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This study investigates the effect of minor Mo addition in Cr-bearing ultra-high-strength pipeline steel on micro-
structure, hydrogen transport behavior, and corrosion response. Two steels with different Mo contents were pro-
duced through quenching and tempering, and their characteristics were analyzed using electron backscatter
diffraction (EBSD), electrochemical hydrogen permeation testing (HPT), and electrochemical impedance spec-
troscopy (EIS). EBSD analysis revealed that increased Mo content refined the tempered martensitic lath struc-
ture and reduced the prior-austenite grain size, indicating suppressed grain growth during heat treatment, which
influences hydrogen transport and trapping behavior in the steel. HPT results demonstrated that hydrogen per-
meation during the charging stage was similar for both steels; however, a clear difference emerged during the
desorption stage. The higher Mo content resulted in a faster decrease in permeation current during the decay
transient, indicating greater hydrogen trapping efficiency. This behavior is associated with interactions between
hydrogen and microstructural features, including Mo-containing precipitates and associated lattice distortions.
EIS results further indicated that the higher-Mo steel exhibited increased polarization resistance during pro-
longed immersion, suggesting improved long-term corrosion resistance. These results suggest that increasing
Mo content enhances hydrogen trapping efficiency and surface stability of the Cr-bearing ultrastrong steels,
improving durability for hydrogen transport applications.
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EFFECT OF MINOR ADDITIONS OF CR AND MO ON HYDROGEN TRAPPING EFFICIENCY AND LONG-TERM CORROSION
BEHAVIOR IN ULTRA-STRONG PIPELINE STEEL FOR HYDROGEN SERVICE

Table 1. Chemical composition of the two tested samples (Wt%)

C Si Mn Al Cr Mo
Sample A 03~04 0.15~0.25 0.6~1.2 0.015 ~0.025 1.1~1.5 0.15~0.25
Sample B 0.3~0.4 0.15~0.25 0.6~12 0.015 ~0.025 1.1~1.5 0.4~0.5
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Fig. 1. Microstructure examination via EBSD: (a,c) image quality (IQ) maps of sample A and B, respectively; (c,d) inverse pole

figure (IPF) maps of sample A and B, respectively
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Fig. 5. (a,b) EIS Nyquist plots of samples A and B, respectively, and (c) variation of R with immersion time
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Sample B 23 1957 4.11 0.754 55.4 3.16 0.9
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