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High Temperature Oxidation Behavior of
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Abstract: In order to explore the effect of rare earth La on the high-temperature oxidation behavior of S44535 ferritic stain-
less steel, accelerated oxidation was used to study the high-temperature oxidation of S44535 steel added with 0. 26 wt. %
La in static air at 800°C, 900 “‘Cand 1 000 “C. In this paper, the oxidation kinetic curves of S44535 ferritic stainless steel
at three temperatures were compared by constant temperature oxidation method, and the oxide layer of steel was character-
ized by scanning electron microscopy (SEM) , energy spectroscopy analyzer (EDS) and X-ray diffraction (XRD), and the
effect of rare earth La on the high-temperature oxidation resistance of ferritic stainless steel was explored. The results
showed that the oxidation products were mainly Cr,0, and MnCr,0,, and with the increase of temperature, the surface ox-
ide film thickened and became denser, and its outer layer was rich in Mn, and the inner layer was rich in Cr, indicating
that rare earths changed the growth direction of the oxide film, and showed excellent high temperature oxidation resistance
performance.

Key Words: Solid Oxide Fuel Cells; Ferritic Stainless Steel; High Temperature Oxidation; Oxidation Kinetics; Rare
Earth La
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Table 1 Chemical compositions of S44535 ferrite stainless steels used in the experiment %
it H 8 Si Mn P S Cr Al N Ti La Fe
FRifE <0.03 <0.5 0.3~0.8 <0.05 0.020 20 ~ 24 <0.5 - 0.03~0.2 0.04 ~ 0.20 Bal.

WSR3 0.01 0.05 0.45 0.005 0.002 22.72 0.04 0.006 0.11 0.26 Bal.
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Fig. 1 Oxidation weight gain curve (a) and oxidation weight gain square fitting curve (b) of S44535 ferrite stainless steel at 800,

900, 1 000 °C for 500 h.
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Table 2 Weight gain per unit area, oxidation rate con-
stant and correlation coefficient of S44535 ferrite stainless
steel at different temperatures
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cm em™-h™h)
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900 500 1.32 3.48x1073 0.999 30
1 000 500 4.09 3.45x1072 0.993 21
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Fig. 2 XRD patterns of oxide scales of S44 535 ferrite stainless steel after oxidation in air at 800, 900, 1 000 °C for 5 h(a) and 500 h (b)
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Fig. 3 The SEM diagram and the corresponding EDS of the S44535 ferritic stainless steel surface oxide layer after 5 h of oxidation in

(a) 800 °C, (b) 900 °C, (c) 1000 °C air
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Table 3 EDS composition analysis of oxide layer in Fig. 3

at. /%

X3, 0 Cr Mn Fe Ti La

1 4554 2444 479 2426 097 0.01

2 47.10  29.03 321 1942 124 -

3 6147 2760  8.65 1.87 041 -

4 57.94 3225 652 282 047 0.01

5 7222 1059 15.10 1.60  0.49 0.06

6 66.05 2514  7.66 079 0.35 0.02
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Fig. 4 SEM diagram and corresponding EDS of the oxide layer of S44535 ferritic stainless steel after 500 h in (a) 800 C , (b)

900 C , (¢) 1000 C air
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Table 4 EDS chemical composition analysis of oxide layer

in Fig. 4 at. /%
[X 3} 0 Cr Mn Fe Ti La
1 52.88 2139  23.14 1.8 0.69 -
2 48.78 2696  21.99 1.59 0.68 -
3 57.26 1460 2443 1.83 171 -
4 4754 2018 2810 237 1.81 -
5 34.02 1893  39.54  3.87 0.99 0.06
6 50.32 13.90  31.32 3.77 0.70 -
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Fig. 6 Cross—section SEM and EDS element distributions of S44 535 ferrite stainless steel after oxidation at 800 ‘C(a), 900 °C(h)
and 1 000 °C(¢) air for 500 h.
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