RECYCLING OF SYNTHETIC DYE EFFLUENT

USING ELECTROCOAGULATION
BY

SUMITHA.S

(Reg. No. 06PBS09)

A DISSERTATION SUBMITTED TO THE

AVINASHILINGAM UNIVERSITY FOR WOMEN

COIMBATORE – 641 043.

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF

MASTER OF SCIENCE

IN BIOTEXTILES

MAY 2008

[image: image38.jpg]



ACKNOWLEDGEMENT

ACKNOWLEDGEMENT


First and foremost, the investigator places her humble salvations at the feet of God Almighty who has given sound wisdom and desertion knowledge, strength and opportunity to do the investigation effectively.

The investigator expresses her immense gratitude and thanks to                                              Thiru T.K. Shanmuganandam B.A., B.L., Chancellor, Avinashilingam University for Women, Coimbatore, for providing the infrastructural facilities for the conduct of the study.
The  investigator  records  her  profound,  heartfelt  gratitude  to                      Hon. Col. Dr. (Tmt.) Saroja Prabhakaran, M.A., Dip.Ed. (Madras), Ph.D. (Mother Teresa), Vice-Chancellor, Avinashilingam University for Women, Coimbatore, for being the central inspiration.
             Thanks are due to Dr. (Tmt.) Gowri Ramakrishnan, M.Sc., (Madras), M.Phil., Ph.D. (Avinashilingam), Registrar, Avinashilingam University for Women, Coimbatore, for her immense cooperation for this study.

The investigator is especially thankful and grateful to Dr. (Tmt.) Sathyavathi Muthu, M.Sc., Dip. Ed., M.Phil., Ph.D., (Madras) Dean, Faculty of Home Science, Professor and Head of the Department of Resource Management for her soothing advice in bringing out this project its zenith.

The investigator takes this opportunity to reveal thanks to                                               Dr. (Tmt.) G. Krishnabai, M.Sc., Dip.Ed., M.Phil. (Madras), Ph.D. (Mother Teresa), Professor and Head, Department of Textiles and Clothing, Avinashilingam University for Women, Coimbatore, for her encouragement and valuable help during the progress of her study.

The investigator feels immensely indebted and extremely privileged to have worked under the supervision of her esteemed guide, Dr.(Tmt.) K. Lakshmi, M.Sc., (Madras), M.Phil., (Bharathiyar), Ph.D.,(Avinashilingam), Reader, Department of Textiles and Clothing, for her valuable guidance, technical support, timely help and constant encouragement throughout the study.
She also wishes to thank all the teaching and non-teaching staff of the Department who helped her carry out the research work. 

The investigator expresses her heartfelt thanks to SITRA, SIMA and TNAU for the library facilities provided Finally she would be failing in her duty unless she bestows her loving gratitude to her parents, sister, brother and friends who provided moral and physical support and for their constant encouragement. 

The author acknowledges the contribution of all the other unseen hands during the course of the study for the help rendered in the successful completion of the study. 

CONTENTS

CONTENTS

CHAPTER NO.


TITLE


              PAGE NO.



LIST OF TABLES




LIST OF FIGURES




LIST OF PLATES




LIST OF ANNAXURES

1. INTRODUCTION





1
2. REVIEW OF LITERATURE



6
Cotton – History, Physical and Chemical 

Properties





6

Importance of Colour in Textile Dyeing

9

History, Classification and Properties of 

Synthetic dyes





9

Reactive and Direct Dyes – Properties and 

Dyeing Mechanism




12

Consumption and Role of Water in Textile

Industry






16

Environmental Threats Posed By Our Mother 

Industry






18

Treatments of Effluent Water



20

Electrocoagulation – A Novel Method of 

Effluent Treatment




25

Recycling of Synthetic Dye Effluent


26

3. EXPERIMENTAL PROCEDURE


28
Selection of fabric




29

Selection of dyes




29

CHAPTER NO.


TITLE


              PAGE NO.
Application of reactive dye on cotton material
30

Application of direct dye on cotton material

31

Collection of effluent




31

Analysis of effluent water



32

Treatment of effluent using electrocoagulation
40

Reuse of treated water for dyeing


40

Nomenclature of the dyed samples and effluent
43

3.10 Evaluation of the dyed samples


43

         3.10.1 Subjective evaluation



43

         3.10.2 Objective evaluation



44

3.11 Statistical analysis and interpretation of data
54


4. 

RESULTS AND DISCUSSION



55



4.1 Subjective analysis




56




4.2 Objective evaluation




57




4.3 Colour fastness tests




72




4.4 Physico-chemical analysis of effluent water




      before and after treatment



73

5.              
SUMMARY AND CONCLUSION


75
BIBLIOGRAPHY

ANNEXURES

LIST OF TABLES

TABLE NO.



TITLE


           PAGE NO.
I

Nomenclature of the dyed samples and effluent

43


II

Visual inspection of dyed samples



56


III

Fabric weight of original and dyed




Samples






57


IV

Fabric thickness of original and dyed




Samples






58


V

Tensile strength of original and dyed




samples (warp)





60


VI

Tensile strength of original and dyed




samples (weft)





61


VII 

Fabric elongation of original and dyed




samples (warp)





63


VIII 

Fabric elongation of original and dyed




samples (weft)





64


IX

Abrasion resistance of original and dyed




samples 






66


X

Fabric stiffness of original and dyed




samples (warp)





67



XI

Fabric elongation of original and dyed




samples (weft)





69


XII

Drapability of original and dyed samples


70


XIII

Colour fastness of dyed samples



72


XIV

Effluent analysis





73

LIST OF FIGURES

FIGURE NO.



TITLE


   PAGE NO.

I

Fabric weight of original and dyed




Samples






57


II

Fabric thickness of original and dyed




Samples






59


III

Tensile strength of original and dyed




samples (warp)





60


IV

Tensile strength of original and dyed




samples (weft)





62


V

Fabric elongation of original and dyed




samples (warp)





63


VI

Fabric elongation of original and dyed




samples (weft)





65


VII

Abrasion resistance of original and dyed




samples 






66


VIII

Fabric stiffness of original and dyed




samples (warp)





68


IX

Fabric elongation of original and dyed




samples (weft)





69


X

Drapability of original and dyed samples


71

LIST OF PLATES

PLATE NO.



TITLE


              PAGE NO.

I

Collection of effluent before and after treatment

33


II

pH Meter






33


III

BOD Incubator





37


IV 

Electrolyzer used for electrocoagulation


41


V

Reactive dye effluent before and after treatment

42


VI

Direct dye effluent before and after treatment

42


VII

Fabric weight






45


VIII

Thickness tester





45


IX

Tensile strength tester




47


X

Abrasion resistance tester




47


XI

Stiffness tester





50


XII

Drapemeter






50


XIII

Launderometer





53


XIV

Crockmeter






53

LIST OF ANNAXURES

ANNAXURE NO.


TITLE



I 

Details of the selected material


II

Dyed samples


III

Proforma used to evaluate the dyed samples


IV

Grey scale used to evaluate the dyed samples
INTRODUCTION

1.INTRODUCTION
The word ‘environment’ today has become almost inseparable from the terms ‘environmental pollution’, ‘environmental damage’, and ‘environmentally friendly’ and so on. Thus, anybody who talks about environment has a mental association of the requirement to protect the environment. 
With the advent of “green brigade”, the aspect of environment has been almost consciously or unconsciously inbuilt in the psyche of modern society. Starting from the small child in school, a farmer in a village or top level executives, bureaucrats and industrialists- everyone is aware of the present global needs and concerns to protect and improve our environment through sustainable growth and developments.
Our biosphere is under constant threat from continuing environmental pollution. In recent years, different approaches have been discussed to tackle man-made environmental hazards. Clean technology, Eco-mark and green chemistry are some of the most highlighted practices in preventing or reducing the adverse effect on our surroundings.
The environment is a legacy that the past has left for us to cherish and enjoy. Industrial growth is the driver for progress and economic well-being in the future. It is now up to marry the two and reap the resultant benefits for many years to come. Industrial development significantly contributes towards economic growth. However, industrial progress brings along with it a host of environmental problems. One of the most serious problems faced by mankind today is the pollution of environment by his own activities. Civilization is taxing the environment by not only consuming the natural resources but in turning out the waste products into the environment too.
Textile industry is one of the nation’s oldest, most diverse and dynamic segment of entire manufacturing industries. The Indian textile industry is one of the single largest segments of Indian economy accounting for over one-fifth of the total industrial production. The textile industry is our mother industry involving more than five million people directly and indirectly connected to it. Next to the agricultural sector, our industry is the biggest employment generator and hence, the very future of the industry decides the prospects of millions of those connected to textile trade and their family members.
The textile wet processing technology is the “application technology”. The textile wet processing operations, however, are all water-intensive, consuming large volumes of water and hence, effluent problems as related to possible reuse and recycle of water are more severe. The wet processing industry has the major impact on water, air and land pollution by using various toxic chemicals. Environment awareness in Indian textile wet processing industry has increased in the past two decades.
Waste stream generated in this industry is essentially based on water-based effluent generated in the various activities of wet processing of textiles. The main cause of generation of this effluent is the use of huge volume of water either in the actual chemical processing in preparatory, dyeing, printing and finishing. Water pollution is considered not only in terms of public health but also in terms of conservation, aesthetics and preservation of natural beauty and resources. Pollution potential and pollution load depend on the dyes used for dyeing. Textile effluents are generally grey or coloured have a high BOD, COD and high solids and are high in temperature in some cases. Some of the discharged chemicals are toxic and cause damage to aquatic life. Each of these parameters has an adverse effect on the mainstream water source where they are discharged.
From prehistoric period, man has been fascinated by colour. Colour is everywhere. The clothes we wear, our surroundings, both natural and man made are abundant with colour. It is one of the most important aspects of textiles. It would not be an exaggeration to say that to many consumers colour is quality. The marketability of any fabric depends on its colour, which again depends on dyeing and its preparatory processes. Therefore, good colour and excellent colour/shade matching are extremely important for profitability. The dyes, more accurately known as colourants, are highly coloured substances and can be used to impart colour to an infinite variety of materials.
For chemical operations a good, efficient, versatile, cheap and easily available liquid medium is the basic requirement and in this regard there can be no substitute to water, which is universally available by the grace of Mother Nature. One of the major challenges facing mankind today is to provide clean water to a vast majority of the population around the world. The need for clean water is particularly critical in Third-World Countries. Rivers, canals, estuaries and other water-bodies are being constantly polluted due to indiscriminate discharge of industrial effluents as well as other anthropogenic activities and natural processes.

Water is a critical source for business in this millennium. It will be 21st century, what oil was in the 2oth century Sivaramakrishnan, (2004). The textile industry, since its beginning, has hampered by the large volumes of water required for the preparation and dyeing of cloth. More recently, water consumption and waste generation have become considerable concerns for textile manufacturers and finishers.
The textile chemical processing plays an important role in controlling the pollution load for environment. The existing waste water treatment technology is often inadequate to control colour of effluent and toxicity in waste water to aquatic organisms. Hence, very little decomposition of these organic molecules take place by aerobic and anaerobic waste water treatment processes and discharge level of COD cannot be achieved by these processes.
Our aim is to adopt technologies giving minimum or zero environmental pollution. Effluent treatment plants are the most widely accepted approaches towards achieving environmental safety. But, unfortunately, no single treatment methodology is suitable or universally adoptable for any kind of effluent treatment. For instance, in the past, biological treatment systems have been used extensively, but they are not efficient for the colour removal of the more resistant dyes.
The electrochemical methods have found use in destruction of toxic and non-biodegradable organics by direct or indirect oxidation/reduction. Electrochemical methods are very promising as they involve the controlled degradation of the pollutants. They are moreover very effective towards the reduction of chromophoric group of dyes and colour removal, which is the main disturbing factor for water recycling in most of the industries.
Today, in modern era, India is the second largest cotton producer in the world and has witnessed the second highest growth in demand for its products across the world in recent years. Over the years the cotton which was known more as a fibre for masses is gaining increasing demand and its high value products are enabling this fibre to be called as fibre  of classes.
Cotton is the basic resource of thousands of consumer and industrial products manufactured through out the world, and the contribution made by cotton to the food and fibre industry continues to grow in importance. At the start of the textile industry in India, the chemical processing was mainly related to cotton and to a small extent woollen  varieties, silk being negligible and only to a level of home processing.
The reuse of wastewater has become an absolute necessity. There is, therefore, an urgent need to develop innovative, more effective and inexpensive techniques for treatment of wastewater. Effluent treatment is potential for saving chemicals, water, steam and waste treatment cost by using reuse system and to protect our ecosystem. Increasing environmental consciousness in textile dyeing has forced the researcher to take an effort to search for the safest method in effluent treatment.
The specific objectives of the study are:

· to dye the cotton fabric using direct and reactive dyes.

· to analyze the physico-chemical parameters of reactive and direct dye effluent.

· to study the effect of electrocoagulation treatment in synthetic dye effluent.

· reuse of the effluent treated water for second dyeing.

· to asses the performance of the dyed samples.




REVIEW OF LITERATURE

2. REVIEW OF LITERATURE


The review of literature pertaining to this study on “RECYCLING OF SYNTHETIC DYE EFFLUENT USING ELECTROCOAGULATION” is dealt under the following headings:


2.1 Cotton – History, Physical and Chemical Properties.


2.2 Importance of Colour in Textile Dyeing


2.3 History, Classification and Properties of Synthetic Dyes


2.4 Reactive and Direct dyes- Properties and Dyeing Mechanism


2.5 Consumption and Role of Water in Textile Industry


2.6 Environmental Threats Posed by Our Mother Industry


2.7 Treatments of Effluent Water

2.8 Electrocoagulation- A Novel Method of Effluent Treatment


2.9 Recycling of Synthetic Dye Effluent

2.1 Cotton
Looking at our strengths, India is a country having the largest area of land under cotton cultivation. It is the second largest producer of jute and silk. It is the first in production of polyester and fifth in the production of all man-made fibres. In other words, India has diverse fibre base points out Teli et al., (2007). 

Cotton is the most commercial crop of India remarks Swaminathan, (2005). Cotton has derived its name from the Arabic word “quntun” or “kuntun” say Mishra et al., (2007).

Cotton, the purest form of cellulose found in nature is considered the King of textile fibre says Patel, (2005). This “white gold” is the most precious gift of nature to mankind expresses Mandoli et al., (1999). It is a cash crop and occupies a prime place in agriculture says Makwana, (2006). Among the natural fibres, cotton is the most commercially significant fibre views Shukla, (2005). 

Cotton is mainly grown in ten states. There are some 500 seed varieties points Earlam, (2007). India is the only country in which all four species – Gossypium arboretum, G.herbaceum, G.hirsutum and G.barbedense are cultivated says Barwale, (2007).

History of cotton

India’s 5,000 year history with cotton is well known. Our country has a heritage of producing cotton textiles and is amongst the earlier exporters, having supplied to ancient Greece and Rome and even catered to the needs of Egyptian royalty reveals Malik, (2007). India is generally considered to be the birth place of cotton cloth. However some authorities claim that it is likely that cotton was known in Egypt as long as 12,000 B.C even before linen was known. Certainly the earliest reference by Herodotus, in 445 BC, is to Indian cloth narrates Storey, (1992).


Cotton, the most widely used fibre in the world, has a long and fascinating history. Cotton was used in India thousands of years ago and has been traced to ancient Egypt, Greece, Rome and pre-Columbian American. It was introduced to Europe by Arab traders. Its use spread widely in 17th century as trade with India also increased remarks Khalje, (1999). Now cotton is the world’s leading textile fibre. About 35 million hectares of land is used for cotton cultivation globally reveals Gokarneshan, (2003).Currently eight countries produces almost 85% of  the world market quantity of cotton points out Textile Magazine, (2007).

Physical properties
Structure
: The cross section consists of a number of concentric     layers, which are classified    as primary wall and secondary wall. The surface layer constitutes approximately five per cent of the total fibre weight 

Shrinkage
: Fibre shrinks when it is washed for first time,    but fibre do not have shrinkage property.

Resilience
: Fabrics have low resilience and wrinkles easily.

Effect of friction
: Not affected by friction.

Heat conductivity
: It allows body’s heat to radiate and also non allergic to the body Kaplan, (2001). 

Chemical properties
Action of heat
: Cotton ignites easily and burns with odour of burning paper.  Cotton can withstand the temperature of 180° C but scorches at 170° C.

Light
: Exposure to air, presence of sunlight for a long period will affect cotton.

Water
: Cold water swells cotton without any chemical damage.

Alkalis
: It has resistance to alkalis. Mild alkalis do not affect cotton. Strong alkalis of higher concentration induce structural and physical change in cotton fibre Mishra, (2000).

Acids
: Solution of  strong acids like sulphuric acid, hydrochloric acid and nitric acid are able to hydrolyze the cellulose, while those of weak acids , like acetic acids and formic acid do not affect the  cellulose Shenai, (2000).


       Although certain limitations such as poor wrinkle resistance and the limited strength characterize cotton, its comfort properties and natural origin makes it significantly important fibre. High moisture absorption characteristics of cotton enable such clothing to offer dry feel and thus get rid of stickiness offering the comforts views Teli, (2007). 

 Cotton is called King Cotton, because of the versatility of its use and certain of its properties. The use of cotton as an important textile material is not only due to its cheapness and abundance, but also due to some of its properties-water absorbing ability, strength and durability makes it popular reveals Shenai, (2000).

2.2 Importance of Colour in Textile Dyeing

Colours have fascinated mankind since the dawn of civilization. The importance of colour in textile products cannot be underestimated remarks Sengupta, (2001). Colour is an integral part of any textile material as it gives the aesthetic appeal to the substrate say Jawale et al., (2007).

Colour is a stimulus; it is a function of human response, illuminate and the reflectance of the object itself reveals Ravichandran, (2002).Colour is a matter of perception and subjective interpretation. The factors that influence colour are source of light, directional differences, background and contrast and the area covered by a colour point out Shah et al., (2006).

Although many textiles reach the consumer in their natural colour or as a bleached white, most textiles are coloured in one way or other. Colouring may be accomplished either by dyeing or by printing and the colouring materials either dyes or pigments says vankar, (2002).For the dyer, the main feature about a dye or a pigment is its colour views Zippel, (2004).

2.3 Synthetic Dyes

All coloured compounds contain chromophores composed of atoms or groups of atoms. Molecules containing these chromophores are named chromogens describes Vankar, (2002).The value addition to textiles is achieved through use of dyestuff and a chemical says Shukla, (2006). On an average, the dyestuff cost works out at 20% t0 25% of the total processing cost and still it remains the most vital in wet processing of fabrics view Rane et al., (2005).

History of synthetic dyes

At the beginning of the 19th century, natural dyes dominated the world market whilst synthetic dyes were almost unknown. The extraction of dyes from natural sources was a slow, inefficient, wasteful and very labour intensive process. The resulting dyes were rarely pure compounds and since the proportions in the mixture were variable, reproducibility was a serious problem. Many of these did not have strong affinity for the fibre. The only synthetic dye that was known at that time was picric acid discovered in 1771.


At the end of 18th century, particularly in France, a dye chemistry based on scientific principles began to grow up. ‘Congo Red’ which was of greater importance was discovered by a German scientist, Boettiger, in 1883 narrates Storey, (1992). Direct dyes were first applied to paper and leather because of their poor wash and light fastness properties says Karmakar, (2007). Direct dyes for cotton was discovered by Hoffmann and Daimler of the Casella Company in 1891, remarks Sekar, (2005).


The introduction of reactive dyes may be considered as an important landmark in the development of synthetic dyes states Mairal et al., (2001).I.C.I was the first company to put cellulose-reactive dyestuffs on the market; these were named ‘Procion’. The development of procion dyestuffs was essentially the work of only two men, Prof. Rattee and Dr.Stephens says Storey (1992).


These dyes are called reactive dyes, since they chemically react with the fibre substance, forming a covalent bond between the dye and the fibre views Shenai, (2000).In India, Atic, Amar-dye-chem and several other small dyestuff manufacturers produce reactive dyes remarks Mairal et al., (2001).
Properties of dyestuff

Dyes used for textile materials must posses principle properties like intense colour, solubility in water, affinity towards textile fibres and adequate fastness points out Choudhury, (2006).

Classification of dyes

According to Textile Committee, (2002), textiles are dyed using many different colourants, which may be classified into several ways. The primary classification of dyes is based on the fibres to which they can be applied and the chemicals nature of each dye determines the fibres for which the dye has affinity. The dye classes commonly used in the textile industry and the types of fibres for which they have affinity are described below:



Dye class


Fibres



Acid



wool and nylon



Basic



acrylic and some polyester



Direct



cotton rayon and other cellulosics



Fibre reactive


cotton and other cellulosics, wool



Sulphur


cotton and other cellulosics



Vat



cotton and other cellulosics.


For the dyer, the main feature about a dye or a pigment is its colour. Other important features include the technique of its application to the fibrous material, the intensity and quality of the colouration and the damage the colouration process might do to the textile. Therefore, the dyestuffs are grouped by their dyeing mechanism and properties remarks Zippel, (2004).
According to Choudhury, (2006), the dyes may be classified based on methods of application or dyers point of view is as follows [image: image2.jpg]Colouring Matters
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2.4 Reactive and Direct Dyes

Vankar, (2002) defines dyeing as immersion of the fabric or yarn in a solution of dyestuff. This dyestuff in one way or other is attracted to the fibre and travels from the solution into the interior of the fibre.


Dyeing is carried out generally in three forms – fibre, yarn and fabric form points out Keskar, (2006) and Gokum consultants, (2006). Fabric dyeing is the common and the most preferred method remarks NIIR Board, and Shukla, (2006). Textile material is subjected to many processes during the preparation of fabric for dyeing. This may damage and reduce physical properties, if the proper chemicals and suitable dyeing process are not adopted reveals Siddiqui et al., (2007).

Direct dyes

The direct dyes, also known as substantive colours, differ from other classes of dyes because they are strongly substantive towards cellulose fibres. They are sodium salts of sulphonic acid, anionic in nature. They are represented by RSO3Na, where RSO3 is colour bearing dye anion, Parmer et al., (2008).


They can also be applied on protein fibres, namely wool and silk, but are not commonly used because the rate of dye exhaustion is very slow opines Choudhury, (2006). These are also termed as neutral dyes and are almost invariably azo compounds, NIIR Board, (2004).

Properties

General features of direct dyes are:

· They are water soluble, the solubility being provided by two or more –SO3¯ groups.

· They are used for dyeing cellulosics fibres from an aqueous dye bath, using approximately neutral conditions. Inorganic salts are often used to enhance exhaustion onto the fibre.

· The substantivity of the dyes on the fibre depends on combination of Van der Waal’s forces and possibly physical entrapment by aggregation.

· Too many sulphonic acid groups reduce substantivity points out Bello et al., (2004).

Dyeing mechanism

Parmar, (2008), describes the dyeing mechanism of direct dyes. When direct dyes are dissolved in water, they disassociate into small aggregates. During dyeing, they diffuse into fibre and form bigger aggregates, which get deposited in the fibre pores. They do not get chemically bonded to the fibre as in the case of reactive dyes. Therefore during washing, these bigger dye aggregates disassociate in water and come out resulting in colour bleeding. The addition of electrolyte to dye bath tends to promote exhaustion of direct dyes. Sodium Chloride and Sodium Sulphate are the most common agents used as exhausting agents.


The fastness properties of direct dyes can be improved by certain after-treatments. Thus when cotton fabrics dyed with direct dye is treated with a solution of Potassium dichromate and Acetic acid for 15 to 20 minutes their wash fastness is improved. Similarly an after-treatment with Copper Sulphate and Acetic acid improves light fastness reveals Shenai, (2000).

Reactive dyes

According to Parmer, (2008) the term “reactive” dye means that the dye chemically reacts with the fibre. These dyes are chemically bonded to the fibres. Depending on the nature of the reactive group, these dyes are classified into three categories namely triazinyl dyes, vinyl sulphone dyes and bifunctional dyes. Triazinyl classes of dyes are popularly known as Procion dyes.
Representation

In general, these dyes are represented by D-B-R-S where,

1) D- Colour bearing substance known as chromogens,

2) B- Bridging group which connects chromogens and reactive group,

3) R- Reactive group,

4) S- Water soluble group, which makes the dye easily water soluble views Parkes, (2005) and Parmer, (2008).

Properties

Reactive dyes are the most commonly used dyes for cotton due to their high wet fastness, brilliant colours and variety of hue reveals Molla et al (2004). Reactive group increases the molecular weight which adds cost and have impact on physical properties like solubility, aggregation, substantivity, migration and so on describes Renfrew, (1999).


Sekar, (2001) opines that not all class of dyeing cellulosics materials is able to achieve the required wet fastness properties like fastness to washing, water, perspiration and ironing. These dyes offer several advantages such as low cost, ease of application and wide gamut of colours. However, in case of reactive dyes, high concentration of salt are required during dyeing for effective exhaustion of dye onto the cotton surface say Kabra et al., (2004).

Dyeing mechanism
Reactive dyes are soluble in water and are first exhausted on cellulosics fibre just like direct dyes in addition of salt and then the suitable quantity of alkali is added when the dye gets chemically linked with the fibre. After fixation, the fibre material are thoroughly rinsed, washed and soaped. Thorough washing is essential to remove the hydrolyzed reactive dye absorbed by the fibre during dyeing. Also, different classes of dyes require different types of alkalis and various dyeing conditions reveals Mairal et al., (2001). 

Environmental concern

Reactive dyes are of particular concern since 20 t0 25% in waste water is in the form of toxic vinyl remark Camp et al., (1990). Up to 50% of the dye is hydrolyzed and lost to the effluent during the dyeing process remark Heinfiing et al., (1997).


Environmental concern about reactive dyes focus mainly on two pollutants-colour and salt. Decolouration of the effluent is difficult because of low level of aerobic biodegradation and adsorption of the dye colour onto activated sludge during treatment refers Textile committee (2002).


Sekar (2001) points the environmental friendliness of reactive dyeing processes, is a major concern today. Several environmental problems associated with the reactive dyeing are as follows:

· In the application of reactive dyes higher alkalinity is used to generate cellulosate anions.

· Under the conditions of application a considerable amount of the dye gets hydrolyzed leading to low fixation efficiency.

· The hydrolyzed non-reactive dye contributes to the coloured effluent.
2.5 Consumption and Role of Water in Textile Industry


The earliest recorded thought fount in Rig Veda begins with a vivid description of five elements. Earth, water, energy, air and space that constitute our universe and provide the life support for man and animal and the base for all forms of vegetation and all forms of human activity says Sarkar, (2004).


Naik et al., (2006) state that everything is originated from water and everything is sustained by it. “Water” said the eminent Greek philosopher Pindar “is the best of all things”. Bansil, (2004) describes water is the important input for survival and growth of plant, human being, animals and other living beings on the earth. It is a dynamic component of the soil and plant system. This is the most precious natural resources.


India is a land of contrasts. But interestingly enough, it is also a land of paradox. On one hand, it is known for its heavy rainfall on the other hand it is one of the most water-thirsty lands of the world reveals Naik et al., (2006). Among the states in India, TamilNadu is one of the water starved states remarks Singh et al., (2006). Water should be considered as economic good and not free good points Rajendiran, (2006).

According to NIIR Board,(2004) in no industry is a plentiful supply of pure soft water of more importance than in dyeing, the use of unsuitable water resulting not only in considerable waste of materials but also in bad work. Kudesia, (2003) points out pure water are a colourless liquid having no odour and taste. Pure water has freezing point 0.00°C at 760mm of Hg and boiling point 100.00°C.


Textile processing units obtain water from these sources:

1 Ground water from bore wells,

2 Surface water from reservoirs, rivers and canals, remarks Sivaramakrishnan (2004).
Requirements of water for use in textile industry
The acceptable limits of chemicals and other salts in water for textile industrial use are given below:


  pH



: 7-9



Turbidity as SiO2 mg/l
: less than 5



Colour, Hazen units

: less than 10 units (Hazen)



Total dissolved solids, mg/l
: less than 500 points Agarwal, (2000) 

Water consumption of textile industry

 According to NIIR Board, (2004), water has been a cheaper commodity for a very long period and never accounted for in processing cost. Now it becomes scarce and a priced commodity and the costs for water and its treatment have escalated to the newer heights necessitating its inclusion in the production costs.


According to Teli et al., (2004) water is one of the most important factors for the textile industry. Soft water is ideal for wet processes so that the achievement of desired results is appropriate and most optimum remark Shukla, (2006). In the 21st century, “blue gold” will be among the most precious possessions of man opines Prasad, (2004).


Water consumption pattern of textile industry reveals that wet processing sector alone consumes around 72% of the total water required in a textile composite mill. Though the dyeing is considered to be the water intensive sector, its share is 16% of the total water required in a composite mill points Yadav et al., (2007).


In textile industry, especially in textile wet processing, water is used mainly for two processes, first as a solvent for processing chemicals and secondly as a washing and rinsing medium. Average water consumption in dyeing cotton material is 80-300 litre/kg points Priya et al., (2006).

2.6 Environmental Threats Posed By Our Mother Industry


The rapid development of technology, especially in the 20th century, has excessively increased man’s ability to produce goods which have enhanced his standard of living. But this development has also generated a secondary phenomenon “pollution of environment” remarks Negi et al., (2007). Shukla et al., (2005) define environment as nothing but our surrounding in terms of space, atmosphere and water.


Textile industry a wide range of raw materials, machinery and processes to engineer the required shape and properties of the final product reveals Das, (2006). Shukla et al., (2005) states if the byproduct is gaseous or if it is a very dilute solution or if it is a non separable mixture, then on technological scale it cannot be subjected to any uses in a cost effective way and then it as good as an extinct product without utility. It is then termed as ‘waste’. This waste can, thus, be discarded into air, water or land thereby causing pollution.


The Oxford English dictionary defines ‘pollute and ‘pollution’ as follows:



Pollute       : destroy the purity or sanctity; make foul or filthy



Pollution    : the act of polluting.


Environmental pollution may be described as the unfavorable alteration of our surroundings describes Manivasakam, (1984). 


As any other industry, textile industry also causes pollution. Textile industry is filled with examples of pollution arising out of their routine process, which contribute to air, noise and water pollution remark Pawar et al., (2002). Yadav et al., (2007) opine, water and air are indispensable to life and industry, till date no other alternative to it has been found. 

Water pollution

Manivasakam, (1984) defines water pollution as the adverse change in composition or condition of the water such that it becomes less suitable for the purpose for which it would be suitable in its natural state. Water pollution is the introduction of chemical, physical or biological material into fresh or ocean water that degrades the quality of water and affects the organisms living in it.


Wastes generated during textile processing include fibre wastes, packaging wastes, trimmings and sludge from waste water treatment. In textile industry water is contaminated with different chemical and auxiliaries such as dyes, optical whiteners, mineral and organic acids, alkali, sequestering agents and formaldehyde based products, salts, chemicals like phosphate, Sulphate and heavy metals, which are used at different processing stages points out Murthy, (2004).

Effluent-its characteristics and classification

Water is used as a vehicle during all textile operations and almost 90% of water input to the textile wet processes is converted into an effluent at the end of operations, the rest being evaporated during drying of textiles at various stages opines Shukla, (2005). The composition is determined by the process involved, fibre type and chemicals used remarks Senthilkumar, (2005).


Among the industrial waste waters, coloured wastewater from textile and dyestuff industries is one of the most difficult to treat. In the dyeing industry, at least 10-15% of the dyes are lost to the effluents, rendering them highly coloured says Jawale et al., (2007). According to Shanmugasundaram, (2007) the colouring agents interfere with the transmission of light through the water, thus hindering photosynthesis in aquatic plants. Colour, if not properly dealt, would have a strong negative impact on the aquatic environment. Their discharge in open waters present an aesthetic problem views Shukla, (2006). Effluents from textile dyeing processes contain heavy metals and products from decomposition of the organic part of the dyes are present in effluent reveals Teli, (2004).

Characteristic of effluent

The effluent generated in the textile-processing house can be characterized into those, which cause chemical pollution and physical pollution. The compounds which cause chemical pollution are metallic ions, surfactants, carriers, pesticides, resins, oils and greases, complexing agents, inorganic compounds. Physical pollution is characterized by the colour, suspended solids and temperature. The effluent contains high Biological Oxygen Demand, Suspended Solids such as fibre and greases, Chemical Oxygen Demand and Total Dissolved Solids, which are the main parameters points Giridev et al., (2005).

Classification of effluent

Textile waste is broadly classified into four categories, each having characteristics that demand different pollution prevention and treatment approaches are as follows:

· Hard to treat waste

· Hazardous or toxic waste

· High volume waste and 

· Dispersible waste points out Das, (2006).

2.7 Treatments of Effluent Water
The textile and dyeing industry has attracted the attention of environmentalists worldwide because of its high resource consumption profile in terms of water, chemical and energy and release of highly contaminated coloured effluent at the end of entire production chain leading to intense water pollution views Jain, (2004). Textile industry produces waste water known as effluent, as a by-product of their production. The effluent contains several pollutants which can be removed with the use of effluent treatment chemicals and in effluent treatment plant reveals Sivaramakrishnan, (2008). Depending upon the specific nature of the chemicals dealt within the industry, the characteristics of the water will differ. The quality and quantity of this effluent matters a lot while deciding the treatment remark Shukla (2005).The following are some of the effluent treatments available:

· Primary treatments,

· Secondary treatments and

· Tertiary treatments.
Primary treatments


Primary treatment processes are intended to treat effluents for admission to secondary treatments. It removes floating solids. Primary treatments are explained below:

Screening


The first and foremost treatment will be, thus, as simple as removing the undissolved materials accomplished by screening. The larger suspended and floating particle such as those of fibres, yarns, pieces of fabrics and lint is removed through use of a coarser screen followed by a finer screen views Shroff, (2001). 
Sedimentation

The sedimentation process, although categorized by virtue of its simplicity in primary treatments, may be required to be carried out at various stages of effluent treatment wherein precipitates are generated and need to be settled down using mostly gravity and sometimes mechanical accessories to accelerate the setting remarks Smith, (2005).
Equalization


The treatment called equalization maintains the uniformity of the waste water characteristics, particularly its pH, temperature and BOD. The textile wet processing involves a variety of textile fibre materials, each one morphologically and chemically different than the other. This necessitates the use of an equally large variety of chemicals, differing in their physical and chemical forms including their ionic nature reveals Sarkis, (2002).
Neutralization

A wide variety of alkalis and acids in different types of textile wet processes. The range includes from strong acids and alkalis to weak ones. Mineral and organic acids are used, so also the acid liberating agents. Even after a textile process is over, the pH of the process bath does not vary significantly and remains much near to its original value. It is essential to maintain the pH between the ranges of 6 to 9 remarks Arundel, (2000).
Secondary treatments

Drinan, (2000) states that the mechanical forms and chemical agents used in the primary treatment remove the suspended matter and, to some extent, even colour. The subsequent treatment is the biological treatment, called secondary treatment, to break down the complex organic molecules to simpler substances. Such secondary treatments are categorized into aerobic and anaerobic. Secondary treatments are explained below:

Activated sludge process


It is the most versatile technique for treatment of textile effluents causing up to 90% reduction. Another advantage simultaneously achieved is the substantial removal of the colour of the effluent. The effluent in the tank is allowed to settle and a portion of the sludge is recycled back to the tank so that adequate microorganism population is maintained. The floc formed during the activated sludge process contains variety of microorganisms with their nutrients and they form active centers of biological oxidation. Bacteria are the important living organisms to degrade the organic matter present in waste water views Grady, (1998).
Aerated lagoons

These are nothing but the activated sludge units without sludge return. The holding tanks are large in size with 3-5 m depth and lined with cement or inert material like rubber or polyethylene. During the period of 2-6 days retention, flocculant sludge is formed that oxidizes the organic matter. The effluent from the lagoons contains bacteria and hence further biological purification is necessary. Secondary sedimentation and sludge digestion is carried out for this purpose. It involves removal of the generated biological solids reveals Punmia, (2005).
Trickling filtration process

This oldest form of biological waste water treatment is also known as ‘biofiltration’ or ‘percolating filtration’. It is efficient next to activated sludge process. In this method, materials with large surface area are packed in the form of a bed and the waste water is sprinkled over it with the help of sprinkler. A microbial film is formed over the surface of the packed material and the biological reaction takes place. These bacterial slimes oxidize the organic matter present in the water. The effluent emerging out of the filter contains suspended matter although free from degradable organic matter. It is allowed to settle and then discharged remarks UNEP, (2003).
Oxidation pond system


The oxidation pond is a large shallow pond in which the waste water is added at one end and the effluent is removed at the other end. The bacteria in the pond stabilize the waste through metabolism and oxygen required for the process is supplied by the algae present in the pond. The carbon dioxide released through metabolism is utilized by the alga for its photosynthesis. 

Disposal of sludge generated from any of these aerobic and anaerobic processes is a very serious and tricky problem. Generally, the wet sludge is dried in open beds. To further reduce the volume of sludge, anaerobic digestion may be carried out. In any case, the disposal is problematic due to stringent regulations prevailing as on today say Jenkins et al., (2003).
Tertiary treatments

Tertiary treatment processes are used only to eliminate materials which are not amenable to secondary treatment. Tertiary treatments are explained below:

Adsorption


These are used on the effluent which is not biodegraded. Complete molecules of the contaminants can be adsorbed effectively and increase the possibility of their reuse. The system works on the principle of the adsorptive separation. Activated carbon, silica gel and chitosan fibre are used to adsorb impurities from waste water points out Pandey, (2004).
Chemical oxidation


The textile effluent can be effectively treated with chemical oxidising agents like ozone, hydrogen peroxide, Fenton’s reagent chlorine dioxide, or chlorine. These oxidants are mainly useful for decolourisation of effluent containing dyestuffs. Fenton’s reagent is nothing but the combination of hydrogen peroxide with ferrous ions view Omelchenko et al., (2005).
Biological oxidation-reduction systems

These systems, although attractive, are very difficult to operate to complex nature of the textile waste water arising out of a large number, dosage and variety of chemicals, dyes and auxillaries used. The biological systems are highly sensitive to upset with the change of the ingredients, pH, and temperature and so on remark Rajani et al., (2001).
Foam separation


This treatment involves the passing of compressed air through the waste water containing surface active agents and foam rich surfactant is separated. The foam separation technique also helps in removing 30-40% of volatile matter from the effluent reveals Henze, (2004).
2.8 Electrocoagulation – A Novel Method of Effluent Treatment

From environmental protection point of view, colour removal becomes an integral part of the textile effluent treatment prior to its discharge to the environment or reuse says Manivasakam, (1984).


Maier et al., (2004) state that electro chemical processes are based on methods where by electrons are transferred to, or removed from, by an electric current via electrodes. These methods have found use in destruction of toxic and non-biodegradable organics by direct or indirect oxidation/ reduction. It is very promising as they involve the controlled degradation of the pollutants. They are moreover very effective towards the reduction of chromopheric group of dyes and colour removal, which is the main disturbing factor for water recycling, reveals Bhargava et al., (2004).


Electrocoagulation systems have been in existence for many years and were originally patented by Dietrich in 1906(www.wikipedia.org). It is the process by which chemical changes liberate free elements from a liquid by the passage of an electrical current (www.ecologixsystems.com). It removes metals, colloidal solids and particles, and soluble inorganic pollutants from aqueous media state Woytowich et al., (1993). It neutralizes the metallic ions which then agglomerate into their own stable floc, and can be clarified or filtered (www.wee-engineer.com)

Advantages of Electrocoagulation:
· It requires simple equipment and is easy to operate with sufficient operational latitude to handle most problems encountered on running.

· Wastewater treated by electrocoagulation gives palatable, clear, colorless and odorless water.

· Sludge formed by electrocoagulation tends to be readily settable and easy to de-water. It is a low sludge producing technique.

· Flocs formed by electrocoagulation are similar to chemical floc, except that electrocoagulation floc tends to be much larger, contains less bound water, is acid-resistant and more stable, and therefore, can be separated faster by filtration.

· Electrocoagulation produces effluent with less total dissolved solids (TDS) content as compared with chemical treatments. 

· Electrocoagulation has the advantage of removing the smallest colloidal particles, because the applied electric field sets them in faster motion, thereby facilitating the coagulation.

· It avoids uses of chemicals and so there is no problem of neutralizing excess chemicals. 
· The gas bubbles produced during electrolysis can carry the pollutant to the top of the solution where it can be more easily concentrated, collected and removed (www.wikipedia.org)

 Disadvantages of Electrocoagulation:
· The sacrificial electrodes are dissolved into wastewater streams as a result of oxidation, and need to be regularly replaced. 

· The use of electricity in many places may be expensive. 

· An impermeable oxide film may be formed on the cathode leading to loss of efficiency of the electrocoagulation. 
(www.eco-web.com)
2.9 Recycling of Synthetic Dye Effluent

According to NIIR Board, (2004) textile industry is listed one among the industries that consume large quantities of water. As the fresh water becomes scarce and its treatment costs are escalating, the two possible means to solve the crisis are:


1) To cut down the consumption of fresh water at possible stages of processing and


2) Reuse of waste water in place of fresh water in certain operations. 


       The latter way is gaining importance due to the twin advantages incurred-reduction in water consumption and lower quantities of effluent generated. With top management backing, reuse of waste water could result in large reductions of water consumption.


The best method of managing the waste is to produce value added products from waste that would enable reusing of waste itself. Waste that cannot be reused may have the potential to be recycled reveals Nandini chemical, (2008).

The main advantages of recovery and reuse concept in textile processing industry are:

· low implementation cost

· cost saving

· ecofriendliness

· shorter payback period

· Potential for wide spread uses points Rathod et al., (2006).


Recycled water can satisfy most water demands, as long as it is adequately treated to ensure water quality appropriate for the use (www.epa.gov). As the cost of water supplied to industry keeps increasing, recycling schemes become more attractive with good payback periods says Shukla, (2005) and Negi et al., (2007).  

  It is economical to use recycled water than to pay for consuming fresh water and washing waste water reveals Sivaramakrishnan, (2004). Effluent treatment and recycling plus reusing the water need to be the foundation for textile industry suggest Naik et al., (2002). Teli, (2002) state that there are some limitations for the reuse such as it is not applicable for all dyes and chemicals.

EXPERIMENTAL PROCEDURE

3. EXPERIMENTAL PROCEDURE

The methodology pertaining to the study on “RECYCLING OF SYNTHETIC DYE EFFLUENT USING ELECTROCOAGULATION” is discussed under the following headings:

3.1 Selection of fabric


3.2 Selection of dyes

3.3 Application of reactive dye on cotton material

3.4 Application of direct dye on cotton material

3.5 Collection of effluent

3.6 Analysis of effluent water

3.6.1 Colour

3.6.2 pH

3.6.3 Chloride content

3.6.4 Total dissolved solids

3.6.5 Total suspended solids

3.6.6 Oxygen demand

3.6.6.1 Biological or biochemical oxygen demand (BOD)

3.6.6.2  Chemical oxygen demand

3.6.7 Total hardness

3.6.8 Total alkalinity

3.7 Treatment of effluent using electrocoagulation

3.7.1 Analysis of treated water

3.8 Reuse of treated water for dyeing

3.9 Nomenclature of the dyed samples and effluent

3.10 Evaluation of the dyed samples

 3.10.1 Subjective evaluation


3.10.1.1 Visual inspection

3.10.2 Objective evaluation


3.10.2.1 Fabric weight


3.10.2.1 Fabric thickness


3.10.2.3 Tensile strength and elongation


3.10.2.4 Abrasion resistance


3.10.2.5 Fabric stiffness


3.10.2.6 Drapability


3.10.2.7 Colour fastness tests

3.11 Statistical analysis and interpretation of data

3.1 Selection of Fabric
Natural cellulosics fibres are only biodegradable fibres. Cotton as “king of fibres” has occupied prime position reveal Amsamani et al., (2005). Absorbency, breatheability, drapability, easily sterelizable, heat resistance, high wet strength, insulating property, non allergic, softness, water retaining capacity are the important characteristics of cotton.

Plain weave is relatively in expensive, firm construction and can be extensively used for cotton fabrics. They ravel less than comparative fabric of the other weaves says Kaplan, (2002). Hence the investigator selected and purchased 10 meters of 100 per cent cotton plain weave, desized cloth for the research study from Aishwarya Textiles, Erode. One meter was kept aside as original. The remaining material was cut into four equal parts A, B, C and D for dyeing.

3.2 Selection of Dyes


Apart from basic requirements like compatibility, consistency, reproducibility and right first time approach, it should have added values like ideal profile of substantivity, exhaustion and fixation rate, excellent level dyeing properties, high fastness properties and should meet the requirements of ecological standards points out Mahapatra, (2005).


According to Sule et al., (2003) reactive dyes are most popularly used for the colouration of the cellulose fabrics because they provide good wet fastness properties to the fabric. The investigator selected reactive and direct dyes for the study because of their ease of application and brilliance of shade.

3.3 Application of Reactive Dye on Cotton Material

Bello, (2003) defines dyeing as the application of colourant to the substrate in order to enhance the appearance by the attraction of hue. The selected cotton material was dyed by using reactive dye. The procedure for reactive dyeing is given below:

Recipe:



Weight of fabric

    - 
225 gram



Shade



    - 
2%



Material Liquor Ratio (MLR) - 
1:15



Caustic soda


    - 
8 g/lit



Sodium Chloride

    - 
60 g/lit.
Procedure for dyeing
The fabric ‘A’ was soaked in soft water for thirty minutes and squeezed. The dyestuff was made into paste with warm water, which is then added to the measured amount of water and stirred well. The wet fabric was then introduced into the dye bath and worked for ten minutes. The fabric was then taken out, Sodium Chloride was added, content was thoroughly dissolved and the fabric was re-entered into the dye bath and worked for twenty minutes. The fabric was taken out and Soda ash was added in the dye bath. The sample was re-entered and again worked for thirty minutes. The sample was taken out and washed thoroughly by changing three times fresh water. 4 gpl of Acetic acid was added in the final rinse of water. Finally the sample was taken out, squeezed and dried in shade. 

3.4 Application of Direct Dye on Cotton Material

The selected cotton material was dyed by using direct dye. The procedure for direct dyeing is given below:

Recipe: 



Weight of fabric

    - 
225 gram


Shade



    - 
2%


Material Liquor Ratio (MLR) - 
1:15


Sodium Chloride

    -
 60 g/lit.


Temperature


    - 
60° C - 80° C
Procedure for dyeing
The fabric ‘B’ was soaked in soft water for thirty minutes and squeezed. The dyestuff was made into paste with warm water, which is then added to the measured amount of hot water and stirred well. The temperature was maintained at 80° C. The wet fabric was introduced into the dye bath and worked for ten minutes. The fabric was taken out, Sodium Chloride was added, the content was thoroughly dissolved and the fabric was re-entered into the dye bath and worked for thirty minutes. The sample was taken out and washed thoroughly by changing three times fresh water, until the water runs clear. Finally the sample was taken out, squeezed and dried in shade. 
3.5 Collection of Effluent


After dyeing is over, the effluent from reactive and direct dyebath with wash water were collected separately. One litre of effluent from each dyebath was collected and used for physico-chemical analysis purpose. The remaining effluent was used for electrocoagulation treatment. (Plate- I).

3.6 Analysis of the Effluent

In order to identify the pollutants present in the effluent, analysis was carried out following the standard procedure.

3.6.1 Colour


Colour is expressed in Hazen units. Colour of water is extremely pH dependent describe Geol et al., (2005). Colour is measured and compared against standard solution. The standard solution is prepared by dissolving 1.246 g of Potassium Chloro Platinate, 1.0 g of Cobaltous Chloride hexahydrate in distilled water, then 100 ml of concentrated hydrochloric acid and make up to 1000 ml with distilled water. The colour of this standard stock solution is 500 Hazen units. Compare the effluent water sample with standard solution, visually by looking vertically downwards. The colour can also be measured using a colorimeter or spectrometer. 

3.6.2 pH

pH is the measure of hydrogen ion concentration in water, defines De (2003). It is the important parameter as it indicates instantaneously, the acidic or alkaline condition of the effluent water, states Kenkel, (2002). pH can be measured using a litmus paper-pH indicator with a colour scale or a specially designed voltmeter, called pH meter, recommends Alexander, (2000).


Before measuring the pH of the sample, the pH meter was standardized using a standardized using a standard buffer solution nearer to the pH of the sample to be tested. The pH of the sample was first determined by pH paper and then confirmed by pH meter (Plate – II). Standard buffer solutions were prepared using ready buffer tablets with known pH values and distilled water with a pH 5.6-6.3, as suggested by Adams, (2003). After standardizing the equipment, the electrode of the pH meter was washed with distilled water and then with the 
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samples. Then the electrode was dipped in the sample and the system was allowed to stabilize to take the final reading.
3.6.3 Chloride content

Chloride in the form of chloride ion (Cl¯) is one of the major inorganic anions in water and its content is higher in waste water, state Shugar et al., (2000). High chloride content in water bodies harms metallic structures as well as agricultural crops, says Gopal, (2004). Silver nitrate reacts with chloride ions to form silver chloride. The completion of reaction is indicated by the permanent reddish tinge, produced by the argenometric titration of Silver nitrate with potassium chromate solution, which is added as an indicator.

Fifty ml of the sample was taken in a conical flask. Two ml of potassium chromate indicator solution was added titrated against standardized 0.028N Silver nitrate solution. Appearance of red colour was taken as the end point. According to Manivasakam, (1995), the formula for calculating the amount of chlorides is as follows:

                                               Volume of silver nitrate solution x Normality of

                                                     Silver nitrate solution x 35.45 x 1000

Chloride mg/litre    =       -------------------------------------------------------------------




    

Volume of the sample (ml).


35.45   =    Equivalent weight of Silver nitrate. 

3.6.4 Total dissolved solids

The term total dissolved solids (TDS) refers to the amount of inorganic salts and small amount of organic substances dissolved in water and is generally expressed as a concentration in terms of milligrams per litre, as defined by Spellman, (2003). Total dissolved solids can be directly measured by a simple device, a TDS meter recommends Alexander, (2000). A small amount of effluent water was placed in the sample cup of the TDS meter and the readings of the meter were recorded for both the samples.

 3.6.5 Total suspended solids

Total suspended solid (TSS) is a very important quality parameter for both pure and waste water. It also serves as waste water treatment standard. The non-filterable residue present in water is usually referred to as suspended solids, states Spellman, (2003).


The amount of total suspended solids in effluent water was determined by filtering a well-mixed sample through 0.2µm, 24mm diameter membrane and the membrane   filter was placed in a Gooch crucible and the residue retained on the filter was dried in an oven for exactly one hour at a constant weight at 103-105ºC. The increase in weight was reported as the total suspended solids as recommended by Lee et al., (2000). Formula for calculating the amount of Total suspended solids, as per Thorpe, (2002) is as follows:

                                              

 
 (C-D) X 1000

TSS mg/ litre   =      -------------------------------------------





      Volume of the sample (ml)

Where C = weight of the filter and crucible plus dried residue, mg

            D = weight of the filter and crucible, mg.
3.6.6 Oxygen demand

Oxygen demand is also known as oxygen depletion. It is the amount of oxygen required to correct the effluent. It is expressed in the form of biochemical or biological oxygen demand (BOD) and the chemical oxygen demand (COD), states Smith, (2002). An indication of the organic content of the effluent water can be obtained by measuring the oxygen required for its stabilization, says Shukla, (2005).

3.6.6.1 Biological or biochemical Oxygen demand (BOD)

BOD is the quantity of dissolved oxygen which is able to oxidize the organic compounds in the water with the assistance of micro-organisms under defined experimental conditions, define Rump, (2000). This is an empirical, semi-quantitative method, based on oxidation of organic matter by suitable micro-organisms during a period of five days, states Waites, (2001).


BOD can be determined by estimating the dissolved oxygen in water before and after incubation at 20ºC for five days. One ml of each of manganous Sulphate and alkali iodide solution were added to the water sample taken for analysis and mixed well. The brown precipitate formed was then dissolved and neutralized by adding one ml of Sulphuric acid. Two sets of samples, 150 ml each were taken in separate BOD bottles and stoppered without any air bubbles. One set of BOD bottle was inoculated with small amount of micro-organisms and kept for incubation for duration of five days at 20 C in the BOD incubator (Plate – III) and the other set of the sample was used to determine the dissolved oxygen count immediately.


The dissolved oxygen was estimated by titration. Two drops of starch were added as an indicator. The titration was carried out against standard sodium thiosulphate solution, until the blue colour disappeared, which was taken as the endpoint as suggested by Henzen et al., (2001). BOD of the samples in milligrams/litre was calculated as per the formula recommended by Gopal, (2004).      
 [{Initial-Final D.O.of the sample}-{Initial-Final D.O.of the blank}]

                                  x Normality of sodium thiosulphate solution x 8 x 1000

       BOD =     ------------------------------------------------------------------------------------

                                        Volume of the sample (ml)

                 Where D.O = dissolved oxygen

8 = equivalent weight of oxygen.
PLATE – III
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3.6.6.2 Chemical oxygen demand (COD)

COD is the amount of oxygen consumed per litre under the conditions of the experiment, required by the organic substances in water to oxidize them by a strong chemical oxidant, define Bauman, (2000). The chemical oxygen demand can be taken as a measure of the extent to which an effluent will deoxygenate a water course, the organic material is oxidized chemically rather than biologically views Bhatia, (2003). 


Fifty ml of the sample was taken in a refluxing flask. A pinch of mercuric Sulphate salt, 5 ml of sulphur Sulphate and 5 ml of silver Sulphate and 5 ml of potassium dichromate solution were added to it. After the addition of 20 ml of concentrated sulphuric acid, the sample was refluxed for 3 hours. After cooling, the contents were diluted with distilled water and titrated against ferrous ammonium Sulphate solution of 0.1 N using ferrion as an indicator. Appearance of reddish brown colour was taken as the end point. A blank was also carried out using 50 ml 0f distilled water as suggested by Alley, (2000).COD was calculated as per the formula given by Wang et al., (2004).
                                {Blank titre value- sample titre value} x Normality of    

                                  Ferrous ammonium Sulphate solution x 8 x 1000

COD mg/litre =      ----------------------------------------------------------------------

                                                     Volume of the sample (ml)

         Where 8 = equivalent weight of oxygen.
3.6.7 Total hadness

The total hardness is a measure of the capacity of water to precipitate soap, opines De, (2003). Total hardness of the sample was determined using the Ethylene Diammonium Tetra Acetate (EDTA) titrimetric method, as suggested by Parkin et al., (2002).


Fifty ml of the sample was taken in a conical flask and 5 ml ammonia buffer solution and 0.2 g of erichrome black T indicator was added and titrated against 0.01M EDTA solution. The end point was noted as the colour change from red to blue. Total hardness was obtained in milligram per litre by multiplying the volume of the added EDTA by 20.

Calcium hardness:


Calcium hardness of the sample was estimated by taking 50 ml of the sample in a conical flask to which 2 ml of 4N sodium hydroxide and a drop of meroxide indicator were added and titrated against 0.01M EDTA solution. The colour change from pale pink to purple was noted to be the endpoint, as suggested by Nielsen, (2003). Calcium hardness was calculated with the same formula used for total hardness.
3.6.8 Total alkalinity

Total alkalinity is a measure of the alkaline nature of water and it refers to the capability of water to neutralize the acid if present. Total alkalinity was determined by the potentiometric titration of sample against a standard solution of strong acid as suggested by Nollet et al., (2000).


Fifty ml of the sample was taken in a conical flask to which one ml methyl red and 5 ml bromocresol green (mixed indicator) were added and titrated against 0.02N sulphuric acid. The endpoint was the colour change from blue colour to pink. Total alkalinity was calculated using the formula,
                                                                       50 x N x V

           Total alkalinity =      ---------------------------------------------------

                                                          Volume of the sample (ml) 

                      Where V = volume of acid added (ml)



         N = normality of standard acid.

3.7 Treatment of Effluent Using Electro coagulation


As stated by Ramachandran et al., (2001) colour removal to the extent of 90% or more, least amount of sludge,can be incorporated into existing system/ treatment plant, require less space, nominal capital cost, simple mechanism and easy to maintain are the salient features of electrocoagulation. 

An electrolyzer is made up of an electrolytic cell with one anode and one cathode. When connected to an external power source, the anode material will electrochemically corrode due to oxidation, while the cathode will be subjected to passivation (www.wikipedia.org).


The collected effluent was fed into the electrolyzer (Plate –IV) and the alternating current was passed.  It was allowed for twenty minutes in the electrolyzer until froth was formed near the electrodes. Then the outlet tube was opened and the treated water was collected in the beaker. It was allowed for 10 minutes to settle. The settling duration was reduced by using polyelectrolyte. The required quantity of polyelectrolyte is 4 gpl. The use of polyelectrolyte reduces the settling time to 50% as suggested by Ramachandran et al., (2001). 
3.7.1 Analysis of Treated Water


The physico-chemical characteristics like pH, chloride content, total dissolved solids, total suspended solids, BOD, COD, total hardness and total alkalinity were analyzed following the same procedure mentioned earlier in 3.6. (Plate- V and VI).

3.8 Reuse of Treated Water for Dyeing


According to Franklin et al., (1991), reuse of waste water is an important element in water resources planning. Reuse of waste water is a viable option, but water conservation, efficient use of existing water supplies and development of new water resources are other alternatives that must be evaluated.
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After the electrocoagulation treatment, the reactive and direct dyebaths were used again for second dyeing of cotton samples ‘C’ and ‘D’ with their respective dyebaths following the same procedure as mentioned in 3.3 and 3.4.

3.9 Nomenclature of the Effluent Samples and the Dyed Samples

TABLE – I

Nomenclature of the Effluent Samples and the Dyed Samples

	  s.no
	samples
	      code

	1.
	Reactive dye effluent
	RDE

	2.
	Direct dye effluent
	DDE

	3.
	Reactive dye treated effluent
	RDTE

	4.
	Direct dye treated effluent
	DDTE

	5.
	Original cotton sample
	O

	6.
	Reactive dye sample
	RDS

	7.
	Direct dye sample
	DDS

	8.
	Reactive dye treated effluent sample
	RDTES

	9.
	Direct dye treated effluent sample
	DDTES



Before and after electrocoagulation treatment, the dyed samples were evaluated carefully and subjected to various mechanical tests.

3.10 Fabric evaluation


The dyed samples were evaluated by subjective and objective evaluation.

3.10.1Subjective evaluation

3.10.1.1 Visual inspection



To find out the acceptance of samples dyed with effluent treated water, visual evaluation was carried out by the panel members. The panel members which consisted of 25 judges comprising of P.G students mastering textiles and clothing, evaluated the dyed samples using an evaluation sheet. General appearance, brilliancy of shade, evenness in dyeing, texture and lustre were the criteria taken into consideration for evaluation.

3.10.2 Objective evaluation


Textile testing is the process of inspecting, measuring and evaluating the characteristics and properties of textile materials. The original and dyed samples were tested for their fabric weight, fabric thickness, tensile strength and elongation, abrasion resistance, fabric stiffness and drapability.

3.10.2.1 Fabric weight:


The weight of the fabric can be described in two ways, either as the weight per unit area or the weight per unit length states Angappan, (2002). Booth, (1996) says that fabric weight is generally expressed in one of the two ways. Ounces per linear yard for standard width and yards per pound for given widths.


It is a device (Plate – VII) to cut circular specimen of 100 square centimeters of a fabric very accurately. It has four blades that cut the fabric when the hand wheel is rotated by applying light pressure. The samples were cut and weighed accurately using digital balance having 0.01sensitivity. The value in grams multiplied by 100 gives Grams per Square Meter (G.S.M) of the fabric. The mean value was calculated and recorded.

3.10.2.2 Fabric thickness:


The principles of measuring fabric thickness in BS: 2544:1954 states that “essentially, the determination of the thickness of a compressible material such as textile fabrics of the precise measurements of the distance between two plain parallel plates as a pressure foot and the other as the anvil” Jewel, (2005).

PLATE – VII
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THICKNESS TESTER

Fabric thickness gauge (Plate – VIII) was used tom measure thickness of the sample. It has two parts, the anvil and the pressure foot, which worked under a lever string action. On the top, a dial indicated the thickness of the sample in thousands of an inch. Each division on the dial read 0.01 mm. the sample was placed on the anvil plate and the lever of the pressure foot each released very slowly and the pressure foot pressed the sample. The dial indicated the thickness of the sample and the mean was calculated similarly the other dyed samples were also tested.
3.10.2.3 Tensile strength and elongation
      AATCC, (1995) describes elongation as the increase in length of a specimen during tension test, expressed in units of length of the fabric when loaded. Breaking length or elongation of the specimen, were mass is equal to the breaking force define Textile institute, (1991). Breaking strength is a measure of resistance of the fabric to a tensile load in warp or weft direction Angappan, (2002). 


 The Eureka model tensile strength tester (Plate –IX) used for the study the rate of traverse and capacity of the machine was 48cm/min and 90kg respectively. The gauge length was kept as 25cm. the dial of the machine was calibrated in pounds and kilogram. The samples of different material were taken for testing. The length and width of the sample was 33cm and 7cm respectively. Each sample was clamped firmly between the two jaws. Care was taken that the fixed sample was perpendicular to the load. The load was applied until the sample was broken. The dial reading in kilograms and elongation in centimeters were noted. Five readings were noted for each category.

3.10.2.4 Abrasion resistance


Abrasion is just one aspect of wear and is the rubbing away of the component fibre and yarns of the fabrics. This may be classified as plane or flat 
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ABRASION RESISTANCE TESTER

abrasion and former abrades flat area of the fabric, edge abrasion, and the later is used to abrade the folds and collars. In flat abrasion, rubbing is accompanied by flexing and bending says Booth, (1991). Abrasion is the wearing away of any part of a material by rubbing against another surface ASTM, (2000). Abrasion is one of the major criteria to asses the durability of the fabric states Basu, (2006).


The Eureka Martindale abrasion resistance tester (Plate –X) was used to determine the fabric resistance to friction. The severity of abrasion varies with the nature of the abradant. The samples were cut at random from each of the finished concentration using a template. The initial weight of the sample was taken accurately to the nearest of 0.001 grams using an electronic balance. Then the samples were mounted on sample holders. Sample holder with 200 grams weight was used for this purpose. The rubs were standardized to 32. The samples were made to rub against the abrasive surface. After 30 revolutions the samples were removed and the final weight of each samples were found out. The same procedure was repeated for all other samples and the mean value of the ten readings for each of the samples was calculated. The loss in weight of each material was recorded separately.
3.10.2.5 Fabric stiffness

Bending length is the length and fabric that will bend under its own weight says Basu, (2001). Shirley stiffness tester (Plate – XI) was used to determine the stiffness of the fabric. The fabric was cut according to the template size of 2.5cm wide and 20cm length. Five samples were cur parallel to warp and five in the weft. Both the template and specimen were transferred to the platform at the coinciding point of edge of the fabric to the line marked over the instrument was noted and the mean value was calculated. Stiffness was tested to all the samples.
3.10.2.6 Drapability

Drape is the ability of the fabric to assume graceful appearance in the use, generally considered to be a visual rather than the tensile property, observed as the tendency of the fabric to bend and its own weight into pleasing folds views Brand, (2003).


Drape of the fabric was determined using Eureka drapemeter (Plate – XII). A circular specimen of a sample A with the diameter 10” was supported on circular disc of diameter 5”. The unsupported area of the fabric draped over the edge of the supporting disc. On supporting the fabric assured the folded configuration due to gravity falls down. The draped area was drawn on the paper and was cut to its shape. The other processed sample also tested similarly.
3.10.2.7 Colour fastness test

Dye-fibre interactions are varied and their strengths or combined strengths determine both the outcome and permanence of the dyeing states Lewis, (1998). Dyeing does not mean only to impart attractive hue on the fibre, but to obtain fast colour on it opines Maniruzzaman et al., (2006)


Deepti, (1999) views that the resistance of a coloured material to any change such as hue or depth in colour is termed as its colour fastness. During wet treatment such as washing and dry cleaning and adjacent undyed materials make take up color due to the transfer of dye from the original dyed material. This is known as staining. 


Tortor, (1982) says that the colour fastness of fabrics to a variety of substances and conditions can be measured by the use of wide variety of specific testing methods and machinery. The following colour fastness tests were conducted in the laboratory.
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DRAPEMETER

3.10.2.7 a Fastness to sunlight

Ingamell, (1993) states that humidity of temperature, surface of the sample, pressure of atmospheric impurities; the spectral quality and intensity of light source are the variables that affect the influence of light on the fading of dyes. When the dyed fabric is exposed to sunlight during its views the dye should not fade or change. It is referred to as sunlight fastness.


The fabric is exposed in sunlight for thirty hours and tested for its colour change. The change in colour of the sample were rated using the grey scale. Similarly all the samples were assessed for colour change in comparison with their respective original materials using the grey scale.
3.10.2.7 b Fastness to washing

The capability of dyed material to retain its colour even when subjected to water, detergent, kneeding and rubbing is called fastness of the material to washing. As recommended by Trotman, (1990), a sample of dyed material measuring 10 cm x10 cm was cut and the sample was sandwiched between the two desized white materials of same size. The sample was soaked in 5% surf solution for ten minutes. It was rubbed, squeezed out and dried in shade at room temperature. Thus the change in colour of the sample and staining of the white material were rated in comparison with their respective dyed materials using grey scale. Similarly the colour fastness to washing of the other samples was assessed and thus recorded the colour change of dyed material separately.

3.10.2.7 c Fastness to dry and wet crocking

According to AATCC, (1995) crocking is transfer of colourant from the surface of a coloured fabric to another surface or to an adjacent area of the same fabric. Sasmira crock meter was used to test the colour to crocking.


For dry crocking, a sampler size of 20cm x 10cm was cut from the dyed material and mounted on a flat base of the crockmeter. A white desized material of 5cmx5cm was cut and mounted on the rubbing finger with the ring. The number of rubs given was standardized and fixed as 20. The sample was given 20 rubs and the colour change of the sample as well as colour transference on white material was assessed using the grey scale. Similarly all the samples were assessed for colour change in comparison with their respective material using the grey scale.


For wet crocking, a sample size of 20cm x 10cm was cut from the dyed material and mounted on a flat base of the crockmeter.  A white desized material of 5cm x 5cm was cut, wetted with water and mounted on the rubbing finger with the ring. The number of rubs given was standardized and fixed as 20. The sample was given 20 rubs and the colour change of the sample as well as colour transference on white material was assessed using the grey scale. Similarly all the samples were assessed for colour change in comparison with their respective material using the grey scale.
3.10.2.7 d Fastness to dry and wet pressing

The National Bureau of Standards, (2000) 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 bleached material both in dry and wet condition and were pressed with a heavy iron for five seconds at a temperature at 425°F.

The colour transfers from the dyed samples were assessed using AATCC grey scale. The same procedure was repeated for all he dyed samples. Thus the colour fastness of each dyed materials to wet and dry pressing was carefully observed and recorded separately.
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3.11 Statistical analysis and interpretation of data


Analysis of Variance (ANOVA) is a useful tool, which helps the user to identify sources of variability from one or more potential sources, sometimes referred to as treatments of factors. It performs a comparison of the means of a number of replications of experiments performed where a single input factor is varied at different settings or levels. (www.weibull.com)


After the data collection, it was essential to organize the information in a systematic manner, in order to obtain the desired results and interpretation scientifically. The information thus collected was analyzed statistically. The information thus collected was analyzed statistically and findings are given in chapter 4: Results and Discussion.

RESULTS AND DISCUSSION

4. RESULTS AND DISCUSSION


The results of the study entitled on “RECYCLING OF SYNTHETIC DYE EFFLUENT USING ELECTROCOAGULATION” are discussed under the following heads:


4.1 Subjective evaluation



4.1.1 Visual inspection of dyed samples


4.2 Objective evaluations



4.2.1. Fabric weight of original and dyed samples



4.2.2 Fabric thickness of original and dyed samples



4.2.3 Tensile strength and elongation of original and dyed samples



4.2.4 Abrasion resistance of original and dyed samples



4.2.5 Fabric stiffness of original and dyed samples



4.2.6 Drapability of original and dyed samples


4.3 Colour fastness tests



4.3.1 Sunlight



4.3.2 Washing



4.3.3 Dry and wet crocking



4.3.4 Dry and wet pressing


4.4 Physico-chemical analysis of effluent water before and after 
       treatment.

4.1 Subjective evaluation
4.1.1 Visual evaluation of dyed fabrics

The details of the panel ratings include general appearance, brilliancy of shade, evenness in dyeing, texture and lustre. These are given in Table II

TABLE - II
VISUAL INSPECTION OF DYED SAMPLES

	s.no
	samples
	General appearance
	Brilliancy of shade
	Evenness in dyeing
	Texture
	Lustre

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

	1.
	RDS
	95
	5
	-
	-
	100
	-
	-
	100
	-
	-
	100
	-
	-
	100
	-

	2.
	RDTES
	95
	5
	-
	-
	95
	5
	-
	100
	-
	-
	100
	-
	-
	100
	-

	3.
	DDS
	90
	10
	-
	-
	95
	5
	-
	100
	-
	-
	100
	-
	-
	100
	-

	4.
	DDTES
	95
	5
	-
	-
	95
	5
	-
	100
	-
	-
	100
	-
	-
	100
	-



Regarding general appearance, all the reactive dyed before and after treated samples were rated as excellent by 95 percent of the judges, while direct dyed sample after treatment was also rated as excellent by 95 per cent of the judges.


With respect to brilliancy of shade, 100 per cent of the judges rated reactive dyed sample before treatment as brilliant.


Considering evenness in dyeing, all the samples were rated as even by 100 per cent of the judges irrespective of dyes used. With respect to texture and lustre, all the samples were rated as medium by 100 per cent of the judges. 

4.2 Objective evaluation
4.2.1 Fabric Weight

The Table III and Figure I state the fabric weight of the original and dyed samples using water before and after electrocoagulation. 

TABLE -III

FABRIC WEIGHT OF ORIGINAL AND DYED SAMPLES
	S.no
	sample
	Mean strength (GSM)
	Gain or loss over original

(GSM)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	1.43

1.49

1.44

1.44

1.49
	-

0.06

0.01

0.01

0.06
	-

4.10

0.87

0.87

4.10
	3.92**

6.14**
	8.29**

34.36**


** - Significant at 1% level

                                            FIGURE-I
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The more the mean value, the higher is the weight of the sample. From the above Table III and Figure I, it was clear that all the dyed samples had gained weight. Maximum weight of 4.10 per cent has been gained by the reactive dyed sample using water before treatment and the direct dyed sample using effluent treated water. 

Analysis of variance and test of significance also proved that there was significant difference at 1 per cent level before and after treated effluent used samples with regard to fabric weight.

Hence it could be concluded that fabric weight of all the samples revealed increased performance irrespective of the dyes and water used for dyeing.

4.2.2 Fabric Thickness


The thickness of the original and dyed samples using water before and after electrocoagulation is presented in Table IV and Figure II.

TABLE -IV

FABRIC THICKNESS OF ORIGINAL AND DYED SAMPLES
	S.no
	sample
	Mean strength (mm)
	Gain or loss over original

 (mm)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	0.39

0.38

0.39

0.38

0.39
	-

-0.01

-

-

-0.01
	-

-2.56

-

-

-2.56
	0.26NS
1.40NS
	0.30NS
3.10NS


NS – Not significant.

Figure - II
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The greater the mean value, the greater is the thickness of the sample. From the above Table IV and Figure II, it was clear that there was not much gain in fabric thickness between the before and after treated effluent used samples when compared with original.

 Analysis of variance and test of significance also proved that there was no significant difference before and after treated effluent used samples with regard to fabric thickness.
4.2.3. a Tensile Strength – Warp


The tensile strength of the original and dyed samples using water before and after electrocoagulation is presented in Table V and Figure III

TABLE –V

TENSILE STRENGTH OF ORIGINAL AND DYED SAMPLES (WARP)
	S.no
	sample
	Mean strength (kg/cm2)
	Gain or loss over original (kg/cm2)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	22.5

23.0

22.7

24.0

23.5
	-

0.5

0.2

1.5

1.0
	-

2.22

0.88

6.67

4.44
	-

0.19NS
0.31NS
	-

0.03NS
0.34NS


NS- Not Significant. 

                 FIGURE  - III
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From Table V and Figure III, it was evident that the dyed samples have gained tensile strength when compared with original. But the samples dyed with effluent treated water had a slight loss in their tensile strength when compared with the samples dyed using water before treatment.  However, the percentage gain by the samples dyed with effluent treated water was found to be 0.88 and 4.44 per cent for reactive and direct dye samples respectively. The higher the mean value, the higher is the tensile strength of the dyed samples.

Analysis of variance and test of significance also proved that there was no significant difference before and after treated effluent used samples with regard to tensile strength in warp direction.

4.2.3. b Tensile Strength –Weft


The tensile strength of the original and dyed samples using water before and after electrocoagulation is presented in Table VI and Figure IV.
TABLE –VI

TENSILE STRENGTH OF ORIGINAL AND DYED SAMPLES (WEFT)
	S.no
	sample
	Mean strength (Kg/cm2)
	Gain or loss over original (Kg/cm2)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	25.3

18.90

19.90

20.4

21.6
	-

-6.4

-5.4

-4.9

-3.7
	-

-25.29

-21.34

-19.37

-14.62
	0.81NS
1.11 NS
	12.60**

9.22**


** - Significant at 1% level

NS – Not significant.

FIGURE IV
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The above Table VI and Figure I shows the tensile strength of the samples in the weft direction. The higher the mean value, the higher is the strength of the sample. It was clear from the data that the dyed samples had loss in their tensile strength in the weft direction. The direct dyed sample with effluent treated water had minimum loss by 14.62 per cent.


Tests of significance showed no significant difference between before and after treated effluent used samples. Analysis of variance prove that  tensile strength in weft direction indicated that there was significant difference at 1 per cent level when compared before and after treated effluent used samples with original.

4.2.3. c Fabric Elongation-Warp


The Table VII and Figure V depict the fabric elongation of the original and dyed samples using water before and after electrocoagulation.
TABLE -VII
FABRIC ELONGATION OF ORIGINAL AND DYED SAMPLES (WARP)
	S.no
	sample
	Mean strength (cm)
	Gain or loss over original (kg)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	1.46

1.36

1.20

1.25

1.24
	-

-0.1

-0.26

-0.21

-0.22
	-

-6.85

-17.81

-14.38

-15.07
	0.77NS
0.06 NS
	0.61NS 
1.12NS


NS – Not significant.

FIGURE - V
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From the above Table VI and Figure IV, it was obvious that dyeing has reduced the fabric elongation of all the samples, irrespective of water used for dyeing. The higher the mean value, the greater is the elongation of the sample. The reactive dye before treated sample showed minimum loss by 6.85 per cent and the sample dyed by using effluent treated reactive dye showed maximum loss by 17.81 per cent.


Analysis of variance and test of significance also proved that there was no significant difference before and after treated effluent used samples with regard to fabric elongation in warp direction.

Hence it could be concluded that there is no improved elongation performance irrespective of the water and dyes used for dyeing.

4.2.2. d Fabric Elongation-Weft


The Table VIII and Figure VI depict the fabric elongation of the original and dyed samples using water before and after electrocoagulation.
TABLE -VIII
FABRIC ELONGATION OF ORIGINAL AND DYED SAMPLES (WEFT)
	S.no
	sample
	Mean strength (cm)
	Gain or loss over original

(cm)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	1.57

1.36

1.30

1.57

1.40
	-

-0.21

-0.27

-

-0.17
	-

-13.38

-17.19

-

-12.14
	0.33 NS
1.09 NS
	1.86 NS
0.92 NS


NS – Not significant.

FIGURE - VI
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As regards fabric elongation in the weft direction there was no change only with direct dyed sample using water before treatment when compared with the original. Reactive dyed sample with effluent treated water revealed maximum reduction in the fabric elongation by 17.19 per cent. 


Analysis of variance and test of significance also proved that there was no significant difference before and after treated effluent used samples with regard to fabric elongation in weft direction.


Hence it could be concluded that there is no improved elongation performance irrespective of the water and dyes used for dyeing.
4.2.4 Abrasion Resistance


Abrasion resistance of the original and dyed samples using water before and after electrocoagulation are stated in Table IX and Figure VII.

TABLE - IX
ABRASION RESISTANCE OF ORIGINAL AND DYED SAMPLES
	S.no
	sample
	Mean strength (g)
	Gain or loss over original

 (g)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	5.0

4.8

4.6

4.6

4.4
	-

-0.2

-0.4

-0.4

-0.6
	-

-4

-8

-8

-12
	0.48NS
0.68NS
	0.45NS
1.12NS


NS – Not significant.

           FIGURE - VII
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The greater the loss in weight, the lesser is the resistance to abrasion. From the above Table IX and Figure VII, it has been observed that  the direct dyed sample with effluent treated water had maximum weight loss to abrasion by 12 per cent, while the reactive dyed sample using water before treatment had minimum loss of 4 per cent.


Analysis of variance and test of significance also proved that there was no significant difference before and after treated effluent used samples with regard to abrasion resistance.

4.2.5. a Fabric Stiffness – Warp


Fabric stiffness in the warp direction of the original and dyed samples using water before and after electrocoagulation are stated in Table X and Figure VIII.

TABLE - X

FABRIC STIFFNESS OF ORIGINAL AND DYED SAMPLES (WARP)
	S.no
	sample
	Mean strength (cm)
	Gain or loss over original

 (cm)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	1.70

1.72

1.69

1.78

1.71
	-

0.01

-0.01

0.07

0.01
	-

0.58

-0.58

4.33

0.70
	1.44NS
2.62*
	1.11NS
2.21NS


*- significant at 5 % level

NS – Not significant.

FIGURE -VIII
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The greater the mean value, the greater is the stiffness of the sample. From the above Table X and Figure VIII, it was clear that except reactive dye treated effluent used sample, all other samples exhibited increased fabric stiffness values. Maximum increase in fabric stiffness by 4.33 per cent was noticed with for the direct dyed sample using water before treatment. 


Analysis of variance test showed that there was no significant difference before and after treated effluent used samples with regard to fabric stiffness in warp direction.

4.2.5. b Fabric Stiffness – Weft


Fabric stiffness in the weft direction of the original and dyed samples using before and after electrocoagulation are stated in Table XI and Figure IX.

TABLE -XI

FABRIC STIFFNESS OF ORIGINAL AND DYED SAMPLES (WEFT)
	S.no
	sample
	Mean strength (cm)
	Gain or loss over original

 (cm)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	1.34

1.63

1.57

1.65

1.57
	-

0.28

0.23

0.31

0.23
	-

21.13

17.10

23.16

17.43
	1.63NS
1.20NS
	51.64**

21.29**


** - Significant at 1% level

NS – Not significant.

FIGURE - IX
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From the above Table XI and Figure IX, it was evident that all the dyed samples revealed increased stiffness values than the original. The direct dyed sample using water before treatment showed maximum increase in stiffness by 23.16 per cent.

Tests of significance showed no significant difference between before and after treated effluent used samples. Analysis of variance proved that stiffness in weft direction indicated that there was significant difference at 1 per cent level when compared before and after treated effluent used samples with original.


Hence it could be concluded that there is increase in stiffness of the samples after dyeing, irrespective of the dyes and water used for dyeing.

4.2.6 Drapability
Drapability of the original and dyed samples using before and after electrocoagulation are depicted in Table XII and Figure X.

TABLE -XII

DRAPABILITY OF ORIGINAL AND DYED SAMPLES
	S.no
	sample
	Mean strength (g)
	Gain or loss over original

 (g)
	% gain or loss over original
	.

t value 
	F value

	1.

2.

3.

4.

5.
	O

RDS

RDTES

DDS

DDTES
	1.17

1.13

1.14

1.18

1.14
	-

-0.04

-0.03

0.009

-0.03
	-

-3.41

-2.56

0.80

-2.56
	0.11NS

1.67NS
	0.24 NS

1.35NS


NS – Not significant.

FIGURE - X
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The lesser the mean value, greater is the drapability of the fabric. The above Table XII and Figure X, showed that there is weight loss in all the samples except the direct dyed sample with effluent treated water. Reactive dyed sample using water before treatment revealed a maximum weight loss of 3.41 per cent.


Analysis of variance and test of significance also proved that there was no significant difference before and after treated effluent used samples with regard to drapability.

4.3 Colour fastness tests

The results of the colour fastness tests on exposure to sunlight, washing, crocking and pressing for the dyed samples with reactive and direct using water before and after electrocoagulation are shown in Table XIII.

TABLE – XIII

COLOUR FASTNESS OF DYED SAMPLES
	s.no
	samples
	sunlight
	washing
	crocking
	pressing

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

	1.
	RDS
	5
	5
	5
	5
	5
	5
	5

	2.
	RDTES
	5
	5
	5
	5
	5
	5
	5

	3.
	DDS
	3
	3
	3
	4
	3
	4
	3

	4.
	DDTES
	3
	3
	3
	4
	3
	4
	3


With regard to colour fastness to sunlight, washing, crocking and pressing, all the before and after treated reactive dyed samples scored maximum rank when compared with direct dyed samples.

4.4 Physico-chemical analysis of effluent water before and after treatment


The selected physico-chemical parameters for analysis of reactive and direct dye effluent before and after electrocoagulation are given in Table XIV.

TABLE – XIV

EFFLUENT ANALYSIS

	S.no
	Parameters
	RDE
	RDTE
	DDE
	DDTE
	TNPCB* standard

	1.
	Colour (Hz units)
	32
	13
	25
	7
	-

	2.
	Turbidity (NT units)
	40
	6
	50
	4
	-

	3.
	pH
	7.23
	7.56
	6.60
	7.02
	5.5-9.0

	4.
	Chlorides (mg/l)

	870
	600
	680
	380
	1000

	5.
	TDS (mg/l)
	3200
	1720
	2800
	1260
	2100

	6.
	TSS (mg/l)
	540
	72
	480
	63
	100

	7.
	BOD
	41
	16
	36
	29
	30

	8.
	COD
	202
	79
	178
	146
	250

	9.
	Manganese as Mn
	0.05
	-
	0.05
	-
	-

	10.
	Total hardness (mg/l)
	720
	510
	630
	420
	-

	11.
	Total alkalinity
	-
	-
	-
	-
	-


*- Tamil Nadu Pollution Control Board

   From the above Table XIV, it was obvious that electrocoagulation treatment has brought down the levels of chlorides, TDS and TSS. When visually examined, the treated effluents were colourless. Their Hazen units were also reduced. pH of the treated effluents were in the neutral range.


There was reduction in Manganese in the treated effluent. Both the treated and untreated effluent did not show alkalinity. BOD of the reactive and direct dye effluent was reduced to 16 and 29 respectively. Hence the electrocoagulation treatment of effluent has brought down the levels of all the parameters within the prescribed limits of TNPCB. Thus it could be concluded that the electrocoagulation treated water may be pollution free, thus protecting the environment.

SUMMARY AND CONCLUSION


5. SUMMARY AND CONCLUSION

Indian textile industry enjoys a supreme position in the world next to china. The textile industry, since its beginning, has hampered by the large volumes of water required for the preparation and dyeing of materials. Large quantity of water is required for dyeing of textiles. After dyeing, the effluent contains many impurities, dyes and chemicals, which are discharged into the environment. They create serious ecological and pollution problems. So, these effluents must be treated before discharging into the environment. Today, the protection of environment has become a challenge for the textile industries world wide and the water pollution caused by synthetic dyes in particular the control of effluent continues to be a problem.

The biggest problem that every textile processor has to encounter is treatment of the effluent. Effluent treatment is given to partially remove and partially change it by decomposition. It is potential for saving water by reuse system and to protect our ecosystem. The existing waste water treatment technology is often in adequate to control colour of effluent and toxicity of waste water to aquatic organisms. Electrocoagulation is very effective process towards the reduction of chromophoric group of effluent, which is the main disturbing factor for water recycling. Effluent recycle is the best way to have a cost effective and economically viable treatment plant.

Hence the investigator made an attempt to give suitable treatment for the effluent water and reuse it for dyeing of cotton fabric. The specific objectives of the study are:

· to dye the cotton fabric using direct and reactive dyes.

· to analyze the physico-chemical parameters of reactive and direct dye effluent.

· to study the effect of electrocoagulation treatment in synthetic dye effluent.

· reuse of the effluent treated water for second dyeing.

· to asses the performance of the dyed samples.

Hundred per cent cotton plain weave, desized cloth was selected for the research study. The selected fabrics were dyed by using reactive and direct dyes. After dyeing, the effluents from reactive and direct dye baths with wash water were collected separately. One litre of effluent from each dyebath was collected and used for physico-chemical analysis. The remaining effluent was fed into the electrolyzer and the alternating current was passed for twenty minutes. The settling duration was reduced by 50 per cent using 4 gpl of polyelectrolyte. After electrocoagulation treatment, physico-chemical characteristics were analyzed for reactive and direct dye effluents. After the treatment, the reactive and direct dye baths were used again for second dyeing with their respective dyebaths.


The performance of the dyed samples were evaluated subjectively and objectively. Subjective evaluation included visual inspection and objective evaluation included fabric weight, thickness, tensile strength and elongation, abrasion resistance, drapability and colour fastness tests.

Findings of the study

Ninety per cent, ninety five per cent and hundred per cent of the judges rated as excellent for general appearance, as bright for brightness as even for evenness of dyeing for all the dyed samples respectively. With respect to texture and luster, all the samples were rated as medium by 100 per cent of the judge.


Regarding fabric weight, all the dyed samples revealed increased fabric weight irrespective of the dyed and water used for dyeing.


Considering fabric thickness no noticeable change was observed.


With respect to tensile strength, all the dyed samples exhibited increased strength in warp direction, whereas, decreased strength was noticed in weft direction. Elongation of all the samples revealed no improved performance direction. 


Abrasion resistance of all the dyed samples exhibited minimum loss, irrespective of the dyes and water used for dyeing. Direct dyed sample with treated water showed maximum loss to abrasion resistance.


Stiffness of all the dyed samples have been increased both in warp and weft direction due to dyeing. Reactive dyed samples with water before treatment alone has reduced stiffness in warp direction.


Regarding drapability, except direct dyed sample before treatment, all other samples had weight loss, which shows that the dyed samples possessed better drape.


Considering colour fastness to sunlight, washing, crocking and pressing, all the reactive dyed samples scored maximum when compared with direct dyed samples.


Electrocoagulation treatment has brought down the levels of chlorides, TDS and TSS. The treated effluent was colourless and clear. Both the treated and untreated effluent does not show alkalinity. BOD and COD of the reactive and direct dye effluent were also reduced. Hence the electrocoagulation treatment of effluent has brought the levels of all the parameters well within the prescribed limited of Tamil Nadu Pollution Control Board.

Conclusion

   
It was inferred from the study that the use of effluent treated water for dyeing has not caused much difference in the dyed samples with reference to the selected parameters of the study. Hence it may be concluded that recycling of synthetic effluent water may be encouraged for the purpose of dyeing. The results of this study also proved that the treated water may be pollution free. Thus recycling of waste water by electrocoagulation reduces water consumption and preserves the environment.
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ANNEXURES

ANNEXURE – I

DETAILS OF THE SELECTED FABRIC
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ORIGINAL (O)

Composition

- 
100% cotton

Weave

-
plain

Ends/ Inch

- 
132

Picks/ Inch

-
105

Fabric width

-
34”

Price/ meter

-
Rs.30/-

ANNEXURE – II

DYED SAMPLES
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              Reactive dyed before


    Reactive dyed after

            treatment sample (RDS)                          treatment sample (RDTES)

               Direct dyed before


           Direct dyed after

           treatment sample (RDS)                              treatment sample (RDTES)
ANNEXURE – III

PROFORMA USED TO EVALUATE THE DYED SAMPLES
	s.no
	samples
	General appearance
	Brilliancy of shade
	Evenness in dyeing
	Texture
	Lustre

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

	4.
	DDTES
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


ANNEXURE – IV

GREY SCALE USED TO VALUATE THE DYED SAMPLES


The dyed samples were rated by using the AATCC (American Association of Textile Colourants and Chemicals) grey scale to measure the extent of colour change and staining. The grey ratings envisaged the following standards for colour fastness to reactive and direct dyed samples using water before and after electrocoagulation.


Nomenclature 


Used for colour change

5 No change (Excellent)

4 slightly changed (Good)

3 Noticeable changed (Fair)

2 Considerably changed (Poor)

1



Much changed (Very Poor)
Nomenclature 


Used for colour change

5 No staining (Excellent)

4 slightly stained (Good)

3



Noticeable stained (Fair)

2



Considerably stained (Poor)

1



Much stained (Very Poor)
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