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Synopsis :

The solidification characteristics and the macrosegregation of the unidirectionally solidified ingots

weighing 2~70 t have been examined.

It has been found that neither secondary shrinkage pipes nor V-segregation exist in the ingots and in—
verse V-segregation exist only in the restricted area near the side wall.

It has been proved that the unidirectionally solidified ingots show the superior nature with respect to
the soundness and homogeneity and are very suitable for production of heavy gauge plates by rolling
without forging. The reason for the above is supposed that the liquid steel can be fed to the solidification

front easily until the final stage of solidification.

The formation mechanism of positive segregation layer beneath the top surface of the ingot has been

investigated.

It is found that this is formed as the result of inverse V—segregation formation near the mold

wall. Based on the formation mechanism, several operational factors to minimize the positive segregation

have been pointed out.
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Table 1. The experimental conditions. (total ingot number : 14)
Experimental series Factor Ingot width Ingot height Weight of ingot Heat insulation type Grade of steel

(1) Heat insulation 5601 360mm 370~870mm 2~70 t I, I, M, IV 40kg/mm? class
~2600x4500mm

(2) Ingot width 720 % 2 300mm 830~870mm 6~70 t o, m, IV 40kg/mm? class
~2600X4500mm

(3) Ingot height 1750x1750mm 530, 870mm 13, 22 t il 40kg/mm? class

(4) Grade of steel 2200x2800mm  775~930mm 41~45 t m 40, 50kg/mm? class

21/,Cr-1Mo steel

Table 2. Chemical composition of steels (%).
Grade of steel C Si Mn P S Ni Cr Mo SolAl
40kg/mm? class 0.18~0.19 0.21~0.25 0.69~0.73  0.015 0.0007 - — — 0.015
~0.027  ~0.0100 ~0.041
50kg/mm? class 0.17 0.21 1.40 0.007 0.0005 0.24 0.06 — 0.016
. 21/,Cr-1Mo steel 0.14 0.07 0.56 0.005 0.0006 0.19 2.45 1.03 0.020

Unidirectionally solidified ingot

Corventional ingot
heat insulation powder, : ,
heat.insulation board /

b,—f*T—f—’fmj

7
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(soldification —— PoUring
tront o
‘: direction of
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Fig. 1. The comparison of solidification profile.

Type Heat insulation inside mold

I Ingot ——-E mold SI

]I Ingot ——-I‘ “F mold
I Ingot —'|€1QE mold
' —Ingot —’LZ"}'— S —aE mold

: heat insulation board (SiOgz, 100 or 50mm)
: exothermic board (SiOz+ Al, 50mm)

: liquid steel (310mm)

: ZrO; refractory (130mm)

Fig. 2. Heat insulation types inside molds.
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Fig. 3. Distribution of loose structure in center
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Experimental series: (2)
Size of ingot : 2 200mm X 2 800mm X 830mmHE (451t)
Heat insulation type : Il
Photo. 1. The example of solidification structure

in the unidirectionally solidified ingot.
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Fig. 4. Relation between inverse V- segregatlon‘
zone maximum distance and heat insulation inside

mold.
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Heat insulation type : II
Photo. 2. Relation between the inverse V-segre-

gation zone and the sedimental crystals zone.
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Fig. 9. Relation between calculation results of
solidification length vs time and inverse V-segre-
gation zone.
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Fig. 13. The effect of ingot height on positive
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