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Carbon nanotubes have potential applications in a variety of fields, such as composites, field-emission displays, elec-
trodes, gas adsorbent, and catalyst supports. For putting these applicationsinto industry, it is very important to establish the
mass production of nanotubes. Here, we introduce our recent progress on the large-scale synthesis of carbon nanotubes, in
particular, single-wall carbon nanotubes (SWNTS), based on the gas-phase flow reaction. By spraying the Co-Mo nanopar-
ticles dissolved in toluene to the vertical furnace, we succeeded in selectively obtaining SWNTs and multi-wall carbon
nanotubes (MWNTS). It was found that the structure and quality of nanotubes depend on the concentration of the thiophene
additives, the hydrogen gas flow rate, and the injection rate of the colloidal solution. The growth mechanism of SWNTs
and MWNTSs are discussed in terms of cataytic effects. Other large-scale synthetic methods for SWNTS, such as high pres-
sure CO disproportionation (HiPco) and the supported catalysts-based fluidized bed reactions are also introduced.
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Fig. 1. Setup for the gasphase catalytic synthesis of

SWNTsand MWNTSs. The colloidal solution in a mi-
crosyringe is fed by an auto-feeder. The solution is
mixed with hydrogen gas and sprayed into the quartz
tube. The retention time is about 1-5 s and carbon
nanotubes are collected at the bottom of the reactor.
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Fig.2. TEM image of the as-prepared Co-Mo nanoparticles cast on a
TEM grid. Inset shows the diameter distribution of the nanopar-

ticles.

Fig. 3. SEM image of SWNT product obtained in the collec-
tor.
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Fig. 4. TEM images of the SWNTs produced by the gas-

phase catalytic reaction from the colloidal solution of

the Co-Mo nanoparticles.
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Fig.5. Raman spectrum of the gasphase synthesized
SWNTSs shown in Fig. 4 (the excitation wavelength
is 514.5 nm). The inset is a magnified spectrum of
the lower wave number region, showing the RBM

peaks.
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Fig. 6. EDX profile of the SWNT product. The CuK peak originates in the
TEM grid. Inset shows the diameter distribution of the nanoparti-
cles attached to the SWNT bundles.
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Fig. 7. Total yield plotted against the Co molar ratio in the
original micelle solution. The total metal concentra-
tion of the solution is set constant. The mass of the
product was negligible for the Co concentrations of 0
and 100wt . Thelineisaguide for eyes.

Fig. 8. TEM micrograph of the MWNTSs synthesized in the
presence of 10 wt[0 thiophene. Inset: enlarged im-
age of the tip of the MWNT containing the 6.3 nm
nanoparticle.
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Fig. 9. Proposed reaction mechanism of the MWNTSs in the
vertical furnace.
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