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On the Formation of Internal Cracks in Continuously Cast Slabs

Hiromu FuJi, Tetsuro OBAsHI, and Takeshi HiIROMOTO

Synopsis:

In order to understand the mechanisms of internal cracks formation in the continuously cast slabs by

a bow type machine in Hirohata works, influences of casting conditions have been surveyed. Metallo-
graphic structure near the internal cracks has been investigated, and by means of autoradiography, -
generation and growth of internal cracks have been estimated. The results obtained are as follows:

1) As far as the investigated casting conditions are concerned, major cause for the .internal cracks
is the stress arising from correcting of bulging, which mainly depend on casting speed and specific rate
of cooling water. Influences of solute elements are also recognized. ‘

2) Internal cracks are formed adjacent to the solid-liquid interface, where solute enriched liquid

penetrates into the crack in solid phase.

As a result of repeating the above phenomena taking place by

the correcting of bulging, internal cracks are considered to grow gradually.
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Table 1. Casting conditions and chemical compositions of test slabs.

Casting Slab thickness : 200~250 mm  Casting speed : 0.35~1.10m/ min
condition Slab width :950~2100mm  Specific cooling water : 0.40~1.3 1 / kg
Temp. in tundish : | 520~1 570°G
f\\ Composition | 5
— C Mn ! Si P, S Sol. Al
Type of steel T '
Ladle 1 :
analysis | ALsi | For plate | 0.12~0.20 | 0.60~1.50 | 0.20~0.50 | <0.025 0.005~0.040
(%) killed steel | ] :
| For sheac <0.06 | 0.30~0.50 0.015~0.070' <0.020 | <0.010
Low carbon Al-killed steel | 0.02~0.08 | 0.20~0.40 30.020«'0.030; <0.025 .0.030~0.090
} ' . : 160} fAI-Shi killedl steel
1.4 | tor Seavy piars. ® with crack (250,x 2§00 siob)
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Fig. 2. Relation between casting speed and crack
distribution observed in longitudinal cross
section.
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Fig. 3. Influence of carbon or sulphur content on

the frequency of internal cracks.
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. Effect of the solidification structure on
formation of internal cracks.

(observed in sulpher print)

(a) AIl-Si killed steel with equi-axed
crystals

(b) low carbon Al killed steel without
equi-axed crystals.
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. Cellular dendrite structure of Al-Si killed steel for plate with an internal crack.
a) An example showing the internal crack does not intersect one superimposed
structure.

b) An example $howing the direction of superimposed structure in each side of
the internal crack are different.
(An arrow in the photo indicates one of superimposed structures.)
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Table 2. Results of quantitative analysis by the E.P.M.A. of internal crack indicated in Photo. 3.

\ Composition
_ _ C Si Mn P S
Position of spot analysis\
Ferrite A 0.04 0.33 0.61 0.213 0.016
Internal crack Pearlite B 0.52 0.30 0.92 0.048 0.016
Pearlite C 0.54 0.23 0.86 0.026 0.012
Matri Ferrite 0.05 0.20 0.69 0.005 0.009
atnix Pearlite 0.51 0.20 0.70 0.008 0.008
Ladle analysis 0.18 0.18 0.74 0.016 0.020
504 Ac,=908—-223.7[%C] +438.5[2%P]
[Pl [c] ] +30.49[24S1] +37.92(2% V] —34.43[2%Mn]
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Fig. 4. Solutes distribution in thickness direction
of the internal crack indicated the path
a—f in Photo. 3.
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Photo. 5. Image patterns of the internal crack by electron microprobe.
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Photo. 6. Autoradiographs of solidified shell with

internal cracks.

(a) about 3.5m and (b) about 6.5m
from meniscus respectively.
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Photo. 7. Autoradiograph and sulpher print of the same longitudinal cross section of slab.
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Fig. 5. Relation between casting time and shell
thickness; § or the distance between slab
surface and internal cracks; [, observed
in autoradiographs.
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