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Abstract 

Hydrogen embrittlement properties were investigated for 1.8-GPa-class ultra-high strength low-alloy 

steels by means of slow-strain-rate test of the pre-hydrogen-charged notched specimens, accelerated 

atmospheric corrosion test, and thermal desorption spectrometry. A Mo-bearing steel with a chemical 

composition of Fe-0.4C-2Si-1Cr-1Mo (mass%) was quenched and tempered at 773 K for 1 h and 

then deformed by multi-pass caliber rolling with a cumulative rolling reduction of 76% at 773 K to 

create an ultrafine elongated grain structure with a strong <110>//rolling direction fiber texture. The 

warm tempformed (TF) sample was subsequently annealed for 1 h to clarify the hydrogen trapping 

effect of nanoscale carbides relative to additive Mo. When the TF sample was annealed at 843 K 

(TFA sample), the hydrogen absorption capacity was enhanced significantly through the formation 

of nanoscale Mo-rich precipitates in the matrix of ultrafine elongated grains. A high potential for 

hydrogen embrittlement resistance in an atmospheric corrosion environment was demonstrated in 

both the TF and TFA samples with an ultra-high tensile strength of 1.8 GPa. The TF and TFA 

samples were much less susceptible to hydrogen embrittlement as compared to the tempered 

martensitic samples at an ultra-high tensile strength of 1.8 GPa. The hydrogen trapping states and the 

high resistance to hydrogen embrittlement in the TF and TFA samples are discussed in association 

with the anisotropic, ultrafine grained structures with the nanoscale Mo-rich precipitates. 
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1. Introduction 

Tempered martensitic steels with a tensile strength exceeding 1.2 GPa are particularly prone to 

hydrogen embrittlement. Hydrogen embrittlement often restricts the practical use of the tempered 
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