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Study on the Effects of Partial Pressure on X52M Pipeline
Hydrogen Embrittlement Properties in High—Pressure
Hydrogen Environments
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Abstract: In pure hydrogen pipeline systems, the transmission pressure is critical for ensuring both efficient operation and
safety performance. Through the slow tensile and fatigue life tests under high pressure gas phase environment, the influ-
ence law of plasticity and fatigue life properties under different hydrogen partial pressure on X52M pipeline steel (mass
fraction /% : 0. 04C, 0.98Mn, 0. 010P, 0. 001S, 0. 033Nb, 0. 033V, 0. 16Cr, 0. 014Ti) were contrastive studied, Various
characterization techniques, including metallographic microscopy and scanning electron microscopy (SEM) , were utilized
to examine the microstructural evolution and fracture mechanisms. The results indicated that the loss rate of slow tensile sec-
tion shrinkage increased significantly with the increasing of hydrogen partial pressure, the ductility loss was measured to be
10. 5%, 17.5%, and 28. 5% under 4 , 6 ,10 MPa hydrogen pressure, respectively. Furthermore, hydrogen partial pres-
sure significantly impacted the fatigue life of the material. A substantial increase in fatigue life reduction from 37. 1% to
63. 1% was observed when the hydrogen pressure was raised from 6 MPa to 10 MPa, indicating a heightened susceptibility to
hydrogen embrittlement. The increase in the partial pressure of hydrogen leads to more hydrogen-induced cracks, which are
difficult to crack in the hydrogen environment, and eventually leads to more serious hydrogen brittlement of the material.
The test results can be used as an important reference basis for hydrogen transmission pipeline design and safe operation.

Key Words: Hydrogen Transportation Pipeline; High-pressure Hydrogen; Gas Transportation Pressure; Slow Tensile;
Fatigue Life
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Table 1 Chemical composition of test steel X52M %
C Si Mn P S Nb Cr Ti Al A4

0.04 0.20 0.98 0.010 0.001 0.033 0.16 0.014 0.034 0.033
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Fig. 1  Schematic diagram of smooth slow tensile test specimen
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Fig. 2  Schematic diagram of notched fatigue life test specimen
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Fig. 3 Microstructure photographs of X52M pipeline steel base

material
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Table 2 X52M pipeline steel slow tensile reduction area rate in hydrogen and nitrogen environments at different pressures

o I J1/MPa W % W THT AL R R % W A 47 2 SRR %
— N,-2 N, H,-1 H,-2 H,-3 H, -4
1 4 10.5 86.3 84.8 85.6 78.1 72.8 78.9 76.6
2 6 17.5 82.5 84.7 83.6 70.3 67.1 69.6 69.0
3 10 28.5 86.6 86.8 86.7 61.9 61.8 62.3 62.0
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Fig. 4  X52M pipeline steel slow tensile stress—strain curves in hydrogen and nitrogen environments at different pressures : (a)4 MPa,

(b)6 MPa, (c¢)10 MPa
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Fig. 7 Low power fracture morphology of X52M pipeline steel under high pressure nitrogen and different hydrogen pressures under

slow tensile test : (a) 10 MPa N,, (b) 4 MPa H,, (¢) 6 MPa H,, (d) 10 MPa H,
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Fig. 8 Typical morphology of annular crack region of X52M pipeline steel in slow tensile test under high pressure hydrogen environ-

ment : (a) 6 MPa H,, (b) 10 MPa H,
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Fig. 9 Fracture morphology of X52M pipeline steel in crack initiation zone (Fig. 7 A zone) under high—pressure nitrogen and differ-
ent hydrogen pressures : (a) 10 MPa N,, (b) 4 MPa H,, (¢) 6 MPa H,, (d) 10 MPa H,
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Fig. 10  Fatigue test results of X52M pipeline steel base material under different hydrogen pressures: (a) fatigue life cycle count, (b)

loss ratio of fatigue life
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Fig. 12 Low power fracture profile of X52M pipeline steel under air and different hydrogen pressure fatigue life test : (a) air,
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