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Analysis on source of MnO/FeO containing macro-inclusions in
alloyed steel

DENG Zhi-yin, ZHU Miao-yong
(School of Metallurgy, Northeastern University, Shenyang 110819, Liaoning, China)

Abstract: The aim of the present study is to find the source of MnO/FeO-containing macro-inclusions on the basis of
the results of slime method and industrial trials. According to the comparison with micro-inclusions in steel, it is found
that there is no obvious relationship between MnO/FeO-containing macro-inclusions and micro-inclusions in steel. Ther-
modynamic calculation also rules out the possibility that those inclusions are formed by the reoxidation of liquid steel,
and it is confirmed that the MnO/FeO-containing macro-inclusions are from ladle filler sands and their sintering products
based on the compositions of macro-inclusions and the sintering behaviors of ladle filler sands. When ladle filler sands
fall into liquid steel, it is very difficult to remove from tundish, even after the middle casting stage of each heat. There-

fore, at the beginning of the teeming stage of each heat, the removal of ladle filler sand becomes a very important step

to control macro-inclusions during industrial process.
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Table 1 Chemical composition of experimental steel %
C Si Mn P S Cr Mo Al
0.33~0.38 0.15~0.35 0.60~0.90 <0.015 =<0.010 0.85~1.20 0.15~0.30 0.02~0.04
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Table 2 Main chemical composition of filler sands %

Cr,0s Fe.O; ALO; MgO SiO,
30~35 18~23 8§~12 7~11
R3 BHRLERS

Table 3 Compositions of refining slag

18~23

Ww(CaO)% w(Si0,)/% w(ALO)% wMgO)% w(Fe0)% R

55~60 5~10 20~25 5~8 <1 7~10
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Fig.1 Sketch of sampling position in bloom
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Table 4 Inclusion types at different stages
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Fig. 2 SEM images of typical inclusions of different types
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Fig. 3 SEM images of macro inclusions obtained by slime method
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Table 5 Compositions of each point/area in Fig. 3 %

RS ALOs SiO, Cr,Os MnO  FeO  X[N[E #fH
1 52 4 44 KE3(a)
2 53 5 42 E3@
3 54 3 43 K3 AREET
4 44 6 49 K3
5 88 8 4 3
6 91 7 2 E3) A
7 86 10 4 E3(b)
8 27 51 2 17 3 E3(c)  WiAH
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Table 6 Thermodynamic data

(&N AG"/(J-mol ) ik
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[Si]+2[0]=Si0.(s) —576 440421827 [16]
Fe() +[0]=FeO(]) —117734+49.85T  [16-17]

[Mn]+[0]=MnO(D —233684+101.89T [18-19]
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Fig. 4 Sketch of sintering of chromite
based ladle filler sand
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