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ABSTRACT
The briskly decreasing quality of unpolluted and potable water system constitutes a significant concern considering the present circumstances of world’s water resources. There are many purifiers which use different techniques like filtration, distillation, boiling, chlorination and oxidation. Presently Nano technology plays an important role in water purification techniques. The advancement in technology refers to an extensive range of tools, methods and utilization which involve particles on the approximate size scale of a few to hundreds of nano meters in diameter. Nano-filtration method has advantage over other conventional methods as for the passage of water through filters low pressure is required and moreover these filters can be cleaned easily by back flushing. Different types of chemicals (like arsenic, mercury etc.), bacteria, and sediments can be removed by using Nano-technology. This review introduces the use of carbon nanotubes (CNT’s) in removal of various artificial and natural contaminants that are present in water. The review paper is important for scientists, membrane technologists, industrialists, and geographers working in water purification domains. Furthermore, it will provide some insight on the creation of cost-effective and environmentally friendly nanostructured materials for water filtration.
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INTRODUCTION
Water is in great abundance on earth, being 97% water available in the oceans and only 3% fresh water.  In reality we don’t have access to all of this 3% of fresh water because some of it is in polar icecaps and remaining is groundwater and in lakes and rivers. Increased industrialization and greater populations are further posing alarming challenges for safeguarding of fresh water and are responsible for water pollution [1-2]. In the present scenario, therefore it is one of the prime goals to purify the water and to provide access to safe drinking water globally. Few of the impurities present in the waste water are heavy metals, dissolved gases, organics, suspended impurities, microorganisms, colloids etc. [3-6]. The treatment techniques are adsorption, oxidation reduction, ion exchange, precipitation, membrane filtration, sedimentation etc. [7-10]. In water treatment system for removing impurities several methods came across time to time.  Nano technology is indeed the most popular for water filtration and desalination processes because of its flexibility of use, energy and space savings, low chemical inputs, and high efficiency [11-13]. Aside from that, the rising usage of membrane filtration can be ascribed to cheap costs and advancements in membrane quality. The principle on which the membrane filtration is based is to separate the impurities and organic and inorganic contaminants from pure water using semi-permeable membranes [14]. As a result, membranes that are being developed for water treatment need to achieve adequate water absorptivity, a well organised contaminant rejection or selectivity, good resistance to scaling, plenty of mechanical integrity. Therefore the engineers and scientists working in the waste water treatment field are continuously trying to develop good materials and techniques to improve the economy of membrane technology. 
Nanotechnology is one major area which can prove to be path breaking in overcoming all these challenges in water purification. Nanotechnology is a branch of material science [15]. In general nanotechnology contains the structures whose size range lies between 1-100 Nano-meters in at least one dimension [16]. It also involves modifying or developing materials that lie in the same range. It makes the material smaller, lighter, faster, stronger and more resistant. Nanotechnology compels the ability to frame components of accurate machine and molecular size. To put it another way, ‘nanotechnology’ alludes to the assumed ability to construct items from the bottom up, using several tools and methods that are being defined to make high geared products. 
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CNTs are a class of multifunctional nanomaterial which can be best understood by relating it to the structure of graphene. Graphene has a single 2D sheet hexagonal structure. It contains the sheet of carbon atoms. Carbon Nano tube is nothing but simply a rolled-up sheet of graphene into a tube. This structure was discovered in 1991 by a Japanese scientist Sumio Iijima and was published in the Nature [17]. The CNT is categorized into two parts generally i.e. single-walled nanotube and multi-walled nanotube. Multi walled nanotube has several walls that are further classified into two parts [18-19]. One of which is called Russian Doll and the other is Parchment. In Russian doll structure instead of having one graphene sheet, it contains several concentric cubes. In Parchment structure there is basically a single sheet but it rolls itself like a multi-walled structure. The inter-tube distance in the first one is around 3.4 Å which is same as the interlayer separation of graphite. Another classification is based on the chirality. It can be either Chiral (Handed) or Achiral (Not handed). For chiral structures mirror plane should be absent whereas in case of achiral mirror will be present. So, we can conclude that achiral will be more symmetric. So, basically the SWCNT has three types (A) Arm chair (B) Zigzag (c) Chiral or helical. These types are formed by folding of graphene sheet in three different ways. The helical SWCNT is chiral while the zigzag and arm chair are achiral. Moreover, the arm chair shows electrical conductivity and the helical SWCNT acts as semiconductor. 
The carbon Nano tubes have easy penetration power [20-21]. CNT’s have useful photoluminescence, absorption properties. They have exceptional mechanical stiffness and tensile strength. The main applications of CNTs are in breast cancer destruction, wind mill blades, filtration, CNT as Nano-cylinders, air craft stress reduction etc. [22] CNT’s are also used to trap tiny particles or ions from a solution. So, we can conclude that during filtration these can be used to separate particles of size greater than diameter of Nano tubes. CNT’s in case of Nano cylinders can be used to store the gas like H2 for energy and battery [23]. These have also been shown to absorb infrared light and may have applications in the IR optics industry as well [24]. Carbon Nano tubes show several important properties which include electron affinity and mechanical strength.  CNTs are also known for exhibiting flexibility during functionalization, which authorize these materials to make it useful for waste water operations [25-28]. Nevertheless, with the quick improvement in the advancement and use of Nano-membrane that are working with remarkable properties custom fitted to the removal of aqueous impurities and pinpoint the expected heading for future examination. 
There are various techniques available for the production of carbon Nano tubes. The best method to produce comparatively large amount of the CNT is chemical vapour decomposition [29-30]. In this method a catalyst is used and in the presence of it the carbon source is heated, so decomposition occurs hence CNTs are produced. There are several parameters that control the process like flow rate, choice of the recursive material, the temperature. Some challenges that arise from this process are that the yield is very low [31]. The principle on which adsorption is based is that it is a process where a material or various molecule or ions are deposited on a solid surface and they are physically and chemically attached to the surface [32-35]. There are four different sites where different molecules can be absorbed on the surface of carbon Nano tubes. It can be absorbed inside the carbonate tube if it is open, and can be absorbed between the channel and the CNT and the external growth or the external surfaces [36-39]. CNT can also be applied as a filler material or the membrane. After radiation of the carbon nanotubes the characteristics of membrane increase [40-42]. If the hydrophilicity is increased then the membrane gives high salt removal and antibacterial characteristics. The CNT are vertically aligned in the polymeric membrane so that the water molecule can flow beside the carbonyl tube due to hydrophobic effect [43-44]. This is because the carbonyl tube is hydrophobic furthermore the water molecule can flow through the space between the carbon nanotubes or through the poly-metric matrix itself. So, if the flux is high we can get more clean water in a shorter period of time.
Role of CNT membrane in Desalination
Desalination is basically nothing but the process of removing the salt from the surface or sea water [45-46]. It is known that generally the salt concentration found in sea water is around 35000 ppm and the target is to reduce the concentration to 500 ppm to make the water fit for drinking purpose. There are variable techniques that help to reduce the salt concentration which include thermal techniques, membrane techniques and by using carbon nanotubes etc. In this method the water flows extremely fast through the interior core of CNT. During protection of the CNT through CVD, the carbon nanotube can be deposited in a specific template and then the tips of the CNTs can be opened. It can therefore be used for the flow of various molecules or water molecules and can reject salt molecule. Another way to obtain the pure water is by aggregating the vertically aligned CNTs in which the main force that held together the carbonate is Vander Waal forces [47-49]. But the disadvantage in this process will be the low strength as the forces acting on it is very weak, and is not suitable for the application in desalination. To overcome from this problem polymer can be added in the spaces between the carbon molecules in the tubes so that they will hold the CNT together. So in case of open-ended CNT/Polymer composite membranes, the tip of the carbon nanotube must be opened and hence this will be the only channel available for the flow of water molecule. Similarly some researchers tried to form radically aligned CNTs. This is basically an in and out structure impurities stays within the system and the pure water comes out from it. 
Bucky paper CNT membranes 
Bucky paper CNT membrane has several advantages including the interconnected pore structure and high porosity. The main reason behind the introduction of CNTs Bucky paper membrane was to separate the emulsion of oil in water. For this process a polystyrene carbon nanotube Bucky paper was introduced which was effective around 99% in separating the oil in water emulsion [50-51]. The Bucky paper membrane size is mainly affected by two factors which includes the width to height ratio and surface effect. The pore size is inversely proportional to the aspect ratio [52]. 
In CNTs Bucky paper membranes two different types of pore structures are formed [53], the inter-bundle pores are of larger size and are formed between CNTs bundles. On the other hand intra-bundle pores are similar to the size of CNTs diameters. The inter-bundle pores are more effective for filtration process in comparison to intra-bundle pores because of the homogeneity of CNTs network. The pristine Bucky paper showed hydrophobic nature i.e. it was insoluble in water whereas the surface modified Bucky paper showed hydrophilic nature. These two were used for separating the oil-in-water emulsion.
Current barriers and advance research 
 Carbon nanotubes have shown an amazing wastewater treatment potential because of its exceptional properties and physiochemical characteristics. To make the carbon nanotubes useful for water filtration, the important features are the large surface area of the nanotubes, fast water treatment, easy functioning and high adsorption rates. Studies have shown that CNTs affect the respiratory system. It has also been found that CNTs also trigger lung tumour. Another challenge to concern about CNTs is its cost, specifically SWCNTs. Because of the high cost of nanotubes it is not possible to do the research on larger scale. Although it is believed that the commercial production of CNT will help in price falling. There are also some concern about the application in real water treatment and desalination. 
CONCLUSION
Carbon nanotubes have exhibited tremendous potential in water purification and there are various challenges and opportunities in case of nanotubes. Nano technology is indeed the most popular for water filtration and desalination processes because of its flexibility of use, energy and space savings, low chemical inputs, and high efficiency. Carbon nanotubes are acknowledged to break the reciprocation between membrane permeability and selectivity. Therefore these upgrade economy of membrane technology significantly. New composites based on these materials can be explored. Further research is required to discover the new applications and addressing challenges can lead to a breakthrough research in the field.
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