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Preparation of Coiled Carbon Fibers by CVD

Seiji Motojima, Masayuki Kawaguchi* and Hiroshi Iwanaga**

Department of Applied Chemistry, Faculty of Engineering,
Gifu University, Gifu 501-11, Japan
*Ube Research Center, Central Glass Co. Ltd., 5253 Okiube, Ube 755, Japan
**Faculty of Liberal Arts, Nagasaki University, Nagasaki 852, Japan

Coiled carbon fibers were prepared by catalytic pyrolysis of acetylene at 500—800°C

using Ni powder as a catalyst. It was found that the presence of small amounts of impurity

gas, such as Hy S, PCls, was indispensable for the growth of coiled carbon fibers with good
yield and reproducibility. Maximum yield (about 80%) of the coiled carbon fibers were
obtained using PCl3 as an impurity. Optimum flow rate of PCl; was 0.05—0.1 ml/min,
and coiled carbon fibers were not obtained at a flow rate of zero or above 0.15 ml/min.
Morphology and growth mechanism of the coiled carbon fibers were discussed. The

mechanical property of the coiled carbon fibers were examined.
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Schematic apparatus, representative
temperature profile, and deposition
region. A) Reaction tube (quartz, 30
mm i.d.), B) graphite plate, C) electric
furnace, D) CyH;+H;+Ar gas inlet,
E) gas outlet, F) growth region of the
coiled carbon fibers, G) deposition
region of carbon powders.
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Fig. 2  Effect of reaction temperature on the

yield of total carbon fibers (®) and
coiled carbon fibers (0).

C3Hj: 50 sccm, Ar: 50 sccm,

reaction time: 1 hr,
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Fig. 3 A loop observed on the tip of the coiled
fibers (using Ni plate).

Fig. 4 A roop (A) and a single coiled fiber

formed from a single fiber (B).
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Fig. 5 A single coiled fiber with wide coil pitch

(arrow),

Fig. 6  Regularly coiled flat fibers (using Ni

plate).
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Fig.7 Representative coiled fibers obtained
using fine Ni powders as a catalyst (I)

(Impurity: HyS).

Fig. 8 Representative coiled fibers obtained
using fine Ni powders as a catalyst (II)
(Impurity: PCly).
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Fig.9  Very regularly coiled fibers.

Fig. 10 Regularly coiled fibers showing a cros-
sing or entwisting of two primary coils
of A and B (combination coils).
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Fig. 11 Ruptured cross section of the coiled
fibers.
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Fig. 12 Interesting morphology of a crossing
of two coiled fibers.

Fig. 13 Interesting morphology of a insertion
of small two coiled fibers into a large
coiled fiber.
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Fig. 14 Diamond-shaped deposits observed on
the central part of loops.

Fig. 15 A diamond-shaped deposit observed on
a tip part of the coiled fibers.
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Fig.16 Enlarged view of a diamond shaped
deposits and the EPMA line.
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Fig. 17 Growth mechanism of the coiled fibers.
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Fig. 19 Representative graphitized coiled fibers.

Fig. 20 Tip part of the graphitized coiled fibers.
Heat treating temperature in Ar, (a) and (b)
2000°C, (c) and (d) 2800°C.
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Fig.21 TEM Images of the tip part of the
graphitized coiled fibers. P indicates
graphite layers.
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Fig. 22 Polished cross section of the titanized
coiled fiber.
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