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Abstract
Phosphorus (P), a chemical constituent of steel in JIS standards, is treated as one of the 
harmful elements affecting low-temperature brittleness, weldability, cold workability and 
impact properties. Generally, the higher the P content, the more these properties are 
hampered, so the lower the P content, the better the quality. Thus, for example, the 
maximum P content in JIS-SCM440 steel is strictly specified as 0.030 wt.% for safety. 
Here, we present our findings that, unlike these conventional perceptions, P acts as a 
beneficial element. If an ultrafine elongated grain structure is introduced by tempforming [1], 
the doping of P up to 0.093 wt.% significantly improves the impact toughness [2] as well as 
the delayed fracture resistance [3] in 1100 MPa class SCM440 steel. In the presentation, we 
will present our results in comparison with cases of normal tempered martensitic structure.
  [1] https://doi.org/10.1016/j.jallcom.2011.12.123
  [2] https://doi.org/10.1016/j.msea.2015.09.102 
  [3] https://doi.org/10.2355/isijinternational.ISIJINT-2024-189
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