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    When Dr. Kyzas asked me to write this preface, I was honored and thrilled to have the opportunity to introduce this outstanding work!




    I have been impressed with the promising career of Dr. Kyzas who has contributed enormously in the field of environmental technology and in particular adsorption phenomena. He has both published extensively on this subject and is well qualified to write and edit such books. Dr. Kyzas has made significant contributions in the synthesis and adsorptive evaluation of various materials during his early research career. The research potential of Dr. Kyzas is really impressive. The high-level of his research includes: (i) publication of many papers in highly Impact Factor scientific journals; (ii) oral or poster presentation in National and International Scientific Conferences; (iii) publication of many chapters in scientific books; (iv) editorship in Scientific journals; (v) reviewership in Scientific journals. However, the most impressive thing in his early scientific research career is that until the end of his Ph.D. he had published 6 papers, while the next 5 years took off his research capabilities, publishing 52 papers in high Impact Factor journals. Taking into account (i) his age; (ii) his teaching work (until now) as a.Lecturer at Technological Educational Institute of Kavala (Greece); (iii) the impressively rapid growth of his research career in a relatively young age, I can assure that Dr. Kyzas can be easily considered as one of the top-ranked young scientist of Greece.




    The book is very well organized in multiple short chapters that are beautifully illustrated both with ultrasound images and diagrams. Initially, they introduce the subject with a chapter on the different compositions of industrial wastewaters. Next, adsorption (as the major treatment of wastewater) is presented, which is a simple, rapid, and economic decontamination technique. This technique is also described in this eBook both in batch mode examples and fixed-bed ones. The following chapters introduce the synthesis of various materials used as adsorbents. These are environmental-friendly materials satisfying some basic standards of the general field of “green technology”. Examples of Pollutants removed from wastewaters with green adsorbents are then presented as dyes, heavy metals (ions), pesticides, phenols, insecticides etc. The last chapters report some useful information which can be characterized as real and practical regarding techno-economical data for the use of green adsorbents. Industrial scaling and economic perspectives are posed along with the future trend of green adsorption technology.




    This book, while very comprehensive, remains simple in its approach. It makes a very complex and rather intimidating organ accessible to both the novice and the seasoned examiner. Furthermore, this book is presented as an eBook which is a very innovative format, awaited with great anticipation. Such novel media will challenge the primacy of bulky printed books. Many books will soon be available as eBooks and carried as a small discrete thumb-drive or even downloaded perhaps on an electronic device. Electronic versions of books are the future of our industry and Dr. Kyzas has stepped up in choosing such a modern and practical display for his book.




    In conclusion, I am very excited about this eBook, not only because it is superbly organized and is well illustrated, but also because as an eBook it can be carried and propagated throughout our community much more easily than a hard copy book. Dr. Kyzas has succeeded admirably in their endeavor to produce what promises to be an outstanding resource on “Green Adsorption” technology.
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    One of the most recent trends in environmental technology is the research turn to green chemistry. It is generally accepted that one of the most promising techniques for wastewaters treatment is adsorption. On this basis, numerous adsorbent materials have been synthesized up to now. However, nowadays, there is a novel concept, which promotes the use of materials with the lowest possible cost. The economic crisis of the 2000s led researchers to turn their interest to adsorbent materials with lower cost. Attempts were already realized to use some low-cost adsorbent materials in order to initially treat synthetic aqueous solutions and then real industrial samples. In this eBook, the main scope is to describe these environmental-friendly materials namely “green adsorbents”, as I firstly introduce this term. With this term, it is meant the adsorption process using low-cost materials originated from: (i) agricultural sources and by-products (fruits, vegetables, foods); (ii) agricultural residues and wastes; (iii) low-cost sources from which most complex adsorbents will be produced (i.e., activated carbons after pyrolysis of agricultural sources).




    It is a fact that low-cost adsorbent materials belong to a hot-topic of recent literature given its economic perspective. Although they present a slightly lower adsorption capacity compared to more complex materials (i.e. polymers), their near zero cost of preparation makes them very attractive in chemical technology. In this field, some crucial factors will be developed regarding the removal of those environmental pollutants from aqueous systems with the aforementioned type of materials.




    Three main categories of environmental pollutants are discussed as: (i) dyes; (ii) heavy metals, and (iii) others (phenols, pesticides/insecticides etc). This category will be preferred to be presented as general category of “others”, because the number of published works for this type of pollutants is still limited compared to those of dyes or metals.




    Extensive comparison will be done for: (i) their adsorption capacity, showing the main models used up to now for the expression of their theoretical maximum capacity theoretically; (ii) their kinetic behavior, showing the main models used and some more specific kinetic simulations; (iii) parameters influenced by adsorption (salinity, particle size or mass of adsorbent etc); (iii) their reuse potential, given the ultimate goal of each adsorbent to be used in industrial/factorial design; (iv) fixed-bed columns; (v) the surface of those low-cost materials (comments about their characterization); (vi) economic perspectives; (vii) future trends and applicability.
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      Abstract




      The composition of industrial wastewaters is not the same for each type of effluents. Other compositions have dyeing effluents, and are drastically different from tanneries. Therefore, in this chapter a special mention is realized about the characteristics of wastewaters and various physic-chemical properties.
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      1.. INTRODUCTION




      A human after its birth is certain to produce waste. Most of this waste ends up in the form of fluids or water. Waste water generally corresponds to waste in liquid form. But in environmental terminology it refers to aqueous phase waste. This is how the term waste water has been described. A huge difficulty in this time period is the lack of uniformity in quality and composition of waste water. The reason for this is a massive expansion in different industries which are producing effluents of varying types and varieties.




      The standard, concentration and amount of wastewater are found by many inter relating determinants. Every human and industry produces different amount of wastes. An occupant’s lifestyle, outlook of life, standard of living and the various mechanics of life and style determines the form and quantity of waste produced. In homes, generally, the type of waste produced is solid and liquid. These two states of waste can be altered in their constitution and amount significantly.




      The components of the waste water cannot be illustrated by constant values as there are significant differences and dissimilarities in the volume moving per unit time and concentration of the effluents. The effluent may be in the form of a solution, a suspension or a colloid with varying degrees of solids spread throughout the effluent. The acidity or basicity of the effluents and the intensity of the colour of the effluents are also important factors. Diseased bacteria and poisoned substances maybe a part of these wastes. However, less harmful substances such as unreactive chemicals or organic waste may also be present. These effluents might be released into the sewage system considering no negative effects on the treatment methods and sewer networks occur. It might be compulsory to treat waste before release into local system and to completely treat it before releasing it into the ground.


    




    

      



      2.. Industrial Wastewater Characteristics




      Physical and chemical aspects mentioned below are for both industrial and municipal effluents.




      

        



        2.1.. Physical Characteristics




        Major physical constituents of effluents are colour, odour and temperature.




        

          



          2.1.1.. Total Solids




          The total amount of solids in effluents is made up of insoluble, suspended, and soluble solids. The amount of solid in the suspension is found by filtering, drying and weighing the residue removed from the sample. Volatile solids are combusted when residue is kindled. Some volatile solids are organic but some organic matter might not burn and some inorganic matter breaks down at high temperatures. The constituents of organic matter include proteins, carbohydrates and fats. In an average effluent 40 to 65% of the solid is suspended. Solids that settle to the bottom of the conduit can be separated from the effluent by the process of decanting or sedimentation. A unit of millimetres/litre is used to denote the amount of these solids in the effluent. Solids may also be divided into volatile solids (those that change their state at elevated temperatures) and fixed solids (those that do not do so). Most of the volatile solids are organic in nature.


        




        

          



          2.1.2.. Color




          Colour is a qualitative aspect that can be used to judge the general condition of effluent. Effluent that is light brown coloured is less than 6 hours old, while a light-to-medium grey colour is representative of the fact that the substance has undergone some degree of decolourisation or has been in the disposal system for some time. Dark grey or black coloured effluent is generally full of harmful chemicals, having undergone extensive bacterial decomposition under a lack of oxygen. The darkening of wastewater is generally due to the development of various sulphides such as ferrous sulphide. This happens as a result of combination of hydrogen sulphide with a divalent metal in the absence of oxygen. The divalent ion may be iron (Fe2+). Colour is measured by comparison with some standards.


        




        

          



          2.1.3.. Odour




          The evaluation of odour has become exponentially significant, as the general consensus towards the proper treatment of effluent in its facilities has changed. The odour of fresh wastewater is generally not that bad. A combination of odour rich compounds forms when wastewater, in the absence of oxygen, is cleaned and purified. Table 1 shows the wide varieties of stinky odours that occur in effluents.




          

            Table 1 Unpleasant odours in some industries




            

              

                

                  	Industries



                  	Origin of odours

                


              



              

                

                  	Cement works, lime kilns



                  	Acrolein, amines, mercaptans, dibutyl sulphide, H2S, SO2, etc.

                




                

                  	Pharmaceutical industries



                  	Fermentation produces

                




                

                  	Food industries



                  	Fermentation produces

                




                

                  	Food industries (fish)



                  	Amines, sulphides, mercaptans

                




                

                  	Rubber industries



                  	Sulphides, mercaptans

                




                

                  	Textile industries



                  	Phenolic compounds

                




                

                  	Paper pulp industries



                  	H2S, SO2


                




                

                  	Organics compost



                  	Ammonia, sulphur compounds

                


              

            




          


        




        

          



          2.1.4.. Temperature




          The temperature of effluent is generally greater than that of its source water. This is due to the induction of hot municipal water to it. The temperature of effluent should be noted regularly, because most treatment processes are biological in nature. Biological methods are extremely sensitive to temperature. Variation of temperature of effluent happens from time to time. This variation also occurs with a change in place. The limit of the temperature where cold is prevalent is between 7 to 18 degrees. The same limit for mildly hot locations is 13 to 24 °C.


        


      




      

        



        2.2.. Chemical Characteristics




        

          



          2.2.1.. Inorganic Chemicals




          Organic and inorganic phosphorus, nitrates, nitrites, nitrogen and free ammonia are the major chemical tests involved in this line of work. Nourishment for underwater flora generally involves the use of phosphorus and nitrogen. The importance of both these elements is due to this factor. Other tests, like pH alkalinity chloride, sulphate, are used to overview the varied treatment methods and to check whether the treated effluent can be reused or not. Trace elements, like heavy metals, are not normally measured, but they may be an important variable in the biological cleaning and purification of effluents. Every life (whether human, animal or plant) requires various degrees of trace elements, like iron, copper, zinc and cobalt, for better growth.Assessing the quantity of heavy metals is necessary where reuse of treated effluent or sludge is considered because of the production of toxic effects. Many metals are a classified as major pollutants like arsenic, cadmium, chromium, mercury, etc. For the system to be more efficient, gases like oxygen, hydrogen sulphide, methane and carbon dioxide are measured. The assessment of existence of hydrogen sulphide is not only significant because of its smell and poison ability but also because of its corrosive ability on elongated sewers on flat slopes. For checking and overseeing aerobic biological treatment processes measurements of dissolved oxygen is important. Amount of methane and carbon dioxide are noted in relation to the working of anaerobic digesters.


        




        

          



          2.2.2.. Organic Chemicals




          For determination of organic content in waste water various tests exist. Usually, the tests are divided either to measure total concentrations of organic matter greater than 1 mg/l or to calculate small concentrations in the range of 10-12 to 10-3 milligrams per litre. Processes mostly used these days for assessment of massive quantity of organic matter (greater than 1 mg/L) in effluents are the following: (i) chemical oxygen demand (COD) (ii) biochemical oxygen demand (BOD), and (iii) total organic carbon (TOC). Trace organics in the range of 10-12 to 10-3 mg/l are measured using processes like chromatography and gas mass spectroscopy. Definitive organic compounds are measured for determining the presence of major hazardous materials. The COD TOC BOD, tests are total measures of organic amount and are not a mirror to various biological analyses of the effluents. As a result, the division of effluents into various major types is useful.


        




        

          



          2.2.3.. Volatile Organic Carbons (VOC)




          On average hazardous material in soil contains Volatile organic compounds like xylenes, toluene, tri chloro ethane, and benzene, and trichloroethylene, dichloromethane in industrialized and commercialized areas. A major cause of these materials being in the soil is discharge from underground storage tanks. Prominent reason of soil VOCs are inappropriately thrown away solvents and depot built before availability of present day strict principles about the environment. Most of organic substances are considered as major hazardous materials. These include 1, 3-butadiene, polychlorinated biphenyls (PCBs), polycyclic aromatic, acetaldehyde, formaldehyde, dichloromethane polycyclic aromatic, 1, 2-dichloroethane and hexachlorobenzene (HCB). In Table 2, a list of unusually found inorganic and organic materials in industrial effluents is shown.




          

            Table 2 Substances present in industrial effluents [1].




            

              

                

                  	Substances



                  	Present in Wastewaters from:

                


              



              

                

                  	Acetic acid



                  	Acetate rayon, beet root manufact

                




                

                  	Acids



                  	Chemical manufacture, mines, textiles manufact

                




                

                  	Alkalies



                  	Cotton and straw kiering, wool scouring

                




                

                  	Ammonia



                  	Gas and coke and chem. manufacture

                




                

                  	Arsenic



                  	Sheep dipping

                




                

                  	Cadmium



                  	Plating

                




                

                  	Chromium



                  	Plating, chrome tanning, alum anodizing

                




                

                  	Citric acid



                  	Soft drinks and citrus fruit processing

                




                

                  	Copper



                  	Copper plating, copper pickling

                




                

                  	Cyanides



                  	Gas manufacture, plating, metal cleaning

                




                

                  	Fats, oils, grease



                  	Wool scouring, laundries, textile industry

                




                

                  	Fluorides



                  	Scrubbing of flue gases, glass etching

                




                

                  	Formaldehyde



                  	Synthetic resins and penicillin manufacture

                




                

                  	Free chlorine



                  	Laundries, paper mills, textile bleaching

                




                

                  	Hydrocarbons



                  	Petrochemical and rubber factories

                




                

                  	Free chlorine



                  	Laundries, paper mills, textile bleaching

                




                

                  	Mercaptans mills



                  	Oil refining, pulp

                




                

                  	Nickel



                  	Plating

                




                

                  	Nitro compounds



                  	Explosives and chemical works

                




                

                  	Organic acids



                  	Distilleries and fermentation plants

                




                

                  	Phenols



                  	Gas and coke manufacture, chemical plants

                




                

                  	Starch



                  	Food processing, textile industries

                




                

                  	Sugars



                  	Dairies, breweries, sweet industry

                




                

                  	Sulfides



                  	Textile industry, tanneries, gas manufacture

                




                

                  	Sulfites



                  	Pulp processing, viscose film manufacture

                




                

                  	Tannic acid



                  	Tanning, sawmills

                




                

                  	Tartaric acid



                  	Dyeing, wine, leather, chemical manufacture

                




                

                  	Zinc



                  	Galvanizing zinc plating, rubber processing

                


              

            




          


        


      


    




    

      



      3.. HEAVY METALS




      Wastewater streams from factories containing heavy metals are created from several diverse commercial ventures. Electroplating and metal surface treatment techniques produce critical amounts of wastewaters containing the heavy metals: cadmium, zinc, lead, chromium, nickel, copper, vanadium, platinum, silver, and titanium. These metals are formed from an assortment of uses. These uses incorporate electroplating, electro less testimonies, transformation covering, anodizing-cleaning, processing, and carving. An alternate huge point of supply of substantial metals remains results from printed circuit board (PCB) making. Tin, lead, and nickel bind plates are the most generally utilized safe over plates. Different hotspots for the metal squanders incorporate: the wood handling industry where arsenic rich wastes are developed by a chromated copper arsenate wood treatment; inorganic colour making which produces colours that contain chromium mixes and cadmium sulphide; petroleum refining which involves compounds tainted with nickel, vanadium, and chromium; and photographic operations creating film with high amounts of silver and Ferro cyanide. These generators deliver a huge amount of wastewaters, buildups, and ooze that can be labelled as a dangerous substance obliging an immediate and efficient waste removal process [2].




      

        



        3.1.. Heavy Metals and Inorganic Species




        Chromium is not that harmful to humans, plants or animals. More dangerous than chromium are the metals cadmium, lead and mercury. They are strongly attracted to sulphur and interrupt and destroy enzyme function by reacting with sulphur groups. Carboxylic acid and amino groups in protein chains are also a group of compounds boundary by heavy metals such as lead or cadmium. The ions of these metals stick to the boundaries of cells and disrupt and interfere with various reactions happening in the cell. Phosphate bio compounds are also developed and/or destroyed by these metals. A list of these heavy metals is shown in the table below (Table 3).




        

          Table 3 Heavy metals found in major industries [1].




          

            

              

                	



                	A



                	As



                	Cd



                	Cr



                	C



                	Hg



                	Pb



                	Ni



                	Zn

              


            



            

              

                	Pulp and paper mills



                	



                	



                	



                	X



                	X



                	X



                	X



                	X



                	X

              




              

                	Organic chem.



                	X



                	X



                	X



                	X



                	



                	X



                	X



                	



                	X

              




              

                	Alkalis, Chlorine



                	



                	X



                	X



                	X



                	



                	X



                	X



                	



                	X

              




              

                	Fertilizers



                	X



                	X



                	X



                	X



                	X



                	X



                	X



                	X



                	X

              




              

                	Petroleum refining



                	X



                	X



                	X



                	X



                	X



                	



                	X



                	X



                	X

              




              

                	Steel works



                	



                	X



                	X



                	X



                	X



                	X



                	X



                	X



                	X

              




              

                	Aircraft plating, finishing



                	X



                	



                	X



                	X



                	X



                	X



                	



                	X



                	

              




              

                	Flat glass, cement



                	



                	



                	



                	X



                	



                	



                	



                	



                	

              




              

                	Textile mills



                	



                	



                	



                	X



                	



                	



                	



                	



                	

              




              

                	Tanning



                	



                	



                	



                	X



                	



                	



                	



                	



                	

              




              

                	Power plants



                	



                	



                	



                	X



                	



                	



                	



                	



                	

              


            

          




        




        In water, hazardous material that is cadmium may result from industrial and mining effluents. Metal plating usually requires the use of cadmium. Cadmium and zinc are similar in chemical composition, and both change by going through geo chemical processes. In water their oxidation state is +2. The results of severe cadmium poisoning in humans are many including but not limited to: destruction of testicular tissue, high blood pressure, kidney damage, and destruction of red blood cells. The stereo-structure of the enzyme is changed when cadmium substitutes zinc causing its catalytic properties to diminish. Industrial areas usually contain Cadmium and zinc in underground water and residue effluents.




        Inorganic lead present in water is in the +2 oxidation, obtained from different industrial and mining sources. A massive contributor of atmospheric and earthly lead is Lead obtained from leaded gasoline that mostly becomes part of natural water systems. Strong lead poisoning in humans causes grave malfunction in the kidneys, reproductive system, liver, and nervous system.




        Many minerals contain mercury as trace elements, usually in continental rocks containing about 80 ppb (μg/L), or less, of it. Major commercial mercury ore is Cinnabar and red mercuric sulphide. In laboratory vacuum apparatuses requires Metallic mercury as an electrode in the electrolytic generation of chlorine gas. Organic mercury compounds were mostly used as pesticides, usually fungicides. Use of mercury by human is a major contributor to its presence in environment, for example; discarded laboratory chemicals, pharmaceutical products, batteries, broken thermometers, amalgam tooth fillings lawn fungicides. There is, occasionally, ten times more mercury in industrial waste water than in ordinary water. During 1953-1960, in the Mina Mata Bay (Japan) devastating effects of mercury poisoning were seen. Seafood eaten that originated from the contaminated bay resulted in 43 deaths. 111 other cases of mercury poisoning were also documented. Adverse effects of mercury poisoning include paralysis, neurological damage, irritability, chromosome breakage and birth defects, insanity and blindness.




        Cyanide ion, CN-, is most important inorganic molecule in effluent. Cyanide is a fatal toxin; it is present in water as HCN, a weak acid. It is strongly attracted to various metal ions, forming comparatively weaker poison Ferro cyanide, Fe(CN)64-
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