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Introduction
The mechanism of filament growth is
believed to consist of several steps [2]:
•
Catalytic decomposition of the gas precursor
at the leading edge of the metal particle,
•
diffusionof carbon through the particle, and,
•
ordered precipitation of carbon to add
another conical graphite layer to the
filament.

In recent years there has been significant
interest in carbon molecules (fullerenes) and
carbon
clusters
(nanotubes
and
nanoencapsulates) produced by evaporationcondensation processes such as carbon arc
discharge. On the other hand, carbon clusters
have been formed for many years from carboncontaining gaseous compounds by deposition on
catalyst metals. We have produced various
carbon deposits by catalytic carbon monoxide
disproportionation at temperatures around 500°C,
and subjected them to high-resolution electron
microscope analysis. Nanotubes and certain
nanoencapsulates thus made "the old-fashioned
way" are directly comparable to those produced
by arc discharge. This presentation will discuss
some interesting aspects of catalytic carbon
formation, with an emphasis on the role of
hydrogen.
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Catalvlic Formation of Filaments
The most common form of carbon deposition
studied in the literature of the last four decades
has been the filament. A filament consists of a
tubular carbon cluster formed when various
hydrocarbons or carbon monoxide are
decomposed in the presence of a catalyst [1].
Small faceted particles are broken away from the
bulk catalyst metal, and are carried by the
growing cylindrical 'tails' of graphitic carbon. A
diagram of a typical filament as it appears in a
transmission electron microscope (TEM) is given
in Fig. 1. Note that the graphite basal planes are
not parallel to the axis of the filament. Filaments
shown in the literature have a variety of
orientation angles between basal planes and the
filament axis.

Figure 1. Illustration of the cross-sectional
appearance of a carbon filament.

Carbon Nanotubes
Nanotubes differ from filaments by their graphite
orientation: the basal planes are parallel to the
tube axis. An example of a nanotube as it may
appear during growth is illustrated in Fig. 2. The
growth mechanism of nanotubes is not
understood.
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temperature de-stabilizes the carbon-hydrogen
bonds, causing nanotubes and nanoencapsulates
to form at temperatures above about 600 °C,
even in the presence of small amounts of
hydrogen. Hydrogen may derive from many
sources, e.g., water.
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The carbon formations that can be produced
under specific catalytic deposition conditions
show promise for industrial applications.
Nanoencapsulates can serve as ultra-fine
magnetic particles. Nanotubes can be used to
produce composites with tailored properties of
thermal and electrical conductivity, or material
strength.
The ability to set the graphite
orientation in tubular formations by regulating the
hydrogen presence during carbon deposition
should allow direct control over their stress/strain
properties.

Figure 2. Cross-section of a carbon
nanotube, with a catalyst particle shown at
its end. Typical tube radius is 10 nm.

Additional information on the mechanisms of
catalytic nanotube and nanoencapsulate growth,
and kinetics of formation of the different carbon
clusters, will be presented based on our latest
data.

Encaosulatina Carbon
Another graphitic formation consists of
'shells' of carbon encapsulating the catalyst
particle. Called nanoencapsulates, these carbon
formations are generally spherical in shape.
They appear as metal particles with several
layers of graphite surrounding them [3]. A
feature that nanoencapsulates have in common
with nanotubes is that there are no open graphite
plane edges, such as those on the outside (and
inside) of filaments.
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