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ABSTRACT

Controlling diameter and chirality of single-walled
carbon nanotubes are most interesting aspects on synthesis,
and these kinds of controls are desired to be done during
the synthetic processes. In fact combination of catalysts,
modifying their species, and adjusting the size of catalyst
can roughly control the diameter distribution. However,
since catalysts including cobalt atoms work much better
for synthesizing SWNTs in alcohol catalytic chemical
vapor deposition process, which is considered one of the
best processes to synthesize, this fact restricts the
flexibility of catalyst combination. Usually, supporters are
used for avoiding the condensation of catalysts, but it
turns out that sometimes these supporters give bad effects
on catalysts of losing their catalytic activities.

In this paper we synthesized SWNTs by using
catalysts on different supporters and considered the
influence of supporters by calculating their electronic
structures.

1. INTRODUCTION

Single-walled carbon nanotubes (SWNTs) [1] have been
considered ideal materials for many kinds of application
owing to their outstanding properties, and various
techniques [2-8] have been developed for the high-quality
macroscopic production. Among these processes, the
alcohol catalytic CVD (ACCVD) process [9] can produce
pure SWNTSs without any purification. Recently, Hata et
al. developed super growth process [10] to realize the
macroscopic production using water molecule to maintain
the activity of catalyst nano-particles on silicon substrate.
This process may grow millimeter order SWNT, but
accurate control of water molecules are needed.

On the other hand, controlling the diameter of SWNTs
is another important aspect. At present, synthesis
temperature and catalyst size are considered to be main
factors of determining the diameter. Referring to our
previous work [11], catalyst species can be another factor,
since they have different interaction with carbon atoms
when the catalysts support the core of SWNTs at the
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beginning of nucleation stage. Here, one problem comes
out that catalysts with cobalt atoms seem to work well on
decomposing ethanol in ACCVD, so that catalysts had
better include cobalt; however this restricts the
combination of catalysts such as iron — cobalt (typically
used), molybdenum — cobalt. At the previous conference
we reported the relationship among catalysts combinations
and their electronic density of states (DOS) around Fermi
level. [12] As a result it turned out that the number of
DOS was quite important for their activities; however, this
result was assumed isolated catalysts. Generally, catalysts
are supported by a certain supporters such as zeolite,
magnesium oxide, and aluminum oxide. If the catalysts
are large enough, the effect of supporters is negligible, but
in case of SWNTs synthesis each catalyst is desired to be
small enough.

In this paper we synthesized SWNTs with different
catalysts supporters and calculated their effect on catalytic
activities.

2. METHODS

The following is a brief introduction of ACCVD process
employed in this study. As shown Fig. 1 a vessel
containing ethanol is bathed in a water tank to maintain its
temperature at 10 °C. This ethanol is used as a carbon
source, and it is led to the catalysts prepared on a certain
supporter. The catalyst is set in the middle of the electric

1200 mm

Pressure Gauge

Electric Furnace

\ R \

Quartz Tube ‘ )
Catalytic Metals
in
Quartz Boat

Aicohol

Water
Reservoir

Rotary Pump

Fig. 1. A schematic view of the experimental setup.
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furnace, and the ethanol is decomposed on the catalyst at
700-1000 °C. In this work, we have prepared two types of
catalysts (Fe/Co and Ni/Co), and three types of supporters
(zeolite, magnesium oxide (MgO) and aluminum oxide
(AL,O;). The samples are measured in Raman
spectrometer to identify their purities by comparing G/D
ratio, which is usually used for expressing the purity.

Generally, the number of electrical states around the
Fermi level is critical for the reaction, because it means
the activities of catalysts. In this paper we also calculated
the electrical density of states around the Fermi level of
cobalt particles supported with zeolite and MgO by using
density functional theory (DFT). Our calculated system is
that some cobalt atoms are placed above zeolite or MgO
crystal with the distance of 1A-2A, which was roughly
estimated shown in Fig. 2 by density functional theory.
Gaussian03 [13] was used to determine the minimum
energy distance between supporters and the cobalt cluster
with their own structure were fixed. Becke’s three-
parameter exchange functional with Lee-Yang-Parr
correlation functional (B3LYP) [14, 15] was also applied.
The Los Alamos effective core potential plus DZ
(LANL2DZ) [16] was used as the basis set. To simplify
the system, we assumed the local structure of zeolite was
comparable to the SiO, crystal, because our zeolite almost
consisted of SiO, (more than 99%).

3. RESULTS AND DISCUSSION

Figure 3 shows G/D ratios of SWNTs with Fe/Co catalyst
on each supporter, which usually expresses the purity.
Referring to Fig. 2, zeolite-supporting catalyst can
synthesize well, so that zeolite may be the best supporters
among these three supporters; however, MgO can work at
specific temperature, this give a very narrow diameter
distribution. Saito et al. [17] mentioned the promising
technique of baking MgO supporting catalyst for nano
particlezation in methane CVD process, but this technique
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Fig. 2. Distance of the cluster from MgO crystal derived
by Gaussian03 calculation.
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did not work efficiently for us.

Calculated cluster models are shown in Fig. 4.
According to some literatures the catalysts used for
SWNTs synthesis should be small enough not to grow as a
multi-walled carbon nanotubes. In fact almost all of
reports concerning to SWNTs CVD synthesis described
the catalysts particle was from 0.5 nm to several nm in
diameter. Even if assuming the crystal structure, 1 nm in
diameter is comparable to 50 atoms for iron or cobalt.
Normally, clusters with up to 100 atoms have singular
properties, which are called atomic cluster, and their
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Fig. 3. G/D ratios with excitation wavelength of 514.5 nm.
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Fig. 4. Calculated cluster models.
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structure are different from crystal structure. Because
atoms consisting atomic cluster are apt to be on the
surface, practical number of atoms are less than 50 in 1
nm atomic cluster. Thus, each catalyst particle is affected
by catalysts supporters. To reduce the calculation load in
this paper we assumed 4 cobalt atoms on (MgO), and
(Si0,) ;6 crystals, but it might be desirable to employ more
MgO when we consider the previous reason.

Figure 5 shows electronic states of cobalt clusters on
zeolite and MgO. USY-zeolite consists of almost of SiO,
(more than 99%), so we have calculated the hypothetical
effect of SiO, and MgO to cobalt cluster. Because SiO, is
a covalent and MgO is an ionic crystal, we have predicted
that an electronic orbital around cobalt particles must be
attracted to MgO by its coulomb potential, and SiO, does
not attract electrons; consequently, in MgO system, the
number of electronic states is restricted and this makes the
reactivity lower.

Referring to the overlap population, which expresses
the proportion of covalent bonding, there very small
amount of shared orbital between silicon and cobalt
atoms; on the other hand, magnesium atoms make strong
covalent bonding with cobalt atoms. As a result, the
number of states is restricted in the Co-MgO system that
makes the catalyst activity lower. Regarding to the
proportion of ionic bonding, in both models there looks
only small amount of bonding.

4. CONCLUSION

In this paper, we investigated the influence of catalyst
supporters. Though our calculation system was so small,
the result was quite consistent with experimental results.
As we expected, the number of the electrical states
directly affects the catalyst activity; consequently, to use
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Fig. 5. The number of electrical states of cobalt cluster
supported by zeolite (assumed by Si02) and MgO around
Fermi level. HOMO is set to 0 eV.
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zeolite as catalyst supporters is efficient for synthesizing
SWNTs. The temperature of 700-800 °C is the best
reaction temperature for zeolite supporting system, and
that of 900-1000 °C is good for MgO system, but a further
experiment should be necessary to solve this difference.
We have the possibility of synthesizing SWNTs, which
have a narrow diameter distribution with MgO. We can
obtain the semi-conductor nanotubes in the special
condition.
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