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Abstract Long-distance pipeline transportation is one of the important development directions in the
hydrogen energy development. The hydrogen diffusion and accumulation in pipeline steel would lead to
mechanical properties degradation, and cause brittle failure under external load. Therefore, the hydrogen
diffusion and accumulation in pipeline steels are an important technical reference to evaluate the compatibility
of traditional pipelines and provide qualifications of pipeline steels for upgrading. In this paper, three grades of
pipeline steels (X52, X65 and X70) and twenty-two types of steels are studied. Image processing and continuum
scale simulation were conducted based on the actual ferrite/pearlite structure. The hydrogen diffusion and
accumulation after long-term service were predicted. Considering the different hydrogen diffusion rates in
ferrite, pearlite and grain boundaries, and the blocking effect of grain boundaries, the effects of pearlite
distribution, diffusion direction and individual phase percentage on hydrogen diffusion were compared and
quantified. The current study provided a new understanding of materials selection for long-distance hydrogen

pipelines.
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ENZ G EIE 2(b) MRS B AR S5/ —
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* 1 R8fh X52,X65 1 X70 EZ&MPEEMR. TR AR AR LB

Table 1 Phase and grain boundaries percentages of X52, X65, and X70 pipeline steels in model

Ferrite/% Pearlite/% Grain boundaries/%

Ferrite/% Pearlite/% Grain boundaries/%

X52-1 1 76.0 17.9 6.1
X52-2 14 55.8 30.7 13.5
X52-3 117 67.6 19.2 13.2
X52-4 19 86.8 8.4 4.8
X52-5 17 85.3 8.2 6.5
X52-6 ¥ 77.6 16.2 6.2
X52-7 1 82.0 13.5 4.5
X52-8 2 72.9 19.5 7.6
X52-9 2! 69.8 22.1 8.1
X52-10%7 635 24.4 12.1
X65-1 72.7 21.4 5.9

X652 782 15.8 6.0
X65-3 81.0 14.1 4.9
X65-4 83.2 11.5 5.3
X65-5 " 871 6.2 6.7
X65-6 "0 811 14.1 4.8
X70-1% 671 24.8 8.1
X70-2 B 73.7 16.5 9.8
X70-3 11 55.2 30.3 14.5
X70-4% 81,0 11.2 7.8
X70-55 811 10.4 8.5
X70-6 ¥4 811 11.3 7.6
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Fig. 4 The simulation results of hydrogen diffusion flux
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