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1. INTRODUCTION 

 

Carbon nanotubes are molecular-scale tubes of graphitic carbon with outstanding 

mechanical, electrical, chemical and thermal properties. They are among the stiffest 

and strongest fibres known, and have remarkable electronic properties and many 

other unique characteristics. Due to these reasons they have attracted huge academic 

and industrial interest, with thousands of papers on nanotubes being published every 

year. Commercial applications have been rather slow to develop, however, primarily 

because of the high production costs of the best quality nanotubes. 

The objective of this research is to develop a process to synthesize Carbon nanotubes 

from biogas by catalyst decomposition method.  This method is known to be the 

cheapest method to produce carbon nanotubes than other two methods namely Arc 

Discharge and Laser ablation.   

In the development of the process to synthesize carbon nanotubes from biogas, this 

research focuses on the preparation of a catalyst, designing and fabricating of a 

suitable reactor and thus, proceed.  These are very challenging jobs with the currently 

available research facilities in Sri Lanka. 

This chapter gives an introduction about carbon nanotubes and outlines the objectives 

of the research. The second chapter explains the literature survey on related topics 

such as introduction to carbon nanotubes, carbon nanotubes synthesis methods and 

catalyst selection and preparation method. Chapter three outlines the development of 

the process to produce carbon nanotubes by catalytic decomposition and the catalyst 

preparation for the reaction and stipulates the high-level design of the reactor 

equipments and a set up for carbon nanotube synthesis from biogas. The fourth 

chapter is on the evaluation of the process an analysis of observations and results and 

discussion on them. The last chapter concludes the thesis with concluding remarks 

and suggesting future research work.  
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1.1. Background 

1.1.1. Challenges of Producing Carbon Nanotubes and Marketing 

Composite of Carbon Nanotube Material 

At present, however, technical applications of CNT based materials for structures are 

still far away. This is, on the one hand, due to the very high price, particularly for 

SWCNT, which amounts to approximately 500$ (50,100 LKR) per gram, depending 

on the purity and quality of the product. The high price is due to the fact that CNT 

can be produced so far only on a laboratory scale, with quantities up to 100g per day 

through different gas-phase processes (flame synthesis, catalytic CVD, electrical arc 

discharge, laser ablation, etc), and require a complex cleaning procedure. On the 

other hand, problems concerning the transfer of the molecular properties to 

macroscopic materials are also still unsolved, e.g the dispersion of CNT in composite 

matrices or spinning of CNT to macroscopic fibers. 

Before carbon nanotubes can be used in a broad range of applications, it is imperative 

to develop methods that can control the positioning, orientation, chirality, structure, 

and length of the carbon nanotubes. Because of the size of carbon nanotubes, they are 

very difficult to manipulate and orient. Producing carbon nanotubes using chemical 

vapor deposition (CVD) is the best method for controlling the morphology and 

properties, but even this method still requires sorting the nanotubes. Sufficient 

progress has been made in separating nanotubes by size, by using their buoyant 

densities. 

Direct catalytic decomposition of methane at moderate temperature is also 

synthesizing carbon nanotubes. The rate of carbon deposition is controlled by 

isothermal carbon diffusion through the metal particle (Baddour and Cedric Briens,  

2005). The catalyst is deactivated because of the active surface blocking by carbon 

deposits. Therefore avoid this issue and find a processing method with long time 

catalyst lifetime even though carbon is deposited in large quantity is necessary for 

large scale production.     

In the mechanisms of the deactivation of the catalyst for methane decomposition, the 

part of carbon atoms remain on the front surface of the nickel particles, gradually 

developing into graphite sheets. Therefore, the catalyst is rapidly deactivated at a 
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certain carbon yield in the decomposition of pure methane.  This is because of partial 

pressure of hydrogen in the catalyst bed affect the development of graphite sheets. In 

the decomposition of pure methane, the rate of carbon is decreased by gradual 

development of the graphite sheets on the nickel particles. Simultaneously, the partial 

pressure of hydrogen in the catalyst bed is decreased, which diminishes the reaction 

rate of surface carbon species with gas-phase hydrogen molecules thus causing rapid 

deactivation of the catalyst. CH4 is decomposed to carbon species on both Ni particle 

and acid site of the support, CO2 is also activated on both Ni particles and the 

support.  Methane decomposition on Ni particles takes place much faster than 

removal of the carbon species by reaction with surface oxygen species on Ni. 

Compared with pure methane decomposition the time taken is long to deactivate the 

catalyst while using carbon dioxide with methane.   

Effect of carbon dioxide co-feed on decomposition of methane over Ni catalysts is 

studied by Akinori, et al (2005) and he used carbon dioxide and methane as two 

separate supply material in his experiments. But biogas consists of these two 

materials together and composition ratio is approximately 3: 2 for methane to carbon 

dioxide.  

Sri Lanka has higher potential to produce biogas in large scale. Currently, lots of 

plants are operating in small scale to produce biogas. Therefore, biogas is selected in 

this research work to synthesize carbon nanotubes. 

1.2. Objective 

The objective of this research is to develop a process to synthesize carbon nanotubes 

from biogas containing methane and carbon dioxide over a catalyst. 

The research focuses on 

 Preparation of the catalyst   

 Design and fabrication of the equipment for decomposition of methane on 
the catalyst 

 The use of reactor and catalyst to synthesize carbon nanotubes from biogas  

The scope of this research is to find a method to synthesize carbon nanotubes 

and prepare a catalyst for the decomposition of methane using laboratory 

scale experiments. 


