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Abstract: To solve the tough problem of component segregation that is prone to occur during the casting and
solidification process of large steel ingots, taking a 486 t large steel ingot of 30Cr2Ni2Mo steel as the research object,
this study systematically explored the influence laws of multi-ladle composition gradient, ladle size and casting interval
time of each ladle on the segregation degrees of C and Mo elements in the anti-segregation process of five-ladle
composition gradient intermittent casting and solidification, and carried out process optimization research combined with
numerical simulation methods. The results show that compared with multi-ladle continuous casting and solidification,
the solidification sequence curve of multi-ladle composition gradient intermittent casting and solidification presents a
multi-layer undulating characteristic, breaking the smooth curve shape of continuous casting; at the end of steel ingot
solidification, the temperature distribution interval is significantly expanded, the riser end is characterized by higher
temperature, narrow and gentle distribution area, while the nozzle end is characterized by lower temperature and wide
distribution area; when each ladle starts casting, it will produce a local remelting effect on the solidification interface
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formed by the previous ladle, effectively alleviating the component segregation generated during the casting interval of
the previous ladle, continuously promoting the whole process of multi-ladle composition gradient intermittent casting
and solidification, and finally realizing the homogenization of steel ingot composition. Through process parameter
optimization, it is determined that the optimal process parameters for the anti-segregation effect of five-ladle composition
gradient intermittent casting and solidification of the 486 t steel ingot are as follows: casting interval time of 24 400 s, C
element composition gradient decreasing amplitude of 0.01%, Mo element composition gradient decreasing amplitude
of 0.005%, and equal ladle size. After complete solidification of the steel ingot, the C content in most areas of the ingot
body is stably between 0.26%-0.29%, and the Mo content is controlled between 0.41%-0.44%, with good uniformity of
composition distribution. Compared with the traditional multi-ladle continuous casting and overall solidification process,
the segregation degrees of C and Mo elements are significantly reduced, which provides a theoretical basis and technical
support for the engineering application of high-quality casting and solidification process of large steel ingots.
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Fig.1 Geometrical modeling and mesh generation of the 486 t steel ingot and mold
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Fig. 2 Thermo-physical parameters of the material
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Fig. 4 The simulation results of the temperature field, solidification sequence and carbon concentration distribution, and the C content test results
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Tab. 4 Multi-ladle pouring composition gradients wg/%
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Fig. 5 The temperature field, solidification sequence, C and Mo distribution cloud maps after multi-ladle continuous pouring and global

solidification
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Fig. 6 The influence of pouring interval times on the C distributions
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Fig. 7 The influence of component gradients for each ladle on the C distributions
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Fig. 11 The C concentration variation cloud maps during multi-ladle composition gradient intermittent casting and solidification process
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