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Development of Melt Treatment Process for Obtaining High Undercooling

for a Low Carbon Steel

Tadayoshi TAKAHASHI, Jun-ichi TANAKA, Masayuki KUDOH and Ken-ichi QHSASA

Synopsis :

High undercooling up to 98 K has been obtained by a cycle of melting and freezing. A specimen of 0.23
wt% carbon steel weighing 1.5 kg was melted in a fused alumina crucible set in a tammann furnace and it
was kept at 1893 K. Then, the granular mish metal (REM) of 18 g, which corresponds to the quantity of
1.2wt% to the weight of the melt, was intermittently injected into the melt with Ar gas through a mulite
tube which had been immersed into the melt, followed by cooling to 1853 K. In order to promote the reaction
among molten metal, mulite tube and REM, the molten metal was intermittently stirred while being kept at

that temperature and then cooled in the furnace.

Key words : solidification ; carbon steel ; undercooling ;. rare earth metal ; nucleation; alumina crucible;

mulite tube.
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Table 1. Chemical composition of specimen used
for the experiment (wt% ).

C Si Mn P S Al
0.23 0.22 0.49 0.018 0.010 0.002
Table 2. Chemical composition of mishmetal
(wt%).

Ce La Nd Pr Sm Fe

46 35 9 4 0.5 1.6
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Table 3. Nominal composition of crucibles.

Sort Aly03 Si09 MgO Porosity
or (wt%) (wt%)  (wt%) (%)
Fused alumina crucible 99.0 — — 0
Porous alumina crucible 99.0 1.0 — 20
Porous magnesia crucible — 1.0 98.0 20

140
~ ® Fused alumina crucible
>~ 20t O Porous alumina crucible
L 3 Porous magnesia cnicible
[~
Z100F
=]
Q
(<]
- 80k
L1
-l
c
2 60
=
4] 40+
$ 200 [ _n g0
o
0 L 1 I 3
0 1 2 3 4 5 6 7
Number of repetition
Specimen : 0.8kg REM addition : Mulite tube
Fig. 1. Relation between the degree of undercool-

ing and the number of repetition of melting and
freezing for various crucible materials.
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Table 4. Nominal composition of REM addition
tubes.

Al,O3 Si0, Porosity
Sort (wt%)  (wt%) (%)
Fused alumina tube 99.0 — 0
Mulite tube 55.0 41.0 0
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Fig. 2. Relation between the degree of undercool-

ing and the number of repetition of melting and
freezing for various REM addition tubes.
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Fig. 3. Schematic illustration of REM addition.
and stirring shown in the cooling curve. Ty is
liquidus temperature.
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Fig. 4. Change in oxygen content after addition of
REM.
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Fig. 5. Relation between the degree of undercool-
ing and the number of repetition of melting and
freezing for various addition temperatures of REM.
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Fig. 6. Relation between the degree of undercool-
ing and holding temperature of molten steel.
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Table 5. Summary of operation for obtaining high
undercooling.

1 Crucible Fused alumina crucible
2 REM addition temperature 1893 K

3 REM adding tube Mulite tube

4 REM addition Ar bubbling

5 Ar flow rate 300 ce/min

6 Holding temperature of molten metal 1853 K

7 Holding time 1h

Table 6. Undercooling results obtained by the
condition of table 5.
Sample Undercooling (K) Recalescence temperature (K)
A 58 49
B 98 90
C 84 76
D 56 46

Table 7. Undercooling results by increase in

REM.
REM addition Undercooling  Recalescence temperature
(wt%) Sample (K) (K)
A 76 gi
B 70
1.00 C 74 66
D 94 86
A 8% 74
B 9 92
1.20 c 97 89
D 73 64
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Fig. 7. Relation between the degree of undercool-
ing and dissolved amount of mulite tube.
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Fig. 8. Shape of reaction product after solidifica-
tion.
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Photo. 1. Microphotograph of reaction product

formed at the meniscus of molten metal which was
undercooled to 30 K.

—
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Photo. 2. Microphotograph of reaction product
formed at the meniscus of molten metal which was
undercooled to 70 K.
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Photo. 3. Microphotograph of reaction product

formed at the meniscus of molten metal which was
undercooled to 124 K.
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Fig. 9. X ray intensities of Al, Si and Ce in
the reaction product formed at the meniscus of the
molten metal which was undercooled to 30 K.
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Fig. 10. X ray intensities of Al, Si and Ce in
the reaction product formed at the meniscus of the
molten metal which was undercooled to 124 K.
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