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Influence of Free Carbon Elimination on Microstructure and
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Abstract: To prepare SiC fibers with different free carbon contents, polycarbosilane (PCS) fibers cured with un-
saturated hydrocarbons were pyrolyzed at 1000°C under controlled hydrogen/nitrogen atmosphere and subsequent-
ly heat treated at 1500°C under nitrogen atmosphere. The process of carbon removal during pyrolysis was investi-
gated using chemical elemental analysis, FTIR, and AES analysis. The microstructure and properties were examined
by SEM, TEM, XRD, density measurements, tensile tests and resistivity measurements. The results show that the
carbon content in SiC fibers decreases with H, concentration increasing. The hydrogen atmosphere suppresses H,
evolution and helps to remove excess carbon as CH, during pyrolysis. Although thin carbon-enriched films are pre-
sent on the fiber surfaces, the distribution of silicon and carbon is uniform in the fiber cores. The microstructure and
properties of the resulting SiC fibers are very dependent on their C/Si chemical compositions. The B-SiC grain size
increases with a decrease in the carbon content because the excess carbon aggregates at the grain boundary and im-
pedes the grain growth. Moreover, the removal of free carbon also results in fiber densification, decrease of porosity
and improvement of fiber specific resistivity, tensile strength and tensile modulus. Therefore, the nearly stoichio-
metric SiC fiber has good comprehensive performance.
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Tablel Relationship between element content and H,
concentration

H,/vol% C content/wt%  Si content/wt% C/Si atomic ratio

0 37.32 60.47 1.44
25 33.97 63.49 1.25
50 31.90 65.27 1.14
75 30.46 67.59 1.05
100 28.24 68.56 0.96

K1 SiC 214kl SEM JEFE
Fig. 1 SEM images of SiC fibers (C/Si= 1.05)
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Fig. 2 FTIR spectra of cured PCS fibers (a), SiC fibers
heat-treated at 1000°C in pure N, (b) and 75% H,/25%N, (c)
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Fig. 3 AES depth profile recorded from the surface of SiC
fiber pyrolyzed in pure N, (a) and 75% H,/25%N, (b)
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Fig. 4 XRD patterns of SiC fibers with different C/Si atomic
ratios
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Fig. 5 HRTEM images of SiC fibers
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Fig. 6 Relationship between density and C/Si atomic ratio of
SiC fibers
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Table 2 Relationship between porosity and C/Si atomic
ratio of SiC fibers

C/Si atomic Mole Calculated  Pore fraction,
ratio composition density, p,/% Pl%
1.44 SiC+0.44C 3.06 13.1
1.25 SiC+0.25C 3.12 10.6
1.14 SiC+0.14C 3.16 8.2
1.05 SiC+0.05C 3.19 7.5
0.96 0.96SiC+0.04Si 3.18 8.5




5 WOE R, A H BRI IR SiC ET YERION &5 A4 R BE 1) 5 R 533
45 340 4
4.0+ —-320 3F
= ] £
& | 1 @ 2
~ — — : 5] 2_
5 35 N 300 % &
2 e 23 =
(5]  — (=%
Eaol [T : 120 5 = 1F
o5tk T — 1 260 0f
) ) ) - ) ) -1 L 1 " 1 n | L 1 L | n
2.0 ' ' ' ' ' 240 09 10 11 12 13 14 15

0.9 1.0 1.1 12 1.3 1.4 1.5
C/Si atomic ratio

Bl 7 LY. Rfppii s C/Si i FHRIR R
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