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SYNTHESIS OF SILICON CARBIDE FIBER FROM POLYCARBOSILANE USING ELECTRON
BEAM IRRADIATION UNDER LOW OXYGEN PARTIAL PRESSURE
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Abstract: Polycarbosilane (PCS) precursor fibers were irradiated using electron beam at low dose and under low oxygen partial
pressure. They were then annealed at inert atmosphere, and pyrolyzed at high temperature under nitrogen to give silicon carbide fibers.
The chemical reactions occurring during irradiation and annealing were studied. The results show that Si—H bonds in the molecular
structure of PCS react with oxygen under electron beam bombarding to get Si—OH groups. During annealing, Si—OH groups un-
dergo dehydration condensation reactions to produce Si—O—Si linkage, resulting in cross-linking. Silicon carbon fibers prepared at
1250 ‘C have a shell-core structure. The shell is oxygen-rich, and the core is oxygen-deficient. The average tensile strength and ten-
sile modulus are 2.4 GPa and 170.1 GPa, respectively.
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Fig.1 Fourier transform infrared (FTIR) spectra of different
polycarbosilane (PCS) fibers treated at different condi-
tions
1—As-spun PCS fibers; 2—Irradiated PCS fibers; 3—Annealed
at 200 C; 4—Annealed at 300 ‘C; 5—Annealed at 400 C; 6—
Annealed at 500 ‘C
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Products contain C=0

RIS R BRI R R AL PCS AT IR

RACREXIRERG PCS A4
Influence of annealed temperatures on irradiated PCS fibers

Irridation and annealing conditions Mass loss/%

Oxygen content/% Carbon content/%

Gel content/% A 2100 /A 1250 A2100/A 2950

PCS fibers 0.59
2.0 MGy 0 7.29
200 C 0.59 5.29
300 C 1.36 5.13
400 C 2.25 3.73
500 C 3.92 3.33

32.12 0 0.97 2.01
38.41 19.4 0.64 1.36
39.05 27.2 0.67 1.38
39.37 76.1 0.63 1.35
39.17 95.1 0.59 1.31
39.98 100 0.54 1.26

Notes: A 2100/A 1250 and Azi00/A 2050 represents the absorbance ratios of the peak at 2 100 cmt (Si—H) to 1250 cmt (Si—CHgs) and the peak at 2100 cmt (Si—H)
to 2950 cm™ (C—H) respectively. Ratios of optical densities at 2 100 cm™ for Si—H peak and 1250 cm™ for Si—CHj peak; 2 100 cm™ for Si—H peak and

2950 cm™ for C—H peak.
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Fig.2 Relationship between mass lost and oxygen lost at
different annealing temperatures
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Fig.3 X-ray diffraction (XRD) patterns of SiC fibers pyrolysed
treated at different temperatures

(b) At 1800 °C
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Fig.4 Scanning electron microscope (SEM) photographs of
SiC fibers pyrolyzed at 1250 ‘C and 1800 C
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