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INTRODUCTION


Colours – energies imagination, enliven the spirit and continue to fascinate mankind with its vibrance and vivity. The ability to see colours and enjoy them is a boon given to human being. Flowers, leaves, fruits, roots, barks and every creation of nature is a vast treasure of infinite range of glorious colours.


A dye or a dye stuff is usually a coloured organic compound or mixture that may be used for imparting colour to a substrate such as cloth, paper, plastic or leather. India has a rich tradition of dyeing textiles. Textiles are the mother industry of India with a history giving back to several centuries. The history can be traced back atleast 7000 years and from the beginning the influence of nature on all aspects like manufacture, colour and design. India is the biggest producer and exporter of textiles in the known world atleast back to aryan time.


Studies in the analysis of natural colurants in textiles is a fascinating subject which started as early as 1930. India has a long tradition of dyeing textiles with dyes obtained from plant sources. Natural dyes are extracted from 100 per cent natural resources – botanical parts, minerals and insect secretion. Natural dyes are soft, gentle, earthy, subtle, delicate and give harmonized pastel shades of natural colours. India had virtual monopoly in the production of dyed, painted and printed textiles with natural colours (Chavan,  1995).


Perkin’s development of the first synthetic dye stuff in 1856 led to the birth of the dye stuff industry with the introduction of synthetic dyes, as a result of the science and technology, the use of natural dyes have slowly decreased (Rastogi, 2000). Production and reproduction of colour with synthetic dyes are easier than the extraction of natural dyes. The use of synthetic dyes involves many violent chemical reactions and the byproducts formed have to be discharged in water or in the atmosphere. It also causes damage to ozone layer, global warming, rapid disappearance of rain forests, scarcity of land fills and unscientific waste management and hazardous materials pose threats to the quality of life and all aspects of health and safety explains Shroff (2001). Textile industries especially the wet processing units are one of the major contributors of the pollution problem as they discharge unabsorbed dye, unused chemicals, auxillaries, solids and surfactants.


Environmental protection and production of quality textiles of international standards are the two serious challenges before the textile wet processor. Germany is the second largest market for Indian garments and textiles. Rising environment consciousness in Germany has forced Indian textile producers to focus their attention an ecological grounds to maintain and diversify the export markets says Sharma (1999).


Eco‑labelling is the first step in this direction to improve the situation and to give the consumer a guarantee that the amounts of harmful substances in textile products are below permissible limits (Shroff, 2001). The consumer today demands for green textiles and garments as he is ready to ply a high price. Hence the thrust is on use of natural dyes.


The use of natural dyes as a possible substitute to synthetic dyes is heading towards a period of renaissance the increasing awareness of pollution associated with synthetic dyes led to a world wide interest in dyeing textiles with flora and fauna. 


India being the world’s largest cotton growers with second biggest textile industry and it has the pride of producing the widest quality range of cotton. Cotton is the ‘king’ among the crops contributing about 80 per cent of the raw material to the textile industry. Cotton enjoys an extremely positive image due to its naturalness and gentleness to the human skin. The colouration of cotton is achieved by dyeing and printing.


Cotton is the most common textile fibre in the world. A natural cellulose fibre, cotton possesses many useful characteristics such as comfort, it is soft to the hand, has good absorbency, colour retention, good strength, is machine washable and in today’s society it is easy to handle and sew. Cotton can be easily dyed but the cellulose dye and is not strong. Therefore some of the preparatory processes like desizing, scouring, bleaching and mercerization are very much essential.


Natural dyes are known for their beautification and multihued shades. However these natural dyes has a limited usefulness in cotton dyeing as it does not readily absorb. Hence natural dyes require a mordant to fix the dye into the fabric and prevent the colour from either fading after exposure to light or washing out. 


Mordants promote the binding of dyes to fabric by forming a chemical bridge between dye and fabric, improving the staining ability of a dye along with a increasing fastness properties.


Currently, most dyeing processes, use metallic mordants. Unfortunately many of the metallic mordants are toxic and have serious detrimental effect on the environment. Already, a new type of mordant is required. Mordants not only provide specific colours but also improve the washing and rubbing fastness.


The revival to the use of natural dyes world wide is primarily due to the increasing environmental consciousness today. This non toxic, bio degradable properties are making them exceedingly popular. In the recent past, the demand for natural dyes has increased tremendously. Being a tropical country, India is rich in plant material that can be received for the production of natural dyes and pigments, but the information on such botanical species is scattered and not easily accessible (Iyer and Saxena, 1999). 


Natural dyes are soft, delicate, and give hormonised. Paste / shades of natural colour obtain from renewable resources. There do not posses any health hazards. The use of natural dyes is not new, however commercial utility of natural dyes on a large scale of domestic market have not been explored much. There is a need to explore several newer sources of natural dyes particularly, for dyeing of cotton fabric (Ghorpade, 2001).


Moreover the drawbacks of synthetic dyes have prompted environmental is to look for eco‑friendly products in general but with the present natural and unilateral awareness of environment, ecology and pollution control. Natural dyes appear to be an ideal choice. Since there are non‑toxic and can be handled very easily and safety. Hence the investigator made an attempt to study the “Enhancing Dyeability  of Bleached Cotton Material Using Selected Natural Dyes” with the following objectives that is to :

1. Study the behaviour and intensity of the dye uptake by bleached cotton material.

2. Analyse the optimization of various parameters.

3. Compare the effect of selected synthetic mordants Vs processed mordants on bleached cotton material.

4. Compare the influence of different mordanting techniques on bleached cotton material.

5. Compare the effect of selected natural dyes bleached cotton material and

6. Evaluate physical, mechanical and fastness properties of dyed samples. 

REVIEW OF LITERATURE


The review of literature for this study is dealt under the following aspects :

2.1 Focus on natural dyes

2.2 Dyeing with natural dyes

2.3 Environmental aspects / hazards Vs.  dyeing

2.4 Related studies

2.1 Focus on natural dyes

Prior to the invention of dyes in 1856, only colouring matters obtained from the natural sources were used, states Colourage (2003). Gupta (2000) quotes the definition of natural dyes stated by the Society of Dyers and Colourists, U.K. as natural dyes are those colourants which are obtained from plant, animal or mineral sources with little or no chemical processing at all. Natural dyes are produced from natural wealth like plants, minerals and insects by Sethi et al. (2000).

According to ITCOTL (1999), the best natural colour is obtained from dried plants, enormous quantity of vegetable and fruit peelings and dried flowers. 

Vijayakumar and Krishnakumar (1999) say that natural dyes are derived from roots, stems, barks, leaves, hardwoods and flowers of various dye plants and trees as well as from certain insects and shell fishes. Anitadevi and Khanikar (1999) opine that natural dyes provide a creative finish to the textile materials.

According to Sumanty and Devi (2002), Ayurveda, the Indian Medicine system based on the nature and natural products is a rich source of information for natural colourants. Most of the medicinal plants also possess colour pigments that are substantive to textiles. Natural vegetable dyes have become a part of human life. Since a long time Egyptian mummies, documents of Mughal periods bear evidence to the use of natural dyes expresses Sengupta (2001).

The history of natural dyes is more than 4000 years old. India was the colour box of the ancient world and some of earliest natural dyestuff to mankind. According to statistics, about 500 plant sources are available in India which can produce colouring matters. Reference to the use of natural dyes can be found in our ancient religious scriptures also including the vedas, Moses (2000). 

Classification of natural dyes


Natural dyes can be sorted into three categories : Natural dyes obtained from plants, those obtained from animals and those obtained from minerals (Kris Driessen and Hickory Hill, 2003).


These days are thereby specifically identified as dyes of the stated colour, but it does not specify whether the dyes are derived from animals or plants. this is because it is a classification based on the dyes source and colour and it contains no chemical information, nor does it imply that dyes with similar names but, unique numbers are in any way related. It also gives no information about the mechanism by which staining occurs. This is done in order to authenticate the synthesized organic dyes along with natural dyes under the same universal classification system (V.S.Agency International Development, 2004).


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


Singh (2000) states that a natural dyes can be classified into three groups.

i.
Affinity based 
-
Substantive          and       Adjective






(need no mordant)
    (need a mordant)

ii.
Structure based 
-
Indigoids (blue and purple dyes)






Anthraquinones (red dyes)






Alpha – naphthoquinonex (henna, walnut)






Flavours (yellow dyes)






Dihydrophrane (log wood, brazil wood)






Anthocynidins (bignonia, chica awabanin)






Carotenoids (cauots, ikeseu)






Polyhydiec phenols (tannins, brown, grey 

 and bleach dyes)

iii.
Application based
-
Mordant dyes (maddar)






Direct dyes (turmeric, pomegranate)






Acid dyes – Saffron






Basic dyes – Berbeine






Vat dyes – Indigo






Disperse dyes – Henna


Natural dyes have been classified on the basis of their application. This classification was arrived at by studying their dyeing mechanism (Sanjay Gupta, 2002). 


According to Ansari (1999), use of natural dyes have the following advantages.

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

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

· They are non-toxic and biodegradable

· They are aesthetically appealing.

· They generate rural employment and are cost effective.

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

· Help in wasteland utilization and improve the fertility of the land.

In recent years, concern for environment has created a deep interest in natural dyes. Moreover, natural dyes have the following advantages, explain Ansari and Thakur (2000).

· Obtained from renewable resources

· No health hazards and practically no or little chemical reactions are in their preparation

· No disposal problems

· Unsophisticated and harmonzied with nature.

2.2 Dyeing with natural dyes

India’s contribution to the field of natural dyes has been a long tradition reveals Kapila (1999). A lot of attention is directed towards the development of natural dyes, for dyeing of cellulose and polyanide fibres, especially those that are being exported to developed countries like Japan, Germany and USA, as the use of azo dyes have been banned in the developing counries, state Agarwal and Gupta (2003).

According to Chavan (2001) cotton is the backbone of the textile market and it occupies almost half of the world’s consumption of textiles, cotton consists of cellulosic and non-cellulosic components views, Rao (2001). The cellulosic components constitutes 88 – 96.5 per cent of cotton, while non-cellulosic material includes protein (1 – 1.9 per cent), wax (0.4 – 1.2 per cent), pectin (0.4 – 1.2 per cent) and inorganic matter (0.1 – 1.6 per cent).

In India still cotton is in demand because of higher design comfort and good absorbency properly say Sarkar and Munshi (2001). Before dyeing, the material must be free from impurity as far as possible. In the form of loose fibres and yarn, cellulose textiles contain only those impurities found in the natural state, explain Vankar et al. (2001).

Scouring


Scouring is the process that removes non-cellulosic impurities adhering to the cotton fabric. Conventionally it is performed by alkali treatment (aqueous NaOH solution) at boiling temperature to obtain uniform.


The main aim of the bleaching process is to impart perfect whiteness to the fabric by removing the natural colouring matters from the fabric. Fabric free of size and scours in a bath with small amounts detergents and alkali for 20 – 30 minutes at 80(C - 90(C explain Venkar et al. (2001) and also suggest that the fabric can be scoured by soaking it in a soap solution (non-toxic detergent) for one hour followed by rinsing in tap water.


Tannins obtained from myrobalan, sumal and gallnuts also modify the affinity of fibres towards several dyes (Dr.Sanjay Gupta, 2002) suggest that the cotton fabric can be pretreated with myrobalan extract soaking the material over night.


Majority of natural dyes need a mordant in the form of metallic salt to create an affinity between the fibre and the pigment, opines Pardesh and Roshan (2000). Paliwal (2001) explains that a mordant is a chemical which forms affinity between the dye and the substance to be dyed, and a colour fixative, Mordanting of natural dyes always improve the affinity for the dye and the fabric.


Acharya et al. (1999) state that mordants are classified in the three categories :

1. Metallic mordants  :  Aluminium, chrome, copper, tin, etc.

2. Tannin and tannic acids : Among the tannines myrobalan and Sumal

3. Oil mordants : Palmitic, stearic, oleic, ricinoleic, etc.

In addition to metallic mordants, natural mordants like urine, saliva, egg albumin and tannin from tree barks can also be used as mordants in dyeing with natural colours to ensure colour fastness views Venugopal (1993). 

Mordants are an important auxiliary which not only help to improve affinity but also enhance the colour and improve the fastness of dyes remarks Sanjay Gupta (2002).

Three mordanting methods used were pre, simultaneous and post mordanting where mordants were used before, during and after dyeing respectively point out Geeta et al. (2004). 

The mordants are also used to increase or improve colour fastness to light, washing and acids, reveal Gogai (1998).

According to Ghorkade et al. (2000), the mordanting can be tried out in several methods in the dyeing process

1) Mordant before dyeing (pre mordanting)

2) Mordant after dyeing (post mordanting)

3) Mordanting and dyeing in the same bath (simultaneous mordanting)

4) Mordanting, dyeing and then mordanting through a mordant, this method is referred as padding.

Gulrajani (1999) states that in the case of natural dyes, the dyeing procedures are different for different dyes and they cannot be to get the required colour easily. He also points out that in the case of natural dyes, there are dyes which have affinity for the fibre, however their update as well as hue can be modified by pre-treatment or post treatment with mordants. The dyeing process vary in characteristics according to the textile material operated upon, the natural and properties of colour desired, states Barkar (1998). Wingate and Mohler (19840 say that dyeing given uniform colour on the whole surface of the fabric and much of the aesthetic appeal is derived from the structure of the fabric. Dyeing is the process in which the colour penetrates the fibres and become an integral part o their structure. 

2.3 Environmental aspects Vs. dyeing

Today, the main thrust aspect in the selection of products is safely the best product selection must take into account non-toxic and safer starting materials and finished products, state Teli et al. (2001).

Eco-friendly dyes of natural origin seem to have promising use in the fields of food colouration, drugs and cosmetics, such uses seem to be extremely sound and safe while their use in textile colouration has stated gaining impetus, the success which may be largely dictated by the development and availability of environmentally safe methods of application to textile substrates, designing eco-friendly dyes of artificial or man made types is no doubt a rewarding area (Sekar, 2001).

Effluent treatment must now be a high priority for textile finishes and dyes if they wish to avoid legislative penalties. There are many basic house keeping rules that can help reduce effluent production in the first place.

Increasing awareness of the environment and health hazards associated with the synthesis, processing and use of synthetic dyes, created a world wide interest in naturally dyed textiles. 

India was the home of cotton, which has been cultivating from ancient times. Ancient travelers described cotton cultivation as sheep growing on trees, for they only know white wool, which was taken from sheep long stapled cotton was cultivated as a cash crop to be spun or sold, as it was to be prepared by the professional carders and then by the weavers (Jasleen Dhamija, 2005). 

Pretreatment of Fabric for Dyeing

i. Desizing

ii. Scouring

iii. Bleaching

i. Desizing

The most common sizes used are starch or starch derivatives conventional desizing may be carried out by using oxidising agents acids like sulphuric and hydrochloric acid. These chemicals can damage the fabric, are hazardous and create problems in the effluent. Amylase and lipase enzymes act selectively on sizes, leaving the fabric intact. Similarly, they are eco‑friendly and create no disposal problem (Edward Menezes, Rossari, 2003). 

The main aim of the bleaching process is to impart perfect whiteness to the fabric by removing the natural colouring matters from the fabric.

Fabric free of size are scoured in a bath with small amounts of detergent and alkali for 20 – 30 minutes at 80 - 90(C explain Venkar et al. (2001) and also suggest that the fabric can be scoured by soaking, it in a soap solution (non ionic detergent) for one hour followed by rinsing with the tap water. 

The spontaneous decomposition of hydrogen peroxide under alkaline conditions is utilised in the bleaching of cotton fibers. However, rapid decomposition of a bleaching agent results in wastage as much of the bleaching agent decomposes before it has opportunity to bleach the fabric (Shukla and Maheswari, 2002).

Mill scoured and bleached cotton fabric (160 g/m2) was further treated with a solution containing 5 g/l of sodium carbonate and 3 g/l of non ionic detergent at the boil for 4 hrs after which time it was thoroughly washed and air dried at room temperature (Reda.Shishtaway and Nassar, 2002). 

Nearly all natural dyes, with few exceptions, require the use of mordants to fix the dyes stuff into the fabric, while dyeing with natural dyes, a substantial proportion of mordant remains on exhausted in the residual dye bath and thus may pose serious effluent problems (Teli et al., 2001).

Fine quality cotton fabric was first made by skilled crafts people in India. This made India well known or its high quality cotton fabrics and they traded cotton with other countries from about 1500 BC until the end of the 15th century A.D.

The use of the cotton goes back beyond the records of history. Ancient Egypt and China also spun and wove it (Joyce Burnard, 2002). 

The waste water from the textile processing industry varies greatly in composition and no method of treatment can be suggested that will suit all effluents.

Chemical method of effluent treatment


Heavy metals, when present in excess usually exhibit toxic properties, inspite of the fact that trace amounts of these are necessary for the growth of many living organisms. Chemical precipitation, ion, exchange and reverse osmosis were suggested for the removal of these toxic heavy metal ions.

Biological methods of effluent treatment


Biological treatment of an industrial waste stream is successful only if the waste stream is readily biodegradable (Edward Menezos and Rossari, 2003). 


Environmental protection and production of quality textiles of international standards are the two serious challenges before the textile wet processor, which are being tackled on various fronts like governmental research associations, industries, the processors themselves and technical institutes. Hence in recent times, have noted the necessity for environment protection and the use of environment friendly products in production, processes and technology, express Jayagirdar et al. (2001).


The eco-regulations are imposed by Germany due to increasing awareness about today’s and future environmental problems posed by the textile industry and its products, report Subramanian and Phalghmani (1996). Eco-labelling is the first step in this direction to improve the situation, which was loosening over the years, admits Kamat (1996).


Hence the recent technology has been directed towards colouring and ecology and finishers are therefore trying to produce goods efficiently, with less water and less pollution expresses Sewekon (1996). Cleaning of effluent can be combined in many causes with the recycling of valuable chemicals, thus and reducing the expenses for these chemicals considerably, say Jaipura et al. (2004). The Bureau of Indian Standards has formulated a comprehensive standard (IS 2490) for discharging limits of various elements in the effluent discharge.


Equally, there are a number of companies around the world that now have effective engineering experience in building treatment and recycling plants for textile producers and other affected industries (Judi Barton, 2004)

2.4 Related Studies

Anitha and Jecob (2003) experimented with henna leaves dye and mordants such as alum, ferrous sulphate and stannous chloride to dye cotton fabric. Moses (2000) through his study proves that dyes can be extracted from several natural sources like myrobalan, pomegranate and catechu. Application of these dyes with mordants produces attractive colours that are just to washing and light. 

Devi et al. (2002) have concluded that the pulp of Amaltas could be effectively used as a natural dye for textiles. Kumar et al. (2003) conducted a study using the golden yellow dyes from the flowers of Helichrysum bracteatum. It was used for dyeing cotton with metallic mordants. The shades obtained from the dye ranged from grey, yellow and yellowish orange depending upon the mordants used. 

Recent Study – Natural Dyeing

1. Most natural dyes need both a plant extract and a mineral mordant to make a permanent colour.

2. The stronger the dye extract – the more plant used – the deeper the colour.

3. Mineral (metal salt) mordants are always used in the same proportion. One can use less for a pale colour, but never use more, as too much metal can harm the fibre.

4. All recipes are given as proportions, typically, amounts are for 1 pound of fiber. If you are dyeing more, increase the amounts, proportionally ; if less, decrease, always proportionally. I.e., if you are dyeing ½ lb, use only ½ the recipe amount.

5. Time – Temperature – Concentration are the variables involved in any chemical reaction. Higher temperature means less time needed for dyeing as goes higher concentration of dyestuff.

6. Prepare your textile material for the rigours of the dyebath : put fibre in a mesh bag ; the yarn in skeins, using this yarn ties ; pre-wash fabric or garments to remove any sizing.

7. No rush. Work time is not that much, but process time can be several days.

(Kris Driessen and Hickory Hill, 2005). 

EXPERIMENTAL PROCEDURE


The methodology pertained to the study on “Enhancing the Dyeability of Cotton‑Bleached Fabric using Selected Natural Dyes” is discussed under the following headings :

A. Selection of the fabric

B. Pre-treatment of the fabric

C. Preparation of the fabric

D. Pilot study

i. Selection of natural dyes

ii. Dye extraction medium

iii. Selection of mordants

iv. Techniques used for mordanting

E. Optimization

i. Dye extraction time

ii. Dyeing time

iii. Concentration of mordants

iv. Mordanting time

F. Procedure for dyeing the fabric

G. Evaluation

A. SELECTION OF THE FABRIC

Among the various textile fabrics cotton is the most widely used fabric because of its preferable qualities like high wet strength, good absorption, bio‑degradability, heat resistance breathability, insulating property, non‑allergic, non‑irritant, water retention capacity and ease of dyeing says Raghavan (2002). Hence the investigator selected 100 per cent plain weave, cotton grey material for the study. The grey cloth was procured from CPG Textiles, Naranapuram, Pallamdam. The details about the selected material is given in Appendix  I.

B. PRETREATMENT OF THE FABRIC

Scouring is the process that removes non‑cellulosic impurities adhering to the cotton fabric which is necessary for the subsequent process of dyeing. Bleaching is to impart perfect whiteness to the fabric by removing the natural colouring matter from the fabric explains Menezes (2003). Hence the selected cotton grey material was subjected to scouring and bleaching process with the help of Lakshmi Dyeing Unit in Erode. The procedure adopted for scouring and bleaching is given in Appendix   II.

C.
PREPARATION OF THE FABRIC


As stated by Kumar et al. (2002) myrobalan treated fabrics have more affinity to dyes and have better dye fastness and also makes pores as the surface of the fibre to which the dye can fix. Therefore the scoured and bleached fabric was treated with myrobalan for better dye fixation and colour fastness. The procedure used for myrobalan treatment is given in Appendix  III.

D.
PILOT STUDY

(i)
Selection of Natural Dyes


India has a long tradition of dyeing textiles with dyes obtained from plant sources. Vegetable dyes are unsophisticated and harmonized with nature. The use of natural dyes offers no pollution problem as no toxic substances are involved. It also provides a creative natural finish to the textile materials narrates Shilpa S. Mudgal and Geeta Mahale (2004). 


A pilot study was conducted by using the natural dyes such as henna leaves, turmeric tuber, jambo seed, red sandal wood, karingali bark and vembadam bark is given in Plate  I, II and III.

(ii)
Dye Extraction Medium


A pilot study was conducted to extract the dye from the selected dye sources. For dye extraction, instant method, 24 hours of soaking and 48 hours of soaking were tried. Among the three dye extraction, dye products soaked for 48 hours was selected based on its dye uptake and colour yielding capacity (Plate IV). 

(iii)
Selection of Mordants


Natural dyes may require some mordanting agents in order to produce affinity between the fibre and the dyes. A mordant is a substance that acts as a binder for the dye and has an affinity for both the dye stuff and the fabric. The commonly used metallic mordants were alum, copper sulphate and ferrous sulphate. These synthetic mordants were modified into processed mordants as it does not involve the use of any chemical describes Bharadhan (2004). Ths investigator selected all three synthetic mordants and processed mordants for the study is given in Plate  V. 

(iv)
Techniques Used for Mordanting


Mordanting is a process of impregnating textiles with a mordant usually salt or acid to fasten the dye stuff which is applied before or after mordanting, sometimes a mordant is applied along with the dye stuff. The techniques adopted by the investigator for mordanting are given below :

1. Without mordanting

2. Mordanting

i. Pre-mordanting

ii. Simultaneous

iii. Post mordanting

1. Without Mordanting

In this method previously soaked dye extract was used for dyeing the material without adding mordants.

2. Mordanting

Eco-friendly mordants like alum, ferrous sulphate and copper sulphate were used. A natural mordant was selected for giving pre treatments. Simultaneous premordanting to cotton, to enhance the tannin content in the dye says Anitha and Mary Jacob (2003).

To minimize the sample size the investigator selected pre and simultaneous techniques for the study.

(i) Pre mordanting

In this method the material were mordanted in the first stage and then dyed in the second stage. An aqueous solution was prepared by dissolving required amount of suitable mordant in water. Cotton material were then entered for 30 minutes and dyed in the prepared dye bath for 45 minutes respectively describes Avarani Phukon and Rajashree Phukan (2003).

(ii) Simultanoues Mordanting

Simultaneous mordanting and dyeing was carried out at 30(C for half an hour. The material liquor was taken as 1 : 40 different concentrations of alum 0.2 grams copper sulphate and ferrous sulphate 0.1 grams were used by dyeing narrates Sharma Neeta and Jahan Shahnaz (2003). 

(iii) Post Mordanting

In this post mordanting method the mordant combinations were applied to the substrate after dyeing Deo and Pual (2000).

The wet sample was introduced in the dye and bath 90(C and continued to 60 minutes. Then the sample was taken out and dried. After drying, the sample was introduced in the mordanting bath and the temperature was raised to 90(C and continued for 60 minutes. Then the sample was taken out and boiled with soap solution for three minutes. Finally the sample was washed thoroughly with water and dried.

To minimize the sample size the investigator selected pre and simultaneous techniques for the study.

E. OPTIMIZATION

The optimization was carried to determine the optimum values for various parameters – dye concentration, dyeing time, mordant concentration and mordanting time.

In each optimization the values of the parameters being optimized were varied keeping all other parameters constant. In every next parameters, the optimum value from previous experiment was used. The parameters which were constant in all the experiments were.

Material liquor ratio 


-
1 : 40

Dye soaking time


-
48 hrs.

Dye extraction temperature
-
At boil

Dyeing temperature


-
At boil

Mordant soaking time

-
1 hr

Mordanting temperature

-
At boil

pH for dyeing and mordanting
-
7

Dye extraction medium

-
Aqueous 

(i) Dye Extraction Time

The concentration of dye material was optimized by taking four dye concentrations prepared by boiling at 100(C. Four dye solutions of 1, 2, 3 and 4 grams of dye powder per 100 ml of water were prepared in four dye cups respectively. This was allowed for 48 hours in cold conditions with 0.008 mg of sodium carbonate / 100 ml of water. This was boiled at 100(C. The optical density was recorded after 15  minutes, 30 minutes, 45 minutes and 60  minutes to optimise the dye extraction time. 

(ii) Dyeing Time

Per cent dye absorption of the dye liquors were calculated after 15 minutes, 30 minutes, 45 minutes and 60 minutes of dyeing. Optimum dyeing time for the cotton material was selected on the basis of highest per cent dye absorption.

(iii) Concentration of Mordants

Three mordant concentrations of each of the six mordants were taken and optimum concentrations were determined on the basis of highest per cent dye absorption. The concentration of alum was kept as one per cent, two per cent and three per cent whereas the concentration of copper sulphate and ferrous sulphate were taken as 0.5 per cent, 0.1 per cent and 1.5 per cent respectively. 

(iv) Mordanting Time

To optimize the mordanting time, the material was mordanted with optimized percentage of mordants were boiled with the liquor ratio of 1 : 40. The optical density was recorded after 15 minutes, 30 minutes, 45 minutes and 60 minutes optimum dyeing time for cotton material was selected on the basis of highest optical density. 

TABLE – I

OPTIMIZATION OF DYEING PARAMETERS

	S.No.
	Optimum dyeing variables
	Trial concentration
	Selected concentration

	1.

2.

3.

4.
	Dye concentration 

  Red sandal wood

  Karingali bark

  Vembadam bark

Dyeing time (minutes)

Concentration of mordants

  Alum (%)

  Copper sulphate (%)

  Ferrous sulphate (%)

Mordanting time (minutes)
	23.51, 24.40, 23.60, 23.64

15.73,16.66, 15.84, 15.79

20.93, 21.42, 20.98, 20.86

15, 30, 45, 60 

1, 2, 3, 4

0.5, 1.0, 1.5

0.5, 1.0, 1.5

15, 30, 45, 60
	24.40

16.66

21.42

45

2

1

1

30


F.
PROCEDURE FOR DYEING THE FABRIC


The procedure adopted for final dyeing. The dye liquor ratio was kept as two grams per 100 ml of water. The dye material concentration amounts to 0.8 ms per one gram of material. Dyeing time was standardised as 45 minutes. The mordant concentration was taken as two grams per 100 ml of water for alum. For ferrous sulphate and copper sulphate mordants, the concentration was kept as 1 gm per 100 ml of water with mordanting time as 30 minutes. 


The myrobalan treated materials was introduced into the dye bath after wetting the material. The temperature of the dye bath was raised to 100(C and continued for 45 mins. The material was taken out and soap boiling was given for three minutes followed by thorough rinsing and air drying. The procedure is given in Appendix  IV.


In case of mordanting, the material was soaked in the mordant solution for an hour. The mordant bath was heated and gradually increased to boiling temperature and continued for 30 minutes. The sequence of the mordanting and dyeing was followed based on the mordanting technique. 

TABLE – II

THE NOMENCLATURE OF THE SAMPLES IN DYEING

	S.No.
	Sample
	Mordanting techniques
	Conditions

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

ASCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting

Premordanting

Simultaneous mordanting
	Hot

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Hot

Hot

Cold

Hot


BO – bleached cotton original ; RDS – Red sandal dyed sample ; KDS – Karingali dyed sample ;

VDS – Vembadam dyed sample.

R – Red sandal wood dye ; K – Karingali bark dye ; V – Vembadam bark dye.

P – Processed mordant ; S – Synthetic mordant ; A – Alum ; C – Copper sulphate ; F – Ferrous sulphate 

P – Premordanting ; S – Simultaneous mordanting

G.
EVALUATION

(1)
Visual inspection

(2) Laboratory tests

(a) Thickness

(b) Fabric weight

(c) Breaking strength and elongation

(d) Wettability and absorbency test

(i) Drop test

(ii) Sinking test

(iii) Capillary rise test

(e) Colour fastness test

(i) Sunlight

(ii) Wet and dry pressing

(iii) Wet and dry crocking

(iv) Washing 

1. Visual Inspection

The dyed samples were evaluated by 30 judges comprising of textile experts and post graduate students of textiles and clothing, Avinashilingam Deemed University, Coimbatore. A rating scale was used for evaluation and is shown in Appendix VI. Samples were displayed for each evaluation. The prepared rating scale was given to the selected judges and they were requested to evaluate the samples. Scores were collected and consolidated for further discussion and presented in the chapter Results and Discussion.

2. Laboratory Tes​ts

The bleached originals and the samples dyed without mordant and with mordants were tested by using the sample pieces from the same relative portions of the material for their respective laboratory test.

a. Fabric Thickness

The thickness of a textile material is the distance between two parallel surfaces, while exerting a specified pressure on the material ASTM Standards (1983). Lomax (1956) feels that it is necessary to find out the thickness of a fabric chiefly for its density. 

The Hungarian Thickness Tester (Plate VII) was used to determine the thickness of the original and the dyed materials. The thickness tester had an broad anvil, upon which a pressure foot is pressed by spring. The dial indicated the thickness of the material in thousands of an inch between the anvil and the presses foot. Each division on the dial read 0.01 mm. The sample was placed on the anvil without tension or creases and the presses foot was lowered onto the sample by releasing the rising level very slowly and allowed it to rest upon the sample for two seconds at 2 kgs pressure. The dial reading was recorded. The readings were taken from different parts of the same material and the mean value was calculated. Similarly, mean value of ten readings from the bleached original and dyed materials with and without mordants was calculated and thus recorded the fabric thickness of each material separately.

b. Fabric Weight

Booth (1996) points out that the fabric weight is generally expressed in one of the three ways, ounces per linear yard for standard widths and yards per pound for given widths, fabric weight and is also expressed as mass per unit area and weight per unit length. The simplest unit is ounces per square yard.

The Eureka Cloth Quadrant Balance (Plate  VI) was used to determine the fabric weight directly. It had a graduated scale in ounces per square yard. A template was used to cut the sample and the sample was suspended on the hook of the balance and the reading was recorded. Samples of the same material and the mean value was calculated. Similarly, the mean value for fabric weight ten samples from the bleached original and dyed without and with mordants was calculated and recorded. The individual fabric weight in turns of ounces per square yard is then converted into grams per square meter. 

c. Breaking Strength and Elongation

The breaking strength is a measure of the resistance of the fabric to a tensile load or stress in either the warp or filling directions, tells Grover (1969) and Osaywande (1990). Breaking strength is the force required to break a fabric when it is under tension (Pizzuto, 1955). 

The quaze length or the distance between the jaws was set at 20 cm. The sample was cut to a width 2 inch and length 12 inches.

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 reading was recorded in kilograms for 10 samples of the same material in the same direction. The mean value of the ten readings from the all bleaching and dyed originals without mordants and with mordants in warp and weft directions were calculated and thus recorded the breaking strength and elongation of all bleached and dyed original without mordants and the dyed material with mordants in warp and weft direction separately (Plate  VIII). 

d. Wettability and Absorbency Test

Since the time to absorb a drop of water by the bleaching original material was found to be unwettable, the bleached material were considered as original for the drop, sinking and capillary rise tests.

(i) Drop Test

The ability of a fiber to take up moisture is determined as absorbency. According to Skinkle (1872), wettability is the time taken in seconds for a drop of water to sink into the fabric, fabrics that taken more than 200 seconds to absorb water are considered as unwettable. This is known as ‘Drop Test’.

A burette filled with distilled water was clamped in a stand. The same was mounted in an embroidery frame and was placed at the base of the stand. The weight between the sample and burette nozzle was kept constant. The nozzle of the burette was opened to allow a drop of water to fall on to 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 was calculated. Similarly the mean value of ten samples from the bleached original and the dyed materials was calculated and thus the wettability of each material was recorded separately (Plate IX).

(ii) Sinking Test

Sinking test is a single test that helps to measure the wettability of a fabric (Booth, 1996). As suggested by Skinkle (1979) ten samples were cut with the size 5 cm x 5 cm square from the bleached original and the dyed materials. A 1000 ml beaker was filled with distilled water and few drops of wetting agent were added into the distilled water. The sample was dropped on the surface of the water from a standard height. The stop watch was started when the fabric struck the surface of water and stopped when the last corner sank below the water surface and the time required for the sample to sink was noted. The same procedure was repeated for ten samples. The mean value was calculated or the above samples. Similarly, the mean value of the bleached original and the dyed materials were calculated and the sinking time of each material were recorded separately (Plate X). 

(iii) Capillary Rise Test

Skinkle (1979) pointed out that the capillary travel method measures the rapidity of absorption. Ten samples were developed with the size of 15 cm length and 2.5 cm width from the bleached original and the dyed materials. One end of the sample strips was pasted with a glass rod and at the other end, two grams weight was attached to keep the samples straight. Both the ends of the glass rods were placed on heavy wooden blocks. At the weighted ends, 2 cm of the sample was allowed to immense in a tray of distilled water. The rise of the water level in the strip was measured after 15 minutes. The same procedure was repeated for ten samples of the same material and the mean value was calculated. Similarly the mean value of ten samples from the bleached original and the dyed materials was calculated and the capillary rise of each material was recorded separately (Plate XI).

e. Colour Fastness Test

When a dye is present on a textile material it is supposed to have certain fastness properties like fastness to washing, light, ironing and crocking different classes of dyes possess these fastness characteristics in different degrees (Pant et al., 2001). The American Association of Textile Colourants and Chemists (AATCC, 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 AATCC grey scales for the assessment of colour change, colour transfer and staining.

(i) Sunlight

Fastness to light is one of the most important properties a dyed fibre needs in order to fulfill its utilization purpose over a period of time (Gupta,  1999). 

A sample of 16 cm x 5 cm was taken from each of the 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 eight hours and remaining parts o the samples were kept away from direct sunlight for the successive seven days the other portions were exposed accordingly along with the first portion. The first portion got seven days exposure and the last portion got one-day exposure to sunlight. The changes in colour of the dyed sample were compared with the original and the specimens were rated with grey scale. 

(ii)
Wet and Dry Pressing

The National Bureau of Standards suggested a test to determine 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 10 cm. They were kept between the white bleached material both in dry and wet condition and were pressed with a heavy iron for five seconds at a temperature at 425(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 samples of the dyed materials. Thus, the colour fastness of each dyed material, to wet and dry pressing was carefully observed and recorded separately.

(iii)
Wet and Dry Crocking

Crocking is defined as the colour transfer from one colour textile material to another by rubbing method (Wingate and Mobler, 1970).

Sasmira crock meter was used for ascertaining the fastness of dyed textiles to wet and dry crocking. It consisted of two metal blocks. The base block was stationary, while the upper block had an arrangement to move to and from the base by the means of a rotating handle. 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 white bleaching material (5 x 5 cm) was fixed on the finger knob of upper movable block with a ring (Plate XII). 

The number of rubs given was standardised and fixed as ten rubs. The white material was rubbed to and fro against the dyed sample along a track of 10 cms with pressure of 900 grams on the finger. The colour transfer from the dyed samples to the white material 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 crocking was carefully observed and recorded separately. 

(iv) Fastness to Washing

Under certain conditions like washing, adjacent white materials may become colour due to the transfer dye from coloured material. This is referred to as staining.

The wash fastness of all the dyed samples were tested according to ISO 105 – 606 L 1994 washing test. 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 was used for washing. The composite samples, measured 10 x 4 cm were washed with 4 gm / 10 ml of water at 40(C for 45 min. in a launderometer. The change in colour of the staining of the two adjacent undyed fabrics was evaluated using grey scale (Plates XIII and XIV). 

RESULTS AND DISCUSSION


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

A. Visual inspection

B. Laboratory tests

A. Visual Inspection

The details of the panel ratings include the evenness in dyeing, brilliancy of colour, texture, lustre and general appearance of the dyed materials are given in Table III.

TABLE - III

EVALUATION OF THE DYED SAMPLES

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

	
	
	Even (%)
	Uneven (%)
	Very bright (%)
	Bright (%)
	Dull (%)
	Smooth (%)
	Medium (%)
	Rough (%)
	High (%)
	Medium (%)
	Low (%)
	Fair (%)
	Good (%)
	Poor (%)

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	80

70

80

90

100

20

10

100

100

80

80

20

10

20

70

80

100

100

20

10

100

100

80

70

20

10

100

100

100

100

100

80

70

100

100

100

100

20

20


	20

30

20

10

-

80

90

-

-

20

20

80

90

80

30

20

-

-

80

90

-

-

20

30

80

90

-

-

-

-

-

20

20

-

-

-

-

80

80
	90

80

70

100

90

60

70

100

90

100

100

20

90

70

80

80

70

70

90

80

70

100

80

70

20

20

80

100

100

-

20

20

10

-

-

100

20

-

-
	10

20

20

-

10

30

20

-

10

-

-

60

10

20

10

20

20

20

10

10

10

-

20

20

80

80

-

-

-

80

70

60

20

100

100

-

80

20

20
	-

-

10

-

-

10

10

-

-

-

-

20

-

10

10

-

10

10

-

10

20

-

-

10

-

-

20

-

-

20

10

20

70

-

-

-

-

80

80
	80

80

70

80

90

100

90

100

90

80

80

20

10

100

70

60

80

80

20

10

70

70

80

80

20

10

100

80

80

100

100

70

10

10

70

60

60

10

10
	10

10

20

10

10

-

10

-

10

10

10

80

90

-

10

20

20

20

10

30

20

30

20

20

10

20

-

20

20

-

-

10

20

20

20

20

10

60

50
	10

10

10

10

-

-

-

-

-

10

10

-

-

-

20

20

-

-

70

60

10

-

-

-

70

70

-

-

-

-

-

20

70

70

10
20

30

30

40
	20

20

30

10

10

80

70

100

100

80

80

10

20

10

10

20

10

10

10

10

10

-

10

-

10

20

-

-

-

10

20

20

20

-

100

10

10

10

-
	70

60

70

80

80

10

30

-

-

10

10

10

10

70

80

70

80

80

10

10

80

90

70

80

20

20

100

100

100

80

70

60

60

100

-

90

80

10

10
	10

20

-

10

10

10

10

-

-

10

10

80

70

10

10

10

10

10

80

80

10

10

20

10

70

60

-

-

-

10

10

20

20

-

-

-

10

80

90
	100

80

90

70

70

80

90

100

100

80

80

70

60

70

80

780

80

90

80

70

60

100

100

90

80

70

100

100

100

100

100

80

70

100

100

100

100

70

60
	-

10

10

10

10

10

-

-

-

10

10

10

20

20

10

-

10

10

10

10

20

-

-

10

10

-

-

-

-

-

-

-

-

-

-

-

-

10

20
	-

10

-

20

20

10

10

-

-

10

10

20

20

10

10

30

10

10

10

10

20

-

-

-

10

30

-

-

-

-

-

20

30

-

-

-

-

20

20



From the above tables, it was clearly evident that among the red sandal, karungali and vembadam dyed samples, RPCS, RSAS, KPCP, KPCS, VDS, VPAP, VPAS, VPCP, VPCS and VSAP were rated as even by hundred per cent of the judges.


Regarding the brilliancy of colour RPCP, RSAP, RSCP, RSCP, KSAS, VPAP and VPAS were rated as very bright by hundred per cent of the judges.


With regard to texture samples RPFP, VDS, VPCP and VPCS were rated as smooth by hundred per cent of the judges. 


Considering the lustre samples RSAP and RSAS were rated as high by hundred per cent of the judges.


Regarding the general appearance, samples RDS RSAP, RSAS, KSAS, KSCP, VDS, VPAP, VPAS, VPCP, VPCS and VSAP were rated as good by hundred per cent of the judges. 

B. Laboratory tests

The test included the following aspects :

1. Fabric weight

2. Fabric thickness

3. Breaking strength and elongation

4. Wettability and absorbency tests

i. Drop test

ii. Sinking test

iii. Capillary rise test

5. Colour fastness test

i. Sunlight

ii. Wet and dry pressing

iii. Wet and dry crocking

iv. Washing

1.
Fabric weight

Table IV and Figure  1 showed the details related to fabric weight of bleached original, samples dyed without and with mordants using two different mordanting techniques.

TABLE - IV

FABRIC WEIGHT OF BLEACHED ORIGINAL AND DYED SAMPLES

WITH AND WITHOUT MORDANT

	S.No.
	Sample
	Mean value (nm)
	Gain or loss over original
	Percentage
	Rating

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.


	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	3.400

3.510

3.640

3.637

3.643

3.670

3.957

3.970

3.583

3.570

3.830

3.830

3.940

3.937

3.440

3.570

3.573

3.550

3.570

3.960

3.840

3.540

3.56

3.563

3.560

3.903

3.910

3.527

3.876

3.553

3.557

3.537

3.960

3.960

3.544

3.702

3.703

3.702

3.952

3.960
	3.51

-0.13

-0.12

-0.133

-0.16

-0.447

-0.46

-0.073

-0.06

-0.32

-0.32

-0.43

-0.427

0.07

-0.06

-0.063

-0.04

-0.06

-0.45

-0.33

-0.03

-0.05

-0.053

-0.05

-0.393

-0.4

-0.327

-0.366

-0.043

-0.047

-0.027

-0.45

-0.45

0.034

-0.192

-0.193

0.192

-0.442

-0.45
	.000

-3.704

-3.609

-3.799

-4.558

-12.726

-13.105

-2.089

-1.709

-9.117

-9.117

-12.251

-12.156

0.000

-3.779

-3.876

-3.198

-3.779

-15.116

-11.628

-2.907

-3.488

-3.585

-3.488

-13.469

-13.663

.001

-9.904

-0.755

-0.850

-0.280

-12.286

-12.286

-0.491

-4.97

-4.999

-4.97

-12.050

-12.286
	II

I

I

II

I

I

II

I


ANALYSIS OF VARIANCE – FABRIC WEIGHT

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

Dye

Type 

Mordant

Technique

2-way interaction

Dye * type

Dye * mordant

Dye * technique

Type * mordant

Type * technique

Mordant * technique

3 way interaction

Dye * type * mordant

Dye * type * technique

Dye * Mordant * technique

Type * mordant * technique

Residual

TOTAL  
	17.428

4.770

1904.390

3.619

4.371

103.460

3.919

108.956

22.340

3.394

46.037

33.151

15.050

28.636

72.340

23781.864
	2

1

2

1

2

4

2

2

1

2

4

2

4

2

76

107
	8.714

4.770

952.195

3.619

2.186

25.865

1.959

54.478

23.340

1.697

11.509

16.575

3.763

14.318

0.952

22.167
	9.155**

5.011*

1000.378**

3.802*

2.296NS
27.174**

2.059NS
57.235**

23.417**

1.783NS
12.092**

17.414**

3.953**

15.043**


**  Significant at one per cent level

*  Significant at five per cent level

NS – Not Significant


From the above Table IV and Figure 1 reveals that among the red sandal, karingali and vembadam dyed samples almost all the samples showed increased values then its respective original irrespective of dyes, mordants, mordanting techniques used. Higher the mean value greater is the weight of the material.

Figure 1

On analysing statistically the following facts are proved.

1. One per cent level of significant difference was found between dyes whereas five per cent level of significant difference was seen between processed mordants, whereas one per cent level of significant differences was observed between synthetic mordants. Five per cent level of significant difference was noticed between mordanting techniques. 

2. In two way interactions no significant difference was found between dyes and processed mordants, whereas one per cent level of significant difference was seen between dyes and synthetic mordants. no significant difference was observed between dyes and synthetic mordanting. One per cent level of significant difference was found processed mordants and synthetic mordants. No significant difference was observed between dyes and mordanting techniques, whereas one per cent level of significant difference was found between processed mordants and synthetic mordants and also observed between processed mrodants, and with mrodanting techniques. No significant difference was noticed between synthetic mordants and mordanting techniques.

3. In three way interactions, there is one per cent level of significant difference was found between the variables selected for the study.

Among the red sandal, karingali, vembadam dyed samples RPFS, KPFP, VPFP and VPFS samples respectively exhibited maximum increased values than the other samples. 

2.
Fabric thickness

Fabric thickness of bleached original and the samples dyed without and with mordants using two different mordanting techniques are presented in Table V and Figure 2.

TABLE - V

FABRIC THICKNESS OF BLEACHED ORIGINAL AND DYED SAMPLES 

WITH AND WITHOUT MORDANT

	S.No.
	Sample
	Mean value (nm)
	Gain or loss over original
	Percentage
	Rating

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.


	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	0.125 

0.324

0.318

0.366

0.330

0.328

0.332

0.326

0.306

0.322

0.326
0.310

0.322

0.322

0.316

0.318

0.320

0.316

0.318

0.318

0.316

0.322

0.318

0.322

0.328

0.324

0.334

0.318

0.322

0.330

0.326

0.318

0.318

0.332

0.314

0.320

0.326

0.324

0.322

0.326
	0.006

0.042

0.006

0.004

0.008

0.002

0.018

0.002

0.002

0.014

0.002

0.002

0.008

0.006

0.004

0.008

0.006

0.006

0.008

0.002

0.006

0.002

0.004

0

0.01

0.006

-1.258

-3.774

-2.516

0.000

0.000

-4.403

1.258

-0.629

-2.516

-1.887

-1.258

-2.516
	1.852

-12.963

-1.852

-1.235

-2.469

-0.617

5.556

0.617

-0.617

4.321

0.617

0.617

0.000

-0.633

-1.266

0.000

-0.633

-0.633

-

-1.899

-0.633

-1.899

-3.797

-2.532

-5.696

-

0.002

0.006

0.002

0.006

0.006

0.008

0.01

0.004

0.002

0

0.002

0.002
	I

I

I

II

I


ANALYSIS OF VARIANCE – FABRIC THICKNESS

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Type 

   Mordant

   Technique

2-way interaction

Dye * type

Dye * mordant

Dye * technique

Type * mordant

Type * technique

Mordant * technique

3 way interaction

Dye * type * mordant

Dye * type * technique

Dye * Mordant * technique

Type * mordant * technique

Residual

TOTAL  
	49.775

52.847

9.259

77.975

364.784

31.692

13.653

157.495

17.014

185.178

28.908

52.149

346.955

50.279

1073.696

2511.657
	2

1

2

1

2

4

2

2

1

2

4

2

4

2

148

179
	24.887

52.847

4.629

77.975

182.392

7.923

6.826

78.747

17.014

92.589

7.227

26.07

86.739

25.140

7.255

14.032
	3.431*

7.285**

0.638NS
10.748**

25.141**

1.092NS
0.941NS
10.855**

2.345NS
12.763**

0.996NS
3.594**

11.956**

3.465*


**  Significant at one per cent level

*  Significant at five per cent level

NS – Not Significant

From the Table V and Figure 2, it was clearly evident that the samples dyed by using red sandle, with processed mordants showed higher mean values than the samples dyed by using synthetic mordants and also with its respective originals irrespective of mordanting techniques used. Samples dyed with karingali mordanted with synthetic mordants showed increased mean  value  than  its  respective natural mordant sample and also its original. Among   the  vembadam   dyed  samples,  samples  dyed  by  using   natural

Figure 2

mordants, revealed higher mean values than its respective synthetic mordanted samples and also with its original. The more the mean value the more is the thickness of the samples. 


On analysing statistically the following facts are proved.

1. Significant difference at five per cent level was found between dyes whereas one per cent level of significant difference was seen between processed mordants. No significant difference was found between synthetic mordants whereas one per cent level of significant difference was observed between techniques used. 

2. In two way interaction one per cent level of significant difference was noticed between dyes with processed mordants whereas no significant difference was found between dyes with synthetic mordants, dyes with two different mordanting techniques. One per cent level of significant difference was found between processed mordants with synthetic mordants whereas no significant difference was seen between processed mordants with two different techniques, but one per cent level of significant difference was notice between synthetic mordants with two different techniques.

3. In three way interaction no significant difference was noticed between dyes with processed mordants and also with synthetic mordants whereas one per cent level of significant difference was found between dyes with processed mordants and also with two different techniques. One per cent level of significant difference was seen between dyes with synthetic mordants and with two different techniques whereas five per cent level of significant difference was observed between processed mordants with synthetic mordants and also with two different mordanting techniques.

To conclude the above facts, in view of the fabric thickness among the red sandal dyed samples, processed alum used with simultaneous technique sample excelled than the other samples. Regarding Karingali dye, the sample dyed by using synthetic ferrous following simultaneous techniques revealed better performance than the other samples. In view of vembadam dye, samples dyed by using processed ferrous and alum following simultaneous technique exhibited good performance. Following this VPCP, VSAS and VSFS also exhibited increased thickness values than the other samples. 

3.
Breaking Strength and Elongation


Breaking strength of warp and weft side of bleached original and samples treated without and with mordant using two different mordanting techniques are shown in Table VI  and Figure 3. 

TABLE - VI

FABRIC BREAKING STRENGTH OF BLEACHED ORIGINAL AND 

DYED SAMPLES WITH AND WITHOUT MORDANT

	S.No.
	Sample
	Mean value         (kg / cm)
	Gain or loss over original
	Percentage gain or loss over original
	Rating

	
	
	Warp
	Weft
	Warp
	Weft
	Warp
	Weft
	Warp
	Weft

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	40.00

10.667

13.333

8.000

21.333

5.333

20.000

6.667

9.333

2.667

9.333

8.000

20.000

8.000

13.333

6.667

9.333

12.000

8.000

8.000

20.000

9.333

26.667

4.000

26.667

6.667

6.667

5.333

10.000

12.000

6.667

8.000

6.667

8.000

4.000

6.667

9.333

6.667

6.667

6.667
	12

22.667

10.667

21.333

6.667

22.667

12.000

17.333

20.000

18.667

18.667

20.000

20.000

8.000

12.667

10.667

21.333

5.333

17.333

16.006

5.333

10.667

22.667

12.000

22.007

21.333

20.000

18.667

14.667

20.000

21.333

19.000

22.667

20.000

22.667

16.000

14.667

21.333

16.000

12.000
	2.666

2.667

10.667

5.334

9.333

0.400

1.334

8.003

1.334

2.667

2.667

9.333

2.666

0.400

1.334

2.667

2.667

9.333

1.354

16.000

6.667

0.400

0.400

5.334

0.667

1.333

0.400

2.667

1.334

3.667

0

2.667

6.667

0.400

1.334

0.400

0.400

0.400
	12.000

1.334

16.000

0

10.667

5.334

2.667

4.003

4.003

2.667

2.667

14.667

0.000

12.000

1.334

17.334

5.334

6.667

17.334

12.000

0

10.667

0

1.384

2.667

4.000

8.000

2.667

1.334

3.667

0

2.667

0

6.667

8.000

1.334

6.667

10.667
	0.03

-24.996

25.002

-99.994

50.002

-87.494

37.502

12.503

75.001

12.503

25.002

25.002

-87.494

-0.003

49.999

29.998

9.998

39.998

39.998

-50.004

29.998

-100.005

69.999

-100.005

49.999

49.999

-0.006

-87.512

-125.04

-25.008

-50.009

-25.008

-50.009

24.995

-25.008

-75.011

-25.008

-25.008

-25.008
	0.000

52.941

5.882

70.588

0.000

47.059

23.530

11.765

17.647

17.647

11.765

11.765

64.706

0.000

15.790

-68.421

57.895

-36.842

-26.315

57.895

15.790

-78.947

5.263

-78.947

-68.421

-57.894

0.000

21.429

-7.143

-14.286

-1.786

-21.428

-7.143

-21.428

14.286

21.429

-1.286

35.714
	I

II

II

I

I

II

I


	I

II

II

I

II

I




ANALYSIS OF VARIANCE – BREAKING STRENGTH - WARP

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

Dye

Type 

Mordant

Technique

2-way interaction

Dye * type

Dye * mordant

Dye * technique

Type * mordant

Type * technique

Mordant * technique

3 way interaction

Dye * type * mordant

Dye * type * technique

Dye * Mordant * technique

Type * mordant*technique

Residual

TOTAL  
	54225.543

5418.971

350.944

2700.719

16072.833

20389.247

55978.159

4035.007

20417.818

4397.001

51634.603

26446.598

10668.750

3584.312

273349.029

549669.535
	2

1

2

1

2

4

2

2

1

2

4

2

4

2

76

107
	27112.771

5418.971

175.472

2700.719

8036.416

5097.312

27989.080

2017.503

20417.818

2198.501

12908.651

13223.299

2667.188

1792.156

3596.698

5137.098
	7.538**

1.507NS
0.49NS
0.751NS
2.234NS
1.417NS
7.782**

0.561NS
5.677*

0.611NS
3.589**

3.677*

0.742NS
0.498NS


**  Significant at one per cent level

*  Significant at five per cent level

NS – Not Significant

ANALYSIS OF VARIANCE – BREAKING STRENGTH - WEFT

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

Dye

Type 

Mordant

Technique

2-way interaction

Dye * type

Dye * mordant

Dye * technique

Type * mordant

Type * technique

Mordant * technique

3 way interaction

Dye * type * mordant

Dye * type * technique

Dye * Mordant * technique

Type*mordant * technique

Residual

TOTAL  
	44812.683

5104.935

1131.393

9171.480

14869.015

2219.109

10184.269

360.165

1719.552

27966.592

12503.225

9192.894

15147.194

1333.831

156434.976

312151.313
	2

1

2

1

2

4

2

2

1

2

4

2

4

2

76

107
	22406.341

5104.935

565.696

9171.480

7434.508

554.777

5092.135

180.082

1719.552

13983.296

3125.806

4596.447

3786.798

666.916

2058.355

2917.302


	10.886**

2.480NS
0.275NS
4.456*

3.612*

0.270NS
2.474NS

0.087NS
0.835NS

6.793**

1.519NS

2.233NS

0.742NS
0.498NS


**  Significant at one per cent level

*  Significant at five per cent level

NS – Not Significant


From the Table VI and Figure 3 it was evident that among the red sandal dyed samples, samples mordanted with processed copper, ferrous and also synthetic ferrous following premordanting techniques showed higher mean values than the other samples. Among karingali dyed samples, samples mordanted with synthetic alum and copper following simultaneous techniques exhibited   highest   mean   value,   following   this   sample   mordanted   with 

Figure 3

processed ferrous using simultaneous technique revealed higher mean value than the other samples. Among the vembadam dye, the samples mordanted with processed mordants showed highest value than the synthetic mordanted samples irrespective of technique used. The sample dyed by using processed alum, following simultaneous technique exhibited better performance than the other samples. 

From the Table  VI and Figure 3 clearly shows that among the red sandal dyed samples almost all the samples showed lesser mean values than the original except the sample mordanted with processed copper following simultaneous techniques showed the same mean value as 22.667. Among the karingali samples, dyed sample mordanted with synthetic mordants showed higher mean value than the processed mordanted samples except KPAS also with its respective original karingali dyed sample mordanted with synthetic alum following simultaneous techniques alone showed maximum value. Among the vembadam dyed samples, samples mordanted with processed ferrous and synthetic alum following premordanting technique showed higher mean value than the other samples. 

Statistical analysis prove the following facts :

1. Significant difference at one per cent level was found between dyes whereas there is no significant difference between processed mordants. Between synthetic mordants no significant difference was noticed whereas between five per cent level of significant difference was found between mordanting techniques.

2. In two way interaction significant difference at five per cent level was found between dyes with processed mordants and no significant difference was seen between dyes with synthetic mordants. No significant difference was found between dyes with two different mordanting techniques, and also between processed mordants with synthetic mordants. No significant difference was found between processed mordants with different mordanting techniques, whereas significant difference was noticed between synthetic mordants with different mordanting techniques.

3. In three way interaction no significant difference was seen between dyes with processed mordants and also with synthetic mordants, no significant difference was found between dyes with processed mordants with two different mordanting techniques. No significant difference was found between dyes with synthetic mordants and also with mordanting techniques. 

Regarding warp side among the red sandal, karingali and vembadam dyed samples RPCP, KSAS, KSCS, VPAS exhibited better performance than the other samples. 

Statistical analysis prove these following facts :

1. One per cent level of significant difference was observed between dyes whereas no significant difference was seen between processed mordants. No significant difference was noticed and also with mordanting techniques between mordants.

2. In two way interactions no significant difference was noticed between dyes with processed mordants, dyes with synthetic mordants. On per cent level of significance difference was observed between dyes with mordanting techniques. No significant difference was found between processed mordants with synthetic mordants. Five per cent level of significant difference was found between processed mordants with mordanting techniques, whereas no significant difference between the synthetic mordants with mrodanting techniques was found. 

3. In three way interactions one per cent level of significant difference was observed between dyes with processed mordants and also with synthetic mordants, whereas five per cent level of significant difference was seen between dyes with processed mordants and also with mordanting techniques. No significant difference was noticed between dyes with synthetic mordants and also with mrodanting techniques. Between processed mordants with synthetic mordants and also with mordanting technique no significant difference was noticed.

Regarding weft side to conclude the above facts samples dyed by using red sandal and kaungali without mordant, the same with processed copper and synthetic mordant following premordanting technique exhibited better performance than the other samples.

In view weft side among the red sandal karingali and vembadam dyed samples RPCS, KSAS, KPAS, VPFP and VSAP were exhibited better performance than the other samples. 

4.
Elongation


The elongation of warp and weft side of bleached original and the samples dyed by using processed mordants and synthetic mordants following pre and simultaneous techniques are shown in Table VII and Figure 4.

TABLE - VII

ELONGATION OF BLEACHED ORIGINAL AND 

DYED SAMPLES WITH AND WITHOUT MORDANT

	S.No.
	Sample
	Mean value         (kg / inch)
	Gain or loss over original
	Percentage gain or loss over original
	Rating

	
	
	Warp
	Weft
	Warp
	Weft
	Warp
	Weft
	Warp
	Weft

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	1.5

0.667

1.200

2737

0.433

0.267

0.740

2.367

3.000

2.333

2.717

1.633

1.667

0.623

1.400

3.030

2.740

0.400

2.733

0.233

0.400

0.400

2.757

2.400

2.367

2.367

2.117

2.700

2.740

0.300

2.740

2.400

2.400

2.400

3.067

2.733

0.400

2.737

3.067

0.400
	2.0

2.533

1.567

0.567

2.400

0.400

2.467

0.400

0.400

0.367

0.300

0.333

0.747

2.400

2.500

0.383

0.533

2.600

0.633

0.433

2.433

2.367

0.533

0.533

0.467

0.400

0.367

0.500

0.367

0.740

1.403

0.400

0.733

0.400

0.433

0.467

2.367

0.433

0.433

2.400
	0.533

2.070

0.234

0.400

0.073

1.700

2.333

1.666

2.050

0.966

1.000

0.044

0.733

2.363

2.073

0.267

2.066

0.434

0.267

0.267

2.090

1.733

1.700

1.700

1.450

2.033

2.073

0.367

2.073

1.733

1.733

1.733

2.400

2.066

0.267

2.070

2.400

0.267
	0.66

1.966

0.133

2.133

0.066

2.133

2.133

364.467

296.462

22.000

1.786

0.133

0.033

380.467

2.000

0.067

1.900

2.100

0.067

0.166

2.000

2.000

2.066

2.133

364.465

47.467

2.766

1.793

1.130

2.133

1.800

2.133

2.100

2.066

0.166

2.100

2.100

0.133
	0.50

-79.910

-310.295

35.032

60.020

-10.945

-254.823

-349.775

-249.825

-307.296

-144.878

-149.875

6.547

0.000

-116.429

-95.714

71.429

-95.238

83.333

71.429

71.429

-96.905

-71.429

-69.048

-69.048

-69.048

-51.196

0.000

1.481

88.889

1.481

-

11.111

11.111

13.580

1.235

85.185

1.358

13.580

85.185
	-013

38.150

77.629

5.251

84.208

2.619

84.208

84.208

85.524

88.156

86.840

70.522

5.251

-

84.667

78.667

-4.000

74.667

82.667

2.667

5.333

78.667

78.667

81.333

84.000

85.333

-

26.667

-48.000

-180.667

20.000

-46.667

20.000

13.333

6.667

-373.333

13.333

13.333

-380.000
	II

I

I

III

II

II

I

II

I
	I

II

II

I




ANALYSIS OF VARIANCE – ELONGATION - WARP

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

Dye

Type 

Mordant

Technique

2-way interaction

Dye * type

Dye * mordant

Dye * technique

Type * mordant

Type * technique

Mordant * technique

3 way interaction

Dye * type * mordant

Dye * type * technique

Dye * Mordant *technique

Type *mordant *technique

Residual

TOTAL  
	532135.232

55736.462

109504.503

3636.819

55430.820

105511.671

24063.256

37763.371

53257.735

4769.428

226645.521

13687.166

68310.586

28405.141

119089.956

1560947.668
	2

1

2

1

2

4

2

2

1

2

4

2

4

2

76

107
	266067.616

55736.462

54752.252

336.819

27715.410

26377.918

12031.628

18881.685

53257.735

2384.714

56661.380

68343.583

17077.647

14202.570

1566.973

14588.296
	169.797**

35.570**

34.941**

2.321NS
17.687**

16.834**

7.678**

12.050**

33.988**

1.522NS
36.160**

43.615**

10.898**

9.064**




**  Significant at one per cent level

*  Significant at five per cent level

NS – Not Significant

ANALYSIS OF VARIANCE – ELONGATION - WEFT

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

Dye

Type 

Mordant

Technique

2-way interaction

Dye * type

Dye * mordant

Dye * technique

Type * mordant

Type * technique

Mordant * technique

3 way interaction

Dye * type * mordant

Dye * type * technique

Dye * Mordant *technique

Type *mordant *technique

Residual

TOTAL  
	447197.410

6327.870

47532.814

12293.627

62006.207

69071.538

1511.183

11714.840

12456.987

164963.189

61492.882

17539.890

183919.058

59788.416

248298.145

1406114.056
	2

1

2

1

2

4

2

2

1

2

4

2

4

2

76

187
	223598.705

6327.870

23766.407

12293.627

31003.103

17267.885

755.592

5857.420

12456.987

82481.594

15373.220

8769.945

45979.765

29894.208

3267.081

13141.253
	68.440**

1.937NS
7.275**

3.763NS
9.490**

5.285**

0.231NS
1.793NS
3.813*

25.246**

4.705**

2.684NS
14.074**

9.150**


**  Significant at one per cent level

*  Significant at five per cent level

NS – Not Significant


Table VII and Figure 4 shows that among the red sandal, karingali and vembadam dyed samples, samples mordanted with synthetic mordants showed higher mean values than its respective processed mordants irrespective of techniques used. RSAP, KNAP and VSAP samples showed maximum values than the other samples with regard to warp side.

Figure  4


From the Table VII and Figure 4 clearly shows that the samples dyed by using red sandal and karingali showed lesser mean values than its respective originals irrespective of mordants and techniques used. Among the vembadam dyed samples except VSFS and VSCP other samples exhibited lesser mean values than the original regarding weft side.


Statistical analysis prove the following facts :

1. Significant difference at one per cent level was found among dyes, processed mordants and synthetic mordants whereas no significant difference was noticed between mordanting techniques. 

2. In two way interaction except synthetic mordant with mordanting techniques is not significant, whereas all the other variables subjected to two way interactions showed significant difference at one per cent level.

3. In three way interaction, all the variables like dyes, the processed mordants and also with synthetic mordants, dyes with processed mordants and also with mordanting techniques, dyes with synthetic mordant and also with mordanting techniques processed mordants with synthetic mordants and also with mordanting techniques, one per cent level of significant difference was noticed. 

To conclude the above facts, among the red sandal, karingali and vembadam dyed samples RSAP, KPAP and VSAP samples excelled with regard to elongation of warp side. 

Statistical analysis prove these following factors :

1. One per cent level of significant difference was observed between dyes whereas no significant difference between processed mordants. One per cent level of significant difference was found between synthetic mordants whereas no significant difference between mordanting techniques.

2. In two way interactions one per cent level of significant difference was found between dyes with processed mordants, dyes with synthetic mordants. No significant difference was observed between dyes with mordanting techniques and processed mordants with synthetic mordants. Five per cent level of significant difference was found between processed mordant with mordanting techniques. One per cent level of significant difference was observed between synthetic mordants with mordanting techniques. 

3. In three way interactions, one per cent level of significant difference was found between dyes with processed mordants, and also with synthetic mordants. No significant difference was observed between dyes with processed mordants and also with mordanting techniques. One per cent level of significant difference was found between dyes with synthetic mordants and also with mordanting techniques. One per cent level of significant difference was observed between processed mordants with synthetic mordants and also with mordanting techniques. 

To conclude the above facts : regarding weft side VSFS and VSCP samples showed better performance than the other samples. 

5.
Wettability and Absorbency Test

i.
Drop Test

The drop test of the bleached original and the samples dyed by using processed mordants and synthetic mordants following pre and simultaneous techniques are shown in Table VIII and Figure 5.

TABLE - VIII

FABRIC DROP TEST OF BLEACHED ORIGINAL AND DYED SAMPLES 

WITH AND WITHOUT MORDANT

	S.No.
	Sample
	Mean value (Seconds)
	Counter loss
	Percentage
	Rating

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.


	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	3.0

3.400

140.400

14.800

2.600

14.600

3.000

7.800

21.800

4.800

5.200

6.800

5.000

6.200

3.400

61.800

5.200

42.800

33.000

18.200

36.400

5.200

4.200

2.800

2.800

3.200

2.800

4.600

7.000

4.600

10.000

9.400

10.000

9.800

2.200

2.000

2.400

2.600

2.200

2.200
	137

11.4

0.8

11.2

0.4

4.4

18.4

1.4

1.8

3.4

1.6

2.8

0

58.4

1.8

39.4

29.6

14.8

33

1.8

0.8

0.6

0.6

0.2

0.6

0.000

-52.174

0.000

-117.391

-104.348

-117.391

-113.043

52.174

56.522

47.826

43.478

52.174

52.174
	0.000

-4029.41

-335.294

23.529

-329.412

11.765

-129.412

-541.176

-41.176

-52.941

-100.000

-47.059

-82.353

0.000

-1717.65

-52.941

-1158.82

-870.588

-435.294

-970.588

-52.941

-23.529

17.647

17.647

5.882

17.647

1.2

3.6

1.2

6.6

6.0

6.6

6.4

1.20

1.4

1.0

0.8

1.2

1.2
	I

II

I

II

I

II


ANALYSIS OF VARIANCE – DROP TEST

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

Dye

Type 

Mordant

Technique

2-way interaction

Dye * type

Dye * mordant

Dye * technique

Type * mordant

Type * technique

Mordant * technique

3 way interaction

Dye * type * mordant

Dye * type * technique

Dye * Mordant *technique

Type *mordant *technique

Residual

TOTAL  
	7660390.235

13668824.127

5939474.511

3678011.738

4233616.360

11960213.754

2663811.450

3520762.681

2483232.138

11253109.663

8254222.820

1533850.566

8670381.103

7603485.554

5280686.067

98404072.766
	2

1

2

1

2

4

2

2

1

2

4

2

4

2

148

179
	3830195.117

13668824.127

2969737.256

3678011.738

2116808.180

2990053.438

1331905.725

1760381.341

2483232.138

5626554.831

2063555.705

766925.283

2167595.276

3801742.777

35680.311

549743.423
	107.348**

383.092**

83.232**

103.082**

59.327**

83.801**

37.329**

49.338**

69.597**

157.694**

57.835**

21.494**

60.750**

106.550**


**  Significant at one per cent level

*  Significant at five per cent level

NS – Not Significant


Table  VIII and Figure 5 it was clear that among the red sandal dye sample treated with processed copper and ferrous following pre mordanting technique, karingali dyed samples treated with synthetic copper and ferrous following pre and simultaneous technique using karingali dye and samples treated with synthetic mordants following pre and simultaneous technique used vembadam dyed samples exhibition lesser mean values than its respective originals. The lesser the mean value greater is the absorbency of the sample.

Figure  5


Statistical analysis prove the following facts :

1. There is significant difference at one per cent level was noticed between dyes, processed mordants, synthetic mordants and also between mordanting techniques.

2. In two way interactions one per cent level of significant difference was found between dyes with processed mordants, dyes with mordants, dyes with techniques, processed mordants with synthetic mordants, synthetic mordants with mordanting techniques and also between synthetic mordants with mordanting techniques.

3. In three way interactions one per cent level of significant difference was noticed between dyes with processed mordants and also with synthetic mordants. Between dyes with processed mordants and also with mordanting techniques one per cent level of significant difference was seen. Significant difference at one per cent level was noticed between dyes with mordants and also with mordanting techniques. Between processed mordants with synthetic mordants and also with mordanting techniques one per cent level of significant difference was observed. 

It was concluded from the above data RPCP, RPFP, KSCP, KSCS, KSFS and vembadam dyed samples treated with synthetic mordants following pre and simultaneous technique revealed better performance than the other samples. 

ii.
Sinking Test


The sinking time of the bleached original and the samples dyed by using processed mordants and synthetic mordants following pre and simultaneous techniques are shown in Table IX and Figure 6. 

TABLE - IX

SINKING TEST OF BLEACHED ORIGINAL AND DYED SAMPLES 

WITH AND WITHOUT MORDANT

	S.No.
	Sample
	Mean value (Seconds)
	Counter loss
	Percentage
	Rating

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.


	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	1700.110

1766.667

3606.667

1706.667

1780.667

1202.000

1081.000

1178.333

1795.667

3614.667

1810.667

1779.000

1669.000

1071.000

428.000

521.000

181.000

151.000

182.667

171.667

182.333

171.667

164.000

782.333

773.667

1817.333

1807.000

75.667

19.000

19.667

21.000

180.667

521.333

521.000

21.000

16.000

20.333

19.000

21.000

19.000
	1840

0

10014

564.67

685.667

588.337

29

1848

1634

12.333

97.667

695.67

1338.667

1245.667

1585.667

1615.667

1584

0

1584.334

0

1602.667

984.334

602

50.664

40.333

1691

1747.667

1747

1745.667

4

1245.334

1245.667

1745.667

1750.667

1746.334

1747.667

1745.667

1747.667
	0.000

-104.151

3.396

-0.792

31.962

38.811

33.302

-1.641

-104.603

-2.490

-0.698

5.528

5.415

0.000

-21.729

57.710

64.720

57.321

59.891

57.399

59.891

61.682

-82.788

-80.763

-324.611

-322.196

0.000

74.890

74.009

72.247

-138.766

-588.986

-588.546

72.247

78.855

73.128

74.890

72.247

74.890
	I

II

I

II

I

II

II

I

I

II

I

II


ANALYSIS OF VARIANCE – SINKING TEST

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

Dye

Type 

Mordant

Technique

2-way interaction

Dye * type

Dye * mordant

Dye * technique

Type * mordant

Type * technique

Mordant * technique

3 way interaction

Dye * type * mordant

Dye * type * technique

Dye * Mordant *technique

Type *mordant *technique

Residual

TOTAL  
	38497.713

18904.646

450314.298

692.394

810002.534

536243.325

11068.025

47917.592

493.133

9511.313

982023.077

26814.882

17504.551

28382.468

16987.115

2995357.067
	2

1

2

1

2

4

2

2

1

2

4

2

4

2

76

107
	19248.856

18904.646

225157.149

692.394

405001.267

134060.831

5534.012

23958.796

491.133

4755.657

245505.769

13407.441

4376.138

14191.234

223.515

27993.991
	86.119**

84.579**

1007.348**

3.098NS
1811.967**

599.785**

24.759**

107.191**

2.206NS
21.277**

1098.388**

59.985**

18.579**

63.491**


**  Significant at one per cent level

*  Significant at five per cent level

NS – Not Significant


It is evident from Table IX and Figure 6 that among the red sandal, karingali and vembadam dyed samples, only vembadam dyed samples treated with synthetic mordants following pre and simultaneous technique showed lower mean values than the respective original. The lesser the mean value the more is the wettability of the sample.

Figure  6

Statistical analysis proves the following facts  :

1. Significant difference at one per cent level was seen between dyes, processed mordants and also synthetic mordants whereas no significant difference between was observed mordanting techniques.

2. In two way interactions, one per cent level of significant difference was noticed between dyes with processed mordants and also between dyes with synthetic mordants. one per cent level of significant difference was seen between dyes with mordanting techniques and also between processed mordants with synthetic mordants. No significant difference was observed between synthetic mordants with mordanting techniques whereas one per cent level of significant difference was seen between synthetic mordants with mordanting techniques.

3. In three way interactions, one per cent level of significant difference was observed between dyes with processed mordants and also with synthetic mordants. Between dyes with processed mordants and also with mordanting techniques significant difference at one per cent level was seen and also between processed mordants with synthetic mordants and also with mordanting techniques one per cent level of significant difference was observed. 

To conclude the sinking test results it was evident that the samples dyed by using red sandal and karingali showed extreme maximum higher scores, which reflects unwettability nature of the samples.

iii.
Capillary Rise Test


The capillary rise test of bleached original and the samples dyed by using processed mordants and synthetic mordants following pre and simultaneous techniques and shown in Table  X  and Figure  7.

TABLE - X

CAPILLARY RISE OF BLEACHED ORIGINAL AND DYED SAMPLES WITH AND WITHOUT MORDANT

	S.No.
	Sample
	Mean value (cm)
	Gain or loss over original
	Percentage
	Rating

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.


	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	12

7.000

3.100

9.600

11.000

10.600

10.600

10.200

7.600

7.000

4.000

8.200

8.400

10.800

8.000

8.400

5.800

5.600

8.400

5.600

6.200

10.000

9.000

9.400

9.00

7.600

7.400

9.400

10.400

10.000

8.600

9.800

9.200

9.600

8.800

6.400

8.200

8.400

10.000

7.800
	3.9

2.6

4

36

3.6

3.2

0.6

0

3

1.2

1.4

3.8

1

1.4

1.2

1.4

1.4

1.4

0.8

3

2

2.4

2.4

0.6

0.4

2.4

3.4

3

1.6

2.8

2.2

2.6

1.8

0.6

1.2

1.4

3

0.8
	55.714

-37.143

-57.143

-51.429

-51.429

-45.714

-8.571

-

42.857

-17.143

-20.000

-54.286

-

-5.000

27.500

30.000

-5.000

30.000

22.500

-25.000

-12.5000

-17.500

12.500

5.000

7.500

-4.444

-15.556

-11.111

4.444

-8.889

-2.222

-6.667

2.222

28.889

8.889

6.667

-11.111

13.333
	I

II

II

I

I

II

I

II




ANALYSIS OF VARIANCE – CAPILLARY RISE TEST

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

Dye

Type 

Mordant

Technique

2-way interaction

Dye * type

Dye * mordant

Dye * technique

Type * mordant

Type * technique

Mordant * technique

3 way interaction

Dye * type * mordant

Dye * type * technique

Dye * Mordant *technique

Type *mordant *technique

Residual

TOTAL  
	20706.613

566.915

27848.810

2053.260

19777.349

22779.366

10155.462

3914.894

1074.004

2204.776

14964.048

921.818

4870.531

3491.819

53158.256

163387.922
	2

1

2

1

2

4

2

2

1

2

4

2

4

2

148

179
	10353.307

566.915

1374.405

2053.260

9888.675

5694.842

5077.731

1957.447

1074.004

1102.388

3741.012

460.909

1217.633

1745.909

359.177

912.782
	28.825**

1.578NS
3.827*

5.717*

27.531**

15.855**

14.137**

5.450**

2.990NS
3.069*

10.415**

1.283NS
3.390**

4.861**


**  Significant at one per cent level

*  Significant at five per cent level

NS – Not Significant


From the above Table X and Figure 7 it was evident that among the sample treated with red sandal and karingali, dyed samples except RPAP, RSCP, KPAS, KPCP and  KPFP other samples showed higher mean values than its respective originals. Among the vembadam dyed samples VPAP, VPAS and VSFP showed higher mean values than the origina. The higher mean value the greater is the absorbency of the samples. 

Figure 7


Statistical analysis prove these following facts  :

1. One per cent level of significant difference was found between dyes, whereas no significant difference was observed between processed mordants. At five per cent level of significant difference was found between synthetic mordants and also observed between techniques.

2. In two way interactions one per cent level of significant difference was found between dyes and processed mordants and also between dyes with synthetic mordants. At one per cent level significant difference was found between dyes with mordanting techniques and also between processed mordants with synthetic mordants. No significant difference was found between processed mordant with mordanting techniques, five per cent level of significant difference was observed between synthetic mordants and techniques.

3. In three way interactions one per cent level of significant difference was found between dyes, processed mordants and synthetic mordants. No significant difference was observed between dyes, processed mordants and techniques. One per cent level significant difference was found between dyes with synthetic mordants and also with techniques, and processed mordants with synthetic mordants and also with mordanting techniques. 

It was obvious from the above results that the sample dyed with red sandal dye mordanted with processed copper following pre mordanting alone excelled than the other samples with regard to capillary rise test.

5.
Colour Fastness Tests


The details of the colour fastness tests of the bleached original and the samples dyed by using processed mordants and synthetic mordants following pre and simultaneous techniques shown in Table XI.

TABLE - XI

EVALUATION OF COLOUR FASTNESS OF THE BLEACHED ORIGINAL AND DYED SAMPLES WITH AND WITHOUT MORDANTS

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

	
	
	Colour change
	Dry staining
	Wet staining
	Dry staining
	Wet staining
	Dry staining
	Wet staining

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.


	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	0

4

4

5

5

5

5

5

4

4

4/5

4/5

5

5

4/5

5

5

5

5

5

4

4/5

4/5

4

4

4/5

4

4

5

5

3

4

4

4/5

4

4

4/5

4/5

5

5
	0

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5


	0

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5


	0

5

2

4

4

4/5

4/5

2/3

4/5

2/3

4/5

4/5

4/5

3/4

5

2/3

4

4/5

4/5

4

2/3

5

4/5

4/5

3/4

4

3

5

4/5

5

4/5

4/5

3

4

5

5

5

4/5

4/5

4/5
	0

4/5

3/4

2

3

4

2

2/3

4

3/4

4

2

2

4/5

3/4

3/4

3/4

2

2

4

2

4

4/5

4

2/3

2

4

5

4/5

4

4/5

4

4

3/4

4/5

4/5

5

4

4/5

4
	0

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5


	0

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5





The above Table XI shows that among the red sandal, karIngali and vembadam dyed samples, almost all the samples revealed good colour fastness property when treated under the sunlight except VPFP.


In view of colour fastness to dry and wet pressing all the samples exhibited good colour fastness property.


Regarding dry crocking, RDS, KDS, VDS showed noticeable change, whereas as in wet staining RPFS and VSFS samples showed good performance. With respect to washing all the samples showed excellent performance irrespective of mordants and techniques used.

TABLE – XII

CONSOLIDATED EVALUATION OF THE PARAMETERS USED 

FOR THE STUDY HIGHEST (SCORES)

	S.No.
	Sample
	Fabric weight
	Fabric thickness
	Breaking strength
	Elongation
	Drop test
	Sinking test
	Capillary test
	Colour fastness
	Total

	
	
	
	
	
	
	
	
	
	Sunlight
	Pressing
	Crocking
	Washing
	

	
	
	
	
	Warp
	Weft
	Warp
	Weft
	
	
	
	
	Dry
	Wet
	Dry
	Wet
	
	

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.


	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	11

12

10

12

10

11

12

12

9

10

9

12
	12

10

11

11

10

12

11

10

12

10

10
	10

12

11

10

12

12

11

12

10
	12

11

10

9

11

12

11

8

10

12

8

12

10
	11

10

12

12

10

11

10

11

12
	12

10

11

11

10

10

11

12
	10

12

11

9

12

10

10

11

12
	10

12

11

12

12

7

12

11

12

7

11

11
	12

10

10

11

12

10

10

11

11

11

9

9

12

9
	8

8

12

12

12

12

12

8

8

10

10

11

12

12

12

10

11

11

12

11

9

11
	12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

10

11

11

10

10

11

10

12

12

10

10

11

10

10

11

11

12

12
	12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12
	12

10

10

11

11

11

11

11

11

12

12

12

12

11

11

10

12

11

11

11

11

10

11

11

11
	11

9

10

10

9

10

11

10

10

11

10

10

12

10

10

10

9

10

10
	12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12

12


	89

63

81

104

101

136

91

77

53

67

57

67

69

88

60

69

82

59

79

56

87

91

90

113

85

81

80

93

99

87

67

77

78

101

79

96

96

105

104


SUMMARY AND CONCLUSION


Textile industry is one of the most pollution creating industries in the terms of high solid content in ‘coater’ are of hazardous chemicals and dyes. Due to increased awareness of the polluting nature of textile effluents, social pressure is increasing on the textile processing industry. This is because of the adverse effects of synthetic dyeing industries which are letting out the effluent into the environment. The awareness of environment pollution related to synthetic dyes have created a deep interest among the people to adopt environment friendly methods of dyeing procedures using flora. Hence a concern for the use of natural colorants and textiles is one of the consequences of increased environmental awareness. Rathi and Godbole (1999) state that the use of natural dyes amongst craftsman is increasing due to its unique characteristics to produce individuating in colour on shade. Natural dyes are soft delicate and give harmonised pastel shades of natural colours obtained from renewable sources state Ghorpade et al. (2001). Hence an attempt was made to dye bleached cotton material with selected natural dyes that are available locally with the following objectives. 

7. Study the behaviour and intensity of the dye uptake by bleached cotton material.

8. Analyse the optimization of various parameters.

9. Compare the effect of selected synthetic mordants Vs processed mordants on bleached cotton material.

10. Compare the influence of different mordanting techniques on bleached cotton material.

11. Compare the effect of selected natural dyes bleached cotton material and

12. Evaluate physical, mechanical and fastness properties of dyed samples. 


The material was cut into three equal places of thirteen meters each. The first piece of 13 meters were dyed by using red sandal wood dye with processed alum, copper and ferrous and also with synthetic mordants of alum, copper and ferrous following pre and simultaneous techniques and were named as RDS, RPAP, RPAS, RPCP, RPCS, RPFP, RPFS, RSAP, RSAS, RSCP, RSCS, RSFP and RSFS.


Similarly the second piece of thirteen meters were dyed by using karingali dye with selected mordants following two different mordanting techniques were named as KDS, KPAP, KPAS, KPCP, KPCS, KPFP, KPFS, KSAP, KSAS, KSCP, KSCS, KSFP and KSFS.


Finally the last piece of thirteen meters were dyed by using selected mordants with following two mordanting techniques and named as VDS, VPAP, VPAS, VPCP, VPCS, VPFP, VPFS, VSAP, VSAS, VSCP, VSCS, VSFP and VSFS. The dyed samples were evaluated by 

A. Visual Inspection

B. Laboratory test

Findings of the study

Visual Inspection


Among the red sandal., karingali and vembadam dyed samples RPCS, RSAS, KPCP, KPCS, VDS, VPAP, VPAS, VPCP, VPCS and VSAP were rate the evenness in dyeing as even, RPCP, RSAP, RSCP, KSAS, VPAP and VPAS were rated the brilliancy of colour as very bright, RPFP, VDS, VPCP and VPCS were rated the texture as smooth, RSAP and RSAS were rated the lustre as high and RDS, RSAP, RSAS, KSAS, KSCP, VDS, VPAP, VPAS, VPCP, VPCS and VSAP were rated the general appearance as good by hundred per cent of the judges.

Laboratory Tests

Fabric weight


Among the red sandal, karingali and vembadam dyed samples, RPFS, KPFP, VPFP and VPFS samples respectively exhibited maximum increased values than the other samples.

Fabric thickness


In view of fabric thickness among the red sandal dye sample mordanted with processed alum used with simultaneous technique excelled than the other samples. Regarding karingali dye sample dyed by using synthetic ferrous following simultaneous technique revealed better performance the other samples. In view of vembadam dye, sample dyed by using processed ferrous and alum following simultaneous techniques exhibited good performance, following this VPCP, VSAS and VSFS also exhibited increased thickness values than the other samples.

Breaking strength

Warp


In view of breaking strength regarding warp side among the red sandal, karingali and vembadam dyed samples RPCP, KSAS, KSCS and VPAS exhibited better performance than other samples. 

Weft


Regarding weft side among the red sandal, karingali and vembadam dyed samples RPCS, KSAS, KPAS, VPFP and VSAP  were exhibited better performance than the other samples.

Elongation

Warp


Regarding the elongation of warp side among the red sandal, karingali and vembadam dyed samples RSAP, KPAP and VSAP samples excelled than the other samples. 

Weft 


In view of weft side VSFS and VSCP, samples showed better performance than the other samples.

Wettability and Absorbency Test

Drop test


Regarding the drop test, among the red sandal, karingalis and vembadam dye, RPCP, RPFP, KSCP, KSFS and vembadam dyed samples treated with synthetic mordants following pre and simultaneous technique revealed better performance than the other samples.

Sinking test


Regarding the sinking test results it was evident that the samples dyed by using red sandal and karingali showed extreme higher scores, which reflects unwettability nature of samples.

Capillary test


It was obvious from the above results that the sample dyed with red sandal dye mordanted with processed copper following premordanting alone produced better performance than the other samples

Colour Fastness


Among the samples dyed by using red sandal, karingali and vembadam bark dyed samples almost all the samples revealed good colour fastness property treated under the sunlight.


The colour fastness to dry and wet pressing all the samples exhibited good colour fastness property.


The colour fastness to crocking, RDS, KDS, VDS showed noticeable whereas in wet staining RPFS and VSFS samples showed change in dry crocking in wet showed good performance. With respect to washing all the samples showed excellent performance irrespective of mordants and techniques used. 

Conclusion


It was clearly evident from the above results, among the red sandal dye, the sample mordanted with processed ferrous using pre mordanting technique ranks first, following this processed copper using pre mordanting technique ranks second. Among the karingali dye, the sample mordanted with synthetic copper using pre mordanting technique ranks first, following this with premordanting technique ranks second. Among the vembadam dye samples mordanted with synthetic ferrous using simultaneous technique and sample mordanted with synthetic alum using premordanting technique scored highest ranks. 


To conclude the above results among the red sandal karingali and vembadam dyes mordanted by processed and synthetic mordants following pre and simultaneous techniques, the sample dyed by using red sandal dye mordanted with processed ferrous following pre mordanting technique revealed excellent performance in all the parameters used for the study. 
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APPENDIX  -  IV

PROCEDURE FOR DYEING PARAMETERS
	S.No.
	Dyeing parameters
	Proportion

	1.

2.

3.

4.

5.

6.


	Dye liquor ratio

Dye material

Material liquor ratio

Dyeing time

Mordant concentration

     Alum

     Copper sulphate

     Ferrous sulphate

Mordanting time
	2 grams / 100 ml of water

0.8 grams / 20 grams of fabric

1 : 40

45 minutes

2 grams / 100 ml of water

1 gram / 100 ml of water

1 gram / 100 ml of water

30 minutes


APPENDIX - VI

RATING SCALE USED TO EVALUATE THE DYED SAMPLES

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

	
	
	Even (%)
	Uneven (%)
	Very bright (%)
	Bright (%)
	Dull (%)
	Smooth (%)
	Medium (%)
	Rough (%)
	High (%)
	Medium (%)
	Low (%)
	Fair (%)
	Good (%)
	Poor (%)

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
	BO

RDS

RPAP

RPAS

RPCP

RPCS

RPFP

RPFS

RSAP

RSAS

RSCP

RSCS

RSFP

RSFS

KDS

KPAP

KPAS

KPCP

KPCS

KPFP

KPFS

KSAP

KSAS

KSCP

KSCS

KSFP

KSFS

VDS

VPAP

VPAS

VPCP

VPCS

VPFP

VPFS

VSAP

VSAS

VSCP

VSCS

VSFP

VSFS


	
	
	
	
	
	
	
	
	
	
	
	
	
	


APPENDIX – VII

GREY SCALE TO EVALUATE THE DYED MATERIAL


The dye materials were rated by using the AATCC (American Association of Textile Colourants and Chemists). Grey scale to measure the extent of colour change and staining. The grey ratings envisaged the following standards for colour fastness to natural dyes applied on cotton (bleached) material under selected conditions.

Nomenclature



Used for colour change


5




No change (Excellent)


4




Slightly changed (Good)


3




Noticeably changed (Fair)


2




Considerably changed (Poor)

1 Much changed (Very poor)

Nomenclature



Used for Staining


5




No staining


4




Slightly stained


3




Noticeably stained


2




Considerably stained


1




Heavily stained
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RED SANDAL
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FIGURE – 1

FABRIC WEIGHT OF BLEACHED ORIGINAL AND THE SAMPLES 

DYED WITH AND WITHOUT MORDANTS
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FIGURE – 2

FABRIC THICKNESS OF BLEACHED ORIGINAL AND THE SAMPLES 

DYED WITH AND WITHOUT MORDANTS
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FIGURE – 3

BREAKING STRENGTH WARP AND WEFT SIDE OF BLEACHED ORIGINAL AND THE SAMPLES DYED WITH AND WITHOUT MORDANTS
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FIGURE – 4

ELONGATION OF WARP AND WEFT SIDE OF BLEACHED ORIGINAL AND 

THE SAMPLES DYED WITH AND WITHOUT MORDANTS
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FIGURE – 5

DROP TEST OF BLEACHED ORIGINAL AND THE SAMPLES 

DYED WITH AND WITHOUT MORDANTS
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FIGURE – 6

SINKING TEST OF BLEACHED ORIGINAL AND THE SAMPLES 

DYED WITH AND WITHOUT MORDANTS
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FIGURE – 7

CAPILLARY RISE TEST OF BLEACHED ORIGINAL AND THE SAMPLES 

DYED WITH AND WITHOUT MORDANTS
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