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ABSTRACT
Activated carbons are made through pyrolysis and activation of carbonaceous natural as well as synthetic precursors. On activation adsorption volumes and surface areas are increased depending on activation conditions, whether physical or chemical. Activated carbons have been tried successfully in a number of advanced technologies such as adsorbents, water purification, alcohol distillation, energy storage, catalyst support, detoxification of the body etc. Activated carbons have great role in modern life and can help in providing clean environment.
INTRODUCTION
The use of carbon extends so far back into history that its origin is impossible to document. Charcoal was used for drinking water filtration by ancient Hindus in India, and carbonized wood was used as a medical adsorbent and purifying agent by the Egyptians as early as 1500 B.C. Similar uses throughout history have been reported by a variety of authors. Carbon provides materials with excellent properties for a large spectrum of industrial applications. From carbon we obtain the strongest fibres (carbon fibres), one of the best solid lubricants (graphite), one of the best electrically conducting materials (graphite electrodes). The best structural material for high temperature tribological application (carbon – carbon composites), one of the best porous gas adsorbers (activated carbon), an essentially non – crystalline impermeable material (vitreous carbon), the hardest material on earth (diamond), and now the most fascinating materials, the fullerenes (Burchell, 1999; Manocha, 2003).  
All these forms are made by meticulously choosing the raw materials and processing conditions. Modern development and use has been documented more precisely. Activated carbon was first generated industrially at the first part of the twentieth century, when carbon activated from vegetable material was produced for use in sugar refining. Cheremisinoff and Angelo, (1980) reported that powered activated carbon was first produced commercially in Europe in the early 19th century, using wood as a raw material. This carbon found widespread use in the sugar industry. In the United States, the first production of activated carbon used black ash as the source, after it was accidentally discovered that the ash was very effective in decolorizing liquids. Activated carbon has since been used for the removal of organic dyes from textile waste waters (Mantell, 1968). The objective of this article is to enlighten us on what activated carbon is, its types, methods of preparation and application.


WHAT IS ACTIVATED CARBON?
Activated carbons are carbonaceous materials with highly developed internal surface area and porosity, sometimes described as solid sponge. It is an imperfect form of graphite. The large surface area results in a high capacity for adsorbing chemicals from gases or liquids.
The word adsorb is important here. When a material adsorbs something, it attaches to it chemical attraction. The huge surface area of activated charcoal gives it countless bonding sites. When certain chemicals pass next to the carbon surface, they attach to the surface and are trapped. Differences in pore sizes affects the adsorption capacity for molecules of different shapes and sizes, and this is one of the criteria by which carbons are selected for a specific application. Porosity of activated carbon is classified by International Union of Pure and Applied Chemistry (IUPAC) into three different groups of pore sizes (Bansal et al., 1988).
Micropores: width less than 2nm
Mesopores: width between 2 and 50nm
Macropores: width greater than 50nm
Generally, activated carbons are mainly micropores, they contain meso and macropores, which are very important in facilitating access of the adsorbate molecules to the interior of the carbon particles (Ahmadpour, 1995).
The walls of the pores provide the surface layer molecules essential for adsorption. Amazingly, one pound of carbon (a quart container) provides a surface area equivalent to six football fields (Inagaki, 2000). Activated charcoal is good at trapping other carbon – based impurities (organic chemicals), as well as things like chlorine. Many other chemicals are not attracted to carbon at all – sodium, nitrates, etc. – so they pass right through. This means that an activated charcoal filter will remove certain impurities while ignoring others. It also means that, once all of the bonding sites are filled, an activated charcoal filter stops working. At that point you must replace the filter (howstuffworks.com/environmental/energy/question209.htm). Different techniques have been used to determine pore size distribution in activated carbon. These are mercury porosimetry and gas adsorption isotherms and recently, the scanning tunnelling microscopy (Inagaki, 2000).
TYPES OF ACTIVATED CARBON
Activated carbons are complex products which are difficult to classify on the basis of their behaviour, surface characteristics and preparation methods. However, some broad classification is made for general purpose based on their physical characteristics. 
Powered Activated Carbon (PAC): is a form of activated carbon with a very small particle size. Treatment involves adding PAC to water, allowing the PAC to interact with contaminants in the water, then removing the PAC by sedimentation or filtration.
Granular Activated Carbon (GAC): has a larger particle size than PAC with an associated greater surface area. Like PAC, GAC can remove trihalomethane precursors as well as taste and odorous compounds.
Extruded Activation Carbon (EAC): extruded activated carbon combines powered activated carbon with a binder, which are fused together and extruded into a cylindrically shaped activated carbon block with diameters from 0.8 to 130mm. These are mainly used for gas phase applications because of their low pressure drop, high mechanical strength and low dust content.
Bead Activated Carbon (BAC): bead activated carbon is made from petroleum pitch and supplied in diameters of approximately 0.35 to 0.80mm. Similar to EAC; it is also noted for its low pressure drop, high mechanical strength and low dust content, but with a smaller grain size. Its spherical shape makes it preferred for fluidized bed applications such as water filtration (www.nova-q.com/news/product./237-bead activated carbon-bac.html).
Impregnated Carbon: porous carbons containing several types of inorganic impregnate such as I, Ag, AI+, Mn2+, Zn2+, Fe 3+, Li +, Ca2+, have been prepared for specific application in air pollution control especially in museums and galleries. Due to its antimicrobial and antiseptic properties, silver loaded activated carbon is used as an adsorbent for purification of domestic water. Drinking water can be obtained from natural water by treating the natural water with a mixture of activated carbon and
 Al (OH)3, a flocculating agent. Impregnated carbons are also used for the adsorption of hydrogen sulphides (H2S) and thiols (SH). Absorption rates for H2S as high as 50% by weight have been reported (Boppart, 2013).
Polymer Coated Carbon 
This is a process by which a porous carbon can be coated with a biocompatible polymer to give a smooth and permeable coat without blocking the pores. The resulting carbon is useful for hemoperfusion. Hemoperfusion is a treatment technique in which large volumes of the patient’s blood are passed over an adsorbent substance in order to remove toxic substances from the blood. Charcoal hemoperfusion has been used to treat a variety of conditions, including poisoning and hepatic failure (Shalkham, et al., 2006; Winchester et al., 2007).
Others 
Activated carbon is also available in special forms such as cloths and fibres. The ‘’carbon cloth’’ for instance is used in personnel protection for the military. Its performance is particularly effective in shielding the attack of toxic chemical agents, making it ideal for nuclear, biological and chemical (NBC) protective clothing and filters (www.armytechnology.com).
Raw Materials Used for Activated Carbon
The process of activated carbon generation begins with the selection of a raw carbon source. These sources are selected based on design specifications since different raw sources will produce activated carbon with different properties. The primary raw material used for activated carbon is any organic material with high carbon content. Activated carbon can be obtained from  the following; waste tyre rubber granules, coconut shell, fertilizer waste, cassava waste, water hyacinth, tendu leaf, chicken feathers, fluted pumpkin, apricot stone shells, mango tree, orange peels, etc. (Vinod et al., 2000; Sook et al., 2002; Abia et al., 2003; Horsfall et al., 2003; Horsfall and spiff., 2004; Jahir et al., 2006; Tarawou et al.,2007; Gimba and Musa., 2007; Dilek and Oznur., 2008; Mahvi., 2008; Ekpete et al., 2010b). Characteristics of importance in choosing carbon types include pore structure, particle size, and total surface area and void space between particles (Ekpete, et al., 2011). After selection of a source, preparations for use are made.
Preparation of activated carbon
 Activated carbon can be manufactured from virtually any carbonaceous precursor (Abia et al., 2003). The production process of activated or active carbon exists in two forms. A carbonaceous source, which can exist as coal, peat, or any organic is extracted by a heating method known as pyrolysis. Once the material is carbonized, it needs to be oxidized or treated with oxygen, either by exposure to CO2 or steam, or by an acid – based chemical treatment. 
Carbonization 
Carbonization is the process of taking a carbon – rich piece of material and converting it to pure carbon through heating. This heating process, called pyrolysis, comes from an ancient technique for making charcoal. Very dense carbonaceous material is used in the beginning, because the end result needs to be extra – porous for activated carbon purposes. Thus carbonization involves thermal decomposition of carbonaceous material, eliminating non carbon species producing a fixed carbon mass and rudimentary structure (Ekpete, et al., 2011). The process is usually carried out at temperatures below 800oc in a continuous stream of inert atmosphere (Manocha, 2003). Once the porous form of carbon is produced, it needs to undergo oxidation so it can be an adsorbent. This can occur in one or two ways: gas or chemical treatment (Teng et al., 2001).
Gas or Physical Treatment 
The physical activation process comprises treatment of the solid residue obtained from pyrolysis with some oxidizing gas, generally steam or carbon (IV) oxide at high temperature. The activation of the carbon can be done directly through heating in a chamber while gas is pumped in.  This exposes it to oxygen for oxidization purposes. When oxidized, the active carbon is susceptible to adsorption, the process of surface bonding toxic chemicals out of liquids and gases. For physical gas treatment, the carbonization pyrolysis process must take place in an inert environment of 600 – 900oc. Then, an oxygenated gas is pumped into the environment and heated between 900 and 1200oc, causing the oxygen to bond to the carbon’s surface (www.thomasnet.com/articles/chemicalsproducingactivatedcarbon; Teng et al., 2001).
Chemical Treatment 
In chemical treatment, the process is slightly different from the gas activation of carbon. Carbonization chemical is prepared and the material submerged into it. The bath and its content are then heated to temperatures of 450 – 900 oC, much less than the heat needed for gas activation process. The carbonaceous material is carbonized and then activated, all at a much quicker pace than gas activation. However, some heating processes cause trace elements from the bath if only the bath is made of metal materials to adsorb to the carbon, which can result in impure or ineffective active carbon. The most commonly used chemical activating reagents are phosphoric acid, zinc chloride, potassium hydroxide, sodium hydroxide, hydrogen peroxide, oxalic acid, nitric acid etc. (Ahmedna. et al., 2000; Gimba and Musa, 2005 and Ekpete et al., 2011).
Mechanism of activation 
The structure of the pores and pore size distribution are largely dictated by the nature of the raw materials and the history of their carbonization. The temperature of carbonization and activation influences the molecular architecture of the carbonized material, leading to increase in surface area and internal pores. Disturbances in the elementary microcrystalline structure by the presence of imperfect or partially burnt off carbon layers changes the arrangement of electron cloud in the carbon skeleton. As a result, unpaired electrons may appear and this condition influences the adsorption properties of the activated carbon, especially for polar and polarizable substances (Ekpete et al., 2010a).   
Activation eliminates the disorganized carbon, exposing the aromatic sheets to the action of activation agents and leads to development of a micro porous structure. Since activation is associated with weight loss of the host carbon the extent of burnt off of the carbon material is taken as a measure of the degree of activation (Manocha, 2002).
At a particular temperature, weight loss increases linearly with activation time. Normally, in the first phase, the disorganized carbon is burnt preferentially when the burnt – off is about 10%. This results in the opening of blocked pores. Subsequently, the carbon of the aromatic ring system starts burning, producing active sites and wider pores. In the latter phase, excessive activation results in knocking down of the walls by the activated agents and a weigh loss of more than 70%. This results in an increase in transitional pores and macropores. The volume of the micropores decreases and there is no significant increase in adsorption capacity or internal surface area. At higher burnt – off, the difference in porosity created by different activating agents become more pronounced. The micropores are responsible for the large surface area of activated carbon particles and are created during the activation process. It is in the micropores that adsorption largely takes place. Most widely used commercial activated carbons have specific area of 800 – 1500m2/g as reported by Tarawou et al., (2010). 
Adsorption by activated carbons
Adsorption is formation of a gaseous or liquid layer by molecules in a fluid phase on the surface of a solid by molecular attraction of the Van der Waals type. Atoms at the surface of solids like active carbons have imbalanced forces as compared to those within the solids and, consequently, foreign molecules in a bid to satisfy this imbalance get attracted to the surface. These molecules (adsorbates) form a monolayer on the surface of the solid (absorbent). The adsorption capacity of activated carbon depends on the type of pores and the total surface area available for adsorption.
Activated carbons are characterized by their strong adsorption capacity, which can be as high as 0.6 – 0.8cm3/gm. and occur mostly in cavities of molecular dimensions called micropores. Adsorption is a dynamic process in which some adsorbates molecules are transferred from the fluid phase on to the solid surface while some are released again to the fluid state. These processes are functions of partial pressures. When the rates of two processors become equal, an adsorption equilibrium or so called adsorption isotherm is obtained. This expresses the amount of adsorbates adsorbed as a function of gas phase concentration measured by equilibrium partial pressure p/po at constant temperature. Adsorption isotherms are used to estimate surface area, pore volume in various porosity regimes, assessments of the surface chemistry of the adsorbent and fundamental information on the efficiency of industrial carbon employed in separation/purification techniques. 
APPLICATIONS
Activated carbon is used in gas and gold purification, metal extraction, water and alcohol purification, medicine, sewage treatment, air filters as in gas masks and respirators, filters in compressed air and many other applications as shown in Table 1.
Table 1: Some Applications of Activated Carbons
	States 
	Purpose 
	Applications 
	Examples 

	Gas Phase 
	Recovery 
	Gasoline vapour recovery
	Gasoline fuel recovery

	
	
	Solvent recovery
	Cyclohexane, Trichloroethane

	
	Odour removal 
	Room odour removal
	Tobacco, CO, Room filters, Toilet odour, Pet Odour

	
	
	Refrigerator 
	Deodorizer 

	
	
	Automobile 
	Cabin air filters

	
	
	Tobacco 
	Cigarette filter

	
	
	Hospital 
	Anaesthetic gas removal

	
	
	Ozone removal
	Copiers, laser printers

	
	Harmful Gas
	Closed Environment
	Dioxin removal, space ships underground CO2.

	
	Gas separation 
	Nitrogen, pressure swing adsorption (PSA)
	Nitrogen gas separation, Radioactive gas

	Liquid Phase
	Water treatment
	Factory water waste
	Cleaning waste waters

	
	
	Drinking water treatment
	Trihalomethane, chlorine, volatile organic compounds (VOCS), lead, Arsenate removal

	
	Decolourization of industrial chemicals
	Industrial use
	Sugar refinement, Pharmaceutical use, Whisky distilment

	
	Medical applications
	Medical nursing
	Kidney machine, Nursing supplies respirator

	
	Electronics 
	Electrodes 
	Double layer capacitors, Hard disk

	
	Mineral recovery
	Gold recovery 
	Gold recovery






Conclusion
Carbon in dense form utilises its outstanding mechanical, thermal and electrical characteristics in a host of applications from common lead pencil to advanced management systems for spacecraft. Its affinity to oxygen at high temperatures can be beneficially utilised in making porous activated carbons. 
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