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The Behavior of Oxide Inclusions in the Solidification

Process of Steel ingot

Koreaki SUzUK1, Masaru FUKUMOTO, and Kézé TANIGUCHI

Synopsis:

It was found that a large number of inclusions with various sizes were suspended in a molten steel taken
from a tapping ladle and the number of fine inclusions did not decrease by killing for about 20 min. The
chemical composition and the number of these inclusions were determined. The distribution of inclusions
in the bottom half of 7 ton ingots was inverstigated, taking above results into consideration. In parti-
cular, diffusion growth mechanism was applied theoretically for the growth of inclusion in the negative

segregated zone of these ingots.

Observation of macroscopic inclusions, which appeared in the negative segregated zone of a 90 ton ingot,
indicated that the formation of the inclusions was closely related to the solidification condition in the

region.

(Receieved Mar. 1, 1971)
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Fig. 2. Sampling position in a ladle.
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Table 2. Chemical composition of molten steel.

} C Si | Mn p S Al

0-012 | 0:007 | 0:003

o [ 0-38| 036 0-75
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Fig. 3. Position of investigation of 7t ingot.

Table 1. Chemical composition of motlen steel.

Chemical composition (%

No Fu{nace Ladle P (%)

slag C Si Mn P S Ni Cr Cu Mo A AL

1 7 0:24| 036 | 1:35| 0016 | 0:013 | 0-21 0-11 015 0-04| 008 0002
2 off 10 061 0-36 | 0930019 |0010| 0-32| 0-34| 019 0-07 — | 0:005
3 14 052 | 0-29 | 039 | 0025 | 0012 | 0-30| 0:47 | 017 0-08 — | 0-004
4 off ] 0-38| 030| 080 |0-018|0-0t7| 019! 0-17| 017! 004 — 1 0-002
5 1! 0:34) 0-34| 0-82|0017(0014! 0-15| 0-21 0-21 0-05 — | 0-002
6 .3 0-28| 029 | 0-69| 0015|0007 | 0'12]| 0-09| 0°23| 0-03 — | 0008
7 17 0-30 | 0-30| 0-63| 0012 { 0-013 3-45 1-82 | 020 0-51 0-13 | 0°003
8 21 0-26| 026 0-70 {0014 | 0-013 | 0-35 1-10 | 0-22 1'20 | 0'25| 0:004
9 7 0-21 0-21 0-34 | 0-012 | 0-015| 3-68 1'76 | 0:09| 0-41 011} 0:003
10 4 0-20 | 0-27 | 0-33|0-009 | 0'012 3:66 1-86| 0-10| 0-47 | 0-13 | 0003
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Fig. 4. Sampling position of 7t ingot.
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Fig. 5. Position of investigation of 90t ingot.
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Table 3. Chemical composition (%) and casting condition.

C Si Mn P

Ni Cr Mo Al

0-21 0-34 0-66 0-016

0-010

0-17 0-17 0°06 0-002

casting temp. 1580°C Vacuum casting.
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Fig. 6. Relation between number of inclusions of each size with killing time.
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Table 4. Composition of inclusions (EPMA analysis).
. . | C it1 9 ’
i}leat " Ladle | Slag Time a.fter Sampling | g;,. | | omposition (A’), | L€
° r tap (min) | position . | Si0; | MnO | ALO; | CaO | MgO | FeO
0 center | large | 479 | — 7-0 | 459 | 50 1:0 %
center large 35-5 405 4-7 — | — 1-4
_ |
5 side |large | 366 | &1 | 184 [ 248 | — | 28 k
1 p ' i . \
large 431 | 294 — — — 2-1 ¥
8 center | e | 30°9 | 263 — | 151 — 53
! b side large | 361 | 51 | 177 | 346 | 76 | 09 |
E i center large 361 7°9 2004 ; 251 7°3 2°5 b
0 center | large | 30°4 9-3 | 184 | 13-4 | 191 46 :
3 14
15 center |large | 384 | 13.0 | 17°1 ‘ 112 | 90 2:6 Iy
center large 248 14-9 32-5 | 68 | 109 1-9
0 side larSe | 456 | 32°8 40 — = 1°5
side large 366 2:5 | 16'3 | 37°4 | 79 09 y
2 10 off 6 center large 36-3 77 29-7 I 14-2 I1-5 1-8 ’
’ 13 . small | 32'5 9-8 | 282 89 | 155 1°9 g
centet 1 large 29-1 103 | 284 5'5 | 136 06 X
' 18 | center |large | 3770 | 83 | 285 | 157 | 102 1-8
| i ]
center large 37-8 141 255 9-9 58 1-5
0 center { small | 28-0 | 11'6 | 323 | 10-0 2:2 —
large 30-6 8'6 25°3 17-7 2'5 1-3 r
side .| large 39-9 11-7 29-1 15-3 45 1-3
4 1 off side large 53-1 40-3 — — 5-0 1°5
center large 44-8 453 — — — 8-4 -
15 center { small | 37°5 | 157 | 284 66 60 1'3 ‘
large 3¢9 | 14'3 | 253 | 10'8 5'6 2:6
side larSe 42-2 | 170 | 181 7°6 59 2-2 '
side large | 516 | 364 51 — = 2-3 \
: "
small 46-6 9'6 — 253 — 17-2
7 ! 0 center large 47-2 43 — 347 — 211
' , ' l center large 34-5 — — 548 — 14 ‘D
; ' ! 0 sid { large 48-8 — 10-0 46-1 — 1°6
8 3| ¢ large 40-8 — 70 | 49°5 — 14 1
17 center ‘ large 360 39-4 — — — 215 "
4
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Table 5. Number of inclusions in bottom part of 7¢ ingot No 1.
ue
3 9 15 21 27 33 39 | 45 | 51 | 57 | 63 | 69 | 75 | 81 | 87 93
No no
1 1092 | 277 | 15 2 1 2 1 1 1
2 8962 | 411 | 34 8 2 1 1 1 2
3 479 | 390 39 7
I 4 382 | 294 | 58 29 6 7 2 1
5 363 | 229 | 56 30 8 2 6 2 2
6 299 | 146 | 21 24 3 4 2 6 2 1 1
7 219 | 131 | 23 11 12 7 1 3 2 1
1 977 { -261 { 19 4 | 2 1 1 1 4+
2 784 | 465 | 27 7 1 1
3 484 | 442 | 45 13 1
I 4 236 | 252 | 24 2 1
5 156 184 29 14 9 1
6 203 | 164 | 33 17 13 4 1
7 267 | 105 | 10 14 7 8 1 2 1 2
1 1101 | 332 17 1 4 9
2 969 | 427 | 11 4 1 1 1 1
3 661 | 475 | 44 4 2
v 4 410 | 458 | 68 18 3 1 1
5 188 | 175 | 24 7
6 172 | 170 | 32 1 6 1 1 2
7 201 | 128 | 26 9 7 7 1 1 3.
Table 6. Number of inclusions in bottom part of 7* ingot No 2.
pe
\ 3 9 15 21 27 33 39 | 45 | 51 | 57 | 63 | 69 | 75 1 81 | 87 | 93
No no ,
1 |1230| 249 | 22 4 2 1
2 852 | 501 | 34 7 1 1 3 1 2 1 1
3 670 | 582 | 42 10 1
I 4 551 | 422 | 45 | 23 | 10 3 1 1
5 433 | 358 | 53 27 8 8 3 3 1 :
6 361 | 233 | 27 14 . 7 8 1 3 1 1 k
7 | 321 257 25 | 20 | 10 | 10 | 3 | 4 1 1
1 | 841 | 434 | 22 2 2 1
2 | 793 | 462 | 32 3 1 1 ‘
3 ! 682 450 | 25 2 1 ‘ :
I 4 436 | 353 | 37 2 1 }
5 3731 197 | 24 23 11 1 1 1 !
6 281 147 1 25 21 8 3 2 2
7 203 121 | 26 14 4 3 1 3
1 923 | 303 15 2 3 1
2 732 | 409 | 22 6
3 646 =~ 486 | 67 11 2
v 4 5631 394 | 32 ! 9 1
5 420 © 224 | <9 3 3.
6 ., 267 1731 26 |, 20 9 : 1 ; 2
7 ! 230 140 | 24 i 11 7 31 3 2
f §
Table 7. Composition of inclusions in surface of 7¢ ingot (EPMA analysis).

- % si0, MnO ALO, Ca0 MgO | TiO, FeO )
3-2-1 41-2 166 188 7+9 — 2:1 41 5ué
3-2-1 390 20-4 16-8 13-3 — 0-9 2:0 60 po
3-2.1 41-4 75 27-9 16-6 — — 4-6 40 g
3-2.1 44-2 13-4 17-6 11-9 — — 3-0 j 716
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Fig. 7. Inclusions distribution in No I. 7t ingot,

Table 8. Composition of inclusions in center of 7¢ ingot (EPMA analysis).

o % sio, MnO ALO, CaO MgO | TiO, FeO 1é
3.2.7 448 168 23-2 82 69 2:4° 1-8 50 ug
3.2.7 47-4 143 251 58 82 1-4 1-3 50 pb
3.2.7 440 22-1 146 55 — — 4-0 4y
3.2.7 39-0 135 22°5 7-3 55 25 37 8 1
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Photo. 2. Sulphur print of kottom part of 90t ingot.

Photo. 3. Macro structure of bottom part of 80t ingot.

B F RO T3 X 0 BRI A S Eh
H5TH 9. THHLLEFLERBISVWTTORKEKIZSS
DM F 2 T _XTRIR L TR EL A D ERETH
1E, REORERKOL S CEHEIRBD.

(D X222 b—2 20ANCIE27F LiEEER v &

v=2.g.1~—.4‘0/9 yi;—_,':r? ........................(2)

100 - 200 mm

—J, At BRNCER r ORF 0SB0 T B KA V ko
XoikbEhs.

=z ,204;(3)
VAR BRI AR ISR E T N EDMR FOEREOH 4
oa LTBHE, ZOMIIBIRT DR FOEE 4V 3k
HTERbENS. )

AV m r e ¥2e g fle @ eeveeeeemeem et cieaaean (4)

— 68 —

.



~¢

N

3

MBOBREGRBICSY 28BIbDRFLBNEDOETICO VT 69

Photo. 4. Macro structure near macroscopic inclusions in 90t ingot.

Table 9. Chemical composition of macroscopic
inclusions.

$i0; | FeO | MnO | CaO | MgO | ALO,

Nol | 44-6 | 0-24 | 3-34| 32:4| 916 | 598
No2 | 416 | 046 | .3:07 | 303 | 9:06| 572
No3 | 48'5| 065 2:90| 30-3| 7-78 | 7-08
No4 | 42:8| 032 | 340 | 31-5| 9-25| 6°03

030 030 031 03703
030036 03703

027 026 029 035

036 02§

! ] 1 ]

O 100 200 300 400 mm

Fig. 9. C distribution in bottom side
of 90t ingot.
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Fig. 11. Growth of inclusions by floatation.
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Fig. 12. Inclusions distribution curve.

Fig.~13. 2 dimensional model of diffusion flow.
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Fig. 14. Experimental apparatus.
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Table 10. Mean growing velosity of each groups.
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Fig. 16. Relation between mean radius
"and keeping time.
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Fig. 17. Growth velocity of each size inclusions
in Fe-O-Si system (experimental).
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Fig. 18. Growth velocity of each size inclusions
in Fe-O-Si system (calculated).d
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