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4. OBSERVARION AND RESULTS 
 

In the present study, SiO2 supported Ni catalyst was used for the CVD growth of 

carbon nanotubes, as it was an effective catalyst for the growth of SWNTs with 

methane CVD process. The temperature windows for the growth of CNTs with this 

kind of catalyst were in the range of 600-1000 0C (Ermakov, et.al 2002). Carbon 

nanotube products can be directly characterized with SEM which gives the 

morphology of tubes.  

 

 

The SEM images were taken by Hitachi SU6600 Analytical Variable Pressure FE-

SEM. Hitachi SU 6600 is a versatile SEM allowing observation of a wide range of 

materials at high resolution. It utilizes advanced Variable Pressure (VP) technology 

and an improved Schottky field emission electron source that provides exceptional 

imaging characteristics and high probe current with great stability. 

 

The SEM images of the sample produced in argon atmosphere with reactor 

temperature at 550 0C are shown in Figure 23. Although carbon nanotubes were not 

found in the above sample an indication of initial formation of CNTs is identified. 

Therefore it is understood that continuation of testing experiments with some 

modification of  processes parameters is necessary to promote CNTs formation.   

 

Figure 23 SEM image of carbon deposited on SiO2 and Ni sample at 550 0C 
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The factors which are influencing on the above reactions are feed gas flow rate, 

catalyst material, catalyst support material, temperature of the catalyst reaction, 

morphology of the catalyst support material and partial pressure of the reaction gas. 

It is generally accepted that in the methane decomposition on Ni catalysts, carbon 

nanotubes are formed by the dissociation of methane on the Ni metal surface, 

dissolution of the surface carbon into the Ni particles and diffusion of carbon through 

the Ni metal particle followed by deposition of carbon graphite layers on the rear side 

of the Ni particle (Baker, 1972). 

The effect of partial pressure of carbon dioxide in the reaction gas, mixtures of 

methane with various ratios were studied by Akinori nakayama ( 2005). According to 

their study the rate of carbon formation decreased with lower partial pressure of 

methane and highest carbon yield had been identified by the 3:1 mixture of methane 

and carbon dioxide. Based on Nakayama’s study result biogas was selected as the 

raw material for this study.  Biogas is a mixture of gases that is composed CH4( 40-

70 vol.%) , CO2 (30-60 vol.% ) and other gases (1-5 vol.% ) including H2 (0-1 vol.%) 

and  H2S (0-3 vol.%). The biogas which has been used in this experiment is produced 

locally and consists CH4: 60 vol. % and CO2 40 vol.%. It is assumed that H2S in the 

biogas is negligible.  

In this work research for developing process to synthesize carbon nanotubes using 

biogas has been carried out using the catalysts with nickel particles strongly anchored 

on the support surface to prevent expulsion of the nickel particles from the support. It 

is recognized that the present work aimed at synthesis CNTs should be continued 

with modification to the process parameters.   

 

 

 

 

 

 


