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Following the report of the unique electronic, mechanical and thermal properties of graphene, a 
number of processes have been developed for the large scale production of graphene nanoparticles 
and films1. Among the bottom up methods, chemical vapor deposition (CVD) has been the most widely 
used2. While the application of single layer graphene in electronics and display applications has been 
well demonstrated, it is becoming evident that for larger volume applications such as in composites, 
electrochemical and energy applications, few layer graphene (FLG) containing 2-10 layers are ideal 
candidates since they combine the properties of graphene at the same time being robust and easy to 
handle. To enable the wide availability of FLG at low cost, a breakthrough in the form of a selective, 
large scale, cheap process for the production of FLG is desirable. We report here, a large scale 
substrate free fluidized bed catalytic chemical vapor deposition process for FLG powder production3.  
 
In a typical experiment,  FLG was produced by decomposition of ethylene in the 600°C-800°C range 
on a nanocrystalline (5-20 nm grain size) ternary oxide powder catalyst of the type ABO3 (where A and 
B are Fe, Ni, Co, Cu, Mn ). The carbon deposited at the end of the reaction was purified by dissolving 
the catalyst in acid. Using a judicious combination of A and B and appropriate growth parameters, it 
has been observed that the thickness of the FLG flakes could be varied between 3-20 layers. This 
process can operate on both fixed bed and fluidized bed reactors. The FLG flakes were heat treated in 
argon atmospheres at temperatures varying from 2200°C-2700°C to study the variation of domain size 
and crystallographic ordering. These variations were studied using TEM, XRD and Raman 
spectroscopy. 
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Figure 1 (a) TEM image of FLG and (b) edge of FLG under high resolution. Inset shows fourier 
transformed image of zone shown by red arrow.  1(c) Raman spectrum of FLG prepared by FB-CVD  

 
 

High resolution TEM showed thin flakes of varying thicknesses from 2-8 nm with flake sizes in the 200 
nm range. Electron diffraction of the flakes showed highly crystalline graphene layers (Fig. 1). It is 
observed that at the end of 10s, the number of layers is in the 1-5 range. A rough estimate of the 
average thickness can be obtained from the full width at half maxima of the 002 reflection in the X-ray 
powder diffraction image. Upon heat treatment at 2800°C in argon atmosphere, it was observed that 
domaine sizes increased showing a preferential development of the bi-dimensional structure but 
influenced the stacking order only marginally. 

 
Figure 1.c shows Raman spectra in the region of the 2D band recorded with two excitation energies at 
the same sample spot. The 2D spectral band caused by second-order double resonant scattering 
between two zone-boundary phonons (TO-derived) is sensitive to the presence of neighbouring layers 
and stacking order (4). The 2D band width (HWHM: 37-42 cm-1) is symmetric and not much broader 
than the Raman G band (HWHM: 29 cm-1) indicating the presence of single graphene layers with little 
interaction with neighbouring layers. The distinct combinational bands appearing as side bands in the 
region of the 2D band are defect and size induced. The relative narrow line shape shows the good 
crystallinity of the FLG. The differences in the spectral bands as a function of excitation wavelength 
are due to the variation of the dispersive behaviour of the D’ band compared to the D band.  
 
Conclusions 
 
A new process for the large scale preparation of FLG using FB-CVD has been developed. The yield 
and thickness are determined by a variety of parameters including a) catalyst composition b) crystallite 
size of the catalyst and c) the reaction conditions of the CCVD process (temperature, time, the nature 
of the carbon source and its partial pressure). A description of the synthesis and structure-property 
correlation in FLG powders prepared by this process will be presented. A possible mechanism for the 
selective growth of FLG, under reaction conditions where normally multiwalled carbon nanotubes are 
formed, will be proposed. The effect of heat treatment at 2800°C on the crystallographic ordering and 
Raman spectra will also be presented in detail.       
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