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

Michihisa FuxuMoTo, Sigenari HavasHI, 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 150 s 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,0; 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,0, 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,O,; Fe,O5; Fe,Si10,; SiO,; liquid phase; over-heating.

ws

Fe-Si& & D EmMILIZE L T, Tuck” & Fe-1.74%Si &
£ % 1073~1273K TERIL 5 &, KR H TIiESio, DIR#ENK
A KT %A, CO+CO,H Tid Fe,SiO,DAEMIZE - T
REEVPETTS2Z#REL TS, 61
5 2% (I Fe-1.5%Si A& % 1273K, CO+CO, FB %+ THE{L
L7288, SHEIZFeO, WIRBIZFeO+Fe,SiO 2 E L, C
D FeO+Fe,Si0, i3 FeO D MBI T & - TG X 0 5 Bk
RILk > TRET 2 - FHERDEEER T ¥ v VITIRAF
LEnWZLERELTNS,

—7, $HOBRILIZH T B SiOERIZDNTIE, Sio,
% % 72 FeO & RIG L TFe,Si0,, & 5 IZHEMHZER L TR
LEBERL 27 —LOFELIZHEEE LSS b TH
5, WA, WAL 1205% L LEDOSi 4 E5HT 5845
RAFEZE U 72BRICH R T DR 2 7 — W IIARERIRD o-Fe,0,
(NTHZA L) THY, Fe,SiONERIZED TR -V v
yﬁcmbﬁéhtz#—»ﬁﬁ%ttiiEEéhé

DIZELBZLEHE LTS, LaL, (EROM%EIC
fo”’éSl«%E&(m)g BEEWERICEES N TR D, RiC,
Fe,Si0, 2N & & 2 iR TOMILET I DOV TII A&

2, Logani

EAZ W, LA T, AR TIE, 0.1~1.5mass% Si &
G Fe-KSIAEDEIR (1323~1473K) (281 2 ¥R (L
IS BIRE L SHEEOREBIZ DWW TRETL 72,

2. EBRAE

Mgk LU Fe-0.1~1.5%SiH%E (22T, FlA
Fe—0.1mass%Si &4:120.1 Si & PFEE) 3, BEME (99.98
mass%) & EFE S Y TV (99.999 mass%) A BRI L L
T, At7 — VBRI TR 40g DA v T b BBERL -,
F¥EEZET v 7dh, MigkiZ1173K; 172.8ks, Fe-SiA& it
1373K; 86.4 ks THELFMLIE % 1T - 7=,

B FHABR i3 015 mm DL & WM TIZ K D T 72
%, WA H# 1500 F T, HVTREAAIumD & A
YEYV X=X FTERFEBEL, 28/ - - XV EY
(BEH1:1) BABHRCEERESR 1T > THERILERIC
L 7=, AMBHOZ@DBEIZN2cm?, X 1mmTH 5,

B L EBII KT, IREHE 1323~1473K, BRILERERI
BREI1S0MWTH 5, BRUFORE 4+ KRB IZIREL, £
DBEBFIFOPIZRB AFHFA L -8 2B E L, FFE
ORFEFSE%, AREEXF LMD ZLEA L,

FRRITETH 13 EZ Fa 1149 H 13 H3FE (Received on July 13, 1999; Accepted on Sep. 13, 1999)
* by A AFRE LS 28F} (Graduate School of Engineering, Hokkaido University, N13 W8 Kita-ku Sapporo 060-8628)

* 2 P H AR (Bk) $:8ARF 22T (Steel Research Laboratories, Nippon Steel Corp.)

16




-2

w
(=3

[~
@

n
o
T

=
(=)
T

(=]
T

Si
0.55i y

Mass gain per unit area, AW ‘S'l/mg-cm
-
[+

o

0 20 40 60 80 100 120 140 160

Time, t/s

(a)

'-"'E 50 T T T T T T T
Q
é" 1.08i
S 40 F
[ F
% 30 .
3 0.18i
T
<
h=1
g5 20r c 1
=
g 0.5Si
=
g 10 1
% 1.5Si
7] X
< X

0 20 40 60 80 100 120 140 160
Time, t/s

(©

Fig. 1.
(a) 1323K, (b) 1373K, (c) 1423K, and (d) 1473K

BB O£ 2 7 — L & RO BE 5 L OICR T
#7113 SEM-EDX & EPMA T, £ 7-[E &4 &k oE it X-
RD % HIWTHT > 72, EPMA DHIEREEIZ 15kV, BINEFR
1$33x107%A, X-RDIiZiZCu®—4 v b, 30kV,300mA, Ni
TANE—EFERL 7,

AEEIOBEIIRENZRBERICAR Y AL, £
7=, BHEKOEE BRI EIC W ARESEYTZhFhil
E L7,

3. &R

3-1 B{tDEIAHZE

Fig. 1(a)~(d)iZ 1323, 1373, 1423 & 1473K TORRILE DK
RMRAEME AR T, 1323 & 1373K T, Fig. 1(a) & (b) (IR
FTEOIZ, BILEIMSREEZL<, SIRSHEMT 51
o THAD U=, FRIZ, 0.1Si 25 0.5SiOM T2kt
BORALRALGNS, L, 04Si D1373KTiE, BLE
BHNHERPE TIRVME AR L T 528, FI80FMREHRIZA
FR L7, &k, 80~120 DR TIHBIEBEIE S D
OB TR L TH S, 1423K T, Fig 1(0) I T &S
12, Mgk, 0.1Si& 1.5Si12 13238 &K U 1373K DB & FHM
DIFRMRTEM AR L TW5, LA L, 0.5SiTid45s, 1.0Si
TIE75s#BE D L RBICHRILEY ER LT 5, 1473K

-2

Mass gain per unit area,AW‘S'llmg .cm

-2

Mass gain per unit area, AW-S/mg.cm

17

Fe- 1 Si &% D BBYIHBLIZH T 2188 & SIREORE

100 120 140 160

60 80

20 40
Time, t/s
80 T T T T T T
70 1581/ 1
o
60[ 1.081 (
50 0.58i °S e
Fe T
40¢ 0.1Si .
30f © N
. 0.3Si 1 0.281
20 .
0.4Si1
100
0 20 40 60 80 100 120 140
Time, t/s
(d)

Change in mass gain per unit area with time for Fe and Fe—(0.1-1.5)Si alloys oxidized at various temperatures.

T, Fig. 1(d) (IR T & 512, SiIBEOMMZIEOBRLRZ
BEMU, 1.0Si& 1.5Si CIREHENIZ LR 3 dEmsEAEH
%,

Fig. 2()(dIZBBE BT 2BIEBOBRMBR 7 2 v b
BT, ZOMEE DL RIEEER (k) £RD7=, B,
X D ST B L, BREINCRE D 20 WO 2R
K

Fig. 3 {ZFe, 0.1Si, 0.58i, 1.0Si & 1.5Si TH 5 W7z ik
HEEROTLV=UZTuy FAERT, Zh&D, Fek
0.1SiOBLIcHT2EMIbz AL F— (Q) &, ThZh
101 &£ 156kJ/mol T&H 5, Zh 6 DFE I FeO i D Fe D PLEX
IR A WEMEL = L — (124 kI/mol)® 1TV, LA L,
0.1SiTIRHABTHLIICAEE/ AT —LREIZHMED Si
DPRFEPEC 27280, Fe ICHBLTED/NE 0 |, &k
WODEAERL TS, s, 1423K & 1473KTiX, 05
DL LD SigHAERBIRAINZ DL N0, k, Ol %
ROBIENTEEDP 72, KE, 1323& 1373KDOER
o, SIROHEME & BITEIB3WMPL, Q3R TZIL
BHEEI NS,

3-2 WEBE

Fig. 4(a) i3 1.5Si % 1373K, 150 sE&{t U 7= 30K o Iy i 4l
#, ¥ 7-Fig. 5a)i3, EPMAIZ K 3 & ILHERDOE RSO
BAERT, 2ok, ARLEZZTr—LI3HERBT, 6%

879 IR




BN 880  $% & $RVol. 85 (1999) No. 12

g T T 8 3~1000, 25
g Fe ° 1 g

2 8001 i7 7

an o "

& & go0- 03‘151 120
w 16 5,

& 600 1 B

g 5 < oot 115

] o

« £

% 4007 E 400¢

= 13 § 10

£l -

& i .5S1 o 12 &

g 200 0Si -5 200¢ =75

& 11 &

(] W

w w

g po Y . ; L . 0 § ¢ s . . .

0 20 40 60 80 100 120 140 160 S 20 40 60 80 100 120 140 160
Time, t/s Time, t/s
(2) (b)

<~ 2000 r - : . . . 80 « 5000 - . . : o)
g 1.08i g 1581/

SD SN 170 ; .5 01,

8 4000t !
ia 1500 160 7, / 1.08i
. . p
g 50 J 3000 ! 7]
g g /s

& 1000 - 140 & / /'A0.§Si
4 b= - - -
3 0.1Si 1 5 2000 / /,/V
2 1 1 30 2 g//ﬂ ° Fe
2 500 {20 & ; :
5 5 1000F ="0.1Si 1
& {10 &

& &

] ¢ ¥ . . . . S N . . ) ]
= 0820740 60 80 100 120 140 160 = B %0 10 60 80 100 120 140

Time, t/s Time, t/s
© (D)

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.
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