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Analysis on central cracks in a continuous casting bloom of non-quenched and
tempered steel 49MnVS3
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ABSTRACT Macro- and micro—characteristics at the center of a continuous casting bloom of non-quenched and tempered steel
49MnVS3 were investigated by optical microscopy scanning electron microscopy and energy dispersive spectrometry. It is found that
serious segregation induces a central crack. The crack occurs at the end of columnar grains and the zone of coarse equiaxed grains and
propagates along the boundaries of primary dendrites. The clacking mode is intergranular cracking which happens in the liquid phase.
There are two kinds of grain boundary segregations one is the precipitation of MnS inclusions and the other is the concentration of
liquid steel. The precipitated inclusions at the central position do not meet the requirements of the non-quenched and tempered steel.
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Table 1 Main chemical composition of non-quenched and tempered steel 49MnVS3 %
C Si Mn P Al Ti \Y Nb N 0 S
0.475 0.373 0.734 0. 009 0.014 0.02 0. 10 0.02 0.0108 0.0015 0.0483
2 49MnVS3
( 1) 1:1 80 °C Table 2 Macro graphic examination of non-quenched and tempered steel
49MnVS3
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Fig.1 Mass fraction of elements and segregation index along the bloom’s thickness direction: (a) C; (b) S




- 894 - 34

2 - (a) » (b)) 2(a)
Fig.2 Macrographs of the central crack in the casting bloom: (a) macrograph etched by hydrochloric acid; ('b) local magnification of Fig.2( a)
3 . 1
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3 . (a) 1; (b) 2
Fig.3 Photographs of the central crack after etching by picric acid: (a) Sample 1; ('b) Sample 2
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Table 3 Secondary arm spacing and cooling rate of Sample 1
C.S P Mn
( )/ / . 6(b)
mm /pum (Kes™) ,
P.S Mn C

1 90 347 0.0723

2.3

2 107 397 0.0532 7

3 124 426 0.0453

10 ~20 pm.
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4 . (a) 1; (b) 2
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Fig.6 Element distributions at the grain boundary by SEM line scanning: ( a) cracked position; ('b) uncracked position
4 MnS . 4 ABC ( )
Table 4 Chemical compositions at Point A Band C %
S Mn Fe

A 16.22 13.99 69.79

51.98 41.26 6.76
C 45.17 39.35 15. 48

EDS C N
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Fig.7 Morphology of inclusions on the grain boundary . ( Mn Fe) S Ti—Nb—V
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Fig.8 Inclusions at the central position: ( a) sulfides; (b) corre—
sponding EDS spectrum of Fig. (a) ; (¢) nitrides/carbides; ( d) cor—
responding EDS spectrum of Fig. ( ¢)
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