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Estimation of the Formed Position of the Surface Cracks on the Slab in the Continuous Caster
Akihiko Kusano, Hideyuki Misumi and Sinzo Harapa

Synopsis : When surface cracks on continuously cast slab were observed by a microscope, internal oxidation layers were sometimes
present along the cracks. Attention was paid to these layers which are called subscales for the estimation of the formed

position of the surface cracks in the continuous caster.

First, the subscale was formed on the test sample in the laboratory under the cooling condition of the continuously
cast slab. Second, some kinds of cracks on the continuously cast slabs were collected, observed by a microscope and
compared with the subscale of the former samples.

The results are summarized as follows.

(1) The thickness of the subscale for the formed position in the continuous caster was calculated by the combination
of the internal oxidation theories and the cooling curve of the slab.
(2)The formed position of five kinds of cracks were considered as follows.
(i) The small longitudinal crack was formed in the mold and enlarged in secondary cooling zone.
(ii) The horizontal crack had the initiation point of crack existing in the secondary cooling zone and was enlarged

at the unbending point.

(iii) The star crack and C-crack were formed in the mold or just under the mold.
(iv) The edge crack was formed at the unbending point.
Key words : continuous casting ; oxidation ; carbon steel ; surface crack ; subscale.
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Fig. 1. Experimental apparatus.

Table 1. Chemical composition of samples.
(mass %)

c Si Mn Al

0.149 10.159 [0.49 |0.017

Table 2. Experimental conditions.

F low rate of | Water=30(m!/min)

mixed gas Air="0(ml/min)
Temperature
and Time Run No. ‘ 1 2 3 4
Temp. at start 1250 { 1000 | 900 | 850
point (°C)
Cooling times(min) | 39 | 36 | 32 | 25
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Fig. 2. Cooling curve of samples.
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Table 3. The specifications of continuous casters in

Oita Works.
(DMachine type Bending type
(2)Radius of curvature (m) 10.5
(3Machine length (m) 28.2
(4Mold length (mm) 900
(5)Secondary cooling zone (m) 0.9 ~ 28,2
(6)Distance from meniscus to 16.7

ing point (m)

(7)Thickness of slab (mm)" 20
(8)Casting speed (m/min) 1.0 ~ 1.1

Table 4. Number of samples for cracks.

Name of Longitudinal | Horizontal | Star Edge C-crack
crack crack crack crack crack

Number

of samples 15 6 12 4 2

(D Longitudinal crack @ Horizontal crack
® Star crack @ Edge crack ® C-crack

Fig. 3. Schematic cracks on continuously cast slabs.
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Fig. 4. Photographs of subscale of the simulated
test sample.

Table 5. Results of the observation of subscale for
simulated test samples.

Run No. | Thickness (um) | Type | Dia.of particle (um)
1 24.6 D 0,22
2 10.0 C 0.15
3 6.3 B 0.17
4 5.2 A 0
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Fig. 5. Calculated value of d&/dt.
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Table 6. The value of &, at the specific location on
the continuous caster.

Depth from | Mold zone { Under the Secondary Unbending
surface : moid zone cooling zone 1 point
(iom) (0~0.9m) | (0.9~1.2m) | (1.2~16.Tm) (16.m)
25 210um 8~10 um 3~ 8um 3
1.5 =25 18~20 5~18 5
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Fig. 8. Photographs of subscale for large longitudi-
nal crack.

Fig. 9. Photographs of subscale for small longitudi-
nal crack.

Table 7. Observation results for the surface cracks.

Crack Subscale
Length(mm) | Depth(mm) | Thickness (um)
Longitudinal 5~10 0.5~1.0 5~10
crack(small)
Longitudinal 100~300 2.3~6.0 5~10
crack(large)
Horizontal crack 13~130 2~5 5~10
Star crack 4~ 3~10 10~20
Edge crack 2~30 T~15 0
C-crack 20~50 2~5 10~65
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Fig. 10. Photographs of
crack.

Fig. 11. Photographs of subscale for star crack.
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Fig. 12. Photographs of subscale for edge crack.
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Fig. 13. Photographs of subscale for C-crack.
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