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High-Temperature Oxidation behavior of 19Cr-18Ni Stainless Steel in N»-20%H,0 atmosphere

Synopsis :

Yukihiro Nishida, Yoshitomo Fujimura, Manabu Oku

In order to clarify the mechanism of accelerated oxidation in H,O-containing atmosphere of austenitic stainless steel, isothermal oxida-

tion tests at 1073K in N,-20%H,O atmosphere and FE-TEM observation of oxide scales formed on 19Cr-18Ni steel were carried out. The

main results obtained are as follows;

(1) The weight gain of 19Cr-18Ni steel with pickled surface oxidized at 1073K for 1.8ks in N,-20%H,0 atmosphere increases more accelerated

than oxidized in air atmosphere. The accelerated oxidation in N»-20%H,O atmosphere is caused by the transition from external oxidation

to internal oxidation. As the consumption of Cr increase in N»-20%H,0O atmosphere, Cr depleted zone exists widely on the matrix side of

the oxide-matrix interface, results in the accelerated oxidation. It is considered that the consumption of Cr is caused by Cr evaporation

in the early stages of oxidation.

(2) The oxidation resistance of 19Cr-18Ni steel is improved by the grinding finish. It is considered that diffusion of Cr is assisted by

dislocations or fine grain boundaries on the matrix side of the oxide-matrix interface.
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Tablel Chemical composition of steel (mass%)
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Fig. 1 Oxidation curves of 19Cr-18Ni steel (pickled) at 1073K in
airatmosphere and N,-20%H,0O atmosphere.
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Fig.2 Cross sections of 19Cr-18Ni steel (pickled) oxidized in air atmosphere at 1073K for 0.3ks;
(a) TEM bright field image of oxide layer,
(b) TEM bright field image at area 1 in Fig.2(a),
(c) NBD pattern obtained from point 2 in Fig.2(b)/Corundum,
(d) Concentration profiles of Fe, Cr, Ni, Si, Mn and O measured by EDX along line «-«" in Fig.2(b).
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Fig. 3 Cross sections of 19Cr-18Ni steel (pickled) oxidized in N,-20%H,0 atmosphere at 1073K for 0.3ks;
(a) TEM bright field image of oxide layer,
(b) TEM bright field image at area 1 in Fig.3(a),
(c) NBD pattern obtained from point 2 in Fig.3(b)/Corundum,
(d) Concentration profiles of Fe, Cr, Ni,Si, Mn and O measured by EDX along line f-f " in Fig.3(b).
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Fig. 4 Cross sections of 19Cr-18Ni steel (pickled) oxidized at 1073K for 1.8ks in N,-20%H,0 atmosphere;

(a) HAADF-STEM image of oxide scale,

(b) HAADF-STEM image at area 1 in Fig.4(a),

(c) NBD pattern obtained from point 2 in Fig.4(b),
(d) EDX spectra obtained from point 3 in Fig.4(b),
(e) EDX spectra obtained from point 4 in Fig.4(b).
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Fig.5 Effect of surface finishing on the oxidation behavior of
19Cr-18Ni steel at 1073K in N»-20%H,0 atmosphere.
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Fig. 6 Cross section of 19Cr-18N steel (#400 finished) oxidized at 1073K for 1.8ks in N,-20%H,0 atmosphere;

(a) TEM bright field image of oxide layer,

(b) NBD pattern obtained from point 1 in Fig.6(a)/y-phase,
(c) NBD pattern obtained from point 2 in Fig.6(a)/y -phase.
(d) Concentration profiles of Fe, Cr, Ni, Si, Mn and O measured by EDX along line y-y" in Fig.6(a).

H 37 34 80 £ it No.91(2010)



N,-20%H,0 5 A AZ B1F % 19Cr-18Nik A 7 ~ L A8 0 i b 25 5 21

(1) BALRzfh o EH ORI X 0, BRALRZIR A
WL AR FIZBT 2Bt OMEEIEEE 25 b
DT, BALBUGIZ & 0 B U 72 Hy SR AL Bz I b % 315
L, R4 FERETBILY % %0 LFELOZ EKT
5L THALUS 2 AT X85 (LT, s & frd
Z)) 4)5)o

(2) BLRIED~ 7 a2 K ia% A L CEBEHOD R B
MRERA LSS % (BUF, KB LT %) 97,

(3) KB DOCrI L2753 5 2 LI X ) IO LR
VDMK 2 (BLF, Cr#B#emss) ¥,

(4) BB OMFHEFINZ, BRALE B~ O H,0 OB
HE O, DN IRANDR A% BLET 5 855G 7 a
A&, BRICEDFenlkIigh &b ko /zFefk
FALRZ DI, - B 7 0 & Z DA I & ) 1L
HEKRT B (DT, #HEHEHTS) 10

(5) BRALBUSIC & 0 AR B K EARAL I £ 72 13 REAH
FICRAT S e CRIL2IE S NS (DT, AKHKHE
B LT 5) W12,

DN L, MREEFICE L TIEFHE T S A MALE
FEDSFERME &L D S /NS W &, fREESL D & Tl S
N5 MALE O & FEBITTE R S 2 B O 255
BHIEREND, NMERLOFERE LTUIR/ES N
D0HHY, F7z, KMGHICEH LT, v~ ufKaHMK
BH0Z &2 VO, FRATHOHAET L2 LRSI
TBY, KESEGOLRMA TR 7 0 KKaasHE g
Led W, b L IR SN KIFAKZELTF A
TRBES NI W EDOFWANT5 TRV LAGRE
LENTWAY, CrEREHICLTiE, 2hFTEIZ0E
H,02536 479 2 PR T OSBRI LBIS 2 BUD 4 9 B
WCHHSNTBY, SN0k 20,26 F 2 0HEHA
WBWTRLTLILHEINR TV D DI TIERNWIYIY,
BEDHIIFe-9Cril OMLZEE IZ OV TDOELE L X— A
ELTBY, CrO;0PRHER AT S 2 ZOmLE
IOV TIRLT L ERRERE T3 TE TV
WD, KEFEFICE LTI, BAREICE XIFTKE
DB ZWMEICT LI EDREEEZONL, PIZIE
Essuman 5 3K EDS M FICEET A 2 & T, Ak
NOFEFROE BRI E 72 IEEAR A K LN R LS
REINL EHHLTWDEY, LaL, BALZKAEDN
EWRES L OB BOEZ RS DL A A = AL
DOVWTHIFETRIMICIhTuiwv, T2, KEOZE
B L EERE S L OHUR B L & RIS BT B &
ENTELT— Y OERLBFHTEIA T GEZEZ BN
%o

CZDEHT, OB FELVKREREEFMSUIEBT
5F—AFF A bRATF VL AHONEBILO X = X

AZE LTIz AR O Tw ol 20
IR~ TH B A, GEROHEDOKERSHY, MEmEL
W L7 OBL A r — vV OBISRERZ D & IChEmL
FEHrikm L CE I EDHHAD D EEZ LMD,
ZZTAEITIE, Fig 1 ofRz2d &1, ORLL%5
PSS AR L 72 R BRALIE AT (0.3kslm#kt%) DR
bR R, B X OC@MERELE % (1.8kshn#kik)
DAL L O, %2 FNZFNTEMBIZIZX V1T
Z LT, MEBALICE S I TOAREAEH FMERICBT
DAL A = XN R HEE LT,
411 IEESEERT (0.3kshNBhig) DEE{LEE)
IEBALE T (0.3kshNELH) ORRILR % KR &
AHZARE RAFMA TR L7206, Fig.2 BLU
Fig. 31T L7c & BYBILEROIE S, #ifEE, KA
K, 79 v 7%O5ERIICHE L T RRFAS & KHE
[REAFHARE CHIERZRIRO ST, KEEHZ N
HBALDOFAEERE T 52 3LV, —7F, EDXMr
MmgigRAR (Fig.2 (d), Fig.3(d) ICEHT2L, (3
(ZEIREEE DR BEIE A % 5 5 W AT B VT, KHER
G FIRTINE L7213 9 25 & 2 FR bR e/ BEA A
HEEIZBITAHMHMOCTRZNFE L\, L2L, B
LRI O Cr D B KBRS H F A TmE L7
W%, KREGEGEHFRR THER L 7B B d’E
MOCrRZRITHIGT HCrAafFfEL TV v, ZOH
HE LCTIRREOHEE L Cro&%r% 2 5575, Fig
2 LFig. 3 DTEME % LK T 2R ) TIIAREREGH
FHRDOARTRIEOHEEAE L Tz idE 212 <,
KB G FIRNTER L7z o Criw & BEAH A
DCrim & DR E Cra&ds UM o 2 5 = X 5 THEIC
G HZ L IEHEETH B

0,% & F R VWAKREREAFHAIC BT 2 IN#EHE{LO
BRBCrERICEI A LD0THIE, DFOBHEIZEY
COEENEDBEBETEL TV AN EERTLLEND
%0 9, CrA&AFICHT 2MEHEFI120, L H,025
NL10%RED L IZFNU EHFEAET L HHAICB W
THRENTBY, ZOAH=X1IEFid (1) OIS
THPH SR TW5D Y,
1/2Cr,03+3/40,+H,O0 — CrO,(OH), 1 ----eeee- (1)
FHHD LRI, 0, HOMPHAFT B EHATHOCr
D#FEE, 1073K, Air-50%H,0 %5 PH4IZ TSUS310S %
FAVCTHERLITRTHEL T2, ZolETIRO,
O E RVAKEREA TR (N50%H,0) 2B 5
CrO#BEEMRATHIENTET, L LML
TR %, FEREANEE L Tw B TOCr&s120,&
HOM AT 2 FHEIFAOBRTH 5 L OFiwICE -
TWhe X512, 0,%180pphartsd £ DKL TR IAA

H 5 34 80 £ #i No.91(2010)



22 N,-20%H,0 25 PA%AZ BT 5 19Cr-18NiR A 7 &~ L A §i O ik b 25 8)

12 TCCry032 55T 5 Cr0,(OH), D FHEIZ DWW T
Holcomb 512 X W EHE S THB Y, 773~1573K Tl K
REAK LY HCrO,(OH) , DA EDE Y & 9 i s
HoNTVEY, DEOMEHIZED, RO, ¥
b BRI % A3 5 Corundum M OB L R KA
SRR S NI OCr I L2 2 &
HE N CTRALAIEE S 7z, LidE 212 v,

KIZ, 0.3ks F TITARK L 2B R IE 0 % 2P % 72
T 572912, 19Cr-18Nidi O FeBEALIEM % F v T1073K T
14.4ksEL L 7B O FR LB 12 B X33 P L o
B R L 7R 2 Fig. 7 128§ XHSample No.(a)
TlX (LLF, Sample No.z# EHg L TEILT %) REAF
P& CT1073K, 0.3ks® Tl b % jiti L 72 % 12 N,-
20%H,055% P4, T1073K, 14.4ks DB LERBRZ S0t L,
(b) TP L7 LT (a) L kRO REE % To 720 (0)
TIEN,-20%H,0 %5 A5 H T1073K, 0.3ksD P L %
B L 72 IS KA A TL073K, 14.4ks DAL Rk % 92
fiL, (d)TEFPMmEEILZ LT L fkoiREEz 1T -
720 (@), (D)O#RLD, KAFMATO3ksMEA I
AR, FOBKAA, Nyr20%H,0%LADO Wi
BN CH RIFRIEILEZ ML Cvwb, —J, (b)),
(c) DFER X 1 0.3ks T TN,-20%H,0 55 SN IR S 7235
&, FOHBYEHEN,20%H0F AR SRS L
LEROZM IR EE Y, RARICEBEEIND & A7 — L]
BEA A IR L T hEnA U b,

COFERIE, BALOMBIERE (0.3ks) THRK L 721
LBz B O Crife BE B X ORI O Cr /R Z 8 25T i i e
PRI LIEF IRV BB 2 B XIZTI L2 BRT 5,

Sample No. (a) (b)

Pre-oxidized at L.
1073K for 0.3ks | ™M@

Oxidized at
1073K for 14.4ks

0.020

in N2-20%H20

0.015

0.010

0.005

o| 2.

Weight change (kg'm™2)

—0.005

—0.010

Fig.7 Effects of pre-oxidation treatment on the oxidation
behavior of 19Cr-18Ni steel (pickled) at 1073K for 14.4ks.
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Fig.8 Schematic illustration of transient oxidation process of 19Cr-18Ni steel (pickled) at 1073K in air atmosphere and N,-20%H,0O

atmosphere.
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