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The Effect of Si Concentration and Temperature on Initial Stage
of High Temperature Oxidation of Fe-low Si Alloys

Michihisa FUKUMOTO, Sigenari HAYASHI, Sigeru MAEDA and Toshio NARITA

Synopsis : Effect of Si and temperature on an initial stage of oxidation of Fe-Si (0~ 1.5 mass%) alloys in air was investigated for up to 150s at tempera-
tures between 1323 and 1473K. Iron and the Fe-0.1Si alloy formed a triplex oxide layer structure of FeO (Fe,0, included)/Fe;0,/Fe,0;,
obeying a parabolic rate law and the temperature dependence of the parabolic rate constants yield activation energies of 101 and 156 kJ/mol

for Fe and an Fe—0.1%Si alloy, respectively. The alloys containing 1.0 and 1.5 Si showed very slow oxidation below 1373K due to a forma-

tion of duplex Fe,O, and SiO, layers. These alloys oxidized faster, obeying a linear rate law owing to liquid Fe,SiO, formation in the triplex-
layer structure of FeO (Fe,0, included)/Fe,0,/Fe,0, at 1473K. At temperatures of 1373 and 1423K the alloys containing 0.4, 0.5, and 1.0 Si
oxidized slowly during initial periods and then the oxidation rate increased rapidly due to liquid Fe,SiO, formation. Measurements of sample

temperatures showed that this is due to over-heating of the sample by the rapid oxidation. The composite FeO and Fe;O, layer between the

FeO and Fe,0, layers was suppressed in the Fe and Fe-low Si alloys, when oxidized at temperatures below 1173K, while it appeared even in

rapidly quenched samples oxidized above 1273K.

Key words: Fe-Si alloy; high-temperature oxidation; scale structure; FeO; Fe;0,; Fe,0;; Fe,SiO,; SiO,; liquid phase; over-heating.
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Fig. 1.
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Fig. 2. Parabolic plots of oxidation amounts for Fe and Fe—(0.1-1.5)Si alloys at (a) 1323K, (b) 1373K, (c) 1423K, and (d) 1473K.

4 : : T T
Fe(P.L.Surman“z))
3 = -
;_' 2f Fe ]
g 1F %\,\\ ]

logkp,mg
2
o
[ 4
2] .

? 1
1.0Si
66 68 74 76

7 p 7.21
1/T,107 K

Fig. 3. Arrhenius plots of parabolic rate constants.

1= Si-rich kg (SiO,, Fe,Si0,), Z25MHIIZ Fe,0, 234K L T
Wa, LA”L, FeO & Fe,0, i3l 6hkar -7z, £7-, &
EHICIZERIRO NERBE L (Si0,) BFEL T 5,

Fig. 4(b) 2 1.5Si % 1473K, 135s Bl U 7= 2K o by it 41

fik, & 7z Fig. 5(b) 1 EPMA 12 & 3 & ICEDE BT O fE G

. . B ; Fig. 4. Cross-sectional microstructure of Fe—1.5mass%Si
BN, AT - EREE AL, AEMA S Fe,Si0,, alloys oxidized at (a) 1373K for 150s and at (b)
SEL A G- 1473K for 135s.
FeO, FeO+Fe,0, 0 WA, Fei0,, Fe,0,0MIZEM L B alloy A FeO @ Fe,0, % Fe,0, O Fe,Si0, A Si-
Fe,SiO WM & 2 0 2 — L HIZ A L CO B0 R rich layer (SiO,, Fe,Si0,).

5N%, £/, 27— L/ASREIZEEABIE ST,
Fig. 6(a) 130.4 Si % 1373K; 75 s f&AL U 72308 o0 W7 1f 4 i

18



Si-rich layer

100 fft’)c‘ﬂbrmd]ﬂq T ! \L , T T me
* alloy ‘Q F(3203
80 [ ‘: J
(- :
3 3 [
f\_; (SlOz) b 0
S 60 ‘_;‘ ‘\.Aai\mémamawbaamats
3) (R . ]
3 il
g 5 ;
‘E 40 " P‘QDDDDDDUDDDDDG L
e "
8 4': tH.JClD{;J : Fe D?
I . |
20 " } 5 ]
/ ; OA <2 ' Si
ngmoﬁ—‘—* J—A—Aﬂoo-ooooooooooooo

0 2 4 6 8 10 12 14 16
Distance, d /um

(a)
Void Fe304
100 ikt A \T _
FeO 3
alloy FeO +
80T ‘sf Fe O A
i 1‘
X ! .
5 60 ' 0! ? g
- . ol )
< %‘I&LU.UTLLD” o
g o P
= 40 ’ /é eE |'
8 4\ N d
L Fe SiO ! s
20 i zo { 1?
A : g
o .
1 ! e
. S 3 Si P
0 40 80 120 160 200 240 280 320

Distance, d /um

(b)

Fig. 5. Concentration profiles of Fe, Si, and O across the
Fe—1.5Si alloy oxidized at different temperatures in
air.
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Fig. 8. Cross-sectional microstructures of the Fe-0.5Si
alloy oxidized at 1423K for (a) 30s, (b) 150s.
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