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Nikolai Dmitrijewitsch Kondratieff

(1892-1938)

経済のサイクルと科学技術の関係；コンドラチェフのサイクル

技術革新技術革新

第三次産業革命

ナノテクノロジーナノテクノロジー

第一次産業革命 第二次産業革命



5µm

VGCF（MWCNT） obtained by Floating Reactant MethodVGCF（MWCNT） obtained by Floating Reactant Method

遠藤, 表面, Vol.24, No.5, pp.227-237, (1986).
M.Endo, K.Takeuchi, K.Kobori, K.Takahashi, H.W.Kroto and A.Sarkar, 
Carbon, Vol.33, No.7, pp.873-881, (1995).



Cross-section 
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Exposed SWNT during 
the growth of  

crossing the tubes；
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Double layered carbon nanotube in
the core of the VGCF
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Substrate

A. Oberlin, M. Endo  and T. Koyama,  Journal of Crystal Growth, 32, 335-349 (1976).A. Oberlin, M. Endo  and T. Koyama,  Journal of Crystal Growth, 32, 335-349 (1976).
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Metal catalyst

Fe nanocatalyst



Hydrocarbon (benzene) +
catalytic particles
Hydrocarbon (benzene) +
catalytic particles

Gas OutletGas Outlet

Continuous stock
of CNT
Continuous stock
of CNT

HydrogenHydrogen

Gas OutletGas Outlet

The Floating Seeding Method (Vertical type) 
M. Endo; American Chemical Society, CHEMTECH, September, pp.568-576, (1988).
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Tube-H5

5nm5nm

MultiMulti-- walled walled 

pyrolytic carbon nanotubespyrolytic carbon nanotubes

カーボンナノチューブ；カーボンナノチューブ；

炭素原子でできた極微の筒炭素原子でできた極微の筒

炭素；炭素；『『常に古くて新しい材料常に古くて新しい材料』』
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Cup-stacked CN

MM



cvd-p19-51

5nm

11.46nm

1.769nm



5nm

4.039nm0.377nm

3.208nm



High purity DWNT by CCVD Method, 

11.57nm



High-resolution 
transmission electron 
microscope image of a 
small SWNT. Inserted 
images are the model of 
(5,1) tube and the TEM 
simulated image, which is 
in good agreement with the 
observation.


	Exposed SWNT during the growth of  crossing the tubes；��������

