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Structure of Carbon I
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Graphite Diamond (from CHAUMET Paris H

Structure of Carbon I

Multi-Walled Carbon Nanotubes
MWNT

Double-Walled Carbon Nanotubes
DWNT

Carbon Nanotubes




Wrapping (10,5) SWNT (chiral)

Wrapping (10,5) SWNT (chiral) I




Chirality and Radius of SWNT

(10,0) Zigzag

(20,5) Chiral

Hexagonal Lattice (n,m) nanotubes

3q (q: integer): metallic
n - m = 3q (g: integer): semiconductor

n-m=




2-D Energy dispersion relation for graphite I
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From: R. Saito et al., Physical Review B (2000)

Electric DOS of Carbon Nanotube I
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Application of Nanotubes
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Laser-Oven SWNT
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Alcohol CCVD on Catalysts Supported with Zeolite

Alcohol Electric Furnace
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ACCVD Experimental Apparatus I
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In Situ Raman During Growth

Excitation
Laser 488nm
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S. Chiashi et al., Chem. Phys. Lett., 386 (2004) 89.

Temperature Dependence of Raman Scattering (1)
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Raman scattering of SWNTs
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and silicon Raman peaks.

M. Balkanski et al., Phys. Rev. B (1983).
H. D. Li et al. Appl., Phys. Lett. (2000).




ACCVD is Simple!! |

High School Students Presented
at FuIIerene-Nanotubes General Symposium @ Univ. of Tokyo, July 28, 2004

T o o Synthesis of Single-walled Carbon Nanotubes
from Alcohol by CCVD Method
oMiki Kanao, Kieko Sawaguchi and Masaru Moriyasu
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Zheng et al., Nature 2004/Los Alamos & Duke
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Fluorescence Spectroscopy: Narrow Chirality Distribution

Y. Shibuta et al.,
CPL 382(2003)381.

(9,1) d = 7.64A

(6,5) d = 7.64A

L
0.7 0.8 0.9 1

Tube diameter (nm) Y. Miyauchi et al.,
650 CPL 387(2004)198.

A MD Simulation for Formation Process of SWNTs in CCVD Method

Initial position: 500 Carbon & Nij g
randomly distributed with random velocities
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Molecular Dynamics Simulation for Mechanism

500 Carbon & Nij g

400 °C in Air, 5 min
10 min soak @

& 4 cm/min
Heat up to 800 °C |:>

ﬁ in Ar/H, (3 % H,) Y. Shibuta et al.,
CPL 382(2003)381.
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Si or Quartz Substrate
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TEM images of Co-Mo catalysts on
SiO,/Si after reduction

Direct synthesis of SWNTs on Si/quartz substrate

Mo/Co 0.01 wt% in EtOH
o Temperature: 800 <C, Pressure: 10 Torr
.. Time: 60 min, Gas used while heating: Ar/H, (3%)

\ [ 4
— [ Y. Murakami et al., Chem. Phys. Lett., 377(2003)49.
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Saturable Absorbers:
Application to Mode-Locked Fiber Lasers
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S. Yamashita, S. Maruyama, Y. Murakami, Y. Inoue, H. Yaguchi, M. Jablonski, S. Y. Set, Optics Letters, 29 (2004) 1581.

1500

Bussan Nanotech Research Institute, Inc.
8F Sumitomofudosan-Hamacho BDG.,
3-42-3, Nihonbashi Hamacho, Chuo-ku Tokyo, 103-0007 Japan
Contact ;
M.KATO, K.AOKI cnri@xnri.com TEL 03-5645-5572

Single-WaIIed Carbon NanoTubes, directly grown
on quartz substrates

Co-Development Product
with Dr.S.Maruyama,
Univ. Tokyo

Dimension: 30mm-dia.

0.5mm t
Growth: One Side

Endohedral MetalloFuIIerenes, La@C82
e e
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SWNTs in a Groove

Vertically Aligned SWNTSs on Quartz Substrate

Y. Murakami, S. Chiashi, Y. Miyauchi, M. Hu, M. Ogura, T. Okubo, S. Maruyama, Chem. Phys. Lett. 385 (2004) 298
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Growth Consequence (SEM Images)

Plan view

Side view

3. 0rnmn 220,06 SE(M) 04/031 8

In-situ Measurement of Film Thickness
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TEM Image of ‘As-Grown’ Aligned SWNTs

g s 'I"r.'-
Wk e et

STEM Image of Vertically Aligned SWNTs

Amorphous Carbon Support

Substrate 150 nm Slice by FIB

S-5200 30.0kV -1.5mm x20.0k TE 2.00um
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Free Standing Vertically Aligned SWNT Mat I

Overhanging SWNT mat

44 3‘*53&_
o

Quartz substrate

Heat Transfer Problems
with Carbon Nanotubes
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MD Simulation Technique I

—y 310K

0.7nm
6 ~ 404 nm

A

Temperature Control by Phantom Technique

m X = fPot +fRand (G) - (XX

a=\/20ckBTC/AtS, a:mng, ®,=k0,/h

0, = 2500K (Diamond)

Temperature Distribution along a Nanotube

310———— —
phantom (31OK)/

o—

Temperature (K

q=25.0 GW/m*
Fourier’s Law

dT

q — _ Thermal Conductivity

dz phantom (290K) Better than Diamond?
R T |
290 —8‘_ 95

0 1000
Position (A)

64.5 K/um




Thermal conductivity A (W/mK)

High Thermal Conductivity

i

6ok © (53) Thermal Conductivity

A (8.8) Higher than Diamond?
O (10,10)

noc L0

500

Phonon Transport
400

300

200

S. Maruyama, Physica B 323 (2002) 193.
S. Maruyama, Micro. Thermophys. Eng. 7 (2003) 41.

10 100

Length of nanotube L (nm)

MD Studies of Thermal Boundary Resistance

Vit Pecoing Solid-Solid
Liquid Potential Ratio
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S. Maruyama, T. Kimura, S-H. Choi, S. Maruyama, K-K Kim, J.-H. Lee
Therm. Sci. Eng., 7 (1999) 63. J. Kor. Phys. Soc. 44 (2004) 317.
K =1-10 MW/m2K JKPS 43 (2003) 743, JKPS in press.
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SWNT with 50 % 13C Isotopes

Initial condition (a):HBR=0.33%

Initial condition (b):HBR=48.8%

Initial condition (c):HBR=100%

HBR=20% from (a)
HBR=20% from (b)
HBR=30% from (b)

HBR=50% from (b)

HBR=80% from (b)

HBR=80% from (c)

SWNT with 50 % *3C Isotopes
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0 102

1
0 -
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cluster size = 30~120 : dominant in decrease of thermal conductivity
- Estimation of frequency of phonon dominant in thermal conduction
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Thermal Boundary Resistances

SWNT and water

Temperature Measurement
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Summary of Thermal Conductance

12C:290K i
Boundary of Isotopes: K = 100,000 (MW/m?K)

Junctions of SWNTSs:

SWNT and water:
K =8 (MW/m?K)

K = 15 (MW/m?2K)

K=1 5(MW/m2K)

:310K

K =14,000 100,000 (MW/m?2K)

SWNT and Lennard-Jones Fluid:
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