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1. INTRODUCTION


Textile industry occupies a unique place in our country.  It is the second largest employment generator after agriculture. Textile industry is providing one of the most basic needs of people and holds its importance, maintaining sustained growth for improving quality of life. Textile is one of the leading industries contributing maximum is labor force and foreign exchange is also looking forward for new arrivals.  It is an integral part of everyone’s life and is developing into an interdisciplinary high tech product.  In the past, textiles were considered primarily for economical and functional point of view reveals Singh (2008).

 It has a unique position as a self-reliant industry, from the production of raw materials to the delivery of finished products, with substantial value addition at each stage of processing; it is a major contribution to the country’s economy (www.fibertofashion.com). Textile is a flexible material consisting of a network of natural or artificial fibers often referred to as thread or yarn, reveals, Goul (2004).  Fibers are natural or chemical structures that can be spun into yarns.  Cellulose fibers start   as raw natural materials, like cotton or wood pulp are regenerated to form a filament that can be made into yarn for wearing or knitting  into fabric. These cellulosic fibers originates from natural plants but are chemically altered in a different process to make fabrics (www.answers.com).  Fabrics made from cellulose fiber are very versatile and gives some very desirable qualities.  Murthy (2007) denotes cellulose fibers are everywhere and it would be difficult to imagine life without them.  Cellulose fibers are regenerated cellulose used as textile fibers such as rayon, modal & more recently developed Lyocell. Regenerated cellulosic fibers are produced from raw materials of cotton linters or wood pulp that form fibers naturally.  These raw materials are reformed to produce fibers or filaments suitable for making into yarns.


 Organic Cotton is grown using methods and materials that have a low impact on the environment.  Organic production systems replenish and maintain soil fertility, reduce the use of toxic and persistent pesticides and fertilizers, and build biologically diverse agriculture. With the world heading towards a greener, more eco-friendly lifestyle, and Organic Cotton production has become more and more common. Organic Cotton production is a consumer driven initiative.  Globally, nearly90 million acres of cotton are grown in more than two countries.  It is estimated that little over 8,000 hectares of Organic Cotton are grown in various countries. "Certified organic manufacturing facilities will often use low-impact dyes that use clays, vegetables or minerals to create varying shades" (Everman, 2008). 
A danger to human life cotton uses about 25% of the world’s insecticide and more than 10% of the pesticides are Cyanazine, Dicofol, Naled, Propargite and Trifluralin are top five pesticides used on cotton which causes cancer. In India, 91% of male cotton farm workers regularly exposed to pesticides 8 hours or more per day experience some type of health disorder, including chromosomal aberrations, cell death and decay enumerates Senthil (2007).


The Organic Cotton is stronger more durable fabric and creates luxury designs suggests Jenny (2011). Organic agriculture does not use tonic and persistent pesticides resulting in protection of the health of the people and the environment by reducing the exposure to toxic chemical from synthetic pesticides that can end up in the ground air, water and food supply. Tencel (Lenzing fibers ‘brand name for Lyocell) is a new all natural fiber.  It is made with wood pulp cellulose from the eucalyptus free, it uses a non-tonic solvent during its production process and dose to 100% of the solved is recovered which is not broken down in water treatments. Tencel is known for its lustre and drape and it flatters the human form reveals Agarwal et al. (2005) .Tencel Nano fibrils are hydrophilic in nature and have the ability to optimize the absorption of moisture with excellent cooling properties (www.lenzing.com). 


As of 2010 (Lyocell) is more expensive to produce than cotton or rayon since it is used in many everyday fabrics. Lyocell can be blended with a variety of other fibers.  It is also used in conveyor belts, specialty papers and medical dressings and also baby diaper wipe (www.wikipedia.com). Love for colour is a natural instinct (www.dyeonline.com) colours have always fascinated human kind for aesthetic and social reasons without which one cannot dare  to imagine the world. The world of textiles without colour is almost unimaginable.  Colour may be nature origin or synthetically developed denote Kumar et al (2005). Nature is full of fascinating colours and people have been exploiting them for dyeing textiles using them in food and other items of daily use reveals Sudhakar and Gowda (2011).


Colour is something which makes the object more appealing attractive and gives the pleasure of observation explains Vijaya (2009).  Colour is one of the greatest joy of life, its exploration and uses are never ending and is involved in life, art, design, lift style and fashion colour has been an important part of our  life style, expression, decoration and design since the dawn of civilization point out Fatima et al. (2007). The art of dyeing has played an important role in adding beauty to textiles reveals Radhika et al. (2007).  The widely and commercially used synthetic dyes impart strong colours but causes carcinogenicity and inhibition of benthic photo synthesis quote Adeel et al. (2009).  In order to overcome, natural dyes are extensively used in growing textile production. The art of dyeing spread widely as civilization advanced states Ruhi et al. (2011).

Natural dyes are known for their use in coloring of food substrate, leather as well as natural fibers like wool, silk and cotton as major areas of application since pre-historic times reveals Samantha et al. (2009).  According to Kulkarni, (2011) Set all year the use of natural dyes has increased several folds in the past few years due to the eco-friendly approach of the people.  Ahmad Khan et al. (2011) states color application on textiles is one of the most important processes of fabric development & utilization. Nature is full of fascinating colors & people have been exploiting them for dyeing textiles using them in food & other items of daily use reveals Sudhakar and Gowda (2011). Presently there is an excessive  use of synthetic dyes, estimated at around 10,00,000 tons per annum the production and application  of which release vast amount of water and unfixed colorants causing serious health hazards and disturbing the eco-balance states Goodarzian (2010).  According to Kulkarni (2011), there is increasing awareness among people towards natural dyes.


The application and use of natural dyes revealed and the position continued to be much the same until the recent past, growing consciousness  about environmental preservation, control of pollution and conventional wisdom and belief regarding environment friendliness of natural dyes        have renewed interest for use of natural  dyes for textile coloration denote Debasish and Ruhi (2011). Natural dyes are mostly non-substantive and  must be applied on textiles with the help of mordants, usually a metallic     salt, having an affinity for both the coloring matter and the fiber (www.earthguild.com/products/Dyes/dye.htm). Mordants usually have storing co-ordinating power and capable of forming week to medium attraction /interaction forces and thus can act as a bridging material to create substantively of natural dyes or colorants. 


Few natural dyes are color-fast with fibers. Mordants are substances which are used to fix a dye to the fibers. They also improve the take-up quality of the fabric and improve colour and light fastness states Jothi (2008).  Now day’s most natural dyes uses chemical or metallic mordants such as alum, Copper sulphate, Iron or chrome etc. (Tiwari et al., 2010).


For successful commercial use of natural dyes for any particular fabrics the appropriate and standardized techniques for dyeing for that particular fabric natural dye system need to be adopted.  Therefore to obtain newer shade with acceptable colour fastness behavior and reproducible colour yield, appropriate scientific dyeing techniques or procedures are to be derived.  Thus relevant scientific studies and its output standardization of dyeing, Natural dyeing methods, dyeing process variables, dyeing kinetics and test of compatibility of selected natural dyes have become very important.  Hence the investigator made an attempt to study “Eco-friendly dyeing of Organic Cotton and Tencel fabrics by selected natural dyes” with the following objectives:
· To study the effect of selected natural dyes processed mordants and mordanting techniques on Organic Cotton and Tencel fabric.

· To evaluate the dyed samples

· Subjective and objective evaluation of dyed samples.

2.  REVIEW OF LITERATURE


The review of literature pertaining to the study “ECO-FRIENDLY DYEING OF SELECTED NATURAL DYES ON ORGANIC COTTON AND TENCEL FABRICS” is presented under the following headings:
2.1 Cellulosic fabric

2.2 Importance of pretreatment in processing

2.3 Role of colours in textile

2.4 Dyeing with natural dyes

2.5 Mordants – Types and its techniques
2.1 CELLULOSIC FABRIC
      The unprecedented developments in the textile industry have paved the way for the introduction of new cellulosic fibers. Natural fibers will play a key role in the emerging “green”   economy based on energy on energy efficiency, the use of renewable feed stocks in bio- based polymers products; industrial processes that reduce carbon emission and recyclable materials that minimize waste (Jenny 2011). During processing, they generate mainly organic waste and leave residues that can be used to generate electricity or make ecological housing material and at the end of their life cycle, they are 100% biodegradable. Hence the natural fibers are continuously replaced by cheaper, better performing man-made fibers in most of the market applications. So, the natural regenerated fiber has becoming new trend in textile industry (www.organicclothsblogs.com). 

Organic Cotton 


Organic Cotton is  generally  understood  as cotton and is grown in subtropical countries such as the United States of America and India, from non genetically modified plants, that is to be grown without the use of any synthetic agricultural chemicals such as fertilizers or pesticides. Its production also promotes and enhances biodiversity and biological cycles (www.wikipedia.org) Cotton growers who make the transition to biologically based growing practices expect not only to offer a healthier and cleaner product, but also to benefit the planet. Some of the contributions to the different ecosystems include:

· Protecting surface and groundwater quality (eliminating contaminants in surface runoff)

· Reduced risk in insect and disease control by replacing insecticide with the manipulation of ecosystems

· Long-term prevention of pests through beneficial habitat planting.

· Organically grown crops also yield soils with higher organic matter content, thicker topsoil depth, higher polysaccharide content, and lower modulus of rupture; therefore reducing considerably soil erosion. (www.organicconsumers.org)
        Organic Cotton has various end uses ranging from personal care items to home furnishings and even with garments of all styles and kinds even for kids wear Organic Cotton is the best recommended one quote D.Raja et al., (2011). The Tencel fiber is uniquely smooth fiber with outstanding moisture absorption and transport behavior resulting in natural cooling properties, explains Ajay et al. (2010). It is an extremely strong fabric with industrial uses such as in automotive filters, ropes, abrasive materials, bandages and protective suiting material. It is primarily found in the garment industry, particularly in women's clothing.

2.2 IMPORTANCE OF PRETREATMENT IN PROCESSING

The aim of the preparatory process is improving the quality by removing impurities and foreign maters thoroughly and uniformly from the fabric and makes the fabric suitable for follow up processing, points out Anthappan et al. (2006). The impurities present in grey cotton fabric are sizing ingredients, fat, waxes, pectin’s and natural colouring matter. Efficient removal of these impurities during grey preparation is essential to guarantee proper dyeing process (Prabharan and Rao, 2003). During processing, they generate mainly organic wastes and leave residues that can be used to generate electricity or make ecological housing material and, at the end of their life cycle, they are 100% biodegradable.  Hence, natural fibers are continuously replaced by cheaper, better    performing man-made fibers in most of the market applications. So the natural regenerated fiber has becoming new trend in textile industry (www.organiccloths-blogs.com). Inspection and certification organization for the organic textile industry include Oeko-Tex 1000, Skal (run by the control union group) Ecolable, Italian-based ICEA and Swiss company Blue sign Technologies denotes K.S. Murthy (2007).
According to Jothi (2009), dyeing is an ancient and process of changing the colour of a yarn or cloth by treatment with dye for the majority of thousands of years in which dyeing has been used human to decorate clothing or fabrics for other uses, the primary source of dye has been nature, with the dye stuff being extracted from animals or plants views (www.geocities.com). Today dyeing is a complex included plant, animal and mineral extracts Maria et al. (2010). Dyeing can be defined as the process in contact  with the solution or the dispersion of a dye, absorbs said dye in such a way that dyed material  opposes a certain resistance to release the dye to the bath from which it has absorbed says Murphy (2005).
Desizing



Desizing is to remove sizing materials and to remove the non-cellulosic cuticle constituents prior to bleaching and dyeing.  This improves wettability of the fibers there by facilitates uniform dyeing and finishing suggests Pardeshi (2006).con Desizing is a valve addition process, which converts the grey textile material into aesthetically pleasing and comfortable wear fabric states Shulka (2005). 

Bleaching 


Bleaching is to impart perfect whiteness to the fabric by removing the natural colouring matter from the fabric quote Patel et al (2000).Bleaching is the most important pretreatment and the main aim is to remove the natural pigments, contained in the fabric and making them pure white say Vankar et al., (2005) According to Prakash and Pardeshi (2006), the degree of whiteness is not only the main criterion in evaluation of bleaching, but also absorbency.
Mercerization

Mercerization is the treatment given to cotton with or without tension in a strong caustic alkali like sodium hydroxide in order to improve the luster, hand, ability to absorb dye, tensile strength and elongation reveal Nair and Pandian (2005). Shukla (2005) says that due to increased awareness of the polluting nature of the textile effluents, social pressure is increasing on the textile processing industries to use environment friendly chemicals and processing techniques.  It has become necessary or mandatory to evaluate all the products and processes in terms of their impact on the environment.  World over textile processing is undergoing a vast change tradition time consuming and often polluting processes are being replaced with efficient and quick technology.
Butea monosperma

            Butea monosperma (Lam.) kuntze, family- Fabaceae, is also known as ‘Flame of the Forest’ says Patil et al., (2006). It grows throughout the Indian subcontinent, especially in Indo-Gangetic plains. It is said that the tree is a form of Agnidev, ‘God of Fire’. This tree grows up to 50 ft high, with cluster of flowers. It loses its leaves as the flowers develop in the month of January- March (Kirtikar and Basu, 1935; Kapoor 2005). The flowers yield an orange dye, used as an insecticide. It is an erect, medium-sized, 12-15 m high, deciduous tree with a crooked trunk and irregular branches. It grows slowly and attains a height of about 5 to 8 m. the tree bears flaming orange to red-colored flower. The size is nearly 2 to 4 cm in diameter. Flowers are large, rigid racemes, 15 cm long, 3 flowers together form the tumid nodes of the dark olive-green velvety rhachis.(Kirtikar and Basu 1935; Suguna et al., 2005) 

Morinda citrifolia L (noni)
             Morinda citrifolia L (noni) is one of the most important traditional Polynesian medicinal plants (http://www.nonithecompleteguide.com). Morinda citrifolia is a bush to small tree growing from 2 to 6 meters tall. Distribution Native to Southeast Asia (Indonesia) and Australia, it now is found throughout the tropics. Commonly known as Indian mulberry (English).
           All parts of the plant have traditional and/or modern uses, including roots and bark (dyes, medicine), trunks (ﬁrewood, tools), and leaves and fruits (food, medicine). Noni bark or roots are employed as a dye used on Broussonetia papyrifera (Moraceae), felted clothing (so-called “bark cloth”) (www.traditionaltree.org). The bark of the great Morinda produces a brownish-purplish dye for batik making and yellowish dye is extracted from its roots to dye cloth.The dye is used for painted on the clothing. M citrifolia barks contain a bandage. Root bark and inner stem bark are the most commonly used parts in externally apparent inflammatory or infectious processes
Tencel

Lyocell is a regenerated cellulose fiber made from dissolving pulp.  Tencel is the globally recognized brand name for Lyocell. Tencel is a 100% natural, man-made cellulosic, bio-degradable and eco-friendly fiber, made from natural cellulose found in wood pulp, denies Sayed et al. (2006). Lyocell is a manufactured fiber, but it is not synthetic.It is made from wood pulp harvested from free farms for this purpose states Sarah (2008).  It is made from a plant material, it is cellulosic and possesses many properties of other cellulose fibers, such as cotton, linen, ramie & rayon - another manufactured but non-synthetic fiber, reveals Sheth (2003). So the Tencel fiber is often designated “Natural fibers”, though the fibers would not occur except for a man-made process.  In the fabric world, Tencel is known for its “Drape”.  The fabric look is luxurious & refined. This new fiber also represents a milestone in the development of environmentally sustainable textiles, reveals Saravanan (2007).  The Tencel fiber is uniquely smooth fiber with outstanding moisture absorption and transport behavior resulting in natural cooling properties, explains Ajay et al. (2010).

2.3 ROLE OF COLOURS IN TEXTILE


Colour is a matter of perception and subjective interpretation, define Shan et al. (2006). Man was fascinated ever since prehistoric times. To colour, the object of daily use employing pigments of plants or animal origin, describes Gupta et al. (2005). It has played an important role in human life from Stone Age to silicone age and colour application not only improves the surface appearance of the substrate but expresses emotions and ideas of the wearer, point out Mahale et al. (2006). Colour may be of natural origin or synthetically developed.  In the history of civilization of man, started using colour long before and were chiefly  monochromatic colours like indigo, pink, violet, yellow observe  Kumar et al. (2005).  According to Fatima et al. (2007), colour is an elemental experience and part of our heritage as a race, the perception of colour produces emotions as varies as they are profound.  Colour not only gives a pleasant look to the clothing, but also expresses ideas and feelings. In most cases the colour is an important factor in the production of the material and it is often vital to the commercial success of the product, states Becerir (2006). The objective of colour to a textile is to produce a visually enhanced appearance with added value, says Glover (2006) and it brings the special quality of fiber to full bloom while conferring flexibility of fashion and design.

2.4 DYEING WITH NATURAL DYES


Dyeing is the process of coloring fibers, yarn or fabric by using a liquid containing coloring matter for imparting a particular hue to a substance Jayashree (2007). Dyeing is an ancient art which predates written records.  It was practiced since Bronze Age.  The widely and commercially used synthetic dyes impart strong colours but causes carcinogenicity and inhibition of benthic photosynthesis (Adeel et al. 2009).  Dyeing is an ancient art as well as modern complex science.  Primitive people have been endeavoring to add color to the world around them.  Primitive dyeing technique incudes stamping plants to fabric or rubbing crushed plant pigments on to the cloth. They used natural mater to stain hides, decorate shells and feathers and also to paint their story on the walls of ancient caves (http://www.kws.attantia.sca.org).


Usage of these natural dyes was drastically reduced due to the introduction of synthetic or chemical dyes. Synthetic dyes were readily accepted because of their very distinct advantage over natural dyes in respect to application, color range, color fastness and availability (Singh, 2000). Due to pollution problems in synthetic dyes and pigments industry, the whole world is shifting towards the manufacturing of natural dyes and pigments. The natural dyes and pigments, which has huge demand in domestic as well as in foreign market.
Advantages of natural dyes


The shades produced by natural dyes/ colourants are usually soft lustrous and soothing to the human eye. Natural dyestuff can produce a wide range of colours by mix and match system.  A small variation in the dyeing technique or the use of different mordants with the same dye (Polygenetic type natural dye) can shift the colours to a wide range or create totally new colours, which are not easily possible with synthetic dyestuffs. Natural dyestuffs produce rate colour ideas and are automatically harmonizing. Application of natural dyes has potential to earth carbon credit by reducing consumption of fossil fuel (petroleum) based synthetic dyes. Natural dyes are usually moth proof and can replace synthetic dyes in kid’s garments and food-stuffs for safety.


High diversity of rich and complex natural dye colors,  different colours go well together and rarely clash, beauty of the results when using natural dyes, excitement of unexpected results, satisfaction of growing your own dye plants, self-sufficiency if growing your own plants for plant dyes, not dependent on non-renewable materials,  allow for endless experimentation, allow the replication of ancient techniques, mature with age exposed to sunlight & normal use, developing a patina as, colours mellow, Aromatic smell when simmering the plants.

Disadvantages of natural dyes


Require large quantities in comparison to chemical dyes.  However, many natural dyes are now sold as natural dye extracts which don’t require large quantities, and small amounts of cochineal, brazil wood and logwood dye a large among of fibre, Longer time required for natural dyeing.  However, if you are using the sun as an energy source, you can leave the dye vat unattended for a long time and natural dye extracts are quick to use, natural dyeing may be more costly- but the main cost is your time if you grow your own plant dyes.
Recent innovation of natural dye

Natural dye can be successfully used for dyeing, but more scientific approach regarding fastness properties method of extraction and dyeing techniques is needed   for its commercial acceptability suggests Chakraborty et al. (2010). The following are some of the recent innovations to increase the growth of natural dyes.

· Gamma irradiation of natural dyes

· Swelling treatments and enzymatic  treatment,

· Evaluation of whiteness index dyeing and washing fastness with the help of computer colour matching system,

· Multiple dip technique for dyeing

However only recently natural dyes have gained in acceleration keeping in view the eco-friendly aspect of natural dyes says Supriya et al. (2009).  The current eco-movement and the resultant yearning of the world for green fashion there has been a revival of interest in eco-friendly natural dyes throughout the world.

2.5 MORDANTS - TYPES AND ITS TECHNIQUES


The term mordant has been derived from the Latin word mordent, which means ‘to biute’ or ‘to take hold of’ view Gill and Singh (2005).  The mordants are the chemicals that bite the surface of the fiber, so that the dye sinks in. They also improve the take-up quality of the fabric and help to improve colour and light – fastness (www.thesmarttime.com). Sengupta (2004) says, natural dyes require chemicals in the form of metal salts to produce an affinity between the fiber and the pigments and these chemicals are known as “mordants”. John et al. (2004) and Dco (2003) inform that an almost complete range of soft, lustrous, gentle, excellent and subtle colours can be obtained by appropriate combination of various natural dyes and mordants.

Types of Mordants

         Limitation on colour yield and poor fastness properties prompted a search for ideal mordants, the chemicals which increase natural dye uptake by textile fibres (www.thesmaltime.com) Different types of mordants yield different colors even for the same natural dye. Therefore, final colour, their brilliance and then the dye itself. 
Mordants can be classified into the following categories:

 Metallic mordants
They are generally metal salts of aluminium, chromium, iron, copper and tin. The metallic mordants are of two types.

 a. Brightening mordants

         i. Alum: Among all types of alum, potash alum is cheap, easily available and safe to use mordant. It usually produces pale versions of the prevailing dye colour in the plant.
       ii. Chrome (potassium dichromate): It is also referred to as red chromate. It is relatively more expensive. However, Cr3+ or Cr6+ is considered to be harmful for human skin as objectionable heavy metal beyond a certain limit of its presence. Its use has been limited as per the norms of the eco-standards. The dichromate solution is light sensitive and therefore it changes colour under light exposure.

       iii. Tin (stannous chloride): It gives brighter colours than any other mordant. However, they are oxidized on exposure to air and may impart a stiff hand to the fabric. Stannous chloride also causes higher loss of fabric tenacity (tensile strength) if applied beyond a certain concentrations.

b. Dulling mordants

         i. Copper (cupric sulphate): Known as blue vitriol, it is readily soluble in water and easy to apply. It gives some special effects in shades, which otherwise cannot be obtained. However, copper beyond a certain limit is also under the eco-standard norms as objectionable heavy metals.

       ii. Iron (ferrous sulphate): It is also known as green vitriol and is readily soluble in water. It is used for darkening /browning and blackening of the colors/ shades. It is easily available and one of the oldest mordants known. It is extensively used to get grey to black shades.

Tannins
            The term ‘tanning agent’ is given initially to those water-soluble cellulosic materials that predicates gelatin from solution. But all gelatin precipitation did not identified as tanning agent. Tannins are polyphenolic compounds having capacity of gelling under certain conditions. Among the tannins, myrobalan (harda) and galls/sumach are most important.

Oils type mordants

            Vegetable oils or Turkey red oil (TRO) are such type of mordants. TRO as mordant is mainly used in the dyeing of deep red colour from madder. The main function of the TRO as oil mordant is to form a complex with alum when used as a main mordant. Sulphonated oil posses better binding-capacity than the natural oils. Oil mordanted samples exhibit superior fastness and hue.  
Application of Mordants

           Mordants can be applied to the fabric by before, at the time of dyeing or after dyeing, say Vankar et al., (2005). Phukan (2006) classifies these methods as:

Pre-Mordanting

          In this method fabric is mordanted in the first stage and then dyeing is carried out.

Simultaneous-Mordanting

         In this method, the mordant and dye were applied simultaneously in the same in the same bath.

Post-Mordanting

        In this method the fabric is first dyed and then mordanted.

Alum: (Aluminum Potassium Sulphate)

This is the most widely used mordant and considered as eco-friendly mordant denote Dayal(2006) It is safe to handle and easy to use. It also produces bright shades and gives relatively good colorfastness  remarks Patel (2006)

Copper: (Copper Sulphate)

This mordant is used to bring out the greens in dyes. It will also darken the dye Colors, similar to using tin, but is less harsh describe  Nagia, and Mohamedy (2007).

Environmental impact of natural dyes


Natural dyes enhance our environment, bringing colour into our lives, quotes Hristie (2005). Today the protection of environment has become a challenge for the chemical industries worldwide and the water pollution caused by Synthetic dyes in particular the control of effluent continue to beat problem say Patel et al. (2006).


Ecological balance of nature is threatened by increasing environmental pollution due to rapid industrialization in the world reveal Prabhu and Arputharaj (2003). In textile industry, especially in textile wet processing water is sued mainly for two purposes first as a solvent for processing chemicals and secondly as a washing and rinsing medium, remarks Priya (2006). Textile wet processing use large amount of water, mainly because of washing operations, say Kavitha et al. (2005). The waste water has serious negative impact not only on underground and surface water bodies and the land in the surrounding area but also had an adverse effect on the aquatic ecological systems, opine Alikhan et al. (2005).


The only possible approach, therefore, is to destroy or degrade the dyes and chemicals in an ecofriendly manner, confirm.  The safest may be the use of ecofriendly natural dyes and it is of immense importance to find the additional sources of natural dyes and it is of immense importance to find the additional sources of natural dyes which are available in plenty, express Part et al. (2007).  The use of natural dyes seceded and the position continued to be much the same until the recent past growing consciousness about environmental preservation and control of pollution state Debasish and Ruhi (2011). 

3.  RESEARCH DESIGN

The methodology pertaining to the study on “ECO FRIENDLY DYEING OF ORGANIC COTTON and TENCEL FABRICS ON SELECTED NATURAL DYES” is discussed under following headings:


3.1 Selection of the fabric


3.2 Pretreatment of the fabric


3.3 Conduct of pilot study



3.3.1   Selection of natural dye sources



3.3.2   Selection of processed mordants



3.3.3   Selection of mordanting techniques



3.3.4   Extraction of dye solution


3.4 Selection of optimized proportions of dyeing


3.5 Procedure used for actual dyeing


3.6 Evaluation of the dyed samples



3.6.1 Subjective evaluation



3.6.1.1 Visual inspection

           
3.6.2 Objective evaluation

3.6.2.1 Fabric thickness

3.6.2.2 Fabric weight



3.6.2.3 Breaking strength & Elongation


3.7 Wettability and absorbency test



3.7.1 Drop test

        

3.7.2 Sinking test

           
3.7.3 Capillary rise test

           3.8 Colour fastness test



3.8.1 Effect of sunlight on the fabric



3.8.2 Effect of washing on the fabric

           
3.8.3 Effect of Wet and dry crocking on the fabric

          

3.8.4 Effect of Wet and dry pressing on the fabric         

3.9 Statistical Analysis


3.1 SELECTION OF THE FABRIC
Organic cotton
Organic cotton is the specific name given to cotton, which is grown without the use of any pesticides, fertilizers and harmful chemicals denote Nerkar and Karnad. (2011). Organic cotton is a niche market within the global cotton market and has gained considerable importance with retailers and consumers says Murthy (2007). If a fiber is certified organic its growing conditions have been monitored and certified by an agency from one of the several organic trade associations worldwide. Organic cotton feels softer, smells cleaner and less likely to trigger allergies. It does not pollute groundwater, surface wake, soil or air and soil quality is actually improved by production of organic cotton reveals Senthil (2007).

Tencel

Lyocell is a soft fiber like silk and highly absorbent.  In softness, it is similar to cotton and has excellent dry and wet strength, and   is also highly wrinkle resistant. The other important properties of  Lyocell gabardines  can take-up  water-resistant finishes reveals Natarajan et al. (2005)  The fabric look is refined and luxurious.  The tencel fabric is uniquely smooth fiber with outstanding moisture absorbency and transport behavior resulting in natural cooling properties, explain Ajay et al. (2010).  This new fiber also  represents a milestone in the  development of environmentally sustainable textiles reveals  Saravanan (2007)

3.2 PRETREATMENT OF THE FABRIC

The aim of the preparatory process is improving the quality by removing impuritiesand foreignmatters thoroughly and uniformly from the fabric and make the fabric suitable for follow-up processes says Authappan et al. (2006). All fabrics need to be free from impurities before dyeing, says Shenai (2004).  Desizing process was employed to remove the sizing materials presentinthe fabric to make it suitable for further processing.

Desizing

Desiing the process of removing the size material from the warp yarns in woven fabrics. Desizing process involves impregnation of the fabric with the desizing agent, and allowing it to degrade or solubilise the size materials and finally to wash out the degradation products (www.wikipedia.org). Hence the selected organic 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 organic cotton and tencel 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.

Bleaching

Bleaching is the process of removal of natural colouring matters and add-ons in the form of pesticides, fungicides, sizes lubricants etc., the objective of bleaching operations is to reduce  the formation of polluting by products, particularly  organo chlorinated products denote Kumaresan et al. (2012). Bleaching is to impart perfect whiteness to fabric by removing the natural colouring matter from the fabric explains Pardeshi et al. (2006).
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 organic cotton and tencel fabric was bleached in a bath containing above chemicals, temperature was maintained at 100°C for 35 to 40 minutes. Then the fabric was taken out and rinsed thoroughly with running water.

Mercerization


Mercerization is a process that makes fabric take dye better and increases its luster.  It is a finishing treatment of cotton with a strong caustic alkaline solution in order to improve the luster, hard and other properties.  It improves the ability to absorb dye.  Mercerization gives much richer and more vibrant colour saturation than with unmercerized fabrics says Gemci (2010). The selected tencel fabric was desized, bleached and mercerized following the procedure.

Recipe for mercerization
Fabric weight 

- 1 Kg
Sodium hydroxide

- 2% 

Wetting agent 

- 1%
Water 



- 10 liters

Temperature 


- 80 °C


Time 



- 30 minutes

The organic cotton and tencel fabric was mercerized in a water bath containing sodium hydroxide 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.

3.3 CONDUCT OF PILOT STUDY

A pilot study was carried out in order to select natural dye sources mordants, mordanting techniques and dyeing procedure.

3.3.1   Selection of natural dye sources

Natural dyes are dyes or colourants derived from plants, invertebrates, or minerals. The majority of natural dyes are vegetable dyes from plant source says NIIR Board (2012). Natural dyes are considered as eco-friendly dyes or mordant dyes as they require the inclusion of one or more metallic salts (Ineli and Chinta, 2007). According to Radhika (2007), these dyes are non-hazardous bio-degradable and have better compatibility with the environment.  Considering the above facts and also based on the availability, easy application and appealing colours four natural dyes namely Flame of forest flower flower mulberry root,   Madder roof, rose petals were selected for the study.

3.3.2   Selection of processed mordants


Majority of the natural dyes are adjective, need a chemical in the form of metal salt to create an affinity between the fiber and the dye pigment, are known as mordants reveals Jayashree (2007). A mordant is a substance used to set dyes on fabrics by forming an insoluble compound with the dye (http://wikipedia.org/wiki/mordant).  Mordants are the materials that cause the natural dyes to bond chemically with the cloth (Indi and Chinta, 2008). A mordant is a chemical which forms unison between the dye and the substance to be dyed.  It is a colour fixative.   It is a metallic salt that is used to fix the dye on the substrate.  Metallic mordants are often used for dyeing of natural dyes (www.tutorvista.com).  A mordant usually a metallic salt has affinity for both the colouring matter and the fiber, hence by combining with the dye it forms in insoluble precipitates on the fabric.  The use of mordant also changes the colour of same dye stuff (Radhika et al. 2007). In order to develop a totally eco-friendly natural dyeing process, it is necessary to replace the metallic mordants into eco-friendly processed mordants (Bainset al 2003). Keeping the above points in mind the investigator selected processed mordants such as Alum Powder and copper sulphate crystals for the pilot study.
Preparation of processed mordant

Alum A12 (So4)3


100 grams of alum was boiled in thava till the content changes into liquid state, then removed and dried overnight so as to obtain a fine powder form.

CuSo4

Few drops of ghee was used to deep fry into the CuSo4 and spread on it and roasted until it turned to a while powder form.
3.3.3  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.  Sometimes mordant is applied along with  the dye stuff,  describes               Teli et al. (2002). Thus different colour tones are possible due to mordanting, says. The investigator selected 3 techniques such as pre-mordanting, simultaneous mordanting and post-mordanting to improve the colour fastness and shades  (Kulkarni et al. 2011).

3.3.4   Extraction of dye solution


Gahlot et al. (2008) says dyes from natural sources  can be  extracted  in alkaline, acidic and  aqueous medium, the aqueous extraction  of dye liquor was carried out under varying conditions and parameters. As aqueous medium does not involve the use of harmful chemical to extract the dye the investigator selected aqueous medium to extract the dye.
3.4  Selection of optimized proportions of dyeing

As suggested by Lakshmi and Purushothaman (2007), Dyeing parameters namely dye concentration, dyeing time, mordant, concentration and mordanting time where selected and used for the study. 

The selected parameters for dyeing the organic cotton and tencel fabrics were as follows.


Material: liquor ratio



1 : 20


Dye soaking time



48 hrs


Dye extraction temperature

1000C


Dyeing temperature



1000C


Mordant soaking time


1 hr


Mordanting temperature


1000C


PH fordyeing and mordanting

7


Dye extraction medium


Aqueous


The dyed samples produced from the pilot study(25 Nos.) were visually evaluated by a panel  of judges consisted of 25  members who were specialized  in the field of textile and clothing in Avinashilingam University for Women. Panel members evaluated the dyed samples in terms of evenness in dyeing, brilliancy of colour, luster and general appearance. The Proforma used for the evaluation is given in Annexure - III. Based on their recommendation, the following dye sources, mordants and mordanting techniques were selected for the Dye source. 


Dye Source


Local Name


   -

Botanical name



Mulberry root dye

   -

Morinda citrifolia



Flame of forest flower flower dye
   -

Butea Monosperma

Mulberry root


Mulberry (Morinda citrifolia) plant is a sacred plant and is mentioned in ancient texts as Ashyuka which is sankirt for longevity. Noni is one of the most important traditional Polynesian medicinal plants. The bark contains red pigment and the roof contains a yellow pigment, both can be used to extract dyes. Dyes from noni were traditionally and are used to colour fabrics. (http://www.ctahr.hawail.edu/noni/)

Flame of forest flower

Butea monosperma is a species of Butea native to tropical Southern Asia, India, Srilanka. It is a medium sized dry season deciduous tree. The flowers are 2.5cm long, bright orange-red, and produced in racemes upto 15 cm long. This is important antioxidant (Akram et al. 2011).  The flowers yield an orange dyed and used as an insecticide. Alum powder and copper sulphate crystals. Mordanting techniques namely: Pre, simultaneous and post- mordanting techniques were selected for dyeing the organic cotton and tencel fabric for the study.

3.5 Procedure used for actual dyeing

The pretreated organic cotton and tencel samples were dyed following the optimized parameters for the study. The dyed samples were taken out, rinsed and dried in the shade as stated by Prabhu and Teli (2011). 

	PLATE –I

Mulberry root dye
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	PLATE – II

Flame of forest flower dye
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	                            PLATE - III                                                            PLATE – IV
                               Alum                                                             Copper Sulphate
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The nomenclatures of the dyed samples are given in Table - I.

TABLE I - NOMENCLATURE OF THE DYED SAMPLES

	Sample code

	OCMPAP
	OCFFPAP
	TMPAP
	TFFPAP

	OCMPAS
	OCFFPAS
	TMPAS
	TFFPAS

	OCMPAPt
	OCFFPAPt
	TMPAPt
	TFFPAPt

	OCMPCP
	OCFFPCP
	TMPCP
	TFFPCP

	OCMPCS
	OCFFPCS
	TMPCS
	TFFPCS

	OCMPCPt
	OCFFPCPt
	TMPCPt
	TFFPCPt


Fabric: Organic cotton - OC; Tencel – T; Dyes: M - mulberry root; FF - Flame of forest flower flower Mordants: PA- Alum; C - Copper sulphate, Mordanting techniques: P - Pre; S – Simultaneous; t - Post;
3.6 EVALUATION OF THE DYED SAMPLES

The dyed samples were evaluated subjectively and objectively.
3.6.1   Subjective evaluation

3.6.1.1 Visual inspection

The dyed and washed samples were displayed before a panel of members consisted of 25 judges comprising of P.G. students and staff members specialized in textiles and clothing. An evaluation sheet was prepared and given to the judges (Appendix - ). The criteria considered for evaluation were evenness in dyeing, brilliancy of colour, texture, luster and general appearance of the dyed samples. The scores were consolidated and presented in the chapter results and discussion.

3.6.2 Objective evaluation


Textile testing is the process of inspecting, measuring, evaluating characteristics and properties of textile materials.  The original samples, dyed with processed mordants were tested by using the sample pieces, from the same relative portions of the material for their respective laboratory tests.

3.6.2.1 Fabric thickness


Jewel (2005) reveals the thickness of a textile material is the distance between the two plane parallel plates as the pressure foot and the other as the anvil. Thickness is measured to an accuracy of atleast 0.01 mm under the prescribed pressure ranging from 0.005 psi, depending on the type of fabric under test state stoker et al. (2005).


  The Hungarian thickness tester was used to determine the thickness of the original and the dyed materials. The thickness tester is a hand operated instrument which had a broad anvil, upon which a pressure foot is pressed by spring. The dial indicates the thickness of the material in thousands of an inch between the anvil and the pressure foot.


Each division on the dial read 0.01mm.The sample was placed on the anvil without tension crease and the presser foot was lowered on to the sample by releasing the rising level very slowly and allowed it to rest upon the sample for 2 seconds at 2 kg pressure.  The dial reading was recorded. The readings were taken from different places of the same material and the mean value was calculated.   Similarly, mean value of ten readings from the original and dyed materials were calculated and thus recorded the fabric thickness of each material separately.
3.6.2.2.  Fabric weight


Fabric weight is the weight per square meter of woven fabric.  It may be expressed as the weight of a particular size piece, such as grams per square meter ounces per square yards. Fabric weight is the relative weight of the fabric, describes Saini (2004).   According to Booth (1996), Fabric weight is generally expressed in one of the 3 ways i.e., ounces per linear yard for standard widths, yards per pound for given widths, and is also expressed as mass per unit area and weight per unit length.  The simplest unit is ounces per square yard.


Electronic weighing balance was used to determine the fabric weight directly. The samples for this test were cut in the dimension of five by five inches and the reading was recorded. Then the mean value was calculated. Similarly, the mean value for fabric weight of original, dyed with mordants were calculated and recorded.  Fabric weight was expressed as grams per square meter.
3.6.2.3  Tensile strength and Elongation


Tensile strength is the force required to break a fabric when it is under tension (Vaishnav and Jothi, 2000). It is the resistance of the fabric to a tensile load or stress in either the warp or filling directions tells Grover and Humby (1969) and Osayuande (1990).  Elongation is the extent to which the fabric under tension extends, till it cut off points out Nakamura (2000).  The per cent strength loss and per cent change in elongation at break were determined by the tensile testing method using tensile strength tester, according to standard procedures suggested by Prabaharan and Rao (2003).


Eureka Brand Pendulum Tensile strength Tester was used to determine the breaking strength and Elongation of the increased samples processed. 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 20 cm. The sample was cut to a width of 2 inches and 12 inches length. The yarns raveled from both the edges until the width measured to one inch.


Under 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 at zero on the scale.  When the load was applied to the sample it ruptured the sample, mechanism was stopped and the dial reading was recorded in kilograms for breaking strength and elongation in cms were notes. Ten readings for the original and dyed samples both in warp and weft direction were recorded.

3.7 WETTABILITY AND ABSORBENCY TEST

      
British cotton industry Research Association has developed a test, in that test; a drop of water (or sugar solution) is placed on the specimen fabric which is mounted horizontally.  The time taken 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 bleached and mercerized material was considered as original for the drop, sinking and capillary rise tests.
3.7.1 Drop test


The drop test is a count of number of drops required to penetrate through to the underside of the fabric when the entire drop fall on the same spot, describes Jewel (2005). The ability of a fiber to take up moisture is determined as Absorbency.


In this experiment, 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 as shown. The nozzle of the burette was opened to allow a drop of water to fall on the sample. The stop watch was started simultaneously and it was stopped when the drop of water fully sank into the material. The time taken for this was noted.  The same  procedure was repeated for ten samples  of the same material and the mean value often samples, from the mercerized  original and the dyed material were calculated and thus, the wettability of each material was recorded  separately.
3.7.2 Sinking test


Sinking test is a simple test of wettability of fabric (Booth, 1996). In this test, ten small square specimens about 5cm x 5cm were cut from each of the desized original and the dyed samples. In a glass beaker distilled water, few drops of wetting agent was added. The stop watch was started when the fabric struck the surface of water and stopped when the last corner sank below the water surface Plate -   and the time required to sink the sample was noted. The same procedure was repeated for all the mean value was calculated for all the samples.  Similarly, the mean the mercerized original and the dyed materials were each material calculated and the sinking time of were recorded separately.

3.7.3 Capillary rise test


Capillary rise test is a test that helps to measure the rapidity of absorption, says Paul (2005).Ten samples were developed with the size of 15cm 
length and2.5m width from the mercerized original and the dyed materials. The one end of the sample strip was posted with a glass rod which was placed on heavy wooden blocks and at the other end 2 grams weight was attached to keep the sample straight at the weighed ends 2cm of the sample was allowed to immerse in a glass breaker of distilled water plate. The rise of water level in the strip was measured after five minutes. The same procedure was repeated for the mercerized original and dyed samples. The mean valve was calculated and the capillary rise of each material was recorded separately. 

3.8 COLOUR FASTNESS TEST


Colour fastness is the resistance  of a material  to change in any  of its colour characteristics or  extent of transfer of its colourants  to adjacent  white materials  in touch or both for different environmental and use conditions or treatments like washing, dry cleaning, ironing etc or exposure to different agency heat, light etc say Ashis et al. (2006). 


Consumer demand for fabrics with excellent fastness properties is of great concern to apparel manufacturers.  Therefore, if apparel manufacturers can test fabrics for various colour fastness properties, they will then be able to prevent customer complaints due to poor colour fastness, and they will be able to discuss their test results  with fabric suppliers, should any  fabric need an improvement in colour fastness state Shrivastava et al. (2007). The substantially pattern of dyes plays an important role in determining their light fastness (Jothi, 2008).


The American Association of Textile colourants and chemists (AATTCC, 1995)  have established standard Terminology  for rating colour fastness properties of fabric to different test methods and also evaluating  colour staining  and transfer in  fabrics. The investigator followed the AATC grey scale and true view colour matching cabinet for the assessment of colour

3.8.1 Effect of sunlight on the fabric


Fastness to light is one of the most important properties of a dyed fabrics needs in order to fulfill its utilization purpose over a period  of time  describe  Paul et al. (2003).


Colour fastness to exposure to light was determined as per IS: 2454-1984 method and AATCC test method 16B-1977. They were grated from 1 to 8, 1 indicates poor and 8 indicates excellent fastness to light. AATCC(1995) defines  colour fastness to light as the resistance  of a material to a change  in its colour  characteristics as a result of exposure of the material   to  sunlight or an artificial light source (the light fastness of all the dyed samples were tested, according to ISO recommendation No.2-R102 day  light method 16-1995). Ingawell (1993) states that humidity, air, temperature, surface tension of the surface, presence of atmospheric impurities, spectral quality and intensity of light source are variables that affect the influence of light on the fading of dyes. 


A sample size of 16cm x 5cm was taken from each of dyed materials.  The entire samples were divided into eight parts by marking distance of two inches in the larger side marked up to eight.  Each sample was covered with black paper to prevent the samples from direct sunlight. The first portion was exposed to direct sunlight for 8 hrs and remaining parts of the samples were kept away from the direct sunlight for the successive 7 days. The other portions were exposed accordingly along with the portion. The portion got seven days exposure and the last portion got one day exposure to sunlight.  The changes in colour of the dyed sample were compared with original and the specimens were rated with grey scale.

3.8.2 Effect of washing on the fabric


Colour fastness to washing of the dyed fabric samples were determined as per: 7864-1984 method using Sasmira Launderometer following Is - 3 wash fastness method denote Kumaresan et al. (2011). In this test method, the test specimens are laundered under appropriate conditions of temperature, bleaching and abrasive action. The abrasive action results from throw, and slide and the impact of an appropriate no of steel balls, together with the use of low liquor ratio. The colour change of the test specimen and the staining of fabric are visually evaluated.


The wash fastnesses of all the dyed samples were tested according ISO 105-C06 (1994), washing test in a Laundrometer. Due to the high alkali sensitivity at natural dyes, it is recommended that these textiles be washed with non-alkaline soap only. Hence, the non-ionic soap ECE detergent powder was used in washing. The composite samples, measured 10 cm x 4 cm were washed with 4gm/100ml of water at 400c for 45 minutes. The changes in colour of staining of the two adjacent undyed fabrics were evaluated with grey scale. 
3.8.3 Effect of Wet and   dry crocking on the fabric


Crocking test is designed for determining the degree of colour which may be transferred from the surface of coloured textile materials to other surfaces by rubbing, defines Jayashree (2007).


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


The number of rubs given was standardized and fixed as ten rubs.   The white material was rubbed to and fro against the dyed sample along a track of 10 cm with pressure of 900 grams on the finger.  The color transfer from the dyed sample to the white material was assessed with AATCC grey scale and the geometric scale for staining. The same procedure was followed and repeated for the remaining samples of dyed materials. The colour fastness of each dyed material to dry and wet was carefully observed and recorded separately. 

3.8.4 Effect of Wet and dry pressing on the fabric

The National Bureau of standards suggested a test to determined colour fastness 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 desized material both in dry and wet condition and were pressed with a heavy iron for 5 seconds at a temp at 420 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 dyed samples. Thus, the colour fastness of each dyed material to wet and dry pressing was carefully observed and recorded separately.
3.9 STATISCAL 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 “ECO-FRIENDLY DYEING OF SELECTED NATURAL DYES ON ORGANIC 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)

4.3.2.5 Elongation of the farbic (warp)

4.3.2.5 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

4.1 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 (%)

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

	Dyed with mulberry root

	1
	OCMPAP
	10
	90
	-
	10
	90
	-
	10
	90
	-
	90
	10
	-
	15
	85
	-

	2
	OCMPAS
	10
	90
	-
	10
	90
	-
	100
	-
	-
	95
	5
	-
	10
	90
	-

	3
	OCMPAPt
	5
	95
	-
	5
	95
	-
	100
	-
	-
	5
	95
	-
	10
	90
	-

	4
	OCMPCP
	10
	90
	-
	2
	98
	-
	90
	10
	-
	90
	10
	-
	10
	90
	-

	5
	OCMPCS
	10
	90
	-
	5
	95
	-
	10
	90
	-
	90
	10
	-
	10
	90
	-

	6
	OCMPCPt
	100
	-
	-
	100
	-
	-
	96
	4
	-
	90
	10
	-
	10
	90
	--

	7
	TMPAP
	100
	-
	-
	100
	-
	-
	100
	-
	-
	90
	10
	-
	100
	-
	-

	8
	TMPAS
	80
	20
	-
	15
	85
	-
	90
	10
	-
	80
	20
	-
	90
	10
	-

	9
	TMPAPt
	100
	-
	-
	95
	5
	-
	100
	-
	-
	95
	5
	-
	95
	5
	-

	10
	TMPCP
	80
	20
	-
	15
	85
	-
	100
	-
	-
	90
	10
	-
	85
	15
	-

	11
	TMPCS
	80
	20
	-
	10
	90
	-
	100
	-
	-
	90
	10
	-
	15
	85
	-

	12
	TMPCPt
	100
	-
	-
	100
	-
	-
	100
	-
	-
	100
	-
	-
	100
	-
	-

	Dyed with Flame of forest flower 

	13
	OCFFPAP
	20
	80
	-
	10
	90
	-
	80
	20
	-
	85
	15
	-
	20
	80
	-

	14
	OCFFPAS
	20
	80
	-
	20
	50
	-
	20
	80
	-
	80
	20
	-
	10
	90
	-

	15
	OCFFPAPt
	80
	20
	-
	90
	10
	-
	80
	20
	-
	80
	20
	-
	20
	80
	-

	16
	OCFFPCP
	85
	15
	-
	90
	10
	-
	80
	20
	-
	80
	20
	-
	80
	20
	-

	17
	OCFFPCS
	80
	20
	-
	85
	15
	-
	90
	10
	-
	80
	20
	-
	10
	90
	-

	18
	OCFFPCPt
	85
	15
	-
	85
	15
	-
	90
	10
	-
	80
	20
	-
	10
	90
	-

	19
	TFFPAP
	20
	80
	-
	20
	80
	-
	90
	10
	-
	80
	20
	-
	90
	10
	-

	20
	TFFPAS
	20
	80
	-
	15
	85
	-
	90
	10
	-
	10
	90
	-
	90
	10
	-

	21
	TFFPAPt
	90
	10
	-
	90
	10
	-
	90
	10
	-
	15
	85
	-
	80
	20
	-

	22
	TFFPCP
	100
	-
	-
	90
	10
	-
	95
	5
	-
	80
	20
	-
	90
	10
	-

	23
	TFFPCS
	90
	10
	-
	85
	15
	-
	90
	10
	-
	20
	80
	-
	90
	10
	-

	24
	TFFPCPt
	80
	20
	-
	80
	20
	-
	90
	10
	-
	20
	80
	-
	80
	20
	-
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FIGURE – 1

VISUAL EVALUATION OF DYED SAMPLE

4.1.2 OBJECTIVE EVALUATION 


The dyed samples were subjected to fabric weight, thickness, Tensile strength and Elongation.

The findings are given below:

4.1.2.1 Fabric weight

Table – III and Figure - II shows the fabric weight of the original and samples dyed with processed mordant using different mordanting techniques.
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
	OC
	197.5
	-
	-

	2
	T
	239.4
	-
	-

	Dyed with mulberry root

	3
	OCMPAP
	198.0
	0.5
	0.252

	4
	OCMPAS
	198.0
	0.5
	0.252

	5
	OCMPAPt
	198.0
	0.5
	0.252

	6
	OCMPCP
	198.0
	0.5
	0.252

	7
	OCMPCS
	198.0
	1.5
	0.753

	8
	OCMPCPt
	198.0
	0.5
	0.252

	9
	TMPAP
	241.0
	1.6
	0.663

	10
	TMPAS
	241.0
	1.6
	0.663

	11
	TMPAPt
	240.0
	0.6
	0.250

	12
	TMPCP
	240.0
	0.6
	0.250

	13
	TMPCS
	241.0
	1.6
	0.663

	14
	TMPCPt
	240.0
	0.6
	0.250

	Dyed with Flame of forest flower

	15
	OCFFPAP
	198.0
	0.5
	0.252

	16
	OCFFPAS
	198.0
	0.5
	0.252

	17
	OCFFPAPt
	198.0
	0.5
	0.252

	18
	OCFFPCP
	198.0
	0.5
	0.252

	19
	OCFFPCS
	199.0
	1.5
	0.753

	20
	OCFFPCPt
	198.0
	0.5
	0.252

	21
	TFFPAP
	240.0
	0.6
	0.250

	22
	TFFPAS
	241.0
	1.6
	0.666

	23
	TFFPAPt
	240.0
	0.6
	0.250

	24
	TFFPCP
	240.0
	0.6
	0.250

	25
	TFFPCS
	241.0
	1.6
	0.666

	26
	TFFPCPt
	240.0
	0.6
	0.250


ANOVA FOR FABRIC WEIGHT

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	3.10
	1
	0.031
	19.967
	**

	
	Between Dyes
	0.800
	1
	0.008
	5.100
	*

	
	Between Mordants
	0.800
	1
	0.008
	4.790
	*

	
	Between Techniques
	21.20
	2
	0.106
	67.092
	**

	2-way Interaction
	Fabric * Dyes
	0.023
	1
	0.023
	14.401
	**

	
	Fabric *  Mordants
	0.044
	1
	0.044
	27.685
	**

	
	Fabric * Techniques
	0.021
	2
	0.011
	6.723
	**

	
	Dyes *  Mordants
	0.003
	1
	0.003
	1.984
	NS

	
	Dyes  * Techniques
	0.006
	2
	0.003
	1.850
	NS

	
	Mordants * Techniques
	0.006
	2
	0.003
	1.911
	NS

	3-way Interaction
	Fabric * Dyes * Mordants
	0.022
	1
	0.022
	1389
	**

	
	Fabric * Dyes * Techniques
	0.007
	2
	0.003
	2.163
	NS

	
	Fabric * Mordants * Techniques
	0.007
	2
	0.004
	2.268
	NS

	
	Dyes * Mordants * Techniques
	0.06
	2
	0.03
	1.993
	NS

	Residual
	
	0.155
	98
	0.002
	
	

	Total
	
	0.558
	119
	0.005
	
	


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


It is evident from the Table –III and Figure - III, that the fabric weight has increased among all the mercerized Organic Cotton and Tencel samples dyed by using mulberry root and Flame of forest flower Flower with processed alum and copper sulphate mordants. Among the Organic Cotton samples the maximum increase was recorded as 0.753 percent by mulberry root dyed sample mordanted with processed copper sulphate following simultaneous technique.

When the mercerized Tencel samples dyed by using mulberry root with processed Alum as mordant following post-mordanting and simultaneous mordanting techniques as well as treated with processed copper sulphate following simultaneous technique resulted in maximum increase by 0.63 per cent of fabric weight. 

Among the mercerized Organic Cotton samples dyed by using copper sulphate with Flame of forest flower Flower following simultaneous technique showed maximum increase in fabric weight by 0.753 per cent.
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FIGURE – II

FABRIC WEIGHT OF THE ORIGINAL AND DYED SAMPLES

When the mercerized Tencel samples dyed by using Flame of forest flower Flower with processed Alum as mordant and processed copper sulphate as mordant following simultaneous mordanting technique recorded maximum increase in fabric weight by 0.6 percent.
Among the Organic Cotton and the Tencel samples dyed with mulberry roof and Flame of forest flower Flower using processed alum and copper sulphate following different mordanting technique. DCMPCS, OCFFPCS, TFFPAS and TFFPCS ranked highest in fabric weight with regard to Organic Cotton and Tencel samples respectively.  0.753 percent and 0.66 per cent cotton & Tencel samples respectively. Among the organic cotton and tencel samples dyed with mulberry root and Flame of forest flower flower using processed alum and copper sulphate following different mordanting techniques OCMPCS, OCFFPCS and TFFPAS, TFFPCS ranked highest in fabric weight by 0.753 per cent and 0.66 per cent respectively.

 Statistical analysis of the date relating to fabric weight, comparing the effect  of fabrics, dyes, mordants and mordanting techniques one percent level of significant difference was found  between dyes and  mordants whereas five per cent level of level of significant difference was identified  between fabrics and mordanting techniques.


In two way interaction  five percent level of significant difference was found between fabrics  and dyes, fabrics and mordants,  and also between fabrics  and  techniques, whereas no significant difference was  found between dyes and  mordants, dyes and techniques, and also between mordants and techniques.
Three way interaction revealed that  significant difference at five per cent  level was  found between fabrics, dyes and mordants, whereas no significant difference was found between fabrics, dyes and mordanting  techniques  fabrics, mordants and techniques  and also between dyes, mordants and techniques
4.1.2.2 Fabric thickness
Table – IV and Figure – III, shows the fabric thickness of the original and samples dyed with processed mordants using different mordanting techniques.
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
	OC
	0.314
	
	

	2
	T
	0.416
	
	

	Dyed with mulberry root

	3
	OCMPAP
	0.310
	0.004
	2.48

	4
	OCMPAS
	0.310
	0.004
	2.55

	5
	OCMPAPt
	0.300
	0.014
	4.43

	6
	OCMPCP
	0.310
	0.004
	1.91

	7
	OCMPCS
	0.310
	0.004
	1.91

	8
	OCMPCPt
	0.310
	0.004
	0.00

	9
	TMPAP
	0.390
	0.026
	5.77

	10
	TMPAS
	0.390
	0.026
	5.77

	11
	TMPAPt
	0.410
	0.006
	1.44

	12
	TMPCP
	0.390
	0.026
	5.77

	13
	TMPCS
	0.390
	0.026
	5.29

	14
	TMPCPt
	0.410
	0.006
	2.40

	Dyed with Flame of forest flower

	15
	OCFFPAP
	0.310
	0.004
	1.27

	16
	OCFFPAS
	0.310
	0.004
	1.27

	17
	OCFFPAPt
	0.310
	0.004
	2.55

	18
	OCFFPCP
	0.300
	0.014
	3.15

	19
	OCFFPCS
	0.300
	0.014
	3.18

	20
	OCFFPCPt
	0.310
	0.004
	0.00

	21
	TFFPAP
	0.390
	0.026
	6.73

	22
	TFFPAS
	0.390
	0.026
	5.77

	23
	TFFPAPt
	0.400
	0.016
	2.88

	24
	TFFPCP
	0.390
	0.026
	6.73

	25
	TFFPCS
	0.390
	0.026
	5.77

	26
	TFFPCPt
	0.410
	0.026
	2.40


ANOVA FOR FABRIC THICKNESS

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	239.818
	1
	239.818
	60.178
	**

	
	Between Dyes
	0.002
	1
	0.002
	0.000
	NS

	
	Between Mordants
	1.286
	1
	1.286
	0.323
	NS

	
	Between Techniques
	101.488
	2
	50.744
	12.733
	**

	2-way Interaction
	Fabric * Dyes
	12.046
	1
	12.046
	3.023
	NS

	
	Fabric *  Mordants
	1.286
	1
	1.286
	0.323
	NS

	
	Fabric * Techniques
	84.556
	2
	42.278
	10.609
	**

	
	Dyes *  Mordants
	12.767
	1
	12.767
	3.204
	NS

	
	Dyes  * Techniques
	0.263
	2
	0.132
	0.033
	NS

	
	Mordants * Techniques
	31.930
	2
	15.965
	4.006
	*

	3-way Interaction
	Fabric * Dyes * Mordants
	19.810
	1
	19.810
	4.971
	*

	
	Fabric * Dyes * Techniques
	4.027
	2
	2.014
	0.505
	NS

	
	Fabric * Mordants * Techniques
	41.843
	2
	20.922
	5.250
	**

	
	Dyes * Mordants * Techniques
	4.982
	2
	2.491
	0.625
	NS

	Residual
	
	390.544
	98
	3.985
	
	

	Total
	
	946.648
	119
	7.955
	
	


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

It was evident from the Table – IV and Figure – III, that the samples dyed by using processed alum and copper sulphate as mordants exhibited reduced fabric thickness values irrespective of dyes and techniques used when compared with the respective originals.


Among the Organic Cotton samples the maximum decrease was recorded as 4.430 per cent by mulberry root dyed sample using processed alum as mordant following post-mordanting technique.


When the mercerized  Tencel samples  dyed by using  mulberry root with processed alum as mordant  following  pre-mordanting,  simultaneous  mordanting techniques,  as well as treated  with processed copper  sulphate  following  pre-mordanting  technique resulted in maximum decrease by 5.770 per cent of fabric  thickness.


Among the mercerized Organic Cotton samples dyed with Flame of forest flower Flower by using processed copper sulphate as mordant following simultaneous  technique showed  maximum decrease in fabric thickness  


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

(el

EPre
B Simultaneous
= Post

ocC

M FF M FF  Tensile
Alum Copper Sulphate
Organic Cotton

Samples

M FF M FF
Alum Copper Sulphate
Tensile





M – Mulberry

FF - Flame of forest flower
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FABRIC THICKNESS OF THE ORIGINAL AND DYED SAMPLES

3.180 per cent. When the mercerized Tencel samples dyed by using Flame of forest flower Flower with processed Alum as mordant and processed copper sulphate following pre-mordanting technique resulted maximum decrease in fabric thickness by 6.730 per cent.  

          Among the decreased values in fabric thickness of organic cotton and tencel samples dyed with mulberry root and Flame of forest flower using processed alum and copper sulphate as mordant following different mordanting techniques TMPAP, TMPAS and TFFPAP, TFFPCP ranked highest by 5.77 percent and 6.73 per cent respectively.

          Statistical analysis  of the data relating to fabric thickness, comparing the effect of  fabrics, dyes, mordants and mordanting techniques, one percent level of significant difference was found between fabrics, and  mordanting techniques  whereas no significant difference was identified between dyes and mordants.


In two ways interaction five percent level of significant difference was found between fabric and techniques while one percent level of significant difference was found between fabrics and techniques. There was no significant difference was identified between fabrics and dyes, fabrics and mordants, Dyes and mordants and also between dyes and mordanting techniques.


Three way interaction revealed that significant difference at five per cent level was found between fabric, dyes and  mordants and one percent  level of significant difference was noted between fabrics, mordants and techniques whereas no significant difference  was found between  fabrics, dyes  and techniques and also between dyes, mordants and mordanting techniques.

4.1.2.3 Tensile strength of the fabric (warp)

Table – V and Figure – IV, shows the mean tensile strength (Warp side) of the original undyed mercerized organic cotton and tencel samples compared against samples dye with processed mordants using mordanting techniques.
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
	OC
	38.40
	-
	-

	2
	T
	39.20
	-
	-

	Dyed with mulberry root

	3
	OCMPAP
	40.00
	1.60
	4.17

	4
	OCMPAS
	40.02
	2.02
	5.26

	5
	OCMPAPt
	41.20
	2.80
	7.29

	6
	OCMPCP
	40.60
	2.20
	5.73

	7
	OCMPCS
	40.88
	2.48
	6.46

	8
	OCMPCPt
	41.14
	2.74
	7.14

	9
	TMPAP
	40.60
	1.40
	3.57

	10
	TMPAS
	40.72
	1.52
	3.88

	611
	TMPAPt
	40.80
	1.60
	4.08

	12
	TMPCP
	41.02
	1.82
	4.64

	13
	TMPCS
	40.86
	1.66
	4.23

	14
	TMPCPt
	41.12
	1.92
	4.90

	Dyed with Flame of forest flower

	15
	OCFFPAP
	40.34
	1.94
	5.05

	16
	OCFFPAS
	40.64
	2.24
	5.83

	17
	OCFFPAPt
	41.02
	2.62
	6.82

	18
	OCFFPCP
	39.80
	1.40
	3.65

	19
	OCFFPCS
	39.86
	1.46
	3.80

	20
	OCFFPCPt
	39.86
	1.46
	3.80

	21
	TFFPAP
	42.32
	3.12
	7.96

	22
	TFFPAS
	42.94
	3.74
	9.54

	23
	TFFPAPt
	43.48
	4.28
	10.92

	24
	TFFPCP
	42.22
	3.02
	7.70

	25
	TFFPCS
	42.72
	3.52
	8.98

	26
	TFFPCPt
	43.14
	3.94
	10.05


ANOVA FOR TENSILE WARP STRENGTH

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	49.789
	1
	49.789
	9.973
	**

	
	Between Dyes
	107.955
	1
	107.955
	21.625
	**

	
	Between Mordants
	2.259
	1
	2.259
	0.453
	NS

	
	Between Techniques
	49.295
	2
	24.647
	4.937
	**

	2-way Interaction
	Fabric * Dyes
	284.134
	1
	284.134
	56.916
	**

	
	Fabric *  Mordants
	4.062
	1
	4.062
	0.814
	NS

	
	Fabric * Techniques
	0.62
	2
	0.031
	0.006
	NS

	
	Dyes *  Mordants
	35.160
	1
	35.160
	7.043
	**

	
	Dyes  * Techniques
	1.681
	2
	0.841
	0.168
	NS

	
	Mordants * Techniques
	5.518
	2
	2.759
	0.553
	NS

	3-way Interaction
	Fabric * Dyes * Mordants
	5.491
	1
	5.491
	1.100
	NS

	
	Fabric * Dyes * Techniques
	15.984
	2
	7.992
	1.601
	NS

	
	Fabric * Mordants * Techniques
	2.566
	2
	1.283
	0.257
	NS

	
	Dyes * Mordants * Techniques
	0.051
	2
	0.026
	0.005
	NS

	Residual
	
	489.236
	98
	4.992
	
	

	Total
	
	1053.242
	119
	8.851
	
	


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 had increased in the warp side among all the mercerized Organic Cotton and Tencel samples dyed by using selected natural dyes with processed alum and copper sulphate mordant. Among the Organic Cotton samples the maximum increase was recorded as 7.29 per cent by mulberry root dyed sample using processed alum as mordant following post-mordanting technique.


When the mercerized Tencel samples dyed by using mulberry root with processed copper sulphate as mordant following post mordanting technique resulted in highest tensile strength in warp side by 4.90 per cent. Among the mercerized Organic Cotton and Tencel samples dyed by using Flame of forest flower Flower mordanted with processed alum flowing post mordanting techniques recorded maximum increase in tensile strength in warp side by 6.82 per cent and 10.92 per cent respectively.
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FIGURE – IV

FABRIC WARP STRENGTH OF THE ORIGINAL AND DYED SAMPLES

In view of fabric tensile strength(Warp side) of all the Organic cotton and Tencel samples recorded maximum values than their respective originals. Among the organic cotton dyed samples OCMPAPt recorded maximum increased value by 7.92 per cent and among the tencel dyed samples TFFPAPt showed maximum increase by 10.92 per cent.

            Statistical analysis of the data relating to the tensile strength, comparing the effect of fabrics, dyes, mordants and mordanting  techniques. One percent level of significant difference was found between fabrics, dyes, and techniques, whereas no significant difference was identified between mordants.


In two way interaction one percent level of significant difference was noticed between fabrics and dyes and also between dyes and mordants, whereas no significant difference was observed between fabric and mordants, fabric and techniques,dyes and techniques and also between mordants and mordanting techniques.


Three way interaction revealed no significant difference between  fabric, dyes and mordants, fabric, dyes and techniques between fabric mordants and techniques and also between dyes, mordants and mordanting techniques was recorded.

4.1.2.4 Tensile strength of the fabric (Weft)


Table – VI and Figure – V, Shows the mean tensile strength of the original undyed Organic Cotton and Tencel (Weft side) samples compared against dyed with processed mordants using different mordanting techniques.

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
	OC
	36.40
	-
	-

	2
	T
	35.40
	-
	-

	Dyed with mulberry root

	3
	OCMPAP
	38.18
	1.78
	4.89

	4
	OCMPAS
	39.34
	2.94
	8.08

	5
	OCMPAPt
	39.92
	3.52
	9.67

	6
	OCMPCP
	39.22
	2.82
	7.75

	7
	OCMPCS
	39.36
	2.96
	8.13

	8
	OCMPCPt
	39.36
	2.96
	8.13

	9
	TMPAP
	37.60
	2.20
	6.21

	10
	TMPAS
	39.94
	4.54
	12.82

	11
	TMPAPt
	39.04
	3.64
	10.28

	12
	TMPCP
	39.50
	4.10
	11.58

	13
	TMPCS
	40.02
	4.62
	13.05

	14
	TMPCPt
	39.68
	4.28
	12.09

	Dyed with Flame of forest flower

	15
	OCFFPAP
	39.62
	3.22
	8.85

	16
	OCFFPAS
	39.46
	3.06
	8.41

	17
	OCFFPAPt
	39.68
	3.28
	9.01

	18
	OCFFPCP
	37.94
	1.54
	4.23

	19
	OCFFPCS
	38.08
	1.68
	4.62

	20
	OCFFPCPt
	38.36
	1.96
	5.38

	21
	TFFPAP
	40.38
	4.98
	14.07

	22
	TFFPAS
	40.66
	5.26
	14.86

	23
	TFFPAPt
	41.62
	6.22
	17.57

	24
	TFFPCP
	40.56
	5.16
	14.58

	25
	TFFPCS
	40.68
	5.28
	14.92

	26
	TFFPCPt
	41.36
	5.96
	16.84


ANOVA FOR TENSILE WEFT STRENGTH

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	1071.831
	1
	1071.831
	176.498
	**

	
	Between Dyes
	88.630
	1
	88.630
	14.595
	**

	
	Between Mordants
	2.448
	1
	2.448
	0.403
	NS

	
	Between Techniques
	96.192
	2
	48.096
	7.920
	**

	2-way Interaction
	Fabric * Dyes
	225.962
	1
	225.962
	37.209
	**

	
	Fabric *  Mordants
	6.685
	1
	66.685
	10.981
	**

	
	Fabric * Techniques
	10.192
	2
	5.275
	0.869
	NS

	
	Dyes *  Mordants
	91.676
	1
	91.676
	15.096
	**

	
	Dyes  * Techniques
	37.828
	2
	18.914
	3.115
	*

	
	Mordants * Techniques
	26.066
	2
	13.033
	2.146
	NS

	3-way Interaction
	Fabric * Dyes * Mordants
	7.096
	1
	7.096
	1.168
	NS

	
	Fabric * Dyes * Techniques
	22.121
	2
	11.060
	1.821
	NS

	
	Fabric * Mordants * Techniques
	4.155
	2
	2.077
	0.342
	NS

	
	Dyes * Mordants * Techniques
	26.840
	2
	13.420
	2.210
	NS

	Residual
	
	595.131
	98
	6.073
	
	

	Total
	
	2373.211
	119
	19.943
	
	


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 has increased among all the mercerized Organic Cotton and Tencel samples, dyed by using mulberry root and Flame of forest flower Flower dyes with processed alum and copper sulphate mordants.  Among the Organic Cotton dyed samples the maximum increase was recorded as 9.67 percent by mulberry root dyed sample using processed alum as mordant following post-mordanting technique. When the mercerized tencel   sample dyed by mulberry root with processed copper sulphate as mordant following simultaneous technique resulted in highest tensile strength in Weft side by 13.05 per cent.
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FIGURE – V

FABRIC WEFT STRENGTH OF THE ORIGINAL AND DYED SAMPLES
Among the mercerized organic cotton and tencel samples dyed with Flame of forest flower using processed alum as mordant following post mordanting technique recorded maximum increase in tensile strength(Weft side) by 9.01 per cent and 17.57 per cent respectively.

         In view of fabric tensile strength (Weft side) of all the Organic cotton and Tencel samples recorded maximum value than their respective originals. Among the organic cotton dyes samples OCFFPAPt recorded highest tensile strength (Weft side) by 9.01 per cent, whereas among the tencel dyed samples TFFPAPt recorded highest tensile strength (Weft side) by 17.57 per cent.

        Statistical analysis of the data relating to the fabric tensile strength, comparing the effect of fabrics, dyes, processed mordants and mordanting techniques one percent level of significant difference was found between fabrics, dyes and techniques whereas no significant difference was noted between mordants.


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


Three way interactions revealed that no significant difference was identified between fabrics, dyes and mordants, and fabric, dyes and techniques, and also deduction fabrics, mordants and techniques and also between dyes, mordants and mordanting techniques.

4.1.2.5 Elongation of the fabric (warp)


The mean elongation (Warp side) of the original undyed mercerized Organic Cotton and Tencel samples compared against samples dyed with processed mordants following 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
	OC
	3.10
	
	

	2
	T
	2.12
	
	

	Dyed with mulberry root

	3
	OCMPAP
	3.12
	0.02
	0.65

	4
	OCMPAS
	3.12
	0.02
	0.65

	5
	OCMPAPt
	3.12
	0.02
	0.65

	6
	OCMPCP
	3.16
	0.06
	1.94

	7
	OCMPCS
	3.18
	0.08
	2.58

	8
	OCMPCPt
	3.18
	0.08
	2.58

	9
	TMPAP
	2.26
	0.14
	6.60

	10
	TMPAS
	2.38
	0.26
	12.26

	11
	TMPAPt
	2.36
	0.24
	11.32

	12
	TMPCP
	2.22
	0.10
	4.72

	13
	TMPCS
	2.48
	0.36
	16.98

	14
	TMPCPt
	2.50
	0.38
	17.92

	Dyed with Flame of forest flower

	15
	OCFFPAP
	3.10
	0.00
	0.00

	16
	OCFFPAS
	3.22
	0.12
	3.87

	17
	OCFFPAPt
	3.12
	0.02
	0.65

	18
	OCFFPCP
	3.20
	0.10
	3.23

	19
	OCFFPCS
	3.24
	0.14
	4.52

	20
	OCFFPCPt
	3.06
	0.04
	1.29

	21
	TFFPAP
	2.20
	0.08
	3.77

	22
	TFFPAS
	2.50
	0.38
	17.92

	23
	TFFPAPt
	2.42
	0.30
	14.15

	24
	TFFPCP
	2.16
	0.04
	1.89

	25
	TFFPCS
	2.44
	0.32
	15.09

	26
	TFFPCPt
	2.30
	0.18
	8.49


ANOVA FOR FABRIC WARP ELONGATION

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	2633.082
	1
	2633.082
	96.823
	**

	
	Between Dyes
	5.775
	1
	5.775
	0.212
	NS

	
	Between Mordants
	11.543
	1
	11.543
	0.424
	NS

	
	Between Techniques
	876.543
	2
	438.272
	16.116
	**

	2-way Interaction
	Fabric * Dyes
	28.599
	1
	28.599
	1.052
	NS

	
	Fabric *  Mordants
	18.137
	1
	18.137
	0.667
	NS

	
	Fabric * Techniques
	586.931
	2
	293.465
	10.791
	**

	
	Dyes *  Mordants
	123.297
	1
	123.297
	4.534
	*

	
	Dyes  * Techniques
	121.367
	2
	60.684
	2.231
	NS

	
	Mordants * Techniques
	4.069
	2
	2.035
	0.075
	NS

	3-way Interaction
	Fabric * Dyes * Mordants
	48.738
	1
	48.738
	1.792
	NS

	
	Fabric * Dyes * Techniques
	13.333
	2
	6.667
	0.245
	NS

	
	Fabric * Mordants * Techniques
	40.081
	2
	20.040
	0.737
	NS

	
	Dyes * Mordants * Techniques
	88.490
	2
	44.245
	1.627
	NS

	Residual
	
	2665.100
	98
	27.195
	
	

	Total
	
	7265.086
	119
	61.051
	
	


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


It is evident from the Table – VII and Figure - VI that fabric elongation had increased among all the natural dyed mercerized  Organic Cotton and Tencel samples (warp side), mordanted with processed alum and copper sulphate.Among the Organic Cotton dyed samples the maximum increase was recorded as 2.59 percent by mulberry roof dyed by using processed alum mordant following simultaneous and post mordanting techniques.


When the mercerized Tencel sampled dyed by using mulberry root with processed copper sulphate as mordant following  post mordanting  technique recorded maximum increase in fabric  elongation of in warp side by 17.92 percent whereas Tencel sample dyed by using Flame of forest flower mordanted with processed alum following simultaneous technique recorded highest fabris elongation in warp side by 17.92 per cent.
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FABRIC WARP ELONGATION OF THE ORIGINAL AND DYED SAMPLES

In view of fabric elongation (Warp side) all the organic cotton and tencel samples recorded highest fabric elongation(Warp side) than their respective originals. Among the organic cotton and tencel dyed samples, OCFFPCS and TFFPAS, TMPCPt recorded 4.52 per cent and 17.92 per cent respectively.

          Statistical analysis of the data relating to fabric elongation (Warp side), comparing the effect of fabrics, dyes, processed mordanting and mordanting techniques one percent level of significant difference was found between fabrics and techniques whereas no significant difference was identified between dyes and mordants.


In two way interaction one percent level of significant difference was found between fabrics and techniques, while five percent level of significant difference was noticed between dyes and mordants.There was no significant difference was identified between fabric and dyes, fabric and mordants 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 and with dyes and techniques, fabrics with mordants and techniques and also between dyes, mordants and techniques.

4.1.2.6 Elongation of the fabric (weft)


The mean elongation (weft side) of the original, mercerized organic cotton and tencel samples compared against samples dyed with processed mordants following different, mordanting techniques are shown in Table – VIII and Figure – VII.

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

	1
	OC
	3.46
	
	

	2
	T
	2.47
	
	

	Dyed with mulberry root

	3
	OCMPAP
	3.34
	0.12
	3.47

	4
	OCMPAS
	3.36
	0.10
	2.89

	5
	OCMPAPt
	3.34
	0.12
	1.73

	6
	OCMPCP
	3.36
	0.10
	2.89

	7
	OCMPCS
	3.42
	0.04
	1.16

	8
	OCMPCPt
	3.46
	0.00
	0.00

	9
	TMPAP
	2.70
	0.23
	9.31

	10
	TMPAS
	2.54
	0.07
	2.83

	11
	TMPAPt
	2.66
	0.19
	7.69

	12
	TMPCP
	2.58
	0.11
	4.45

	13
	TMPCS
	2.72
	0.25
	10.12

	14
	TMPCPt
	2.84
	0.37
	14.98

	Dyed with Flame of forest flower

	15
	OCFFPAP
	3.32
	0.14
	4.05

	16
	OCFFPAS
	3.50
	0.04
	1.16

	17
	OCFFPAPt
	3.30
	0.16
	4.62

	18
	OCFFPCP
	3.48
	0.02
	0.58

	19
	OCFFPCS
	3.48
	0.02
	0.58

	20
	OCFFPCPt
	3.46
	0.00
	0.00

	21
	TFFPAP
	2.40
	0.07
	2.83

	22
	TFFPAS
	2.74
	0.27
	10.93

	23
	TFFPAPt
	2.64
	0.17
	6.88

	24
	TFFPCP
	2.42
	0.05
	2.02

	25
	TFFPCS
	2.72
	0.25
	10.12

	26
	TFFPCPt
	2.60
	0.13
	5.26


ANOVA FOR FABRIC WEFT ELONGATION

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	1929.207
	1
	1929.207
	91.581
	**

	
	Between Dyes
	48.592
	1
	48.592
	2.307
	NS

	
	Between Mordants
	90.254
	1
	90.254
	4.284
	*

	
	Between Techniques
	403.623
	2
	201.812
	9.580
	**

	2-way Interaction
	Fabric * Dyes
	150.002
	1
	150.002
	7.121
	**

	
	Fabric *  Mordants
	4.446
	1
	4.446
	0.211
	NS

	
	Fabric * Techniques
	174.281
	2
	87.171
	4.137
	*

	
	Dyes *  Mordants
	9.385
	1
	9.385
	0.446
	NS

	
	Dyes  * Techniques
	338.986
	2
	169.493
	8.046
	**

	
	Mordants * Techniques
	37.396
	2
	18.698
	0.888
	NS

	3-way Interaction
	Fabric * Dyes * Mordants
	53.069
	1
	53.069
	2.519
	NS

	
	Fabric * Dyes * Techniques
	179.070
	2
	89.535
	4.250
	*

	
	Fabric * Mordants * Techniques
	67.039
	2
	33.519
	1.591
	NS

	
	Dyes * Mordants * Techniques
	139.941
	2
	69.970
	3.322
	*

	Residual
	
	2064.435
	98
	21.066
	
	

	Total
	
	5689.727
	119
	47.813
	
	


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

Table - VIII and Figure - VII showed that the weft side of fabric elongation had increased among all the mercerized Organic Cotton and Tencel (Weft side) samples, mordanted with processed alum and copper sulphate.


Among the Organic Cotton dyed samples the maximum, increase was recordedas3.47 percent by mulberry roof dyed by using processed alum as mordant following pre mordanting techniques.When the mercerized Tencel sample dyed by using mulberry root with processed copper sulphate as mordant following post – mordanting technique recorded maximum increase in fabric elongation in Weft side by 14.98 percent.
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FABRIC WEFT ELONGATION OF THE ORIGINALAND DYED SAMPLES

      Among the mercerized organic cotton dyed with Flame of forest flower by using processed alum as mordant following post mordanting technique recorded maximum increase in fabric Elongation (Weft side) by 4.62 per cent, whereas tencel sample dyed with Flame of forest flower by using processed alum as mordant following simultaneous technique recorded highest fabric elongation(Weft side) as 10.93 per cent. In view of fabric elongation (Weft side) all the organic cotton and tencel samples recorded maximum value than their originals. Among the organic cotton and tencel dyed samples, OCFFPAPt and TMPCPt recorded 4.62 percent and 14.98 per cent respectively.

   
Statistical analysis of the data relating to fabric elongation (Weft side) comparing the effect of fabrics, dyes processed mordants and mordanting techniques. One per cent level of significant difference was found between fabrics and techniques, while five per cent level of significant difference was noticed between mordants.  There was no significant difference was identified between dyes.


The two- way interaction one per cent level of significant difference was found between fabrics and dyes and also between dyes and techniques, while five percent level of signficant difference was identified between fabrics and techniques. There was no significant difference was noticed between fabric and mordants, dyes and mordants and also between mordants and techniques.
There way interaction revealed that five percent level of significant difference was noted between fabrics, dyes and techniques and also between dyes, mordants and techniques whereas no significant difference was identified between fabrics, mordants and techniques

4.2 Wettability and absorbency tests


The wettability and Absorbency tests include drop tests, sinking test and capillary rise test. The findings are as follows.

4.2.1 Drop test


Drop test of original and dyed samples with processed mordants using pre, simultaneous and post mordanting technique are presented 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
	OC
	18.00
	
	

	2
	T
	23.80
	
	

	Dyed with mulberry root

	3
	OCMPAP
	19.40
	4.4
	7.78

	4
	OCMPAS
	18.60
	5.2.2
	3.33

	5
	OCMPAPt
	19.00
	4.8
	5.56

	6
	OCMPCP
	19.60
	4.2
	8.89

	7
	OCMPCS
	18.60
	5.2
	3.33

	8
	OCMPCPt
	18.60
	5.2
	3.33

	9
	TMPAP
	23.40
	5.4
	1.68

	10
	TMPAS
	24.40
	6.4
	2.52

	11
	TMPAPt
	23.60
	5.6
	0.84

	12
	TMPCP
	22.40
	4.4
	5.88

	13
	TMPCS
	23.40
	5.4
	1.68

	14
	TMPCPt
	22.20
	4.2
	6.72

	Dyed with Flame of forest flower

	13
	OCFFPAP
	19.60
	4.2
	8.89

	14
	OCFFPAS
	19.20
	4.6
	6.67

	15
	OCFFPAPt
	19.40
	4.4
	7.78

	16
	OCFFPCP
	19.40
	4.4
	7.78

	17
	OCFFPCS
	18.4
	5.4
	2.22

	18
	OCFFPCPt
	19.00
	4.8
	5.56

	19
	TFFPAP
	22.40
	4.4
	5.88

	20
	TFFPAS
	23.60
	5.6
	0.84

	21
	TFFPAPt
	22.80
	4.8
	4.20

	22
	TFFPCP
	21.40
	3.4
	10.08

	23
	TFFPCS
	23.80
	5.8
	0.00

	24
	TFFPCPt
	22.40
	4.4
	5.88


ANOVA FOR DROP TEST

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	2626.771
	1
	2626.771
	324.263
	**

	
	Between Dyes
	7.347
	1
	7.347
	0.907
	NS

	
	Between Mordants
	165.870
	1
	165.870
	20.476
	**

	
	Between Techniques
	37.706
	2
	18.853
	2.327
	NS

	2-way Interaction
	Fabric * Dyes
	77.375
	1
	77.375
	9.552
	**

	
	Fabric *  Mordants
	22.702
	1
	22.702
	2.802
	NS

	
	Fabric * Techniques
	538.796
	2
	269.398
	33.256
	**

	
	Dyes *  Mordants
	1.384
	1
	1.384
	0.171
	NS

	
	Dyes  * Techniques
	39.284
	2
	19.642
	2.425
	NS

	
	Mordants * Techniques
	6.459
	2
	3.229
	0.399
	NS

	3-way Interaction
	Fabric * Dyes * Mordants
	52.737
	1
	52.737
	6.510
	**

	
	Fabric * Dyes * Techniques
	6.604
	2
	3.302
	0.408
	NS

	
	Fabric * Mordants * Techniques
	28.245
	2
	14.122
	1.743
	NS

	
	Dyes * Mordants * Techniques
	12.960
	2
	6.480
	0.800
	NS

	Residual
	
	798.873
	98
	8.101
	
	

	Total
	
	4418.112
	119
	37.127
	
	


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 with processed mordants using different mordanting technique, the time taken for absorbency performance by drop test had increased.  The lower the mean value, the greater is the absorbency of the samples.

All the organic cotton samples dyed by using mulberry root and Flame of forest flower revealed minimum increased values by recording reduced absorbency performance. Among the increased values of tencel samples dyed by mulberry root and Flame of forest flower TMPAS revealed maximum reduced wettability and absorbency performance.
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DROP TEST OF ORIGINAL AND DYED SAMPLES
Statistical analysis of the data relating to fabric drop test comparing the effect of fabrics, dyes mordants and mordanting techniques. One per cent level of significant difference was found between fabrics and mordants whereas no significant difference was identified between dyes and techniques.


In two way interactions one per cent level of significant difference was recorded between fabric and dyes and also between fabric and Techniques whereas no significant difference was identified between fabric and mordants, dyes and mordants, Dyes and techniques and also between mordants and techniques.


Three way interactions revealed that significant difference at one per cent level was found between fabrics, dyes and mordants whereas no significant difference was found between fabric, dyes and techniques, fabric, mordant and techniques and also between dyes, mordants and techniques.

4.2.2 Sinking test


Table - X and Figure – IX shows the mean sinking test of the original undyed samples compared against samples dyed with processed mordants following different mordanting techniques.

TABLE X – SINK TEST OF ORIGINAL AND DYED SAMPLES
	S.No.
	Name of sample
	Mean (Seconds)
	Loss or gain over original
	Percentage

	1
	OC
	1.18
	-
	-

	2
	T
	1.56
	-
	-

	Dyed with mulberry root

	3
	OCMPAP
	1.44
	0.26
	22.03

	4
	OCMPAS
	1.54
	0.36
	30.51

	5
	OCMPAPt
	1.56
	0.38
	32.20

	6
	OCMPCP
	1.44
	0.26
	22.03

	7
	OCMPCS
	1.56
	0.36
	32.20

	8
	OCMPCPt
	1.46
	0.28
	23.73

	9
	TMPAP
	1.84
	0.28
	17.95

	10
	TMPAS
	1.84
	0.28
	17.95

	11
	TMPAPt
	1.84
	0.28
	17.95

	12
	TMPCP
	1.84
	0.28
	17.95

	13
	TMPCS
	1.74
	0.18
	11.54

	14
	TMPCPt
	1.84
	0.28
	17.95

	Dyed with Flame of forest flower

	15
	OCFFPAP
	1.44
	0.26
	22.03

	16
	OCFFPAS
	1.54
	0.36
	30.51

	17
	OCFFPAPt
	1.56
	0.38
	32.20

	18
	OCFFPCP
	1.44
	0.26
	22.03

	19
	OCFFPCS
	1.58
	0.40
	33.90

	20
	OCFFPCPt
	1.56
	0.38
	32.20

	21
	TFFPAP
	1.86
	0.30
	19.23

	22
	TFFPAS
	1.82
	0.26
	16.67

	23
	TFFPAPt
	1.84
	0.28
	17.95

	24
	TFFPCP
	1.84
	0.28
	17.95

	25
	TFFPCS
	1.86
	0.30
	19.23

	26
	TFFPCPt
	1.86
	0.30
	19.23


ANOVA FOR SINK TEST

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	3206.163
	1
	3206.163
	165.941
	**

	
	Between Dyes
	76.351
	1
	76.351
	3.952
	*

	
	Between Mordants
	10.908
	1
	10.908
	0.565
	NS

	
	Between Techniques
	420.209
	2
	210.104
	10.875
	**

	2-way Interaction
	Fabric * Dyes
	0.298
	1
	0.298
	0.015
	NS

	
	Fabric *  Mordants
	4.338E-02
	1
	4.338E-02
	0.002
	NS

	
	Fabric * Techniques
	713.559
	1
	356.780
	18.466
	**

	
	Dyes *  Mordants
	76.351
	2
	76.351
	3.952
	*

	
	Dyes  * Techniques
	25.229
	1
	12.615
	0.653
	NS

	
	Mordants * Techniques
	23.411
	2
	11.705
	0.606
	NS

	3-way Interaction
	Fabric * Dyes * Mordants
	0.298
	2
	0.298
	0.015
	NS

	
	Fabric * Dyes * Techniques
	46.959
	1
	23.479
	1.215
	NS

	
	Fabric * Mordants * Techniques
	110.329
	2
	55.165
	2.855
	NS

	
	Dyes * Mordants * Techniques
	55.317
	2
	27.658
	1.432
	NS

	Residual
	
	1893.467
	98
	19.321
	
	

	Total
	
	6658.893
	119
	55.957
	
	


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

It is evident from the Table – X and Figure - IX that among the samples dyed with processed mordants following different mordanting techniques, the time taken for absorbency performance by sinking test had increased.  As the percentage increases the unwettable nature was also increased irrespective of mordants and mordanting techniques used.

Among the increased values of organic cotton and tencel samples, maximum value was recorded by OCMPAPt, OCMPCS by 32.20 per cent and OCFFPCS by 33.90 per cent respectively. With regard to sinking test all the values revealed reduced absorbency performance irrespective of dyes, mordants and techniques used.
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SINK TEST OF ORIGINAL AND DYED SAMPLES
Statistical analysis of the data relating to fabric sinking performance, revealed 5 per cent level of significant difference between dyes. One percent level of significant difference between fabrics and techniques whereas no significant difference between mordants.


In two way interaction five percent level of significant difference was noted between dyes and mordants, one percent level of significant difference was identified between fabrics and techniques whereas no significant difference was recorded between fabrics and dyes, fabrics and mordants, Dyes and techniques and also between mordants and techniques.


Three way interactions revealed no significant difference between fabric dyes mordants, fabrics, dyes and techniques, between fabrics, mordants and techniques and also between dyes, mordants and techniques.

4.2.3 Capillary test


Capillary rise test of original and dyed samples with processed mordants using different mordanting techniques are presented in Table - XI and Figure - X.
TABLE XI – CAPILLARY RISE OF ORIGINAL AND DYED SAMPLES
	S.No.
	Name of sample
	Mean (cms)
	Loss or gain over original
	Percentage

	1
	OC
	4.668
	
	

	2
	T
	5.022
	
	

	Dyed with mulberry root

	3
	OCMPAP
	3.27
	1.39
	30.03

	4
	OCMPAS
	3.41
	1.25
	26.91

	5
	OCMPAPt
	3.36
	1.30
	27.93

	6
	OCMPCP
	3.35
	1.31
	28.19

	7
	OCMPCS
	3.41
	1.25
	26.91

	8
	OCMPCPt
	3.36
	1.30
	27.98

	9
	TMPAP
	3.39
	1.632
	32.46

	10
	TMPAS
	3.42
	1.602
	31.98

	11
	TMPAPt
	3.41
	1.612
	32.10

	12
	TMPCP
	3.39
	1.632
	32.46

	13
	TMPCS
	3.41
	1.612
	32.02

	14
	TMPCPt
	3.41
	1.612
	32.02

	Dyed with Flame of forest flower

	15
	OCFFPAP
	3.40
	1.26
	27.25

	16
	OCFFPAS
	3.42
	1.24
	26.78

	17
	OCFFPAPt
	3.38
	1.28
	27.63

	18
	OCFFPCP
	3.38
	1.28
	27.51

	19
	OCFFPCS
	3.42
	1.24
	26.78

	20
	OCFFPCPt
	3.38
	1.28
	27.59

	21
	TFFPAP
	3.39
	1.632
	32.54

	22
	TFFPAS
	3.42
	1.602
	31.98

	23
	TFFPAPt
	3.41
	1.612
	32.18

	24
	TFFPCP
	3.39
	1.632
	32.42

	25
	TFFPCS
	3.41
	1.612
	32.02

	26
	TFFPCPt
	3.41
	1.612
	32.18


ANOVA FOR CAPILLARY RISE

	
	Samples 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Main Effects
	Between Fabrics
	626.755
	1
	626.755
	5037.489
	**

	
	Between Dyes
	3.561
	1
	3.561
	28.620
	**

	
	Between Mordants
	0.605
	1
	0.605
	4.866
	*

	
	Between Techniques
	17.612
	2
	8.806
	70.777
	**

	2-way Interaction
	Fabric * Dyes
	4.586
	1
	4.586
	36.860
	**

	
	Fabric *  Mordants
	0.448
	1
	0.448
	3.598
	NS

	
	Fabric * Techniques
	5.216
	2
	2.608
	20.961
	**

	
	Dyes *  Mordants
	0.812
	1
	0.812
	6.524
	*

	
	Dyes  * Techniques
	3.961
	2
	1.980
	15.917
	**

	
	Mordants * Techniques
	1.219
	2
	0.609
	4.898
	**

	3-way Interaction
	Fabric * Dyes * Mordants
	0.879
	1
	0.879
	7.061
	**

	
	Fabric * Dyes * Techniques
	3.691
	2
	1.845
	14.832
	**

	
	Fabric * Mordants * Techniques
	0.903
	2
	0.452
	3.630
	*

	
	Dyes * Mordants * Techniques
	1.638
	2
	0.819
	6.584
	**

	Residual
	
	12.193
	98
	0.124
	
	

	Total
	
	684.078
	119
	5.749
	
	


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 with processed mordants the time taken for absorbency performance by capillary rise test had decreased.  As the percentage decreases, unwettability nature was also decreased irrespective of mordants and mordanting techniques used.
           With regard to capillary rise test all the organic cotton and tencel samples recorded reduced absorbency performance irrespective of dyes, mordants and mordanting techniques used.

Statistical analysis of the data relating to capillary rise performance revealed that five percent level of significant difference between mordants where as one percent level of significant difference was identified between fabrics, dyes, and techniques.


The two way interaction showed five percent level of significant difference between dyes and mordants, whereas one percent level of 
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CAPILLARY RISE OF ORIGINAL AND DYED SAMPLES
significant difference between fabrics and techniques, dyes and techniques, and also between mordants and techniques. There was no significant difference was identified between fabrics and mordants.


Three way interactions revealed that five percent level of significant difference between fabrics, mordants and techniques where as one percent level of significant difference was noted between fabrics, dyes and mordants, between fabrics, dyes and techniques and also between dyes, mordants and techniques.   

4.3 Colorfastness 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
	Colour fastness to 

	
	
	
	Dry staining
	Wet staining
	Dry
	Wet
	Colour change
	Colour staining
	

	Dyed with mulberry root

	1
	OCMPAP
	5
	5
	5
	5
	4
	4
	5
	91.4

	2
	OCMPAS
	4
	5
	5
	5
	5
	5
	5
	100

	3
	OCMPAPt
	4
	5
	5
	5
	4
	5
	4
	91.4

	4
	OCMPCP
	4
	5
	5
	5
	5
	5
	5
	97.1

	5
	OCMPCS
	5
	5
	5
	5
	4
	5
	4
	94.2

	6
	OCMPCPt
	5
	5
	5
	5
	5
	5
	5
	100

	7
	TMPAP
	5
	5
	5
	5
	5
	5
	5
	100

	8
	TMPAS
	5
	5
	5
	5
	5
	5
	5
	100

	9
	TMPAPt
	5
	5
	5
	4
	5
	5
	4
	94.2

	10
	TMPCP
	5
	5
	5
	5
	4
	4
	5
	94.2

	11
	TMPCS
	5
	5
	5
	5
	5
	5
	5
	100

	12
	TMPCPt
	4
	5
	5
	4
	5
	5
	5
	94.2

	Dyed with Flame of forest flower flower

	13
	OCFFPAP
	4
	5
	5
	5
	5
	5
	5
	97.1

	14
	OCFFPAS
	5
	5
	5
	5
	5
	4
	4
	94.2

	15
	OCFFPAPt
	5
	5
	5
	5
	4
	5
	5
	97.1

	16
	OCFFPCP
	4
	5
	5
	5
	5
	4
	5
	91.4

	17
	OCFFPCS
	5
	5
	5
	5
	5
	5
	4
	97.1

	18
	OCFFPCPt
	4
	5
	5
	5
	5
	5
	5
	97.1

	19
	TFFPAP
	5
	5
	5
	5
	5
	5
	5
	100

	20
	TFFPAS
	5
	5
	5
	4
	4
	5
	5
	94.2

	21
	TFFPAPt
	5
	5
	5
	5
	5
	5
	5
	100

	22
	TFFPCP
	4
	5
	5
	4
	5
	5
	5
	94.2

	23
	TFFPCS
	5
	5
	5
	5
	5
	5
	4
	97.1

	24
	TFFPCPt
	5
	5
	5
	5
	5
	5
	5
	100


From the Table - XII, it is clear that the organic cotton and tencel samples dyed by using mulberry root mordant with processed alum and copper sulphate samples the sample having excellent fastness by OCMPAS, OCMPCPt, TMPAP, TMPAS and TMPCS 100 percent regarding  various colourfastness tests showed recorded excellent fastness performance by scoring 100 percent.

Among all the organic cotton and tencel samples dyed with Flame of forest flower flower by using processed alum and copper sulphate as mordant showed maximum colourfastness property except OCFFPCP as 91.4 percent regarding various colourfastness tests.

FINAL EVALUATION OF SELECTED PARAMETERS OF THE STUDY
	S.No.
	Samples 
	Fabric  weight
	Fabric thickness
	Tensile strength
	Elongation
	Drop         test
	Sinking     test
	Capillary  rise

	Dyed with mulberry root
	Warp 
	Weft
	Warp
	Weft 
	

	1
	OCMPAP
	
	
	
	
	
	
	
	
	

	2
	OCMPAS
	
	
	
	
	
	
	
	
	

	3
	OCMPAPt
	
	
	
	
	
	
	
	II
	

	4
	OCMPCP
	
	
	
	
	
	
	II
	
	

	5
	OCMPCS
	I
	
	
	
	
	
	
	II
	

	6
	OCMPCPt
	
	
	
	
	
	
	
	
	

	7
	TMPAP
	
	II
	
	
	
	
	
	
	II

	8
	TMPAS
	
	II
	
	
	
	
	
	
	

	9
	TMPAPt
	
	
	
	
	
	
	
	
	

	10
	TMPCP
	
	
	
	
	
	
	
	
	

	11
	TMPCS
	
	
	
	
	II
	
	
	
	

	12
	TMPCPt
	
	
	
	
	I
	I
	
	
	

	
	Dyed with Flame of forest flower flower

	13
	OCFFPAP
	
	
	
	
	
	
	II
	
	

	14
	OCFFPAS
	
	
	
	
	
	
	
	
	

	15
	OCFFPAPt
	
	
	
	
	
	
	
	II
	

	16
	OCFFPCP
	
	
	
	
	
	
	
	
	

	17
	OCFFPCS
	
	
	
	
	
	
	
	I
	

	18
	OCFFPCPt
	
	
	
	
	
	
	
	II
	

	19
	TFFPAP
	
	I
	
	
	
	
	
	
	I

	20
	TFFPAS
	II
	II
	
	
	I
	II
	
	
	

	21
	TFFPAPt
	
	
	I
	I
	
	
	
	
	

	22
	TFFPCP
	
	I
	
	
	
	
	I
	
	

	23
	TFFPCS
	II
	II
	
	
	
	
	
	
	

	24
	TFFPCPt
	
	
	II
	II
	
	
	
	
	


 It was inferred from the study that among the organic cotton and tencel samples dyed with mulberry cotton and tencel samples dyed with mulberry root and Flame of forest flower using processed mordants following pre, simultaneous and post mordanting techniques. TFFPAS ranked maximum among selected parameter used for the study. With regard to wettability and absorbency samples among OCFFPCS, TFFPAP and TFFPCP samples exhibited reduced absorbency performance in view of drop test, sinking test and capillary rise test. In view of colourfastness to washing, sunlight, pressing and capillary test. In view of colourfastness to washing, sunlight, pressing and crocking, OCMPCPt, TMPAP, TMPAS, TMPCS, TFFPAP, TFFPAPt and TFFPCPt samples scored excellent colourfastness property.

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 use of natural dyes in fabric production is still considered under experimentation. The productions of synthetic dyes involve many violet reactions and during the manufacturing process such chemicals are required which causes environmental pollution. In the context natural dyes and its application so far, have potential to minimize the above problems. Owing to the eco-friendly, eco-conservation eco-protection and concern over the depleting eco-system and also the growing global consciousness about the use of eco-friendly dyes has gained momentum not only from the point of safety of health and environment but also for their beauty and novelty.  Hence the investigator made an attempt to study, “ECO-FRIENDLY DYEING OF SELECTED NATURAL DYES ON ORGANIC COTTON AND TENCEL FABRICS” with the following objectives to:   

· Compare the effect of selected natural dyes on organic cotton and tencel fabrics.


· Study the effect of selected mordants and different mordanting techniques on selected fabrics 

EXPERIMENTAL PROCEDURE


Among the various textile fabric, 100 per cent organic cotton and tencel woven fabrics plain weave material was selected which have excellent moisture absorbency, soft, luster, better,  drape, and easy to dye.  Seven meters of plain weave 62 ends and 58 picks/ inch of 100% Organic cotton and also seven meters of Tencel material is used for the study. One meter in each was kept aside as original for laboratory testing purposes. The remaining six meter in each was cut into 12 equal pieces. First six pieces in each was used for dyeing with mulberry root and Flame of forest flower using processed alum and copper sulphate as mordants following pre, simultaneous and post mordanting techniques. The dye was extracted using aqueous medium by soaking in water for 48 hours. The extracted dye solution was used for dyeing with processed alum and copper sulphate following pre simultaneous and post mordanting techniques. Dyeing was carried out at boiling temperature for 45 minutes.  Finally the samples were taken out from the dye bath, washed and dried in the shade. The nomenclatures used for the samples for the study were as follows.
NOMENCLATURE OF THE DYED SAMPLES

	Sample code

	OCMPAP
	OCFFPAP
	TMPAP
	TFFPAP

	OCMPAS
	OCFFPAS
	TMPAS
	TFFPAS

	OCMPAPt
	OCFFPAPt
	TMPAPt
	TFFPAPt

	OCMPCP
	OCFFPCP
	TMPCP
	TFFPCP

	OCMPCS
	OCFFPCS
	TMPCS
	TFFPCS

	OCMPCPt
	OCFFPCPt
	TMPCPt
	TFFPCPt


Fabric: Organic cotton - OC; Tencel – T;

Dyes: M - mulberry root; FF - Flame of forest flower flower

Mordants: PA- Alum; C - Copper sulphate
Mordanting techniques: P - Pre; S – Simultaneous; t - Post;

The dyed samples were evaluated subjectively and objectively.  In subjective evaluation, visual inspection was carried out. In objective evaluation, fabric weight, fabric thickness, tensile strength and elongation absorbency test like drop test, sinking test and capillary rise test and colour fastness test like colour fastness to sunlight, wet and dry pressing, crocking and washing were carried out.
FINDINGS OF THE STUDY

Visual inspection - In view of visual inspection of organic cotton and tencel dyed samples TMPCS, TMPAP samples recorded 100 per cent acceptance with regard to general appearance, evenness in dyeing, texture and luster.

Fabric weight - Among the organic cotton and tencel samples dyed with mulberry root and Flame of forest flower using processed alum and copper sulphate following different mordanting techniques OCMPCS, OCFFPCS and TFFPAS, TFFPCS ranked highest in fabric weight by 0.753 per cent and 0.66 per cent respectively

Fabric thickness - Among the decreased values in fabric thickness of organic cotton and tencel samples dyed with mulberry root and Flame of forest flower using processed alum and copper sulphate as mordant following different mordanting techniques TMPAP, TMPAS and TFFPAP, TFFPCP ranked highest by 5.77 percent and 6.73 per cent respectively

Tensile strength (Warp and Weft) - In view of fabric tensile strength(Warp side) of all the Organic cotton and Tencel samples recorded maximum values than their respective originals. Among the organic cotton dyed samples OCMPAPt recorded maximum increased value by 7.92 per cent and among the tencel dyed samples TFFPAPt showed maximum increase by 10.92 per cent. In view of fabric tensile strength (Weft side) of all the Organic cotton and Tencel samples recorded maximum value than their respective originals. Among the organic cotton dyes samples OCFFPAPt recorded highest tensile strength (Weft side) by 9.01 per cent, whereas among the tencel dyed samples TFFPAPt recorded highest tensile strength (Weft side) by 17.57 per cent.

Elongation of the fabric (Warp and Weft) - In view of fabric elongation (Warp side) all the organic cotton and tencel samples recorded highest fabric elongation(Warp side) than their respective originals. Among the organic cotton and tencel dyed samples, OCFFPCS and TFFPAS, TMPCPt recorded 4.52 per cent and 17.92 per cent respectively. In view of fabric elongation (Weft side) all the organic cotton and tencel samples recorded maximum value than their originals. Among the organic cotton and tencel dyed samples, OCFFPAPt and TMPCPt recorded 4.62 percent and 14.98 per cent respectively.

Wettability and absorbency tests - Drop test - All the organic cotton samples dyed by using mulberry root and Flame of forest flower revealed minimum increased values by recording reduced absorbency performance. Among the increased values of tencel samples dyed by mulberry root and Flame of forest flower TMPAS revealed maximum reduced wettability and absorbency performance.
Sinking test - Among the increased values of organic cotton and tencel samples, maximum value was recorded by OCMPAPt, OCMPCS by 32.20 per cent and OCFFPCS by 33.90 per cent respectively. With regard to sinking test all the values revealed reduced absorbency performance irrespective of dyes, mordants and techniques used.

Capillary test - With regard to capillary rise test all the organic cotton and tencel samples recorded reduced absorbency performance irrespective of dyes, mordants and mordanting techniques used.

Colorfastness tests - In view of  colourfastness tests, the Organic Cotton and Tencel samples dyed by using mulberry root mordant with processed alum and copper sulphate samples the sample having excellent fastness by OCMPAS, OCMPCPt, TMPAP, TMPAS and TMPCS regarding  various colorfastness tests showed recorded excellent fastness performance by scoring 100 percent.
CONCLUSION

             It was inferred from the study that the Organic cotton and Tencel samples dyed with Mulberry root and Flame of forest flower using processed mordants following different mordanting techniques, the organic cotton samples dyes with Flame of forest flower mordanted with processed alum following simultaneous technique revealed excellent performance among the selected parameters used for the study. The tencel samples dyed with Flame of forest flower using processed alum and copper sulphate as mordants following post and pre- mordanting respectively ranked next in order of performance. Natural dyes can be very well used instead of synthetic dyes which have been proved as a best alternative for harmful carcinogenic synthetic and dye stuffs. The study has resulted in revealing a natural dye which will benefit the industrialists, manufacturers and the ultimate consumers.

RECOMMENDATION
           Dye extracted from Mulberry root and Flame of forest flower can be used for dyeing blends and knitted fabric. Mixture of mordants can be tried in different proportions while dyeing. Considering the environmental safety, the present project will help the industries to minimize the ecological pollution by means of utilizing right kind of environment friendly dyes and mordants. 
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APPENDIX – I

DETAILS OF THE SELECTED FABRICS

	ORGANIC COTTON
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	Composition - 100%

Type              - Long cloth
Weave           - Plain

End/inch       - 62

Picks/inch     - 55

Fabric width - 42”

Price/meter   - Rs.100

	
	

	TENCEL
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	Composition - 100%

Type              - Long cloth
Weave           - Plain

End/inch       - 67
Picks/inch     - 59  
Fabric width - 60 
Price/meter   - Rs. 125


APPENDIX III
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 IV
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 II
SAMPLES DYED BY USING ALL THE THREE MORDANTING TECHNIQUES WITH SELECTED DYES AND PROCESSED MORDANTS

ORGANIC COTTON SAMPLES

	DYES
	MORDANTING
	SAMPLE NAME
	ALUM
	SAMPLE NAME
	COPPER SULPHATE

	MULBERY ROOT
	PRE
	OCMPAP
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	OCMPCP
	

	MULBERY ROOT
	SIMULTANEOUS
	OCMPAS
	
	OCMPCS
	

	MULBERY ROOT
	POST
	OCMPAPt
	
	OCMPCPt
	

	FLAME OF FOREST FLOWER
	PRE
	TMPAP
	
	TMPCP
	

	FLAME OF FOREST FLOWER
	SIMULTANEOUS
	TMPAS
	
	TMPCS
	

	FLAME OF FOREST FLOWER
	POST
	TMPAPt
	
	TMPCPt
	


TENCEL SAMPLES

	DYES
	MORDANTING
	SAMPLE NAME
	ALUM
	SAMPLE NAME
	COPPER SULPHATE

	MULBERY ROOT
	PRE
	OCFFPAP
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	OCFFPCP


	

	MULBERY ROOT
	SIMULTANEOUS
	OCFFPAS
	
	OCFFPCS
	

	MULBERY ROOT
	POST
	OCFFPAPt
	
	OCFFPCPt
	

	FLAME OF FOREST FLOWER
	PRE
	TFFPAP
	
	TFFPCP
	

	FLAME OF FOREST FLOWER
	SIMULTANEOUS
	TFFPAS
	
	TFFPCS
	

	FLAME OF FOREST FLOWER
	POST
	TFFPAPt
	
	TFFPCPt
	

	
	
	
	
	
	

	
	
	
	
	
	


General                   Brilliancy of              Evenness in                Texture                  Lustre Appearance                Colour                       Dyeing
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