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Abstract : Although the structure of carbon nanotubes is important factor characterizing
its properties, it is very difficult to control the structure of carbon nanotubes (MWNTSs)
and to predict the range of their diameter, which is the primary factor of MWNTs’
physical properties. We tried to control the diameter of MWNTsby governing the feed
injection temperature of floating catalyst method. The structure of MWNTs was influenced
by the phase change of ferrocene fed as the catalyst, The carbon nanotubes were very
narrow at injection temperatures close to the sublimation pt. of ferrocene, in which most
MWNTs had diameters in the range of 20730 nm. At injection temperatures between the
boiling pt. and melting pt. of ferrocene, the diameters became larger and had broad
distribution. However, at injection temperatures higher than the boiling pt., the diameters
became narrow again and had very uniform distribution.
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Fig. 1. FE-SEM images of carbon nanotubes
produced at 165C of injection
temperature and different reaction

temperatures of 750 and 850C for 2
hrs.
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Fig. 2. Diameter  distribution of
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Fig. 3. FE-SEM images of carbon nanotubes synthesized at different injection temperatures
between melting and boiling pt. of ferrocene.
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Fig. 4. TEM images of carbon nanotubes synthesized at(a) 200 and (b) 230? of injection
temperature, and 800? of reaction temperature.
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Fig. 5. Diameter distribution of carbon nanotubes synthesized at different injection temperatures
between melting and boiling pt. of ferrocene and at 800C of reaction temperature.
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Fig. 6. FE-SEM images and diameter distribution of carbon nanotubes synthesized at different
reaction temperatures with 200C of injection temperature.
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temperature over the boiling pt. of ferrocene at 800C of reaction temperature for 2 hrs.
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Fig. 8. Raman spectrum and relating R-value of carbon nanotubes synthesized with different
injection temperature.
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Fig. 9. TEM images of carbon nanotubes at the 8507 of reaction temperature and with the (a)
2007C, (b) 210T, and (c) 230T of injection temperature.

4.3 8

Ferrocene?] o] &3 olde 3%
"o 428 o 7HF FAe] FHe gaux
FEE €& 7 AUARAAR, ferrocenes| F¢ 4
Ej7} 71743 made] o] EAFLRE 18 )¢
HWe A7 B¥XE Mg en, 94437 gauxk
Bl 3z A nj$ FEHA USE & F 3
Ad. FURE7 =@} Fed Ale] 9 o
= $9%¥ ferroceneo] 7143 dPoz2 EA 3}
A Ho gauxfFre AP E¥7 HSS &
A = UUrh AT, FUALEI} BE=H o
el A= ferrocenee] 71do =gt F]AH F
Jexe] W ©@iyrxFHo HF ZHFo)
aA ¥R F%a, AANHoE FIH AAE L
713 gAUXFEE d& F AU

AR 2
€ A7 BPreF AW B7E F49

PA et HANI S LD TFAE ) ) Qo
9@ AU

- 223 -

gnEs

S. lijima, Helical Microtubules of Graphitic
Carbon, Nature, 345, 56 (1991).

A. Thess, R. Lee, P. Nikolaev, H. Dai, P.
Petit, J. Robert, C. Xu, Y. H Lee, S .G.
Kim, D. T. Colbert, G. Scuseria, D.
Tomanek, ]J. E. Fisher, and R. E. Smalley,
Crystalline Ropes of Metallic Carbon
Nanotubes Science, Science, 273, 483,
(1996).

Z. P. Huang, J. W. Xu, Z. F. Ren, J. H.

Wang, M. P. Siegal, and P. N. Provencio,

Growth of Large Scale Wall-Aligned
Carbon Nanotubes by Plasma Enhanced
Hot Filament Chemical Vapor Deposition,
Phys, Lett, 73, 3845 (1998).

R. Andrews, D. Jacques, A. M. Rao, F.
Derbyshire, D. Qian, X.Fan, E. C. Dickey,
and J. Chen, Continuous Production of
Aligned Carbon Nanotubes: a Step Closer
to Commercial Realization, Chem, Phys,
Lett., 303, 467 (1999).



Vol. 21, No. 3 (2004) #9l2 57} Floating Catalyst 02 §4§ gavwefre {24 uXE 48 11

5 H. S. Song, E. J. Kang, and M. S. Kim, 7. Y. T. Lee, N. S. Kim, J. H. Park, J. B.

Preparation of Multi-Wall Carbon
Nanotubes by Foating Catalyst Method,
Carbon Science, 3, 25 (2002).

C. Singh, M. P. Shaffer, and A. Windle,
Production of Controlled Architectures of
Aligned Carbon Nanotubes by Injection
Chemical Vapour Deposition Method,
Carbon, 41, 359 (2003).

- 224 -

Han, Y. S. Choi, H. Ryuand H. ]J. Lee,
Temperature-dependent growth of carbon
nanotubes by pyrolysis of ferrocene and
acetylene in the range between 700 and
1000 T, Chem. Phys. Letters, 372, 853
(2003).

T. W. Ebbesen, "Carbon Nanotubes ;
Preparation and Properties”, p. 164-184,
CRC Press, New Jersey, (1997).



