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Control of Centerline Segregation in Continuously Cast Blooms by Continuous Forging
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Synopsis :

To find out the mechanism of controlling concentration in the central portion of blooms
by the continuous forging process, a mathematical model was developed by considering
the discharge of the solute-enriched liquid phase between dendrites. The model shows
that the segregation ratio in the central portion of the bloom decreases, as the solid
faction in that portion decreases. Macrosegregation can be controlled to a desired value
by changing the solid fraction at the forging point depending on casting speed. The
concentration in the central portion of the bloom by forging, calculated from the model,
1s in the good agreement with the observed value. As forging proceeds, a solute-enriched
liquid zone is formed in the solid-liquid region immediately before the forging point. The
carbon concentration in the liquid zone, where solute accumulates, becomes constant
after several meters of forging, even though the concentration remarkably rises

immediately after the beginning of forging.
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To find out the mechanism of controlling concentration in the central portion of bleoms by the continuous forging process,
a mathematical model was developed by considering the discharge of the solute-enriched liquid phase between dendrites.
The model shows that the segregation ratio in the central portion of the bloom decreases, as the solid fraction in that portion

decreases.

Macrosegregation can be controiled to a desired value by changing the solid fraction at the forging point

depending on casting speed. The concentration in the central portion of the bloom by forging, calculated from the model,
is in good agreement with the observed value. As forging proceeds, a solute-enriched liquid zone is formed in the solid-liquid

region immediately before the forging point.

The carbon concentration in the liquid zone, where solute accumulates,

becomes constant after several meters of forging, even though the concentration remarkably rises immediately after the

beginning of forging.
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Center line

ffssmm Casting direction

a} Without forging
b) With forging

fs=0.87, C/Co=0.91, §=110mm

¢) With forging

fs=0.65, C/Co=0.76, d=110mm

Photo 1 Solidification macrostructure of a forged bloom in casting direction {Composition, G, =Mn,=0.81%;
Js, solid fraction; ¢, amount of reduction; €/, segregation ratio of carbon)

Table 1 Experimental conditions of continuous forging process

Bloom size {mm) 400 < 560
Casting speed {m/min) 0.4—0.6
Super heat ('C) 20—35
Forging condition
Solid fraction 0.5-1.0
Distance from meniscus (m) 26.4
Amount of reduction, ¢ {mm) 110—140
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Fig. I Relationship between solid fraction at center and
carhon segregation ratio (¢=110~140mm}
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Fig. 2 Schematic drawing of mathematical model
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Fig. 3 Relationship between sclid fraction at center and
segregation ratio of carbon in y solidification

Table 2 Constants used for calculaticn

Equilibrium Back diffusion
partition ratio 4 parameter «
s y Fd y*t
C 0.17 0.24 1.4x1070 | 6.0x107!
Mn 0.84 0.78 2.3x10° §.2X107°8
F 0.16 0.08 1.7x107% | 2.4x107°7
S 0.05 0.05 1.9x107% | 1.2x10°®
*1400°C  **1350°C
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Fig. 4 Relationship between solid fraction at center and
discharge ratio of liquid in & and ¥ solidification
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solidification
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