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Manufacturing of Large Rimmed Ingot

Shigeru 'TAMAMOTO, Takuro UEMURA, and Hajime NASHIWA
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Table 1. Usage of rimmed steel and origins of typical defects.

Usage | Typical defect ; Origin

Cold strip for quality surface 1
(Automobile outer etc)

§

Slight linear defect

Unsound rim skin

Hot and cold strip for deep drawing | Sullen defect caused by processing

(Cylidrical manufacture and end crack
wall etc)

Large inclusion of ingot
bottom

Hot and cold strip for punching

(washer etc) punching

Separation on the side face on

Large inclusion and heavy
segregation

Cold strip for quality flatness
(steel cabinet etc)

Lack in flatness

Segregation

Others Heterogenity in strength

Segregation
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Fig. 1. Relation between thickness of solid skin
and time 1/ 7.
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Fig. 2. Relation between range free lenticular
blow hole and ladle sulfur.
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Fig. 5. Relation between thickness of solid skin
and ladle sulfur content at various teem-
ing speeds and ladle temperatures.
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Fig. 6. Influence of the timing of Al addition
on the occurrence of skin hole.

KD LR LIS SR SBAMAD ) 2 /7o v
2 IRl BOLNT, ¥, $HAROY 2 U SREE
LIELIEZ7 + — 2 VREBEE L, LTOHER, AF ik
—WOFENRRDE Lo HAMEP» SR DR
MUZEETE, SFAPHRAX D VI 570y o U hER
Do, RFR— VOB LIc. &AM~ S
SR LRSS ATBr S0V r7 oy
aVEATEID JIERTDY ¥k — vialEe e
2.

LRROEREIHAPOBEHNOHRAE*Z LT5K
e FAIE S SN BE v h R R ET RIS
DEEDKIMRED TV AL L OTEAIRTWS &
Ex5. Tishb, shot Al AR AERM L7
BEHDVIRELTEMLEWESICREATI X 5858
RNIBE~DER L EDEERABL L >TE ALY
& LTHRELALCOFRIHREEED LENTES /v o

6

REZEL, ThBSHREL LR TR SFER
PZEEL, Wb 77— IV FRRF4 05, LA
0T, REFIE AR Lo2b s MAiBiEREEY LS
THEBREOFERBR WD FE LRESTHELD =
FUoA—NMELTERETS CoBRFELIZC-08
FAFIDIEEE 7o 1T ERKEE (8.<0.006%) OIEEIAHAE
NAGAEFLL RS, Zhox LTghrtgur shot
Al ZAIWEBAREARE TOBRYBEERHEET 5
7o, [BOKEZMIEL, Zhic X > THEHE D
SR BIC X 5 ERMASHAMEANCE M 2 x vk —
WEHBRB U< ik5. LOFXRGEOEEREY & k8
2WThvnzb.

{E5E (0.006<S <0.0129%) TlI—fRlic7 = — 8 v
TIEBHBEL DT, X d—URBT LT W L
ERBMLTWS. ZoOBARRIETCRSX S5, CO
EFEPBELLBRDZ LRI DOTHEB ANV X UHRE
MRS CORBDBRLENER LY, kD7 + —
LU TEBTAF U A—WBRETEEEZLLNS.

Pk, ZHZRUCT, EREECRITIAF U F—1D
BWAREE LT — s RmERSEE RO L»TH
FRCEERD IS bo—a, Tiobb, ShAERE, Y
BT TV s VOBEKRBEETHEEEZELLNS.
Wk xhiE, Zh b o SHERRBIE FE TS
oMk, BESOEHUNOMBEROZELITLA
EBL TR EDBFARETHEHEVRS.

B, TZTCTHRHFREY L FELCEMn Y o Rifico
WT SRR ORh, ARERIMAR & WEER & OB
FRRIEENCEFHLEFRRTHS. L, FEMCON
ARTEY L RATHBD, SHARCEES 224
THZ LI DTREY & FEHE LD D DKWk 25
Twa5b,.

3.2 KBINED

J & READNEMOFER IR, REAB KT 5C
OLmdFE, B EEFNITAESH LWERK X UK
DIEFE EDHET L DT, ¥V FHELELL B2k
BEAEBFLCWS. BIZE <2 oI AEDNE LL
ZVES THDOTH, T2 ofIRAEWIE b THE
WEEARD B LD, T o NERE < 2 o IR
METELLERBEDPRETHSD. DX D IFHES
DL PITI D08, X 54 LAEICXSKBNEDD
HMEEHR R EF Ly~ 2 oA FEOBRBICAS L T
AMBEV. TNECOREEELLEBEBEETFLERD <
7 a NEDORFEE, 100 p L ETHD, ZhbHidd
HANOBHEDORNBLBETHHEEEZBLTVS. Lird
ZhSDORBAYEMOEREEXSNEE THhI KR T
n, £, BEIRESNBLZFTOINEDSEE LY
HHT LY A FHOBEEZZONS. D EOESH»
5 ZDRBNEDDERBIE DV TENS.



X

By oA F#EH Moo R & 1609

3-2.1 RENEHOMBANS T

20 t SRIEDERR ) & FIHRO KB ML O 4RI
DUVTSFSRERR 3 7 R TEFET SR E ~10
ThbH. Fi, Fhug4 FHEMEA - P 24 PR
KB LC Z DR 2 7 ROKXBNEDE T2 55
#9 100 ¢ LT D I8/ M O N AE WA S e i L &
QITEHERE 7idrh R O 7ERD VWb % S IRERITERCF
L BT 5 HMICH 5.

20 t DL B0 KESEERICE LT OFAEMIE, B
W3, Fig. 7, Fig. 8it7R L7 23t BX U 27t DK
Y & R BT B2 RBNEDEDOSHO—F% 5T
b EROGHEOREATHREINATVS. Tibh, #
REIR I 7ROWHP HUMBEIETIEA — T 14 T
BTk 250 p LA LD & K i KB D NFEMBIFET HRE
FIRLETH D, —FHF bvg 4 FRMBETIX, 105, DATF
D HBRHI N O N FEWHS S IRERITHYUALE TR S L
FETS. Lal, Zhbima TR+ & 583585
K[MFELER T, »PRVORBONEDIHFETLH &
THh, Lid, TOEEERTBOFEERIE X5
LT3, BERRABOFEEREDO IR, Fig. 7 OER
ST, KRBNEDE I LIS,

D toRE» b, SWEEAELNIED»HFET HAE
A — S a4 7, Bz A FEEbT RGBT

Below 1054
4 105~250u
Above 250u

@ Tolat amount

from inqor top (%)

Fig. 7. An example of the distribution of large

inclusions in low carbon open type rim-
med steel.
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Fig. 8. An example of the distribution of large
inclusions in low carbon bottle type rim-
med steel.
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from zone (a) and elongated blow hole
zone (b).
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Table 2. Composition of typical large inclusion in low-carbon rimmed steel.

(bottle type mould)

| ?

Composition
Position ’ Shape of | Size ;
. of | large | of | Chemical analysis (%) | Electron
ingot : inclusion | inclusion | , - | deffraction EPM.A
ﬁ | Si0, | MnO |ALO, | FeO | Ca0 | s | analysis
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(S. Segr. Globular | <250y { <1 | 47 | 10 | 32 | — | 10 | (Fe, Mn)O- Fe-Mn-Si-Al-
zone) : AlLOg 0-3
Core-bottom <250p | 8 | 40 | 24 | 26 | 2 | — | (Fe,Mn)O- | Fe-Mn_Si_Al
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. ‘ ' ! (Fe, Mn) O- M
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(Elongated- | $7¢ MnO-SiO, a
blowhol
zone) Lumpy | <250, 100 ALO, Al-Ca-$i-O
Globular | <2504 | 12 | 51 | 21 | 13 | 3 [ — [ (Fe MmO FeMn-Si-Al
23 e
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Fig. 9. Effect of ladle temperature on the amount

of large inlcusion in bottom slab,
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Fig. 10. Relation between amount of large inclusion
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