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INTRODUCTION

The textile industry plays an important role in the world economy as well as in our daily life, but at the same time, it consumes a large quantity of water (up to 150 l of water to dye 1 kg of cotton) and generates huge amount of wastewaters (Hai et al., 2007). India earns about 27% of its total foreign exchange through textile exports. Further, the textile industry of India also contributes nearly 14% of the total industrial production of the country. In terms of employment, textile industry plays a vital role in our country.
The textile industry is one of the industries that generate a high volume of waste water, it contributes about 22% of the total volume of industrial waste water in the country. The waste water contains variety of chemicals from the various stages of the processes which includes desizing, scouring, bleaching and dyeing.

Well before the advances of science, colours have been used in textiles and dates back to more than 5,000 years ago, (Shukla, 2005). Colour is very crucial in textile industry. It is the interaction of light on a substance, (Mahadevan, 2008). Man have always fascinated by colours and tried to use in whichever way possible in his life. Coloured water leads to irreversible damage to human, marine life and to nature affecting generation after generation.

Synthetic dyes are extensively used for textile dyeing, paper printing, colour photography and as additives in petroleum products. During the dyeing process, 10–15% of dye is discharged in the effluent. Approximately a half of all known dyes are azo dyes, making them the largest group of synthetic colourants. Azo dyes and their pigments are versatile and the most common synthetic colourants released into the environment. They are also typically amenable to structural modification and representative azo dyes can be made to bind most synthetic and natural textile fibers. Approximately 10,000 different dyes and pigments are used for industries and over 7-105 tons of these dyes are annually produced worldwide. Synthetic dyes are important organo-pollutants contaminating the water resource. The unfixed dyes are  released from the textile dyeing process into the effluents (Smith, 1996; Novotny et al., 2006; Malachova et al., 2006). Very low concentrations of these pollutants negatively affect aesthetic value of stream waters. It also reduces the amount of light entering in the water with an adverse effect on photosynthesizing organisms. 
Many industries have used conventional physical and chemical methods such as chemical precipitation, membrane filtration, coagulation and electrolysis for the treatment of textile industry wastewater (Solmaz et al., 2007; Yun et al., 2006; Joo et al., 2007; Crini, 2006; Daneshvar et al., 2006), These methods are not destructive but they only transfer the contaminants from one form to another, therefore, a new and different kind of pollution problem is being faced which inturn calls for further treatment (Cooper, 1993; Balaji et al., 2006; Tunay, et al., 1996). Out of these techniques chemical precipitation is most common at Ichalkaranji, India and produce highly recalcitrant textile dye precipitate as chemical precipitate of textile dye effluent (CPTDE). Although, these methods are effective, they suffer from shortcomings such as high cost, formation of hazardous by-products and high energy requirements. Due to these disadvantages, many researchers have tried to develop eco-friendly biological and cost effective methods for the treatment of industrial effluent.

The efficiency of decolorization of synthetic dyes by mixed bacterial communities in municipal aerobic treatment systems is rather poor, except for some dyes (Lee et al., 2006; Brik et al., 2006). Toxic dyes may even cause inhibition of the bacterial activity (Georgiou et al., 2002). The removal of dyes and other organo-pollutants by bacterial communities often results from adsorption (Adedayo et al., 2004) which leads to concentration of recalcitrant aromatic toxicants in the sludge. The levels of these compounds in the sludge can be decreased by degradation by filamentous fungi including white-rot fungi (More et al., 2010).

Among various available technologies adsorption process is considered as powerful technique for treating domestic and industrial effluents. It has also received considerable attention, for removal of colour 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 porous state (Bhatnager et al., 2009). Use of agricultural wastes is of great significant in India, where more than 200 million tons of agricultural residues are generated annually (Reddy, 2006).

Numerous agricultural wastes such as coconut shell, wheat straw, rice husk, orange peels, guava seeds, coir pith, egg shell powder, neem leaf powder, peanut hull, wheat husk, tamarind fruit shell, coconut husk, sugarcane bagasse, maize cob, corncob, tapioca peel and garlic peel have been used for decolourisation of textile dye. Due to their low, cost availability, agro-wastes makes more attractive to be used as a raw materials for colour removal. 
Seafoam is the dominant waste found in the sea shore, normally it does not find any application. Reviews prove seafoam to contain calcium carbonate etc., which could be effectively used for textile dye absorption.
Bearing in mind the toxicological impacts of dye water, the present study “Decolourisation  of selected dye solution using seafoam”  has been designed with the following objective, 

· To screen and select dye decolorizing waste for decolorisation of selected dyes.

· To optimize various parameters such as pH, source concentration,              dye concentration, incubation period and temperature for decolorisation.

· To reuse the decolorized dye solution for dyeing. 

· To evaluate the dyed samples

2. REVIEW OF LITERATURE


The review of literature pertaining to the study “Decolorization of Selected Dye Solution Using Seafoam” is discussed under the following headings:


2.1.
Dyes 

              

2.1.1. 
Introduction

          

2.1.2. 
Classification
· Direct Dyes 

· Reactive Dyes 
· Sulphur Dyes
· Basic Dyes  
· Crystal Violet

2.2. 
Environmental Hazards Due to Dyes

2.3.
Methods of Decolourization



2.3.1 Physical methods


2.3.2. Chemical methods
2.3.3 Biological methods  


2.4. 
Adsorption

2.1.
DYES 

2.1.1.
Introduction


Colour is defined as either true or apparent colour. True colour is the colour of water from which all turbidity has been removed. Apparent colour induces any colour that is due to suspended solids in the water sample (sivaramakrishnan, 2008)
Color is one of the most obvious indicators of water pollution and the discharge of highly colored effluents containing dyes can be damaging to the receiving bodies. Dye concentration in wastewaters is usually lower than any other chemical found in these wastewaters, but due to their strong color they are visible even at very low concentrations, thus causing serious aesthetic and pollution problems in wastewater disposal (Chatzisymeon et al., 2013).
A dye is a soluble, colored substance that has an affinity for a fiber or other substance, meaning that it will adhere to the surface. Dyes may be defined as substances that, when applied to a substrate provide color by a process that alters, at least temporarily, any crystal structure of the colored substances. Such substances with considerable coloring capacity are widely employed in the textile, pharmaceutical, food, cosmetics, plastics, photographic and paper industries (Chellamani et al., 2013). 
2.1.2.
Classification
    
Dyes may be classified according to chemical structure or by their usage or application method.

Direct Dyes 

Direct dyes are widely used in dyeing cellulosic fibers because they require only the addition of simple salts for their application. They are water soluble, having a range of water solubility from about 5 to 200 grams per liter at the boil. They have a full range of hues but are not outstandingly bright. They can be classified in terms of their dyeing behavior or their fastness properties (Aspland, 2007). 
         Direct dyes are water-soluble anionic dyes, but are not classified as acid dyes because the acid groups are not the means of attachment to the fiber. They are used for the direct dyeing of cotton and regenerated cellulose, paper and leather. Most of the dyes in this class are polyazo compounds, along with some stilbenes, phthalocyanines and oxazines.

Properties 

· Direct dyes are water soluble dyes
· It is anionic in nature
· Generally applied for cellulosic as well as protein fibers
· Fastness properties are average specially wet fastness
· Fastness properties are improved by after treatment (John, 2005).
Reactive Dyes 
Reactive dyes are a class of highly coloured organic substances, primarily used for tinting textiles, that attach themselves to their substrates by a chemical reaction that forms a covalent bond between the molecule of dye and that of the fibre. Cotton, rayon and some nylons are dyed by this relatively simple dye. The principal chemical classes of reactive dyes are azo, triphenyedioxazine, phthalocyanine, formazan and anthraquinone. The dyestuff thus becomes a part of the fibre and is much less likely to be removed by washing than are dyestuffs that adhere by adsorption
(Holik, 2010).
Properties 

· Reactive dye can be applied on all types of fibers
· They form strong covalent bond with the cellulosic fiber
· It is soluble in water
· They have better wash and light fastness properties
· Alkaline condition is required for dyeing.

· Wide range of color can be produced with reactive dyes (Peters, 2005).
 
Sulphur Dyes
Sulphur dyes are applied to cotton from an alkaline reducing bath with sodium sulfide as the reducing agent. These dyes are water-insoluble but they are soluble in their reduced form and exhibit affinity for cellulose. They dye by adsorption but on exposure to air they are oxidized to reform the original insoluble dye inside the fiber. They are low cost and have good fastness to light, washing and acid. The actual structures of sulphur dyes are largely unknown although it is considered that they possess sulfur-containing heterocyclic rings. Sulphur Dyes are mainly used for dyeing cellulose fibers. Apart from cellulosic fibers, they can also be used for dyeing staple fibers and yarn (Choudhury, 2009).
Properties of Sulphur Dyes
· Sulphur dye is water insoluble dye
· It needs solubilization for application (with reducing agent)
· Oxidation is needed for final color development
· Sulphur dye is applied in alkaline condition
· Electrolyte can be added in the dye to enhance exhaustion of dyes

· Fastness properties are average
· Best suitable for producing black and brown shade on the textile materials
· It is mainly applied on cotton, viscose and staple fiber (Venkataraman, 2007).

Basic Dyes  
Basic dyes are water-soluble and produce colored cations in solution. They are mostly amino and substituted amino compounds, soluble in acid and made insoluble when the solution is made basic. They become attached to the fibers by formation of salt linkages (ionic bonds) with anionic groups in the fiber. They are used to dye paper, polyacrylonitrile, modified nylons, and modified polyesters (Kim, 2006). 
Properties 
Basic dye is a synthetic class of dye
· Cationic part of the salt is responsible for color production
· Basic dyes are water insoluble but soluble in alcohol and methylated spirit

· Basic dyes are hydro-chlorides or salts of organic salts
· Basic dyes are applied in acidic condition
· Very brilliant shade can be produced by basic dyes (Eiri, 2005).
Crystal Violet
 
Crystal violet is also known as methyl violet. Crystal violet has antibacterial, antifungal and anithelmintic properties and was formerly important as a topical antiseptic. Crystal violet is also known under the name of gentian violet. It is a protein dye which stains the fatty portions of sebaceous sweat a deep purple color. Being a protein dye, crystal violet dye can also be used as an enhancer for bloody fingerprints (Loison et al., 2004).
2.2. 
ENVIRONMENTAL HAZARDS DUE TO DYES 

Environmental pollution was caused by the release of various chemicals as a consequence of industrial progress which has now become a persistent environmental contaminant (Palanivelan et al., 2013). 
Dye concentrations in water courses, caused by the direct discharge of textile effluents, treated or not, can give rise to public compliant.  High concentrations of textile dyes in water bodies stop the reoxygenation   capacity of the receiving water and cutoff sunlight, thereby upsetting biological activity in aquatic life and also the photosynthetic process of aquatic plants or algae (Carmen, 2002).

Consumers are now concerned about the green activities and choose products, that are non-toxic and cause no harm to both the humans and the environment. This trend for eco-friendly products has been extended to textile and apparel products, particularly those products which directly come into contact with the skin for prolonged period. Many chemicals used in the textile industry cause environmental and health problems (Memon, 2011).
2.3.
METHODS OF DECOLOURIZATION

        
Various decolourization processes are used for getting the waste water free from colour prior to its discharge into the environment or prior to reuse. Various decolourization techniques include:

· Physical and Physico-chemical Methods  
· Chemical methods and 

· Biological methods (Crini, 2006).
2.3.1.
Physical Methods
Physical methods of wastewater treatment accomplish removal of substances by use of naturally occurring forces, such as gravity, electrical attraction and van der Waal forces, as well as by use of physical barriers. In general, the mechanisms involved in physical treatment do not result in changes in chemical structure of the target substances (Christie, 2006).
Physical treatments are widely used in wastewater treatment and this process usually treats suspended rather than dissolved pollutants. The physical methods that are being used in wastewater treatment include membrane-filtration process and adsorption techniques (Hasan, 2011).
       
Physical methods of wastewater treatment are useful in water purification and recycling (Kesari et al., 2011).
Sedimentation


Sedimentation is accomplished by decreasing the velocity of the water being treated to a point below which the particles will no longer remain in suspension (Mara, 2003).

Sedimentation is used in water and wastewater treatment plants for the removal of suspended solids. Sedimentation also removes biological floc in activated sludge processes (Gyr, 2003).
Equalization
Equalization is used to minimize the variability of water and wastewater flow rates and composition. Each unit operation in a treatment train is designed for specific wastewater characteristics. Improved efficiency and control are possible when all unit operations are carried out at uniform flow conditions. If there exists a wide variation in flow composition over time, the treatment efficiency of the overall process performance may degrade severely  (Wang, 2011).

           Equalization is the process of controlling hydraulic velocity or flow rate, through a wastewater treatment system. The equalization of flow prevents short term, high volumes of incoming flow, called surges, from forcing solids and organic material out of the treatment process. Flow equalization also controls the flow through each stage of the treatment system, allowing adequate time for the physical, biological and chemical processes to take place (Karia, 2006).

Filtration 

       
Membrane filtration is applying the principal of a liquid passed through a physical barrier where particle size which is larger is retained on one side of the barrier while the remaining liquid is allowed to pass through (Gulnaz et al., 2006).

 
Filtration technologies include microfiltration, ultra filtration, nano filtration, and reverse osmosis. Each membrane process is best suited for a particular water treatment function (Cheremisinoff, 2002).
2.3.2. 
Chemical Methods 

The chemical treatment methods used for wastewater treatment   includes coagulation or flocculation, chemical precipitation, ion exchange process, chemical oxidation and solvent extraction. Treatment of dye wastewater using chemical techniques are very costly (Akpor, 2010).
Oxidation
 
Oxidation is one of the most commonly used methods of decolourisation by chemical means due to its simplicity of application which only requires low quantities and short reaction times.  Oxidation process are capable of completely oxidizing a dye by reducing the complex molecules to carbon dioxide and water (Robinson et al., 2001).
       
Commonly, two forms viz. chemical oxidation and UV assisted oxidation using chlorine, hydrogen peroxide, fenton’s reagent, ozone, or potassium permanganate are used for treating the effluents, especially those obtained from primary treatment (Gupta, 2009). 

Ozone
Ozone is produced when oxygen (O2) molecules are dissociated by an energy source into oxygen atoms and subsequently collide with an oxygen molecule to form an unstable gas, ozone (O3), which is used to disinfect wastewater. Most wastewater treatment plants generate ozone by imposing a high voltage alternating current (6 to 20 kilovolts) across a dielectric discharge gap that contains an oxygen-bearing gas (Boner, 1999).
        
Ozone reacts quickly with micropollutants containing accessible amino groups, double bonds, or aromatic systems. The efficiency of the reactions also depends on the pH value and on dissolved organic carbon (DOC). 

        
Ozone is one of the most powerful commercially available oxidants and is commonly used for municipal water and wastewater treatment. In addition to its oxidizing capabilities, it is an environmentally friendly method of treatment.

Pollutants, colored substances, odors and microorganisms are directly destroyed by oxidation, without creating harmful chlorinated by-products or significant residues (Wedeco, 2012).

Hydrogen Peroxide
Hydrogen peroxide has been used to reduce the BOD and COD of industrial wastewaters for many years. While the cost of removing BOD / COD through chemical oxidation with hydrogen peroxide is typically greater than that through physical or biological means, there are nonetheless specific situations which justify the use of hydrogen peroxide (Steiner, 2002).
             Hydrogen peroxide consists of oxygen and hydrogen atoms. These can be found everywhere on earth. Hydrogen peroxide contains a combination of two hydrogen atoms and two oxygen atoms.  In the environment, hydrogen peroxide can be found in very low concentrations, (Horan, 2005).
Fenton’s Reagent
       
Fenton’s reagent (mixture of hydrogen peroxide and ferrous iron) is one of the most effective methods of the oxidation of organic pollutants. Fenton’s reaction is based on the decomposition of hydrogen peroxide by iron (II) to produce very reactive hydroxyl radicals (Barbusinski, 2005).  
Fenton’s reagent consists of hydrogen peroxide and Ferrous ions. This method has been used for wastewater treatment that contains organic pollutant such as MTBE, aromatic amines, pharmaceutical waste, petroleum refinery sour water, carpet dyeing wastewater and phenol (Putri et al., 2011). 
Coagulation or Flocculation
        
Coagulation or flocculation are employed to remove colour dye. Coagulants like aluminium sulphate, poly aluminium chloride, ferrous sulphate and sodium aluminate which provides positive electric charges will reduce the negative charge colloids and causes the particles collide to form larger particles (Tang, 2011).
 
Flocculants are also positively charged groups such as amino, imino or quaternary amino that enhanced the agglomeration or aggregation of the coagulated particles to form larger floccules to ease gravitational settling or filtration Coagulation and flocculation process is economically feasible and it also give a satisfactory result in removal of disperse, sulphur and vat dyes (Sivaramakrishnan, 2011).
Chemical treatment of dye wastewater with coagulants or flocculants is one of the robust ways to remove colour. The coagulants such as aluminum (Al3+), calcium (Ca2+) or ferric (Fe3+) ions and flocculants are added in the water during the process (Wang et al., 2007).
2.3.3.
Biological methods

 
Biological treatment is a common and widely used technique in dye wastewater treatment. It is often the most economical alternatives compared with other processes like chemical and physical process. Biological treatment applies biodegradation methods like microbial degradation and adsorption by (living or dead) microbial biomass (Fu, 2001). Biological treatments needs a large land area and is limited by sensitivity toward diurnal variation as well as toxicity of some chemicals and less flexibility in design and operation (Robinson et al., 2001). The biological treatment process can be aerobic (in presence of oxygen), anaerobic (without oxygen) or combined aerobic–anaerobic (Gupta, 2009).
Aerobic Treatment
The characteristic of aerobic treatment process involves providing a suitable oxygen rich environment for microorganism to reduce the organic portion of the waste by producing enzyme which is able to break down the organic compounds into carbon dioxide and water. The most common microorganism that are used to for aerobic wastewater treatment are bacteria and fungi (Chen et al., 2003).
Aerobic systems are similar to septic systems in that they both use natural processes to treat wastewater. But unlike septic (anaerobic) treatment, the aerobic treatment process requires oxygen. Aerobic treatment units (ATUs), therefore, use a mechanism to inject and circulate air inside the treatment tank. This mechanism requires electricity to operate (Summer, 2005).

Anaerobic Treatment
Anaerobic process, takes place without the presence of oxygen. The anaerobic reduction of wide variety of synthetic dyes has been well established. Azo dyes cannot be fully degraded by using conventional aerobic system (Wallace, 2001). The potential of anaerobic treatment applications for the degradation of a wide variety of synthetic dyes has been well demonstrated and established. Azo dyes are nondegradable in conventional aerobic system yet were found to be decolourized under anoaerobic conditions (Rai et al., 2005).
      
Anaerobic reactors have been used mainly for industrial wastewaters, but more often can be found in municipal wastewater treatment. High-rate anaerobic systems represent low cost and sustainable technology for domestic sewage treatment, because of its low construction, operation and maintenance costs, small end requirements, low excess sludge production and production of biogas (Gasparikova  et al., 2004).
Trickling filters
Trickling filters are used to remove organic matter from wastewater. The Trickling filters is an aerobic treatment system that utilizes microorganisms attached to a medium to remove organic matter from wastewater. This type of system is common to a number of technologies such as rotating biological contactors and packed bed reactors (biotowers) (Post, 2000).  


A trickling filter is a wastewater treatment system that biodegrades organic matter and can also be used to achieve nitrification. The wastewater trickles through a circular bed of coarse stones or plastic material. A rotating distributor (a rotating pipe with several holes across it) evenly distributes the wastewater from above the bed. The microorganisms in the wastewater attach themselves to the bed, which is covered with bacteria. The bacteria break down the organic waste and remove pollutants from the wastewater (Solomon, 2001).  Various types of bacteria, fungi, protozoa etc are present in biofilm which degrade most of the organic compounds present in wastewater and the efficiency of TF increases by maintaining a high biomass concentration in the biofilm (Rehman et al., 2012).
Activated sludge

Sludge particles are produced in wastewater by the growth of organisms in aeration tanks. The term ‘activated’ comes from the fact that the particles teem with bacteria, fungi and protozoa. Activated sludge is different from primary sludge in that the sludge particles contain many living organisms that can feed on the incoming wastewater (Sivaramakrishnan, 2010). 
       
Integrated fixed film activated sludge is a relatively new technology that describes any suspended growth system that incorporates an attached growth media within the suspended growth reactor. Biofilm carriers are generally divided in ‘dispersed media’ or ‘fixed media’ (Moore, 2010).
       
Activated sludge is a mixture of bacteria, fungi, protozoa and rotifers maintained in suspension by aeration and mixing (Schuyler, 2012). Wastewater is being mixed with air or oxygen for a length of time. Develops a brown floc consisting of billions of microorganisms and other material.         Process provides the environment to keep these aerobic microorganisms under controlled conditions so they can remove most of the suspended or dissolved organics from the wastewater (Kerri, 1990).
2.4. 
ADSORPTION
Adsorption is integral to a broad spectrum of physical, biological and chemical processes and operations in the environmental field. Purification of gases by adsorption has played a major role in air pollution control, and adsorption of dissolved impurities from solution has been widely employed for water purification. Adsorption is now viewed as a superior method for wastewater treatment and water reclamation. Adsorption is the process through which a substance, originally present in one phase, is removed from that phase by accumulation at the interface between that phase and a separate phase (Cooney, 2009).
       
Adsorption is typically used in wastewater treatment to remove toxic or recalcitrant organic pollutants, and to a lesser extent, inorganic contaminants, from the wastewater. Adsorption finds applications in tertiary wastewater treatment as a polishing step before final discharge. Adsorption is commonly used in the treatment of industrial wastewaters containing organic compounds not easily biodegraded during secondary treatment (Inglezakis, 2006).
      
Adsorption techniques have successfully proven its ability on lowering dye concentration of the industrial effluents by using adsorbents such as activated carbon, peat, chitin, clay, and others (Jaafar & Sharifah, 2006). Adsorption techniques is best used for water re-use in terms of initial cost, flexibility and simplicity of design, ease of operation and insensitivity to toxic pollutants. Besides, it does not result in the formation of harmful substance   (Wang, 2010).

3. EXPERIMENTAL PROCEDURE

The experimental procedure adopted for the present study “Decolourization of Selected Dye Solution Using Seafoam “ is discussed under the following headings:
3.1. 
Screening of Different Sources for Decolourization of Selected Dyes

3.2. 
Optimization of Various Parameters for the Decolourization 

of Selected Types

3.2.1. Seafoam concentration


3.2.2. Contact time


3.2.3. pH


3.2.4. Temperature


3.2.5. Dye concentration

3.3.
Decolourization of Selected Dyes Using Seafoam Under 


Optimized Conditions

3.4. 
Phytotoxicity Study

3.5. 
Reuse of Decolourized Dye Solutions for Dyeing Selected Fabric


3.5.1. Selection of fabric


3.5.2. Selection of dyes


3.5.3. Dyeing of selected fabric with decolourized solution

3.6. 
Evaluation of dyed fabrics


3.6.1. Subjective Evaluation – visual inspection


3.6.2. Objective Evaluation



3.6.2.1. Fabric Weight



3.6.2.2. Fabric Thickness

3.6.2.3. Fabric strength and Elongation

3.6.2.4. Absorbency tests

3.6.2.5. Abrasion Resistance

3.6.2.6. Colour Fastness

3.1.
SCREENING OF DIFFERENT SOURCES FOR DECOLOURIZATION 
OF SELECTED DYES


Different sources such as egg shell powder, tamarind fruit shell, garlic peel, rice husk, orange peel, tapioca peel, sea foam, coconut shell ash, saw dust and sugarcane bagasse were selected. About 2 g of each source was added individually into a series of beakers containing 0.01 per cent of selected dyes such as reactive dye, direct dye, sulphur dye, basic dye and crystal violet. Per cent decolourization of each source was determined, by measuring the absorbance at UV-visible spectrophotometer. The per cent decolourization was calculated using the following formula :

Per cent decolourization =  
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After the pilot study, maximum per cent decolourization was observed with seafoam. Hence it was selected for the study. 

3.2. OPTIMIZATION OF VARIOUS PARAMETERS FOR THE 
DECOLOURIZATION OF SELECTED DYES

3.2.1.
Seafoam Concentration


To determine the optimum quantity of seafoam to decolourize selected dye solution 1 g, 2 g, 3 g, 4 g, 5 g, 6 g and 7 g of sea foam were added separately to beakers containing 0.01 per cent of selected dyes. Absorbance was measured at 450 nm in UV visible spectrophotometer. The concentration at which the per cent decolourization was maximum was selected as optimum concentration.

3.2.2.
Contact Time


To determine the optimum contact time for decolourization of selected dyes, the beakers containing 0.01 per cent of selected dye with optimized concentration of seafoam, was incubated at different time intervals such as,                6 hours, 12 hours, 18 hours, 24 hours, 30 hours, 36 hours and 42 hours. The per cent decolourization was determined. 
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	PLATE I

SCREENING OF DIFFERENT SOURCES
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	Source Concentration (Seafoam) – Basic Green
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	Time – Crystal Violet
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	pH – Reactive Pink
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	Temperature - Sulphur Black


PLATE II

OPTIMIZATION OF VARIOUS PARAMETERS FOR DECOLOURAZATION OF SELECTED DYES
3.2.3.
pH


Set of 250 ml beakers were taken and 0.01 per cent of selected dye solution was added separately. The pH of the solution was adjusted to 5, 6, 7, 8 and 9 using 1 N HCl or NaOH. The selected sea foam at optimum concentration was added to all the beakers having different pH. The per cent decolourization was determined after 24 hours.

3.2.4. 
Temperature


To determine the optimum temperature for decolourization of selected dyes, the beakers containing 0.01 per cent selected dyes with sea foam was incubated for 24 hours at different temperatures such as 30(C, 40(C, 50(C, 60(C and 70(C. Per cent decolourization was determined. 

3.2.5.
Dye Concentration


To determine the optimum dye concentration 0.01 per cent, 0.02 per cent, 0.03 per cent, 0.04 per cent and 0.05 per cent of selected dyes were added individually to beakers containing 4 gm of sea foam. Absorbance was measured at 450 nm after 24 hours.

3.3.
DECOLOURIZATION OF SELECTED DYE USING SEA FOAM UNDER OPTIMIZED CONDITIONS


Selected dye solutions were decolourized using sea foam at optimum concentration and pH. Decolourization was carried out for 24 hours at 70(C. The decolourized solution was utilized for dyeing. 

3.4. 
PHYTOTOXICITY STUDY


The phytotoxicity study was carried out by watering dye water and decolourized water to plants (Abelmoschus exculentus and Celosia argentea seeds). Germination percentage and vigor index was determined.

Germination percentage
=   
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  =   Germination percentage x (root length + shoot length)
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Abelmoschus esculentus
Measuring the shoot and root length 
of  Abelmoschus esculentus
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Celosia argentea
Measuring the shoot and root length 
of  Celosia argentea

PLATE III

GROWTH OF PLANTS
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	PLATE IV

SEAFOAM



3.5.
REUSE OF DECOLOURIZED DYE SOLUTIONS FOR DYEING 
SELECTED 
FABRIC


As the cost of water supplied to industry keeps increasing, recycle becomes more attractive. Increasing demand for water in industry and to control the pollution of environment, recycling or reuse of water is essential. In the present study, the decoloruized dye solutions were utilized for dyeing the fabric. 

3.5.1.
Selection of Fabric


Cotton is known as the King of fibre, because of its versatality and of its properties. Cotton is superior in that it survives household treatment (Shenai, 2000). Cotton makes fine and strong yarns of the best quality and can be spun into 40 to 50 miles of yarn (Edge, 2008). The scientific name of cotton is “Gossypium barbadense”. Cotton fibres are formed on the plants as long hair attached to the seeds inside the boll of plants that is called mallow (Barker, 2009). Cotton remains the most supernatural fibre under the sun even after 8000 years. 

Cotton had unique characters such as soft, comfortable and absorbs perspiration. Plain weave is extensively used for cotton fabrics. So, cotton fabric made out of plain weave was selected for the present study.

3.5.2. 
Selection of Dyes

Reactive pink, sulpur black, basic green, crystal violet and direct yellow were selected for dyeing the selected fabric.

 3.5.3. Dyeing of Selected Fabric with Decolourized Solutions

TABLE I
DYEING PARAMETERS
	Parameters
	Amount

	Fabric
	1 meter

	Shade
	2%

	Material : liquor ratio
	1 : 30

	Caustic soda
	2%

	Sodium chloride
	20%

	Temperature
	90(C

	Time
	30 min.



The selected (desized) cotton fabric was dyed with soft water and decolourized dyed solutions. The fabric was soaked in soft water for 30 min. 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 fabric was then immersed into the dye bath and kept for 10 min. After 10 min. the fabric was taken out and NaCl was added to the dye bath and the content was mixed thoroughly. The fabric was again immersed in the dye bath for 30 min. After 30 min. the fabric was washed thoroughly by changing the water thrice. Finally the sample was taken out and squeezed and dried in shade. Following the same procedure, dyeing was performed in decolourized water for selected cotton fabric. 

3.6.
EVALUATION OF DYED FABRICS

3.6.1.
Subjective Evaluation – Visual Inspection


The fabric samples dyed with soft water and decolourized water were evaluated visually by the panel of members. The panel members comprising of 10 PG students specializing in the field of Textile and Clothing, evaluated the fabrics for general appearance, brilliancy of shade and evenness of dyeing.

3.6.2.
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.

3.6.2.1. Fabric Weight


Fabric weight as the relative weight of the fabric is expressed as the weight of a particular size or piece as grams / square meter or ounces / square yard. 


Fabric weight of the original and dyed samples were determined using GSM cutter. It is a device to cut circular specimen of 100 square centimeters of a fabric very accurately. It has 4 blades that cut the fabric, when the hand wheel is rotated by applying high pressure. The samples were cut and weighed 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 weighed for five times and mean value was calculated and recorded.

3.6.2.2. Fabric Thickness


Fabric thickness is defined as the distance between lower and upper surface of the material measured under a standard pressure, using Shirley’s Thickness Tester with an accuracy of 0.01 mm. Fabric thickness gauge was used to measure thickness of the sample. It has two parts the anvil and pressure foot. Pressure was given at the foot to make the gauge zero. The sample was placed between the cleaned pressure foot and anvil. The reading shown by the dial was noted. For each sample, thickness was determined at five different places away from 2 inches of the selvedge. 

3.6.2.3. Fabric Strength and Elongation


Breaking strength is the measure of the 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 tensile stress and expressed in units of length of the fabric when loaded. 


The original and dyed fabrics were tested for tensile strength using cloth tensile strength tester. 12 inches x 2 inches specimen from each samples were cut both in warp and weft direction of the fabric, 2 inches apart from selvedge. 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 switched to run. At certain point the fabric starts to break, the machine was switched off and the dial reading in lb 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 sample were tested and readings were noted.

3.6.2.4. Absorbency Tests

a)
Drop Test


Absorbency is defined as the potentiality of a material to take in and retain a liquid, usually water, in the pores and interstices. A drop test is a count of number of drops required to penetrate through the surface of the fabric (AATCC Technical Manual, 2008).


A burette filled with distilled water was clamped in a stand. Sample A was mounted in an embroidery frame and was placed at the base of the stand. The distance between the sample and burette nozzle was kept constant. The nozzle of the burette 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. Same procedure was repeated for five times and the mean value was calculated. 
b) Capillary Rise Test


The capillary travel method measures the rapidity of absorption. Five pieces of each sample were cut measuring 15 cm length and 2.5 cm width. 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. The rise of the water level in the strip was noted by keeping time as constant (1 min). The same procedure was repeated for all the samples and the mean value was calculated and recorded.

c) Sinking Time Test


Sinking test is a simple test that helps to measure the wettability of a fabric (AATCC Technical Manual, 2008). 


In this method, the sample was cut into a number of equal sized squares of 1” x 1” and added to a 1000 ml beaker which was filled with distilled water. The stop watch was started when the fabric struck the surface of water and stopped when the last corner sank below the water surface. The test was carried out for all the samples and the mean time for sinking was calculated and recorded.

3.6.2.5. Abrasion Resistance


Abrasion is just one aspect of wear and is the action of rubbing away of the component fibres and yarns of the fabric (Jewel, 2005). Abrasion is one of the major criteria to assess the durability of the fabric (Basu, 2001).


Abrasion resistance of the fabric depends upon many factors such as fibre properties, yarn structure and size, fabric weight, moisture content and the type of abradant. Abrasion test predicts the serviceability of a fabric.


Martindale Abrasion Resistance Tester was used to determine the abrasion resistance of the sample. Ten samples were cut at random from each of the dyed samples using a template. The initial weight of each specimen was taken accurately using an electronic balance. the same was mounted on a sample holder and rubbed against the abradant paper. Rubbing was given in the multi-directional way. The number of rubs given was twenty. After abrasion, the final weight was taken. The loss of weight in each specimen was due to rubs. The same procedure was repeated for all other specimens and the mean value was calculated. 

3.6.2.6. Colour Fastness Test


Dye fibre interactions are varied and their strength or combined strength determine both the outcome and performance of the dyeing. Dyeing does not mean only to impact attractive on the fibre but to obtain fast colour on it.


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 cololur fastness test is 1-5 grade. In this scale one means poor fastness and 5 represent excellent colour fastness (Smith, 2006). 


In this study, four colour fastness tests were carried out. They are colour fastness to sunlight, washing, wet and dry crocking, wet and dry pressing.

Fastness to Sunlight


The colour fastness of textile material to day light is very important property.


Colour fastness determine the resistance of a material to change its colour characteristics as a result of exposure light source. 


To test the fastness to sunlight the specimens of 16 cm x 5 cm were cut from each sample of dyed fabrics and divided into 8 equal parts measured as 20 m each, the specimens were covered with black chart. For the successive seven days the specimens were exposed to direct sunlight. First day first portion of the specimens were exposed and accordingly seven portions are exposed to sunlight. The first portion was exposed from 7 days and the 7th 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.

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 n both apparel as well as upholstery. Crocking test determine the extent to which colour may be transferred from the surface of the dyed fabric to another by rubbing.


Sasmira Crock Meter was used to determine the fastness to crocking. Each of dyed samples was cut in the measurement of 25 cm x 20 cm and mounted on flat base. The desized white cotton fabric was mounted in a ring on rubbing finger. Each sample was given 10 rubs based on standardization. The colour transfer from the dyed sample to the white material was used for wet crocking. The procedure adopted was same as that of dry crocking. The colour transfer from the dyed sample to the white material was assessed using grey scale.

Fastness to Washing


Major loss of colour from the fabric is due to washing and results in staining over the adjacent fabric. Test sample of the dyed fabric measuring 5 x 10 cm size were cut. Each of them was sandwiched between the undyed white cloth which was desized well. Specimen were completely soaked in the soap solution about 5 g / 1 for 30 minutes at 40(C after the samples were removed, rinsed in cold water thoroughly, squeezed well and dried. Evaluations of staining on the white adjacent fabrics were found using a grey scale. The same procedure was carried out for other dyed samples. 

Wet and Dry Pressing


Colour fastness of the samples to pressing was measured following the specifications. Two specimens measuring 10 cm x 10 cm from each dyed samples were cut and one set of specimens covered at either side with 5 cm x 5 cm of desized white fabric. The prepared specimens were covered at either side with 5 cm x 5 cm of desized white fabric. The prepared specimens were pressed for 5 sec. to assess it colour fastness to dry pressing, while the others were covered with wet white cloth and pressed for 5 sec. to assess its colour fastness to wet pressing. The same procedure was repeated for all specimens. The colour change in the dyed fabrics was graded using grey scale. 

4.  RESULTS AND DISCUSSION


The results and discussion pertaining to the study “DECOLOURIZATION OF SELECTED DYE SOLUTION USING SEAFOAM” is discussed under the following headings.

4.1
Screening of Different Sources for Decolourization of Selected   Dyes

4.2
Optimization of Various Parameters for the Decolourization of Selected Dyes



4.2.1
Concentration of Seafoam



4.2.2
Time



4.2.3
pH



4.2.4
Temperature



4.2.5
Dye Concentration 


4.3
Decolourization of Selected Dye Solution under Optimized          

Conditions

4.4
Utilization of Treated Dye Solution for Growing Abelmoschus esculentus and Celosia argentea plants



4.4.1
Germination Percentage



4.4.2
Vigor Index


4.5
Reuse of Treated Dye Solution for Dyeing Selected Fabric


4.6
Evaluation of Dyed Fabric



4.6.1
Subjective Evaluation – Visual Inspection



4.6.2
Objective Evaluation




4.6.2.1   Fabric Weight




4.6.2.2   Fabric Thickness




4.6.2.3   Fabric Strength

4.6.2.4.  Fabric Elongation




4.6.2.5   Abrasion Resistance

4.6.2.6. 
Absorbency Test

· Drop Test

· Sinking Test

· Capillary Rise Test




4.6.2.7.   Colour Fastness Test

· Fastness to Sunlight

· Wet and dry Crocking

· Fastness to Washing

· Wet and dry Pressing 

4.1.
SCREENING OF DIFFERENT SOURCES FOR DECOLOURIZATION OF SELECTED DYES


The decolourization efficiency of different sources such as egg shell powder, tamarind fruit shell, garlic peel, sugarcane bagasse, orange peel, rice husk, tapioca peel, seafoam, coconut shell ash and saw dust on reactive pink, crystal violet, sulphur black, basic green and direct yellow were screened and the results are presented in Table II and Figure I.

TABLE  II
DECOLOURIZATION OF SELECTED DYES BY SELECTED SOURCES

	Source (1%)
	Per cent decolourization (%)

	
	Crystal violet
	Direct yellow 
	Sulphur black
	Basic green
	Reactive pink

	Egg shell powder
	78
	74
	76
	73
	69

	Tamarind fruit shell
	54
	54
	52
	60
	56

	Garlic peel
	62
	48
	70
	55
	62

	Rise husk
	76
	79
	46
	61
	73

	Orange peel
	69
	66
	56
	68
	55

	Tapioca peel
	62
	68
	48
	59
	65

	Sea foam
	90
	88
	93
	89
	92

	Coconut shell ash
	86
	75
	50
	47
	64

	Saw dust
	83
	82
	54
	71
	58

	Sugarcane bagasse
	74
	80
	56
	53
	74



Among the selected sources sea foam was found to be effective in the decolourization of selected dyes. Per cent decolourization by sea foam was found to be maximum for sulphur black followed by reactive pink. Hence sea foam was selected for the present study.
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FIGURE 1
DECOLOURIZATION OF SELECTED DYES BY SELECTED SOURCES


4.2.
OPTIMIZATION OF VARIOUS PARAMETERS FOR THE DECOLOURIZATION OF SELECTED DYES

4.2.1.
Concentration of Seafoam


The effect of different concentration of sea foam on decolourization of selected dyes was studied and the results are presented in Table III and Figure 2.

TABLE III
OPTIMIZATION OF SEA FOAM CONCENTRATION

	Concentration of sea foam (gm)
	Per cent decolorization (%)

	
	Reactive pink
	Sulphur black
	Basic green
	Crystal violet
	Direct yellow

	1
	69
	63
	65
	61
	71

	2
	73
	71
	69
	75
	74

	3
	74
	76
	75
	83
	79

	4
	85
	86
	88
	90
	88

	5
	80
	81
	86
	82
	83

	6
	76
	72
	80
	76
	80

	7
	74
	68
	78
	74
	76



From Table III and Figure 2, it is clear that per cent decolourization increased with increase in source concentration. Maximum decolourization was observed at 4 per cent for all the selected dyes. 


Initially the rate of increase in the per cent dye removal was found to be rapid which slowed down as the concentration increased. With rise in adsorbent dose, there is less increase in adsorption, resulting from many sites remaining unsaturated during the adsorption (Jain et al., 2003).


Similar result was observed by Lath and Padmaja (2008), who studied the removal of cationic dyes using palm shell powder as adsorbent. 


The result obtained indicated that sea foam has a larger potential as adsorbent for dye removal. 
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FIGURE 2
OPTIMIZATION OF SEA FOAM CONCENTRATION


4.2.2.
Time

The effect of contact time on the decolourization of selected dyes was observed and the results are shown in Table IV and Figure 3. 

TABLE IV
OPTIMIZATION OF CONTACT TIME
	Time in hours
	Per cent decolorization

	
	Reactive pink
	Sulphur black
	Basic green
	Crystal violet
	Direct yellow

	6
	71
	70
	65
	66
	69

	12
	74
	78
	77
	68
	74

	18
	79
	82
	75
	76
	77

	24
	88
	88
	88
	86
	86

	30
	80
	84
	86
	82
	80

	36
	80
	79
	82
	80
	75

	42
	76
	75
	80
	77
	71



Maximum decolourization of 88 per cent was observed at 24 hours for reactive pink, sulphur black and basic green dyes. 


Maximum rate of decolourization was noticed after 24 hours of incubation. Similar result was observed by Rahchamani et al. (2011) for the adsorption of methyl violet from aqueous solution by polyacrylamide as an adsorbent at 24 hours. The rate of removal is higher in the beginning due to larger surface area available in the adsorbent. After adsorption, the rate of dye uptake is controlled by the rate of dye transported from the exterior to the interior sites of the adsorbent particles. 


Hence an incubation time of 24 hours was fixed for further study.
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FIGURE 3
OPTIMIZATION OF CONTACT TIME



4.2.3
pH

The effect of pH on dye decolourization was determined and the results are presented in Table V and Figure 4.
TABLE V
OPTIMIZATION OF pH
	pH
	Per cent decolorization

	
	Reactive pink
	Sulphur black
	Basic green
	Crystal violet
	Direct yellow

	5
	91
	81
	80
	81
	86

	6
	84
	85
	88
	83
	89

	7
	82
	92
	84
	90
	85

	8
	78
	79
	80
	86
	84

	9
	77
	75
	77
	86
	82



From Table V and Figure 4, it is clear that maximum decolourization was recorded at pH 6 for basic and direct dyes. pH 7 was found to be optimum for sulphur and crystal violet. With regard to reactive dye maximum per cent decolourization was observed at pH 5. The obtained result correlates with Reddy (2006) who have reported that an increase in pH decreased decolourization for direct dye using tamarind fruit shell as adsorbent. Lower per cent decolourization at alkaline pH might be due to the presence 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 adsorbents. 
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FIGURE 4
OPTIMIZATION OF pH
4.2.4
Temperature

The decolourization studies were carried out at different temperatures and the results are presented in Table VI and Figure 5.
TABLE VI
OPTIMIZATION OF TEMPERATURE
	Temperature ((C)
	Per cent decolorization

	
	Reactive pink
	Sulphur black
	Basic green
	Crystal violet
	Direct yellow

	30
	76
	76
	79
	76
	74

	40
	77
	80
	82
	80
	76

	50
	86
	88
	90
	88
	79

	60
	82
	74
	76
	77
	86

	70
	72
	75
	73
	74
	75



From Table VI and Figure 5, it is observed that per cent decolourization increases with increase in temperature. Maximum decolourization occurred at 50(C for all the dyes except direct dye which showed maximum per cent decolourization at 60(C.


Gupta et al. (2007) observed maximum adsorption at 50(C for the removal of reaction golden yellow 3 RFN from aqueous solution using wheat husk – an agricultural waste.


Result shows that temperature plays an important role on the dye adsorption capacity of sea foam. At high temperature, the thickness of the boundary layers decreases due to the increased tendency of the dye to escape from the biomass surface to the solution phase, which results in decreased adsorption (Tutem et al., 1998). 
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TABLE 5
OPTIMIZATION OF TEMPERATURE

4.2.5
Dye concentration 

The effect of various concentration of dye was determined and the results are presented in Table VII and Figure 6. 
TABLE VII
OPTIMIZATION OF DYE CONCENTRATION
	Dye concentration (%)
	Per cent decolorization

	
	Reactive pink
	Sulphur black
	Basic green
	Crystal violet
	Direct yellow

	0.01
	85
	92
	86
	86
	90

	0.02
	82
	70
	77
	65
	86

	0.03
	77
	61
	63
	59
	71

	0.04
	45
	45
	53
	50
	62

	0.05
	40
	38
	48
	42
	53



From Table VII and Figure 6, it is clear that the per cent dye decolourization decreased with increase in dye concentration from 0.01 per cent to 0.05 per cent. At 0.01 per cent sea foam showed maximum dye removal.


Similar results was reported by Gorg et al. (2005) for cationic dyes by peanut hull. Hence 0.01 per cent dye concentration was fixed for subsequent studies. 
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FIGURE 6
OPTIMIZATION OF DYE CONCENTRATION

4.3
DECOLOURIZATION OF SELECTED DYE SOLUTION UNDER OPTIMIZED CONDITIONS
TABLE VIII
DECOLOURIZATION OF SELECTED DYE SOLUTION 

UNDER OPTIMIZED CONDITIONS
	Parameters 
	Per cent decolorization (%)

	
	Reactive pink
	Sulphur black
	Basic green
	Crystal violet
	Direct yellow

	Adsorbent concentration (%)
	85
	86
	88
	90
	88

	Contact time (24 hours)
	88
	88
	88
	86
	86

	pH
	91
	92
	88
	90
	85

	Temperature (50(C)
	86
	88
	90
	88
	86

	Dye concentration (0.01%)
	85
	92
	86
	86
	90



The selected dyes are decolourized with 4 g of sea foam at an incubation period of 24 hours. Among the five different dyes, except direct yellow, all the other dyes were incubated at 50(C. Direct yellow dye was incubated at 60(C. Regarding pH, decolourization was maximum at pH 6.0 for basic green and direct yellow, pH 7 for crystal violet and sulphur black and pH 5 for reactive pink. 
4.4
UTILIZATION OF TREATED DYE SOLUTION FOR GROWING Abelmoschus esculentus and Celosia argentea PLANTS
4.4.1
Germination percentage

To assess the phytotoxicity effect of dye solution, germination percentage and vigor index of selected plants were determined on 7th day and the results are shown in Table IX and Figure 7.

TABLE IX
GERMINATION PERCENTAGE OF PLANTS ON 7th DAY

	Samples
	Number of seeds sown
	Abelmoschus esculentus
	Celosia argentea

	
	
	Number of seeds germinated
	Germination percentage
	Number of seeds germinated
	Germination percentage

	Control 
	10
	10
	100
	10
	100

	Dyed water
	10
	5
	50
	6
	60

	Decolourized water
	10
	9
	90
	9
	90



It is clear from Table IX and Figure 7, that the germination percentage of both the plants watered with decolourized water showed 90 per cent germination.
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FIGURE 7 
GERMINATION PERCENTAGE OF PLANTS ON 7th DAY

4.4.2
Vigor index
TABLE X
VIGOR INDEX OF PLANTS ON 7th DAY
	Samples
	Abelmoschus esculentus
	Celosia argentea plant

	Control 
	1250
	1210

	Dyed water
	585
	570

	Decolourized water
	1170
	1197



Table X and Figure 8 shows that the vigour index of Abelmoschus esculentus and Celosia argentea, watered with decolourized water was on par  with vigour index of control plants.


Hence it could be concluded that the treated water can be efficiently utilized for watering the plants. 


[image: image20.png]Vigourindex

1400
1200
1000
800
600
400
200

0 +

Control Dyed water

Samples

Decolourized water

® Abelmoschus esculentus E Celosiaargentea




FIGURE 8 
VIGOR INDEX OF PLANTS ON 7th DAY

4.5
REUSE OF TREATED DYE SOLUTION FOR DYEING SELECTED FABRIC


The decolourized water using sea foam was reused for dyeing cotton fabric with selected dyes such as reactive pink, crystal violet, basic green, direct yellow and sulphur black. The dyed fabric was evaluated both subjectively and objectively. 

NOMENCLATURE OF SAMPLES
	Samples
	Code

	Original Cotton
	O

	Soft Water Dyed Sample with Reactive Pink
	SWDR

	Treated Water Dyed Sample With Reactive Pink
	TWDR

	Soft Water Dyed Sample with Sulphur Black
	SWDS

	Treated Water Dyed Sample with Sulphur Black
	TWDS

	Soft Water Dyed Sample with Basic Green

	SWDB

	Treated Water Dyed Sample with Basic Green

	SWDB

	Soft Water Dyed Sample with Crystal Violet
	SWDB

	Treated Water Dyed Sample with Crystal Violet
	TWDC

	Soft Water Dyed Sample with Direct Yellow
	SWDD

	Treated Water Dyed Sample with Direct Yelow
	TWDD


4.6
EVALUATION OF DYED FABRIC

4.6.1
Subjective evaluation – Visual inspection


Subjective evaluation of the samples SWD and TWD are presented in Table XI.

TABLE  XI
SUBJECTIVE EVALUATION 

	S.No.
	Samples
	Presented in Percentage

	
	
	General appearance
	Brightness of shade
	Evenness of dyeing 

	
	
	Excellent
	Good
	Fair
	Bright
	Medium
	Dull
	Even
	Uneven

	1.
	SWDR
	60
	40
	-
	80
	20
	-
	100
	-

	2.
	TWDR
	60
	40
	-
	90
	10
	-
	90
	10

	3.
	SWDS
	70
	30
	-
	80
	20
	-
	80
	20

	4.
	TWDS
	80
	20
	-
	90
	10
	-
	80
	20

	5.
	SWDB
	60
	40
	-
	80
	20
	-
	80
	20

	6.
	TWDB
	60
	40
	-
	80
	20
	-
	90
	10

	7.
	SWDC
	50
	50
	-
	70
	30
	-
	80
	20

	8.
	TWDC
	60
	40
	-
	90
	10
	-
	100
	-

	9.
	SWDD
	50
	50
	-
	70
	30
	-
	80
	20

	10.
	TWDD
	70
	30
	-
	80
	20
	-
	100
	-



From Table XI, it is clear that the sample dyed with treated water (TWD) was rated as good regarding general appearance when compared with soft water dyed fabric. With regard to brightness of shade, 90 per cent of judges rated TWD sample as bright, whereas 80 per cent of the judges rated SWD sample as bright with regarding to evenness, 90 per cent of the judges rated, treated water dyed sample as even. The result of the subjective evaluation indicates that the treated water would be effectively reused for dyeing. 
4.6.2. 
Objective Evaluation

4.6.2.1. Fabric Weight

The fabric weight and F-value of the original, soft water dyed samples and treated water dyed sample are given in Table XII and Figure 9.

TABLE XII
FABRIC WEIGHT

	Test sample
	Mean Weight (Kg)
	SD
	Loss / Gain over Original
	% 
Loss / Gain over Original
	F Test

	Original
	0.33
	0.02
	-
	-
	20.5725**

	SWDR
	0.396
	0.03
	0.066
	20
	

	TWDR
	0.448
	0.04
	0.118
	35.75
	

	SWDS
	0.382
	0.04
	0.052
	15.75
	17.6238**

	TWDS
	0.452
	0.03
	0.122
	36.96
	

	SWDB
	0.362
	0.01
	0.032
	9.6
	36.5607**

	TWDB
	0.43
	0.02
	0.1
	30.30
	

	SWDC
	0.34
	0.01
	0.01
	3.03
	26.7910**

	TWDC
	0.432
	0.04
	0.102
	30.90
	

	SWDD
	0.342
	0.02
	0.012
	3.63
	28.7122**

	TWDD
	0.444
	0.04
	0.114
	34.54
	


** Significant at 1% level
From the Table XII and Figure 9, it is revealed that, the weight of the sample increased after dyeing when compared with the original. Treated water sulphur dyed sample (TWDS) has increased by 37% over original followed by treated water reactive dyed, treated water direct dyed, treated water crystal violet dyed samples.

Statistical analysis also proved that there is a significance difference at 1% level between dyed and original samples. Maximum increase in weight is observed in treated water dyed samples which may be due to increase in dye absorption. The results support that the treated water can be used for dyeing cotton fabric.
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FIGURE 9
FABRIC WEIGHT

4.6.2.2. Fabric Thickness

Thickness and F value of the original, soft water dyed samples and treated water dyed samples are presented in Table XIII and Figure 10.

TABLE XIII
FABRIC THICKNESS
	Test  sample
	Mean thickness (mm) 
	SD
	Loss / Gain over Original
	% 
Loss / Gain over Original
	F Test

	Original 
	32
	3.24
	-
	-
	2.1452ns

	SWDR
	30.2
	0.45
	-1.8
	5.96
	

	TWDR 
	32.8
	1.30
	0.8
	2.5
	

	SWDS 
	30
	1.58
	-2
	6.25
	2.0963 ns

	TWDS 
	33.2
	2.39
	1.2
	3.75
	

	SWDB 
	28.5
	1.94
	-3.5
	10.93
	6.2202 **

	TWDB 
	34.1
	2.25
	2.1
	6.56
	

	SWDC 
	26.6
	1.14
	-5.4
	16.87
	7.9000 **

	TWDC 
	29.8
	1.48
	-2.2
	6.87
	

	SWDD 
	30.6
	0.55
	-1.4
	4.37
	1.1625 ns

	TWDD 
	32.8
	2.28
	0.8
	2.5
	


ns – Not Significant

** Significant at 1% level

From the Table XIII and Figure 10, it is clear that, there is increase in fabric thickness in all the treated water dyed samples, with regard to soft water dying, all the dyed samples have decreased in thickness when compared with original samples.

Statistical analysis also proved that there is a significant difference at 1 per cent level between dyed and original sample of crystal violet, basic dyed there is no significant difference between reactive dye, sulphur dye and direct dyed samples.
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FIGURE 10

FABRIC THICKNESS


4.6.2.3. Fabric Strength (Warp)
Fabric strength and F-value of the original, soft water dyed samples and treated water dyed sample in warp direction is presented in Table XIV and Figure 11.

TABLE XIV
FABRIC STRENGTH (WARP)
	Test  sample
	Mean Strength
	SD
	Loss / Gain over Original
	% 
Loss / Gain over Original
	F Test

	Original 
	52.8
	7.66
	-
	-
	1.0847 NS

	SWDR
	48.2
	1.48
	-4.6
	8.71
	

	TWDR 
	50.4
	3.51
	-2.4
	4.54
	

	SWDS 
	49
	5.24
	-3.8
	7.19
	1.6791 NS 

	TWDS 
	56
	4.85
	3.2
	6.06
	

	SWDB 
	54.8
	4.76
	2
	3.78
	1.4508 NS  

	TWDB 
	60.6
	9.40
	7.8
	14.77
	

	SWDC 
	53.6
	4.04
	0.8
	1.51
	0.594 NS

	TWDC 
	56.2
	2.17
	3.4
	6.43
	

	SWDD 
	60.2
	2.39
	7.4
	14.01
	3.069NS

	TWDD 
	61
	5.96
	8.2
	15.53
	


NS – Not Significant

From the Table XIV and Figure 11, it is clear that soft water dyed and trated water dyed samples have increased in strength (along warp direction) when compared with original sample. Except reactive dyed samples, treated water reactive dyed sample (TWDR) has decreased in its strength by 4% along warp direction.

Statistical analysis also proved that there is no significant difference between the original and dyed samples. Treated water can effectively be used for dyeing.

Fabric Strength (Weft)

Fabric strength and F value of the original, soft water dyed samples and treated water dyed samples in weft direction is presented in Table XV and Figure 12.

TABLE XV
FABRIC STRENGTH (WEFT)
	Test  sample
	Mean Strength 
	SD
	Loss / Gain over Original
	%

Loss / Gain over Original
	F Test

	Original 
	32.8
	3.35
	-
	-
	9.5967**

	SWDR
	38.2
	2.59
	5.4
	16.46
	

	TWDR 
	42.4
	4.28
	9.6
	29.26
	

	SWDS 
	35.6
	3.36
	2.8
	8.53
	10.5179**

	TWDS 
	43.6
	4.72
	10.8
	32.92
	

	SWDB 
	34.8
	1.92
	2
	6.09
	8.6695**

	TWDB 
	40
	3.00
	7.2
	21.95
	

	SWDC 
	40.2
	3.11
	7.4
	22.56
	12.1553**

	TWDC 
	42.6
	3.36
	9.8
	29.87
	

	SWDD 
	37
	2.92
	4.2
	12.80
	8.3887**

	TWDD 
	40.8
	2.49
	8
	24.39
	


** Significant at 1% level
From the Table XV and Figure 12, it is evident that all the dyed samples have increased in strength along weft direction when compared with original sample. Maximum increase in strength is observed in treated water sulphur dyed sample (TWDS) by 33% followed by treated water crystal violet dyed, reactive dyed, direct dyed and basic dyed samples by 30, 29, 24 and 21 respectively.

Statistical analysis also proves that there is a significant difference at 1 per cent level. It is concluded that treated water can effectively used for dyeing.
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FABRIC STRENGTH (WARP)
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FIGURE 12

FABRIC STRENGTH (WEFT)

4.6.2.4. Fabric Elongation (Warp)

Elongation and F-value of the original, soft water dyed samples and treated water dyed samples in warp direction is presented in Table XVI and Figure 13.

TABLE XVI
ELONGATION (WARP)
	Test  sample
	Mean Elongation (inches)
	SD
	Loss / Gain over Original
	% 
Loss / Gain over Original
	F Test

	Original
	1
	0.21
	-
	-
	0.3887 NS

	SWDR
	1.2
	0.60
	0.2
	20
	

	TWDR
	1.24
	0.48
	0.24
	24
	

	SWDS
	0.94
	0.50
	-0.06
	6
	0.0447 NS

	TWDS
	1.04
	0.74
	0.04
	4
	

	SWDB
	0.86
	0.38
	-0.14
	14
	0.2430 NS

	TWDB
	0.96
	0.36
	-0.04
	4
	

	SWDC
	1.1
	0.59
	0.1
	10
	0.3065 NS

	TWDC
	1.27
	0.72
	0.27
	27
	

	SWDD
	1.02
	0.36
	0.02
	2
	0.0191 NS

	TWDD
	0.98
	0.38
	-0.02
	2
	


NS – Not Significant
From the Table XVI and Figure 13, it is clear that treated water dyed with crystal violet (TWDC) has increased in its strength by 27 per cent over original followed by treated water reactive dyed sample (TWDR) has increased its elongation by 24 per cent along warp direction. With regard to soft water dyed samples, crystal violet and basic green dyed samples have decreased in elongation along warp direction when compared with original sample.

Statistically proved that there is no significance difference between soft water and treated water dyed samples when compared with original sample.

Fabric Elongation (Weft)

Elongation and F-value of the original, soft water dyed samples and treated water dyed samples in weft direction are depicted in Table XVII and Figure 14.

TABLE XVII
ELONGATION (WEFT)
	Test  sample
	Mean Elongation (inches)
	SD
	Loss  / Gain over Original
	% Loss / Gain over Original 
	F Test

	Original 
	1.36
	0.26
	-
	-
	1.9024 NS

	SWDR
	1.56
	0.15
	0.2
	14.70
	

	TWDR 
	1.64
	0.27
	0.28
	2.05
	

	SWDS 
	1.44
	0.36
	0.08
	5.88
	0.2403 NS

	TWDS 
	1.48
	0.19
	0.12
	8.82
	

	SWDB 
	1.22
	0.25
	-0.14
	10.29
	0.4236 NS

	TWDB 
	1.34
	0.27
	-0.02
	1.47
	

	SWDC 
	1.54
	0.21
	0.18
	13.23
	1.5489 NS

	TWDC 
	1.58
	0.15
	0.22
	16.17
	

	SWDD 
	1.42
	0.29
	0.06
	8.16
	0.1631 NS

	TWDD 
	1.46
	0.29
	0.1
	7.35
	


NS – Not Significant
From the Table XVII and Figure 14, it is clear that soft water dyed with reactive dye, crystal violet, basic dye, direct dye and sulphur dye have increased in elongation along weft direction by 1, 13, 10, 8, 6 per cent respectively. In the case of treated water dyed samples, maximum increase of 16 per cent has observed in treated water crystal violet dyed sample. There is less increase in elongation which is observed in treated water sulphur dyed, direct dyed, reactive dyed and basic dyed samples by 9,7,2,1.5 per cent respectively.

Statistically analysis also proved that there is no significance difference between the original and dyed samples.
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4.6.2.5. Abrasion Resistance

Abrasion resistance and F-value of the original, soft water dyed samples and treated water dyed samples are depicted in Table XVIII and Figure 15.

TABLE XVIII
ABRASION RESISTANCE
	Test  sample
	Mean (g)
	SD
	Loss / Gain over Original
	% 
Loss / Gain over Original
	F Test

	Original 
	0.142
	0.02
	-
	-
	0.5260 NS

	SWDR
	0.15
	0.03
	0.008
	5.63
	

	TWDR 
	0.162
	0.04
	0.02
	14.08
	

	SWDS 
	0.16
	0.03
	0.018
	12.67
	0.9156 NS

	TWDS 
	0.164
	0.03
	0.022
	15.49
	

	SWDB 
	0.144
	0.02
	0.002
	1.40
	0.2373 NS

	TWDB 
	0.152
	0.03
	0.01
	7.04
	

	SWDC 
	0.156
	0.03
	0.014
	9.85
	0.6667 NS

	TWDC 
	0.162
	0.03
	0.02
	14.08
	

	SWDD 
	0.158
	0.04
	0.016
	11.26
	0.6532 NS

	TWDD 
	0.164
	0.03
	0.022
	15.44
	


NS – Not Significant
From the Table XVIII and Figure 15, it is revealed that all the dyed samples has good resistance to abrasion. Treated water dyed samples (TWD) has better resistance to abrasion when compared wilt original soft water dyed samples.

Statistically also proved that, there is no significant difference between the original and dyed samples.
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4.6.2.6. Absorbency Test

The results related to absorbency of the samples are presented in 
Table XIX.

TABLE XIX

ABSORBENCY TEST

	S. No.
	Sample
	Drop Test (Sec)
	Sinking Test (Sec)
	Capillary Rise Test (cm/min)

	1.
	Original 
	16
	14
	2.7

	2.
	SWDR
	22
	20
	2.5

	3.
	TWDR 
	24
	17
	2.8

	4.
	SWDS 
	24
	23
	2.7

	5.
	TWDS 
	25
	14
	2.9

	6.
	SWDB 
	14
	18
	2.2

	7.
	TWDB 
	12
	15
	2.7

	8.
	SWDC 
	22
	17
	2.9

	9.
	TWDC 
	20
	17
	3.2

	10.
	SWDD 
	38
	27
	2.7

	11.
	TWDD 
	44
	29
	3


From the Table XIX, it is clear that soft water dyed and treated water dyed samples have less absorbency when compared with original samples.

With regard to drop test, treated water basic dyed sample took 12 seconds to absorb a drop of water. Treated water direct dyed samples took 44 seconds to absorb a drop of water.

With regard to sinking test, the time taken by all the dyed samples is noted to be increased. The capillary rise was found to be lesser among SWDR and SWDB when compared to the original. All the other samples exhibit an increased capillary rise than the original.

To conclude, the absorbency of the treated water dyed samples is found to be higher when compared to the soft water dyed samples.

4.6.2.7. Colour Fastness Test

The result of colour fastness test to sunlight, pressing, crocking and washing are presented in Table XX.

TABLE XX
COLOUR FASTENSS TESTS
	Samples
	Sunlight
	Pressing
	Crocking
	Washing

	
	
	Dry Staining
	Wet Staining
	Dry Staining
	Wet Staining
	Dry Staining
	Wet Staining

	Reactive Pink
	
	
	
	
	
	
	

	SWD
	5
	5
	4
	5
	4
	5
	4

	TWD
	5
	5
	5
	5
	5
	5
	5

	Sulphur Black
	
	
	
	
	
	
	

	SWD
	4
	5
	5
	4
	5
	4
	4

	TWD
	5
	5
	5
	5
	5
	5
	5

	Basic green
	
	
	
	
	
	
	

	SWD
	4
	5
	4
	5
	4
	5
	4

	TWD
	4
	5
	4
	5
	4
	5
	5

	Crystal violet
	
	
	
	
	
	
	

	SWD
	4
	4
	5
	5
	5
	4
	5

	TWD
	4
	5
	5
	5
	5
	4
	5

	Direct yellow
	
	
	
	
	
	
	

	SWD
	5
	5
	5
	5
	4
	5
	4

	TWD
	4
	5
	4
	5
	5
	5
	4



With regard to colourfastness properties all the fabrics dyed using treated water were found to be excellent to sunlight, pressing, crocking and washing. Hence, it could be concluded that the treated water can be effectively reused for dyeing.

5. SUMMARY AND CONCLUSION

With the increased demand for textile products, the textile industry and its wastewaters have been increasing proportionally, making it one of the main sources of severe pollution problems worldwide. Effluent treatment from dyeing and finishing processes in the textile industry is one of the most significant environmental problems. Since most synthetic dyes have complex aromatic molecular structures which make them inert and biodegradable difficult when discharged into the environment.


Dyes removal techniques such as Coagulation /flocculation, electrochemical oxidation, photocatalytic oxidation, electro-Fenton oxidation appear to face several technical and economic limitations and were found to be inadequate because most textile dyes have complex aromatic molecular structures that resist degradation. The need for more efficient treatment processes has attracted the attention of environmental scientists and engineers. For these reasons many attempts have been made to treat textile wastewater using conventional wastewater treatment methods. Adsorption  is widely used for wastewater treatment, as it is efficient and simple to operate.

Bearing in mind the toxicological impacts of dye on environment and the advantages of adsorption technique, the present study “Decolourisation  of Selected Dye Solution Using Sea Foam”  has been designed with the following objectives. 
· To screen and select dye decolorizing wastes for textile decolorisation  of dyes.

· To optimize various parameters such as pH, source concentration,              dye concentration incubation period and temperature for decolorisation using selected sea foam.

· To reuse the decolorized dye solution for dyeing. 

· To evaluate the dyed samples

Experimental Procedure

Different source such as coconut shell ash, neem leaf powder, orange peels, rice husk, egg shell powder, wheat straw, wheat husk, coconut husk, sugarcane bagasse, maize cob, corn cob, tapioca peel, guava leaf, coir pith, peanut hull, tamarind fruit shell, and garlic peel were screened for their decolourization capacities for selected dyes. Based on per cent decolourization, seafoam was selected.

Various experimental conditions like absorbent concentration, contact time, pH, temperature and dye concentration were optimized for effective decolourization of selected dyes using seafoam. The per cent decolourization was estimated using UV visible spectrophotometer.

In order to assess the reusability of decolourized water, it was utilized for dyeing selected fabric.

Subjective and objective evaluation was carried out for the dyed sample. Phyto toxicity was analyzed by growing the plants using decolourized water.

Findings:

· Among different sources screened, seafoam was observed to be more efficient for the decolourization of selected dyes.

· An absorbent concentration of 4 per cent was found to be optimum for the decolourization of selected dyes.

· The optimum pH for decolourization of selected dyes was found to be 6.

· Maximum per cent decolourization was noticed at 50ºC.

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

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

· The phytotoxicity studies reveal that both the plants watered with decolourized water showed apparent growth against the control which had been watered with plain water.

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

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

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

· The strength of both soft water samples and treated water dyed samples increased when compared with original. There was no significant difference between dyed samples, along warp direction.

· Elongation of all the samples increased in warp direction. With regard to weft direction sample SWD has decreased and TWD has increased over original.

· With regard to abrasion resistance there was no significant difference between dyed samples.

· Absorbency nature of the treated water dyed sample was found to be on par with soft water dyed samples.

· Samples subjected to colour fastness test exhibited excellent colour fastness properties. Fastness to sunlight, pressing, washing and crocking was rated as excellent for both the samples.

CONCLUSION

The present study proved that sea foam could be effectively utilized for decolourization of selected dyes and the decolourized water could be reused. Phytotoxicity studies prove that decolourized water could be effectively used for growing plants. Hence this work is an eye opener for the usage of sea foam in the treatment of dye solution and reuse of treated dye solution for dyeing and growing plants.

RECOMMENDATIONS FOR FUTURE STUDY

· Various other agro-residues can be screened for decolourization of different dyes.

· Seafoam can be tested for decolourization of other dyes.
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		Temperature		Reactive pink		Sulphur black		Basic green		Crystal violet		Direct yellow

		30		76		76		79		76		74

		40		77		80		82		80		76

		50		86		88		90		88		79

		60		82		74		76		77		86

		70		72		75		73		74		75

		36		80		79		82		80		75

		42		76		75		80		77		71
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				Abelmoschus esculentus		Celosia argentea

		Control		100		100		2

		Dyed water		50		60		2

		Decolourized water		90		90		3

		Category 4		4.5		2.8		C

				To resize chart data range, drag lower right corner of range.
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				Abelmoschus esculentus		Celosia argentea

		Control		1250		1210		2

		Dyed water		936		910		2

		Decolourized water		1170		1197		3

		Category 4		4.5		2.8		C

				To resize chart data range, drag lower right corner of range.
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