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Formation of CO and Macrosegregation during Uni-directional
Solidification of Iron

Kazumi MORI1, Teruhisa SHIMODA,

Akimitsu KAMIMORI, and Mikio DEGUCHI

Synopsis:

Experimental studies have been made of the uni-directional solidification of iron with a view of studying
the mechanism of solidification with the formation of CO. From the experiments at the solidification ve—
locity of 5 mm/min and [%C]L=01, it is shown that oxygen contents of 0-003 to 0-006%, correspond to
the transitional concentrations for the formation of CO bubbles and macrosegregation. In this
concentration range elongated blowholes are formed, resulting in lowering k.* and kp*. At oxygen
contents higher than 0-006%, #4p* is unaffected by the increase of oxygen concentration of the mel,
whereas k.* tends to decrease at high oxygen contents.

An expression has been derived to predict the onset of constitutional supercooling for the case of solidifi-
cation without the formation of CO. From the calculation, it is suggested that the solidification morphology
at oxygen contents below 0:0039, is dendritic structure.

The solute distribution at solid-liquid fronts growing with bubble formation is explained on the bases
of the model that the enriched liquid is being pushed to the liquid ahead of the growth front. Due to
the consumption of carbon in the reaction with oxygen k.* is lowered more than ky,*.

It is shown that the present data give a satisfactory explanation to the phenomena occurring during so—

lidification of a rimming steel,
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Table 1. Analyses of iron used in the experiment.
Composition
No 1
c | si | M| P S 0
1 0-003 | <0'01{ «<0-01| 0-004 | 0-005 | 0-003
2 0-047 | <001} <0-01| 0-004 | 0-005 | 0-0023
3 0-020 | <0-01| <0-01| 0-004 | 0-004 | 0-0025
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Sample for analysis

Fig. 2. Sample of solidified iron.
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of a uni-directionally solidified iron.
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Fig. 9. Change of carbon content in liquid and
solid iron during uni-directional solidi-
fication.

Table 2. Experiments of solidification in the atmosphere of various oxygen potentials.
(Solidification velocity 5 mm/min)
Atmospheres in the reaction tube [260]L
CO-C0O;(0.4/100)*3 min — Ar 0-003
"Ar — Ar-CO-CO,((pco+ pco,) /Ar=0"42, pco,/pco=2/300) 0-004
CO-C0,(0.4/100)*30 min — CO-CO,(0-4/100) ‘ 0-006
CO-C0,(2/100)*15 min — CO-CO,(0-4/100) ' 0-009
CO-CO0,(2/100)*equilibrium — CO-CO,(1/100) 0-012
CO-C0,(2/100) *equilibrium — CO-CO,(2/100) 0-016
CO-CO,(2/100) *equilibrium — CO-CO,(10/100) 0-022

* Figure in the parenthesis shows pcoz/pcq
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various oxygen concentrations in the bulk liquid iron.
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Fig. 16. Plot of oxygen concentration in the solidified
iron against oxygen concentration in the bulk
liquid.
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