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Abstract: Ultra-high-strength steel serves as the core material for critical load-bearing components in major equipment
such as aerospace and construction machinery. This paper outlines the technological status across three developmental
stages of ultra-high-strength steel, from theoretical breakthroughs to engineering applications: At the laboratory stage:
Achieved a strength limit of 2 600 MPa-3 000 MPa (bulk material) ; the pilot-scale stage achieved stable production of
2 000 MPa-2 500 MPa grade steels; the industrialisation stage established mature production systems for 1 500 MPa-
2 000 MPa grade steels. However, as extreme service environments grow increasingly demanding, existing mature ultra-
high-strength steels struggle to meet engineering requirements, fundamentally constrained by the inherent trade-off be-
tween strength and toughness. This paper elucidates that overcoming the strength-toughness trade-off hinges on systematic
optimisation throughout the entire material preparation process. It distills three decisive metallurgical factors for achieving
performance breakthroughs: Purity — controlling impurity elements and inclusions to eliminate crack initiation sites; Ho-
mogeneity — eliminating compositional segregation and microstructural gradients to ensure overall reliability ; Microstruc-
tural control-regulating multi-scale microstructures to achieve synergistic strengthening and toughening. Building upon this
theoretical framework, this paper introduces the 1 700 MPa—2 700 MPa series of ultra-high-strength steel technologies de-
veloped by the authors’ team. TLooking ahead, the advancement of ultra-high-strength steel will focus on ultra-pure metal-
lurgy, high-uniformity preparation, intelligent material design, and the exploration of 3 000 MPa -level limits.
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Fig. 1 Strength grades of steel materials
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Fig. 2 Strength and toughness of typical ultra—high strength steels (a)A-R_; (b)K.~R,; (¢)Z-R,
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Table 1 Mechanical properties of steels 819, 821, and

300M

P R, /MPa R /MPa A% ZI% KU,/J KIC/(MPa-m'")

819 1590 2013 11.0 47 67 97
821 1322 1894 150 59 83 108
300M% 1643 2018 11.0 47 57 71
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histogram showing compositional variations of dispersed NiAl clusters; (c) 4 at. % Cr + Mo and 7 at. % Si isoconcentration profile and

proximity histogram of segregated NiAl clusters
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