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Effect of Ingot-Making Conditions on Non-Metallic Inclusions in

Rimming Steel Ingots

Kgichi AsaNoO, Tsuyoshi SAEKI, and Yoshio NURI

Synopsis:

It is proved that the amount of non-metallic inclusions extracted from middle-rim-zone and from
bottom-core-zone is related with the amount of gas evolved during solidification and rimming

action.

The amount of non-metallic inclusions in middle-rim-zone becomes less as the amount of evolu—

tional gas from rimming steel ingots gets larger.

For example, the cleanest rim-zone of ingot is obtained

at the carbon content of 007 to 0-099%, at which the amount of evolution gas is the largest. The
amount of inclusions in bottom-core-zone is not always corelated with the gas amount, but it is found
out that there is a certain range of combination of carbon content and additional amount of aluminum

for the least amount of inclusions.
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Table 1. Mold dimensions.
Width |[Thickness Width Height
(mm) (mm)  {pickness| (™™
Top 1405 840
1:63 2 200
Bottom 1450 906
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Fig. 1. Measurement of rimming intensity.
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Fig. 2. Element of rimming intensity.
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5. Relation between rimming intensity and extracted

amount of non-metallic inclusions.

Table 2. Commercial composition of rimmed steel.
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the carbon content of the liquid metal.
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Photo. 1. Microstructures of inclusions extracted from various positions in ingot and its analysis by
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Table 3. Types of inclusions extracted from two ingots.

Position of (Ii{_ange of . Types of inclusions *
le 1lameter o . Type (1)
samp checked partic- | Type Type YP
les (1) (1) (a) (b) (c)
2 102
<53 1°9 981 |
80% |  105~210 o 150 3.3
A ingot 297~.420 827 ]; -3
no aluminum
, 1 100 L
added Core-Bottom <53 1:0 980 é-o
44 2
105~210 815 37 14.8
12 1 2
90% 297~420 80'0 67 ]33
500~590 5; -3 4? 7
590~700 2(1) ‘0 83 -0
1 97 6
<53 1-0 93-2 5 8
B ingot 809% 105~210 13-1 gg'g
I Core-Bottom 840~ 1000 | |ob
added
12 75 18
<53 11-4 718 17°1
909, 9 12 51
105~210
3.1 185 78-4

* Upper column : Number of checked particles.
Lower column : Percentage.
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Table 4. Chemical analysis of extracted inclusions.

Name of Position of Range of diame—‘ Chemical analysis (%)
ingot sample (u) ter O.F checked R S R ‘ o
#) |particles Si0, %A1203 % FeO r MnO | Ca0 !crgo3 !omers
590~500 13-04 | 408 32°61 ! 4892 122 | g13 |
500~420 12:08 | 570 31-11 . 48:35. 2:07 | 0-17 052
g 420~.297 9-48 | 4-33 ' 30-89 5280 165 ! 040 = 0°45
g0, 297~210 11-34¢ | 4:07 ' 30-81 51-80, 123 | 026 049
A ingot 9% 210~105 | 10°00 | 2-77 30-27 55'38( 132 . 0°26 = tr
g | . 105~ 53 . 7-62. 267! 388 4823( 240 | 027
no aluminum ‘ J 53> , 49-20 ! 5-06 ¢ 19-25 22-70 } 2-78 | 0-51  0-50
added u Average H 1451 | 3-87 | 31 24; 48-11 i 1-77 0-25 025
Core 840~710 11-09| 452 | 3065 5256 | 1:03 | 015 ¢t
bottom 710~590 597 | 3-11 | 27-31| 62:19| 077 | 0-13 | 0-52
590~-500 12:88 | 3-72 | 33-01| 49:46| 0-83 | 0-10 tr
500~420 11-23 | 4-18 | 28-72| 54°83| 0-91 | 0-13 tr
90, 420~.297 9-50 | 3-91 | 34-92| 5028 | 1:26 | 0-13 tr
0 997~.210 7-21| 224 | 29-85| 59-72| 0-74 | 0-24 tr
210~105 11-16 | 316 | 27-18| 5639 | 1-80 | 0-30 tr
105~ 53 11:'16 | 510 | 3668 4306 | 367 | 0-32 tr
53> 4-98| 3-41 | 31°79| 57-11| 242 | 0-29 tr
Average 999 | 367 | 31°26| 5319 163 | 022 | 00
590~.500 4-63 | 1871 27-57 | 47°71| 1-26 | 0-12 tr
420~350 1-5¢ | 15-70| 18-51 | 61-95| 205 | 0-25 tr
297~250 6:35 | 14°05| 2849 | 4806 | 175 | 0-43 | 0-87
809 210~105 2:66 | 19°64 | 35°11| 4062 | 1-55 | 0-42 tr
. 105~ 53 3-76 | 19-55| 27-81 | 47-08| 1-12 | 0-68 tr
B ingot Core- 53> 3-45 | 1586 | 3586 | 4276 | 152 | 055 | tr
aluminum bottom Average 3:67 18-29 | 30-67 | 45°55 | 1-33 057 0-02
added 2000~1000 | 126 | 13-80| 40-77 | 43-20 047 | 032 | 018
1 000~840 3-45 | 12-49 | 2860 | 54:40 0-71 | 0-35 tr
590~.500 257 | 1849 | 25-73 | 51-77 | 1-12 | 032 tr
420~350 604 9-11 | 22-80 | 58-42 | 1-81 | 0-6l 1-21
902, 297~210 253 | 1857 | 29-15| 4665 | 1-93 | 0'59 | 0-78
210~105 1°32 | 1536 | 20°78 | 61°35| 0-98 | 0:22 tr
105~ 53 528 | 2169 | 20°27| 5152| 077 | 047 tr
53> 3-91 | 23-19| 3116 | 39-13| 1:74 | 0-87 tr
Average 3-94 | 20-37 1 26:20| 47-68| 119 | 0-58 | 0-04
2000~ 1000 | 44-84| 2'59| 20°16| 28:71| 337 | 015 | 0-18
1 0060~840 37°69| 267| 2197 | 34:45| 267 | 0'24 | 0°31
840~710 2:85| 2-99| 2672 | 6150 | 569 | 025 tr
710~590 31-47 | 12:06 | 24-12| 29-41 | 273 | 0-21 tr
550~500 29:30| 6°61| 21°65| 47°57 | 158 | 0-29 tr
809, 500~420 2458 | 8°15| 2268 | 4266 | 1'54 | 039 tr
o 420~.297 28-22 | 8-24| 2476 | 3713 | 124 | 0-41 tr
297~-210 2366 | 6°89| 21°70| 4596 | 141 | 038 tr
. 210~105 23-38 | 799 | 29-20| 37°02| 146 | 0-38 | 0-57
C ingot Core- 105~ 53 18°26 | 2504 18-26 | 34-53 | 2-12 1-25 0-54
no aluminum | bottom 53> 11-37 17°20 19-78 47-56 2-51 0:92 @ 0-66
Average 2643 7°76 | 23.72 | 39-48| 2-06 037 + 017
added
! ! P
2 000< 60°83| 1995 860! 904, 1°26 | 032 . tr
2000~ 1000 | 4440 | 13-31 22-15' 14°05; 591 | 0-18 « tr
1 000~840 42-53 1 7-74 ' 25-15! 20-32| 3:29 | 0-29 | 068
840~.710 36°36 | 2:31 0 1886 36:36| 4:95 | 0-44 | 072
710~590 31-68| 6°10| 23°26| 3590 275 | 0°31 °
' 909, 590~500 | 2274 | 9-32 | 23-91| 41-01 | 170 | 0-3¢ . 098
0 500~.420 33-87 | 817 | 26°39| 27-68| 264 | 0-50 | 075
420~297 | 2958 | 6-96| 27-04| 33-46| 1-29 | 051 | 1°15
297~210 29-67 | 9-44| 22561 36°65| 112 | 056 ! tr
210~105 24:17 | 8-13 ) 27°55| 37-46| 165 | 0-54 : 050
105~ 53 22:22 1 11-72 1 20-74| 41-47| 296 | 0°€9 ¢ tr
53> 10°05 | 28:89 | 22-12| 3489 | 1-6] 1'63 . 08l
Average 36'39 | 10'96 | 2147 | 28°18| 2'19 | 043 | 038
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1 000~-840 42-29 1 1150 | 20-18 | 23-92| 115 0-39 0-57
710~590 39-13 404 | 22:05( 3289 | 1-76 0-13 tr
590~-500 28-97 6-71 14-38 | 48-45| 093 019 | 0-37
500~420 32-25 6-90 | 22-88| 3568 | 2-06 023 ! tr
809, 420~-297 43-90 4-38 | 14-01 36-48 | 110 013 ; tr
D ingot ° 297~210 37:42 3-86 | 1351 43-65 1-04 0-21 0-31
mg 210~105 18-12 4-47 15°70 | 60-38 1-09 0-24 tr
aluminum 105~-53 9-23 13:06 16:70 | 57'52 | 1-90 0-80 0-79
dded Core— 53> 11-18| 13-98 | 20-13 | 53-10| 0-94 0-67 tr
adde Average 30-16 | 547 | 15781 | 46:97 | 117 025 013
bottom
2 000~ 1 000 45-69 | 1-48 25-25 | 26-02 1-47 0-09 tr
1 000~840 7°95| 8-95 39-69 | 41-77 1-34 0-30 tr
840~710 4670 | 570 24-60 { 21-44 | 1-30 0-26 tr
710~590 5364 | 6°93 16-11 22-33 | 0-87 0-12 tr
909, 590~500 38-14 | 9-59 22-09 | 28-06| 1-36 0-30 0-46
? 500~420 26-44 | 877 21-84 | 41-38| 1-25 0-32 tr
420~297 24-96 | 8-42 23-36 | 41-07 1-87 0-32 tr
297~.210 26:77 | 607 23-36 | 42-43 | 1-37 tr tr
210~105 25-87 | 435 17-30 | 50-€0 | 1-59 029 tr
105> 21°41 | 9-54 26-31 39-56 | 2-31 0-87 tr
Average 32-84 | 5-87 22:96 | 36-65 1-48 0-18 0-02
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