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Mechanism of High Temperature Oxidation of Austenitic
Stainless Steels with High Silicon

Hisao FUJIKAWA, Junichiro MURAYAMA, Nobukatsu FujiNO, and Taishi MOROISHI

Synopsis :

It was published in the previous paper that a small amount of sulfur existing as an impurity in the steels
has the harmful effect on the high temperature oxidation resistance of 19Cr—13Ni-3.58i austenitic stain—
less steels.

In the present study, the high temperature oxidation behaviors of 19Cr-13Ni-3.55i steels containing
extra low sulfur (0.0004%S) and high sulfur (0.012%S) have been observed from the initial oxidation state
in the temperature range of 800° to 1 200°C, and the oxide scales formed on these steels have been studied
by means of microscope, EPMA, fluorescent X-ray analyzer, scanning Auger analyzer, IMMA and so on.

The steel containing extra low sulfur uniformly forms the protective oxide scales consisting of corundum~—
ty};')e oxide (mainly Cr,O,) and SiO, which is accumulated at the metal — Cr,O, interface by heating at
high temperatures, and shows the excellent oxidation resistance. On the other hand, in the steel con—
taining high sulfur, MnS compounds near the surface dissolve during heating at higher temperatures than
800°C change into Cr—-Mn-O compounds. Therefore, the chromium-depleted zone is formed around
the compounds, and sulfur concentrates around the compounds on the steel surface. These portions form
the nonprotective spinel-type oxide containing mainly iron, and the other portions form the protective
corundum-—type oxide. However, the corundum-type oxide is attacked by the rapid growth of the spinel-
type oxide formed around MnS compounds, and the oxidation resistance of the steel containing high sulfur
is extremely lowered.

From the above results, the mechanism of high temperature oxidation of 19Cr-13Ni-3.58i steels with
extra low sulfur and high sulfur has been discussed.
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Table 1. Chemical composition of alloys used. (wt%)
Alloy c Si Mn | P S Ni Cr Ca | Mg
1 0.038 3.37 0.77 0.026 0.0004 12.41 19.36 0.0036 0.0013
2 0.08 3.12 0.46 0.014 0.012 11.78 19.91 0.0003 0.0005
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Microstructures of the surfaces of 19Cr-13Ni-3.581 steels containing 0.0004 and

0.01294S heated at 1000° to 1200°C for 0 to 10 min.

0.0004%S (Before heating)

0.0004%S (1000°C, 2mm, A.C)

Photo, 2. EPMA image analysis of Ca-Al-Mg-O-S inclusion on the surface of 19Cr-13Ni-3.55i
steel containing 0.0004%,S before and after heating at 1000°C for 2 min.
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Table 2. Changes of MnS and Ca-Al-Mg-O-S
near the surface of 19Cr-13Ni-3.5Si steels
by heating at 600° to I 200°C in air.
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Photo. 3. EPMA image analysis of MnS inclusion on the surface of 19Cr-13Ni-3.58i steel
containing 0.0129,S before and after heating at 1000°C for 2 min.
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Fig. 1. EPMA line analysis carried out across Mn$S
inclusion on the surface of 19Cr-13Ni-
3.581 containing 0.0129,S heated at 1000
°C for 2 min.

Table 3. Changes of MnS inclusions near the sur-
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Fig. 2. Fluorescent X-ray analysis of S content
concentrated on the surface of 19Cr-13
Ni-3.55i steel containing 0.01224,S heat-
ed at 800° to 1200°C for 2 min.
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Photo. 4. Scanning Auger analysis of MnS inclusion on the surface of 19Cr-13Ni-3.5Si
steel containing 0.01224S heated at 1000°C.
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Photo. 5. IMMA depth analysis of the oxide scales formed on 19Cr-13Ni-3.58i steels con-
taining 0.0004 and 0.0129,S heated at 1000°C for 10 min.
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Photo. 6. Development of abnormal oxidation from
area surrounding MnS.
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Fig. 3. Phase diagram of Cr,0;-SiO, system?.

Si0 Gristalline Phases
A1723°c  Notation OxideFormula

istbalitel ...
'?rlg:dymite }S'0=
Fayalite : 2Fe0-SiO,
Wistite : FeQ
Magnetite: FeO-Fe,0;
Hematite: Fe,0;

1205°C A S Hematite

FeD ~1365°C Ta21°C FeOFe0, 166 Fe,0,
1520°C 1594°C

Fig. 4. Phase diagram of Fe-Si-O system?.
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Photo. 7. EPMA image analysis of synthetic com-
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and SiO, heated at 1000° to 1200°C
for 1h in vacuum.

1 7-. FeO- (Fe, Cr),0; & SiO,(180~420 ym) % &
BT 1:1 K& LTEZEH T 1000°C~1300°C, 1
hinzh L, XEETE X 08 EPMA 2 X 3 it & {727k
Photo. 7 1= EPMA o 4HHiiER% 7*3. 1000°C, 1
h B CIBESC It A BDERED bhd, Lichio
T 2Fe0-8i0, 0AFIIXHRH I highofz. 1200°C, 1
hins U7-sE4, B Hmic A e Bkt & Sio;, o
oK mETunws., T 7bh b A ex Bk &
Si0, L OREORE oL Fe & Si oG LIER
sl Cr bl bia L eyhhTob. L 2T
5 L7 34 @ A ¥k A TR LM% 2Fe0-8i0, & Cr,O,
AL LI EL LT LB OAED bhb. & ORIG
1300°C, 1hinzhL7cd 0 CTHLHEEFRCRD LIS, L
2o T 2Fe0.Si0, 112 ©x LBk & SiO, £ DK
B oThHhERINEZ AL LD, B SH#HHS
BEByR L, MERBEEoSHEEE T &0
BT bhi.

— 175 —



176 g & W

s 67 4 (1981) 55 1 5

4. & =

19Cr-13Ni-3.581 #JEAHK & TH A —AFT F 1 F A
A v v A ORI LT R s & LT
W FEETASHBEEMEA R IET LR HEL, T
FEREOEB»fTo%k. oo biREcifel L, 4
B LIcA r — v ETRBEIER BN EYOREGE YA ST L
Fo. FOEBESEALYOL I LTEEBEYRE L,
T EREE L DB bk X i DWTH e L.

Tods, TRIESEE S S MomhiRm bt oE L Th
B OO BB OV T FRFRT 5.

FRAE S SO fr, HWRTBBILA v — iz thic—kE
ThHy, Cr ZEEETHEILGHBILO>TVS, T
Mo & o REiL Si0; 7 bic s BIbh H—»2fF
REFFETH. L2 Uit EREBEEL EZHDTTE
h, REHEZEE LcHER o5, fide < EH
T %S Ca-Al-Mg-O-S RONIEW & LTRERHF
L, Cr ORZHEBIEDBR I hicu.

—75, % S#MOEE ORI DR LA K
e Fig. 5 WiRd. i3 SHoB& oMM IFEBENED
X MnS ¢, BERTCIEEMEI S MnS 2 LT W
%. 800°C Ll bwmzh Ui, #REMo MnS 25
L, St L CEmCEET 5. R K. Witd O
HX 5w, bRy — AR ERT B AT S 1k
—# SO, & LTHET %55, Wb~ — Ahi&ficsk
B35 &, TORBOBESFEREG-2BSiL SO, &
BT, b Cr EEAEV-LIL Crx b5
FINFRE L OTEETH EEFL LB, i
MnS IEHEOBRDETIE LD ¥ OMELHEFT
&7, Cr BIXOORME L, BRI Cr-Mn-O /i€
P~ AL T B HDREE LS. Lichi DT DILEY
ORIy Cr ORZHEBOHH ER5. MDD DB
NiciBa Tk Cr,O3 BB LA & — AWERT HH3,
MTEWRACLL S DFER XU Cr KEFAMOHUE DT
¥, FHABR LA BN, 7D Fe (LRI GANLA KA
Rt e+ 5.

Cr,O; BBEHH R LB DABIE Cr,0 Dff
BESES (Cr,0,22Cr+3/20,) TEF S 0 TEVE
ESETFRH D73, S0, O L pi 4T 5. L L
MnS A Lic Fe AL 35 A CxABEE b
Yy Cr,05 BB B LT, £BA A v R IUE
RA A v OIREMNE L E. IS REOHBESE
3 Cr,0p RIEE b X D12 B2 H<L, Fe 3 @LLE
B, LI 2T OOt ELD TES ETL,
Cr,O HEE LW OER LTV AEHYEXERL, B

Crdepleled zone

Fig. 5. Schematic oxidation model of 19Cr-13Ni-
3.58i steel containing MnS iniclusion.
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Cr, Oy BMIEWHFER LT HEHYEBR, m"OEH &
SR LT, Ebik, ArxafEsbips SiO,
L DRIE L >T 2Fe0-8i0, 344 5 .2FeO-Si0,
BT T A EEA » — A Eizde b3, e 1140°C
DllomEcaL, & LyvitEREbsos by b i
LL, »ONTBIEEHETIRD. ZD X5 ik
I OoTHSHOMHERBIEHEITRES ficbTE LS
5T EBB BN E D

7e%, 2Fe0-510, 4RI\ TiifR bz A7
BRERC X OTHR I, BT Fe 234k
LfcA e x VBB b n A B L s o BRER# o
BEOREBENREI L ZEIWERAINE

Ll Eo@EREBRIeE T O\T, KNS, EPMA,
BXXE, EEH;—v =, IMMA %\ 7Rk T
ORI D& RS BEFE L7c,

BV, FRROBETCHIY, THETHI 1
7Eu ekt AR B R R BT SRR ARk B 2R B % X OF

REFBEENER, ERSBITEARSLBBrEE
FHARIVPAEXAT v v AGRSHETRAEETS
DEPFRE e HHBEERLET.
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