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Abstract: This paper provides a comprehensive review of the research progress in advanced special steel materials technol-
ogy in China and its successful application in national major strategic projects. In recent years, through systematic innova-
tion, China has made comprehensive advances in basic theoretical research, key technological breakthroughs, and indus-
trial application in the field of special steels. In terms of material systems, key categories such as ultra-high strength
steels, heat-resistant steels, stainless steels, alloy structural steels, tool and die steels, and bearing steels have continu-
ously improved in performance, achieving synergistic optimization of strength, toughness, corrosion resistance, high-
temperature resistance, and fatigue performance. In manufacturing processes, breakthroughs have been made in a series
of key production technologies, including ultra-clean smelting, precise microstructure control, and additive manufactur-
ing. These technological advancements have strongly supported the material needs of national key sectors such as aero-
space, energy and power, marine engineering, and high-end equipment, achieving autonomous and controllable supply
and import substitution for many critical component materials. Looking forward, China’s special steel materials are con-
tinuously developing towards higher performance, structural-functional integration, and green, low-cost manufacturing,
while also focusing on sustainability throughout the entire lifecycle. These achievements not only reflect the technological
progress of China’s iron and steel industry but also provide a solid material foundation for the transformation and upgrading
of the national manufacturing industry.
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Fig. 1 Mechanical properties of 00Ni14Col15Mo9Ti steel and somereported ultrahigh strength steels : (a) strength of experimental

steel , (b)elongation and area reductionafter fracture of experimental steel, (c)stress—strain curves of experimental steel, (d)mechani-

cal properties summarization of somereported ultrahigh strength steels
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Fig. 2 Strengthening mechanism analysis of 00Ni14Col5Mo09
Ti steel
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Fig. 3 Three—dimensional atom probe reconstruction of the CF350 steel after double aging : (a) Mo-rich phases and carbides re-

vealed by the corresponding isoconcentration surfaces; one—dimensional concentration profiles taken along the yellow arrow through

(b) ROI-7 and (c) ROI-9 region
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Fig. 5 Creep rupture testing curves of (a) G115® and P91 steels at 650 “C; (b) C—HRA=3 alloy at 700 ‘C; (¢) C—-HRA-2 alloy at

650~700 °C; (d) C-HRA-1 alloy at 750 and 800 C
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Fig. 8 Variations of yield strength, ultimate tensile strength,

and elongation with C+N content in austenitic stainless steels
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Table 1 Typical nitrogen—containing stainless steel grades and their chemical composition ranges %
Bl Ji C Cr Ni Mn N Hfhooz
022Cr17Ni7 <0.03 16.0~18.0  5.0~8.0 <2.0 <0.2
022Cr19Ni10N <0.03 18.0~20.0 8.0~11.0 <2.0 0.10~0.16
022Cr17Nil12Mo2N <0.03 16.0~18.0 10.0~13.0 <2.0 0.10~0.16 Mo 2.0~3.0
WICHE 022Ni25Cr23Mo6N <0.03 22.0~24.0 24.0~26.0 <1.0 0.17~0.22 Mo 5.0~6.0
022Cr23Ni21Mo6N <0.03 22.0~24.0 20.0~23.0 <L5 0.21~0.32 Mo06.0~6.8,Cu<0.4
022Cr24Ni17Mo5Mn6NbN  <0.03  23.0~25.0 16.0~18.0  5.0~7.0 0.4~0.6 Mo4.0~5.0,Nb<0.1
P550 <0.06 17.5~19.0 <1.5 19.0~20.5  0.5~0.6
P580 <0.06 20.5~22.5 <25 22.0~24.5  0.8~0.95 Mo<2.5
022Cr22Ni5Mo3N <0.03 21.0~23.0 4.5~65 <2.0 0.08~0.20 Mo 2.5~3.5
T AR+ 2 R RUH 022Cr25Ni7Mo4N <0.03 24.0~26.0 6.0~8.0 <1.2 0.24~0.32 Mo 3.0~3.5,Cu<0.5
022C1r28Ni8Mo4CoN <0.03 26.0~29.0 5.5~95 <1.0 03~0.5 Mo 4.0~5.0,Cu<1.0,Co 0.5~2.0
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Fig. 9 Effect of (C+N) content on the ductile—to—brittle tran-

sition temperature of austenitic stainless steels
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bution diagram, (b) KAM diagram of bee phase, (¢) KAM diagram of austenite phase
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Fig. 13 TDS hydrogen desorption curves (a) and slow strain rate tensile test curves (b) of 1 700 MPa ultrahigh strength steel
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Fig. 14 Thermal stability of integrated die — casting die steel DCK20 steel: (a) the variation of Rockwell hardness of different steels

with holding time at 600 °C and 650 °C. (b) the variation of hardness and impact energy of DCK 20 and H13 steels at 600°C
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Fig. 15 Comparison of fatigue life of traditional bearing steel GCr15 and a new generation of long-life bearing steel GCr15 (a) under

different smelting methods and (b) comparison of fatigue life of bearing steels with different specifications, revealing the important

role of ultra—fine physical metallurgy technology in improving contact fatigue performance
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