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INTRODUCTION

Environmental pollution is one of the most challenging problem facing the human race. At present mother earth is under constant threat from environmental pollution. The impact of its atmosphere, hydrosphere and lithosphere by anthropogenic activities cannot be ignored. Man made activities on water by domestic wastes, industrial waste, agricultural chemicals and fertilizers, acid rain, animal waste have negative influence over biotic and abiotic components on different natural eco-systems, state Metal (2004) and Sivaramakrishnan (2008).


Textile industry in India is one of the oldest and largest industries providing the basic needs of people and it holds importance by maintaining sustained growth for improving quality of life. It has a unique position as a self reliant industry from the production of raw materials to the delivery of finished products with substantial value addition at each stage of processing is a major contribution to the country’s economy, views Rathod (2006). While considering environment and textiles, the textile industries makes the maximum environment damage by solid waste and liquid effluent. When the effluents from the industry are let out without any treatment it causes pollution due to the presence of chemicals.


The ultimate aim of textile wet processing is to convert the grey goods into aesthetically pleasing and comfortable to wearing apparel, state Sumanjit and Sing (2007). The textile wet processing activity is basically of a polluting nature due to the use of dyes, chemicals , auxiliaries and salts. Various regulation have been framed and regulatory agencies are on the job to enforce such regulations, in spite of which damage water quality.


Now a days pollution, ecology and environment affect us a lot and increasing awareness of these factors are associated with synthesis, processing and use of the dyes, which led to world wide interest in coloration of textile with flora and fauna, say Paul et al. (2006). Colour is extremely important in the modern world. In most cases, colour is an important factor in the production of the material and it is often vital to the commercial success of the product, states Becerir (2006). Colour also influences almost all the aspects of our every day life, describes mood, feeling and state of health. Colour is very crucial in textile industry.


Cotton is a natural vegetable fiber, is the oldest and important textile fiber and has great economic importance as a raw material for textiles. Cotton has always ruled the textile world rightly known as the king among the fibers. Today cotton is an integral part of textiles in India. India is the home of cotton, says Nimkar (2006). It was an export commodity even during very early times. Indian textiles have been covered all round the world. In fact cotton is the back bone and basic foundation of the world’s textile trade and industry. Cotton is essential cellulose and in fact the purest form of cellulose. Cotton fabric is mostly considered for its natural aesthetic and comfort characteristics.


Textile industries consume substantial amounts of dyes for coloration. It is estimated that over 10000 tons of dye stuffs are produced every year. It is assumed that a loss of 1-2 per cent in production and at least 10 per cent of dye stuff used during the dyeing processes do not bind to the fibres and therefore released into the effluent.


Colour is the first contaminant to be recognized because it is visible to the human eye. The major problem of dye house waste water is the colour which is produced by the residual dyes after the completion of dyeing process. Despite the large amount of water present in waste streams residual dyes in drainage water gets accumulated, that is why the concentration of the dyes and the colour of streams increase gradually and the transparency of streams goes on reducing, views Shukla (2006). To protect the environment for indiscriminate exploitation and pollution by industries. There is a trend to go back to nature and patronize natural products. It is growing throughout the world and people are becoming aware of the need for eco-friendly materials, state Kajla et al. (2006).


Adsorption is one of the efficient greener method in the removal of dyes form the effluent. It is also an attractive alternative treatment, if it is an inexpensive and readily available. Some of the low cost non-conventional adsorbents that include waste materials from agriculture and industry such as activated carbon, agricultural solid wastes and industry by products, natural material such as clays, zeolites and biosorbents, explain Sudha and Dev (2007). Adsorption is an alternative and the most effective physical process for the removal of colour and treatment of textile effluent, state Yeh et al. (1993).


The agro waste treatment methods are very promising as they involve the controlled degradation of the pollutants and also very effective method of decolorisation. Agro waste are easily available also. The corn cob and sugarcane begasse are economically attractive treatment that can effectively decolorize dyes. The effectiveness of adsorption as a means of dye removal has made it an ideal alternative to other more costly treatments.


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 safe method in effluent treatment.


Hence the investigator has made an attempt to study on “Recycling of reactive dye effluent using selected agro wastes” with the following objectives.

· To analyse the physico chemical analysis of the reactive dye effluent before and after the treatment.

· To decolourise the reactive dye effluent using agro waste.

· To dye cotton fabric using tap water and agro waste treated water.

· To compare and assess the performance of the dyed samples.

REVIEW OF LITERATURE

2.1
Role of textile industry in Indian economy


2.2
Wet processing, sources of pollution and problems caused by          
the textile industries


2.3
Effluent treatment eco‑friendly methods


2.4
Importance and role of agro waste in decolourisation of effluent


2.5
Dyeing of cotton fabric using reactive dye with recycled effluent        
water

2.1
ROLE OF TEXTILE INDUSTRY IN INDIAN ECONOMY


The textile industry in India has been playing a significant role for over many decades in terms of economic growth, states Muralidharan (2009). It is the second largest provider of employment after agriculture and accounts for direct employment to 38 million people and indirect employment to 50 million people, including the man power engaged in cotton cultivation, other raw materials and related trade and handling, says Malligarjunan (2008).

2.2
WET PROCESSING, SOURCES OF POLLUTION AND PROBLEMS CAUSED BY THE TEXTILE INDUSTRIES


Textile wet processes consume dyes, auxiliaries, chemicals, detergents and finishing agents in the conversion of raw materials to finished product. The specific water use varies from 60 to 400 liters / kg of fabric depending on the type of fabric, wet application, views Senthilkumar (2005). ATIRA estimated that about 62 per cent of total water consumed is utilised by the wet processing, states Asim (2006). In textile wet processing water is used only for two purposes, first as a solvent for chemicals like dyes and salts, secondly as a medium for washing and rinsing, explain Priya and Arputaraj (2006).


Beginning with input and output analysis of wet processing in pretreatment, dyeing printing and finishing 60-360 liters of water is consumed per kg fabric depending upon the substrate and spoke about the heterogenous nature of particles size, density, shape, surface change, chemical composition contained in the effluents, states Sivaramakrishnan (2004).

Sources of Pollution

Sampath (2003) opines that the atmosphere is considered polluted if the concentration of a constituent increase or decrease dramatically to induce an ill effect on human health or his environment in general apart the eject of any foreign material into the atmosphere constitutes a pollution phenomenon.


Air pollution is the contamination of air by toxious gases and minute particles of solid and liquid matter (particulates) in concentrations that endanger health. The  major sources of air pollution are transportation engines, power and heat generation, industrial processes and the burning of solid waste, remarks Nishkam (2000).


Noise is an unwanted sound which increases fatigue and under some industrial conditions it causes deafness, views Bhatia (2003). Bhat (2005) describes industrial noise for worker exposure has the longest history of scientific study, having been addressed since the 1930s. This practice has emphasized redesign of industrial equipment, shock mounting assemblies and physical barriers in the work place. Noise pollution can also be harmful to animals.


Water pollution may be defined as the entry of foreign materials in water to render it unfit for a specific use or alteration in physical, chemical and biological characteristics of water which may cause harmful effects of human and aquatic biota. It disturbs the normal uses of water for irrigation, agriculture, industries, public water supply and aquatic life, state Tripati and Sudharanigovil (2001). Water pollution is a byproduct of rapid and unplanned industrial progress and over population. Discharge of trade effluent or any other liquid, gaseous and solid substance into water. The contamination of water by foreign substances may be direct or indirect and likely to cause nuisance and render such water harmful or injurious to public health, safety, domestic, commercial, industrial, agricultural and other uses or to life and health of animals, plants or aquatic organisms, explain Bala (2005).

Pollution Caused by the Textile Industries

The world’s ever increasing population and the progressive adoption  of an industrial based lifestyle has inevitably led to an increased anthropogenic impact on the biosphere, state Asamudo et al. (2005). For the first time in his entire cultural history, man is facing one of the most horrible ecological crises the problem of pollution of his environment which sometime in the past was pure virgin, undisturbed uncontaminated and basically quire hospitable for him, quotes Sundar (2005). Pollution, in general can be seen as something harmful to the well being of the people of a particular environment. It reduces the value of the natural resources in alternative use, if disposed, describe Mani et al. (2005).


As a consequence of the industrial revolution, pollution increased due to the use of coal as a source of fuel for power and the base for the manufacture of synthetic colourants, by which the textile industry grew up by leaps and bounds, views York (2005). In textile production, opportunities exist for the release of potentially hazardous compounds at various stages of the operation into the ecosystem. These pollutants are produced in an effort to improve the human standard of living and fashion but ironically, their unplanned intrusion into the environment can reverse the same standard of living by impacting negatively on the environment, state Lal et al. (2005).


Environment problems of the textile industry are largely caused by the discharge of enormous quantities of waste water rather than the discharges to air, point out Samptha (2003). Textile wet processing is one of the largest and oldest industries worldwide, responsible for the substantial resource consumption and pollution especially in terms of water, cite Omelchenko et al. (2005). Being a water intensive sector, water plays a very important role in all the areas such as heating, cooling and processing. The processes also produce considerable amount of waste water, which is polluted by the use of dyes and other harmful additives, remarks Galgali (2001). This is because water acts as the vehicle for application of various chemicals and colourants on to the textile and needs to be completely removed after the process either by squeezing out completely or by drying, view Storti et al. (2005).


It has been estimated that more than 90 per cent of the pollution load of textile mill waste is a result of processed chemicals, especially in the dyeing unit, observe Verma et al. (2001). Waste effluents from the dyeing units are discharged into drains without treatment, causing a major threat to the environment. The large scale use of dyes and auxiliary colourants in the dyeing industry is not very old, going back only to the last fifty or sixty years since the discovery of the first synthetic dye in 1856. Effects of their toxicity are only now being felt, comment Nimkar et al. (2001).


Effluents derived from the textile and dye stuff activities can provoke serious environmental impact in the neighbouring receptor water bodies because of the presence of toxic dyes, chlorolignin residues and dark colouration, warn Iyer (2001) and Saed et al. (2005). Nature has demonstrated its capacity to disperse, degrade, absorb or otherwise dispose off the unwanted residues in the natural sinks of the atmosphere, water ways, ocean and soil. It is realized however that this ability is not finite, opines Sarkis (2002). The discharge of these waste residues into the environment eventually poisons, damages or affects one or more species in the environment, with resultant changes in the ecological balance, Sampath (2001).


From the colouration point of view, that goes onto the substrate is colour and the discharge into the stream is effluent, state Mehra and Sivaramakrishnan (2004). The dyes present in textile effluent impart persistent colour to the receiving streams and interfere with photosynthesis of the phytoplankton, point out Cunningham and Saigo (2001). Other physical characteristics of the waste water include odour, change in dissolved oxygen, presence of insoluble substances and corrosive properties add Muthumanickam and Prasad (2005).


The colloidal and suspended impurities cause turbidity in the receiving streams. The dissolved minerals may increase salinity of the water and thus may render it unfit for irrigation or consumption, view More et al. (2005). Toxic chemicals such as chromium and suphites may destroy fishes and micro organisms responsible for self-purification of water in streams. Immediate oxygen demand due to the impurities such as starch, sulphites, nitrites, deplete the dissolved oxygen content of water, warn Kothari et al. (2005). Starch cotton debris constitute organic wastes which are oxygen demanding. They can undergo decomposition / degradation by bacterial activity. The chemicals used in the processes may change pH of the effluent and once disposed into the water body affects aquatic lives.


Dissolved solids can also form incrustations on the surfaces of sewers and chemicals may cause corrosion of the metallic parts of the sewage treatment plants. Thus, effluents that emianate from the production process of textiles, if not property disposed, can cause serious environmental pollution, sometimes to levels that can threaten human health, livestock, wild life, aquatic lives and indeed the entire ecosystem, explain Sheth and Desai (2005).

2.3
EFFLUENT TREATMENT ECO‑FRIENDLY METHODS


The textile 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 byproducts 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).

Textile waste water is generally characterised by high concentration of COD, BOD, suspended solids, heavy metals, extreme pH, elevated temperature and colour, observe Kilduff (2000) and Hu (2001). According to the various application and uses of water to the varied activities and to the heterogeneous chemical or biological contents of waste water, the treatment technologies are high diversified, comment Lichtfouse et al. (2004).


The unit operations necessary to be carried out for complete treatment of an effluent have been classified into following categories

· Primary treatments,

· Secondary treatments and 

· Tertiary treatments

Primary Treatments


Primary treatment is employed to remove suspended solids and to certain extent colour, and to bring the pH in the neutral range. It includes screening, equalization, neturalization, coagulation, sedimentation. Specific toxic substances such as cyanide are given special treatment (Mittal, 2004).

· Screening

The first and foremost treatment is removing the undissolved materials accomplished by screening and sedimentation, states Arundel (2000). The larger suspended and floating particles such as fibers, yarns, pieces of fabrics, lint and so on are removed by use of coarser screen followed by a finer screen, says Shukla (2005).

· 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 treatments 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

Equalization maintains the uniformity of the waste water characteristics, particularly pH, temperature and BOD. It is done by holds the effluent for 24 hours in a tank, points out Shroff (2001).

· Neutralization

A wide variety of alkalis and acids are used in different types of wet processes. The range includes from strong acids and alkalis to weak ones. The effluent needs to be treated further biologically and for this purpose it is essential to maintain the pH between 6 to 9. In the process of neutralization, acids like sulphuric acid is added to the alkaline effluent or lime / caustic soda / soda ash is added to the acidic effluent to bring the pH to the desired range, explains Smith (2005).

· Coagulation / Flocculation and Floatation

Fine suspended colloidal particles in an effluent are difficult to settle down, for which coagulation seems to be the economical technique on addition of certain chemicals, called coagulants, the colloidal particles in an effluent are destabilized and aggregated to form larger particles, which can settle down rapidly making their removal efficient, observe Wang et al. (2004).


For very fine suspended particles, which are difficult to settle down, floatation technique is useful, where in the air bubbles from the air blown in the tank from bottom carry the suspended particles to the surface of the liquid effluent and are then skimmed off, suggests Guyer (1998).

Secondary Treatment

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 simplex substance. Such secondary treatments are categorized into aerobic and anaerobic, cites Drinan (2000).


The textile effluents, after the primary treatments, are treated mainly by aerobic biological technique, applying one of the following methods.

· Activated sludge process

· Aerated lagoon process

· Trickling filtration process

· Oxidation pond system

· Activated Sludge Process

It is the most versatile technique for treatment of textile effluents causing up to 90 per cent BOD reduction. The textile processing waste water after clarification is fed to a tank in which microbial flock is already suspended and oxygen is introduced by mechanical means. 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, states Shukla (2005).

Depending on the BOD loading, the effluent may be retained in the aeration tank up to 12 hours. The floc formed during the activiated sludge process contains variety of micro organisms with their nutrients and they form active centres of biological oxidation. Bacteria are the important living organisms to degrade the organic matter present in waster water. The exact type and species of the bacteria and other micro organisms is determined by the nature of organic matter, observe Jenikins et al. (2003).
· Aerated Lagoon Process

These are nothing but the activated sludge units without sludge return. The holding tanks are large in size with 3 – 5 m. depth and lines 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

Being the oldest form of biological waste water treatment, it is also known as biofiltration or percolating filtration. Materials with large surface area are packed in the form of a bed and the waste water is spread (sprinkled) over it, A microbial film is formed over the surface of the packed material and the biological reaction takes place. The bacterial slimes produced on the surface of packed material oxidize the organic matter present in the waste water during its passage through the bed. The effluent emerging out of the filter contains suspended matter and is allowed to settle and then discharged, explain Punmia and Jain (2005).

Tertiary Treatments


The  tertiary treatments for the effluents are termed as advanced waste water treatments. These are mainly applied with specific purpose, such as removal of dissolved inorganic solids, which includes heavy metal ions, removal of the final traces of organic matter, disinfection of the effluent by removal of bacteria and others, states Drinan (2000). These may be considered as polishing treatments, which helps in reuse of water. Highly purified water is obtained by employing the territory treatment.

Tertiary treatments are below :

· Chemical Coagulation

The effluent water from the secondary waste water treatment is subjected to coagulation and flocculation by using inorganic chemicals like alum, lime, iron and magnesium salts. About 300-600 mg / liter is sufficient to remove the residual and the organic matter from the secondary treated effluent. The coagulation process removes the suspended as well as colloidal matter. The removal rate depends highly on the particle size, change on the particle and the density of the particle. Higher the particle size and higher the density coagulation is accelerated, over Salvato et al (2003).

· Chemical Oxidation

The textile effluent can be effectively treated with chemical oxidizing 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 are very difficult to operate due to complex nature of the textile waste water arising out of a large number, dosage and variety of chemicals, dyes and auxiliaries used. The biological systems are highly sensitive to upset with the change of the ingredients, pH and temperature, remark Omelchenko et al. (2005).

· Adsorption

These are used on the effluent which is not biodegraded complete molecules of 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 fiber are used to adsorb impurities from waste water, points out Pandey (2004).

· 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 in 30 – 40 per cent of volatile matter from the effluent, reveals Henze (2004).

· Membrane Separations


Industrial filtration and separation mostly make use of membranes due to their reliability in purification. Particularly for water treatments such as purification and for recycling water, these are extremely useful, points out Hu (2001).

Eco-Friendly Treatment

Textiles is a challenging industry because it is diversified and is constantly developing new products and changing the old ones, thus opening up new opportunities every day. Eco-friendly, environment-safe natural products are the need of the hour. The biggest damage to the environment is supposed to be done by wet processing of textiles. Seventy-five per cent of the organic pollutant level arising from textile finishing is derived from the preparation of cotton goods. It is known to generate many waste streams, including water-based effluents as well as air emissions, solid waste and hazardous waste. But the environmental issue for the textile industry is water pollution. Now everybody has realized the need for using environmentally safe products for their day-to-day living, point out Amasamani et al. (2007).


Now-a-days several agricultural residues, organic wastes are used as natural adsorbents such as peat, wood, sawdust, eucalyptus barks and pine saw dust to remove dyes from the effluent, state Lasari et al. (2007). Cow dung are our immunity from diseases, our prosperity, our livelihood, and organic. Eco-friendly, sustainable, low-cost and quality-yield agriculture and pollution free environment depend, to a very large extent, on our cattle. The form a source of ever-lasting energy, views NIIR Board (2002).


Some of the alternative cost effective and agricultural wastes which can be used as adsorbent has been focused on a range of natural raw materials such as barley husk, wheat straw, coal, wood waste, red mud, sunflower stalks, banana peel, and neem leaf powder. These materials are widely used because of its easy availability, potentially towards adsorption and its low cost, view Chandrashekar et al. (2002) and Nigam et al. (2002).

2.4
IMPORTANCE AND ROLE OF AGRO WASTE IN DECOLOURISATION OF EFFLUENT


Waste management and recycling industrial waste management, agro waste, municipal garbage, plastic, paper, metal, iron, glass, rubber, electronic, medical waste recycling, solid waste treatment, agricultural, wood waste, residue processing, dye removal from aqueous solution by using adsorption on treated sugarcane bagasse, (Azhar et al., 2005).

Sugarcane

History of Sugarcane


The Genus saccharum derives its name from the Sanskrit word sarkara which means sugar. The Atharva Veda , Circa 800 B.C. mentions sugarcane as the ‘honey-reed’, assert Raj and Das (1993). Sugarcane (Saccharum L.) is classified under the family Gramineae sub family Panicoid and tribe Andropogoneae. Linnaeus classified sugarcane as Saccharum officinarum in 1753 based on Arundo saccharifera of Casper Bauhin (1625), states Naidu (1989). Sugarcane is the main source of sugar in India and holds a prominent position as a cash crop, yielding foreign exchange. There is no established fact about the place of origin of sugarcane but according to the evidence it can be said that the Indian and tropical canes arose independently in the east puts, forward Ahlwat et al. (1997). The important sugar producing countries include Brazil, Cuba, Pakistan, Thailand, Philippines, Argentina, Colombo, Indonesia, South Africa and Egypt. In India, sugar industry is one of the largest processing industries, next to cotton textiles, affirms Mahasti (2003). The old classifications of cultivated sugarcane were named as Saccharum officinarum and the wild “kans” as Saccharum spontaneum. Saccharum now has five spp., S.officinarum, S.barberi, S.sinehre, S.spontaneum, S.robustum, assert Ahlwat et al. (1997). Sachharum officinarum varieties were under cultivation before the advent of hybrid varieties. It is rich in sucrose. Its stalks are vigorous and long with low fiber content, long internodes, and long narrow leaves. They are low in sucrose and purity, high in fiber and starch, remarks Sundara (1998). S.spontaneum grows under great variety of conditions, including temperature. S.robustum in its native stake prefers the depositing banks of rivers. S.barberi, occurs in wild state ecological conditions more like those of robustum, S. edule, like officinarum is a garden cane, says Gill (1993).

Bagasse

Bagasse are the dry, fibrous residue remaining after the extraction of juice from the crushed stalks of sugarcane, used as source of celluloses for some paper products (www.thefreedictionary.com). The term bagasse is derived from the French and Spanish term ‘bagazo’ given to the husks of grapes or olives (waste materials) left-over after extracting their contents by pressing. When sugarcane is crushed in the milling plants of the sugar factories for extracting its juice, the fibrous residue left-over after the extraction of juice is known as ‘bagasse’, reveals Rao (1997). Major byproducts obtained during the manufacturing process of sugar are molasses, bagasse and press-mud, state Murthy and Subramanyam (1989). Bagasse, the fibrous residue of the cane stalk after crushing and extraction of the juice, consists of water, fibers and relatively small quantities of soluble solids. Bagasse which has about 50 per cent moisture is known as ‘mill wet bagasse’ consists of fiber 43-52 per cent, moisture 43-52 per cent, sugar three per cent and minor constituents 0.55 per cent, reveal Singh and Solomon (1995). Bagasse is an ingredient for the production of pressed building board, acoustic tile and other construction materials (www.answers.com). Bagasse was used for paper making in most grades of paper for production of cellulose which is used as a basis for rayon and high explosives. It is also used as fuel, animal feed, agricultural mulch and cattle breeding, states Chen (1985). The ash content present in bagasse is used for making fertilizers and for manufacturing of glass, reveals Hunsigi (2001).

The History of Corn


Corn is a domesticated form of teosinte, a wild grass found in isolated patches in the Mexican Western Sierra Madre. With the use of modern archeological and genetic techniques scientists estimate that teosinte was first domesticated in this area around 4,000 to 3,000 B.C. By 1400 B.C. corn cultivation had reached both Mexican coasts. This early corn looked very different than today’s corn in that the kernels were small and individually covered by their own floral parts (similar to oats and barley) and the cob readily broke into small fragments. Additionally, the grain generally developed near the top of the plant over a period of thousands of years, Mesoamerican natives improved the crop by systematically selecting for desired traits which has led to the present day appearance of corn. The crop eventually reached what is now southern New England approximately 1000 years ago. (cornhttp://www.tricountyfarm.org/Oregon.com.asp).


The word corn can be traced to an Indo European word that was translated to mean ‘small nuggel’. The various transmutations of this origin evolved into the Germanic ‘korn’ which means any cereal grain, and the Latin ‘granum’ (grain) which also refers to any edible grass seed when English and German settlers arrived in the new world they referred to the crop as “corn” referring to their generic term for an edible grass crop. They distinguished it from other grains by calling it “Indian corn”. The origin of the word maize is believed to be from Taino people, who inhabited the Islands in northern Antilles (near present day San Salvador where Christopher Columbus first landed. The Taino name for their crop was actually “mahis” which meant “source of life” over time the word has been transmutated phonetically into maize. (http : // www.corn.org/historycornrefining.htm).

2.5
DYEING OF COTTON FABRIC USING REACTIVE DYE WITH RECYCLED EFFLUENT WATER

Cotton
Cotton the “king of fibers” is closely linked to human civilization, affirm Sinha et al. (2006). Cotton continues to dominate the natural fiber market finding an outlet either alone or mixed with synthetic fibers, observe Wickens (2004). Cotton  fiber boast of its properties, like good absorption of fluid biodegradability, breathability, drapability, sterilisability, heat resistance, high wet strength, insulation, non-allergic, non-irritant, renewable resources, water retention, say Raghavan (2002).

The growth and all round development of the industry has a direct bearing on the growth process becoming more socially inclusive from ages. India has been a dominant player in cotton. Cotton is still the base material for clothes that come into direct contract with the human skin. Almost 80 per cent of the world’s apparel industry is cotton based and 68 per cent of the world’s clothing industry is cotton based and 32 per cent is synthetic. India is the world’s third largest producer of raw cotton, states Malligarjunan (2008).

Cotton as a textile fiber is associated with man, right from birth to the last breath, say Sinha et al. (2006). Cotton fabrics are characterized by good wearing qualities, excellent launderability, high absorbency, good colour fastness, easy dyeability and good pliability. Cotton is termed as the “White Gold” the kind of the fibers, states Archana et al. (2008) and Mahalingam (2001).

The use of cotton as the prime textile materials is by no means entirely due to cheapness and abundance, but rather to the fact that it provides material whose laundering properties are excellent because of the greater resistance, explain Tarafder et al. (2003). According to Gokarneshan (2001), the fiber properties that are vital for cotton are length distribution, strength, elongation, fineness, maturity, non-lint content and colour.

Reactive Dye

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


The introduction of reactive dyes may be considered as an important landmark in the development of synthetic dyes, state Mairal et al. (2001). ICI 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).


The highly popular reactives dyes on cotton and other cellulosics do not exhaust to high levels even in the presence of large amount of salt. The bifunctional dyes are some what better in this regard although in these cause also, the fixation, remains below 70-80 per cent. Pad-batch dyeing is an important technique for reactive dyeing on cotton and it offers better pollution prevention and energy efficiency.


Dyeing advantages are more uniformity of colour, more consistent quality and higher colour fastness with low capital investment (about one-third the cost of conventional exhaust dyeing unit) and overall cost saving up to 40 per cent in dyes, chemicals, labour and water. Highly reactive dyes give rapid fixation, shade reliability and repeatability.


The environmental advantages of this process include less colour in the waste water as the dye exhaustion is better (more than 90 per cent), no need for adding salt or chemical specialty agents to improve exhaustion, and reduced consumption of water and energy. Elimination of chemicals reduces waste as well as the waste water treatment cost.


The reason of the uniqueness of reactive dyes among other dyes are covalent bond between dye and textile substrate, describe Sekar and Deulgaonkar (2006). These are water soluble anionic dyes. In the past years reactive dyes were marketed mainly in powder form, but now-a-days it is available in either physical forms, such as highly concentrated aqueous solutions, pourable granules and finished powders, says Karmakar (2007).


The popularity of reactive dyes are by its virtue of brilliancy, easy to apply and good all round fastness properties. Dyeing obtained with these dyes show high stability to different conditions to storage and washing, cite Geeta ahd Harshal (2005).

Dyeing of Cotton

Dyeing operations are used to add colour to textiles and may take part in the process chain at different stages of production, either fiber, yarn or fabric (piece) dyeing, remark Lens et al. (2002). The appearance of a fabric is often determined by the stage at which the dye is applied, point out Butterick Publishing Company (2002). Dyeing of textiles is considered as the most important and expensive step in manufacturing of textile fabrics and garments, view Djordjevich and Diordjevich (2004). Now-a-days cotton dyeing is at its peak. Cotton is a natural cellulosic fiber and it is very difficult to dye, opine Gokum Consultants (2006). Generally cotton dyeing may take place at different stages of its development from fiber into fabric (Lens et al., 2002). Dyeing of cotton is carried out in 3 forms, fiber, yarn and fabric, say Srivastava and Keskar (2006).


Dyeing after spinning can be done as hank dyeing in which the spun yarn is dyed in hanks and then wound into a cone, or as package dyeing, in which the yarns wound in cones or packages are dyed in either vertical or horizontal spindle type machines, states McClure (2003). Typical yarn dyed fabrics are ginghams, plaids, checks, stripes and those with iridescent effects, remarks Dransart (2002).


Fabric or piece dyeing is the most common and economical means of colouring textiles, views Albers (2003). It involves immersing the woven goods in a dye-bath to give uniform colour, states Lawrence (2003). Piece dyed fabrics are usually a solid colour, but an exception to this occurs with cross dyeing, points out Gordon (2001). Fabrics are woven with a combination of different fiber types, each with a different affinity for certain dyes. The dyes that are accepted by one fiber are rejected by others resulting in fabrics that can resemble either yarn-dyed or fiber-dyed fabrics, states Thallon (2003).

3. EXPERIMENTAL PROCEDURE

The methodology pertaining to the study on “RECYCLING OF REACTIVE DYE EFFLUENT USING SELECTED AGRO WASTES”, is discussed under the following headings :


3.1
Selection of Fabric


3.2
Pre-treatment of the Fabric


3.3
Selection of Synthetic Dye and Shade



3.3.1
Synthetic Dye



3.3.2
Shade


3.4
Application of Reactive dye on Cotton Material


3.5
Collection of Effluent


3.6
Studying the Physico-Chemical Characteristics of Synthetic Dye            
Effluent



3.6.1
Potential Hydrogen (pH)



3.6.2
Colour



3.6.3
Chloride Content



3.6.4
Total Suspended Solids (TSS)



3.6.5
Total Dissolved Solids (TDS)



3.6.6
Oxygen Demand




3.6.6.1
Biological Oxygen Demand (BOD)




3.6.6.2
Chemical Oxygen Demand (COD)



3.6.7
Total Hardness



3.6.8
Calcium Hardness



3.6.9
Magnesium Hardness



3.6.10
Total Alkalinity


3.7
Treatment of Effluent using Agro Waste



3.7.1
Procedure Adopted for Treating the Reactive Dye Effluent Using Sugarcane Baggase and Corn Cob.


3.8
Analysis of Treated Effluent  Water


3.9
Reuse of Effluent Water for Dyeing


3.10
Nomenclature of the Dyed Samples and Effluent


3.11
Evaluation of the Dyed Samples



3.11.1
Subjective Evaluation




3.11.1.1
Visual Inspection



3.11.2
Objective Evaluation




3.11.2.1
Fabric Weight




3.11.2.2
Fabric Thickness




3.11.2.3
Tensile Strength and Elongation




3.11.2.4
Abrasion Resistance



3.11.3
Wettability and Absorbency Test




3.11.3.1
Drop Test




3.11.3.2
Sinking Test




3.11.3.3
Capillary Rise Test



3.11.4
Colour Fastness Test




3.11.4.1
Colour Fastness to Sunlight




3.11.4.2
Colour Fastness to Washing




3.11.4.3
Dry and Wet Pressing




3.11.4.4
Dry and Wet Crocking



3.11.5
Statistical Analysis and Interpretation of Data

3.1
SELECTION OF FABRIC

Cotton is the most popular among natural fibers, is admired by consumers the world over for its fascinating feel, comfort and versatility, points out Premmalik (2007). Cotton is used for a wide range of application from apparel to home textiles and a variety of specialized application, says Procil (2007). Cotton material with plain weave is the most commonly used fabric for various apparel purposes because of its even dye uptake and good appearance, state Kumar et al. (2002), Anitha and Jacob (2003).


Hence the investigator selected and purchased five meters of 60s count plain weave cent per cent cotton material for the study.

3.2
PRE-TREATMENT OF THE FABRIC


The aim of the preparatory process is improving the quality by removing impurities and foreign matters thoroughly and uniformly from the fabric and make the fabric suitable for follow up process, point out Anthappan et al. (2006).


The cloth from the loom state contains natural impurities like starches, gums, pectin materials, proteins, waxes and colouring matters. Efficient removal of these impurities during grey preparation is essential to guarantee proper dyeing process, view Prabhaharan and Rao (2003). Desizing plays a major and very important role in achieving a perfect fabric feel, explain Mogha and Kehra (2005). It is to remove the sizing ingredients present in a cloth to make it suitable for further processing, explain NIIR Board (2004) and Sivaramakrishnan (2005). Hence the selected cotton material was desized as per the standard procedure, is given in Annexure 1. After desizing one meter was kept aside as original.

3.3
SELECTION OF SYNTHETIC DYE AND SHADE 

3.3.1
Synthetic Dye

The type of dye stuff used for dyeing any particular fabric depends on the nature of the fabric and the fastness qualities in the finished goods. Cellulosic fibers are pre-dominantly dyed with reactive dyes in the presence of a considerable amount of salt and fixed under alkaline conditions, opines Kannan et al. (2005). Reactive dyes score over sulphur dyes on environmental grounds, vat dyes on cost, azoic on ease of processing, and direct dyes on fastness, points out Sivaramakrishnan (2004). Reactive dyes are valuable because they give very fast and often very bright colours, remarks NIIR Board (2004). The investigator selected commercially available reactive dye for the study, because of its ease of application and brilliance of shade. 

3.3.2
Shade

The material liquor ratio is also a unique quantity. This represents the weight of the dye bath liquor in other words the percentage of shade and the amount of material to liquor ratio which reflect the concentration of the dye bath liquor. The general preferences to categorize colour substrates are light, medium and dark in the field of colouration of material. Hence the investigator selected 5.0 per cent shade for this study.

3.4
APPLICATION OF REACTIVE DYE ON COTTON MATERIAL

The four meters of desized fabric was cut into two equal parts of sample A and B. The sample A was dyed by using reactive dye with 5.0 per cent shade. The procedure adopted for dyeing is given in Annexure  2. 

3.5
COLLECTION OF EFFLUENT

The nature and chemical composition of textile waste water will vary depending on the processes carried out in the textile process houses (Khandan et al., 2004). Effluents are generally hot, alkaline, strong smelling and coloured by chemical used in textile processing. Some of the chemicals are toxic and can lower the dissolved oxygen of receiving water, state Janakiraman and Benny (1998). After dyeing a portion of the effluent was collected in a suitable sterilized airtight container and stored at 4(C to find out the physico-chemical characteristics of the effluent (Plate – I).

3.6
STUDYING THE PHYSICO-CHEMICAL CHARACTERISTICS OF SYNTHETIC DYE EFFLUENT
In order to indentify the pollutants present in the effluent, analysis was carried out following the standard procedure. The parameters chosen for analysis of water depends on the purpose for which the water is to be used. In the textile industry, the following parameters are considered as more important to analyse potential hydrogen (pH), colour, chloride content, total suspended  solids  (TSS),  total   dissolved   solids  (TDS),   oxygen   demand, 

PLATE – I

EFFLUENT FROM DYEING UNITS
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biological oxygen demand (BOD), chemical oxygen demand (COD), total hardness, calcium hardness, magnesium hardness, total alkalinity and chloride content (Chavan, 1998). In the present study, the physic-chemical parameters were analysed by using standard methods.

3.6.1
Potential Hydrogen (pH)

pH is a measure of the hydrogen ion concentration in water, defines De (2003). The pH of any dye effluent is a very important parameter as it indicates instantaneously, the acidic or alkaline condition of the effluent, states Kenkel (2002). The pH of the effluent streams from various departments varies from 6.2 to 12. As suggested by Adams (2003) the pH of the sample was first determined by pH paper and then confirmed by pH meter. Standard buffer solutions were prepared using ready buffer tablets with known pH values and distilled water with a pH 5.6 – 6.3.

3.6.2
Colour

The effluent contains dyes and chemicals in higher concentration which impart colour to the receiving streams, states Manivasakam (1997). Colour is expressed in Hazen units. Colour of water is extremely pH dependent, describe Rajor et al. (2005). Colour is considered as a prominent pollutant of dye house effluent, determination of colour was done by visual comparison. As per Manivasakam (1995) colour comparison involves the use of standard colour shade prepared by using potassium chloro-platinate and cabaltus chloride. Fifty millilitre of effluent water were taken in Nessler tubes separately. The samples were compared with prepared colour standards by looking vertically downwards against a pure white surface. Result was given in Hazen unit which was calculated using the following formula,


Hazen unit
=
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where,
A
=
estimated colour of a diluted sample



B
= 
ml sample taken for dilution

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). Chlorides are determined by titration with silver nitrate (AgNO3) solution using potassium chromate as indicator, views Krishnagopal (2004). 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 millilitre of the sample was taken in a conical flask. Two millilitre of potassium chromate indicator solution was added, titrated against standardized 0.028 N 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 present in the effluent is as follows :

Chloride mg / litre
=
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=
Equivalent weight of silver nitrate.

3.6.4
Total Suspended Solids (TSS)

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


To calculate the TSS, 100 ml of effluent water was taken in a dry weighed evaporating disc and evaporated to almost dryness preferably on a sand bath. Care is to be take that no spurting takes place during evaporation. It is then transferred to an oven maintained at 105 + 5(C and kept for one hour. Then it is cooled in a desicator and weighed. The total suspended solids are calculated by using the formula is as follows

Total suspended solids (TSS) (ppm)
=
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3.6.5
Total Dissolved Solids (TDS)

The dissolved matter present in waste water is usually referred as total dissolved solids. The colloidal and dissolved impurities produce turbidity in the receiving waters, states Krishnagopal (2004).


Hundred milliliter of effluent water was first filtered in the dry weighed evaporating disc and evaporated to almost dryness preferably on a sand bath. It is then transferred to an oven then it is heated. It is cooled in a desicator and weighed. The solid dissolved matter in the effluent water is determined by the remaining solids in the filtered water. The solid content is determined by following the formula

Total dissolved solids (TDS) (ppm) =
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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 chemical oxygen demand (COD), points out 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) and Csurios (1999). 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 20(C for five days, suggests Sodhi (2000). One ml 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 concentrated 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 bottles were inoculated with small amount of micro-organisms and kept for incubation of a duration of five days at 20(C in the BOD incubator and the other set of the sample was used to determine the dissolved oxygen content 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. Disappearance of blue colour was taken as the end point, as suggested by Henze et al. (2001) and Arceivala (1998). BOD of the samples in milligrams / liter was calculated as per the formula, recommended by Gopal (2004).

BOD  =  
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where  D.O. 
=  Dissolved oxygen, 8 = equivalent weight of oxygen.

3.6.6.2   Chemical oxygen demand (COD)

Chemical oxygen demand is the measure of oxygen required in oxidizing the organic compounds present in water by means of chemical reactions involving oxidizing substances such as potassium dichromate and potassium permanganate, state Neelima et al. (2005). The estimation of COD is of great importance for water having unfavourable conditions for the growth of micro organisms, such as presence of toxic chemicals. In such water BOD cannot be determined accurately. However, COD too is not a perfect index of organic compounds and at the same time some organic compounds remain unaffected, says Purohit et al. (2004).


Fifty millilitre of the sample was taken in a refluxing flask. A pinch of mercuric sulphate salt, five millilitre of sulphur sulphate and five millilitre of silver sulphate and five ml of potassium dichromate solution were added to it. After the addition of 20 millilitre of concentrated sulphuric acid, the sample was refluxed for three hours. After cooling, the contents were dilute 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 of distilled water, as suggested by Alley (2000). COD was calculated as per the formula, given by Wang et al. (2004).

COD mg / litre   =  
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3.6.7
Total Hardness

The hardness of water is not a pollution parameter but indicates water quality and is a measure of the capacity of water to precipitate soap, opines De (2003). Total hardness of the effluent water was determined using the ethylenediaminetetra acetic (EDTA) titrimetric method, as suggested by Sawyer et al. (2002) and Balazsy et al. (1998).


Fifty millilitre of the sample was taken in a content flask and five millilitre ammonia buffer solution and 0.2 g of eriochrome black T solid indicator were added and titrated against 0.01 M EDTA solution. The end point was noted as the colour charge from red to blue. Total harness was obtained in milligrams per liter by multiplying the volume of the added EDTA by 20.

3.6.8
Calcium Hardness

Calcium harness of the effluent treated water was estimate by taking 50 ml of the sample in a conical flask to which 2 ml of 4 N NaOH and a drop of meroxide indicator were added and titrated against 0.01 M EDTA solution. The colour change from pale pink to purple was noted to be the end point, as suggested by Nielsen (2003). Calcium hardness was calculated with the same formula used for total hardness of water.

3.6.9
Magnesium Hardness

Magnesium hardness of the effluent water was calculated by subtracting the value of calcium hardness from the total harness, as suggested by Boyd (2000). The values were recorded

3.6.10
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, state Tamminen (2004). Total alkalinity was determined by the potentiometric titration of the effluent water against a standard solution of strong acid, as suggested by Nollet et al. (2000).


Fifty millilitre of the sample was taken in a conical flask to which one ml methyl red and five ml bromocresol green (mixed indicator) were added and titrated against 0.02 N M2SO4. The end point was the colour change from royal blue to pink.

Total alkalinity of the solution was calculated using the formula,

Total alkalinity
=
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V
=
Volume (ml) of acid added N – Normality of standard acid.

3.7
TREATMENT OF EFFLUENT USING AGRO WASTE

Waste management and recycling industrial waste management, agro waste, municipal garbage, plastic, paper, metal, iron, glass, rubber, electronic, medical waste recycling, solid waste treatment, agricultural wood waste, residue processing dye removal from aqueous solution by using adsorption on sugarcane bagasse and corn cab (Azhar et al., 2005).

3.7.1
Procedure Adopted for Treating the Reactive Dye Effluent using Sugarcane Bagasse and Corn Cob

The investigator selected sugarcane bagasse and corn cob to treat the reactive dye effluent for the study.


Two flower pots made out of cement were used for treating the effluent which had a hole at the bottom of it to drain the treated effluent water. Gravels were spreaded over the stones. 500 grams of sugarcane bagasse (Plate – II) and 500 g corn cob (Plate – III) were filled in each pot. In between the gravels and treated materials fine nylon mesh was placed to allow filtration of the treated effluent water. Ten litres of reactive dye effluent was poured into the first sugarcane bagasse pot. The same way ten litres of reactive dye effluent was poured into the second corn cob pot. It was allowed for twenty four hours to  treat  the  effluent  water. At  the  end  of twenty four hours the fully treated 

	PLATE – II

TREATED THE REACTIVE DYE EFFLUENT USING SUGARCANE BAGGASSE
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PLATE – III

TREATED THE REACTIVE AND DYE EFFLUENT USING CORN CAB
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	COLLECTION OF TREATED EFFLUENT IN A TRAY
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effluent water was collected in a tray and centrifuged at 4000 rpm for 20 minutes to settle out the solids derived from sugarcane bagasse and corn cob. Centrifugation increase the effect of gravity on suspended solids and resulting in settling down of solids, explains Ulman (1995). The treated effluent water was stored in a container for analysis and reuse.

3.8
ANALYSIS OF TREATED EFFLUENT WATER

The physico-chemical characteristic like pH, chloride content, total dissolved solids, total suspended solids, BOD, COD, total hardness and total alkalinity were analyzed following the same procedure used for analyzing reactive dye effluent before treatment.

3.9
REUSE OF EFFLUENT WATER FOR DYEING


As waste water is being treated during its course of flow, as an indirect benefit, recycling of water for requirements of lesser importance can also be arranged thus easing the pressure on water demand, views Poothia (2006).In the twentieth century, it was realized that environment needs to be protected from pollution. Colour in the textile effluent cannot be removed by simple operation. Hence, decolourising the dye effluent before its reuse for further dyeing is the only practical way to reduce pollution, cite Bardhan and Sule (2004). 


The sample B was dyed with treated effluent water by using reactive dye with 5.0 per cent shade.

3.10
NOMENCLATURE OF THE DYED SAMPLES AND EFFLUENT

TABLE – I

NOMENCLATURE OF THE EFFLUENT SAMPLES AND DYED SAMPLES

	S.No.
	Samples
	Code 

	1.

2.

3.

4.
	Original cotton sample

Reactive dye sample

Reactive dye treated with sugarcane baggasse – A

Reactive dye treated with corn cob – B
	O

RDE

RDTA

RDTB



The reactive dyed samples using before and after agro waste water effluent treatment. It was evaluated carefully and subjected to various objective and mechanical tests. 

3.11
EVALUATION OF THE DYED SAMPLES

3.11.1   Subjective Evaluation


Sadhana and Naik (2006) say a subjective measurement is one in which the opinion of the person is directly involved in carrying out the measurement. Subjective evaluation is the method of describing fabric handle based on the experiment and variable sensitivity of human being. Textile fabric was touched, squeezed, rubbed and handled to obtain information about the physical parameter, pointed by Mandel (2006) and Samy et al. (2001).

3.11.1.1   Visual Inspection


The original and the reactive dyed samples using untreated effluent and agro waste treated effluent were evaluated by a panel consisted of 30 members post graduate students of textiles and clothing and biotextiles, Avinashilingam University for Women, Coimbatore. A rating scale was prepared and used for evaluation is given in Annexure VI . The samples were displayed for evaluation. The prepared rating scale was given to the selected members and they were requested to evaluate the samples. Scores were collected and consolidated and presented in the chapter Results and Discussion. 

3.11.2   Objective Evaluation


Textile testing is the process of inspecting, measuring and evaluating the characteristics and properties of textile materials. The original and dyed and treated samples were tested for their fabric weight, fabric thickness, breaking strength and elongation, abrasion resistance, wettability and absorbency tests. 

3.11.2.1   Fabric Weight


Fabric weight is an important component for comparing the two similar fabric constructions. Saini (2004) describes fabric weight as the relative weight of the fabric and expressed as the weight of a particular size of piece, such as grams per square meter or ounces per square yard.


Weight of the fabric is determined as weight per unit area, states Stoker et al. (2005). A sample (10 cm x 25 cm) was cut using a template and electronic weighing balance (Plate – IV) was used to find out the weight of the samples. The inference obtained was calculated using the formula :

Grams per square meter (GSM)
=
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The same procedure was followed to find out the fabric weight of original and dyed samples used before and after treated effluent. Fabric weights were carefully recorded and the mean value was calculated. 

3.11.2.2   Fabric Thickness


Fabric thickness is defined as the distance between the upper and lower surface of the material measured under a standard pressure, using the Baty Thickness Tester (Plate – V) with an accuracy of 0.01 mm as explained by Stoker et al. (2005) and Paul (2006). The fabric was placed between the pressure foot and anvil, the reading was noted from the dial. Ten readings were taken from different places of the original and samples dyed  with before and after treated effluent samples the mean value was calculated.

3.11.2.3   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 a warp or weft direction (Angappan, 2002).


The Eureka Model Tensile Strength Tester (Plate – VI) was used for the study. The rate of traverse and capacity of the machine was 48 cm / min and 90 kg respectively. The gauge length was kept as 25 cm. 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 33 cm and 7 cm 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. Ten readings were noted for each category.

3.11.2.4   Abrasion Resistance


Abrasion is just one aspect of wear and is the rubbing away of the component fiber and yarns of the fabrics. 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 assess the durability of the fabric, states Basu (2006).


The Eureka Martindale Abrasion Resistance Tester (Plate VII) 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 original, dyed samples 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 holder. 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 sample was found out. The same procedure was repeated for all other samples and the mean value of the ten readings for each of the sample was calculated. The loss in weight of each material was recorded separately. 

3.11.3   Wettability and Absorbency Test


The wettability and absorbency tests included drop test, sinking test and capillary rise test.

3.11.3.1   Drop Test


The ability of a fiber to take up moisture is termed as absorbency. According to Skinkle (1979) wettability is the time taken in seconds for a drop of water to sink into the fabric. If any fabric takes more than 200 seconds to absorb water the same is considered as unwettable.


A burette filled with distilled water was clamped in a stand. The sample was mounted in an embroidery frame and was placed at the base of the stand. The distance between the sample and burette nozzle was kept constant as shown in (Plate – VIII). The nozzle of the burette was opened just to allow a drop of water to fall on the sample. The stop watch was started simultaneously and it was stopped when the drop of water fully sank into the material. The time taken for this was noted. The same procedure was repeated for ten times for the original, samples and the mean value was calculated and recorded.

3.11.3.2   Sinking Test


Sinking test is a simple test that helps to measure the wettability of a fabric, states Booth (1996) and Skinkle (1979). Ten samples were cut into the size 5 cm x 5 cm square from the mercerized original and the dyed samples. A 1000 ml beaker was filled with distilled water and few drops of wetting agent was added into the distilled water. The sample was dropped on the surface of the water from a standard height. The stop watch was started when the fabric struck the surface of water and stopped when the last corner sank below the water surface as shown in (Plate IX) and the time required for the sample to sink was noted. The same procedure was repeated for ten samples. The mean value was calculated for all the samples. Similarly, the mean values of the original, dyed with before and after treated effluent used samples were calculated and the sinking time of each material was recorded separately. 

3.10.3.3   Capillary Rise Test


Paul et al. (2006) pointed out that the capillary travel method measures the rapidity of absorption. Ten samples were cut into sizes of 15 cm length and 2.5 cm width from the original and dyed with before and after treated effluent used samples. One end of the sample strip was pasted with a glass rod which was placed on heavy wooden blocks and at the other end, two grams weight was attached to keep the sample straight. At the weighed end 2 cm of the sample was allowed to immerse in a tray of distilled water as shown in Plate X. The rise of the water level in the strip was noted by keeping length of the fabric as 5 cm constant. The same procedure was repeated for ten samples from the same material and the mean value was calculated and the capillary rise of each material was recorded carefully. 

	PLATE – IV

GSM CUTTER
	PLATE – V

HUNGARIAN THICKNESS GUIDE 
	PLATE – VI

EUREKA CLOTH TENSILE STRENGTH TESTER
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	PLATE – VII

MARTINGALE ABRASION TESTER
	PLATE – VIII

DROP TEST
	PLATE – IX

SINKING TEST
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	PLATE – X

CAPILLARY RISE TEST
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3.11.4   Colour Fastness Test


When a dye is present on a textile material it is suppose to have certain fastness properties like fastness to washing, light, pressing and crocking. Different classes of dyes possess these fastness characteristics in different degrees, view Pant et al. (2001). Assessment of fastness involves a visual determination of either change in shade or staining of an adjacent material. Grey scales were used to compare the loss of colour or staining of any hue irrespective of depth, as suggested by Raul (2005).


Dyeing does not mean only to impart attractive hue on the fiber, but to obtain fast colour on it, opine Maniruzzaman et al. (2006). 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 (Annexure – VI). 

3.11.4.1   Colour Fastness to Sunlight


The samples were exposed to sun for a period of time and then compared with an unexposed sample. A sample size of 20 cms x 5 cms was cut from each of the samples. Eight dimensions of 2.5 cms width each was marked on it. The strip was covered with a black chart paper, marked with equal number of divisions. First division was cut and exposed on the first day. The second division was cut on the second day and so on. Finally, the first division after exposure for seven days was assessed for colour change in comparison with the original, using a grey scale with grades of fastness ranging from 1-5 as recommended by Raul (2005).

3.10.4.2   Colour Fastness to Washing


The capability of dyed material to retain its colour even when subjected to water, detergent, kneading and rubbing is called fastness of the material to washing. As recommended by Trotman (1990) a sample of dyed material measuring 10 cm x 10 cm was cut and the sample was sandwiched between the two desized white materials of same size. The sample was soaked in 5 per cent 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 on 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 were assessed and thus recorded the colour change of dyed material separately.

3.11.4.3   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 into 5 cm x 10 cm. They were kept between the white bleached material both in dry and wet condition and were passed with a heavy iron for five seconds at a temperature at 425(F and 10 seconds at 350(F respectively.


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

3.11.4.4   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 sample size of 20 cm x 10 cm was cut from the dyed material and mounted on a flat base of the crockmeter. A white desized material of 5 cm x 5 cm 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 transfer 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 20 cm x 10 cm was cut from the dyed material and mounted on a flat base of the crockmeter. A white desized material of 5 cm x 5 cm 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 transfer 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. 

3.11.5   Statistical Analysis and Interpretation of Data

Statistics is indispensable in research work. The large volume of numerical information can be effectively organized, presented and analyzed through statistical methods. Mean is the most popular and widely used measure of representing the entire data by one value, views Mann (2004). 

4.  RESULTS AND DISCUSSION

The results of the study on “RECYCLING OF REACTIVE DYE EFFLUENT USING SELECTED AGRO WASTES”, are discussed under the following heads.


4.1
Effluent water analysis before and after treatment


4.2
Subjective evaluation



4.2.1
Visual evaluation of dyed samples


4.3
Objective evaluation



4.3.1
Fabric weight



4.3.2
Fabric thickness



4.3.3
Tensile strength and elongation



4.3.4
Abrasion resistance


4.4
Wettability and  absorbency test


4.5
Colour fastness test

4.1
EFFLUENT WATER ANALYSIS BEFORE AND AFTER TREATMENT


The selected physico-chemical parameters for analysis of reactive dye effluent before and after treatment are given in Table – II.

TABLE – II

EFFLUENT WATER ANALYSIS BEFORE AND AFTER TREATMENT

	S.No.
	Parameters
	Before treatment
	After treatment

	
	
	RDTA
	RDTB
	RDTA
	RDTB

	1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
	pH

Colour (Hazen unit)

Chloride content (mg / l)

TSS (mg / l)

TDS (mg / l)

BOD (mg / l)

COD (mg / l)

Total Harness (mg / l)

Calcium Harness (mg / l)

Magnesium Hardness (mg / l)

Alkalinity (ppm)
	9.8

240

640

220

4400

36

310

2610

751

309

791
	8.3

306

589

192

2859

84

251

3119

626

287

801
	9.6

6

286

152

2761

12

196

1345

385

179

684
	7.9

9

310

166

2012

79

188

2765

447

168

756



From the above Table – II, it was obvious that the decolourisation efficiency was excellent after effluent treatment with sugarcane begasse (RDTA) and corn cob (RDTB). TDS level of the effluent water was high before treatment and it had been reduced to 2761 mg / l form 4400 mg / l in RDTA and 2012 mg / l from 2859 mg / l in RDTB. Total harness was reduced to 1345 mg / l from 2610 mg / l in RDTA, and 2765 mg / l from 3119 mg / l in RDTB present in dye effluent before treatment. Thus it could be concluded that the agro waste could be used effectively in the effluent to reduced the pollution / load thus we can protect the environment.

4.2
SUBJECTIVE EVALUATION

Visual Evaluation of Dyed Fabrics

The result of visual examination is presented in Table – III.

TABLE – III

VISUAL EVALUATION OF DYED SAMPLES
	S.No.
	Samples
	General appearance
	Brightness of shade
	Evenness in dyeing

	
	
	Excellent
	Good
	Fair
	Bright
	Medium
	Dull
	Even
	Uneven

	1.

2.

3.
	RDS

RDTA

RDTB
	65

60

55
	35

40

45
	-

-

-
	90

75

85
	10

25

15
	-

-

-
	100

100

100
	-

-

-



From the above Table – III it was clear with regard to general appearance RDS, RDTA and RDTB sample were rated as excellent by 65 per cent, 60 per cent and 55 per cent judges respectively. The samples dyed with reactive dye using treated effluent water (RDTA) and (RDTB) were ranked as good than the samples dyed using soft water (RDS). The RDS, RDTA and RDTB samples were rated as bright by 90 per cent, 85 per cent and 75 per cent of the judges respectively. All the samples were rated as even by cent per cent of the judges.

4.3
OBJECTIVE EVALUATION

Fabric Weight

​
The fabric weight of the original and dyed samples using before and after effluent treated samples are shown in the Table IV and Figure 1.

TABLE – IV

FABRIC WEIGHT

	S.No.
	Sample
	Mean weight in GSM
	Gain or loss over original
	Percentage gain or loss over original
	‘F’ ratio

	1.

2.

3.

4.
	O

RDE

RDTA

RDTB
	1.023

1.015

1.023

1.022
	-

- 0.100

--

- 0.001
	-

- 0.78

-

0.009
	4.81*


* Significant at  5 % level.
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FIGURE – 1

FABRIC WEIGHT


It was evident from the above Table IV that almost all the dyed samples revealed reduced fabric weight performance than the original. Among the reduced values, RDE sample recorded maximum reduction. The greater the mean value greater in the fabric weight of the sample.


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


The above data clearly  showed that there was no gain in fabric weight irrespective of effluent used with regard to fabric weight.

Fabric Thickness


The fabric thickness of the original and dyed samples using before and after effluent treated samples are shown in the Table – V.

TABLE – V

FABRIC THICKNESS

	S.No.
	Sample
	Mean Thickness (mm)
	Loss or gain over original
	Percentage gain or loss over original
	‘F’ ratio

	1.

2.

3.

4.
	O

RDE

RDTA

RDTB
	29

28

26

25
	-

1

- 3

- 4
	-

3.44

- 10.34

-13.79
	44.98**


* *Significant at 1 % level.


The greater the mean value, the greater is the thickness of the sample. From the above Table – V and Figure – 2 it was clear that there was not much difference between the before and after treated effluent used samples when compared with original. 

Thickness of the samples RDTA and RDTB was found to be similar but exhibited lowered thickness mean value than the RDE sample.
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FIGURE – 2

FABRIC THICKNESS


Statistical analysis proved the fact that 1 per cent level of significant difference was found between before and after treated effluent used samples with respect to fabric thickness. 

With regard to fabric thickness, there was no improved performance was noticed irrespective of effluent used in reactive dyeing. 

Tensile Strength and Elongation

The tensile strength of the original and dyed samples using before and after  effluent  treated  samples  (warp) are shown in the Table – VI and Figure – 3.

TABLE – VI

TENSILE STRENGTH (WARP)

	S.No.
	Sample
	Mean weight  in kg / cm2
	Loss or gain over original
	Percentage gain or loss over original
	‘F’ ratio

	1.

2.

3.

4.
	O

RDE

RDTA

RDTB
	24

21

22

18
	-

- 3

- 2

- 6
	-

-12.5

- 8.3

-2.5
	23.19**


* *Significant at  1 % level.

The higher the mean value, the higher is the tensile strength of the sample. From the above table it was evident that the dyed samples revealed reduced tensile strength values than the original. 

Statistical analysis proved that there was significant difference at one per cent level before and after treated effluent used samples with regard to tensile strength in warp direction.
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FIGURE – 3

TENSILE STRENGTH - WARP

Tensile Strength (Weft)


The tensile strength of the original and dyed samples using before and after  effluent  treated  samples  (weft)  are  shown  in  the  Table – VII and Figure – 4.

TABLE – VII

TENSILE STRENGTH (WEFT)
	S.No.
	Sample
	Mean thickness in kg / cm2
	Loss or gain over original
	Percentage gain or loss over original
	‘F’ ratio

	1.

2.

3.

4.
	O

RDE

RDTA

RDTB
	27

24

24

23
	-

- 3

- 3

- 4
	-

- 11.11

- 11.11

-14.81
	4.17*


* Significant at 5 % level.

The above Table – VII and Figure – 4 showed the tensile strength of weft side samples. The higher the mean value, the higher is the tensile strength of the sample. It was evident from the data that the dyed samples exhibited reduced tensile strength values in the weft direction.


Statistical analysis proved that there was significant difference at 5 per cent level before and after treated effluent used samples with regard to tensile strength in weft direction.


With respect to tensile strength, all the dyed samples  exhibited decreased tensile strength performance in both warp and weft direction. 
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FIGURE – 4

TENSILE STRENGTH - WEFT

Elongation – Warp 

The fabric elongation of the original and dyed samples using before and after effluent treated samples (warp) are shown in the Table – VIII and Figure – 5.

TABLE – VIII

ELONGATION (WARP)
	S.No.
	Sample
	Mean weight in inch 
	Gain or Loss over original
	Percentage gain or loss over original
	‘F’ ratio

	1.

2.

3.

4.
	O

RDE

RDTA

RDTB
	1.0

1.0

1.2

1,0
	-

0

0.2

0
	-

0

20

0
	NS


NS – Not Significant 

The higher the mean value, the greater is the elongation of the sample. From the above Table – VIII and Figure – 5 it was obvious that dyeing was reduced the fabric elongation of warp side of all the samples, irrespective of effluent water used for dyeing.


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


With regard to elongation there was increased performance in the warp and weft direction with sample RDTA only.
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FIGURE – 5

ELONGATION - WARP

Elongation – Weft


The fabric elongation of the original and dyed samples using before and after effluent treated samples (warp) are shown in the Table – IX and Figure – 6.

TABLE – IX

ELONGATION (WEFT)
	S.No.
	Sample
	Mean weight in inch 
	Gain or Loss over original
	Percentage gain or loss over original
	‘F’ ratio

	1.

2.

3.

4.
	O

RDE

RDTA

RDTB
	1.1

1.0

1.3

1.1
	-

0.1

0.2

0
	-

9.09

18.18

0
	3.16NS


NS – Not Significant 

It was obvious from the above Table – IX and Figure – 6 that it was obvious that reactive dyed sample used before treatment showed increased elongation performance in the weft side of the sample. Reactive dyed sample with sugarcane bagasse treated effluent used water (RDTA) revealed maximum increased mean value than the rest of the samples.


Analysis of variance and test of significance also proved that there was no significant difference between before and after treated effluent used samples with regard to fabric elongation in weft direction.
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FIGURE – 6

ELONGATION - WEFT

Abrasion Resistance


The fabric abrasion resistance of the original and dyed samples using before and after effluent treated samples are shown in the Table – X and Figure – 7.

TABLE – X

ABRASION RESISTANCE
	S.No.
	Sample
	Mean abrasion resistance (g) 
	Loss or gain over original
	Percentage loss or gain over original
	‘F’ ratio

	1.

2.

3.

4.
	O

RDE

RDTA

RDTB
	4.8

4.4

4.7

5.4
	-

- 0.4

- 0.1

0.6
	-

- 8.33

- 2.08

12.5
	4.67*


* Significant at 5 % level.

The greater the loss in weight, the lesser is the resistance to abrasion. From the above Table – X and Figure – 7, it was clear that the reactive dyed sample with effluent treated water revealed maximum weight loss where as the reactive dyed sample using soft water before treatment showed minimum loss.


Analysis of variance and test of significance also proved that there was significance difference at 5 per cent level before and after treated effluent used samples with regard to abrasion resistance.


It was evident from the data that among the agro waste treated effluent used samples. Maximum loss in abrasion resistance was noticed with corn cob used effluent used sample. Thus it could be concluded that sugarcane bagasse used effluent treated sample showed better performance. 
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FIGURE – 7

ABRASION RESISTANCE

4.4
WETTABILITY AND ABSORBENCY TEST

The wettability and absorbency test includes capillary rise test, sinking test and drop test samples are given in Table – XI and Figure – 8.

TABLE – XI

ABSORBENCY TEST
	S.No.
	Sample
	Capillary rise test mean value (sec)
	Drop test mean value (sec)
	Sinking test mean value (sec)

	1.

2.

3.

4.
	O

RDE

RDTA

RDTB
	3.0

2.8

1.9

1.7
	20

27

25

23
	25

39

38

35



The above table revealed the fact that with regard to wettability and absorbency performance, effluent treated using corn cob used for dyeing (RDTB) showed greater absorbency performance than the rest of the samples.


Among the agro waste used effluent treated, corn cob used effluent treated sample showed better performance. 
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FIGURE – 8

ABSORBENCY

4.5
COLOUR FASTNESS TEST


Colour fastness results of dyed samples are given in Table – XII.

TABLE – XII

COLOUR FASTNESS TEST
	S.No.
	Sample
	Sunlight
	Pressing
	Crocking
	Washing

	
	
	
	Dry
	Wet
	Dry
	Wet
	
	

	
	
	
	Colour change
	Stain
	Colour change
	Stain
	Colour change
	Stain
	Colour change
	Stain
	Colour change
	Stain

	1.

2.

3.
	RDE

RDTA

RDTB
	5

4

5
	5

4

5
	4

5

5
	5

5

5
	4

4

4
	5

5

5
	5

5

5
	4

4

4
	3

4

4
	5

5

5
	4

3

3



From the table it was evident that among the reactive dyed samples RDTB showed maximum value of 5 with respect to various colour fastness properties. The samples dyed by using agro waste treated effluent showed good and better performance.


Considering colour fastness to sunlight, washing, crocking and pressing, all the reactive dyed samples scored maximum level. Samples subjected to colour fastness tests exhibited excellent fastness properties.


Thus it could be concluded that the reactive dyed samples proved good colour fastness property to sunlight, washing, pressing and crocking irrespective of agro wastes used for effluent treatment.

5.  SUMMARY AND CONCLUSION

In the textile industry, water is a fundamental element used in production, until recently the Indian dye houses and textile factories have not considered the gravity of the discharge problems. The Indian government has made a firm decision to impose a binding ultimatum on the sector that water can no longer be discharged untreated into the environment. The challenge is now to reach zero discharge conditions in short time as possible. Due to increased awareness of the polluting nature of textile effluents, social pressure is increasing on the textile processing industry. This is because of adverse effects of dyeing industries which are letting out the effluent into the environment.


Recycling of dye effluent by means of eco friendly methods may be used because it is cost effective and economically viable treatment. The recycled effluent water could also be used for redyeing so as to save water and also to reduce pollution. Hence an attempt is made to treat the effluent with sugarcane bagasse and corn cob. The investigator made trial to choose suitable and effective treatment for the effluent water and reuse it for dyeing of cotton fabric. The specific objectives of the study were :

· To analyse the physico chemical analysis of the reactive dye effluent before and after the treatment.

· To decolourise the reactive dye effluent using agro waste.

· To dye cotton fabric using tap water and agro waste treated water.

· To compare and assess the performance of the dyed samples.

Hundred per cent cotton plain weave, desized cloth was selected for the research study. The selected fabric was dyed by using reactive dye. After dyeing, reactive dye effluent was collected separately. Ten litres of effluent was collected and used for physico-chemical analysis. The remaining effluent was treated with agro waste, ten litres of reactive dye effluent was poured into the first sugarcane bagasse pot. The same way ten litres of reactive effluent was poured into the second corn cob pot. The effluent were allowed to twenty four hours in the pots. At the end of  twenty four hours the fully treated effluent water was collected and centrifuged at 4000 rpm for 20 minutes to settle out the solids derived from sugar cane bagase and corn cob. After the treatment, the reactive dye baths were used again for second dyeing with their respective dyebaths.

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

Findings of the Study
· The pollution load of dye effluent water had been reduced to an appreciable amount. TDS was found to be 2761 mg / l from 4400 mg / l in  RDTA and 2012 mg / l from 2859 mg / l in RDTB and total harness was brought down to 1345 mg / l from 2610 mg / l in RDTA, and 2765 mg / l from 3119 mg / l in RDTB. It was found that the parameters were reduced considerably irrespective of agro wastes used for the effluent treatment.

· With regard to visual inspection all the samples were rated as even by 100 per cent of the judges, 75 to 90 per cent of the judges were expressed as bright and 55 to 65 per cent of the judges were rated all the dyed samples as excellent irrespective of before and after effluent treated water used in reactive dyeing. 

· Regarding the data clearly showed that there was no gain in fabric weight irrespectively of effluent used with regard to fabric weight.

· With regard to fabric thickness, there was no improved performance was noticed irrespective of effluent used in reactive dyeing.

· With respect to tensile strength, all the dyed samples exhibited decreased tensile strength performance in both warp and weft direction.

· With regard to elongation there was increased performance in the warp and weft direction with sample RDTA only.

· It was evident from the data that among the agro waste treated effluent used samples, maximum loss in abrasion resistance was noticed with corn cob used effluent used sample. thus it could be concluded that sugarcane baggase used effluent treated sample showed better performance.

· Among the agro waste used effluent treatment, corn cob used effluent treated sample showed better performance.

· Thus it could be concluded that reactive dyed samples proved good colour fastness property to sunlight, washing, pressing and crocking irrespective of agro wastes used for effluent treatment. 

CONCLUSION

It was inferred from the study that among the agro waste namely sugarcane bagasse and corn cob used for effluent treatment, sugarcane bagasse used reactive dye effluent treated sample excelled in all the selected parameters used for the study. The results of this study also proved that the treated water may be pollution free. Hence it may be concluded that recycling of reactive dye effluent water may be encouraged for the purpose of dyeing. Thus it may be concluded that use of agro wastes for the effluent treatment may be advisable and more effective. 
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ANNEXURE –  I

DESIZING OF COTTON MATERIAL

Desizing plays a major and very important role in achieving a prefect fabric feel. Desizing is processes to remove the sizing materials present in a cloth to make it suitable for further processing. This processes is mainly aimed at degrading the starch to more soluble products. Cotton fibers like most natural fibers need some form of treatment to make them suitable for dyeing and finishing. This treatment removes natural impurities are called preparation of pretreatment. The desizing procedure is given below :

Recipe
Materials liquor ratio MLR

-
1 : 20

Cotton Fabric (meters(

-
5

Soap Powder (gm)


-
25

Water (litre)



-
6

Temperature



-
100(C

Time (hour)



-
1


Twenty five grams of soap powder was dissolved in six litres of soft water. The selected cotton material was boiled with soap solution at 100(C for one hour. Then the material was taken out and rinsed thoroughly in soft water for five times and finally dried in the direct sunlight.

ANNEXURE –  II

APPLICATION OF REACTIVE DYE ON COTTON MATERIAL

Recipe


Weight of Fabric


275 gtams




Shade




5 %


Material Liquor Ratio (MLR)
1 : 15


Caustic Soda



105 g / llit


Sodium Chloride
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Procedure for dyeing

The fabric ‘A’ was soaked in soft water for thirty minutes and squeezed. The dye stuff was made into paste with warm water, which is then added  to the measured amount of water and stirred well. The wet sample was then introduced into the dye bath and boiled for ten minutes. The sample was taken out, sodium chloride was added, content was thoroughly dissolved and the sample was re-entered into the dye bath and again boiled for twenty minutes. The fabric was taken out and soda ash was added in the dye bath. The sample was re-entered and again continued boiling for thirty minutes. Finally the sample was taken out, washed thoroughly by changing three times of fresh water. 4g pl or acetic acid was added in the final rinse of water the sample was taken out, squeezed and dried in the shade.

ANNEXURE –  III
DETAILS OF THE SELECTED FABRIC

                                                      Original (O)
Composition
 
-
100 % COTTON

Weave

-
Plain

Ends / inch

-
132

Picks / inch

-
105

Fabric width

-
34”

Price / meter

-
Rs. 30/-

ANNEURE –  IV
DYED SAMPLES
	


	      Reactive Dyed Sample

       Before Treatment (RDE)

	
	

	

	

	Reactive Dyed Sample

After Treatment (RDTA)
	Reactive Dyed Sample

Before Treatment (RDE


RDE
=
Reactive dye sample

RDTA
=
Reactive dye treated with sugarcane baggase - A

RDTB
=
Reactive dye treated with corn cob

ANNEXURE – V 

PROFORMA USED TO EVALUATE THE DYED SAMPLES

	S.No.
	Sample
	General appearance
	Brilliancy of shade
	Evenness in dyeing
	Texture
	Lusture

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

	1.
	RDE
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2.
	RDTA
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3.
	RDTB
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


ANNEXURE – VI 

GREY SCALE USED TO VALUATE THE DYED SAMPLES


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

	Nomenclature
	Used for Colour Change

	5

4

3

2

1
	No change (Excellent)

Slightly changed (Good)

Noticeable changed (Fair)

Considerably changed (Poor)

Much changed (very poor)
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