
Acknowledgements
Prof. M. S. Dresselhaus

Prof. H. W. Kroto
Madame  A. Oberlin

Prof. D. Tomanek (MSU)
Profs. M. & H. Terrones (ICPyT)

Prof. R. Saito (Tohoku Univ.)
Prof. J. -C. Charier  ( UCL)

Profs. T. Hayashi and Y. A. Kim (Shinshu Univ.)

NT05

Large Scale Production, Selective Synthesis and 
Applications of Carbon NT by CCVD Process 

Morinobu Endo

Shinshu University, Japan



Outline

1. CCVD process, historical aspect and present 
status

2. Mass production, current and  near-future  
applications of CNTs 

3. Pathological Aspects and Medical applications
4. DWNTs: heat treatment, Boron doping
5. Conclusions



5nm

SWNTs

1.865nm

5.273nm

5nm

1.996nm

0.904nm

DWNTs



5nm

ＳＷＣＮＴ

The structural controllability of CNT is the most important 
issue as a nanotech-material
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Manufacturing Apparatus for VGCFs 
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The first one is 
responsible for the 
formation of the inner 
core containing long, 
straight and parallel 
carbon lavers 
cylindrically rolled 
around a hollow tube. 



Exposed SWNT during 
the growth of  

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



J. Cryst. Grow. 32
（1976）335-349

A. Oberlin, 
M. Endo,
and
A. T. Koyama



M. Endo

American Chemical 
Society, 

CHEMTECH,
September, pp.568-576, 
(1988).



M. Endo

American Chemical 
Society, 

CHEMTECH,
September, pp.568-576, 
(1988).



M.Endo; Hyomen, Vol.24, No.5, pp.227-
237 (1986), in  Japanese



M. Endo

American Chemical 
Society, 

CHEMTECH,
September, pp.568-576, 
(1988).



M. Endo,American Chemical Society, CHEMTECH, September, pp.568-576, (1988).

100 300 5000

20

40

60

80

100

Diameter of Fe particle (Å )

R
el

at
iv

e 
yi

el
d 

(%
)



M. Endo American Chemical Society,
CHEMTECH, September, pp.568-576, (1988).

The TEM image shows the catalyst 
particle at the end of the growing 
precursor fiber; it is not yet covered 
with hard, graphite-like carbon layers 
and can still actively assist fiber growth 
in the longitudinal direction. The 
resultant thin fibers have a continuous, 
thin, hollow tube as shown in Figure 11b.



The Floating Seeding Method (Vertical type) 
M. Endo; American Chemical Society, CHEMTECH, September, pp.568-576, (1988).
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VGCF( Multi walled CNT)

heat-treated at 2700oC

Hollow core



Structure of LIB practical cellStructure of LIB practical cell
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Ref :Ref : Sony’s catalog, Lithium ion rechargeable battery, ACG-4012-N-9707-P3-002, 1977. Sony’s catalog, Lithium ion rechargeable battery, ACG-4012-N-9707-P3-002, 1977. 

M. Endo, T. Karaki, T. Fujino  New ceramics 1988; 4: 46-52, (In Japanese)M. Endo, T. Karaki, T. Fujino  New ceramics 1988; 4: 46-52, (In Japanese)



Principle of operation of Li-ion-BatteryPrinciple of operation of Li-ion-Battery
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Cu foilCu foil

MWNTsMWNTs

M.Endo, Y.A.Kim, T.Hayashi, K.Nishimura, T.Matsushita, K.Miyashita
and M.S.Dresselhaus; Carbon, Vol.39, pp1287-1297, (2001).



Cyclic characteristics of synthetic graphite anode 
as a function of weight percent of MWNTs

Cyclic characteristics of synthetic graphite anode 
as a function of weight percent of MWNTs
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Artificial graphite (HTT2500oC) with MWNTs

M. Endo, Y. A. Kim, T. Hayashi, K. Nishimura, T. Matsushita, K. Miyashita and M. S. 
Dresselhaus, Carbon, 39, 1287-1297 (2001).

M. Endo, Y. A. Kim, T. Hayashi, K. Nishimura, T. Matsushita, K. Miyashita and M. S. 
Dresselhaus, Carbon, 39, 1287-1297 (2001).
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Superelasticitiy of carbon nanotube; Effect of nanosizeSuperelasticitiy of carbon nanotube; Effect of nanosize

M. Endo, K. Takeuchi, K. Kobori, K. Takahashi, H. W .Kroto and A. 
Sarkar, Carbon, 33, 873-881 (1995).
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Sarkar, Carbon, 33, 873-881 (1995).
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http://www.golfersland.net/mp001/lineup/f_mp001.html



Super tweeter of Carbon ＮＴ／Ｃ composite

~Realize the feeling of live atmosphere~

GSI Creos co ltd, Mitubishi pencil co. ltd, M. Endo
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Pt catalyst supportPt catalyst support
M. Endo (Shinshu Univ.) & T. M. Endo (Shinshu Univ.) & T. 
Yanagisawa (GSI Yanagisawa (GSI CreosCreos Inc.)Inc.)

Chan Kim, Yong Jung Kim, Yoong Ahm Kim, Takashi Yanagisawa, Ki
Chul Park and Morinobu Endo, Mildred S. Dresselhaus,

J. Applied Physics, 96(10) 5903-5905 (2004).
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MWCNT、 4 weeks after Implantation

Histopathological Aspects after Subcutaneous Implantation of Various 
Carbon Nanotubes in Mice

This tube induced cell infiltration without an edemoutous aspect at 1 week 
post-implantation. A granulomatous tissue becomes compact and tight 
between agglomerates of nanotubes with time.
Finally, several particles were phagocytozed over 3 weeks post-
implantation. (Submitted to Carbon)



Superior handing performances

0.53mm

M. Endo et al., Thrombogenicity and Blood Coagulation of a Micro-Catheter Prepared 
from Carbon Nanotube-Nylon Based Composite

Nano Letters, 5(1), 101-106 (2005)

Caterer based on CNT/Nylon 12



White Tube vs Black Tube

Thrombus
demonstrates
Dark Blue
stained by HE.

濃紫色は血栓 白では著明に形成されている。この実験は生きた犬に上段の模式図のよう
にチューブを留置して1 時間

Thrombus
demonstrates
Dark Blue
stained by HE.

Tube position
shows opaque
circle.

Tube position
shows opaque
circle.

M. Endo et al., Thrombogenicity and Blood Coagulation of a Micro-Catheter Prepared 
from Carbon Nanotube-Nylon Based Composite

Nano Letters, 5(1), 101-106 (2005).



Selective formation by Catalytic CVD Method
Possibility and Potential for Controllability of

MW- ,DW- and SW-NT Structure
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Catalyst supported on the substrate particle

The top- or root growth of SWNT depend  on  the electronic 
interaction between metal catalyst particles and their supported
substrate;

Bottom-growth; strong correlation
Tip-growth; week correlation



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.

T. Hayashi, Y. A. Kim, T. Matoba, M. Esaka, K. Nishimura, T. Tsukada, M. Endo and M.S. 
Dresselhaus, Smallest freestanding single-walled carbon nanotube,

Nano Letters 3, 887-889 (2003).



M. Endo, H. Muramatsu, T. Hayashi and Y. A. Kim, M. Terrones, M. S. 
Dresselhaus, Nature 433, 476 (2005).

Highly-purified DWNT sheet 



High purity DWNTs by CCVD Method, 
by M. Endo et al., Nature 433, 476 (2005).

11.57nm



Raman Scattering of B-doped  DWNTs
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The disappearance of the RBM frequency is a direct indicator of the destruction of the original 
DWNTs and of diameter-enlarged DWNTs, MWNTs and graphitic material as the final formation 
by thermal treatment.

D-band



HR-TEM images of B-doped DWNTs
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6 times

10 times

20 times

Miracles of Nano

Comparison of running 
speed and body length

CNTの成長
8,000 times of catalytic particle size

(10mm/min,83μm/s)



Functions and Applications of Carbon NTsFunctions and Applications of Carbon NTs
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CONCLUSIONS

1. Large-scale production of carbon nanotubes by a catalytic 
chemical vapor deposition (CVD) method has been 
widespread in a worldwide level, and their practical 
applications are going to expand in a wide range of fields.

2. With respect to scientific and engineering issue,  new 
breakthroughs including more effective and controllable 
synthesis of carbon nanotubes are critically required when 
considering wide range of huge markets in the range from 
energy device, composite to electronic device.  Giga-level of 
nanomaterials-based market will be opened in the near 
future.
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