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On the Length of Honeycomb Blowhole Zone
in Semi-Killed Steel Ingot

(Study on solidification structures of semi-killed

steel ingot— V)

Shozo WATANABE, Kéichi ASANO
and Tetsuro OuAsHI
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Table 1. Effect of degree of deoxidation on the
length of honeycomb blowhole zone and
angle between ingot top surface and

the zone. (Mold No. I)
Degree of L h of 1 .
deoxidation ength of | Angle between ingot
Tadic| Al added honeycomb top surface and
%i ¢ in amofd blowhole | honeycomb blowhole
@) | (g/t) zone '(cm) zone (°)
0 33 45
0-04 18 30, 28 45, 43
36 15 45
. 0 25 45
0:05) 3y 22 45
18 20, 15 47, 44
0-06 30 9 44
36 10, 5 45, 45
0-07 18 15 45

——g—(aK’+bK)1/'t—+ab}t
—4a[KK! (K" +K'")e3/2
—{(aK'+bK) (K" +K"'") +cKK'}t
+{ab(K"+ K" +acK'+bcK} 7 ]
+4nriinh(a+b)
K, K', K", K'"": fE, 0, EXBPICEL
RE» S OBEEE R, 24, 25, c: HRED, ik
XUEE, R: ffkEK, T: @, P: CO #RE,
[O: EMPOBRRE, [ 2, a WMOBEING
B, r: ERKWVOEE, [: EREBOES, n: B
REWOPMUEMRERY 0K, h: ERABRLHE
DEX.
ZDY R toEKRTHY, Y0 bl ant O
HRAMEOMREETTHETORMLL 5.
ZHARTHEWT, K, K, K", K" RBprhif &4
DT TOHRKIBHFEORSE KDL LB TES.
COBRBEREGRKOKDF E L TIR, W4 TR
poRDLEFHEEBAVE. Thbb, WERMHt FIE
BLAELEORBEHFBOEIDEX, §UEZI» T Fh
22,2y ¥ L "
x-_—a—K'\/;_ }( 2) -
y=b—K'v¢
-, WG4 7o tHRAINBERINLEZOH

Table 2. Effect of mold shape on the length of honeycomb blowhohe zone and angle between

ingot top surface and the zone.

(Ladle Si : 0°06%)

Mold shape Lehgth of honeycomb Angle between ingot top
blowhold zone surface and honeycomb
Width Thickness Height °
No. 2a (cm) 2b (Cm) c (cm) (cm) blowhole ZOnC. ( )
I 176 " 86 200 28 45
1 160 80 - 200 23 45
i 160 52 180 15 40
v 86 72 180 20 46
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Table 3. K'/K and K'/K'' of various molds.

Mold shape Shape of shrinkage cavity| Distance from ingot

bottom to edge of .

No Width Thickness | Long axis | Short axis shrinkage cavity K'/K KK
: 2a (cm) 2b (cm) (cm) (cm) (cm)

I 176 86 76 5 140 0-88 0-31

100 22 128 . . 0-84 0-33

160 80 48 4 127 0-68 0-31

1 85 14 115 0-88 0-35

90 17 136 0-90 0-29

i 160 52 138 20 120 1-45 0-30

. 86 .72 22 20 120 0-81 0-30

N . . 37 20 118 1-06 0-31

23 13 130 0-94 0-28

Table 4. f' of various conditions.
F(;).%fﬁctipnt Oft Degree of deoxidation Length of Total volume
soidihication rate honeycomb of elongated I
Mold Ladle Si Al added | blowhole zone - blowhole
K K' K" a(cye) ! in mold (cm) (cc)
i (g/t)

I 0-34 0-28 0-93 0-040 0 33 32000 0-030

0056 20 20 14000 0-026

N 0-28 0-28 0-93 0-060 0 i8 8000 0-028
HERBEYREZRTAD, CREEALT (2) ke PET T5ETORME RTOTH 52, Tablel,

HET5%5+ K'/K »53k% 5.
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K =0 &ﬁ%bf"
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B LR, VOBESH BN, BEDOLZ A, il
DEBICET ST — a8 kv, E5LTHhT DX
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Table 4 Z7%3. {BL, EHE LTI (Dy/d)=28x%
10-3cm/sec, R=82'1atm-.cc/mol °K, T=1800°K,
a=0'030 ¢ 5. ZOEBRf BEE—FEHELKXD,
FEHLT 00028 & 5.

wE—fE LT, HRT, B SI00% BFAOEE
COWTHEXTORE>2TH 5.

[O]=6'60x10-5mol/cc, K'=0"28 & -F 5% &, Table
3xbn K=0'34, K""=0'93, ¢a=80cm, b=40cm, c¢=
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200cm, ¥ 7BEERD ©F —
n=2-0, h=36cm,

£2Xx b r=0'30cm,
{=22cm 271 5.
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--(6) T 52 54 56 58 60 62 64 66 68 70
.

Lk s, ;@%’E%’Z.TTE):‘; Flg loxs
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EoREELFANS.
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MEBd, ToFEE LT, PRESRE» L OB
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* Volume of COgas Vg
©  Volume of shrinkage cavity Vg

, ' 7

/ °/
- /I
0 10 1820 30
Solidified thickness

Volume of CO gas and shrinkage cavity xI10*(CC)
[¥Y]

(em)

Relation between solidified thickness and
volume of CO gas and shrinkage cavity.

Fig. 1.

Fig. 2.

(Mol/ec)

Relation between oxygen concentration and length of
honeycomb blowhole zone.
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Y=360x 10‘5{
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Table 5. Relation between mold shape and
honeycomb blowhole zone.

(Ladle Si: 0:069;)
Coefficient of Length of honeycomb
Mold solidification rate blowhole zone (cm)
K K K Experimental| Calculated
value value
I 0-3310-28 | 0-93 28 22
I 0-34 | 0-28 | 0-93 23 18
. | 0-20 1 0-28 { 0-93 15 10
1 0-28 | 0-28 | 0-93 20 15
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On Expansion of Top Surface of Sémi-killed
Steel Ingot f
(Study on solfdiﬁca,tiop structures of semi-killed
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Table 1. Relation: between degree of dedxidation
and expansmn height of ingot top.

4 ; (Mold : No. I

ke

Degree of deoxidation

Al added Oxygen Expansion heightw.wﬁ
Ladle| in mold | SOR¢en- ('mm) A
(g/t) tration : 2
(ppm) . '
0-04 18 150 30, 50
36 135 10
0-05, 18 143 | .20, 20, 30, 30
36 |- -132 | W0
0-06| 18 [ 138 | j20, 20, 30, 30, 30, 40
|36 | 127 |; 0, 0, 10,410, 10, 20
007] =24 | 122 |.=5 o, 10
s 36 | 115 %mpﬁ,o

Table 2. Relation betwéen mold shape and
P expansion height of ingot top.
(Ladle Si + 0:06%)

Kb

Mold shape . C
N Width ThiCk-Height Ex-p_ansxdn‘hmght (mm)
0. ness

2a(cm)|ob (cm)| ¢lem)

1| 176 | 86 200 | 40, 40, 50 )
1 160 | 80 200 |10, 20, 20, 30, 30, 40, 40
i 160 | 52 180 | 10, 20
v 86| 72 | -180 |10, 20, 30, 30
v 150 | 70. | 190 |10, 10, 20, 20, 20, 30
Rwvi

Pleest 2% Table 1, Table 2 (¢ .
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