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The Mechanism of Formation of the V Segregation in Steel Ingot

Synopsis:

Koreaki Suzukl and Takehiro MIvAMOTO

According to many studies on the formation of the V segregation, the formation seems to be affected by
the following three factors; the thermal state, the gravitational action, and the dendrite morphology. In
order to show how the V segregation would be influenced when each factor was varied independently or

mutually, some investigations were made on sand-cast ingots.

The results obtained are summarized as follows:

1) The V segregation appeared in the acceralated solidification area of small tapered ingots with a large
ratio of height to diameter; the area did not suffer the both end and riser effects.

2) The gravity itself did not have any direct effect on the V segregation, but the shape of the segregation
was rather influenced by the change of dendrite morphology and the distribution of chemical compositions

which were caused by the gravity action.

3) The V segregation tended to disappear with an increase of the amount of taper. With the great taper,

the concentrated melts to become the V segregation was found to be squeezed from the area corresponding to
the 'V segregation zone toward the feeder head with the progress of solidification.

A discussion was made on the formation mechanism of the V segregation based upon the results described
above, and the theory of the suction by the volume shrinkage of molten steel on solidification could well

explain the experimental results.

(Received July 12, 1972)
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Table 1. Characteristic data of examined ingots with various ratio of height to diameter.

Chemical composition (%) Wt Size (mm)
(ke) o
C Si Mn P S D, Dy Ds H, H,
Al | 0-32 0-38 0-54 0-013 | 0-030 8 80 80 100 80 100 1-0
A2 | 0-32 0-38 0-54 0-013 | 0-030 13 80 80 100 160 100 2-0
A3 | 0-30 0-42 0-78 0-011 | 0-033 20 80 80 100 300 100 3-8

Dy : The top diameter of an ingot, Dy : The bottom diameter of an
of an ingot, Hj : The height of a feeder head

ingot, Dg: The diameter of a feeder head, H;:The height

Table 2. Characteristic data of examined ingots with various taper.

Chemical composition (%) Wt Size (mm) Taper*
o,
o Si Mn P s |%& [ p, Dy D¢ H, H, (%)
Bl | 0-28 0-39 074 0-012 | 0-014 | 20 84 76 101 300 100 26
B2 | 0-31 0-30 0-69 0-015| 0-012| 20 87 73 105 300 100 4-6
B3| 0-26 0-37 1-01 0-017 | 0-013 | 20 90 70 110 300 100 6-6
B4 | 0-32 0-50 0-76 0-016 | 0013 20 100 60 120 300 100 13-4
B5| 0-28 0-51 0-70 0-016 | 0-012 | 20 110 50 132 300 100 20-0
B6 | 029 0-54 0-83 0-015| 0-012( 20 120 40 144 300 100 26-6
Cl} 024 035 0-68 0-008 | 0030 | 65 120 120 144 480 160 0
C2}| 026 0-30 0-70 0-006 | 0021 | 65 125 115 150 480 160 2-0
C3| 024 0-35 0-68 0-008 | 0030 | 65 140 100 168 | 480 160 8-4
C4| 026 0-30 0-70 0-006 | 0-021 | 65 160 80 193 ' 480 160 12-6
C5| 024 0-35 0-68 0-008 | 0030 | 65 180 60 216 f 480 160 25-0
* Taper t—Do X 100
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Table 3 Characteristic data of examined ingots with various diameter.

. . . Pouri

Chemical composition (%) Wi Size (mm) (t)::;?g

C Si Mn P s | k& p, Dy | D: H, o PG
DI| 0-24 0-34 0-77 0-012 | 0-018 90 100 100 150 600 150 1 560
D2 0-24 0-34 0-77 0-012 | 0-018 400 200 200 300 600 300 1 560
D3| 0-24 0-34 0-77 0-012 | 0-018 | 1350 300 300 450 900 450 1 560
D4 | 0-24 0-34 0-77 0-012 | 0-018 | 3 500 400 400 600 1200 600 1 560
D5| 0-24 0-39 0-68 0-013 | 0-016 | 3500 400 400 600 1200 600 1 540
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Table 4. Characteristic data of ingots with various inclined angle.

Chemical composition (%) Wt Inclined Pouring
(kg) angle temperature Name of ingot
C Si Mn P S g (°) (°C)
El | 029 | 038 | 065 | 0-009| 0-008| 3500 0 1530 horizontal ingot
E2 | 020 | 020 | 067 | 0:012| 0-020| 3500 225 1 540 99-5° inclined ingot
E3 | 024 | 065 | 067 | 0:011| 0-020 | 3500 45 1530 45° inclined ingot
E4 | 020 | 027 | 065 | 0:012| 0-020| 3500 775 1540 77°5° inclined ingot
E5 | 024 | 03¢ | 077 | 0-012| 0-018 | 3500 90 1560 Vertical ingot
Table 5. Characteristic data of hot bottom ingots.

Chenif:?; Vcronr'le)ﬂsition (%) Wt Size (mm) Another Size Taper

T T [/)

c Si Mn P s | % b [ b, | & (mm) (%)

F1 | 028 | 046 | 065 | 0-012| 0027] 25| 50| s0| s00| 22380 M8 1 g
F2 | 0:29 | 042 | 060 | 0-012| 0030 | 25| 70| 30| 300| D2if90 Heide) | 12-4
F3 | 028 | 042 | 066 | 00013 0031 | 25| 90| 25| 250 | Ds° 0 | 240

Gl | 023 | 032 | 071 | o011 | o022 s00| 120] 120 480 | Br: 260 ﬁ?»fégg 0
G2 | 0:23 | 0-32 | 0-71 | 0°011| 0°022 | 500 | 125| Ii5| 480 | De: 209 2220 2:0
G3 | 023 | 032 | 071 | 0011| 0°022| 500 | 140 | 100 | 480 | De° 2 oo 84
H 033 | 032 | 055 | 0013 0:031| 25| 90| 24 | 250| equal to F 240

|
o, !
[}
Ny

b )~

e Oy —>

Fig. 2. Shape of hot bottom ingot.
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Fig. 3. Geometry of hot bottom ingot with
silica tube(mm).
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Fig. 10. Carbon distribution of inclined 3-5ton ingots.
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