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Abstract: Precursor continuous silicon carbide (SiC) fiber has a wide application prospect in the fields of aviation, aerospace and
nuclear energy. The oxidation behavior and kinetics data of SiC fiber in a high-temperature oxidation environment are rather
important for the research of composites. This review summarized the research work on continuous SiC fiber by a precursor method,
oxidation type, performance degradation mechanism, oxidation process and oxidation kinetics of SiC fiber, and put forward the future

research directions on oxidation behavior of SiC fiber.
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Table 1 Details of composition, structure, properties, and cost of three generations foreign commercial SiC fibers

[17-22]

First Generation

Second Generation

Third Generation

Trade mark . Tyranno L . . Sylramic
Nicalon Hi-Nicalon UF-127 Hi-Nicalon S Tyranno SA3  Sylramic X
Lox-M iBN
Cross-linking method Oxygen Electron Non Electron Oxygen
irradiation irradiation
Production temperature/‘C 1200 1300 >1 500 >1 700
Element composition (mass 56Si+32C+ 548i+32C+ 63Si+37C 60Si+39C+ 69Si+31C+ 68Si+32C+ 67Si+29C+0.80+
fraction)/% 120 120+2Ti +0.50 1.00 0.20 0.6Al 2.3B+0.4N+2.1Ti
Crystal state Amorphous Microcrystalline Polycrystalline
Crystalline size/nm 2 2 5.4 5 10-20 50-200 100 >100
Density/(g-cm™) 2.55 2.48 2.74 2.50-2.70 3.05 3.10 3.05
Diameter/pum 14 11 14 10-15 12 7.5 10
Tensile strength at RT/GPa 3.0 33 2.8 2.8-3.5 2.6 2.9 32 3.5
Young’s modulus at RT/GPa 200 185 270 220 400 375 400
Thermal conductivity/ 3 1.5 8 >46 18 65 46 >46
(W-m'K™")
Creepage/% >1.0 0.2 >0.5 >0.5 0.1
Strength retention/% RT 0 23 30 55 66
Manufacturer Nippon Ube Ltd Nippon University of Nippon Ube Ltd COlI NASA
carbon carbon florida carbon
Cost (US $/kg) 2000 1250 8 000 N/A 13 000 5000 10 000

Creepage/%: Creep value of SiC fiber treated at 1 400 ‘C in Ar with the stress of 250 MPa; Strength retention/% RT: Percentage of residual strength of fiber after

oxidation in air at 1 300 ‘C for 100 h or 1 400 C for 10 h.
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Table 2 Details of composition, structure and properties of three generations domestic commercial SiC fibers™’ !l
First Generation Second Generation Third Generation
Trade mark
SLF-1 KD-I KD-IT Cansas 3200 Shincolon-IT Cansas 3300 KD-S KD-SA
Cross-linking method Oxygen Electron irradiation Electron irradiation Oxygen
Production 1200 1300 1500 1900
temperature/C
Element composition 100 60Si+25C+  62Si+37C+  62.4Si+37.1C+ 62Si+37C+ 68.9Si+30.9C+  67Si+31C+  67.8Si+30.5C+
(mass fraction)/% 150 1.10 0.80 1.10 1.00 1.00 0.350+1.0A1
Crystalline size/nm 2-5 5-10 <8 5-10 >15 10-20 >200
Density/(g-cm ) 2.47 2.43 ~2.80 2.70+0.10 >2.80 3.10+0.15 >2.90 >3.10
Diameter/pum 12 12 11 13+1 11 12+1 11 10.5
Tensile strength at 2.6-2.9 >2.5 ~2.6 +2.8 ~2.6 €2.8 ~3.0 2.5
RT/GPa
Young’s modulus at 185 >170 270 €270 270 €350 300-320 350
RT/GPa
Creepage/% N/A 0.3 0.3 0.5 <0.5
Strength retention/% =80 =80 >80 >97
RT
Manufacturer Suzhou  National National Fujian Liyanew Ningbo Fujian Liyanew National National
sailifei university university material Co., zhongxing material Co., university university of
Co., Ltd of defense of defense Ltd new material Ltd of defense defense
technology technology Co., Ltd technology technology
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Table 3 Oxidation activation energy of typical SiC fibers
under diffusion control

Sample No. Atomo- Measurement E/(kJ'mol™") References
sphere methods
Nicalon Pure O, Oxide thickmess 69-77 [66]
Nicalon Pure O, Oxide thickmess 137 [67]
Nicalon Pure O, Oxide thickmess 107 [68]
Nicalon Ar-O, Oxide thickmess 102 [69]
Nicalon Air Oxide thickmess 77 [66]
Nicalon Air Oxide thickmess 158 [44]
Hi-Nicalon Pure O, Oxide thickmess 162 [66]
Hi-Nicalon Pure O, Oxide thickmess 107 [67]
Hi-Nicalon Pure O, Oxide thickmess 144 [70]
Hi-Nicalon Pure O, Oxide thickmess 96 [71]
Hi-Nicalon Pure O, Oxide thickmess ~ 108+15.0 [72]
Hi-Nicalon Ar-0, Oxide thickmess 109 [73]
Hi-Nicalon Air Oxide thickmess 111 [32]
Hi-Nicalon S Air Oxide thickmess 245+5.0 [74]
Hi-Nicalon S Air Oxide thickmess 248 [75]
Hi-Nicalon S Ar-O, TGA wt.change 79 [76]

Sylamic Air TGA wt.change 122+77.8 [77]
Sylamic Air Oxide thickmess ~ 156+87.7 [77]
Sylamic Air Fiber recession 113+115 [77]
CVD-SiC Oxygen ion Oxide thickmess 389 [78]
CNTD-SiC Air Oxide thickmess 142-239 [79]
KD-I Air Oxide thickmess 131 [44]
KD-IT Air Oxide thickmess 163 [41]
KD-IT Air Oxide thickmess 103-108 [44]
Cansas-II Air Oxide thickmess 148 [80]
KD-S Air Oxide thickmess ~ 235+24.9

KD-SA Air Oxide thickmess 204.3 [43]
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Table 4 Oxidation activation energy of typical SiC fibers
under reaction control!””

Specimen Atomosphere E,/(kI'mol™) References
Hi-Nicalon S Air 138 [75]
Hi-Nicalon S 1% H,O/Air 141 [81]
Hi-Nicalon S Air 11245 [74]

Hi-Nicalon Pure O, gas 83+150 [72]
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SiC(s)+2H,0,(g)—Si(OH)4(g) (7

C(s)tH,0(g)—Ha(g)+CO(g) (®)
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