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Effect of Sintering Temperature on SiC Fiber Structure and Properties

WU Yunzi, JIAN Ke, XIE Zhengfang
(National University of Defense Technology, Changsha 410073, China)

Abstract: High-temperature resistant continuous SiC fibers were prepared by a polymer-derived method with polycarbosilane
(PCS) as a precursor. The effect of the sintering temperature on the structure and properties of the fibers was investiagted. The
results show that the tensile strength of the fibers increases modestly with the increasing the temperature when the sintering
temperature is below 1 400 C. At the sintering temperature of 1400 ‘C, the fibers have the oxygen mass fraction of 1.96%, atomic
ratio of Si and C of 0.757 6, tensile strength of 2.7 GPa and grain size of 5.4 nm. The strength retention rate of fibers processed in inert
atmosphere at 1 800 C for one hour is 49.63%. The tensile strength of fibers prepared in air at 1 250 “C for half an hour is 2.24 GPa.
When the sintering temperature exceeds 1 400 ‘C, the tensile strength of fiber decreases dramatically. It is found that the tensile
strength decreases sharply to 1.32 GPa at 1 800 “C. The main reason for all these phenomena is due to decomposition of SiC.O, phase
and the grain growth in the fibles. The fibers with high sintering temperature have a better high-temperature-resistance in inert
atmosphere due to their low oxygen content and less degrees of grain growth. The strength retention rate of fibers processed in inert
atmosphere at 1 800 C for one hour is 72.73%.
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Fig. 1 Oxygen content and atomic ratio of Si and C of fibers
with different sintering temperatures
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(a) XRD patterns of fibers with different sintering temperatures
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(b) Fiber’s grain size with different sintering temperatures
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Fig. 2 XRD patterns and grain size of fibers with different
sintering temperatures
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(b) SEM micrograph of SiC fibers sintered at 1 800 C
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SEM micrographs of SiC fibers at different sintering
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Table 1 Fiber’s tensile strength after high-temperature processing in inert atmosphere

Sintering Tensile strength/GPa Strength
Sample No. N 5 5 5 .
temperature Unprocessed fibers 1200 C 1400 C 1550C 1800 C retention rate/%
A0 Nicalon202 2.66 2.64 2.02 0.00
Al 1250°C 2.59 2.45 2.56 1.90 1.26 48.65
A2 1400 C 2.70 2.55 2.62 1.94 1.34 49.63
A3 1550°C 2.09 2.14 2.15 2.01 1.32 63.16
A4 1800°C 1.32 1.17 1.22 1.05 0.96 72.73
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Table 2  The grain size of fibers after high-temperature
processing in inert atmosphere
Grain size/nm
Sample Sintering
No. temperature Unprocessed Processed at 1
fibers 800°C,1h
Al 1250°C 3.6 14.2
A2 1400°C 5.5 15.9
A3 1550°C 12.3 17.5
A4 1800°C 20.2 21.4

Bl 5 AR AR H A 1800 C Ak 3
1h )5/ SEM B}, I s aTLAEH, fEMEMHESR
KT A ER A, A4ERTNG BARE, A
LA /INIFLIR o 3X — 7 T2 20 4 bt — 2P KK
5 TR AE i 2 N 4R 4 b 4k 4 b 2 IR
P, X R A GRS T R R . X
Nicalon £F-4E, KRl 1400 C1 SiC 44, &
DitE AR PR S, R FLIRED, R
TPEBT

(a) SEM micrographs of Nicalon fibers processed at 1800 C in argon

10 um

(b) SEM micrographs of fibers with sintering temperature of 1400 ‘C
processed at 1800 C in argon
BSs A4 < 1800 Crniab®e 1h J& 1) SEM B A
Fig. 5 SEM micrographs of SiC fibers processed at 1 800 C
in argon
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Table 3 Fiber’s tensile strength after high-temperature processing in air

Tensile strength/GPa

Sample No. Sintering temperature
Unprocessed fiber 1050 °C 1150°C 1250°C
A0 Nicalon202 2.66 1.86 1.58 1.44
Al 1250°C 276 2.21 1.88 1.97
A2 1400°C 270 2.07 1.93 2.24
A3 1550°C 2.09 1.77 1.85 1.89
A4 1800 °C 1.32 1.08 0.00 0.00

(a) Surface appearance after processed at 1150 'C

(c) Surface appearance after processed at 1250 C

5
- Eft
5 um
| A —

(b) Cross section after processed at 1 150 C

5 um
-

(d) Cross section after processed at 1250 C
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Fig. 6 SEM micrographs of SiC fiber’s surface and cross section processed at different temperatures
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