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Abstract : In the context of integrated die-casting forming technology for new energy vehicles, a new type of extra-large,
highly uniform, high-toughness, and high- isotropy die-casting mold steel GY-DCK20 was developed and produced. The
microstructural uniformity of samples taken from different locations and their room-temperature mechanical properties were
investigated by characterization methods such as metallographic analysis, SEM analysis, and ASPEX inclusion analysis.
The results indicate that the high-cleanliness smelting process (EAF +AOD) — RH — Continuous Casting — PESR effec-
tively controls the content of harmful and gaseous elements. Fine inclusions measuring 2-5 pm account for over 73. 4% of
the total, with oxides being the primary type. No significant banding segregation was observed in samples taken from differ-
ent locations; the spheroidized microstructure was well-developed, and carbides were fine and uniformly distributed. The
heat-treated hardness after quenching at 1 030 °C was approximately IHRC higher than that at 1 010 °C, and the steel ex-
hibited better impact performance. During the tempering stage, the secondary hardening peak occurred near 540 °C, pri-
marily due to the precipitation of fine, granular alloy carbides; at 650 °‘C, martensite began to undergo recovery and recrys-
tallization, forming equiaxed ferrite grains; at 700 “C, the lath structure of the martensite disappeared, carbides aggre-
gated along the grain boundaries, and recrystallized grains coarsened significantly. At a service hardness of 44-46HRC,
the test steel exhibits a transverse and longitudinal V-notch impact absorbed energy of over 35 J at various locations, with
an isotropy ratio of up to 0. 97 in the core, demonstrating excellent comprehensive mechanical properties.

Key Words : Die-casting Die Steel; Non-metallic Inclusions; Microstructural Uniformity; Heat Treatment; Room-
temperature Impact Properties
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Table 2 Contents of harmful elements in GY-DCK20 steel
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Table 4 Quantitative statistics of non—metallic inclusions (scanning area 50 mm?)

- 2 pms<x<5 pm 5 pm<x<10 pm 10 pm<x<15 pm 15 wm<x<20 pm Total
B S Ny SN eI M N ) SNy MR NTITS 5 /% ST

D 301 86.9 38 10.9 6 1.7 1 0.3 346
/4% 1 2% 213 73.4 65 224 9 3.1 3 1.0 290

U 285 94.4 14 4.6 2 0.7 1 0.3 302
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Fig. 4 Characteristics of banded transverse and longitudinal segregation at different positions of GY-DCK20 steel
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Table 5 Ratings of banded segregation and spheroidized

structures of GY-DCK20 steel (NADCA 207#—2022)
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Fig. 8 Impact fracture morphology characteristics of GY-DCK20 steel quenched at 1030 °C and tempered at different temperatures :
(a) 350 °C, (b) 450 °C, (¢) 500 °C, (d) 550 °C, (e) 600 °C, (f) 650 C
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Fig. 9 Mechanical properties of GY-DCK20 steel sampled at different locations at the service hardness (44-46 HRC) : (a) V-

notch impact toughness and isotropy at room temperature, (b) tensile properties at room temperature
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