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Tab.1 Deflection of specimen at different stages during the test

Deflection(mm) Pre-oxidation for 1h Pre-oxidation for 2h Measurement conditions
D 2.98 1.34 after removing of scale on one side
AD -6.91 -3.92 during heating to 1000°C in vacuum
AD 1.31 -0.02 during annealing at 1000°C in vacuum
Dy -4.01 ~2.60 position at beginning of the oxidation
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Tab.2 Values of g and R used in the analysis for different specimens
t(h) 1 2 3 4 5 6 7 8 9 10
Pre-oxid. zq(mm) 0.160 0.220 0.263 0.305 0.346 0.384 0.425 -0.162 -0.0668 0.0118
(1h)  R(m) -0.343 -0.374 -0.384 -0.420 -0.484 -0.658 -1.39 5.17 0956 0.468
t(h) 2 4 6 8 10 12 14 16 18 20
Pre-oxid. zo(mm) 0.160 0.223 0.308 0.414 0.540 -0.400 -0.441 -0.499 -0.570 -0.670
(2h)  R(m) -0.422 -0.597 -0.955 -160 -4.07 6.32 202 169 126 0.994

3.2 EMPWEHSTH
BHAED, SEPHENCEAABBHIANEN, SEBETENIRSH
ENAMKNRERANEKNS. B6 HPAR 2 AT HIBRPEEH




3 FERY, Fe-23Cr-5Al 44 1000°C EALE R I AloOs BN HBFR 141

B 7 4 A D R A 00 (2 080 8 0 AL o i 1 T D B g 10 T
B, AEPHONIKERK, RA 1IMPa EH.
2

Fig.6 Stress distribution across metal

thickness during the deflection test ob-

tained from the specimen pre-oxidized for

Metal stress , MPa
@

" ot 2h
.1 } FeCraAlTi/1000°C
1) 2h,D=-1.83mm 2) 10h,
0.00 0.05 0.10 015 020 025 D=0.25mm  3) 20h, D=1.42mm
Plane in metal, mm
3.3 HhtH

FARPHEATLLGES SR / HEAEORERER Y. NATEPERT
EEAERERTHEA,, TEMBEN W BHEETERAN T 54£ABNTRE
FHBEL. TREABESETRETEDR, LRI HBRRLMHOD, ATHTEH
PCRRD SR, RRATT TRXE.

¥ — £ RRBETE 10000C S AHPEA 19/ H, RERHEZE. ADEERRE—
MR EREAE, R RAEREAEN AR E L ETE LR, 7 1000°C EX
PEALANNE, REMEZHT5x105Tor HEZEEPRE 6 Ibd, RELEBK
SEPHESHERERAE 7. TLLEH, SHE DEMURELETI. BAS B
B3 AT EPRHEAARERML, EABRNTRATR. BE L ARABN S
Wit EE R, BAIFHE, A€ PHAMNBENTAEENIE, AP ELBH RN .
EHilt, BASBRFRABHTHMAA D<0Ha>HBPERSEXR10). RE—N
AL 1 NE, BE £=0039%um; 55— M &4k 20 /NF, BB £=030um . HKHERTH
46.93 x 10.21 x 0.26mm , #55E zo AME, WLUBHHBEMEOEMALRNE S, ERLE
8. El 8, MEIAMPRI N LERIBN S, NiRMEN-08~-98GPa, 5K 5

30,

g FeCrAl-T 12 | Duriug sunealing /1 000°C
E, 2.5 | During annealing /1000°C @ 8 10 1
® o
¥ 20 b 3
A % £=0,03%um
° 15 g 6
2 & .
§ 10} $ 2
2 05 Dy=-3.88mm C 2f ) ""0" """!
0.0 et . 0 v
6 1 2 3 4 5 ¢ 02 06 10 14 18
Time, h Xy mm

Fig.7 Variation of the deflection with time Fig.8 Variation of the average str with

during annealing at 1000°C in vacuum for the alloy neutral axis

the specimen oxidized for 1h and 20h on 1) oxide scale 1 2) oxide scale 2

two main faces
SRR, BAERIBEN R, MBS TRERER, BB SER
Ak R R 7 35 4 B9 L0 T 45 5 30

doy

dt _ dzo — d=o ( 4)
doz dog dzg dog

dt dzo dt dzo



142 hE S B P 19%

do WS, do1/d% WLTEEE 6.9~ 185 . IRED I RAEE 1000°C i K B A
A B P B 7T R B R H R AL IR R R 6.9~ 18.5 £%,

4 tig

NMANEHEASH FERANBEEAEN N IE, SEHEAE. BRiAES
iR R RAEAN L ERTEE O, BEAE RS — W RN R
ZRARMEFRBIBF RAENTHA NN EMEN S RZEHBREW, 55t
TR REND HERE X, .

BEH, X ALO; BAKN AMWEENE THARL 1Y, IREN ALO; AKHESR
EERE, BEEW, ARBRXFREBRENESKEKN . TEASHFEZREN
BiE, FTEATERBESBEKNENEAER KELEHERRY, RPHEE—EF
W) . RN EMBRE ARG RED, RBFEHERREAY LB HHEIE.
HE, ATFRIBNEXROARRE, REKNREAMBESAREERHSORHELY
B S RARRE. AT/ERB, Fe-23Cr-5Al A4 1000°C =5 P AL A AlOs A
PN SRR R MO BEAE, X ALO; IR ME, HAKNHAMEZEN -1GPa; 4
ALOs B ER, HAEKNHERZN -0.1GPa, N IEFREER 0.2um, FeCrAl §& L
B R ALO; B (BB BN MMM HKLAN -4GPal'2 | FHilk, 5 ALO; BN /141
, B ALOs MIEKMN 7B, R, 1000°C E4N, BEEE2XETRE,
EREMREKNAARREYR. TR THANOEE, FEZEBAEED, HABEELL
Bk, BABEFHNA7E. BREATEAAGEZEE, 6NN IREK, ATTSZH
FRMRAN IR, FE, BRAN /D, BABIMEBEED; BEANDE, N
HEAREEHNEL, RABAAEESRNEETRER, BB KNEEL
NESRH ALOs MEAEREHAS O, FHANMREEKBRRETEHER.

BB EBETERI, o/E HILTEN— K. M LR E ALK AR,
0/€=(4.0~ 5.0) B (3.4~ 4.1)x10%° Pa:s/m , FRED o=kod¢/dt, L4t A 4 ¥ B Jy #0EAL BB A=
KHEERIEH. FeCrAl REESEMAN, FUEIRIEMBEY ®A5E, RMBRE AR
ST R, B Alzosaz#ﬁa‘rtﬂ/éﬁﬁﬁmﬂmi\ﬁi, Bp ALO; R R M AEK
(4-15] X R ALO; BEAFRMAKN AN TERE,. FHEER, FNEALDEEE
BREOBAEKERAEEN S, BAAPRKRSEABEHNEKEEREL. X—FRXY
Fecralloy(Fe-22Cr-5A1-0.3Y) 4 & L R 49 Al,O5 B th jR 57 101

XU AL T i 7 N i T — AR B A, BP R O TE 4R AL AR R R R
RBARE. RERESHE, —NEAMERET, —MENSEE, LATERETENE
REKFREW I, ARG REB RAMABKE LML, R>LELAERY

MAK. HEFEBRER>>HMR>> Xo. AR2WR, JLFEFRFHLTIAANE
WERAMEBIAMRE. :

5 &t

(1) Fe-23Cr-5A1 4 4 1000°C AL T 00 ALO; MR FAEEMN /1, H BMEILRER
B 388 I P ¥ B ) T e ZE 44k 20 ANET ) SRR A, SR 7 fE W BBl O -3.74~ -0.704GPa ,
RAESEPNAHEBME, A+ 1MPa BE,



38 ZHBRE: Fe23Cr-5A1 44 1000°C WAL AlOs AN HBFSRY 143

(2) 1000°C W EA S ERAERE. AN EKEERKIED, EEN 0.039um K
FALRR DY T T R B 3 LR R 0.30un. Y AL R 6.9~ 18 f§.

(3) Fe-23Cr-5A1 5 & M ALO; MHM FHERKRN HESRABHMERKRERERE .
ALO; BB MAKERN AN FERE.

() MEFATHEHT, FUBERINAREBRAESR. SAIBHSEBE
PR RS F AR EN B B3 FF, SEMARP .

8 £ X W

Taniguchi S. Tran. ISI1J, 1985, 25:3

Evans H E. Inter. Mater. Rev., 1995, 40(1):1

Huntz A M. Mater. Sci. Eng., 1995, A201:211

FRit, FEW. HHNKED, 1993,26(8):4

Kataoka K, Yamazawa T, Pyun Y J, Homma T. Tran. IS1J, 1984, 24:67
Birnie J, Craggs C, Gardiner D J, Graves P R. Corr. Sci., 1992, 33:1
Lipkin D M, Clarke D R. Oxid. Met., 1996, 45:267

Delaunay D, Huntz A M, Lacombe P. Corr. Sci., 1980, 20:1109

Saunders S R J, Evans H E, Li M, Gohil D D, Osgerby S. Oxi. Met., 1997, 48:189
FhiE, B, F W, ARI. £M¥ER, CHER

Li Meishuan, Li Tiefan. Mater. Sci. Technol., 1993, 9:67

FEE, FE5E. HHNHTER, 19959(suppl.):205

Taniguchi S, Shibata T. Trans. Japan Inst. Met., 1988, 29:658

Golightly F A, Stott F H, Wood G C. Oxid. Met., 1976, 10:163

Golightly F A, Stott F H, Wood G C. J. Electrochem. Soc., 1979, 126:1035

W 00 ~I B Ot s W N =

e e e e
Ot b W N = O

STUDY ON GROWTH STRESSES IN ALUMINA SCALES FORMED
ON Fe-23Cr-5A1 AT 1000°C

LI Mei-shuan  QIAN Yu-hai XINLi ZHOU Long-jiang

(State Key Laboratory for Corrosion and Protection, Institute of Corrosion and Protection of Metals,
Chinese Academy of Sciences, Shenyang 110015)

ABSTRACT

The average growth stresses in Al2O3 scales formed on Fe-23Cr-5Al alloy during oxidation at 1000°C
in air have been measured by using a new deflection technique. The relaxation of oxide stress has also
been studied. The average growth stresses in AlaOs scales decreased with thickening of the scales, their
values were over the range of -1000~ -100MPa. The stresses in the substrate alloy were much lower, in the
order of 1MPa. Both the substrate alloy and alumina scales might creep at 1000°C. During the annealing
of the oxidized specimen, the rate of the stress decrease with time was 6.9~ 18.4 times higher for the scale
of 0.039um than that for the scale of 0.30um.

KEY WORDS Growth stress, Deﬂet;tion test, Creep analysis, Alumina scale



