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The Effect of Temperature and Water Vapor on the Initial Stage of
High Temperature Oxidation of an Fe—1.5mass%Si Alloy

Michihisa FUKUMOTO, Shigeru MAEDA, Shigenari HAYASHI and Toshio NARITA

Synopsis

: The initial stage of oxidation (up to 600 s) in air and air-H,O atmospheres was investigated for Fe and an Fe—1.5mass%Si alloy at 1373 and

1473K. The oxidation kinetics of Fe was parabolic at both 1373 and 1473K and the parabolic rate constants are very similar in both air and

air-H,O. For the Fe—1.5Si, at 1373K the oxidation amounts increased rapidly after an incubation period (up to 4005s) in air-H,O, while at

1473K oxidation obeyed a linear rate law in both air and air-H,O, because a liquid phase was formed with FeO and Fe,SiO,. The linear rate

constants were very similar both in air and in air-H,O. In Pt-marker experiments in air—H,O for Fe—1.58i it was found that the Pt-marker lo-

cated between external Fe-oxide and inner FeO+Fe,SiO, layers at 1373K, while at 1473K the Pt-marker located on the alloy surface. The
thickness of each layer was measured as a function of time at 1373K in air—H,O. It was found that after an Si-rich oxide (SiO,+Fe,SiO,)

layer at the initial stage of oxidation disappeared, a thick inner FeO+Fe,SiO, layer formed, accompanied by the formation of Fe;0, inside the

outer Fe, O, scale. Rapid oxidation after 400 s proceeded with the growth of an FeO layer in the surface scale. The change of the Si-rich oxide

layer to an FeO+Fe,SiO, mixture is due to penetration of water molecules. A combined process of perforating dissociation and transport of

water molecules was suggested to be the cause of the rapid growth of the inner layer.

Key words : Fe; Fe—Si alloy; high temperature oxidation; effect of water vapor; oxidation kinetics; liquid phase.
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Fig. 1. Schematic drawing of the oxidation apparatus used.
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Fig. 2. Changes in mass gain per unit area with time for Fe
and Fe-1.5Si alloy oxidized at (a) 1373K and (b)
1473K in air and in air-H,0.
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Fig. 3. Cross-sectional microstructure of Fe oxidized at
1373K in (a) air and in (b) air-30.8vol%H,0O for
540s.
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Fig. 5. Cross-sectional microstructure and concentration
profiles of Fe, Si, and O across an Fe—1.5Si alloy
oxidized at 1373K in air for 600s.
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Fig. 8. Cross-sectional microstructure and concentration
profiles of Fe, Si, and O across an Fe—1.5Si alloy
oxidized at 1473K in air for 540s.
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dDLBbhd, 52, BMETH 37207 —ILHhD
A% ¥ DPHEAELS ERANHE S - Bbh 5,

LR DOBEL A 7 — 2L FeO & Fe,0, DIRA M2 BIEE
Ehiz, FEELVAME LK SIS, ZORAMEDERIE,
HHEZZOBEL L B Fe,_;07 5 Fe,0, T 3
o EEbhis,

5. #

I:Ilg

Fe 36 & U Fe-1.5mass%Si & & D 1373 b & ' 1473K, X
i, 2250 -30.8vol%H,0 i & 1T B MIHIBR L E @ & HE L
7o BONHERIILUTOLIIZENE NS,

(1) FeTIX1373K, 143KV THhORE TE REXRDOE
BEIROhAN,

() 15SiOMILBIZ13BK TIIAEK#HRMT 5T &
ko THMUZ, LAL, 43K TIRKRERDEEILR
Bﬂ&ﬁ‘ot

35

Fe—1.5mass%Si & & DRI 5 B & KBERORE

(3) 1.5Si% 1373K, ZXR-H,0H TEILT % L NEDE
RL e IcRILESHEMT @RS R O N,

4 Pv—H—FEEXD, NEBIRIEBEONTT LA
EoTRELTWBZ Ehbh o7, 1473K Tid, Fe,SiO,
PR E B3 -0NBIIERET, tv—F—EEaE/R
= LREICFFTEL 7=,
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