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Synthesis of Carbon Nanotubes and Nanofibers on a Substrate

Coated with Metal Nitrates using an C,H; Inverse Diffusion Flame
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Abstract

Synthesis of carbon nanomaterials on a substrate coated with metal nitrates using an ethylene fueled
inverse diffusion flame was illustrated. The effects of radial distance, residence time of the substrate,
and hydrocarbon composition on the synthesis of carbon nanomaterials were investigated. The effects

" of catalyst metal particles were also studied using SUS304 substrates coated with Fe(NO;); (ferric
nitrate, nonahydrate) and Ni(NOs;), (nickel nitrate, hexahydrate), and Cu substrate. Carbon
nanomaterials, with diameters ranging from 30 - 70 nm, were observed on the substrate for both cases
of using substrates only and using them with metal nitrates. In case of using the substrate with metal
nitrates, the formation and growth of carbon nanomaterials were occurred in the lower temperature
region than that of using the substrates only due to the easy activation of the metal particles coated
on the surface of the substrates.
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Fig. 4 S0K magnified SEM image of carbon
nanofibers formed on a SUS304 substrate
(radial distance from flame axis = 5 mm)

Fig. 5 TEM image of carbon nanofibers
formed on a SUS304 substrate (length
of scale bar = 200 nm)
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Fig. 6 50K magnified SEM image of carbon
nanofibers formed on a SUS304 substrate
(radial distance from flame axis = 4 mm)
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Fig. 7 50K magnified SEM image of carbon
nanofibers formed on a SUS304
substrate (residence time = 60 seconds)
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Fig. 10 50K magnified SEM image of carbon
nanomaterials formed on a SUS304
substrate using Ni(NOs), (radial distance
from flame axis = 6 mm)

Fig. 11 TEM image of carbon nanotubes formed
on a SUS304 substrate using Ni(NOs)
(length of scale bar = 100 nm)
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Fig. 12 A graph from EPMA analysis of the
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Fig. 13 50K magnified SEM image of carbon
nanorods formed on a SUS304 substrate
using Ni(NO;), (radial distance from
flame axis = 5 mm)
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