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ABSTRACT
From the last few decades, graphene and its derivatives have been a great deal of attention of researchers due to its remarkable chemical and physical properties.  The defect free graphene, posseses properties like high intrinsic mobility, good thermal conductivity and some excellent elasticity. The large specific surface area gives it an upper advantage in catalytic application and also, in some cases, in environmental remediation. Thus, it would be interesting to understand the different synthetic attributes of this novel material for small scale as well as industrial applications. It would be interesting to understand the different synthesis approaches in terms of small scale as well as industrial point of view as surface property and morphology has a profound influence on property of graphene sheets. The present article focuses mainly on the different approaches of fabrication of graphene and elaborates and explains the available existing techniques both fundamental as well as advanced approaches with broad classification (in terms of top down and bottom-up point of views) to corresponding subcategories, so as to impart the reader accurate idea regarding their usefulness in appropriate fields.
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1.Introduction
Owing to a great deal of novel properties, graphene has been in to the limelight from last decades. To separate the layers of graphene, the interactive “van der Waals” interactions need to be overcome [1-3]. Among different reported methods the synthesis are broadly of two types (1) the “top-down” approach and (2) “bottom-up” approach. In “top-down” approach involves tediousness in synthesis as well as low yield. On the other hand, the bottom-up method is verily suitable for different forms of graphene, with high purity, such as “nano-ribbons” and “graphene dots (so-called nanoflakes)” [4,5].  Conventional methods like CVD, micromechanical cleavage etc. In addition, the excess amount of time consumed for such fabrications keeps on hindering the voyage of its full exploration [6]. In this regard exfoliation (another alternative to micromechanical path) is highly economic and produces good yield [7]. 
These are examples of top-down methods where graphite (or any other precursor of graphene) is stripped down to graphene by chemical, physical, mechanical and thermal approaches [8,9]
2.1Method of Pyrolysis 
The pyrolysis process is widely followed for scaling up of graphene. In this method suitable percentage of sodium and ethanol are mixed which is subsequently heated in a airtight vessel above 200 0C for 3 days [10,11]. This forms a precursor, which when pyrolyzed rapidly, results in graphene sheets [12-15], of 0.1 gmm-1 [16]. Graphene of such quality are used in high density supercapacitor applications [17].

2.2Method of intercalation of graphite 
Well exfoliated graphene sheets can be achieved by intercalation of different chemical species as intercalant. Here the distance between the sheets of carbon network in graphite increased and can change the property of graphene. Depending on the necessities, different intercalants can be chosen to exfoliate the graphene sheets to different extent, to make it useful in different fields like electrical, magnetic, thermal applications [13,14].

2.3 Slicing of Nanotube 
Good quality graphene nanoribbons (few micron) can also be synthesized using carbon nanotubes as precursor [10]. Different methods to achieve this are plasma etching [14] where the nanotubes are placed in an oxidizing solution such as acidified potassium permanganate. The quality of the product can be improved by such slicing method [15].  Nanotubes can be abraded between two stacked glass surfaces under a pressure of 0.06 N/cm2, resulting in high friction by which nano tubes are sliced to yield high quality graphene. Indeed, this method is very suitable in terms of quality and purity as no chemical modification is used and purity of the product is maintained.

2.4 Mechanical exfoliation 
Mechanical exfoliation has high applicability due to its capabilities in forming high quality graphene films of lower size than tens micrometers from its precursors and hence its is considered to be one of the important techniques to produce high quality graphene sheets.  However, this method is not suitable for mass production as thickness of thus obtained graphene is non-uniform. Also, the production cost is very high as the yield is very low. The widely used method for mechanical exfoliation is ‘scotch tape’ method where graphene sheets are peeled off from the corresponding graphite. In other words, graphite is alleviated micromechanically and repeatedly to split up and hence produce thin pieces of graphene. The optically transparent films are then dissolved in acetone and studied under electron microscope or atomic force microscope, to analyze surface morphology. It has to be noted that ordinary visible light cannot be used for this purpose as the wavelength of visible light is much higher than the dimension of graphene sheets. In this regard electron microscopy, has successfully been used owing to the magnification of the order of 105 can be achieved.  It was believed that the ‘free-standing atomic planes’ does not exist [4] as this type of structures are highly unstable if scaled down to nanometer range [9]. However, with later modification, flakes of sizes larger than 1 mm could be obtained [9]. Another technique used for mechanical exfoliation is ultrasonic oscillation, where diamond edge is used to ‘scrape off’ the graphene sheets from graphite, which is identical to the method of removal of graphene from crude carbon. However, the important advantage of this method is, the control frequency of oscillation and contact pressure is possible, which induces uniform properties of the graphene sheets. Nano horns like structure around the edge of graphene has been successfully prepared by Jayasena et al. by this method. One of the major disadvantages of this method is that, it cannot be used for scaling up purpose. Usually N-methyl-2-pyrrolidone, sodium chlorate etc has been used as stabilizing liquid with a local sheer rate of around 103 s-1. This method successfully replaces the sonication method and hence low power consuming one, along with formation of defect-free and pure graphene. However, the properties of graphene sheets thus obtained is similar to that obtained in sonication method. With the use of proper solvents and surf acting agents, suitable quality of graphene can be manufactured in industrial scale.
2.4 Reduction of graphite oxide (GO) 
Graphite nanoflakes can easily be obtained by reducing chemically graphene oxide. Thus, obtained graphene can suitably use in electrodes sensors, supercapacitors, fillers in polymers, paints etc. In this method a lower degree of exfoliation can be achieved [16,17]. Although it can be exfoliated by sonication in appropriate solvents for example water, but the materials most of the times are electrically bad conductor or insulator. Thus so as to restore its conductivity, it has to be reduced through thermally or chemically. High yields of graphene can also be produced by rapid heating [18]. It has been reported that using the paper making techniques, monolayer flakes of carbon with strong bindings can be achieved which are termed as graphene oxide paper with very high tensile module [19]. The membranes of graphene or its bases are impermeable to fluids excepting water [20]. Graphene oxide has been successfully be reduced under mild condition in acidic medium at ordinary conditions [21,22]. In addition, bacteria mediated approaches has also be used with the help of biomass to reduce graphene oxide. This involves bacteria were incubated for a day at 130 rpm and 40 degree Celsius and the centrifuging the culture at ten thousand revolutions per minute to obtain the required biomass. 0.2 g of this biomass is added to the graphene oxide dispersion stirred for 3 days at 40 deg. However, graphene obtained in these methods contain lots of surface defects and is of highly impure.
Different synthetic approaches has been reported using “graphene oxide” as a “precursor” where the precursor starts getting reduced at high temperatures ( as high as up to 1500 degrees) and pressure. Such a treatment also addressed as “solvothermal” or “hydrothermal” and helps to form graphene of high crystalline order, as high temperature and pressure reduces the graphene oxide in to the formation of “graphene sheets” of few layered dimensions. The use of high pressure further helps in fabrication in terms of reduction as well as improvement in surface properties [12]. 

2.5 Exfoliation by Electrochemical methods
For exfoliation of graphene, some interesting electrochemical methods are also employed, where 0.1 M sulphuric solution is used as electrolyte. Graphite flakes and platinum wire are used anode and cathode respectively, under a voltage of 10 V. Here graphite flakes start to dissolve and graphene sheets can be obtained, which are dispersed in dimethyl formamide. Such one-pot method for exfoliation also has been used for synthesis of high quality graphene.  In this method [BMIn][BF4] is used under static potential of 15V where graphene sheets are obtained which is subsequently washed in water and alcohol to get good quality graphene sheets.

2.6 Method of Sonication 
In sonication method good quality and oxygen free graphite and graphene can be obtained [23]. This is an example of top-down approach as ultrasonic energy has been used to achieve the separation of the graphene layers stacked together in the precursor, which has high usability in polymers. As this method utilizes sonication, it may be a matter of concern as sonication utilizes lots of amount of energy [11]. Here N-methyl-pyrrolidone can be used for dispersal of graphene and the method is useful in vacuum filtration, solvent casting, drop casting, spray coating [23]. However, power consumption is a great challenge in this method as already stated. In this regard, widely used solvent is TEA (Triethanol amine) which separates graphene from graphite [49-51]. An yield of more than 70% and thickness of about 1 nm can achieved in this method.  Such high-quality graphene possesses a conductivity of as high as 5000 Sm-1 [24]. However, one of major drawbacks for the solvent mediated method is that, graphene sheets has a tendency to agglomerate and stack together. This tendency has been found to be persistent in spite of repeated sonication owing to van der Waals’ forces of attraction. In order to avoid stacking, dispersing agents and surfactants widely used before sonication. Since no chemical modification has been done, the obtained graphene sheets are of very high purity and an yield of as high as 5.3 milligrams per mL are obtained. In addition, this method comes in the category of green method, as no harmful chemicals are used [25]. Stabilizing agents used in this method are sodium dodecyl sulphate, sodium dodecyl benzene sulphonate, triethanolamine, cetryl trimethyl ammonium bromide, as they do not allow the graphene layers to stack together [25]. Sonication method has been reported using 3D hydrogel as a support for “microbe immobilization” and as a biosensor to obtain graphene oxide suspension. In a typical procedure 2mg per milliliters of graphene oxide suspension to neutral red which was sonicated for 8-10 mins. The solution was heated in a Teflon lined autoclave for five hours at 180 °C. The solution, after being cooled, filtered and washed with de-ionized water, subsequently used for characterization [26]. The de-stacking of the sheets and hence the stabilization takes place by taking advantages of pi-pi interactions.  Aromatic compounds, in this regard, can be used for prevention of graphene sheets [27,28].  In some instances, the energy of interfacial tension between two liquids (immiscible) can be utilized to prevent stacking. Water and heptane can be used for this purpose and they can lead to the formation of highly transparent graphene sheets having good electrical conductivity. Graphene is coated with on glassy surfaces with the help of chemical agents like chlorosilanes [28], which leads to formation of high-quality graphene sheets useful for solar panel formation, electronics as well as optoelectronics. The pH of the solution can be modified by addition of proper alkali such as sodium hydroxide, hydrazine etc. The solution is subsequently sonicated for 2 hours at a solution temperature of 70 0C [3].  Among the different chemicals, hydrazine reacts effectively with graphene oxide in presence of sonic radiation and removes epoxide as well as hydroxyl groups due to oxidation [3].
2.7 Methods based upon radiation
For production of graphene for very short period of time, radiation-based method are used, though the yield is very low. However, this method is highly favored as high quality of graphene can be obtained. But in industrial purposed this method is not favored as there are great deal of radiation concerns. In such processes, graphene oxides, with the help of the electron beams, reduced to graphene. 
Here, graphene oxide is taken as in water dispersion along with isopropyl alcohol in a sealed bag. To this electron beam is provided at 2 MeV and 10mA [29,30]. Thus, reduced graphene sheets are then separated by centrifugation, washed and dried. In some of the cased laser scribing is also used in a manner similar to pyrolysis. This technology has wide applicability in piezoelectric patches to harvest energy from mechanical movements and hence for devising camouflage uniforms [31].  Apart from laser Xenon flash, UV light, pulsed laser, femtosecond laser etc has been successfully used [32,33].
2.8 Ball milling process
One of the subcategories of mechanical exfoliation is ball milling which is being used for formation of homogeneous mixture as well as reduction of the particle size. Such scheme of reduction of the particle size has been explored by scientists to exfoliate the graphene sheets in graphite by chemical or magnetic assistances as well as solvent assistances [34-35]. In magnetic procedures, the magnets help in separation of metallic particles present in the precursor. Whereas the chemical technique assists in restacking prevention using pi-pi interactions [36,37], with high yield of production. Here graphene sheets of very high surface area are achievable. 
3.Different Bottom-up approaches 
3.1 Epitaxial growth on silicon carbide (SiC) 
For epitaxial growth of graphene silicon carbide is used as substrate which is supposed ot be very much ideal for uses in circuits as well as transistor components [38-40]. In this method very thin graphene sheets can be obtained. The size can range as low as fifty micrometers. In typical procedure, silicon carbide is heated above 1100 centigrade to produce epitaxially grown graphene. This method is also suitable for production of graphene flakes; however, their size depends on the size of silicon carbide wafers. The surface properties of graphene such as its mobility, thickness as well as charge carrier density can be influenced by the surface itself of silicon carbide [41], producing very weak autolocalized graphene [42]. It was noticed that, in a way similar to the peel off method, this method producing epitaxially grown graphene has very much high temperature independent mobility [13], mass less “Dirac fermions” [36]. However, in “multi-layered” “epitaxial graphene”, cohesive forces exist among the layers owing to weak van der Waals forces, which however do not impact the electronic movements, which is related to the “symmetry of interlayer interactions” [44]. Such a phenomenon is not observed in bulk graphite. It has been seen that a two-inch wafer of silicon carbide can cut off frequency around 100 giga hertz [45]. Though this method produces high quality graphene, but it requires very high production cost as silicon carbides are expensive. 
3.2Method involving Dry ice
In this method, graphene obtained by burning magnesium ribbon in a bowl containing dry ice which is covered by other dry ice. Here, magnesium completely burns in presence of carbon dioxide and the residue is kept on stirring for 24 hours in hundred milliliters of acidic solution. As both magnesium and its oxide are soluble in water, thus the mixture is filtered easily and can be washed with distilled water. Subsequently this is dried in vacuum at 100 degrees. resulting in a yield of more than 90% [46]. 
3.3 Growth from metal-carbon melts
Here a carbon source is heated at high temperature, which is taken in contact to a transition metal, which subsequently leads to melting of the metal. Subsequently the carbon starts dissolving in the molten metal, and here the temperature is lowered to decrease the solubility. This led to the precipitation of excess carbon. This is then skimmed off, producing carbons in different forms such as graphene, thick graphite as well as single graphene layers. Here the transition metal chosen often successfully, is nickel [34]. However, when Ru and Ir are used the quality of graphene produces is not up to the mark [35]. Among other synthesis techniques of this variation, CVD is widely in use. Here a film of Ni is heated higher than 900 degrees under inert atmosphere of argon along with tracaes of methane gas. The purpose of methane gas is to let the carbons present in it to be absorbed on the surface of the film. After a specific time, the methane supply is cut off and the system is cooled down, by which the carbon diffuses out of the nickel surface, forming graphene sheets [36]. Copper also has successfully been used instead of nickel at low pressure and high temperature, as atmospheric pressure could lead to multilayer deposits of graphene on both of these metals [37]. In such methods large films of graphene can be deposited [87, 90, 91]. Other gases such as ethane and propane, leads to coating of bilayers on these metals which could be ascribed to their molecular structure owing to high carbon concentration.
3.4 Technique of Deposition
Owing to their practical applicability there have been a great number of methods reported on “deposition-based methods” for graphene synthesis [22]. Thin films are known to be produced by “chemical vapor deposition techniques” [10] and owing to the large sizes of such films, they are suitably made applicable to smart windows, flexible LCD, solar cells, OLED as well as touch screen devices. Good qualities of large films of graphene can be produced by “chemical vapor deposition techniques” [5,36,38]. Through spin coatings, graphene sheets obtained which are “nanotube-reinforced”.  In addition, highly flexible, conductive a stronger graphene are obtained by using functionalized Dodecyl substrate “single wall carbon nanotubes” using spin coating and subsequent annealing. In typical methods, substrates solution of solution “DFSWCNT” and “trichloromethane” has to be dispersed on copper foil which has to be previously heated. Subsequently it needs to be annealed for more than 1000 deg but below 1100 degree for 15 minutes under the flow of hydrogen and argon gas.  The chamber pressure is maintained about 930 pascals.  The samples then required to be removed and subsequently cooled to room temperature [42,43]. As an inexpensive method for deposition of graphene in different substrates, supersonic sprays are widely used.  This method improves the quality of graphene as it is produced with little or no defects as confirmed by “ID/IG ratio” less than 0.22. [44]. In this method the droplets are subjected to “supersonic acceleration” leading to kinetic spray deposition [22]. In another method called “dip coating” graphene oxide is deposited on silica or quartz which subsequently reduced to graphene through help thermal treatment under argon or hydrogen atmosphere. This results in graphene sheets with proper control of thickness [40], which is useful for production of optoelectronic applications and solar panels. The graphene thus produced has proper optical transparency and good conductivity also thermal and chemical stability.  Graphene sheets can also be produced by “vacuum filtration” through the membranes of cellulose ester having pore size below 30 nanometers.  When the solvent is drained, the graphene oxide forms a layer on the cellulose. As the pores are blocked by graphene oxide, further passage of solvent is blocked, resulting in suspension of remaining graphene oxide to other pores. This acts more or less as a self-regulating system. Moreover, the thickness can be tamed by control of the solution concentration. When the filtration is finished, the cellulose can be dissolved by acetone. The graphene oxide obtained thus can successfully be used in lithography. The graphene oxide film thus obtained has to be reduced to graphene film through different reductants [44-46]. For an appropriate result the combined effect of vapor of hydrazine and low temperature in annealing is used [47,48]. A layer-by-layer deposition is achieved by a research group, producing a multilayer film of graphene.   Multilayer films could also be fabricated by dipping indium tin oxide coated glass slides in aqueous solution of “poly(diallyldimethylammonium) (PDDA)”. Thus, produced films have a surface positive charge. The films then washed in ultra-pure watter and dried under continuous flow of an inert gas. The positive charged substrates are then immersed in solution of “poly (sodium 4- styrenesulfonate) modified graphene sheets (PSSGS)” for a period of 30 minutes with subsequent washing and dried in oven, thus producing a uniform layered substrate.  It is known that the intensity ratio of “ID/IG” measures the degree of disorderness and average size of hybridized carbon domains and thus the value can be used to calculate the crystallite size of graphene as well as graphite. Lower the structural defects, smaller the “ID/IG” value
4. Conclusions 
The immense importance and fame of graphene is because of its advanced and useful properties and its potential towards formation of high-performance composites. High quality graphene needs upscaling which is great challenge to the researchers as this method is not suitable for its production (high quality graphene). Different top down and bottom approaches have been used by scientists and provides good quality fabrication of graphene sheets. The bottom-up approaches such as “CVD”, gives high control over quality and thickness, however is not suitable for industrial preparation. However, the graphene thus produced in such a procedure is suitable for                                                different advanced field applications like “touch screen LCD”, “OLED”, “solar panels”, etc. 
Through “top-down approach” involves the breakage of the graphene precursor such as graphite, graphene etc.  Different methods of fabrication have been utilized for such goals shearing, provide easy and “scalable” approach. The main challenge and difficulty of control and maintenance of consistence properties which is of vital importance in industrial scale production. However, a particular dimensioned graphene may not be suitable to fit all purposes and proper tunning of the quality as well as size in of great importance, which is the driving force of evolution of different methods of synthesis of graphene. And graphene synthesized by different procedures is suitable for use in different applications. As the new and advanced methods of fabrication is becoming increasingly interesting, thus it is hoped that in near future we will achieve a fair and justified balance between “quality” and “scalability”. 
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