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A Few Phenomena on the Occurrence of Large Inclusion

in Bottom Part of Low Carbon Rimming Steel Ingots

Synopsis:

Takami IKEDA, Katsukiyo MARUKAWA,

Takae KOBAYASHI, and Satoru URA

In the rimming steel ingots, large inclusions exist characteristically in the bottom part of ingots.
The formation of large inclusions is related to the formation of “mushy zone” which grows up from
bottom of molten steel in mold during the period of rimming action. “Mushy zone’ can be observed
macro-scopically at the cross-section of solidified ingot.

The result of investigation of tested ingots under the various conditions indicates that amount of
large inclusions in “mushy zone’ increases with increase of height of “mushy zone”. Rimming time
and height of ingot have an important influence on the growth of “mushy zone’ or amount of large
inclusions. It is observed that when rimming time becomes longer or ingot becomes higher, both
height of “mushy zone” and amount of large inclusions increase.

(Received Nov. 13, 1969)

1. #

Y & FEASRESER A ICIRE T S KRB ML S v
A BT AME LOXKED—2>THDH. TD
K ANLERORAVITE 2 OBMERIC L 2T HLHAE
LEnB, LY IRV THEBERCER
TREETAR & b CEERMEXA T 5 T o5l
T 5OD. KBRS 35 X O%E TS 4 Bigins £
F XTI WEIR TRT H ORI X O OBLE
VX BRMNTIBRT 5 2 &b LiCOARBEE T 5
EO—oDFERP VIS D LS. AR TI3EkE
ORI O = & 9 MRk D B T DRETEFE O 4 KIZEEHS
MEFTE S LERL, & U THTRE & RBAEY
LoBGELINT B XS TEREROREFEAHLMTL
7z

il

2. 2 B B &

HKERDKR L L7cgb: Table 1| RS5O TH
%. 160t GEECIHERLALl e~ FRTERS 47, 8
WA X, i EOERERFEILE b OT, B
A, B, CO3SHFHTITNRREZDLIBRENLY, #%k
C, D, EEgEi-TsR—CchonBhi s 47, &n
WMBBEEOTWD. RELFA—Et—FRTDY I L TD
BROEER L 5D TERD TR NaF oifmz s

Fodd, TOPA, ) T L ZEHEE LTI SEER & DDA
BERTWIRV. R bvg A FOMREZDOE L XD
fhooF —F 2 4 FTRERED Y T o IHBRER LT
50TY o/ EREETEMTRETETY, LK
TEREHOMTED Y LBE P LHETH T LT L.
Ll O SRR I D\ T8I BT I PO ERCHIRE L,
ZFoOMEOY VT 7Y b, v olBREEL, O
XD ETRSEREIN TV L HEE S5 MR % 500
L. SHFA—MECEMELD T v 220 HIL
2T 4 LRI X BRENEY OB ETTR, G
B X UFRSHSHITIC X B RS, 2ol k&
wTIROT. B AT A LERIZ 15% IRILEE 1 8kakifiii
1 TH Skeg DOEIRIGE, &WEEREELLTTI~8N
MO BMEFTE S O TEE, EREEhLh 5V, 15
ATHD. NI LOTERBERNITHERLZEE» K
ik, BREEEC X O TN RO 2 M LER L /2.
F e IE O RIS B VW EHV TN 5.

3. R B & B

3-1 SREZOHKBEEOY /08K
Photo. 1 IZZEA IO H VT 7 7Y o b, < 7 o #H%k

* EMMUEIOAEFLSBRERAEITTCESE
Bfa4£ 11 A138 24
¥ R4 BTG MTLE kR

— 48 —



KEFE) & FEARENRORBNEDOLERICET 2, 3OBRFTOWT 709

‘Table 1. Casting conditions of tested ingots.

Condition Ingot dimensions Mold Capping Ladle
addition time analysis
Ingot Type Thickness X Width x Height ( mm) (g/t) (min) (%)
A 8211 155% 1700 C 0.08
B 8211 155% 2030 Al 40~50 Si <0-01
p Open 15-0 Mn 0-31
850 1 100 x 2 490 Poooud
D X NaF 130 S 0019
E Bottle Al 40~50 73
Otber condition; pouring method; Top pouring B
; pouring time; 2°5~2:8min
Table 2. Coefficient of rate of solidification from ingot bottom.
: : i . Height of (B) Calculated (C)
Ingot Helgh(t n(l)f 3ngot Rirh t(thkI;CSS (A) mushy zone K=(B)/(A) rimming time
m mm ( mm) ( min)
A 1700 130 700 5-4 263
B 2030 120 660 5-5 22-3
C 2 490 110 670 6-1 18-8
D ” 150 1170 7-8 35-0
E 4 70 550 7-9 7-6

(C): Calculated by d(mm)=25"4v"(min)
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Photo. 1. Macro-structure of section of tested ingots.
RTAROAREEDORE E L. TOLKDOERER 33 XEAEDOIHRR
BEREOLOTREVELRL, SREIAENEE SHIRDRBAEDOSFRIET TIZAT 4 2T
WIARBORE ER <5 T LflENn 5. FRHEIC XD TG T EIN TV 5D & & < B -

EEWZ S EETHEABNETH 5. Fig. 2 o4zt
— 50 —

Ty

—



BREY AVERENRORYMAMEWOLERICET S 2, 3oBKToWT 711
Ingot A l 8 ’ C l D I E ’
-65 8 2|3 -7l 5 ll8 60 5 ? 64 10 35 |-6-2 2 3
| |
56 9 10 26 10
I l I | |
25 16 19 30 8
l l l l I
14 21 16 |2 -2
| | l | |
-4 3 5,»\\ 7 -4 0 6 7 -4 2 6 7 -3 3 HERNE -5-2 2 6
AN | l J !
/ ? PN 3‘/ 4 / "2 4
’ )/ \J/ | / , l
/ 1 / 1 ,/’\\\1 4 3 2
| | S | ]
NSRRI aRra
‘ | ]
4l 3 43 -3 -4 k53 -4 -4 32 -3 -3 La 1 ta 3
L i | | ||
Ingot A | B | c | D | E |
| ' r——/" f—%‘ /\I‘
-I0 10 20 86 -3 2 39 9 0 9 2|l -2 5 22 9|5 -i0-2 3 2,5
| |
144 2|4 214 6|0 'IB
51 48 35 101 11
| | | 1 |
17 3y 17 27 i 4
i I l ¥ l
=S 10 15,..20 -6 0O 15 ? -7 5 16 -6 7 8/‘\7 -6 -1 7 14
// \\J I /I 1 |
r/ 9 -~ 6 8 ’ 7
,/ I // \\4 l // T I
’ -
/ 5 J -1 N5 |/ 7 6
f l I /' ‘ | N '
0 / -2 / -3 -1 ’,’ 0
| I b l | . I
-5 -4 -2 -5 - -3 -3 -6 -3 -5 -5 -5 -1 -5 -3 -6 1/ -4 -8
S 0 5 -1 3 ‘ 5 ‘ 1 ‘ ‘
1 | | | ]
Fig. 1. Segregation of P and S in tested ingots.

(Numerical value :

difference check analysis from ladle analysis. (X 10-394))
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Fig. 2. Distribution of large inclusion in tested ingots.— (1)
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Fig. 3. Distribution of large inclusion in tested ingots.— (1)
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Fig. 4. Relation between height of mushy zone
and amount of large inclusion.
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Table 3. Chemical composition of large inclusions at various positions of tested ingots.

Size of Chemical composition (%)
Ingot Position of ingot inclusion
() AL O, SiQ, FeO MnQO Na

Middle-Core >40 <5 <5 14 36 —

c Bottom-Core <100 17 10 13 44 —
(Mushy zone) >100 15 8 20 80 —
Middle-Core >40 7 8 11 26 0

D Bottom-Core <100 16 9 15 46 0
(Mushy zone) >100 20 12 16 66 0
Middle-Core >40 5 < 5 14 66 —

E Bottom-Core <100 15 7 9 43 —
(Mushy zone) >100 25 14 13 58 —

Method of analysis; Emission spectroscopic analysis.

Photo. 2. An example of micro-scopic structure of
large inclusion. .
a : x100, b: x200 (4/7)
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