Submitted by: Fayyaz Ahmad

BTTM (H) Batch 14.

Decolorisation of Textile Effluent Using Natural Adsorbents 

Dr. J.K. Sharma and M.K. ARORA
Technological Institute of Textile and Sciences, Bhiwani (Haryana) - 127021.

ABSTRACT

Dyes are the integral part of wet processing to make the fabric colorful but in spite of the best technological developments cent percent of the dye exhaustion is not possible. The unused dyes make the effluent colored. This effluent when discharged into the water bodies transfer color to it and effects the photosynthetic activity of aquatic plants as well as organic nature of dyes imbalances the ecosystem. The removal of color from the textile effluent is necessary to protect eco-balance. Various methods have been developed to decolorize textile waste water like membrane-filtration, reverse osmosis, flocculation etc. but most of these are expensive. Adsorption is another suitable method for decolonization of effluents. An attempt has been made to work out for a natural and cheaper alternative based on surface adsorption for discoloration of effluent using a few natural adsorbents like charcoal, wood ash, brick powder, sugarcane bagasse and tea leaves ash.

Introduction

There is an increasing pressure on industries to become more environmentally aware and an added emphasis on the protection of the environment is talk of today. Among various industrial organizations textile industry is water intensive and utilizes wide variety of chemicals and dyes(1). Effluent being discharged from the textile industries into the sewage systems or neighbouring water receiving bodies is presently a cause for major environmental and health concerns(2). Waste water discharged from the textile industry is solution of complex chemical with high colour value. The colour in the effluent is mainly due to unfixed dye. The concentration of unused dyes in the effluent depends upon the nature of dyes and dyeing process underway at the time(3).

Inefficiency of dyeing process results in 10-25% of all dyestuffs being lost directly to the waste water(4). Although the textile dyes contribute only a small portion of the total volume of discharged waste water after the dyeing process; yet they make it deeply coloured(5). Colour removal is generally considered more important than the removal of the soluble colourless chemical contaminants because it is an aesthetic problem and also detrimental to microbial life(6, 7). The presence of dyes in textile waste water is also responsible for raising the COD level of the effluent as well as an economical loss. The colour present in water also interferes in the photosynthetic activity of plants since it reduces the sun light penetration, thereby ecosystem is seriously effected(8). The dyes and colours are not removed by conventional waste water treatment processes, as they are fairly stable to light, heat and resist biodegradation because of their complex molecular structures. In recent years several physico- chemical decolorisation processes have been developed like membrane-filtration, reverse osmosis, flocculation biological treatments etc;(9). However, these methods are selective, expensive and may need special infrastructure. Therefore not commonly used by textile industries.

It is found that adsorption method is a suitable and viable mode to remove colouring matter from effluent(10). A number of adsorbents like activated carbon, silica gel, chitin etc; have been used. Among all these adsorbents the activated carbon is most effective but expensive too(11), hence it is desired to be replaced by cheaper and easily available alternatives like tea leaves ash, wood ash, charcoal, sugarcane bagasse, brick powder, jute waste, paper pulp, fly ash etc.(12, 8). All these alternative materials are waste in one form but useful adsorbents in other way to remove colour of waste water, hence to minimise pollution load of effluent. This will save aquatic animals as well as plants from toxic and hazardous effects of colours present in water bodies.

In present work efficiency of various natural adsorbents is compared by using their action on effluent from a dye bath prepared for dyeing of polyester/cotton (65:35) blend. For this two class of dyes were used i.e. Disperse dyes for polyester and reactive HE brand dyes for cotton component. Two bath two step and one bath two step processes are used for dyeing. The natural adsorbents tried are tea leaves ash, wood ash, charcoal, sugarcane bagasse and brick powder as cheap alternatives to activated carbon.

Experimental Materials:

· Fabric : Polyester/cotton blend (65:35) fabric. 

· Dyes : Disperse - Ternix Red F2BL (C.I. 167.1) Ternix N. Blue F2GL (C.I. 79)  

· Reactive : Reactive Red HE 8B (C.I. 152), Reactive N. Blue HE2R (C.I. 172)  

· Chemicals : Standard Laboratory chemicals for dyeing of P/C blend. 

Adsorbents:

· Wood ash – It was obtained from burning of wood. Bigger granules and other impurities were removed and fine powdered ash was used as an adsorbent.  

· Brick powder – Broken pieces of bricks were finely ground, sieved as fine powder and used as an adsorbent. 

· Sugarcane bagasse – It was well dried and chopped into smaller pieces of approximately 1 mm size before used as an adsorbent. 

· Tea leaves ash – The tea leaves waste was thoroughly washed, dried and burnt to ash, finely powdered and used as an adsorbent. 

· Charcoal – Wood charcoal was finely ground and used as an absorbent. 

Method:

Standard dyeing methods were used for polyester and cotton components. Polyester was dyed under acidic media at a pH 4.5-5.5 brought about by acetic acid in HT HP Glycerine bath machine. For cotton reactive HE dyes were used at a pH of 9.5-10 brought about by sodium carbonate as fixing agent and common salt used as an exhausting agent.

For adsorption purpose 2 gm. of adsorbent was used for 100 ml of each type of effluent. Adsorption was carried out at 25OC with regular shaking for 30 minutes using thermostat electric shaker. Initial and final values of colour of effluent were measured by optical density method using filter photo colorimeter. Dye effluent was filtered before measurement for each value. 

(Please contact Mr. Fayyaz Ahmad, BTTM (H) Batch 14, for the Result Tables.)

Results and discussion:

The dye effluent for the present study was obtained by laboratory scale dyeing of polyester/cotton blend using disperse dyes for polyester and HE brand reactive dyes for cotton components. For each study two disperse dyes – Ternix Red F2 BL and Ternix Blue F2 GL and two reactive dyes – Reactive Red HE 8B and Reactive N. Blue HE2R were used. Table 1 shows the results of various adsorbents on effluent of disperse dyes i.e. dyeing of polyester component. It was found that wood ash eliminates the dye colour upto about 95% then comes brick powder, sugarcane bagasse, charcoal and tea leaves ash. Results show that wood ash is relatively more effective adsorbent for disperse dyes in solution.

Table 2 indicates the results of various adsorbents on effluent with reactive dyes only i.e. dyeing of the cotton component of P/C blend. The results show that efficiency of adsorption by different adsorbents have same trend from wood ash to tea leaves ash. But the extent of adsorption compared to disperse dyes is lesser except for wood ash, which is upto 98%. 

Table 3 gives the results of percentage removal of dyes from a combined effluent from a two step one bath method containing disperse and reactive dyes together. The efficiency of adsorption has not much effected by the mixed nature of effluent and the trend of adsorption by various adsorbents are same as in Table 1 and 2. Wood ash is most effective adsorbent with maximum percentage of colour removal to about 94% while tea leaves ash has lowest 76 percentage of colour removal.

The decolorisation of effluent by removal of dyes through a commercially viable method is still an important problem faced by textile industry. To over- come this, various natural adsorbents have been tried like wood ash, charcoal, sugarcane bagasse, brick powder and tea leaves ash. It is already proved that activated carbon is found to be the best adsorbent for most of the dyes in solution except for a few disperse, vat dyes and pigments but activated carbon method is very expensive and by every reactivation process about 15% of its sorbent property gets lost. Therefore the other cheaper natural alternatives may be more acceptable in industry for the purpose of decolorisation.

These natural adsorbents are eco-friendly too. Wood ash and brick powder are acting as good adsorbents due to greater surface area, porous nature of the adsorbents and the presence of metal oxides which make them alkaline in nature. These metal oxides minimise the zeta potential of the dye solution and help in aggregation of dye molecules to form big micelles and diffuse the dye molecules from the solution into the adsorbent pores.

Sugarcane bagasse, the other natural adsorbent is composed of cellulose, hemicellulose and lignin with an approximate composition of 40%, 25% and 20% each respectively. All the three complex carbon compounds are found to be suitable adsorbents for dye molecules. The surface area of bagasse is increased by cutting it into very smaller pieces, almost of about 1 mm size. They act as an anion exchange resin and form a bond with hydrolysed dyes, particularly they are effective with reactive dyes in solution. Bagasse is very cheap because it is a waste product of sugarcane industry and its regeneration is not required.

The composition of tea leaves waste is not known to the authors but it is found that this waste domestic product acts as a wonderful adsorbent for the decolorisation of effluent, it works on the principle of both physical and chemical adsorption. It is found by authors that the adsorption by tea leaves ash is 60% for reactive dye bath effluent and 75% for disperse dye bath effluent colour removal. Charcoal in its well powdered form is an excellent adsorbent for decolorisation of most of dyes in solution due to its greater surface area and porosity of the absorbent. Charcoal has greater effectiveness for disperse dyes in solution, while a lesser adsorption is noted for reactive dyes in solution and for the mixed effluent. From all above discussion it is concluded that these natural alternative adsorbents are cheaper, easily available and dependable materials to decolorise textile effluent. 
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