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transportation pipeline was dependent on the present system for oil and gas gathering transferring. Hydrogen embrittlement (HE)
in Hydrogen pipeline steel should not be neglected. However, there is still no complete theory to explain all the HE behaviors,
and many problems need to be optimized and solved in traditional methods to prevent HE. The basic knowledge of pipeline
steels for hydrogen transportation were summarized, including the development and the chemical composition of different types
of pipeline steels. At the same time, the concept and mechanism of hydrogen embrittlement failure (weak bond theory, hydrogen
promoting local plastic deformation theory, hydrogen pressure theory and hydrogen adsorption reducing surface energy theory)
were summarized. It was worth noting that, there was no complete theory to explain all hydrogen embrittlement. In addition, the
influencing factors of hydrogen embrittlement, including material, hydrogen content, temperature and strain rate, were
summarized. On this basis, the main methods for preventing hydrogen embrittlement were summarized. The mechanical,
physical and chemical properties of pipeline steel could be improved by changing the internal or surface structure and chemical
composition of pipeline steels. Four methods of preventing hydrogen embrittlement, including heat treatment, addition of
vanadium, copper and other metal elements, cold treatment—shot peening treatment and electroplating modification, were
emphatically reviewed. However, there were still many problems that needed to be optimized and solved in the traditional
methods of preventing hydrogen embrittlement. Finally, the development status of online monitoring technology for hydrogen

embrittlement behavior of pipeline steel was discussed, and the research direction of hydrogen embrittlement behavior of
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pipeline steel was prospected.
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Tab. 1 Development time of typical pipeline steel

Year Level Correlative technique Reference
1968  X60 Controlled rolling technique
1973 X70 antrolled .rolhng technique +
microalloying technology [1]
Accelerated cooling technology +
1985 X80 add Mo, Cu, Ni
1998 X100  Controlled rolling technique +
accelerated cooling technology + [2]
2001 X120 444 Mo, Cu, Ni
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Tab. 2 typical chemical composition of pipeline steels™™

wt.%

Level C Mn S P Nb \'% Ti Mo B

X60 0.06~0.10  0.90~1.30 <0.010 <0.015 0.01 - - Bal. Bal.
X65 0.03~0.10 1.10~1.50 <0.005 <0.015 0.03 0.04 0.015 Bal. Bal.
X70 0.04~0.09 1.30~1.60 <0.004 <0.015 0.03 0.08 0.015 Bal. Bal.
X80 0.02~0.05 1.50~1.65 <0.002 <0.010 0.05 0.08 0.015 Bal. Bal.
X100 0.02~0.04 1.60~1.80 <0.001 <0.005 0.05 0.08 0.015 0.15~0.30 Bal.
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Fig. 1 Fracture surface of the 17 h hydrogen pre-charged tempered specimen showing®!:
a) intergranular fracture along the prior austenitic grain boundaries; b) magnified image of
area B in a; c) magnified image of area C in a; d) magnified image of area D in a

Additional electrons due

@ 3d @ to hydrogen @

= < = 3d

& & o

1= 1= °

z s Z z

2 s s
] a | —

Energy of electrons £ Energy of electrons £ Energy of electrons E
a ZREH b SfLER ¢ FFe—Crifias

B2 ToEd. S4B & Fe-Cr & &M RE%EE
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