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ABSTRACT: Surface damages, e.g., hydrogen embrittlement or hydrogen-induced crack, of the pipeline steel usually take place
during long-term service in the hydrogen-contained environment. In this paper, microstructures and mechanical properties of
X60 and X70 pipeline steels and their welded joints with/without hydrogenation were studied to provide a support for the
hydrogen damage and safety reliability estimation of the hydrogen-contained natural gas pipeline.

All samples of the X60 and X 70 pipeline steels and their welded joints were electrolytically hydrogenated at a current of
100 mA/cm? for 24 h. Microstructures, thermal desorption spectrum (TDS) characteristics, tensile mechanical properties and
fractographies of the samples with/without hydrogenation were comparatively studied to reveal different effects of hydrogen
permeation on their microstructures and mechanica properties. Further, the hydrogen embrittlement susceptibility of the X60
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and X 70 pipeline steels and their welded joints was evaluated.

The X60 and X70 pipeline steels were mainly composed of fine polygonal ferrites, and their welding seams and heat
affected zones mainly consisted of coarse granular and lath bainites with more prior austenite grain boundaries and the
carbide/matrix interfaces. Therefore, the base metals of the pipeline steel welded joints may have higher mechanical properties
than the welding seams and heat affected zones of them.

Taking the X70 pipeline steel and its welded joint as examples, the compositions and microstructures of the welded joint
were more complicated than those of the X 70 base metal. As aresult, when the hydrogen thermal desorption curve of the welded
joint sample arrived at its peak, the peak till sustained for along time to form a hydrogen thermal desorption platform ranged
from 125 ‘C to 200 °C. It indicated that more hydrogen atoms were absorbed in the welded joint samples, and thus resulted in
a higher hydrogen embrittlement susceptibility of them.

Electrolytic hydrogenation resulted in simultaneous reduction of strength and plasticity of the X60 and X70 pipeline steels
and their welded joints. The strength reduction ratios of al samples were roughly the same, but the specific elongation reduction
ratios of them were very different. The elongations of the X60 pipeline steels and their welded joints were almost unchanged, on
the contrary, those of the X70 pipeline steels and their welded joints were decreased by more than 21%, suggesting a very high
hydrogen embrittlement susceptibility of the X70 pipeline steels and their welded joints. Electrolytic hydrogenation resulted in
decrement of the dimple aggregation plastic fracture characteristics of the samples during tensile test, and that was more
apparent for the X60 and X70 welded joints. Above al, the degradation of the X70 welded joints was the most remarkable, and
the hydrogenated area of the X 70 welded joints was in a quasi-cleavage fracture mode, rather than a ductile fracture one.

The hydrogen embrittlement susceptibility of the X60 and X70 welded joints is higher than that of their base metals. The
hydrogen embrittlement susceptibility of the X70 pipeline steel and its welded joint is higher than that of the X60 pipeline steel
and its welded joint. The damage more likely takes place in the surface hydrogen permeation layer at the heat affected zone of
the welded joints.

KEY WORDS: pipeline stedl; welded joint; electrolytic hydrogenation; thermal desorption; hydrogen embrittlement susceptibility
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Tab.1 Chemical compositions of pipeline steels and welding seams

wt.%

Samples C Si Mn Al P S Nb Ti Fe

X60 0.090 0.21 1.21 0.034 0.011 0.003 0.042 0.016 Bal.

X60 Welding seam 0.093 0.091 1.17 0.97 0.004 0.001 1.66 0.005 Bal.

X70 0.094 0.38 1.67 0.033 0.011 0.000 6 0.041 0.018 Bal.

X70 Welding seam 0.099 0.12 1.30 0.83 0.004 <0.000 2 0.000 8 0.005 Bal.
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Fig.1 Dimensions of tensile samples of pipeline steels
and their welded joints
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Fig.3 Optical cross-sectional images of X60 (al, bl, c1) and X70 (a2, b2, c2) pipeline steel welded joints:
a) base metals; b) HAZs; ¢) welding seams
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Fig.5 Tensile stress-displacement curves of X60 (al, bl) and X70 (a2, b2) pipeline steel and their
welded joint samples: a) pipeline steels; b) welded joints
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Tab.2 Tensile properties of X60 pipeline steel and welded joint samples with/without hydrogenation

Samples Conditions Rpo2/MPa R /MPa Al% Ie/% Fracture position
Pipeline Non-hydrogenation 467.2+6.8 564.0+4.9 23.1+0.3 — —

steel Hydrogenation 454.3+5.7 534.5+9.4 23.0+0.2 0.4 —
Welded Non-hydrogenation 453.7+8.8 553.6£11.6 15.5+0.4 — HAZ

joint Hydrogenation 447.546.2 531.3%5.7 15.0+0.2 32 HAZ
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Tab.3 Tensile properties of X70 pipeline steel and welded joint samples with/without hydrogenation

Samples Conditions Rpo2/MPa R /MPa Al% Ig/% Fracture position
Pipeline Non-hydrogenation 579.0+5.3 631.9+4.6 19.4+0.7 — —

steel Hydrogenation 547.3+11.7 621.1+1.9 15.3+0.3 21.1 —
Welded Non-hydrogenation 521.9+8.3 611.9+10.0  17.3x1.1 — HAZ

joint Hydrogenation 518.2+6.9 508.9+8.1 13.5:0.5 22.0 HAZ
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Fig.6 Tensile fractographies of X60 (al, b1, c1, d1) and X70 (a2, b2, c2, d2) pipeline steel and wielded joint samples
with/without hydrogenation: a) pipeline steels, non-hydrogenation; b) pipeline steels, hydrogenation; c) welded joints,
non-hydrogenation; d) welded joints, hydrogenation
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