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INTRODUCTION

Textile industry is one of the nation’s oldest and dynamic segment of entire manufacturing industries, admit Nadaraj et al. (2005). It is the largest industry in India occupying a vital role in the Indian economy reports Lal (2004). Today India is the second largest producer of textiles in the world and has a diverse and rich textile tradition which is not only the reflection of our rich past but also caters to the modern day requirements of the common man (www.fabrics.net).

India is the original home for cotton and its exquisite cotton textile has a pride of place all over the world. Cotton the “White gold” is the most precious gift of nature to the mankind, contributed by the genus “Gossypium”, to clothe the people all over the world, reveal Mandloi et al. (1999). Cotton, the most important fibre crop of India, plays a dominant role in its agrarian and industrial economy. It is also the backbone of our textile industry, consider Rajendran et al. (1997).


The cotton fibre which is the purest form of natural cellulose is bestowed with versatile properties for a wide range of ever changing textile fashions and needs. It is the principal clothing fibre not only for India, but also of the five continents of the world. In recent years the increasing demand for pollution free and eco-friendly textile goods have put more pressure on naturally dyed cotton textiles. 


The glory of textile trade lies in its colour which is one of the most important factors in consumer acceptance of textiles, state Collier and Epps  (1999). Colour has always fascinated human kind, for both aesthetic and social reasons without which one cannot dare to imagine the world. It  influences almost all aspects of our every day life. We use it to embellish ourselves including our clothes and surroundings to make more appealing and attractive, state Inamdar et al. (2004). The knowledge and use of colour began with the dawn of civilization and man utilized the colour he found on the earth and in the products of the earth. It is probable that the earliest dyes were discovered by accident, by product stains from berries, fruits or nuts used as food. Later, as these were seen to serve their purposes, blossoms, flower heads, petals, plants, leaves and stems, twig and prunings, barks, roots of shrubs, outer skins, hulls and husks, heartwoods and wood sharings, seeds, lichens, mushrooms, dried insects or shell fish were tried and found by primitive man to be practical as dyestuffs, describe Rose et al. (2004). 


In every civilization from remote ages to the present, the art of dyeing has played an important role in adding beauty to the world. The history of natural dyes is more than 4000 years old. Natural dyes make an important contribution to fabric decoration by producing various beautiful colours and the colour harmonies obtained by a combination of various dyeing method, say Agarwal and Gupta (2005). 


Nature provides a wealth of plants which will yield their colour for the purpose of dyeing. Almost any organic material will produce a colour when boiled in a dye-bath, but only certain plants will yield a colour that will act as a dye (www.aurorasilk.com). It is considered that natural dyes yield lustre, the rich colour, aromatic smell, soft light and shadow, soothing to human eyes and they are useful for human health because they have the antibacterial, insecticidal and healthy properties, which are due to the origin of them extracted from herb plants, reveals Kapila (1999). 


The natural dyes have aroused considerable interest in dyeing of textile dye to their eco-friendly nature. Dyeing of textile material is the process of applying dye, so that the material not only change colour but so fastly retain the dye. Fastness property of dye depends upon the chemical structure of the colourant, dye concentration, environment condition, nature of fibre, atmospheric contamination, presence of foreign substance and state of dye inside the fibre, opine Paul et al. (2003). 


Colour fastness of any textile product is the most important fact for any consumer goods, say Bansal and Sood (2001). Many natural dyes will fade and bleed badly unless the fabric is treated with a mordant, express Susan et al. (2003). Natural dyes may require some mordanting agents in order to produce affinity between the fibre and the dyes. In order to get good fastness qualities natural mordants and metallic mordants such as tannic acid, stannous chloride, alum, ferrous sulphate, calcium hydroxide, potassium dichromate and pomegranate rind are used stated Pan et al. (2003).


The use of naturally occurring colouring matter became absolete due to the discovery of synthetic dyes by W.H. Perkin in 1856. The synthetic dyes become more prevalent due to easy availability, cheapness of the raw material, brilliancy of shades and their easier reproducibility, consider Sidhu  et al. (2005). However, in recent years their demand have been declined because these dyes release enormous amount of hazardous chemicals in the environment during their production and subsequent use with the increasing awareness of environment, ecology and pollution control, natural dyes have a revival and heading towards a period of renaissance, admit Agarwal and Gupta (2005). 


The present textile processing methods are causing enormous damage to environment by the way of water pollution by releasing toxic chemicals, non-biodegradable dyes, total dissolved solids and sludge from effluent treatment plants. The consumption of synthetic dyes has been estimated to be one million tonnes per year, reports Sengupta (2004). Recent findings on harmful effects of synthetic dyes on environment and human beings made the world to develop the eco-friendly and safe dyes that may be used for textiles, reveal Mahale et al. (2004). After the implementation of German ban on certain synthetic azodyes, most of which are allergic and carcinogenic, there is a great deal of emphasis on the screening of newer natural resource material for the industrial application. 


Application of natural dyes has once again caught the attention of the world and offers itself as on effective eco-option for the use of synthetic dyes throughout the world. Most of the natural dyeing based on vegetable origin are renewable, biodegradable and eco-friendly are being preferred over the synthetic dyes because they exhibit better biodegradability and compatibility with the environment, explain Anand et al. (2003). 


As per report of the German Ministry of Food, Agriculture and Forestry about 90,000 tonnes of natural dyes can be produced every year. 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, express Iyer and Saxena (1999).


There is an increasing realization in the textile industry as well as among the textile consumers of the need to develop and demand eco‑friendly methods of dyeing textiles. Natural dyes offer an important alternative in this regard, as these are safer in use with minimum health hazards, have easy and less disposal problem of effluent. Hence the investigator has made an attempt to study on the “Application of Single and Mixture of Selected Natural Dyes on Mercerized Cotton Material” with the following objectives : 

· to extract and explore the strength of natural dyes from the available sources.

· to find out the efficacy of preparation and pretreatment method on mercerized cotton material. 

· to optimize the dyeing procedures.

· to study the effect of single and mixture of natural dyes using treated mordants on mercerized cotton material.

· to evaluate the colour fastness of the dyed samples.

To overcome the limitations of producing a large number of shades on cotton, an attempt has made in this study to mix the natural dyes and dye them together to get the different shades.

It is hoped that this study will throw light on the effect of natural dyes on mercerized cotton material. Hopefully this research will be of great help in exploring several newer sources of natural dyes to meet the demand for eco‑friendly textile material in the global market and also there is a need to train and educate the dyers on the technology of dyeing with natural dyes. 

REVIEW OF LITERATURE


The literature pertaining to the study are reviewed under the following headings :

A. Cotton and its importance

B. Fabric preparation procedures

C. Natural dyes – an ethnic treasure

D. Dyeing with mordants

E. Related studies

A. Cotton and its importance

Cotton is the first major and world’s leading textile fibre with some 20  million tons grown every year by about 80 producing countries, says Inderpal Raj (2004). The word cotton is derived from Arabic language and is pronounced as qutun, kutan and qutan. Cotton in today’s fast moving world is still nature’s wonder fibre, providing thousands of useful products and supporting millions of jobs as it move year after year from the field to fabric. So, cotton is considered “White Gold”, states Magalingam (2001) and “King of Textile Fibres”, refers Lyre (2000). 

So, cotton is king, the most produced and the most consumed of all natural fibres. 

India was the first country to manufacture cotton. Area under cotton cultivation in India (9.1 million ha) is the highest in the world. India ranks 3rd in the world in terms of cotton production. Even so, India accounts for about 12  per cent of the world production, reveals Radhakrishnan (1999). 

Cotton is a strong, short, fine textured fibre with a length varying from 3  mm to 6.5 mm which is removed from the ball or seed pod that grown on a plant of the botanical genus Gossypium, a member of the mallow family (www.fabrics.net). Cotton consists of cellulosic and non-cellulosic components, remarks Rao (2001).

Cotton is well known as a versatile textile fibre it possess attributes like, soft, flexible qualities and its unique ability to regulate moisture and warmth make it first choice material for all. The ability of cotton fibre is to imbibe water and become wet facilitates the process of desizing, bleaching, dyeing, printing, finishing and laundering of soiled garments. Vast variety of fabrics can be made from cotton, states Sheik (2000). 

Cotton is used for making almost all kinds of clothing items. Cotton is best suited for blouses, dresses, suits and overalls, remarks Held (1999). Cotton is used as grey, finished fabrics, made up articles like bedlinen, towels and apparels of all kinds. India now produces cotton trousers, men’s shirts, T‑shirts, jackets, jeans and shirting of the highest quality and exports more than 100 garment product categories, express Nikitait (2001) and Roongte  (2001).

B. Fabric preparation procedures

i. Desizing

Desizing is the first step which enables the garment to properly receive subsequent chemical and mechanical treatments by removing the previously applied warp sizes and finishes, describe Shroff (2003). The objectives of desizing is to remove the sizing material which may hinder during subsequent wet processing treatments as completely as possible. Efficient and uniform size removal are the two important requirements of any desizing process, state Shukla and Sharma (2000).

ii. Mercerization

The physical structure of cotton can be improved by mercerization process. says Patel (2005). It is generally defined as subject of cotton either in a fibre or any other stage of its manufacture, to the action of caustic soda, caustic potash, dilute sulphuric acid or zinc chlorite. The properties can be improved like, lustre, ability to absorb dye, reactions with a variety of chemicals, stability of form, strength / elongation, smoothness and hand.

Appearance is improved through increased lustre, a deepening of the colour and the production of a transparent look, the feel of the fabric is improved through a resulting soft hand and improved smoothness, and strength and elongation are also improved, along with the addition of good stretching ability (www.fabrics.net).

C. Natural dye – An ethnic treasure of India

Colour is the spice of life. Nature is full of fascinating colours. India has a rich tradition of using natural colours as dyes, says Bardhan (2002). India’s contribution to the field of natural dyes has been a long tradition, states Kapila  (1999).

According to Roy (1999), the use of natural dyestuffs dates back to remote antiquity, archaeological evidences show that dyeing was an widespread industrial enterprise in India, Egypt and Mesopotamia about 3rd  millennium B.C. History of biblical times speaks of materials dyed skyblue, purple and scarlet. The art of dyeing was known in India as early as the Indus valley period (3500 B.C.) In Egypt Indigo dyeing dates back to 2500 BS. The  history of natural dyes is more than 4000 years old, says Moses (2000).

Until the discovery of synthetic dyes in 1856, the plant and the animal kingdom provided the materials for dyeing textiles for preparation of paints and cosmetics, state Dayal and Dabhul (2000). Dantyagi (1998) is of the opinion that same of the traditional dyes are cutch, indigo, manjeeth, pomegranate, turmeric and walnut rinds.

Natural dyes are derived from plants, fruits, seeds, flowers, bark and roots, report Ansari and Thakur (2003). The dyes are also produced from natural wealth like plants, mineral and insects, describe Monasusi et al. (2000). The natural dyes are extracted from animal residues, claim Tiwari and Vankar (2001).

Sekar (1999) states that the availability of natural dyes depended on three sources :

· Specialized plant and animal sources

· By products and especially in natural food colours

· Chemical synthesis and 

· Today a fourth source is tissue or cell culture possibly with DNA transfer biotechnology.

Classification of Natural Dyes

Natural dyes can be classified in various ways. The earliest classification was according to alphabetical order, later it was based on chemical structure, where grouping of each structure was carried out according to the use, say Sengupta (2004). Natural dyes have also been classified based on botanical and common names and also on the basis of their method of application (The Textile Trend, 2001).

Natural dyes are broadly classified as natural organic dyestuff of vegetable or animal origin and mineral dyestuff or inorganic pigment.

i. Vegetable origin

The colouring matter is derived from root, leaf, bark, trunk or fruit of plants. It is believed that there are at least 300 plants from which colouring matter can be extracted. The principal vegetable dyes are fustic, sumac, catechu, madder, henna, saffron, legwood, indico, alizarin, describe Potter and Corbman (1999). 

ii. Animal origin

Lac, cochineal and kermes has been the principal dye yielding insects. The other animal dyes are squid septa and tyrian purple obtained from species of fish and small insects.

iii. Mineral origin

Various inorganic metal salts and metal oxides, say Chavan and Chatopadhyay (1999).


According to Singh (2000), natural dyes can be classified as follows :

· Affinity based

· Application based

· Structure based

Affinity based
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Structure based
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Advantages and disadvantages of natural dyes


Natural dyes have several advantages over synthetic dyes as its resources are self-perpetuating, natural, mild chemical reaction and easy to dispose, as pointed out by Parmer (1998). Natural dyes are soft, delicate and give harmonised pastal shades of natural colours obtained from renewable resources. These do not possess any health hazards, states Ghorparde  (2001). Paige (2002) strongly remarks that all hand made crafts can be developed as value added products by using eco‑friendly natural dyes. The natural dyes have the following advantages.

· they are obtained from renewable resources.

· no health hazards, sometimes they act as health cure.

· practically no or mild chemical reactions are involved in their preparation.

· no disposal problems.

· they are unsophisticated and harmonised with nature.

· lot of creativity is required to use these dyes judiciously.

· used as cosmetics.

Moreover naturally dyed materials have good resistance to moth invasion. Some of its constituents are anti-allergents and hence proved to be safe for baby contact. Also, they are non-toxic and therefore non-hazardous to health, say Ansari and Thakur (2000).

The limitations of the natural dyes that were responsible for their decline are,

· availability.

· colour yield.

· complexity of dyeing process.

· reproducibility of shade.


Technical drawbacks of natural dyes regarding complexity of dyeing process, which result into problems like,

· reproducibility of shades.

· limited shades.

· inadequate fixation and fastness properties.

· limited number of suitable dyes.

· allow only wool, natural silk, kinen and cotton to by dyed.

· great difficulty in blending dyes.

· non-standardarised.

· inadequate degree of fixation.

· inadequate fastness properties and

· water pollution by heavy metals and large amounts of organic substances.


Various reasons for declining the use of natural dyes are as follows :

· discovery of synthetic dyes.

· poor information dissemination and technology transfer.

· poor scientific inputs.

· non-compatibility of the dyestuffs restrict to produce compound shades.

· limited range of shades.

· lengthy dyeing procedure.






(Mallik and Pal, 2005).

D. Dyes with natural dyes

Murphy (2000) says that dyeing is a process which imparts colour to the whole of fabric or yarn.

Gohl and Vilensky (1999) describe dyeing is the process of colouring textile materials by immersing them in an aqueous solution of the dye, called dye liquor consists of dye, water and an auxiliary. To improve the effectiveness of dyeing, heat is usually applied to the dye liquor. 

The chief use of natural dyes has been in connection with textiles. Most of the natural dyes do not directly combine with the material to be dyed. They require chemical substances known as mordants which are metallic salts that have affinity for both fibres and dyestuffs. The use of different mordants with the same natural dyes gives different hues.

The word ‘mordant’ has been derived from the Latin word “Modere” which means “to bite”. A mordant is an element which aids the chemical reaction that takes place between the dye and the fibre so that the dye is absorbed (www.fabrics.net). 

ITCOTL (1999), mordants are materials that cause the natural dyes to bond chemically with the cloth, prevailing the colour from either fading with exposure to light and washing out. 

Classification of mordants


Mordants can be classified as state by as (Nadiger et al., 2004) as

1. Metalic mordants

2. Tannins and tannic acid

3. Oil mordants

1. Metallic mordants

Originally or naturally occurring metal salts were used as mordants. Now a days, metal salts of aluminium, chromium, iron, copper and tin are used. Some of the commonly used mordants are alum, potassium dichromate, ferrous sulphate, copper sulphate, stannous chloride and stannic chloride.

2. Tannins and tannic acid

Tannins are primarily used in the preservation of leather. They are also used in glues, stones and mordants. Vegetable tannins are bitter and astringent substance found in plants often occurring as excretion in the bark and other parts. For tanning purposes, the extractions are either employed directly or used in a concentrated from by extractions of the tanning substances. Among the tannins, myrobalan and sumach are most important. 

3. Oil mordant

There are used mainly in dyeing of Turkey red colour from madder. The main functions o the oil mordant is to form a complex with alum was used as the main mordants. Treatment of oils with sulphuric acid produces sulphorated oil which possess better metal binding capacity than the natural oils due to the introductions of the sulphonic acid groups.

Traditionally, mordants were found in nature. Wood ash or stale urine may have been used as an alkali mordant, and acids could be found in acidic fruits or rhubarb leaves. Now a days, most natural dyers use chemical mordants such as alum, copper sulphate, iron or chrome. Mordants are prepared in solution, often with the addition of an ‘assistant’ which improves the fixing of the mordant to the yarn or fibre. The most commonly used mordant is alum, which is usually used with cream of tartar as an additive or assistant. 

Ghorphade et al. (2000) give the various methods of mordanting, as

1. Mordanting before dyeing

2. Mordanting after dyeing

3. Mordanting and dyeing in the same baths.

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

The fastness of a mordant dye depends on the mordant and mordanting method because different metal dye complexes are formed which may differ in their stability to light and also because the metal may have a positive or negative effect on the photochemical degradation of dye, says Gupta (1999). 

E. Related Studies

A study conducted by Devi et al. (2001) on “Annatto, a bright natural colour source” proved that the fabrics can be dyed using Annatto seeds which produced orange shade. The samples dyed with Annatto exhibited good colour fastness properties of all conditions.

Based on the study “Optimization of dyeing conditions for natural dye – madder roots (Rubia cordifolia)” conducted by Shuchi Agarwal and K.C.Gupta  (2003) the dye extracted from the madder can be used for obtaining an array of colours, alone or in combination with various mordants on textiles and can be exploited for commercial purpose. 

A study was conducted by Jeet Singh and Yadav (2001) on “Eco‑friendly dyeing of wool with black kikar (Acacia nilotica). This study revealed the following results with the standardized conditions like dyeing time : 60 minutes, dye material concentration : 2 per cent, 8 per cent with alum, chrome, copper sulphate. Tests were conducted and analysed and colour fastness was found to be excellent.

A study was conducted on “Novel padding techniques for dyeing babool dye on cotton” by Patel et al. (2003). In this study, cold pad-batch and pad-dry-steam techniques were considered a the effective methods for dyeing cotton with babool dye.

Bhattacharya and Mathew (2002) conducted a study on “Wool dyeing by natural colurants”. From the results, it was seen that with a particular mordant, as the dye concentration was increased, the dye uptake also increased. Among three mordants, ferrous sulphate showed the best dyeing performance and simultaneous dyeing process showed better dye ability. Fastness properties of all the dyed samples were found satisfactory. 

III. EXPERIMENTAL PROCEDURE


The methodology pertaining to the study on “Application of single and mixture of selected natural dyes on mercerized cotton material” is discussed under the following headings :

A. Selection of the fabric

B. Pre-treatment of the fabric

C. Preparation of the fabric for dyeing

D. Pilot study

i. Selection of dye sources

ii. Selection of mordants

iii. Selection of mordanting techniques

iv. Preparation of dye solution

E. Selection of dyes, mordants and mordanting techniques for the study

F. Optimization of dyeing parameters

i. Dye concentration

ii. Dye extraction time

iii. Dyeing time

iv. Mordant concentration

v. Mordanting time

G. Selection of optimized proportion of dyeing variables for the study

H. Procedure for dyeing 

I. Equipment used for dyeing 

J. Evaluation

i. Visual inspection

ii. Laboratory tests
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A.
Selection of the Fabric

Cotton is a cool, soft, comfortable and the principal clothing fibre of the world. As Venkidusamy and Ramachandran (2000) point out that the abundant use of cotton are its superior weaving qualities, good absorption, low cost, high tensile strength, usage diversity and excellent abrasion resistance. Cotton can stand high temperatures and takes dyes easily (www.fabrics.net). Hence the investigator selected hundred per cent plain weave cotton grey material for the study. The grey cloth was procured from CPG Textiles, Naranapuram, Palladam. The details of the selected material is given in Appendix  I. 

B.
Pre-Treatment of the Fabric


All fabrics need to be free from impurities before dyeing, say Vankar  et  al. (2001). Desizing process is essential to remove the starch component of the grey cloth, state Rajendran et al. (1999). Mercerization is the treatment of cotton with or without tension in a strong caustic alkali like sodium hydroxide in order to improve the lustre, hand, ability to absorb dye, strength and elongation, explains Patel (2005). Hence the selected cotton grey material was desized and mercerized commercially with the help of Lakshmi Dyeing Unit, Erode. The procedure used for desizing and mercerizing is given Appendix  II.

C. Preparation of the Fabric for Dyeing

Cotton has no affinity for most of the dyes from natural sources. So,  cotton fabrics needs to be coated with tannin which modify the affinity of fibres towards different dyes. Tannin is the most important ingredient in dyeing with natural dyes producing yellow, brown, gray and black colours, states Gulrajani (1999). Therefore the mercerized cotton fabric was treated with myrobalan solution that binds the dye to the fabric for better dye absorption and wash fastness. The procedure used for myrobalan treatment is given in Appendix  III.

D. Pilot Study

A pilot study was conducted with regard to the selection of dye sources, selection of mordants and mordanting techniques.

i. Selection of Dye Sources

Today, in the world of growing environmental consciousness, natural colourants have attracted the attention of every one, state Bains et al. (2003). Natural colourants are being preferred over the synthetic ones because they exhibit better biodegradability and have a higher compatibility with the environment, say Rawat et al. (2003). Considering the above fact and also based on the availability, eight natural dyes derived from different sources like seed, root, bark, leaf, twig and rind was chosen, namely annatto seed, babool bark, kino bark, madder root, neem leaf, pomegranate rind, tea leaf and turmeric tuber were selected for the pilot study.

ii. Selection of Mordants

Natural colourants dyes may require some mordanting agents in order to produce affinity between the fibre and the dyes. A mordant is a mineral salt used to help the dye adhere to the material being dyed (www.housebarra.com) and colour fixing agent, explains Mathur (2002). Deo and Paul (2000) point out that the most commonly used mordants with natural dyes are alum, copper sulphate, ferrous sulphate and tannic acid. Gulrajani (1999) says metallic mordants are not always eco-friendly. The chemicals used for mordanting are generally not environmentally acceptable. In order to develop totally eco‑friendly natural dyeing system, it is necessary to replace the metallic mordants in to processed form of mordants, say Deo and Paul (2000). Considering the above points in mind, and also as suggested by Bharathan (2004) the investigator selected mordants such as alum, copper sulphate and ferrous sulphate which were modified into processed form. The coir water contains tannin, hence as a natural mordant coir water was selected along with the processed mordants for the pilot study. 

iii. Selection of Mordanting Techniques

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 the dye stuff. Sometimes a mordant is applied along with dyestuff, describes Tiwari et al. (2000).

The sequence for mordanting techniques as suggested by Senthilkumar et al. (2002) are as follows :

a.
Pre-Mordanting

Process sequence  : Myrobalan treated fabric ( Mordanting (  Dyeing

In this method the fabric is treated first with mordant solution and then with the dye liquor.

b. Simultaneous Mordanting

Process sequence  :  Myrobalan treated fabric (  Simultaneous             


        mordanting and dyeing


In this process the two steps of treating the fabric with the mordant and the dye are carried out at the same time in one bath.

c. Post‑Mordanting

Process sequence  :  Myrobalan treated fabric ( Dyeing ( Mordanting

In this process the fabric is treated first with dye liquor and then with mordant solution.

iv. Preparation of Dye Solution

The dye solution for the pilot study was prepared by following the parameters given in Table  I.

TABLE  I

PARAMETERS SELECTED FOR THE PILOT STUDY

	S.No.
	Parameters
	Trial proportion

	1.

2.
	Dyeing

Dye concentration

Material liquor ratio

*Dye soaking time

Dye extraction time

Dyeing time

Temperature

Mordanting

Mordant concentration

Material liquor ratio

*Mordant soaking time

Mrodanting time

Temperature 
	1 gm / 100 ml

1 : 40

48 hrs (cold condition)

30 min

30 min

100(C

0.5 gm / 100 ml

1 : 40

1 hr (cold condition)

15 min

100(C



*The soaking concept was evolved by the investigator by gathering information from the industrialists and experts in the field of dyeing. Based on this information the investigator tried instant, 24 hrs and 48 hrs soaking time and found 48 hrs soaking time be the best.

E. Selection of Dyes, Mordants and Mordanting Techniques for the Study

Dyes


The investigator selected three natural dyes from the pilot study based on the dye uptake, colour yielding capacity and colour fastness to washing. The selected dyes are as follows : -

(a) Annatto – Seed dye

(b) Babool – Bark dye

(c) Madder – Root dye

The details of the selected natural dyes are given in Plate I, II and III and in Appendix  IV.

Plate 1, 2, 3

Phase I

As a first stage each of the selected dyes were treated individually with the selected material.

Phase II

In the next stage each of the selected dyes were treated in a mixture combination of 1 : 3 [25 : 75], 1 : 1 [50 : 50] and 3 : 1 [75 : 25] proportions. Totally nine combinations were evolved and used for the study. 

Mordants


The investigator selected all the three processed mordants as well as coir water from the pilot study. The procedure used for extraction of coir water is given in Appendix  V.

Mordanting Techniques


The selected cotton material was dyed following pre, simultaneous and post mordanting techniques. In order to minimize the sample size the investigator selected only post mordanting technique for the study. Samples dyed by using all the three mordanting techniques with selected dyes and mordants are shown in Appendix VI.

F. Optimization of Dyeing Parameters

Currently there is a move to find renewable resources to supplant the need to deplete our global assets and this trend has led to research into the eco‑friendly aspects of natural dyes, states Kale et al. (2004). Eco‑friendliness never means that natural dyes do not have azo chromospheres group / carcinogenic amines but the selection of proper mordants and optimization of dyeing conditions reduce the effluent load, describes Nadiger et al. (2004).

A series of experiments were carried out to determine optimum values of five dyeing parameters, namely dye concentration, dye extraction time, 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 constant parameters used 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

Dyeing extraction medium
-
Aqueous (0.008 mg of NaOH 


/ 100 ml of H2O)

i. Dye Concentration and Dye Extraction Time


The concentration of dye was optimized by taking four dye concentrations prepared by boiling at 100(C. Four dye solutions of 1, 2, 3 and 45 gms of dye powder per 100 ml of water were prepared in four cups and allowed to stand for 48 hours in cold conditions. Then the dye solution was boiled by maintaining the temperature as 100(C. While boiling the optical was recorded after 15 minutes, 30 minutes, 45 minutes, 60 minutes and 75  minutes, to optimize the dye extraction time. 


The dye absorbed by the individual sample was calculated using the formula suggested by Agarwal and Gupta (2002).


Per cent absorption    =   
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 x 100


ii. Dyeing Time

To optimize the dyeing time the cotton material was dyed with optimized percentage of dye powder was boiled with the liquor ratio of 1 : 40. The optical density was recorded after 15 minutes, 30 minutes, 45 minutes and 60 minutes. the maximum dye absorption was taken as the optimum dyeing time. 

iii. Mordant Concentration

Four mordants with four different concentrations were taken and optimum concentrations were determined on the basis of highest per cent dye absorption. The four concentrations of alum and coir water were one per cent, two per cent, three per cent and four per cent and that of copper sulphate and ferrous sulphate were 0.5 per cent, 1.0 per cent, 1.5 per cent and 2.0 per cent.

iv.
Mordanting Time


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

G. Selection of optimized proportion of dyeing variables for the study

The details of selected optimized proportions of dyeing variables for dyeing cotton material is given in Table II and the per cent dye absorption values of dyeing parameters are given in Appendix  III.

TABLE  II

OPTIMIZED PROPORTIONS OF DYEING VARIABLES 

FOR DYEING OF COTTON MATERIAL

	S.No.
	Dyeing variables
	Trial proportions
	Selected proportions

	1.

2.

3.

4.

5.
	Dye concentration

Dye extraction time

Dyeing time

Mordant concentration

Alum

Copper sulphate and Ferrous sulphate

Coir water

Mordanting time
	1, 2, 3, 4, gms / 100 ml

15, 30, 45, 60, 75 min.

15, 30, 45, 60 min.

1%, 2%, 3%, 4%

0.5%, 1.0%, 1.5%, 2.0%

1%, 2%, 3%, 4%

15, 30, 45, 60
	2 gms / 100 ml

60 min.

45 min

2.0% 

1.0%

3.0%

45 min.


H. Procedure for Dyeing

Twenty five metres of cotton material was selected for the study. One metre was kept aside as original. The remaining 24 metres of material was cut into 48 number of equal pieces. First 12 pieces of material were used for dyeing with individual dyes using processed mordants following post mordanting technique. The remaining 36 pieces of material were used for dyeing with the mixture of dyes using processed mordants following post mordanting technique. The detailed optimized procedure adopted for dyeing the material individually as well as mixture of dyes were given in Appendix VIII. The details of nomenclature of the samples are given in Table III.

TABLE  III

THE NOMENCLATURE OF THE SAMPLES SELECTED FOR THE STUDY

	S.No.
	Sample
	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP
	Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot

Hot

Hot

Cold

Hot


O – Mercerized Original

Dyes
:
A – Annatto ; B – Babool ; M – Madder

Mordants
:
A – Alum ; C – Copper sulphate ; F – Ferrous sulphate ; CO – Coir water

Mordanting Techniques
:
P – Post mordanting technique

Proportion
:
1:3[25:75] ; 1:1[50:50] ; 3:1[75:25]

I. Equipments used for Dyeing

Most equipment needed for dyeing fabrics can be found in almost any market place throughout the world. The following is a list of the equipment requirements and a brief explanation of their use.

Heat Source  :  This can be any type of cooking stove ; gas, wood, kerosene, charcoal, electricity. This is used for heating the liquid used during mordanting and dyeing. 

Pestle and Mortar  :  Used for milling the natural dye or minerals, where this is called for.

Mordanting and Dyeing Pans  :  Stainless steel or enamel pans are the most suitable for dyeing. The size of pan depends upon the quantities of fabric that will be dyed. Do not use pans made from copper, aluminium or iron, unless absolutely necessary, as these metals have properties which can change the colour of the dye.

Stirring Rods  : Stainless steel or glass rods are best as they can be cleaned and used for different colour dyes. If wooden stirring rods are used then there should be a different spoon for each colour.

Thermometer  :  This is used to measure the temperature of the liquid during mordanting and dyeing. A long thermometer (to reach the liquid at the bottom of the pan) is preferred, with a range of 0 - 100(C (32 - 210(F).

Measuring Jugs  :  These are used to measure the quantities of liquid called for in the recipe. Sometimes precise quantities are called for.

Storage Containers  :  Used for storing the dyestuffs and mordants. Large glass and plastic jars are ideal. Some mordants and dyes are sensitive to light and should therefore be stored in sealed light‑proof containers. 

Plastic Bowls and Buckets  :  A variety of plastic bowls or buckets of varying sizes are useful when soaking the dye powder and wetting or rinsing fabrics.

Strainer  :  Used for straining the liquid off the dyestuff in the dyebath.

Weighing Scales  :  Used for obtaining the correct quantities as specified in the recipe. A scales with metric and imperial measurement is useful as conversions from one system to the other are not then needed.

Protective Equipment  :  Gloves for holding hot pans will prevent burns. An apron will protect your clothing. Rubber gloves will prevent skin irritation caused by mordants, and will also prevent you from dyeing your hands. A face mask can cut down the amount of fumes or powder inhaled during the dyeing process. 

J. Evaluation

The dyed samples were evaluated by the following ways :

1. Visual inspection

2. Laboratory tests

a. Fabric weight

b. Fabric thickness

c. Breaking strength and elongation

d. Wettability and absorbency test

i. Drop test

ii. Sinking test

iii. Capillary rise test

e. Statistical analysis

f. Colour fastness test

i. Fastness to sunlight

ii. Fastness to wet and dry pressing

iii. Fastness to wet and dry crocking

iv. Fastness to perspiration

v. Fastness to washing

1. Visual Inspection

The dyed samples were evaluated by twenty five judges comprising of textile experts and post graduate students of textiles and clothing, Avinashilingam Deemed University, Coimbatore. The dyed samples were displayed for easy evaluation. A rating scale was used to evaluate the dyed samples and is shown in Appendix  IX. The prepared rating scale was given to the selected judges to evaluate the samples. The scores were collected and consolidated for further discussion and is presented in the Chapter, Results and Discussion.

2. Laboratory Tests

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

a. Fabric Weight

Fabric weight is an important component when comparing two similar fabric constructions. Saini (2004) describes fabric weight refers to the relative weight of the fabric. It may be expressed as the weight of a particular size piece, such as grams per square meter or ounces per square yard. The most widely used methods of expressing fabric weight are :

i) Grams per square meter (GSM) are mainly used for knitted and furnishing fabrics.

ii) Ounces per square yard is used for industrial fabrics, men’s wear, jeans fabrics and in most laboratory work.

iii) Ounce per linear yard is used for most woolens and worsted fabrics

iv) Yards per pound the most widely used for apparels. 

The Eureka Cloth Quadrant Balance (Plate IV) was used to determine the fabric weight of the samples 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. The same procedure was repeated for the samples of the same material and the mean value was calculated. Similarly, the mean value for fabric weight of the samples from the mercerized original and dyed with mordants were calculated and recorded. The individual fabric weight in terms of ounces per square yard is then converted into grams per square meter.

b. Fabric Thickness

Fabric thickness is defined a the distance between the upper and the lower surface of the fabric measured under a specified pressure, says Taylor (1986). Thickness is measured to an accuracy of at least 0.02 mm under the prescribed pressure ranging from 0.005 psi, depending on the type of the fabric under test, states Pandey (1994). 

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

c. Breaking Strength and Elongation

The breaking strength is the ability of a fabric to withstand a tearing force where yarns are broken one or a few yarns at a time, say Collier et al. (1999). It is the resistance of the fabric to a tensile load or stress in either the warp or filling directions, tells Grover, Humby (1969) and Osayuande (1990).

Strip method, Booth (1982) was selected to determine the strength of the fabric. Eureka Brand Pendulum Tensile Strength Tester (Plate VI) was used to determine the breaking strength and elongation of the mercerized and dyed originals with mordant. The capacity of the machine and the rate of transverse were 90 kg and 40 cm per minute respectively. The gauge length or the distance between the jaws was set at 20 cm. The sample was cut to a 1 ¼ inch width and 13 inches length. The yarns were raveled from both the edges until the width measured to one inch.

Under the optimum conditions, the sample was mounted centrally, gripped along the full width to prevent slippage of the sample. The pendulum of the tester was set vertically and the pointer at zero on the scale, when the load was applied to the sample it ruptured the sample mechanism was stopped and the reading was recorded in kilograms, for ten samples of the same material in the same direction. The mean value of the ten readings from the mercerized original and dyed samples with mordants in warp and weft direction were calculated and thus recorded. 

d. Wettability and Absorbency Tests

The mercerized material were considered as original for the drop, sinking and capillary rise test.

i. Drop Test

The ability of a fibre to take up moisture is determined as absorbency. According to Skinkle (1872) wettability in the time taken in seconds for a drop of water to sink into the fabric. If that take more than 200 seconds to absorb water are considered as unwettable.

A burette filled with distilled water was clamped in a stand (Plate VII). The sample was mounted in an embroidery frame and was placed at the base of the stand. The distance between the sample and burette nozzle was kept constant. The nozzle of the burette was opened just 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 of ten readings from the mercerized original and the dyed materials were calculated and thus the wettability of each material was recorded.

ii. Sinking Test

Sinking test is a simple test that helps to measure the wettability of a fabric, describes  Booth (1996). As suggested by Skinkle (1979) ten samples were cut with the size 5 cm x 5 cm square from the mercerized original and the dyed materials. A 1000 ml beaker was filled with distilled water and few drops of wetting agent was 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 (Plate VIII). The same procedure was repeated for ten samples. The mean value was calculated for the above samples. Similarly, the mean value of the mercerized original and the dyed materials were calculated and the sinking time of each material was recorded separately.

iii. Capillary Rise Test

Skinkle (1979) pointed out that the capillary travel method measures the rapidity of absorption. Ten samples were cut with the size of 15 cm length and 2.5 cm width from the mercerized original and the dyed materials. One end of the sample strip was pasted with a glass rod and at the other end, two grams weight was attached to keep the sample straight. Both the ends, of the glass rods were placed on heavy wooden blocks. At the weighed ends 2 cm of the sample was allowed to immerse in a tray of distilled water as shown in Plate IX. 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 and the capillary rise of each material was recorded separately. 

e. Statistical Analysis

The results of laboratory tests were analysed statistically using tests for analysis of variance. Analysis of variance (ANOVA) is an extremely useful technique for analysing multiple samples. ANOVA is essentially a procedure for testing the difference among different group of data for homogeneity. According to Gupta (1998) ANOVA is commonly used to test differences among the means of several independent groups. Analysis was carried out mainly to see whether the test results vary due to the difference in the dyes, mordants and proportions. 

f. Colour Fastness Tests

In due course of fabric use, coloured textiles are subjected to the action of various agencies such as light, washing, pressing and perspiration which may change the hue, value or intensity of the colour says, Iyer and Saxena (1999). Different classes of dye possess those fastness characteristics in different degrees, describes Pant et al. (2001).

The resistance of a material to any change in any of its colour characteristics, to transfer of its colorants to adjacent materials, or both, as a result of exposure of the material to any environment that might be encountered during the processing, testing, storage or use of the material, defines AATCC (1999). AATCC (1995) established a standard terminology for rating  colour  fastness  properties  of  fabric to different test methods and also 

Plate 4,5,6,7,8,9

evaluating colour staining and colour transfer in fabrics. The investigator followed the AATCC grey scales for the assessment of colour change, colour transfer and staining (Appendix  XI) with the use of True View Colour Matching Cabinet as shown in Plate  X.

i. Fastness to Sunlight

Fastness to light is one of the most important properties of a dyed fabric needs in order to fulfill its utilization purpose over a period of time, say 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 present the samples 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 to sunlight. The changes in colour of the dyed samples were compared with the original and the specimens were rated with grey scale. 

ii. Fastness to 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 in 5 cm x 10 cm. They were kept between the white material both in dry and wet condition and were pressed with a heavy iron for 5 seconds at a temperature of 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 materials to wet and dry pressing was carefully observed and recorded separately. 

iii. Fastness to Wet and Dry Crocking

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

Sasmiva Crock Meter (Plate XI) 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 fro on the base by means of a rotating handle. There was a finger knob attached to the upper block to hold the mercerized material with ring. The seams 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 mercerized material (5 cm x 5 cm) was fixed on the finger knob of upper movable block with a ring. The number of rubs given was standardised and fixed as ten rubs. The white material was rubbed to and fro against the dyed samples along a track of 10 cms with pressure of 900 gms on the finger. The colour transfer from the dyed sample to the white material was assessed with AATCC grey scale and the geometric scale for staining. The same procedure was repeated for all the samples of the dyed material.

For wet crocking, the damp white material was used and the same procedure was followed and repeated for the remaining samples of dyed material. The colour fastness of each dyed material to dry and wet crocking was carefully observed and recorded separately. 

v.
Fastness to Washing


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


The wash fastness of all the dyed samples were tested according to ISO 105 – CO6 : 1994 washing test using Laundrometer (Plate XII). The Laundrometer consist central axis with four rods with eight stainless  steel jars 

Plate 10,11,12

(two jars in each rod) with tight fitting lids which rotates inside the hot water bath in forward direction when the machine is in working condition. Due to the high alkali sensitivity of 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 / 1000 ml of water at 40(C for 45 min. in a Laundrometer (Plate XII). The change in colour of the treated test specimens and the degree of staining of the two adjacent undyed fabrics was evaluated using grey scale. 

IV.  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. These are given in Table IV

TABLE – IV

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
	Good
	Fair
	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.

41.

42.

43.

44.

45.

46.

47.

48.


	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP
	100

100

100

100

80

85

75

80

100

100

100

100

70

60

75

75

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

75

70

70

80

100

100

100

100

100

100

100

100
	-

-

-

-

20

15

25

20

-

-

-

-

30

40

25

25

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

25

30

30

20

-

-

-

-

-

-

-

-
	10

5

15

10

-

-

5

10

10

5

5

10

80

20

75

90

10

-

-

10

5

5

10

15

-

5

-

10

5

15

10

5

5

10

15

15

-

5

5

10

5

15

10

15

5

10

15

5
	90

90

85

85

95

90

85

85

9

85

85

90

20

60

20

10

90

70

85

90

85

95

90

85

85

95

80

90

95

85

90

95

90

90

85

90

85

90

85

90

95

80

85

90

90

85

80

90
	-

5

-

5

5

10

10

5

-

5

10

-

-

20

5

-

-

30

15

-

-

-

-

-

15

-

20

-

-

-

-

-

5

-

-

-

15

5

-

-

-

5

5

-

5

5

5

5
	30

20

35

30

35

40

40

30

20

30

35

40

25

45

30

15

25

60

75

65

70

20

25

20

30

40

25

20

10

30

35

20

40

45

30

20

35

30

35

40

30

25

20

25

45

35

30

40
	70

80

65

70

65

60

60

70

80

70

65

60

75

65

70

80

75

40

25

35

30

80

75

80

70

60

75

80

90

70

65

80

60

55

70

80

65

70

65

60

70

75

80

75

55

65

70

60
	-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
	50

40

35

50

50

40

45

40

50

45

40

35

30

50

45

40

60

50

55

35

40

45

30

35

45

30

20

15

25

40

20

15

15

20

30

35

30

35

20

20

30

25

20

25

30

35

40

30
	50

60

65

50

50

60

55

60

50

55

60

65

70

50

55

60

40

50

45

65

60

55

70

65

55

70

80

85

75

60

80

85

85

80

70

65

70

65

80

80

70

75

80

75

70

65

60

70
	-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
	100

90

100

90

85

80

75

90

100

95

85

100

100

75

80

100

100

60

70

100

100

100

100

100

80

100

75

100

100

100

100

100

95

100

100

100

75

90

100

100

100

80

85

100

85

80

80

85
	-

10

-

10

15

20

25

10

-

5

15

-

-

25

20

-

-

40

30

-

-

-

-

-

20

-

25

-

-

-

-

-

5

-

-

-

25

10

-

-

-

20

15

-

15

20

20

15
	-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-



From the above Table IV it was clear that among the individually dyed samples except BCP, BCOP and BFP all other samples were rated as even by hundred per cent of the judges. Among the mixture of dyed samples except Annatto with Babool bark treated [1:3] proportion and Babool with Madder [1:3] proportion all other samples were rated as even by hundred per  cent of the judges.


Regarding the brilliancy of colour among the individually dyed samples BAP and MCP were rated as bright by 95 per cent of the judges. Among the mixture of dyes AB[1:3]COP and AB[1:3]AP were rate as very bright by 90 and 80 per cent respectively.


With regard to texture among the individually dyed samples ACP and MAP were rated as medium by 80 per cent of the judges. Among the mixture of dyes AM[1:1]AP was rated as medium by 90 per cent of the judges. AB[1:3]COP, AB[3:1]CP, AB[3:1]COP, AM[1:3]COP, AM[1:1]COP, AM[3:1]COP and BM[1:1]FP were rated as medium by 80 per cent of the judges.


Considering the luster among the individually treated samples AFP and MCOP were rated as 65 per cent of the judges. Among the mixture of dyes AM[1:3]COP, AM[1:1]COP and AM[3:1]AP were rated as medium by 80 per cent of the judges. 


Regarding the general appearance among the individually dyed samples AFP, MAP and MCOP were rated as good by hundred per cent of the judges. Among the three mixture of dyes Annatto with Madder dyed samples were rated as good by hundred per cent of the judges irrespective of proportions and mordants used. 

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 tests

i. Sunlight

ii. Wet and dry pressing

iii. Wet and dry crocking

iv. Washing

1. Fabric weight

Fabric weight of mercerized original, single and mixture of dyes with processed mordants following post mordanting technique are presented in Table V  and Figure I.

TABLE  V

FABRIC WEIGHT OF MERCERIZED ORIGINAL AND DYED SAMPLES 

USING PROCESSED MORDANTS

	S.No.
	Sample
	Mean weight (gms / sq.inch)
	Gain or loss over original
	Percentage gain or loss over original
	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP


	3.38

3.52

4.08

3.88

3.64

3.25

3.50

3.53

3.56

3.38

3.40

3.08

3.38

3.48

3.58

3.65

3.50

3.60

3.81

3.68

3.48

3.45

3.68

3.93

3.49

3.28

3.49

3.55

3.20

3.25

3.40

3.60

3.80

3.41

3.58

3.58

3.48

3.69

3.48

3.00

3.14

3.38

3.65

4.00

3.39

3.25

3.88

3.85

3.85
	0.14

0.70

0.50

0.26

-0.13

0.2

0.15

0.18

0

0.02

-0.30

0

0.10

0.20

0.27

0.12

0.22

0.43

0.30

0.10

0.07

0.30

0.55

0.11

-0.10

0.11

0.17

-0.18

-0.13

0.02

0.22

0.42

0.03

0.20

0.20

0.10

0.31

0.10

-0.38

-0.24

0

0.27

0.62

0.01

-0.13

0.50

0.20

0.47
	-4.139

-20.494

-14.582

-7.489

4.038

-3.548

-4.237

-5.321

0.196

-0.592

8.866

-0.001

-2.760

-5.912

-7.784

-3.548

-6.306

-12.612

-8.868

-2.957

-1.971

-8.868

-16.257

-3.154

3.152

-3.154

-4.829

5.319

3.841

-0.592

-6.504

-12.415

-0.789

-5.912

-5.715

-2.760

-8.967

-2.957

11.231

7.290

-0.001

-7.981

-18.326

-0.198

3.841

-14.779

-13.893

-13.893
	I

II


Figure  1

ANALYSIS OF VARIANCE

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Mordant

2-way interaction

   Dye * Mordant

   Residual

TOTAL

Main effects

   Dye

   Prop

   Mordant

2-way interaction

   Dye * Prop

   Dye * Mordant

   Prop * Mordant

3-way interaction

   Dye * Prop * Mordant

   Residual

TOTAL  
	-1192.016

310.637

518.014

0.699

2021.365

322.019

733.354

846.928

273.232

165.509

700.238

1765.243

2.796

4809.318
	2

3

6

24

35

2

2

3

4

6

6

12

72

107
	596.008

103.546

86.336

0.029

57.753

161.009

366.677

282.309

68.308

27.585

116.706

147.104

0.039

44.947
	20467.000**

3555.778**

2964.778**

4146.813**

9443.813**

7270.910**

1759.281**

710.451**

3005.785**

3788.670




**
-
Significant at one per cent level

*  
-
Significant at five per cent level

NS -
Not Significant


From the Table  VI  and Figure  II it is obvious that except BAP, MFP, AM[1:3]AP, AM[1:3]COP, AM[1:1]AP, BM[1:3]FP, BM[1:3]COP and BM[3:1]AP other samples exhibited increased values than the original. Higher the mean value higher is the weight of the material.


On analysing statistically the following facts are proved.

With single dyes

i) Significant difference at one per cent level was noticed between dyes and also between mordants.

ii) In two way interaction, significant difference at one per cent level was found between dyes with mordants with mixture of dyes.

With mixture of dyes

iii) Significant difference was observed between dyes, proportions and also between mordant at one per cent level.

iv) In two way interaction, between dyes with proportions, dyes with mordants and also between proportions with mordants at one per cent level of significant difference was found.

v) In three way interaction, one per cent level of significant difference was seen between dyes with proportions and also with mordants. 

To conclude the above facts among the individually treated samples ACP and AFP reveals the maximum increase than the other samples. Among the mixture of dyes BM[1:1]FP, AB[3:1]FP and BM[3:1]CP exhibited better performance with regard to fabric weight. 

2. Fabric thickness

Fabric thickness of mercerized original, single and mixture of dyes with processed mordants following post mordanting technique are presented in Table  VI  and Figure II. 

TABLE VI

FABRIC THICKNESS OF MERCERIZED ORIGINAL AND DYED SAMPLES 

USING PROCESSED MORDANTS

	S.No.
	Sample
	Mean value        (x – 0.01 mm) 
	Gain or loss over original
	Percentage gain or loss over original
	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP


	0.31

0.33

0.34

0.33

0.33

0.34

0.34

0.34

0.33

0.32

0.33

0.34

0.33

0.34

0.33

0.33

0.32

0.33

0.33

0.33

0.33

0.32

0.33

0.33

0.34

0.33

0.33

0.33

0.32

0.35

0.33

0.32

0.33

0.34

0.34

0.32

0.33

0.32

0.34

0.33

0.32

0.33

0.33

0.34
0.34

0.33

0.33

0.34

0.34
	0.02

0.03

0.02

0.02

0.03

0.03

0.03

0.02

0.01

0.02

0.03

0.02

0.03

0.02

0.02

0.01

0.02

0.02

0.02

0.02

0.01

0.02

0.02

0.03

0.02

0.02

0.02

0.01

0.04

0.02

0.01

0.02

0.03

0.03

0.01

0.02

0.01

0.03

0.02

0.01

0.02

0.02

0.03

0.03

0.02

0.02

0.03

0.03
	6.5

9.7

6.5

6.5

9.7

9.7

9.7

6.5

3.2

6.5

9.7

6.5

9.7

6.5

6.5

3.2

6.5

6.5

6.5

6.5

3.2

6.5

6.5

9.7

6.5

6.5

6.5

3.2

12.9

6.5

3.2

6.5

9.7

9.7

3.2

6.5

3.2

9.7

6.5

3.2

6.5

6.5

9.7

9.7

6.5

6.5

9.7

9.7
	I




Figure  II

ANALYSIS OF VARIANCE 

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Mordant

2-way interaction

   Dye * Mordant

   Residual

TOTAL

Main effects

   Dye

   Prop

   Mordant

2-way interaction

   Dye * Prop

   Dye * Mordant

   Prop * Mordant

3-way interaction

   Dye * Prop * Mordant

   Residual

TOTAL  
	65.844

58.285

103.469

177.375

404.972

11.954

22.704

12.654

14.585

247.278

159.262

256.292

593.600

1318.328
	2

3

6

48

59

2

2

3

4

6

6

12

144

179
	32.922

19.428

17.245

3.695

6.864

5.977

11.352

4.218

3.646

41.213

26.544

21.358

4.122

7.365
	8.909**

5.258**

4.667**

1.450NS
2.754NS
1.023NS
0.885NS
9.998**

6.439**

5.181**


** 
-
Significant at one per cent level

*  
-
Significant at five per cent level

NS 
-
Not Significant


From the Table VI and Figure II, it is obvious that among the mixture of dyes, the sample dyed by using Annatto with Madder [1 : 1] proportion using alum as mordant following post mordanting technique alone exhibited higher mean value than the original and also with the other samples. The rest of the samples shown very minimum difference when compared with the original. The more the mean value, the more is the weight of the sample. 


On analysing statistically the following facts are proved. 

With single dyes

1. Significant difference at one per cent level was noticed between dyes and mordants.

2. In two way interaction, one per cent level of significant difference was seen between dyes with mordants.

With mixture of dyes

3. No significant difference was found between dyes, between proportions and also between mordants.

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

5. In three way interaction, significant difference at one per cent level was seen between dyes with proportions and also with mordants.

To conclude the above facts samples treated with single dyes with processed mordants showed significant difference whereas not much difference was found with the samples treated with mixture of dyes, except the sample treated with equal proportion of Annatto with Madder showed increased value in fabric thickness.

3. Breaking strength and elongation

i. Breaking strength

Breaking strength of warp and weft side of mercerized original, single and mixture of dyes with processed mordants following post mordanting technique are presented in Table  VII and Figure III.

TABLE  VII

BREAKING STRENGTH OF MERCERIZED ORIGINAL AND DYED SAMPLES 

USING PROCESSED MORDANTS

	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP


	42

34

14

16

10

44

30

24

22

24

14

30

18

28

20

30

12

30

18

26

48

16

16

10

24

32

34

30

12

34

38

36

22

44

32

20

18

14

30

38

52

28

12

20

30

20

20

10

22
	10

26

22

10

20

34

22

16

18

16

12

20

24

18

14

18

36

26

30

20

26

30

26

54

18

24

16

10

38

24

18

20

26

14

20

32

36

24

24

28

42

36

48

20

42

54

42

20

54
	-8

-28

-26

-32

2

-12

-18

-20

-18

-28

-12

-24

-14

-22

-12

-30

-12

-24

-16

6

-26

-26

-32

-18

-10

-8

-12

-30

-8

-4

-6

-20

2

-10

-22

-24

-28

-12

-4

10

-14

-30

-22

-12

-22

-22

-32

-20
	16

12

0

10

14

12

6

8

6

2

10

14

8

4

8

26

16

20

10

16

20

16

44

8

14

6

0

28

14

8

10

16

4

10

22

26

14

14

18

32

26

38

10

32

44

32

10

44


	17.1

65.9

61.0

75.6

-7.3

26.8

41.5

46.3

41.5

65.9

26.83

56.12

31.71

51.22

26.83

70.73

26.83

56.10

36.59

-17.07

60.98

60.98

75.61

41.46

21.95

17.07

26.83

70.73

17.07

7.32

12.20

46.34

-7.32

21.95

51.22

56.10

65.85

26.83

7.320

-26.83

31.71

70.73

51.22

26.83

51.22

51.22

75.61

46.34
	-188.89

-144.44

-11.10

-122.22

-277.78

-144.44

-77.79

-100.00

-77.78

-33.33

-122.22

-166.67

-100.00

-55.56

-100.00

-300.00

-188.90

-233.33

-122.22

-188.89

-233.33

-188.89

-500.00

-100.00

-166.67

-77.78

-11.11

-322.22

-166.67

-100.00

-122.22

-188.89

-55.560

-122.22

-255.56

-300.00

-166.67

-166.67

-211.11

-366.67

-300.00

-433.33

-122.22

-366.67

-500.00

-366.67

-122.22

-500.00
	II

I
	I

II

I

I


Figure  III

ANALYSIS OF VARIANCE (WARP SIDE)

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Mordant

2-way interaction

   Dye * Mordant

   Explained

   Residual

TOTAL

Main effects

   Dye

   Prop

   Mordant

2-way interaction

   Dye * Prop

   Dye * Mordant

   Prop * Mordant

3-way interaction

   Dye * Prop * Mordant

   Residual

TOTAL  
	5080.309

9327.781

4628.198

19036.288

142.772

19179.060

4429.903

7237.755

1084.672

10037.676

21205.632

9450.724

1662.126

428.316

70836.803
	2

3

6

11

24

35

2

2

3

4

6

6

12

72

107
	2540.155

3109.260

771.366

1730.572

5.949

547.973

2214.951

3618.878

361.557

2509.419

3534.272

1575.121

1413.510

5.949

662.026
	427.000**

522.667**

129.667**

290.909**

372.333**

608.333**

60.778**

421.833**

594.111**

264.778**

237.611**


**
-
Significant at one per cent level

* 
-
Significant at five per cent level

NS
-
Not Significant

ANALYSIS OF VARIANCE (WEFT SIDE)

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Mordant

2-way interaction

   Dye * Mordant

   Residual

TOTAL

Main effects

   Dye

   Prop

   Mordant

2-way interaction

   Dye * Prop

   Dye * Mordant

   Prop * Mordant

3-way interaction

   Dye * Prop * Mordant

   Residual

TOTAL  
	15555.556

58271.605

95061.728

2962.963

171851.852

408477.366

182057.613

220411.523

38683.128

289465.021

226502.058

479176.955

8888.889

1853662.551
	2

3

6

24

35

2

2

3

4

6

6

12

72

107
	7777.778

19423.868

15843.621

123.457

4910.053

204238.683

91028.807

7470.508

9670.782

4824.170

37750.343

39931.413

123.457

17323.949
	63.000**

157.333**

128.333**

1654.333**

737.333**

595.111**

78.333**

390.778**

305.778**

323.44**


**
-
Significant at one per cent level

*
-
Significant at five per cent level

NS
-
Not Significant


From the above Table  VII and Figure III it was evident that regarding warp side, except four samples BAP, AB[1:1]COP, AM[3:1]AP and BM[1:3]COP exhibited higher mean values. Considering the weft side all the samples showed higher mean values when compared with the original. The more the mean value, the more is the breaking strength of the sample. 


On analysing statistically the following facts are proved regarding warp side.

With single dyes

1. There was significant difference at one per cent level was noticed between dyes and also between mordants.

2. In two way interaction significant difference at one per cent level was found between dyes with mordants.

With mixture of dyes

3. Significant difference was noticed between dyes, proportions and also between mordants at one per cent level.

4. In two way interaction, between dyes with proportions, dyes with mordants and also between proportions with mordants at one per cent level of significant difference was found.

5. In three way interaction, one per cent level of significant difference was seen between dyes with proportions and also with mordants. 

To conclude the above facts regarding warp side mixture of Babool with Madder in a proportion of [1:3] mordanted with coir water exhibited excellent performance than the rest of the samples, following this Annatto with Babool with equal proportion using coir water ranked next in the performance of breaking strength. 

Test of significance proved the following facts regarding weft side samples.

With single dyes

1. There was significant difference at one per cent level between dyes and also between mordants.

2. In two way interaction, it was found that significant difference at one per cent level was found between dyes with mordants.

With mixture of dyes

3. There was significant difference at one per cent level between dyes, proportions and also between mordants were noticed.

4. In two way interaction, it was seen that there is significant difference at one per cent level between dyes with proportions, dyes with mordants and also proportions with mordants.

5. In three way interaction, significant difference at one per cent level was found between dyes with proportions and also with mordants. 

It was concluded from the above data regarding weft side that almost all the samples treated individually as well as mixed combinations exhibited better performance with regard to breaking strength.

ii. Elongation

The elongation of warp and weft side of mercerized original and the samples dyed by using single and mixture of dyes with processed mordants following post mordanting technique are presented in Table VIII and Figure IV

TABLE  VIII

ELONGATION OF MERCERISED ORIGINAL AND DYED SAMPLES 

USING PROCESSED MORDANTS

	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP


	2.00

2.75

3.50

3.00

2.50

1.00

0.75

0.75

0.75

0.75

0.75

0.75

0.75

0.75

2.75

2.50

3.00

2.75

2.75

2.75

1.00

2.50

2.50

3.25

2.50

2.75

2.50

2.90

3.00

3.00

0.75

3.00

3.00

2.75

0.75

2.50

2.50

2.75

2.75

0.75

1.00

3.00

2.50

2.25

3.00

2.50

3.00

2.50

3.00
	3.50

3.50

2.50

3.00

2.75

1.25

1.50

1.50

1.50

1.50

1.50

1.50

1.50

2.50

2.62

2.00

2.62

2.62

2.62

2.50

2.50

1.00

2.75

1.00

3.25

3.00

2.25

2.50

1.00

2.50

2.50

2.75

1.00

2.25

2.50

3.00

1.00

2.75

3.00

2.75

1.50

0.75

1.00

0.75

0.50

0.75

0.50

0.75

0.75
	0.75

1.50

1.00

0.50

-1.00

-1.25

-1.25

-1.25

-1.25

-1.25

-1.25

-1.25

-1.25

0.75

0.50

1.00

0.75

0.75

0.75

-1.00

0.50

0.50

1.25

0.50

0.75

0.50

0.90

1.00

1.00

-1.25

1.00

1.00

0.75

-1.25

0.50

0.50

0.75

0.75

-1.25

-1.00

2.00

0.50

0.25

1.00

0.50

1.00

0.50

1.00
	0

-1.00

-0.50

-0.75

-2.25

-2.00

-2.00

-2.00

-2.00

-2.00

-2.00

-2.00

-1.00

-0.88

-1.50

-0.88

-0.88

-0.88

-1.00

-1.00

-2.50

-0.75

-2.50

-0.25

-0.50

-1.25

-1.00

-2.50

-1.00

-1.00

-0.75

-2.50

-1.25

-1.00

-0.50

-2.50

-0.75

-0.50

-0.75

-2.00

-2.75

-2.50

-2.75

-3.00

-2.75

-3.00

-2.75

-2.75
	-37.50

-75.00

-50.00

-25.00

-50.00

62.50

62.50

62.50

62.50

62.50

62.50

62.50

62.50

-25.00

-12.50

-37.50

-37.50

-37.50

-37.50

62.50

-25.00

-25.00

-62.50

-25.00

-37.50

-25.00

-43.67

-37.50

-50.00

62.50

-50.00

-50.00

-37.50

62.50

-25.00

-25.00

-37.50

-37.50

62.50

50.00

-50.00

-25.00

-12.50

-50.00

-25.00

-50.00

-25.00

-50.00
	28.57

28.57

14.29

21.43

64.29

57.14

57.14

57.14

57.14

57.14

57.14

57.14

28.57

25.05

40.48

25.05

25.05

25.05

28.57

28.57

71.43

21.43

71.43

7.14

14.29

35.71

28.57

80.95

28.57

28.57

21.43

71.43

35.71

28.57

14.29

71.49

21.49

14.29

21.43

57.14

78.57

71.43

78.57

85.71

78.57

85.71

78.57

78.57
	I

II


	I

II


Figure  IV

ANALYSIS OF VARIANCE (WARP SIDE)

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Mordant

2-way interaction

   Dye * Mordant

   Residual

TOTAL

Main effects

   Dye

   Prop

   Mordant

2-way interaction

   Dye * Prop

   Dye * Mordant

   Prop * Mordant

3-way interaction

   Dye * Prop * Mordant

   Residual

TOTAL  
	93046.875

1250.000

3203.125

3750.000

101250.000

474.394

5284.810

3549.785

22657.120

55532.903

18868.319

45765.806

11278.167

163411.303
	2

3

6

24

35

2

2

3

4

6

6

12

72

107
	46523.438

416.667

533.854

156.250

2892.857

237.197

2642.405

1183.262

5664.280

9255.484

3144.720

3813.817

156.641

1527.208
	297.750**

2.667NS
3.417*

1.514NS
16.869**

7.554**

36.161**

59.087**

20.076**

24.347**


**
-
Significant at one per cent level

*
-
Significant at five per cent level

NS
-
Not Significant

ANALYSIS OF VARIANCE (WEFT SIDE)

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Mordant

2-way interaction

   Dye * Mordant

   Residual

TOTAL

Main effects

   Dye

   Prop

   Mordant

2-way interaction

   Dye * Prop

   Dye * Mordant

   Prop * Mordant

3-way interaction

   Dye * Prop * Mordant

   Residual

TOTAL  
	9719.388

255.102

280.612

1224.490

11479.592

17685.267

8285.716

5312.643

14248.416

17100.003

4398.076

5086.060

3945.633

76061.813
	2

3

6

24

35

2

2

3

4

6

6

12

72

107
	4859.694

85.034

46.769

51.020

327.988

8842.633

4142.858

1770.881

3562.104

2850.001

733.013

423.838

54.800

710.858
	95.250**

1.667NS
0.917NS
161.361**

75.599**

32.315**

65.001**

52.007**

13.376**

7.734**


**
-
Significant at one per cent level

*
-
Significant at five per cent level

NS
-
Not Significant


The above Table VIII and Figure IV reveals that among the samples dyed by using individual dyes, only Annatto dyed samples showed higher mean values than the original. Regarding the mixture combination sample dyed by using Annatto and Babool with [3:1] proportion exhibited higher mean value than the original.


Regarding weft side the samples treated individually as well as mixture of dyes showed lesser mean values than the original except the samples dyed with Annatto individually. Though the values are high but less than the original. 

Test of significance proved the following facts regarding warp side.

With single dyes

1. Significant difference at one per cent level was observed between dyes whereas no significant difference was found between mordants.

2. In two way interaction, five per cent level of significant difference was seen between dyes with mordants.

With mixture of dyes

3. No significant difference between was noticed dyes whereas one per cent level of significant difference was found between proportions and mordants.

4. In two way interaction, one per cent level of significant difference was seen between dyes with proportions, dyes with mordants and also between proportions with mordants.

5. In three way interaction, significant difference at one per cent level was found between dyes with proportions and also with mordants. 

To conclude the above facts regarding warp side ACP and AB[3:1]FP samples alone showed better performance with regard to elongation.

Test of significance proves the following facts regarding weft side.

With individual dyes

1. One per cent level of significant difference was found between dyes whereas no significant difference was seen between mordants.

2. In two way interaction, no significant difference was noticed between dyes with mordants.

With mixture of dyes

3. One per cent level of significant difference was observed between dyes, proportions and also between mordants. 

4. In two way interaction, one per cent level of significant difference was found between dyes with proportions, dyes with mordants and also proportions with mordants.

5. In three way interaction, significant difference at one per cent level was seen between dyes with proportions and also with mordants.

To conclude the above facts regarding weft side, the samples treated individually with Annatto, mordanted using alum and ferrous sulphate exhibited better performance with regard to weft side. 

4. Wettability and absorbency test

i. Drop test

Drop test of mercerized original, single and mixture of dyes with processed mordants following post mordanting technique are presented in Table  IX  and Figure V.

TABLE  IX

DROP TEST OF MERCERIZED ORIGINAL AND DYED SAMPLES 

USING PROCESSED MORDANTS

	S.No.
	Sample
	Mean value        (seconds) 
	Gain or loss over original
	Percentage gain or loss over original
	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP


	9.0

20.0

31.0

18.0

11.0

5.5

7.0

7.0

4.5

5. 0

6.0

6.0

4.0

10.0

25.0

27.5

4.0

18.0

60.0

9.0

5.0

15.5

11.5

16.0

8.0

31.5

27.5

36.0

10.0

30.0

26.0

10.0

9.0

15.0

11.0

9.0

9.0

36.0

20.0

13.0

7.0

32.5

10.5

420.0

8.0

10.5

9.5

8.0

8.0
	11.0

22.0

9.0

2.0

-3.5

-2.0

-2.0

-4.5

-4.0

-3.0

-3.0

-5.0

1.0

14.0

18.5

-5.0

9.0

51.0

0.0

-4.0

6.5

2.5

7.0

-1.0

22.5

18.5

27.0

1.0

21.0

17.0

1.0

0.0

6.0

2.0

0.0

0.0

27.0

11.0

4.0

2.0

23.5

1.5

411.0

-1.0

1.5

0.5

-1.0

-1.0
	-122.22

-244.44

-100.00

-22.22

38.89

22.22

22.22

50.00

44.44

33.33

33.33

55.56

-11.11

-177.78

-205.56

55.56

-100.00

-566.67

0

44.44

-72.22

-11.11

-77.78

11.11

-255.56

-211.11

-300.00

-11.11

-233.33

-188.89

-11.11

0

-66.67

-22.22

0

0

-300.00

-122.22

-44.44

22.22

-255.56

-11.11

-4566.7

11.11

-11.11

0

11.11

11.11
	I

II

II




Figure  V

ANALYSIS OF VARIANCE

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Mordant

2-way interaction

   Dye * Mordant

   Residual

TOTAL

Main effect

   Dye

   Prop

   Mordant

2-way interaction

   Dye * Prop

   Dye * Mordant

   Prop * Mordant

3-way interaction

   Dye * Prop * Mordant

   Residual

TOTAL  
	204506.173

37191.358

41790.123

2592.593

286080.247

2738209.877

4361157.407

5244053.498

6584938.272

9901378.601

8308184.156

23197818.930

114938.272

60450679.012
	2

3

6

24

35

2

2

3

4

6

6

12

72

107
	102253.086

12397.119

6965.021

108.025

8173.721

1369104.938

2180578.704

1748017.833

1646234.568

1650229.767

1384697.359

1933151.578

1596.365

564959.617
	946.571**

114.762**

64.476**

857.693**

1365.965**

1094.999**

1031.240**

1033.742**

867.407**

1210.971**


**
-
Significant at one per cent level

*
-
Significant at five per cent level

NS
-
Not Significant


From the Table IX and Figure V  it was clearly evident that among the samples treated individually and mixture of dyes showed lower mean values than the original. Lower the mean value quicker the absorbency of samples. 


Statistical analysis proved the following facts.

With single dyes

1. One per cent level of significant difference was found between dyes and mordants.

2. In two way interaction, significant difference at one per cent level was noticed between dyes with mordants.

With mixture of dyes

3. One per cent level of significant difference was seen between dyes, proportions and mordants. 

4. In two way interaction, significant difference at one per cent level was found between dyes with proportions, dyes with mordants and also between proportions with mordants.

5. In three way interaction, significant difference at one per cent level was observed between dyes with proportions and also with mordants. 

It was concluded from the above data, among the individual and mixture of dyes most of the samples exhibited higher mean values than the original. This shows the lower wettability nature of the samples. Sample dyed by using Babool with Madder [1 : 1] proportion exhibited extreme score of 420 seconds. This shows the unwettability nature of the sample. 

ii. Sinking time

Sinking time of mercerized original, single and mixture of dyes with processed mordants following post mordanting technique are presented in Table  X and Figure VI. 

TABLE  X

SINKING TIME OF MERCERIZED ORIGINAL AND DYED SAMPLES 

USING PROCESSED MORDANTS

	S.No.
	Sample
	Mean value        (seconds) 
	Gain or loss over original
	Percentage gain or loss over original
	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP


	6.3

*

*

120.0

10.0

30.0

540.0

480.0

8.0

60.0

120.0

540.0

10.0

3180.0

1800.0

2040.0

21.0

60.0

*

90.0

7.0

34.0

360.0

390.0

6.0

7277.0

*

960.0

37.0

14485.0

14475.0

195.0

80.0

1800.0

*

30.0

20.0

183.33

*

690.0

6.0

0.0

3633.0

0.0

275.0

15.0

150.0

20.0

15.0
	-

-

113.70

3.70

23.70

533.70

473.70

1.70

53.70

113.70

533.70

3.70

3173.70

1793.70

2033.70

14.70

53.70

-

83.70

0.70

27.70

353.70

383.70

-0.3

7270.70

-

953.70

30.70

14478.70

14468.70

188.70

73.70

1793.70

-

23.70

13.70

177.03

-

683.70

-0.30

0

3626.70

0

268.70

8.70

143.70

13.70

8.70
	100.00

100.00

-1795.70

-57.98

-373.93

-8430.80

-7482.90

-26.382

-847.87

-1795.70

-8430.80

-57.98

-50137

-28336

-32127

-231.75

-847.87

100.00

-1321.80

-10.59

-437.12

-5587.2

-6061.10

5.213

-114861

100.00

-15066

-487.52

-228731

-228573

-2980.60

-1163.80

-28336.0

100.00

-373.93

-215.96

-2796.30

100.00

-10800.00

5.213

100.00

-57299.0

100.00

-4244.40

-136.97

-2269.70

-215.96

-136.97
	I

II


*  samples remains on the surface only.

Figure VI

ANALYSIS OF VARIANCE

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Mordant

2-way interaction

   Dye * Mordant

   Residual

TOTAL

Main effects

   Dye

   Prop

   Mordant

2-way interaction

   Dye * Prop

   Dye * Mordant

   Prop * Mordant

3-way interaction

   Dye * Prop * Mordant

   Residual

TOTAL  
	82905195.800

205746351.909

116104010.841

925905.128

405681463.679

45224812681.5

29091252017.5

40159533130.1

54566069426.9

58007223950.3

41904996592.4

54520540849.9

2201042.038

323476629691
	2

3

6

24

35

2

2

3

4

6

6

12

72

107
	41452597.900

68582117.303

19350668.74

38579.380

11590898.962

22612406341

14545626009

13386511043

13641517357

9667870658.4

6984166098.7

4543378404.2

30570.028

3023146071.9
	1074.475**

1777.688**

501.581**

739692.0**

475813.3**

437896.6**

446238.3**

316253.2**

228464.5**

148622.0**


**
-
Significant at one per cent level

*
-
Significant at five per cent level

NS
-
Not Significant


From the Table X and Figure VI it was clearly evident that maximum number of samples showed lower mean values than the original. Lower the mean value quicker is the absorbency of a sample. 


The statistical analysis proved the following facts.

With single dyes

1. One per cent level of significant difference was found between dyes and also between mordants.

2. In two way interaction, significant difference at one per cent level was observed between dyes with mordants.

With mixture of dyes

1. One per cent level of significant difference was noticed between dyes, proportions and also between mordants.

2. In two way interaction, significant difference at one per cent level was found between dyes with proportions, dyes with mordants and also proportion with mordants.

3. In three way interaction, significant difference at one per cent level was seen between dyes with proportions and also with mordants. 

​It was concluded from the above data, among the individual and the mixture of dyes individually treated samples exhibited better performance than the mixture combination. Among the two groups AAP, ACP, AB[1:1]CP, AM[1:3]CP, AM[3:1]CP, BM[1:3]AP, BM[1:1]AP and BM[1:1]CP were remain on the surface itself. This confirms the unwettability nature of the samples. 

iii. Capillary rise

Capillary rise of mercerized original, single and mixture of dyes with processed mordants following post mordanting technique are presented in Table  XI  and Figure VII.

TABLE - XI

CAPILLARY RISE OF MERCERIZED ORIGINAL AND DYED SAMPLES 

USING PROCESSED MORDANTS

	S.No.
	Sample
	Mean value        (in cms) 
	Gain or loss over original
	Percentage gain or loss over original
	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP


	9.0

7.9

7.1

8.0

8.8

11.3

9.8

11.5

12.8

11.8

10.0

10.0

12.8

8.3

7.2

8.9

11.2

9.8

7.5

11.5

10.2

10.0

8.2

10.2

10.0

8.5

7.6

8.2

9.5

8.7

8.4

9.7

14.5

9.5

5.6

8.3

9.0

10.0

7.4

10.6

11.6

5.2

9.6

3.3

9.6

10.2

9.5

11.7

9.4
	-1.1

-1.9

-1.0

-0.2

2.3

0.8

2.5

3.8

2.8

1.0

1.0

3.8

-0.7

-1.8

-0.1

2.2

0.8

-1.5

2.5

1.2

1.0

-0.8

1.2

1.0

-0.5

-1.4

-0.8

0.5

-0.3

-0.6

0.7

5.5

0.5

-3.4

-0.7

0

1.0

-1.6

1.6

2.6

-3.8

0.6

-5.7

0.6

1.2

0.5

2.7

0.4
	12.22

21.11

11.11

2.22

-25.56

-8.89

-27.78

-42.22

-31.11

-11.11

-11.11

-42.22

7.78
20.0

1.11

-24.44

-8.89

16.67

-27.78

-13.33

-11.11

8.89

-13.33

-11.11

5.56

15.56

8.89

-5.56

3.33

6.67

-7.78

-61.11

-5.56

37.78

7.78

0

-11.11

17.78

-17.78

-28.89

42.22

-6.67

64.44

-6.67

-13.33

-5.56

-30.0

-5.56
	II

II

I




Figure VII

ANALYSIS OF VARIANCE 

	Source of variation
	Sum of squares
	DF
	Mean square
	F ratio

	Main effects

   Dye

   Mordant

2-way interaction

   Dye * Mordant

   Residual

TOTAL

Main effects

   Dye

   Prop

   Mordant

2-way interaction

   Dye * Prop

   Dye * Mordant

   Prop * Mordant

3-way interaction

   Dye * Prop * Mordant

   Residual

TOTAL  
	10785.185

3630.864

728.395

200.00

15344.444

561.934

236.008

12174.897

14571.399

3709.671

6917.078

13737.243

565.432

52473.663
	2

3

6

24

35

2

2

3

4

6

6

12

72

107
	5392.593

1210.288

121.399

8.3333

438.413

280.967

118.004

4058.299

3642.850

618.278

1152.846

1144.770

7.853

490.408
	647.111**

145.235**

14.568**

35.777**

15.026**

516.769**

463.867**

78.729**

146.799**

145.771**


**
-
Significant at one per cent level

*
-
Significant at five per cent level

NS
-
Not Significant


From the Table XI and Figure VII it was evident that Annatto and Madder combination of dyes mordanted with copper sulphate with equal proportion [1 : 1] showed higher mean values than the original and also with rest of the samples. Following this samples BPC, MCOP, BM[1:3]COP and BM[3:1]FP were also exhibited higher mean values. The higher the mean value the greater is the absorbency of the sample. 


Statistical analysis proved the following facts :

With single dye

1. Significant difference at one per cent level was found between dyes and mordants.

2. In two way interaction, significant difference at one per cent level was noticed between dyes with mordants.

With mixture of dyes

3. Significant difference at one per cent level was seen between dyes, proportions and mordants.

4. In two way interaction, one per cent level of significant difference was observed between dyes with proportions, dyes with mordants and also proportions with mordants.

5. In three way interaction, one per cent level of significant difference was noticed between dyes with proportions, and also with mordants. 

It was clearly evident from the above data that the samples treated individually with Annatto, Madder and Babool using processed mordants with post mordanting technique performed better when compared with the samples dyed by using mixture combination of same dyes. 

5.
Colour fastness test


Colour fastness test of mercerized original, single and mixture of dyes with processed mordants following post mordanting technique are presented in Table XII. 

TABLE  XII

COLOUR FASTNESS OF MERCERIZED ORIGINAL AND DYED SAMPLES 

USING PROCESSED MORDANTS

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

	
	
	
	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP


	4

5

5

3/4

4

5

4

4

4

4/5

5

4

4

5

5

3

4

5

4/5

3

3/4

5

4/5

3

4

5

5

3

4

5

4/5

3

4

5

4/4

3

4

5

3/4

3

4/5

4

4/5

3

4

5

5

3/4
	5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

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

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
	4/5

4/5

5

4

5

3/4

4/5

4

4/5

4

4/5

4

4/5

3/4

3

5

5

3

3/4

4

4/5

3/4

3

4/5

4/5

4

4

4

5

5

4

5

5

5

3/4

4

4/5

3/4

3

3

4/5

3

3

4/5

4/5

4/5

4

5
	4

3/4

4

3/4

4/5

3/4

3

4

3/4

3

3

4

4/5

3/4

2/3

5

5

2/3

3

3

4

3

2/3

4

3

3

2/3

2/3

3

4

4

3/4

4

4/4

2/3

3/4

4

3

2/3

2/3

3

2/3

2/3

3

3

3

3

3/4
	5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

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

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 samples ACP, AFP, BCP, MFP, AB[1:3]CP, AB[1:3]FP, AB[1:1]CP, AB[3:1]CP, AM[1:3] CP, AM[1:3]COP, AM[1:1]CP, AM[3:1]CP, BM[1:3]CP, BM[1:1]CP, MB[1:1]CP and BM[3:1]FP have exhibited excellent colour fastness to sunlight with a maximum score of 5, whereas the samples MCP, AB[1:1]FP, AB[3:1]FP, AM[1:1]FP, AM[3:1]FP, BM[1:1]AP and BM[1:1]FP scored 4/5. The rest of the samples ranged between 3 and 4.


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


The colour fastness pertaining to dry crocking, the samples AFP, BAP, AB[1:3]COP, AB[1:1]AP, AM[1:1]AP, AM[1:1]CP, AM[1:1]COP, AM[3:1]AP, AM[3:1]CP and BM[3:1]CP scored a maximum of five points resulting in excellent fastness whereas the colour fastness with respect to dry staining only, AB[1:3]COP and AB[1:1]AP proved excellent performance. The samples BFP, MCP, MFP, AB[1:3]FP, AB[1:1]AP, AB[3:1]FP, AM[1:3]FP, AM[1:3]COP, BM[1:3]CP and BM[1:3]COP showed noticeable change whereas rest of the samples ranged from 3 – 4/5.


As for as the colour fastness of washing is concerned, all the samples exhibited excellent performance with a maximum score of five. 

TABLE  XIII

CONSOLIDATED EVALUATION OF THE PARAMETERS USED FOR THE STUDY (HIGHEST SCORE)

	S.No.
	Sample
	Fabric weight
	Fabric thickness
	Breaking strength
	Elongation
	Drop test
	Sinking test
	Capillary rise test
	Ideal

	
	
	
	
	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.

41.

42.

43.

44.

45.

46.

47.

48.
	O

AAP

ACP

AFP

ACOP

BAP

BCP

BFP

BCOP

MAP

MCP

MFP

MCOP

AB[1:3]AP

AB[1:3]CP

AB[1:3]FP

AB[1:3]COP

AB[1:1]AP

AB[1:1]CP

AB[1:1]FP

AB[1:1]COP

AB[3:1]AP

AB[3:1]CP

AB[3:1]FP

AB[3:1]COP

AM[1:3]AP

AM[1:3]CP

AM[1:3]FP

AM[1:3]COP

AM[1:1]AP

AM[1:1]CP

AM[1:1]FP

AM[1:1]COP

AM[3:1]AP

AM[3:1]CP

AM[3:1]FP

AM[3:1]COP

BM[1:3]AP

BM[1:3]CP

BM[1:3]FP

BM[1:3]COP

BM[1:1]AP

BM[1:1]CP

BM[1:1]FP

BM[1:1]COP

BM[3:1]AP

BM[3:1]CP

BM[3:1]FP

BM[3:1]COP
	I

II
	I
	II

I
	I

II

I

I
	I

II


	I

II
	I

II

II
	I

II
	II

II

I
	I

I

II




SUMMARY AND CONCLUSION


The globalization of markets and increasing demand for products has created a deep interest in the use of raw materials from natural resources.


The natural dyes, especially vegetable colourants have aroused considerable interest in dyeing of textile due to their eco-friendly nature and harmful effect of synthetic dyes, state Mathur et al. (2003). The major advantages of natural dye are that they are biodegradable, non​-concinogenic, non-mutagenic and colours soothing to human eyes. Dyeing with natural dyes can be a way of value addition to the textile products, say Gill and Singh  (2003).


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


Hence the investigator made an attempt to study “Application of Single and Mixture of Selected Natural Dyes on Mercerized Cotton Material” with the following objects.

· to extract and explore the strength of natural dyes from the available sources.

· to find out the efficacy of preparation and pretreatment method on mercerized cotton material. 

· to optimize the dyeing procedures.

· to study the effect of single and mixture of natural dyes using treated mordants on mercerized cotton material.

· to evaluate the colour fastness of the dyed samples.

Twenty five meters of 100 per cent mercerized cotton material was used and one metre was kept aside as original for laboratory testing purposes. Natural dye stuffs namely Annatto seed, Babool bark and Madder root were selected to dye the fabric by using individually as well as mixture of dyes. The mixture combination includes 1:3[25:75], 1:1 [50:50] and 3:1[75:25] proportions respectively. Totally nine combination was used for the study. 

The material was cut into 48 number of equal pieces. First 12 pieces of material were by using individual dyes namely Annatto seed, Babool bark and Madder root with alum, copper sulphate and ferrous sulphate as processed mordants and coir water as natural mordant following post mordanting technique and named as AAP, ACP, AFP, ACOP, BAP, BCP, BFP, BCOP, MAP, MCP, MFP and MCOP.

Similarly the remaining 36 pieces of material were dyed by mixture combination of dyes with three different proportion using selected mordants following post mordanting technique and named as AB[1:3]AP, AB[1:3]CP, AB[1:3]FP, AP[1:3]COP, AB[1:1]AP, AB[1:1]CP, AB[1:1]FP, AB[1:1]COP, AB[3:1]AP, AB[3:1]CP, AB[3:1]FP, AB[3:1]COP, AM[1:3]AP, AM[1:3]CP, AM[1:3]FP, AM[1:3]COP, AM[1:1]AP, AM[1:1]CP, AM[1:1]FP, AM[1:1]COP, AM[3:1]AP, AM[3:1]CP, AM[3:1]FP, AM[3:1]COP, BM[1:3]AP, BM[1:3]CP, BM[1:3]FP, BM[1:3]COP, BM[1:1]AP, BM[1:1]CP, BM[1:1]FP, BM[1:1]COP, BM[3:1]AP, BM[3:1]CP, BM[3:1]FP, BM[3:1]COP.

The dyed samples were evaluated by

A. Visual Inspection and

B. Laboratory tests

Findings of the study

A. Visual Inspection

Regarding the general appearance among the individually dyed samples AFP, MAP and MCOP were rated as good by hundred per cent of the judges. Among the three mixture of dyes Annatto with Madder dyed samples were rated as good by hundred per cent of the judges.

B. Laboratory Tests

Fabric weight


In view of the fabric weight the individually treated samples ACP and AFP and the mixture of dyed samples BM[1:]FP, AB[3:1]FP and BM[3:1]CP showed an appreciable increase with regard to fabric weight. 

Fabric thickness


In view of the fabric thickness, samples dyed with single dyes using processed mordants exhibited improved stiffness quality when compared with the samples dyed with mixture of dyes, except the samples treated with equal proportion of Annatto with Madder.

Breaking strength and elongation

Breaking strength

Warp side


Regarding warp side, among the mixture of dyed samples Babool with Madder in a proportion of [1:3] mordanted with coir water and Annatto with Babool with equal proportion using coir water exhibited excellent performance than the rest of the samples. 

Weft side


All the samples treated individually as well as of mixture combination exhibited better performance with regard to weft side.

Elongation

Warp side


Regarding warp side, samples ACP and AB[3:1]FP alone showed better performance than the other samples dyed individually as well as mixture combination.

Weft side


Regarding weft side, samples treated individually with Annatto mordanted using alum and ferrous sulphate exhibited better performance than the other samples with respect to elongation. 

Wettability and absorbancy test

Drop test


The drop test of the results expressed that among the individual and mixture of dyed samples. Most of them are exhibited better performance. Sample dyed by using equal proportion of Babool with Madder exhibited extreme performance than the other samples.

Sinking test


It was found from the sinking test among the individual and the mixture of dyed samples individually treated samples exhibited better performance with regard to sinking test.

Capillary rise test


It was obvious from the result that the samples treated individually with Annatto, Madder and Babool using processed mordants with post mordanting technique performed better when compared with the samples dyed by using mixture combination of same dyes.

CONCLUSION


It could be concluded from this study that among the selected three natural dyes, four mordants, following post mordanting technique using individual and mixture dye combinations resulted in 48 samples, of which the sample dyed with Annatto mordanted with copper sulphate following post mordanting techniques [ACP] showed excellent performance with respect to all the parameters selected for the study. In the mixture of dyes Annatto with Babool dyed sample in 3 : 1 proportion mordanted with ferrous sulphate exhibited better performance among the selected parameters adopted for the research work. 

APPENDIX – II

PRE-TREATMENT OF THE FABRIC
A. Desizing

Material

-
1 kg

Water

-
10 litres

Soap powder 
-
25 gms

Temperature
-
100o C

Time


-
35 - 40 minutes

Procedure


10 litres of cold water was taken with 25 gms of soap powder.  This was mixed thoroughly.  The material was immersed in the water bath and boiling was continued for 35 – 40 minutes.  Then the material was taken out, rinsed thoroughly in cold water by changing several times and dried well.  

B. Mercerizing


Material



-
1 kg


Caustic Dye


-
NaOH in liquid form in 15oC


Caustic Dye concentration
-
280 gms / litre


Wetting agent


-
Heptalic liquid form
Wetting agent concentration
-
15 gms / litre

Procedure

In cold condition, the desized material were passed in caustic soda bath for 10 minutes.  The material were given a hot water wash at 70oC (2 times) to remove the caustic soda. The material were immersed in acetic acid bath to neutralize alkali.

APPENDIX – IV

DETAILS OF SELECTED NATURAL DYES

A.
Details of Annatto

English Name

-
Listick tree or Achiote

Botanical Name

-
Bixa Orellana

Indian Name

-
Annatto

Part used


-
Seed of the plant

Colour yield

-
Orange

Chemical constituents
-
Carotenoid

Chemistry 


-
The seed is the rich source of dye.  It is 

rich in tannin.  It contains a mixture of eight colourants, of carotenoid group, of which the two main carotenoids are ‘Bixin and ‘Cis-bixin’ containing vitamin A.

Structure :


Description
 

-
Annatto  is  an  age-old   source   of   food 

colour.  It is a fast  growing evergreen tropical tree.  The leaves are simple with pink.  Flowers and red pods.  Each seed is coated with a yellowish orange substance which ultimately is the dye.

Distribution


-
Mainly in South America and Brazil.

Details of Babool

English Name

-
Babul gum tree or black kikar

Botanical Name

-
Acacia nilotica

Indian Name

-
Babool

Part used


-
Bark of the tree

Colour yield

-
Light Brown

Chemical constituents
-
Tannin

Chemistry


-
The bark is rich in tannin.  Some time it is 

as high as 20%, but the average content in bark as delivered to tanneries is usually about 12%.

 Structure :


[image: image2.png]



Description


-
Acacia nilotica is a umbrella-shaped tree 

4 – 15 m tall, often with trunks, reduced to a small wiry shrub less than 1 m tall under extreme conditions.  Two types of thorns abound 

1. Long, straight and white and

2. Small, hooked and brownish

Distribution


-
Native to much at Africa and the Middle 

east, Acacia nilotica tree is found every where in India.  It grows faster in the Rajasthan Desert.

Details of Madder

English Name

-
Madder (Indian)

Botanical Name

-
Rubia cordifolia

Indian Name

-
Madder

Part used


-
Root of the plant

Colour yield

-
Reddish pink

Chemistry 


-
The root is the rich source of dye.  The 

colouring matter present in the roots of Rubia condifolia is a mixture of purpurin (tri-hydroxy anthraquinone, munjistin, xanthopurpurin and pseudopurpurin).

Structure :


Description


-
Rubia cordifolia is a prickly climbing herb.  

The plant is of commercial importance because of the valuable dye present in the roots and lower twig.  The pigment contained in the red moss between the outer skin and the wood.

Distribution


-
Rubia cordifolia is distributed from 

Kashmir to Spain.  Mainly found in North-west Himalayas, the Nilgiris and other district of India.

APPENDIX -  V

Procedure used for extraction of coir water

Coconut husk concentration

-
3 gms / 100 ml

Temperature 



-
Room temperature 

Soaking time



-
4 – 5 days

Procedure


The coir water was prepared by soaking 3 gms of coconut husk in 100 ml of hard water (pH 6 – 7) and left it for 4 – 5 days at room temperature.  Then the solution was filtered and then used.

APPENDIX – VII
Optimum values of dyeing parameters

	S.No.
	Parameters
	Percent  absorption

	1.
	Dye concentration (g/ml)
	

	
	a  Annatto
	

	
	1
	26.1

	
	2
	26.5

	
	3
	25.8

	
	4
	25.2

	
	b Babool
	

	
	1
	19.7

	
	2
	20.0

	
	3
	19.2

	
	4
	18.7

	
	c. Madder
	

	
	1
	21.7

	
	2
	22.6

	
	3
	22.0

	
	4
	21.8

	2.
	Dye extraction time (min)
	

	
	15
	24.3

	
	30
	25.8

	
	45
	26.7

	
	60
	24.9

	
	75
	

	3.
	Dyeing time (min)
	

	
	15
	22.9

	
	30
	24.2

	
	45
	24.5

	
	60
	23.8

	4.
	Mordant concentration (g/ml)
	

	
	a. Alum 
	

	
	1%
	14.7

	
	2%
	15.6

	
	3%
	15.2

	
	4%
	14.9

	
	b. Copper Sulphate
	

	
	0.5%
	11.9

	
	1.0%
	12.5

	
	1.5%
	12.1

	
	2.0%
	11.7

	
	c. Ferrous Sulphate
	

	
	0.5%
	23.4

	
	1.0%
	25.0

	
	1.5%
	24.4

	
	2.0%
	22.1

	
	d. Coir Water
	

	
	1%
	17.8

	
	2%
	18.0

	
	3%
	17.4

	
	4%
	16.6

	5.
	Mordanting time (min)
	

	
	15
	24.3

	
	30
	25.4

	
	45
	26.3

	
	60
	24.9


APPENDIX – VIII

Optimized procedure  adopted to desizing cotton material

	Particulars
	Individual dyeing
	Mixture of Dyeing

	Weight of the material
	100g
	100g

	Weight of the dye powders*
	80 g
	80 g

	
	
	Proportions

   For 1:3 - 20g and 60 g

For 1:1 - 40 g and 40 g

For 3:1 - 60 g and 20 g

	Water bath
	4000 ml
	4000 ml

	Mordanting technique 
	Post
	Post

	Dyeing time
	45 min
	45 min

	Mordants

	Alum
	80 g
	80 g

	Copper Sulphate
	40 g
	40 g

	Ferrous Sulphate
	40 g
	40 g

	Coir Water
	120 ml
	120 ml

	Mordanting Time
	45 min
	45 min


* Dye powders of Annatto seed, Babool bark and Madder root

After dyeing the material, soaping was carried out in such a manner that boiling the material at 60oC – 70oC with soap solution (2g/1000 ml) for 2 – 3 minutes.  Then the material was taken out, rinsed thoroughly in cold water by changing 2 to 3 times and then dried.

 APPENDIX – X

Grey scale used to evaluate the dyed material


The dyed materials were rated by using the AATCC (American Association Textile Colourants and Chemists).  Grey scale to measure the extent of colour change and staining.  The grey rating envisaged the following standards for colour fastness to natural dyes applied on mercerized cotton 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


APPENDIX – IX

RATING SCALE USED TO EVALUATE THE DYED SAMPLES

	S.

No
	Sample
	Evenness in dyeing
	Brilliancy of colour
	Texture
	Luster
	General appearance

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

	1
	AAP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	ACP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	AFP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	ACOP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	BAP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	BCP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	7
	BFP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	8
	BCOP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9
	MAP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10
	MCP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	11
	MFP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12
	MCOP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	13
	AB [1:3] AP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	14
	AB [1:3] CP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	15
	AB [1:3] FP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	16
	AB [1:3] COP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	17
	AB [1:1] AP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	18
	AB [1:1] CP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	19
	AB [1:1] FP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	AB [1:1] COP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	21
	AB [3:1] AP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	22
	AB [3:1] CP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	23
	AB [3:1] FP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	24
	AB [3:1] COP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	25
	AM [1:3] AP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	26
	AM [1:3] CP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	27
	AM [1:3] FP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	28
	AM [1:3] COP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	29
	AM [1:1] AP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	30
	AM [1:1] CP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	31
	AM [1:1] FP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	32
	AM [1:1] COP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	33
	AM [3:1] AP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	34
	AM [3:1] CP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	35
	AM [3:1] FP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	36
	AM [3:1] COP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	37
	BM [1:3] AP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	38
	BM [1:3] CP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	39
	BM [1:3] FP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	40
	BM [1:3] COP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	41
	BM [1:1] AP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	42
	BM [1:1] CP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	43
	BM [1:1] FP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	44
	BM [1:1] COP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	45
	BM [3:1] AP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	46
	BM [3:1] CP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	47
	BM [3:1] FP
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	48
	BM [3:1] COP
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