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Behavior of Large Inclusions during Solidification of Ingots

Synopsis:

Masayoshi KuBA, Kou Tasaka,

Yukiyoshi ITOH, and Hirobumi MAEDE

An investigation was made of distribusions and chemical compositions of large inclusions in rising capped
steel, Al semi—killed steel, and Al-Si killed steel ingots, and the origin and behavior of the large inclusions

during solidification of ingots were clarified.

The large inclusions are formed as a result of the coagulation of the deoxidation product in the mold to
the exogenous inclusion such as the steelmaking slag and the errosion product of refractories, and the deoxida-

tion product in the ladle.

The ratio of the mold deoxidation product in the large inclusions increases as the size of the large inclusions

decreases.
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Fig. 1. Cutting section of ingot.
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Table 1. Data of ingots.
. Ladle additi
Ladle analysis (%) ! @ t(z l?cr/ lt )on Al in mold| Ingot
Ingot i weight Remarks
c | si|Mn| P | S FeMnFe-Si| Al (g/t) | (0
A 0-11] 0-01] 0-40, 0-016/ 0-018] 3-4/ O 0 0] 13-7 | Rising capped steel -
B 0-19] 0-01; 0-81] 0-012[ 0-017; 10'6; © 03 35 17-4 | Inverted Al semi- Killed steel
C 0-21| 0-01}f 0-79 0-014| 0-017} 10O- 9| 0 0-2 35 17-4 Inverted Al semi-killed steel
D 0-11] 0-12{ 0-40, 0-018} 0-013 4- 2! 2-3 0 68 66 Al-Si killed steel
x17 (3/4)
Ingot A (Section B) Ingot B (Section A)
Photo. 1. Sulfer prints and macro-structures of ingots.
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Ingot D (Section A)

Photo. 2. Sulfer prints and macro-structures of ingots.
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Fig. 2. Distribusions of large inclusions.
Table 2. Chemical composition of extracted inclusions.
Chemical composition (%)
Ingot Position Size (/ﬂs)
FeO MnO Si0O, Al O, CaO
53 ~ 104 13-91 4697 11-54 7-22 2-14
104 ~ 208 13-12 43-47 20-38 7-07 1-54
Bottom-center 208 ~ 351 13-06 4200 24-37 10-00 1-28
ottom-cente 351 ~ 495 11-69 39-32 2524 11-01 1-16
495 ~ 991 10-59 35-28 2847 12:96 1-06
991 ~ 3962 9-37 31-31 31-49 15-70 0-98
A
53 ~ 104 15:60 45-00 15-00 10-00 2-10
104 ~ 208 13-60 48-50 20-00 2080 1-40
Bott 208 ~ 351 13-60 47-00 24-00 14:70 0-90
ottom-core 351 ~ 495 12:00 40°00 2400 13-00 1-00
495 ~ 991 8-60 32-00 34-00 21-80 0-30
991 ~ 3962 9:86 31-65 30-45 15-98 0-93
53 ~ 104 2-26 35-07 11-28 30-08 3-95
- 104 ~ 208 305 34-85 12:55 28-24 4-48
B Top-subsurface | 94 35 2-62 3520 13-10 2402 467
351 ~ 3962 1-25 32-20 10-40 18-50 4-19
53 ~ 104 3-24 41-31 14-11 21-16 2-26
104 ~ 208 2-5]) 40-70 16-36 20-41 3-08
G | Top-subsurface | 959 35 3-06 4022 16-89 1689 203
351 ~ 3962 3-67 40-04 17-47 15-59 2153
. 53 ~ 104 6-69 26-28 33-31 23-55 512
D Top-subsurface 104 ~ 208 4-53 29-10 36-81 17-83 6°37
208 ~ 3962 4-76 32-36 41-85 11-91 7-70
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Fig. 3. Chemical compositions of extracted inclu-
sions. (L : Large inclusions, S : Small in-
clusions).
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Photo. 3. Micro-structures of extracted inclusions of ingots.
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Table 3. MnO/FeO of extracted inclusions.
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Fig. 4. Activities of MnO, FeO in extracted
inclusions. (L : Large inclusions, S :

Small inclusions)
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