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Arc in liquid method has been developed as a cost-effective technique to fabricate various kinds of carbon
nanomaterials. In liquid nitrogen, especially high-quality multi-wall carbon nanotubes were observed. So,
our research aims at creating carbon nanomaterials using contact arc method in liquid nitrogen and in liquid

helium. For this research, a special evaporation cryostat, which has moving parts at low temperature part, is
prepared. Experiments in liquid nitrogen were carried out at current density 8kA/cm?, 10kA/cm?,
12kA/cm® and 14kA/cm? At current density 10 and 12kA/cm’ ample fibrous carbon nanomaterilas

could be obtained. Then, based on the results of discharged experiments in liquid nitrogen, productive
experiments were done in liquid helium. At that time, in discharged experiments, ample carbon clusters

could be observed at current density 10kA/ cm?. Using TEM Imaging, it turn out that these clusters were

multi-wall carbon nano-tubes. This is the first observation of creating carbon nanotubes in liquid helium.
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1. INTRODUCTION

In the past few years, researches on carbon
nano-tubes have been developed remarkably [1]-[4].
Among those, researches on the characteristics of
carbon nanotube (CNT) have been done, so that
the electronic  conditions and  electrical
characteristics have been cleared[5]. As effective
production method to synthesize nanotube stably
and abundantly, contact arc method, Ilaser
ablation method, and chemical vapor deposition
method have been proposed. The disadvantage of
these methods, however, is to require expensive
machinery. Recently, as simplified carbon arc
nanotube synthesis method, it has Dbeen
demonstrated that carbon nanomaterials can be
synthesized by arc discharge generated in liquid
water[6] or in liquid nitrogen[7]. Not only this
method is easy to operate but also it allows to
produce  high-quality  multi-walled  carbon
nanotubes at high production rates[7] and to
produce some new type of mnanomaterials
(nanoonion)[6]. Here, Shigematsu et al. shows
that in low temperature liquid carbon atoms
emitted by discharge are cooled down quickly and
start to combine with some amount of energy, it
is possible to create carbon nano materials with
basic structures{8][9]. Then, in order to challenge
to find some new carbon nanomaterials and to
create high-quality carbon nanomaterials, the aim
of this research is to investigate the effectiveness
and possibility of the production of carbon
nanomaterials using arc discharge in low
temperature liquid, such as liquid helium. As the
pre-stage experiment, so as to find out the
creation condition, discharged_experiments were
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carried out in liquid nitrogen.
2. EXPERIMENTAL SETUP

In our present experiment, contact arc
method is adopted, and original instruments are
designed and produced. Fig.1 shows the outline
of our experimental system. The target carbon rod
is set in low temperature liquid and it is high
charged by an outside electric source. Then, the
charged carbon rod can be controlled its
discharge period by electromagnetic coil at room
temperature.” The process of creation is observed
through investigating combine spectrum of
carbon materials. An ICCD camera
(HAMAMATSU C5909) for analyzing spectrum
is set at room temperature. Fig.2 shows our
experimental instruments. This instrument is

vacuum-jacketed structure, and has an evaporation
cryostat, which consists of liquid nitrogen dower
and liquid helium dower in order to prevent
of

evaporation liquid. So as to remove

“felemidal Godl

Fig.1 Schematic diagram of contact arc method
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experimental cells easily, quick coupling method
is utilized for the instrument’s top plate. Because
most of arc energy is absorbed by the liquid and
it causes extraordinary évaporation, the
instrument has a leak valve of 10 lit./sec as a
solution.

The dielectric breakdown voltage in liquid
helium is approximately 20kV at Tmm[10], and it
discharges 20 more percent[11]. That’s why, for
contact arc method, it is necessary to let carbon
rod electrodes approach carefully. Considering
this, a system which allows electrode to move
slowly is prepared using bellows and isolators
(see Fig.4).

An exper-
imental cell used
in contact arc
method is shown
in Fig.3. The
upper carbon rod
is made to move
up and down.
Two carbon rod
electrodes, which
are purchased
from Nilaco
Coro., Japan:
99.99%  purity,
10mm diameter
and 30mm long)
are perpen-
dicularly placed
in liquid helium.

As for the
confirmation of
product after arc
experiment, SEM
and TEM
observations are
carried out
analyzing the
collector located
at the lower part
of experimental

Liq,He ‘ cell.

Bellows

Dower

Lig. N»

=

Ry Sample space

Fig.2 Our original
experimental instrument.

Fig.3 Experimental cell for contact arc method in
liquid experimental instrument.

3.EXPERIMENTAL RESULTS
3-1. Experiment in liquid nitrogen

The experiments were carried out at current
density 8kA/cm?, 10kA/cm?, 12kA/cm?® and

14kA/cm?. The time of arc was | second. Every
time arc was done, the resultant product was
collected. Fig.4  shows the ~result of
spectroscopic analysis of discharged experiments
in liquid nitrogen. In  Fig.4, when current
density is 8kA/cm?, every experiment shows
almost the same result. As for spectroscopic
analysis, all lights in discharged experiments are
integrated. Because C, swan band can be
observed, it turns out that carbon ions emitted by

~ discharge combines and form carbon nano

clusters. In Fig.5 to Fig.8, each of SEM pictures
is shown. When current density was less than
8kA/cm®, ample carbon nanomaterials were not
obtained. On the other hand, when current
density was 10kA/ecm® and 12kA/cm’, many
fibrous carbons were obtained. Then, when
current density was 14kA/cm2, the production
rate seemed to decrease.

Fig.4 The result of spectroscopic analysis of
discharge experiments in liquid nitrogen.
Evaporations of carbon and C; swan band of
clusters are obhserved.

Fig.5 SEM image of arc in liquid nitrogen,
current density 8kA/cm”.
Carbon nanomaterials were not obtained.
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Fig.6 SEM image of arc in liquid nitrogen,
current density 10kA/cm®. Many fibrous
carbons were obtained.

Fig.7 SEM image of arc in  liquid
nitrogen, current density 12kA/cm’
Many fibrous carbons were obtained.
Arrow heads in Figures point out fibers

Fig.8 SEM image of arc in liguid nitrogen,
current density 14kA/cm?®
Carbon nanomaterials were not obtained.

At low electric density, the small amount of
carbon evaporations can be one of the reasons
why clusters were not observed. On the other
hand, at high electric density (14kA/cm?), most of
energy caused by discharge is used for the brittle
fracture at low temperature region and it prevents
carbon from evaporating. Arrow heads in Figure 7
point out fibers, which can be carbon materials.

(In Figures, the foundation, on which carbon
fibers are planted, is thought to be some mixture
of broken graphite pieces caused by arc) .

3-2. Experiment in liquid helium

Fig.9 to Fig.12 show SEM and TAM images

Transactions of the Materials Research Society of Japan 33[4] 961-964 (2008)

of contact arc experiments in liquid helium and
spectroscopic analysis under the condition that a
current was 10kA/cm?.

Because the spectrums of carbon ion, Hel, and
Hell were observed at the time of this experiment,
it is clear that emitted carbon atoms lost their
energy due to Ionization loss process. It is also
clear that carbons were undoubtedly emitted into
liquid by discharge. However, C, swan band was
not observed. This shows that carbon clusters
were little and spectrums were not strong enough
for the ICCD camera to observe them. Fig.10 and
Fig.11 show the result of SEM observation of
discharge experiment in liquid helium. In them,
needle-shape carbon clusters can be observed.
Their diameters range approximately from 10nm
to 30nm and some of them are longer than 1 m.
Then, Fig.12 shows the TEM images of Fig.11.
The images show that needle-shape carbon
clusters are tube and have multi-walls. Though
the difference of diameter is related to the
number of walls, it is not possible to find out how
may walls these clusters have because of the low
sensitivity of TEM imaging.

Fig.13 shows one of these clusters. Though
its inside diameter is 2 ~ 4nm, its outside
diameter is approximately 20nm. This shows
that it has multi-walls.

Fig.9 Representative result of spectroscopic
analysisin liquid helium

Fig.10 SEM images of the nano-material
products using contact arc experiment in
liquid helium. Ample needle-shape carbon
nanomaterials were observed.
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Fig.11 FESEM images of the nano-material
products using contact arc experiment in liquid
helium.

Fig.12 TEM images of the nano-material products
using contact arc experiment in liquid helium.
This figure shows the TEM images of Fig.11. The
images show that needle-shape carbon clusters are
tube and have multi-walls.

Fig.13 TEM images of the nano-material
products using contact arc experiment in liquid
heliom. Though its inside diameter is 2~4nm,
its outside diameter is approximately 20nm.
Unfortunately, it is not possible to find out how
may walls these clusters have because of the low
sensitivity of TEM imaging. This shows that it
has multi-walls.

4. CONCLUSIONS

In this research, discharge experiments have
been carried out in low temperature liquid. In
liquid nitrogen, fibrous carbon nanomaterials
were obtained at current density 10kA/cm® and
12kA/em?. As for arc in liquid helium method at
current density 10kA/cm?, carbon nanomaterials
could be obtained for the first time. The TEM
imaging shows that they were multi-wall carbon
nanotubes. It also shows that the top has a
ball-shape as if fullerene were attached.
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