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Carbon microcoils were grown by the Ni-catalyzed pyrolysis of acetylene. The growth
patterns and the tip morphologies of the carbon coils are examined in detail, and a
growth mechanism is proposed. Basically, six thin fibers grew from a Ni catalyst grain
during the initial growth stage immediately followed by the coalescence of the four
fibers to form two fibers and then forming double-helixed carbon coils. A small
amount of S and O, as well as C and Ni, was observed on the periphery of the cross
section of the Ni catalyst grain. On the other hand, S and O were not observed in the
central part. The driving force of the coiling of the straight fibers to form carbon coils
is considered to be the strong anisotropy of the carbon deposition between different

crystal faces.

I. INTRODUCTION

Many researchers have been trying to prepare materi-
als with a 3D-helical/spiral structure. Some researchers
have reported the growth of coiled fibers of carbon,'™
SiC,'"*"? and Si;N,"*~'® from the vapor phase. However,
the growth of these coiled fibers is extremely accidental
and the reproducibility is very poor. We have prepared
regularly microcoiled carbon fibers by the catalytic py-
rolysis of acetylene containing a small amount of sulfur
or phosphorus impurity, and reported the preparation
conditions, morphologies, and some properties of the
products.'”~>® The microcoiled carbon fibers (referred to
as ‘“carbon coils” hereafter) have a 3D-helical/spiral
structure, which is the fundamental structure in nature:
DNA, proteins, electric waves, growth of vine plants,
screw dislocation in solids, etc.

The carbon coils may be the candidates for novel elec-
tromagnetic wave absorbers, tunable microdevices, ab-
sorbers of hydrogen, etc. Furthermore, the growth
mechanism of carbon coils is very interesting based on
the similarity of the fundamental structure of all objects.
Amelinckx et al. proposed a formation mechanism for a
catalytically grown helix-shaped graphite nanotube.*®
We postulated the 2D and 3D growth mechanism of car-
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bon coils based on the anisotropy of carbon deposition
among catalyst crystal faces.?®*”*° However, the growth
process and growth mechanism of the carbon coils has
not been known in detail until now.

In this paper, we propose a 3D growth mechanism of
the carbon microcoils based on the growth patterns and
morphologies of the coils from the vapor phase, and also
show some of its properties.

Il. EXPERIMENTAL

The carbon coils were obtained by the Ni-catalyzed
pyrolysis of acetylene containing a small amount of thio-
phene. The apparatus, preparation procedure, and reac-
tion conditions used for obtaining carbon coils are noted
in Ref. 21.

lll. RESULTS AND DISCUSSION

A. Growth conditions and morphology of the
carbon coils

Figure 1 shows an enlarged view of the used Ni cata-
lyst powder. It can be seen that this Ni catalyst powder
has many secondary grains composed of very fine grains
averaging 500 nm in diameter. This grain size is compa-
rable with that of the fibers from which the carbon coils
were formed. Generally, the carbon coils grew perpen-
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dicular on the substrate as shown in Fig. 2. A Ni grain
was always observed on the tip of the carbon coils, and
the Ni grain, which is a growing point, pointed in the
source gas inlet direction (Fig. 2, arrow). There were two
kinds of carbon coils: circular carbon coils having a cir-
cular or elliptical cross section as shown in Fig. 3(a) and
flat carbon coils having a flat cross section as shown in
Fig. 3(b). The circular carbon coils generally grew during
the relatively initial growth stage and then became flat
carbon coils. Accordingly, the carbon coils obtained after
a 2-h reaction time have more flat carbon coils. Table I
shows the effects of reaction time on the shapes and
dimensions of the carbon coils. The carbon coils with an
irregularly coiled shape during the initial growth stage
became regularly shaped with increasing reaction time.

FIG. 1. Enlarged view of a Ni catalyst.
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FIG. 2. (a) As-grown carbon coils on the substrate and (b) enlarged FIG. 3. Representative enlarged views of two kinds of ruptured car-
view of the tip. Arrow indicates a Ni catalyst grain. bon coil: (a) circular carbon coils and (b) flat carbon coils.
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