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Effect of high temperature heat treatment on properties of domestic
second-generation SiC fiber
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Abstract; As a key ceramic matrix composite material, SiC fiber has good high temperature resistance and
oxidation resistance properties. High temperature heat treatment of SiC fiber is necessary in the preparation and
actual service of high temperature composite materials. In order to understand the performance of SiC fiber during
high temperature process and high temperature service process, through the high temperature argon and air
treatments of SiC fiber, the influence of heat treatment on the tensile properties and microstructure properties of SiC
fiber was analyzed, and the process performance and service performance of SiC fiber were investigated. In this
study, the domestic second-generation SiC fibers were subjected to argon and air heat treatments at 1 000 C for
30 h, and the tensile properties of the fibers were tested by fiber electronic strength tester. The microstructure and
chemical composition evolution of the SiC fibers were tested and analyzed by means of scanning electron microscope
(SEM) , X-ray diffraction (XRD) , and Raman spectrometer. The relationship between the oxidation process of SiC
fibers at high temperature, the variation of fiber surface, and the deterioration of the mechanical properties was
discussed. Results show that the properties of the domestic second-generation SiC fibers were basically unchanged
under the conditions of argon environment and heat treatment (1 000 °C, 30 h) , and the increase in crystallinity of
SiC micro-crystal in the fiber was useful for its performance improvement. While the air environment and heat
treatment (1 000 °C, 30 h) led to the surface oxidation of the SiC fibers with SiO, layer and porosity, and the
surface of the initially smooth fiber became roughness, resulting in decrease in the tensile strength of the SiC fiber
by about 26% .
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Tab. 1  Nominal property data of domestic second-generation
SiC fiber
Properties Data Properties Data
Diameter/ um 131 Tow 500

Linear density/(g + km™!) 200 Density/(g * em ™)  2.70 £0.1
Tensile strength of tow/GPa =2.30 |[Tensile modulus of tow/GPa =270

Fracture strain/% =1.0
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strength test of fiber
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Fig.2 SEM of SiC fibers heat treated in argon environment
xR2 EEXRELREFESICHA4E4RATEREFESLL

Tab. 2

Surface elemental atomic percentage of SiC fibers before

and after heat treatment in argon environment

Ar environment Point C/ % Si/%

1 43.63 52.72

Heat treatment at 700 °C 2 61.42 38.58
3 41.68 58.32

4 61.53 38.47

Heat treatment at 1 000 C 5 70.55 29.45
6 41.49 58.51
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XRD patterns of SiC fibers before and after heat
treatment in argon environment
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Fig.4 Raman spectra of SiC fibers before and after heat treatment in argon environment
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Tab.3  Tensile properties of SiC fiber monofilament heat treated
at 700 °C
Sample no. Fracture strength/cN Tensile strength/GPa
1 36.0 2.71
2 27.0 2.03
3 37.4 2.81
4 24.7 1.86
5 27.5 2.07
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Tab.4 Tensile properties of SiC fiber monofilament heat treated

in argon environment at 1 000 C

Sample no. Fracture strength/cN Tensile strength/GPa
1 57.0 4.29
2 42.5 3.20
3 26.0 1.95
4 44.1 3.32
5 50.4 3.79
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Fig.6 SEM of SiC fibers after heat treatment in air environment
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Fig.7  Tensile fracture surface morphology and element distribution
of SiC fibers before and after heat treatment in air

environment
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Fig. 8  XRD patterns of SiC fibers before and after heat
treatment in air environment
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Tab.6 Tensile strength data of SiC fibers heat treated in air

environment
Sample no. Fracture strength/cN Tensile strength/GPa
1 21.9 1.64
2 28.9 2.17
3 20.5 1.54
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