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A Study on the Improvement of Oxidation Resistance of OAE-added
Stainless Steels for High Temperature Applications
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Dept. of Materials Engineering, Chungnam National University, Taejon, 305-764, KOREA

Since the manufacturing temperature of stainless steels is relatively high, ox-
idation at the elevated temperature becomes important. The chemical and phys-
ical properties of the protective oxide film which was formed on the stainless
steels at high temperature for the oxidation resistance are important in deter-
mining the rate of oxidation and the life of equipment exposed to high tem-
perature oxidizing environments.

In this study, the oxidation behavior of STS 309S and STS 409L added by a
small amount of oxygen active elements(each+0.5wt% Hf and Y) was studied
to improve oxidation resistance. In the cyclic oxidation, while OAE-free speci-
mens showed relatively poor oxidation resistance due to spallations and cracks
of Cr-rich oxide layer, OAE-added specimens improved cyclic oxidation
resistance assumably due to constant oxidation rate with stable oxide layers at
high temperature. Especially Hf improved cyclic oxidation resistance by form-
ing Cr-rich oxide layer preventing internal oxidation in STS 309S.
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Table 1. Chemical compositions of stainless steels
used (Wt% )

(1) STS 3095

Component | el o Ni [ Mn | C | HE Y
Sample i
STS 3095 [61.8]22.4|12.4| 1.5 |0.089] - |
+HI 0.5wt% |61.6|22.5{12.4 | 1.4 [0.043|0.39] -

+Y 0.5wt% |61.4|22.5|12.4| 1.4 |0.068 |063

(2) STS 409L

Comporent | o0 oo | Ni | Mn| € |HI| Y
Sample

STS 3095 [84.2111.3]0.17]0.39 [0.047] — | —
+Hf 05wt% | 837 |11.2]0.17]0.39| 0.026 | 0.48| —

+Y 0.5wt% |83.6/11.2|0.17(0.38:0.088| — |0.39
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Fig. 1. Isothermal oxidation results of STS 309S
for 100 hours (a) at 1000 (b) at 1100C.
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Fig. 2. XRD patterns after isothermal oxidation of
STS 3095+0.5wt% Hf for 100 hours (a) at 1000
T (b) at 1100°C and +0.5wt% Y for 100 hours
(c) at 1000C (d) at 1100<C.
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Fig. 3. SEM surface and cross-section morphologies after

at 1000°C (b) at 1100°C
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Fig. 4. SEM surface and cross-section morphologies after isothermal oxidation of STS 3095+0.5wt% Hf (a)

at 1000°C (b) at 11007C.
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Fig. 5. Isothermal oxidation results of STS 409L
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Fig. 6. Cyclic oxidation results of STS 309S (a) at
900 {(b) 1000°C (c) at 1100°C.
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Fig. 7. XRD patterns after cyclic oxidation of STS
3095 +0.5wt% Hf (a) at 900°C for 486 hours (b)
at 1000°C for 487 hours (c) at 1100C for 155
hours.
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Fig. 8. SEM surface and cross-section morphologies after cyclic oxidation of STS 3085+0.5wt% Hf (a) at
800°C for 486 hours (b) at 1000 for 487 hours (c) at 1100°C for 155 hours.
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Fig. 10. SEM surface and cross-section morphologies after cyclic oxidation of STS 409L +0.5wt% Hf (a) at
900 for 486 hours (b) at 1000°C for 631 hours (c) at 1100°C for 53 hours.

7 27399 STS 30959} nlarixz 4 A @kt
Z718 AJE9 ZAE dASA #FAEE A3 3. F71d3dd A# STS 3095 4% 2=
AFE YeEAAYR & FAZFE AH9 7t FVEFE AlHo] FAA FA gAU o

WA s B ste] Wabsgd el FEE vEy olupr EE&Hd AYA RIs Az WA



308 554 58 A

A25d A3EA

A7, OAEE #71% A|H9 A$o& OAE9
A7t o8 FAZAEEI ZHixEAsd F
3, Hf¢ A7lg AHe Agde 49 2%71
Z74842 Az ©HE AHe FA Fa: =
7} =elx & Add us AEe FA Fa
= AA Jdeggen AW @ 44" Cr 4
580l =A 8] Feol ¥8 Hig IAFE
Fyoz g3l AlHe WRIE WAL
=3

4. OAEE A7l8tx @& STS 409L9 A%
27188 FA8 FAZNE weldde] Usy
A AlEe) gyt gAsAEd HIE A7t A
He 1000CAA Z7)o F7Hg AlEe] FAE
60041 Zte] AUEE dAsA FAE A3A
%& vehlo] OAES #Hvtel o AlHEA A
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B2 v @ad STS 300S¢] OAEE H71ges=
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3 Aagdoel FAHY o STS 409l A& F
AZ7 7 @A8A dojux STS 309SRTH=
Aol G A Fkvh olw A EA st
= Cratago] 7] Wi 2z 7l5E d
Azde Aoz Bl

-]
2 d7E 19959 FEddn TR =

Ay o4 2EAH skl AFHAC
o oo ZA=YUh
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