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The generation mechanism and the improvement of surface cracks on
leaded free-cutting steel
Yasuhide Ohba, Tatsuya Kawamoto and Shinichi Kitade

Synopsis: This study was carried out in order to make clear the crack generation mechanism and to prevent surface cracks of

leaded free-cutting steel.

For the clarification of the crack-generating place in the bar manufacturing process, the oxide particles in subscale,

which were being generated around cracks, were observed. From the average oxide particle radius around surface

cracks of the products, it was suggested that the surface crack was generated at the bloom production process.

From the point of view of the phenomenon near meniscus in a continuous casting mold, mold powder optimization

was carried out for the prevention of the surface cracks on a bloom.

By using a mold powder which aimed at the uniform growth of the primary solidification shell, surface cracks in a

bloom decreased and consequently, these in billets have also been reduced.
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Fig.1 Micrograph of the surface crack detected in
the bar of 35mm in diameter.
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Fig.2 A manufacturing process example.
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Fig.4 Relationship between heating temperature and
average radius of oxide particles*™22.
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Fig.3 Relationship between heating time and the average radius of oxide particles®".
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Fig.5 Distribution of Oxide particles by the reflective electronic image of EPMA.
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Fig.6 Micrograph of cracks originated from bloom
surface cracks.
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Fig.7 The radius distribution of the oxide particles
around a surface crack of steel bar, 35mm in
diameter.
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Fig.8 Mold temperature history.

Table 2. Properties of mold powders

Powder Viscosity Solidification T.C" CaO/Sio,
at 130000 temperatured mass%0d 00O
0 Pal sO ooo

A 2.40 1120 7.0 0.61
B 0.40 1110 491 0.70
C 0.14 1100 4.38 0.85

0 Total carbon
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Table 3. Casting conditions

Casting speedd m/min.[ 0.50
Super Heatd O O 33
Oscillation cycled cpmO 104
Oscillation stroked mm[ 4
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Fig.9 Appearance of bloom oscillation mark.
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Fig.10 Number of disordered parts in oscillation mark.
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Fig.11 Oscillation mark depth.
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Fig.12 Number of surface cracks on billets.
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Fig.13 Relationship between heating temperature
and oxygen solubility*™.
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Table 4. Oxide property values used for theoretical analysis

Interface energy between an oxide and Molar volume, 1 m¥/mold
0 Fe, [0 N/mO

Sio, 1.350 2.703x 10°°

Cr,0, 1.620 2.917x 10°°

MnO 0.850 1.369x 10°°

FeO 0.580 1.261x 10°°
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Fig.15 Relationship between oxide particle radius and heating time on various oxide and various temperature
based on the Ostwald ripening theory.

Table 5. The oxygen solubilityd calculationT] x(O ppm[

Heating Heating
emperature timeO sO
ooo 300 1800 3600 7200 10800
Sio, 1423 0.229 0.074 0.045 0.024 0.018
1523 0.393 0.116 0.064 0.035 0.024
oo, 1423 0265 008 0052 0028 0020
1523 0.455 0.134 0.074 0.041 0.028
”””” MnO 1423 035 0115 0071 0038 0027
1523 0.616 0.181 0.100 0.055 0.038
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