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Preparation of C-shaped silicon carbide fibers
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Silicon carbide (SiC) ceramic fibers are well known
for their high tensile strength, high stiffness, excellent
heat, oxidation and corrosion resistance, and intermis-
cibilities with resins, metals, and ceramics [1-3]. In a
previous study [4], the trilobal SiC fibers have been
prepared by the process of spinning, curing, and heat
treatment in N, atmosphere. The results showed that
the tensile strength of trilobal SiC fibers is on an av-
erage 30% higher than those of circular ones with the
same effective filament diameter. Study [5] also showed
that the structural radar absorbing materials, composed
of the trilobal SiC fibers with resin, exhibited a reflec-
tion attenuation amount of 10-20 dB in the range of
8—18 GHz. Rhee and his co-workers [6] reported that
C-shaped carbon fiber, which is also a kind of profiled
fiber, can be prepared. In the present paper, the prepa-
ration process of C-shaped SiC fibers and characteri-
zation of C-shaped polycarbosilane (PCS) fibers have
been reported.

In the study, two kinds of PCS (PCS-1, PCS-2) with
different number average molecular weight and differ-
ent softening point (7},,) were synthesized by thermal
decomposition and condensation of polydimethylsilane
(PDMS). The PCS was melt-spun through a C-shaped
spinneret in N, atmosphere, and then the C-shaped PCS
fibers were obtained. The degree of profile (D) of C-
shaped PCS fibers could be calculated by means of the
cross-section parameters such as outer diameter D, in-
ner diameter d and stretch angle 6 which could be mea-
sured by optical microscope (OM, XSP-8C, China).
The precursor C-shaped fibers were cured in air, heated
to a specific temperature in N, atmosphere, and then
the C-shaped SiC fibers were prepared.

The curing degree could be characterized with the
reaction degree of Si—H bond Pgsiy which could be
calculated by Infrared Spectroscopy (IR, Nicolet-360,
America).

The relationships between D,. of C-shaped PCS
fibers and spinning temperature (Fig. 1), N, pressure
(Fig. 2) and take-up rate (Fig. 3) were investigated re-
spectively. From Fig. 1, we can see that the value of
Dy, of C-shaped PCS decreased with the rising of spin-
ning temperature at first, then increased. There were
two reasons for this phenomenon, on the one hand,
when the spinning temperature was low, the outer di-
ameter and inner diameter increased in proportion with
the rising of spinning temperature, while 6 was on the
increase. On the other hand, & went down when the
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Figure I The relationship between spinning temperature and Dp of
C-shaped PCS fiber.
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Figure 2 The relationship between N; pressure and D of C-shaped
PCS fiber.
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Figure 3 The relationship between take-up rate and Dy of C-shaped
PCS fiber.

spinning temperature became higher. Study showed
that only the hollow PCS fibers could be attained
when the spinning temperature (PCS-1) was above
274°C.
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Figure 4 The relationship between E4 and exposed girth of C-shaped
PCS fiber.

As can be seen from Figs 2 and 3, the value of D,
remained nearly the same when changing N, pressure
and take-up rate. The reason for this was that the d/D
and 6 almost remained steady in the spinning process.
The C-shaped PCS fibers with small E4. (<30 wm)
and high D, (0.10-0.15) could be gained under such
conditions as low spinning temperature, N, pressure,
and appropriate higher take-up rate.

Study showed (Fig. 4) that the exposed girth of C-
shaped PCS fibers was on an average 30% higher than
that of the round PCS fibers with similar effective fila-
ment diameter (Eq4). The curing process is a gas-solid
reaction which depends on the O, diffusion rate. The
bigger the surface area and the smaller E4 of PCS fibers
are, the easier for oxygen to diffuse in the curing pro-
cess. When the length of PCS fibers was the same, the
surface area was dependent on the exposed girth of
the fibers. Consequently, it was more effective to deal
with C-shaped PCS fibers than round PCS fibers in
the air curing process. As shown in Fig. 5 the reac-
tion degree of Si—H bond (Psi—y) of C-shaped PCS
fibers was about 5% higher than those of round PCS
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Figure 5 The relationship between curing time and reaction degree of
Si—H bond PSi—H-
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Figure 6 SEM photo of C-shaped SiC fiber.

fibers, which certainly made for the O, adequate dif-
fusion in C-shaped PCS fibers. So the curing time of
C-shaped PCS fibers could be reduced sharply for the
above reason.

The scanning electron microscope (SEM, JEOL-
5600LYV, Japan) photo of C-shaped SiC fiber is shown
in Fig. 6. From Fig. 6, we see that the shape of the fibers
was unchanged after the air curing and heat treatment.
The reason for this was that the reaction and shrinkage
in every direction was the same. In addition, the per-
formance of C-shaped fibers and the formation of hol-
low PCS fibers, melt-spun through C-shaped spinneret,
were being studied.
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