2 Tencel

2.2.1 History of Tencel



2.2.2 Properties of Tencel



2.2.3 Uses of Tencel
2.2.4 Advantages of Tencel



2.2.5 Disadvantages of Tencel


2.3 Pretreatment of the fabric


2.4 Natural dyes



2.4.1 Classification of Natural dyes



2.4.2 Advantages of Natural dyes


2.5 Mordants and its techniques
2.1 COTTON


Cotton is a soft staple fiber that grows around the seeds of the cotton plant, Gossypium a shrub native to tropical and sub-tropical region around the world, including the Americans India and Africa. Cotton is a gift of nature which plays a vital role in our likes.  Cotton fiber is the most widely used natural fiber cloth in clothing today. Half of the clothing used by man is made of cotton. The English name which began to be used circa 1400 derives from the Arabic cab ‘qutan’ meaning ‘cotton’ In the 19th and early 20th centuries, cotton was known as “king cotton” because of the great economic and cultural influence it had  over the southern united stated (www.cotton.com).

Cotton is dyeable in either fabric, yarn or fabric. For the cotton to the dyed efficiently, it has to be properly prepared by employing operation such as singeing, desizing, scouring, bleaching and mercerization.  These treatment are designed to clean cotton by removing impurities, non-cellulosic constituent and other unwanted substances and to increase the affinity of cellulose of dyes narrate Meena and Nachane (2011).
2.1.1 History of cotton


Cotton has been cultivated formore than 5000 years. Archeological finds indicate cotton was grown and used for textile purpose in the Indus valley well before 2100 B.C, in Mexico by 3500 B.C. in Perce by 2500 B.C. and in the south western United States by 500 B.C. cotton was used extensively in Medo-passion Empire and may have been used in ancient Egypt as well. The word “Cotton comes from the Arabic word “Qutum” (OswariSathish, 2000). Cotton fabric’s shrink to an extent.  They are not affected by moisture content.  Cotton has great affinity to dyes (Deulkar and Tarabai, 2007). Cotton is weakened and destroyed by acid. They are resistant to alkali and acid are relatively unaffected by normal laundering.  Cotton is considered to be a relatively easy to dye (Gohl and Vilensky, 2008).

2.1.2 Properties of Cotton


Cotton chemically consists of 88.96 percent pure cellulose along with protein, pectin substances (Naik, 2009). Cotton fibers are made up of cellulose.  The fiber length varies with type and quality within the ranges from 11 µ to 20 µ (Gienandt, 2006). Cotton fibres are made up of cellulose, which constitutes approximately 90 per cent.  In addition to this water in 5.8% and the rest weight is contributes by other natural impurities (Gupta, 2005). The strength of the fibre increases at high humidity (or) at higher moisture.  In general the tensile strength increases up to a relative humidity of 60% and then it remains mostly constants (Mishra, 2006).


Mostly cotton fibres 8.5 percent of moisture but it has the ability to absorb 15% to 20% of the moisture due to these properties it takes time while drying reports (Vankar, 2008). Cotton fibres have the ability to conduct heat energy, minimizing any destructive heat accumulation. Thus they cannot withstand ironing temperature excessive application of heat energy, causes the cotton fibre to char and burn without any prices melting (Gohl and Vilensky 2008). Exposure to air in presence of sunlight for a long period will have an effect on cotton like that of heat (Banis, 2007).  Cotton fabrics should therefore be shaded from direct sunlight (Singh, 2004).
2.1.3 Uses of Cotton


Cotton is used to make a number of textile products.  It has many versatile intrinsic qualities that make it a fiber for all masses and occasion, cotton upholstery fabrics and attractive and durable, comfortable, easy to spot clean and retain their appearance (Rastogi, 2009).

2.1.4 Advantages of Cotton

One of the first advantages of a cotton hammock is comfort. Synthetic materials such as nylon have a rougher feel to them which will decrease your comfort. A cotton hammock is softer so it will feel much more comfortable. The level of comfort is also increased because cotton is a more breathable fabric. Another advantage of a cotton hammock is stretching. Hammocks made from synthetic materials will not stretch much. A cotton hammock will stretch and conform to the shape of your body.

2.1.5 Disadvantages of Cotton

Although a cotton hammock has numerous advantages, it also has a few disadvantages. One of the main disadvantages is when the hammock is exposed to water. Synthetic materials like nylon will dry quickly when they are exposed to water. A cotton hammock will retain more water, which will cause a substantial weight increase.

You also can't leave a cotton hammock outside because it's not a very weatherproof fabric. Cotton will not be able to stand up to UV light like synthetic materials are capable of doing. Hammocks made from cotton will begin to fade after a while if they are left in direct sunlight. A cotton hammock will also be damaged by mold and mildew unless you keep it in a dry area. Hammocks made from synthetic materials are much more weatherproof.

One of the final disadvantages of a cotton hammock is the thickness. These hammocks are usually much thinner than hammocks made from synthetic materials such as nylon. The thin strings can easily be damaged unless you are very careful when using it.

These are some of the advantages and disadvantages of using a cotton hammock. Hammocks made from cotton are softer than those made from synthetic materials, so they will feel much more comfortable. These hammocks will also stretch and conform to the shape of your body. However, a cotton hammock will also retain more water and lead to a substantial weight increase. These hammocks also can't be left outside a long time because cotton is not a very weatherproof fabric. Also, a cotton hammock is usually thinner than those made from synthetic materials, so they can be damaged much easier (http://voices.yahoo.com/advantages-disadvantages-cotton-hammock-550410.html).
2.2 TENCEL


Tencel textiles and created through the use of nanotechnology in an award-winning closed-loop process that recovers (or) decomposes all solvents and emissions. Natural dyes are safe and more ecologically sound than synthetic dyes. They are less permanent, more difficult, to apply and often involve the use of highly toxic mordants (Gupta, 2005). Tencel the brand name of the Lyocell fibre, developed by courtaulds is spun from the solvent NMMO (N-Methyl-Morpholine-N-Oxide). It is a unique manufacturing process in which all the solvent used is recyclable (Teli, 2006). The fibres have high strength, especially when wet and fabric shrinkage is low, Tencel when blended with other fibres and fabrics have high tear and tensile strength. The fibre is also shown to be suitable for hydraulic entanglement and thermally bonded on woven (Moti 2006).


Tencel combines advantages of both natural and synthetic fibres. It retains all the natural properties, of cellulosic with good moisture absorbency comfort, luster and biodegradability with colouration, characterization similar to rayon and at molecular. Compared with cotton Tencel fibres offers less resistance to thermal transmission and has higher vapour permeasility, thus providing scientific sensation of coolness Usha et al. (2002).
2.2.1 History of Tencel


In 1990, lenzing’s lyocell pilot plant standard production “Lyocell” is    the generic name of manufacturing process and fiber. A full-scale lyocell   plant went into operation in 1997. Lenzling’s position as one of the        leading manufacturer of high-quality, cellulose based fibers in the world (www.fibernew.com).
2.2.2 Properties of Tencel


Tencel has a dry tenacity well above that of other cellulosic fibres and only slightly less than polyester. The outstanding feature of Tencel is its high wet strength and high modulus. The fibre shows less shrinkage as compared to cotton (or) Viscose rayon and provides excellent fabric and garment stability. The stress and strain characteristics of tencel make it suitable for blending with other fibres.  


The shape of stress and strain curve is similar to that for cotton, which means than Tencel is able to contribute significantly to the strength of blended fibre yarns, even at low blend levels. In polyester Tencel blend, the increase high strength and extensibility of Tencel matches well with these of polyester fibre to give high strength yarn. The yarn strength is always higher than those for cotton or other commercial cellulosic fibres and especially in fine counts and the resulting yarns have fewer imperfections. Tencel has been described as the potentially most promising innovation in the manmade fibre industry for almost half of century.  It is a synthetic cellulosic fibre, produced by spinning from solution of wood pulp dissolved in an amine oxide solvent. The excellent properties of this new cellulosic fibre open up whole new innovation opportunities, not only for the traditional textile industry but also for hi-tech application.


Tencel has the comfort properties of natural fibres to with the high strength normally associated with synthetic fibres. It is an ideal fibre for blending with other fibres to give a very strong yarn, even at low blend levels.  Unlike the previous generation of cellulosic fibres, tencel has exceptional properties in respect for its tenacity that withstands rigorous processing. The fibres are biodegradable and the manufacturing process represents significant environmental advantages expresses Moti, (2006).


Considering its exceptionally good strength, low shrinkage luxurious hand and drape, subtle luster, launderability, biodegradability, good dyeability and absorption property, easiness of treatment using a wide range of physical and chemical procedures etc. It can be considered as very perspective fibres in the twentieth century. Cellulose in Tencel fibre has a high degree of orientation and crystallinity. The cellulose crystals are highly parallel in longitudinal direction of fibre. The ratio of crystalline to amorphous area is approximately around 9.1 states Pal (2004).
2.2.3 Uses of Tencel


Tencel is found in a variety of products, professional business water, leotards, hosiery. It is used in blend with wool, cotton and other manufactured fibres. When strength and softness are required it is used in conveyor belts.  Tencel is used for fitters, printers, blankets, specialty paper reveal Sara and Tang, (2007).
2.2.4 Advantages of Tencel


· Fully breathable and stays dry. 

· Improved sleeping comfort warmth. 

· Better heat retention. 

· Dry warmth for improved sleep fresh and hygienic. 

· Naturally bacteriostatic, low odor. 

· No added chemicals natural and sustainable. 

· Natural, not synthetic. 

· Many environmental awards. 

(http://www.quality-fabrics.com/mattress-ticking/mattress-tencel.php)
 2.2.5 Disadvantages of Tencel

· Tencel will shrink (approx. 3%) after its first washing but retain its shape after that.

· Tencel is more expensive than most eco fabric alternatives. (http://www.the-eco-market.com/tencel-fabric.html)
2.3 PRETREATMENT OF THE FABRIC


The scouring process is designed to break down or release natural waxes oils and contaminants and emulsify (or) suspend these impurities in the scouring bath.  It is also frequently bleached, usually with hydrogen peroxide, which requires repeated rising with water to remove impurities narrates Arindam (2005).


The impurities present in grey cotton fabric are sizing ingredients, fat, waxes pectin, and natural colouring matter. Efficient removal of these impurities during grey preparation is essential to guarantee propel dyeing, printing, and finishing process. Till today, the most commonly accepted sequence of operations for cotton grey preparation is acid (or) enzyme desizing alkali scouring and hypo chloride (or) hydrogen peroxide bleaching.  This sequence of operations is time consuming and needs a large quantity of water, energy and a variety of chemical suggest Prabaharan and Venkata Rao (2003).
2.4 NATURAL DYES


Natural dyes are famous for creating variety of shades with the help of natural and metallic mordants. The unexpected discovery of synthetic dye “Mauvein” by Sir W.H. Perkin in 1856, sounded the death kneel of natural dyes industries of the world. But, now with the increased environmental awareness and health hazards associated with the use of synthetic dyes have led to the revival of natural dyes (Anjali et al.,2007).There has been increasing interest in natural dyes. Natural dyes are owing to the public awareness of ecological and environmental problems related to the production and usge of synthetic dyes (Pandhyay and Charyya, 2007).

Natural dyes offer an important alternative in these are safe in use with minimum health hazard and cause less disposal problem (Susan, 2003). There is an increasing realization in the textile industry as well as among the textile consumers to develop and demand eco-friendly methods of dyeing textiles points out Pardeshi (2003).
2.4.1 Classification of Natural dyes


Natural dyes classified into two groups as substantive dyes and Adjective dyes.  The adjective dyes are nothing but mordant dyes, which are applied on textile material, mordanted with metallic salts. In substantive dyes, the colorant to which dye the fibres directly reveals Gulrajani (2007).

Natural dyes are classified into two classes. Monogenetic dyes produce only one colour, irrespective of the mordant, while colour generated on the fibre by the polygenetic dye depends on the mordant used (Ramakrishna, 2007). Natural dyes can be classified in various ways; some of the natural dyes based on application, class and based on chemical class.

2.4.2 Advantages of Natural dyes

Natural dyes are several advantages over synthetic dyes from the point of view of health, safely and ecology. There is increased awareness and demand for this type of products. Much work has been done on their application on natural fibres. And with synthetic fibres like polyester having become a part and parcel of our lives, dyeing them with natural dyes can immensely help in their value addition suggests Korkmaz (2007).
2.5 MORDANTS AND ITS TECHNIQUE

The name mordant being derived from Latin word “Modese” to bite. A mordant helps to fix the colours, it bites into the fabric and the natural dyes need no mordants as they can be strong enough to fix to the fabric without the need of something to fix them states Deulkar (2008). The mordant used for enhancement in fastness as well as to obtain variability in colour narrates Dheeraj (2003).

Most natural dyeing is done with the use of mordants, most commonly heavy metal cons, but sometimes tannins. The   mordant allows many natural dyes, which would otherwise; just wash out to attain acceptable wash fastness. These are plenty of natural mordants were available for natural dyes (www.en.wikipedia.org).

The mordant is usually applied in a separate process after dyeing.  Butin some cases, the mordant and dye are used together (Mahale, 2003). The three ways of mordanting states pre-mordanting, post mordanting and simultaneous mordanting. In pre-mordanting, the sample is mordanted and then dyed, post mordanting, the sample is first dyed and then mordanted, simultaneous mordanting, in which mordanting and dyeing are carried out at the same time reveals Rani (2004). The pre-mordanting method was producing lighter shades and post mordanting method was producing darker shades and simultaneous mordanting method was producing for lighter and darker shades (Devi, 2002).

3.  EXPERIMENTAL PROCEDURE


The methodology pertaining to the study on “EFFECT OF SELECTED NATURAL DYES ON COTTON AND TENCEL FABRICS” is discussed under the following headings.


3.1 Selection of fabric


3.2 Pre treatment of the fabric


3.3 Preparation of the fabric for dyeing


3.4 Conduct of pilot study



3.4.1 Selection of natural dye sources



3.4.1 Selection of Bio-mordants



3.4.3 Selection of Mordanting Techniques



3.4.4 Extraction of the dye solution.


3.5 Selection of optimized proportions of dyeing

3.6 Procedure used for actual dyeing.


3.7 Evaluation of the dyed samples



3.7.1 Subjective evaluation



3.7.1.1. Visual Inspection



3.7.2 Objective evaluation

3.7.1.1 Fabric thickness

3.7.2.2 Fabric weight
3.7.2.3 Breaking Strength and Elongation.


3.8 Wettability and absorbency test 



3.8.1 Drop test



3.8.2 Sinking test



3.8.3 Capillary rise test


3.9 Colour fastness test



3.9.1 Effect of sunlight on the fabric



3.9.2 Effect of washing on the fabric



3.9.3 Effect of wet and dry pressing on the fabric.



3.9.4 Effect of wet and dry crocking on the fabric.

3.1 SELECTION OF FABRIC


Cotton is suitable for absorbing body fluids such as perspiration, blood and other body fluids and it also offers the property of being   and naturally breathing fibre and it is useful and ideal for clothes that directly touch the skin.  Cotton possesses many excellent qualities such as coolness, durability, good absorbency, high tensile strength, good abrasion resistance and low cost (Roger 2006). Hence the investigator selected hundred per cent plain weave cotton material for the study.  The cotton
 material was procured from Udhaya Kumar Textiles, Erode. The details of the selected material are given in Appendix - I.

Tencel has the softness of silk, the strength of polyester and the absorbency of cotton and the strong tendency of the fibre to fibrillate opens a number of possibilities for the finishes to modify the textile surface.   Hence the investigator selected hundred per cent plain weave tencel material for the study. The tencel material was procured from M.S.A Ganapathy Chettiar textiles, Tirupur.  The detail of the selected material is given in Appendix - I.

3.2 PRE TREATMENT OF THE FABRIC

Cotton has no affinity for most of the dyes from natural sources. The majority of natural dyes need a chemical in the form of metallic salts to develop an affinity between the fibre and pigment.

Desizing

Desizing plays important role in achieving a perfect fabric feel. The impurities present in cotton fabric are sizing ingredients, fat, waxes, pectins and natural colouring matter.  Efficient removal of these impurities during grey preparation is essential to guarantee proper dyeing, printing and finishing process (Probaharan and Venkata, 2007). Hence the selected cotton material was desized following the procedure.

Recipe of desizing

Fabric weight


- 1 Kg

Hydrochloric acid 

- few drops

Water 



- 10 liters

Temperature 

- 100 °C


Time 



- 35-40 minutes

The cotton fabric was desized in a water bath containing few drops of hydrochloric acid and 10 liters of water, temperature was maintained at 100°C for 35 to 40 minutes. Then the fabric was taken out and rinsed thoroughly with running water.


Tencel retains all the natural properties of cellulosic with good moisture, absorbency, comfort, luster and biodegradability with good moisture, absorbency, comfort, luster and biodegradability with colouration characteristics similar to rayon and all molecules level it is similar to cotton (Moti 2006)

Scouring

Scouring is a cleaning process for removing natural and acquired impurities from fibers and fabric (Smith 2006).  This improves wettability of the fiber these by facilitates uniform dyeing and finishing process. 
Recipe for scouring

Fabric weight 

- 1 Kg
Sodium Hydroxide 

- 2%
Sodium Bicarbonate
- 4%
Wetting agent 

- 0.5%
Water 



- 15 liters

Temperature 


- 50 to 60°C
Time 



- 15 minutes

The tencel fabric was scoured in a water bath containing by using the above chemicals, temperature was maintained at 50 to 60°C for 15 minutes. Then the fabric was taken out and rinsed thoroughly with water.

Bleaching

Bleaching is to import perfect whiteness to the fabric by removing the natural colouring matter from the fabric. To bleach it has well as to eliminate any impurities by which they may become contained and more or less solid.  (Tailfer, 2008). Hence the selected tencel material was scoured and bleached following the procedure. 

Recipe for bleaching

Fabric weight 

- 1 Kg
Hydrogen Peroxide 

- 2% 

Soda ash


- 1%
Wetting agent 

- 1%
Water 



- 10 liters

Temperature 


- 60 °C


Time 



- 30 minutes

The scoured tencel fabric was bleached in a waterbath containing above mentioned chemicals and the temperature was maintained at 60°C for 30 minutes. Then the fabric was taken out and rinsed thoroughly.

3.4 CONDUCT OF PILOT STUDY


A pilot study was carried out in order to select natural dye sources, Mordants.  Mordanting techniques and dyeing procedure.
3.4.1 Selection of Natural dyes sources:


Natural dyes are the colorants extracted from vegetable matter, minerals (or) insects. These dyes are considered   as eco-friendly dyes (or) mordant dyes as they require the inclusion of one (or) more metallic salts (Chinta, 2007). The natural dyes namely, Teak leaves, shoe flower, Henna leaves, cactus fruit, Athi bark, Karuvelum bark were selected for the study.  

3.4.2. Selection of Bio-Mordants:


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 uniston 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 (www.tutorvista.com). Hence the investigator selected Bio-mordants such as myrobalan, Guava leaves and mango bark powder for the pilot study.   

3.4.3 Selection of Mordanting Techniques


Mordanting is a process of impregnating textiles with a mordant usually salt or acid to faster the dye stuff, which is applied before (or) after the dye stuff. The three ways of mordanting states pre-mordanting, post mordanting and simultaneous mordanting. In Pre-mordanting, the sample is mordanted and then dyes post-mordanting the sample is first dyed and then mordanted, simultaneous mordanting in which mordanting and dyeing are carried out at the same time (Katyayini and Jacob, 2006)

3.4.4. Extraction of the dye solution

Natural sources can be extracted in alkaline, acidic and aqueous medium. As aqueous medium does not involve the use of harmfull chemicals to extract the dye, the investigator selected aqueous medium for the study.   
3.5 Selection of optimized proportions of dyeing variables for the study

As suggested by Lakshmi and Purushothaman (2007) optimum dyeing parameters namely, dye concentration, dyeing time, mordant concentration and mordanting time were selected and used for the study. The selected parameter for the final study of dyeing the cotton and tencel fabric area follows:

Material liquor ratio


-
1:20


Dye soaking time


-
48 hrs

    
Dye extraction temperature
-
1000C


Dyeing temperature


-
1000C


Mordant soaking time

-
45 minutes


Mordanting temperature

-
1000C

pH for dyeing and mordanting
-
 7

Dye Extraction medium

-
Aqueous

The dyed samples produced from the pilot study were visually evaluated by a panel of judges consisted of 25members who were specialized in the field of textile and clothing in Avinashillingam Deemed 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 final studies which are as follows.

Dye Sources



Local Name


-
Botanical Name



Karuvelum bark

-
AcaciaArabica



Athi bark


-
Ficus racemosa

Karuvelum bark

Karuvelum bark (AcaciaArabica) moderate sized tree up to 10cm in height and grow in dry and sandy localities and distributed in western peninsula, the decean and coromandal coast. The dark brown (or) black longitudinally fissured rought bark and reddish brown heart wood. The bark powder is used for the treatment of various diseases (Plate – I). 

Athi bark

Athi bark (Ficus racemosa) occurs all over India, which is moderate 10m long sized spreading lactiferous, deciduous tree without much prominent aerial roots. The parts for the treatment of various ailments of roots, root bark, leaves, bark, fruit (Plate - II).


Mordants and mordanting technique

Bio mordants              :    Myrobalan and Guava leaves (Plate - III)

Mordantingtechniques:   Pre, simultaneous and post mordanting 


Based on the visual evaluation the best dyes, mordants and mordanting techniques were selected for dyeing cotton and tencel materials for the study.

3.6 Procedure used for Actual dyeing:


The cotton and tencel samples were dyed following the optimized parameters for the study. The dyed samples were taken out, rinsed thoroughly and soaping was done by boiling the samples with 2g per litre of non ionic detergent powder at 600C for two minutes.  Finally the samples were thoroughly rinsed and dried in the shade. 
	PLATE – I

Karuvelam bark
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	PLATE –II

Athi bark
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	                            PLATE - III                                                               PLATE – IV

                      Myrobalan                                                            Guava leaves
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The nomenclatures of the dyed samples are given in table:  
Table I - Nomenclature of the Dyed Samples
	Sample code

	CKMP
	CAMP
	TKMP
	TAMP

	CKMS
	CAMS
	TKMS
	TAMS

	CKMPt
	CAMPt
	TKMPt
	TAMPt

	CKGP
	CAGP
	TKGP
	TAGP

	CKGS
	CAGS
	TKGS
	TAGS

	CKGPt
	CAGPt
	TKGPt
	TAGPt


Fabric: C - Cotton;   T – Tencel

Bio-Mordants: M – Myrobalan; G - Guava leaves 

Mordanting techniques: P - Pre; S - Simultaneous t - Post

Dyes: K - Karuvelan bark; A - Athi bark

3.7 EVALUATION OF THE DYED SAMPLES

The dyed samples were evaluated by subjective and objective evaluation 

3.7.1    Subjective Evaluation

3.7.1.1 Visual Inspection

The dyed samples were evaluated by 25 judges comprising of P.G. students of textiles and clothing departments Avinashilingam Deemed University for women, Coimbatore. An evaluation sheet was prepared and given to the judges. The criteria for evaluation included evenness in dyeing brilliancy of colour, luster, texture and general appearance of the dyed samples.  The score were collected and presented in the chapter results and discussion.

3.7.2 Objective evaluation


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

3.7.2.1 Fabric Thickness

Fabric thickness is measured to an accuracy of at least 0.01mm under  the prescribed pressure ranging from 0.05 psi, depending on the type of fabric  under test (Stoker, 2005)


The sample was placed on the anvil without tension (or) crease and the presser foot was lowered onto the sample by releasing the raising level very slowly and allowed it to rest upon to measure up to accuracy of 0.01mm. The readings were taken from different places of the same material and the mean value was calculated. Similarly, mean value of 5 readings from the original and dyed materials were taken and thus recorded the fabric thickness of each material separately (Plate - IV).  

3.7.2.2 Fabric weight

Fabric weight is the weight per square meter of woven fabric. It may be expressed as the weight of the particular size piece, such as grams per square meter (Saini, 2004).



Electronic weighing balance (Plate - V) was used to determine the fabric weight. The samples were cut in five inches by five inches square fabric. The samples were cut individually weighed and the reading was recorded. Then the mean value was calculated, similarly, the mean value for fabric weight of all the samples from the desized originals and dyed samples were calculated and recorded. Fabric weight was expressed as grams per square meter.

3.7.2.3 Breaking strength and Elongation


Breaking strength is the force required to break a fabric when it is under tension (Vaishnav and Joshi 2000).  The percent strength loss and percent change in elongation at break were determined by the tensile testing method using tensile strength tester (Prabaharna and Rao, 2003).


Eureka brand pendulum Tensile strength tester (Plate - VI) was used to determine the breaking strength and elongation of desized and dyed samples. The capacity of the machine and the rate of transverse were 90kg and 40cm per minute respectively. The gauge length (or) the distance between the jaws was set at 20cm. The samples were cut to a width of 2.5 inches and 12 inches length. The yarns were reveled from both the edges until the width measured to one inch.


The optimum conditions, 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 to 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 kilograms for breaking strength and elongation in centimeter were noted, five readings were taken for the desized  originals and dyed samples both in warp and weft direction were recorded. 

3.8 WETTABILITY AND ABSORBENCY TEST

British cotton industry Research Association has developed attest, in that test; a drop of water is placed on the specimen fabric which is mounted horizontally. The time takes for the contact angle to drop to 45 degrees is noted.  The reciprocal of the time taken is called the wetting velocity or simple “Wettability”. The desized material was considered as original from the drop, sinking and capillary rise tests.

3.8.1 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 distance between the sample and burette nozzle was kept constant (Plate - VII). The nozzle of the burette was opened to allow a drop of water to fall on to the sample. The stopwatch was started simultaneously and it stopped when the drop of water fully sank into the material. The time taken for this was noted. The same procedure was repeated for five samples of the same material and the mean value of ten samples, from the desized original and the dyed material was calculated and thus, the wettability of each material was recorded separately.

3.8.2 Sinking test


Sinking test is a simple test of wettability of fabric. In this test, a sample measuring 5” x 5” was cut and dropped in to the surface of water in a beaker.  1000ml beaker was filled with distilled water and added 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 corner sank below the water surface as shown in Plate - VIII and the time required for the sample to sink was noted. The same procedure was repeated for five samples. Then 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 times of each material were recorded separately.
3.8.3 Capillary rise test

Capillary rise test is a test that helps to measure the rapidity of absorption. Samples were developed with11 inches length and 2 inches 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 were placed on heavy wooden blocks.  At the weighted ends 2 inches of the sample was allowed to immerse in a tray of distilled water (Plate - IX). The rise of the water level in the strip was measured after 10 minutes. The same procedure was repeated for all the five samples of desized original and dyed materials. Then, the mean value was calculated and the capillary rise of each material was recorded separately.

3.9 COLOURFASTNESS TESTS

Colourfastness is the property of a dye or print that enables it to retain its depth and shade throughout the wear life of a product. The textile material supposed to have certain fastness property to washing, sunlight, crocking, pressing different classes of dyes posses these fastness characteristics in different degrees.  


The investigator followed by AATCC grey  scale and  true view colour matching  cabinet for the assessment of colourfastness of samples     

3.9.1 Effect of sunlight of the fabric

Fastness to light is one of the most important property of a dyed fabric needs in order to fulfill its utilization purpose over a period of time (Paul 2003).


A sample size of 16cm x5cm was taken from each of the dyed sample. The entire samples were divided into light parts by marking distance of two inches in the larger side market up to light. Each sample was covered with black paper to prevent the sample 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 were exposed accordingly along with first portion. The first portion got seven days exposure and the last portion got one-day exposure to sunlight.  The changes in colour of the dyed samples were compared with the original and the specimens were rated with grey scale. 

3.9.2 Effect of washing on the fabric

In this test method, the test specimens  are laundered under appropriate conditions of temperature, and abrasive action, the wash fastness  of all the dyed samples were tested according to ISO 105-106 (1994)  washing test in a launderometer.  The wash fastness of the dyed sample is attached together with an equal quality of white cloth. Due to the high alkali sensitivity at natural dyes it is recommended that theses textiles be washed with non-alkaline soap only.  Hence, the non-ionic soap ECE detergent power was used for washing.

  
The composite sample, measured 10 x 4 cm was washed along with gram per 100 ml of water at 400C for 45 minutes.  The changes in colour of staining of the two adjacent undyed fabrics were evaluated using grey scale. The colour transfer from the dyed sample and straining of the two adjacent undyed fabrics were assessed using AATCC grey scale. The same procedure was repeated for all the dyes samples. Thus, the colour fastness of each dyed material to washing was carefully observed and recorded separately.

3.9.3 Effect of wet and dry crocking on the fabric

Crocking is designed as the colour transfer from one colour textile to another by rubbing method. Sasmire crockmeter (Plate - X) was used to as certaining the fastness of dyed textiles to wet and dry crocking.  It consisted of two metal blcosk.  The base block was stationary, while the upper block has an arrangement to move to and from the base by the means of a rotating handle.  There was a finger knob attached to the upper movable block to hold the desized material with ring. The samples were cut into pieces with the size of 20cm x 10cm.  The sample was fixed on the base block with longer side in the direction of rubbing. The desized material (5x5cm) 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 and fro against the dyed samples along a track of 10cms with pressure of 900 grams on the finger. The colour transfer from the dyed samples to the white material was assessed with AATCC grey scale.  The same procedure was followed and repeated for the remaining samples of dyed materials. The colourfastness of each dyed material to dry and wet crocking was carefully observed and recorded separately.

3.9.4 Effect of wet and dry pressing on the fabric

The National Bureau of standards suggested a test to determine colourfastness to dry and 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 kept between the white designed material both in dry and wet condition and were pressed with a heavy iron for five seconds at a temperature at 430 F and 10 seconds at 350 F respectively.


The colour transfers from the dyed samples were assessed using AATCC grey scale. The same procedure was repeated for all the sample of the dyed materials. Thus, the colourfastness of each dyed material to wet and dry pressing was carefully observed and recorded separately.

3.10. Statistical Analysis

In fact, there is hardly any research work today one can find complete without statistical data and statistical methods. ANOVA is commonly used to test difference among the means of several independent groups. Analysis was carried out mainly to see whether the test results vary due to difference in the dyes, mordant and proportions.
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4.  RESULTS AND DISCUSSION

The result and discussion of the research work pertaining to the study on “EFFECT OF SELECTED NATURAL DYES ON COTTON AND TENCEL FABRICS” are discussed under the following headings:

4.1 Evaluation of the dyed samples

4.1.1 Subjective evaluation 

4.1.1.1 Visual inspection of the 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)

4.1.2.4 Tensile strength of the fabric (weft)

4.1.2.5 Fabric elongation of the fabric (warp)

4.1.2.6 Fabric elongation of the fabric (weft)

4.2 Wettability and absorbency tests

4.2.1 Drop test

4.2.2 Sinking test

4.2.3 Capillary test

4.3 Colourfastness 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 THE DYED SAMPLES
	S.No
	Sample No.
	General appearance (%)
	Brilliancy of colour (%)
	Evenness in dyeing (%)
	Texture (%)
	Lustre (%)
	Mean

	
	
	Good 
	Fair
	Poor
	Very Bright
	Bright 
	Dull
	Even
	Medium
	Uneven 
	Smooth
	Medium
	Rough
	High
	Medium
	Low
	

	Cotton samples dyed Karuvelam Bark
	

	1
	CKMP
	100
	-
	-
	10
	90
	-
	100
	-
	10
	100
	-
	-
	-
	100
	-
	98

	2
	CKMS
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	100

	3
	CKMPt
	90
	10
	-
	10
	90
	-
	100
	-
	10
	80
	20
	-
	-
	100
	-
	92

	4
	CKGP
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	20
	20
	80
	-
	96

	5
	CKGS
	100
	-
	-
	30
	70
	-
	100
	-
	30
	90
	10
	10
	10
	90
	-
	90

	6
	CKGPt
	90
	10
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	98

	Cotton samples dyed with Athi bark

	7
	CAMP
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	100

	8
	CAMS
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	100

	9
	CAMPt
	100
	-
	-
	10
	90
	-
	100
	-
	10
	100
	-
	-
	-
	100
	-
	98

	10
	CAGP
	90
	10
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	98

	11
	CAGS
	100
	-
	-
	30
	70
	-
	100
	-
	30
	90
	10
	-
	10
	90
	-
	90

	12
	CAGPt
	80
	20
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	96

	Tencel samples dyed with Karuvelam Bark

	13
	TKMP
	100
	-
	-
	-
	100
	-
	100
	-
	-
	90
	10
	-
	-
	100
	-
	98

	14
	TKMS
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	20
	80
	-
	96

	15
	TKMPt
	100
	-
	-
	-
	100
	-
	100
	-
	-
	80
	20
	-
	10
	90
	-
	94

	16
	TKGP
	90
	10
	-
	-
	90
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	98

	17
	TKGS
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	   -
	100
	-
	100

	18
	TKGPt
	80
	20
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	96

	Tencel samples dyed with Athi bark

	19
	TAMP
	70
	30
	-
	10
	90
	-
	100
	-
	10
	100
	-
	-
	-
	100
	-
	92

	20
	TAMS
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	100

	21
	TAMPt
	80
	20
	-
	-
	100
	-
	100
	-
	   -
	100
	-
	-
	-
	100
	-
	96

	22
	TAGP
	100
	-
	-
	20
	80
	-
	100
	-
	20
	90
	10
	-
	-
	100
	-
	94

	23
	TAGS
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	10
	90
	-
	98

	24
	TAGPt
	100
	-
	-
	-
	100
	-
	100
	-
	-
	100
	-
	-
	-
	100
	-
	100
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VISUAL EVALUATION OF DYED SAMPLE[image: image18.png]




With reference to evenness in dyeing, brilliancy of colours, texture and general appearance of the dyed samples. With regards to visual inspection, among the cotton and tencel samples dyed by using karuvelam bark an athi bark mordanted with myrobalan and guava leaves CKMS, CAMP, and CAMS, TKGS, TAMS and TAGPt. Samples recorded 100% acceptance.

4.1.2 Objective evaluation 


The cotton and tencel samples dyed by using Karuvelum bark and Aathi bark using myrobalan and Guaava leaves as bio-mordants following pre, simultaneous and post mordanting techniques. Samples were subjected to fabric weight, thickness, Tensile strength and Elongation. The findings are given below:

4.1.2.1 Fabric weight

The mean weight of cotton and tencel original samples compared against dyed cotton and tencel samples using bio-mordants following three different mordanting techniques are given in Table - III and Figure - II.

TABLE III - FABRIC WEIGHT OF THE ORIGINAL AND DYED SAMPLES
	S.No.
	Name of sample
	Mean weight in gm
	Loss or gain over original
	Percentage

	1
	Cotton
	215.0
	-
	-

	2
	Tencel
	172.0
	-
	-

	Cotton samples dyed Karuvelam Bark

	3
	CKMP
	217.0
	2.0
	0.921

	4
	CKMS
	218.0
	3.0
	1.376

	5
	CKMPt
	217.0
	2.0
	0.921

	6
	CKGP
	221.0
	6.0
	2.714

	7
	CKGS
	225.0
	10.0
	4.444

	8
	CKGPt
	224.0
	9.0
	4.017

	Cotton samples dyed with Athi bark

	9
	CAMP
	221.0
	6.0
	2.714

	10
	CAMS
	222.0
	7.0
	3.153

	11
	CAMPt
	225.0
	10.0
	4.444

	12
	CAGP
	242.0
	27.0
	11.157

	13
	CAGS
	247.0
	32.0
	12.955

	14
	CAGPt
	231.0
	16.0
	6.926

	Tencel samples dyed with Karuvelam Bark

	15
	TKMP
	177.0
	5.0
	2.824

	16
	TKMS
	176.0
	4.0
	2.272

	17
	TKMPt
	176.0
	4.0
	2.272

	18
	TKGP
	179.0
	7.0
	3.153

	19
	TKGS
	176.0
	4.0
	2.272

	20
	TKGPt
	178.0
	6.0
	2.714

	Tencel samples dyed with Athi bark

	21
	TAMP
	181.0
	9.0
	4.972

	22
	TAMS
	183.0
	11.0
	6.010

	23
	TAMPt
	185.0
	13.0
	7.027

	24
	TAGP
	183.0
	11.0
	6.010

	25
	TAGS
	181.0
	9.0
	4.972

	26
	TAGPt
	175.0
	3.0
	1.376


ANOVA FOR FABRIC WEIGHT
	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	12.024
	1
	12.024
	12.678
	**

	
	Between Dyes
	416.140
	1
	416.140
	438.772
	**

	
	Between Mordants
	183.945
	1
	183.945
	193.949
	**

	
	Between Techniques
	54.658
	2
	27.329
	28.815
	**

	2-way Interaction
	Fabric * Dyes
	47.869
	1
	47.869
	50.472
	**

	
	Fabric *  Mordants
	249.379
	1
	249.379
	262.942
	**

	
	Fabric * Techniques
	10.648
	2
	42.2278
	5.614
	**

	
	Dyes *  Mordants
	17.524
	1
	5.324
	18.477
	**

	
	Dyes  * Techniques
	57.041
	2
	17.524
	30.072
	**

	
	Mordants * Techniques
	41.955
	2
	28.520
	22.119
	**

	3-way Interaction
	Fabric * Dyes * Mordants
	104.787
	1
	104.787
	110.486
	**

	
	Fabric * Dyes * Techniques
	17.065
	2
	8.533
	8.997
	**

	
	Fabric * Mordants * Techniques
	10.913
	2
	5.457
	5.753
	**

	
	Dyes * Mordants * Techniques
	48.255
	2
	24.128
	25.440
	**

	Residual
	
	92.945
	98
	0.948
	
	

	Total
	
	1365.150
	119
	11.472
	
	


NS - Not Significant;  * - Significant at 5% level;   ** - Significant at 1% level


It is evident from the Table - III and Figure - II, that the fabric weight has increased among all the natural dyed samples irrespective of fabric, dyes, mordants and mordanting techniques used.

Among the cotton samples all the Athi bark dyed samples using guava leaves as mordant following all the three techniques revealed the maximum increase in fabric weight than the other samples. Among the increase in fabric weight the simultaneous technique used samples exhibited maximum increase by 12.955 percent followed by pre-mordanting techniques used samples by 11.157 percent respectively.

 Among the tencel samples both myrobalan and guava leaves mordanted samples exhibited maximum increase in fabric weight irrespective of technique used. Among the increase in fabric weight samples dyed by using Athi bark with myrobalan as mordant following post mordanting technique scored maximum increase in fabric weight by 7.027 percent respectively. Among the cotton and tencel samples dyed by using karuvelam bark and athibark using myrobalan and guava leaves following all the three 
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FABRIC WEIGHT OF THE ORIGINAL AND DYED SAMPLES

techniques samples CAGS and TAMPT ranked high with regard to fabric weight.

Statistical analysis of the data relating to fabric weight comparing      the effect of fabrics, dyes, bio-mordants and techniques, one percent level of                                     
significant difference was found between fabrics, dyes, mordants and also between techniques. In two way interactions one percent level of significant difference was found between fabric and dyes, fabrics and mordants, dyes and techniques, fabrics and techniques, dyes and mordants and also between mordant and techniques.

In three way interactions one percent level of significant difference was found between fabrics, dyes and mordants, fabric, dyes and techniques, fabric, mordants and techniques and also between dyes, mordants and techniques.

4.1.2.2 Fabric thickness


The mean fabric thickness of the cotton and tencel original samples compared against dyed cotton and tencel samples using bio-mordants following three differerent mordanting techniques are given in Table - IV and Figure - III.

TABLE IV - FABRIC THICKNESS OF THE ORIGINAL AND DYED SAMPLES
	S.No.
	Name of sample
	Mean thickness in mm
	Loss or gain over original
	Percentage

	1
	Cotton
	0.284
	-
	-

	2
	Tencel
	0.362
	-
	-

	Cotton samples dyed Karuvelam Bark

	3
	CKMP
	0.318
	0.034
	10.691

	4
	CKMS
	0.318
	0.034
	10.691

	5
	CKMPt
	0.312
	0.028
	8.974

	6
	CKGP
	0.310
	0.026
	8.387

	7
	CKGS
	0.324
	0.04
	12.345

	8
	CKGPt
	0.338
	0.054
	15.976

	Cotton samples dyed with Athi bark

	9
	CAMP
	0.324
	0.04
	12.345

	10
	CAMS
	0.334
	0.05
	14.970

	11
	CAMPt
	0.330
	0.046
	13.939

	12
	CAGP
	0.318
	0.034
	10.691

	13
	CAGS
	0.328
	0.044
	13.414

	14
	CAGPt
	0.314
	0.03
	9.554

	Tencel samples dyed with Karuvelam Bark

	15
	TKMP
	0.390
	0.028
	7.179

	16
	TKMS
	0.396
	0.034
	8.585

	17
	TKMPt
	0.412
	0.05
	12.135

	18
	TKGP
	0.386
	0.024
	6.217

	19
	TKGS
	0.432
	0.07
	16.203

	20
	TKGPt
	0.424
	0.062
	14.622

	Tencel samples dyed with Athi bark

	21
	TAMP
	0.410
	0.048
	11.707

	22
	TAMS
	0.428
	0.066
	15.420

	23
	TAMPt
	0.382
	0.02
	5.235

	24
	TAGP
	0.410
	0.048
	11.707

	25
	TAGS
	0.428
	0.066
	15.420

	26
	TAGPt
	0.416
	0.054
	12.980


ANOVA FOR FABRIC THICKNESS
	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	4.244
	1
	4.244
	0.105
	Ns

	
	Between Dyes
	77.212
	1
	77.212
	1.910
	Ns

	
	Between Mordants
	84.492
	1
	84.492
	2.090
	Ns

	
	Between Techniques
	411.624
	2
	205.812
	5.092
	**

	2-way Interaction
	Fabric * Dyes
	0.045
	1
	0.045
	0.001
	Ns

	
	Fabric *  Mordants
	109.781
	1
	109.781
	2.716
	Ns

	
	Fabric * Techniques
	54.648
	2
	27.324
	0.676
	Ns

	
	Dyes *  Mordants
	92.509
	1
	92.509
	2.289
	Ns

	
	Dyes  * Techniques
	341.065
	2
	170.533
	4.219
	*

	
	Mordants * Techniques
	164.678
	2
	82.339
	2.037
	Ns

	3-way Interaction
	Fabric * Dyes * Mordants
	50.359
	1
	50.359
	1.246
	Ns

	
	Fabric * Dyes * Techniques
	76.819
	2
	38.409
	0.950
	Ns

	
	Fabric * Mordants * Techniques
	13.912
	2
	6.956
	0.172
	Ns

	
	Dyes * Mordants * Techniques
	82.462
	2
	41.231
	1.020
	Ns

	Residual
	
	3961.365
	98
	40.422
	
	

	Total
	
	5525.215
	119
	46.430
	
	


NS - Not Significant;  * - Significant at 5% level;   ** - Significant at 1% level
It was evident from the Table - IV and Figure - III, that the fabric thickness had increased among all the dyed samples irrespective of fabrics, dyes, mordants and techniques used. Among the cotton samples dyed by using Karuvelam bark mordanted with using guava leaves and technique Athi bark mordanted with myrobalan resulted increased in fabric thickness by 15.976 percent and 14.970 percent respectively. When the tencel samples dyed by using Karuvelum bark and Guava leaves as mordants following simultaneous technique resulted increased on fabric thickness by 16.203 percent.

      
Among the cotton and tencel samples dyed with bio mordants following three different techniques revealed that karuvelan bark and athi bark, recorded the highest value in CKGPT and TKGS in fabric thickness.

Statistical analysis of the data relating to fabricthickness comparing the effect of fabrics, dyes, bio-mordants and techniques, one percent level of significant difference was found between techniques where as no significant difference was found between fabrics, dyes and mordants. 


[image: image10.png]=} Falwic thickness in gmo =}
o 2 = 9 97w 2
n —_ n (8] n W n = n

(el

EPre
B Simultaneous
= Post

Cotton

K A K A Tensile K A K A
Myrobalan Guavaleaves Myrobalan Guavaleaves
Cotton Tensile

Samples





K – Karuvelan bark
A-Athi bark
FIGURE – III

FABRIC THICKNESS OF THE ORIGINAL AND DYED SAMPLES

In two way interactions five percent level of significant difference was found between techniques and dyes whereas no significant difference was found between fabrics and dyes, between fabrics and mordants, between fabrics and techniques, between dyes and mordants and also between mordants and techniques. 

In three way interactions revealed that there was no significant difference between fabrics, dyes and mordants, between fabrics dyes and techniques, between fabrics, mordants and techniques and also between dyes, mordants and techniques.

4.1.2.3 Tensile strength of the fabric (warp)

Table shows the mean tensile strength (Warp side) of the cotton and tencel original samples compared against cotton and tencel samples dyed by using bio-mordants following three different mordanting techniques are given in Table - V and Figure - IV.

TABLE V - TENSILE WARP STRENGTH OF THE ORIGINAL AND DYED SAMPLES

	S.No.
	Name of sample
	Mean strength in lb (Kg/cm²)
	Loss or gain over original
	Percentage

	1
	Cotton
	66.20
	-
	-

	2
	Tencel
	83.80
	-
	-

	Cotton samples dyed Karuvelam Bark

	3
	CKMP
	69.40
	3.2
	4.610

	4
	CKMS
	74.00
	7.8
	10.540

	5
	CKMPt
	72.80
	6.6
	9.065

	6
	CKGP
	76.00
	9.8
	12.894

	7
	CKGS
	74.80
	8.6
	11.497

	8
	CKGPt
	74.80
	8.6
	11.497

	Cotton samples dyed with Athi bark

	9
	CAMP
	71.40
	5.2
	7.282

	10
	CAMS
	71.20
	5
	7.022

	11
	CAMPt
	72.20
	6
	8.310

	12
	CAGP
	71.80
	5.6
	7.799

	13
	CAGS
	73.00
	6.8
	9.315

	14
	CAGPt
	73.60
	7.4
	10.054

	Tencel samples dyed with Karuvelam Bark

	15
	TKMP
	87.20
	3.4
	3.899

	16
	TKMS
	88.60
	4.8
	5.417

	17
	TKMPt
	90.20
	6.4
	7.095

	18
	TKGP
	87.40
	3.6
	4.118

	19
	TKGS
	87.20
	3.4
	3.899

	20
	TKGPt
	88.20
	4.4
	4.988

	Tencel samples dyed with Athi bark

	21
	TAMP
	88.60
	4.8
	5.417

	22
	TAMS
	90.40
	6.6
	9.065

	23
	TAMPt
	89.20
	5.4
	6.053

	24
	TAGP
	90.00
	6.2
	6.888

	25
	TAGS
	92.20
	8.4
	9.116

	26
	TAGPt
	87.80
	4
	4.555


ANOVA FOR TENSILE WARP STRENGTH

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	489.700
	1
	489.700
	36.089
	**

	
	Between Dyes
	0.655
	1
	0.655
	0.048
	Ns

	
	Between Mordants
	67.251
	1
	67.251
	4.956
	**

	
	Between Techniques
	56.575
	2
	28.287
	2.085
	Ns

	2-way Interaction
	Fabric * Dyes
	122.090
	1
	122.090
	8.998
	**

	
	Fabric *  Mordants
	94.591
	1
	94.591
	6.971
	**

	
	Fabric * Techniques
	8.145
	2
	4.073
	0.300
	Ns

	
	Dyes *  Mordants
	1.627
	1
	1.627
	0.120
	Ns

	
	Dyes  * Techniques
	13.552
	2
	6.776
	0.499
	Ns

	
	Mordants * Techniques
	42.998
	2
	21.499
	1.584
	Ns

	3-way Interaction
	Fabric * Dyes * Mordants
	45.190
	1
	45.190
	3.330
	Ns

	
	Fabric * Dyes * Techniques
	61.380
	2
	30.690
	2.262
	Ns

	
	Fabric * Mordants * Techniques
	12.595
	2
	6.297
	0.464
	Ns

	
	Dyes * Mordants * Techniques
	55.484
	2
	27.742
	2.045
	Ns

	Residual
	
	1329.771
	98
	13.569
	
	

	Total
	
	2401.605
	119
	20.182
	
	


NS - Not Significant;  * - Significant at 5% level;   ** - Significant at 1% level

It is evident from the Table – V and Figure - IV, that the tensile strength (warp side) showed increased values among all the dyed samples irrespective of fabrics, dyes, mordants and mordanting techniques used.

Among the cotton samples dyed by using Karuvelum bark using Guava leaves following post-mordanting technique it increases in tensile strength warp by 12.894 percent and Athi bark mordanted with Guava leaves following opost mordanting techniques showed increased tensile strength values by warp side 10.054 percent respectively.

Among the tencel samples dyed by using Karuvelum bark, mordanted with myrobalan following post mordanting technique and Athi bark dyed samples using Guava leaves following simultaneous mordanting technique resulted in highest tensile strength by 7.095 percent and 9.110 percent respectively.

Among the cotton and tencel samples dyed with karuvelam bark and athi bark using myrobalam and guava leaves following all the three different techniques, recorded highest value in CKGPT, CAMS, TKGS, TAMS, TAGS with regard to tensile strength (warp side)
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FABRIC WARP STRENGTH OF THE ORIGINAL AND DYED SAMPLES

Statistical analysis of the data relating to the tensile strength (warp side) comparing the effect of fabrics, dyes, mordants and mordanting techniques. One percent level of significant difference was found between fabrics and also between mordants. No significant difference was found between dyes, between techniques.

In two way interaction one percent level of significant difference was noticed between fabrics and dyes and also between fabrics and mordants. No significant difference was found between fabrics and techniques, dyes and mordants, dyes and techniques and also between mordants and techniques.


Three way interaction revealed no significant difference between  fabric, dyes and mordants, fabric, dyes and techniques, fabrics, mordants and techniques and also between dyes, mordants and techniques was recorded.
4.1.2.4 Tensile strength of the fabric (weft)

The mean tensile strength of the fabric (weft side) of cotton and tencel original samples compared against dyed with cotton and tencel samples using bio-mordants following three different mordanting techniques are given in Table - VI and Figure - V.

TABLE VI - TENSILE WEFT STRENGTH OF THE ORIGINAL AND DYED SAMPLES

	S.No.
	Name of sample
	Mean strength in lb (Kg/cm²)
	Loss or gain over original
	Percentage

	1
	Cotton
	52.00
	-
	-

	2
	Tencel
	63.40
	-
	-

	Cotton samples dyed Karuvelam Bark

	3
	CKMP
	57.20
	5.2
	9.090

	4
	CKMS
	58.60
	6.6
	11.262

	5
	CKMPt
	57.00
	5
	8.771

	6
	CKGP
	58.20
	6.2
	10.652

	7
	CKGS
	57.40
	5.4
	9.407

	8
	CKGPt
	56.00
	4
	7.142

	Cotton samples dyed with Athi bark

	9
	CAMP
	55.60
	3.6
	6.474

	10
	CAMS
	57.20
	5.2
	9.090

	11
	CAMPt
	57.40
	5.4
	9.407

	12
	CAGP
	58.40
	6.4
	10.958

	13
	CAGS
	58.80
	6.8
	11.564

	14
	CAGPt
	59.20
	7.2
	12.162

	Tencel samples dyed with Karuvelam Bark

	15
	TKMP
	68.20
	4.8
	7.038

	16
	TKMS
	68.80
	5.4
	9.407

	17
	TKMPt
	69.20
	5.8
	8.381

	18
	TKGP
	68.60
	5.2
	9.090

	19
	TKGS
	69.20
	5.8
	8.381

	20
	TKGPt
	68.80
	5.4
	9.407

	Tencel samples dyed with Athi bark

	21
	TAMP
	69.20
	5.8
	8.381

	22
	TAMS
	72.80
	9.4
	12.912

	23
	TAMPt
	68.00
	4.6
	6.764

	24
	TAGP
	72.80
	9.4
	12.912

	25
	TAGS
	72.20
	8.8
	12.188

	26
	TAGPt
	69.20
	5.8
	8.381


ANOVA FOR TENSILE WEFT STRENGTH

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	15.613
	1
	15.613
	0.948
	Ns

	
	Between Dyes
	102.785
	1
	102.785
	6.240
	*

	
	Between Mordants
	59.297
	1
	59.297
	3.600
	Ns

	
	Between Techniques
	93.621
	2
	46.810
	2.842
	Ns

	2-way Interaction
	Fabric * Dyes
	39.390
	1
	39.390
	2.391
	Ns

	
	Fabric *  Mordants
	1.160
	1
	1.160
	0.070
	Ns

	
	Fabric * Techniques
	20.520
	2
	10.260
	0.623
	Ns

	
	Dyes *  Mordants
	85.214
	1
	85.214
	5.174
	*

	
	Dyes  * Techniques
	12.409
	2
	6.240
	0.377
	Ns

	
	Mordants * Techniques
	61.619
	2
	30.809
	1.871
	Ns

	3-way Interaction
	Fabric * Dyes * Mordants
	14.135
	1
	14.135
	0.858
	Ns

	
	Fabric * Dyes * Techniques
	152.848
	2
	76.424
	4.640
	*

	
	Fabric * Mordants * Techniques
	0.246
	2
	0.123
	0.007
	Ns

	
	Dyes * Mordants * Techniques
	8.184
	2
	4.092
	0.248
	Ns

	Residual
	
	1614.169
	98
	16.471
	
	

	Total
	
	2281.209
	119
	19.170
	
	


NS - Not Significant;  * - Significant at 5% level;   ** - Significant at 1% level

It is evident from the Table - VI and Figure - V, that the tensile strength of the fabric (weft wise) has increased among all the dyed samples irrespective of fabrics, dyes, mordants and mordanting techniques used.

Among the cotton samples dyed by using Athi bark and mordanted using Guava leaves following post-mordanting technique and Karuvelaum bark dyed with myrobalan as mordant following simultaneous mordanting technique resulted increased in tensile strength (weft side) by 12.162 percent and 11.262 percent respectively.

Among the tencel samples, the dyed sample by using Athi bark with myrobalan and guava leaves as mordants following simultaneous and pre-mordanting techniques used samples exhibited maximum increase in tensile strength by 12.912 percent followed by the sample dyed by Karuvalem bark mordanted with guava leaves following simultaneous technique ranked next as 8.381 percent.
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FABRIC WEFT STRENGTH OF THE ORIGINAL AND DYED SAMPLES

Among the cotton and tencel samples dyed with kanuvelam bark and athi bark using bio-mortant as guava leaves and myrobalan following pre, post, simultaneous technique CAGPT, AND TAMS, TAGP ranked high with regard to tensile strength (weft side).
Statistical analysis of the data relating to the fabric tensile strength of fabric (weft side), comparing the effect of fabrics, dyes, bio-mordants and mordanting techniques, five percent level of significant difference was found between dyes, where as no significant difference was found between fabrics, mordants and techniques.


In two way interaction five percent level of significant difference was identified between dyes and mordants, whereas no significant difference was found between fabrics and techniques, dyes and techniques and also mordant and techniques.

Three way interactions revealed that the fabric that five percent level dyes and techniques, whereas no significant difference was found between fabrics, dyes and mordants, fabrics, mordants and techniques and also dyes, mordants and techniques.

4.3.2.5 Elongation of the farbic (warp)


The mean elongation (warp side) of the cotton and tencel origianl samples compared against cotton and tencel samples dyed by using bio-mordants following three different mordanting techniques are shown in Table - VII and Figure - VI.

TABLE VII - FABRIC ELONGATION OF THE ORIGINAL AND DYED SAMPLES
	S.No.
	Name of sample
	Mean elongation in cms
	Loss or gain over original
	Percentage

	1
	Cotton
	2.10
	-
	-

	2
	Tencel
	2.60
	-
	-

	Cotton samples dyed Karuvelam Bark

	3
	CKMP
	2.24
	0.14
	6.250

	4
	CKMS
	2.46
	0.36
	14.634

	5
	CKMPt
	2.58
	0.48
	18.604

	6
	CKGP
	2.42
	0.32
	13.223

	7
	CKGS
	3.36
	1.26
	37.500

	8
	CKGPt
	2.38
	0.28
	11.764

	Cotton samples dyed with Athi bark

	9
	CAMP
	2.44
	0.34
	13.934

	10
	CAMS
	2.46
	0.36
	14.634

	11
	CAMPt
	2.46
	0.36
	14.634

	12
	CAGP
	2.34
	0.24
	10.256

	13
	CAGS
	2.52
	0.42
	16.666

	14
	CAGPt
	2.38
	0.28
	11.764

	Tencel samples dyed with Karuvelam Bark

	15
	TKMP
	3.18
	0.58
	18.238

	16
	TKMS
	3.62
	1.02
	28.176

	17
	TKMPt
	3.44
	0.84
	24.418

	18
	TKGP
	3.42
	0.82
	23.976

	19
	TKGS
	3.42
	0.82
	23.976

	20
	TKGPt
	3.52
	0.92
	26.136

	Tencel samples dyed with Athi bark

	21
	TAMP
	3.40
	0.8
	23.529

	22
	TAMS
	3.20
	0.6
	18.750

	23
	TAMPt
	3.32
	0.72
	21.686

	24
	TAGP
	3.24
	0.64
	19.753

	25
	TAGS
	3.34
	0.74
	22.155

	26
	TAGPt
	3.02
	0.42
	13.907


ANOVA FOR FABRIC WARP ELONGATION
	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	2641.443
	1
	2641.443
	23.130
	**

	
	Between Dyes
	1385.108
	1
	1385.108
	12.129
	**

	
	Between Mordants
	169.197
	1
	169.197
	1.482
	Ns

	
	Between Techniques
	2051.333
	2
	1025.666
	8.981
	**

	2-way Interaction
	Fabric * Dyes
	0.493
	1
	0.493
	0.004
	Ns

	
	Fabric *  Mordants
	401.187
	1
	401.187
	3.513
	Ns

	
	Fabric * Techniques
	885.277
	2
	442.638
	3.876
	*

	
	Dyes *  Mordants
	867.851
	1
	867.851
	7.599
	**

	
	Dyes  * Techniques
	1386.583
	2
	693.291
	6.071
	**

	
	Mordants * Techniques
	1334.910
	2
	667.455
	5.845
	**

	3-way Interaction
	Fabric * Dyes * Mordants
	196.301
	1
	196.301
	1.719
	Ns

	
	Fabric * Dyes * Techniques
	485.484
	2
	242.742
	2.126
	Ns

	
	Fabric * Mordants * Techniques
	1055.301
	2
	527.651
	4.620
	*

	
	Dyes * Mordants * Techniques
	150.150
	2
	75.075
	0.657
	Ns

	Residual
	
	11191.704
	98
	114.201
	
	

	Total
	
	24202.323
	119
	203.381
	
	


NS - Not Significant;  * - Significant at 5% level;   ** - Significant at 1% level


It is evident from the Table – VII and Figure - VI, that the elongation of the fabric warp side showed increased values among all the dyed samples irrespective of fabrics, dyes, mordants and mordanting techniques used.


Among the cotton samples, the Karuvelum bark dyed sample using myrobalan following post mordanting techniques and Athi bark dyed sample mordanted with guava leaves following, simultaneous mordanting techniques resulted increased elongation of the fabric (warp side) by 18.604 percent and 16.660 percent respectively.


When the tencel sampled dyed by using Karuvelum bark and Athi bark mordanted with myrobalan and guava leaves, thenthe smaple dyed with Karuvelam bark using myrobalan mordant following simultaneous technique, resulted increased in elongation of the fabric (warp side) by 28.176 percent.

Among the cotton and tencel samples dyed with Karuvelam bark and Athi bark using myrobalan and guava leaves as mordanted following all three different techniques showed that TKMS, TAMP, CKMPT,CAMS use increased in elongation warp side
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FABRIC WARP ELONGATION OF THE ORIGINAL AND DYED SAMPLES


Statistical analysis of the data relating to fabric elongation (warp side), comparing the effect of fabrics, dyes, bio-mordanting and mordanting techniques. One percent level of significant difference was found between fabrics, and also between techniques whereas no significant difference was found between mordants and also between dyes.


In two way interaction five percent level of significant difference was found between fabrics and dyes, fabrics and techniques while no significant difference was found between fabrics and mordants, dyes and mordants, dyes and techniques and also mordants and techniques. 

Three way interactions showed that five percent level of significant difference was found between fabrics, dyes and mordants, whereas no significant difference was found between fabric, dyes and mordants, fabrics, mordants and techniques and also between dyes, mordants and techniques.

4.3.2.5 Elongation of the fabric (weft)


The mean elongation (weft side) of the original, mercerized organic cotton and tencel samples compared against cotton and tencel samples dyed by using bio-mordants following three different mordanting are given in Table -VIII and Figure - VII.
TABLE VIII - FABRIC WEFT ELONGATION OF THE ORIGINAL AND DYED SAMPLES
	S.No.
	Name of sample
	Mean elongation (cms)
	Loss or gain over original
	Percentage

	1
	Cotton
	260
	-
	-

	2
	Tencel
	4.12
	-
	-

	Cotton samples dyed Karuvelam Bark

	3
	CKMP
	3.50
	0.9
	25.714

	4
	CKMS
	3.18
	0.58
	18.238

	5
	CKMPt
	3.32
	0.72
	21.686

	6
	CKGP
	3.60
	1.0
	27.777

	7
	CKGS
	3.42
	0.82
	23.976

	8
	CKGPt
	3.36
	0.76
	22.619

	Cotton samples dyed with Athi bark

	9
	CAMP
	3.68
	1.08
	29.347

	10
	CAMS
	3.34
	0.74
	22.155

	11
	CAMPt
	3.38
	0.78
	23.353

	12
	CAGP
	3.34
	0.74
	22.155

	13
	CAGS
	3.28
	0.68
	20.731

	14
	CAGPt
	3.48
	0.88
	25.287

	Tencel samples dyed with Karuvelam Bark

	15
	TKMP
	4.56
	0.44
	9.649

	16
	TKMS
	4.74
	0.62
	13.080

	17
	TKMPt
	4.60
	0.48
	10.434

	18
	TKGP
	4.62
	0.5
	10.822

	19
	TKGS
	4.46
	0.34
	7.623

	20
	TKGPt
	4.48
	0.36
	8.035

	Tencel samples dyed with Athi bark

	21
	TAMP
	4.40
	0.28
	6.363

	22
	TAMS
	4.34
	0.22
	5.069

	23
	TAMPt
	4.44
	0.32
	5.069

	24
	TAGP
	4.40
	0.28
	6.363

	25
	TAGS
	4.36
	0.24
	5.504

	26
	TAGPt
	4.36
	0.24
	5.504


ANOVA FOR FABRIC WEFT ELONGATION
	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	14902.350
	1
	14902.350
	401.383
	**

	
	Between Dyes
	115.444
	1
	115.444
	3.109
	Ns

	
	Between Mordants
	9.163
	1
	9.163
	0.247
	Ns

	
	Between Techniques
	435.001
	2
	217.500
	5.858
	**

	2-way Interaction
	Fabric * Dyes
	223.733
	1
	223.733
	6.026
	*

	
	Fabric *  Mordants
	34.057
	1
	34.057
	0.917
	Ns

	
	Fabric * Techniques
	338.847
	2
	169.423
	4.563
	*

	
	Dyes *  Mordants
	78.067
	1
	78.067
	2.103
	Ns

	
	Dyes  * Techniques
	59.877
	2
	29.939
	0.806
	Ns

	
	Mordants * Techniques
	29.024
	2
	14.512
	0.391
	Ns

	3-way Interaction
	Fabric * Dyes * Mordants
	226.188
	1
	226.188
	6.092
	*

	
	Fabric * Dyes * Techniques
	21.602
	2
	10.801
	0.291
	Ns

	
	Fabric * Mordants * Techniques
	212.307
	2
	106.154
	2.859
	Ns

	
	Dyes * Mordants * Techniques
	151.103
	2
	75.552
	2.035
	Ns

	Residual
	
	3638.497
	98
	37.128
	
	

	Total
	
	20475.260
	119
	172.061
	
	


NS - Not Significant;  * - Significant at 5% level;   ** - Significant at 1% level

It is evident from the Table – VIII and Figure - VII, that the elongation of the fabric wft side showed increased values among all the dyed samples irrespective of fabrics, dyes, mordants and mordanting techniques used.

Among the cotton samples, dyed with Karuvelum bark and Athi bark dyes, mordanted with guava leaves and myrobalan mordants following      pre-mordanting technique in both techniques resulted in highest elongation of the fabric weft side by 29.347 percent and 27.777 percent respectively.

Among the tencel smples, the samples dyed with Karuvelum bark using myrobalan and guava leaves as mordants following simultaneous and pre-mordanting techniques resulted in increased elongation of the fabric (weft side) by 13.080 percent and 10.822 percent respectively. 

Among the cotton and tencel samples dyed with karuvelam bark and athi bark using myrobalan and guava leaves as mordant increased in all three Techniques CAMP, CKGP, TKGP WITH regard to elongation (weft side).

Statistical analysis of the data relating to fabric elongation               (weft side) comparing the effect of fabrics, dyes, bio-mordants and mordanting 
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FABRIC WEFT ELONGATION OF THE ORIGINALAND DYED SAMPLES

techniques. One percent level of significant difference was found between fabrics, dyes and also between techniques, whereas no significant difference was found between dyes and also between mordants.In two- way interaction five percent level of significant difference was found between fabrics and techniques whereas no significant difference was found between fabrics and mordants and fabrics and dyes, one percent level of significant difference was found between dyes and techniques and also between mordants and techniques.


Three ways interaction revealed that five percent level of significant difference was noted between fabrics, mordants and techniques whereas no significant difference was found between fabrics, dyes and mordants, fabrics, dyes and techniques and also between dyes, mordants and techniques.
4.2 Wettability and absorbency tests


The wettability and Absorbency tests include drop tests, sinking test and capillary rise test. 

4.2.1 Drop test


The mean drop test values of the cotton and tencel original samples compared against cotton and tencel samples dyed by using bio-mordants following three different mordanting techniques and percentage gain or loss over original cotton and tencel samples are given in Table – IX and Figure -VIII.

TABLE IX – DROP TEST OF ORIGINAL AND DYED SAMPLES
	S.No.
	Name of sample
	Mean (seconds)
	Loss or gain over original
	Percentage

	1
	Cotton
	9.0
	-
	-

	2
	Tencel
	14.0
	-
	-

	Cotton samples dyed Karuvelam Bark

	3
	CKMP
	11.0
	2.0
	18.181

	4
	CKMS
	11.0
	2.0
	18.181

	5
	CKMPt
	11.0
	2.0
	18.181

	6
	CKGP
	11.0
	2.0
	18.181

	7
	CKGS
	13.0
	4.0
	30.769

	8
	CKGPt
	12.0
	3.0
	25.000

	Cotton samples dyed with Athi bark.

	9
	CAMP
	13.0
	4.0
	30.769

	10
	CAMS
	14.0
	5.0
	35.714

	11
	CAMPt
	12.0
	3.0
	25.000

	12
	CAGP
	12.0
	3.0
	25.000

	13
	CAGS
	14.0
	5.0
	35.714

	14
	CAGPt
	12.0
	3.0
	25.000

	Tencel samples dyed with Karuvelam Bark

	15
	TKMP
	16.0
	2.0
	12.500

	16
	TKMS
	18.0
	4.0
	22.222

	17
	TKMPt
	16.0
	2.0
	12.500

	18
	TKGP
	17.0
	3.0
	17.647

	19
	TKGS
	17.0
	3.0
	17.647

	20
	TKGPt
	17.0
	3.0
	17.647

	Tencel samples dyed with Athi bark

	21
	TAMP
	16.0
	2.0
	12.500

	22
	TAMS
	18.0
	4.0
	22.222

	23
	TAMPt
	17.0
	3.0
	17.647

	24
	TAGP
	16.0
	2.0
	12.500

	25
	TAGS
	18.0
	4.0
	22.222

	26
	TAGPt
	17.0
	3.0
	17.647


ANOVA FOR DROP TEST

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	3034.412
	1
	3034.412
	22.086
	**

	
	Between Dyes
	1589.695
	1
	1589.695
	11.571
	**

	
	Between Mordants
	37.219
	1
	37.219
	0.271
	Ns

	
	Between Techniques
	1953.004
	2
	976.502
	7.108
	**

	2-way Interaction
	Fabric * Dyes
	1099.499
	1
	1009.499
	8.003
	**

	
	Fabric *  Mordants
	102.578
	1
	102.578
	0.747
	Ns

	
	Fabric * Techniques
	171.958
	2
	85.979
	0.626
	Ns

	
	Dyes *  Mordants
	658.988
	1
	658.988
	4.796
	*

	
	Dyes  * Techniques
	366.050
	2
	183.025
	1.332
	Ns

	
	Mordants * Techniques
	46.704
	2
	23.352
	0.170
	Ns

	3-way Interaction
	Fabric * Dyes * Mordants
	359.424
	1
	359.424
	2.616
	Ns

	
	Fabric * Dyes * Techniques
	153.632
	2
	76.816
	0.559
	Ns

	
	Fabric * Mordants * Techniques
	553.240
	2
	276.620
	2.013
	Ns

	
	Dyes * Mordants * Techniques
	100.294
	2
	50.147
	0.365
	Ns

	Residual
	
	13464.214
	98
	137.390
	
	

	Total
	
	23690.913
	119
	199.083
	
	


NS - Not Significant;  * - Significant at 5% level;   ** - Significant at 1% level

It is evident from the Table – IX and Figure - VIII that among the dyed samples irrespective of fabrics, dyes, mordants and mordanting techniques, the time taken for absorbency by drop test had increased. The greater the mean value lesser is the absorbency of the samples.

Among the cotton samples, the sample dyed with Athi bark using myrobalan and guava leaves as mordant following simultaneous mordanting technique showed maximum increase in percentage of time taken for drop test by 35.714 percent. Karuvelam bark dyed sample using guava leaves as mordant following simultaneous mordatning techniques exhibited 30.769 percent. Among the tencel samples, the samples dyed with Karuvelam bark and Athi bark mordanted with myrobalan and guava leaves following simultaneous mordanting techniques revealed unwettable performance increased in the percent of time taken for drop test as 22.222 percent than the rest of the samples. 
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Among the cotton and tencel samples dyed with bio- mordants, karuvelam bark and athi bark following prl, simultaneous and post mordanting techniques CKGS, CAGS, CAMS, TKMS, TAMS, TAGS recorded higher absorbency performance for drop test.

Statistical analysis of the data relating to fabric drop test comparing the effect of fabrics, dyes, bio-mordants and mordanting techniques. One percent level of significant difference was found between fabrics and dyes and also between techniques whereas no significant difference was identified between mordants.


In two way interactions five percent level of significant difference was recorded between mordants and dyes. One percent level of significant was found between fabrics and dyes where as no significant difference was identified between fabric and mordants, fabrics and techniques, dyes and techniques and also between mordants and techniques.


Three way interactions showed that the no significant difference was found between fabrics, dyes and mordants, between fabrics, dyes and techniques between fabrics, mordants and techniques and also between dyes, mordants and techniques.
4.2.2 Sinking test


The mean sinking test values of the cotton and tencel original samples compared against cotton and tencel samples dyed by using bio-mordants following three different mordanting techniques and percentage gain or loss over original cotton and tencel samples are given in Table – X and Figure - IX.

TABLE X - SINK TEST OF ORIGINAL AND DYED SAMPLES

	S.No.
	Name of sample
	Mean (seconds)
	Loss or gain over original
	Percentage

	1
	Cotton
	11.0
	-
	-

	2
	Tencel
	16.0
	-
	-

	Cotton samples dyed Karuvelam Bark

	3
	CKMP
	15.0
	4.0
	26.666

	4
	CKMS
	15.0
	4.0
	26.666

	5
	CKMPt
	14.0
	3.0
	21.428

	6
	CKGP
	16.0
	5.0
	31.250

	7
	CKGS
	16.0
	5.0
	31.250

	8
	CKGPt
	16.0
	5.0
	31.250

	Cotton samples dyed with Athi bark

	9
	CAMP
	16.0
	5.0
	31.250

	10
	CAMS
	15.0
	4.0
	26.666

	11
	CAMPt
	16.0
	5.0
	31.250

	12
	CAGP
	15.0
	4.0
	26.666

	13
	CAGS
	14.0
	3.0
	21.428

	14
	CAGPt
	15.0
	4.0
	26.666

	Tencel samples dyed with Karuvelam Bark

	15
	TKMP
	18.0
	2.0
	11.111

	16
	TKMS
	17.0
	1.0
	5.882

	17
	TKMPt
	17.0
	1.0
	5.882

	18
	TKGP
	19.0
	3.0
	15.789

	19
	TKGS
	20.0
	4.0
	20.000

	20
	TKGPt
	19.0
	3.0
	15.789

	Tencel samples dyed with Athi bark

	21
	TAMP
	18.0
	2.0
	11.111

	22
	TAMS
	21.0
	5.0
	23.809

	23
	TAMPt
	20.0
	4.0
	20.000

	24
	TAGP
	18.0
	2.0
	11.111

	25
	TAGS
	20.0
	4.0
	20.000

	26
	TAGPt
	19.0
	3.0
	15.789


ANOVA FOR SINK TEST

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	9584.499
	1
	74.807
	74.807
	**

	
	Between Dyes
	239.184
	1
	1.867
	1.867
	NS

	
	Between Mordants
	84.885
	1
	0.663
	0.663
	NS

	
	Between Techniques
	173.383
	2
	0.677
	0.677
	NS

	2-way Interaction
	Fabric * Dyes
	414.365
	1
	3.234
	3.234
	NS

	
	Fabric *  Mordants
	301.507
	1
	2.353
	2.353
	NS

	
	Fabric * Techniques
	182.801
	2
	0.713
	0.713
	NS

	
	Dyes *  Mordants
	2304.595
	1
	17.987
	17.987
	**

	
	Dyes  * Techniques
	246.229
	2
	0.961
	0.961
	NS

	
	Mordants * Techniques
	138.650
	2
	0.541
	0.541
	NS

	3-way Interaction
	Fabric * Dyes * Mordants
	15.942
	1
	0.124
	0.124
	NS

	
	Fabric * Dyes * Techniques
	387.503
	2
	1.512
	1.512
	NS

	
	Fabric * Mordants * Techniques
	1.143
	2
	0.004
	0.004
	NS

	
	Dyes * Mordants * Techniques
	141.461
	2
	0.552
	0.552
	NS

	Residual
	
	12556.011
	98
	
	
	

	Total
	
	26772.156
	119
	
	
	


NS - Not Significant;  * - Significant at 5% level;   ** - Significant at 1% level

It is evident from the Table – X and Figure – IX that among the dyed samples irrespective of fabrics, dyes, mordants and mordanting techniques, the time taken for absorbency by sinking test had increased. The greater the mean value lesser is the absorbency of the samples.

Among the cotton samples, the sample dyed with Karuvelum bark using guava leaves as mordant following pre-mordanting, simultaneous and post- mordanting technique and also the sample dyed with Athi bark using myrobalan as mordant following pre and post mordatning techniques resulted to maximum increased values by 31.250 percent.

Among the tencel samples, the samples dyed with Athi bark and with myrobalan following simultaneous mordanting techniques recorded maximum increased of 23.809 percent for sinking test followed by the samples dyed with Karuvelam bark and Athi bark mordanted with myrobalan and guava leaves using simulataneous an dpost mordanting techniques tevealed by 25.00 percent.
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Among the cotton and tencel sample dyed with karuvelam bark and athi bark using myrobalan and guava leaves as mordant following pre, simultaneous, post mordanting techniques recorded CKGP, CKGS, CKGPt, TAMS resulted in highest increase in sinking test.

Statistical analysis of the data relating to fabric sinking test comparing the effect of fabrics, dyes, bio-mordants and mordanting techniques.    
One percent level of significant difference was found between fabrics. No significant difference was found between dyes, techniques and mordants.


In two way interactions one percent level of significant difference was found between mordants and dyes whereas no significant difference was identified between fabric and dyes, fabrics and mordants, fabrics and techniques, dyes and techniques and also between mordants and techniques.


Three way interactions revealed that no significant difference was found between fabrics, dyes and mordants, fabrics, dyes and techniques, fabric, mordant and techniques and also between dyes, mordants and techniques.
4.2.3 Capillary test


The mean capillary test values of the cotton and tencel original samples compared against cotton and tencel samples dyed by using bio-mordants following three different mordanting techniques and percentage gain or loss over original cotton and tencel samples are given in Table – XI and Figure - X.

TABLE XI – CAPILLARY RISE OF ORIGINAL AND DYED SAMPLES
	S.No.
	Name of sample
	Mean (seconds)
	Loss or gain over original
	Percentage

	1
	Cotton
	2.20
	
	

	2
	Tencel
	2.50
	
	

	Cotton samples dyed Karuvelam Bark

	3
	CKMP
	2.50
	0.3
	12.000

	4
	CKMS
	2.60
	0.4
	15.384

	5
	CKMPt
	2.50
	0.3
	12.000

	6
	CKGP
	2.50
	0.3
	12.000

	7
	CKGS
	2.70
	0.5
	18.518

	8
	CKGPt
	2.60
	0.4
	15.384

	Cotton samples dyed with Athi bark

	9
	CAMP
	2.50
	0.3
	12.000

	10
	CAMS
	2.60
	0.4
	15.384

	11
	CAMPt
	2.60
	0.4
	15.384

	12
	CAGP
	2.60
	0.4
	15.384

	13
	CAGS
	2.70
	0.5
	18.518

	14
	CAGPt
	2.60
	0.4
	15.384

	Tencel samples dyed with Karuvelam Bark

	15
	TKMP
	2.90
	0.4
	13.793

	16
	TKMS
	2.70
	0.2
	7.407

	17
	TKMPt
	2.80
	0.3
	10.714

	18
	TKGP
	2.70
	0.2
	7.407

	19
	TKGS
	2.80
	0.3
	10.714

	20
	TKGPt
	2.80
	0.3
	10.714

	Tencel samples dyed with Athi bark

	21
	TAMP
	2.90
	0.4
	13.793

	22
	TAMS
	2.70
	0.2
	7.407

	23
	TAMPt
	2.80
	0.3
	10.714

	24
	TAGP
	3.0
	0.5
	16.666

	25
	TAGS
	2.80
	0.3
	10.714

	26
	TAGPt
	3.0
	0.5
	16.666
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ANOVA FOR CAPILLARY TEST

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	359.273
	1
	359.273
	11.748
	**

	
	Between Dyes
	58.618
	1
	58.618
	1.917
	NS

	
	Between Mordants
	205.445
	1
	205.445
	6.718
	**

	
	Between Techniques
	55.466
	2
	27.733
	0.907
	NS

	2-way Interaction
	Fabric * Dyes
	46.701
	1
	46.701
	1.527
	NS

	
	Fabric *  Mordants
	1.670
	1
	1.670
	0.055
	NS

	
	Fabric * Techniques
	428.458
	2
	214.229
	7.005
	**

	
	Dyes *  Mordants
	94.708
	1
	94.708
	3.097
	NS

	
	Dyes  * Techniques
	81.545
	2
	40.772
	1.333
	NS

	
	Mordants * Techniques
	97.135
	2
	48.567
	1.588
	NS

	3-way Interaction
	Fabric * Dyes * Mordants
	111.391
	1
	111.391
	3.642
	NS

	
	Fabric * Dyes * Techniques
	4.086
	2
	2.043
	0.067
	NS

	
	Fabric * Mordants * Techniques
	43.510
	2
	21.755
	0.711
	NS

	
	Dyes * Mordants * Techniques
	30.372
	2
	15.186
	0.497
	NS

	Residual
	
	2996.949
	98
	30.581
	
	

	Total
	
	4615.328
	119
	38.784
	
	


NS - Not Significant;  * - Significant at 5% level;   ** - Significant at 1% level

It is evident from the Table – XI and Figure - X that among the dyed samples irrespective of fabrics, dyes, bio-mordants and mordanting techniques, the time taken for absorbency by capillary test had increased. The greater the mean value lesser is the absorbency of the samples.

Among the cotton samples, the sample dyed with Karuvelum bark and Athi bark using guava leaves as mordant following simultaneous mordanting technique  resulted to increased in percent of time taken for capillary rise test by 18.518 percent, and the sample dyed with Karuvelam bark and Athi bark mordant with myrobalan showed increased value by 15.384 percent for capillary rise test.

Among the tencel samples, the samples dyed with Athi bark and with guava leaves as mordant following pre, simultaneous and post mordanting techniques exhibited increased value by 16.666 percent for capillary rise test followed by the samples dyed with Karuvelam bark and Athi bark mordanted with myrobalan using pre mordanting techniques resulted to increased value by 13.793 percent the time taken for the capillary rise test.

With regard to capillary rise test the cotton and tencel samples fyed by Karuvelan bark and Athi bark dyes mordatned withmyroobalan and guava leaves following all the three techniques revealed unwettable performance by means showing increased values when compared to their respective original.

Statistical analysis of the data relating to fabric capillary test comparing the effect of fabrics, dyes, bio-mordants and mordanting techniques. One percent level of significant difference was found between fabrics and mordants whereas no significant difference was found between dyes and also between techniques.

In two way interactions revealed that one percent level of significant difference was found between fabrics and techniques. No significant difference was identified between fabric and dyes, fabrics and mordants, dyes and techniques and also between mordants and techniques.
 In three way interactions showed that no significant difference was found between fabrics, dyes and mordants, fabrics, dyes and techniques, fabrics, mordants and techniques and also between dyes, mordants and techniques.
4.3 Colourfastness test
The results of the colourfastness test on exposure to sunlight, washing, crocking and pressing for the cotton and tencel samples dyed by using bio-mordants following three different mordanting techniques are given in      Table – XII.
TABLE – XII COLOUR FASTNESS OF ORIGINAL AND DYED SAMPLES
	S.No.
	Samples  
	Colour fastness to sunlight
	Colour fastness to pressing
	Colour fastness to crocking
	Colour fastness to washing
	Percentage 

	
	
	
	Dry staining
	Wet staining
	Dry
	Wet
	Colour change
	Colour staining
	

	Cotton samples dyed Karuvelam Bark

	1
	CKMP
	5
	4
	5
	4
	5
	4
	5
	91.4

	2
	CKMS
	4
	5
	4
	5
	4
	5
	4
	91.4

	3
	CKMPt
	4
	4
	5
	5
	5
	4
	5
	91.4

	4
	CKGP
	4
	5
	5
	5
	5
	5
	5
	97.1

	5
	CKGS
	5
	5
	5
	5
	5
	5
	5
	100

	6
	CKGPt
	5
	5
	4
	5
	4
	5
	4
	91.4

	Cotton samples dyed with Athi bark

	7
	CAMP
	5
	4
	5
	4
	4
	5
	4
	88.5

	8
	CAMS
	4
	5
	4
	4
	5
	4
	5
	88.5

	9
	CAMPt
	5
	4
	4
	4
	4
	5
	5
	88.5

	10
	CAGP
	4
	4
	4
	5
	5
	5
	5
	91.4

	11
	CAGS
	5
	4
	5
	5
	5
	4
	5
	94.2

	12
	CAGPt
	4
	4
	5
	4
	5
	5
	5
	91.4

	Tencel samples dyed with Karuvelam Bark

	13
	TKMP
	4
	5
	4
	4
	5
	4
	5
	88.5

	14
	TKMS
	4
	5
	4
	5
	5
	5
	4
	91.4

	15
	TKMPt
	5
	5
	4
	4
	5
	5
	4
	91.4

	16
	TKGP
	4
	5
	5
	5
	5
	5
	4
	91.4

	17
	TKGS
	5
	5
	4
	5
	5
	4
	5
	94.2

	18
	TKGPt
	4
	5
	5
	5
	5
	5
	5
	97.2

	Tencel samples dyed with Athi bark

	19
	TAMP
	5
	5
	5
	5
	4
	4
	5
	94.2

	20
	TAMS
	4
	5
	5
	5
	5
	5
	5
	97.1

	21
	TAMPt
	5
	5
	4
	5
	5
	4
	5
	94.2

	22
	TAGP
	5
	4
	5
	5
	5
	5
	5
	97.1

	23
	TAGS
	5
	4
	5
	5
	5
	4
	5
	94.2

	24
	TAGPt
	5
	4
	5
	5
	5
	5
	5
	97.1


The above Table clearly showed that among the cotton samples dyed with Karuvelam bark and Athi bark using myraobalan and guava leaves mordanted samples following all the three mordanting techniques, the sample CKGS recorded excellent colourfastness properties by scouring 100 percent with regard to colourfastness tests.

Among the tencel samples the sample dyed with Karuvealm bark and Athi bark using guava leaves and myrobalan as mordant following all the three technique values ranging from 97.1 percent to 88.5 percent with regard to various colourfastness properties.

Thus the colour fastness of the natural dyed samples showed  an excellent rating sunlight, washing, crocking, pressing in general for all the samples irrespective of the dyes, mordants and mordanting techniques.
5. 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 the natural dyes, especially vegetable colourants have around considerable interest in dyeing of textile due to their eco-friendly nature and harmful effect of synthetic dyes, the major advantages of natural dye are that they are biodegradable, non-carcinogenic, non- mutagenic and colour soothing to human eyes, dyeing with natural dyes can be a way of value addition to the textile products.

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

         
Hence the investigator made an attempt to study “Effect of selection natural dyes on cotton and tencel fabrics” with the following objectives.

      
Cotton is the natural vegetable fibre and is the oldest and important textile fibre and has great economic importance as a raw material for textiles. Cotton fabric is mostly considered for its natural aesthetic and comfort characteristics and is suitable for all weathers. Cotton is able to withstand high temperatures, which allows it to be laundered repeatedly cotton fabric having the advantage of showing good affinity towards many of the natural dyes.
         Tencel fabric is an amazing eco-friendly fabric that represents a milestone in the development of environmentally sustainable textiles, made with wood pulp from sustainable tree farms the use of natural dyes prevails that our beloved nature survives for the future. The natural dyes helps, to create a demand for these products providing income and incentive for people to maintain practices of local sustainability, remaining close a family and tradition. 

Nomenclature of the Dyed Samples
	Sample code

	CKMP
	CAMP
	TKMP
	TAMP

	CKMS
	CAMS
	TKMS
	TAMS

	CKMPt
	CAMPt
	TKMPt
	TAMPt

	CKGP
	CAGP
	TKGP
	TAGP

	CKGS
	CAGS
	TKGS
	TAGS

	CKGPt
	CAGPt
	TKGPt
	TAGPt


Fabric: C - Cotton;  T - Tencel;  

Bio-Mordants: M - Myrobalan; G - Guava leaves; 

Mordanting techniques: P - Pre; S - Simultaneous t - Post;

Dyes: K - Karuvelan bark; A - Athi bark ;
Visual inspection
With reference to evenness in dyeing, brilliancy of colours, textre and general appearance of the dyed samples. With regards to visual inspection, among the cotton and tencel samples dyed by using karuvelam bark an athi bark mordanted with myrobalan and guava leaves CKMS, CAMP, and CAMS, TKGS, TAMS and TAGPt. Samples recorded 100% acceptance.

Fabric weight

      
Among the cotton and tencel samples dyed by using karuvelam bark and athibark using myrobalan and guava leaves following all the three techniques samples CAGS and TAMPT ranked high with regard to fabric weight.

Fabric thickness

      
Among the cotton and tencel samples dyed with bio mordants following three different techniques revealed that karuvelam bark and athi bark, recorded the highest value in CKGPT and TKGS in fabric thickness.

Tensile strength (warp side)

        
Among the cotton and tencel samples dyed with karuvelam bark and athi bark using myrobalam and guava leaves following all the three different techniques, recorded highest value in CKGPT, CAMS, TKGS, TAMS, TAGS with regard to tensile strength [warp side].

Tensile strength (weft side)

     
Among the cotton and tencel samples dyed with kanuvelam bark and athi bark using bio-mortant as guava leaves and myrobalan following pre, post, simultaneous technique CAGPT, AND TAMS, TAGP ranked high with regard to tensile strength (weft side)

Elongation (warp side)

         Among the cotton and tencel samples dyed with Karuvelam bark and Athi bark using myrobalan and guava leaves as mordanted following all three different techniques showed that TKMS, TAMP, CKMPT,CAMS use increased in elongation warp side

Elongation (weft side)

     
Among the cotton and tencel samples dyed with karuvelam bark and athi bark using myrobalan and guava leaves as mordant increased in all three Techniques CAMP, CKGP, TKGP WITH regard to elongation [weft side]

Drop test
      
Among the cotton and tencel samples dyed with bio- mordants, karuvelam bark and athi bark following prl, simultaneous and post mordanting techniques CKGS, CAGS, CAMS, TKMS, TAMS, TAGS recorded higher absorbency performance for drop test.

Sinking test


Among the cotton and tencel sample dyed with karuvelam bark and athi bark using myrobalan and guava leaves as mordant following pre, simultaneous, post mordanting techniques recorded CKGP, CKGS, CKGPt, TAMS resulted in highest increase in sinking test.

Capillary test 

With regard to capillary rise test the cotton and tencel samples fyed by Karuvelan bark and Athi bark dyes mordatned withmyroobalan and guava leaves following all the three techniques revealed unwettable performance by means showing increased values when compared to their respective original.

Colourfastness test

Thus the colour fastness of the natural dyed samples showed  an excellent rating sunlight, washing, crocking, pressing in general for all the samples irrespective of the dyes, mordants and mordanting techniques.
CONCLUSION

Natural colourant extracted from the bark is utilized for colouration of cotton and tencel fabric.  Different mordants at varying concentrations well used for pre-mordanting cotton and Tencel to study their effect on the colour values and fastness properties of the dyed samples. The dye extract was found to have good affinity towards cotton and tencel even with the use of mordants. The colour strength and fastness properties of all dyeing well found to be satisfactory. Different concentration resulted in a slightly improved colour values compared to the unmordanted sample but not much difference was observed with respect to fastness properties.

With regard to created dyed samples were ranked excellent among 24 samples CAMS was ranked as excellent by scoring maximum.
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APPENDIX – I

DETAILS OF THE SELECTED FABRICS

	COTTON
	

	[image: image19.png]




	Composition - 100%

Type              - Long
Weave           - Plain

End/inch       - 62

Picks/inch     - 55

Fabric width - 42”

Price/meter   - Rs.100

	
	

	TENCEL
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	Composition - 100%

Type              - Long
Weave           - Plain

Ends/inch      - 67
Picks/inch     - 59
Fabric width – 60”
Price/meter   - Rs.125


APPENDIX II
PROFORMA USED TO EVALUATE THE DYED SAMPLES 
VISUAL EVALUATION

	S.No.
	Samples  
	Colour fastness to sunlight
	Colour fastness to pressing
	Colour fastness to crocking
	Colour fastness to washing
	Percentage 

	
	
	
	Dry staining
	Wet staining
	Dry
	Wet
	Colour change
	Colour staining
	

	Cotton samples dyed Karuvelam Bark

	1
	CKMP
	
	
	
	
	
	
	
	

	2
	CKMS
	
	
	
	
	
	
	
	

	3
	CKMPt
	
	
	
	
	
	
	
	

	4
	CKGP
	
	
	
	
	
	
	
	

	5
	CKGS
	
	
	
	
	
	
	
	

	6
	CKGPt
	
	
	
	
	
	
	
	

	Cotton samples dyed with Athi bark

	7
	CAMP
	
	
	
	
	
	
	
	

	8
	CAMS
	
	
	
	
	
	
	
	

	9
	CAMPt
	
	
	
	
	
	
	
	

	10
	CAGP
	
	
	
	
	
	
	
	

	11
	CAGS
	
	
	
	
	
	
	
	

	12
	CAGPt
	
	
	
	
	
	
	
	

	Tencel samples dyed with Karuvelam Bark

	13
	TKMP
	
	
	
	
	
	
	
	

	14
	TKMS
	
	
	
	
	
	
	
	

	15
	TKMPt
	
	
	
	
	
	
	
	

	16
	TKGP
	
	
	
	
	
	
	
	

	17
	TKGS
	
	
	
	
	
	
	
	

	18
	TKGPt
	
	
	
	
	
	
	
	

	Tencel samples dyed with Athi bark

	19
	TAMP
	
	
	
	
	
	
	
	

	20
	TAMS
	
	
	
	
	
	
	
	

	21
	TAMPt
	
	
	
	
	
	
	
	

	22
	TAGP
	
	
	
	
	
	
	
	

	23
	TAGS
	
	
	
	
	
	
	
	

	24
	TAGPt
	
	
	
	
	
	
	
	


APPENDIX III
GREY SCALE USED TO EVALUATE THE DYED SAMPLES

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

	5

4

3

2

1
	No change (excellent)

Slightly changed (good)

Noticeable changed (fair)

Considerably changed (poor)

Much changed (very poor)

	Nomenclature
	Used for staining

	5

4

3

2

1
	No staining (excellent)

Slightly staining (good)

Noticeable staining (fair)

Considerably staining (poor)

Much staining(very poor)


APPENDIX IV

SAMPLES DYED BY USING ALL THE THREE MORDANTING TECHNIQUES WITH SELECTED DYES AND PROCESSED MORDANTS

COTTON SAMPLES

	MORDANTING
	SAMPLE NAME
	KARUVELAN BARK
	SAMPLE NAME
	ATHI BARK

	PRE
	CKMP
	[image: image21.png]



	CAMP
	

	SIMULTANEOUS
	CKMS
	
	CAMS


	

	POST
	CKMPt
	
	CAMPt
	

	PRE
	CKGP


	
	CAGP
	

	SIMULTANEOUS
	CKGS
	
	CAGS
	

	POST
	CKGPt
	
	CAGPt
	


TENCEL SAMPLES

	MORDANTING
	SAMPLE NAME
	KARUVELAN BARK
	SAMPLE NAME
	ATHI  BARK

	PRE
	TKMP
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	TAMP
	

	SIMULTANEOUS
	TKMS
	
	TAMS


	

	POST
	TKMPt
	
	TAMPt
	

	PRE
	TKGP


	
	TAGP
	

	SIMULTANEOUS
	TKGS
	
	TAGS
	

	POST
	TKGPt
	
	TAGPt
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