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Model for Formation of Equi-axed Crystal Zone in the
Killed Steel Ingots

Takaho KAWAWA, Rysichirs IMAT,

Yasunobu KUNISADA, and Kiyomi TAGUCHI

Synopsis:

A fairly simple model is proposed, which explains the formation mechanism of equi-axed crystals
and predicts the profile of equi-axed zone in ingots. The validity of the model is proved by compar-
ing the results of the experiments with that of the calculation according to the model.

The results are as follows:
(1) Profiles of equi-axed crystal zone in ingots, calculated by the above model, well coincide with

that observed on the macro solidification structure of ingots.

(2) The model is based on the assumption that the rate of equi-axed crystal formation is propor-
tional to the volume of liquid/solid zone (interdendritic zone).

(3) Therefore, equi-axed crystals in ingot are formed mainly at solidification front (liquid/solid
zone) and sediment to the bottom of ingot to form equi-axed crystal zone, when the pouring temper-
ature of steel is high enough and the steel meniscus is well covered with the exothermic powder,

which excludes “showering” from the meniscus.
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Table 1. Chemical composition of the ingot (%).

C Si Mn P

S Cu Ni sol. Al

0.12~0.14 | 0.16~0.34 | 0.57~1.32 |0.010~0.017/0.007~0.019] 0~0.18

0~0.008 0.010~0.052

Table 2. Dimensions of ingot mold.

Inner dimension at 1/2 height Height Taper of wide face
T
Mold Narrow face Wide face (H) (mm) D1 —Dg \ %100 ype
(D) (mm) (W) (mm) H (%)
K10 585 1 546 1900 —1.6 Big end down
K12 615 1645 2 200 —1.4 4
K15A 725 1 645 2200 —1.4 %
KI15B 725 1645 2200 —1.4 4
K21 763 1749 2 350 —3.2 4
K25 815 1750 2700 +3.7 Bid end up
K30A 818 2100 2700 —3.1 Big end down
K30B 800 2 050 2700 —3.0 %
vo . KO K12 K58 K21
2120 |
100

Bottom

Fig. 1. Position of the cross-section for investigating
solidification structure of ingots.
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Fig. 2. Profiles of equi-axed crystal zone observed
on the cross-section of ingots.
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Photo. 1. Macro-structure of investigated ingots. (x1/30)
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Fig. 3. Typical solidification structure of a
ingot.

Columnar
zone

Equiaxed
zone __|

FIITITITTTTTE, i

Fig. 4. Nomenclature to calculate the profile of
equi~axed zone,
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Table 3. Chemical composition of the ingot (%).
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Photo. 2. Macro-structure of Ingot A and B
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Fig. 7. Profiles of equi~axed zone in Ingot A
and B.
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Fig. 11. Variation of steel temperature during
solidification of ingots.
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