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1. INTRODUCTION


Ecology is “The comprehensive science of the relationship of the organism to the environment.” and Environment is “The sum of the total elements, factors and conditions in the surroundings which may have an impact on the development, action or survival of an organism or group of organism.”
Due to the disturbance of various magnitudes in ecosystem equilibrium by human activities environmental stability and ecological balance degradation occurs. Upper limit of environmental degradation is pollution (Sunakar Pande, 2003)  

Environmental pollution may be defined as the unfavorable alteration of surroundings, wholly or largely due to byproducts of man’s activity, through direct and indirect changes in energy  patterns, radiation levels, chemical and physical constitution or abundances of organisms. Pollution further classified into air pollution, water pollution, soil pollution, noise pollution, radiation pollution and thermal pollution. Among this water pollution plays a vital role (Chatwal et al., 2003). 

Comprising over 70% of the Earth’s surface, water is undoubtedly the most precious natural resource that exists on our planet. Without water, life on Earth would be non-existent it is essential for everything on our planet to grow and prosper.  It is a well-known fact that clean water is absolutely essential for healthy living. Adequate supply of fresh and clean drinking water is a basic need for all human beings on the earth, yet it has been observed that millions of people worldwide are deprived of this. 

Although we as humans recognize this fact, we disregard it by polluting our rivers, lakes, and oceans. Freshwater resources all over the world are threatened not only by over exploitation and poor management but also by ecological degradation. Water pollution occurs when a body of water is adversely affected due to the addition of large amounts of unwanted materials to the water.  The main source of freshwater pollution can be attributed to discharge of untreated waste, dumping of industrial effluent, and run-off from agricultural fields. 

Industrial growth, urbanization and the increasing use of synthetic organic substances have serious and adverse impacts on freshwater bodies. When it is unfit for its intended use, water is considered polluted. When toxic substances enter lakes, streams, rivers, oceans, and other water bodies, they get dissolved or lie suspended in water or get deposited on the bed. This results in the pollution of water whereby the quality of the water deteriorates, affecting aquatic ecosystems. Pollutants can also seep down and affect the groundwater deposits.


It is a generally accepted fact that the developed countries suffer from problems of chemical discharge into the water sources mainly groundwater, while developing countries face problems of agricultural run-off in water sources. Polluted water like chemicals in drinking water causes problem to health and leads to water-borne diseases which can be prevented by taking measures even at the household level.


Many areas of groundwater and surface water are now contaminated with heavy metals, POPs (persistent organic pollutants), and nutrients that have an adverse affect on health. Water-borne diseases and water-caused health problems are mostly due to inadequate and incompetent management of water resources. 


Safe water for can only be assured when access, sustainability, and equity can be guaranteed. Access can be defined as the number of people who are guaranteed safe drinking water and sufficient quantities of it. There has to be an effort to sustain it, and there has to be a fair and equal distribution of water to all segments of the society. 


Urban areas generally have a higher coverage of safe water than the rural areas. Even within an area there is variation: areas that can pay for the services have access to safe water whereas areas that cannot pay for the services have to make do with water from hand pumps and other sources
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Water pollution has many sources. The most polluting of them are the city sewage and industrial waste discharged into the rivers. The facilities to treat waste water are not adequate in any city in India. Presently, only about 10% of the waste water generated is treated; the rest is discharged as it is into our water bodies.

The pollution of rivers and streams with chemical contaminants has become one of the most crucial environmental problems within the 20th century. Waterborne chemical pollution entering rivers and streams cause tremendous amounts of destruction. To many people, heavy metal pollution is a problem associated with areas of intensive industry. However, roadways and automobiles now are considered to be one of the largest sources of heavy metals. Zinc, copper, chromium and lead are four most common heavy metals released from road travel, accounting for at least 90 of the total metals in road runoff. 

Heavy metals are simply a certain class of metallic elements. Our body requires trace amounts of some heavy metals, including copper, zinc, and others, but even these can be dangerous at high levels. Other heavy metals such as mercury, lead, arsenic, and cadmium have no known benefits, and their accumulation over time can cause serious illness and even premature death. 

The industrialization of our world has dramatically increased the overall environmental 'load' of heavy metal toxins. Today, heavy metals are abundant in our air, soil, and even drinking water. They are present in virtually every area of modern life from construction materials to cosmetics, medicines, processed foods, fuel, appliances, and even personal care products. It is very difficult for anyone to avoid exposure.

The presence of heavy metals in the environment is of major concern because of their toxicity to many life forms, since the majority of heavy metals do not degrade into harmless end products, their concentrations must be reduced to acceptable levels prior to discharge of industrial effluents, otherwise they could pose threats to public health or affect the aesthetic quality of potable water (M.A. Baig et al., 2003).  

Removal of heavy metals from water streams is one of the major areas of concern. The undesired metals are removed using clarifier systems, ion exchange resins, polymeric membranes or electric semi-permeable membranes. Chromium, in particular enters the aquatic system through several natural and anthropogenic routes. Sources of chromium are mining and beneficiation of chromites ores, leather tanning, steel and alloys, paints and dyes etc. (Jasobanta, 2004).

 The effluents from these industries contain both Cr(VI) and Cr(III) in concentrations ranging from tens to hundreds of mg/l.Chromium(III) is an essential element for organisms that can disrupt the sugar metabolism and cause damages in the heart, when the daily dose is too low. Chromium (VI) is mainly toxic to organisms. It can alter genetic materials and cause cancer.

Toxic effects of Cr (VI) are innumerable and well documented

The health hazards associated with exposure to chromium are dependent on its oxidation state. The metal form (chromium as it exists in this product) is of low toxicity. The hexavalent form is toxic. 

Health problems that are caused by chromium (VI) are: 

- Skin rashes and allergic reactions

- Upset stomachs, ulcers and dermatitis

- Weakened immune systems

- Kidney and liver damage

- Alteration of genetic material

- Lung cancer

- Death 


-  Inhalation of hexavalent chromium compounds can result in ulceration and perforation   of the mucous membranes of the nasal septum, irritation of the pharynx and larynx, asthmatic bronchitis, bronchospasms and edema.


- Respiratory problems may include coughing and wheezing, shortness of breath.


- Gastro-enteritis, Hepatocellular deficiency and Renal Oligo Anuric deficiency.
Environmental effects of chromium

There are several different kinds of chromium that differ in their effects upon organisms. Chromium enters the air, water and soil in the Chromium (III) and   Chromium (VI) forms through natural processes and human activities.

The main human activities that increase the concentrations of chromium (III) are steal, leather and textile manufacturing. The main human activities that increase chromium (VI) concentrations are chemical, leather, textile manufacturing and electro plating industry. Through coal combustion chromium will also end up in air and through waste disposal chromium will end up in soils.

Thus it is highly imperative to remove Cr (VI) from industrial waste water before discharging into water or onto land. Industries are therefore under heavy pressure to adopt suitable methods to reduce the level of Cr (VI) to permissible limits (Shymala et al., 2005).  

Hexavalent chromium has been reported to be toxic to animals and humans and it is known to be carcinogenic (Raji and Anirudhan, 1998). Its concentrations in industrial wastewaters range from 0.5 to 270.000 mg(Patterson, 1985).The tolerance limit for Cr(VI) for discharge into inland surface waters is 0.1 mg and in potable water is 0.05 mg(EPA, 1990).In order to comply with this limit, it is essential that industries treat their effluents to reduce the Cr(VI) to acceptable levels.

A number of treatment methods for the removal of metal ions from aqueous solutions have been reported, mainly reduction, ion exchange, electrodialysis, electrochemical precipitation, evaporation, solvent extraction, reverse osmosis, chemical precipitation and adsorption using commercial activated carbon(Patterson,1985). Most of these methods suffer from drawbacks such as high capital and operational costs or the disposal of the residual metal sludge. 

Many reports have appeared on the development of low-cost activated carbon adsorbents developed from cheaper and readily available materials (Babel et al., 2003; Bailey et al., 1999; Pollard et al., 1992). Activated carbons with their large surface area, micro porous character and chemical nature of their surface have made them potential adsorbents for the removal of heavy metals from industrial waste water (Orbak et al.,2006).

Adsorption can be effective and versatile method for removing chromium (VI). Adsorption is a process that occurs when a gas or liquid solute accumulates on the surface of a solid or a liquid (adsorbent), forming a molecular or atomic film (the adsorbate). This solves the problems of sludge disposal and renders the system more economically viable, especially if low cost adsorbents are used. 

Many reports have already been published involving the low cost activated carbon adsorbents produced from cheaper and readily available materials. 

Advantages of activated carbon

· The efficiency of metal removal is quite high.

· It is used for both vapour phase and liquid phase.

· The treatment process is very simple and it requires nearly no skill.

· It reduces the chlorine demand.

· The excessive dose of activated carbon is not harmful (Okiemen et al., 2005).  

In this respect, some waste products that would be obtained in low cost can be utilized as an adsorbent to remove Cr (VI) from waste water. In the present work seeds of Peltophorum pterocarpum are used for preparing low-cost activated adsorbent. Peltophorum pterocarpum is widely grown in tropical regions as an ornamental tree. In India it is mostly found along road sides.     

Hence in the present study an abundantly available seeds of Peltophorum pterocarpum are used to prepare a low-cost activated carbon adsorbent used in the removal of Cr (VI) from aqueous solution with the following objectives:

· To prepare the activated carbon from the seeds of Peltophorum pterocarpum. 

· To determine the effect of variation of initial concentration of Cr (VI) from aqueous solution. 

· To determine the optimum contact time for effective adsorption of Cr (VI) from aqueous solution. 

· To find out the variation of percentage adsorption of Cr (VI) with pH variation. 

· To interpret the results in terms of Langmuir adsorption isotherm, Freundlich adsorption isotherm and Lagergren kinetic equation. 
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2. Review of Literature

The related literature of the past studies is essential and must for any research for formulating sound methodology. 

The feasibility of using activated carbon from the seeds of Peltophorum pterocarpum for the removal of Cr (VI) from aqueous solution using an ecofriendly, economical and readily available low cost adsorbent has been reviewed in this chapter.

Chromium is one of the toxic trace metals which have adverse effect on human beings, plants, animals and ecosystem.

2.1 Chromium 
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CHROME (Chromium): The word comes from the Greek "chroma," which means color. Chrome is a metal that forms very hard steel-gray masses that gleam a silver color. Less than 3% mixture of chromium to steel produces an extremely hard alloy. 

Chromium is a lustrous, brittle, hard metal. Its color is silver-grey and it can be highly polished. It does not tarnish in air, when heated it burns and forms the green chromic oxide. Chromium is unstable in oxygen, it immediately produces a thin oxide layer that is impermeable to oxygen and protects the metal below. It is odorless, tasteless, and malleable.

Chromium does not occur freely in nature. The main chromium mineral is chromite.Chromium exists in our environment in several oxidation states, principally as metallic (Cr0), trivalent (+3), and hexavalent (+6) chromium. The latter is largely synthesized by the oxidation of the more common and naturally occurring trivalent chromium and is highly toxic.


The chromium atoms are in oxidation state +6 in both, and the chromate and dichromate ions are fairly strong oxidizing agents. Chromium in the +6 (or VI) oxidation state is often referred to as hexavalent chromium. 

2.2 Solubility of chromium and chromium compounds

Many chromium compounds are relatively water insoluble. Chromium (III) compounds are water insoluble because these are largely bound to floating particles in water. Chromium (III) oxide and chromium (III) hydroxide are the only water soluble compounds.
Chromium (VI) oxide is an example of an excellently water soluble chromium compound, solubility = 1680 g/L.

Trivalent form of chromium is comparatively innocuous and nearly immobile, while hexavalent chromium moves rapidly through soil and water (I.B.Singh and D.R.Singh, 2001).
2.3 SIGNIFICANCE

· Chromium is used in stainless steel alloy, in chrome plating and in metal ceramics. 

· Chromium plating is used to give steel a polished silvery mirror coating. 

· Chromium is used in metallurgy to impart corrosion resistance and a shiny finish. 

· As dyes and paints. 

· Its salts color glass an emerald green and it is used to produce synthetic rubies. 

· As a catalyst in dyeing and in the tanning of leather. 

· To make molds for the firing of bricks. 

· Chromium (IV) oxide (CrO2) is used to manufacture magnetic tape.  

Chromium is also used in the treatment of:

· High cholesterol levels, 

· Diabetes, 

· Heart disease, 

· Depression and anxiety, and 

· Premenstrual syndrome related symptoms. 

 2.4 Chemistry of Chromium 

Chromium is among the hardest of the common metals. It is resistant to corrosive agents. Almost all compounds of chromium are colored. The important oxidation states of chromium are +2, +3 and +6 (P.L.Soni, 1985).

Example for

Chromium (II) compounds
- Chromic oxide, Chromic Sulphate

Chromium (III) compounds   - Chromium (III) Chloride, Chromium (III) Oxide

Chromium (VI) compounds   - Potassium dichromate, Chromium (VI) Oxide, 

     Chromic acids 

2.5 Sources of Chromium Effluents 


The effluents from electroplating, tannery, coal combustion, metallurgical industries, paints, pigments, printing and graphics, mine production ,waste disposal, agricultural waste and sewage are the main sources of chromium pollution.

2.6 Toxic Effects of Chromium 
2.6.1 Effects on human beings 



When Chromium (VI) concentration exceeds a certain limit it becomes mutagenic, carcinogenic and tetrogenic (Balasubramaniam et al., 1996).Ingestion of      Cr (VI) may cause epigastric pain, vomiting, severe diarrhoea and hemorrhage (Grover and Narayanswamy, 1982). 



Occupational contact dermatitis can occur from Cr (VI) in workers engaged in cement, leather tanning, plastic, ceramic and chrome pigment industries (S.B. Vohora, 1985).Exposure to Cr (VI) in human results in the effects on the respiratory tract, bronchitis, decreased pulmonary functions, pneumonia and asthma (Ajay Kumar, 2002).

2.6.2 Effects on aquatic system 


  The trivalent chromium if present in the effluent takes the oxygen from the medium and oxidized to hexavalent chromium. The hexavalent Chromium are strong oxidizing agents and they are much toxic due to their irritant and corrosive properties and their higher rate of absorption by the tissues of the fish (Dhanapal et al., 1990).


The Chromium (VI) present in sewage affects the gills of fish and cause death.  Fishes located in weak solutions of hexavalent chromium for a long time exhibit orange yellow liquid accumulation in the peritoneal cavity (Balasubramanian et al., 1996).

2.6.3 Effects on Plants and animals



Chromium (VI) uptake by plants inhibits its metabolic processes and ultimately reduces the plant growth and development (Vajpayee et al., 2001). In animals chromium (VI) can cause respiratory problems, a lower ability to fight disease, birth effects, infertility and tumor formation (Christy et al., 2000).

2.6.4 Effect on ecosystem 


The toxicity of chromium compounds depends on the hardness of water. In soft water these compounds are several times more toxic. The maximum tolerance of total chromium for public water supply is 0.05 mg/l as per Indian standards (Kotas and Stasicka, 2000).

 NPI (National Pollutant Inventory) rank


Approximately 400 substances were considered for inclusion on the NPI reporting list. A ranking and total hazard score was given based on health and environmental hazards and human and environmental exposure to the substance.


Chromium (VI) compounds were ranked as 2 out of 400. The total hazard score taking into account both human health and environmental criteria are 5.5.


On a health hazard rating of 0 - 3 chromium (VI) compounds registers 2.5. A score of 3 represents a very high hazard to health, 2 represent a medium hazard and 1 is harmful to health.


On an environmental rating of 0 - 3 chromium (VI) compounds registers 3.0. A score of 3 represents a very high hazard to the environment and 0 a negligible hazard.


Factors taken into account to obtain this ranking and these scores include the extent of the material's toxic or poisonous nature and/or its lack of toxicity, and the measure of its ability to remain active in the environment and whether it accumulates in living organisms. It does not take into account exposure to the substance. Environmental exposure is reflected in the NPI rank for this substance.
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2.7 Techniques for the removal of heavy metals from industrial effluents

Chand (1994) highlighted major objectives for the removal of metals from aqueous solution which comprises of

a) Toxicity removal which entails environmental aspects.

b) Recovery of valuable metals, which involve technological aspects.



The presence of toxic heavy metal ions in industrial waste water has become a matter of concern in recent years.

The treatment processes are generally divided into three categories.

i) Primary treatment  processes

ii) Secondary treatment processes

iii) Tertiary treatment processes.

2.7.1 Primary Treatment 



Generally, the gross solids are removed by preliminary treatment.  After that, the remaining suspended solids are removed by primary treatment. Primary treatment involves sedimentation, equalization, neutralization etc. (Sohail et al., 1999)

2.7.2 Secondary Treatment:



In secondary treatment, the dissolved and colloidal organic matter present in wastewater is removed by biological processes involving bacteria and microorganisms.  The secondary treatment involves aerated lagoons, trickling filters, activated sludge process, oxidation ditch, oxidation pond, anaerobic digestion etc (Paterson, 1975)

2.7.3 Tertiary Treatment 



These processes aim at improving the waste water quality to the point at which it can be used. Removal of dissolved inorganic solids is the problem with waste water from industries such as fertilizers, textile processing, tannery and electroplating. Depending upon the required quality of the final effluent and the cost of treatment that can be afforded in a given situation, any of the following treatment methods can be employed by using proper techniques (Gupta et al., 1999).

· Ion Exchange 



This method is widely used for obtaining deionised water for use in high pressure boilers.  Discharge of heavy metals with aqueous effluents is a loss of valuable resources besides being a recognized source of environment hazards, removal and recovery of these metals from effluents is essential for protection of environment and sustainable development. The advantages of possible recovery of metal values are minimum space requirement and recovery of water for reuse (Manas and Pillay 2005).  The cost of this treatment method has been fairly high at present (Rajkumar et al., 1998).
· Electrodialysis 



The process of separating substances in colloidal state from those present in true solution with the help of fine membranes, is known as dialysis.  The process of dialysis is quite slow but it can be quickened by applying an electric field if the substance in true solution is an electrolyte.  This process is then called electrodialysis (Vermani and Narula, 2004).

· Evaporation 



This method is generally employed when waste solid / solids are reused in the industry. It is a method used for recovery of radioactive substances.  Here the effluent is boiled and after the evaporation of the water, the concentrated solution is left out in the vessel which is again used in the recycle process of the industry (Kudesia, 2000).

· Chemical Precipitation:



It is a chemical technique by which metals are removed by precipitating them either as hydroxides at high pH or as sulphates etc. Chromates in electroplating waste water are highly toxic and can be removed by treatment with ferrous sulphate first to reduce chromates to Cr (III), followed by precipitation with lime (Muralikrishna, 1998).

· Reverse Osmosis



The passage of solvent from a solution of low concentration to high concentration through a semi permeable membrane is called osmosis. The reverse of this process is called reverse osmosis.  Here effluent containing dissolved solids passes through semi permeable membrane at the pressure excess of osmotic pressure of feed waste (about 40 - 50atm), the water of the effluent passes through the semi permeable membrane. Thus through this technique the solid inorganic matter is separated from the water and the material can be recovered.

· Electrodeposition



Metal found in waste solutions can be removed by electrodeposition technique using insoluble anodes. For example, spent solutions resulting from sulphuric acid and cleaning of copper may be saturated with copper sulphate in the presence of residual acid. They are ideal for electro winning where high quality cathode copper can be electrolytically deposited while free sulphuric acid is regenerated. 

· Chemical Reduction



The technique for treating a chromate waste by reduction to Cr (III) under acidic condition, pH -3 followed by precipitation of Cr (iii) hydroxide under slightly alkaline condition is well known.

2 H Cr O4 + 3 H SŌ3 + 5 H+  ( 2 Cr3+ + 3 SO4 2- + 5 H2O

H Cr Ō4 + 3 Fe 2+ + 7H+   ( 3 Fe3+ + 4H2O+ Cr3+
The precipitation occurs according to the following reaction 


Cr 3+ + 3OH- ( Cr (OH)3


Another example of the application of reduction process is the use of sodium borohydride, which has been considered effective for the removal of Mercury, Cadmium, Lead, Silver and Gold.

· Adsorption



This is one of the most widely used methods for waste water treatments. Adsorption is the binding of molecules or particles to a surface, the filling of pores in a solid that is, process in which atoms and molecules move from a bulk phase (such as a solid, liquid, or gas) onto a solid or liquid surface. In other words, the toxic substance attaches to the surface of the charcoal. The binding to the surface is usually weak and reversible. 
Different types of industrial adsorbents generally fall into three classes:

· Oxygen-containing compounds – Are hydrophilic and polar, including materials such as silica gel and zeolites. 

· Carbon-based compounds 
– Are hydrophobic and non-polar, including materials such as activated carbon. 

· Polymer-based compounds - Are polar or non-polar functional groups in a porous polymer matrix. 


The most common industrial adsorbents are activated carbon, silica gel, and alumina, because they present enormous surface areas per unit weight. 


Activated carbon, also called activated charcoal or activated coal is a general term that includes carbon material mostly derived from charcoal. For all three variations of the name, "activated" is sometimes substituted by "active". By any name, it is a material with an exceptionally high surface area. Due to a high degree of micro porosity, just one gram of activated carbon has a surface area of approximately 500 m².

 



Activated charcoal itself is a fine, black powder that is odorless, tasteless, and nontoxic. The charcoal is "activated" because it is produced to have a very fine particle size. This increases the overall surface area and adsorptive capacity of the charcoal. It is produced by adding acid and steam to carbonaceous materials such as wood, coal, rye starch, or coconut shells. To put this in perspective, one standard 50-gram dose of activated charcoal has the surface area of 10 football fields. 
 
Compounds that contain chromogenic groups (atomic arrangements that vibrate at frequencies in the visible spectrum) very often are strongly adsorbed on activated carbon. Decolorization can be wonderfully efficient by adsorption and with negligible loss of other materials.

Activated carbon adsorption in both the granular and powdered forms is one of the most popular physico-chemical treatments for the removal of dissolved organics from waste water, considerable attention has been focused on the use of carbon for the removal of hexavalent chromium, complexed cyanides and metals present in various other forms from waste water. The use of activated carbon for the adsorption of heavy metals was first presented in 1929 by Watonabe Ogawa.


For liquid phase, the carbon in addition must have sufficient hardness or abrasion resistance. Hardness is particularly important for regenerable carbons as it should undergo alternate cycles of exhaustion and reactivation with minimum physical loss.  The factors like carbon type, particle size distribution, and solution pH, contact time of water with carbon and presence of other metals affect adsorption (R.W.Kuennen et al., 1992).


Activated carbon has been found to be an effective adsorbent though it suffers from disadvantage of possessing high cost. Although several adsorbents like discarded automotive tyres, human hair, starch, xanthate and oxides of manganese have been successfully tried. They are not easily and widely available, therefore agricultural products and byproducts like crushed coconut shell, saw dust, peat mass have been employed, as these adsorbents have a distinct advantage over activated carbon because of their low cost and easy availability (Dikshit et al., 1989).

2.8 NON Conventional Adsorbents for the treatment of heavy metals containing waste water



The need for effective and economic removal of toxic or valuable heavy metals from sewage, industries and mining waste water resulted in a search for unconventional methods and materials. Various industrial solid wastes, agricultural by products, discards and similar products have adsorption affinity for heavy metals.  They are not only readily available but also inexpensive.  Pollard et al., (1992) and Namasivayam et al., (1995) have recently reviewed the literature on non conventional adsorbents for the removal of dyes and heavy metals from waste water.  Peat, clay, soil and agricultural wastes have also been tested with varying degrees for success for removing metals from waste water.

· The removal of chromium was found at pH 2 using calcinated coke, Huang and Wu (1975).

· The bottom ash from thermal power plant was used for the removal of Cr (vi) from waste water (Nadar et al., 1982).

· Prakash and Chand (1987) have investigated saw dust as an adsorbent for the removal of Cr (vi) and found that it was effective at low pH.

· Studies on Cr (vi) removal by activated Groundnut husk carbon was reported by K.Periasamy et al., (1991).

· Kannan and Vanangamudi (1991) studied the removal of Cr (vi) by adsorption on lignite coal.  The maximum adsorption was found at low pH.

· Fly ash was used for the removal of Cr (vi) by Grover et al., (1982). The monolayer adsorption capacity for Cr (VI) was found to be 2.2 mg/l and maximum removal (99%) was observed at pH 2.0.

· A study on removal of chromium (VI) on activated charcoal from synthetic effluents show that the adsorption is maximum at pH 3 and reduction is maximum at pH 1, Narayana Nagesh and Abburi Krishnaiah (1989).

· Effective Cr (vi) removal from acidic electroplating waste water has been achieved by coconut shell based activated carbon and almost complete removal of Cr (VI) (94%) noted after four hours of contact time at an optimum pH, Alaerts et al., (1989).

· Studies on the removal of Cr (vi) from waste water by feldspar exhibit the maximum removal (91%) at 40oC and at pH 2.5, Dhyiredra B. Singh et al., (1992).

· Waste tea, Turkish coffee, exhausted coffee, nut shell and walnut shell (Orhan Y 1993) have been employed for Cr (VI) adsorption studies. Maximum removal of Cr (vi) was observed at lower pH value.

· Removal of Cr (vi) using Mangifera indica leaves by adsorbtion showed that maximum removal with high dosage of the adsorbent Singh et al., (1993).

· M.Vasanthy et al., (1993) investigated the removal of chromium(VI) using various adsorbents, chromium removal efficiency was 90.4% and 94.5% respectively for the spesiapopulnea and activated carbon.

· Removal of Cr (vi) from aqueous water was investigated using adsorbents based on bagasse and coconut jute.  The maximum removal of Cr (vi) 97% is found at pH< 2, Shrichand et al., (1994).

· Studies of removal of Cr (vi) from waste water by using Aracia arabica bark exhibited good adsorption potential at pH 2, Singh et al., (1994).

· Removal of hexavalent chromium by blast furnace flue dust generated in the steel plant shows 95% efficiency at ambient temperature and pH  Patnaik and Das (1995).

· Removal of Cr (vi) from electroplating effluent by activated charcoal revealed that the removal of Cr (vi) is 100% at pH 4, Z.M.Siddqi, (1995).

· Singh and Lal (1996) has been used the waste tea leaves as adsorbent for the removal of Cr (vi) observed at pH 2.

· Use of coconut fiber pith based pseudo activated carbon for Cr (vi) removal was reported by G.N.Manju and J.S.Anirudhan (1997).The adsorption process is exothermic with a maximum adsorption of 99.2% at 30oC for an initial concentration of 50 mg/1 of Cr(VI) at pH 2.0.

· Rao et al., (1998) have reported the use of activated coconut shell carbon for the removal of chromium from synthetic effluents. Maximum adsorption was found at pH 1.

· Activated carbon derived from rice husk (Srinivasan and Balasubramanian 1998) has been used for the treatment of Cr (vi) containing waste water.

· Rai and Surendra Kumar, (1999) used the brick kiln ash and fly ash for removing Cr (vi) from waste water.  Both adsorbents exhibited fairly good sorption potential for Cr (vi) with a maximum at pH 1 to3. 

· Removal of Cr (vi) from electro plating industry waste water using bagasses fly ash has been studied by Vinod K.Gupta et al., (1999).

· S. Dahbi et al., (1999) has studied the removal of hexavalent chromium from waste waters by bone charcoal. Chromium removal efficiencies higher than 90% were achieved at pH - 1. 

· Cr (vi) adsorption by lignin has been studied by S.B. Lalvani (2000) and it can remove upto 63% Cr (vi).

· Adsorption of Cr (vi) was studied as a function of pH by using wollastonite as adsorbent. Maximum adsorption was found at pH 2.0 and at 30oC, Sharma (2001).

· Removal of Cr (vi) by utilization of Bidileaves was studied by Srivastava et al., (2001).The removal was found to depend on contact time, different temperature and initial concentration of the adsorbate, 

· Removal of Cr (VI) from aqueous solution by London plane leaves has been studied by Masakazu Aoyama (2003).

· Adsorption of Cr (vi) on Azadirachta Indica (Neem) leaf powder has been studied by Arunima, Sharma et al (2004). The adsorption of 87% was obtained at pH 5.5.

· Removal of Cr (vi) and Hg (ii) from aqueous solutions using fly ash and impregnated fly ash has been studied by S.S.Banerjee et al., (2004).

·  Removal of Hexavalent Chromium from Aqueous Solution Using          low-Cost Activated Carbons Derived from Agricultural Waste Materials and Activated Carbon Fabric Cloth has been studied by Dinesh Mohan, Kunwar P. Singh, and Vinod K. Singh(2004) 

· Cr(VI) removal from synthetic wastewater using coconut shell charcoal and commercial activated carbon modified with oxidizing agents and/or chitosan has been studied by Babel; Kurniawan T.A.(2004).

· Removal of Cr(VI) from aqueous solution using low-cost adsorbents such as cornelian cherry, apricot stone and almond shell has been studied by Erhan Demirbasa,, Mehmet Kobyab, Elif Senturkb, Tuncay Ozkana(2004).

· V. Campos et al., (2005) studied the removal of Chromate from drinking water using powder carbon steel.  In this study, the criteria for selection of material include the excellent adsorption capacity of the material and low cost treatment method.

· Chromium (vi) sorptive removal from aqueous solutions by nanocrystalline alkaganeite has been studied by Lazaridis et al (2005). It shows high sorption capacity and can be used as a low cost adsorbent. The maximum adsorption percentage is 39.5 for Cr (vi) for 240 min at 330 K and is 67.8 for Cr (iii) for 240 min at 330 K.

· Adsorption of chromium(VI) on pomace—An olive oil industry waste has been studied by Emine Malkoc , Yasar Nuhoglua and Murat Dundara (2005)

· C.Namasivayam and D.Sangeetha (2006) studied the adsorption of Chromium (vi) onto ZnCl2 activated coir pith carbon. The results showed that ZnCl2 activated coir pith carbon are effective for the removal of          Cr (vi) from water.

· Removal of hexavalent chromium from aqueous solution by lignocelluloses solid wastes has been studied by M. Aliabadi, K. Morshedzadeh and H. Soheyli(2006).
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3. MATERIALS AND METHOD
3.1 Project plan

In this present investigation removal of hexavalent chromium from aqueous solution was carried out using a low-cost carbon by adsorption. The low-cost carbon was prepared from the seeds of Peltophorum pterocarpum using concentrated H2SO4 .The seeds of Peltophorum pterocarpum was collected from the Forest college campus, Coimbatore. 
Peltophorum pterocarpum Tree
[image: image8.jpg]



Peltophorum pterocarpum seed

	3.2 PLANT PROFILE 

Kingdom                   :

Common Name        :
	Plantae
Yellow Poinciana, yellow flame tree.

	Division                     :
	Magnoliophyta

	Family                       :
	Fabaceae

	Subfamily                 :
	Caesalpinioideae

	Genus                        :
	Peltophorum

	Species                      :
	P. pterocarpum 



[image: image9]
3.3 Parameters studied

Batch studies were conducted with the activated carbon prepared form Peltophorum pterocarpum seeds. The adsorption technique was used owing to its simplicity in evaluating some basic parameters which influence the adsorption process. 

· Determination of the effect of initial concentration of Cr (VI) solution on the percentage adsorption of Cr (VI) from aqueous solution. 

· Determination of the effect of pH on the effective removal of Cr (VI) from aqueous solution by adsorption. 

· Determination of the effect of prepared low-cost adsorbent dosage on the percentage adsorption of Cr (VI) from aqueous solution. 

· The process of adsorption of Cr (VI) was interpreted using the Langmuir  adsorption isotherm, Freundlich adsorption isotherm and Lagergren kinetic equation. 

 3.4 Preparation of activated carbon

Seeds of Peltophorum pterocarpum were collected from forest college campus, Coimbatore. The seeds was cut into small pieces, dried in sunlight for 5 days and further dried in a hot air oven at 600C for 24 hours. The completely dried material was powdered well. The powdered raw material was chemically activated by treating with concentrated sulphuric acid with constant stirring and kept for 24 hours. The carbonized material obtained washed well with plenty of water several times to remove excess acid and dried at 105-110oC in a hot air oven for 24 hours. The adsorbent thus obtained was ground well and sieved through a 250 mesh and kept in an airtight container for further use. 

3.5 Reagents

3.5.1 Preparation of cr (vi) metal ion solution

All chemicals used were of analytical grade. In order to assess the performance of the low-cost adsorbent prepared and to avoid interference by other contaminants in waste water, the experiments were conducted with aqueous solution of Cr (VI) prepared by dissolving 283mg of potassium dichromate in one liter of double distilled water. 

3.5.2 Preparation of complexing reagent
The complexing reagent was prepared by dissolving 250mg of diphenyl carbazide in 50ml of acetone. The reagent (0.5% in acetone) was kept in an amber bottle, refrigerated and used for the study. 

3.6 Equipments

· Elico pH meter was used to measure pH. 

· Elico CL157 colorimeter was used for spectrophotometric work.

· Genuine Equipment Manufacturers mechanical shaker was used for the shaking of solution containing adsorbent and adsorbate.

3.7 Effect of variation of initial concentration of Cr (VI) solution on the adsorption of cr (vi)

100ml of Cr (VI) standard solutions containing 0.06,0.08,0.1,      0.12 µg/100ml of chromium (VI) was added with 100mg of the adsorbent taken in Pyrex bottles and shaken in an electrical horizontal bench shaker for various time intervals (10 minutes to 180 minutes) at room temperature and at constant pH6.5+0.02.The solutions were filtered and Cr (VI) concentrations in the filtrate were estimated colorimetrically as in appendix-2. 

3.8 Effect of variation of pH on the adsorption of cr (vi)

The optimum pH for the maximum Cr (VI) adsorption was found by varying the pH from 3.0 to 5.0.The pH of the solution was adjusted using dilute hydrochloric acid and it was measured using Elico pH meter. 100ml samples containing 0.1mg of Cr (VI) were contacted with 100mg of adsorbent by altering the pH of the solution. These solutions were shaken for various time intervals (10 minutes to 180 minutes) in an electrical horizontal bench shaker. The solutions were filtered and analyzed colorimetrically to find the adsorption potential of      Cr (VI) from aqueous solution for the variation of pH from 3 to 5.

3.9 Effect of variation of adsorbent dosage on the adsorption of Cr (vi)

100ml of the Cr (VI) standard solutions containing 0.1mg/l of             Cr (VI) was taken in Pyrex bottles containing 40, 60, 80 and 100mg of the adsorbent at pH3+0.02. The system was equilibrated thoroughly on a horizontal bench shaker at room temperature for 180 minutes. Then the solutions were filtered and analyzed colorimetrically, to find the amount of Cr (VI) adsorbed.
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4. Results and discussion

The experimental data obtained and the findings of the present study are presented and discussed in the light of the objectives set forth.  Batch experiments were carried out to find out the adsorption potential of Cr (VI) from aqueous solution using the low-cost adsorbent prepared.  The results were used to evaluate the optimum conditions for the removal of Cr (VI) and to examine the efficiency of the low-cost adsorbent prepared and used for the removal of Cr (VI) from aqueous solution. The parameters which influences the extent of adsorption such as concentration of the adsorbate, contact time, pH and adsorbent dosage were investigated.

4.1 Effect of variation of initial concentration of Cr (VI) solution on adsorption of Cr (VI) from aqueous solution

The adsorbate concentrations were varied form 0.06 mg/l to 0.12 mg/l and batch studies were performed to optimize the initial concentration of the adsorbate. The percentage removal of Cr (VI) with variation in initial concentration of Cr (VI) solution is depicted in figure - 1 and the data obtained are given in table - I. The figure shows an increasing percentage removal Cr (VI) when the adsorbate concentration was varied from 0.12 to 0.06 mg/l.This may be probably due to the fact that for a fixed adsorbent dose, the total available adsorption sites are limited thereby adsorbing almost the same amount of Cr (VI) causing a decrease in percentage removal of Cr (VI) corresponding to an increased initial adsorbate concentration.

4.2 Effect of contact time on adsorption of Cr (VI) from aqueous solution

Effect of agitation time on adsorption is one of the factors affecting the adsorption potentials.  It can be seen from the results of varying contact time.  The percentage adsorption of Cr (VI) increases with increase in contact time, and the equilibrium was obtained after agitating for 180 minutes [table - I]. From the table-I, it is evident that for maximum removal of Cr(VI) by adsorbent, the solutions should be equilibrated for 180 minutes and consequently it was decided to maintain 180 minutes for all other studies. The Cr (VI) removal curves [figure-1] are smooth and continuous indicating the formation of monolayer coverage of adsorbate on outer surface of adsorbent.

Table – I

Adsorption potential of Cr (VI) with variations of initial concentration of Cr (VI) solution

Conditions

Adsorbent dosage 

: 
100mg

pH



:
6.5 ( 0.02

Temperature 


:
32oC

Contact time 


:
10-180 minutes

	Time in  minutes
	Removal of Cr (VI) in percentage

	
	0.06 mg/l
	0.08mg/l
	0.1mg/l
	0.12mg/l

	10
	31.66
	27.5
	19.2
	17.3

	20
	36.66
	30.0
	24.16
	23.0

	30
	40.0
	32.5
	26.66
	25.0

	40
	43.33
	35.0
	31.0
	30.0

	50
	46.66
	37.5
	35.0
	32.0

	60
	50.0
	42.5
	37.5
	34.6

	90
	52.1
	51.0
	47.5
	42.0

	120
	54.3
	52.3
	50.2
	47.5

	150
	56.2
	54.2
	51.4
	49.2

	180
	58.0
	55.0
	52.0
	50.0





FIGURE 1
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4.3  Effects of pH variation on Cr (VI) removal from aqueous solution




In order to optimize the pH for maximum Cr (VI) removal, experiments were conducted with 100 ml of 0.1 mg/l of Cr (VI) solution with   100 mg adsorbent by varying the pH, pH - 3 to pH -5 at various contact time and the results are depicted in table - II and figure- 2.The results indicated a maximum adsorption of (94.3%) at pH 3 in 180 minutes of contact time. The decrease in adsorption at higher pH may be due to the negative charges on the surface of the adsorbent repelling the negatively charged chromate ions in solution.

Table - ii 

Adsorption potential of Cr (VI) with pH variation 

Conditions  

Adsorbent dosage 


: 
100mg

Temperature 



:
32oC

Concentration of Cr (VI) solution
:
0.1mg/l

Contact time 
   


:
10-180 minutes 

	Time in minutes
	Removal of Cr (VI) in percentage

	
	pH  3
	pH   3.5
	pH   4
	pH   4.5
	pH   5

	10
	33.4
	31.5
	26.6
	24.4
	23.1

	20
	40.0
	39.6
	32.6
	29.8
	28.3

	30
	43.8
	42.9
	35.2
	34.7
	33.4

	40
	48.0
	47.0
	45.8
	41.1
	40.6

	50
	52.1
	51.5
	51.1
	46.0
	43.6

	60
	56.3
	55.2
	54.3
	51.4
	48.8

	90
	64.6
	61.3
	60.0
	59.5
	59.0

	120
	71.5
	70.9
	70.3
	69.3
	67.4

	150
	82.9
	81.1
	79.2
	77.0
	75.6

	180
	94.3
	91.9
	87.5
	87.2
	81.7


FIGURE 2
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4.4 Effect of Adsorbent dosage on Cr (VI) removal from aqueous solution




The effect of variation of adsorbent dosage was determined by varying the adsorbent dosage from 40 mg to 100 mg with 100ml of 0.1mg/l of    Cr (VI) solution.  The results have been tabulated in Table-III and graphically represented in figure-3. It is evident from the table that adsorption potential of the adsorbent increases with increasing the dosage. The maximum adsorption of        Cr (VI) was noted with 100 mg of adsorbent dosage. The increase in percentage adsorption of Cr (VI) with increase in the adsorbent dosage may be due to the availability of more surface area of the adsorbent for adsorption of Cr (VI) species.

Table – iiI

Adsorption potential of Cr (VI) with dosage variation 

Conditions  

pH

 


: 
3 ( 0.02

Temperature 



:
32oC

Concentration of Cr (VI) solution
:
0.1mg/l

Contact time 



:
10-180 minutes


	Time in  minutes
	Removal of Cr (VI) in percentage

	
	40mg
	60mg
	80mg
	100mg

	10
	20.9
	23.1
	26.6
	33.4

	20
	29.2
	30.8
	32.7
	40.0

	30
	34.7
	37.5
	38.5
	43.8

	40
	45.9
	46.2
	47.5
	48.0

	50
	53.9
	54.2
	55.2
	52.1

	60
	57.7
	58.4
	61.3
	56.3

	90
	65.4
	66.7
	69.5
	64.6

	120
	69.3
	70.9
	72.5
	71.5

	150
	72.73
	77.0
	79.2
	82.9

	180
	75.76
	84.7
	91.7
	94.3


FIGURE 3
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4.5 Lagergren Kinetic Modelling for Cr(VI) removal by adsorption technique




The rate constant of adsorption was calculated (table - IV) using the Lagergren first order kinetic equation.

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

Where, q and qe are the amount of Cr (VI) adsorbed at time‘t’ and at equilibrium time.

  Ka is the rate constant for Cr (VI) adsorption.

The linear plot obtained by plotting log (qe – q) Vs time‘t’ shows the validity of Lagergren first order kinetic equation for the removal of Cr (VI).

  The rate constant Ka evaluated from the slope of Lagergren plots are given blow.

	Concentration in mg /l
	Ka in minutes-1

	0.06

0.08

0.1

0.12
	1.939 x 10-4
2.219 x 10-4
2.640 x 10-4
2.570 x 10-4


Table - iv 

kinectic modelling for Cr (VI) adsorption using            lagergren equation (variation of initial concentration                                   Cr (vi) solution 
	Time in  minutes
	log (qe-q)

	
	0.06 mg/l
	0.08mg/l
	0.1mg/l
	0.12mg/l

	10
	-0.7958
	-0.6575
	-0.4814
	-0.3979

	20
	-0.8860
	-0.6989
	-0.5528
	-0.4814

	30
	-1.0000
	-0.7447
	-0.5850
	-0.5228

	40
	-1.0457
	-0.7958
	-0.6777
	-0.6197

	50
	-1.1540
	-0.8538
	-0.7695
	-0.6575

	60
	-1.3979
	-1.0000
	-0.8239
	-0.7212

	90
	-1.5228
	-1.3979
	-1.3010
	-1.0000

	120
	-1.6989
	-1.5228
	-1.6989
	-1.5228

	150
	-2.0000
	-2.0000
	-2.0000
	-2.0000

	180
	-
	-
	-
	-

	Intercept

logqe
	-0.7445
	-0.4643
	-0.2617
	-0.2283

	Slope

-Ka/2.303
	-0.00842
	-0.00963
	-0.0114
	-0.00978

	Ka in minutes


	1.93 X 10-4
	2.21 X 10-4
	2.64 X 10-4
	2.57 X 10-4


FIGURE 4
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4.6  Adsorption Isotherms




The results obtained in the study by varying the concentration of    Cr (VI) solution, was interpreted in terms of Langmuir and Freundlich adsorption isotherms.

4.6 Adsorption Isotherms

The data obtained in the study by varying the concentration of Cr (VI) solution was fitted with Langmuir and Freundlich adsorption isotherms.

4.6.1. Langmuir adsorption isotherms




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

The Langmuir adsorption isotherm is commonly given by 

X/m = (k11 Ce / 1 + k1 Ce)

x - Amount of Cr (VI) adsorbed (mg/l)

m - Weight of adsorbent (mg)

Ce - Concentration of Cr (VI) at equilibrium

k1 and k1 – are the Langmuir constants which are the measures of maximum energy of adsorption  and adsorption capacity respectively.

On rearranging

1/x/m = 1/k1 /k1 + 1 / k1 Ce
The plot of (1/x/m) versus 1/Ce is linear with slope equal to 1/k1 and intercepts (1/k1/k1).

The slope, intercept and separation factors are calculated and given in the table (V).

The linear plots of 1/Ce Vs m/x shows the applicability of Langmuir model for the present system indicating the formation of monolayer coverage of adsorbate on the surface of the adsorbent.

4.6.2. Separation factor - RL



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

RL = 1/ (1 + bCi)

Where, Ci = initial concentration in mg/l



b = Langmuir constant (k11)

	RL value
	Type of isotherm

	RL > 1

RL = 1

RL < 1
	Unfavorable

Linear

Favorable


The RL  values obtained ( in the table V )are less than unity for Cr(VI) adsorption onto a low -cost adsorbent used in this study. 

This showed the feasibility of the Cr (VI) adsorption process at all initial concentration of aqueous solution of Cr (VI) used in this study.

Table – v

Interpretation of results of adsorption of Cr (vi) in terms of langumir ADSORPTION isotherm for variATION OF CONCENTRATION OF Cr (VI) SOLUTION

	Time in minutes
	Initial concentration in mg/l 
	1/Ce
	m/x
	Separation factor RL
	Intercept

  k1 / k11
	Slope 

1/ k11

	10
	0.06

0.08

0.1

0.12
	0.0243

0.0172

0.0123

0.0100
	0.5291

0.4545

0.5208

0.04830
	0.9723

0.9643

0.9560

0.9469
	0.4687
	1.7610

	20
	0.06

0.08

0.1

0.12
	0.0262

0.0178

0.0131

0.0108
	0.4566

0.4166

0.4149

0.3623
	0.9813

0.9746

0.9689

0.9624
	0.3257
	5.1169

	30
	0.06

0.08

0.1

0.12
	0.0277

0.0185

0.0136

0.0111
	0.4166

0.3846

0.3759

0.3333
	0.9823

0.9765

0.9708

0.9652
	0.3010
	4.3162

	40
	0.06

0.08

0.1

0.12
	0.0293

0.0192

0.0144

0.0119
	0.3861

0.3571

0.3225

0.2777
	0.9871

0.9823

0.9775

0.9757
	0.2308
	5.6168

	50
	0.06

0.08

0.1

0.12
	0.0311

0.0200

0.0153

0.0125
	0.3584

0.3333

0.2857

0.2604
	0.981

0.9842

0.9794

0.9756
	0.2103
	5.0452


Table – v

Interpretation of results of adsorption of Cr (vi) in terms of langumir ADSORPTION isotherm for variATION OF CONCENTRATION OF Cr (VI) SOLUTION

	Time in minutes
	Initial concentration in mg/l 
	1/Ce
	m/x
	Separation factor RL
	Intercept

  k1 / k11
	Slope 

1/ k11

	60
	0.06

0.08

0.1

0.12
	0.0333

0.0217

0.0160

0.0127
	0.3333

0.2941

0.2666

0.2409
	0.9891

0.9852

0.9813

0.9775
	0.1935
	4.3074

	90
	0.06

0.08

0.1

0.12
	0.0347

0.0255

0.0190

0.0143
	0.3205

0.2450

0.2105

0.1984
	0.9940

0.9920

0.9900

0.9881
	0.1010
	6.0993

	120
	0.06

0.08

0.1

0.12
	0.0357

0.0261

0.0200

0.0158
	0.3076

0.2392

0.1992

0.1754
	0.9960

0.9950

0.9940

0.9920
	0.0671
	6.6887

	150
	0.06

0.08

0.1

0.12
	0.0370

0.0272

0.0205

0.0163
	0.2967

0.2309

0.1945

0.1694
	0.9960

0.9950

0.9940

0.9920
	0.0683
	6.1198

	180
	0.06

0.08

0.1

0.12
	0.0384

0.0277

0.0208

0.0166
	0.2873

0.2272

0.1923

0.1666
	0.9960

0.9940

0.9930

0.9910
	0.0764
	5.4853





FIGURE 5
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4.6.3. Freundlich adsorption isotherm


Attempts were made to fit the adsorption data obtained in this study into Freundlich adsorption isotherm.

The linear form of Freundlich adsorption isotherm is given below,
log x/m = log kf + 1/n log Ce
where x is the amount of Cr(VI) adsorbed in mg

m is the weight of the adsorbent (g)

Ce is the amount of Cr (VI) in the bulk solution in mg

Kf and 1/n are Freundlich constants related to the adsorption capacity and adsorption intensity respectively.



The linear form of Freundlich adsorption isotherms at room temperature is obtained by plotting log x/m versus log Ce for different concentrations of the aqueous solution of Cr (VI) with 100 mg of the absorbent. Kf and 1/n are evaluated from the slope and intercept respectively ( figure-6).

Table – vi

Interpretation of results of adsorption of Cr (vi) in terms of FREUNDLICH ADSORPTION isotherm for variATION OF CONCENTRATION OF Cr (VI) SOLUTION

	Time in minutes
	Initial concentration in mg/l 
	logCe
	logx/m
	Intercept

           
	Slope 

    n
	1/n

	10
	0.06

0.08

0.1

0.12
	1.4533

1.5118

1.9074

2.0115
	0.2764

0.3424

0.2833

0.3160
	0.3119
	0.0433
	23.094

	20
	0.06

0.08

0.1

0.12
	1.3681

1.6989

1.8798

1.9867
	0.3404

0.3802

0.3820

0.4409
	0.1483
	0.1370
	7.2975

	30
	0.06

0.08

0.1

0.12
	1.3010

1.6766

1.8653

1.9777
	0.3802

0.4149

0.4249

0.4771
	0.2139
	0.1233
	8.1061

	40
	0.06

0.08

0.1

0.12
	1.2219

1.6532

1.8388

1.9542
	0.1433

0.4472

0.4914

0.5564
	0.1867
	0.1741
	5.7419

	50
	0.06

0.08

0.1

0.12
	1.1251

1.6283

1.8129

1.9444
	0.4456

0.4771

0.5440

0.5843
	0.2513
	0.1605
	6.2276


Table – vi

Interpretation of results of adsorption of Cr (vi) in terms of FREUNDLICH ADSORPTION isotherm for variATION OF CONCENTRATION OF Cr (VI) SOLUTION

	Time in minutes
	Initial concentration in mg/l 
	logCe
	logx/m
	Intercept

           
	Slope 

n     
	1/n

	60
	0.06

0.08

0.1

0.12
	1.0000

1.5740

1.7958

1.9314
	0.4771

0.5315

0.5741

0.6181
	0.3276
	0.1412
	7.0797

	90
	0.06

0.08

0.1

0.12
	0.8976

1.4623

1.7201

1.8920
	0.4941

0.6108

0.6767

0.7024
	0.3019
	0.2136
	4.6795

	120
	0.06

0.08

0.1

0.12
	0.7558

1.4424

1.6972

1.8603
	0.5120

0.6212

0.7007

0.7559
	0.3400
	0.2136
	4.6806

	150
	0.06

0.08

0.1

0.12
	0.5797

1.4116

1.6866

1.8500
	0.5276

0.6365

0.7110

0.7710
	0.4115
	0.1809
	5.5277

	180
	0.06

0.08
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	0.3010

1.3979

1.6812

1.8450
	0.5416

0.6435

0.7160

0.7783
	0.4876
	0.1394
	7.1685


FIGURE 6

Interpretation of results of adsorption of Cr (vi) in terms of FREUNDLICH ADSORPTION isotherm for variATION OF CONCENTRATION OF Cr (VI) SOLUTION
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5.  Summary and Conclusion

Based on the result of the study the following conclusions may be drawn.

· The carbon derived from the Peltophorum pterocarpum seed can be used as an efficient adsorbent for the removal of toxic Cr (VI) from aqueous solution.

· The adsorption of Cr (VI) was found to be concentration dependent.

· Percentage removal of Cr (VI) increases with decrease in pH and it was found to increase from 81.7% to 94.3% for the variation of pH from 5 to 3.  The maximum removal of Cr (VI) was observed at pH 3.

· Percentage removal of Cr (VI) increased from 75.76% to 94.3% with increasing adsorbent dosage from 40 to 100 mg.

· Maximum Cr (VI) removal  (100%) can be achieved with an optimum contact time of 180 minutes at pH 3 with 100 mg of adsorbent when the initial concentration of Cr (VI) solution was 0.1 mg/l.

· Confirmation of data to the Lagergren’s rate equation indicates first order kinetics for Cr (VI) removal by adsorption using activated carbon prepared from the pod of iron wood seed.

· On applying the adsorption data to Langmuir equation, linear plots of 1/Ce Vs m/x x 10-3 obtained shows that the adsorption Cr (VI) adsorption using activated carbon prepared from the pod of iron wood seed followed   Langmuir adsorption isotherm. The favourable value of RL showed the feasibility of the process at all initial concentrations (0.06 to 0.12 mg/l) of Cr (VI) solution used in this study.

· The Cr (VI) adsorption followed Freundlich adsorption isotherm also.



Thus it can be concluded that the activated carbon prepared from the Peltophorum pterocarpum seed is inexpensive and  use of the same provides an effective solution for treatment of effluents containing hexavalent chromium.  Hence the use of low cost carbon prepared and used as an adsorbent for Cr (VI) removal in this study, is of practical importance and is expected to be economical.
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APPENDIX -I
ESTIMATION OF HEXAVALENT CHROMIUM (COLORIMETRIC METHOD) 

PRINCIPLE:
Under acidic conditions Cr (VI) reacts with diphenyl carbazide to form a reddish violet coloured complex which can be determined colorimetrically.

REAGENTS:
                    The distilled water is used for the preparation of reagents.

· Cr (VI) stock solution: Dissolved 283mg dried potassium dichromate crystals in distilled water and diluted to1000ml. 

(1ml =100ppm  Cr(VI) )

· Cr (VI) working solution: 1ml of Cr (VI) stock solution is diluted to 1000ml. 

· Diphenyl carbazide solution: 500mg of diphenyl carbazide was dissolved in acetone and made upto 100ml and was stored in a brown bottle. 

· 2N H2SO4 :60ml of concentrated sulphuric acid was diluted to 1 litre with water. 

· 1N NaOH: 40g of sodium hydroxide was diluted to 1litre. 

 
 
 
 
 
 
APPENDIX - II
PREPARATION OF CALIBRATION CURVE
To compensate for possible slight losses of chromium during digestion or other analytical operation chromium standards were treated as samples.

A series of solutions of Cr (VI) (0.06-0.12mg/l) were prepared from the stock solution of Cr (VI).To 100ml of the Cr (VI)solution  of different concentrations, 3drops of ortho phosphoric acid,2ml of 2N H2SO4 and 1ml of diphenyl carbazide (0.5% in acetone) were added to each of these solutions. After 10 minutes reddish violet colour was red at 540nm (filter number- 52). Using the reagent blank absorbance was set up to zero. 

The above procedure was repeated for samples also. From the corrected absorbance, the amount of Cr (VI) in the sample was determined with reference to the calibration curve. 

A calibration graph was plotted between concentration of Cr (VI) on the X axis and absorbance on the Y axis.
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