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Origin of Nonmetallic Inclusions in Ladle Transition part of Continuously Cast Slabs

Junji NAKASHIMA, Kenichi M1YAZAWA, Kouichi IMOTO and Takashi HIROMATSU

Synopsis

: In the continuous casting process, it is important to reduce the off-quality portion due to ladle exchange or variation in process parameters. In

the present study, experimental investigation and thermodynamic calculation has been carried out for analysis origin of non-metallic inclu-

sions in ladle transition part of continuously cast slabs.
The following results are obtained.

(1) In the present study, entrapped nonmetallic inclusions in the transition part of ladle exchange slabs are mainly spherical inclusions

(CaO-Al,0).

(2) According to thermodynamic calculation, origin of spherical inclusions are mainly ladle slag and tundish slag.

(3) Applying thermodynamic calculation for the equilibrium between slag and molten steel is useful for analysis origin of nonmetallic

inclusions in the continuously cast slabs.

Key words : nonmetallic inclusions; thermodynamic calculation; continuously cast slabs; cleanliness; ladle exchange.
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Table 1. Casiting conditions.

Casiting_velocity 1.2 m/min
Strand width 1.12~1.16m
Strand thickness 0.24m
Tundish capacity 40t

Table 2. Chemical composition in molten steel. (mass%)

C Si_ | Mn P S Al 0
0.017 | 0.010 | 0.14 0.071
22
Ladle 1-0.020/~0.011] ~015] 0% | %O | ¢ 054] #0022
10014 [ 0016 | 0.12 | 0.006 0.056 | 0.0026
Tundishl__o 020~0.017] ~0.15 |~0.008] *°! |~0.070~0.0027

Table 3. Chemical composition in slag. (mass%)

CaO | SiO; | ALO; | MgO
27 | 68 | 280 | 6.9
Ladle | 433] ~7.9 | ~33.8| ~79
| a1 | 241 | 286 | 3.1
Tundishf 99| ~422] ~380] ~5.9
Ladle slag
va Silica sand, Tundish slag + :Sampling position
o A
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= \ \
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Fig. 1. Schematic diagram of sampling positions of contin-
uously cast slabs.
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Fig. 2. Schematic diagram of slime method.
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Fig. 3. Location of the slime samples in the slab.
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Fig. 5. SEM Micrograph of spherical inclusions.

Fig. 6. SEM Micrograph of alumina cluster.
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Fig. 7. Distribution of Inclusion Index (spherical inclu-
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Fig. 8. Distribution of Inclusion Index (alumina cluster).
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Fig. 9. Distribution of Inclusion Index (microscope).
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Table 4. Chemical composition in molten steel. (mass%)

C Si Mn Al (6}
Ladle | 0.020 | 0.011 | 0.14 | 0.07 |0.0022
Tundishf 0.017 | 0.017 | 0.15 0.06_|0.0026

Table 5. Chemical composition in slag. (mass%)

Ca0 | Si0, | ALO; | MgO
Ladle 433 | 68 | 338 | 7.9
Tundish | 4.1 | 422 | 286 | 3.0
Silicasand] 0.0 | 974 | 1.5 | 0.0

Table 6. Calculated results (ladle slag). (mass%)

initial condition caluculated results
slag(inclusions) molten steel
molten ladle
steel slag CaO Si0, | AlLOz | MgO Al Si
® (kg)
1.0 5.0 45.2 0.20 46.4 8.2 0.043 0.026
1.0 1.9 44.5 0.08 47.3 8.1 0.059 0.017

Table 7. Calculated results (tundish slag). (mass%)

initial condition caluculated results
slag(inclusions) molten steel
molten | tundish
steel slag Ca0 Si0, | AlLOz | MgO Al Si
(1) (kg)
1.0 5.0 3.6 0.0 93.3 3.1 0.0550 0.026
1.0 0.4 3.4 0.0 93.5 3.0 0.0591 0.017
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Fig. 13. Thermodynamic calculation results (+3.8 m).
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Table 8. Calculated results (silica sand). (mass%)

initial condition caluculated results
slag(inclusions) molten steel
molten silica
steel sand Ca0l Sio, AlL,Oq4 MgO Al Si
) (kg)
1.0 0.20 0.0 0.0 100.0 0.0 0.0567 0.020
1.0 0.13 0.0 0.0 100.0 0.0 0.0609 0.017
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