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Experimental and Molecular Dynamics Studies
Related with Carbon Nanotubes
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Typical Structures of Fullerene & Nanotubes |

What is Carbon Nanotube?
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Chirality and Radius of SWNT

(10,10)
Armchair

(10,5) Chiral

(10,0) Zigzag

STM Image of Individual Atoms

http://vortex.tn.tudelft.nl/~dekker/nanotubes.html

TEM Pictures of SWNT Ropes|

About 100 SWNTs

Individual tube diameter: 1.3 nm V{4 !
Spacing: 0.34 nm 1
Misalignments and Terminations ) S

TEM from Smalley et al. at Rice University




Bucky Paper (A Tangle of Ropes)

Discovery of Carbon Nanotubes

Discovery of MWNT: lijima (1991)
Discovery of SWNT (Co-Fe): lijima(1993)
MWNT by CVD
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R. E. Smalley at Rice University

acroscopicProd-SWNTs (Ni-Co):-Smalley (1996)
Arc Production (Ni-Y): Journet et al. (1997)

SWNT by CVD catalytic growth from metal particle

Field Emission, AFM Tip, Hydrogen Adsorption

Applications of Nanotubes

Field Emission
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Tips of AFM Fuel Cell Electrode H, Storage
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Generation of SWNTs
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Laser-Oven SWNT Generator
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‘ Laser-Oven Nanotube Generator
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Catalytic CVD Generation of SWNTs
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Self-Oriented Arrays of MWCNTs by CCVD
s (H. Dai’s Group at Stanford)
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CCVvD (Catalytic Chemical Vapor Deposition)
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J.-F. Colomer, C. Stephan, S. Lefrant, G. V. Tendeloo, I.
Willems, Z. Konya, A. Fonseca, Ch. Laurent, J. B. Nagy

CPL (2000)
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Yields of SWNTs synthesis depending on the catalysts used Mg 0 Supported
Metals  Weight Yields for Yields for
used percent asprepared  hydrogenated

of metal catalyst catalyst
Co 25% 55% 57%

5% 6.5% 47%
Fe 2.5% 6% 5.9%

% 58% 5%
Co-Fe  25-25%  76% 8.3%

The HiPco Process

Single walled carbon nanotubes (swnt)
from Hi pressure CO ( Pco)

$500/gram

R. E. Smalley
CNL
Rice University




New Catalytic CVD
Generation of SWNTs

Experimental Technique

Zeolite USY
HSZ-390HUA

(CH,CO,),Fe
(CH,CO,),Co-4H,0

0.74nm

Si0,  99.6 wt%

ALO,  0.4Wt%

Electric Furnace SiO,/Al,05: 390.0

Csourcet®i>( ]m ] @j vacuum
VA

2.5/2.5 : Fe:Co (Wt%) on Zeolite 30mg

SEM Image ‘

TEM Image

TEM Image

Raman Spectra
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Temperature Dependence
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Generation mechanism of SWNTs
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Figure 9. Drawings illusrating how the SWNT yield depends on metal specics. The trges are (@) G:Co., (5) CiNi,Co, (€) CNi, and (&) CiFe

Model by Yudasaka et al., JPC B (1999)

Model by Kataura et al., Carbon (2000)
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H. Kataura , Y. Kumazawa , Y. Maniwa , Y. Ohtsuka , R. Sen , S. Suzuki,Y. Achiba
Carbon 38 (2000) 1691-1697
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‘ Snapshots of Clustering Process at 6000 ps I Snapshots of Annealing Process
2500 carbon atoms & 25 Ni atoms for NiC,
60
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The Way to Nanotube?

Collisions 2000K Slower Rate of Shrinking|

Enlarged View

‘ Generation Model of SWNTs

‘ Electric Furnace

Block

Ar flow
.8 cm/s, 500 Torr,

Evaporation
~ 1.7 pg/pluse

YAG Pulse

Block

Molecular Dynamics Simulations Related to SWNTs

Fuel Cell and Hydrogen Storage

FUI(E;'E?:EI;LS Distributed power supply
Automobiles
Mobile machines
‘Supply of hydrogen ‘

Storage problems for smali-light-weighted fuelcefis

Methanol Regenerator is heavy
Liquid hydrogen Low temperature, Energy loss

High pressure gas‘ Weight of case
Metal hydride|  Heavy
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A. C. Dillon et al., Nature, 386, (1997)

Initial Configuration for (10,10) SWNTs ’

7 SWNTs Bundle (440 C atoms each)
10 x 3.45 x 20 nm box




Phase Transformation |

7.5 wt % 8.6 wt %

Snapshots for Various SWNTs l
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P. Kim, L. Shi, A. Majumdar, P. L. McEuen, Thermal Transport
Measurements of Individual Multiwalled Nanotubes, Los Alamos Natl. Lab.,
Prepr. Arch., Condens. Matter (2001), 1. - PRL 87, 215502-1 (2001)

Simulation Technique
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Temperature Control by Phantom Technique
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Temperature Distribution along a Nanotube

Effect of nanotube length I
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R. Saito et al., Phys. Rev. B, 57 (1998), 4145.

Peapod (Fullerene@Nanotube) |

Monthioux and
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D. E. Luzzi, Nature (1998).




Snapshots of Peapod to Double-walled Carbon Nanotube

at 3000K
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