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On the Mechlanism of Formatioh of Oxide Inclusions
at the Addition of Deoxydizer

Yasushi Kojmma, Kiichi TARKAHASHI, Hiroshi SAKAO and Kokichi Sano

‘Synopsis:

By adding various deoxidizers to the liquid iron which was heated in the high frequency induction furnace,
the dissolved state and growth of inclusions were observed at 1600°C. The results obtained are summarized

as follows.

1) Metallic chromium dissolved very slowly into the liquid iron. That is, the distribution' of chromium
:at the boundary between chromium and molten iron is considered a rate-determining step of this dissolu-

tion.

Inclusions were formed at a slower rate than the rate of dissolution, because they formed in the region

-of 26% Cr.

2) Fe-Mn alloy dissolved into the liquid iron as a laminar flow. Inclusions of MnO are formed around

“fine particles of Al;Oy as nuclei in this flow.

3) Ti, Si and Al were made to dissolve into the liquid iron by stirring with thermal convection due to
the heat of mixing at the boundary between the deoxidizer and the molten iron. Cloudy inclusions were

-observed for these deoxidizers in this case.

On the basis of the nucleation theory, these phenomena were considered and the conclusions were drawn

as follows.

4) Homogeneous necleation occurred at the dissolving step for the elements Si, Ti and Al which had a
_high deoxidizing power and cloudy inclusions were formed at the initial period of deoxidation.
5) Contrary to the above, homogeneous nucleation did not occur for the elements Cr, and Mn which
‘had a low deoxidizing power. These inclusions were formed through heterogeneous nucleation.
(Received 5 Sept. 1966)
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Photo. 1. The growth of oxide inclusion at the
boundary of chromium and molten iron.
(Chromium 1009 at the left side boun-

dary)

Initial conditions of deoxidation.

Table 1.

) Initial Weight of deoxidi Holdi Free energy change® of
Elements nitial oxygen eight of deoxidizer olding dissolution into 1% solution
content (%) (g) time | (cal/mole)

Cr 0-080 8-0 3 min I —16-200
Fe-Mn(l : 1) 0-067 8-0 30sec - —17-000<
Ti 0-082 4-0 30sec * —33-100
Al 0-083 3-0 15sec ; —24-700
Si E 0-063 3-0 15sec ‘ —39-900
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Fig. 1. The deoxidation power of various elements.
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Fig. 2. Solubility of oxygen in iron-chromium
alloy at 1600°C.
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Fig. 3. The results of line scanning by XMA across
the boundary between chromium and iron,
and region formed of cloud like inclusions.
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Photo. 2. Aspects of Al;Os-inclusion in Fe-Mn alloy
prepared in the high alumina crucible.

A) Vertical cross section x2-3 (3/5)

B) Horizontal cross section. Depth 10mm from the surface
%21 (3/5) .

Photo. 3. Aspect of flowing layer of liquid Fe-Mn

alloy. .
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Fig. 4. The results of line scanning by XMA along
the lines A and B shown in Photo. 3. A.

Photo. 4. The top of the flowing layer of liquid

Fe-Mn alloy. x42 (3/5)

Table 2. Analytical results of inclusions.

~ Situation Element ‘ |8 . 2 3 4
) Fe(%) 77°5| 68:3 1 65°6 | 736
Matrix Mn(%) |31:7 (354|388 327
Fe(%) 33| 1'5| 17| 16

Oxide Mn (%) 62:9 | 74°2 | 75°0 | 72-9
O (%) 19:3 | 220|223 | 217
Calc.
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Fig. 5. The results of line scanning by XMA along
the line shown in Photo. 3.
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Photo. 5. Macrostructure of longitudinal cross section

Photo. 6. The ~growth of the oxide inclusion in Fe-
Ti alloy. x70 (2/3)

Photo. 7. Clusters of Al;Oj-inclusion. X 70 (3/5) ’
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Photo. 8. Glusters of SiOs-inclusion. x70 (3/5)
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The effects of dissolving rate of an element on the
solubility of oxygen.
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Photo. 9. Scanning image of inclusion by XMA. X 1200 (2/3)
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