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Mechanism of Fine Bubbles Entrapment beneath the Surface of Continuously Cast Slabs

Norifumi Kasai, Yoshio Waranase, Takaharu Kagwara and Mamoru Tovopa

Synopsis : Origin of fine bubbles beneath the surface of continuously cast slab has been verified. In addition, the influence of fluid

flow condition in mold on entrapinent of the bubbles beneath meniscus has been investigated through a simulation
experiment with water models. The results are summarized as follows.

(1) The gases compositions in the bubbles were N, Ar, H, and CH,, and the origin of each composition was air
leakage,Ar gas injected at slide gate, diffusive hydrogen in molten steel, and coal-tar pitch soaked in refractory of slide
gate respectively.

(2) Air leakage at the slide gate increased with passage of casting time, and the volume of leakage was estimated to
be 100~550Ncm?/s.

(3) The size of bubble contained N, gas was smaller than that contained Ar gas and found in mainly center of slab
width direction.

(4) The distribution of bubbles existence in slab width direction depended on bubble size and molten steel flow
beneath meniscus.

(5) An application of the airtight slide gate reduced the number of bubbles beneath the slab surface in the middle of

width direction.

Key words : beneath meniscus ; gas bubble ; bubble size ; slide gate ; air leakage : airtight slide gate.
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Table 1. Casting conditions.

‘Machine Number Kashima No.2CCM

Arc radius R12.5 (m)

Mold size 1250 X V800~ 1600 (mm)
Casting speed 0.85~1.00 (m/min)

Ar flow rate 83.3~166.7 (cm%/s)
Kind of steel 490N Al Killed steel

(A) : Planer treatment (1mm)
Slight+macro etching

Pinhole count

(B) : X-Ray photograph

Gas analysis in pinholes
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Fig. 1. Sampling position and test item of slab.

& 0 HREC UREMERBR CHE L2 N T2 & b R 1 mm¥
%, BEO~2zuxyF o2 270 BRICTRERE
DEEx AV b LI

ZETREADOS MBI, F—O% 7 vd 6iE
HHIDAFEDMBIZT T, 5SmmEDF P vEedlb L
124%, XiE@EC & > TRIBOME R FRE L, TUIHNA A
SATEEIOC & AR EEMTET ORI LT
2+:2 SGHALOKIRARABRDAE

KEBADFEIL, BiE AVHNOEHRIE Z 47 FHE
L7z, Fig. 2 SR FEOWMMELRT,

B UDICHEERENF—E L5 PR T, K3
AArF AFEPEEL T/ AVHOENERZRIEL, /
ANAS ATRE LEHOBRERD 1214, kb oD s v
WIENHER P EREMCRE L, Bl 3 R TiRE, X
NWR~DRADBRABREZRDIZ,

2.3 HPASGEAERRAR

Fig. 3 \= HEASGOMER&HEE % 7R T . SGHM K %2 B E ¥

BXv— M REEERE L, ke Ticy ) araaB

25

EREEERREMA I T I ERTREBOEMA H =X &

,Tundish
. Upper nozzle
° —Ar gas
0| ~
o Slide gate
o LLIT}|-- Pressure
o? meter
- Chalr:1
Submerged recorder

nozzle

Fig. 2. Measurement of pressure in the submerged
entry nozzle of experimental apparatus.

Tundish
/
Upper nozzle —_|
T
Agra; o T @)
=
U\
Airtight slide gate

Submerged nozzle

o : O ring seal

Fig. 3. Schematic drawing of the airtight slide gate.
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Fig. 4. Distribution of pinholes on the slab surface.
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Fig. 8. Size distribution of pinholes.
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Table 2. Experimental conditions of water model.

Mould size (mm) 1108 X640 (1/2.5)
Water flow rate (cm?/s) 730

Gas flow rate (cm3/s) 33.3

Nozzle port angle -20° (Without box)
Nozzle depth (mm) 80
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N~ Slit light
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W:640

Fig. 9. Simulation of rising bubbles in mold by
means of water model.
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Fig. 10. Distribution of bubbles in mold with water
model.
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Fig. 11. Comparison of the bubble rising behavior
with gas components.
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Fig. 12. Measurement of pressure in the submerged
nozzle.
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Fig. 13. Relationship between casting time and
leakage volume of air in slide gate.
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