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Cyclic oxidation behavior of TizSiC; with
solute Al at 1 100 C and 1 200 C in air

MEI Bing-chu, XU Xuewen, ZHU Jiao-qun, LIU Jun
(State Key Laboratory of Advanced Technology for M aterials Synthesis and Processing,
Wuhan U niversity of T echnology, Wuhan 430070, China)

Abstract: The cyclic oxidation behavior of Ti3SiC; sintered by hot pressing with the start powder mixture of n(TiC): n

(Ti): n(Si): n(Al) = 2011 11 0. 2 was investigated. The results indicate that the oxidation of T3SiC;, with the solute Al

follows a threestep rate law at 1 100 C and 1 200 C for 40 cycles, i.e. formation, densification and stabilization of the

oxide layers. The oxide scales, with the thickness of 6 = 10 Bm, consisting of aAl,03, and little SiO, and Ti0,, make

the samples have excellent oxidation resistance. The approximate calculation results indicate that a large compressive stress

occurs in the oxide scale.

Key words: Ti;SiCy; cyclic oxidation; thermal stress; kinetics
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Fig.1 Mass gain per unit area as function of
number of cycles(a), corresponding mass
gains squared as function of number of
cycles(b) for Ti3SiC; cyclically oxidized

at 1 100 C and 1200 C, respectively
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Fig. 2 XRD patterns of scale after cyclic
oxidation for 40 cycles at 1 100 C( a)
and 1 200 ‘C(b), respectively
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IF, 40 AR B0 AL S Pl 06 3T B = Ik L R
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Table 1 EDS results of matrix and oxide scale

of samples after cyclic oxidation at

1 200 C for 40 cycles(mole fraction, %)

Position Ti Si Al 0
M atrix 70. 44 24.24 5.32 -
Oxide scale 2.25 1.32 35.81 60. 62

£ 2 FAGEFERAR 1200 C IAEH A 40 RJF
AL = 41 53 1 R oy BORUAR R 43 2
Table 2 Mass fraction and volume fraction of
products in matrix and oxidized scale

after cyclic oxidation at 1 200 C for 40 cycles

Oxide scale M atrix

Content

Mass

fraction/ %

88.37 6.53 5.10 98.2 1.8

I
Welyme 86.51 7.51  5.98 98.3 1.7

fraction/ %
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Fig. 3 Secondary electron micrographs of samples after cyclic oxidation for

40 cycles at 1 100 C(a) and 1 200 ‘C(b), respectively; energy-dispersive spectra of
matrix( c¢) and oxide scale after oxidation at 1 200 C for 40 cycles(d)
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PN ) oA 5 A EALE = A TP, i BRI
(4 3(a)) .

®3 HBEE SR CEEEREZKRE
Table 3 Bulk modulus, elastic modulus, density and thermalexpansion coefficients of

Ti3SiC2, TiC, (1'A1203, TiOz and SiOz

M ean linear TEC/ 10~ °K ™ !

Composition Bulk modulus/ GPa Elastic modulus/ GPa Density/ (g* cm™ ) Normal to ¢ axis Paralle] to ¢ axis
aALO; 228.00 390.0 3.98 7.9 8.8
Ti0, 15.02 27.0 4.25 6.8 8.3
Si0» 98.98 86. 8 2. 648 14.0 9.0
TiC 243.00 448.0 4.93 7.4
Ti3SiCs 206. 00 320.0 4.53 9.1
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