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ABSTRACT: The carbon nanorods (CNR’s) were synthesized using flame reactor with diffusion burner. The growth of carbon
nanorods in presence and absence of catalyst has been studied. The role of ferrocene as catalyst in the synthesis of carbon
nanorods was investigated using a Flame Reactor at different oxygen to fuel ratios. The fuel used over here is acetylene. The
fuel i.e., acetylene to oxygen ratio is also optimized to produce the carbon nanorods in presence of cataylst. The carbon
nanorods showed a very good result with increasing yield and decreasing diameter with the use of catalyst. The morphology,
purity and crystal structural characterization of CNR’s was carried out using scanning electron microscopy, transmission
electron microscopy and X-ray diffraction. From the analysis it was observed that in the presence of ferrocene, the density of
CNR’s increased with variable lengths between 10 — 50 micrometers (um) with an average tube diameter range of 150 — 300
nanometers (nm), when compared to a non-catalytic synthesis which yielded CNR’s with lengths and diameter ranging from
10 -180 micrometers (um) and 3-10 micrometers (um) respectively. These carbon nanorods can be widely used in various
applications such as electronic devices, semi-conducting materials, electrodes, hydrogen storage and composites for its
outstanding properties.
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1 INTRODUCTION

Carbon nanomaterials have attracted great interest from past few decades owing to their promising physical and
chemical properties. Till date different carbon nanomaterials have been reported such as carbon nanoparticles [1],
nanotubes [2], onions [3], nanowires [4], nanofibers [5] and carbon nanorods [6]. These nano meter carbon material are
expected to have relatively large band gap and are expected to behave like a semiconductor. More interestingly carbon nano
rods have been largely applied as anodic materials in batteries apart from their applications like fillers [7] and high-
performance electrode materials in batteries [8]. Upto now, various methods have been proposed for thier synthesis like ball
milling [9, 10] chemical vapor deposition [11], laser ablation, chemical reduction and co-precipitation [12-15]. More recently,
new synthetic methods like flame synthesis, sol-gel, microwave plasma and low energy cluster beam deposition [16] have
been developed.

We have earlier reported the synthesis of carbon nanorods using the flame reactor. Here in this article we report the
synthesis of carbon nanorods using a diffusion burner with acetylene as a sole carbon source and oxygen as an oxidant in the
presence of catalyst, ferrocene. We have aimed to study the difference between the growth of CNM’s with and without
catalyst with respect to the (oxidant to fuel) O/F ratio in the range of 0.6 — 1.2 v/v. The samples were characterized using
SEM, TEM and XRD.
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2 EXPERMENTAL

The experimental design & procedure for the synthesis of carbon nanorods has been reported [17]. Basically the flame
reactor consists of a burner through which measured flows of oxygen and acetylene in various ratios enters the reactor
chamber controlled by the calibrated rotameters. On spark ignition soot is produced which is collected over a glass fiber filter
paper (GF/A Whatmann). The experiments were carried out using 0.5g of catalyst (ferrocene) in the range of 0.6 to 1.2 v/v.
The same experiment was repeated without catalyst to study the difference in with and without catalyst.

3 RESULTS AND DISCUSSIONS

The SEM micrograph of the CNM (Fig. 1a) synthesized at O/F ratio of 0.6v/v in the absence of catalyst yielded microrods
with lengths up to 10um and their diameters ranging around 3um. Fig. 1b represents the SEM image of two microrods
synthesized at 0.8 v/v, these rods were found to be extremely lengthy and measured up to 150 um each with their diameters
up to 5 um. At O/F ratio of 1.0 v/v (Fig. 1c) and 1.2 v/v (Fig. 1d) showed similar results with some mass of amorphous carbon
around. The average diameter of a microrod in Fig. 1c was found to be 8 um where as the lengths greater than 120 um. The
SEM image at 1.2 v/v (Fig. 1d) showed little lengthy wire like rods with lengths in the ranging 50-180 um and diameter
around 10um respectively.

Fig. 1. SEM Images of microrods produced using acetylene and oxygen in the absence of catalyst.
(a) Microrods produced at O/F ratio of 0.6 v/v. (b) Microrods produced at O/F ratio of 0.8 v/v.
(c) Microrods produced at O/F ratio of 1.0 v/v. (d) Microrods produced at O/F ratio of 1.2 v/v.

Upon introduction of catalyst (ferrocene), growth of nanomaterials was dense in the O/F range of 0.6v/v to 1.2v/v as
shown in the SEM images. Fig. 2a shows a SEM image of a nanorod synthesized at 0.6v/v with an average length of 30 — 40
pum and diameter around 210nm. Fig. 2b shows SEM image of densely entangled mass of nanorods at 0.8v/v with an average
diameters in the range of 150 nm and lengths stretching up to 50 um respectively. At 1.0v/v many equi-sized rods joined
together to form a rope like structure as shown in Fig. 2c. The average diameter of the individual equi-sized rod was around
300nm, a very few thin rods with the average diameter and lengths of 140nm and 5-10um respectively were also. Fig. 2d
shows less dense nanorods at 1.2v/v. The figure shows two different sized nanorods: The thicker rods measure up to 700nm
in diameter whereas the thinner rods measure nearly 200nm. The average length of all the nanorods was found to be 15um.
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Fig. 2. SEM Images of nanorods produced using acetylene and oxygen in the presence of ferrocene as catalyst.
(a) Nanorods produced at O/F ratio of 0.6 v/v. (b) Nanorods produced at O/F ratio of 0.8 v/v.
(c) Nanorods produced at O/F ratio of 1.0 v/v. (d) Nanorods produced at O/F ratio of 1.2 v/v.

Thus from the SEM analysis it was found that the synthesis of CNRs catalyzed by the catalyst(ferrocene) had better
crystal structures and smaller diameters compared to those synthesized without catalyst [18,19,20]. Furthermore, the CNRs
synthesized using catalyst had smoother and cleaner the topologies compared to that synthesized in absence of catalyst. It is
well accounted in the literature that the diameters of the nanorods were mainly determined by the size of the catalysts [18,
19, 20]. Higher temperatures enhanced the decomposition of ferrocene to produce fine Fe clusters increasing the possibility
for the growth of CNR’s with smaller diameters.

23 pm

(a)

Fig. 3. TEM image of nanorods using (a) In the absence of catalyst (b) In the presence of catalyst.

The TEM image (Fig. 3a) shows the typical microrod of 15um in length with a diameter around 5um obtained at O/F
0.8V/V grown without catalyst. In case of catalysed reactions the diameter of the nanorods increase with increasing catalyst
concentration [21, 22, 23, 24, 25] as shown in TEM image (Fig. 3b). The O/F of 0.8v/v with catalyst showed the best result as
per TEM analysis but the total yield was found to be low. The length of the rods measured nearly 10um with a variable
diameter distribution along its axis. Fig. 3b explains the basal growth of CNR’s from the catalyst which is well documented in
the literature [21, 22, 23, 24, 25].
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XRD (Fig.4a) of microrods produced using acetylene and oxygen without catalyst at an O/F ratio of 0.8 v/v showed one
strong peak. Using the PDF-2 database the first peak at 28 angle of 43.545° was found with (110) orientation of atoms along
its plane with peak corresponding to graphite with a rhombohedral type of system and a rhombocentred lattice. The peak
broadening also confirms the presence of abundant amorphous state of carbon.
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Fig. 4. XRD of carbon material produced using acetylene and oxygen.
(a) O/F of 0.8 v/v in the absence catalyst. (b) O/F of 0.8 v/v in the presence of catalyst.
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XRD (Fig. 4b) of nanorods at 0.8 v/v in the presence of catalyst resulted in heterogeneous crystallinity in the sample. The
raw scan detected three strong peaks. The first peak at 26 angle of 35.932° was found with (111) orientation of atoms along
its plane with peak corresponding to FeO in the form of wuestite mineral with a cubic type of system and an FCC lattice. The
same peak was also detected for the presence of Cgo with (440) as its orientation of atoms with a cubic system and a Face
centered cubic (FCC) lattice. The second peak at 26 angle of 57.504° was found with (122) orientation of atoms along its
plane with peak corresponding to Fe,0; with a rhombohedral type of system and a rhombocentred lattice. The third peak at
26 angle of 63.226° was found with (330) orientation of atoms along its plane with peak corresponding to Fe,0; with an
orthorhombic type of system and a primitive type lattice respectively. The average crystalline size at 26 = 35.0° of the
ferrocene catalyzed samples was calculated as 30 nm which is evident in the SEM images which shows highly dispersed bright
spots in the SEM scans of Fig. (2a - 2d) respectively.

4 CONCLUSION

In the present investigation, we have successfully grown a CNR’s using catalyst in acetylene — oxygen system with a
diffusion type of burner. The CNR’s morphology and catalyst concentration were closely examined. The CNRs shows a good
result with increasing yield and decreasing diameter using catalyst. CNRs in the form of nanorods of 150 — 400 nm diameters
were synthesized in good quantities. These nanorods with decrease in their diameters to the nearest minimum for their use
in many applications like hydrogen storage, semi-conducting materials, electrodes, medicine applications and composites.

ACKNOWLEDGEMENT

The authors acknowledge the financial support given by Defence Research Development Organization (DRDO), Govt. of
India and also thank National Centre for Compositional Characterization of Materials (NCCCM), Hyderabad for providing SEM
data of all samples.
REFERENCES
[1] J.Yu, J. Ahn, Q. Zhang, S. F. Yoon, Rusli, Y. J. Li, B. Gan, K. Chew, K. H. Tan, “Catalyzed growth of carbon nanoparticles by

microwave plasma chemical vapor deposition and their field emission properties,” J. Appl.Phys, vol. 91, no. 1, pp. 433—
436.

ISSN : 2028-9324 Vol. 3 No. 1, May 2013 4



M. Venkateswer Rao, K. Amareshwari, V. Viditha, C. Mahender, V Himabindu, and Y Anjaneyulu

(2]
(3]

(4]
(5]
(6]
(7]

(8]

(9]

(10]
(11]
(12]
(13]
(14]
[15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]
[24]

[25]

S. lijima, “Helical microtubules of graphitic carbon”, Nature, vol. 354, pp. 56-58, 1991.

W. Kratschmer, L. D. Lamb, K. Fostiropoulos, D. R. Huffman, “Solid Cg: @ new form of carbon,” Nature, vol. 347, pp.
354-358, 1990.

Y. H. Tang, N. Wang, Y. F. Zhang, C. S. Lee, I. Bello, S. T. Lee, “Synthesis and characterization of amorphous carbon
nanowires,” Appl. Phys. Lett., vol. 75, no. 19, pp. 2921-2923, 1999.

Y. Chen, S. Patel, Y. G. Ye, S. T. Shaw, L. P. Luo, “Field emission from aligned high-density graphitic nanofibers,” Appl.
Phys. Lett., vol. 73, no. 15, pp. 2119-2121, 1998.

X. J. Wang, J. Lu, Y. Xie, G. A. Du, Q. X. Guo, S. Y. Zhang, “A Novel Route to Multiwalled Carbon Nanotubes and Carbon
Nanorods at Low Temperature,” J. Phys. Chem. B., vol. 106, no. 5, pp. 933-937.

A. Laforgue, P. Simon, J. F. Fauvarque, M. Mastragostino, F. Soavi, J. F. Sarrau, P. Lailler, M. Conte, E. Rossi, S. Saguatti,
“Activated Carbon/Conducting Polymer Hybrid Supercapacitors,” J. Electrochem. Soc., vol. 150, no.5, pp. A645-A651,
2003.

R. Dominko, M. Gaberscek, J. Drofenik, M. Bele, J. Jamnik, “Influence of carbon black distribution on performance of
oxide cathodes for Li ion batteries,” Electrochim. Acta, vol. 48, no. 24, pp. 3709-3716, 2003.

G. F. Goya and H. R. Rechenberg, “Magnetic properties of ZnFe,0, synthesized by ball milling,” Journal of Magnetism
and Magnetic Materials, vol. 203, no. 1-3, pp. 141-142, 1999.

D. J. Fatemi, V. G. Harris, V. M. Browning and J. P. Kirkland, “Processing and cation redistribution of MnZn ferrites via
high-energy ball milling,” J. Appl. Phys., vol. 83, no. 11, pp. 6867-6869, 1998.

L. Thien-Nga, K. Hernadi, L. Forro, “Catalytic Growth of Carbon Nanorods on a High-Tc Substrate,” Adv. Mater., vol. 13,
no. 2, pp. 148-150, 2001.

Sato Toshihiko, Tetsuo lijima, Masahiro Seki and Nobuo Inagaki, “Magnetic properties of ultrafine ferrite particles,”
Journal of Magnetism and Magnetic Materials, vol. 65, no. 2-3, pp. 252-256, 1987.

Ueda Midori, Shiro Shimada and Michio Inagaki, “Synthesis of crystalline ferrites below 60 °C,” Journal of the European
Ceramic Society, vol. 16, no.6, pp. 685-686.

M. Yokoyama, T. Sato, E. Ohta and T. Sato, “Magnetization of cadmium ferrite prepared by coprecipitation,” J. Appl.
Phys, vol. 80, no.2, pp. 1015-1019, 1996.

Chen Qi and John Zhang, “Size-dependent super paramagnetic properties of MgFe,0, spinel ferrite nanocrystallites,”
Appl. Phys. Let, vol. 73, no. 21, pp. 3156-3158, 1998.

Pileni, M.P., Text Book of Nanostructured Materials, Selected Synthesis Methods, Properties and Applications, In:
Philippe Knauth, Joop, and Schoonman (Eds.), Chapter 1: Nanomaterials Production by Soft Chemistry, New York, Kluwer
AcademicPublishers, pp. 2, 2004.

Vivek Dhand, J. S. Prasad, M. Venkateswara Rao, K. Naga Mahesh, L. Anupama, V. Himabindu, Anjaneyulu Yerramilli, V.
S. Raju, A. A. Sukumar, “Design and Development of Flame Reactor for Carbon Nanorods (CNRs) Production,” Ind J Eng
& Mat. Sci, vol. 14, no. 3, pp. 240-252, 2007.

A. Huczko, “Synthesis of aligned carbon nanotubes,” Applied Physics A, vol. 74, no. 14, pp. 617-634, 2002.

Charanjeet Singh, S. P. Milo Shaffer, H. Alan Windle, “Production of controlled architectures of aligned carbon
nanotubes by an injection chemical vapour deposition method,” Carbon, vol. 41, pp. 359-368, 2003.

P. Sampedro-Tejedor, Maroto-Valiente, D. M. Nevskaia, V. Mufioz, . Rodriguez-Ramos, Guerrero-Ruiz, “The effect of
growth temperature and iron precursor on the synthesis of high purity carbon nanotubes,” Diamond & Related
Materials, vol. 16, no. 3, pp. 542—-549, 2007.

Huaping Liu, Guoan Cheng, Ruiting Zheng, Yong Zhao, Changlin Liang, “Influence of acid treatments of carbon nanotube
precursors on Ni/CNT in the synthesis of carbon nanotubes,” Journal of Molecular Catalysis A: Chemical, vol. 230, no. 1-
2, pp. 17-22, 2005.

B. Louisc, G. Gulino, R. Vieira, J. Amadou, T. Dintzer, S. Galvagno, G. Centi, M. J. Ledoux, C. Pham-Huu, “High yield
synthesis of multi-walled carbon nanotubes by catalytic decomposition of ethane over iron supported on alumina
catalyst,” Catalysis Today, vol. 102-103, pp. 23-28, 2005.

Shigeo Maruyama, Erik Einarsson, Yoichi Murakami, Tadao Edamura, “Growth process of vertically aligned single-walled
carbon nanotubes,” Chemical Physics Letters, vol. 403, no. 4-6, pp. 320-323, 2005.

Liming Yuan, Tianxiang Li, Kozo Saito, “Growth mechanism of carbon nanotubes in methane diffusion flames,” Carbon,
vol. 41, no. 10, pp. 1889-1896, 2003.

K. Andreas, Schaper, Haoging Hou, Andreas Greiner, and Fritz Phillipp, “The role of iron carbide in multiwalled carbon
nanotube growth,” Journal of Catalysis, vol. 222, no. 1, pp. 250-254, 2004.

ISSN : 2028-9324 Vol. 3 No. 1, May 2013 5



