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１． 研究課題
Single-wall carbon nanotube (SWCNT), as an important type of carbon nanotubes
(CNTs), consists of a single graphene seamlessly wrapped into a cylindrical tube. Owing to
their lightweight and high electrical conductivities, CNTs have exhibited practical application
potentials in batteries, capacitors, solar cell etc., In this research, we focus on yielding
SWCNTs with high using a self-developed fluidized-bed chemical vaper deposition method.
２． 主な研究成果
(1) Deposition of catalyst precursor films by sputtering
In this research, ZrO2 beads were chosen as substrates due to their highly stable chemical
stability and sufficient surface area for the growth of CNTs. A home-made drum-sputtering
facility is used to sputter uniform catalyst precursor films (Al and Fe in this research ) on ZrO2
beads, and an octagonal drum is newly designed to promote the radially and axially rotation of
beads in the drum. We firstly measured the deposition rate of Al layer and Fe layer by
performing sputtering at different power.

Fig. 1 Schematic diagram of drum-sputtering facility and the measured deposition rate. (a)
Schematic image of designed octagonal drum. Deposition rate of (b) Al layer sputtered at 120
W and (c) Fe layer sputtered at 20W performed by adding 100 g beads under Ar atmosphere for
60 min.
X-ray fluorescence spectrometer results show that the average deposition rate was 0.78
nm/min for Al layer and 0.06 nm/min for Fe layer. Therefore, we confirmed the deposition time

of 15 nm Al bottom layer is 19 min and that of 1 nm Fe top layer is 17 min. We then carried out
the CVD synthesis of SWCNT using ZrO2 beads with target thickness of Al and Fe.
(3) Synthesis of SWCNTs by fluidized-bed CVD.
We optimized the synthesis condition in detail by increasing annealing time from 10 to 30
min. Fig.2 a-f showed the morphology and detailed structure of synthesized SWCNTs, and
their average diameter is summarized in Fig. 2i. The higher SWCNT arrays grew from the
surface of beads with the prolonged annealing time, and the length of 0.3 mm was achieved at
the annealing time of 30 min. The typical TEM images and SWCNT content are summarized
in Fig. 2d-f. Most of the observed CNTs are single-wall with an average diameter of 2.8-3.0 nm,
while the content of SWCNTs reduced from 95 % to 83 % because the Fe catalyst particles
coarsen into larger ones through surface diffusion. In Fig. 2h, we summarized the yield and
specific surface area of SWCNTs. The yield of SWCNTs were evaluated by measuring the mass
change before and after the combustion of SWCNTs on ZrO2 beads. The highest yield of 14
mgCNT/gbeads and specific surface area of 1221 m2/g is achieved at the annealing time of 20 min,
suggesting the optimum synthesis condition to form catalyst particles with higher number
densities. Additionally, the Raman spectra showed that the typical D-band peak at 1350 cm-1
and G-band peak at 1580 cm-1 for CNTs were observed. The radical breathing mode (RBM) at
100-300 cm-1 were observed, indicating the existence of SWCNTs again. The intensity ratio of
G-band peak and D-band peak (IG/ID) is ~5 for the samples prepared after 20 min annealing.
These results show that high quality SWCNTs with large SSA can be produced using our
fluidized-bed CVD method.

Fig. 2 SWCNT arrays synthesized by FBCVD. (a-c) scanning electron microscope images, (b-f)
transmission electron microscope images, (g) Raman spectroscopy, (h) yield and specific

surface area, and (i) average diameter of SWCNTs synthesized at the annealing time of 10, 20
and 30 min.
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５． 研究活動の課題と展望
We will focus on the synthesis of SWCNTs (specific surface area>1000 m2/g) and expect to

increase the carbon yield to 15 at% using fluidized-bed CVD. Besides, quick deposition of
metalorganic catalyst precursor film is expected to be finished in 3 min and FWCNTs (number of
wall<3) are expected to be synthesized at the carbon yield larger than 30 at% using C2H2 as carbon
source.

