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Sound Surface Quality of Large Capped Steel Ingot

Kaname WADA, Masahiro HUKUDA, and Shigeaki OGIBAYASHI

Synopsis:

To decrease skin blowholes and get a sound surface quality, the effects of deoxidation degree and chromium
addition on the size and distribution of blowholes in the rim zone were studied.

The results obtained are as follows;

1. The thickness of solid skin and the distribution of blowholes in the rim zone are greatly influenced
by the balance of carbon, manganese, and oxygen in liquid steel.

2. It is believed that the thickness of solid skin is required at least 17 mm to prevent seamy defects of
slab. The next relation is obtained as the condition of deoxidation to keep the thickness of solid skin

larger than 17 mm.
[C]-[0]1-0.56 [Mn] =0.0182 »-5, 135 Where,
v : teeming rate (mm/min)

[C], [O], [Mn] : content in liguid steel (10-295)

3. Chromium addition is effective to decrease the number and size of blowholes in the rim zone. It
is considered that this phenomenon is based on the decreasing of surface tention by chromium addition.
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Macrostructure

section of low carbon capped ingot (40t).

Table 1. Mould dimension
Inner dimension( mm) \L . Flatness
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Table 2. Characteristic data on the ingot of which vertical section was examined.

a7

&

Ladle analysis Ladle |Al added | Teeming ‘ zstggsziln Capping Track time
; temp. in ladle rats d time
C% Sig% | Mn?, P, S o, mou
0.052| 0.00 | 0.33 | 0.007| 0.012| 155¢°C | 180g/ ¢ m?}j i ‘ 0 f 7.5 min f 300 min
40
Rim zone 'g g o Capped steel
) B ; _.o
SOIlId E 20 o_‘_’o____o’, o
skin § ) . ././
= 2110k
é‘ :g Rimming steel
1 I ! !
aft 4ft 5Ft 6ft
Slab width
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Photo. 2. Macrostructure of vertical section
showing the distribution of blowholes

at the bottom part of ingot. (scale

: 1/2) (% 13,20)

Fig. 1. Comparison of the
tween rimming and

surface quality be-
capped steel slabs.
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Table 3. Aim compositions of liquid steel used
for the test of deoxidation.

C% a Sio Mn2% | P9 S %
i i

0.04 | <0.02 0.20~0.35' <0.025 | <0.020
~0.09 ,; H
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. Relation between [C] and [O] showing
the decrease of oxygen content by strong
and normal deoxidation.
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Fig. 5. Relation between [C] and [O] of liquid
steel in mould just after pouring.
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Fig. 6. Influence of deoxidation degree on seamy
defects of slab with the comparison of
carbon content in liquid steel.
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Table 4. Characteristic data on corner samples examined with various degree of deoxidation.

Corner | Deoxidation End Ladle [Aladded| Mould analysis (%) Al-Mg | Teeming

le | degree in pomt o p. lin ladle added in| rate Remarks
sample | degre temp. °Cp mould {( mm/
No. ladle °C) °C) (g/t) ‘ C Mn S O (g/t) min)
C1 | Normal | 1610 | 1569 | 121 |0.057 0.19 | 0.012[ 0.059] 38 — [“dgié;géQOQG
C 2 Z v % # | 0.060| 0.19 | 0.012] 0.054/ 104 — 2
C3 % % % # 1 0.056 0.19 | 0.012( 0.057] 148 — Y
C 4 " 1624 | 1583 193 | 0.055 0.21 | 0.010] 0.067| 76 — "
C 5 2 Z " # | 0.054 0.20 | 0.010/ 0.075 149 — %
C 6 " “ % # | 0.050{ 0.19 | 0.008| 0.074| 124 — y
C7 Z 1639 | 1574 103 | 0.044| 0.20 | 0.011| 0.064/ 29 — "
C 8 % 2 ” » |0.055 0.20 | 0.012/ 0.062] 25 936 %
C9 Z Z ” # | 0.044 0.19 | 0.010[ 0.065 20 853 "
C10 | Stong | 1617 | 1574 | 203 |0.065 0.22 | 0.010[ 0.050| 78 837 v
Cll Z 1591 | 1554 | 300 |0.074 0.20 | 0.014] 0.049| 45 821 ”
C12 " 1624 | 1564 | 320 |0.057 0.21 | 0.011] 0.035 101 856 "
C13 " ” " v |0.062 0.21 |0.012[ 0.042] 40 786 "
C 14 " 1619 | — 592 | 0.046 0.25 [ 0.011] 0.044| 20 759 "
G 15 " y — # | 0.060 0.25 | 0.010[ 0.043] 0 1000 "
C 16 v ’ — # | 0.046{ 0.24 | 0.010( 0.044] 60 1 000 v
C17 v 1618 | 1570 | 592 | 0.045/ 0.24 | 0.014| 0.044] 20 850 v
C18 | Normal | 1602 | 1565 76 | 0.067] 0.31 | 0.013 0.040] 39 860 [“‘gﬂ;igé3399
c19 " 1581 | 1536 93 | 0.064| 0.35 | 0.021] 0.042| 34 996 7
C 20 " 1644 | 1558 112 | 0.050 0.30 | 0.017| 0.057] 49 890 ”
c 2l 2 1608 | 1561 226 | 0.055/ 0.32 | 0.015 0.052 39 839 2
C 22 2 1603 | 1564 91 |0.053{ 0.30 | 0.019] 0.053| 39 883 v
C 23 Z 1626 | 1568 123 | 0,072 0.32 | 0.009| 0.042 100 734 2
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C22
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Photo. 3. Typical corner samples of test ingots with different degree of deoxidation.
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80 - Seamy defects index
(0)
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40}

Number of blowholes in 200 mm length parallel to ingot surface
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80 |- Seamy defects index
60 |- i
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Distance from ingot surface (mm)

Fig. 7. Distribution of blowholes for each index of seamy defects in slab.
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Table 5. Characteristic data on cornersamples with Cr addition.

Sample No. ‘ t | 2 3 I 4 1 5 = b 7 8
J i ' . i

i c - 0.069 | 0.085° 0.062 ' 0.078 ; 0.065' 0.075 0.056 0.059

Si 0.0 0.01 0.0l : 0.01 @ 0.01 0.01 , 0.01 - 0.01

Ladle analysis } Mn | 0.25 0.29 - 0.21 ' 6.25  0.31 : 0.36 | 0.32 0.35
(%) P 0.009 | 0.008 ; 0.009: 0.007  0.009 W 0.008 | 0.009 , 0.009

S 0.013  0.014/ 0.016 , 0.018; 0.015: 0.013| 0.016 " 0.016

] Cr | 0.01 0.04 | 0 . 005 0 - 0.05 0.0l J 0.04

Ladle temp. (°C) - 1565 1560 { 1552 1‘ 1563, 1550 1560 | 1575| 1561
Al added in ladle (g/t) ¢ 78 137 ; 210 | 138 122 70 | 83 | 163
Shot Al added in mould (g/t) | 23 40 29 40 29 | 40 | 40
Teeming rate ( mm/ min) '\ 1290 — 1000 1000 — 1100 1050 1050

a 8
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= rg 1 1 1 L 1 1 L 1
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Number of blowholes (ingot suface~15mm)

Fig. 8. Influence of the number of blowholes

" existing within 15 mm from ingot suface
on the index of seamy defects in slabs,

2
s
2 ¥ E} \ o
= (R
= D} \Q)\\
8 \ \
& [ O — \-
w 1 \
© \!
g 8 I Vo .9
g i \
Ty A H \ \
: FEA AN
o 4 \
25 ° 10
: 1
3 | ! 1
0 10 20 30 40

Thickness of solid skin {(mm)

Fig. 9. Influence of the thickness of the solid skin
on the index of seamy defects in slabs.
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Without Cr addition

I_ Low Mn —|
Low S

Normal S

|——Normal Mn-l
Low S

Normal S

With Cr addition

. 100mm

Distance from the bottom of ingot : 400 mm

Photo. 4. Corner samples with and without Cr addition.

Table 6. Aim compositions of liquid steel used
for the test of Cr addition.

Cr added

Mn% in ladle(%)

C% | Si% P% S %

0.05 £ 0.20
’V0-°75;O'02;”v0-35‘550'025 f;o.ozol 0 or 0.05

ERHEFRTHY0. Fig. 121 C%x0% & h Lo
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