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Multi-wall carbon nanotubes were synthesized by dc carbon arc discharge method in various ambient gases
such as He, H,, N,, 0,, C,H,, and CO,, and at different pressures (3-100 kPa). The appearance of the nanotubes
and nanoparticles on the cathode surface varied with respect to these experimental parameters. The remarkable
conditions, in which considerable amount of nanotubes prepared with the fewest nanoparticles, were obtained in

both H, and O, ambient at 25 kPa and 100 A.
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Carbon nanotubes can be synthesized by an arc dis-
charge between graphite electrodes V. Bearing an ex-
tremely minute scale, nanotubes are attractive materials
for applications such as field emitter, scanning microsco-
pe probe, etc. In this study, we prepared the nanotubes in
different kinds of gases at various pressures in order to
find the optimum conditions in which thinner nanotubes
are quantitatively obtained without nanoparticles.

Nanotube synthesis was performed in a carbon arc de-
vice @ filled with various gases (He, H,, N,, O,, C,H,, and
CO,) at different pressures (3-100 kPa). The electric pow-
er was supplied between two graphite electrodes (both 10
mm in diameter, 99.998% in purity) by a dc power source
with a constant current (50, 100, 150 A). The arc was op-
erated for 30 s with an electrode separation of 1.5-2.0 mm.
The cathode surface was observed with a scanning elec-
tron microscope (SEM; JEOL, JSM-6300). The deposits
on the cathode surface exhibited two different parts in
visual: an outer hard-shell with glossy silver color, and an
inner soft-core in porous black appearance. As previously
reported ", nanotubes existed solely in the soft-core part.

Fig. 1 shows the SEM micrographs of the soft-core sur-
face of cathode deposits prepared at 100 A. For He gas
ambient, the ratio of the nanotubes to nanoparticles in-
creased with increasing pressure, as examined by Zhang
et al. @. Also nanotubes tended to elongate at 25 and 50
kPa, and the nanotubes became thick and shorter at
higher pressures. For H,, there was an apparent disap-
pearance of nanoparticles than for He, as reported by An-
do et al. . At 25 kPa, longer nanotubes were obtained
with very few nanoparticles. For N,, larger nanoparticles
adhered to the thicker nanotubes. For O,, at lower pres-
sure, many nanoparticles co-existed. However, at 25 Pa,
almost no nanoparticles adhered to the nanotubes. For
gases composed of carbon and hydrogen or oxygen (C,H,,
CO,), despite the presence of hydrogen or oxygen, the
nanotubes were much less than those for pure H, or O,
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gases. These results indicated that pure hydrogen and
oxygen ambient could decompose the nanoparticles effec-
tively at 25 kPa.

As for arc current dependence, at lower current of 50 A,
very few nanotubes and nanoparticles were obtained.
When the current increased to 150 A, thicker nanotubes
with mass of larger nanoparticles were produced and
there was almost no dependency on gas types.
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