Ar-H,0 ZHESKICB1I 2 Fe-Si 540 HERIL 123

© 1991 ISl
1101117

A X

g

Ar-H,0 FHSICB 1T % Fe-Si 440
i imAR

BR OEET BB ORE?RRE O HZ*

High Temperature Oxidation of Fe-Si Alloys in Ar-H,O Atmospheres

Kiyoshi KUSABIRAKI, Toshihide SUGIHARA and Takayuki QOKA

Synopsis :

The oxidation of Fe-(1.5, 3%)Si alloys at 1000-1400 K has been investigated in Ar-(1, 10%)H,0 atmo-
sphere using metallographic and electron probe microanalysis techniques.

The scale layers developed consisted in general of the external, the internal and the subscale. Oxides
phases in each scale layer were identified as the mixtures of FeO, Fe;O3, and small amount of Fe;0,,
the mixtures of FeO and Fe,SiO,, and the mixtures of Fe,SiO, and SiO, respectively.

With increase in Si content in the alloys the rate of the total oxidation decreased significantly at 1200-
1300K. The oxidation kinetics of Fe-3%Si alloy and Fe-1.5%Si alloy were irregular and regular with
each temperature, respectively. The latter was obeyed a parabolic rate law. The apparent activation
energies for the growths of the internal scale and the subscale of Fe-1.5%Si alloy were estimated to be
123-132 kJ/mol and 119-156 kJ/mol, respectively. The rate determining diffusion element for these scale
growths was considered to be Fe in FeO in the internal scale and /or in the external scale.

Key words : oxidation; Fe-Si alloy; external scale; internal scale; subscale; kinetics; activation energy;

high temperature.
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Table 1.

(mass% ).

Chemical composition of specimens

C Si Mn P S Al N

Fe-1.5%8Si| 0.048 1.51 <0.01 0.0013 0.003 - <0.003 0.0013
Fe-3%Si 0.047 3.09 <0.01 0.0015 0.0028  0.005 0.0012
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S : Surface of sample before oxidation
A : External scale B : Internal scale

C : Subscale D : Alloy
- Photo. 1. Cross section of Fe-3%Si alloy
oxidized in Ar-10%H,0 at 1000 K for 54 ks.
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A:18ks B:72ks
Photo. 2. Cross sections of

oxidized in Ar-10%H,0 at 1 000 K.

Fe-3%Si alloy

A:18ks B:72ks

Photo. 3. Cross sections of Fe-3%Si alloy
oxidized in Ar-10%H,0 at 1200 K..
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sections of
oxidized in Ar-10%H,0 at 1400 K.

Photo. 4. Cross Fe-3%Si alloy
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Photo. 5. Concentration profiles of O, Si, and Fe
across an Fe-3%Si alloy oxidized in Ar-10%H,0 at
1000K for 54 ks.

e

Photo. 6. Concentration profiles of O, Si, and Fe
across an Fe-3%Si alloy oxidized in Ar-10%H,0 at
1400K for 36 ks.
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Photo. 7. Cross sections of Fe-1.5%Si
oxidized in Ar-10%H,0 for 54 ks.

alloy
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A : Reflective electron image B : Si-Ke X-ray image C:Fe-KaX-ray image D :O0-KaX-ray image
Photo. 8. Distributions of Fe, Si and O observed by EPMA on cross section of
Fe-1.5%Si alloy oxidized in Ar-10%H,0 at 1400 K for 54 ks.
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Fig. 1. [Effects of temperature on the thickness of
internal scale on Fe-3%Si alloy oxidized in
Ar-10%H0.
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Fig. 2. Effects of temperature on the thickness of
internal scale on Fe-1.5%Si alloy oxidized in
Ar-10%H,0.
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Fig. 3. Arrhenius plots of parabolic rate con-
stants for internal scale ( ) and subscale
(- - -) formations in Fe-1.5%Si alloy.
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Table 2. Apparent activation energies of internal
scale and subscale growths obtained in Fe-1.5% Si
alloy.

Apparent activation energy (kJ/mol)
Atmosphere

Internal scale subscale
Ar-1%H,0 123 156
Ar-10%H,0 132 119
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725Did Photo. 3D EHIZHBFEED ) V2 — VKA —
VHRET HEBERCC, RERO D LR S
NTWaBI LR IIDPBLETVSE., ZTOEHSTHORr—
VOREIIERL, BOTEY., LML, 1400K DX
) BB TRER L Si0, 3R(1)IKE- THEHIC
Fe,Si0, & % 4. AR L 7z Fe,SiO, i Si0, X b {R#
HEAEG <, O it FeoSiOy BE WA ICHLBLL, &&PIC
BATAH. EEPIBEBALLZOBEBERT Y Yy LD
ERIZEST, 2O Si B LT, Si0, & 4R
THLICLB. O DG HL & SiO, LEOBEFE K
FryeNMEEmE), BSOS FeO HER LIGD,
Si0, & B LT FeySiOy 2T 5. TDXHIZLT
VTR —VAEERENS., TR r— D SiH
Fe,SiO, & LCHE SR LRI, a8PhomE
RFrvanvid—EeE ERL, FeO 4K Ly, W
WA — Vi T A, C0XdHBRYET, 72

=, FHEAr =NV LEWICEESHE~NEBEET S
EEZOND, —F, —&? Fe i3 Fe2* & L THE 2
F—VAESNFICHEL, RETO LREL T FeO %
L, £BRAr—VEEETA. FHAFOBESE
AEFNIE, FeO 138 5 IZBLD#A 7 FesO,, Fe 04
%25,

7272L, 1200-1300K TELL 72354, SiO, fRAER:
BOTEREND DD, REENCERED~ 7 0 KK
PHETADTHA). 206 0 ODRAVPESICE
2D, 1400K DAL & Ftk 2 TR #ITL, /
Ta—NVRIZRATF— VI BETH LI RB., /Y a—
WARZ & — VR CI AR IZ & 1400 K OFRAL & BHRIC
FeO, Fe,Si0, # £ IC L22WE X #— v &, FeO,
FeO3 2 FRICLZ-RBRAT— VDO A I L AR
EhTwb.

LI AT, Fe-3%Si 4% 1000K TEILL 72354
Wi, RREICERLTWAENE Si0, Ik 2 RERED
BRFHEBEICHEHAL TV 2, KIRD 1000K TR 4 —)b
DEELHE S v DIk, Photo. 5 TTRENTWS
91, A7 — VoY ORE RO THHT,
BZOH L, BET 5 SiO, BESHM AR FH 5 itk
RO RSB, TALORRENL O OB
BERIEC ), REEBEOHRI+FICREE ALY
rmHEEIZLRD.

—7, Fe-1.5%Si A& TR REWEEATE & 1z
O ONZ L, O iEonTITIcbIgEEsh
TwaY 9, REL S0, KEFRBHEEEEET S
Wt SiEFEEPIEINR TV EVnDEELDL
nn, BILGBRIEOIICER S A RREEL Si0, KR
DOHEE - T, O DBBIHERICEZD, EENE
@Y 72 45—, HERAF— N, AFIZIIERBZ »—
VETREND LD EZEZ SRS, ‘

LIABT, A —WHRBAr— I, WEATr— I,
FTAr— VD 3IBEEE L TRE LSS, fiERe
BONFHEICL Y, BoBFIBFEONFIRICL DK
BLCbithsn, £25553:4 T, Fe-1.5%Si &
SOWNEBLUY 727 — VOREIIER %2\ LIZAE
A —VEER TS FeO 0 Fe DILEAHIHERT S &
HESNHHEREBTS, Lidb FeO 2B+~
ARBD P RIFEHRT, ZOFhTEEHLEBLTO
Fe?™ OB HER T, 07 OIEUIIBD TE W2 &8
HMoHNTWS, LkdsT, Fe-l1.5%Si 80N 5
Wi TAT - VOREIBRIEBES L iz AT
FOMFIHEICL BB DL 3EZ SNT, B ST
B3 % 720121d, Fun 5533808 L - EEEEDY 50w

— 129 —



130 % & W HEITHE(199) FE1FH

B NERE S Mrowee DfREEHEREY NEH L&
Abha. Thabb, BILWEBNTO Fe?t O
2k, FBETIE FeO DA — v HEBHE LD, =
oWy, BLWROIMI EREITIzEhER, (2)E(3)D
&) BRIEAHEZ B L EZ SNL. Bt OIMAIT i
ML L50,=FeO+ Vi —2p wreeeereereemnneenes (2)
B ; Vi, +2p+FeO0=%0,
(2)itt\v FeO At L, Fet Z23L (Vg ) L &ET
224l (2p) HMASND. EILEAF~LHT 5 A,
WEE LTt Fe?" & 2e " ~YLELT 5. BLRE
OWBITENBILEL L 7222072018, B bR o5
WM AETR RS RVIGE I, BB L &L o
W7o, REICEILOEEGEKRTH LKL PR IS,
ZOXRA FORBETRA(3)hHEV, Fe?™ ZBILLET
ZeILAS FeO E UG L TMEN XA # 4T 5. Mrowec
DWEBICX DL, BEBHBICX > TELALFA FTIIEE
LR CEl S R C HMBERIL O 72012, DWilid
BtWE S FHA T CHLLIMILE DT o b, BFER
COMILEEL TRAEL LTRATA LR, BE
OHFIIRE S NS, BEIRA FRE VAL TH
SRWMIGEL, A&+ LU TSR — Ve L,
—MIEENEEFRETESIIHA~NTEL, 72
F—VERKT S, BILYRE E N ~IEBL - Fe’T it
NEECHE LS L, FeO # L THER 7 — 1
2T A, Thbb, SEBRXr—VOBRILY/ AR
H OB LR Fe?™ O LB HEEE 2DES L,
7, AEATr— I, 7275 —VoOlED Fe2t o4
HUHAE S BALAB COZILOERET b b, KA
FOBEESERE Z0/FAH. Ld->T, AifB &
OCH T A7 — VOBREFEBALH O R4 FOFRRGERE
BEINDLEEGICE, MATr—LVORENRET L,
FeO 1 Fe OILEICAE SN D L v I #ERIEL R
TH, FPREELZVWI LR A,
HMBEETREOOND L) IC, EROBILWE S ICI
£ DKRAL FRERMPBE SR, oI BILYRE O
B S OBREY R LT AR FFICEZS
N5, 72721, kb L -8 C Fe-Si &0 &R
BALOFEHRR TR CHB S M E LA EPRSH SO
BE shsLErH 2.
4. ¥ B

Fe-1.5, 3%Si 8 &€ 0BALEBH 2 HBILT 570,
Ar-1 B X UF10%H,0 FB&H, 1000-1400 K T &ikiE

fbxiTv, KBAr—nN, AEAr—n, $7X75—n
DFHE L KMk, &S OBE, MERIT- 7. KR TH

SRAHMRAPENTAHLRDE IR A,

(1)Fe-3%Si &4 % 1200-1300K TEALL -6 %
&, Fe-lb BLU3%Si A& rmimBb+s L &kE
24—, RERATr =, ¥ T 27—V b 5RBHEE
DRAr—VHEERENRSL. Ar H 25D H0 5 F A
1-10% TR —VOFREANDEEZIT L A L,

(2)Si &HEDOEY Fe-3%Si 44 % 1200-1300K
TEALL 72546, BALBERMBIC 7 ¥ 2 — VIRICEER
L, —LREsoRr— VBRI iz, Bbiiek
B2 DEIE S b,

(3YVTHhOAELIIBVTYL, EBAryr—VidFIC
FeO, Fe,0; 25D, HWE X 7 — Vit FeO, Fe,Si0,,
# 7 2 — Vit FeO, Fe,Si0, # £ OFEHEHE Si0, DR
T L7 55,

(4)Fe-1.5%Si BEOHEHAr— v BIOH 72
r— VIR EEE L R T A AN > THRE T
B, WA — VORREREDRETOEELT 2L F—
X F R FH 123-132 kJ/mol B X ¥ 119-156 kJ/mol & B
Boonz, BEXHEETIEHETIVTRLEER
r—, HFATr— ViR T 5 FeO 0 Fe & HEE
EN/ BAF— VORE R FeO DORBEEMSE CEMM
LHBNIEETH 5.

B&C, IR E OB ICHB D V2 2w 25 B AR
RO B — BRI SR E 2 2B LR LI Y. £ 7,
AW FE D —FB A% A B Bt e B AN 63 4F BERFZE
BIREIcE D EREINALEEREL, BH#H0EEELE
S
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