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Improvement of Centerline Segregation in Continuously Cast Strand by

Continuous Forging Process

Shinji KoJsiMA, Takuo IMAI, Hisakazu MizoTA,
Toshio FUJIMURA and Toshitane MATSUKAWA

Synopsis :

In order to improve or eliminate centerline segregation of continuously cast strand, various methods have
been introduced but have to date produced satisfactory results. With a view to substantially solving the
problem, the authors proposed a continuous forging technique based on a completely new solidification
mechanism. In this method, the thickness of the strand is drastically reduced at the stage of final solidi-
fication by anvils so that the solute-enriched liquid in the mushy zone is discharged upstream and dendrite
is crushed, and squeezed out into the liquid pool. The method was applied to No. 1 and No. 3 bloom casters
at Mizushima Works to investigate the effect with various steel grades covering high carbon and low alloy
steels. The segregation ratio of carbon C/Cy can be controlled to an aimed value between 0.6 ~1.0 by
choosing an appropriate ratio of reduction to the unsolidified thickness. The qualities of final products
such as wire and rod are remarkably improved. This paper presents the concept of this new technique, the
effect of forging conditions on internal quality, and the results in final products.
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Concept of continuous forging process.
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Fig. 2. Required amount of reduction to improve
centerline segregation in continuous forging.
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Fig. 3. Relation between internal quality of

forged bloom and reduction behavior.
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Table 1.

Main specifications and casting conditions.

Mizushima No. 1 CC Mizushima No. 3 CC

Machine type

Curved type (12.5m)

No. of strands

Continuous caster :
Bloom size

6 4
270 X 340 mm® 400 X 560 mm?

Ladle capacity 180 t

Method of reduction Qil hydraulic reduction lever Electric motor driven crank
Continuous forging Amount of reduction 20~100 mm 40~150 mm

equipment Location

(Distance from meniscus) 16 m 26.4m

Casting speed 0.65~0.75 m/min 0.4~0.6 m/min
Casting conditions Specific water amount 0.75~0.9 1/kg 0.3~0.51/kg

Super heat 12~36°C 15—~40°C

Table 2. Experimental conditions of continuous forging.

Mizushima No.1 CC Mizushima No.3 CC
Ordinary steel Ordinary steel
Steel grades Low alloy steel Low alloy steel
(0.05~1.0%C) (0.10~1.0%C)
Unsolidified thickness (d) 0~120 mm 0~70 mm
Amount of reduction (&) 20~100 mm 40~140 mm
Reduction ratio (8/d) 0.3~7 0.8~8
Reduction length/chance 10~180 m 20~100 m
Surface temperature of bloom 870~930°C 880~950°C
3.3 WENE ~ i gh=C
o RS R X B O R g 160 "es, Steel |(0.80%C)|
¥, BELRNEE2E EOHERPLHBORITED € Sor, ez e —C
. . . . = . Y grade[Mi -C[_
BHEDE, S XTIV THALIO BIE Q1a3\\\ WQ?H@ (0.15%C)
p UG " . N 0,
ko THERAREOREEC oW, BEICD  § o NS L,
s om e - , . c . A
Feo CRIE B AR ORB e it s ha a8 5 80 %m, SN X
o - . - = S\ ~
fe ik LR L 2B 0 258 % /7 40 & ok
S L YLy Oy O, SmmED KLY £, 2 .
- ST A A T S g 3 RPN 2 A\ &
YN0 HOFHETHS, LI aEiiicownT 3 096720 |30 40 50 O
i3, ¥— 412100 um O v Vo7 7+54F—%Hw 5 Solidification time (min)
E 2 .17 s KL % N Y .
THAELLT. BAMETR, F4OREICBNTE Fig. 5. Influence of steel grade and bloom size on

K& B oM & AR L R R R L 2
4. EHBEROHR REOUBEDREEER

4-1 POREACEIETEEERAORE
BEOHRMEICB LT TELERE, SEMETO
BN OB, oY1 XL ERTB X UREENH
L, Thbb, FOXIRER (Thbbi oy 4 X
EEAMEEN) £, Fofi#E (RO o BEEERSEE
W) ¢, ENZTHRE BEENFFEN) Ll
T F 5. BFERRIBET HAE T oL OREMEFER
LEROBRICL > TRL B, dE KRB TR
BREEANKE T XD ENEEINP RIS LE 2 BEED
BRI D720, KL TE f,=20.5 AR &
Lf:.

(1) ARBREEACBIITTHD LA XOEE
BHOBRETO7 4 —VICEBEBIITTFEERNE L

unsolidified thickness.

T, WA LHEFFA XHDAH. CROOERKLEFH 7T
T4A—NVOEFEEREE 0.6 £ 1.0 DMETILEL
Bl % Fig. 5 \oRY. BAERG PSR Y, BHMEARE
ERAEL 2 ) RBEEANME S, 72, FREAD
JE < e B b BEIREC B B BEFRE ST L, KEEH
EarsAkd s, BEHEKO0.6 & 1.0 TH T /o KER
B dix, 0.80%C M, #HIEA 400 mm DA IZ 108
mm CHh b, EHRAMNELT 0.15%C HF@DLE it 46 mm
2, CEHENEULTHATEAD 2710 mm O HICIE
80mm 2% b, Thbb, BELGBERGIHHEA
BITHLABEG O THERTHLENH 5.

(2) MR IC B X133 B o RERIE A DR
WEEY —EL Lk 20, fuldRPrics Xiz+RE
FORBEEAR d DEEEHE 1, 853 EFRTHAL



1798 B oL W

8 78 4 (1992) 125

Steel grade (C %) Arzou;l‘t of
reduction

015)0.53|0.80]| 1.0 %3]

270mm| O A v fe) 80mm

400 L A v [ ] 120

\

1.0

Y

Oi\\é%3?9 i:}f\
™~

Thickness

o
O

&) o 4‘
06

04r

L I 1 L

1
0 20 40 &0 80 100
Unsolidified thickness (mm)

Fig. 6. Influence of unsolidified thickness on cen-
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