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On the Ductility of Steel near the Solidification Temperature

Hiromu Fuyl, Masahiko ODA, Tetsuro OHASHI,

Koichi Kawamura, and Koichi AsaNo

Synopsis:

As a part of the studies on the formation of the internal cracks in continuously cast slabs, the tensile pro-
perties of specimens sampled from various steel slabs were examined up to their solidification temperature
and the effects of solute elements and solidification structure on the transition temperature from high to low

ductility were investigated.
The results obtained are as follows.

(1) The mechanism of the abrupt transition to the low ductility is considered to be related to the melting

of grain boundaries. The transition temperature, therefore, is lowered due to the increase of solute ele-
"ments, and is also affected by the solidification structure of the specimen. '

(2) The lower the transition temperature becomes, the more easily the internal cracks occut in the

continuously cast slab.
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Fig. 1. Schematic illustration of sampling the

tensile test pieces.
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Fig. 2. Block diagram of weld thermal-restraint stress and strain-cycles simulator.

Table 1. Chemical compositions of tensile test pieces.

Composition (%)
Type of steel Remarks
G Si Mn P S sol. Al
ormal [S] 0.15 0.12 0.62 0.012 0.015 0.005
40 kg / mm2 | Morma ~0.16 | ~0.15 | ~0.67 | ~0.020| ~0.020| ~0.010
grade | [S1| 0.18 0.17 0.76 0.009 0.004 0.006
without REM
50 kg / mm? addition 0.18 0.51 1.48 0.012 0.009 0.024
grade with' REM T.REM
addition 0.18 0.41 1.35 0.019 0.017 0.026 0.010~0.0925
Ultra low [C] 0.019 0.02 0.39 0.010 0.010 0.012
Pure iron 0.004 0.010 0.010 0.002 0.003 0.001 40 kg Ingot
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Fig. 3. Shape and size of the tensile test piece.
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Fig. 4. Effect of testing temperature and strain
rate on the ductility of continuously cast
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Table 2. Chemical compositions of various solidification structure in slab.
Composition (%)
Position of sample
C Si Mn P S sol. Al
(A) Fine cellular dendrite l 0.159 \ 0.114 | 0.62 0.0205 1 0.0122 | 0.009
(B) Coarse cellular dendrite 0.160 0.112 0.62 0.0215 0.0125 0.009
(C) Equiaxed dendrite 0.161 | 0.121 | 0.6l 0.0215 ] 0.0122 l 0.008
Fzbhb. 3-2 WEHR

Photo. 3. Scanning electron micrographs of fracture
surface of specimens of 40 kg/ mm? grade
Al-Si killed steel. (a) 1415°C, R.A.=09,
(b) 1407°C, R.A.=26%, (c) magnifield
(a) 10 diameters.
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Photo. 4. Scanning electron micrographs of fracture surface of specimens. (a) Ultra low
carbon steel; 1470°C, R.A.=5.9% (b) Pure iron; 1495°C, R.A.=5.99,.

Photo. 5. Metallographic structure of the longitudinal section near the fracture surface of
specimen of 40 kg/mm? grade AI-Si killed steel, etched with (a) nital and (b)

picric acid+ benzensulfonic acid.
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Photo. 6. Relation between the position of cracks near the fracture surface and dendritic
structure of specimens of 40 kg/mm? grade Al-Si killed steel.
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Fig. 14. Comparison between the tensile strength
calculated from equation (6) and that
measured in 40 kg/mm? grade Al-Si
killed steel.
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