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On the “Pattern” Occuring in the Outer Part of the Continuously

Cast Al-Si Killed Steel Blooms

Ko TASAKA, Yukiyoshi ITOH, Hirobumi MAEDE, and Shigeyoshi TARAO

Synopsis:

In the circum ferential part of continuously cast blooms, there is a zone of more intensive colouration

in macro-etching than parts of the cross-section.

This zone is called the “pattern. In order to make

clear the formation mechanism of the “pattern’, the casting structure and distribution of sulfide

inclusions are investigated.
The results obtained are as follows:

(1) The “pattern” is obseved more clearly in Al-Si killed steel than in Si killed steel.
(2) In the “pattern”, sulfide structures are very fine and the ratio of interdendritic area is higher

than other parts.

(3) In the “pattern”, sulfide inclusions precipitated at the interdendritic area are very fine and

numerous,

(4) When the upward-streaming type immersion nozzle is used, the solidification rate in the lower
part of the mold in the bloom caster is higher than that in the spray zone. It is concluded that the
“pattern” of the continuously cast bloom is formed in the rapid solidification zone in the mold.

(5) The reason why Al-Si killed steel exhibits the “pattern” more clearly is explained by the role

of Al,O, as nucleation sites for solidification.

(6) Any difference in mechanical properties between the “pattern” and other parts is not observed.
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Table 1. Casting condition and chemical compo-
siton of test blooms.

ﬁm-sa killed steelﬂ Si killed steel

| C 0.44 ~0.50 = 0.43 ~0.45
| Si . 0.27 ~0.28 | 0.25
Composition| Mn ' 0.79 ~0.83 | 0.79 ~0.80
(%) p 0.014~0.029 | 0.019~0.023
S ' 0.020~0.026 | 0.012
Al : 0.023~0.036 J 0.003~0.006
Withdrawal ‘ }1
rate (m/ min) 0.5~0.8 i 0.5
Bloom size 244 mm x 300 mm
Billet size 120 mm X 120 mm

Number of test 5 2

Al-Si killed steel Si killed steel

(x1/3)
Photo. 1. Macrostructure of billet cross section.
(x5/12)
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Fig. 1. Influence of aluminium on grade of pattern

in hillets.
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Fig. 2. Relation between grade of pattern in billets
and laddle S content in Al-Si killed steel.
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Photo. 3. Relation between dendrite structure and distance from bloom surface
(Z section x10).
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Fig. 3. Influence of aluminum deoxidation on di-
stribution of dendrite in the direction of
thickness in blooms.
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Fig. 4. Influence of aluminium deoxidation on
interdendritic area of blooms.
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Fig. 5. Relation between secondary dendrite arm
spacing (§§) and distance from bloom
surface (X).
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Fig. 6. Distribution of S content in billets.
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Fig. 7. Variation of cleanliness in blooms.
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@O AIl-Si killed steel
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Fig. 8. Distribution of sulfide inclusions in the
direction of thickness on blooms.
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Fig. 9. Distribution of mean size of sulfide in-
clusions in the direction of thickness of
blooms,
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Fig. 10. Influence of withdrawal rate on thickness
of pattern and its solidification position.
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Fig. 1L. Change of pattern thickness observed on
macrostructure of bloom (withdrawal
stopped for 3 min).
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Table 2. Composition of sulfide in blooms
(EPMA analysis).

Composition (%)

;} | MnS/FeS
i MnS | FeS ‘L
i | }(
- 8027 1973 | 407
AL-Si killed | 80.35 | 19.65 |  4.09
o 8I52 1628 | 5.0l
| 85.97 14.03 i 6.13
Si killed 80.47 19051 | 4.13
80.63 1987 | 4.16
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Photo. 4. Relation between etching pit and denrite structure.
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Fig. 12. Schematic energy balance between three
phases.

Table 3. Nucleation capacity of Al,O; and
SiQ, in ironV),

Al Oy Si0,
Critical supercooling (°C) 9.6 20.6
Equiribrium contact angle(®) ‘ 15.5 22.1
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Fig. 13. Shell thickness solidified in the strand
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Fig. 14. Change of solidiflcation rate in conti-
nuously cast bloom.
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Fig. 17. Relation between drill life and ladle S
content.
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