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Effect of Molten Steel Flow on Initially Solidified Shell in Ultra Low Carbon Steel

Hideaki Y AMAMURA, Katsuhiro SAsAl, Yoshivuki UESHIMA and Yoshimasa MIZUKAMI

Synopsis : The surface defects such as a blister and a sliver occur easily on the surface of the ultra low carbon steel sheet. The cause of these defects is

bubbles or nonmetallic inclusions entrapped by the fingernail formed by the point’s of solidified shell being bent or by the ruggedness part of

the solidified shell in the meniscus neighborhood caused by nonuniform growth of solidified shell when molten steel is continuously cast. In

this research, the influence of the molten steel flow on the nonuniformity of the solidified shell and on the formation of the fingernail struc-

ture in the ultra low carbon steel was examined. The minimum value of the thickness of initially solidified shell increases and nonuniformity

decreases by the molten steel flow though nonuniformity of the solidified shell is extremely large in the ultra low carbon steel. Moreover, the

size of the fingernail structure decreases as the molten steel flow velocity increases and as the molten steel temperature rises though a big fin-

gernail structure generates in the ultra low carbon steel. In addition, the decrease in the depth of the fingernail structure and in the number of

nonmetallic inclusions in continuously cast slabs by the flow which had been given to molten steel in the mold by in-mold electromagnetic

stirring were confirmed.

Key words : continuous casting; ultra low carbon steel;, molten steel flow; initially solidified shell; nonuniformity; fingernail structure.
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Fig. 1. Change in thickness profile of solidified shell with carbon content of steel.
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Fig. 2. Relationship between carbon content of steel and
mean value and deviation of thickness of solidified
shell.
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Fig. 3. Relationship between carbon content of steel and
thickness nonuniformity of solidified shell.
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Fig. 4. Relationship between flow velocity of molten steel
and thickness of solidified shell.
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Fig. 5. Relationship between flow velocity of molten steel
and thickness nonuniformity of solidified shell.
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Fig. 6. Effect of flow velocity of molten steel on minimum
value and maximum value of thickness of solidi-
fied shell.
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Fig. 7. Change in subsurface structure near the pause of dipping with carbon content of steel for 0.001 mass% (a), 0.04 mass% (b),
0.12 mass% (c) at 1813K of molten steel temperature.
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Fig. 8. Change in subsurface structure of ultra-low-carbon steel near the pause of dipping with molten steel temperature for 1813K

(a), 1833K (b), 1853K (c) at 0 cm/s of flow velocity of molten steel.

Fig. 9. Change in subsurface structure of ultra-low-carbon steel near the pause of dipping with molten steel flow for 0 cm/s (a),
30cm/s (b), 50cm/s (c) at 1813K of molten steel temperature.
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Fig. 11. Change in depth of hook with flow velocity and
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Table 1. Physical properties and conditions for calculation.

Temperature of molten steel

Temperature of moid

Temperature of air

Liquidus temperature of steel : 0.001mass%|[C]
. 0.04mass%[C]

: 0.12mass%[C]}

: 0.001mass%[C]

: 0.04mass%(C)

: 0.12mass%][C])

Specific heat of moiten steel and steel

Specific heat of mold flux

Density of molten steel

Density of mold flux

Thermal conductivity of steel

Thermal conductivity of mold flux

Latent heat of steel

Heat transfer coefficient of mold/mold flux interface

Heat transfer coefficient of mold flux/air interface

Emissivity from mold flux to air

Interfacial tension of flux/sreel interface

Thickness of flux film

Solidus temperature of steel

1813~1863

573
303
1805
1802
1796
1801
1785
1751
753 J-kg'K'
1260
7300
2800
30 W-m'K'
23 W-m'K'
251 KJ-kg'
5000
300 W-m?K
0.2
1300 N-m’
1x10° m
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Fig. 12. Relationship between flow velocity of molten steel

and heat transfer coefficient at molten steel/shell
interface.
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17. Effect of flow velocity of molten steel on number
of inclusion at subsurface of continuously cast slab
of ultra-low-carbon steel.
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