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Non-isothermal oxidation behavior of C/SiC composites rapidly
prepared by molten silicon infiltration technique
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(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: C/SiC composites were rapidly prepared by the integrity felt which was densified by chemical vapor
deposition (CVD) and subsequent molten silicon infiltration (MSI) technique. Non-isothermal TG analysis was used to
study the oxidation kinetics and mechanism of the composites at lower temperatures. The results show that the
non-isothermal oxidation process of C/SiC composites exhibits self-catalytic characteristics. The oxidation mechanism is
random nucleation, and the kinetic parameters are lg 4=9.703 min~' and E,=182.009 kJ/mol. Active carbon atoms are
produced by siliconization of fibers during MSI process and they encounter oxidation first. The initial oxidation
temperature of C/SiC composites is 524 ‘C and about 100 ‘C lower than that of C/C composites. In addition, cracks and
interfaces are produced by oxidation, which causes large oxidation rate at the initial oxidation stage, while oxidation rate
is relatively postponed for C/C composites.
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Fig.1 Manufacturing process of C/SiC and C/C composites
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Table 1 Density and open porosity of C/SiC and C/C
composites
Composites Density/(grem ) Open porosity/%
C/C 1.85 2.56
C/SiC 2.36 2.80
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Fig.2 XRD pattern of C/SiC composites
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Fig.3 SEM images of C/SiC composites
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Fig.5 DTG curves of two composites
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Fig.6 Defects in C/SiC composites (a) Microcracks; (b)

Siliconizing of fibers; (c) Spectrum of scanning line in Fig.6 (b)
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Table 2 Mechanism function used in kinetic calculations of solid oxidation decomposition reaction

Form of function

Name of function Type of mechanism Symbol
F(a) G(a)
n=1 (1-a) —In(1-a) Al
Avrami—E.rofeev Random nucleation n=2 2(1-a)[— In(1-a)]"? [~1n(1-a)]"? A2
equation

n=3 3(1-a)[-1n(1-a)]** [~1n(1-a)]"? A3
Parabola law 1-D diffusion 1/Q2a) A D1
Valensi equation 2-D diffusion, decelerator o—t curve [~1n(1-a)] ™" at(1—a)In(1-a) D2
Jander equation 3-D diffusion, decelerator a—t curve L5(1—a)* [1-(1-a) ]! [1-(1-a)"? D3
G-B equation 3-D diffusion, spherical symmetry 1.5[(1-a) P-17" [1-2a/3]-(1-a)*? D4
Z-L-T equation 3-D diffusion 1.5(1—a)* [(1—a) =17 [(1—a) =172 D5
Phase boundary Decelarator Cylindrical symmetry (1—a)"? [1-(1-0)"?] P2
reaction a—t curve spherical symmetry 1-(1-a)*? [1-(1-a)"?] P3
n=2 12(1-a)! 1-(1-a)? R2
Reaction order n=3 13(1-a) 2 1—-(1-a)* R3
n=4 1/4(1-a) 2 1-(1-a)* R4
Chemical reaction Decelarator a—t curve (1-a)? (1-a) F2
n=2 20" a'? M2
Mampel power 3 325 o3 MG
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Table 3 Oxidation reaction data of sample C/SiC in non-isothermal oxidation process
K u d a/diTl')/ TIK d a/d,{)/ K d a/dj')/
(%K) (%K™ (%K)
835.04 0.017 0.037 885.02 0.085 0.137 935.09 0.306 0.413
840.05 0.021 0.043 890.12 0.098 0.155 940.14 0.343 0.446
845.08 0.025 0.050 895.11 0.112 0.174 945.05 0.382 0.475
850.01 0.030 0.057 900.02 0.128 0.195 950.09 0.425 0.500
855.02 0.035 0.065 905.06 0.146 0.218 953.03 0.451 0.507
860.01 0.041 0.074 910.09 0.166 0.244 955.06 0.469 0.506
865.05 0.048 0.084 915.03 0.188 0.272 960.04 0.512 0.490
870.12 0.055 0.095 920.14 0.213 0.305 965.07 0.553 0.458
875.09 0.064 0.108 925.06 0.24 0.341 970.05 0.591 0.414
880.12 0.074 0.122 930.06 0.271 0.378
R4 AFTTETHAFRINE) 2
Table 4 Kinetic parameters obtained from different treatment methods
Achar-Brindley-Sharp-Wendworth Satava-sestak
Symbol
E/(kI'mol™")  lg(4/min") r S.D. E,/(kJ-mol™) lg(A/min ") r S.D.
Al 156.830 9.411 —0.995 0.105 178.181 8.554 —1.000 0.014
A2 63.143 4234 —0.975 0.093 89.091 3.980 —1.000 0.007
A3 31914 2433 -0.918 0.089 59.394 2.531 —1.000 0.005
D1 31914 2433 -0.918 0.089 339.864 16.961 —0.999 0.048
D2 317.680 17.837 —0.995 0.199 345.208 16.998 —0.999 0.041
D3 326.355 18.068 —-0.997 0.176 350.757 16.695 —0.999 0.030
D4 335.307 17.963 —0.998 0.153 347.057 16.462 —0.999 0.039
D5 329.358 17.599 —0.997 0.168 362.073 17.410 —1.000 0.022
P2 353.156 19.056 —0.999 0.110 173.997 7.994 —0.999 0.019
P3 147.906 8.864 —0.992 0.125 175.379 7.904 —0.999 0.017
R2 —42.553 —0.899 0.931 0.108 162.154 7.863 —0.998 0.034
R3 156.830 9.109 —0.995 0.105 154.838 7.587 —0.996 0.042
R4 103.285 6.608 —0.939 0.245 147.973 7.288 —0.994 0.050
F2 85.436 5.640 —0.882 0.295 16.973 0918 -0.912 0.023
M2 174.679 10.504 —0.998 0.074 84.966 3.735 —0.999 0.012
M3 49.6322 3.407 —0.933 0.124 56.644 2.375 —0.999 0.008
Symbol _ Coais-redfen Symbol 7 Coats-rfdfen
E/(kI'mol™)  lg(4/min”") r S.D. E/(kI'mol™)  lg(4/min™") r S.D.
Al 172.459 8.292 —1.000 0.034 P2 168.059 7.711 —0.999 0.046
A2 78.772 3.077 —0.999 0.018 P3 169.512 7.627 —0.999 0.042
A3 47.543 1.232 —0.999 0.013 R2 155.605 7.516 —-0.997 0.079
D1 342.483 17.278 —0.999 0.113 R3 147.912 7.197 —0.995 0.099
D2 348.103 17.328 —0.999 0.098 R4 140.692 6.857 —0.992 0.116
D3 353.939 17.040 —0.999 0.082 F2 2.934 -2.133 —0.354 0.050
D4 350.047 16.797 —0.999 0.093 M2 74.435 2.786 —0.998 0.030
D5 365.838 17.783 —1.000 0.052 M3 44.652 1.028 —0.998 0.020
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