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Improvement of As-Cast Microstructure and Segregation of D2
Steel by Spacer-Inoculant Composite Inoculation Process
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(School of Materials Science and Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: D2 steel (Chinese national standard grade: Cr12Mo1V1) is a high-carbon and high-chromium ledeburitic
die steel, which has excellent hardenability and wear resistance and is widely used in the field of die manufacturing.
However, its high carbon and chromium content easily leads to the uneven precipitation of eutectic carbides during
the smelting and solidification processes, thereby affecting the mechanical properties and processing performance of
the material. In this study, casting experiments were carried out, combined with metallographic microscope analysis
and scanning electron microscope (SEM) observation technology, to systematically explore the regulatory effect of
the composite inoculation process of spacers combined with inoculants on the as-cast microstructure of D2 steel, and
clarify the mechanism of this process in grain refinement, improvement of element segregation and optimization of
carbide distribution. The experimental results show that the single inoculant treatment has a limited effect on the overall
grain refinement of the castings; the casting process with spacers can effectively refine the grain size, and different
spacer thicknesses have significant differences in the grain refinement effect; the composite inoculation process with the
synergistic effect of spacers and inoculants has the best grain refinement effect on the as-cast grains of D2 steel. Among
them, the grain size of the optimal process group is reduced by 76% compared with that of the castings produced by the
traditional casting process, which significantly improves the uniformity of the as-cast microstructure.

Key words: D2 steel; Cr12MolV1 steel; composite inoculation process; inoculant; as-cast microstructure; grain
refinement; element segregation; eutectic carbide
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Tab. 1 Chemical composition table of the D2 steel

wy /%

C Cr Mo v Mn Si P S Fe
1.5 11.8 0.8 0.8 0.5 048 0.02 002 #h
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Fig. 1 Schematic diagram of sampling locations in the ingot and the

steel sheet placement positions ( Cross section of the middle part of
the ingot )
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Fig. 2 Microstructures of the castings prepared by different spacer inoculation processes
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Fig. 3 Microstructures of the castings prepared by different spacer inoculation processes combining with inoculants
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D 4.33 12.67 0.44 0.62 0.86
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Fig. 5 EDS analysis of the carbon elements in the core tissues under different spacer incubation processes
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Tab. 3 EDS point scanning analysis results of the elements

in the core microstructure wg /%

H C Cr Mn Mo v

1 13.44 12.99 0.69 0.61 0.59
2 9.80 4411 0.89 0.70 5.7
3 4.18 9.42 0.56 0.55 0.40
4 18.90 19.19 0.89 0.68 0.9
5 3.47 10.54 0.69 0.52 0.51
6 10.12 45.16 0.54 0.63 5.80
7 16.70 15.37 0.76 0.55 0.74
8 16.54 11.06 0.63 0.58 0.63
9 2.93 10.04 0.78 0.65 0.37
10 11.20 11.55 0.66 0.63 0.67
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