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Effect of Water Vapor on the Oxidation Properties of Sintered Fe-3 mass% SiO, in air at 1273 K
Michihisa Fukumotol-*, Shigenari Hayashi!, Shigeru MaedaZ? and Toshio Narita!

1Research Group of Interface Control Engineering, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628
2Steel Research Laboratories, Nippon Steel Corp., Futtu 293-0011

Oxidation properties of sintered Fe-3 mass % SiO, (Fe-3Si0,) as well as Fe-1.5 mass % Si alloy (Fe-1.5Si) and Fe, for com-
parison, were investigated at 1273 K for up to 7.2 ks in air and air containing 10.5 vol% H,0 (air-10.5H,0). In air-10.5H,0, the
Fe-3Si0, was oxidized faster than in air and also than the Fe-1.5Si in air-10.5H,0. The scale was composed of a duplex struc-
ture, an inner FeO + Fe,Si0, and an outer Fe-oxides layers, where many voids existed in both layers. The similar scale structure
containing voids was observed for the Fe-3Si0, in air. Marker experiment with a small Pt wire was carried out for the Fe-3SiO,
oxidized in air-10.5 vol%H,0 and the Pt-marker located between the inner and outer layers, suggesting that the inner layer
grows due to inward migration of oxygen and the outer layer due to outward iron diffusion. In both air and air-10.5H,0 Fe
showed a parabolic oxidation, forming exclusively an outer Fe-oxides scale. It was suggested that SiO,, which changed to FeO +
Fe,Si0y, acts as an obstacle for the outer layer recession, leading a formation of voids in the inner layer. Oxygen used to form the
inner FeO + Fe,Si0, layer was supplied by the dissociation of outer Fe—oxides, leaving voids, probably by a perforating dissocia-
tion mechanism. Both oxygen and water molecules could be diffusing species through the void.
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Fig. 1 Schematic drawing of the oxidation apparatus.
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Fig. 2 Changes in mass gain per unit area with time for Fe,
Fe-1.5Si alloy and sintered Fe-3SiO, oxidized at 1273 K in air
and in air-H,0.
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Fig. 3 BEI(Backscattered Electrons Image) cross-sectional
microstructure of Fe oxidized at 1273 K in (a) air and in (b)
air-10.5 vol% H,0 for 7.2 ks.
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Fig. 4 BEI(Backscattered Electrons Image) cross—sectional
microstructure of Fe-1.5Si oxidized at 1273 K in (a) air and in
(b) air-10.5 vol%H,0 for 7.2 ks.
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Fig. 5 BEI (Backscattered Electrons Image) cross-sectional
microstructure and concentration profiles of Fe, Si, and O
across a sintered Fe-3Si0, oxidized at 1273 K in air for 7.2 ks.
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Fig. 6 BEI (Backscattered Electrons Image) cross-sectional
microstructure and concentration profiles of Fe, Si, and O
across a sintered Fe-3Si0, oxidized at 1273 K in air-10.5 vol%
H,0 for 7.2 ks.
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Fig. 7 Pt-marker position for a sintered Fe-3SiO, oxidized at
1273 K for 7.2 ks in air-10.5 vol% H,0.
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Fig. 8 Changes in thickness with time of a sintered Fe-3SiO,
oxidized at 1273 K in air.
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Fig. 10 Changes in thickness with time of a sintered Fe-3SiO,
oxidized at 1273 K in air-10.5 vol%H,0.

Fig. 9 BEI (Backscattered Electrons Image) cross—sectional microstructure of a sintered Fe-3SiO, oxidized at 1273 K in air for

(a) 1.8ks, (b) 3.6ks, (c) 5.4ks and (d) 7.2 ks.
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Fig. 11 BEI (Backscattered Electrons Image) cross-sectional microstructure of a sintered Fe-3SiO, oxidized at 1273 K in air-10.5

vol% H,0 for (a) 1.8 ks, (b) 3.6ks, (c) 5.4ks and (d) 7.2 ks.
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Fig. 12 Comparison of inner layer thickness of a sintered
Fe-3Si0, oxidized at 1273 K.

F=VRHIBE TS ENTEFRAFE L TERETS
L%, ZORA FROBHRRT VY v UTEN 2D, 4+
JB DERBEALY D EEELBEL I NS, T, Birks
513 Mrowec 512, HERILDIC Lo TRES N/ Wb 5



o2 5

REEEECTh 5. T7xbb, CORE TIIKRAEKOFFEDIN
AR D LEGA: & (37 B 7n .

Fig. 12 |3 Fe-3Si0, % 1273 K o air, air-H,0 # Clig1k. L
7oA ONEE S ORI L D H L THEL 72D TH
%. COREDKELAGOERERBALKTIE, EHREKSEID LN
ERESEEL TS0 5h%. WEOBED, Fig. 70
=N —FEROBRLY, BILEONFILEIC k> THET
5EEZBNAHDT, KKK EAEFAZTIE, THERLD
b BEOBLENNFITIREL TWA Z EAHEESNS. &
thb, KEKEBEFREZ TIE Fujii 59, Rahmel 59 %5 X
UEBLELYPRETHRA FOF % VR VT &L TKHEK
KELTBHTLEE2HT 8108 -T, SBOMBLFIOR
B IND.

Age DR TIE, Fe-3 mass%SiO, ikl 4 i M E L, T
WAt 3 5 & % fUB A8 (FeO + Fey,Si0,) BT L, DN
JEOTHUTKIE L C, SMBA —IUFRIZRA FF v v/ 31UV
TR LTz, b, WEENBORA FOREICE
FHKAFDOKRELGDPBLT L SMETEWZ ERghs. Th
LOFERD B, KT G HFRIZR T & KR O MmN
PMEHL TWD EERTEL. LIch-> T, NBOREERE
13 SN OTHREIC X DBERS JTUKERD T F v 7 ADKA
BARICK & KTFET 5. ok, ML KAERIC L AMBELS L
UKERDT T v 7 AOMREFEICOWTIE, Ar—ILd
Mk - WS, RAF, 7597k EORME, S HICikERED
HETICE O BB EEBEL T, IRESNAHT ENEE
ns.

5. & A

Fe-3 mass% SiO, & Fe, Fe-1.5mass%Si ©, 1273 K, air
&air-H,0 I B0 5 SR L& B~/ AE L /2. Bon/ch
RIFUTDO LD ICE N SN 5.

(1) Fe-3mass%SiO; % air FCHELT % &, REEIOREE

Fe-3 mass 2% SiOz BEAS (A D B IREALIT R 3 2 KK QURIN DR B 121

aa%’WEﬁﬁEL Z RIS FesOy 28 ERK - IR L
CEBREERTL, WEAEERL, Thicftvy, sEX

—w¢ ERAFF v/ R2 U VT T

(2) Fe-3mass%SiO, # KZAKEHFHZ CTHRILT 5 &,
AL ORI LA AR L, S8 A — VIR 2
FAEL Cnio, KESEAFHITHELESREL, Bk
I /2.

() HWBAT—IVEEAHELREL, SE AT —IL Ok
L BMFE L KEKOMITREZ ONS.

(4) Fe-3mass¥%Si0, kAR EHHZEAKRTRHRILL 756
ONE AT —IVOEEREL, HEHD 0, LU H,0 D7
Ty 7 AMKGFT 5.

(5) Fe Cld, KEAROHEBIRONZL -7z, Thid
G/ AT —IVRE OB E) Z HH 3 5 Si0, PFFEAEL 7e\ 7z
O, HEPRELRWC L2k,

X ik

1) M. Fukumoto, S. Maeda, S. Hayashi and T. Narita: Tetsu-
to-Hagane 86(2000) 526-533.

2) M. Fukumoto, S. Maeda, S. Hayashi and T. Narita: Oxid. Met.
(in printing).

3) J. Baud, A. Ferrier, J. Manenc and J. Benard: Oxid. Met.
9(1975) 69-97.

4) C. W. Tuck, M. Odgers and K. Sachs: Corros. Sci. 9(1969)
271-285.

5) A. Rahmel and J. Tobolski: Corros. Sci. 5(1965) 333-346.

6) A.Rahmel and J. Tobolski: Werkst. Korros. 16(1965) 662-676.

7) K. Kusabiraki, T. Sugihara and T. Ooka: Tetsu-to-Hagane
77(1991) 123-130.

8) C.T.Fujiiand R. A. Meussner: J. Electrochem. Soc. 110 (1963)
1195-1204.

9) C.T.Fujiiand R. A. Meussner: ]J. Electrochem. Soc. 111 (1964)
1215-1221.

10) W. E. Boggs: J. Electrochem. Soc. 118 (1971) 906-913.

11) S. Hayashi and T. Narita: Proceedings of High Temperature Cor-
rosion and Protection 2000, held in Hokkaido, pp. 79-86.

12) S. Mrowec: Corros. Sci. 7(1967) 563-578.

13) N. Birks and H. Rickert: J. Inst. Metals, 91(1962-1963) 308-
311.



