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1. INTRODUCTION


The term environment means the surrounding of a species to which it remains totally adapted and to which it continuously interacts for every activity of life in some or other way for its survival (Pande, 2005).

Air, water and soil together constitutes the environment, water is one of the prime necessities of life. We can hardly live for a few days without water. In a man’s body 70% is water. Blood, cells and bones contain 18%, 75% and 22% respectively. Even teeth and nails also contain some parts of water. General survey reveals that the total surface area of the earth is 51 crore square kilo meters, out of which 36.1 crore square kilo meters is covered by water (Kudesia, 1998).


Environmental degradation of the environment refer to the deterioration in its physical components brought in by the biological processes mainly through anthropogenic activities which cannot be set right by the self regulatory mechanism of the environment, upper limit of environmental degradation leads to pollution (Pande, 2005).


The term pollution is derived from the Latin word “Pollutionem” meaning defilement from polluere to soil or defile means making dirty. Later Oxford English Dictionary used the word pollute with reference to physical contamination of terrestrial or aquatic environment in nineteenth century. In 20th century the word pollution was used with reference to contamination of air, water and soil (Kudesia, 2000).


According to Dasmann (1975), “Pollution is the accumulation of substance in the environment or at rates of flow which exceed the capacity of the eco-system to either neutralize or disperse them to harmful levels”.


Among various types of pollution water pollution plays a major role, water pollution is described as extraneous enrichment of chemicals, pathogenic pollutants and also agricultural pollutants which alter the physico-chemical environment changing the community composition and compelling some species or many species to disappear from the natural eco-system. Water pollution is a global problem affecting both developed and developing countries.


Water pollution is mainly caused by,

i) Natural process – In which the decomposed vegetable, animal and weathered products are brought into main water resources.

ii) Anthropogenic process – Such as industrial, agricultural, urban, domestic, radioactive, mining sources, use of pesticides and fertilizers by man etc., (Tripathi et al., 2001).

Pollutant may be defined as “Constituent in the wrong amount at the wrong place or at wrong time”, that is any solid, liquid or gaseous substance present in high concentration may tend to be injurious to the environment. From eco-system view point, there are two types of pollutant.

1)  Degradable pollutant

2)   Non-degradable pollutant

Degradable pollutant 

These include domestic sewage, it can be readily decomposed by natural processes or by engineered systems. However if these pollutants enter the environment in such large quantities that complete degradation of all elements cannot take place, then these become biodegradable pollutants and thus pollute the environment.

Non-degradable pollutant

There are many pollutants such as heavy metals like lead, nickel, copper, cobalt, phenolic compounds, aluminium and DDT etc., which are usually not present in the environment, these either do not degrade or degrade very slowly and thereby pollute the environment (Sudha Rani et al., 2001).


Such pollutants are harmful even in low concentration. These pollutants not only accumulate but are often biologically magnified as they move in biochemical cycles and along food chains. Hence, pollutants are residues of substances made by us, used by us and even thrown by us as waste products which pollute the environment in one way or the other. Heavy metals belong to this category of pollutants (Pillai et al., 1966).


Heavy metals are often called as “toxic metals”. The word “toxic” is taken from the Greek word “toxon” (bow) and toxicon or pharmikon (arrow poison). According to the World Health Organization (WHO), the metals like aluminium, arsenic, chromium, manganese, iron, cobalt, nickel, copper, zinc, cadmium, mercury and lead are of most immediate concern. Though these metals are essential for life, their excess concentration is potentially toxic (M.A. Baig et al., 2003).


Toxic metals change the biological structures and systems into inflexible and irreversible conformations leading to deformity in the body. Trace amounts of metal enter our water supplies naturally as rain percolates through rock, dissolving minute quantities into the water. This water enters larger water bodies which serve as resources for drinking water. Contamination of water resources include the activities such as industrial processes, electronics and mining, agriculture, chrome plating, steel works etc., (Sharma, 2001).

One of the heavy metal contaminants that have been major forms in waste water management is chromium. Chromium is a metal found in natural deposits as ores containing other elements. Chromium is an essential nutrient for plant and animal metabolism. The two largest sources of chromium emission in the atmosphere are from the chemical manufacturing industry and combustion of natural gas, oil and coal (Vajpayee et al., 2001).


Chromium is a hard, steel-grey metal that is highly resistant to oxidation even at high temperatures. It is the sixth most abundant element in the earth’s crust, where it is combined with iron and oxygen in the form of chromite ore. Chromium is released to air primarily by combustion processes and metallurgical industries.


Chromium exists in three common stable valence states in order of generally increasing toxicity Cr(O), Cr(III) and Cr(IV). Chromium in chromite ore is in the trivalent state, it is an essential dietary mineral in low doses, even when given in large doses it do not cause harmful effects. Chronic toxic effects of chromium are mainly caused by hexavalent chromium (www.atsdr.cdc.gov).


Cr(VI) is generally considered nearly 1000 times more toxic than Cr(III). Cr(VI) enters the environment from chemical manufacture, chrome plating and industrial cooling towers that use chromate chemicals as rust inhibitors. Electroplating, leather tanning and textile industries release relatively large amounts of chromium in surface waters.


Cr (VI) is carcinogenic causing cancer of the respiratory organs in chromate workers chronically exposed to chromium containing dusts. Cr (VI) has been implicated in poisoning in Japan. In this case, aerosols from Chromium refining plants appear to have affected a considerable number of people causing lung cancer. Beside this, it acts as irritants to the eyes, nose, throat, chronic exposure may lead to liver and kidney damage. A characteristic effect on human beings is the appearance of perforations in the nasal septum, it may also cause chromosome abnormalities, and it is particularly dangerous because it accumulates in many organisms. The maximum contaminant levels (MCL) for chromium in drinking water is 0.05mg/l (F.C. Richard et al., 1991).

Due to the toxic nature of Cr (VI) various technologies are proposed for the treatment of Cr (VI) rich waste water. The most common methods for removal of metals from industrial effluents include chemical precipitation, solvent extraction, dialysis, electrolytic extraction, cementation, reverse osmosis, membrane filtration, ion exchange, adsorption and co-precipitation (Hussain et al., 2005).


Conventional physical and chemical treatment of low concentration, large volume wastes tend to be very costly. Consumptive processes such as chemical precipitation, entail large capital and operating costs. Attention has thus focused on non-consumptive method that includes adsorption process (Srivastava et al., 2001).


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 using activated carbon is one of the efficient processes for treatment of waste water. But the high cost of activated carbon limits its use for removing metals from waste water, therefore the production of low cost alternatives has been the focus of researchers in this area. Thus the removals of metals from aqueous solution using agricultural and industrial wastes are developed. Several low-cost and non-conventional adsorbent have been used for heavy metal removal (Jain et al., 1997).

ADVANTAGES OF ACTIVATED CARBON
1. The excessive dose of activated carbon is not harmful.

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

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

4. The efficiency of metal removal is quite high.

5. Its use reduces the chlorine demand (Mishra, 1992).

Various low-cost adsorbents like peanut, onion skin, coconut shell, jute, banana pith, saw dust, orange peel, rice husk etc., are widely used for removal of heavy metals such as Pb, Cr, As and Cd etc., The low-cost adsorbents are easily available and its cost is very low (Verma and Sukla., 2000).
Hence in the present study abundantly available rind of Thiruvottukai has been used for preparing the adsorbent. This is commonly found in forest areas, the rind of Thiruvottukai is available throughout the year. The activated carbon prepared from this Thiruvottukai has been used in the removal of Cr (VI) from aqueous solution with the following objectives.

OBJECTIVES OF THIS INVESTIGATION
· To prepare the activated carbon obtained from nearby Forest College Campus.

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

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

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

· To interpret the results of the study in terms of 

· Langmuir adsorption isotherm

· Freundlich adsorption isotherm

· Lagergren kinetic equation

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 rind of thiruvottukai for the removal of Cr(VI) from aqueous solution using a eco friendly, economical and readily available low cost adsorbent has been received in this chapter.


Chromium is one of the trace metals which have high toxic effect on human beings, plants and animals. India is rated fourth in chromate production. Chromium is present in the environment in air, rocks, water, soil and biological materials.


Chromium exhibits different oxidation states and in each of these oxidation states it shows different biological, medicinal and toxicological properties. Trivalent chromium is not as toxic as hexavalent chromium and is also considered essential for maintenance of glucose tolerance factor of the body, where as hexavalent chromium is a serious toxic pollutant. Also 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).

2.1 OCCURANCE OF CHROMIUM

Chromium occurs in nature as chrome iron is (chromite FeO Cr2O3). It ranks 21st in order of abundance in the earth’s crust. Its average concentration in earth’s crust has been estimated to be of the order of 200 ppm. In fresh water sediments, chromium levels upto 440 mg per kg have been recorded. Chromium levels upto 0.09 ppm, 0.04 ppm, 0.35 ppm, 0.055 ppm and 0.0079 ppm have been recorded in springs, streams, rivers, lakes, ground water and drinking water respectively. In rain water chromium level up to 0.004 ppm has been reported. A human body contains about 6 mg of chromium (Daratha and Disyaboot, 1991).
2.2 IMPORTANCE OF CHROMIUM

Chromium is used in the manufacture of steels, jet engines, tools, paints, photography, electric cells and rubber goods. It is also used in electroplating industry, leather tanning industry and pigment industry etc., Chromium bound to (-globulin is distributed in lungs, heart, brain, liver and spleen. Chromium is also used in glucose metabolism, amino acid and nucleic acid synthesis. The Federal Government established guidelines for “Essential, Safe and Adequate Daily Dietary Intake” of an essential vitamin and mineral. For chromium the recommended level is 50-200 micro grams per day of chromium. Cr(III) is being an essential nutrient for maintaining normal physiological functions. Though chromium compounds are as essential nutrient for plants, human beings and animals, however, when accumulated at high levels it can cause serious disorders and diseases and it can ultimately become fatal (Kudesia, 1998). 

2.3 CHEMISTRY OF CHROMIUM

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

Example for 


Chromium (II) compounds
=
Chromic oxide, Chromic sulphate.



Chromium (III) compounds
=
Chromium (III) chloride, 

Chromium (III) oxide.

Chromium (VI) compounds
=
Chromic acids, 

Potassium dichromate, 

Chromium (VI) oxide.

Chromium (VI) is more or highly toxic than chromium (III).

2.4 SOURCES OF CHROMIUM (VI) POLLUTION



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

2.5 TOXIC EFFECTS OF CHROMIUM 
2.5.1  EFFECT ON AQUATIC SYSTEM

When the chromium containing effluents enter the rivers, the trivalent chromium present in the effluent takes the oxygen in the medium. This leads to the inversion of trivalent chromium to hexavalent chromium. The hexavalent compounds however are strong oxidizing agents and they are much toxic due to their irritant and corrosive properties and their higher rate of absorption by the tissue of the fish. The trivalent is poorly adsorbed (<1%) across the intestinal wall (Dhanapal et al., 1990).

2.5.2  EFFECT ON PLANTS AND ANIMALS


After uptake of chromium, plants inhibit its metabolic processes and ultimately reduce the plant growth and development. The chromium present in sewage affects the gills of fish and causes death. Fishes located in weak solution of hexavalent chromium for a long time exhibit an orange-yellow liquid accumulation in the peritoneal cavity. Its adverse effects on fauna and flora are well documented. Symptoms like leaf rolling and tip drying were also observed (Srinivasan et al., 1988).

2.5.3 EFFECT ON HUMAN BEINGS


Cr(VI) is danger to human health, mainly for people who work in the steel, electroplating, tannery and textile industry, it can cause allergic reactions, such as skin rash. After breathing, it can cause nose irritation and nose bleeding. Chromates cause lung cancer, nasal cavity and sinuses. The rare association of lepromatous leprosy and allergic contact dermatitis due to chromium in cement industry was confirmed clinically and biologically in a male patient recently (Patnaik and Das, 1995).

2.5.4 EFFECT ON ECOSYSTEM


The main human activities that increase Cr(VI) concentrations are chemical, leather and textile manufacturing, electro plating and other Cr(VI) applications in the industry. These applications will mainly increase concentrations of Cr(VI) in water, it reduce the pH of water. 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 2296-1974 (Kannan and Vanangamudi, 1991).

2.6 TECHNIQUES FOR THE REMOVAL OF TOXIC METALS FROM INDUSTRIAL EFFLUENTS

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


a) Toxicity removal which entails an 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 process



ii)  Secondary treatment process



iii) Tertiary treatment process

2.6.1 PRIMARY TREATMENT PROCESS


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.,

2.6.2 SECONDARY TREATMENT PROCESS

In secondary treatment, the dissolved and colloidal organic matter present in waste water is removed by biological processes involving bacteria and micro organisms. 


The secondary treatment involves aerated lagoons, trickling filters, activated sludge process, oxidation ditch, oxidation pond, anaerobic digestion etc., (Patterson, 1975).

2.6.3 TERTIARY TREATMENT PROCESS


A number of more advanced tertiary treatment processes have been tested in recent years. These processes aim at improving the waste water quality to the point at which it can be reused.


Removal of dissolved inorganic solids is a major problem with waste water from industries such as fertilizers, textile processing, tannery and electro plating. 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 technologies can be employed.

· EVAPORATION

This is an expensive process. It is used only when the recovered solids or the concentrated solutions are reused. For example, some electro plating wastes. This method is also used when the volume of waste water to be treated is less.

· ION EXCHANGE
Ion exchange can be accomplished by the use of natural materials (such as zeolite) and synthetic materials (such as ion exchange resins). Cation exchange resins exchange their H+ ions for metallic cations in the solution passing through the ion-exchange column. While anion exchange resins exchange their hydroxy ions for chloride and other anions in the solution. The resins can be regenerated by treatment with sulphuric acid or sodium hydroxide. 


Ion exchange is very effective and produces high quality effluents and it is possible to mix treated water with untreated water to produce effluent of any desired quality. The cost of this treatment method has been fairly high at present (Katyl and Satake, 1998).

( REVERSE OSMOSIS

The osmotic process can be reversed, reverse osmosis can effectively remove 82-99% of heavy metals. When waste water containing dissolved solids is allowed to pass through a semi permeable membrane, at a pressure over and above the osmotic pressure of the waste water, only the water from the waste permeates through the membrane leaving behind concentrated liquor, containing the dissolved solids. This process is particularly suitable and effective for the removal of dissolved solids from waste water. The cost of the membrane and the fouling of the membranes are the major limitations of this process.

( CHEMICAL PRECIPITAION

The dissolved solids in the waste water, particularly the heavy metal ions, can be removed by precipitation as their hydroxides with cheap precipitating agent such as lime chromates in electro plating 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. 

( ELECTRO DIALYSIS

Electro dialysis is a membrane process where separation is accomplished by the selective transport of ions through ion exchange membranes, under the influence of an electrical potential applied across the membranes. It is a suitable technique described by Subramaniam (1998) for the recovery of metals from metal finishing waste waters.

( CHEMICAL REDUCTION

The techniques 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 medium.


2HCrO4-   +  3HSO3-  +  5H+                   2Cr3+  + 3SO42 -  +  5H2O

 HCrO4-    +   3Fe2+     +  7H+                     Cr3+  + 3Fe3+    +  4H2O
The precipitation occurs according to the following reaction 




Cr3+   +   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 and gold.

( ELECTRO DEPOSTITION

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

( ADSORPTION

This is one of the most widely used methods for waste water treatments. Adsorption involves accumulation of substances at solid-liquid interface. A liquid surface in contact with a solution has a tendency to accumulate a surface layer of soluble molecules, because of the imbalance of surface forces and adsorption takes place. The adsorption results in the formation of a molecular layer of the adsorbate on the surface (Eckenfelder, 1966).


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. Since activated carbon also posses an affinity for heavy metals, 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 by Watonabe Ogawa, (1929).

For liquid phase, the carbon in addition must have sufficient hardness or abrasion resistance. Hardness is particularly important for re-generable carbons as it should undergo alternate cycles of exhaustion and reactivation with minimum physical loss. The factors like carbon type, particle size distribution, 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, ranthate 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, and as these adsorbents have a distinct advantage over activated carbon because of their low cost and easy availability (Dikshit et al., 1989).

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, industrial and mining waste water resulted in a search for unconventional methods and materials. Various industrial solid wastes, agricultural byproducts and 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).

· Fly ash was used for the removal of Cr(VI) has been reported 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.

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

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

· Srivastava et al., (1987) studied the efficiency of a local fertilizers waste as a low cost adsorbent.

· A study on removal of chromium 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 Abduri Krishnaiah, 1989).
· Effective chromium removal from acidic electro plating waste water has been achieved by coconut shell based activated carbon is almost completed (94%) after four hours of contact time at an optimum pH. (Alaerts et al., 1989).

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

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

· Dasaratha and Disya (1991) studied the removal of heavy metal from industrial effluents by using onionskin as adsorbent.

· Studies on the removal of Cr(VI) from waste water by Feldspar exhibit the maximum removal (91%) was observed at 40oC and pH 2.5 (Dhyiredra et al., 1992).

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

· Removal of Cr(VI) by using Mangifera indica leaves. The maximum adsorption was found at high dosage (Singh et al., 1993).

· M. Vasanthy et al., (1993) investigated the removal of chromium using various adsorbents. Chromium removal efficiency was 90.4% and 94.5% respectively for Thespesia populnea 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 Acacia arabica bark exhibit good adsorption potential at pH 2.0 (Singh et al., 1994).

· Four organic wastes such as saw dust, sugar cane pulp, sugar cane basses and maize cob have been tested as parental adsorbents for Cr(VI) (Sharma D.C. 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 et al., 1995).

· Removal of Cr(VI) from electro plating effluent by activated charcoal revealed that the removal of Cr(VI) is 100% at pH 4.0 (Z.M. Siddiqi,  1995).

· Singh and Lal (1996) has been used the waste tea leaves as adsorbent for the removal of Cr(VI) was observed at peak value at pH-2.0.

· Use of coconut fibre pith-based predo-activated carbon for chromium(VI) removal was reported by G.N. Manju et al., (1997). The adsorption process is exothermic with a maximum adsorption of 99.2% at 30oC for an initial concentration of 50 mg/l-1 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 1.0.

· Activated carbon derived from rice husk, ground nut husk Srinivasan et al., (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 adsorption potential for Cr(VI) with a maximum pH 1.3.

· Removal of chromium (VI) from electro plating industry waste water using bagasse fly ash has been studied by Vinoth K. Gupta et al., (1999).

· S. Dahbi et al., (1999) has studied the removal of Cr(VI) from waste water by bone charcoal. Chromium removal efficiencies higher than 90% were achieved at pH 1.0.

· Cr(VI) adsorption by lign in has been studied by S.B. Lalvani et al., (2000).

· Adsorption of Cr(VI) was studied as a function of pH by using wollastonite as adsorbent. Maximum adsorption was found at pH 2.0 (Sharma, 2001).
· Phosphoric acid impregnated tea leaves carbon was used as an adsorbent for the removal of Cr(VI) (Singh et al., 2001).
· Removal of Cr(VI)  by utilization of Bodi leaves. The removal was found to depend on contact time, different temperature and initial concentration of the adsorbate (Srivastava et al., 2001).
· Impact of Cr(VI) pollution from industrial effluents and its biochemical monitoring. Removal efficiency varies from 75 to 80% in a Bingel batch study using salvinia, a common aquatic weed (S. Ayoob, 2001).
· Adsorption of Cr(VI) on Azadirachta indica leaf powder has been studied by Arunima Sharma et al., (2004). The adsorption of 87% was obtained at pH 5.5.

· M. Aoyama et al., (2004) has studied biosorption of Cr(VI) on Japanese cedar bark.

· The affinity of Mg/Fe hydrotalcite like compound (HTLC) for the removal of Cr(VI) from aqueous medium has been studied by Jasobanta das et al., (2004). Adsorption efficiency increases below pH 3.0.

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

· Mohammed Abul Hossain et al., (2005) studied optimization of parameters for Cr(VI) adsorption on used black tea leaves. 

· Biosorption of aqueous Cr(VI) by Tamarindus indica seeds has been studied by Agarwal et al., (2005).

· Cr (VI) adsorptive from aqueous solutions by nanocrystalline alcaganeite has been studied by Lazaridis et al., (2005).
· Reha Yavuz et al., (2006) studied the factors affecting the adsorption of Cr(VI) on activated carbon samples produced from Tuncbilek lignite.

· Kinetics of Cr adsorption on biomass fungi from aqueous solution has been studied by Louhabkeim et al., (2006).

· C. Namasivayam et al., (2006) studied the adsorption of Cr(VI) onto ZnCl2  activated carbon. The results show that ZnCl2 activated coir pith carbon is effective for the removal of Cr(VI) from water.

· Adsorption of Cr(VI) on cross linked chitosan beads has been studied by Zofia et al., (2006). A maximum adsorption was 1.1g Cr/g chitosan.

· E.S. Abdul – Halim et al., (2006) studied the adsorption of Cr(VI) oxyanions onto modified wood pulp and found that maximum adsorption was obtained at pH 3.0.

3. MATERIALS AND METHODS

3.1 PROJECT PLAN 

In this present investigation, removal of Cr(VI) from aqueous solution was carried out using a low cost carbon by adsorption technique. Thiruvottukai was collected from the Forest College Campus, Coimbatore. The low cost carbon was prepared from Thiruvottukai using concentrated H2SO4. Activated carbon prepared from Thiruvottukai is denoted as ACT throughout this thesis.

Description : 


Common name
-
Thiruvottukai


Botanical name
-
Crescentia cujeta L

Family 

-
Bignoniaceae

3.2 PARAMETERS STUDIED

Batch studies were conducted with ACT. The adsorption technique was used owing to its simplicity and ease of evaluating some basic parameters which influence the adsorption process.

· Determination of the effect of 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) aqueous solution 

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

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

3.3 PREPARATION OF ACTIVATED CARBON ADSORBENT

Thiruvottukai was collected from the forest college campus, Coimbatore. The rind was cut into small pieces, dried in sunlight for 5 days and further dried in a hot air oven at 60oC for 24 hours. The completely dried material was chipped and then powdered well, it is then chemically activated by treating with concentrated sulphuric acid with constant stirring and maintained for 24 hours. The carbonized material was washed well with distilled 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 airtight container for further use.

3.4 REAGENTS

All the reagents used were of analytical grade. The Cr(VI) solution was prepared by dissolving 283mg of potassium dichromate crystals in distilled water and diluted to 100ml. Complexing reagent was prepared by dissolving 500mg of diphenyl carbazide in 100ml of acetone. The reagent (0.5% in acetone) was kept in an amber bottle and used for the study. In order to assess the performance of adsorbent and to avoid interference by other elements in the waste water, the experiments were conducted with aqueous solution of Cr(VI) in distilled water.

3.5 EQUIPMENTS
· pH measurements were made with Elico pH meter.

· Digital systronics colorimeter CL 157 was used for spectrocolorimetric work.

· Genuine equipment Manufacturers mechanical shaker was used for shaking purpose.
3.6 EFFECT OF VARIATION OF CONCENTRATION ON THE ADSORPTION OF CR(VI)

100ml of Cr(VI) standard solutions containing 0.06µg / 100ml, 0.08µg / 100ml,  0.1µg / 100ml, 0.12 µg / 100ml of chromium 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 pH 6.5 ± 0.02. The solutions were filtered and Cr(VI) concentrations were estimated colorimetrically as in appendix – 2.

3.7 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 and 5.0. The pH of the solution was adjusted using diluted hydrochloric acid and sodium hydroxide and it was measured using pH meter. 100ml samples containing 0.1mg of Cr(VI) were contacted with a 100mg of adsorbent and the pH of the solution was altered. These solutions were shaken for various time intervals (10 to 180 minutes) in an electrical horizontal shaker. The solutions were filtered and analyzed colorimetrically to find the adsorption potential.

3.8 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 pH 

3 ± 0.02. The system was equilibrated thoroughly on a horizontal shaker at room temperature for 10 to180 minutes. Then the solutions were filtered and analyzed colorimetrically.

4. RESULTS AND DISCUSSION


The experiment 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 verify adsorption characteristics. 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 for the treatment of aqueous solution containing Cr(VI). The parameters which influence the extent of adsorption such as concentration of the adsorbate, contact time, pH and adsorbent dosage were investigated.

4.1 EFFECT OF VARIATION OF INITIAL CONCENTRATION OF Cr(VI) SOLUTION ON ADSORPTION OF Cr(VI) FROM AQUEOUS SOLUTION

The adsorbate concentrations were varied from 0.06mg/l to 0.12mg/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 is given in table 1. The figure shows an increasing (33.4 to 47.8%) percentage removal of Cr(VI) when concentration of adsorbate was varied from 0.12 to 0.06mg/l. This may be probably be 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 chromium corresponding to an increased initial adsorbate concentration.

4.2 EFFECT OF CONTACT TIME ON ADSORPTION OF Cr(VI)


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 1). From the table 1, it is evident that for maximum removal 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.

4.3 EFFECT OF pH VARIATION


In order to optimize the pH for maximum Cr(VI) removal efficiency, experiments were conducted with 100ml of 0.1mg/l of Cr(VI) solution containing 100mg adsorbent by varying the pH from pH 3 to pH 5 at various contact time and the results are depicted in table 2 and figure 2. The results indicated a maximum adsorption ((100%) at pH 3.0. The decrease in adsorption at high pH may be due to the negative charges on the surface of the adsorbent repelling the negatively charged chromate ions in solution.

4.4 EFFECT OF ADSPRBENT DOSAGE


The effect of variation of adsorbent dosage was determined by varying the adsorbent dosage from 40mg to 100mg. The results have been tabulated in table 3. It is evident from the table that adsorption potential of the adsorbent increases with increasing the dosage. Figure 3 is a plot of dosage of adsorbent Vs adsorption potential. The maximum adsorption was found at the adsorbent dosage of 120mg. The increase in percent adsorption with increase in the adsorbent dosage which may be due to the availability of more surface area of the adsorbent for adsorption of Cr(VI) species.

4.5 KINETIC MODELLING USING LAGERGREN EQUATION


The rate constant of adsorption was calculated (table 4) using the following model proposed by Lagergren for a first order process.


log (qe - q)
=
log qe – Ka / 2.303 x 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 adsorption studied which is evaluated from the slope at linear plot i.e., log (qe - q) Vs ‘t’ shows the validity of Lagergren equation and suggests that removal of Cr(VI) obeys first order kinetics. The rate constant Ka for different concentrations is given below.

	Concentration 

in mg / l
	Ka minute -1

X 10-3

	0.06
	13.6088

	0.08
	9.6953

	0.1
	9.7364

	0.12
	9.8283



The linearity of the plot of log (qe - q) Vs ‘t’ shows the applicability of Lagergren equation to the adsorption studies and thus Cr(VI) adsorption obeying first order kinetics figure 4 and table 4.

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.

4.6.1 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 one molecule. Thus the adsorbed layer will be one molecule thick. Further, it is assumed that all the adsorption sites have equal affinities for the adsorbent and that the presence of adsorbed molecules at one site will not affect the adsorption of molecules at an adjacent site. 

The Langmuir adsorption isotherm is commonly given by,

x / m
=
(k11Ce / 1 + k1Ce)

where, x
-
amount of Cr(VI) adsorbed (mg/l)


m
-
weight of adsorbent (mg)


Ce
-
concentration of Cr(VI) at equilibrium

k1 and k
-
constants

On rearranging,

       1            =               1             +          1  

     x/m                       k11 / k1                 k11Ce


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


The slope, intercept and separation factor values are calculated and given in the table 5.


The validity of the Langmuir adsorption isotherm was verified by linear regression coefficients (table 5).


The linear plots of 1/Ce Vs m/x (figure 5) shows the applicability of Langmuir model for the present system indicating the formulation of monolayer coverage of adsorbate on the surface of the adsorbent.

4.6.2 SEPARATION FACTOR - RL

The essential characteristics of Langmuir 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
	Unfavourable

	RL = 1
	Linear

	RL< 1
	Favourable


The value of RL decreased with increasing concentration in table 5.


This showed the feasibility of the process at all initial concentration of Cr(VI).

4.6.3 FREUNDLICH ADSORPTION ISOTHERM


Attempts were made to fit the data in to Freundlich adsorption isotherm (table 6).


The equilibrium data at room temperature has been processed in accordance with Freundlich adsorption isotherm given by the equation, 



x/m
=     Kf Ce 1/n

     log x/m
=     log Kf    +     1/n log Ce

where x/m is the amount of Cr(VI) adsorbed on unit weight of adsorbent in equilibrium with Ce, the concentration of solute in aqueous solution.


The linear form of Freundlich isotherm at room temperature is plotted between log x/m Vs log Ce for different concentrations of the aqueous solution of Cr(VI) solution with the 100mg of the adsorbent. Kf and 1/n values are evaluated from the slope and intercept respectively i.e., figure 6.


The Freundlich parameters Kf and 1/n are indicators of adsorption capacity and adsorption intensity respectively. The values have been incorporated in table 6.

TABLE – 1

ADSORPTION POTENTIAL OF Cr (VI) WITH VARIATION OF INITIAL CONCENTRATION OF Cr (VI) SOLUTION

Conditions:


Adsorbent dosage
-
100mg


pH


-
6.5 ( 0.02


Temperature

-
32oC


Contact time

-
10 to180 minutes

	Time in minutes
	% Adsorption

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

	10
	11.7
	9.7
	5.8
	4.8

	20
	13.9
	12.9
	11.3
	7.8

	30
	16.3
	15.0
	14.0
	9.8

	40
	19.4
	18.6
	17.8
	11.8

	50
	22.6
	20.9
	19.4
	13.7

	60
	25.8
	23.3
	22.6
	14.7

	90
	29.0
	25.6
	24.2
	17.7

	120
	35.5
	32.9
	29.0
	21.5

	150
	41.9
	38.0
	36.1
	27.4

	180
	47.8
	46.7
	43.0
	33.4


TABLE – 2

ADSORPTION POTENTIAL OF Cr (VI) WITH 

VARIATION OF pH
Conditions:


Adsorbent dosage


-
100mg


Temperature



-
32oC


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


Contact time



-
10 to180 minutes

	Time in minutes
	% Adsorption

	
	pH 3.0
	pH 3.5
	pH 4.0
	pH 4.5
	pH 5.0

	10
	62.8
	53.0
	51.0
	31.4
	13.8

	20
	64.7
	58.9
	55.0
	33.4
	15.7

	30
	74.5
	60.8
	56.9
	35.3
	17.7

	40
	78.5
	62.8
	58.8
	37.3
	19.6

	50
	82.4
	66.7
	64.7
	39.2
	21.6

	60
	86.3
	78.6
	70.4
	49.0
	23.6

	90
	88.2
	84.2
	82.4
	52.9
	29.4

	120
	98.0
	94.1
	86.9
	60.8
	33.3

	150
	100
	98.0
	90.2
	66.7
	39.2

	180
	100
	100
	98.0
	74.5
	43.2


TABLE – 3

ADSORPTION POTENTIAL OF Cr(VI) WITH 

VARIATON OF ADSORBENT DOSAGE
Conditions:


Temperature



-
32oC


pH




-
3 ( 0.02


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


Contact time



-
10 to180 minutes

	Time in minutes
	% Adsorption

	
	40 mg
	60 mg
	80 mg
	100 mg

	10
	49.0
	62.8
	63.8
	72.5

	20
	50.9
	64.7
	66.7
	74.5

	30
	52.9
	66.7
	74.5
	76.5

	40
	54.9
	70.6
	76.5
	78.4

	50
	56.8
	76.5
	80.4
	82.5

	60
	58.8
	78.4
	82.4
	86.3

	90
	64.7
	80.4
	86.3
	88.2

	120
	68.6
	82.4
	90.2
	98.0

	150
	74.5
	86.3
	92.8
	100

	180
	82.4
	94.1
	98.0
	100


TABLE – 4

KINETIC MODELLING FOR Cr(VI) ADSORPTION USING LAGERGREN EQUATION (VARIATION OF INITIAL CONCENTRATION OF Cr(VI) SOLUTION)

Conditions:


Adsorbent dosage
-
100mg


pH


-
6.5 ( 0.02


Temperature

-
32oC

	Time in seconds
	log (qe - q)

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

	10
	-1.6643
	-1.5287
	-1.4294
	-1.4644

	20
	-1.6916
	-1.5679
	-1.4989
	-1.5125

	30
	-1.7235
	-1.5958
	-1.5376
	-1.5479

	40
	-1.7685
	-1.6482
	-1.5985
	-1.5863

	50
	-1.8204
	-1.6852
	-1.6270
	-1.6263

	60
	-1.8794
	-1.7276
	-1.6903
	-1.6489

	90
	-1.9476
	-1.7726
	-1.7258
	-1.7249

	120
	-2.1319
	-1.9570
	-1.8538
	-1.8452

	150
	-2.4509
	-2.1573
	-2.1011
	-2.1426

	180
	--
	--
	--
	--

	Intercept log qe
	-1.1056
	-1.4711
	-1.4058
	-1.4073

	Slope 

-Ka/2.303 x 10-3
	-5.9092
	-4.2099
	-4.2277
	-4.2676

	Ka in minutes-1 

x 10-3
	13.6088
	9.6953
	9.7364
	9.8283


TABLE – 5

INTERPRETATION OF RESULTS OF ADSORPTION OF 

Cr (VI) IN TERMS OF LANGMUIR ISOTHERM 

FOR VARIOUS CONCENTRATIONS

	Time in minutes
	Initial conc.

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

k1/k11
	Slope

1/k11

	10
	0.06

0.08

0.1

0.12
	0.01887

0.01374

0.01061

0.00875
	0.19361

0.17241

0.14245

0.12886
	0.09748

0.07494

0.06086

0.05124
	0.0751
	6.4775

	20
	0.06

0.08

0.1

0.12
	0.01935

0.01435

0.01127

0.00903
	0.11990

0.10683

0.09689

0.08849
	0.04785

0.03632

0.02927

0.02451
	0.0623
	3.0151

	30
	0.06

0.08

0.1

0.12
	0.01991

0.01470

0.01014

0.00923
	0.11224

0.08503

0.07142

0.06109
	0.06939

0.05296

0.04282

0.03594
	0.0220
	4.4734

	40
	0.06

0.08

0.1

0.12
	0.02067

0.01535

0.01216

0.00944
	0.08590

0.07062

0.06720

0.05617
	0.04012

0.03039

0.02446

0.02047
	0.0338
	2.5080

	50
	0.06

0.08

0.1

0.12
	0.02153

0.01580

0.01240

0.00965
	0.07374

0.06082

0.05980

0.05154
	0.02825

0.02134

0.01714

0.01433
	0.0355
	1.7446


TABLE – 6

INTERPRETATION OF RESULTS OF ADSORPTION OF 

Cr (VI) IN TERMS OF FREUNDLICH ISOTHERM 

FOR VARIOUS CONCENTRATIONS

	Time in minutes
	Initial conc.

 mg/l
	log Ce
	log x/m
	Intercept
	Slope

1/n
	n

	10
	0.06

0.08

0.1

0.12
	1.7241

1.8587

1.9740

2.0578
	0.6604

0.7634

0.8463

0.8898
	-0.5344
	0.6957
	1.4374

	20
	0.06

0.08

0.1

0.12
	1.7131

1.8431

1.9479

2.0439
	0.9211

0.9713

1.01372

1.0531
	0.2365
	0.3991
	2.5056

	30
	0.06

0.08

0.1

0.12
	1.7008

1.8325

1.9344

2.0343
	0.9903

1.0406

1.0904

1.1461
	0.1921
	0.4663
	2.1445

	40
	0.06

0.08

0.1

0.12
	1.6844

1.8137

1.9148

2.0246
	1.0660

1.1510

1.1726

1.2504
	0.2021
	0.5151
	1.9413

	50
	0.06

0.08

0.1

0.12
	1.6668

1.8012

1.9063

2.01519
	1.1322

1.2159

1.2232

1.2878
	0.4463
	0.4159
	2.4044

	150
	0.06

0.08

0.1

0.12
	1.5423

1.6954

1.8055

1.9401
	1.4004

1.4829

1.5169

1.5575
	0.8073
	0.3906
	2.5601

	180
	0.06

0.08

0.1

0.12
	1.4958

1.6298

1.7558

1.9026
	1.4576

1.5725

1.6029

1.6335
	0.8670
	0.4125
	2.4242
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APPENDIX – 1
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. 

a) Cr(VI) stock solution: Dissolved 283mg dried potassium dichromate crystals in distilled water and diluted to 1000ml (0.1mg = 100mg Cr).

b) Cr(VI) working solution: 10ml of Cr(VI) stock solution is diluted to 1000ml.

c) Diphenyl carbazide solution: 500mg of diphenyl carbazide was dissolved in acetone and made up to 100ml, and was stored in a brown bottle.

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

e) 1N sodium hydroxide: 40gm of sodium hydroxide was diluted to 1 litre.

APPENDIX – 2
PREPARATION OF CALIBRATION CURVE

To compensate for possible slight losses of chromium during digestion or other analytical operation, chromium standards were treated as samples.


Accordingly measured volume of standard solution ranging from 0.06mg/l to 0.12mg/l Cr i.e., from 10ml to 100ml of standard solution were pipetted out in 100ml standard flask and added 1ml of 2N sulphuric acid, 2 drops of phosphoric acid and 1ml of diphenyl carbazide solution to each of these solutions. After 10 minutes the reddish violet colour developed was read at 540nm. Using the reagent blank absorbance was set up to zero.


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


The calibration curve is constructed by plotting absorbance versus concentration of Cr(VI) solution.
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