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1.0 INTRODUCTION

The textile industry is a significant contributor to national economy encompassing both small and large-scale operations world wide in terms of output, production and employment views Parvathi et al. (2009). Considering environment and textiles, textile industry causes the maximum environmental damage by solid waste and liquid effluent. Textile industries use wide range of dyes, auxiliaries and processes to engineer required shape and properties of final products.

Currently more than 1,00,000 dyes are manufactured in the world annually. About 10% of the dye stuffs used during  dyeing process do not bind the fibers and therefore released in to the environment causing serious health hazards. A very small amount of dye in water (10-50 mg) affects the aesthetic value, transparency of water and gas solubility of water bodies State Kumar et al.(2009). The presence of unfixed dye is perceived as one of the major environmental problems reveal Leasri et al. (2007). In addition, only 47% of dye stuffs are biodegradable. It is estimated that 2% of dyes produced annually are discharged as  effluent from manufacturing operations, while 10% was discharged in effluent from processing units report Allen and Kaumanova (2005).

        With the increased demand for textile products, the textile industry and its waste waters have been increasing proportionately making it one of the main sources of severe pollution problems worldwide. The releasing of colored effluents into the environment is undesirable not only because of their color, but also many dyes and their breakdown products are toxic and mutagenic. Without adequate treatment these dyes are stable and remain in environment for a longer time state Stantos et al. (2007). Dyes in water bodies are hazardous to aquatic organisms. Toxic compound from the dye effluent gets into the aquatic organisms, pass through the food chain and ultimately reach man and cause various physiological disorders like allergy, irritation, mutation, cancer, sporadic fever, renal damage, cramps, etc. view Leonat et al. (2009).

 Various methods of dye or color removal such as aerobic and anaerobic microbial degradation, coagulation, chemical oxidation, membrane separation, reverse osmosis have been employed. The traditional physical and chemical decolourization techniques such as membrane filtration, ion-exchange, ozonisation and floatation are quiet effective in decolourization of dyes. However the application of the above mentioned techniques in large scale are restricted due to several disadvantages such as relatively high operating cost, regeneration problem, formation of hazardous by-products and intensive energy requirements. There is a growing interest in finding cheap, renewable, effective alternative material for the decolourisation of coloured effluent.

Among various available treatment methods adsorption process is considered better as well as established powerful technique for treating domestic and industrial effluent report Ahalye et al.(2008).It has also received  considerable attention for removal of color especially if the adsorbent is inexpensive and readily available. The utilization of agro-wastes as adsorbent is currently receiving wide attention because of their availability and low cost owing to relatively high fixed carbon content and presence of carbon structures states Bhatnagar et al.(2009).Use of agricultural wastes is of great significant in India where more than 20 million tons of agricultural residues are generated annually states Reddy(2006).In recent years different approaches have been discussed to tackle the man made environmental hazards. Clean technology, eco-mark and green chemistry are some of the most high lighted practices in preventing and or reducing adverse effect on our surroundings.
Many agricultural wastes such as , coconut shell, wheat straw, orange peel, corn husk, Tapioca peel, Sugarcane baggase, Coir pith, eggshell, have been used for decolourization of textile dye effluent. Due to their low cost and easy availiability agrowastes makes more alternative to be  used  as raw materials for color removal.
Hence an attempt has been made to study the “Decolourisation of Textile Dye Effluent Using Selected Agro waste and its reuse for Dyeing”. with the following objectives.

· To screen different agro- wastes such as corn husk, orange peel, Tapioca peel, egg shell, sugarcane baggase, coir pith and coconut shell for decolourizing textile effluent.

· To optimize various parameters such as pH, temperature, time and agro-waste concentration for decolorization.
· To decolourize the effluent under optimized conditions.
· To assess the characteristics of the effluent before and after treatment.
· To reuse the decolorized effluent for dyeing cotton fabric. 
· To evaluate the dyed fabrics.

2.0 REVIEW OF LITERATURE
The Review of Literature pertaining to the study “Decolourisation of Textile Dye Effluent Using Selected Agro waste and its reuse for Dyeing” is discussed under the following headings.

2.1. Textile Effluent

2.1.1. Sources

2.1.2 Environmental hazards

2.2. Treatment Of Textile Effluent

2.2.1 Physical methods

2.2.2 Chemical methods

2.2.3 Biological methods

2.3 Decolourization Using Agro Residues
2.4 Reuse Of Treated Dye Effluent

2.5 Cotton

2.5.1 History of cotton
2.5.2 Properties of cotton

2.5.2.1 Physical properties

2.5.2.2 Chemical properties

2.5.2.3 Uses of cotton

2.5.3 Advantages of cotton

Textile Effluent

2.1.1. Sources
Textile processing consumes large amount of water for various processes such as desizing, scouring, bleaching, mercerization, dyeing, printing, finishing and washing views subarta (2007).

Effluent generated at various stages of textile dyeing differs in its composition, strength as well as volume. The high pollution load of dye effluent arises from spent dye bath composed of exhausted hydrolyzed and surface deposited dyes as well as chemicals and auxiliaries, says lal (2005)

It has been estimated that 90% of the pollution load of textile mill waste is result of processed chemicals, especially in the dyeing unit, observe verma et al (2001)
2.1.2 Environmental hazards
Effluent derived from textile and dye stuff activities can provide serious environmental impact in the neighbouring receptor water bodies because of the presence of toxic dyes and chlorolignin residues, report Iyer (2000) and saed et al (2005). Toxic chemicals such as chromium and sulphites may destroy fishes and micro-organisms responsible for self purification of water in streams.

Effluent that emanate from the production process of textile, if not properly disposed, can cause severe environmental pollution. Sometimes to levels that can threat human health, lives stock, wild life, aquatic lives and indeed the entire ecosystem, explain, sheth and Desai (2005)
2.2 Treatment Of Textile Effluent

           Colour released from the textile dyeing processing is a major pollutant of textile effluent which is not only aesthetically unpleasant   but also adversely affects the aquatic life. Therefore colour has to be removed from the effluent prior to discharge. Various decolourization process can be used to remove colour before discharged or prior to reuse, they are  

· physical methods

· chemical methods

· biological methods describes Parthiban and Kumar(2005)

2.2.1 Physical Methods

2.2.1.1 Screening 

The first and fore most treatment will be as simple as removing the undissolved materials accomplished by screening. The larger suspended and floating  particles such as those of fibers , grains, pieces of fabrics and tint is removed through use  of a course screen followed by a fine screen views , Shroff (2001).

2.2.1.2 Sedimentation

The suspended solids in polluted water are too fine to be screened out and heavy to be skimmed off. These can be removed by settling down under the influence of gravity. This technique is called sedimentation, defines Sodhi (2006).

2.2.1.3 Equalization

Equalization is the process where the effluent from different departments and serveral batches are mixed to minimize variations in composition, temperature and flow of effluent view,  Agarwal (1999).

2.2.1.4 Neutralization

The dye house effluents are generally alkaline in nature. They have to be neutralized to the proper  pH  range (5-9) to make them amenable for secondary biological treatmant , reports NIIR BOARD.
2.2.1.5 Adsorption

Adsorption mechanism is a solid surface in contact with the solution tends to accumulate a surface of solute molecules because of unbalance of surface forces.

Adsorption is influenced by many physico – chemical properties such as size, temperature, pH and time, states Soundaram (2006)

2.2.2 Chemical Methods

2.2.2.1 Coagulation

It is a most commonly used method for decolourization by chemical means. The textile effluent can be effectively treated with chemical oxidizing agents like ozone , hydrogen peroxide,  Fenton’s reagent, chlorine, describe Omelchenko et al (2005)

2.2.2 .2 Ion Exchange Process

Purification of effluent by ion exchange takes place by  passing water first through an caution exchanger where cations  are exchanged andacid radicals are replaced by hydroxyl ions , review Chatwal and  Sharma (2004)
2.2.3 Biological Methods

Biological process such as aerobic, anaerobic and facultative digestion is extensively in operation for the treatment of industrial effluent. In recent years anaerobic treatments has received more attention. Main advantage of the anaerobic systems over aerobic are cost saving explain Ansari and Thakur (2002)

2.2.3.1 Trickling Filters

In this method materials with large surface area are packed in the form of a bed and the waste water is sprinkled over it with the help of sprinkler. A micro film is formed over the surface of the packed material and the biological reaction takes place. These bacterial slimes oxidize the organic matter present in the water .The effluent emerging out of the filter contains suspended matter although free from degradable organic matter. It is allowed to settle and then discharged  remark UNEP(2003).

2.2.3.2 Activated Sludge  

          This is the most versatile technique for treatment of textile effluents, causing up to 90% BOD reduction. The textile processing effluent after clarification is fed to a tank in which microbial flow is already suspended and oxygen is introduced by mechanical means. The effluent in the tank is allowed to settle and adequate micro – organism population is maintained view Shukla (2005) 
2.3 Decolourization Using Agro Residues 

The removal of dye from textile effluent is one of the most significant environmental problems. Dyes are used in large quantities in many industries including textile, leather, cosmetics, paper, printing, plastic, pharmaceutical, food etc, the extensive use of dyes often causes pollution problem in the form of colored waste water. Currently the most widely used and efficiency physical method in industry is activated carbon although running cost are expensive. 

      Among many technologies, utilizing plant residues as adsorbents for the removal of dyes and metal ion from waste water is a prominent technology . Various agriculture products have been investigated to remove the dyes from aqueous solution. These include, corn husk, orange peel, tapioca peel, wheat flour, egg shell, sugar cane bagasse ,coir pith and coconut shell. The obvious advantage of this method is lower costs involved. 


Owing to the adverse environmental effects, some process to remove the dyes from the textile waste water have been evaluated including the use of bio adsorbent of colours. 

Adsorption increased with increase in temperature which indicated that the process was endothermic in nature. 

2.4 Reuse Of Treated Dye Effluent 

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, decolourizing the dye effluent before its use for further dyeing is the only practical way to reduce the pollution views Bardhan and Sule (2004). An additional cost required for effluent treatment incurred, simply for legitimate disposal. This creates the content of reversing the treated effluent. The water which is suitable for return to the environment is acceptable for reuse in preparation and dyeing. Appropriate treatments such as ultra filtration, reverse osmosis and adsorption make the effluent suitable for reusing reports Singh (2004).
2.5 Cotton 

Cotton is considered as white gold states.  Cotton enjoys a unique position among textile and is often referred as the king of textile. The versatile of cotton has been under stiff challenge from synthetic fibers which offer many new properties to user needs. Cotton is one of the oldest and most important textile fibres known for its comfort and other consumer product application. 
World cotton touched 20 million tons in the first year of century. Cotton fibre is a very fine, much elongated, single cell seed hair which grows on the outside of a cotton seed.  Cotton is a fiber removed from the ball or seed pad that grows on the plant of the botanical genus gossypium a member of the mallow  family. 

The  cotton as strong, fine and most commonly used textile fiber. Cotton is one of the main cash crops in the country. It not only plays a significant role in the development of an agro based industry but also as a means of  livehood for millions of people. 

2.5.1 History Of Cotton  
According to Tiwari (2000) cotton has been cultivated for more than 5000 years. Archeological findings indicated that cotton was grown and used for textile purpose in the Indus valley well before 2100 BC in Mexico by 2500 BC, in Peru by 2500 Bc and in the southern united states

. The world cotton comes from Arabic word “qutum”. The use of cotton in England is mentioned in writings of the thirteenth century.
2.5.2 Properties Of Cotton  

Cotton contains cellulose, protein, pectin, wax and minerals remarks the  lists the properties of cotton as staple length 1cm to 8cm, thickness 3.5microns to 10 microns, ribbon width 12 micron 25micron, density -1.54gm/cc and surface area dry 0.6 to 0.7sqm/gm and wet 137sqm/gm. Based on its type, environment , soil and climatic conditions under which it is grown it  varies from near white to light yellow in colour. 

Teli (1993) says that cotton has low resiliency or wrinkle resistance. Cotton fiber is best known for its outstanding comfort  characteristics . Cotton breaths naturally and allows gas and water vapor to pass freely. Cotton is a fine fiber, easy to dye and print remarks . The fiber properties that are vital for cotton are length distribution, strength, elongation, fineness and color. Cotton is characterized by excellent properties like absorbency, bio-degradable, breathable, non- allergnic, heat resisting, high wet strength and water retaining capacity, cotton is known for its laundering qualities remarks Watzl and Eisenacher (2002). 
2.5.2.1 Physical Properties  
The quality of cotton is based on the length and brightness of the fibre.  Mishra(2000) remarks that cotton fabrics have a pleasant feel or handle. They are cool in hot weather and versatile in its use. The superior absorbency of cotton couple with its ability to absorb moisture makes it very comfortable fabric to wear. The resistance to common house hold chemical, sunlight and heat makes its durable in most textile applications. 

It can withstand high temperature of up to 175°C. Usually cotton has a staple length of 7.25 cm and 1.2to 1.8 denier. Cotton can be dyed successfully by a wide variety of dyes. 
2.5.2.2 Chemical Properties 
 Cotton is cellulosic in nature. Cotton chemically consists of 80-90% of pure, cellulose along with protein and pectic substances states Nask and Wilson (2008). Cotton is attacked by hot dilute or cold concentrated acid solution. Acid hydrolysis of cellulose produces hydrocellulose expresses Ait (2000).  

Dantyagl (1996) says that cotton absorbs moisture and long exposure to water or moisture has no harmful effect. It absorbs readily and soon gives a sense of chillness. Deulker and ball (1988) state that cotton fabric shrink to an extent. Cotton has great affinity to dyes. They are resistant to alkali. They are relatively unaffected by normal laundering. 
2.5.2.3 Uses Of Cotton 
The soft and comfort nature of  cotton lends itself to be used for fresh bath towels, summer sheets and even as a gentle gauge for covering any hasty wound. Since cotton can be auto claved it is widely used in hospital.
Held  (1999) remarks that cotton is excellent for making densely woven hard wearing rugs and cloth because of its strength smoothness and fineness. Cotton is widely used in making rainy wear fabrics.
2.5.3 Advantages Of Cotton
Cotton can be easily dyed using various colours because of its high absorbent properties. Cotton is a good conductor of heat. Cotton does not contain any chemical and therefore is a natural product.The advantage of working  with  cotton  are that it creases well and sews easily denotes.   

3.0 EXPERIMENTAL  PROCEDURE
           The experimental procedure adopted  for  the present study  “Decolourization of textile dye effluent  using selected agro waste and its reuse for dyeing”, is discussed under the following headings.
3.1 Screening  Of Different Agro-Waste For Decolourization Of Textile Dye Effluent

3.2. Collection Of Dye Effluent

3.3.Optimization Of Various Parameters For  Decolourisation  Of Textile Dye Effluent.

     3.3.1.Agro – Waste Concentration.

     3.3.2. PH.

     3.3.3. Temperature.

     3.3.4.Incubation Time

3.4.  Decolorization Of Textile Dye Effulent Using  Selected Agro-Wastes Under Optimized Condition.

3.5. Characterization Of  Physical  And  Chemical  Parameters Of Textile Dye Effluent  Before And After Treatment.

   3.5.1. Colour

            3.5.2. Turbidity

            3.5.3. Total Suspended Solids

            3.5.4. Total Dissolved Solids

            3.5.5. PH
            3.5.6. Biological Oxygen Demand

            3.5.7. Chemical Oxygen Demand

3.6. Reuse Of Treated Water For Dyeing Selected Fabrics.

          3.6.1. Selection Of Fabric.

          3.6.2. Selection Of Dye.

           3.6.3. Dyeing Of Selected Fabric With Soft Water And Treated Water.

3.7 Evaluation Of Dyed Fabrics.

           3.7.1. Subjective Evaluation

           3.7.2. Objective Evaluation

                   3.7.2.1. Fabric Weight.

                   3.7.2.2. Fabric Thickness.

                   3.7.2.3. Fabric Strength And Elongation.

                   3.7.2.4. Fabric Stiffness.

3.8. Color Fastness Test.
            3.8.1. Sunlight.

            3.8.2. Wet And Dry Crocking.

            3.8.3. Washing.

            3.8.4. Wet And Dry Pressing.

3.1. Screening Of Different Agro-Wastes For Decolourisation Of Textile Dye Effluent.

            Various agro-wastes such as corn husk, orange peel, Tapioca peel, eggshell, sugarcane baggase, coir pith, coconut shell, were selected for the piolt study, (plate-1).About 2g of each agro-waste was added separately into a series of beakers containing textile dye effluent. The percent decolourization of each agro-waste was determined for 5 days using UV – visible spectrophotometer.The percent decolorization was calculated by the following formula.
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Percent decolorization = Initial absorbance - Observed absorbance   X 100 

                                                     Initial absorbance
3.2. Collection Of Dye Effluent.

      The textile dye effluent was collected in a plastic container from a dyeing unit situated at Erode and stored at 4◦C until analysis was carried out.

3.3. Optimization Of  Various Parameters For Decolourization Of  Textile Dye Effluent.

          Decolorisation is influenced by some physical and chemical factors like adsorbent interaction, adsorbent surface area, pH, temperature and contact time.

3.3.1. Agro-Waste Concentration.

          To determine the optimum quantity of agro-waste required to decolourize effluent,1g,2g,3g,4g and5g of agro-waste was added separately to beakers containing 100ml of effluent. Absorbance was measured at 547nm for 24hrs in UV visible spectrophotometer. For all the agro-wastes, the percent decolorization was calculated.
3.3.2.pH          

    A set of five 250ml beakers were taken and 100ml effluent was added to each one.The pH was adjusted to 5,6,7,8,9,10,11 and 12 using 1N NaCl or in 1N NaOH. Then 2g of finely ground selected agro-waste was added. The percent decolourization was calculated after 24hrs (plate II).
3.3.3.Temperature.

      To determine the optimum temperature for decolourization, beakers containing 100ml of effluent with 2g of selected agro-waste was incubated for 24hrs at different temperatures such as 30°,40°,50°,60° and 70°C. percent decolourization  was determined.
3.3.4. INCUBATION TIME

                  To determine the optimum incubation time,beaker containing 100ml of effluent at optimum pH with 2g of selected agro-waste, was incubated for different  time intervals (24hrs,48hrs,72hrs,96hrs and120hrs)at 30°C. Percent  decolourization was determined.
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Plate I Selected Agro-Wastes

     Egg shell.

Coconut shell.

Corn husk.

Coir pith.

Wheat bran.

Orange peel.

Tapioca peel.

Sugarcane bagasse.

3.4.Decolorization Of Textile Dye Effluent Using Selected Agro-Wastes Under Optimized Condition.
     Textile dye effluent was decolourised using selected agro-waste at optimum concentration, pH, temperature, incubation time and the decolourized effluent was  used for dyeing. (plate II )
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PLATE II

Optimization of pH for decolourization

[image: image3.jpg]



  TREATED EFFLUENT            TEXTILE EFFLUENT

                                                 Plate - III

Decolourization of Textile Effluent using Cornhusk 
3.5. Characterization  Of Physical And Chem                                        

ical Parameters Of Textile   Dye Effluent  Before And After Treatment

      
Different  physical and chemical  parameters  such as color, turbidity, total suspended  solids, total  dissolved solids, pH , biological oxygen demand  and  chemical oxygen demand  of raw and treated effluent  were determined.
3.5.1. Color.
         Surface water may become colored by  pollution with highly colored waste water.Not ably among these are wastes from dyeing operations.Dyes wastes may impact colors of wide variety that are readily recognized and traced .Color of raw effluents is determined with standard color  solutions prepared by using potassium chloro pllatinate and cobaltous chloride.The result was expressed as Hasen Units.
3.5.2. Turbidity.

          The term turbidity is applied to water  suspended matter that interference  with the passage of light through water or in which visual depth is restricted.The turbidity may be caused  by a wide variety spended material that range in size from colloidal to coarse  depending upon the degree of turbulence view Sawyer et al (2006).Turbidometer was used to calculated the turbidity  = Nephelometer reading x0.4x dilution factor.

3.5.3.TOTAL SUSPENDED  SOILDS

           To dertermine  the total suspended soilds present in the raw effluent 10 ml of  each sample was filtered through a  pre-weighted whatman No.1 filter paper and  filter paper was kept in a   hot  air oven at 105oc till dried to constant weight. The weight of filter paper  gives the amount of total suspended soilds. Total suspended  soilds  was calculated by the following  formula .

Total Suspended solids(mg/l)= Final weight of  paper-initial weight  x1000  







Volume of the sample  

3.5.4. TOTAL  DISSOLVED  SOLIDS 

          The content of dissolved  soilds  increases  the density  of  water and influence osmoregulation   of fresh water organism. They  reduse solubility of gases  like oxygen and utility of water for drinking, irrigation and industrial purposes states Gupta(2004).

                   The treated sample  was filtered through whatman  No.1  filtrate was collected in a pre-weighed silica crucible and evaporated  to dryness at 105o C for one hour in a hot air oven.The dissolved soilds  present  in  sample  was  calculated  by the following  formula.

Total dissolved soilds (mg /I) = Final weight of crucible - initial weight X 1000    
                                              Volume of samples
 3.5.5.PH
pH is a term used   rather universally  to express  the  intensity of the acid or alkaline conditions of the solution. It is a way of expressing the  hydrogen ion concentration or more precisely the  hydrogen ion activity view Sawyer et al.(2006).  pH meter was used to calculated the pH of effluent samples. The instrument was standardized with buffer solution  of known pH value such as  pH  5 and pH 7.  Then  the samples was measured for pH  by immersing the glass electrode  into it. Each time the glass electrode was washed with distilled water and blotted  with tissue paper. Direct pH readings were noted from digital of the pH meter.
3.5.6. BIOCHEMICAL OXYGEN DEMAND (BOD)

      The amount required to oxidize a given organic material is called biological oxygen demand or BOD. If water contains low level of organic pollutants, a relatively small amount of oxygen is consumed  during the purification  phenomenon. If the pollution loads is massive, Large quantites of oxygen are consumed during self purification and the BOD of water is said to be high explains Sodhi (2005).   
Reagents

Phosphate buffer solutions
Dilution water


Double distilled water taken in a glass container was aerated for half an hour using an aerator. 1 ml of phosphate buffer, 1 ml of MgSO4 (22.5 g/l), 1 ml of CaCl2 (27.5 g/l) and 1 ml FeCl3 (0.25 g/l) were added.
Procedure

The raw and treated effluent samples were diluted (measured dilution) with dilution water (Dilution is not necessary for unpolluted waters and seeding is unnecessary for surface waters ). The raw and treated effluent sample was taken in two BOD bottles. D.O content (D1) of one bottles was analysed and the other was incubated in BOD incubator (Plate ) at 20oC for 5 days. Two other bottles were filled with dilution water D.O content was analysed immediately in one bottle and the other was incubated. D.O was analysed in the incubated water sample (D2) and dilution water after 5 days of incubation.
Calculation

BOD (mg/l) =      (D1 – D2 -BC) x 100


    Percentage dilution of sample

BC – Blank Correction
3.5.7. CHEMICAL OXYGEN DEMAND (COD)

Reagents

0.25 N Potassium dichromate


12.25g of potassium dichromate in 1000 ml of distilled water.

0.1 N Ferrous Ammonium Sulphate (FAS)


39.2g of ferrous ammonium sulphate and 20 ml of conc.H2SO4 in 1000 ml of distilled water. The solution was standardized with 0.25 N potassium dichromate solution.
Ferroin indicator

1.485 g phenantanhroline and 0.695 ferrous sulphate dissolved in 100 ml distilled water.

Procedure


10 ml of the raw and treated effluent samples were taken in a COD flask and 30 ml of conc.H2SO4 and 10 ml of 0.25 N potassium dichromate were added. The content was refluxed for two hours in a hot plate at 60oC, cooled, diluted with distilled water and made up to 140 ml. two to three drops of ferroin indicator was added and titrated against 0.1 N FAS. The color change from blue green to reddish brown was the end point. The entire procedure was repeated for blank.

COD of the raw and treated effluent samples were calculated using the formula

COD (mg/l) = V x Normality of FAS x 8 x 1000 




Volume of the sample
3.6. REUSE   OF TREATED WATER FOR DYEING SELECTED FABRICS.

Natural cellulosic fibres are biodegradable fibres.Cotton called as “king of fibres” has occupied prime position reveal Amsamani et al.(2005).Cotton dominates the field of cellulosic   fibres owing to its abundant use for apparels and other textile goods observe Basra(1999).In tropical country like India, cotton is still in demand because of its higher degree of comfort and good absorbency. Plain weave is relatively inexpensive for construction and can be extensively used for cotton fabrics. They ravel less when compared with the fabric of other weaves opines Kalpan(2002).So cotton fabric made out of plain weave was selected for present study.
3.6.2. SELECTION  OF DYE

  Pterocarpus santalius or santalum rubrum (red sandalwood) solely used for colouring and dyeing. Other varieties come from the Sandwich islands, Western Australia and New Caledonia. The Australian S. spicatum or Eucarya spicata produces a very similar oil but with a dry-bitter top note. Other varieties growing in the West Indies, Venezuelan, Jamaica, and Haiti are Amyris balsamifera 
3.6.3.DYEING OF SELECTED FABRIC WITH SOFT WATER AND TREATED WATER

       Dyeing is the application of colourant to the substrate in order to enhance the appearance by the attraction of hue. The  selected cotton fabric was desized and then dyed with Red wood sandal using decolourized and soft water.
3.7.EVALUATION OF DYED FABRICS

3.7.1.SUBJECTIVE EVALUATION

          The fabric samples dyed with soft and decolourized water were evaluated visually by panel of members. The panel members comprising of 25 PG students specializing in the field of Textiles and Clothing, evaluated the fabrics for General appearance, brilliancy of shade  and  evenness of dyeing.

3.7.2.1 OBJECTIVE EVALUATION

       Textile testing as a whole refers to the vigorous testing done on textile materials which may be inside the laboratory as well as in natural setting says Raul(2005).
3.7.2. FABRIC WEIGHT

        Fabric weight is the relative weight of the fabric and expressed as the weight of a particular size of piece as grams/ square meter or ounces/ square  yard view Angappan and Gopalakrishna(2006).

         Fabric weight of the original and dyed samples was determined using GSM cutter.It is a device to cut circular specximen of 100 square centimeter of a fabric  very  accurately.It has 4 blades that  cut  the fabrics,when the hand wheel is rotated by applying light pressure.The samples were  cut and weighted accurately using  digital balance having 0.01 sensitivity.The value in grams multiplied by 100 gives grams/square meter of the fabric.

             The samples were weighted for times and the mean values was calculated and recorded.
3.7.2.2.FABRIC THICKNESS 

              Fabric  thickness is defined as the distance between lower and upper surface of the material measured under a standared pressure,using Shirley `s thickness tester with an accuracy of 0.01mm.Fabric thickness guage was used to measure thickness of the sample. It has 2 parts the anvil and pressure foot.Pressure was given at the foot to make the guage zero.The samples was placed between the cleaned pressure foot and anvil.The reading shown by the  dial was noted. For each samples, thickness was determined at 5 different places away from 2 inch of the selvedge.
3.7.2.3.FABRIC STRENGTH 
          Breaking strength is the measure of resistance of the fabric to a tensile load or stress in both warp and weft direction. Elongation measures the extent of deformation along the axis of a material under a tensil stress, and expressed in units of length of the fabric when loaded.

          The original and dyed fabrics were tested for tensil strength using Eureka Cloth tensil strength tester.12 inches x2inches specimen from each samples were cut both in warp and weft direction of the fabric, 2 inches apart from selvedges. The  specimen was placed between  the upper and lower clamp.The dial reading was set to zero  by adjusting the pendulum over  the  quadrant scale. The elongation pointer was checked for its position in zero. Before starting the machine the pendulum lock was released and machine was  stitched  to run. At certain point the  fabric starts to break, the machine was switched  off  and dial reading in Ib was taken.

         Elongation reading was noted from the elongation scale. The specimen was removed and the machine positioned back to original and  the five  specimens of both  directions from each samples were tested and readings were noted.
3.7.2.4.FABRIC STIFFNESS.

                  Fabric stiffness indicates the resistance of the fabric to bending and it is a key factor in the study of handle and  drap (Angappan and  Gopalakrishnan 2000).Shirley stiffness tester was  used  to test  the  stiffness of  the fabrics. Ssmple A was cut to the size of 15 cm x 2.5 cm using the template. The  sample  was placed  on the platform  with the template  at the top of it, so that the leading  edges coincide. Both  were slowly  pushed  forward  until the leading edges  of  the sample  and the project  beyond  the  edge  of  the  platform. The  sliding  of the sample  was  stopped  when  it  cut  both  the  index  lines. Then the  bending length  of  the  sample  read  from  the scale  opposite  a datum line engraved  on the side  of the platform. Four  readings  were  taken  for  sample A. Mean values of the bending  length in  warp  and weft  wise  direction was  calculated. Similarly other  samples were  determined.
3.8.COLOUR  FASTNESS TEST

             Dye-fibre  interactions are  varied  and  their  strength  or combined  strength  determine  both  the  outcome  and performance of the dyeing. Colour  fastness  properties of  the dyed  textile  material depend upon  the  nature  of  dye, dyeing  procedure, washing methods and after  treatment  methods. The grey  scale employed for  colour  fastness  test  is 1-5 grade.In this scale one means poor fastness and  5 represent  excellent  color  fastness reports Smith(2006). In the present study, colour  fastness to sunlight, washing, wet and dry  pressing were carried out.
3.8.1.SUNLIGHT 

        The color fastness of textile material to day light is a very important  property. Colour fastness determine the  resistance  of  a material to change its color characteristics as a result  of exposure  to light source view AATCC (2007).
         To  test  fastness to sunlight  the  specimens  of 16 cm x5 cm were  cut  from  each sample  of dyed fabrics and divided  into 8 equal  part  measured  as  20m each, the specimens were  covered  with black  chart. For  the  successive 7 days  the  specimens were  exposed  to  direct  sunlight. First day first portion  of the  specimens were  exposed  and  from  7  days and  the 7 portion  was  exposed  for  a day. The last portion was not exposed to sunlight and considered as standard. Comparisons were done using grey scale  and the specimens were rated.
3.8.2. WET AND DRY   CROCKING.

       Crocking  is the  rubbing  fastness  of dyes .Crocking  is the transfer of colourant  from the  surface of the  coloured  fabric  to  an  adjacent area of sample  fabric  or to another  surface, principally  by  rubbing  action. Fastness to crocking is  important  in both  apparel as well as  upholstery. Crocking  test  determine the extent  to which  colour  may  be  transferred  from  the  dyed  fabric to another by  rubbing.
       Sasmira crock meter was used to determine the fastness to crocking. Each of the dyed samples was cut in the measurement of       25 cm x20 cm and mounted on flat base. The desized white cotton fabric was mounted in a ring on rubbing finger. Each samples was given 19 rubs based on standardization. The colour transfer from the dyed sample to the white material was for wet crocking. The procedure adopted was same as that of dry crocking. The color  transfer  from the  dyed  samples  to  the white material  was  assessed  using  grey scale.
3.8.3 WASHING

         Major loss of color from   the fabrics is due to washing and results in staining over the adjacent fabric. Test sample of the dyed fabrics measuring 5x10 cm such were cut. Evaluation of staining on the white adjacent fabrics found using gray scale. The same procedure was carried  out for other dyed samples.
3.8.4. WET AND DRY PRESSING

         Color fastness  of samples to pressing was  measured  following the specification of  Bureau of India Standards (2000).Two specimens measuring 10 cm x10cm from each dyed  samples were cut and  one set of specimen covered at other side with 5 cm x5cm of desized with fabric. The prepared specimens were pressed for five seconds to assess its color fastness to dry pressing while the other were covered with wet white cloth and pressed for 5 seconds to assess its colour fastness to wet pressing. The same procedure was repeated for the specimens.The color change in dyed fabrics was using grey scale.

4.0 RESULTS AND DISCUSSION

     The results of the present study are discussed under the following headings.

4.1 Screening Of Different Agro-Wastes For Decolourisation Of Textile Effluent.

4.2 Optimization Of Various Parameters For The Decolourisation Of  Effluent                      

                  4.2.1Optimization Of Agro-Waste  Concentration

                  4.2.2 Optimization Of Incubation Time

                  4.2.3 Optimization Of  PH
                  4.2.4 Optimization Of  Temperature
4.3 Decolourization Of Textile Effluent Using Selected Agro-Waste Under Optimized Conditions.
4.4 Evaluation Of Dyed Fabric

              4.4.1 Subjective Evaluation

              4.4.2 Objective Evaluation

                    4.4.2.1 Fabric Weight

                    4.4.2.2 Fabric Thickness

                    4.4.2.3 Fabric Strength 
                    4.4.2.4 Fabric Stiffness

                    4.4.2.5 Color Fastness Test

· Sunlight

· Wet And Dry Crocking

· Washing

· Wet And Dry Pressing

4.1. Screening of different agro-wastes for decolourization of textile effluent. 

The decolourisation efficiency of different agro-wastes such as eggshell,coirpith,coconut shell,sugarcane bagasse,corn husk,orange peel,tapioca peel,wheat straw were screened and the results are presented in Table I.
TABLE .1

DECOLOURISATION OF  TEXTILE DYE EFFLUENT USING DIFFERENT AGRO-WASTES.

	        Agro -waste
	Percent decolourization (%)

	Coir pith

Coconut shell

Sugarcane bagasse

Corn husk

Tapioca peel

Egg shell

Orange peel

Wheat straw
	80

76

55

90

82

68

82

34


*values are mean  of triplicates

FIGURE 1
DECOLOURISATION  OF TEXTILE DYE EFFLUENT USING DIFFERENT AGRO-WASTES
1- Coir pith

2- Coconut shell

3- Sugarcane bagasse

4- Corn husk

5- Tapioco peel

6- Egg shell

7- Orange peel

8- Wheat straw

      Among the selected agro-wastes, corn husk showed maximum percent decolourization followed by tapioca peel,  coir pith and coconut shell. Hence corn husk was selected as the potent source for decolourization of textile effluent.

4.2 Optimization of various parameters for the decolourization of textile effluent  
4.2.1 Optimization of Agro-Waste concentration

          The effect of agro-waste concentration on decolourization of textile effluent was studied and the results are presented in Table 2   and   Figure 2

Table 2   Optimization of Agro-Waste concentration

	                   Corn husk (%)
	Percent decolourization

	1

2

3

4

5
	86

90

86

87

85
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FIGURE 2.  Optimization of Agro waste concentration.

Maximum percent decolourization was observed at 2% adsorbent  concenteration. Hence 2% concentration was selected as optimum concentration for decolourization.

4.2.2  Optimization of Incubation Time

 
The effect of contact time on the decolourization of effluent was studied and the result are presented in Table 3 and Figure 3.
TABLE. 3   OPTIMIZATION OF INCUBATION TIME

	Time in hours
	Per cent decolourization

	6

12

18

24

30

36
	35

50

55

90

92

93
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FIGURE 3 Optimization of  incubation time
 
 Maximum rate of decolourisation was noticed after 24 hours of incubation and further increase in incubation time has negligible effect on percent decolourization. Hence contact time of 24 hours was fixed for subsequent studies.
4.2.3 Optimization of pH

          To determine the optimum pH for the decolourisation of textile effluent, the adsorption capacities of the adsorbent were studied at different p H range from 5-9 and the results are presented in Table 3 and Figure 3.
TABLE 3 OPTIMIZATION OF pH
	pH
	Percent decolourization(%)

	5
	90

	6
	92

	7
	89

	8
	80

	9
	75
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FIGURE 3 OPTIMIZATION OF pH

  
Table 3 and Figure 3 clearly indicates  that pH 6 is the optimum pH for dye decolourisation (92%) and further increase in pH decreased percent decolourisation. The obtained result correlates with Reddy (2006) who have reported that an increase in pH decreased  decolourization  of textile effluent treatment using corn husk. Lower percent decolourization at alkaline pH might be due to the presence of excess of OH- ions competing with the dye anions for the adsorption sites. Annadurai et al. (2002) views that solution pH would affect both aqueous chemistry and surface binding sites of the absorbents. Hence further studies were carried out at pH 6. 

4.2.4 Optimization of Temperature 

Effect of temperature on decolourization of textile effluent was examined at various temperatures namely, 20˚C, 30˚C, 40˚C, 50˚C and 60˚C and the results are presented in Table 4 and Figure 4.
Table 4 Optimization of Temperature
	Temperature (o C)
	Per cent decolourization

	20

30

40

50

60
	80

92

87

86

85
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FIGURE 4 OPTIMIZATION OF TEMPERATURE

From    Table 4  and Figure 4 it is  clearly understood that the percent effluent decolorization was maximum at 30˚C. At higher temperatures, the decolorization rate has apparently decreased which might be due to the exothermic nature of the process. The obtained results coincides with that of Gupta et al. (2007) who have reported that  decolorization decreases with increase in temperature. 
4.3 Decolorization of textile effluent  using selected agro-waste under optimized conditions 

The textile effluent was decolourized under optimal conditions and the results are presented in Table 5
TABLE 5 DECOLORIZATION OF TEXTILE EFFLUENT USING AGRO- WASTE UNDER OPTIMIZED CONDITIONS

	 Parameters
	Optimized conditions

	Adsorbent concentration

Contact time

pH

Temperature


	2%

24 hours

6

30◦C


The selected effluent was decolourized using 2gm of corn husk at pH 6, for an incubation period of 24 hours at 30 ˚C. 

4.4.Evaluation of dyed fabric

4.4.1 Subjective Evaluation

   The dyed Fabric were Subjected to visual inspection for appearance, brightness and evenness and the results are presented in Table 6.

Table 6  Subjective Evaluation

	S.NO
	Samples 
	Presented in percentage
	Evenness of dyeing 

	
	
	General appearance 
	Brightness of shade 
	

	
	
	Excellent
	Good 
	Fair 
	Bright 
	Medium 
	Dull 
	Even 
	Uneven 

	1
	S WD
	35
	60
	-
	80
	20
	-
	100
	-

	2
	TWD
	40
	65
	-
	90
	10
	-
	100
	-


  
From  Table 6, it is clear that  sample dyed with treated water(TWD) was rated as  the Good  regarding general appearance when  compared with soft water dyed fabric. With regard to brightness of shade,90% of judges rated TWD samples as bright, where as 80% of judges rated SWD sample as bright. With respect to eveness of dyeing all the samples were rated to be evenly dyed. The result of subjective evaluation indicates that the treated water could be effectively reused for dyeing.
4.4.2 Objective Evaluation

4.4.2.1 Fabric weight

 
The fabric weight and  t-value of the samples O,SWD and TWD are given in Table   7 and   Figure 5

Table 7 Fabric Weight

	S..No.
	Samples
	Mean

(kg)
	Loss/gain

Over original
	%

Loss/gain over original

	1
	O
	4.62
	-
	-

	2
	SWD
	5.20
	-0.58
	12.5

	3
	TWD
	5.54
	-0.92
	19.9


	Group
	“t”-value

	O-SWD

O-TWD

SWD-TWD
	6.74**

4.82**

2.36NS



NS-Not Significant**-significant at 1%level
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FIGURE.5 FABRIC WEIGHT

From Table 7 and Figure 5 ,it is clear that the weight of the samples increased after dyeing  when compared to their original.The percentage increase in weight was 12% for SWD and 19% for TWD samples.

        Statistical analysis prove that there was no significant difference between dyed samples. Maximum increase in weight was observed in sample TWD which may be due to increase in dye absorption. The result support that the treated water can be effectively used for dyeing cotton fabric.
4.4.2.2 Fabric Thickness
         The fabric thickness of the dyed fabrics were determined and the results are presented in Table 8 and Figure 6                   

TABLE 8. Fabric Thickness

	S.NO
	Samples
	Mean(mm)
	Loss/gain

Over original
	%

Loss/gain

Over

original

	1
	O
	0.31
	-
	-

	2
	SWD
	0.33
	-0.02
	12.2

	3
	TWD
	0.37
	-0.06
	15.4


	Group
	“t”-value

	O-SWD

O-TWD

SWD-TWD
	2.37NS

3.17*

6**


NS- Not Significant*-Significant at5%level**-Significant at 1%level
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Figure 6 Fabric Thickness
From Table 8 and Figure  6, it is clear that the thickness of the dyed samples decreased when compared to their original.The decrease in SWD samples was 12% and TWD was 15% over original.

     Statistical analysis proves that there is a significant difference at 1% level between dyed samples.

4.4.2.3 Fabric strength

        Fabric strength and t-value of the samples O, SWD and TWD in warp direction is presented in Table 9 and Figure 7.

Table 9 FABRIC STRENGTH (WARP)

	S.NO
	Samples
	Mean

(kg)
	Loss/gain

Over original
	%

Loss/gain

Over

Original

	1
	O
	57-6
	-
	-

	2
	SWD
	51.0
	6.6
	11

	3
	TWD
	70.6
	-13
	22


	Group
	“t”-value

	O-SWD

O-TWD

SWD-TWD
	2.59NS

11.40**

6.73**


NS-Not Significant**-Significant at 1%level
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                  Figure 7 Fabric strength (warp)
From Table 9 and  Figure 7 ,it is clear that  strength of SWD has increased by 11% and TWD by 22% over original along warp direction.Increase in strength in TWD samples was double when compared to SWD.

       Statistical analysis proves that there was no significant difference between dyed samples. The result supports that the treated water can be effectively utilized for dyeing.

FABRIC STRENGTH (WEFT)

  Fabric strength and t-value of the samples O, SWD  and TWD in weft direction is presented in Table 10 and Figure 8.

 
Table 10 FABRIC STRENGTH (WEFT)

	S.NO
	Samples
	Mean

(kg)
	Loss/gain

Over

original
	%

Loss/gain

Over

Original

	1
	O
	74.2
	-
	-

	2
	SWD
	59.2
	15
	20.2

	3
	TWD
	72.0
	2.2
	2.9


	Group
	‘t”-value

	O-SWD

O-TWD

SWD-TWD
	4.67*

1.57NS

4.40**


NS-No Significant**-Significant at 1%level
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Figure 8 Fabric strength (weft)

 
From Table 10 and Figure 8 ,it is evident that the decrease in the fabric strength was minimum in treated water dyed samples than when compared with soft water dyed samples.

4.4.2.3 Fabric  Elongation 

Elongation  and the t-value  of the samples O , SWD,andTWD in warp direction is presented in Table 11 and Figure 9
Table 11 Fabric Elongation
	S.NO
	Samples
	Mean (inches)

Elongation
	Loss/grain

Over

original
	%Loss/gain

Over

Original

	1
	O
	0.94
	-
	-

	2
	SWD
	1.30
	-0.36
	-

	3
	TWD
	1.34
	-0.40
	42


	Groups
	“t”value

	O-SWD

O-TWD

SWD-TWD
	1.83NS

2.O5NS

0.35NS


     NS-Not significant

[image: image12.png]0.6

R B
S a3 3 S

o}

(d¥VM)NOILVONOT:

< o
S o

Jldavd

o

TWD

SWD

SAMPLES





Figure 9 Fabric Elongation

From the Table 11  and Figure 9, it is clear that elongation of the samples SWD  increased by 38% and TWD increased by 42% over original along warp direction.

        Statical analaysis proves that there is no siginificant  difference between dyed samples.Hence the result supports that treated water can be  effectively used for dyeing.

4.4.2.4. Fabric Stiffness

Fabric stiffness of the fabrics are presented in Tables 12,13 and Figures10,11.
Table 12 FABRIC STIFNESS (WARP)

	S.NO


	Samples
	Mean(cm)
	Loss/gain

Over

original
	%Loss/gain over original

	1
	O
	1.50
	-
	-

	2
	SWD
	1.68
	0.18
	12

	3
	TWD
	1.94
	0.44
	29


	Group
	‘t”-value

	O-SWD

O-TWD

SWD-TWD
	2.09*

3.14*

3.83*


NS-Not Siginificant*-Siginificant at 5%level
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Figure 10 FABRIC STIFNESS(WARP)

From Table  12 and Figure 10,it is clear that the fabric stiffness of the fabrics increased when compared over original. The increase in fabric stiffness was found to be 12% in SWD and 29% in TWD samples.

Statistical analaysis proves that there was no significant difference at 1% level between dyed samples along warp direction. Hence treated water can be reused for dyeing instead of soft water.
Fabric stiffness (weft)
        Fabrics stiffness and t-value of the samples O, SWD and TWD in weft direction is presented in Table 13 and Figure 11. 

Table 13 Fabric Stiffness(weft)

	S.No
	Samples
	Mean(cm)
	Loss/gain

Over

original
	%Loss/gain

Over

original

	1
	O
	2.20
	-
	-

	2
	SWD
	1.78
	0.42
	19

	3
	TWD
	1.58
	0.62
	28


	Group
	“t”-value

	O-SWD

O-TWD

SWD-TWD
	1.81NS
4.99**

0.87NS


  NS-Not significant**-Significant at1%level

From Table 13 and Figures 11, it is clear that fabric stiffiness of SWD simple has increased by 19% and TWD samples increased by 28% over original.
Statistical analysis proves that there is no significant difference between dyed samples along weft direction. Hence from the result it could be conclueded that the treated water can be effectively utilized for dyeing.
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Figure 13 

Fabric Stiffness(weft)

4.4.2.5 COLOUR FASTNESS TEST
  The results of colour fastness tests are presented in Table 14

Table 14 Colorfastness Test

	S.no
	samples
	Sun light
	Pressing
	Crocking
	Washing

	
	
	
	Dry

staining
	Wet

Staining
	Dry

staining
	Wet

staining
	Dry

staining
	Wet

Staining

	1
	SWD
	35
	5
	4
	5
	4
	5
	5

	2
	TWD
	40
	5
	5
	5
	5
	5
	5


5-Excellent    4-Good 3-Fair 2-Poor  1-Very poor

From Table 14, it is evident that all the dyed samples had Good fastness to sunlight. With regard to pressing, Crocking and Washing all the samples have excellent fastness. Thus when compared to SWD samples TWD had excellent fastness to all the colour fastness tests.
5.0 SUMMARY  AND  CONCLUSION
The   textile industry ,mother of Indian industrialization and second large  employment  generator after  agriculture  accounts  for about  20% industrial production. It not only generates jobs in its area, but also open up scope for the other ancillary  sectors. India earns  about 27%  of the total foreign exchange through  textile exports. Textile industry has a unique position as a self reliant industry from the production of   raw material to the   delivery of finished products with substantial value addition at each stage of processing.

          Rapid industrial development of the textile sector has resulted  in economic advancement, but at the cost of environmental  degardation. It is well known  that   textile processing units consumes  large volumes of water for process such as sizing, desizing, scouring, bleaching, mercerization , dyeing, printing, finishing and washing. Waste water generated at various stages of textile processing differs in it composition, strength as well as volume. The high pollution  loard of textile effluent arises from the spent dye baths are mainly composed of  unexhausted, hydrolyzed and surface deposited dyes as well as chemicals and auxiliaries which have been washed away from the dyed materials.These effluents are characterized  by their intense color ,  high  COD,salinity and variable  pH . The presence of dye in water is and undesirable.

Many synthetic dyes are harmful  to human being , so the removal of color from  waste effluent is important. Several color removal method have been used for the decolorization  of dye. Many of these methods are cost prohibited and suffered  with  one or other limitations.

In  recent years , there  has been considerable interest  in the use of biological by- products and residues from the solution  by adsorption. Among these material, agricultural  by-products and biomass are relatively  cheap and exhibit  very high  adsorption capacities.

The advantage of adsorption method are is simplicity of operation, low cost and eco-friendliness. Adsorption remove the complete molecules, leaving  no fragments in waste  water. This is  particularly  relevant  to metal  containing   dyes , were  the  coordination,  metal would  remain in the effluent after non –adsorptive treatments , potentially in a  more hazardous uncomplexed  form .

          Bearing  in mind the toxicological  impact of dye  on   environment  and the advantages of adsorption technique , the present  study on “Decolourization of textile dye effluent  using selected agro waste and its reuse for dyeing” has been designed with the following objectives.

· To screen different agro- wastes such as cornhusk, orange peel, Tapioca peel, egg shell, sugarcane baggase, coir pith and coconut shell for decolourizing textile effluent.

· To optimize various parameters such as pH, temperature, time and agro-waste concentration for decolorization.
· To decolourize the effluent under optimized conditions.
· To assess the characteristics of the effluent before and after treatment.
· To reuse the decolorized effluent for dyeing cotton fabric. 
· To evaluate the dyed fabrics.

Experimental procedure.

        Different  agro –wastes  such as corn husk, orange peel, tapioco peel, eggshell, sugarcane baggase, coir pith, coconut shell were screened  for the decolourization capacities  of  textile effluent.Based  on percent decolourization, corn husk was selected.  Various experimental   parameters like adsorbent concentration, Incubation time ,pH, temperature and dye concentration  were  optimized for effective decolourization of textile dye  effluent  .The percent decolourization was  estimated using  UV-visible spectorophotometer.

        Inorder  to assess  the reusability of  decolourized effluent , it was utilized for dyeing selected fabric. Subjective and objective evaluation was carried out for the dyed samples.

Findings
· Among different agro-wastes screened,  corn husk was observed  to be  more efficient  for the  decolourization of textile effluent.

· An  adsorbent  concentration of 2% was found to be optimum for the decolourization  of textile effluent.

· The  optimum p H  for  decolourization of textile effluent  dye was  found to be 6.

· Maximum  percent  decolourization  was noticed at 30°C.

· A  contact time of 24 hours,  resulted  in maximum decolourization.

· Decolourization was carried out  under optimized  conditions. The decolourized  water was reused for dyeing  the selected fabric

· Samples  dyed  using  decolourized  water was  rated as  good, bright, and evenly dyed when compared with soft water dyed samples.

· Fabric  weight of the samples, dyed  using soft and  decolourized  water increased when compared  over original. It  may be due to the result of more dye uptake  by the samples 

· Increased  thickness was  observed in treated  effluent dyed  samples than when  compared  with  soft water dyed samples.

· Dyeing  has  increased  the  stiffness in both  TWD  and  SWD   samples when compared over original  along warp  direction and  decreased  along weft direction.

· The strength of the samples  TWD has  increased by  22% where  as SWD has increased by 11% over  original. There  was  no  significant  difference between dyed  samples , along  warp direction and with  regard to weft direction the strength of dyed samples decreased over original.

· Elongation of the samples  SWD and   TWD  increased  by 38%and 42% along  warp direction. 
· Samples subjected  to colour  fastness test exhibited  excellent color fastness properties. Fastness to sunlight ,pressing and crocking was rated as  excellent for both  the samples.
  Conclusion

The present study proved that corn husk could be effectively utilized for decolouization of textile dye  effluent and  the  decolourized water  could be reused. Hence this work  eye opened the usage of corn husk in the treatment of textile effluent and reuse of the effluent for dyeing .

Recommendations  for further study

· Various other  agro-residuses can be screened for decolourization of  textile dye effluent  .
· HPLC   technique  can be carried out to analyse the  decolourisation potential of the selected adsorbent.
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