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High Temperature Oxidation of Austenitic Stainless Steels
in Reheating Furnace Atmosphere

Yoshio KiNosHIiTA and Susumu OcumA

Synopsis:

The high temperature oxidation of 16~25%Cr austenitic stainless steels including SUS 304 was
studied at 1200~1300°C in 16% H,0-12%CO,-0~9% O,-N, gases which were the main constituent
of reheating furnace atmospheres.

Oxidation of intermediate Cr steels including SUS 304, was much greater in O, poor atmosphere
than in O, rich one. This was explained by the effect of H,O, CO, and O, on retardation and
acceleration of internal oxidation.

For lower Cr steels accompanying with heavy internal oxidation in either O, rich or poor atmo-
sphere, and high Cr steels being prevented internal oxidation in either atmosphere, the difference of
oxidation rate with O, contents in atmosphere was insignificant. In both cases, oxidation was rather

slightly larger in O, rich atmosphere than in O, poor one.
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YEEETI BEAATE D kg BEERBIORBES B L
7o, 3EHT 4mm x 20mm x 50mm BN T CYIH L,
B120 wBFRE L, WilE, UEd, HRBmsERucfiLc.
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Sagamihara 229)

— 57 —



780 % : W

5 65 4 (1979) H7 =

Table 1. Chemical composition of specimens (wt%).

Steel C Si Mn Ni Cr P S

SUS 304 0.07 0.60 0.98 8.62 18.41 0.023 0.011
SUS 430 0.05 0.57 0.43 0.27 16.23 0.022 0.015
sSUS 3108 0.07 0.64 1.75 20.38 25.45 0.028 0.002
No. 1 0.06 0.78 1.02 6.13 16.36 0.027 0.004
No. 2 0.06 0.84 1.08 7.51 17.41 0.024 0.003
No. 3 0.07 0.88 1.11 8.78 18.46 0.026 0.003
No. 4 0.07 0.87 1.12 10.11 19.50 0.026 0.004
No. 5 0.06 0.83 1.10 11.41 20.18 0.024 0.004
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Fig. 1. Schematic illustration of experimental
apparatus for the high temperature oxi-
dation in H,0-CQO,-O,-N, mixed gas
atmosphere.
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Photo. 1. Nodular oxides of various types after oxidizing at 1200~1250°C in 169,H,0-12%
C0,-3~99%0,-N, atmospheres.
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Relation between the weight gain of SUS
304 and oxidation time in 169,H,0-12%
C0O,-0, 3,929,0,-N, gas atmospheres at
1 200~1§300°C.

Oxygen (%)

Relation between the weight gain of SUS
304 and oxygen perecent of atmospheres
in 169H,0-1295C0O,-0~99,0,-N, at
1 250°C for 60min.
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ThD. O B0 3% ¥ CHMLETEFRINCET
L, 3% DLETCREN R LEMAOBEFAZR LT %.
W OO A i — ATSRE b B o B bR R L, Bk
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Fig. 4. Relation between the weight gain and Cr
content of specimens in 169,H,0-129,
CO,-0, 69,0,-N, at 1250°C for 120 min.
(O, 9 of atmosphere is 0 and 39, for
310S and 430 specimens).
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i, & Cr DBEERITC L 51, O 2%\ EFORED
e DML EN S L 70 B,

DL EofEREffhe s L TcBgETss, K G D
No. 1, 2, SUS 430 ©ix O, R, O, #MFIDOWSHM
LN EENE mIE— B EE LS. PRE
o Cr & (No. 3, No. 4) Tlit, Oy R TILAHER
(LB RE LTWwBA, O, BREIMACrx AHERL
[BoFzirE L E sh Photo. 1 a) iRT X557
nodule Jk A 7 —AnEEE ED TS b G &
D34 < te B b Oy RREMAT S NEIILES LR S hie <
7, No. 5 & SUS 3108 o Tt O, RiE, O,
BENSTh oL T B AR R N s
5. C DX o ingETix, SUS 3108 oiE O o

FBIEBIIETSE L o Tw 5.

U EDEREFETH L, Hy0-CO,-0,-N, BIAKH
D O, DFEDORGE LV HEHEE SUS 304 251
i Cr $HIRTH DY, 2 O, A% v LINTERLIE
(nodule) AVER L WEEALE OR @A IIE I % 70D
TH%b. Zhick L, & Cr B %5 ixE Cr FHR T,
MitEC L 5% LWELIXRD bhiewy. ik, Ay
— L DEEME Cr TixHERLIE, & Cr TIXiMLE
ItE (@) T, #41% O, Bl X > CHREBEN E L
SBE LI\ TH S, =D koA, O, &
DI 5 EBEBRETHEKRTS.

3.3 Ry —ILBOFEWR

Fig. 5 wfR&FEM oA & — VB (WER LUINE) O
AR & XEEITER, X~ 7e 7050 —1CX
LR O PIERERT. NEBBLES T REE LI A
r—BTREH&S D O, =2 0% o8a (Fig. 5
d)) FNEEEE O MRE ok HARGE? By,
s 1. FeO+FeyO, ¢, JMilCit FesOp A
T Fe,0p &%, WHITIE FeO FfkicFe,Of %
EALTWES., BHEFD O BN WEE Bl O,
9% o4 : Fig. 5¢)) Mg MU Fe,O3 D
2%, Pl FesOu+-Fe,Oy oGBS K E IR A V& &
HICFELTED, FHE D O, BEOEG\Z L FeyOy
BEL 5.

BED I 5 EREtHD O B IDOTINERAr — 1
ORI LB LT W5, HNBA r — Ak NERER
LR ST B8EIIE O 0%, 9% Wi
NDOBETEH Ay —ABIZ A % FeFep- ) Gr,Of (0
<x=<2)+vAxg + FeO HREFRTO, Bt X2>TH
F0EBRRREORRG. bbb, WHERLE T2
R & B Clt, O M TH O, RETH Ay — 1
NEOHESEECH F D ERPZ LR LT 5.

Fig. 52 )13 Oy @F o EHE M X < B b s it
ZE> T\ /v nodule RO A #»— 1 ThHSH. EPMA
DFER, Bk Cr 2E L Fe, Cr, NI &HAK
AR AHE (Fe, Cr),0; 25, 4MNEIL FeyOs+FeO,
THDHZD XS i BEE Ok %\ nodular 1LY
DA, WEEINE L OBERIMAR G TININE L i
BA FOERD AT OPFEABEME CHRICHR TE
5. ek UCHiah o PREBEALB O RE LB (A
R+ FeO) & HMD/NETIeAA FOER L T5D
NEg X hie. o 1§l% Photo. 2 iR

4. & =
EIMRBEFH S L1 16%H,0-127/C0O,-0,-N,

— 60 —

g




@

F—=AFFA4 ATV UVRMOBRBRESE S 31 5 BILES 783

Fe203 + Fe304
?‘SpineH(Fe,Cr)an

=

> Fe

x &
S

b 1

° x

= 5

2

) Cr 2

E : 2

- Ni L
o

® £

> T ¥

— [

o Mn 2

[ : |s]

@ Si ®

1 1 x
0] 0.2 mm
Substrate

A

Internal Scale
Extenal Scale
Fig. 5 2) Oy :9%, at 1200°C for 60 min.
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Fig. 5 b) Oy : 3%, at 1250°C for 120 min.
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Fig. 5 ¢) Oy : 9%, at 1300°C for 20 min.
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(Cr,0g=2(Cx)+ 157 (O)

4GS =267 750 —62.1T woveverenencne (3)
(4 FeCr,0= 5 CFe)+(Cx) + (Oy)

4GS =167 900—38.87 wvoveveinne. (4)
(FeO)+ (H,) =(¥Fe)+ (H;0)

AGS =3 150—1.857 -+vooeeeeeeeneeen (5)

External scale

Internal scale

Photo. 2. Quterscale of fully developed internal
oxidation observed by SEM (304, 169
H,0-1294,C0,-3950,-N,, at 1300°C
for 120 min.

{NiO) + (H,) =<Ni) + (H;0)
4Gy = —450—10.45T" «oecvenrnnnn. (6)

$CR0) + (Hy) = 2<Cr) + (H,0)

AGG =30350—7.6T «icveveeeniiiennns (7)
3 (FeCr,0 + (Hy) =+ (Fey 45 (Cry+ (H,0)
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1(Cr,09+ (C0) =2 (i) +CO,
4Gy =21 750+.0.05T..................(11)

%(FeCrZO‘t) + (CO) =%<Fe>+%<(}r> + (COy)
4GS =16450+1.35T wevrevreerrrene. (12)
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Fig. 5 d) O;:09%, at 1250°C for 120 min.

Fig. 5. X-ray diffraction, microstructure and EPMA results at cross-section of nodular oxides
and fully developed internal oxidation layers formed on SUS 304 after oxidizing for

169,H,0-122,C0O,-0,-N, atmospheres.
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Table 2. 4G% and K values calculated from KaBASCHEWSKI’s 13) 14) thermochemical data.

4G% (cal/mol) K
1 000°C 1.300°C 1 000°C 1 300°C
FeO=Fe+%Oz 43 000 38 500 1.7%10-15 2.0x10-11
NiO=Ni+%Oz 28 500 21 400 1.7% 10-10 1.1x10-¢
Ch§3y=20r+léi)2 188 700 170 100 2.5%10-22 1.7 10-16
%FeGr204=%Fe+Gr +0, 118 500 106 900 4.5%10-21 1.4 10-15
FeO+H,=Fe+H,0 800 240 0.7x10 o 0°9x10 o
NiO-+H,—Ni+H,0 — 13800 —16900 2.3%10 2 2.2%10 2
%CrZOa—FHZ:%Cr—l—HZO 20 700 18 400 2.9%10-4 2.8 10-3
zl—FeCr204+H2=%Fe+%Cr+H20 17 000 15 100 1.2x10-3 8.0% 10-3
FeO 4+ CO —Fe +CO, 1930 3670 4.7%10-1 3.1x10-1
NiO +CO=Ni+CO, — 12600 —13500 1.5% 10 2 7.4%10 1
%Crzoyi—CO:%Cr-l—COz 21 800 21 800 1.8%10-4 9.3%10-4
%&bGQO[+GO=L%F&+%Cr+002 18 200 18 600 7.5% 10~ 2.6%10-3
F-, SUS 304 #&&chEED Cr FikTiy, FHE
Oz poor gas Ozrich gas
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