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1. INTRODUCTION

“Our liquid planet glows like a soft blue sapphire in the hard- edged darkness of space there is nothing else like it in the solar system it is because of water.” -John todd

 The term environment refers to a definable place where an organism lives, including both the physical and biological features of the place.  The environment comes from the French verb environner, which means to surround, surroundings or something that surrounds. It includes all conditions and circumstances which influences surroundings and affecting the organism (Ajay Kumar Bhagi and Chatwal, 2003).


The term pollution is derived from the Latin world “pollutioneum” which means to defile or make dirty. Environmental pollution may be defined as the unfavorable alteration of surrounding environment, wholly or largely due to by- products of man’s activity, through direct and indirect changes in energy patterns, radiation levels, chemical and physical constitution or abundances of organisms.

 Pollution is classified into air pollution, water pollution, soil pollution, noise pollution, radiation pollution and thermal pollution.  Among this water pollution plays a vital role.  Nowadays environmental pollution problem is the most horrible ecological crisis since the civilization on earth (Ajay kumar Bhagi and Chatwal, 2003).

 Water is essential for the survival of any form of life.  Among the essential for the existence of living organisms, water is rated to be of the greatest importance, it is estimated that two–third of the human body is constituted by water.  The main component, which maintains the earth’s temperature, is water.  The earth surface is covered with 80% of water (Dara, 2007).
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 Many people in developing countries suffer by water pollution and 6% of urban deaths are due to water borne diseases. Nearly 80% of our country’s population lives on river basins, which are utterly polluted (Jothi rekha et al., 2006).

 Water pollution is defined as physical, biological or chemical change in water quality that adversely affects living organisms or makes water unsuitable for desired uses (Bhatia, 2003).

Nearly 10,000 dyes and pigments are used in dyeing and printing industries.  Globally about 7×105 tones of dyes are produced annually of which 10-15 % flow out in the effluent during dyeing process (Zollinger, 1987).

 Water is consumed in large volumes by the textile industry (30- 60L/kg cloth) and is an essential requirement of dyeing, scouring and moth roofing.

 Untreated effluents from dyestuff production, dyeing mills, printing industries, and pigment-manufacturing units are highly colored and thus particularly objectionable if discharged into open water.  More than 800 chemically different types of dyes are being manufactured and the biggest consumers of these dyes are textile, tannery, wool, plastics paper and pulp industries and perhaps these are the serious pollutants of our environment as far as color pollution is concerned (Shri Ram chaurasia and shashikant, 2007).
 
Waste water from dyeing and finishing operations 
in textile industry is high in color and organic content. The discharge of inadequately treated wastewater into the aquatic environment imposes several adverse impacts on public health, flora and fauna and aquatic life (Namasivayam and Kadirvelu, 1994). 

 
The dyes are generally stable to light, oxidizing agents and heat and their presence in wastewaters offers considerable resistance to their biodegrading and thus upsetting aquatic life. 
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 Therefore, dye industry wastewater in the environment has become an area of increasing concern with increasing environmental awareness and the toughening of governmental polices, it has become necessary to develop new environmentally friendly ways to clean up contaminants using low -cost methods and materials.

  In water resource management, the concept of reuse, recycle and reduce has been very well conceived by process industries. Colored pollutant waters are often objectionable on aesthetic grounds for potable needs, agricultural purposes and industrial needs.  Colour affects the nature of water by inhibiting sunlight penetration thus reducing photosynthetic action (Stephen Inbaraj and Sulochana, 2002).

Environmental effects of the dye industrial effluent

· Dyes usually have complex aromatic molecular structures, which make them more stable and difficult to biodegrade (Blanca et al., 2006).

· Many dyes are toxic to microorganisms and may cause direct destruction or inhibition of their catalytic capabilities (Santhy and Selvapathy et al., 2006).

· A lot of cases throughout the world are reported about the role of dyes in connection with variety of skin, lung, and other respiratory disorders (Namasivayam et al., 2001).
· The occupational exposure of workers in the textile industries is liked to higher bladder cancer risk (YC MU Skippper et al., 2002).
· In addition, some dyes or their metabolites are either toxic or mutagenic and       carcinogenic. The use of hair colouring products and breast cancer have also been linked (Zheng et al., 2002).

· The dissolved impurities present cause corrosion in the metallic parts of the sewage treatment plants. The colloidal ands suspended impurities causes turbidity in the receiving waters. 

Numerous methods exist to remove dyes form industrial wastewater. Treatment   methods for removal of colour and dyes are physical (carbon adsorption),   Chemical (Chemical oxidation, coagulation and precipitation, electrochemical oxidation                     Ozonation etc) and advanced treatment processes (membrane technology) 

 (Abou-elela   et al., 2006).

 The conventional method for the removal of dyes using alum, ferric chloride and lime is not economical therefore there is a considerable need for a low - cost treatment of such dyes prior to discharge.  Adsorption has been shown to be a good method of colour contaminant removal (Stephen Inbaraj and Sulochana, 2002).
 Adsorption process offers most economical and effective treatment method for removal of dyes.  Adsorption has evolved into one of the most effective physical processes for decolourization of textile wastewater (Singla and Jain, 2001).
 Though activated carbon is an ideal adsorbent for organic matter, it is uneconomical for wastewater treatment, due to its high production and regeneration costs.  So natural materials that are cost effective and easily available in large quantities can be used in the removal of dyes. Certain waste products from industrial operation may have potential as inexpensive adsorbents due to their low-cost and that can be disposed off without expensive regeneration (Dogan karadag et al., 2007).

Low- cost adsorbents such as fly ash, coal, wood, sawdust, coconut husk carbon, chitin, chitosan, natural clay, orange peel, banana pith, rice husk have received considerable interest because of its availability at practically low cost (Khare, 1988 and Venkal Swaro Rao and Sastry, 1987).

Adsorption

Due to the forces of attraction at an interface between two phases, a layer of different composition from that of the two phases is formed, the layer is said to adsorbed and the process of attraction is that of adsorption.  An adsorbed layer will characteristic entirely of its own.  In the case of liquid-gas or liquid-liquid interfaces, the degree of adsorption can be assessed by the change of surface tension produced.  But this is not possible in the case of adsorption at a solid surface though adsorption does reduce surface energy (Dara, 2007).
Description of the dye
The most important thiazine dye, methylene blue was discovered by Caro in 1876.  The chemical structure of methylene blue, C16H18N3ClS includes three joined rings of atoms. 
Structure of methylene blue
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· Methylene blue                 :        Basic dye
· Class                                  :       Thiazine

· Commercial type              :       Methylene blue

· Characteristics                 :       Cationic, highly water soluble.

· Uses                                    :       Used to colour leather, wool, silk, paper, 

                                                              nylon modified, poly acrylonitrile, poly ester 

                                                              and also   used to make inks.

· Methods of application      :       Applied from acidic dye bath.

Objectives:
· To prepare a low-cost and eco-friendly activated carbon from the pods of iron wood seeds.

· To determine the effect of variation of initial concentration of dye solution on the adsorption of dye from aqueous solutions.
· To determine the optimum contact time for effective adsorption of dye from aqueous solution.

· To determine the effect of variation of absorbent dosage on the removal of dye.

· To find out the variation of percentage adsorption of methylene blue with pH variation.
· To interpret the results of the study in terms of

· Langmuir adsorption isotherm.
· Freundlich adsorption isotherm.
· Lagergren kinetic equation.
· Intra – particle rate equation.


2. REVIEW OF LITERATURE
      Pigments and dyes are widely used in the textile, leather, paper printing, pharmaceutical and cosmetic industries. (Preethi et al., 2006). The waste effluents discharged by such industries become colored due to the residual dyes and when they are disposed to the natural water sources, they pollute water. (Jothirekha et al., 2008).  It is estimated than an average of 30% of applied reactive dyes add up in effluent in the alkaline dye bath because their hydrolyzed from has no affinity for textile fabrics.  In some situations, the concentration may be as high as 800mg/L.  Due to the toxic nature of most of the dyes to plants and micro-organisms, coloured waste water cannot be discharged without adequate treatment (Hu et al., 2006).
2.1. Treatment of waste water containing dyes as pollutants

A large number of methods have been developed for the removal of dyes from waste water.  Each technique has its own merits and demerits.  The treatment processes are generally divided into three categories.

· Primary treatment processes

· Secondary treatment processes 

· Tertiary treatment processes

2.1.1 Primary treatment processes
Primary treatment of waste-water consists of the removal of insoluble matter such as grit, grease and scum from water (Bhatia, 2003).


Grit removal and screening
Grit removal and screening systems are meant to remove the largest suspended or floating materials such as papers rage, twigs, glass, wires and other similar materials (Bhatia, 2003).
Coagulation
Coagulation is the process of consolidation of colloidal particles, terminating in precipitation of the substance removed from the treated water by means of settling or filtration.  The process involves destabilization of colloidal particles and is achieved by mainly neutralizing their electrical charges (Bhatia, 2003).

.

Flocculation 
 Flocculation is the process of massing discharged particles together as they are brought into contact with one another by mechanical stirring or air injection to cause small suspended solids to collide and form larger particles that can settle out rapidly at a latter stage of treatment.

Filtration
 Filtration is a process that consists of passing a solid- liquid mixture through a porous material which retains the solids and allows the liquid to pass through. 
Sedimentation

Sedimentation is the removal of suspended solids by gravitation settling.

2.1.2 Secondary treatment processes

Secondary treatment involves the use of biological processes similar to natural degradation processes.  The most common methods falling under this category are trickling filtration and activated sludge treatment.  Secondary treatments sometimes include chlorination to accomplish chemical oxidation and disinfection.


2.1.3Tertiary treatment processes

Tertiary treatment is the final treatment, meant for “polishing” the effluents from the secondary treatment processes, to improve its quality further, the major objectives of tertiary treatments are

· Removal of fine suspended solids

· Removal of bacteria

· Removal of dissolved inorganic solids

· Removal of final traces of organics

Depending upon the required quality of the final effluent and the cost of treatment that can be afford in a given situation, any of the following treatment methods can be employed.

Ion-exchange method
 The ion-exchange process used for removal of inorganics consists of passing the water successively over a solid cation exchanger and a solid anion exchanger, which replace cations and anions by hydrogen ion and hydroxide ion respectively.  The net result is that each equivalent of salt is replaced by a mole of water.  For the hypothetical ionic salt MX , the reactions are. 
H +(cation) + M+ +X-        →    M+-  + H+ + X-                                                                                                                                                                                                                                                                                                                                                 
 
OH-(Anion) + H+ + X-        →   X-+ + H2O

Where - sign (cation) represents the solid cation exchanger and + sign (anion) represents the solid anion exchanger.  The cation exchanger is regenerated with strong acid and the anion exchanger with strong base (Bhatia, 2007).

Evaporation method
 Material to be evaporated is heated to increase vapour pressure.  In a    reasonably high vaccum, material atoms fly to a target and stick on to the surface and source material is coated on to the target surface.  This is energy intensive and hence     an expensive process.  This method is used when the volume of the waste to be       treated is less    (Dara, 2007).
Electro dialysis
This is a process in which colloidal dissolved species are exchanged between two liquids through selective ion-exchange membranes.  An electromotive force brings about the separation of the species according to their charge.  The semipermeable membranes allow the passage of certain charged species while rejecting the passage of oppositely charged species (Bhatia, 2007). 
Electrolytic recovery
  In this process electro-chemical reduction of metal ions to elemental metal takes place at the cathode. The efficiency of this process has been tremendously increased by innovative designs such as eco- cell involving rotating electrodes and extended surface electrolysis (Bhatia, 2007).

Reverse osmosis
This is essentially a process in which a semipermeable membrane allows water molecules through it and retains the ions.  A thin cellophane sheet, supported on a filter cloth can be used as a successful membrane.  High pressures are required for flow rates and recovery can be achieved by blank flushing (Bhatia, 2007).


Adsorption
 Some of the chemicals have the property to get adsorbed on the surface of the adsorbing material. Activated carbon or charcoal is considered as a most suitable adsorbing media for such purpose.  Packed or plate towers prepared by these adsorbing media, can used as adsorbing devices.  Hydrocarbons, organic acids, esters, ketones and heavy metals readily get adsorbed on activated carbon and even odours can be removed using adsorption (Bhatia, 2007).

Agricultural products used as adsorbents
· Papaya seeds used for the cationic dye (methylene blue) adsorption have been investigated by Hameed (2008).  Batch adsorption studies were conducted to study the effect of contact time, initial concentration of the dye solution and adsorbent dose on the removal of methylene blue at room temperature of 30°C. The equilibrium data were analyzed by the Langmuir, Freundlich and the Temkin adsorption isotherms.  The results demonstrated that the papaya seed adsorbent is very effective to remove methylene blue from aqueous solution.
· Removal of several textile dyes from aqueous solutions by adsorption on beech wood saw dust was investigated by Viorica et al., (2009).  Adsorption of dyes on the beech wood saw dust was dependent on the nature of dyes, pH, dyes concentration, contact time and the amount of adsorbent.  The results showed that the maximum capacity of adsorption of the commercial dye was found to be   526.3 mg g-1 for direct brown. 

· A solid waste jack fruit peel used for the adsorption of methylene blue, cationic dye by Hameed (2009).  The results demonstrated that the jackfruit peel is very effective for the adsorption of methylene blue from aqueous solution.


· Spruce wood shavings from picea abies were used for an adsorptive           removal of   both basic dyes as well as acid dyes from waste water by            Pavel et al., (2008).  The adsorption properties of the adsorbents were modified with HCl, Na2CO3 and Na2HPO4.  The results revealed that the basic dyes adsorption decreased with lowering pH values in accordance with a presupposed ion-exchange mechanism of the adsorption.  The adsorption of acid dye decreased with increasing pH.

· Spent tea leaves were used as a non-conventional and low-cost adsorbent for the cationic dye (methylene blue) adsorption in a batch process at 30°C by Hameed (2009). The results showed that the spent tea leaves, being waste have the potential to be used as a low-cost adsorbent for the removal of methylene blue from aqueous solutions.

· Jothirekha et al., (2008) studied the removal of basic dye (Rhodamine-B) from aqueous solution by adsorption onto a bio adsorbent, Azadirachta indica (neem) leaf powder.  The process was found to be exothermic accompanied by a decrease in entropy and increase in Gibbs energy as the temperature of adsorption was increased. 

· Studies on the removal of Congo red by adsorption on various activated carbons like bamboo dust, coconut shell, groundnut shell, rice husk and straw have been carried out by Nagarethinam et al., (2002).  The percentage removal of dye increased with the decrease in initial concentration, initial pH of the dye solution and particle size and increase in contact time and dose of adsorbent.

· Namasivayam et al., (1992) have reported the application of biogas waste slurry as an adsorbent for the removal of Congo red and Rhodamine-B to the extent of 95-98% in the pH range of 2.3 to7.


· Chia-chang Lin et al., (2000) carried out the adsorption of basic dye on activated carbon from aqueous solution.  The results showed that the centrifugal force could enhance the rate constant, the rate parameter and diffusion co-efficient.  Therefore, better mass transfer could be provided with centrifugal force.

· Hemlata et al., (2006) reported that parthenium hysterophours used to remove methylene blue form an aqueous solution in a batch reactor.  The adsorbents included sulphuric acid treated parthenium also.  The results showed that carbonized parthenium using sulphuric acid phosphoric acid can be considered as potential adsorbents for methylene blue dilute aqueous solution.

· The capability of the sagaun saw dust for removing basic dyes from their aqueous solutions has been investigated by Khattri et al., (1999).
· Abdellah et al., (2009) investigated the adsorption efficiency of treated olive stones towards cadmium and safarnine removal from their respective aqueous solutions.  The results found that ion-exchange mechanism was the most appropriate mechanism involved in cadmium and safarnine removal.  Finally the adsorption efficiency of treated olive stone was compared to those of other low-cost adsorbent materials. 

· The removal of colour of methylene blue from aqueous solution by adsorption using low-cost adsorbent like rice husk, saw dust, wood coal and boiled bottom ash with impregnation is investigated by Shri Ram et al., ( 2007).

· Renganathan et al., (2003) investigated adsorption of Congo red dye from aqueous solution using the Tamanindus indica fruit shell.  The equilibrium data was found to be fitted very well with the Freundlich adsorption isotherm model when compared to the Langmuir adsorption isotherm model.

· An activated carbon developed from coconut shell fibers, used for the removal of methylene blue (basic) and methyl orange (acidic) dyes from waste water successfully reported by Kunwar et al., (2003). Adsorption studies were carried out at different temperatures, particle size, pH and adsorbent dosages. It was concluded that methylene blue adsorption occurs through a film diffusion mechanism at low and as well as at high concentrations, while methyl orange adsorption occurs through film diffusion at low concentration and particle diffusion at higher concentrations.

· Many investigators have studied the feasibility of using inexpensive alternative materials like pearl millet husk, data pits, saw dust, buffing dust of leather industry, coir pith, crude oil residue, tropical grass, olive stone, almond shell, pine bark, wool waste and coconut shell etc as carbonaceous precursors for the removal of dyes from water and waste water (Stephen et al., 2002).
Industrial by products as adsorbents
· Removal of some reactive dyes from textile effluents using Sorel’s cement was described by Hassan et al., (2009). The adsorption isotherms, including Langmuir constant and Frendlich constant for the dyes decrease with increase of temperature.

· The adsorption of crystal violet from aqueous solution onto raw and manganese oxide-modified bentonite sample was investigated by Erdal (2009). The result showed that the quite high adsorption capacity and high adsorption rate of manganese oxide bentonite will provide an important advantage for using of this material in basic dye removal.


· George et al., (2009) have reported the removal of a reactive and basic dye from aqueous solutions by using chistosan derivatives as adsorbents. The result showed that chistosan powder presented higher adsorption capacity than beads.

· Adsorption of Remazol Red-B on thermal activated sepiolite and acid activated sepiolite from aqueous solution was carried out by Mehmet Ugurlu (2009). It was found that the adsorption capacity of acid activated sepiolite was higher than that of thermal activated sepiolite.

· A TiO2 photocatalyst was used to remove six aqueous dyes from water by       Mingliang et al., (2008). It was postulated that photo catalytic oxidation might have happened with cationic dyes as well as but the strong adsorption made the photo catalytic oxidation undetectable.

· Iron humate was examined as a new low-cost adsorbent for the removal of     basic dyes (Methylene blue, Methyl violet, Crystal violet, Malachite green and Rhodamine B) from waste waters by Pavel (2003). The presence of anionic surfactant increases dramatically the adsorption of Methylene blue.

· Singla et al., (2000) reported that poly aniline has been successfully used for the removal of Erichrom Black-T from its aqueous as well as methanolic solutions. The extent of removal of Erichrom Black –T on poly aniline is almost 100% at lower concentrations.

· Dogan et al., (2007) studied the adsorption of the dyes, Basic red 46 and Reactive yellow 176 from aqueous solution using natural and modified zeolites. Adsorption capacities of the dye increased with increase in contact time, initial concentration and temperature for both Basic red 46 and Reactive yellow 176.

· Kapadia et al., (2000) reported that fly ash used as a low cost adsorbent in the treatment of waste water for the purpose of removing colour. 

· The acid treated diatomite was used to adsorb Methylene blue from aqueous solutions were studied by Qodah et al., (2007).  The obtained results indicated that the adsorption of basic dyes onto acid treated diatomite is endothermic and spontaneous process and confirmed the applicability of this modified inorganic material as an efficient adsorbent for basic dyes. 

· The ability of bentonite as an adsorbent for the removal of Basic red 2 from an aqueous solution has been investigated by Hu et al., (2006). The results showed that electrostatic interactions are not dominant in the interaction between the Basic red 2 and bentonite.

· Adsorption of Methylene blue from aqueous solution onto unexpanded and expanded perlite samples activated by H2SO4 and NaCl solutions has been investigated by Mehmet et al., (1999). The removal efficiency and dimensionless separation factor have shown that perlite can be used for removal of Methylene blue from aqueous solutions, but unexpanded perlite is more effective.

· Gupta et al., (2004) successfully removed Rhoda mine B, Fast green and Methylene blue from waste water using red mud, an aluminum industry waste. The adsorption was found to be exothermic in nature. The developed system is very useful, rapid and reproducible for the removal of three dyes.


Bio-adsorbents used as an adsorbent
· Vasanth et al., (2004) have reported the removal of Methylene blue from its aqueous solution using pithophora sp, fresh water algae as an adsorbent.  The results showed, the dye cations were get adsorbed onto pithophora sp due to strong electrostatic force of attraction.  Negative value of free energy change indicated the spontaneous nature of biosorption.
· The removal of textile dye Methylene bule was studied by Hajira et al., (2008) by adsorption technique using adsorbents such as alumina, ulva lactues and sargassum.  The results showed that about 96% removal of dye was obtained by using these bioadsorbents.
Clay used as an adsorbent

· Clay was used for the adsorption and removal of organic pollutants by Peng et al., (2007). The result indicated clay with small molecules or polymers for the adsorption and removal of organic dyes from aqueous solutions are reviewed.

· The removal of basic dye, Methylene blue from aqueous solution on a natural Moroccan clay mineral has been investigated by Mouzdahir et al., (2007). A maximum adsorption capacity at equilibrium was achieved and thus the material could be used as a low-cost alternative in waste water treatment for the removal of dyes.

 

3. MATERIALS AND METHODS
3.1 Project plan

      The present investigation has been taken to study the efficiency of a low-cost, 

eco- friendly adsorbent in the removal of a basic dye, methylene blue by adsorption. Batch adsorption studies carried out by varying the initial concentration of dye solution, pH and adsorbent dosage.

3.2 Description of the adsorbent

     COMMON NAME         :  IRON WOOD  

      BOTANICAL NAME   :   CASSIA SIAMEA
      FAMILY                        :    CAESALPINEA

Eco-friendly, low-cost activated carbon adsorbent used in this study for the removal of methylene blue was prepared from the seeds of Cassia Siamea.

3.3 Parameters studied

 Batch studies were conducted with the activated carbon prepared from the pod of iron wood seeds.  The adsorption technique was used owing to its simplicity and ease of evaluating some basic parameters which influence the adsorption process.

· Determination of the effect of variation of initial concentration of dye solution on the percentage adsorption of dye from aqueous solution.

· Determination of the effect of variation of pH on the effective removal of dye from aqueous solution.

· Determination of the effect of variation of adsorbent dosage on the percentage adsorption of dye from aqueous solution.

·  The experimental data obtained in the adsorption of dye was interpreted using the Langmuir adsorption isotherm, Freundlich adsorption isotherm and Lagergren first order kinetic equation and intra particle diffusion rate equation.

3.4 Preparation of the adsorbent
Pods of iron wood seeds were collected from Avinashilingam University campus, Coimbatore and pods were cut into small pieces, dried in sunlight for 5 days and further dried in a hot an air oven at 60°C for 24 hours.  The completely dried material was powdered well.  The powdered raw material was chemically activated by treating with concentrated sulphuric acid with constant stirring and kept for 24 hours.  The carbonized material was washed well with plenty of water several times to remove excess acid and dried at 105-110°C in a hot air oven for 24 hours.  The adsorbent thus obtained was ground well and sieved through a 250mesh and kept in an airtight container for further use.

3.5 Reagents
The dye solution was prepared by dissolving 5g of methylene blue in distilled water and diluted to 1000ml.  The stock solution was diluted to appropriate concentration.
3.6 Equipment
· Elico pH meter was used to measure pH.

· Photo colorimeter (model-1311) was used for spectro colorimetric work.

· Genuine equipment manufacturer’s mechanical horizontal bench shaker was used     for the shaking of solution containing adsorbent and adsorbate.


CASSIA   SIAMEA
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3.7 Effect of variation of initial concentration of the dye on the adsorption
 The dye solution of different concentrations 40, 60, 80 and 100mg in 100ml was added with 100mg of the adsorbent taken in Pyrex bottles and shaken in a mechanical horizontal bench shaker for various time intervals (10, 20, 30, 40, 50, 60, 90, 120, 150 and 180minutes) at room temperature.  The solutions were filtered and dye concentrations were estimated colorimetrically at 520 nm.
3.8 Effect of variation pH on the adsorption of dye

The optimum pH for the maximum dye adsorption was found by varying the pH from 2.0 to 6.0.  The pH of the   prepared dye solution was 3.98.  Therefore pH a of the solution for this pH variation study was  adjusted using dilute sulphuric acid and dilute sodium hydroxide.100ml of the dye solution containing 100mg of dye were contacted with 100mg of adsorbent and  batch mode experiments conducted by varying  the pH from 2.0 to 6.0.  These solutions were shaken using mechanical horizontal bench shaker for various time intervals (10, 20, 30, 40, 50, 60, 90,120,150 and 180 minutes).  The solutions were filtered and analyzed colorimetrically to find the amount of dye adsorbed.

3.9 Effect of variation of adsorbent dosage on the adsorption of dye

 100ml of the dye solutions containing 100mg of the dye were taken in Pyrex bottles at pH 6. Batch adsorption studies conducted by varying the adsorbent dosage (100, 200,300,400mg) and shaking the solutions using mechanical horizontal bench shaker at room temperature for various time intervals (10, 20, 30, 40, 50, 60, 90, 120, 150 and 180 minutes). Then solutions were filtered and analyzed colorimetrically to find the amount of the dye removed by adsorption.

4. RESULTS AND DISCUSSION

The experimental data obtained and the findings of the present study are presented and discussed in the light of the objectives set forth. Batch experiments were carried out for the removal of methylene blue by adsorption .The results were used to evaluate the optimum conditions for the removal of the dye, methylene blue and to examine the efficiency of the low- cost adsorbent prepared in this study for the treatment of aqueous solution containing methylene blue. The parameters which influence the extent of adsorption such as concentration of the adsorbate, contact time, pH and adsorbent dosage were investigated.

4.1 EFFECT OF VARIATION OF INITIAL CONCENTRATION OF METHYLENE BULE SOLUTION ON ADSORPTION OF METHYLENE BLUE FROM AQUEOUS SOLUTION

The adsorbate concentrations were varied from 400 to 1000mg/L and batch studies were performed to optimize the initial concentration of the dye solution. The percentage removal methylene blue with the variation in initial concentration of methylene blue solution is depicted in Figure -1 and the data obtained is given in Table-1. 

An increase in percentage removal of methylene blue (25.48 to 55.95 %)   noticed the initial concentration of the adsorbate was varied from 1000 to 400mg/L. This may be probably  due to the fact that for a fixed adsorbent dose, the total available adsorption sites are limited thereby adsorbing almost the same amount of methylene blue causing a decrease in percentage removal of methylene blue dye corresponding to an increased initial  concentration of the dye solution.


4.2 EFFECT OF CONTACT TIME ON ADSORPTION OF METHYLENE BLUE


Effect of agitation time on adsorption is one of the factors affecting the adsorption potentials. It can be seen from the results of varying contact time, the percentage adsorption of methylene blue increases with increase in contact time. From Table -1, it is evident that for maximum removal dye, the solutions should be equilibrated for 180 minutes and consequently it was decided to maintain 180 minutes for all other studies. The methylene blue removal curves (Figure- 1) are smooth and continuous indicating the formation of monolayer coverage of adsorbate on outer surface of adsorbent.


The percentage removal of the dye increased form 40.70 to 55.95, When the contact time was varied from 10 to 150 minutes using 100ml of the dye solution containing 400 mg/L of initial concentration.


TABLE – 1

ADSORPTION OF METHYLENE BLUE WITH VARIATION OF INITIAL CONCENTRATION OF DYE SOLUTION

Conditions

            Adsorbent dosage
:
100mg

            pH
            :
4.0

            Temperature
            :
 32oC

           Contact time
            :
 10 to180 minutes

	Time in minutes
	% Adsorption of methylene blue

	
	Adsorbent dosage

	
	400mg/L
	600mg/L
	800mg/L
	1000mg/L

	10
	40.7
	25.33
	22.35
	16.04

	20
	42.4
	26.66
	23.41
	16.99

	30
	44.0
	28.00
	24.47
	17.93

	40
	45.77
	29.33
	25.53
	     18.87

	50
	49.17
	30.66
	26.61
	19.82

	60
	50.87
	33.66
	27.67
	21.71

	90
	52.55
	36.00
	29.80
	22.65

	120
	54.25
	38.66
	31.92
	      23.60

	150
	55.95
	41.33
	31.92
	24.54

	180
	55.95
	41.33
	31.92
	25.48


FIGURE-1
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4.3 EFFECT OF pH VARIATION ON ADSORPTION OF METHYLENE BLUE

In order to optimize the pH for maximum methylene blue removal,  experiments were conducted with 100ml of aqueous solution of methylene blue solution containing 1000mg/L of the dye with 100mg adsorbent, by varying the pH from 2 to 6 at various contact time (10, 20, 30, 40, 50, 60, 90, 120, 150 and 180 minutes) . The results obtained are depicted in Table- 2 and Figure -2. The results indicated a maximum adsorption of dye (43.75%) at pH 6.0 in 180 minutes of contact time. 

4.4 EFFECT OF ADSORBENT DOSAGE ON ADSORPTION OF METHYLENE BLUE

The effect of variation of adsorbent dosage was determined by varying the adsorbent dosage from 100mg to 400mg. The results have been tabulated in Table- 3. It is evident from the table that adsorption potential of the adsorbent increases with increasing the dosage. The dye adsorbed increased from 35.13 to 52.25 % when the adsorbent dose was varied from 100 to 400mg.Figure -3 is a plot of dosage of adsorbent Vs dye adsorption potential. The increase in percent adsorption with increase in the adsorbent dosage may be due to the availability of more surface area of the adsorbent   of more number of methylene blue species.

TABLE – 2

ADSORPTION OF METHYLENE BLUE WITH 

VARIATION OF pH

Conditions:

                       Adsorbent dosage


:
200mg


Temperature



:
32oC


Concentration of methylene blue 

                                                                Solution 
:
1000 mg/L


Contact time



:
10 to180 minutes

	Time in minutes
	% Adsorption of methylene blue

	
	pH 2.0
	pH 3.0
	pH 4.0
	pH 5.0
	pH 6.0

	10
	16.96
	19.65
	22.54
	32.15
	34.83

	20
	17.86
	20.54
	23.53
	33.04
	35.72

	30
	18.75
	21.43
	24.51
	33.93
	36.61

	40
	19.64
	22.32
	25.49
	34.82
	38.29

	50
	20.56
	23.21
	26.47
	35.71
	39.29

	60
	21.43
	24.11
	28.43
	36.61
	40.18

	90
	22.32
	25.0
	30.43
	37.50
	     41.07

	120
	23.21
	25.89
	32.35
	38.39
	41.97

	150
	24.11
	26.79
	33.33
	39.28
	42.86

	180
	25.00
	27.68
	34.31
	40.18
	43.75



FIGURE-2
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TABLE – 3

ADSORPTION OF METHYLENE BLUE WITH 

VARIATON OF ADSORBENT DOSAGE

Conditions:

Temperature



:
32oC


pH




:
6.0


Concentration of methylene blue

                                                           Solution 
:
1000 mg/L


                        Contact time


            :            10 to180 minutes

	Time in minutes
	% Adsorption of methylene blue

	
	Adsorbent dosage

	
	100 mg
	200 mg
	300 mg
	400 mg

	10
	18.93
	22.54
	32.43
	36.93

	20
	19.81
	23.53
	33.33
	37.83

	30
	20.72
	24.51
	34.23
	38.73

	40
	22.52
	25.59
	35.14
	39.63

	50
	23.42
	26.47
	36.93
	40.54

	60
	24.32
	28.43
	37.83
	41.44

	90
	27.92
	30.39
	39.63
	44.14

	120
	30.63
	32.85
	41.45
	46.84

	150
	33.34
	33.33
	43.24
	49.54

	180
	35.13
	34.31
	45.94
	       52.25


FIGURE-3

4.5 KINETIC MODELLING FOR METHYLENE BLUE 

ADSORPTION USING LAGERGREN RATE EQUATION (VARIATION OF INITIAL CONCENTRATION OF METHYLENE BLUE SOLUTION)

The rate constant of dye adsorption was calculated (Table- 4) using the following Lagergren first order kinetic rate equation.

log (qe - q)
    =
log qe – Ka / 2.303 x t

Where,

q and qe are the amount of  methylene blue adsorbed at time ‘t’ and at equilibrium time  (Jambulingam et al., 2005).
Ka is the rate constant for dye adsorption studied, which is evaluated from the slope of linear plots of Lagergren equation.   The Lagergren plots obtained by plotting of 

log (qe - q) Vs‘t’ are linear showing the validity of Lagergren rate equation for the removal of methylene blue by adsorption from aqueous solution. The rate constant Ka obtained for different concentrations of the dye solution used in this study is given below.   The Ka values indicate that the adsorption of the dye followed first order Lagregren kinetics (Table- 4 and Figure-4).

	Concentration of dye in mg / L
	Ka X 10-2

minutes -1

	400
	1.2490

	600
	1.5229

	800
	1.3946

	1000
	1.4696



TABLE – 4
KINETIC MODELLING FOR METHYLENE BLUE ADSORPTION USING LAGERGREN RATE EQUATION (VARIATION OF INITIAL CONCENTRATION OF METHYLENE BLUE SOLUTION)
Conditions:

           Adsorbent dosage
:
100mg

            pH

:
4.0

            Temperature

:
32oC

	Time in minutes
	log (qe - q)

	
	400mg/L
	600 mg/L
	800mg/L
	1000mg/L

	10
	0.7853
	0.9822
	0.8842
	0.9749

	20
	0.7323
	0.9444
	0.8331
	0.9289

	30
	0.6766
	0.9030
	0.7752
	0.8779

	40
	0.6095
	0.8573
	0.7084
	0.8202

	50
	0.4339
	      0.8061
	0.6283
	0.7528

	60
	0.3074
	0.6812
	0.5314
	0.5763

	90
	0.1335
	0.5051
	0.2304
	0.4517

	120
	0.1674
	0.2041
	0.2256
	0.2741

	150
	--
	--
	--
	--

	180
	--
	--
	--
	--

	Intercept log qe
	0.7578
	1.0843
	0.9133
	1.0416

	Slope 

-Ka/2.303 x 10-3
	-5.4236
	-6.6124
	-6.0560
	-6.3818

	Ka  x 10-2 in minutes-1 
	1.2490
	1.5229
	1.3946
	1.4696



FIGURE-4


4.6 INTRA PARTICLE DIFFUSION RATE EQUATION for ADSORPTION METHYLENE blue

Due to rapid stirring in batch reactors there is a possibility of transport of      methylene blue species from the bulk into pores of the adsorbent as well as adsorption at the outer surface of the adsorbent. The rate-limiting step may be either film diffusion or intra-particle diffusion. As they act in series, the slower of the two will be the rate determining step. The possibility of methylene blue species to diffuse into the interior sites of the particles of adsorbents was tested with Weber-Morris equation given as follows:

q = Kp t½
Where ‘q’ is the amount of methylene blue adsorbed in mg, Kp is the intra-particle diffusion rate constant and‘t’ is the time (agitation time) in minutes. In order to study the diffusion process, batch adsorption experiments were carried out with the adsorbent used in this study at 32ºC and at pH 4 by varying the initial concentration of methylene blue solution.  The results obtained are given in the Table-5 and graphically shown in Figure5.

The rate constants (Kp) for intra particle diffusion for various initial concentrations of  methylene blue solution used  were determined from the slope of respective plots drawn between square root of time(√t ) and amount of adsorbate adsorbed(q) . 

The plots are straight lines but not passing through the origin and thus indicating that intra- particle diffusion is not the sole rate-limiting factor for the adsorption of methylene blue. The values of Kp   for the adsorption of the dye obtained in this study for the adsorption of the methylne blue is shown in Table-5.  An increase in Kp with the increase in methylene blue initial concentration was noted.

Table – 5

INTRA PARTICLE DIFFUSION RATE EQUATION for ADSORPTION OF METHYLENE blue

Condition:
           Adsorbent dosage      
:          100

                  pH


:
4.0
           Temperature 

:
32o
	Time in  minutes
	√t
	Initial concentration of Methylene blue mg/L



	
	
	Amount of dye adsorbed(q)

	
	
	400 (mg)
	600(mg)
	800(mg)
	          1000 (mg)

	10
	3.1622
	16.28
	15.2
	17.88
	16.04

	20
	4.4721
	16.98
	16.0
	18.73


	16.99

	30
	5.4772
	17.63
	        16.8
	19.58


	17.93

	40
	6.3245
	18.31
	17.6
	        20.43
	18.87

	50
	7.0711
	19.67
	18.4
	 21.29
	19.82

	60
	7.7459
	20.33
	20.0
	 22.14
	21.71

	90
	9.4868
	21.02
	       21.29
	 23.84
	22.65

	120
	10.9544
	21.70
	 23.2
	        25.54
	23.60

	150
	12.2474
	22.38
	       24.8
	        25.54
	24.54

	180
	13.4164
	     22.38
	 24.8
	 25.54
	25.48

	Intercept

Kp :  ( Slope x 10-4)

	   14.479

    6.4590
	      15.277

       8.420


	        9.876

        9.765


	              11.432

              9.989

  


FIGURE-5
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4.7 ADSORPTION ISOTHERMS

The results obtained in the study by varying the initial concentration of methylene blue solution were interpreted in terms of Langmuir and Freundlich adsorption isotherms.

4.7.1 LANGMUIR ADSORPTION ISOTHERM

Langmuir adsorption isotherm is based on the assumption that a point of valency exists on the surface of the adsorbent and that each of these sites is capable of adsorbing one molecule. Thus the adsorbed layer will be one molecule thick. Further, it is assumed that all the adsorption sites have equal affinities for the adsorbent and that the presence of adsorbed molecules at one site will not affect the adsorption of molecules at an adjacent site. 

The Langmuir adsorption isotherm is commonly given by,

             x / m
=
(k11Ce / 1 + k1Ce)

Where,

            x
-
Amount of methylene blue adsorbed (mg/L)


m
-
Weight of adsorbent (mg)


Ce
-
Concentration of Methylene blue at equilibrium

           K11   
 -
Adsorption capacity

           k1
 -           Energy of adsorption

On rearranging,

       1            =               1             +          1  

     x/m                       k11 / k1                 k11Ce


The plot of 1/(x/m) Vs 1/Ce is linear with slope equal to 1/k11 and intercept [1/(k11/k1)].


The slope, intercept and separation factor values are calculated and given in the Table- 6.




The linear plots of 1/Ce Vs m/x (Figure-6) shows the applicability of Langmuir  adsorption isotherm model for the present system indicating the formation of monolayer coverage of adsorbate on the surface of the adsorbent.

4.7.2 SEPARATION FACTOR - RL

The essential characteristics of Langmuir adsorption isotherms can be expressed in terms of a dimensionless constant, separation factor or equilibrium parameter ‘RL’which is defined by,

                         RL
=       1/(1+b ci)

Where,

ci
=
initial concentration of the dye in mg/L



b
=
Langmuir constant (k11)

	RL value
	Type of isotherm

	RL > 1
	Unfavourable

	RL = 1
	Linear

	RL< 1
	Favourable


The  RL  values obtained in this study was below one (Table -6) and this shows the feasibility of the adsorption of methylene blue at all initial concentrations of methylene blue used in this study.


TABLE – 6

LANGMUIR ADSORPTION ISOTHERM FOR METHYLENE BLUE IN TERMS OFVARIATION OF INITIAL CONCENTRATIONS OF THE DYE SOLUTION 
	Time in minutes
	Initial conc. of dye

 mg/L
	1/Ce
	m/x
	Separation factor RL
	Intercept

k1/k11
	Slope

1/k11

	10
	400

600

800

1000
	0.0 4215

0.02232

0.01609

0.01191
	0.6578

0.6234

0.6142

0.5592
	0.0066

0.0044

0.0033

0.0032
	0.5491
	2.688

	20
	400

600

800

1000
	0.04340

0.02272

0.01632

0.01204
	0.6250

0.5889

0.5885

0.5335
	0.0057

0.0038

0.0029

0.0023
	0.5291
	2.331

	30
	400

600

800

1000
	0.04470

0.02314

0.01655

0.01218
	0.5952

0.5672

0.5577

0.5107
	0.0052

0.0035

0.0026

0.0021
	0.5065
	2.119

	40
	400

600

800

1000
	0.04610

0.02358

0.01678

0.01232
	0.5618

0.5461

0.5299

0.4894
	0.0042

0.0028

0.0021

0.0017
	0.4891
	1.7267

	50
	400

600

800

1000
	0.04918

0.02403

0.01703

0.01247
	0.5434

0.5083

0.5045

0.4697   
	0.0042

0.0028

0.0021

0.0016
	0.4628
	1.7003



TABLE – 6

LANGMUIR ADSORPTION ISOTHERM FOR METHYLENE BLUE IN TERMS OF VARIATION OF INITIAL CONCENTRATIONS OF THE DYE SOLUTION 
	Time in minutes
	Initial conc. of dye

 mg/L
	1/Ce
	m/x
	Separation factor RL
	Intercept

k1/k11
	Slope

1/k11

	60
	400

600

800

1000
	0.05089

0.0250

0.01728

0.01277
	0.5000

0.4914

0.4516

0.4606
	0.00268

0.00179

0.00134

0.00101
	0.4485
	1.078

	90
	400

600

800

1000
	0.05268

0.02604

0.01780

0.01292
	0.4757

0.4629

0.4194

0.4415
	0.00277

0.00185

0.01390

0.00112
	0.4194
	1.1140

	120
	400

600

800

1000
	0.05464

0.02717

0.01836

0.01308
	0.4595

0.4313

0.3915

0.4237
	0.00030

0.00203

0.00152

0.00122
	0.3919
	1.2220

	150
	400

600

800

1000
	0.05675

0.02840

0.01836

0.01325
	0.4468

0.4032

0.3915

0.4074
	0.00277

0.00185

0.00139

0.00113
	0.3797
	1.114

	180
	400

600

800

1000
	0.05675

0.02840

0.01836

0.01341
	0.4468

0.4032

0.3915

0.3924
	0.00331

0.00221

0.00165

0.001328
	0.3696
	1.3297



FIGURE-6
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20 minutes contact time
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30 minutes contact time
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40 minutes contact time
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50 minutes contact time
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60 minutes contact time
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90 minutes contact time
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120 minutes contact time
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150 minutes contact time
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180 minutes contact time
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4.7.3 FREUNDLICH ADSORPTION ISOTHERM
Attempts were made to fit the data in to Freundlich adsorption isotherm

 (Table -7).The equilibrium data at room temperature has been processed in accordance with Freundlich adsorption isotherm given by the equation, 

x/m
-   KF Ce 1/n
                      log x/m     -    log KF    +     1/n log Ce

Where

      x/m is the amount of methylene blue  adsorbed on unit weight of adsorbent in equilibrium with Ce, the concentration of solute in aqueous solution.

The Freundlich  adsorption isotherm plots at room temperature is plotted between log x/m Vs log Ce for different concentrations of the aqueous solution of Methylene blue solution with the 100mg of the adsorbent. KF and 1/n values are evaluated from the slope and intercept respectively used in this study, Figure -7.

The Freundlich parameters KF and 1/n are indicators of adsorption capacity and adsorption intensity respectively. The values have been incorporated in Table- 7.  The 

‘n’ value ranges between 2-10 indicates favorable adsorption (Jambullingam et al.,2005).
The ‘n’ value of Methylene blue adsorption onto the low-cost activated carbon used in this study is between 2-10 indicating that the adsorption is favorable in the case of methylene blue. 


TABLE – 7

FREUNDLICH ADSORPTION ISOTHERM FOR METHYLENE BLUE IN TERMS OF VARIATION OF INITIAL CONCENTRATIONS OF THE DYE SOLUTION 
	Time in minutes
	Initial conc. of dye

 mg/L
	log Ce
	log x/m
	Intercept
	Slope

1/n
	n

	10
	400

600

800

1000
	0.01375

0.01651

0.01732

0.01924
	0.1818

0.2052

0.2116

0.2301
	0.1970
	0.9403
	1.0634

	20
	400

600

800

1000
	0.1362

0.1643

0.1787

0.1919
	0.2041

0.2299

0.2301

0.2725
	0.1792
	0.3273
	3.0549

	30
	400

600

800

1000
	0.1349

0.1635

0.1784

0.1914
	0.2255

0.2462

0.2535

0.2918
	0.1822
	0.4306
	2.3219

	40
	400

600

800

1000
	0.1336

0.1627

0.1775

0.1909
	0.2426

   0.2626

0.2757

0.3210
	0.1893
	0.5074
	1.9705

	50
	400

600

800

1000
	0.1308

0.1619

0.1768

0.1904
	0.2648

0.2833

0.2971

0.3281
	0.2457
	0.3033
	3.2960



TABLE-7

FREUNDICH ADSORPTION ISOTHERM FOR METHYLENE BLUE IN TERMS OF VARIATION OF INITIAL CONCENTRATIONS OF THE DYE SOLUTION 
	Time in minutes
	Initial conc. of dye

 mg/L
	log Ce
	log x/m
	Intercept
	Slope

1/n
	n

	60
	400

600

     800

1000
	0.1293

0.1602

0.1762

0.1893
	0.3074

0.3210

0.3343

0.3464
	0.2249
	0.6093
	1.6411

	90
	400

600

800

1000
	     0.1278

    0.1584

     0.1749

     0.1888                                                             
	0.3222

0.3344

  0.3565

0.3741
	0.2316
	0.7088
	1.4107

	120
	    400

600

800

1000
	0.1264

0.1565

0.1736

0.1883
	0.3366
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5. SUMMARY AND CONCLUSION
· The low-cost activated carbon derived from the seeds of cassia siamea (iron wood) can be used as an efficient adsorbent for the removal of a basic dye, methylene blue from aqueous solution.

· The percentage removal of methylene blue increases from 25.48 to 55.95 in 180 minutes of contact time when the concentration of the dye solution was varied from 1000 to 400mg/L at pH 4 with 100mg of the adsorbent used in this study. The adsorption of Methylene blue was found to be concentration dependent.

· Removal of methylene blue dye increases with increase in pH. The percentage removal of the dye by adsorption increased from 25 to 43.75, when the pH of the dye solution was varied from 2 to 6 in 180 minutes of contact time with 200mg of the low-cost adsorbent prepared and used in this study.

· Removal of methylene blue increased from 35.13 to 52.25 % with increasing adsorbent dosage from 100 to 400mg at pH 6 in 180 minutes of agitation time, using 100ml of dye solution of initial concentration of 1000mg/L.

· Maximum Methylene blue removal (52.25%) in this study achieved with an optimum contact time of 180 minutes, at pH 6 with 400mg of low-cost adsorbent using the 100ml dye solution of concentration 1000mg/L.


· The adsorption kinetics of methylene blue onto the low-cost adsorbent used in this 

       study followed first order Lagergren rate equation.

· The Intra-particle diffusion study shows that the rate constants for Intra-particle diffusion (Kp) increased with the increase in initial concentration of        methylene blue solution.

· Langmuir adsorption isotherm plots obtained by plotting 1/Ce Vs m/x are linear showing the applicability of Langmuir adsorption isotherm for methylene blue adsorption. RL values obtained in this study are below one, indicating the feasibility of the dye adsorption process at all initial concentrations of the methylene blue solution used in this study.

· Freundlich adsorption isotherm plots obtained in this study are linear showing the applicability of this adsorption isotherm for the adsorption of methylene blue onto the low-cost adsorbent used in this study. The ‘n’ values (adsorption intensity)     in the range 2-10 obtained in this study shows that the adsorption of methylene blue is favourable.
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