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Exposed SWNT during
the growth of
crossing the tubes;




Fig. 12. (a) 00.2 lattice fringes of a constricted fibre, (b)
schematic drawing of (a).
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Double layered carbon nanotube in
the core of the VGCF
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Fig. 13. Bright-field images of fibre tips showing ca lyst particles.

whatever the size and shape of the fibres are, each of to electrons (fig. 13). The size of these particles

them contains at its tip a very small particle opaque widely varies as it can b2 1in the figure; it ranges
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The Floating Seeding Method (Vertical type)
M. Endo; American Chemical Society, CHEMTECH, September, pp.568-576, (1988).
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Figure 8. Conceptual scheme of VGCF production over

partil:la I‘\ f/

Primary
fiber

L =

fluldizing catalyst particles by direct {a) and indirect (b) methods

Growth model and mechanism
As mt:!ltinm'd f'.ariier VGCF grows muu.h faster than

n time of
grow in a
or smaller
process, the
. re the ly
ndirect method, by which

form simultaneousl

rum_h:lr in a controlled manner, j,n:.al]v promaote
vth in the three-dimensional space of the n
Chdmbe Flu! 1Zzation Wﬁ'ilrlg pf‘rmlts h(’ttf-r (e

It is mlcrc.simg to note lh.:t lhv fluidization method
rbon fibers ranging from carbon bl
aspect ratio of about 1 to ordinary
in which the aspect ratio is esse
matrice h as rubber,

Figure 10 shows the tip of a growing fiber with a crystal

572 CHEMTECH SEPTEMBER 1988

of iron carbide at the end of thc hollow tube. The iron
particle—which i
fluidized—remains as it is

\\i'll] lhe cementite particles when cooled.

mostly below 20-30 nm. Many
are around 5 nm, which
fiber forms more
, H-aLer and co-
wnrl.uq h.nc rcpurtul that
filamentous carbon faster (I
results for the ultrafine catalyst partic
will ¢

pamc]es are a(t:w th:‘ fﬂ' s to grow when the
T d “rll}l (‘arhrm I;\ ers, ﬂt\.gr n,
z movement of the

ill actively assist fiber
on. The reaultanl thin
fibers have a conlmunus thin, hollow tube
Figure 11b.

We can illustrate the formation of VGCF by the model
shown in Figure 12 (I1). A redu np_ atmosphere of
hydrogen at ~1100 °C reduces
transition metal such as iron, or «
promotes the pol»menzahon and condensation of the

rocarbon to develop hexagonal planar
arbon. They grow perpendicular to the substrate surface
in th between the particle and the substrate
driven upward, away from the substrate—
presumably by osmotic pressure, surface tension,

M. Endo

American Chemical
Society,

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









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