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Rate of Oxidation of Liquid Iron by Pure Oxygen

Synopsis:

Shiro BAN-YA and Jae-Dong SHIM

The rate of oxidation of liquid iron by oxygen gas has been studied using a volume constant technique.

The process of oxidation consists of two stages of very rapid oxidation in the early stage and relatively
slow oxidation in the second stage after the formation of iron oxide covering the surface of melt. The rate
of the dissolution of oxygen into the melt was studied under the presence of three phases of gas, liquid oxide,
and liquid iron to make clear the mechanism of oxidation.

From the experimental results obtained, it was considered that the rate-determining step under the co—
existence of three phases was the transport of solute gas through the stagnant layer in the oxide phase at
the gas—oxide interface. This mechanism is supported by the following experimental facts: a) The rate

of oxidation is proportional to the square root of oxygen pressure in the gas phase.

b) The reaction rate

decreases with decreasing the stirring of the melt. c¢) The rate is not influenced by the amount of oxygen

and sulphur in liquid iron.

The apprarent activation energy of the reaction is low, giving a value of 5 kcal/mol.
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Fig. 1. Experimental apparatus.
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Fig. 2. Reaction chamber of apparatus.
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Fig. 3. An example of variation of oxygen pressure
in reaction bulb for oxidation process.
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Fig. 4. Rate of oxidation in the presence of
oxide phase covering the melt.
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Table 1. Values of apparent rate constants, %, obtained on the basis of the model of
mass transport through the oxide phase boundary layer adjacent to the gas/
oxide interface at 1600°C.

Heat A Py, Systems km X 104(mol/ cm?-atm1/2.s)  Order of reaction

No. (cm?) (mmHg) 4 Integral Differential n

P-2 4.11 800 Pure Fe 1.406 1.427 0.508

P-3 4.21 760 4 1.499 1.475 0.505

P-7 4.17 512 4 1.354 1.372 0.504

A-2 3.33 803 7 1.412 1.420 0.306

A-4 2.11 797 ” 1.464 1.420 0.482
AL-2 5.23 800 4 1.433 1.432 0.500

0-2 5.23 804 222 ppm O 1.406 1.475 0.513

O-5 4 795 1321 ppm O 1.391 1.432 0.515

0O-8 4 802 585ppm O 1.401 1.420 0.511

O-12 4 €02 1653 ppm O 1.412 1.432 0.511

S-1 5.18 798 0.109, S 1.422 1.468 0.520

S -4 5.14 800 0.51% S 1.366 1.348 0.490

S -6 5.23 800 1.019% S 1.309 1.322 0.504

S-8 5.18 €00 1.20% S 1.256 1.264 0.491

Note. 4 : Surface area, sz ¢ Initial O3 pressure in the gas storage bulb.
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Fig. 9. Effect of surface area on the apparent
rate constant k, at 1600°C.
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Fig. 11. Effect of induction stirring of the melt on
the apparent rate constant at 1 600°C.

Table 2. Effect of the induction stirring of the
melt on the apparent rate constant.

Heat w A

No. (g) (cm?) Susceptor km X 104
NS-1 50 5.18 None 1.425
MO-3 50 5.28 0.1mm Mo 1.215
MO-6 50 5.23 0.3mm Mo 0.720
FS-1 50 5.14 0.15mm Pt 1.086
PO-2 50 5.02 Power off 0.714

W : Melt weight
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Fig. 12. Effect of oxygen content in Fe-O melt
on the apparent rate constant at 1 600°C.
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Fig. 13. Effect of sulfur content in Fe-S melt on
the apparent rate constant at 1600°C.
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Fig. 14. Arrhenius plot for temperature dependence
of the apparent rate constant.
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