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Low-Temperature Generation of High-Purity Single-Walled Carbon Nanotubes
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By using alcohol such as ethanol and methanol as the carbon source, a new simple catalytic
chemical vapor deposition technique to generate high-purity single-walled carbon nanotubes at
low temperature is demonstrated. Vapor phase alcohol was supplied over Fe/Co catalyst
supported with Zeolite in an electric furnace. The blackened sample was analyzed by resonant
Raman spectroscopy, transmission electron microscopy and scanning electron microscopy.
Because of the etching effect of decomposed OH radical attacking carbon atoms with a dangling
bond, impurities such as amorphous carbon, multi-walled carbon nanotubes, metal particles and
carbon nanoparticles are completely suppressed even at relatively low reaction temperature such

as 700 — 800 °C.
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Fig. 1 Schematic diagram of experimental apparatus for
alcohol CCVD technique
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Fig. 2 Transmission electron microscopy (TEM) image of
‘as-grown’ sample from ethanol at 800°C
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Fig. 3 Low magnification images of ‘as-grown’ sample from

ethanol at 800°C. (a) SEM image, (b) TEM image.
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Fig. 4 Raman spectra of ‘as-grown’ samples from ethanol at
various temperatures. A: Radial breathing mode (RBM), B:
Full range. (a)-(d): CCVD from ethanol. (e): Laser-oven
technique with Ni/Co-doped graphite at 1130°C.
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Fig. 5 TEM images of ‘as-grown’ SWNTs from ethanol at
800°C. Flow rate is (a) 1840 sccm, (b) 60 sccm.

TEMEIZ DUNTIE, SWNTs ORI EE#RIPHIT R 2 5
DD, L—H—F =T HEICB T B L K<
PlIfE R L 7p o7,

2~ 4 DEBFHIIE, HIROT X ) —LvEHND
Z L THEIZ 300 scem FRETH 7=, =H ) —)b
DERRDEEZLELSE L Z L THEZZNEN 1840
scem M TN 60 scem (L ST, TNRFNELIFE
JE 800°C TR L7=REIO TEM B & T~ v AT |k
Nk, FRENK S, K6I1ZR7T. TEMBZEIZLD,
PEE2Y 1840 scem & ZWGEITIE, WEN DRV
BT SWNTs I T £V T 7 AT —AR )
FETHLAERLTWD Z EDNHERTESD. M6 DT
VU AT LD DNV ROBETY, HEASZN
BAEDHFND N RO =7 REDREL >THD

Diameter (nm)

2 10908 0.
T T T T T
A
0
S (a)1840sccny
g
@
=
2 (b)300sccm
2
£
(c)60sccm
100 200 300 400
Raman Shift (cm™)
T T T T T T T T T T T T T T T
B
: k
c
3
Q (a) 1840sccm
5 A
2
‘@
C
Qo
< (b) 300sccm
(c) 60sccm
[ _AM
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

500 1000 1500
Raman Shift (cm ™)

Fig. 6 Effects of ethanol flow rate in Raman spectra. A:
Radial breathing mode, B: Full range. Flow rate is (a) 1840
scem, (b) 300 scem., (¢) 60 scem.
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Fig. 7 TEM image of SWNTs from methanol at 800 “C.
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Fig. 8 Raman spectra of ‘as-grown’ samples from methanol at
various temperatures. A: Radial breathing mode, B: Full
range.
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Fig. 9 TEM images of the tips of SWNTs from (a)-(¢) methanol and (f)-(h) ethanol at 800°C.
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