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Analysis of Blowhole Formation and Suppression during

Solidification by Cold Model

Ei-ichi TaxeucHI, Hiromu Fuji-1, Tetsuro OHASHI, and Masahiko SHIHONMATSU

Synopsis :

CO blowhole formation on the surface of the continuously cast slab is one of the most important
problems in continuous casting of slightly deoxidized steel, such as pseudo-rimmed steel.

Model experiment with aerated water was carried out in order to understand the mechanism of CO
blowhole formation and suppression with molten flow during solidification of steel.

The results obtained are summarized as follows.

1) Equilibrium distribution constant of CO, is estimated to evaluate the CO, blowhole formation

and suppression quantitatively.

2) The shape of CO, blowholes chiefly depends on the concentration of CO; at the solidification

front and the solidification rate.

3) CO, blowholes are suppressed completely with fluid flow at the certain velosity which is related

to CO, content of aerated water.

4) The models of blowhole formation and suppression based of the experimental results are proposed.
The calculated results agree well with the measured value.
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1. aerated water 2. ice 3. ethyl-alcohol 4. dry ice
5. acrylicresin 6. Cu plate 7. stirrer 8. thermocouple
9. steel net 10. driving unit

Fig. 1. Schematic view of experimental apparatus.
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Fig. 2. Relationship between shell thickness and
effective distribution coefficient.

Table 1. Experimental results for formation
of CO, blowholes.

Exp. No [C2(mg/2) | T1 (C)| Tu (C) |k (mm/sect)|blowholes
A- | 80 3.0 -70 0.78 O
-2 195 3.0 -70 0.73 O
-3 231 35 -69 0.75 ]
- 4 275 3.0 -72 0.73 [ ]
- 5 500 3.0 -70 0.71 [ ]
- 6 565 3.0 -72 0.72 ®
- 7 950 3.5 -70 0.73 [ ]
- 8 1,051 3.0 -72 0.72 o
-9 1,900 3.0 -70 0.69 ®
-10 1.913 3.0 -72 0.70 (]
=il 2715 3.0 -72 0.69 ®
~-12 2,740 3.0 -70 0.68 ®

@blowhole formed. (Ptransition, Ono blowhole

DETATYAXERIHL, ThEEESHLT(])
D T L ERHERE neo, ZEH L.
N0y = Cg/C] wrersrreemmmmeentininiiiiinen (1)
ek Cs Cp TN FREE Y = VBB IO AL IZE
W CO, #E-CThs.

Fig. 2 3L EoERERCESEREY = VES &
ER SRR OBFRE T r y F LD THS. BETR)
B o\ TR ERB OMEIR 0.20 75 0.15 AL H
b3 B2y » AVJER Smm Ll LB T+ oo %1k
TP EL DT, ZORPSEBEOMEL O D DI
DWW CREMFo CO, BECHERELMB XK 3
73, = 7 v IR & HI LTI E R LA
3-2 BEKEERDO CO, [FLDEMN

gD CO, BRI LI RBAKEE» B E X
2, CO, SKIDORERFSHF LOKARBERREH
HL7. BB CO, BEX 3000mg/l DIMCHE
Li2%, Zhit CO, EENH 340mg/l [ Eicics
Lo CO, HENKTELHZ ML » KL F
AR U C R ARREBIC A 1eDTH S, KRS ML
HR% Table 1 iR

RERIK % E I BiE Se7eBh, €O, 5flik C=
230+20mg/l #EBIKE LT, hILoBEETHRE
L. Z2Z2Tw)5 CO, %L EIHRCEAIFTRE /L KA



BRERERF O K[ALERR & MHEITE T 5 €7 L BT 1601

@ solidifing direction

e
5 mm copper plate

(a) C2=275mg/2
Photo. 1.

Co (wg/2)
2751
1913

e —

285 /
—

ole|>»|D

0.8~

d (mm)

)
N

S (mm)

Fig. 3. Relationship between shell thickness and
diameter of blowholes.
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Fig. 4. Effect of CO, content of aerated water
on the solidification rate.
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Table 2. Experimental results for suppression of
CO, blowholes. ’

Exp.No | Ct (mg/2)|V(cm/sec)] T; (C) | Tu (C) | blowholes
B- | 897 5.1 35 -72 @]
- 2| 1518 12.8 2.7 -72 O
- 3 1,014 2.6 3.0 -73 [
- 4 1,360 4.1 2.5 -72 [ ]
- 5 1,574 2.6 2.8 -72 [
-8 1,398 7.7 2.0 -70 o)
-7 650 26 3.5 -68 >
- 8 1,558 5.1 3.0 -69 ®
-9 1,473 12.8 2.0 -70 o)
-10 1.080 6.4 2.4 -68 O
-1l 1,030 2.6 3.2 -70 ®
-2 1.497 5.1 3.3 -70 ®
-13 1,475 26 36 -69 ®
-14 1,710 10.2 2.0 -69 P
-15 1,731 2.8 2.6 -71 O
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Fig. 5. Change of shell thickness, temperature,
and CO, content of aerated water with time.
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Photo. 2. Suppression of blowhole with stirring of liquid.
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Fig. 7. Effect of fluid flow at the solidification
front on the supression of blowholes.
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Fig. 8. Profile of solute concentration at the
solidification front.
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Fig. 11. Relationship between solidification rate
and film thickness at diffusion boundary under
fluid flow.
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