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Effect of Degree of Deoxidation and Ladle Refractorles upon
Large Inclusions in Semi-Killed Steel Ingots.

(Studies on semi-killed steel ingots—IV)
Takeshi KAaTO, Junichi IMAI and Hiroyuki KAJI0KA
Synopsis:

Following the investigation descrlbed in the former report (Tetsu-to-Hagané, 48 (1962) 2,
p. 117), further experiments were conducted with small test ingots and also 10t

- slab -ingots concerning the effect of degree of deoxidation and ladle refractories upon black

spots appearing on the sulphur prints along the skin layers of sémi-killed steel ingots. . The:
mechanism of occurrence of the black spots tentatively referred to in the former report was
confirmed. '

The main results obtamed are as follows:—

(1) The number of these black spots can be reduced by intensifying the degree of
deoxidation, the effect of which will be more noticeable when aluminium is used as deoxidizer

. than when silicon is used. Intensification of the degree of deoxidation, however, is not

favorable because of the resultant large pipe cavities which are produced in semi-killed steel
ingots. ) .

(2) At the same ratio of added silicon against added aluminum and at the same degree -
of deoxidation, the ‘number of black spots becomes smaller when high-alumina bricks are .
used for ladle refractories than when silicious bricks—Roseki bricks—are used.

(3) To prevent the appearance of the black spots when high- alumma ladle refractomes:
are used, a little aluminum must be added together with silicon.

(4) High-alumna bricks are, however, very expensive and liable to increase the ladle
skull owing to their high thermal capacity. Moreover, it is difficult to remove this skull for
lack of glassy layer between bricks and skull. Therefore, there are still many problems
unsolved to put this brick into practical use.

(5) Consequently, on the present stage of development, the use of aluminium as the
main deoxidizer for the special semi-killed steel products that must be subject to severe
cold processing, as mentioned in the former report, is the most desirable method for
preventing appearance of these black spots, and hence, for preventing occurrence of
surface defects :
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Results of éxperiment on the effect of degree of deoxidation upon the

“black spots observed on the sulphur print of semi-killed steel ingots.

No. of sample

131[82[33‘84'35[36|B7(Bs)BQ}BmIBn]Bm[Bm‘BM]Bm[BE

Tapping femp. (°C) | 1650 1630. | 1650 1660 1660 60 | 1665 | 1670
Wt. of steel tapped (kg) | 2500 | 2650 | 2600 2724 282°5 205 | 21, 268°6
Y |infee| Fe-Mn(kg) | 1% 10| 10 10 10 o | 1o | 10
g Mn (%) 0450 | — |0-730 |0-730 [0-697 |0-697 [0680 [0-680 |0-830 [0-830 [0-590 J0-599 l0-640 |0-640 |0-602 |o-602
> | in Si 7”7+ 10095 | .— 0 10081 |0°070 [0-041 J0-104 0  [0°184 (0144 |0°025 |0043 |0-015 |0-026 (0°075 [0-122
& | ladle | A1 70 — |0-081 |0-040 0-00380°0196(0°0056(0°0564/0 ~ 0-0072(0° 01241000170 0054/0° 00230010 [0-016
3 ' . si/a1 e | — [ 0| 20| 184 21| 183" 0 e | 2000 20 253 2.8 11.3 75| 76
Wt of ingot (kg) 994 — | 992 1034 102°0] 101-0| 1060 99°0f 101°0f 100°0| 101°0] 98-8] 105°4] 101°4] — [ 12470
Rate of teeming (mm/s) 144 — | 97 146 150 141] 150 105 99 110 15°5] 12°¢] 54 w05 — | 17
Teeming temp. -~ (°C) | 1510 — | — |.— | 1550 1530 1540 1530 1560] 1560 1550) 1550 1600 1610 — | 1515

c (%) 015 | — Jor12 Jo15 lor1a o016 lo12 lo-13 fo21 lov2¢ Jo'16 [0-13 o-13 fo'16 | — lo-16

Ladl Mn 7" 1060 | — 1071 |0°67 (074 l0°70 (0768 069 10°83 0°87 [0-61 [0-63 061 [0'61 | — [0°68
adle Si 710076 | — |0°024 [0°076 0°069 [0°044 [0°092 |0°016 |0°135 [0°126 (0-027 |0-038 0-027 [0-035 | — [0°088
analysis P ” 0°017| — 10009 |0°011 |0-008 10°008 |0°010 |0°011 {0*008 |0°008 0°011 |0°013 {0011 0010 | — |0°005
S 7 107030 | — [0-021 [0-021 [0-024 (07025 |0-027 [0-028 [0-024 |0°026 [0-024 |0-025 {0-022 0.021 | — [0°021

o 21 . FeO (%) [0°0014 — [0-0011)0-0017]0-0009/0-0013]0-0021/0-0013| — [0-0008/0-0019/0-0007]0-0010/0"0007] — - [0-0041
g S| ¢ MnO 7" 100134 — |0°00000-0008/0-0011/0°0031/0°00300-0011| — {0°0000/00049/0-0007/0°0017/0°0010| — [0°0021
2o 80 B, | Cr0s # 070003 — 10-0010{0°0005/0°0002/0-0003{0-0000/0°0008] — [0°0002/0°0003{0"0002/0° 0000[0°0000] — 1070007
g9 | 82 | S0y~ |00122 — (0-0052/0-0031/0°0046(0-0071(0-0040/0°0048] — |0°0041/0-0064/0°0126{0°0047/0°0043f — - [0°0046
< S| Bk | ALOs .~  [0°0033 — 0-0270|0-00160"0039/0°0015(0'0060/0-0284] — - |0-0040/0°0087|0°00330°0065/0°0025] — |0°0156
Vacuum. fusion O (%)  [0°019 | — [0-008 0006 [0-019 J0-016 [0-016 J0-017 | — 0028 |0-020 Jo-023 Jo-026 [0°035 | — | —
Index of black spots Jo-188 | — ]0-003 [0-002 |0"109 0-005 [0-095 f0-005 Jo"184 Jo"086 [o-120 [0-135 |0-126 [0-128 | — o083
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Table 2. Results of experiment on the effect of ladle refractories upon the black spots
No. of sample 352 411 351 412 521 522 611 612
Kind of refractories* Roseki - Chamotte High-alumina Magnesia
‘Deoxidizer Mn (%) 0+702 | 0°790 | 0°690 | 0°729 | 0+785 | 0+802 | 07730 | 07795
. added ‘in ladle Si (%) ) 0*105 0087 0°108 0°080 0°078 0°080 0088 0096
C (%) 0-11 013 011 0°12 012 0°09" 0-11
, Mn - (%) 072 0°65 072 066 0°60 065 0°84
Ladle analysis Si (%) 0°082 | 0°062 | 0°086 | 0°057 | *0°045 | 0°043 0°065
. ’ : P (%) 0°009 0012 0°0092 0010 0010 0*010 ‘0*007
S (%) 0°022 | 0+024 | 0°021 | 0°020 | 0°016 | 0°015 0°019
Index of black spots 0°202 0+307 0°156 0158 0-034 0°054 0°655 0°138

* Ladle bricks, Stopper-sleeveé, stoyppe'r-heads and nozzles were made of the same kind of
refractories, but in the case of magnesia bricks a clay-graphite stopper-head was used..
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Table 3. Characteristics of refractories
Roseki | Cha- High- | Mag-
motte |alumina | nesia
Bulk 2+15; 1°*97 2°68; 2°65
Density | Appearent 2+40| 2°+55| 3°40| 3°45
True | . 258 2°67 3°43] 3°53
Appearent | 10°2 | 22*6 | 21°3 | 23°1
Porosity | Sealed pore| 6°4 | 3°5 0*5 1°9
True 16°6 | 26°1 218 | 25°0
Absorption (%) 4°7 | 11*4| 8°0| 87
Refraectoriness (°C) 1640 | 1680 | >1790>1790
Refractoriness | T | 1230 | 1320 1690 - 1560
under load T, | 1380 | 1430 | >1700] 1675
(°C) Ty 1490 | 1550 — 1690
kY] Ig. loss 0°12,. 0°53 0°26/ 0°Z58
2 SiO; 63°50| 59°00| 22°06| 5°04
S Al,04 31°05| 36°74/ 75°01] 1°98
1 Fe,03 2+34| 2°73] 2°19] 3°12
EQ\° CaO 0-21} 0°21 0-18| 1°39
filg MgO 0°16| 014 Tr | 87°26 .
& TiO; 0+71| 0°53] 0°22] —
g Alkali 1+15 0°57| 0%37 —
QO Total 99+241100°45} 100°29 99°37
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Table 4. Results of experlment on the effect of high- alumma ladle i
‘refractories upon the black. spots. '
No. of sample ' 1 2 } 3 4 ' 5 ) 6
Deoxidizer Si % 00140 0°133 0°095" 0+094 0°061 0-061
added in Al 95 0+003 0°004 0 0] 0°030 0°030
ladle Si/Al 47 33 . o oo 20 2°0
_ C % 0°18° 0°15 0°17 0014 0°20 0°17
- ’ Mn 9% 0°70 0°52- 1+06 1°06 066 062 .
Ladle Si % 0-087 0°056 0°055 0°060 0°06 0°05 <,
analysis P 9 0-011 0°013 0°014 0°013 . 0°016 0014
S 9 0°024 0°024 0022 0°023 0°027 0°025
sol. Al 2. 0°004 0°003 O‘OOSV 0004 -— —
Rate of teeming (mm/s), 102 . 10°6 10°5 ,li'8 13°2 151 . f'
Mean index of black spots 0-081 0°063 0°057 0°053 0°050 0-011
209  BIXUEBTHVYTWS  AERLTY B, Al 23 - i
| \Index of black spots . ) . : S adldegfy i
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Table 5. Analysis of surface layer of the nozzle
04
- R Refractories|
. §”3L__\x N X Roseks
Analysis o , \ : o: f/mmofﬂ
?;gﬁfe Spo— : o Highalini
FeO |SiO; | MnO | A1,0, Ny \o g\ | ©F Mugnesia
\ 301 :
1 |Before use 0'91|55°54| 0°3524°07 - § . : ‘
“ om 70T 7207 70 4001500 1600 7 ;’m 700 700
: Vi /8 /70/ /8
Deoxidized mainly . . . oo Melti £ of Surface | —s i .
2 |with Al (Si/Al=i~zg)| 178349750 2462399 /aie’r”(’;f’if,fm'?}o}fesi%ﬂ | yeting 5?’3”‘}”5 sefractories
Deoxidized with Si & » vse (2)
. 1°83[50°9 *05|26*01
> |AL (Si/Al=11~15) 5350790} 3708[26°0, Fig. 4. Number of black spots related to
Deoxidized mainly . . . . : : t . .
4 with Si (Si/Al>20) 2°20l44 80 7°1521°72 the mel 1ng point of _refractox.'les.
ﬂgﬁ' HClAFig. 3 IR L o, of sample Ho. of sanple
1 Refractories || s X 5ead s n gz M AfVlgé ; fyﬁ’aj
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Table 6. Kind of inclusions observed as black spots on sulphur print.

Kind of ladle refractories Raseki (silicious) High-~alumina
(Si added)/(Al added) 0 0°5 23 | 22 47 | 33 2*0 2°0
No. of black spots observed 7 i 1. 22 .| 23 41 20 5
' Substance | Silicate 0% | 369 | 40% | 23% 9% | 379 | 40% 0%
of black Silicate+sulphide 0% | 289% 30% 469, 26% 6% | 0% 0%
spots Sulphide 100% | 36% | 30% | 31% | 65% | 61% |.60% 100%

Table 7. Analysis of nonmetallic inclusions.

Ladle
refractories

Roseki brick (silicious)

High-alumina brick

No. of * 7 10 11 6. | 8 9

1 2 | 3 |4 1 | 2. 3. | 4

(Al added) 0 0 0 05 05

0'5

2°1 2°3 | 2°5 2°3 | 47 33 £ o

Si0; %
Al,03 %
FeO 9;
MnO 9,
Cr203 %

Electrolytic
analysis

0°0052/0*0051{0*0051|{0*0065/0°0051|0*0107
0°0086|0~0062|0*0110/0°0079{0*0123/0*0099
0°0062/0°0079|0*0022/0°0078/0°*0020|0 0076
0°000 0°0035|0°0006/0°000 {0*000 {0000

0°*0006|0*0007|0°*0008[0* 00080 *0006|0 * 0006

0°0094/0°0116|0*0117|0°0093/0*0073/0*0086|0 *0053|0* 0044
0°0068|0°0043|0°0051/0°0043/0°0036/0*0035|0°0017{0*0024
0+0023|0°*0021]0*0031|0*0036(0*0013,0°0020/0°0078|0*0019
0°0014|0+0028[0°0013|0*0026/0°0062/0*0040(0*0028|0*0015

0+00030°0004{0*0003|0*0005(0*00280°0003(0*0002(0* 0003 .

¥ ¢f. the former report.
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Effect of Some Factors on Primary Cooling.

(Stud& on continuous casting of steel—V)

Synopsis:

In the. prei?ious report

(Tetsu-to-Hagané, 45 (1959) 12, p.

Kiyoto UsHIIIMA

1341), experiments were

" carried outon effects of the primary cooling, in other words cooling of billets in molds, and

“on the surface of billets."
conditions were confirmed.

The importance of setting the primary cooling under the optimum

In this report, at first the mechanism of the prnfnary cooling is considered, and then

mental results are summarized as follows.

effects. of some factors on the primary cooling ari 1nvest1gated expemmentally
it

. Majority of the primary coohng is conducted by he
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Experi-
transfer from the surface of the billet
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