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ABSTRACT 

 

 

 

 

Since the pioneering report of discovery of carbon nanotubes (CNTs) in 1991 
by Iijima, scientists and researchers worldwide have carried out in depth 
investigations in this new family of carbon because of its myriad properties and 
potential applications. The synthesis of novel nanoscale material is the main target in 
current material science. This study investigates the effect of different types of cabon 
source and and catalyst on the type of CNTs formed via catalytic chemical vapour 
deposition (CCVD) method. Three types of carbon source i.e. acetylene, methane 
and ethanol were used for the synthesis of CNTs. The catalysts used in the synthesis 
of CNTs are monometallic, bimetallic and trimetallic derived from Fe, Co and Ni 
salts using wet impregnation method. The catalysts were characterized by scanning 
electron microscope (SEM) and energy-dispersive X-ray analysis (EDX). The 
analysis confirmed the presence of Fe, Co and Ni. The as-synthesized CNTs were 
characterized using SEM/field emission-scanning electron microscope (FE-SEM), 
EDX, Raman spectroscopy and transmission electron microscopy (TEM). This 
analysis also confirmed that all the prepared catalysts were active for the production 
of CNTs. SEM/FE-SEM analysis revealed different morphologies of CNTs were 
formed when different catalysts and carbon source were used. Raman spectra 
revealed that acetylene and methane precursor produced multi-walled carbon 
nanotubes (MWNTs) as indicated by the presence of G-band and D-band peaks. 
However, their structures were different depending on the catalysts used. Meanwhile, 
the presence of RBM peaks along with the G-band and D-band revealed that single-
walled carbon nanotubes (SWNTs) are produced using ethanol as the carbon source. 
TEM micrographs obtained confirmed that acetylene and methane produced 
MWNTs and ethanol produced SWNTs with diameter in the range of 14.74-34.59 
nm, 10.19-37.61 nm and 0.96-2.52 nm, respectively. However, Fe/Al2O3 catalyst 
selectively produced double-walled carbon nanotubes (DWNTs) when ethanol was 
used as the carbon source. Generally, this research has been successful in producing 
various types of CNTs depending on the catalyst used and the carbon source 
selected. 
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ABSTRAK 

 

 

 

 

Sejak daripada penemuan tiubnano karbon (CNT) yang pertama oleh Iijima, 
ramai saintis dan penyelidik serantau dunia sangat berminat untuk mengkaji dengan 
lebih mendalam kumpulan carbon yang baru ini kerana sifat dan aplikasinya yang 
sangat meluas. Sintesis bahan baru dalam skala nano merupakan tumpuan utama 
dalam kajian sains bahan sekarang. Kajian ini menyelidik kesan penggunaan pelbagai 
sumber karbon dan mangkin kepada jenis CNT yang terbentuk melalui kaedah 
pemangkinan pemendapan wap kimia (CCVD). Tiga jenis sumber karbon iaitu 
asetilena, metana dan etanol digunakan untuk sintesis CNT. Mangkin yang digunakan 
dalam sintesis CNT ialah monologam, dwilogam dan trilogam yang dihasilkan 
daripada garam Fe, Co dan Ni dengan menggunakan kaedah pegisitepuan basah. 
Mangkin dicirikan dengan mikroskopi imbasan electron (SEM) dan analisis 
penyerakan tenaga sinar-X (EDX). Analisis ini menunjukkan kehadiran Fe, Co dan 
Ni dalam sampel mangkin. CNT yang disintesis dicirikan dengan SEM/mikroskopi 
imbasan elektron-sinaran medan (FE-SEM), EDX, spektroskopi Raman dan 
mikroskopi elektron penyerakan (TEM). Analisis SEM/FE-SEM menunjukkan 
pelbagai morfologi CNT terhasil apabila pelbagai mangkin dan sumber karbon 
digunakan. Analysis ini juga membuktikan bahawa semua mangkin yang disediakan 
aktif terhadap penghasilan CNT. Spektrum Raman menunjukkan bahawa asetilena 
and metana menghasilkan tiubnano karbon dinding berganda (MWNT) seperti yang 
ditunjukkan dengan kehadiran puncak jalur G dan jalur D. Walaubagaimanapun, 
strukturnya berbeza bergatung kepada mangkin yang digunakan. Sementara itu, 
kehadiraan puncak RBM bersama-sama dengan jalur G dan jalur D menunjukkan 
tiubnano karbon berdinding tunggal (SWNT) dihasilkan apabila etanol digunakan 
sebagai sumber karbon. Mikrograf TEM yang diperolehi membuktikan bahawa 
asetilena and metana menghasilkan MWNT dan etanol manghasilkan SWNT dengan 
diameter 14.74-26.08 nm, 10.19-37.61 nm and 0.96-2.52 nm. Walaubagaimanapun, 
mangkin Fe/Al2O3 secara selektifnya manghasilkan tiubnano karbon berdinding dua 
(DWNT) apabila etanol digunakan sebagai sumber karbon.  
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Nanoscience and Nanotechnology 

 

 

The words nanoscience and nanotechnology both stem from the term 

nanometer, which is just a scale of measurement. A meter is about a yard, and there 

are 1,000,000,000 nanometers in a meter (1 nm = one billionth of a meter). If people 

were the size of nanometers, all of the people who ever lived on the planet could line 

up within a parking space. So what is a nanometer? It is about the size of a medium-

sized molecule, say a molecule containing 60 carbon atoms. This is the smallest scale 

at which we can meaningfully study and manipulate matter as we understand it. At 

the nanometer length scale, the laws of physics operate somewhat differently; the 

classical mechanics that we encounter in everyday life give way to quantum 

mechanics. At the nanoscale, for example, a tablespoon is not smooth, but instead 

composed of discrete atoms and molecules. 

 

 

Nanoscience is a broad term used for the study of materials and/or processes 

at the nanoscale in a variety of disciplines. Biology, chemistry, and physics have all 

independently converged into nanoscientific research areas, ranging from everything 
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to understanding intracellular processes to chemical interactions to quantum 

mechanics. 

 

 

Nanotechnology is the creation of functional materials, devices, and systems 

through control of matter on the nanometer (1 to 100+ nm) length scale and the 

exploitation of novel properties and phenomena developed at that scale. A scientific 

and technical revolution has begun that is based upon the ability to systematically 

organize and manipulate matter on the nanometer length scale. In other words, 

nanotechnology can be defined as a field which deals with materials and system 

having the following key properties:  

 

 

1. They have at least one dimension of about 1 to 100 nm. 

2. They are designed through process that exhibit fundamental control over the 

physical and chemical attributes of molecular-scale structures. 

 

 

These include the design and manufacture of ever-smaller computer chips, 

custom-designed drugs, and materials with vastly increased strength due solely to the 

arrangement of their molecules (such as carbon nanotubules). All matter is made up 

of atoms and the property of that matter depends on how the atoms are arranged. For 

example, coal, carbon and graphite (pencil lead) are all made up of pure carbon. The 

difference in their properties (hardness of diamond vs. soft graphite) is the way the 

atoms are arranged. It is thought that if we can harness the movement of atoms on a 

molecular level we can rearrange the carbon atoms in graphite to make diamonds. 

This is one small example of the power of nanotechnology. This technology is still in 

its infancy.  

 

 

Materials and devices at the nanoscale hold vast promise for innovation in 

virtually every industry and public endeavor including health, electronics, 

transportation, the environment, and national security, and have been heralded as 

"the next industrial revolution." Commonplace examples of nanotechnology products 
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include some magnetic memory devices, optical, protective and decorative coatings, 

some sunscreens and many cosmetics. Defining the scope of the subject is difficult. 

Ultimately the subjects of nanoscience and nanotechnology may disappear as 

separate disciplines, because they describe a mode of research and application rather 

than a unique field of study.  

 

 

 

 

1.2 Synthesis Methods of Carbon Nanotube  

 

 

Many methods have been developed to synthesize carbon nanotube since it 

was first discovered. Generally carbon nanotubes can be produced via three common 

methods i.e. arc discharge, laser ablation and chemical vapour deposition 

(Dresselhaus et al., 2001). Each method has its strengths and weaknesses.  

 

 

 

 

1.2.1 Arc Discharge 

 

 

In arc discharge method, carbon atoms are evaporated by plasma of helium 

gas ignited by high currents passed through opposing carbon anode and cathode. 

Generally, the temperature in the vacuum chamber is not controlled and the walls of 

the chamber are cooled by water. After arching, the soot deposited on the chamber 

walls consists of useless metal catalyst and carbonaceous particles other than few 

CNTs. Most CNTs are produced in the centre of the core deposited at the head of the 

cathode and also around the anode rod (Journet et al., 1997). Arc discharge has been 

developed into an excellent method for producing both high quality MWNTs and 

SWNTs by controlling the experimental conditions. 

 

 



 4

1.2.2 Laser Ablation 

 

 

Smalley and coworkers has reported the synthesis of CNTs by laser 

vaporization. In this method, a pulsed or continuous laser is used to vaporize a 

graphite target in an oven at 1200 ºC. The oven is filled with helium (He) or argon 

(Ar) gas in order to keep the pressure at 500 Torr (0.66 atm). A very hot vapour 

plume forms, then expands and cools rapidly. As the vaporized species cool, small 

carbon molecules and atoms quickly condense to form larger cluster, possibly 

including fullerenes. The catalysts also begin to condense, but more slowly at first, 

and attach to carbon clusters and prevent their closing into cage structures. Catalysts 

may even open the cage structures when they are attached to them. From these initial 

clusters, tubular molecules grow into SWNTs until the catalyst particles become too 

large, or until conditions have cooled sufficiently that carbon no longer can diffuse 

through or over the surface of the catalyst particles. It is also possible that the 

particles become that much coated with a carbon layer that they cannot absorb more 

and the nanotube stops growing. The SWNTs formed in this case are bundled 

together by van der Waals forces (Daenen et al., 2003).  

 

 

 

 

1.2.3 Chemical Vapour Deposition (CVD) 

 

 

Chemical vapour deposition (CVD) synthesis is achieved by putting a carbon 

source in the gas phase and using an energy source, such as plasma or a resistively 

heated coil, to transfer energy to a gaseous carbon molecule. Commonly used 

gaseous carbon sources include methane, carbon monoxide and acetylene. The 

energy source is used to “crack” the molecule into reactive atomic carbon. The 

carbon then diffuses towards the substrate, which is heated and coated with a catalyst 

where it will bind. CNTs will be formed if the proper parameters are maintained.  
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1.2.4 Mass Production of CNTs 

 

 

The main problem of CNTs production is to find a way to produce CNTs 

in/on a large scale and at a low cost, consequently the full potential of CNTs for 

applications will not be realized until their growth can be further optimized and 

controlled. Reproducibility of the CNTs production is also another problem studied 

by many researchers. Among the different techniques that have been applied for the 

mass production of CNTs, catalytic chemical vapour deposition (CCVD) appears to 

be the most promising method owing to its relatively low cost and potentially high 

yield production. The catalytic method seems to be the best because of the lower 

reaction temperature (Willems et al., 2000). Furthermore, the purification step has 

been optimized to eliminate the catalyst and amorphous carbon produced during the 

decomposition of hydrocarbon (Colomer et al., 1998, Corrias et al., 2003, Kónya  

and Kiricsi, 2004). Their future use will also strongly depend on the development of 

simple, efficient and inexpensive technologies for large scale production. 

 

 

 

 

1.3 Problem Statement 

 

 

There has been great progress in both the production and application of CNTs 

since their discovery in 1991. Till now, CNTs has been commonly synthesized using 

three different methods namely, arc discharge, laser ablation and chemical vapour 

deposition (CVD). The CVD method has been shown to be a promising method to 

synthesize CNTs on a large scale. However, the problems encountered in the CVD 

method are the many factors that influence the production of the different forms of 

CNTs such as types of catalyst, types of support, carbon source, flow rate of 

precursors and the operating temperature (Kim et al., 2002, Nagaraju et al., 2002, Li 

et al., 2004). Among these parameters, the types of catalyst and carbon source are the 

most critical factors influencing the types and structures of CNTs produced. Hence, a 
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detailed study on the effect of the types of catalyst and carbon source on the 

formation of different types and structure of CNTs will be undertaken. 

 

 

 

 

1.4 Scope of Research 

 

 

The scopes of this study are listed as below: 

 

1. To prepare series of alumina supported catalysts by impregnation 

technique: 

a) monometallic 

b) bimetallic 

c) trimetallic 

 

2. To synthesize carbon nanotubes from three different precursors via 

catalytic chemical vapour deposition (CCVD): 

a) acetylene 

b) methane 

c) ethanol 

 

3. To characterize the prepared catalysts using: 

a) Scanning Electron Microscopy (SEM)  

b) Energy Dispersive X-ray Analysis (EDX) 

 

4. To characterize the as-synthesized CNTs using: 

a) Scanning Electron Microscopy (SEM) and Field Emission-Electron 

Microscopy (FE-SEM). 

b) Energy Dispersive X-ray Analysis (EDX) 

c) Raman spectroscopy 

d) Transmission Electron Microscopy (TEM) 
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1.5 Research Objectives  

 

 

The objectives of this research are: 

 

1. To synthesize carbon nanotubes (CNTs) using different types of alumina 

supported catalyst and carbon sources by catalytic chemical vapour 

deposition (CCVD) method. 

2. To characterize the as-synthesized CNTs. 
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1.7 Outline of Research 
 

 

Figure 1.1 shows the flow chart of the research. 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1: Outline of research. 

Different types of catalyst 

Characterization 

SEM EDX 

Characterization 

Different carbon source 

C2H2 CH4 C2H5OH 

SEM/FESEM EDX Raman spec TEM 

Preparation of catalysts 

Synthesis of CNTs 



 

 

 

 

REFERENCES 

 

 

 

 

Anderson, P.E. and Rodríquez, N.M. (2000). Influence of the Support on the 

Structural Characteristics of Carbon Nanofibers Produced from the Metal-

Catalyzed Decomposition of Ethylene. Chem. Mater. 12: 823-830. 

 

Ando, Y., Zhao, X., Sugai, T. and Kumar, M. (2004). Growing Carbon Nanotubes. 

Nagoya Japan. unpublished. 

 

Andrews, R., Jacques, D., Rao, A.M., Derbyshire, F., Qian, D., Fan, X., Dickey, E.C. 

and Chen, J. (1999). Continuous Production of Aligned Carbon Nanotubes: A 

Step Closer to Commercial Realization. Chem. Phys. Lett. 303: 467-474.  

  

Baker, R.T.K. and Harris, P.S. (1978). Chemistry and Physics of Carbon. Walker 

J.P.L. and Thrower P.A. Ed. New York: Brasel. 

 

Bandow, S., Takizawa, M., Hirahara, K., Yudasaka, M. and Iijima, S. (2001). Raman 

Scattering Study of Double-wall Carbon Nanotubes Derived from the Chain of 

Fullerenes in Single-wall Carbon Nanotubes. Chem. Phys. Lett. 337: 48-52. 

 

Brandy, J.E. and Holum, J.R. (1993). Chemistry: The Study of Matter and Its 

Changes. United State of America. John Wiley and Sons, Inc. 

 

Buang, N.A., Abd. Majid, Z., Sulaiman, Y., M.Sanip, S. and Ismail, A.F. (2005). 

Effect of Addition of Ni Metal Catalyst onto the Co and Fe Supported Catalysts 

for the Formation of Carbon Nanotubes. Journal of Nanoporous Materials. 13: 

331-334. 



 104

Cassell, A.M., Raymakers, J.A., Kong, J. and Dai, H. (1999). Large Scale CVD 

Synthesis of Single-walled Carbon Nanotubes. J. Phys. Chem. 103: 6484-6492.  

 

Chen, P.,  Zhang, H.B., Lin, G.D., Hong, Q. and Tsai, K.R. (1997). Growth of 

Carbon Nanotubes by Catalytic Decomposition of CH4 or CO on a Ni-MgO 

Catalyst. Carbon. 35: 1495-1501. 

 

Chiashi, S., Murakami, Y., Miyauchi, Y. and Maruyama, S. (2004). Cold Wall CVD 

Generation of Single-walled Carbon Nanotubes and in Situ Raman Scattering 

Measurements of the Growth Stage. Chem. Phys. Lett. 386: 89–94. 

 

Colomer, J.-F.,  Bister, G., Willems, I., Kónya, Z., Foncesa, A., Tendeloo, G.V. and 

Nagy, J.B. (1999). Synthesis of Single-wall Carbon Nanotubes by Catalytic 

Decomposition of Hydrocarbons. Chem Commun. 14:1343-1344.  

 

Colomer, J.-F.,  Stephan, C., Lefrant, S., Tendeloo, G.V., Willems, I., Kónya, Z., 

Foncesa, A., Laurent, Ch. and Nagy, J.B. (2000). Large-Scale Synthesis of 

Single-walled Carbon Nanotubes by Catalytic Chemical Vapor Deposition 

(CCVD) Method. Chemical Physics Letters. 317: 83-89. 

 

Colomer, J.-F., Piedigrosso, P., Willems, I., Journet, C., Bernier, G., Tendeloo, G.V., 

Foncesa, A. and Nagy, J.B. (1998). Purification of Catalytically Produced Multi-

wall Nanotubes. J. Chem. Soc., Faraday Trans. 94: 3573-3578. 

 

Corrias, M., Caussat, B., Ayral, A., Durand, J., Kihn, Y., Kalck, Ph. and Serp, Ph. 

(2003). Carbon Nanotubes Produced by Fluidized Bed Catalytic CVD: First 

Approach of the Process. Chemical Engineering Science. 58: 4475-4482. 

 

Daenen, M., de Fouw, R.D., Hamers, B., Janssen, P.G.A., Schouteden, K. and Veld, 

M.A.J. (2003). The Wondrous World of Carbon Nanotubes. Denmark/ 

Eindhoven University of Technology. unpublished. 

 



 105

Dai, H., Kong, J., Zhou, C., Franklin, N., Tombler, T., Cassell A., Fan, S. and 

Chapline, M. (1999). Controlled Chemical Routes to Nanotube Architectures, 

Physics and Devices. J. Phys. Chem. B. 103: 11246-11255. 

 

Dai, H. (2001). Nanotube Growth and Characterization. Topics Appl. Physc. 80: 29-

53. 

 

Darmstadt, H., Sümmchen, L., Ting, J.-M., Roland, U., Kaliaguine, S. and Roy, C. 

(1997).  Effects of Surface Treatment on the Bulk Chemistry and Structure of 

Vapor Grown Carbon Fibers. Carbon. 35: 1581-1585. 

 

Dresselhaus, M.S., Dresselhaus, G. and Avouris, P. (2001). Carbon Nanotubes: 

Synthesis, Structure, Properties and Applications. Germany: Springer-Verlag. 

 

Dresselhaus, M.S., Dresselhaus, G., Saito, R. and Jorio, A. (2004). Raman 

Spectroscopy of Carbon Nanotubes. Physics Reports. 409: 47-99. 

 

Dupuis, A.-C. (2005). The Catalyst in the CCVD of Carbon Nanotubes-a Review. 

Progress in Materials Science. 50: 929-961. 

 

Ebbesen, T.W. and Takada, T. (1995). Topological and SP3 Defect Structures in 

Nanotubes. Carbon. 33: 973-978. 

 

Endo, M., Takeuchi, K., Hiraouka, T., Futura, T., Kasai, T., Sun, X. and Kiang, C.H. 

(1997). Stacking Nature of Graphane Layers in Carbon Nanotubes and 

Nanofibres. J. Phys. Chem. Solids. 58: 1707-1712. 

 

Flahaut, E., Laurent, Ch. and Peigney, A. (2005). Catalytic CVD Synthesis of 

Double and Triple-walled Carbon Nanotube by the Control of the Catalyst 

Preparation. Carbon. 43: 375-383. 

 

Gregg, S.J. and Sing, K.S.W. (1982). Adsorption, Surface Area and Porosity. 2nd ed. 

London: Harecourt Brace Jovanovich.  

 



 106

He, M., Duan, X., Wang, X., Zhang, J., Liu, Z. and Robinson, C. (2004). Iron 

Catalysts Reactivation for Efficient CVD Growth of SWNT with Base-Growth 

Mode on Surface. J. Phys. Chem. 108: 12665-12668.  

 

Herdani, K., Fonseca, A., Nagy, J.B., Bernaerts, A. and Lucas, A.A. (1996). 

Catalytic Synthesis of Carbon Nanotubes using Zeolite Support. Zeolites. 17: 

416-423. 

 

Herdani, K., Fonseca, A., Nagy, J.B., Bernaerts, D. and Lucas, A.A. (1996).           

Fe-catalyzed Carbon Nanotube Formation. Carbon. 34: 1249-1257. 

 

Huh, Y., Malcolm, L.H.G., Kim, Y.H., Lee, J.Y. and Lee, C.J. (2005). Control of 

Carbon Nanotube Growth using Cobalt Nanoparticles as Catalyst. Applied 

Surface Science. 249: 145-150. 

 

Hutchison, J.L., Kiselev, N.A., Krinichnayac, E.P., Krestininc, A.V., Loutfyd, R.O., 

Morawsky, A.P., Muradyan, V.E., Obraztsova, E.D., Sloan J., Terekhov, S.V., 

and Zakharov, D.N. (2001). Double-walled Carbon Nanotubes Fabricated by a 

Hydrogen Arc Discharge Method. Carbon. 39:761–770. 

 

Ihara, S. and Itoh, S. (1995). Helically Coiled and Toroidal Cage Forms of Graphite 

Carbon. 30: 77-85.   

 

Jeong, H.J., Shin, Y.M., Jeong, S.Y., Choi, Y.C., Park, Y.S., Lim, S.C., Park, G.-S., 

Han, I.-T., Kim, J.M. and Lee, Y.H. (2002). Anomalies in the Growth 

Temperature and Time Dependence of Carbon Nanotube Growth. Chem. Vap. 

Deposition. 8: 11-15. 

 

Jorio, A., Pimenta, M.A., Souza Filho, A.G., Saito, R., Dresselhaus, G. and 

Dresselhaus, M.S. (2003). Characterizing Carbon Nanotube Samples with 

Resonance Raman Scattering. New Journal of Physics. 5. 139.1-139.17.  

 



 107

Journet, C., Maser, W.K., Bernier, P., Loiseau A., Chapelle, M.L. and Lefrant, S.L. 

(1997). Large-scale Production of Single-walled Carbon Nanotubes by Electric-

Arc Discharge Tehnique. Nature. 388(6644): 756-758. 

 

Kataura, H., Maniwa, Y., Abe, M., Fujiwara, A., Kodama, T., Kikuch, K., Imahori, 

H., Misaki, Y., Suzuki, S. and Achiba, Y. (2002). Optical Properties of Fullerene 

and Non-fullerene Peapods. Appl. Phys. A. 74:  349-352. 

 

Kiang, C.H., Endo, M., Ajayan, P.M., Dresselhaus, G. and Dresselhaus, M.S. (1998). 

Size Effect in Carbon Nanotubes. Phys. Rev. Lett. 81: 1869-1872. 

 

Kim, N.S., Lee, Y.T., Park, J., Ryu, H., Lee, H. J., Choi, S.Y. and Choo, J. (2002). 

Dependence of the Vertically Aligned Growth of Carbon Nanotubes on the 

Catalyst. J. Phys. Chem. 106: 9286-9290. 

 

Klinke, C., Bonard, J.M. and Kern, K. (2001). Comparative Study of the Catalytic 

Growth of Patterned Carbon Nanotube Films. Surface Science. 492: 195-201. 

 

Kónya, Z. and Kiricsi, I. (2004). Catalytic Production, Purification, 

Characterization and Application of Single and Multiwall Carbon Nanotubes. 

unpublished.  

 

Kotz, J.C. and Parcell, K.F. (1991). Chemistry and Chemical Reactivity. 2nd ed. 

United State of America. Saunder College Publishing.  

 

Krishnan, A.,  Dujardin, E., Ebessen, T.W., Yianolis, P.N. and Treacy, M.M.J. 

(1998). Young’s Modulus of Single-walled Nanotubes. Phys. Rev. B. 58: 14013-

14019. 

 

Kukovecz, Á., Kónya, Z., Nagaraju, N., Willems, I., Tamási, A., Fonseca, A., Nagy, 

J.B. and Kiricsi, I. (2000). Catalytic Synthesis of Carbon Nanotubes over Co, Fe 

and Ni Containing Conventional and Sol-gel Silica-aluminas. Phys. Chem. 

Chem. Phys. 2: 3071-3076. 

 



 108

Kuzuya, C., In-Hwang, W., Hirako, S., Hishikawa, Y. and Motojima, S. (2002). 

Peparation, Morphology and Growth Mechanism of Carbon Nanocoils. Chem. 

Vap. Deposition. 8: 57-62. 

 

Li, Q., Yan, H., Zhang, J. and Liu, Z. (2004). Effect of Hydrocarbons Precursors on 

the Formation of Carbon Nanotubes in Chemical Vapor Deposition. Carbon. 42: 

829-835.   

 

Li, Y., Zhang, X.B., Tao, X.Y., Xu, J.M., Huang, W.Z., Luo, J.H., Luo, Z.Q., Li, T., 

Liu, F., Bao, Y. and Geise, H.J. (2005). Mass Production of High-quality Multi-

walled CNT Bundles on a Ni/Mo/MgO Catalyst. Carbon. 43: 295-301.  

 

Li, Y.-L., Kinloch, I.A., Shaffer, M.S.P., Sigh, C., Geng, J., Johnson, B.F.G. and 

Windle, A.H. (2004). Growth of Single-walled Carbon Nanotubes by the Rapid 

Heating of a Supported Catalyst. Chem. Mater. 16: 5637-5643. 

 

Li, Z., Chen, J., Zhang, X., Li, Y. and Fung, K.K. (2002). Catalytic Synthesized 

Carbon Nanostructures from Methane using Nanocrystalline Ni. Carbon. 40: 

409-415. 

 

Makris, Th. D., Giorgi, L., Giorgi, R., Lisi, N. and Salernitano, E. (2005). CNT 

Growth on Alumina Supported Nickel Catalyst by Thermal CVD. Diamond and 

Related Materials. 14: 815-819.  

 

Maruyama, S., Kojima, R., Miyauci, Y., Chiashi, S. and Kohno, M. (2002). Low-

temperature Synthesis of High-purity Single-walled Carbon Nanotubes from 

Alcohol. Chem. Phys. Lett. 360: 229-234. 

 

Micheal, D.D., Noah, N. and John, M.A. (2000). Synthesis of Single-walled Carbon 

Nanotubes in Flames. J. Phys. Chem. B. 104: 9615-9620. 

 

Mukhopadyay, K. and Mathur, G.N. (2003). Synthesis of 2D Quasi-aligned 

Multiwalled Carbon Nanotubes by Catalytic Chemical Vapor Deposition. 

International Journal of Nanoscience. 2(3):153-164. 



 109

 

Mukhopadyay, K., Porwal, D., Lal, D., Ram, K. and Mathur, G.N. (2004). Synthesis 

of Coiled/Straight Carbon Nanofibers by Catalytic Chemical Vapor Deposition. 

Carbon. 42: 3251-3272.  

 

Nagaraju, N., Fonseca, A., Konya, Z., Nagy, J.B. (2002). Alumina and Silica 

Supported Metal Catalysts for the Production of Carbon Nanotubes. Journal of 

Molecular Catalysis A: Chemical. 181: 57-62.  

 

Okamoto, A. and Shinohara, H. (2005). Control of Diameter Distribution of Single-

walled Carbon Nanotubes using the Zeolite-CCVD Method at Atmospheric 

Pressure. Carbon. 43: 431-436.   

 

Pawelec, B., Navarro, R.M.,  Campos-Martin, J.M., López, A.A., Vasudevan, P.T. 

and Fierro J.L.G. (2003). Silica-alumina-supported Metal Sulphide Catalysts for 

Deep Hydrodesulphurization. Catalysis Today. 86: 73-85. 

 

Pérez-Cabero, M., Rodríguez-Ramos, I. and Gerrero-Ruíz, A. (2003). 

Characterization of Carbon Nanotubes and Carbon Nanofibers Prepared by 

Catalytic Decomposition of Acetylene in a Fluidized Bed Reactor. Journal of 

Catalysis. 215: 305-316. 

 

Qian, W., Liu, T., Wang, Z., Yu, H., Li, Z., Wei, F. and Luo, G. (2003). Effect of 

Adding Nickel to Iron-Alumina Catalyst on the Morphology of As-grown 

Carbon Nanotubes. Carbon. 41: 2487-2493.   

 

Qiu, J., An, Y., Zhao, Z., Li, Y. and Zhou, Y. (2004). Catalytic Synthesis of Single-

walled Carbon Nanotubes from Coal Gas by Chemical Vapor Deposition 

Method. Fuel Processing Technology. 85: 913-920.  

 

Rao, A.M., Ritcher, E., Bandows, S., Chase, B., Eklund, P.C. and Williams, K.A. 

(1997). Diameter Selective Raman Scattering from Vibrational Modes in Carbon 

Nanotubes. Science. 275: 187-191. 



 110

Sattler, K. (1995). Scanning Tunneling Microscopy of Carbon Nanotubes and 

Nanocones. Carbon. 33:915-920. 

 

Seidel, R., Duesberg, G.S., Unger, E., Graham, A.P., Liebau, M. and Kreupl, F. 

(2004). Chemical Vapor Deposition Growth of Single-walled Carbon Nanotubes 

at 600 ºC and a Simple Growth Model. J. Phys. Chem. 108:1888-1893.  

 

Su, M., Zheng, B. and Liu, J. (2000). A Scalable CVD Method for the Synthesis of 

Single-walled Carbon Nanotubes with High Catalyst Productivity. Chem. Phys. 

Lett. 322: 321-326.    

 

Sulaiman, Y., Buang, N.A., Abd. Majid, Z. and Ismail, A.F. (2006). Raman and TEM 

Studies of Carbon Nanotubes Produced by Bimetallic Catalyst Systems. J. Solid 

State Science and Technology Letters. in press. 

 

Takenaka, S., Serizawa, M. and Otsuka, K. (2004). Formation of Filamentous 

Carbons over Supported Fe Catalyst Through Methane Decomposition. Journal 

of Catalysis. 222: 520-531. 

 

Wan, H.-J., Wu, B.-S., Zhang, C.-H., Teng, B.-T., Tao Z.-C., Yang, Y., Zhu, Y.L., 

Xiang, H.-W. and Li, Y.-W. (2006). Effect of Al2O3/SiO2 Ratio-based Catalysts 

for Fischer-Tropsch Synthesis. Fuel. 85: 1371-1377. 

 

Wang, X., Lu, J., Xie, Y., Du, G., Guo, Q. and Zhang, S. (2002). A Novel Route to 

Multiwalled Carbon Nanotubes and Carbon Nanorods at Low Temperature. J. 

Phys. Chem. B. 106: 933-937. 

 

Wang, X.Q., Wang, M., Jin, H.X., Li, Z.H. and He, P.M. (2004). Preparation of 

Carbon Nanotubes at the Surface of Fe/SBA-15 Mesoporous Molecular Sieve. 

Applied Surface Science. 243: 151-157. 

 

Wilhelm, H., Lelaurain, M., McRae, E. and Humbert, B. (1998). Raman 

Spectroscopic Studies on Well-defined Carbonaceous Materials of Strong Two-

dimensional Character. J. Appl. Phys. 84: 6552-6558. 



 111

 

Willems, I., Kónya, Z., Colomer, J.F., Tendeloo, G.V., Nagaraju, N., Fonseca, A. and 

Nagy, J.B. (2000). Control of the Outer Diameter of Thin Carbon Nanotubes 

Synthesized by Catalytic Decomposition of Hydrocarbon. Chemical Physics 

Letters. 317: 71-76.  

 

Xie, J., Mukhopadyay, K., Yadev, J. and Varadan, V.K. (2003). Catalytic Chemical 

Vapor Deposition Synthesis and Electron Microscopy Observation of Coiled 

Carbon Nanotubes. Smart Mater. Struc. 12: 744-748. 

 

Yan, H., Li, Q., Zhang, J. and Liu, Z. (2002). Possible Tactics to Improve the Growth 

of Single Walled Carbon Nanotubes by Chemical Vapor Deposition. Carbon. 

40: 2693-2698.  

 

Zhu, S., Su, C.-H., Lehoczky, S.L., Muntele, I. and Ila, D. (2003). Carbon Nanotube 

Growth on Carbon Fibers. Diamond and Related Materials. 12: 1825-1828. 


	YusranSulaimanMSD2006ABS
	YusranSulaimanMSD2006TOC
	YusranSulaimanMSD2006CHAP1
	YusranSulaimanMSD2006REF



