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Controlling of Centerline Segregation of Continuously Cast Bloom by Continuous Forging Process

Seiji Napesuiva, Hakaru Naxato, Tetsuya Fum, Kohichi Kusuioa, Hisakazu Mizora and Toshio Funra

Synopsis : A continuous forging process has been put into operation to prevent the formation of centerline segregation in continuously
cast bloom. In the process, the solidifying bloom is continuously forged down by a pair of anvils installed in the strand so
that the solidifying shells are pressed into contact each other. In consequence of the application of the forging process on
the casting, internal properties such as macro-and semimacro-segregation of the bloom are markedly improved. Segre-

gation ratio of carbon at central part in the bloom can be controlled at the aimed value between 0.6 and 1.0 depending on

the central solid fraction in the bloom at forging.

A mathematical model which explains the discharge of solute enriched liquid from the solid-liquid coexisting region to
the upper liquid region was developed. The calculated result shows that discharge ratio of liquid out of the solid-liquid
coexisting region increases as solid fraction decreases. The discharge ratio is approximately equal to that of the fractional
solidification refining reported by Flemings et a/. The macro-segregations calculated from the model are in good

agreement with observed ones for carbon, manganese, phosphorus and sulphur.
Key words : solidification ; center segregation ; forging ; continuous casting ; discharge ; model ; carbon steel.
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Table 1. Main specification of continuous forging
process and experimental condition.

Bloom size 400 X 560mm
No. of strand 4
Casting speed 0.4~0.6m/min

Super heat 20~35C

Solid fraction, fs 0.5~1.0

Electric motor drived

Machine type crank mechanism

Forging Distance from

machine meniscus 26.4m
Amount of ~
reducion, ¢ 110~140mm
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Photo. 1. Macro structure at longitudinal section of

forged continuous cast bloom (Composi-
tion C/0.81, Si/0.19, Mn/0.81 (%)).
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Fig. 1. Relationship between solid fraction at center
and segregation ratio(Carbon, § =110~ 140mm).
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Fig. 2. Chemical composition at center of bloom
(/s=0.93, §=110mm).
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Fig. 3. P segregation at center portion in bloom by
macro analyser.
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. Fig. 4. Effect of forging on numbers of segregation
spot in bloom(fs=0.87, 6§ =110mm).
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T T T T
48 - ° -
46 0® o & |
9 0P ©°
Sl & ‘c)P ¥ ] .O .
. [ d [} ® o
< 4l O % o ° i
o 42 .' [ ] °
40 : : .
O With forging
B . ® Without forging
i 1 L
1100 1120 1140 1160
T.S. (N/mnf)

Fig. 5. Relationship between T.S.and R.A.of 5.5mm¢
wire rods (/=0.93, § =110mm, C/ Co(Car-
bon)=0.92).
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Table 2. Constant used for calculation (*1350°C).

Diffusion #*
coefficient

Equilibrium

partigi) on ratio Back diffusion

k(,y)l Ds (sz/s)ls) parameter a

C 0.34 6.3x107° 6.0Xx107!

Mn 0.78 6.5X107° 6.2X107°
p 0.08 2.5%107° 2.4%x107°

S 0.05 5.0Xx107'° 5.0x107°
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