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INTRODUCTION          

1. INTRODUCTION


The term environment, which etymologically means surroundings is considered as a composite terms of the conditions in which organisms live and thus consists of air, water, soil, food and sunlight which are the basic needs of all living beings and plant life to carry on their life functions(Sharma, 2001).


Water like air is one of the most important natural resources without which life cannot exist.  Inspite of the fairly good rainfall in many part of India, the stream flows in many areas are inadequate for continuous use throughout the year, for domestic, agricultural and industrial uses, fishing and navigation etc. India has also a large coastline of about 2500 km offering a large potential for exploitation of coastal and estuarine waters for fishing, production of salt, chemicals etc.


In addition to the domestic and industrial wastes discharged into the water, pollution of the aquatic environments originate from atmospheric inputs, land drainage, seepage through land as in the case of ground water.  A wide variety of pollutants physical, biological, chemical and radiological have been identified as deleterious to human health and which can affect other living organisms (Pillai and Varshney, 1966).


The word pollution is derived from Latin word pollutinem, meaning to defile or make dirty pollution is an undesirable change in the physical, chemical or biological characteristics of our basic aminites (air, land and water) causing harmful effects on our life or that of other desirable species and cultural assets.


The word pollution is defined as any physical, biological or chemical change occurring in water which may harm or affect living organisms directly or indirectly, immediately or after a long time (Tripathi and Sudha Rani, 2001).


The substances such as hydrocarbons, naturally occurring radio nuclides, trace metals etc., exist in nature and have their own background levels of concentration they are called pollutants, when they are present in sufficient concentration and quantity in the environment as a result of processing of naturally occurring material for transformation into the products for use by man.  Heavy metals belong to this category of pollutants (Pillai and Varshney, 1966).


The term heavy metal refers to any metallic chemical element that has a relatively high density and is toxic or poisonous at low concentrations.  Examples of heavy metals include Mercury, Chromium, Cadmium, Arsenic, Thallium and Lead (Apha, 1985).


Heavy metals are natural component of the Earth’s crust.  They cannot be degraded or destroyed.  To a small extent they enter our bodies via food, drinking water and air.  As trace elements some heavy metals (e.g. copper, selenium and zinc) are essential to maintain the metabolism of the human body. However, at higher concentration they can lead to poisoning (Wotonabe and Ogawa, 1929).Heavy metal poisoning could result, for instance, from drinking water contamination (e.g. lead pipes); high ambient air concentrations near emission sources or intake via the food chain (Ajmal et al., 2001).


One of the heavy metal contaminants that have been major forms in waste water management is chromium.  In aqueous system chromium exist mostly in two oxidation states trivalent chromium (Cr (III)) and hexavalent chromium (Cr (VI)) (Vajpayee et al., 2001).


Trivalent chromium, when administered to animals in food or water, does not appear to induce any harmful effects, even when given in large doses.  Acute and chronic toxic effects of chromium are mainly caused by hexavalent compounds (Namasivayam and Holl, 2003).


Cr (VI) is introduced into the environment through industrial discharges from paints, pigments, leather tanning, electroplating, glass, ceramic, photographic, textile dyeing and canning industries.  Low-level exposure can cause kidney, liver damage and it affects nerve tissues and also cause lung tumors when inhaled (Anbalagan and Juliet, 2004).

Textile mills produce wastes containing chromium.  These wastes are produced in the khaki dyeing process where complex salts of Fe, Cr are deposited in the textile.  In the process of washing out the unfixed salts, chromium gets into the waste solution (Huang and Wu, 1975). Textile mills wastes are reported to contain chromium to the extent of 5-20 mg/l.  In textile mill effluents higher concentration of chromium was reported (20-32 mg/l) (Nagesh and Krishnainah, 1989).


Cr (VI) is a potent carcinogen producing cancer of various parts of the body.  Chromium severely affects the flora and fauna.  Cr (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 an orange-yellow liquid accumulation in the peritoreal cavity.

Due to the toxic effects of dichromate reduces the pH of water. The toxicity of chromium depends on the hardness of water.  In soft water these compounds are several times more toxic.  The maximum tolerance of Cr (VI) for public water supply is 0.05 mg/l as per Indian standards 2296-1974 (Sharma, 2001).


Because of the toxic nature of Cr (VI) various technologies are proposed for the treatment of Cr (VI) rich waste water.  Some of the conventional methods employed in the removal of Cr (VI) from waste waters are chemical precipitation, ion exchange, electrolysis, electro dialysis, evaporation, reverse osmosis, electro deposition. Owing to operational difficulties and cost of the treatment, some new methods have been tried for a long time.  Among these adsorption is a highly promising tool for removal of heavy metal such as Cr (VI) 

(Srivastava et al., 2001).


Adsorption has gained increasing importance in recent years, owing to its many advantages.  Commonly commercial activated carbon is used for removal of heavy metals. But the capital cost of setting up an effluent treatment plant   employing the principle of adsorption is very high owing to the cost of activated carbon.  Hence the research works are being carried out to bring down the cost which would be possible if a low-cost, abundantly available adsorbent is used

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. It use reduce 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, an abundantly available adsorbent have 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 laundries.

· 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 evaluate the effect of temperature on percentage of adsorption of Cr (VI) from aqueous solutions.

· To interpret the results of the study in terms of


1. Langmuir adsorption isotherm


2. Freundlich adsorption isotherm and 


3. Lagergren kinetic equation.

REVIEW OF LITERATURE

2. REVIEW OF LITERATURE


Although water is nature’s most wonderful and useful compound and it is also the most polluted one.  Water is required for the satisfactory performance of 
a) various life processes 

b) as a circulatory fluid

c) as a carrier of nourishing food etc.


Water is not only essential for the lives of animals and plants, but also occupies a unique position in industries.  After use, however it gets highly polluted (Dara, 1990).

2.1 CLASSIFICATION OF WATER POLLUTANTS


The various types of water pollutant can be broadly classified in to 

the following five major categories.

1. Organic pollutants

2. Inorganic pollutants

3. Radioactive materials

4. Suspended solids and sediments

5. Heat
2.1.1. Organic Pollutants


It may be further classified as follows:
a) Oxygen demanding wastes


These include domestic and animal sewage, biodegradable organic compounds and industrial wastes from food processing plants, meat packing plants, slaughter houses, paper and pulp mills, tanneries etc (Singh and Lal, 1992).
b) Diseases causing wastes


Waste water released from municipalities, sanitoria, tanning and slaughtering plants may be sources of bacteria or other microorganisms which are capable of producing disease in men and animals (Katyl and Satake, 1998).
c) Synthetic organic compounds


They are discharged from municipal and industrial waste waters.  The main sources of organic wastes are synthetic pesticides, synthetic detergents, food additives, paints, pharmaceuticals, insecticides, elastomers, solvents, plasticizers, plastics and other industrial chemical wastes.  Most of these chemicals are potentially toxic to plants, animals and humans (Srivastava et al., 2001).

d) Oil


Oil pollution is occurring due to sensational major spills from ships and off shore drilling rings and also from small spills.  Oil pollution results in reduction of light transmission through surface water, thereby reducing photosynthesis by marine plants.  It also causes plants and animals life (Agarwal and Kumar, 1994).

e) Sewage


It consists of soils, kitchen wastes and detergents.  If the quantity of the sewage released into the rivers is small, its organic matter is acted upon by bacteria to convert into minerals and gases.  The population of micro organisms will increase by a process of multiplication in the presence of organic food.  During this process respiratory activity is increased resulting in the increase of BOD and depletion of DO thus depriving the other fauna and flora of its oxygen requirement.  These leads to death of man and aquatic organisms (Gopal and Agarwal, 2003).

2.1.2. Inorganic Pollutants


Inorganic pollutants comprise of mineral acids, inorganic salts, finely divided metal or metal compounds, trace elements, cyanides, sulphates, nitrates, organometallic compounds and complexes of metal with organics present in natural waters.


The most toxic among the trace elements are the heavy metals such as Hg, Cd, Pb and Cr, metalloids such as As, Sb and Se. Water pollution by heavy metals occurs mostly due to street dust, domestic sewage and industrial effluents (Sodhi, 2000).

2.1.3. Radioactive Substances


Harmful radiation may result in water environment from the wastes of uranium and thorium mining and refining, from nuclear power plants and from industrial, medical and scientific utilization of radioactive materials.


The wastes from atomic reactors, hospitals etc., are most dangerous because their radioactivity cannot be destroyed at man’s will.  These wastes destroy the aquatic plants and animals to a great extent (Jackson and Jackson, 1996).

2.1.4. Suspended solids and sediments


Sediments are particles of soil and minerals which are washed from crop lands, unprotected forest soils, overgrazed pastures, strip mines, roads and bulldozed urban areas etc., by storms and flood waters.  Sediments reduce the amount of sunlight available to green aquatic plants and the population of fishes (Jain and Jain, 1997).

2.1.5. Heat


Large amounts of waters are used for cooling purposes is thermal and nuclear power plants.  Cooling water is thus discharged at a raised temperature, and some rivers may have their temperatures so high (even up to 40ºC) that fish life completely gets eliminated and the river becomes useless for assimilation (Rai and Surendrakumar, 1999).

2.2. OCCURRENCE OF CHROMIUM


Chromium occurs in nature as chrome iron ore (Chromite FeO.Cr2O3).  It is also present in soils and plants.  The amount of Chromium in sea water is 1-2.5 ppb and in earth’s crust is 200 ppm.  A human body contains 6 mg of chromium (Daratha and Disyaboot, 1991).

2.3. 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 
[image: image2.wmf]b

-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 establishes guidelines for “Essential, Safe and Adequate Daily Dietary Intake” or ESADDI of an essential vitamin and mineral.  For chromium the recommended ESADDI 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).

2.4. 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 –   Cromicoxide, Cromicsulphate


Chromium (III) compounds – Chromium (III) chloride, 



            Chromium (III)  oxide

Chromium (VI) compounds – Chromic acids, potassium dichromate, 





 Chromium (VI) oxide.

Chromium (VI) is ten times toxic than Chromium (III).

2.5. SOURCES OF CHROMIUM EFFLUENTS


The effluents from electroplating, tannery, paints, pigments, mine production, ferro chrome industries are the main sources of chromium pollution.

2.6. TOXICITY OF CHROMIUM
i) Effects 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 (Srinivasan et al., 1988).

ii) Effect on human beings


Cr (VI) is a 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, 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).
iii)  Effect on ecosystem


The main human activities that increase Cr (VI) concentrations are chemical, leather and textile manufacturing, electro plating, electro painting 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).

2.7. TECHNIQUES FOR THE REMOVAL OF TOXIC METALS 

       FROM INDUSTRIAL EFFLUENTS


The presence of toxic heavy metal ions in industrial waste water has become a matter of concern in recent years.  The toxic heavy metal ions which pose a potential danger from industrial wastes include Mercury, Lead, Copper, Cadmium, Zinc, Chromium and Nickel are removed by precipitation, reverse osmosis, electro dialysis, adsorption, ion exchange, electro deposition etc(Rao et al.,2003).



The treatment processes are generally divided into three categories

1. Primary treatment processes

2. Secondary treatment processes

3. Tertiary treatment processes

2.7.1. Primary treatment processes


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.

2.7.2. Secondary treatment processes


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).
2.7.3. Tertiary treatment processes


A number of more advanced tertiary treatment processes have been tested in recent years.  These processes aim at improving the wastewater 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 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.
· Evaporation


This is an expensive process.  It is used only when the recovered solids or the concentrated solutions are reused.  For example some electroplating 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

    
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 precipitation


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 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.
· 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 (Subramanian, 1998).
· 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 medium
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           The precipitation occurs according to the following reaction
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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 deposition


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 is regenerated.
· Adsorption


Due to the forces of attraction at an interface between two phases, a layer of different composition from that the two phases is formed, the layer is said to adsorb and the process of attraction is that of adsorption.  An adsorbed layer will have characteristic entirely of its own.  In the case of liquid-gas or liquid-liquid interfaces, the degree of adsorption can be assessed by the change of surface tension produced.  But this is not possible in the case of adsorption at a solid surface though adsorption does reduce surface energy.  Adsorption may be two kinds

· physical adsorption (physisorption)

· Chemical adsorption (chemisorption).

  (Patterson, 1975)

NON CONVENTIONAL ADSORBENTS FOR THE TREATMENT OF HEAVY METALS CONTAINING WASTE WATER


Various conventional adsorbents are widely used for removal of heavy metals from waste water.  They are highly expensive.  Hence various industrial, agricultural and miscellaneous products with adsorption affinity have been tried to remove heavy metals.  They are not only readily available but also inexpensive.

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

· According to Grover et al., (1982) an increase in Cr (VI) concentration in the aqueous solutions was found to bring about a reduction in percentage removal.

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

· Effective chromium removal from acidic electroplating wastewater 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).

· Nagesh and Krishnaia (1989) used bituminous coal as adsorbent for the removal of Cr (VI) from synthetic effluent.  The good sorption potential was found at low concentration.

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

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

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

· 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 wastewater by using acacia arabica bark exhibit 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).

· 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.

·  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 (Srinivasan and Balasubramanian, 1998), ground nut husk (Periasamy, 1991) has been used for the treatment of Cr (VI) containing wastewater.

· 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 pH-1.3

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

· Phosphoric acid impregnated tea leaves carbon was used as an adsorbent for the removal of Cr (VI), Hg (III) and Fe (III).
Singh et al., 2001.

· Removal of Cr (VI) by utilization of Bidi leaves. The removal was found to depend on contact time, different temperature and initial concentration of the sorbate.  Srivastava et al., (2001).

· Adsorption studies of heavy metals on teak leaves using thin layer and column chromatographic technique exhibit good adsorption potential at pH-2. Ajmal et al., (2001).

· Removal of Cr (III) in tannery waste water using Chinese Reed (Miscanthus Sinensis),a fast growing plant. Adsorption capacity was found to be 1.85mg/gm. Namasivayam and Holl,( 2003).

· Biosorption of hexavalent chromium by marine algae. The maximum removal of heavy metals is found at pH-2. Kiripalakshmimi et al., (2004).



MATERIALS AND METHODS

3. MATERIALS AND METHODS

3.1. PROJECT PLAN


In this present investigation removal of Cr (VI) from aqueous solution using activated carbon from waste coal (WCL) collected from nearby laundries has been studied by adsorption technique.

3.2. PARAMETERS STUDIED


Batch study was conducted with WCL.  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.

· Determination of the effect of temperature and time on the percentage adsorption of Cr (VI) from aqueous solution.

· Application of adsorption isotherms to the adsorption of Cr (VI) by batch studies.

· Kinetic interpretations.

3.3. PREPARATION OF THE ADSORBENT


Waste coal was collected from nearby laundries in Periyanaicken palayam near Coimbatore.The coal was powdered well and is chemically activated by treating the carbon with concentrated sulphuric acid with constant stirring and maintained for 24 hours.  Then the charred material was washed with distilled water for several times to remove the residual acid.  It was then dried in a hot air oven at 393ºK for 24 hours.  The dried material was ground well, sieved and packed in air tight container for further use.

3.4. REAGENTS


All the reagents used were of AR grade. The Cr (VI) solution was prepared by dissolving 283 mg of potassium dichromate crystals in distilled water and diluted to 1000 ml.  Complexing reagent was prepared by dissolving 500mg of Diphenyl carbazide in 100 ml of acetone.  In order to assess the performance of adsorbent and to avoid interference by other elements in the waste waster, the experiments were conducted with aqueous solution of Cr (VI) in distilled water. 

3.5. EQUIPMENTS

· pH measurements were made with Elico-110 pH meter.

· Digital systronics colorimeter 112 was used for spectrocolorimetric work.

· Neolab shaking bath was used for shaking purpose.

3.6. BATCH EXPERIMENTS


To study the adsorption capacity of the adsorbent WCL, batch experiments were carried out.  Though industrial operations are not carried out batch wise these are simpler and effective in evaluating the basic parameters affecting the adsorption.

3.6.1. Effect of varying concentration on the adsorption of Cr (VI)                                                           


100 ml of Cr (VI) standard solutions containing 0.06
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g/100 ml, 
0.08
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g/100 ml, 0.1
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g/100 ml, 0.12
[image: image9.wmf]m

g/100 ml of chromium was added with 100 mg of WCL 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 6.3±0.02.  The solutions were filtered and Cr (VI) concentrations were estimated colorimetrically as in appendix 2.

3.6.2. Effect of varying pH on the adsorption of Cr (VI)


The optimum pH for the maximum Cr (VI) adsorption was found by varying the pH from 3.5 to 6.3±0.02.  The pH of the solution was adjusted using dilute hydrochloric acid and sodium hydroxide and it was measured using pH meter.  100 ml samples containing 0.1 mg of Cr (VI) were contacted with a 100 mg of adsorbent and the pH of the solution was altered.  These solutions were shaken for one hour in an electrical horizontal bench shaker.  The solutions were filtered and analyzed colorimetrically, to find the adsorption potential.

3.6.3. Effect of varying adsorbent dosage on the adsorption of Cr (VI)         

         
100 ml of the Cr (VI) standard solutions containing 0.1 mg of

Cr (VI) was taken in Pyrex bottles containing 60, 80, 100 and 120 mg of the adsorbent at pH 6.3±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.

3.6.4. Determination of the effect of temperature on adsorption    

         of Cr (VI)


100 ml of the standard solution containing 0.1 mg of the chromium was shaken with 100 mg of adsorbent taken in a temperature controlled electrical horizontal bench shaker for various time intervals. The temperature was altered to 303ºK, 308ºK and 313ºK.  The respective suspensions were analysed colorimetrically and concentrations of Cr (VI) were calculated.

3.7. Adsorption isotherms and kinetic Interpretations


The process of adsorption of Cr (VI) was interpreted using the

Langmuir adsorption isotherm, Freundlich adsorption isotherm and Lagergren Kinetic equation.

                                                               RESULTS AND                                   
                           DISCUSSION


4. RESULTS AND DISCUSSION


In the present investigation activated carbon prepared from locally available economical adsorbent namely waste coal collected from nearby laundries (WCL) has been used.  Prior to adsorbent studies, the adsorption potential of the adsorbent was enhanced by activation with concentrated sulphuric acid.

4.1. EFFECT OF VARIATION OF INITIAL CONCENTRATION

OF Cr (VI) SOLUTION ON ADSORPTION OF Cr (VI) FROM                      AQUEOUS SOLUTION


The study of variation of initial concentration of Cr (VI) showed that there is a significant decrease in percentage adsorption of Cr (VI) from 75-66% with increase in initial concentration of Cr (VI) from 0.6mg/l to 1.2mg/l at constant pH 6.3±.02.  The results have been portrayed in Table-1.


The extent of Cr (VI) removal is highly concentration dependent, and with increase in concentration the ratio of initial number of moles of Cr (VI) to the available adsorption sites becomes fewer and hence the extent of Cr (VI) removal depends on the initial concentration.

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


Effect of 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 shaking 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 [fig.1] are smooth and continuous indicating the formation of monolayer coverage of adsorbate on outer surface of adsorbent.  

4.3. EFFECT OF pH VARIATION


Effect of pH on the adsorption of Cr (VI) on waste coal is useful for the fixation of the optimum pH for the removal of Cr (VI) from the aqueous solution onto the surface of the adsorbent.  The pH of the aqueous solution is an important controlling parameter in the adsorption process and thus the role of hydrogen ion concentration was examined from solution at different pH covering a range of 3.5 to 6.3±.02.  The results have been depicted in table-2.


The results indicate that the process of adsorption of Cr (VI) on the activated adsorbent is highly pH dependent.  It is also well evident from Table 2.  The maximum adsorption of Cr (VI) (90%) was found at pH-3.5 [fig-2].

4.4. EFFECT OF ADSORBENT DOSAGE


The effect of variation of adsorbent dosage was determined by varying the adsorbent dosage from 60 mg to 120 mg.  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 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.

4.5. EFFECT OF TEMPERATURE


Temperature affects the adsorption rate by altering the molecular interactions and the solubility.  The uptake of Cr (VI) in the present studies was found to increase as the temperature was raised from 303ºK-313ºK (fig-4).The results are graphically portrayed in fig-4.  The maximum adsorption was founded 313ºK (fig-4). 


The enhanced adsorption of Cr (VI) is due to change in size of pores and enhanced rate of intraparticular diffusion.


At higher temperature the increased adsorption could be due to the weakening of water-adsorbent bond, the Cr (VI) - Cr (VI) interactions and the water – Cr (VI) interaction.

4.6. KINETIC MODELLING USING LAGERGREN EQUATION


The rate constant of adsorption was calculated (Table-5) using the following model proposed by Lagergren for a first order process.

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


Where,

q and qe are the amount of Cr(VI) adsorbed at time t at equilibrium.

Ka is the rate constant for adsorption studies 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 minutes-1

	0.6

0.8

1

1.2
	5.1097x10-4

4.1989x10-4
3.4028x10-4
3.2342x10-4


The linearity of the plot of log (qe-q) Vs t shows the applicability of Lagergren equation to the adsorption studies which is hence obeying first order kinetics Fig-5 and Table-5.

4.7. ADSORPTION ISOTHERMS


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

4.7.1. LANGMUIR ADSORPTION ISOTHERMS


Langmuir adsorption isotherm is based on the assumption that points of valency exists on the surface of the absorbent 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
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x- Amount of Cr (VI) adsorbed (mg/l)

m- Weight of adsorbent (mg)

Ce- Concentation of Cr at equilibrium

k1 and k – constants

On rearranging
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The plot of 1/(x/m) versus 1/Ce is linear with slope equal to 
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The slope, intercept, and separation factors values are calculated.


The validity of the Langmuir adsorption isotherm was verified by linear regression coefficients (Table-7).  


The linear plots of 1/ceVs m/x (Figure-7) shows the applicability of Langmuir model for the present system indicating the formulation of monolayer coverage of adsorbate on the surface of the adsorbent.

4.7.2. FREUNDLICH ADSORPTION ISOTHERM


Attempts were made to fit the data in to Freundlich isotherm (Table-8).


The equilibrium data at room temperature has been processed in accordance with Freundlich isotherm, given by the equation,
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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 versus log Ce for different concentrations of the aqueous solution with the 100mg of the adsorbent.  K and 1/n are evaluated from the slope and intercept respectively i.e., Figure -8.


The Freundlich parameters K and 1/n are indicators of adsorption capacity and intensity respectively.  The values have been incorporated in Table-8.

4.7.3 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
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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-7.


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

TABLE-1

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

Conditions:




Adsorbent dosage – 100 mg




pH-6.3
[image: image17.wmf]±

.02




Temperature -303ºK




Contact time -180 minutes

	Time in minutes
	% Adsorption

	
	0.60 mg/l
	0.80 mg/l
	1mg/l
	1.2 mg/l

	10
	50
	46
	44
	41

	20
	51
	47
	46
	43

	30
	53
	50
	48
	45

	40
	55
	51
	49
	46

	50
	56
	52
	51
	49

	60
	60
	55
	52
	50

	90
	61
	58
	58
	53

	120
	63
	61
	62
	55

	150
	72
	71
	67
	61

	180
	75
	73
	69
	66


TABLE-2

ADSORPTION POTENTIAL OF Cr (VI) WITH pH VARIATION

 Conditions:




Adsorbent dosage – 100 mg




Temperature -303ºK




Concentration of Cr (VI) solution-1mg/l




Contact time-180 minutes

	Time in minutes
	% Adsorption

	
	pH 3.5
	pH 4.5
	pH 5.5
	pH
[image: image18.wmf]»

6.3

	10
	53
	50
	47
	44

	20
	54
	53
	49
	46

	30
	60
	56
	52
	48

	40
	62
	58
	55
	49

	50
	65
	61
	57
	51

	60
	68
	64
	59
	52

	90
	74
	70
	65
	58

	120
	81
	74
	69
	62

	150
	87
	80
	74
	67

	180
	90
	82
	76
	69


TABLE-3

ADSORPTION POTENTIAL OF Cr (VI) WITH DOSAGE

VARIATION

Conditions:                                                  

Temperature -303ºK

pH- 6.3
[image: image19.wmf]±

.02

Concentrationof Cr (VI) solution-1mg/l

Contact time-180 minutes

	Time in minutes
	% Adsorption

	
	60 mg
	80 mg
	100 mg
	120 mg

	10
	37
	41
	44
	47

	20
	38
	44
	46
	49

	30
	41
	46
	48
	51

	40
	43
	48
	49
	53

	50
	46
	50
	51
	55

	60
	49
	51
	52
	57

	90
	55
	57
	58
	63

	120
	58
	60
	62
	65

	150
	63
	65
	67
	70

	180
	65
	67
	69
	72


TABLE-4

ADSORPTION POTENTIAL OF Cr (VI) WITH TEMPERATURE

VARIATION

Conditions:

Adsorbent dosage – 100 mg

pH-3.5

Concentration of Cr (VI) solution-1mg/l

Contact time- 180 minutes

	Time in minutes
	% Adsorption

	
	303ºK
	308ºK
	313ºK

	10
	44
	48
	53

	20
	46
	50
	55

	30
	48
	52
	58

	40
	49
	54
	61

	50
	51
	57
	63

	60
	52
	60
	65

	90
	58
	66
	71

	120
	62
	70
	75

	150
	67
	74
	81

	180
	69
	78
	84


TABLE-5

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

Conditions:

Adsorbent dosage – 100 mg

pH-6.3
[image: image20.wmf]±

.02

Temperature -303ºK

	Time in Seconds
	log (qe-q)

	
	0.60 mg/l
	0.80 mg/l
	1 mg/l
	1.2 mg/l

	600
	-2.1760
	-2.3222
	-2.3979
	-2.4771

	1200
	-2.1461
	-2.3010
	-2.3617
	-2.4471

	1800
	-2.1139
	-2.1760
	-2.3222
	-2.4149

	2400
	-2.0791
	-2.2304
	-2.3010
	-2.3802

	3000
	-2.0413
	-2.2041
	-2.2552
	-2.3222

	3600
	-3.9542
	-2.1461
	-2.2304
	-2.3010

	5400
	-3.9030
	-2.0413
	-2.0413
	-2.2041

	7200
	-3.8450
	-3.9542
	-3.8450
	-3.1461

	9000
	-3.3010
	-3.4971
	-3.3010
	-3.7781

	Intercept

log qe
	-1.9968
	-1.8485
	-2.0002
	-2.0742

	Slope

-Ka/2.303
	-2.2187x10-4
	-1.8232x10-4
	-1.4775x10-4
	-1.4043x10-4

	Ka in minutes-1
	5.1097x10-4
	4.1989x10-4
	3.4028x10-4
	3.2345x10-4


TABLE-6

KINETIC MODELLING FOR Cr (VI) ADSORPTION USING LAGERGREN EQUATION (VARIATION OF TEMPERATURE)

Conditions:

Adsorbent dosage – 100 mg

pH-6.3
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Concentration of Cr(VI) solution-1 mg/l

	Time in minutes
	log (qe-q)

	
	303ºK
	308ºK
	313ºK

	600
	-2.3979
	-2.4771
	-2.4913

	1200
	-2.3617
	-2.4471
	-2.4623

	1800
	-2.3222
	-2.4149
	-2.4149

	2400
	-2.3010
	-2.3802
	-2.3617

	3000
	-2.2552
	-2.3222
	-2.3222

	3600
	-2.2304
	-2.2552
	-2.2787

	5400
	-2.0413
	-2.0791
	-2.1139

	7200
	-3.8450
	-3.9030
	-3.9542

	9000
	-3.3010
	-3.6020
	-3.4771

	Intercept

log qe
	-2.0002
	-2.0337
	-2.0615

	Slope

-Ka/2.303
	-1.4775x10-4
	-1.6307x10-4
	-1.5561x10-4

	Ka in minutes-1
	3.4028x10-4
	3.7555x10-4
	3.5837x10-4


TABLE-7
INTERPRETATION OF RESULTS OF ADSORPTION OF Cr (VI) IN TERMS OF LANGMUIR ISOTHERM FOR VARIOUS     CONCENTRATIONS
	Time

in minutes
	Initial concentration mg/l


	1/Ce
	m/x
	Separation factor RL
	Intercept

k1/k11
	Slope

1/k11

	10
	0.6

0.8

1.0

1.2

	0.03333

0.02325

0.01785

0.01428
	3.3530x10-3
2.6490x10-3
2.2720x10-3
2.0320x10-3
	0.001708

0.001282

0.001027

0.000855
	0.001027
	0.0698

	20
	0.6

0.8

1.0

1.2

	0.03448

0.02380

0.01851

0.01470
	3.2582x10-3
2.5499x10-3
2.1990x10-3
1.9467x10-3
	0.001616

0.001212

0.000970

0.000808
	0.000971
	0.06632

	30
	0.6

0.8

1.0

1.2
	0.03571

0.02707

0.01923

0.01515
	3.0256x10-3
2.5090x10-3
2.0450x10-3
1.8033x10-3
	0.001502

0.001127

0.000901

0.000751

	0.000902
	0.05945

	40
	0.6

0.8

1.0

1.2

	0.03571

0.02564

0.01960

0.01562
	3.0408x10-3
2.4166x10-3
2.0422x10-3
1.7478x10-3
	0.001376

0.001032

0.000826

0.006880
	0.000827
	0.06199

	50
	0.6

0.8

1.0

1.2

	0.03846

0.02631

0.02040

0.01639
	2.9783x10-3
2.2959x10-3
1.9639x10-3
1.7387x10-3
	0.001361

0.001021

0.000817

0.000681
	0.000818
	0.05617


TABLE-7
INTERPRETATION OF RESULTS OF ADSORPTION OF Cr (VI) IN TERMS OF LANGMUIR ISOTHERM FOR VARIOUS     CONCENTRATIONS

	Time

in minutes
	Initial concentration mg/l


	1/Ce
	m/x
	Separation factor RL
	Intercept

k1/k11
	Slope

1/k11

	60
	0.6

0.8

1.0

1.2

	0.04166

0.02777

0.02083

0.01666
	2.8101x10-3
2.2049x10-3
1.9012x10-3
1.7211x10-3
	0.001655

0.001242

0.000994

0.000828
	0.000995
	0.04357

	90
	0.6

0.8

1.0

1.2

	0.04347

0.03030

0.02380

0.01785
	2.7009x10-3
2.0953x10-3
1.7965x10-3
1.5532x10-3
	0.001168

0.000376

0.000701

0.000534
	0.000702
	0.04598

	120
	0.6

0.8

1.0

1.2

	0.04545

0.03225

0.02631

0.01851
	2.5982x10-3
2.0206x10-3
1.7607x10-3
1.4193x10-3
	0.001014

0.000761

0.000609

0.000507
	0.000609
	0.04376

	150
	0.6

0.8

1.0

1.2

	0.05882

0.04347

0.03030

0.02173
	2.2817x10-3
1.8694x10-3
1.5156x10-3
1.2854x10-3
	0.001168

0.000876

0.000701

0.000584
	0.000701
	0.02686

	180
	0.6

0.8

1.0

1.2

	0.06666

0.04545

0.03220

0.02600
	2.2047x10-3
1.7126x10-3
1.4052x10-3
1.2614x10-3
	0.001095

0.000822

0.000657

0.000548
	0.000658
	0.02320


TABLE-8
INTERPRETATION OF RESULTS OF ADSORPTION OF Cr (VI) IN TERMS OF FREUNDLICH ISOTHERM FOR VARIOUS     CONCENTRATIONS
	Time

in minutes
	Initial concentration mg/l


	log Ce
	log x/m
	Separation factor RL
	Intercept
	Slope

   1/n
	n



	10
	0.6

0.8

1.0

1.2

	1.4771

1.6334

1.7481

1.8450
	2.4759

2.5709

2.6407

2.6994
	0.7246

0.6637

0.6122

0.5682
	1.5788
	0.6074
	1.6463

	20
	0.6

0.8

1.0

1.2

	1.4623

1.6232

1.7323

1.8325
	2.4883

2.5878

2.6553

2.7173
	0.7252

0.6644

0.6129

0.5689
	1.5836
	0.6187
	1.6162

	30
	0.6

0.8

1.0

1.2

	1.4471

1.5682

1.7160

1.8195
	2.5287

2.5979

2.6828

2.7423
	0.7387

0.6796

0.6292

0.5857
	1.6967
	0.5747
	1.7400

	40
	0.6

0.8

1.0

1.2

	1.4313

1.5910

1.7075

1.8061
	2.5171

2.6164

2.6870

2.7477
	0.7317

0.6716

0.6206

0.5769
	1.6363
	0.6154
	1.6249

	50
	0.6

0.8

1.0

1.2

	1.4149

1.5797

1.6901

1.7853
	2.5259

2.6334

2.7053

2.7674
	0.7277

0.6672

0.6159

0.5720
	1.6036
	0.6519
	1.5339


TABLE-8
INTERPRETATION OF RESULTS OF ADSORPTION OF Cr (VI) IN TERMS OF FREUNDLICH ISOTHERM FOR VARIOUS     CONCENTRATIONS
	Time

in minutes
	Initial concentration mg/l


	log Ce
	log x/m
	Separation factor RL
	Intercept
	Slope

   1/n
	n



	60
	0.6

0.8

1.0

1.2

	1.3802

1.5563

1.6812

1.7781
	2.5518

2.6496

2.7190

2.7780
	0.7485

0.6906

0.6410

0.5980
	1.7856
	0.5552
	1.8011

	90
	0.6

0.8

1.0

1.2

	1.3617

1.5185

1.6232

1.7481
	2.5741

2.6740

2.7427

2.8203
	0.7398

0.6808

0.6305

0.5871
	1.7063
	0.6373
	1.5691

	120
	0.6

0.8

1.0

1.2

	1.3424

1.4913

1.5797

1.7323
	2.5959

2.6913

2.7479

2.8456
	0.7432

0.6846

0.6345

0.5913
	1.7363
	0.6404
	1.5615

	150
	0.6

0.8

1.0

1.2

	1.2304

1.3617

1.5185

1.6627
	2.6578

2.7276

2.8109

2.8875
	0.7695

0.7146

0.6671

0.6250
	2.0040
	0.5314
	1.8818

	180
	0.6

0.8

1.0

1.2

	1.1720

1.3424

1.4913

1.6020
	2.6629

2.7594

2.8437

2.9064
	0.7691

0.7142

0.6666

0.6244
	1.9994
	0.5662
	1.7661
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SUMMARY AND CONCLUSION

SUMMARY AND CONCLUSION


The following conclusion has been drawn from the above investigations.


The present investigation reveals that the activated carbon derived from waste coal collected from nearby laundries (WCL) can be used as an efficient adsorbent for the removal of toxic Cr (VI) from aqueous solution.


The maximum adsorption of 75% of Cr (VI) was obtained with an initial concentration of 0.6mg/l of Cr (VI) solution at a contact time of 180 minutes at pH
[image: image48.wmf]»

 6.3 with 100mg of the adsorbent.

                Percentage removal of Cr (VI) increases with decrease in pH and it was found to increase from 69 to 90% for the variation of pH from 
[image: image49.wmf]»

6.3 to 3.5.  The maximum removal of Cr (VI) was observed at  pH-3.5.


Percentage removal of Cr (VI) increased from 65-72% with increasing adsorbent dosage from 60-120 mg.


Maximum Cr (VI) removal (90%) can be achieved with an optimum contact time of 180 minutes at pH 3.5 with 100mg of adsorbent when the initial concentration of Cr (VI) solution was 1 mg/l.


The percentage removal of Cr (VI) increased from 69-84% with increase in temperature from 303ºK to 313ºK. 


On applying the adsorption data to Langmuir and Freundlich adsorption isotherm equations, linear plots obtained shows that these adsorption isotherms were followed for Cr (VI) adsorption using WCL carbon.


The favourable value of RL showed the feasibility of the process at all initial concentrations (0.6mg/l, 0.8mg/l, 1mg/l, and 1.2mg/l) of Cr (VI) solution.

           Confirmation of data to the Lagergren’s rate equation   indicates first order kinetics for Cr (VI) removal using WCL.

            Thus it can be concluded that the removal of Cr (VI) from aqueous solution using adsorption technique is quite attractive and the activated carbon prepared from waste coal obtained from nearby laundries, a waste material is an effective, economical and promising adsorbent.
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APPENDICES
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 283 mg dried potassium dichromate crystals in distilled water and diluted to 1000 ml 
(0.1 mg = 100 mg Cr)

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

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

d) 0.2 N sulphuric acid: 8 ml of concentrated sulphuric acid was diluted to 1 litre with water.

e) 1 N Sodium hydroxide: 40 gm 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 0.01 mg to 0.1 mg Cr ie, from 10 ml to 100 ml of standard solution were pipetted out in 100 ml standard flask and added 1 ml of 0.2N sulphuric acid and 2 drops of phosphoric acid and 0.5 ml of diphenyl carbazide solution to each of these solutions.  After 10 minutes the reddish violet colour developed was read at 540 nm.  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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