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abbreviations and symbols

AAc
-
Acrylic Acid

Ac
-
Activated charcoal

Ap-Mgo
-
Aerogel method prepared Magnesium Oxide

As III and As V
-
Arsenic III and V

BC
-
Bentonite Clay

BFA
-
Bagasse Fly Ash

BG
-
Brilliant Green

BOD
-
Biological Oxygen Demand

CAS
-
Chemical Abstract Service

CBBA
-
Coal-based Bottom Ash

Ce
-
Final concentration

CEMWE
-
Criterion and evaluation methods of waste ecotoxicity

Ci
-
Initial concentration

Co
-
Initial concentration

COD
-
Chemical Oxygen Demand

Cu
-
Copper

EPI-DMA
-
Epichlorohydrin-dimethylamine polyamine

FA
-
Fly Ash

Fe
-
Iron

FeAc
-
Fe treated Activated carbon

FeGB
-
Fe treated gel beads

GAC
-
Granular Activated Carbon

HPLC
-
High Performance liquid chromatography

hr
-
Hour

HWC
-
Hazardous Waste Classification

IOCs
-
Iron oxide - coated sand

Kg
-
Kilogram

KJ/mol
-
Kilo Joule per mole

l
-
litre

m2 
-    
Square Meter

MB
-
Methylene Blue

MCPA
-
1-chloro - 2- methyl phenoxy Acetic Acid

mg
-
Milligram

ml
-
Millilitre

MP
-
Methyl Parathion

Ni
-
Nickel

oC
-
Degree Celcius
OD
-
Optical Density

PAAc
-
Poly Acrylic Acid

PALC
-
Poly aluminium chloride

Pb
-
Lead

Pc
-
Photo catalytic

PEC
-
Photoelectro catalytic

pHo
-
Initial pH

PVB
-
Poly vinyl butyral.

PVC
-
Polyvinyl chloride

PZC
-
Zero point of charge

Qo
-
Langmuir adsorption capacity

RB, RhB
-
Rhodamine B

RHCs 
-
Rice husk-based Porous Carbons

SECR
-
Surfactant enhanced carbon regeneration

Ti
-
Titanium

TiO2
-
Titanium di oxide

TMP
-
Thermo mechanical pulp

TWW
-
Textile Waste water

UV - Vis
-
Ultraviolet – visible

VB
-
Visual Basic

VNM
-
Vertigo Navy Marine

Zn
-
Zinc

ZnCl2
-
Zinc chloride

(Go
-
Standard free energy

Ho
-
Standard enthalpy

So
-
Standard entropy

%
-
Percentage
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1. introduction

The population explosion has created an imbalance in the means of subsistence and nature. This has led to serious economic, socio-political and environmental problems. The environmental degradation consequent to advancement of technology and industrialization has compelled men to search out the natural resources for their survival. The rapid pace of industrialization has led to the severe problem of water pollution (Bhatnagar et al., 2006).  Thus, every living organism is facing environmental hazards. There is no doubt that human activities are responsible for this. These include misuse of natural resources, rapid urbanization, deforestation, shifting of surface water and ground water in massive amounts, release of waster water from industries etc.

The type of pollutants present in industrial wastewater depends on nature of industry.  However, some of the common pollutants generally present are metal ions, dyes, phenols, insecticides, pesticides and a wide spectrum of aromatics (Nemerrow, 1971).  Among these dyes are common pollutants in those wastewaters, which originate from chemical and textile industries and the dyes, find a prominent place as they impart color besides toxicity to fish and other aquatic organisms (Walsh and Behner, 1980).
The dyestuff industry is an easy target for conservationists because an effluent colored with waste dye or dye intermediate, however small and innocuous the amount of color may be attracts attention. In addition to toxic gases, particulate and solid effluents, the dyestuff industry also generate considerable quantities of wastewater. 

Highly colored substances, widely known as colorants, can be used to impart color to an infinite variety of materials described technically as substrates. Colorants can be subdivided into dyes that are soluble in the medium in which they are applied and pigments, which are insoluble in the application medium. Dyes are defined as colored substances that when applied to fibers give them a permanent color that is resistant to action of light, water and soap. Practically every dyestuff is made from one or more of the compounds obtained by the distillation of coal tar. The chief of these are benzene (C6H6), toluene (C6H5CH3), naphthalene (C10H8), anthracene (C14H10), phenol (C6H5OH), cresol (C6H6O2), acridine (C13H9N) and quinoline (C9H7N). These compounds are different from the actual dyestuffs and they must first be changed into other compounds called intermediates which are hydrocarbons in which one or more of the hydrogen atoms are replaced by groups such as nitro group (-NO2), amino group (-NH2), hydroxyl group (-OH), etc.

Since 1856, when the first synthetic dye was reported, to this day, the use of dyes in industries and households has increased remarkably. There are more than 10,000 dyes available commercially and more than 7 x 105 tons of dyestuffs are produced annually (Zollinger, 1987).  The main consumers of dyes are the textile, tannery, paper and pulp and electroplating industries. Dyes are also used as additives in petroleum products. In addition, a number of dyes and dyestuffs are widely used in the food, pharmaceutical, and cosmetic industries. The huge growth in the textile dyeing and dyestuff manufacturing industries has resulted in an increase in the volume and complexity of the wastewater discharged to the environment. During textile processing, inefficiencies in dyeing result in large amount of dyestuff being directly lost in the waste water, which ultimately finds way into the environment. It is estimated that 5-10% of the dyes is lost in the effluent during the dyeing process (Vaidya and Datye, 1982), which in the case of reactive dyes, as much as 50% of the while in the case of reactive dyes, as much as 50% of the initial dye load is present in the dye bath effluent (Eatsen, 1995, Sierra and Lettinga, 1991).

This dye pollution may cause abnormal coloration of surface waters that captures the attention of both the public and the authorities. The presence of dyes in wastewater possesses a severe problem, as they are toxic to life as well as damaging to the aesthetic nature of the environment (Jain et al., 2003). Apart from the aesthetic problems, the greatest environmental concern with the dyes is their absorption and reflection of sunlight entering the water. This interfaces with the growth of bacteria and plants, causing a disturbance of the ecology of the receiving water. Thus the loss of dyes to the environment has become an environmental hazard. This caught our attention and we decided to concentrate on the removal of dyes from aqueous solution.

Rhodamine-B belongs to basic dyes. It is bright reddish violet powder or green crystal. It is used for any fiber and can be obtained attractive shades with enough deep colors yield; they can be applied for the dyeing of cotton, silk, paper, bamboo, weed, straw and leather. Toners and color lakes prepared from basic dyes possess very fastness to light and therefore widely employed in the preparation of carbon paper, ball-pen, oil and stamp pad inks.

Rhodamine-B is a color additive but due to its toxic property it is restricted to use as a color additive in foods and beverages. Rhodamine-B is widely used in various industries for coloring as well as other purposes. For example, Rhodamine-B after treatment gives permanent dyeing properties and forms color complexes with antimony, which is used for detecting antimony in biological fluids. Due to its environmental pollution, it becomes essential to remove Rhodamine-B from industrial wastewater before discharging them into water bodies and onto land.

Increased awareness of toxic effects of pollutants has forced industries and municipal authorities to treat wastewater before mixing it with natural water bodies (Bhatnagar et al., 2006). So treatment plants have to be designed for wastewater treatment. These may be large and expensive. However, such costs have to be absorbed by the large industries and economical methodologies to treat wastewater in terms of both running costs and capital expenditure have to be designed. Since it is not viable for a large number of units to have individual effluent treatment plants, an ideal alternative is to have a common treatment facility.

Without eliminating generation of hazardous sludge from textile effluents, investment of crores of rupees on reverse osmosis plants will not solve the pollution problems. The effluent treatment by conventional method is also not viable. In the conventional method, treatment plants poured large quantity of lime and ferrous sulphate on effluents to separate color and odour. But it generated huge volume of toxic sludge. From the 729 dyeing units in Tirupur, 80 tones of sludge were being generated every day (The Hindu, 2005).

An alternative method for conventional method is the ozone treatment. An ozonator had been developed that completely eliminated the use of lime and ferrous sulphate and other chemicals conventionally used in the effluent treatment plants in the primary treatment. Thereby ozone treatment would not generate any hazardous sludge. It oxidized all colors causing dye molecules and organic pollutants in the effluent. But this technology was cost-effective and this is also not feasible (The Hindu, 2005).

Alternatively efforts should be made to recycle or recover the waste materials/organic chemicals in the waste streams to the extent possible and convert them to value-added products. The liquid effluents treated to the required specifications may also be safely used for irrigation of lands, plants and fields for growing non-edible crops. In any case it becomes the prime responsibility of the individual units to provide preliminary treatment to the waste liquid effluents. Although a number of methods such as coagulation (Judkins and Hornby, 1978), ozonation (Snidef and Porter, 1974), membrane process (Tan and Sudak, 1992), filtration and coagulation (Graham et al., 1992) , equalization, neutralization, flocculation and coagulation, advanced oxidation process (Arsian et al., 1999, Aplin and Waite, 2000), screen method, pH controlling method, activated sludge method, sedimentation, sludge disposal, contacting aeration method, sprinkling filtration process and adsorption method have been used for this purpose. The adsorption process (Degs et al., 2000) remains the best one as it is universally applicable and is the most versatile process for the pollutants removal from waste waters (Faust and Aly, 1987).

Adsorption is a process in which atoms or molecules move from a bulk phase onto a solid or liquid surface. Adsorption process is similar to absorption, by which a substance in a gas or liquid becomes attached to a solid. The substance can be a pollutant, called an adsorbate, which is attracted to the surface of a special solid. Adsorption is operative in most natural physical, biological and chemical systems and is widely used in industrial applications such as activated charcoal, synthetic resins and water purification. Adsorption, ion exchange and chromatography are sorption processes in which certain adsorptive are selectively transferred from the fluid phase to the surface of insoluble, rigid particles suspended in a vessel or packed in a column.

Activated carbon has been found to be very good adsorbent and is normally used for the removal of dyes from various effluents generated in the dyes, textiles and paper industry. Activated carbon can be used as a substrate for the application of various chemicals to improve the adsorptive capacity. Activated carbon is used in metal extraction, water purification, medicine, sewage treatment, air filters in gas masks and many other applications. It’s wide spread use in wastewater treatment is sometimes restricted due to its higher cost. As such, for quite sometime, efforts are being made to prepare cheaper adsorbents (Bailey et al., 1999).

Some of the studies have made silk cotton hull waste (Vennilamani et al., 2006), bagasse fly ash (Mane et al., 2005), anion exchange membrane (Liu et al., 2007), oil palm fiber (Tan et al., 2006), coir pith (Sangeetha et al., 2005), elutrilithe (Guclo et al., 2005), eucalyptus bark (Morais et al., 1999) etc as adsorbents. However they have not proved to be very promising and as such, the search is still on for adsorbents that may be cheaper and also efficient for removing colored material from wastewaters.

In the present work activated carbon prepared from water hyacinth is used as an adsorbent for adsorption of Rhodamine B.

Water hyacinth, also known as blue devil, grows rapidly as dense green mat over stagnant water bodies such as lakes, streams, ponds, waterways, ditches and backwaters. It is found to grow well in tropical and backwaters. It is found to grow well in tropical and subtropical climates (THE HINDU, 2006).  It is a serious pest that can completely wipe out the native aquatic species. It alters the ecosystem of the water body, causing oxygen fluctuation and raising the water temperature.

It remains a major problem where effective control programmers are not in place. The plants also create a prime habitat for mosquitoes, the classic vectors of disease and a species of snail known to host a parasitic flatworm that causes schistosomiasis.

The pollution level has been increased due to increase in the growth of water hyacinth, and also the entry of sewage raised the pollution level (The hindu, 2006). The presence of weeds (water hyacinth) had made the boathouse in Ooty an eyesore and people in the vicinity had converted it into an open-air toilet. The weed problem in Ooty Lake has reached alarming proportions. Out of a 45-acre water spread, 30 acres has been rendered useless with the weeds spreading close to the boat jetties (The Hindu, 2007).

The total water spread which was 18 acres last year due to the water hyacinth menace had gone up to 65 acres after work was taken up on bioremediation at a cost of Rs.1.74 crores to restore the lake’s eco-system (The Hindu, 2003). In Singanallur tank, Coimbatore district, the reason for major cause of water hyacinth is a steady in flow of sewage (The Hindu, 2006). However, the plants are more valued in some areas, being harvested for cattle food. It has been widely distributed because of the beauty of its large, purple to violet flowers.

              In the present work, the menace - water hyacinth has hence been utilized as an adsorbent for the removal of dye - Rhodamine-B from the aqueous solution. The main object of this study is to convert ‘Waste to Wealth’ via employing a hazardous pollutant - water hyacinth to treat a pollutant dye - Rhodamine B.
1.1 OBJECTIVES
· Collection of raw material - water hyacinth for preparation of adsorbent.

· Preparation of adsorbent by thermal activation.

· Fabrication of an adsorbent column with prepared adsorbent.

· To determine the adsorption efficiency of activated carbon from water hyacinth with variation in dosage of adsorption.

· To vary the concentration of dye in order to arrive at the optimum conditions for the adsorption of the dye (Rhodamine-B) onto the adsorbent.

· To study the effect of variation of time of adsorption on the efficiency of activated carbon prepared from water hyacinth.

· To analyse (i) the application of adsorption process to industrial effluents and   

          hence (ii) the possibility of conversion of ‘Waste to Wealth’.

· To fit the results of the study to 

· Langmuir adsorption isotherm

· Freundlich adsorption isotherm

· Lagergren kinetic equation

· To simulate the process of  adsorption of Rhodamine B onto activated carbon and finding the effect of dosage variation by using the software program-‘VISUAL BASIC’.

· To simulate the process of  adsorption of Rhodamine B onto activated carbon and finding the effect of concentration variation by using the software program-‘VISUAL BASIC’.

· To analyze the applicability of a popular environmental menace - water hyacinth in the removal of another pollutant - Rhodamine - B.

2. REVIEW OF LITERATURE

2.1. ACTIVATED carbon 

Activated carbon, also called activated charcoal or activated coal, is a general term which covers carbon material mostly derived from charcoal. By any name, it is a material with an exceptionally high surface area. Just one gram of activated carbon has the surface area of approximately 500m2, typically determined by nitrogen gas adsorption, and includes a large amount of microporosity. Sufficient activation for useful applications may come solely from the high surface area, though often further chemical treatment is used to enhance the absorbing properties of the material.

2.1.1. productiontc "production"
It is produced in two different processes:

2.1.1.1. Physical activationtc "I.  Physical activation"
It is a process in which the precursor is developed into activated carbons using gases. This is generally done by using one or combining the following processes.

· Carbonization: It is a process where material with carbon content is pyrolysed at temperatures in the range 600-900oC, in absence of air (usually in inert atmosphere with gases like nitrogen, argon).

· Activation / Oxidation: It is a process in which the raw material or carbonized material is exposed to oxidizing atmospheres (CO2, O2 or steam) at above 250oC usually in the temperature range 600 - 1200oC.

2.1.1.2. CHEMICAL ACTIVATIONtc "2. Chemical activation"
It is the other method used for the preparation of activated carbon, which involves impregnation with chemicals such as acids like phosphoric acid or bases like potassium hydroxide, sodium hydroxide or salts like zinc chloride followed by carbonization process at temperatures in the range 450-900oC. It is believed that carbonization and activation step proceeds simultaneously in chemical activation. This technique can be problematic in some cases because, for example, zinc trace residues may remain in the end product. However, chemical activation is preferred over physical activation owing to the lower temperature and shorter time needed for activating material.

2.1.2. PROPERTIEStc "Properties"
A gram of activated carbon may have a surface area in excess of 400m2, with 1500 m2 being readily achievable. Under an electron microscope, the structure of activated carbon looks a little like ribbons of paper which have been crumbled together, intermingled with wood chips. There are a great number of nooks and crannies and many areas where flat surfaces of graphite - like material run parallel to each other, separated by only a few nanometers or so. These micropores provide superb conditions for adsorption to occur, since adsorbing material can interact with many surfaces, simultaneously, physically, activated carbon binds material by Vander Waals force, specifically London dispersion force. Activated carbon does not bind well to certain chemicals, including lithium, alcohols, glycols, ammonia, strong acids and bases, metals and most inorganic minerals such as sodium, iron, lead, arsenic, fluorine and boric acid. 

Activated carbon can be used as a substrate for the application of various chemicals to improve the adsorptive capacity for some inorganic compounds such as H2S, NH3, iodine-131, and mercury. This property is known as chemisorption.

2.1.3. APPLICATIONS OF ACTIVATED CARBON  
Activated carbon is used in metal extraction, water purification, medicine, sewage treatment, air filters in gas masks and filter masks, filters in compressed air and gas purification and many other applications.

2.1.3.1. ENVIRONMENTAL APPLICATIONS 
Carbon adsorption has numerous applications in removing pollutants from air or water streams both in the field and in industrial processes such as:

· Spill cleanup 

· Groundwater remediation

· Drinking water purification

· Volatile organic compound capture from painting, dry cleaning and other processes.

2.2.   WATER HYACINTH: Eichhornia crassipes
The seven species of water hyacinth comprise the genus Eichhornia of free floating perennial aquatic plants native to tropical South America. With broad, thick and glossy ovate leaves, water hyacinths may rise some 1 meter in height. The leaves are 10-20 cm across, supported above the water surface by long, spongy and bulbous stalks.  The feathery, freely hanging roots are purplish black. An erect stalk supports a single spike of 8-15 conspicuously attractive flowers, mostly lavender to pinkish in color with six petals. When not in bloom, water hyacinth may be mistaken for frog’s - bit (Limnobium spongia).
First introduced to North America in 1884, an estimated 50 kg per square meter of hyacinth once choked Florida’s waterways, although the problem there has since been mitigated. When not controlled, water hyacinth will cover lakes and ponds entirely. This dramatically impacts water flow, blocks sunlight from reaching native aquatic plants and starves the water of oxygen.

Water hyacinth remains a major problem where effective control programmers are not in place.

In some areas, the plants are however more valued, being harvested for cattle food.  The plants also create a prime habitat for mosquitoes, the classic vectors of disease, and a species of snail known to host a parasitic flatworm which causes schistosomiasis (snail fever). As chemical and mechanical removal is often too expensive and ineffective, researchers have turned to biological control agents to deal with water hyacinth into the United States.

Water hyacinth has been called the worst aquatic plant in the world! It has a tremendous growth and reproductive rate and the free-floating mats cause substantial problems. Millions of dollars are spent each year in the United States for its management. Water hyacinth has been widely distributed because of the beauty of its large, purple to violet flowers. Water hyacinth has not been found in the wild in Washington, but is sold as an ornamental plant in plant nurseries. Although it is thought that water hyacinth cannot survive Washington’s winters, its presence as an ornamental makes it possible for escape and growth in the wild. Water hyacinth does survive freezing conditions in other states where it is established and it may be possible for this plant to survive western Washington’s relatively warm winters.

2.2.1. GROWTH HABIT tc "Growth Habitat or Habit " OF WATER HYACINTH
Water hyacinth grows in all types of freshwater. Water hyacinths vary in size from a few inches to over three feet tall. It can form impenetrable mats of floating vegetarian. It reproduces by seeds, by way of runners of stolons and by daughter plants which form on rhizomes and produce dense plant beds. In one study, two plants produced 1,200 daughter plants in four months. Individual plants break off the mat and can be dispersed by wind and water currents. As many as 5,000 seeds can be produced by a single plant and these seeds are eaten and transported by waterfowl. Seedlings are common on mud banks exposed by low water levels.

2.3. Adsorbents used in different studiestc "Adsorbents used in different studies"
· Adsorbent produced from Elutrilithe (mixed alumina-silicate/carbon material and solid waste of coal mines) is used to remove 4-chloro-2-methylphenoxy-acetic acid (Guclo et al., 2000).

· A study is made on the adsorption capacity of several types of silicate and quarry dusts, prepared from pure mineral standards with respect to methylene blue and Fuchrim (Dancheran, 1989)

· Waste banana pith as adsorbent for color removal from waste water (Namasivayam and Kanchana, 1992).

· Removal of dyes from aqueous solutions by cellulosic waste orange peel (Namasivaysam et al., 1996).

· The use of non-conventional adsorbents for the removal of color from dye waste waters has been proposed (Peruch et al., 1997).

· The adsorption of basic dyes onto granular activated carbon and natural zeolite was studied (Meshko et al., 2001).

· Adsorption of reactive dyes on high-ash char was studied (Soares et al., 2001).

· Biosorption studies were carried for removal of methylene blue using pithophora SP, fresh water algae as an adsorbent (Kumar et al., 2004).

· Nitrate removal using ZnCl2 activated carbon developed from coir pith (Sangeetha et al., 2005).

· Activated carbon from industrial solid waste as an adsorbent for the removal of Rhodamine-B from aqueous solution (Kadirvelu et al., 2005).

· Use of bagasse fly ash as an adsorbent for the removal of brilliant green dye from aqueous solution (Mane et al., 2005).

· Adsorbent obtained from sewage sludge and discarded tyres to remove methylene blue and Sandolan brilliant red N-BG 125 (Rozada et al., 2005).

· Modified silk cotton hull waste was utilized as an adsorbent for the removal of dye (Vennilamani et al., 2006).

· Prehydrolysed beech sawdust for dye adsorption (Batzias and Sidiras, 2006).

· A novel color removal adsorbent from heterocoagulation of cationic and anionic clays (He et al., 2006).

· Solid waste from leather industry as adsorbent of organic dyes in aqueous medium (Oliveira et al., 2006).

· Palm ash as adsorbent for removal of direct dye (Ahmed et al., 2006).

· Bio-sludge as adsorbent for removal of disperse dyes (Sirianuntapiboon and Srisornsak, 2006).

· Coal based bottom ash for removal of reactive dye from aqueous solutions (Dincer et al., 2006).

· Oil palm fiber activated carbon for basic dye adsorption (Tan et al., 2006).

· Dried sugar beet pulp for biosorption of reactive dye (Aksu and Isoglu, 2006).

· Adsorption of toluidine blue on pulp fibers (Ven et al., 2006).


· Activated carbon and rice husk as potential adsorbents in the removal of Rhodamine B from waste water (Jain et al., 2006).
· Anion exchange membranes as absorbers for removal of anionic reactive dyes (Liu et al., 2007).

· Adsorption of basic dye from aqueous solution on fly ash (Lin et al., 2007).
2.4. effluent treatment methods
· Oil - Water separation

· Screen treatment

· pH controlling Tank

· Setting Tank

· Coagulation sedimentation treatment

· Agglutination pressure flotation treatment

· Activated sludge Method

· Sprinkling filtration process

· Rotating Biological contactor

· Contact Aeration Method

· Combined Type Johkaso

2.5. ADsorptiontc "ADsorption"
Adsorption is a process that occurs when a gas or liquid or solute (called adsorbate) accumulates on the surface of a solid or more rarely a liquid (adsorbent), forming a molecular or atomic film (adsorbate). An example is purification by adsorption where impurities are filtered from liquids or gases by their adsorption onto the surface of a high-surface-area solid such as activated charcoal. Other examples include the segregation of surfactant molecules to the surface of a liquid, the bonding of reactant molecules to the solid surface of a heterogeneous catalyst, and the migration of ions to the surface of a charged electrode.

Adsorption is to be distinguished from absorption, a process in which atoms or molecules move into the bulk of a porous material, such as the absorption of water by a sponge. Sorption is a more general term that includes both adsorption and absorption. Desorption refers to the reverse of adsorption, and is a process in which molecules adsorbed on a surface are transferred back into a bulk phase. The term adsorption is most often used in the context of solid surfaces in contact with liquids and gases. Molecules that have been adsorbed onto solid surfaces are referred to generally as adsorbates, and the surface to which they are adsorbed as the substrate or adsorbent.

At the molecular level, adsorption is due to attractive interactions between a surface and the species being adsorbed. The exact nature of the bonding depends on the details of the species involved, but the adsorbed material is generally classified as exhibiting physisorption or chemisorption. Weak interactions (<40 kJ/mol) analogous to those between molecules in liquids give rise to what is called physical adsorption or physisorption. Strong interactions (>40 kJ/mol) similar to those found between atoms within a molecule give rise to chemical adsorption or chemisorption. In physisorption, the adsorbed molecule remains interact, but in chemisorption the molecule can be broken into fragments on the surface, in which case the process is called dissociation chemisorption. The extent of adsorption depends on physical parameters such as temperature, pressure and concentration in the bulk phase, and the surface area of the adsorbent. Low temperatures, high pressures, high surface areas, and highly reactive adsorbate and the adsorbents generally favour adsorption. Adsorption is directly applied in processes such as filtration and detergent action. 

2.6. rhodamine - Btc "rhodamine - B \:"
Rhodamine - B belongs to Basic dyes. It is also called as Rhodamine 610, Basic Violet 10 or C.I. 45170.

Molecular Formula
:
C28H31N2O3Cl

Molecular Weight
:
479.02 g/mole

CAS Number
:
81 - 88 - 9

Physical Appearance
:
Bright reddish violet powder or 


green crystal

Solubility
:
Bluish red with strong Fluorescence


when dissolved in water and ethanol

Rhodamine dyes fluoresce and can thus be measured easily and inexpensively with instruments called fluorimeters. Rhodamine B dyes are generally toxic in nature.

2.6.1. Applicationstc "Applications"
Rhodamine-B is used for any fibers and can be obtained attractive shades with enough deep colors yield, they can be applied for the dyeing of cotton, silk, paper, bamboo, weed, straw and leather, toners and color lakes prepared from basic dyes possess very fastness to light and therefore widely employed in the preparations of carbon paper, ball-pen, oil and stamp pad inks., also in manufacturing paint and printing inks.

Rhodamine-B is used as a dye and as a dye laser gain medium. It is often used as a tracer within water to determine the rate and direction of flow and transport. Rhodamine-B is used in biology as a staining fluorescent dye, sometimes in combination with auramine O, as the auramine-rhodamine stain to demonstrate acid-fast organisms, notably Mycobacterium.

2.6.2. STRUCTURE OF RHODAMINE B
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2.7. literature pertaining to the adsorption of common pollutants onto activated CARBON FROM 1992 to 2007
· The feasibility of waste banana pith for the removal of the dye Rhodamine-B was investigated at different initial dye concentrations, agitation time, adsorbent dosage, and pH. Adsorption of dye on banana pith follows both the Langmuir and Freundlich isotherm models. A maximum removal of 87% of the dye was observed at pH 4. Desorption studies show that the adsorption is mainly due to chemisorption (Namasivayam et al., 1992).

· The ability of waste banana pith to remove color from synthetic wastewaters containing Acid violet, Congo red + Rhodamine B mixture and Congo red + Acid Violet + Rhodamine-B mixture was investigated. The influence of various parameters like dye concentration, contact time, adsorbent dosage and pH on the removal of dyes has been studied. The adsorption rate constant for Acid violet was found to be 1.27 × 10-1/min at 20 mg/L dye concentration. The equilibrium data for Acid violet fit well into Langmuir and Freundlich isotherms. Maximum removal of 80% was observed for Acid violet at 50 mg/L and at pH 2. Desorption studies reveal that the adsorption of Acid violet is mainly due to chemisorption. Complete removal of dye mixture, Congo red + Rhodamine-B (20 mg/L each) was observed at an adsorbent dosage of 6 g. The color removal was quantitative for the dye mixtures, Congo red + Acid violet + Rhodamine-B (10 mg/L each) and Congo red + Acid violet + Rhodamine-B (20 mg/L each) by 5 and 6 g of adsorbent, respectively (Namasivayam and Kanchana, 1992)

· Adsorption behaviour of water-methanol mixtures in slit carbon and in uncharged alumino-silicate micropores has been reported. The adsorption isotherms were obtained for a pore of width of 2nm and at a temperature of 298k from grand canonical ensemble Monte Carlo simulations. The results show that the graphite and uncharged silicate surfaces are covered by a dense layer of flatly adsorbed water and methanol molecules having weaker hydrogen bonding solvation forces are also calculated as a function of pore size. The positive values found for the solvation force for all pore sizes reflect the hydrophobic interactions of the mixture with the carbon and uncharged alumino-silicate walls (Shevade et al., 1999)
· The adsorption of dyes such as congo red, procion orange and rhodamine-B by waste orange peel was examined at different concentrations of dyes, adsorbent dosage, agitation time and pH. The adsorption obeyed both the Langmuir and Freundlich isotherms and the process of uptake followed first-order rate kinetics. Acidic pH was favourable for adsorption for all three dyes. Desorption studies showed that alkaline pH was efficient for desorption of all the dyes (Namasivayam et al., 1996).

· Rhodamine B adsorption was used to measure the specific surface area of activated sludge. The surface area occupied by the Rhodamine B molecule was calibrated by measuring its adsorption onto polyvinyl chloride (PVC) granules. The area occupied was found to be dependent on pH and conductivity of the solution. To verify the measurements other uniform materials were used. The surface area of wood flour and an activated carbon were measured with satisfactory results. Micropores (<2 nm) are excluded from the determination. As a representation of a uniform biological suspension yeast was used. The surface area measured by Rhodamine B was compared with a surface area calculated from a number based size distribution. The results showed that it was possible to measure the specific surface area of a biological material with the method described. The specific surface area of activated sludge and specific resistance to filtration was measured as a function of anaerobic storage time, and were found to increase during anaerobic storage. Visual observations attributed the increase of specific resistance to the development of the sludge flocs into smaller structures (Sorensen and Wakeman, 1999).

·  Bagasse fly ash, a waste generated in sugar industries in India, has been converted into an inexpensive adsorbent material and utilized for the removal of two basic dyes, Rhodamine B and methylene blue. Results include the effect of pH, adsorbent dose, dye concentration, and presence of surfactant on the removal of Rhodamine B and methylene blue. The adsorption data have been correlated with both Langmuir and Freundlich adsorption models (Gupta et al., 2000)
· Eutrophication is the over fertilization of a body of the water by nutrients resulting in enhanced algae growth and phosphate is usually identified as the cause. In this work, the adsorption of phosphate on chitosan-iron (iii) crosslinked was investigated in an experiment of solid-phase extraction. The isotoberm adsorption, kinetic adsorption, and pH study were carried out in thermostatically-controlled batches. Batch study shows that phosphate adsorption becomes constant after 60 min, 7.0 is optimal pH for phosphate adsorption. Affinity constant and maximum adsorption capacity determined by Langmuir equation were 44.4 Lm in-1 and 131 mg g-1  (Fagundes et al., 2001)
· The thermodynamics and kinetics of adsorption of reactive dyes on high-ash char was studied. Equalibrium data were obtained using the static method with controlled agitation at temperatures in the range of 30 to 60oC. The Langmuir isotherm model was used to describe the equilibrium of adsorption and the equilibrium parameters, RL in the range of 0 to 1 indicate favourable adsorption. The amount of dye adsorbed increased as temperature increased from 30 to 40oC, but above 40oC the increase in temperature resulted in a decrease in the amount of dye adsorbed (Soares et al., 2001). 

· Geogenic inorganic arsenic contamination in drinking water has been raising public concern especially in developing countries. Several iron treated natural materials such as Fe-treated activated carbon (FeAc), Fe-treated gel beads (FeGB) and iron oxide-coated sand (IOCs), were investigated in this study for arsenic removal from dispersed household drinking water supply. IOCs showed consistently good performance in terms of As(III) and As(V) removal in batch tests, column tests and field experiment. As(V) adsorption decreased slightly but As(III) adsorption maintained relatively stable when the pH value was increased from 5 to 9. In strong hardness water As(III) adsorption efficiency was noted to decrease (Yuan et al., 2002).
· The density distribution of occupied states generated by the adsorption of Rhodamine B on NaCl (100) in the energy region near the photoionization threshold has been estimated by measuring the wavelength dependent electrical charge of the sample arising from photoemission. Several substrate-dependent effects may determine this energy distribution, which is significant from the point of view of contact charging. This fact has a practical importance, since the contact charging of ionic crystals can be selectively controlled by certain adsorbed organic substances in the electrostatic separation procedure of mineral salt mixtures (Ernst  et al., 2002).

· Experimental and grand canonical Monte Carlo simulation results for the separation of a CH2Cl2-N2 binary gas mixture in molecular sieve materials are presented. Adsorption isotherms were measured at 318k and at pressures between 50 kPa and 130kPa. The selectivity for CH2Cl2 was found to increase with time from 1.29, to 4.59 to 10.74. Grand Canonical, Monte Carlo simulation agreed qualitatively with the experimental results, showing a greater selectivity for CH2Cl2 than for nitrogen (Westacott et al., 2002).
· Results of grand ensemble Monte Carlo simulation studies of the adsorption of nitrogen in Ca-chabazite containing two Ca ions per unit cell have been presented. The probable Ca ion locations were taken from previous work, and the simulations were made in relaxed but rigid framework structures. Ca ion sites included combination of A-sites (Ca in the hexagonal face of a D6R unit) and B-sites (Ca on one of the mutually orthogonal axes passing through the chabazite cavity. Interaction potentials were constructed on an all-atom basis, and were parameterised for the N–O, N–Si and N–Ca pairs with the aid of supplementary quantum mechanical calculations [Mol. Phys. 28 (2000) 1565]. At 77 K, the zero coverage heat of adsorption (qst(0)) for nitrogen in the pure silica form is 15.9 kJ mol-1. When two A-site Ca cations per unit cell are included, qst(0) shows a large increase to 41.1 kJ mol-1. Analysis of the components of qst(0) gives induced, electrostatic and dispersive contributions of around 48, 50 and 2%, respectively. When loading is increased, the heat of adsorption decreases as a consequence of the screening of the strongly binding Ca-sites. Adsorption isotherms for a range of different Ca cation sites were found to have marked steps due to the heterogeneous nature of the material, where only a limited number of nitrogen molecules can bind very strongly to the cations. Experimental data for nitrogen and argon data at 303 K are qualitatively similar to the simulated isotherms at the same temperature, but the adsorption is weaker (Nicholson et al., 2002)

· Computational studies of the sorption of organic compounds at clay mineral surfaces are described. Molecular dynamics simulations were performed with a recently developed empirical force field for dioctahedral clays. The studies allow the identification of three general mechanisms of adsorption, i.e in the absence of water, in the presence of a sufficient amount of water and when many water molecules are present. The calculated trends are reasonable, but we also expect that current dynamics. Simulations may overestimate the extent of the structuring of water because of the absence of polarization terms in the available empirical force fields (Newton et al., 2003).
· Gamma radiation - induced polymerization of acrylic acid (AAc) onto poly (vinyl butyral) (PVB) film has been carried out under nitrogen atmosphere. The resulting grafted film of PVB-g-PAAc was allowed to react with solutions of two ionic dyes, namely Rhodamine B or Methylene Blue. The radiation - induced colour bleaching has been analyzed with visible spectrometry either at 552 nm (for PVB RB) or at 651 nm (for PVB MB). The investigations show that these dosimeter films may be useful for high-dose gamma radiation applications. The effects of temperature and relative humidity during irradiation as well as pre- and post-irradiation storage, on the radiation response of films are studied. These films are highly stable before and after irradiation and have no appreciable effect of temperature or humidity on response in the relative humidity range 0-60% and temperature range 15-60oC (Fattah et al., 2003).

· To further improve the photo oxidation techniques for water and waste-water purification, a Ti/TiO2 mesh electrode was successfully prepared by anodizing Titanium mesh in 0.5M H2SO4 solution. The examination results of structural and surface morphology of the electrode indicated that its structure and properties were affected by its growth rate in the anodization process and anatas TiO2 was dominant in its composition. The photo catalytic (PC) oxidation and photoelectrocatalytic (PEC) oxidation of rhodamine B in aqueous solution using the Ti/TiO2 electrode were investigated and compared. The experimental results demonstrated that the PEC oxidation by applying an electrical bias between the Ti/TiO2 electrode and pt electrode could significantly enhance the degradation rate of Rhodamine B compared with PC oxidation (Liu et al., 2003).

· Different bio-waste materials such as waste carrot pulp, tea-leaves, wood powder, paper mill sludge and microbial waste from fermentation industry were compared with activated carbon for metal sorption efficiency in batch mode. Maximum uptake of Zn, Pb, Fe and Ni was at pH 4.0 by 2% biomass. For the same metal different biomass had different removal efficiency. A combination of paper mill sludge and microbial bio-waste was effective in simultaneous removal of Pb, Zn and Ni from multi-metal metallic solution (Ahluwalia et al., 2003).

· A molecular simulation study of water adsorption in model NaY and NaX faujasite was reported. Despite the rather simple model used for the water–adsorbent interaction, a fair agreement was found with the available experimental data. In the method used in this work the nonframework cations are allowed to move from place to place in the sample, and are not fixed anymore in their crystallographic sites, as in most of the previous adsorption simulations reported in the literature. We have indeed observed cation redistribution upon water adsorption in a low cation content faujasite (Na48Y), but no such cation redistribution was observed in the higher cation content Na76X faujasite. The water adsorption process can thus be very different, depending on the Si/Al ratio of the aluminosilicate faujasite (Beauvais et al., 2004).tc "Abstracts"
· Zinc and its compounds are widely used in pharmaceuticals electroplating, Parts and pigments manufacturing, metal processing, textile and dye industries etc. This zinc contamination in aquatic system cause serious problems to the environment. Zinc from aqueous medium has been removed using fullers’ earth as an absorbent. The effects of pH, initial concentration of Zn, contact time, adsorbent doses and isotherm models were studied in batch processes (Das et al., 2004).

· Paper mill sludge was used as an adsorbent for removal of Pb, Ni, Fe and Zn from the aqueous solution in batch system. Conventional Langmuir and Freundlich sorption isotherms were filled into sorption equilibrium data, which indicated that the binding of the metals takes place either through ion exchange or physico-chemical interaction. A flow through biosorption column packed with paper mill sludge attained a sorption capacity of 2.38 mg pb g-1. (Ahluwalia and Goyal, 2004).

· Adsorption of Rhodamine B (RB) by rice husk-based porous carbons (RHCs) and commercial carbons from aqueous medium have been studied. Three samples of carbons prepared by NaOH activation, three samples prepared by KOH activation and two samples of commercial carbons have been used. The adsorption isotherms have been determined after modifying the carbon N3 surfaces by oxidation with nitric acid and hydrogen peroxide and after degassing at 800°C. Three samples of nitrogen series have larger capacity for removing RB from solution compared to that of the tested commercial carbons, and the capacity of commercial carbons for RB is larger than K series. The adsorption capacity of RB on oxidation carbons is increased and the adsorption capacities on carbons with heat treatment are larger than that on oxidation. The adsorption mechanisms have been proposed through studying the effect of adsorption conditions. They are complicated and appear attributable to various factors, including pore size distribution and chemical interactions between the RB and the surface functional groups on the carbon surfaces (Guo et al., 2004)
· Four adsorbents have been prepared from industrial wastes obtained from the steel and fertilizer industries and investigated for their utility to remove cationic dyes. Studies have shown that the adsorbents prepared from blast furnace sludge, dust, and slag have poor porosity and low surface area, resulting in very low efficiency for the adsorption of dyes. The adsorption of two cationic dyes, viz., Rhodamine B and Bismark Brown R on carbonaceous adsorbent conforms to Langmuir equation, is a first-order process and pore diffusion controlled. As the adsorption of dyes investigated was appreciable on carbonaceous adsorbent, its efficiency was evaluated by comparing the results with those obtained on a standard activated charcoal sample. It was found that prepared carbonaceous adsorbent exhibits dye removal efficiency that is about 80–90% of that observed with standard activated charcoal samples (Bhatnagar and Jain, 2004).

· Elutrilithe is a mixed alumina-silicate/carbon material and a solid waste of coal mines. A new adsorbent from elutrilithe has been produced. The elutrilithe was treated with zinc chloride in a nitrogen medium. The adsorption capacity of the new adsorbent was measured with MCPA (4-chloro-2-methylphenoxy-acetic acid), which is a pesticide. The adsorption experiments were carried out as a function of time, initial concentration, agitation rates, and temperature. The Langmuir model was used to fit the equilibrium data. Satisfactorily fitting the data and consistency in parameter values indicated this isotherm could be used for the system. The adsorption kinetic results were interpreted by second-order rate equation, and rate constants were calculated for different agitation rates. The intraparticle rate diffusion constants were calculated for different agitation rates. Thermodynamic parameters were calculated (Guclu et al, 2005).
· Batch studies were performed to evaluate the influences of various experimental parameters like initial pH (pH0), contact time, adsorbent dose and initial concentration (C0) on the removal of brilliant green. Optimum conditions for BG removal were found to be pH0  3.0, adsorbent dose  3 g/l of solution and equilibrium time  5 hr. Adsorption of BG followed pseudo-second-order kinetics. Intra-particle diffusion does not seem to control the BG removal process. Equilibrium isotherms for the adsorption of BG on BFA were analyzed by Freundlich, Langmuir, Redlich–Peterson, Dubnin–Radushkevich, and Temkin isotherm models using non-linear regression technique. Redlich–Peterson and Langmuir isotherms were found to best represent the data for BG adsorption onto BFA. Adsorption of BG on BFA is favourably influenced by an increase in the temperature of the operation. Values of the change in entropy (S0) and heat of adsorption (H0) for BG adsorption on BFA were positive. The high negative value of change in Gibbs free energy (G0) indicates the feasible and spontaneous adsorption of BG on BFA. (Mane et al, 2005).

· A feasibility study has been made with the use of adsorbents produced from sewage sludge and the solid residue of pyrolysed tyres in fixed-bed adsorption. The study was focused on dyeing pollution, and the target dyes were: Methylene blue and Sandolan brilliant red N-BG 125. First, the adsorption isotherms were determined for each adsorbate–adsorbent system and then fixed-bed adsorption was operated, giving characteristic breakthrough curves. The obtained data were fitted to different models in order to determine operational parameters. The results show that, as in the case of the previous discontinuous-regime studies, the most efficient adsorbent was the one derived from the sludge activated with ZnCl2, and that the removal of Sandolan brilliant red N-BG 125 was better than that of Methylene blue. The use of the adsorbent produced from the carbonization of tyres proved not to be feasible in tests of this type owing to its powdery texture (Otero et al., 2005)

· Fly ash was modified by hydrothermal treatment using NaOH solutions under various conditions for zeolite synthesis. The XRD patterns have been presented. The results indicated that the samples obtained after treatment are much different. The XRD profiles revealed a number of new reflexes, suggesting a phase transformation probably occurred. Both heat treatment and chemical treatment increased the surface area and pore volume. The treated fly ash was tested for adsorption of heavy metal ions and dyes in aqueous solution. It was shown that fly ash and the modified forms could effectively absorb heavy metals and methylene blue but not effectively adsorb rhodamine B. Modifying fly ash with NaOH solution would significantly enhance the adsorption capacity depending on the treatment temperature, time, and base concentration. The adsorption capacity of methylene blue would increases with pH of the dye solution and the sorption capacity of FA-NaOH could reach 5 × 10-5 mol/g. The adsorption isotherm could be described by the Langmuir and Freundlich isotherm equations. The removal efficiency for copper and nickel ions could be from 30% to 90% depending on the initial concentrations. The increase in adsorption temperature will enhance the adsorption efficiency for both heavy metals. The pseudo second-order kinetics would be better for fitting the dynamic adsorption of Cu and Ni ions (Wang et al., 2005).
· The photocatalytic performance of immobilized TiO2 supported on silicone sealant was evaluated using the photocatalytic oxidation of rhodamine B (RhB) under weak illumination conditions. Three 8 W germicidal lamps were used as the light source and the reactor volume was 1.7l. The optimum dosage of immobilized photocatalyst was 210.7 g/l (TiO2 weight percentage: 15%). The initial decolorization rate constants of RhB in an aqueous solution were determined in the presence or absence of immobilized TiO2 and UV irradiation in order to study each decolorization effect due to adsorption onto the immobilized TiO2, direct photolysis by UV irradiation and photo catalytic decolorization. The order of initial decolorization rate constant was photo catalytic oxidation > adsorption > photolysis.  The initial decolorization rate constant of the RhB by the immobilized TiO2 was higher than that of the powder TiO2. The used immobilized photocatalyst retained a constant photocatalytic activity (Kim and Park, 2005).

· Unburned carbon in fly ash is an important by-product from coal combustion. Unburned carbon has been separated from fly ash and been employed as a low cost adsorbent for a basic dye adsorption (Rhodamine B) in aqueous solution. Adsorption isotherm and kinetics of adsorption have been investigated using batch experiments. It was found that dye adsorption capacity depends on initial concentration, pH of solution, and temperature. The adsorption isotherm can be described by Langmuir model and the adsorption capacity of Rhodamine B at 30, 40, and 50°C can reach 9.7x10-5, 1.14x10-4, and 1.5 x 10-4 mol g-1, respectively. The pseudo first- and second-order kinetic models have been employed to fit the dynamic adsorption. It is found that the dynamic adsorption follows the pseudo second-order model. Thermodynamic calculations indicate that the adsorption is endothermic reaction with H° at 25 kJ mol-1 (Wang and Li, 2005).
· The activated carbon was prepared using industrial solid waste called sago waste and physico-chemical properties of carbon were carried out to explore adsorption process. The effectiveness of carbon prepared from sago waste in adsorbing Rhodamine-B from aqueous solution has been studied as a function of agitation time, adsorbent dosage, initial dye concentration, pH and desorption. Adsorption equilibrium studies were carried out in order to optimize the experimental conditions. The adsorption of Rhodamine-B onto carbon followed second order kinetic model. Adsorption data were modeled using both Langmuir and Freundlich classical adsorption isotherms. The adsorption capacity Q0 was 16.12 mg g-1 at initial pH 5.7 for the particle size 125–250 m. The equilibrium time was found to be 150 min for 10, 20 mg l-1 and 210 min for 30, 40 mg l-1 dye concentrations, respectively. A maximum removal of 91% was obtained at natural pH 5.7 for an adsorbent dose of 100 mg/50 ml of 10 mg l-1 dye concentration and 100% removal was obtained when the pH was increased to 7 for an adsorbent dose of 275 mg/50 ml of 20 mg l-1 dye concentration. Desorption studies were carried out in water medium by varying the pH from 2 to 10 (Kadirvelu et al., 2005).

· The chemiluminescence behaviour of five major flavonoid types in cerium (IV) - rhodamine B system was investigated by flow-injection - strong CL was observed when cerium IV reacted with rhodamine B in H2SO4 medium in the presence of flavonoids. This method was successfully applied to the determination of quercetin in the hydrolysate of rutin and compared well with the high performance liquid chromatography (HPLC) method. From a comparison of several related flavonoids, it was concluded that only flavonoids that contain a free 3-hydroxyl and 2, 3-double bond in conjugation with 3-oxo function could produce a relatively strong a mission (Yang et al., 2006). 
· An advanced tertiary treatment of municipal sewage treatment plant effluents, utilizing a simultaneous combination of adsorption on powdered activated carbon (PAC) and flocculation with aluminum sulfate, or ferric chloride, performed at the same reactor, was investigated. In order to understand the advantages of the two treatments together, the adsorption on PAC and the flocculation were studied separately, and subsequently, a simultaneous combination of both treatments was investigated. In the combined simultaneous PAC adsorption and flocculation in effluents, the optimal combinations of PAC and flocculant doses were established, generating very high quality water, and suitable for reuse of different goals (Narkis and Yusim et al., 2006).

· Carbon prepared from silk cotton hull was used to remove a textile dye (reactive blue MR) from aqueous solution by an adsorption technique under varying conditions of agitation time, dye concentration, adsorbent dose and pH. Adsorption depended on solution pH, dye concentration, carbon concentration and contact time. Equilibrium was attained with in 60 min. Adsorption followed both Langmuir and Freundlich isotherm models. The adsorption capacity was found to be 12.9 mg/g at an initial pH of 2 ± 0.2 for the particle size of 125–250 ìm at room temperature (30 ± 2 °C) (Thangamani et al., 2006)

· The batch and column kinetics of methylene blue and red basic 22 adsorption on mild acid-hydrolyzed beech sawdust were investigated, using untreated beech sawdust as control, in order to explore its potential use as a low cost adsorbent for wastewater dye removal. The adsorption capacities, estimated according to Freundlich’s model, and the adsorption capacity coefficient values, determined using the Bohart and Adams’ bed depth service model, indicated that prehydrolysis enhances the adsorption properties of the original material (Batzias and  Sidiras, 2006)

·  The effect of pH on the batch kinetics of methylene blue adsorption on beech sawdust was simulated, in order to evaluate sawdust potential use as low cost adsorbent for wastewater dye removal. The zero point of charge pHpzc of the sawdust, in order to explain the effect of pH in terms of pHpzc, was measured by the mass titration and the automatic titration methods. The adsorption capacity, estimated according to Freundlich’s model, indicate that increase of the pH enhances the adsorption behaviour of the examined material. The lower adsorption of methylene blue at acidic pH is due to the presence of excess H+ ions that compete with the dye cation for adsorption sites. As the pH of the system increases, the number of positively charged sites decreases while the number of the negatively charged sites increases. The negatively charged sites favour the adsorption of dye cation due to electrostatic attraction. The increase in initial pH from 8.0 to 11.5 increases the amount of dye adsorbed (Batzias and Sidiras, 2006).

· A novel alternative destination of the solid waste, based on the removal of organic contaminants from the out coming aqueous-residue has been produced. The adsorption isotherm pattern for the wet blue leather from the Áurea tanning industry in Erechim-RS (Brazil) showed that these materials present high activity on adsorbing the reactive red textile dye as well as other compounds. The adsorbent materials were characterized by IR spectroscopy and SEM and tested for the dye adsorption (reactive textile and methylene blue dyes). The concentrations of dyes were measured by UV–vis spectrophotometry and the chromium extraction from leather waste was realized by basic hydrolysis and determined by atomic absorption. As a low cost abundant adsorbent material with high adsorption ability on removing dye methylene blue (80 mg g-1) and textile dye, the leather waste is revealed to be a interesting alternative relatively to more costly adsorbent materials (Oliveira et al., 2006).

· Palm ash, an agriculture waste residue from palm-oil industry in Malaysia, was investigated as a replacement for the current expensive methods of removing direct blue 71 dye from an aqueous solution. The experimental data were analyzed by the Langmuir and Freundlich models of adsorption. Equilibrium data fitted well with Freundlich model in the range of 50–600 mg/L. The equilibrium adsorption capacity of the palm ash was determined with the Langmuir equation and found to be 400.01 mg dye per gram adsorbent at 30 °C. The rates of adsorption were found to conform to the pseudo-second-order kinetics with good correlation. The results indicate that the palm ash could be employed as a low-cost alternative to commercial activated carbon (Ahmed et al., 2006).

· Granular activated carbon (GAC) did not show any significant adsorption ability on the disperse dyes, while resting (living) bio-sludge of a domestic wastewater treatment plant showed high adsorption abilities on both disperse dyes and organic matter. The dye adsorption ability of bio-sludge increased by approximately 30% through acclimatization with disperse dyes, and it decreased by autoclaving. The deteriorated bio-sludge could be reused after being washed with 0.1 N NaOH solutions. Disperse Red 60 was more easily adsorbed onto the bio-sludge than Disperse Blue 60. The Disperse Red 60, COD, and BOD5 adsorption capacities of acclimatized, resting bio-sludge were 40.0 ± 0.1, 450 ± 12, and 300 ± 10 mg/g of bio-sludge, respectively. The GAC–SBR system could be applied to treat textile wastewater (TWW) containing disperse dyes with high dye, BOD5, COD, and TKN removal efficiencies of 93.0 ± 1.1%, 88.0 ± 3.1%, 92.2 ± 2.7% and 51.5 ± 7.0%, respectively without any excess bio-sludge production under an organic loading of 0.18 kg BOD5/m3-d. Furthermore, the removal efficiencies increased with the addition of glucose into the system. The dye, BOD5, COD, and TKN removal efficiencies of the GAC–SBR system with TWW containing 0.89 g/L glucose were 94.6 ± 0.7%, 94.4 ± 0.6%, 94.4 ± 0.8% and 59.3 ± 8.5%, respectively, under an SRT of 67 ± 0.4 days (Sirianuntapiboon and  Srisornsak, 2006).
· The adsorption of reactive dye from synthetic aqueous solution onto granular activated carbon (GAC) and coal-based bottom ash (CBBA) were studied under the same experimental conditions. As an alternative to GAC, CBBA was used as adsorbent for dye removal from aqueous solution. The amount of Vertigo Navy Marine (VNM) adsorbed onto CBBA was lower compared with GAC at equilibrium and dye adsorption capacity increased from 0.71 to 3.82 mg g-1, and 0.73 to 6.35 mg g-1 with the initial concentration of dye from 25 to 300 mg l-1, respectively. The initial dye uptake of CBBA was not so rapid as in the case of GAC and the dye uptake was slow and gradually attained equilibrium (Dincer et al., 2006)

· Oil palm fibre, an abundant agricultural by-product in Malaysia, was used to prepare activated carbon by physiochemical activation method. Adsorption isotherm of methylene blue onto the prepared activated carbon was determined by batch tests. The effects of various parameters such as contact time, initial methylene blue concentration and temperature were investigated, at solution pH of 6.5. The adsorption capacity was found to increase with increase in the three parameters studied. Equilibrium data were fitted to Langmuir, Freundlich, Temkin and Dubinin–Radushkevich isotherms. The equilibrium data were best represented by the Langmuir isotherm, with maximum monolayer adsorption capacity of 277.78 mg/g at 30 °C. The adsorption kinetics was found to follow the pseudo-second-order kinetic model. Various thermodynamic parameters such as standard enthalpy (H°), standard entropy (S°) and standard free energy (G°) were evaluated. Oil palm fibre-based activated carbon was shown to be a promising material for adsorption of methylene blue from aqueous solutions (Tan et al., 2006).

· Simultaneous biosorption of Gemazol Turquoise Blue-G reactive dye anions and copper (II) cations to dried sugar beet pulp, an agricultural solid waste by-product, from binary mixtures has been studied and compared with single dye and metal ion situation in a batch stirred system. The effects of pH and single and dual component concentrations on the equilibrium uptake of each component, both singly and in mixture were investigated. The working pH value for the biosorption of single Gemazol Turquoise Blue-G dye and single copper (II) was determined as 2.0 and 4.0, respectively. The equilibrium uptake of each component increased with increasing its initial concentration up to 750 mg l-1 for dye and up to 200 mg l-1 for copper (II) ions for both pH values. The presence of increasing concentrations of copper (II) ions increased the equilibrium uptake of dye anions while the adding of increasing concentrations of dye diminished the copper (II) ion uptake for both pH values studied. This situation showed the synergistic effect of copper (II) cations on dye biosorption and the antagonistic effect of dye anions on copper (II) biosorption. Adsorption isotherms were developed for single-dye, single copper(II) and dual-dye-copper(II) ion systems at these two pH values and expressed by the mono-component Langmuir model and multi-component synergistic and antagonistic Langmuir models and model parameters were estimated by the non-linear regression (Aksu and Isoglu, 2006)
· The fly ash treated by H2SO4 was used as a low-cost adsorbent for the removal of a typical dye, methylene blue, from aqueous solution. An increase in the specific surface area and dye-adsorption capacity was observed after the acid treatment. The adsorption isotherm and kinetics of the treated fly ash were studied. The experimental results were fitted using Langmuir and Freundlich isotherms. Two kinetic models, pseudo-first order and pseudo-second order, were employed to analyze the kinetic data. It was found that the pseudo-second-order model is the better choice to describe the adsorption behavior. The thermodynamic study reveals that the enthalpy (H0) value is positive (5.63 kJ/mol), suggesting an endothermic nature of the adsorption (Lin et al., 2006)

· Toluidine blue adsorption provides a convenient alternative method to determine the charge of fibers. The adsorption of tolidine blue, on thermomechanical and kraft pulp fibers, was found to depend strongly on pH and ionic strength. The data for thermo mechanical pulp (TMP) fibers can be explained by a model in which the dye can adsorb on fibers in two ways: physisorption on lignin and by ion-exchange with cations inside the fiber wall. For fibers with a low charge density, and for ionic strengths larger than about 0.1 mM, an adsorption plateau is reached which corresponds to maximum toluidine blue adsorption on lignin. At lower ionic strengths the adsorption is increased due to ion-exchange up to charge stoichiometry, i.e. the (positive) charge of the adsorbed dye equals the (negative) charge of the fiber wall. For highly charged fibers, more lignin becomes accessible due to fiber swelling, and toluidine adsorption on lignin can exceed stoichiometry, resulting in positively charged fibers (Ven et al., 2006)

· The adsorption of cationic polymer, i.e., epicholorohydrin-dimethylamine polyamine (EPI-DMA), on bentonite particles was investigated under various conditions of bulk polymer concentration, pH, inorganic salts, and temperature. The resulting high adsorption rate and alkaline solution (pH = 7–11) effect indicated a strong electrostatic interaction between the clay particles and EPI-DMA molecules. Addition of salt can also influence the adsorption of EPI-DMA onto bentonite by affecting the clay particle sizes, the polymer zeta potential and etc. The Freundlich and Langmuir isotherm models were employed and fit the experimental data well in the low EPI-DMA concentration range 0.5–5.0 mg L- 1  (Yue et al., 2006)

· Photocatalytic and adsorptive treatment of a hazardous xanthene dye, Rohdamine B, in wastewater has been reported. The photocatalytic degradation was carried out in the presence of the catalyst TiO2 and the effects of pH, concentration of the dye, amount of TiO2, temperature and electron acceptor H2O2 on the degradation process were observed. It was found that photocatalytic degradation by TiO2 is an effective, economical and faster mode of removing Rohdamine B from aqueous solutions. Attempts were also made to utilize activated carbon and rice husk as potential adsorbents to remove Rhodamine B from wastewater. On the basis of adsorption data the Langmuir and Freundlich adsorption isotherm models were also confirmed. The adsorption isotherm constants thus obtained were employed to calculate thermodynamic parameters like Gibb’s free energy, change in enthalpy and entropy. In order to observe the quality of wastewater COD measurements were also carried out before and after the treatments. A significant decrease in the COD values was observed, which clearly indicates that both photocatalytic and adsorption methods offer good potential to remove Rhodamine B from industrial effluents (Jain et al., 2006)
· Adsorption of industrially important dyes namely bromophenol blue, alizarine red-S, methyl blue, methylene blue, eriochrome black-T, malachite green, phenol red and methyl violet from aqueous media on activated charcoal has been investigated. The effect of shaking time, pH and temperature on the adsorption behaviour of these dyes has been studied. The adsorption isotherms at different temperatures were found to be of L-type. Adsorption data was fitted to Freundlich, BET and Langmuir isotherms and various adsorption parameters have been calculated. The thermodynamic parameters such as G, H and S were calculated from the slopes and intercepts of the linear variation of ln K against 1/T, where K is the adsorption coefficient obtained from Langmuir equation, was used. The calculated values for the heat of adsorption and the free energy indicate that adsorption of dyes is favored at low temperatures and the dyes are chemisorbed on activated charcoal (Iqbal and  Ashiq et al.,  2006)

· The use of silkworm pupa, which is the waste of silk spinning industries, has been investigated as an adsorbent for the removal of C.I. Basic Blue 41. The amino acid nature of the pupa provided a reasonable capability for dye removal. Equilibrium adsorption isotherms and kinetics were investigated. The adsorption equilibrium data were analyzed by using various adsorption isotherm models and the results have shown that adsorption behavior of the dye could be described reasonably well by either Langmuir or Freundlich models. The characteristic parameters for each isotherm have been determined. The monolayer adsorption capacity was determined to be 555 mg/g. Kinetic studies indicated that the adsorption follows pseudo-second-order kinetics with a rate constant of 0.0434 and 0.0572 g/min mg for initial dye concentration of 200 mg/l at 20 and 40°C, respectively. Kinetic studies showed that film diffusion and intra-particle diffusion were simultaneously operating during the adsorption process. The rate constant for intra-particle diffusion was estimated to be 1.985 mg/g min0.5 (Noroozi et al, 2006)

· This study presents the results of our investigation on color removal from synthetic wastewater containing Vertigo Blue 49 (CI Blue 49) and Orange DNA13 (CI Orange 13) by adsorption onto CBBA waste material. The effectiveness of CBBA waste material in adsorbing reactive dyes from aqueous solutions was studied as a function of contact time, initial dye concentration and pH by batch experiments. Dyestuff adsorption capacities of CBBA for Vertigo Blue 49 and Orange DNA13 were 13.51 and 4.54 mg dye/g adsorbent, respectively. The adsorption isotherms for the CBBA can be better described by the Freundlich isotherm. The results showed that the dyestuff uptake process for both dyes followed the second-order kinetics. The bottom ash used in this study is not classified as ecotoxic/hazardous material according to the French proposal for a criterion and evaluation methods of waste ecotoxicity (CEMWE) and the German regulation on Hazardous Waste Classification (HWC) (Dincer et al., 2006).

· Two commercial anion exchange membranes, strong basic (SB6407) and weak basic (DE81), were evaluated for the removal of anionic reactive dyes, Cibacron blue 3GA (three sulfonic acid groups per dye molecule) and Cibacron red 3BA (four sulfonic acid groups per dye molecule), from water in this study. The adsorption isotherm results show that the Langmuir maximum adsorption capacities of Cibacron blue 3GA (31.5 mg/cm3 for SB6407 and 25.5 mg/cm3 for DE81) were greater than those of Cibacron red 3BA (24.5 mg/cm3 for SB6407 and 18.5 mg/cm3 for DE81). In addition, Cibacron red 3BA demonstrated faster and stronger binding with both anion exchange membranes than Cibacron blue 3GA. Both dyes could bind with strong basic SB6407 more quickly and stronger. In the batch desorption process, different desorption solutions were tested and the mixtures of salt, acid, or base in methanol solution (e.g. 1 N KSCN in 60% methanol or 1 N HCl in 60% methanol) achieved better performance. Finally, in the flow process with one piece of anion exchange membrane (initial dye concentration of 0.05 g/L), SB6407 was found superior to DE81 in dye recovery and both membranes retained their original uptake capacities over three cycles of adsorption, washing, and desorption (Liu et al., 2007).

3. materials and methods

3.1. generaltc "3. general"
3.1.1 CHEMICALS AND REAGENTStc "3.1
Chemicals and Reagents"
The stock solution containing the 1000 mg/l, concentration of Rhodamine-B prepared by dissolving 1000 mg of Rhodamine-B in 1000 ml of distilled water. Rhodamine-B was procured from LOBA CHEMIE.

3.2 PREPARATION OF ADSORBENTtc "3.2
Preparation of adsorbent"
The adsorbent used in this study was prepared from water hyacinth which was collected from the local water bodies (Kuruchi and Singanallur Pond, Coimbatore). The collected plant was washed with water and then it is dried for one week. Then the dried plant was powdered and carbonized using muffle furnace. The carbonized adsorbent was then powdered using mortar and pestle. 

3.3
INSTRUMENTS USEDtc "3.3
Instruments used"
3.3.1. MUFFLE FURNACEtc "3.3.1. Muffle furnace"
The powdered plant was taken in small quantity in silica crucible and kept inside the furnace. The temperature was setted upto 270oC and the plant was carbonized and powdered using mortar and pestle.

3.3.2. COLORIMETERtc "3.3.2. Colorimeter"
The optical density of the dye solution was noted using colorimeter. First the suitable filter was selected and then the OD value was setted to zero using the blank solution (water), taken in cuvette. Then the OD value for sample solutions was noted by replacing the blank solution in the cuvette.

3.4 CONTINUOUS - FLOW SORPTION COLUMN STUDIEStc "3.4
Continuous - flow sorption column studies"
For continuous-flow adsorption studies, a column of 9 cm diameter and 35 cm length was used. The column was packed with dried and weighed adsorbent. The Rhodamine-B solutions for the studies were prepared from the standard stock solution. 100 mg of dye was dissolved in 100 ml of distilled water to make 1 ml of Rhodamine-B equivalent to 1 mg. Then suitable concentrations of Rhodamine-B were prepared for the studies. During the column adsorption studies, an aqueous solution of Rhodamine-B and the adsorbent were mixed in the column and the Rhodamine-B was collected from the outlet at a constant rate. Then the collected solutions were analyzed using colorimeter for Rhodamine-B concentration.

3.5 EFFECT OF ADSORBENT DOSAGE tc "3.5 Effect of adsorbent dosage "
In this study, variation of adsorbent dosage was carried out by varying dosage as 200mg, 400mg, 600 mg, 800 mg and 1000 mg. The standard solution of Rhodamine-B (1 mg/100 ml) was prepared and taken in the adsorbing column. During this study, the aqueous solution was collected at a constant rate of 100 ml/hr.  The amount of Rhodamine-B in the collected samples was determined using the colorimeter.

3.6 EFFECT OF CONCENTRATION OF RHODAMINE-Btc "3.6
Effect of concentration of Rhodamine-B"
Three different concentrations (0.4 mg/100 ml, 0.6 mg/100 ml, and 0.8mg/100 ml) of Rhodamine-B were prepared and 400 mg of adsorbent was taken uniformly. This study was carried out for this three different concentration at different contact time (100 ml/15 min, 100 ml/30 min, 100 ml/45 min, 100 ml/60 min). The collected samples were determined colorimetrically. 
3.7 EFFECT OF CONTACT TIMEtc "3.7
Effect of contact time"
Rhodamine-B of concentration 1 mg/100ml was prepared and the adsorbent dosage was taken as 400 ml. The study was carried out at different rate 100ml/15 min, 100ml/30 min, 100ml/45 min, 100ml/60 min/ 100ml/75 min). The samples were collected at different rates and then the amount of Rhodamine-B was determined using colorimeter.

3.8. ADSORPTION ISOTHERMS

The process of adsorption was studied using Langmuir adsorption isotherm and Freundlich adsorption isotherm.

3.9. KINETICS OF THE PROCESS

The kinetics of the adsorption process was studied by the use of Lagergrens first order equation.
3.10. STATISTICAL ANALYSIS

The least-square method of analysis was employed to fit in the straight line equations in the study.

Correlation coefficient ‘r’ was used as a measure of finding the applicability of the equations to the adsorption process.

3.11. SIMULATION OF THE ADSORPTION PROCESS

The process of adsorption has been simulated using the VB program. This offers a method of finding the adsorption process in varied concentration of dye, dosage of adsorbent etc without conducting the laboratory studies.

4.  results and discussion

In the present work activated carbon has been prepared from Water hyacinth collected from local water bodies, which is a waste. This waste has been utilized to remove the Rhodamine-B dye from the effluent and the efficiency of the adsorbent was studied using continuous flow column studies. The results of the study have been analyzed in terms of adsorption isotherms Langmuir isotherm and Freundlich isotherm and Lagergren kinetic equation. A simulation has been carried out for the adsorption process using ‘C’ program.

4.1 effect of variation of dosage of adsorbenttc "4.1 effect of variation of dosage of adsorbent"
The effect of variation of adsorbent dosage was determined by varying the adsorbent dosage as 200 mg, 400 mg, 600 mg, 800 mg and 1000 mg. The study was carried out by taking 1mg/100ml of the dye solution and made to pass through appropriate dosage of carbon. The flow rate was maintained at (100 ml/hr). A good percentage (83%) of removal of dye occurred at a dosage level of 1000 mg. An increase in adsorption of dye (38-83%) on to the activated carbon with increase in carbon dosage (200-1000mg) was noted (Table -1). The maximum adsorption of dye with increase in the dosage level is due to the availability of more surface area of the adsorbent for adsorption.

4.2 effect of initial concentration of dyetc "4.2 effect of initial concentration of dye"
This study was carried out with initial concentration of dye as 0.4mg/100ml, 0.6mg/100 ml and 0.8mg/100 ml as intervals of 15 min, 30 min, 45 min and 60 min. The dosage level for this study was fixed to be 400 mg.  The results obtained show that at lower concentration of dye (0.4 mg/100 ml) the removal efficiency is higher (62.5%). The removal efficiency of dye decreases when the dye concentration increases (Table-2). At higher concentrations of dye, the surface area available for larger number of adsorbent is less; hence less is the efficiency of adsorption.

4.3 effect of contact timetc "4.3 effect of contact time"
Effect of contact time was studied by taking 1mg/100ml concentration of dye with adsorbent dosage 400 mg. The interval of time for this study was 15 min, 30 min, 45 min, 60 min and 75 min. The result obtained from this study show that the percentage adsorption of dye increases (35 to 52 %) with increase in contact time (15 to 75 min) (Table-3). As more time is available for contact of the activated carbon with the dye, greater is the adsorption.

4.4 adsorption isothermstc "4.4 adsorption isotherms"
In the adsorption process the equilibrium is established between the adsorbed on the surface of the adsorbent and unadsorbed dye in solution. Langmuir and Freundlich isotherm represents this equilibrium and is widely used to analyse the data for water and waste water treatment applications.

4.4.1 LANGMUIR ADSORPTION ISOTHERMtc "4.4.1 Langmuir Adsorption Isotherm"
Langmuir Adsorption Isotherm is based on the assumption that the solid surface contains a fixed number of adsorption sites and each site can hold only one molecular or atomic species of the adsorbate. Further it is assumed that all the adsorption sites have equal affinities for molecules of the adsorbate. Langmuir equation is valid for monolayer adsorption onto a surface a finite number of identical sites.

The Langmuir equation is given by,

x/m
=
kbCe
 / 1+bCe

                 (or)

1/x/m
=
1/k+1/ kbCe

where,

x/m
=
amount of dye adsorbed per unit area or per unit mass 


of adsorbent.

k and b are constants

b
=
k1/ k2=
ratio of rate constant.




Ce
=
unadsorbed dye in solutions.

In the present study the data obtained in the continuous flow column study was fit into Langmuir adsorption. The values have been tabulated (Table- 4)

Plots of 1/Ce Vs m/x were constructed (Figure 6 to 10). Straight lines were obtained with correlation coefficient value r > 0.8 with 15 min as contact time and r = 1 when the contact time is 30, 45 and 60 min. These results show the applicability of process of adsorption. The monolayer adsorption of the dye on to the surface of carbon is also well evident from the study

4.4.2. SEPARATION FACTORtc "4.5.1 Separation Factor"
The essential characteristics of Langmuir isotherm can be expressed in terms of a dimensionless constant, separation factor or equilibrium parameter R, defined by

R
=
1/1 + b Ci




where,

Ci
is the initial concentration in mg/100 ml

              b
 is the Langmuir constant

The values of R > 1 denotes an unfavourable, R = 1 a linear and R < 1 a favourable process of adsorption.

4.4.2 FREUNDLICH ADSORPTION ISOTHERM tc "4.4.2 Freundlich Adsorption Isotherm "
The Freundlich equation based on the adsorption on a heterogeneous surface is given by

          x/m
=
kCe1/n

where,

k and n are empirical constants dependent on several environmental factors.

k and n are the indicators of adsorption capacity and adsorption intensity respectively.

x/m is amount of dye adsorbed Ce is the amount of unadsorbed dye.

             In the present study plots of log Ce vs. log m/x were constructed (Figure 10 to 13). The values of the slope, intercept and ‘r’ are tabulated (Table-5). Straight lines were obtained showing the best fit nature of the equation and hence its applicability in describing the process of adsorption. The values of n are < 0.5 showing the suitability of the equation in describing the process of adsorption.
4.5 kinetics of adsorption study using lagergren 

      equationtc "4.5
kinetics of adsorption study using lagergren 

equation"
The Lagergren equation for a first order process is,

log (qe-q)  =  log qe  -  Ka / 2.303 t.

q 
=
amount of dye adsorbed at time t

qe
=
amount of dye adsorbed at equilibrium t

Ka
=
rate constant

Plot of time vs. log (qe-q) were constructed (Fig 14 to 17). The values of slope, intercept and ‘r’ are tabulated (Table 6 to 9). The curve fitting was performed as the experimental values and the rate constant ‘K’ for adsorption was calculated from the slope of the plots and the value shows first order equation.

4.6. SIMULATION STUDIES

The software program visual basic has been used for simulating dosage of adsorbent and the concentration of dye. The program is given in Appendix II

TABLE: 1
VARIATION OF ADSORBENT (WATER HYACINTH) DOSAGE FOR THE REMOVAL OF RHODAMINE B
	S.No
	Amount of Carbon in mg
	Initial concentration of dye in mg/100ml
	Final concentration of dye mg/100ml
	% of adsorption

	1.

2.

3.

4.

5.


	200

400

600

800

1000
	1

1

1

1

1
	0.62

0.53

0.40

0.31

0.17
	38

47

60

69

83


TABLE 2:
 VARIATION OF INITIAL CONCENTRATION FOR ADSORPTION OF RHODAMINE B ONTO ACTIVATED CARBON (WATER HYACINTH)
	S.No
	Time in min
	Amount of carbon in mg
	Initial concentration of dye in mg/100ml
	Final concentration  of dye in mg/100ml
	% of  adsorption

	1
	15

30

45

60
	400
	0.4
	0.31

0.26

0.19

0.15
	22.5

35.0

52.5

62.5

	2
	15

30

45

60
	400
	0.6
	0.48

0.40

0.31

0.25
	20.0

33.3

48.3

58.3

	3
	15

30

45

60
	400
	0.8
	0.65

0.56

0.43

0.36
	25.0

30.0

46.25

55.0


TABLE: 3 
VARIATION OF CONTACT TIME FOR THE ADSORPTION OF DYE RHODAMINE B ONTO ACTIVATED CARBON (WATER HYACINTH)
	S.No
	Time in min
	Amount of Carbon in mg
	Initial concentration of dye in mg/100ml
	Final concentration of dye  mg/100ml
	% of adsorption 

	1.

2.

3.

4.

5.


	15

30

45

60

75
	400

400

400

400

400
	1

1

1

1

1
	0.65

0.62

0.59

0.53

0.48
	35

38

41

47

52


TABLE: 4
 INTERPRETATIONS OF RESULTS OF ADSORPTION OF RHODAMINE B ONTO ADSORBENT OF LANGMUIR ADSORPTION ISOTHERM

	S.No
	Contact time

(min)
	Initial Conc. of the dye in mg/

100ml

Ci
	Final Conc. of the dye in mg/100ml

Ce
	1/Ce

X-axis mg/ml
	1/x/m

Y-axis mg/ml
	Intercept
	Slope
	Correlation coefficient ‘r’
	Separation factor

R

	1
	15
	0.4

0.6

0.8
	0.31

0.48

0.65
	3.2258

2.0833

1.5384
	4.4444

3.3333

2.6666
	-2.2828
	2.1908
	-0.8969
	0.8596

0.8032

0.7205

	2
	30
	0.4

0.6

0.8
	0.26

0.40

0.56
	3.8462

2.5000

1.7857
	2.8571

2.0000

1.6666
	-0.4082
	0.6367
	1
	0.5051

0.4048

0.3378

	3
	45
	0.4

0.6

0.8
	0.19

0.31

0.43
	5.2631

3.2258

2.3256
	1.9048

1.3713

1.0811
	-0.5472
	0.2579
	1
	0.5777

0.4769

0.4062

	4
	60
	0.4

0.6

0.8
	0.15

0.25

0.36
	6.6666

4.0000

2.7777
	1.6000

1.1429

0.8696
	0.4512
	0.1714
	1
	0.5300

0.4292

0.3606


TABLE: 5  

INTERPRETATION OF RESULTS OF ADSORPTION OF RHODAMINE B ONTO ADSORBENT OF FREUNDLICH ADSORPTION ISOTHERM

	S.No
	Contact time

(min)
	Initial Conc.

Of the dye in mg/

100ml 

Ci
	Final Conc.

of the dye in

mg/100ml

Ce
	log Ce

X-axis
	log

x/m

Y-axis
	Intercept

log k
	Slope
	Correlation coefficient

r

	1
	15
	0.4

0.6

0.8
	0.31

0.48

0.65
	-0.5086

-0.3187

-0.1871
	-0.6478

-0.5224

-0.4258
	-0.8479
	-0.3935
	-1

	2
	30
	0.4

0.6

0.8
	0.26

0.40

0.56
	-0.5850

-0.3979

-0.2518
	-0.4559

-0.3010

-0.2217
	-0.6836
	-0.3893
	-1

	3
	45
	0.4

0.6

0.8
	0.19

0.31

0.43
	-0.7212

-0.5086

-0.3665
	-0.2799

-0.1397

-0.0339
	-0.4787
	-0.2756
	-1

	4
	60
	0.4

0.6

0.8
	0.15

0.25

0.36
	-0.8239

-0.6021

-0.4437
	-0.2041

-0.0580

-0.0606
	-0.4040
	-0.2427
	-1


TABLE: 6 
INTERPRETATION OF RESULTS OF ADSORPTION OF RHODAMINE B ONTO ADSORBENT DOSAGE IN TERMS OF LAGERGREN’S RATE EQUATION

Condition:

                                       Concentration of Rhodamine B = 0.4 mg/ml

                                       Carbon dosage  = 400 mg

	S.No
	Contact time (Sec)

X-axis
	Amount of dye adsorbed mg/100ml

q
	qe-q
	log

qe-q

Y-axis
	Intercept

log qe
	Slope

-Kad/2.303
	Correlation coefficient

r

	1

2

3

4


	900

1800

2700

3600
	0.09

0.14

0.21

0.25
	0.16

0.11

0.04

_
	-0.7959

-0.9586

-1.3979

_
	-0.4488
	-3.3444
	-0.9666


Kad   = 7.70215(10-4 Sec-1   
TABLE: 7 
INTERPRETATION OF RESULTS OF ADSORPTION OF RHODAMINE B ONTO ADSORBENT DOSAGE IN TERMS OF LAGERGREN’S RATE EQUATION

Condition:

                                       Concentration of Rhodamine B = 0.6 mg/ml

                                       Carbon dosage = 400 mg

	S.No
	Contact time (Sec)

X-axis
	Amount of dye adsorbed mg/100ml

q
	qe-q
	log

qe-q

Y-axis
	Intercept

log qe
	Slope

-Kad/2.303
	Correlation coefficient

r

	1

2

3

4


	900

1800

2700

3600
	0.12

0.20

0.29

0.35
	0.23

0.15

0.06

_
	-0.6383

-0.8239

-1.2218

_
	-0.3116


	-0.2416
	-0.9786


Kad   = 4.7492(10-4 Sec-1   
TABLE: 8
 INTERPRETATION OF RESULTS OF ADSORPTION OF RHODAMINE B ONTO ADSORBENT DOSAGE IN TERMS OF LAGERGREN’S RATE EQUATION

Condition:

                                       Concentration of Rhodamine B = 0.8 mg/ml

                                       Carbon dosage = 400 mg

	S.No
	Contact time (Sec)

X-axis
	Amount of dye adsorbed mg/100ml

q
	qe-q
	log

qe-q

Y-axis
	Intercept

log qe
	Slope =

-Kad/2.303
	Correlation coefficient

r

	1

2

3

4


	900

1800

2700

3600
	0.15

0.24

0.37

0.46
	0.31

0.22

0.09

_
	-0.5086

-0.6576

-1.0458

_
	-0.2001
	-2.9844
	-0.9685


Kad   = 6.8730(10-4 Sec-1   
TABLE: 9
INTERPRETATION OF RESULTS OF ADSORPTION OF RHODAMINE B ONTO ADSORBENT DOSAGE IN TERMS OF LAGERGREN’S RATE EQUATION

Condition:

                                       Concentration of Rhodamine B = 1 mg/ml

                                       Carbon dosage = 400 mg

	S.No
	Contact time (Sec)

X-axis
	Amount of dye adsorbed mg/100ml

q
	qe-q
	log

qe-q

Y-axis
	Intercept

log qe
	Slope

-Kad/2.303
	Correlation coefficient

r

	1

2

3

4
	900

1800

2700

3600
	0.09

0.14

0.21

0.25
	0.16

0.11

0.04

_
	-0.7959

-0.9586

-1.3979

_
	-0.5460


	-1.8878
	-0.9399



Kad   = 4.3476(10-4 Sec-1   
FIG. 1. PERCENTAGE VARIATION OF ADSORPTION OF RHODAMINE B WITH DOSAGE VARIATION
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FIG. 2. PERCENTAGE VARIATION OF ADSORPTION OF RHODAMINE B WITH INITIAL CONCENTRATION OF 0.4 mg / 100ml
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FIG. 3. PERCENTAGE VARIATION OF ADSORPTION OF RHODAMINE B WITH INITIAL CONCENTRATION OF 0.6 mg / 100ml
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FIG. 4. PERCENTAGE VARIATION OF ADSORPTION OF RHODAMINE B WITH INITIAL CONCENTRATION FOR OF 0.8 mg / 100 ml
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FIG. 5. PERCENTAGE VARIATION OF ADSORPTION WITH TIME AT INITIAL CONCENTRATION OF 1 MG/100 ML OF RHODAMINE B SOLUTION PER 400 mg OF ADSORBENT
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FIG. 6. LANGMUIR ISOTHERM FOR ADSORPTION AT EQUILIBRIUM OF 15 MIN 
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FIG. 7. LANGMUIR ISOTHERM FOR ADSORPTION AT EQUILIBRIUM OF 30 MIN 
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FIG. 8. LANGMUIR ISOTHERM FOR ADSORPTION AT EQUILIBRIUM OF 45 MIN
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FIG. 9. LANGMUIR ISOTHERM FOR ADSORPTION AT EQUILIBRIUM OF 60 MIN
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FIG. 10. freundlich adsorption ISOTHERM FOR ADSORPTION AT EQUILIBRIUM
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 OF 15 MIN
FIG. 11. freundlich adsorption ISOTHERM FOR ADSORPTION AT EQUILIBRIUM 
OF 30 MIN
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FIG. 12. freundlich adsorption ISOTHERM FOR ADSORPTION AT EQUILIBRIUM 
OF 45 MIN
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FIG. 13. freundlich adsorption ISOTHERM FOR ADSORPTION AT EQUILIBRIUM OF 60 MIN
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FIG. 14. lagergren’s adsorption ISOTHERM FOR ADSORPTION at initial concentration     of 0.4 mg / 100 ml
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FIG. 15. lagergren’s adsorption ISOTHERM FOR ADSORPTION at initial concentration   of 0.6 mg / 100 ml
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FIG. 16. lagergren’s adsorption ISOTHERM FOR ADSORPTION at initial concentration    of 0.6 mg / 100 ml
FIG. 17. lagergren’s adsorption ISOTHERM FOR ADSORPTION at initial concentration   of 0.8 mg / 100 ml

5. SUMMARY AND CONCLUSION

The following is the summary of the results obtained from studies carried out to find the adsorption efficiency of activated carbon prepared from water hyacinth, in the removal of Rhodamine-B from aqueous solution.

· The maximum percentage (83%) of removal of dye was noted at 60min with 1mg/100ml of dye.

· The percentage of dye adsorption was found to increase from 38 to 83% for warer hyacinth with increase in adsorption dosage from 200mg to 1000mg.

· The percentage of dye removal was found to decrease with increase in concentration of dye (0.4, 0.6, 0.8mg/100ml) respectively.

· Approximately 50% of dye removal was noted on varying the contact time (15 to 75min)

· The adsorption data fitted well into the adsorption isotherms of Langmuir and Freundlich.

· The data on adsorption of dye to the adsorbent were found to fit well with the first order kinetics as modified by Lagergrens equation.

· Simulation studies done by Visual Basic program offer a means of studying the process of adsorption at varied dosage of adsorbent, concentration of dye etc.

· The applicability of the process in the effective removal of Rhodamine B is well evident from the results.

· The successful conversion of ‘WASTE TO WEALTH’ is quite obvious for the study

SUGGESTIONS FOR THE FURTHER WORK 
· The study can be extended with other parameters that describe adsorption like pH variation, temperature variation etc.

· The adsorbent can be used for studying the removal of other dyes.

· Its industrial applicability can be analyzed.

· The cost of the treatment process has to be analyzed.

· The adsorbent can be made use of in the removal of other metal ions.

· Different adsorbents can be used in the study of removal of Rhodamine B and a comparison of the efficiency of activated carbon from water hyacinth can be made.
· Batch experimental studies can be conducted and comparison made to those obtained from column studies.
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APPENDIX I
ESTIMATION OF DYE

(COLORIMETRIC METHOD)

REAGENTS


The solutions were prepared using the doubly distilled water.
· STOCK SOLUTIONS OF DYE

100mg of Rhodamine B was dissolved in 100ml of doubly distilled water           (i.e. 1ml = 1mg)
· WORKING SOULTIONS OF DYE

Appropriate volume of stock solution was diluted to get required working      
solution.
PREPARATION OF CALIBRATION CURVE


      Different volumes of dye (0.4ml to 1ml) were taken from the stock solution (1ml=1mg) in 100ml standard flasks and maked up with doubly distilled water. The optical densities for these solutions were measured. The calibration curve was constructed by plotting optical density vs. concentration of the standard dye solution. 



    with reference to the calibration curve the amount of dye in the sample was determined.

APPENDIX II
SIMULATION CONCEPT FOR CALCULATING PERCENTAGE OF ADSORPTION USING SOFTWARE APPLICATION - VISUAL BASIC
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PROGRAMME
Dim ad As Double

Dim ic As Double

Dim fc As Double

Dim perc, x, y As Double

Private Sub Command1_Click()

If Text1.Text & Text2.Text = "" Then

MsgBox ("Enter the values")

Else

ad = Val(Text1.Text)

ic = Val(Text2.Text)

If ic = 1 Then

fc = -0.0006 * ad + 0.742

Text3.Text = fc

y = fc

Text4.Text = (ic - y) / ic * 100

Else

fc = Rnd(ic)

y = 1 + fc

Text3.Text = y

Text4.Text = (ic - y) / ic * 100

End If

End If

End Sub

Private Sub Command2_Click()

Text1.Text = ""

Text2.Text = ""

Text3.Text = ""

Text4.Text = ""

End Sub[image: image5.png]
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