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Accumulation and Countermeasures for Diminishing of Non-metallic

Inclusions in the Sub-surface of Continuously Cast Slabs

Tadanobu KoMal, Ikuro Nopa, Katsuhiko NORo,

Kazuyuki Ica, Jun OsHIDA, and Toshio HORI

Synopsis:

Studies on accumulation of non-metallic inclusion in sub-surface of continuously cast slabs were

carried out. Results obtained are as follows:

(1) Accumulation of alumina cluster in sub-surface of slabs occurs at the stagnant zone of the
upward streams from the immersion nozzle in mold. The degree of the above-mentioned accumulation
of alumina can be decreased by improving absorption capasity of mold flux.

(2) Accumulation of alumina cluster in the sub-surface of slabs is caused by entrapping in solidifing
shell near the meniscus of alumina, which is carried up to the surface of molten steel in the mold and

can not be absorbed enough in the mold flux.

(3) Argon gas bowing nozzle is effective in reduction of alumina cluster in sub-surface of slabs.
(4) Degree of surface defects, caused by fluctuation of surface level of molten steel, can be ex-
plained by the products of its fluctuation velocity and its fluctuation width.
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Table 1. Chemical composition of steel.

C Si Mn P S Sol. Al
0.03 0.20 0.030
wt% 1 <0.02 § <0.025 <0.025 §
0.06 0.35 Q. 060

Table 2. Dimensions of casting machines and
casting conditions.

Casting machine No.1 No.2

Machine type Curved type

Machine radius (m) 10.5 9.5
. 1 600 900
Slab size Width (mm) 15100 ~1600
Thickness (mm) 245 245
. Middle position (m/min) 1.3 1.8
Casting speed Connecting position (m/min) 1.3 1.8
. Capacity (©) 15 —
Tundish Bath depth (mm) | 500 —
Intermediate Capacity [©) 250 250
ladle Bath depth (mm) | 2950 2 950

Surface for S-print
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Fixed side
Sample

Fig. 1. Method of evaluation of alumina cluster
in sub-surface of slabs.
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Fig. 2. Distribution of alumina cluster in transverse
direction in sub-surface of slabs.
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Fig. 3. Distribution of alumina cluster in thickness
direction at the center of slabs.
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Fig. 4. Distribution of alumina cluster in slabs
from loose-side surface to fixed-side surface.

K7 v i)
(3) A ERBHO7 NI FREHAPRBCRD S
<EMETS.
gEHEBEO T N 3 FIREERIRT R OFRIBIIS\T
B4 hoEER SEBRIS - L BRIRES T R
LTWb. 743 FAREREC S THRESRS D
LT 5 e, BRERTHEROMUBLHINC KT S5

— 82 —



RS EHT RBHICS I 52BN EDORR L T OEEMN K 83

BB RS ENLTELDL L, BE 7 A VEE CHREE
XD TFH 80mm F COMBTHDLA=RADALENE
TN FOBEBEABRENZEXGN B Dk
X, BERRBEADO7 VI OER EFERAOEMRO T
B XEELBRYE DD L ETRB LTS,

—705, $BRIEEm 1/4 MBECEET L7 v &
BEEMEOY L7 » 7Y v P IO THEBCRE T
2bDTHD, ZOERIEMEESEKC ST
CHDLh A RMIESBANEDERICEBC I 5b0E%E
zbhb.

32 FREBR7NVIFERMCBLIETRE/ AL
ROEE

HBRNOBEMORB L EL IS5 FEBEE LT, Fig. 5
CRTHBVROBE , AAVERIEL, cha@HLE
L EDOEEREBH~DO T VI DEFREBLHRAE L.
Fig. 6 wWRE/ AVEEREBRCKT BT L IFD
ERBMEXRR TR L. 45 Arog4&(b)iks X
A AR RO X 5 HRIAEIC D H R SERY H
THEHSREE L. ZOBAEHEPREO7 L 3
F OEBCIHZDRIIRD bhiesot. i, 240
7 AN ERROIRIBHE (d) ik R0 27 5§
DR EMEO B LB AanEL, core7ari s+
DEBEIZ LR, 6F AAOBE (L 2F, XA
DB FHEMIC R BN T W ICBR RO 7 v 3 F 0k
Buxe ko, ISR NIKTE/ o 8E A EC
E82247 2 IR D 7= DI RO WM DB H A 7 &
IhicbbZE2 b, ¥, BE/ ALV T AT VH
AR EA LA (e) 3B ETA7 v o v A
LD TIEFRBOBEMMOEREI 2 7ch, Wik 6
o AN ERBOMREE L Z LN TE .

DY

30°

Fig. 5. Profiles of test immersion nozzles.
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Fig. 6. Schematic expression of location of
alumina accumulation in sub-surface of slabs.
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Fig. 7. Changes of contents of Al,O,, SiO,, and
CaO in mold flux during casting.
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Fig. 8. Relationship between weight of alumina
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Fig. 10. Influence of nozzle type on accumu-
lation of alumina cluster in sub-surface of

slabs.

10

8¢t .

Index of alumina cluster absorbed in the flux

Viscosity (at 13007C)
Flux A 2.5 poise A
Flux C 5.5 poise A
0856 1860 570 1580

Index of alumina cluster
D

'T;T'f;;%if‘n

L]

0 02 04 06 08 10 12

1.3

Temperature of molten steel in tundish (C)

Fig. 9. Relationship between temperature of
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Fig. 11. Influence of casting speed on accumu-
lation of alumina cluster in sub-surface of slabs.
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Fig. 15. Schematic expression of accumulation
of alumina in sub-surface of slabs.
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Fig. 16. Behavior of alumina during casting in
relation to streams from immersion nozzle.
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Table 3. Alumina absorption of flux in cases of argon blowing nozzle and ordinary nozzle.

. . A ti f A
Input of Al;O3 (Wa) Unit consumption of flux Chg’i'fg;’f bs&rpﬂ:;?(o 0)1203 We/Wa
Ar blowing nozzle 0. 08 kg/t-steel 0. 65 k8/t-steel 8% 0. 052ke/tsteel 0.41
Ordinary nozzle 0.08 0.65 3% 0.020 0.16
Mold oscillation Slag rim r\
3.0mm

alf molten powder

Slag layer

h

molten steel
down

p—— Slag film
Mold

Fig. 18. Schematic expression of meniscus model.
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