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Control of Formation of Spinel Inclusion in Type 304 Stainless Steel by Slag Composition

Yasuhiro EHARA, Seiji YokovaMa and Masahiro KAWAKAMI

Synopsis : The inclusion of the spinel, MgO - Al,O,, in type 304 stainless steel slab causes defect of surface, deterioration of mechanical property and so

on. Thus, it is required to reduce the spinel inclusion. In this study, inclusions in molten type 304 stainless steel at each successive reactor,

which were AOD, LF and tundish, were investigated in order to control the formation of the spinel in type 304 stainless steel slab. The forma-

tion of the spinel inclusions in the slab was discussed from the viewpoint of the effect of slag composition.

The Al,O; content in inclusion increased in the course of production process from AOD to slab. Moreover, the A1,O; content in inclusion

in the slab increased with the increase of Al,O, content in slag and %Ca0/%SiO, ratio of slag. The following formation mechanism of inclu-

sion is proposed based on these results. The origin of inclusion is formed by incorporation between the suspended AOD slag in molten steel

and the deoxidation products that are SiO, and AL,O;. When the temperature of molten steel falls, the original inclusion works as a nucleation

site, namely, AL, O, as a secondary deoxidation product precipitates at the original inclusion. Accordingly, the Al,O; content in the inclusion

increases. Based on the formation mechanism of inclusion, the semi-empirical model was constructed. This model revealed that reduction of

Al,O, content in slag and %Ca0/%Si0O, ratio of slag was effective for eliminating the formation of harmful spinel inclusion.

Key words : stainless steel; inclusion; MgO- Al,O, spinel; formation mechanism; AOD; slag; thermodynamic calculation model.
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Fig. 1. Manufacturing process of stainless steel at Nippon
Metal Industry.

Table 1. Representative chemical compositions of type
304 stainless steel (mass%).

C Si | Mn| Ni | Cr Al Fe
0.06| 0.6 | 1.0 | 8.1 | 18.2 | 0.0006 | balance

Table 2. Representative chemical composition of AOD
slag (mass%).

CaO | Si02 AkO3 | MgO | Cr:0s | CaF2

45 29 1.8 80 | 06 10
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Fig. 2. Schematic illustration of specimen in slab.
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Fig. 4. Variation of composition of inclusions sampled at each process.
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Table 3. Representative chemical composition of inclusion
in type 304 slab (mass%).
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Fig. 5. Relationship of composition of inclusion after AOD tapping to that of slag.
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Fig. 6. Relationship of composition of inclusion in slab to that of slag.
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Fig. 7. Schematic illustration of formation mechanism of inclusion.
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Table 4. Interaction parameters e, (#/), ["/] of elements in liquid iron.”
p J 1 13 q

13)
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Table 5. Chemical compositions of type 304 used for cal-
culation (mass%).

Si Ni Cr Ca Fe
0.60 8.0 18.0 | 0.00001 | balance

Table 6. Molten steel temperature at each process used for
calculation (K).
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Fig. 8. Change of Al,0, content in inclusions with temperature.
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Fig. 9. Change of Al and O content in molten steel in Heat
C with temperature.
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Fig. 10. Relationship of Al,O; content in inclusion to that
in slag.
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and without spinel.
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