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Permeability and Apparent Diffusivity of Oxygen in Molten Iron

Oxide-Ca0-Si0, System

Synopsis :

Minoru SASABE and Masami JIBIKI

Permeabilities of oxygen through molten iron oxide-CaO-S8iO, have been measured by means of the
penetration method through molten film developed by the authors.

The permeability of oxygen increased with increasing iron oxide content when the content was low.
However it decreased with increasing iron oxide content above 30wt2%,.

This phenomenon was explained on the basis of the theory for high temperature oxidation of

metals by C. Wagner.

From the present results, it was found that the apparent oxygen diffusivity

can be determined. This can be used for the calculation of oxygen transport rate through the molten

slag under non-steady state.
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Fig. 1. Relationship between reciprocal temperature

and logarithm of oxygen permeability through molten
iron oxide-CaO-8i0, of which Ca0/SiO, is 1.5.
Iron oxide contents analyzed are shown in Table 1.

Table 1. Temperature dependence of oxygen
permeability through molten iron oxide-CaO-
SiO, system.

P=P° exp(—56%103/RT) (mol Oy/cm-s)

Ca0/8i0; Nominal composition T. Fe analyzed P°
-) of Fe;O3 (molss) (wt%5) (mol Op/cm:s)
0.5 10 16.0 11.4

15 22.5 18.2
20 30.0 22.7
30 36.5 16.4
40 48.5 14.6
1.0 5 9.0 9.0
10 16.0 19.5
15 22.5 30.6
20 28.0 38.5
30 38.0 26.0
40 44.0 21.6
1.5 15 21.5 33.4
20 28.0 43.3
30 38.0 27.9
40 44.0 22,5
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Fig. 2. Relationship between iron oxide content and
oxygen permeability through molten iron oxide-CaQ-
Si0, system at 1 500°C.
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Fig. 3. Dependence of oxygen permeability on oxygen
partial pressure inside shield tube. The ratio of CaQ/
SiO, of the specimen is unity. Temperature is at
1 400°C. .
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Fig. 5. Relationship between anode current efficiency
(%) and contents of iron oxide as FeO measured by
Dickson and Dismukes. The dotted line is the one
estimated by the authors.
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Fig. 6. Comparison of oxygen permeabilities observed

and calculated.

Table 2. Oxygen permeability calculated on the basis of WAGNER’s theory and data used for the calculation.

Iron oxide Iron oxide 3+ 3+ 34+ 1)

contents contentsd Density#? fgntents foentents Fef; contents Egderc?)xllltreems ?ﬂﬁgﬁt ge):')r;f::bilit)’

fgnl‘,’::'gzl sgn}\,’::ga (g/cm3) analyzed under air ur(xme;]/a;;la) oxygen efficiency calculated

(mol%) (wt%) (wt%) (g/cm?) (mol/cm3) =) (mol Oz/cm-s)

5.0 12,7 3.0 6.85 0.21 3.68x10-3 5.41x10-3 1.0 1.4x10-6
10.0 23.4 3.1 12.79 0.40 7.07x10-3 10.4 x10-3 1.0 2.6x10-6
15.0 32.7 3.2 18.84 0.60 10.8 x10-3 15.9 x10-3 0.93 3.7%10-6
20.0 40.8 3.3 23.35 0.77 13.8 x10-3 20.3 x10-3 0.70 3.6x10-6
30.0 54.2 3.3 31.02 1.02 18.3 x10-3 26.9 x10-3 0.25 2.4%x10-6
40.0 64.8 3.4 36.00 1.23 21.9 x10-3 32.2 x10-3 0.06 0.5x10-¢

*)
%%)

The values at 1400°C.
The values are estimated from measurements by Dickson et al.9?
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#{bpk-CaO-Si0, ik A 7 7/ th DELFR OB B =5 X O R o F 0 kiR 773

Table 3. Temperature dependence of apparent
oxygen diffusivity in molten iron oxide-CaO-5i0,

system.
Diosy=Dioz exp(—47x 103/RT) (cm?2/s)

Ca0/Si0; T. Fe Dion
=) (wt%) (cm?/s)
0.5 16.0 100
22.5 120
30.0 100
46.5 58
48.5 32
1.0 9.0 118
16.0 135
22.5 155
28.0 135
38.0 66
44.0 47
1.5 21.5 182
28.5 155
38.0 76
44.0 56

BRIz & e CEBEIIRE L B h, I LIk
SHBENHENT 5 L BEBERBILHEFROBEIMC L b
BOTEAT S, EWHBEEYRE L. 054t C.
WAGNER ODEEBILOBHBEIGHTHZ LT X2 T
AT E R, i, ZOBBERBLHESERELSR—T
BB HE, CaO/SiO, HWATHBEBERE VT &M
o7fe.

EEFHRETOAT /FhOBEOWMEEZIE TS
LMTED L H T B, R OBEFD Ik # R &
D'oy HEHZL, 1500°C i3s3 5% D'oy HMEE(F

mL, Fi, Doy ODREOEKEERRLIC

— I ORB T B BB IR © T IR 7
P& E LI, RUTHIBLET 4. i, ERCH
HExNF LYo TETENFFERERET B L
(B - HARE HSIVEHBRTEL B - BTEN
wE) wHELERLET.
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