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Effect of Surface Active Element on the Initial Solidification Structure of
Stainless Steel Ingot

Hideo Mi1zukaMi, Yuiaka NAGAKURA and Takaji KUusakawa

Synopsis :

18-8 stainless steel ingots which are added with surface active elements, Bi, Sn, Te are cast with the wa-
ter cooled copper mold at the pouring speed of 10 mm/s. Transverse and longitudinal microstructures in
the vicinity of the surface of ingots are observed. The solidification microstructures become fine and the
effect of rapid quenching increases with increasing the amount of the surface active element. Primary
dendrite arm spacing is about 50 um at the 50 um from the surface of ingot which is not added with the sur-
face . active element, but arm spacing is about 10um in the case of 0.0055mass %Bi addition.
Corresponding cooling rate are 1X 102 and 3X 102K /s, respectively. From temperature distribution in the
water cooled copper mold, heat flux are calculated. The maximum value of heat flux in the mold increases
and appears soon, when the surface active element is added. It is seemed that by the addition of the sur-
face active element wettability increases, therefore heat transfer coefficient between molten steel and mold
increases. Furthermore, the surface active element seems to have the effect of increase of nucleation rate.
Key words : stainless steel; ingot making; solidification; heat flux; surface active element; bismuth;

tellurium ; tin.
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Fig. 1. Schematic diagram of the experimental

apparatus used to make the stainless steel ingots.
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Fig. 2. Schematic view of the water cooled copper
mold for rapid solidification. @ mark indicates
thermocouple.
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Table 1. Chemical compositions of stainless steel ingots (mass%).
No. C Si Mn P S Cr Ni Bi Sn Te
1 0.06 0.35 0.78 0.027 0.006 17.69 8.34 — - —
2 0.06 0.38 0.84 0.029 0.005 17.76 8.12 0.0001 — —
3 0.07 0.48 0.88 0.027 0.006 17.73 7.91 0.0002 — —
4 0.06 0.50 0.87 0.027 0.005 17.74 8.08 0.0006 — —
5 0.07 0.51 0.90 0.027 0.006 17.72 8.12 0.0055 — —
6 0.06 0.47 0.86 0.028 0.007 17.82 7.98 — 0.003 —
7 0.07 0.47 0.84 0.027 0.005 17.77 8.18 — 0.013 —
8 0.06 0.48 0.88 0.029 0.004 17.85 8.19 — 0.064 —
9 0.06 0.49 0.94 0.028 0.004 17.85 8.44 — — 0.019
10 0.05 0.50 0.89 0.027 0.004 17.80 8.33 — — 0.026
11 0.05 0.52 0.96 0.028 0.004 17.84 8.41 — — 0.042
12 0.05 0.36 0.80 0.032 0.007 17.88 8.52 — — 0.110
13 0.05 0.32 0.77 0.033 0.008 17.95 8.57 — — 0.220
. . 180 T T T
Table 2. Experimental conditions.
— 0 Time (s)
Quantity Value g 15 10 a) no addition
Pouri t 1823+10K et
Runner temperature. 673 K 5120
Deoxdization temperature 1973 K 4
Mold temperature 288+3K o 90
Water temperature 288+3 K g'
Flow rate of water 8 1/min ]
Roughness on the mold surface 2 pum = 60
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Fig. 4. Variation in heat flux behavior in the cop-
per mold for different Bi contents.
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Fig. 5. Variation in heat flux behavior in the cop-
per mold for different Sn contents. ’
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Fig. 6. Variation in the heat flux behavior in the
copper mold for different Te contents.
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Photo. 1. Transverse microstructure at 50um
from the surface (no addition).

a) 0.003 mass% Sn b) 0.013 ¢) 0.064
Photo. 3. Transverse microstructures at 50pum
from the surface.

a) 0.0001 mass% Bi b) 0.0002 c¢) 0.0006 d) 0.0055
Photo. 2. Transverse microstructures at 50pum
from the surface.
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Photo. 5. Longitudinal microstructure from the
surface (no addition).
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Photo. 6. Longitudinal microstructures from the
surface.
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a) 0.003 mass% Sn b) 0.013 ¢) 0.064
Photo. 7. Longitudinal microstructures from the
surface.
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Fig. 7. Variation in undercooling with wetting
angle for 18-8 stainless steel.
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