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A Study on the Reduction of Segregation in Large 12%Cr Steel Ingot

Ok-Ki Eun, and Yun-Souk Chang *

Abstract

In order to reduce segregation in 12%Cr steel ingots of 60-100tons, numerical analysis by computer was ap-
plied to simulate solidification profiles and the profiles of liguid -solid coexisting zone in accordance with the
ratios of H(Height) /D(diameter) of 100—ton ingot, The result is that the ratio of L(vertical length) /D(di-
ameter) of liquid-solid coexisting zone was reduced in proportion to the decrease of H /D ratio. With the
reduced H /D ratio(0.92) of ingot, the segregation in 60-ton ingot of 12% Cr steel can be much reduced and
recovery was also improved by reducing ingot weight.
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Table 1. Boundary condition used in computation.

1

Interface Boundary Condition
Steel-stool Conduction
Steel-Exthermics Insulation
Mould- Ambient Natural Convection+Radiation
Exothermics-Amhbient |Insulation or Convection+Radiation
Steel-Mould Conduction before Air Gap
Convection+Radiation after Air Gap
Stool-Ground Insulation

(66)

oz fAoh A7|A &, &T 7t et JTe
watasoln, €,=03, &=09% =@Act. A
@Eha 937 HEUANME BHH(Qr)e} #
H(Qe)7F dojun, A dAHEFS tao &
Al Qrat Qcol gol "t

20E 13 AGEA N T BALATE New-
tone] WzhHAR oz Hashes 797t e
AE FYol| H3t3] & AN-F7I% HEFslunr
21 (10)o1 41 A, /Ax0] 0l 7H3T

wpebA, BALEHE-S ol o ol FAEH.

Qr=ec A(T—T,)=¢c A(Ti+TH(Tu+T,)
(TM_Ta)"—_(TM’_Ta) /Rl’
o 7] A, e: §ERIC] A
¢ . Stephan —Boltzman4}5-(1.3542 %10
cal /cm?.s.k?)
T, :MouldEH 2%
T, : 39 Z7|1&% _
Rr: 8A} A2 ot €A%
Qc=(Ty—Ta) /Rc ceereerenen(12)

714, Re=1/hA:tlF FAgd 93 A g
(A:HH)

(11219 &2 0.92 #Hatdon @ (12)219] Reol
A hgke AAu il g% 4¥e A2 Uy

o s} AAtelct
NUf=0.10(Grf. Prf) /3 ceeererrosrmrmireancennes
o} 714 Nuft 2h&%of 3 Nusselt4=o]™

o]

(13

:(Mﬁl‘—) Prf o204 8] Prandtls
Co
v P
(_a"‘_ K )O]q'.
Nufo] x& wetoz2El9] Ago|s, i Ke

Al xll Ao gAY AT (cal /cmisecT) 2
AAT T (cal /cm. sec, €)oot} HE3F, 29

X} 2} Grashof & tH3 Zo] gt

T.,—T.)x’
Gri— g3( 2 )

Vv

A714 pe AAGFAF, ve SEEAF, x
= "gozREe AoH, g FHIIEE,
Twet Toor 47k FHHH R F9F7|9 2%
g Jehdd. 471 BEAELS Rayleighs(Grf-
XPrf)7} 108—10°9] GHRAAU FolA & ste

T

———



Fx A 10 ¥ A 6 £(1990.12)

—523—

o8 AHA U,

2 3l A AFR-E h3k2 0.0004—0.0006cal /-
cm?.s. C At}
ol9]o] AAZA BR3F AE+ JFEH (14)
(15) & FZ3Yd.

2.2 it 2ylg

1)-83 Fgxac” -

Sgagol S8 1, ST F BERLEFET
FolNE SnFFo) TP, B AP 2y
F oS3 2o

a _t ] - S BB S AN A AT NAS SRR A FAE AN SO A
_af{p V-L- fs}

0:1 7] }‘:I Ezpsfs_i-P LfL
L: %< (cal/g)

fS’ fL: ':11)8-%’ QE}\J%

(19)

SAFEE 13 (1542 ()24 dgsid
gelshd |, Ceq obel g} 7o},
of,
oT
SAFE L IS 250 o&:sH, H7)A
$ade]l AT FEIA B

ROZ so] TheA L o] 8T,

Ceq=C-L -

of, L
—L- = N A T R R E N N N Y R N 17
oT T, —-T, 17
A7 Ty, Ts: 55 A4 2 14 2=

ey, SnTRtlNe] AaREae 57}
Y, LEIEY, AgYESel You, 5t
NS o] gstel ol 43} o] wlde] Frtz
SIEEL S

Ceq=C—-L - o, L

aT =C+ T.— T

Cate ST o199 naARe fYgstn 2
9 L2 12%Cr7e] 7% 60cal /g2 2 &3t
o}

2) $3 $%% 33

497t ¢ngue) AHFZL A2t

......... (19

ol

a7z 2%

23] Hot Top%-9l 5294 SR o

MM 2719 ZHFZFE ALsta, A
7o) g WeaE Ry g gAaksted Hot TopAt
848 AASE PR FEEFS 16

23 QARY U AZSE

AR A T A%, AP A
d7] FeANE IHEAL BEXASE B,

o] FREAL At R RUYY 84T
A3 ARFROIE AhsE YRR AP
2 gatgich

sy, ZERAAY] SE el fEH
Crank-Nicolson Scheme2 A}23}%F7] uwjFol

Implicitv} Explicit Scheme#}= G F272 <t
AE #HE AL F Ao AIEFE AtE AAHA
kel AAAE sk olefe] Explicit Sc-
heme®& A}-8-31%th. |

L

_ oAt
S 4

T (AQ)?

S: Stability Criteria

7N, o BBAAS(E)olm. AL, AtE 27}
a9 37 2 ARSEO}

3. Simulation 757& X HERKSR

283 FHPL 7]EY 1008 YRE AZRE F
L& ARgsiier] Hot Topi-o 4XE 5%
20E0]3 BA Fo] 80ELE Fng0Fdolzt #
23 ot AL F3 W5 utgo) stool& 2o}
A YRES FolE AP WE FLYYE
Simulation3a} 3t} |

At H83 FEE g A Fog O g%
%A Table 29} 2l

Table 2. Chemical composition of specimens(wt%)

C Si Mn P S Ni Cr Mo \Y% Nb N |Creq
General Electrics | 0.14 | 0.15 | 0.50 | 0.015 | 0.015 | 060 | 10.00 | 0.90 | 0.15 | 0.05 | 0.04 5.0
Co. Specification | 020 | 035 | 0.80 {Max |Max |Max | 11.25 | 1.10 | 0.25 | 0.12 | 0.08 6.5
Ladle Analysis 018 | 0.23 | 068 | 0.012 | 0.002 { 059 | 10.85 | 097 | 0.21 | 0.057 | 0.057 | 6.04
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Table 3. Thermal and physical properties used in the computation

Steel Mould Brick Exothermics Ambient

o —
(g /) 7.07.3 7.1 1.6 0.371
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SOLIDIFICATION FRONT

FN 80 MOLD (12% Cr)
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T : Time

fs: Weight Fraction of Solid

Fig. 5 Illustration of the change in the shape of solid-
[iquid coexisting phase,
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