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The Development Status and Trends of Alloying Technology
for Iron and Steel Materials

Pan Xiaokun', Sun Wanli', Yan Jiansheng', Zhang Chaolei'"
(1 Institute for Carbon Neutrality, University of Science and Technology Beijing, Beijing 100083, China;2 Institute of
Steel Sustainable Technology, Liaoning Academy of Materials, Shenyang 110167, China)

Abstract: The alloying technology of steel materials originated in the early 19 th century with Faraday’s systematic explo-
ration of alloying elements such as nickel and chromium. It has evolved through stages of empirical accumulation, phase
diagram theory guidance, and microalloying, and has now developed into a key technology enabling precise composition
design and performance control. Currently, this technology faces several challenges: the continuous addition of alloying el-
ements drastically increases material costs while the improvement in material performance tends to saturate ; Most of alloy
resources have a recovery rate of less than 1% and are nearly non-renewable, and excessive reliance on alloying may trig-
ger national resource security concerns; Moreover, highly alloyed materials are increasingly difficult to recycle and reuse,
which contradicts the goal of sustainable material regeneration and circular utilization. Microalloying technology achieves
"doing more with less" by adding elements such as Nb, V, and Ti in amounts <0. 1%. Low-density design breakthroughs
the trade-off between lightweighting and strength-ductility synergy, where adding 1% mass fraction of Al reduces steel den-
sity by approximately 1. 4%, and the application of high-manganese steel in automotive components leads to a weight re-
duction of 15%-20%. Hybrid and normalization strategies promote the deep integration of "one steel for multiple uses" and
the circular economy, exemplified by the compositional unification of automotive components across 780 MPa, 980 MPa,
and 1 180 MPa grades, which reduces the complexity of automotive manufacturing. Plain technology replaces precious al-
loy elements through defect engineering such as dislocations. In the future, alloying technology will evolve towards in-
depth exploration of synergistic effects among microalloying elements, addressing the harmless control of residual ele-
ments, and incorporating machine learning to accelerate composition design. These advancements aim to achieve the syn-
ergistic development of "performance limit breakthroughs" and "full life-cycle low-carbonization, " providing technical sup-
port for the global steel industry’s carbon neutrality goals.
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Fig. 1 Application time of microalloying elements in steel
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Table 1 Effects of microalloying elements content, and precipitates
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Table 2 Classification, phase composition and mechanical property of low—density steel
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