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Rate of Oxidation of Liquid Fe-Ni and Fe-Cr Alloys with Pure Oxygen

Shiro BAN~YA, Yasutaka IGUCHIL, Jae-Dong SHIM, and Michinori HOTEIvA

Synopsis :

The oxidation rate of liquid Fe-Ni and Fe-Cr alloys with pure oxygen gas was studied by a constant—
volume Sieverts’ technique. The oxidation proceeded in two stages, namely, the first stage of instantaneous
oxide formation and the second stage of slow oxidation followed. The present work was focused on the
second stage in which three phases of gas, oxide, and liquid metal coexisted. The oxidation rate was greatly
dependent on whether the oxide phase was solid or liquid.

The oxidation rate of Fe-Ni alloys ([% Ni] =0~80), in which the oxide phase was liquid, decreased with
increasing nickel content in the alloys and was proportional to the square root of oxygen pressure in the gas
phase, Therefore, it is suggested that the rate—determining step should be the mass—transfer through the
liquid oxide phase at the gas—oxide interface. The same behavior was observed in Fe—Cr alloys ([%Cr]=
0~17) of which the oxide phase was liquid or liquid+-solid.

In pure Ni and Fe-Cr alloys ([%Cr]>>17), the oxide phase was solid and the experimental results could
be fitted to the parabolic rate law. Therefore, diffusion through the solid oxide phase is suggested to be
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the rate—determining step.
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Fig. 1. An example of oxygen pressure-reaction

time diagram in the oxidation process of liquid
iron.
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Fig. 2. The variation of oxygen pressure in the
oxidation process of liquid Fe-Ni alloys.
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Fig. 3. The variation of oxygen pressure in the
oxidation process of liquid Fe-Cr alloys.
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Fig. 4. Expression of experimental results by the
mass transfer model, Eq. (7), in Fe-Ni alloys
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Fig. 5. Effect of nickel content in liquid Fe-Ni
alloys on the apparent rate constant at 1 650°C.
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Fig. 6. Calculation of experimental results by the
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Fig. 9. Effect of chromium content in liquid Fe-
Cr alloys on the apparent rate constant at 1 600°C.
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Fig. 11. Effect of chromium content in liquid
Fe-Cr alloys on the parabolic rate constant at
1 600°C.

BHLEMRL, TNEMRE L co-BR{bYEEREL,
wBEtb o Cr #iafTotk. BRCEN L IELDERN
»o, &b [%Cr]1=6 % TiaEkEd [%Cri=16~
17, [%Cr]=6~17 Ti3E+H (%Cr)=24~34, [%
Cr1>17 Ti3#E+ (%Cr)=30~50 BEThol. &
¥ T 7 m a@tFH o Cr oL ERMABRL FeO-
Cr,Q; ¢liL 46.59%, Cr,O; i3 68.4%, Cr,0, Tix
83% Thb. TiFEOREHELOEE X FEITLA
WBRTAST [%Crl<17 Tk FeO-Cr,05 &4
[%Cr1>17 Tk Cr,03 BREIEShic. ZORKRILE
DHTATHIRODTH DY, “hi I APRCETZE
EA L &Sk [%Cr]1<6 Tik FeO-FeO-Cr,05 %
¥—Witk, [%Cr]=6~17 it FeO-FeO-Cr,Oy (%
&) +FeO-Cr, 04 (ElfE), [%Cr1>17 Tk CryO, (@
) Tk EELbhA. Ec@Efk Fe-Cr &&
([%Cr1=1~70) % 1000°C CEELfBlic X% &G
& [%Cr1<13 Tt FeO:-CryO, [%Cr]>13 TiX
Fe,O; # B4 CryOp 23R L7z & 4.U. SEvsoLT!?
B IO G. C. Woop, D. P. WHITTLE!? 2 L h i X
hTuwb. —F Fe-Cr-O RFHEMET L5 &, B
i L0 BRIMLT L —F LT, e (%
Cr]1<3~9 it FeO-Cr,05%~19 % -3 distorted
spinel?®, [%Cr]>9 Tk Cr,O W RLREMTH %
L33t L CrO0m20 NEEHETH 5 ETHHREN
»5. RRCr CrO, KB I hichote. A%
HEECIIEERAR L D FeO @B R LT
WA A, SHIEARD X 5 ABEEER I ELERL
ShaREEBIVEVCEEBRRIEZETI2ERLHA
Bt Ihst-dEELbRS. il Fe-Ni Ro
o R AR o NiO JEENFHEHER L v &
I BRRIMEOR TV S,

— 77 —



844 g & M

% 70 4 (1984) #4582

4-3 B{LEEICRIEITERBIHOMEDEE

4-3-1 ARB I EREOGE

Mgk, Fe-Ni kLU Fe-Cr & Thofa&Th,
AR R DB E, BEEE IV Py, CIBIL,
WA B R E OB WUEERE © WEBEHHE
D(7)RPPEMRRE RS<EAEL, Ao #EEK
km Offii Fig. 5 % X0 Fig. 9 wiRd X 5 ity
R NiO & X0 Cr,O; BEOHMMC XY HATE. R
MY OEBEER fn BO)RRRT IS K & &y
IoEoTws. K ()R vbhrsXdsic O,
(g) /Bfegkxa Tty (1) Mo R#T oPEER T
RO BT X ) BT5222, NO k X O
Cr,05 HINOEECOWTOFMEHREIR Y b
V. L LB b0 EEEE X ) B 2 THERILTT
NiO % Cr,Os 3h F h KEZWEELRTWEE 2 b h
5. —7 kL GERBEmETBRE (O) OWEBEIR
HThb HWEEHREOHEHNECOWTL, HEE
3, BEH, KEFEHHRLEDETFMCIHHER, Kk
TEERFTC X B FEBNFRERfThh T 5. ROKM
FHORR L BRORBIRBE THNE, WEHBBRK
TIRERE D, B GRE y OBIETH D, RAD LS
CHEREND. kp=C:Dm.p0ecceeiiiiiinnnnnnn (12)

(C, my, n; R XOTHEBER

VSRR #%-CaO-SiO, RICBIL TIREER, HHRD
X D BEFR O RB I OIBBBRESARD BT 5. KitkfR
B onwT izt A3 7R e onT fIEdh T
%28, L L, FeO-NiO JRE IO FeO-Cr,O, F£0D
ThboWEC BT 5 HRIEFETHS. (EoT(12)
LD kL OB EEENTIIFBE TS AW, Ll
N, FeO ofhfst 1378°C ©hsoiexwtl, NiO
1L 1955°C, Cr,O; |1 2265°C2) vhr bt Ex2 5
&, Bl FeO ~o NiO %5 L0 Cr,Op ORI EIRS
MR E R, BEBREEELJETRELDLZ LT
MEh, Zhil by xBARLDLFERTHAS EEZD
ha.

4-3-2 AREBHHLEROEE

BEt Ni 5 XOG&F [%Cr1>17 ofFE: Fe-Cr &
SOBLIED X 5 CEHR LIV ER T % B T,
parabolic rate law 2337 U, EHELYEPRILEEE
=FA(0)RAPEMBMCBELSERTS.

&EB Ni of{tEEC oW CIIEFBE T h ¥ <%
K DEFE? 2 ihs5. hiZX b EELERY NiO
EE A A vARRE (P-type) FEETHY, parabol-
ic rate constant IZI\IEELE (Po,) KEELD 3 &
Ehh T, TOERIMECEI L) DELDEND

Temp (°C)
470'0 1690 15.00 1400 1300 1290 1100 1000 900
1. Pilling and Bedworth 25)
2 .Kubaschewski and Goldbeck 26)
X 3.Moore 27)
4.Frederick and Cornet (air )28

log kp (g* cm™ sec')

5.Zima (Pp,=1atm)?9
10f 6 .Guibransen and Andrew
- (Po, =0.1 atm )%

7. Phillips (air)3"
8. Fueki and wagner (Po,= 1atm)32)
-11 | X. This study

5 6 7 8 9
/T (°k™) x 10°

Fig. 12. Comparison of parabolic rate constants

for oxidation of pure solid and liquid nickel.
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Fig. 13. Comparison of parabolic rate constants
for oxidation of liquid Fe-Cr alloys with pure
solid chromium.
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