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Formation of Spinel Inclusions in Molten Stainless Steel under Al Deoxidation with Slags

Takayuki Nisu1 and Kaoru SHINME

Synopsis

: Morphology change of inclusions were experimentally investigated under Al deoxidation of molten stainless steel with CaO-Si0,~Al,O0,—

MgO slags in order to clarify the morphology control factor of inclusions. 15 kg of molten 18mass%Cr—8mass%N1 stainless steels were de-

oxidized by aluminum at 1873K, and the samples were taken at intervals to observe the inclusions by SEM and EDS. As the results, MgO

contents of alumina type inclusions were gradually increased with time and the maximum contents were affected by a CaO/SiO, ratio in

slags. The formation of MgO—Al, O, spinel type inclusions were also observed in case of high CaO/SiO, ratio. The origin of Mg in inclusions

was presumed to be deformation of MgO in slags.
Key words : deoxidation; inclusion; stainless steel; slag; alumina; spinel.
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Table 1. Chemical composition of molten steels before and after 300 s from Al addition.

Element (mass¥) C Cr Ni Mn sol. Al Si T.0 Mg
Run 1 Before 0.0124 17.2 8.88 0.07 0. 0004 0.003 0. 040 <0. 0001
un
After 0.0132 17.2 8.76 0.07 0.018 0. 57 0.0023  <0. 0001
Run 9 Before 0.0083 17.9  9.19 0.06 0.0002 0.004 0.053 <0. 0001
un
After 0.0090 18.0 9.08 0.08 0.0089 0.55 0.0030 <0.0001
R 3 Before 0.0157 17.4 8.83 0.06 0.0004 0.004 0.037 0. 0001
un
After 0.0168 17.4 8.65 0.08 0.022 0.61 0.0022 <0.000t
Run 4 Before 0.0150 17.9 9.12 0.08 0.0007 0. 005 0.035 <0. 0001
un
After 0.0148 18.1 9.12 0.10 0.061 0.62 0.0020 <0.0001
Table 2. Chemical composition of slags before and after 300 s from Al addition.
Component (mass%)  Ca0 Si0: Al20s Cr20s Mg0 CaF: Ca0/Si0.
Run 1 Before 40.5 20.9 6.9 10. 8 6.3 13.8 1.9*
un
After 39.4 26.3 12.6 1.9 7.3 12.3 1.5°
Before 43.6 24.9 7.2 7.2 5.3 14. 4 1.67
Run 2
After 38.2 31.1 11.7 2.0 6.4 11.9 1.2°
Before 48.2 22.1 6.0 5.6 5.1 14.4 2.1°8
Run 3
After 45.3 23.3 10.9 0.5 7.6 13.4 1.9*
Before 48.17 18.17 5.4 5.9 5.2 15.0 2.6
Run 4
After 46.4 19.1 16.1 0.5 7.3 12.5 2.4°
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Fig. 1. Variation of aluminum content in stainless steel
with time after Al addition.
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Fig. 2. Variation of oxygen content in stainless steel with
time after Al addition.
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Fig. 3. Al,O, and MgO content and activities in the slag
of Ca0/Si0,=2.4 with time.
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Fig. 4. AlL,O; and MgO content and activities in the slag
of Ca0/Si0,=1.2 with time.
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Fig. 6. Variation of Al,O, content in inclusions with time
during Al deoxidation.
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Table 3. Interaction parameters ¢ used in the present

work'?.
i~N_ i) Al C Cr Mg Si Ni 0
Al 0.043 0.091 0.012'*-0.13'%0.056 -0.0173'%-1.98
Mg -0.12'%70.24'90.05'% - -0.09'%-0.03'" -3
0 -1.17  -0.421 -0.055 -1.98 -0.066 0.006 -0.17
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Table 4. Free energy change of activity conversion for regular solution model.

Reactions Free energy change (I) Note and references
Si02(s) = Si0-(R.S.) AG = 27030 - 1.983T 17 19
Ca0(s) = CaO(R.S.) AG = 18160 23.31T 17 19
Mg0(s) = MgO(R.S.) AG = 34350 - 16. 74T 17 19
Al:0a(s) = 2 Al0:. s (R.S.) AG = 22949 + 18.17T Estimated in this work
Table 5. Interaction energies between cations i and j. 1,000 ¢
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Fig. 10. Oxygen contents in molten steel calculated from
slag-metal equilibrium and metal-inclusion
equilibrium with the slag (Ca0Q/Si0,=2.4).
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Fig. 12. Comparison of Magnesium content calculated
from slag-metal equilibrium between the ration
of Ca0/Si0,=2.4 and 1.2.
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