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Abstract

Stainless steels are widely selected as commercial engineering materials mainly because of their excel-
lent corrosion resistance, oxidation resistance and strength. Because the manufacturing temperature of
stainless steels is relatively high, the chemical and physical properties of the oxide film which was formed
on the stainless steels are of importance in determining the rate of oxidation and the life of equipment ex-
posed to high temperature oxidizing environments.

In this study, the oxidation behavior of S. S. 304 and S. S. 430 added by a small amount of oxygen
active elements(each +0.5wt% Hf and Y) was studied to improve oxidation resistance. The results of cy-
clic and isothermal oxidation on S. S. 304 added by OAE showed relatively poor oxidation resistance due to
spallations and cracks of Cr,0; layer. But all S. S. 430+0.5wt% OAE maintained constant oxidation rates
and stable oxide layers at high temperature environment. Especially S. S. 430+0.5wt% Y formed a Cr,O;

oxide layer and improved cyclic oxidation resistance preventing loss of protective layers about 1000 hours
at 1000°C
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Fig. 1. Schematic diagram of isothermal oxidation
experiment.
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Fig. 2. Schematic diagram of cyclic oxidation ex-
periment.
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Table 1. Chemical compositions of stainless steels(wt% )

(1) 304 stainless steel

Component F C Ni M Si M C S N Hf Y Total 9
Sample ¢ ’ : " : ° 1(ppm)|(ppm) | (ppm) otal %
AISI(max) 18~20|8~11 2 1 — 8000 | 3000 - — -
+Hf 0.5 wt% | 70.9 18.0 8.5 1.2 0.53 | 0.07 | 200 | <10 | 416 | 0.36 — 99.5663
+Y 05 wt% | 71.1 18.1 8.4 1.3 0.46 | 0.07 | 260 | <10 | 365 | 0.07 | 0.35 99.8564
(2) 430 staihless steel
Component ] ] C S N
Fe Cr Ni Mn Si Mo Hf Y Total %
Sample (ppm) | (ppm) | (ppm)
AISI(max) 14~18| - 1 1 — |12000| - — - -
+Hf 0.5 wt% | 82.3 16.0 — 0.41 | 0.08 | 0.04 320 <10 | 331 | 041 - 99.2466
+Y 0.5 wt% | 82.9 16.2 — 0.34 | 0.06 | 0.01 127 | <10 | 627 | 0.05 | 0.38 99.9408
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Fig. 3. Isothermal oxidation results of S. S. 304 for
100 hours

(a) at 1000°C (b) at 1100°C.
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Fig. 4. Isothermal oxidation results of S. S. 430 for
100 hours
{a) at 1000°C

(b) at 1100°C.
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Table 2. XRD resuits of oxides formed on S. S.
430 by cyclic oxidation at 1000°C and at
1100°C

Point | Time | Temp. |Sample] Kinds of Oxide
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Cri.sFen:0s,
Mn, 5Cry ;04 Y:0s,
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Fig. 12. SEM cross-~sections after cyclic oxidation
of S. S. 430
(a) +0.5wt% Hf at 1000TC for 501 hours
(b) at 1100°C for 139 hours
(c) +05wt% Y at 1000°C for 929 hours
{d) at 1100 for 279 hours.
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