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Some Consideration on Solidification of Rimmed Steel

Kiichi NARITA

Synopsis:

The solidification of rimmed steel and the segregation of the elements in the solidified steel are
described and discussed.

Experimental results show that the primary blowholes created in the solidifing ingot are very small
compared with normal rimmed steel ingot. It will be due to the fact that molten steel of this work
are poured more slowly than in ordinary operation. During the solidification with rimming, carbon and
sulphur are most remarkably segregated, and phosphorus, not so much as them, white manganese is
hardly segregated.

From the autoradiography of !%Au on the cross-section of ingots, it is observed that the solid-liquid
interface during the rimming period is very smooth and solidification velocity of liquid steel is reduced
from the bottom to the top of ingot. And also the solidification velocity is decreased by the existence
of blowholes too. The experimental equations of the solidification velocity are as follows:

Apreeeeenennx=2"15 (/7 —037)
Byreerereireiix=2-22 (\/—t—O'35)
Coppereverrerenx=228 (1/7_0-32)
Dyyeeeeiennnnn. *x=2-00 (1/7___025)

Symbols 4, B, C and D show the portions corresponding to 1/5, 275, 3/5 and 4/5 in the height of
10t flat steel ingot (1800 mm) respectively, and subscripts #, m and ! show upper, middle and lower
parts in each portion respectively, x is the thickness of solidified steel (cm) and ¢, time (min). The
thickness of the impure layer ahead of the solid-liquid interface, which, in generally, depends on the
solidification velocity of liquid steel, is decreased from the bottom to the top of ingots where the rimming
action occurs more violently.

Moreover, by the fundamental consideration based on “BurTON’s theory”, it is clarified that the CO
evolution from the rim-layer during solidification is more intense in low-manganese content ingot than
in high-manganese one, and also that the amount of CO evolved is, in either kinds of ingot, much
more at the top of ingot than the bottom. This result is very interesting in relating with the power-
fulness of rimming action, the degree of deoxidation and the static pressure of liquid steel.

(Received Feb. 15, 1968)
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Table 1.

Experimental detail.

Sulphur removal from hot metal by the duoritical mixing converter

(a)
DM , —
Heat | DM [ co Si%) | Mn@) | P S (%) | Demlferzation
Before 453 0-83 075 | 0112 0-046 |
K 1,2,3 ‘ After ‘ 465 0-80 0-76 l 0-114 0-006 87
Before 455 078 0-62 0-121 0035
K 4
5,6 ‘ After ‘ 4-25 ‘ 0-78 0-58 l 0-119 0-004 88
(b) Detail of steel-making
1. =
Item K 1,2,3K 4,5,6
RWME LSS, £BFESE JUERRED 3 H 34000
= o , . H 1 k 4 4
BRI S D SRR R TR I 50T, S0 Lot meal (1) Poton | 7400
HE TERNARMR OB E DR Z 2, U & Fill Charge Total (kg) [41300 [41400
) ) materials | Burnt lime (kg) 1790 1400
DEEFHKOM ER SCICHEDR Ex2R3rHZ 2 Scale (kg) 900 900
HE L, TEMBEIC kTR Ebhis) ) & K Fluor spar  (kg) | 6l b
BT 25RO 1 TH 5. Hot metal ratio (%) 84-5 ' 820
s o Blowing ti i 22-001 21-05
Y & REOBRE S SCIRITRARICOVWTE, s T$§%f§$mmmm§$$§ 3-260 545
T b % & D AT VB IS, 2 End point temp. °C) 1638 1628
?5< Mﬂﬁ%&én? o8 AT Tapping temp (°G) | 1607 | 1599
W ERBIE S DIFE I ATV IEREE | A LT ‘
JUES ) 5 KITH Y, LivbREWICHEVEETH  Laddle | HC FeMn o (ke/o o 015 5199
AT H B L, L EOAICs W TREDY) 4 244N | gope (kg /0) 0-81] 052
FIMEATRILEERECLCELD D, b —H Total weight of metallic product 37150 | 38280
—ZFVT Y L BOERIE I BEGRERE &% L, e (kg)
Killing time (min) 3 3

) & FEADEEBGISNWT 2, 3 ORI ERLADT,
AP TRBEEZEETIENLOEREZWMET 5.

7t BEREL DOCCRITEFOBITCEL T, &F0
PARE AT 505, BIKTIE3 ¥ BurTON®, NILLs® 5
OTEV DL VHAIWTH D, Fr—MTbH5
DT, FRILHLSCTREES IS ZLICL,

2. EREROBEEIVER

AEBIMRIEFAMEOHEANTICEDSLRH Y
LA FRSHTHD (AT :010~0°13%), Mn E#% 2K,
FSRPIAIG o Al hngz 2 ks JUghAREICs
FHERRERRO Al RInE% 3 KIS G HhETC
MBETH D, FHOMAEBER L. IS OERBIT
WL Y R TS FRIE 030 t EREESRERIF & IV,
B UDMI N— & —* [T X0 TR Z TS C
L7cidsiEiy 10t 2 BE OB EEh b TEEE &

* DMao o x—# — (Duoritical Mixing Converter) T & 2 /G0
BB ERFESYD LI THS.
DMaw x—4— 12t BE, FPREZE 1578mm, ZHH 122mm,
BiGEA : CaC, ¥ 10kg/t, BIFRALEE : KI~3 heat 1207°C,
K4~5 heas 1211°C, @4 60ppm, l4sec((E)—3sec(&s(k)—
1sec (i) 4z

(c¢) Chemical composition of liquid steel at
pouring (%)

I%?’ C Si Mn P S
K1 010 tr 0-25 | 0-017| 0-01
K2 | 012 tr 026 | 0-019| 0-01
K 3 0-11 tr 025 | 0-018| 0-01
K 4 0-13 tr 0:39 | 0-015| 0-01
K 5 0-13 tr 0:39 | 0-014| 0-01
K 6 0-13 tr 0:39 | 0:015| 0-01
L, JEEEmEoSEc LS o TER L. BIREtS

ORI 3T B IEMokE sk Z Table 14T,
Z 7B RREIC 3517 BEIESE R L SN ORI S LU
2 9 nhOILEERK S D2 L% Table 2 R

TrbbHmE HBNOERE 10t REHR (K
i : 630X 1550 mm, g @ 570X 1510 mm, & 1800
mm) 1 R EERIC XD TEHRAAY. IRisEREOMETIK
R SO REEE R M5 BR9T K5 s XU K6 il
ImoOWTIE, $5A5ET#% 4min, 8min ¥ XUF12mind
LREST RL—4~—& LT Au % 30~40g -2 3 [T
I7m b, FHE9 100g ZHEUEA L. EHERIC BT
LEIEEER T X, Table 2Rl X5 T vy

— 95 —



878 % & 3

W 54 4 (1968) 8 =

Table 2, Characteristic data of the experimental steel ingot.

rs] =g P - ©
gl lslelg] B SR
2 5 3 - § E gg £ | Liquid steel ond scum compositions in rimming period g §< gi 3
gl ES| egle 2 2 |S3 (28| 2
Bl 3|27 58 (€q E , sler|egl @
£l & | = < |EE & | C M [P | S| O |[SiC|FeO|ALOs|MnO| 8§ Egl88 <
0 B loio | 029 joors|ooorlooze 1284 [1850/18'56 | 4512
Kl | 1516 7212591 6 010 | 029 |0'020|0008[0018 | 576 14275| 873]3973|13 | O {100
12 | » 1009]029 [0022(0010 [0020| 432 ha46| 664 ]arot
O loninoy 011 _| 031 0018 |0°007|0029]| 868 [2665 |19000| 3975 —
_|K2]1530| 315 [ 248 { & 011|029 |0020|0°008{0024 | 656 |3247 [14'93 [4059[12°1| O | 40/ __
12 010 | 030 |0°021 0010 [0020| 580 |34'72 {1256 { 4186
10 010 [ 028 |00I8 |0008[0045| 654 [27'48|19-90| 4073 7
K311516 | 626 | 249 | 6 010 [029 {0019 [0008|002! | 516 3431|1643 |3917 125 O | 80 1™~
12 1 » 1010 033 |oo22|00i0 0017 | 478 32691555 | 41115
O | » joi_|043 [o0isl0007o0n 1053 [29'51 [13-40| 4302 7
K4|[1501 [ 140 {289 | 6 011|042 Jooig loooslovig | e12 [3665| 972|a551]15 |35 | 50—~
12 0110 _| 042 [0020]0010 10016 | 535 3917 | 91t {4565
O} » |oil |043 |00i7 |oooslonzs| 968 2532|1888 | 4072 7
K5|1516 {294 | 310 | 6 010 | 040 |0017 |0008|0020| 76! _[21'98 |1632 [5195(134( 15 | 45 |\
12 | +~ [010 {040 |0020|0010 [0020] 587 [3336 1916 [4330
O | ~ o1l |0 |o0ie0008l0023| 823 2566|1751 |4136
K611508 (600|275 | 6 | » lon o4 looislooosloois| 76 [3032]i1623 |a221 (14 |15 502"*
12 009 {038 ]0020{0009[00I5 | 619 |31'65 |1501 |4165
SEEVE K1 i e0im\ 2ETH b, & < Al i KR IR B E Vb TWwWh. F 7 U EIDC s

BEOBFRIIGEALRDONE» DI, FhAH Al
FRASET %, WK HEMASH D, VWFRORA L
FeO kXU MnO 2BEKSTH Y, 2 H LfDFeOH
VS OBM & &b L, T OEEY 2 2B
DReeE Kl ik Wi e W BHETHL. —F
Z# LD MnO BTk ¥ i 2330 b v,
AlO; d X TF SiOp BiZ A # A DHEANE & 3 [Tk
TAHEMPBD D fFAH arhd ALO; Byt Al Hhn
ENRE VST ES WEED B,

3. R B & B

3.1 FROBKBEIURAIBR

EROXIC LT 272 & A EDD 1/2 & THt
HENZEIIL, T 1 D&k BHEBICHEL, fib
DY OZEREM (INITEE=>5) kKkiF eyl 7.

WMo =y o BEEGT KI~K6 % E U Tk
FRICTHSH, MEDOY & FIARE TR AL D HiT )
KL T L DOBLERKBI/NE L L bIEF I Do &
W5 HTH D, Photo. | £7213 3-21H®D Photo. 3 1Z7R
L7k 5 WEloEH Ds L OB YT aMBICET
ROONHBRETHD. 20 XH5LBRIT >V,
BeLDING!®, HULTGREN, PHRAGMEND Iz X2 T LI5S
SNTHY, CO [ DOFEEHNIEFIL S IILIBBOT
E LR, BEES LRAARVIRSINEOT, 1K

26

JHEMRACEHRNCKI BEWMO LR FELIERICE
TLTHIEITEY, 1 REWWERL T EMNTED L
VHRLTWS . WTERIL LT S ARERER OS2 115
DY TEEDEEIC Table 2 h BN D LS ICEE
PEE G5 LV EE © 248~310mm/min) %5 % £z
LILEDDDTHBEEEL bLH* LBFHOLY T
AKBRIMBIC 31T 2 S EILBH O Y & FIMHIC LT
o, 0°01%BETHY, BFEOYLVT 7~ F
Y PRBRICH T SEIE O T T3 Photo. 1 7R L
EOCBILEDS TV Y v MEM LB SR V.
T DD EITDCTIRRED Y & FEHOMEL & KEix 7
v.olnk LIRGIESNE L L bIEFin A vwizm, =
FUE)LBEOBERIEHEVHED L5 Thuvas, Y.
BOEZE Mn 047y KI~K3 #0355 Mn
D% KA~K6 i X $EL, F74 KI~K3 i\
T AL IME DLW & B <, BIHOREE»
LHMEIND ) I VMBI EETNA6FREIND
BECITERELTVS.

2 E AT O I 3517 BIL2ER S OESFIkEE R
WIcERETRTE Fig. | ©0rB0THD, BTES

* HABHAAPNRIKSUIBEDY £ FEOAEE (BLEHHE)
BRTEDEDEBYTHE. B
AGHEEE : 820~1180mm/min, E+HE - 522~ 1300mm/min,

= IS ¢ 1314~1620mm/min, AZARSIE : 360~410mm/min,
EXEESR : 490~671mm/min.
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Photo. 1. Macroscopic etched structure and sulphur-printing structure of rimmed steel ingot
(Longitudinal cross-section in direction of the short-axis of 10t flat-ingot. x15/200) (7/10)

Table 3. Segregation coefficient* of the elements

OV AL L OREET TS E, Mo TOWTIRAF

In center in rim zone.

-) ABLIATEETIEEALERL DS,
WIFh A F - ABTREART, 2 7 8 THRIERTZ

b DR

Vo FETIEZ

Przhic

ORI INE, Y

£ |88 ki ko ks ke ks ke  FLCWE —RBICIIICRD BRI EMH O
.‘:: - g -1, St ., Al
5|z HRS OEIRS X CHARICH T 5 BIREE D%, RERE

= [=TIR={
7 K173 DOEEFTAEER T 20% BRI IE
4 |os50loezlo073lo6z!062! 069 &B‘LM e E L:ﬂ‘lﬂfz‘i BEL ,% e aRME NI IRIL
B |060]062]064!054]|062] 069 WEXREEING I & FITERERT 52,
C C |060|075|064|054]|062| 069 s s e .
D loeo!lo62!045!016!|054 061 DOFMBEFBEDOY T CUEREES DT XV FHEEER
E |060|062|009)|046|062| 054 SEFEEEZRT. £2TY I U SEROEERLD
A 000 0-00! 000! 0:00| 013 | 0-08 };i)j(%\/‘c‘:%i&h%‘)AELCOV\T?[&]%@%@T{E&
B {0:00}|004|000|0-15|0:08|0°05 AT AR O EHE DOltE b O TRIFERY T & Tabl
Mn | C !000{004|004]|0:15|0:05] 005 WM %TL ® Qﬁﬁ*&??.a'e
D 000!|000]| 000! 000|008 005 3DEENTHD. Tihbb) I U FEOREGBRCE
E |0°0010°00]0°00}0°00 002,005 .y CrrrtSrsoLbRITLLT <,
A | 000|031|039/033|0-14 033 S¥, Mn RIZLAERMTEZRIBVT L 5.
p | B AT 0 00 o0 T R DIR D RT3\ TSR NS DTS B IR
D |0-23/037|017|0-20!000!020 FWAARTEGRT 50T, S$iAKTE, i
E {0°29]0-31 | 011020014 | 0-27 o ?? i o 1o = ?% ?gﬁ%gﬁ
BENBERP I VSRR ZERL, SRS OREZL
A |067(067]|067]|050(070]|050 o EEE 2 Fig, 2 R
B |075|067|067 030060060 ERMRE T 2 mT
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analysed) BRNTIEEAEZLLEV.
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vos Lt . ' 1 1 | RO W LT B L7-Db, XE7 4
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—o—KI —e—K4 5 7 REE L, A 1T X0 TREOEST
o0t TTRE e KREEEL, BETOKEL Au DBA
0os b N\, R & ORI Bid I OURE E B A R
oos| o\, . XOF—FIOALT IO IHERT
ooz | ’;Q‘i—‘é—‘ﬁw oozl . L Photo.2 DrHHTHB.

ool  ° g ool | - LLEOERERID, St A{?
” o DEEGRCEVTEERR x=K0 ¢

0 | ' O | —C) BRET D EEEL, REEORE
0004 1 x (cm) Epgf ¢ (min) 2OBRID K

050 | 0003 + P IUC &kd D L GEENEE f =dx/dt i
o0 | Sm==—mtem———2 £ o002 Table 4 IR LR THLbEND. 71
030 | 62 s e cenmmcs= o - ooo! BilE t ISANE T LRz L
o0 Lt [ . o P BRI A B ST AN S VS, ER
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Fig. 2. Behavior of the elements in the liquid steel in mould. RERPNATE (5 X) ORKUETEL R

s L LTl THhLbL. F

32 REEEOMNE 7oA L7c Au 3% OO I 3V B EI I I ERE T DRF

BIEE 2 BT 7 X 9 WERASE T 1%, HWEE TOMIC A3 Y S P ERE BV EDTIEF IRV T &AL
4min BIFRT 3 EICHDT Au ZIRML MR AEL W TVEOTHEETH I LT L™,

Table 4. Solidification velocity of liquid rimmed steel.

_ oL 28
A, 5 =2:15(// 7 =0'37), f(1)=1'08x =, f(x)=""g
_ T __ 244
B, x =222 7 ~0'35), f()=1ilx =, f(x)="5g
B 1 2-32
Co x =228V 7 =032), fU)=1Mx= Flx)="573
— 1 3-00
K5 D, x=2:45(/ T =0°03), f()=1"Bx =, f(x)=7"775
‘ o Cau L __2'80
Dy x =2'36(1 7 —0°15), f(t)=1"18x—=, f(x)=""7r
K6 D x =2°24(y/t —0°26) FCy=112x = f(”>=ﬂ'
u 4 1/7, x +0°58
_ — . —1-00%— __ 200
D x =2"00(y/ 7 —0°25), f('t)—l 00x 7= () =777575
D, x=2"03(yv¢ —0°20), f(t)=1'02><# 2

1y B AR R,

(Note) 4, B, C and D show the portions corresponding to 1/5, 2/5, 3/5 and 4/5 in the height of 10 t flat steel ingot
(about 1800mm) respectively, and u, m and ! show upper middle and lower parts in each portion respectively.
x and ¢ are the thickness of solidified steel (cm) and time (min), respectively. f is the solidification velocity (cm/sec).
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Center Center
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BEZREL, TR X ORDIFERER LD D
TdH%. Table 412 Xnig, KOEIIHBEDTELES
D BEIMZ > TIER K E <K D5H, SBoNE
TOHEFATIKDOEAP S VEFLTED, &
WOFEIT X2 CERENS NG Z Ehiborb.
783 C OEVI S DEERA SEEERIC T Th & <
I BEMAD D, TIIIEITEERAOTIMIC S
VB EEEBIE D I < upsidis <, TERRTIZEERINS
I D INEAS N7 ARAEIT I 2 T SIS T EE T
20T, BEBORENTNIETFE DT &
BERTHEHE I LNS.
33 REGOHR®R

L5 3 2T AR A ARE R IMBE D 19%Au I X B
Bii=so - A~ 50455 7DREEERICE
FOF, YV ARBOEERIRIC I B EET IR
HETHS. dbAAA—+FUAF5 7L
D RHR NI EERER T B s RISITTE O
#f, MO X, 7 1 v o OFE, R S
KDOTRERELH, REROFZUHTTHLNIF —
FT XS T IIRTHREINN0 1 mm TH
%. %7z Photo. 4 W) T BB ICEITLER
DE[ET & B OBBIT X > T  “dendritic soli-
dification” ¥ %4 % * v FHIEMHOERE G2 5%
FTEHE LD THB.

i  Bottom )R TR E T IR ORINEE IOV Tk

K5

Addition of Au : 40, 30 and SOg of Au were added at 4, 8 and i2min

respectively, .after pouring.

Radio-activation : Reactor TRIGA-[ , Neutron fux 1019n/cm?/sec,

Irradiation time 12~16hr
Autoradiography : Fuji industrial X-ray film type 80,
Exposure time 4~20hr (at 40hr after irradiation)

Photo. 2. Autoradiographs showing the distribution of 1Ay
flat- BB EEE LTIRIFL GEBIL TV A8

in the longitudinal cross-section of -10t

ingot of rimmed steel. -

FERMBEOEIANER O U & FEBRICH T 1k
KAHFER T DT <, HD/NE W L3V 2 Photo. 31T
L XS ICERTBORENRD LN, -3 XITHRL
PIBARI X B A — NI U AL T T LBV T LEEER
PEVFHDISTHY, ECLTOMBERZEHET S
ERLTrLY. T2 CHROERAICOWTIEY o
DENME X DEX 1 mmOIBH T DOWTHHTEE & R
L, BAHES T X > T AU 228 L, #0DEES
M & DBREE OB ZIRE L. Table 4 1T/ L 7§
DEEAIOBREEEITZ O X 5L bHE L2 TRER

BHE LTI, BEHERMITTEDCBS) - K8k
KL, VT SEHOBMEER, v FEOS4
KOWTESH TV IERORERRE &5 5
HETDHE A< LD 500cm/minll FTH B L
FE2bNBOW. —F ) ABIRIC BT B IEHO%
EDEE I AERER I XHUE 10-tem/min @ #
—~¥—Thb. Tibb) aBHik T 5 EREH

BELTYIHLITHY, LrbaHo -8EEs
E’EIEEE&OJJ:UQ& 1000 fELA ETH S, L1
S TREECIHREOR VIEHE 7 2 THL ShTs
b WOHR T 31 B IREE S Fivk AR -E AR A SR
BIZONTRR LAGEKICK D, F-9REBLESE D
BEAEIBL S BREECH D 0T, (S FEA EE

AR OTRESETT LD LEI BN,
3.4 BERRORITS

(a) —RCBEEEPICR I SI5ETEDIBRENSE
HFHCRIL2ZTOBREXL Y NS0T, BREROWK
BN ORI IIBEATEDORLRE P ETD. LicpdoT
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Photo. 3. Primary blowholes in the bottom side of rimmed steel ingot.

Center
-

R

killed steel (upper) and in rimmed steel (lower).

BEELOBEOWRE £ bulk NOBEHIRE & ORI
SEMTE L7100, LORNITHANGT X 5 MEDOBEINE C
HEEXBNS. BHOI DT Burton® 512 DU,
BESESHIGET LTV AEEA, £ O AR ER
e & s < x 20 g, HHEANICS T D URRL
oFERE (1) RThbbaEhd. (H)Xo—iHa

J/ Surfoce

Photo. 4. Autoradiographs showing the liquid-solid interface by !%8Au in

(5/7)

()X Thicxbh, BERG (x=0) IHTHHEE
TTE i DREE Cao THH, x=308 DEIlHEVTX
Ciy=Ccirr THH»H(2):3 (3) XD X H1Z% 5.
F 7L R b W EIZE Cads & Cao & DI
(KT O INESFTHEIRTT S,
Deir(d2Ceir/dx?) + f (dCcir/dx) =0 «ooveene (1)
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Table 5. ¢ wvalues in skin and in center in rim zone.

Skin Center in rim zone
o1 7 - 5 ” 7 5
Ingot | Position (cm/ CepyL Ccpys (10-2 Ingot | Position cn/ Cepyr Cepys (10-2
No. in ingot min) (%) (%) cm) No. in ingot min) (%) (%) cm)
A, (0-7)¥ 1-55 0019 | 0-013 125 m 9% 0236 0:022| 0:017 9-58
K1 B, (7) 1-67 0019 | 0-014 1-27 K1 ,,, 70 0'316 | 0:022| 0-013 5:06
Cm (#) 1-82 0:019 ( 0-013 1°06 Cn (7°0) 0:336 | 0-021 0-015} 5-10
D,, (#) 2-53 0019 | 0-011 061 D,, (68) 0'386( 0020 | 0-013| 4-64
An (07 1-55 0-018 | 0-011 119 An (80 0:263 | 0:021 0-013 | 6-40
K 2 B, (7) 1-67 0-018 | 0-012 1-11 K 2 B, (6°6) 0-334 | 0-021 0-012 | 4-38
Cu (#) 1-82 0-018 | 0-011 1-02 Cwm (7°0) 0-367 | 0-021 0-012 | 4-12
D, (7) 2-53 0-018 | 0-011 0-73 D, (6°0) 0-450 | 0-019( 0-012| 3-84
Ay (07 1-55 0018 | 0-011 119 A, (7°0) 0:296 | 0022 0-011 4-25
K 3 B, (7) 1-67 0:-018 | 0-012 111 K 3 B,, (6:8) 0:324 | 0-021 0-011 4-16
Cm (7) 1-82 0:018 | 0-010| 0°-'81 Cn (6°8) 0345 | 0:020( 0-011 4-18
D,, (’/) 2-53 0-018 | 0-010 | 0-58 D,, (6°0) 0:450 | 0-019| 0-015| 5-28
Apn (007 1°55 0-016 | 0014 1-84 Ay (5°5) 0-367 | 0:019| 0-010 | 3-71
K 4 B, (7) 1'67 0-016 | 0011 1-16 K 4 By (5°6) 0-386 | 0018 | 0-012| 4-85
Cm (7) 1-82 0-016 | 0009 | 0-82 Cuy (6°0) 0-386 | 0-018| 0:-012 | 4-77
D, (7) 2-53 0-016 | 0'011 0-77 D, (5°9) 0-457 | 0-017 0:012 | 4-38
Ay, (0-7) 1°15 0-017 | 0012 1-31 Ay (6:3) 0-326 | 0-019| 0012 525
K5 B, (7) 1-67 0-017 | 0010 | 0°95 K5 B, (5'5) 0-392 | 0017 | 0012 | 5'10
Cm (7) 1-82 0-017 | 0-012 1°11 Cn (5°6) 0-411 0017 | 0012 | 491
D, (7) 253 0:-017 | 0009 | 0°54 D, (5'4) 0-497 | 0-017, 0-012 | 403
Apy (07 1-55 0:016 | 0-010 111 A (5°6) 0-362 | 0-019| 0-010| 3-77
K6 B, () 1-67 0-016 | 0°009 | 0°90 K6 B, (6°0) 0-364 | 0°018 | 0-011 4°58
Cnm (7) 1-82 0-016 { 0'012 1:21 Cwm (59 0-394 | 0-018| 0-0l10| 3°75
D, (2) 2:53 0016 | 0010 0-68 D, (54) 0-497 | 0017 { 0'012 | 4-03

* Distance from the ingot surface (cm)
*#  Just after pouring

(Note) Am, Bm, Cm, Dp show the positions distanced 165, 330, 825 and 1155mm from the top of steel ingot respectively.

Ceix=Aciy+Beiye /%Dy vovvvnveiaiiiannannann. (2)
Ccixo=Ccidt+Bcix(1 —e=S8/Dcty) +evvrennenn. (3)
KCt) C(z)S/C(;)o raiagerreenens (4)

722l Ceno VEXETHE- Wi*ﬂﬁ@k%ﬁ‘%%ﬁﬁql@?ﬁfgm
FOWRE, Cuids B XY Cor BTN FNEHES L O
R3SV DIEBEICROME, Doy VISR, Kalx
VI BLOREL, 0 BMEM-BMATEORMtBEEOE X%
HobT.

BEE I\ TE, TOBEAMEZH7D (Cuo-Cs)
CHST SEEPRECEL iEhicgishsz &
i BDT, ()ROBEMNRKLT S EH 2605, L
T OTCIDISIIERER LB VD LA EHSEE
D, (IRXV(6)X1EBLNE.

—Dciy(dCcid/dx) x=o=(1— K¢in) Ccivo f -+ (5
Cido=Ccidr/{Kir+(1—K¢iy) e ~f3/Dws}

) A FIRIBRAOEES, EH-BHATCSVTIEERC
Mn, O % X DEERER2EXDVLESHDDT, D
LU RICHICBARBELZEC DWW TR (D RB LT

(O)ROBRZLDEEHMATHZ LT TERY. & T
ABRPIZOWVWCRLTORBEERTERICRITE A LER
THLLEMNTELOT, TP (4)RB XIV(6)RD
BRI T 5 EEXTHE Lo LV, X LTER
WORAF BB XCY ABOFLEITE T D Cpys D
T iE, #EERICE TS Corr OFHE, AR XSICL
TRz f DERBRK, Dp'® XU K OfEZ WV
(6) KXy onfEzkdic, TOFEELRT L Table
SDLEHTHS.

Ceprs = KpyCepoi/ {Kcpy+ (1 —Kcpy) e~ f3/Dem }

- (6)’

Ceors=KsxCesrr/ {Kesy+ (1 —Kisy) e ~f3/Des}

e (6
EFRLUED XS L TRDA-6DEZHA, fOER
Hy SIKDOWTD K)'® LI Desy? DIER(6)"';

KRAL, EBECETHBHETD S DSHTE Co %

AVWTRIZ IV 2 F BB XIRY aBodh e s
Csrs DEEKRDDZ EMNTES. ZoXH5UESE
T DERIT XL, Csys DETEEESFEEZFR
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Fig. 4. Relation between solidification velocity and
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interface.
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Fig. 5. Relation between effective distribution coefficients
for phosphorus and sulphur and distance from the

steel ingot surface.
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On Segregation in a Super Large Rimmed Ingot

Synopsis:

A study has been made of sulphur segregation in 22t and 33 t ingots.

Kiyoshi Sucazawa, Takami IKEDA,

Katsukiyo MARUKAWA and Taiji ARAKI

The former has 2800 mm in

height, and the latter has 1030 mm in thickness, both of which are almost the limiting sizes for their

blooming mill capacity.

The results reported here are summarized as follows:

i) Position of the maximum segregation is raised up towards top side in a longer ingot, and is

lowered down in a thicker ingot.

ii) The maximum segregation of sulphur in an ingot may not be increased even in the 33 t ingot,
but the analysis from center sheets indicates that the 33 t ingot shows higher segregation than ordi-

nary 17t ingot.

iii) The amount of sulphur segregation is, however, determined predominantly by the ladle ana-
lysis. The authors also pointed out that the maximum segregation ratio [(max.l S—ladle S) x 100/
ladle S] is increased with increasing the sulfur content in the ladle.

iv) Those results mentioned above are discussed, referring to the experimental data on solidification

in the core zone of ingot.

(Received Feb. 28, 1968)
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