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Present State of Spinel Inclusions in Steel and Its Technological Issues
Yoshiyuki Kato and Yoshio Nuri

Synopsis: For production of ultra clean high-carbon chromium bearing steel, it is necessary to reduce MgO-Al,O, spinel

inclusions originated during ladle furnace treatment. In this paper, some characteristics such as morphology, kind,

origin of the spinel inclusions and thermodynamics of the spinel formation in steel have been reviewed.

Consequently its technological issues, attribution of slag and refractory, suitable slag composition, stirring power in

molten metal, reduction of nitride and secondary deoxidation have been discussed.
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Fig.1. Chemical compositions of inclusion in high-carbon
chromium bearing steel during refining period ¥ .
(Size of inclusion:<10um)
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Fig.2. A mogel of ion arrangement in unit cell lattice of spinel

type ¥ .
Large white globe : Oxygen ion, Medium black globe : Octahedral interstitial
cation (Al) ,Small black globe : Tetrahedral interstitial cation  (Mg)
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Fig.3. An example of globular spinel inclusion identified by EPMA.

Fig.4. Octahedral spinel crystals extracted from high—carbon
chromium metal steel during ladle refining.
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Fig.5. Phase stability of MgO,MgO - Al,O, and Al,O; and
calculated iso—oxygen concentration line at 1873K with
experimental data ® .
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Fig.6. Phase stability of MgO,MgQO - Al,O; and CaO - 2Al,0,, and
calculated iso-oxygen concentration line at 1873K with
experimental data, where mass ppm [Ca]=17 .
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Table 1. Chemical analysis of MgO clinker as starting materials 9 .

(mass%)
Material  SiO, Fe,O; AlLO; CaO  MgO
A 0.26 0.15 0.22 0.51  99.22
B 0.02 0.09 0.09 0.41  99.36
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Fig.7. Weight loss after heated 9 .
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