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Abstract 
We have synthesized vertically aligned carbon nanotubes by chemical vapor deposition (CVD) using C2H2 gas source of CNTs. 
Fe particles of diameter ranging from 30 to 90 nm were used as the catalyst particles. CNTs were deposited in mixtures to 
(C2H2/N2) (15/85) sccm on the CNT growth. The deposition was performed at 7500C in atmospheric pressure. The catalyst 
deposited on(p SiO2/100) substrates and quartz glass by diode sputtering. Transmittance electron microscopy(TEM) and Scanning 
electron microscopy(SEM) and Raman spectroscopy and X-ray diffraction(XRD) have been carried out in order to investigate the 
behavior of the growth process. 
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1. Introduction 
Synthesis of carbon nanotubes (CNTs) has been extensively investigated by a number of research groups, 
since the first observation in 1991 [1]. Various synthetic methods such as arc discharge [2], laser vaporization [3], 
pyrolysis [4,5], plasma- enhanced [6,7] or thermal chemical vapor deposition (CVD) [8,9] have been developed for the 
production of CNTs. The synthesis of CNTs using CVD method has attracted many attentions because of many 
advantages such as high purity, high yield, controlled growth, and vertical alignment [10]. However, there are not many 
systematic studies on the influence of these parameters on the growth of CNTs using the CVD method [11]. The process 
parameter control for the growth of CNT still remains in an empirical manner, because the reaction kinetics and the 
growth mechanism are not fully understood. Behavior of CNT in CVD process can be compared with that of the carbon 
filaments [12]. The type of the catalyst is important for the growth and morphology of the CNTs. Cobalt, iron, titanium, 
nickel, copper, zeolites and combinations of these metals and/or their oxides widely used catalyst materials in literature 
for multiwall or single wall CNT synthesis [13,14]. The interaction between the catalyst and the substrate material 
strongly affects the catalytic properties of the catalyst and substrate couple [15]. 
 
2. Experimental 
The CVD apparatus used in our experiments is basically composed of a quartz glass tube with diameter 3.5cm, and tube 
furnace with diameter 4.5cm and bulbar show in fig.1 

 
Silicon p-Si/100 (1×1×0.05) cm3with resistivity of 15(Ω.cm) and quartz glass 1×1 cm2 substrate was used. The substrate 
was cleaned in acetone 99.99 purity 100ml inside and put in the digital ultrasonic at 400C for 10min with deionised 
water, ultrasonic with alcohol 99.99 purity for  5min, rinsing with deionised water ,last step substrate were then dried 
with dry nitrogen. After cleaning substrate put the Silicon into a reactor, we have allowed the temperature increase to 
about 9000C, for removing again the remaining dirtiness. In this stage we inject pure oxygen in reactor for about 20min, 
Later we turn off furnace and cooling the substrate. The thickness of the SiO2 layer was estimated at approximately 
300nm.  
A Fe catalyst particle was deposited on the SiO2 and quartz substrate using D.C diode sputtering chamber show in figure 
2. The catalyst deposited in various time (5, 10, 15) min. The chamber for deposition on planer substrates were design. It 
is essentially cylindrical in geometry made of quartz, 3mm thickness and covered with two aluminum discs sealed with 
O-rings. The overall inside dimensions of the chamber was 15cm height and 10 cm in diameter (≈1200cm3). A 
photograph of the chamber is shown in Figure 3.4.b. High voltage D.C. power supply (WALLIS-UK) with regulated 
voltage range from 0- 2500 volt and   current up to 250 mA was used for plasma generation experiments.  
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Figure 2: photograph of D.C Diode Sputter chamber. 

3. Results and discussion 
AFM results are shown the surface morphology. The surface of the catalyst was very smooth. The figure 3 showed that 
the densities of the catalytic Fe nanoparticles are dependent on the deposition time. The 5 min deposition achieves 
average grain size 1.76 nm and the average roughness 0.76 nm of the catalytic Fe nanoparticles and with increasing time 
increase the average grain size and increase the average roughness. Fe nanoparticles aggregation could lead to catalytic 
activity size. Figure1. A, B show the morphology of the surface in two and three dimensions.  

 
Figure 3: Show A. Fe catalyst in 5min deposition. B.10 min deposition. 

The coated substrate was carried out into quartz tube and introduces N2 high purity 99.99 with flow rate 85 sccm in tube 
after this heating the tube with heat rate 20oC/min until to reach the final temperature at 7500C. Stay in this temperature 
30min to forming Iron oxide clusters. The synthesis of nanotubes was performed by adding a constant flow rate of 
acetylene (15 sccm) to nitrogen carrier gas during 15 min. After this step the acetylene switch off and the N2 continuously 
in flow until to cooling the tube at room temperature. 
Figure 4(a, b) show SEM images of CNTs grown on the catalyst particles formed on the p-100/SiO2 and quartz substrates. 
The distribution of the nanotube diameters is broader range (35-85) nm and taller about a few ten of micrometer. The 
densities of nanotubes were increased if all clusters would be nucleation centers. The growth rate mainly depends on the 
diffusion rate of carbon. Figure 4(b) show The grew CNTs on the catalyst particles that prepare in diode sputter that 
growth is vertically aligned and curl shape and the yield is a good from CNTs. This result can be explained by the dense 
effect of catalyst particles on the CNT growth. As the yield of catalyst particle increases, carbons adsorbed at the catalyst 
surface can arrive at the growth site at a shorter time, the yield of CNTs is also dependent on the catalyst [16] cat.  

 
Figure 4(a, b): Illustrate the growth of MWCNTs. 
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Figure 5(a, b) illustrate confirmed that the carbon structures were multiwalled carbon nanotubes, which hollow cavity, 
diameter about 80nm, and revealed the presence of iron particles mainly in the tip of MWCNTs, suggesting that a tip-
growth mechanism might be predominant. The CNTs were not complete graphitization because presence of small amount 
of amorphous carbon and this one of defective growth [17]. The TEM images of MWCNTs non-functionalised by 
Chemical modification or by use the Annealing treatments in this work [18].  

 
Figure 5(a, b): TEM images of MWCNTs. 

The Raman spectra of MWCNTs was non-functionalised are shown in Figure 6. The spectrum of carbon structure 
contains two main bands: the G-band (1596cm-1 MWCNT), which is assigned to the E2g C–C (sp2 - bonded) stretching 
mode of a well-ordered graphitic structure and the D-band (1306cm-1 for MWCNT), attributed to the A1g (sp3 -bonded) 
stretching mode. The ratio of the D-band to G-band intensity ID/IG is used as a measure of the defect density of a 
particular nanotube and can provide information on the crystalline quality of the CNTs. The value of ID/IG equal 1.7. A 
high ID/IG ratio means the presence of defects inside the carbon layers. This parameter equals 2.0 for MWCNTs [19].   

 
Figure 6: Raman spectrum of MWCNTs. 

Figure 7: show the wider peak of 002 centered at 24.97o is induced by the disordered carbon and indicates to presence 
defect level in the atomic carbon structure. The significant diffraction pattern of the MWCNTs non purefunction is 
appeared at and near 2θ of 25.3° [20]. The peaks at 43.2o for 100 plane indication of the low quality of carbon nano 
materials [21]. The peaks at 52.53o, 54.16o, and 55.36o are not originated from the CNTs. It should be noted that the 
peaks between 2ϴ = 50o and 60o are from the Si substrate [21]. 

 
Figure 6: XRD spectra of MWCNTs 

4. Conclusion 
The deposition catalyst particles in D.C diode sputtering get dense and homogenous Fe nanoparticles. The yield of 
MWCNTs depends on the dense of Fe nanoparticles. Utilization diode sputtering in prepare catalyst get growth vertically 
align for MWCNTs. A Raman peaks and XRD indicates to a presence of some amorphous carbon because non availability 
pure function of MWCNTs. This result emphasizes on importance the purification after prepare CNTs. 
 
Reference 
[1] S. Iijima, “Helical Micronanotubles of Graghitic Carbon,” Nature 354, 56 (1991).  
[2] Journet and P .Bernier, “Production of carbon nanotubes,” App. Phys., 67, 1(1998). 
[3] A. Thess, R. Lee, P. Nikolaev, H. Dai, P. Petit, J. Robert, C. Xu, Y.H. Lee, S.G. Kim, A.G. Rinzler, D.T. Colbert, 

G.E. Scuseria, D. Tomanek, J.E. Fisher and R.E. Smalley, “Crystalline Ropes of Metallic Nanotubes,” Science 273, 
483(1996). 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 9, September 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 9, September 2013 Page 100 
 

[4] M. Terrones, N. Grobert, J. Olivares, J.P. Zhang, H. Terrones, K. Kordatos, W.K. Hsu, J.P. Hare, P.D. Townsend, K. 
Prassides, A.K. Cheetham and H.W. Kroto, “Controlled production of aligned-nanotube bundles,” D.R.M. Walton, 
Nature 388, 52 (1997). 

[5] S. S. Evans, M. J. B. Halliop, E. MacDonald, J. A. F. Taherzadeh, M.J.; Niklasson ,C. Liden, G. Sen, R. Govindaraj, 
A. Rao, C.N.R, “Carbon nanotubes by the Metallocene Route,” Chem. Phys. Lett. 267, 276 (1997).   

[6] Z. F. Ren, Z. P. Huang, J. W. Xu, J. H. Wang, P. Bush, M. P. Siegal and P. N. Provencio, “Synthesis of Large Arrays 
of Well-Aligned Carbon Nanotubes on Glass,” Science 282, 1105(1998).                                                                                               

[7] X. Ma, E. G. Wang, W. Zhou, D. A. Jefferson, J. Chen, S. Deng, N. Xu and J. Yuan, “Polymerized Carbon 
Nanobells and their Field Emission Properties,”Appl. Phys. Lett.75,3105 (1999).                                                                                                                                               

[8] W.Z. Li, S.S. Xie, L.X. Qain, B.H. Chang, B.S. Zou, W.Y. Zhou, R.A. Zhao and G. Wang, “Large-Scale Synthesis of 
Aligned Carbon Nanotubes,” Science274(1996)1701.                                                                                                                        

[9] S. Fan, M.G. Chapline, N.R. Franklin, T.W. Tombler, A.M. Cassell and H. Dai, “Self-Oriented Regular Arrays of 
Carbon Nanotubes and Their Field Emission Properties,” Science 283 (1999) 512.  

[10] K. Mukhopadhyay, K. Koshio, N. Tanaka, and Shinohara, “A simple and novel way to synthesize aligned nanotube 
bundles at low temperature,” Japanese Journal of Applied Physics,Vol.37,L1257,(1998).                                                                                                         

[11] J. I. Villacampa, C. Royo, E. Romeo, J. A. Montoya, P. Del Angel and A. Monzón, ”Catalytic decomposition of 
methane over Ni-Al2O3 coprecipitated catalysts: Reaction and regeneration studies,” Appl. Catal. A. Vol. 252, 363 
(2003). 

[12] E. Tracz, R. Scholz and T. Borowiecki, “High resolution microscopy study of the carbon despite morphology on 
nickel catalyst,” Appl. Catal.V.66, 133(1990).   

[13] D. S. Bethune, C. H. Kiang, C.H., M. S. de Vries, G. Gorman, R. Savoy,  J. Vazquez, and R. Beyers, “Cobalt-
catalysed growth of carbon  nanotubes with single-atomic-layer walls,”  Nature,363, 605(1993).                                                                                        

[14] K. M. Liew, C, H. Wong, and M. J. Tan, “Buckling properties of carbon nanotube bundles,” Applied Physics Letters, 
Vol.87, 041901(2005).    

[15] [15] J. Zhu, M. Yudasaka, and S. Iijima, “A catalytic chemical vapour deposition synthesis of double-walled carbon 
nanotubes over metal catalysts supported on a mesoporous material,” Chemical Physics Letters, Vol. 380, 496 
(2003).          

[16] M. H. Rümmeli, C. Krambergerm, F. Schäffel, E. Borowiak-Palen, T. Gemmin, et.al,, “Catalyst size dependencies 
for carbon nanotube synthesis,” phys. stat. sol. (b) 244, No. 11, 3911(2007).                                                                                                                       

[17] K. Liu, K. Jang, Ch. Feng, Z. Chen and Sh. Fan, “A growth mark method for studying growth mechanism of carbon 
nanotube arrays,” carbon, V.43, 2850(2005).       

[18] S. Musso, S. porro, M. Vinante, L. Vanzetti. R. Ploeger, M. Giorcelli, B. possetti, F. trotta, C. Pederzolli and A. 
Tagliaferro, “Modification of MWNTs obtained by thermal-CVD,” Diamond and Related Materials, V.16, 1183 
(2007).       

[19] A. Fraczek-Szczypta, E. Menaszek and S. Blazewic, “Effect of MWCNT surface and chemical modification on in 
vitro cellular response,”  J. Nanopart. Res, 14:1181(2012).       

[20] N. A. Buang, F. Fadil, Z. Abdul Majid and SH. SHahir, “Characteristic of Mild Acid Functionalized MWCNTs 
Towards High Dispersion With Low Structural Defects”, Digest Journal of Nanomaterials and Biostructures, Vol.7, 
No.1, 33(2012).       

[21] K. Nishimura, N. Okazaki, L. Pan and Y. Nakayama, “In Situ Study of Iron Catalysts for Carbon Nanotube Growth 
Using X Ray Diffraction Analysis,” Japanese Journal of Applied Physics, Vol. 43, 471(2004). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


