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Mechanism of centerline segregation in continuous casting and current status of the mathematical model and future subject
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The formation mechanism of centerline segregation which cannot be prevented by suppressing bulging alone is
discussed based on current knowledge of the morphology of centerline segregation and relevant phenomena. It
has been revealed that the most essential and unavoidable cause of centerline segregation formation is the
formation of bridging due to the irregularity of the solidification front and the suction due to solidification
shrinkage, irrespective of the solidification structure. The formation mechanism of the irregularity of the
solidification front could be strongly influenced by double-diffusive convection, but details on this are remained as
a future subject. Current available literature on the mathematical model of centerline segregation was surveyed
based on these points of view. It was found that few of mathematical models of continuous casting that take into
account the formation mechanism of centerline segregation due to the irregularity of the solidification front have
been reported, although a model that reproduced positive segregation as well as the effect of soft reduction in
the case without bulging was reported. Revealing the conditions related to reproducing centerline segregation in
the mathematical model from the view point of irregular solidification is considered necessary for further
development of the model.
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Solidification Stages

1) Stage 1-1 (fs at center<fs') ( fs':fraction solid at which dendrites begin to form networks.)

B R OTDRITERBBE JORUEITET VORI ERE

I Liquid and free crystals can flow freely in L and C direction !

[ T
AT

(fs=fs')
Liquid flows due to -Mixing of bulk liquid and Solute enrichment at bulk
mechanical solid deformation E> liquid between dendrite arms E> progresses. (fs=fs°)
(bulging, misalignment, roll bending) progresses. Solidification front
2) Stage 1-2 (fs at center=fs'~fs0) (fs%:fraction solid above which liquid cannot flow between dendrites.)
I Liquid can flow within a solid network I > (fs=fs%)

Solidification front

+Bridging progresses due to
irregular solidification front.
-Liquid flows due to
solidification shrinkage

=

solidification is retarded. .

+Bridge forms at the portion where solidification advances.

+Enriched Liquid between dendrites around bridging part
is sucked and flown downward to the portion where

+Solute enrichment progresses at the portion where solidification
is retarded.

-Formation of V segregation progresses at the trace left by the
passage of enriched liquid around the bridging part.

2

| Reduction rate in Stage 1-2 determines V segregation. |

3) Stage 2 (fs at center>fs0)

| Liquid is isolated. Segregation type is determined.l

R

Solute enrichment Reduction rate in Stage 2

in Stages 1-1 and 1-2 Small Large

Small Spot-like and fine

Linear and thin

Large Coarse spot-like or band-like

-~~~ —

4) After solidification
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