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High Temperature Oxidation Behavior of Chromium Ferritic
Stainless Steels

Hisao FUNIKAWA, Junichiro MURAYAMA, and Nobukatsu FUjmNO

Synopsis :

The relation between the effects of C, N, Cr and Si contents on the oxidation resistance and the
metallurgical structure of 11~179Cr steels has been studied at temperatures lower than 1000°C. C
and N have very harmful effects, and Cr and Si have very beneficial effects. It has been found,
however, that their effects depend on the austenitic phase precipitates at the oxidation temperature,
that is, the appearance of the austenitic phase has harmful effect against the oxidation resistance. It
is suggested that decreasing G and N contents or adding stabilized elements such as Zr, Ti and Nb is
effective against the oxidation resistance. Among the stabilized elements, Zr is beneficial, but Ti and
Nb are not very effective. Difference of their behaviors depends on the stability of their carbides and
nitrides at 1000°C. Because Zr compound does not decompose at 1000°C, the austenitic phase does
not precipitate, whereas Ti or Nb compound decomposes at 1000°C and the austenitic phase precipi-
tates in Ti- or Nb-containing steel. The steel containing high C and the steel containing Nb or Ti
have austenitic phases mainly around the grain boundaries at 1000°C. It has been found that the
unusual oxidation phenomenon occurs from the precipitation sites of austenitic phase, of which Cr
content is less than that of ferritic phase that is determined by means of optical microscope, EPMA,

IMMA and so on.
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BERM DL D RFEFI% Table 1 wind. #E
M BMES LOBM 7 v &% FVT 17 kg 22 R T
WLIT 50kg KSBB L. Tibb, 17Cr §f © C
F IO N BB 3 278 (No. I~7 §), KC~—
2C Cr BE 11, 14 XU 17% EBELER, WTh
3 Si #2%EH LI (No. 11~13 §f), {EC~<—x
» 11Cr o Si E% 0.33, 0.82 k108 1.88% &
fex 7R (No. 8~10 $0), (£ C-17Cr $§Ca—HL
L, /0 Si 8% 0.3~2% ¥ CELI 8 (No. 1,
13, 14 $0) 3 X OYE C-17Cr $fc Zr, Ti s X 0" Nb
% 0.3 7o\ L 0.6% RREEHML7AgH (No. 15~20 §i)

Table l. Chemical composition of representative
alloys used. (Wt%)
Allo . . Zr
No. C Si  Mn P S Ni Cr etc. N
1 0.004 0.56 0.53 0.003 0.005 0.06 18.88 —  0.003
2 0010 0.56 0.54 0.007 0.005 0.06 18.61 —  0.005
3 0.011 0.46 0.43 0.003 0.010 0.07 16.71 — 0.014
4 0012 0.47 0.49 0.004 0.009 0.06 17.43 — 0.019
5 0.029 0.56 0.52 0.004 0.006 0.12 17.06 — 0.028
6 0.025 0.47 0.48 0.001 0.009 0.05 16.80 — 0.106
7 0.045 0.48 0.48 0.001 0.009 0.25 16.97 —  0.068
8 0.005 0.33 0.52 0.019 0.010 0.19 10.77 —  0.010
9 0,005 0,82 0.52 0.018 0.010 0.36 11.10 —  0.007
10 0.012 1.88 0.58 0.010 0.006 0.07 1.31 — 0.016
11 0.020 2.08 0.45 0.033 0.001 0.12 10.98 — 0.014
12 0.005 1.97 0.31 0.003 0.005 0.05 14.74 — 0.008
13 0,006 2.07 0.34 0.003 0.006 0.08 17.90 —  0.007
14 0.006 3.81 0.31 0.003 0.005 0.07 18.02 — 0.005
15 0.018 0.41 0.51 0.030 0.001 0.12 16.58 0.38* 0.010
16 0.019 0.53 0.50 0.028 0.001 0.15 16.97 0.48% 0.005
17 0.025 0.53 0.46 0.004 0.009 0.06 17.54 0.43¢ 0.006
18 0.025 0.53 0.45 0.005 0.009 0.06 17.38 0.64¢ 0.005
19 0.037 0.45 0.45 0.007 0.010 0.06 16.97 0.47§ 0.007
20 0.034 0.42 0.43 0.008 0.009 0.06 17.02 0.67f 0.006
SUS 055 0.61 0.53 0.022 0.008 0.10 16.43 — 0.019
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Fig. 1. Effect of (C+N) content on the oxida-
tion resistance of 179,Cr steel heated at 1000°C
for 100h in air.
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Fig. 2. Effect of (C+N) content on the oxida-
tion resistance of 172,Cr steel heated at 1000°C
for 500 thermal cycles in air.
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Fig. 3. Effect of Cr and Si contents on the
oxidation resistance of a~phase low C-29,Si
and low C-179;Cr steels, respectively, heated
at 1000°C for 100h in air.
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Fig. 4. Effect of Si content on the oxidation
resistance of low C-119;,Cr steels heated at 800°
to 1000°C for 50h X 8 thermal cycles (400h)

m air.

(C+N) BT 5 & 3B SRB{eE ST 5
ZENREDLRG. DB gt Fig.2 @ 1000°C, 500
P A I ADBOELBETCLRETHD - ENbns.
s D Wart L IXERAYREROREBILOFKE Y
BERT5.

2) Cr L0 Si o

1000°C ¢7 =51 r—HTHHHMz ¢, Cr &
21 s 17% FTHEMTAZ e k2T Cr il o
BEOHR LT T, 1000°C, 100h o HEiEER
{bDFER% Fig. 3 1Rd. SixvFhd Si % 2% &
HLTWB, 11%Cr T BEBRLASZYRITT
niclitEERbEEZ =L, 18% & Cr EX#EmMLTH
RIFISi iR R L DEHRNCH » 2 D%RITb T T
BHZ Ebnb, —ikic Cr BoEin XoCitER
bt s mLb32EdhTnb8, 11% LlEo Crg
B ThuE, @MofBEy —EF T ChiiEi
BitErr B oh, 22 O BriEREB LA FhEE
WHE LI bz LR B E ook,

T b Si DFHRIEOWT, 11%Cr 8] T Si B2 %
EXBME B TETHL. Si B4 0.33, 0.82 %
LU 1.88% LZE(LI BT ThEh 900°, 950° %
IOV 1000°C i fESEWC — A —~ AT 1 + RT3
ZEDBHERINTHS. Zh b DH#iC 2w T 800°~
1660°C, 50h, 8[EHEHEL (Gt 400h) E(L L 7-FER
% Fig. 4 wR7. Si BEORINC o TUREERBE LD
RBARENEL A &b, Si B&xbdTEHTD
BLOEREZLED. LELWTROML—A4 — A
FTHA P ERE BRECRITRE,»D RERLEES
LT3 DT, HEELLE OBRIREERS. 22T
1000°C ©% 7254 +—FATHBEEC D 17Cr g
T Si OFERFAITARI. FOKE, Fig. 3 it X

— 174 —



Cr %7 =54 b 27 v L AMo @R & HIRRIGERE 681

sue 430 (1000°C, 10min A.C.Y

430 (1000°C, Zmin A.C.)

Nb (1000°C, 10min A.C.)

0.48%2r (1000°C, 2min A.C.)

Photo. 1. Microstructure of the surfaces of SUS
430 steel, and 1794Cr steels containing 0.649,Ti,
0.679,Nb and 0.489,Zr, respectively, heated at
1000°C for 2 to 10 min in air.
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Photo. 2. EPMA image analysis through the
surface of inner oxide scale produced on 17
9,Cr steel containing 0.679%Nb heated at
1000°C. for 10 min in air.
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Fig. 5. EPMA line analysis across the grain
boundary on the surface of SUS 430, 17%Cr-
0.672Nb, and 179,Cr- 0.489%Zr steels heated
at 1000°C for 2 min in air.
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Fig. 6. IMMA depth analysis of oxide scales formed on SUS 430
and 179,Cr steel containing 0.219,Ti, 0.69Nb and 0.489,Zr,

respectively, heated at 1000°C for 2min in air.
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Photo. 3 Cross sections of oxide scales formed
on SUS 430 steel heated at 1000°C for 50
and 100 h, respectively in air.

106h

. L 1000°C,500Cycles
E 0 25°Cr base
o
E
@
on
C
£
(%3
+: =50
L
o
g,
q00L ., o0
0 50 100
¥ phase (%)

Fig. 7. Effect of austenitic phase on the oxida-
tion resistance of low C-259%Cr steels heated at
1000°C for 500 thermal cycles in air.
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Fig. 8. Coefficient of thermal expansion of 0.05
2,C~179,Cr and 0.0159C-179,Cr-0.42,Zr steels.

Convolute

PEEILA 7 — ADVERT B D, RRED Fe B AR
(bR & — A TREENZ L. ¥4 G. C. Woop B33
SHRT B X 5 IIOWER L A & — L L convolute LT
BELRTL, BEOBANES LY, I HIRBLIX
ETLUTEERILOES LS. Oy HREHOEST
LEDREDBRREEL, BAr — 122 EB, WE
BREBIHEDOLHLERTIDLEZL DILS.

—%, Ti s\~ Liz Nb §F#oBE, Ti(G, N) &
Bk Nb (G, N) i 1000°C ff55CHML, Hih
CEETA, Ti BXO Nb Xl die7 =714 bAEKR
FTEDID, B 7 VARIDTINFTRDOIRD
NIHEIRIC D& A — A T 74 HDPHTHIL, SUS 430 3§
LEgEOB{LOEHEEYRT. LarL, Ti EFEWMOBS,
Ti XEAE L OB X b T, 12 WPEBELHT
PBT Bl B LA - — Aic A D . TiO, THREA
—rBEbhhiIHERBEISEEILDL EEL DR
505 Ti GmBLAVICHEE BT BREHBETS
I Db LA CryO5 hicEiET 5. Cr,0p iad TiO,
OEEIG 1 A v RRBRE YA LREE L SHLS ¥,
X bz Cr,0; - TIO, DABIIEEILA y — A OFEMED
FHEIEDEbhD 2 EnbD, KDL 5ICERET
BED 7 = 714 D Cr,0; dFEFIC TIORAK XD
THLL, A—AFFA B ORELREBRILOK
BEYHETHL0LHEIRS. Nb §HHOBA, Nb
T @ EciinenwieLTh, BREOFHMANEINY
s, BEFJEENFe, Cricl Lo bixbhickEw
7o, PR IBLCERECL B &iddinn. Lk
NOTH D LI E TR TWIRED Nb 238t
Lo THLA y — A OBRABCEEL TV LEBETH
5. LaLl, Cr,0;-Nb,O; dEE LAy — A DEEER

Fe-Cr oxide!Si oxlde

Fe~Cr-Si oxide
¢_, Cr(Fe) oxldel_/!\/\‘
p—-5i oxige >

P i
Fe oxide .

Cro A A Pagmm—atetasy
SUS430 ’ﬁ?jg — w— Y Fecsi odde
A phase b= ]«phase I L
T&C,‘ (C rich, Cr depleted) UK N

i-Fe-Cr oxide

Ti-Cr-Fe-Si oxide

M
. - 1~Cr o Ti-Fe oxide
Ti containing 7 —% Ticr oide —
steel l‘gﬁiﬁb rx Ti-Cr-Fe-5i axide
TI{C.N) Fe-Cr oxide/Si oxide Fe-Cr-Si oxide
Nb containing~ et " " Fe oxide
I T~ T oy o —_— =
steel Lo Oy Cr-(Feloxides Fe-Cr-Sioxide
NB(C.N) T Si oxide
' Nb-Si oxide Nb-Si oxide
. Cr oxid
Cr(Fe) ox‘ideISi oxide Cr(Fe) oxide S oxide r oxide S ori
Zr containing T C =5 —> oo an=y o —> TR T okide
P 2 = e« EXR N S
stee! 2o, Zr(C.N)
Zr(C.N) (FeyZr) Zr(C.N) Ze(C.N) Zr0,
Initial oxidation Oxidation at 1000°C Lot .
ng-term oxidati
Before heating = at 1000°c for less than SOhrs at 1000°¢C "

Fig. 9. Schematic oxidation model of 17%Cr steels.
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