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Table 1 Chemical composition of FV520B alloy steel

C Si Mn P S Ni Cr Cu Nb Mo Fe

0.025 0.36 0.65 0.008 0.0012 5.15 13.54 1.33 0.26 1.32 Bal.
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Fig.1 Schematic diagram of standard smooth round bar specimen
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Fig.2 Schematic diagram of standard compact tension specimen for

fatigue crack growth
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Fig.3 Schematic diagram of standard compact tension specimen for

fracture toughness
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Table 2 Elongation after fracture and reduction of area of

FV520B steel in slow strain-rate tensile tests under

different hydrogen blending ratios and gas pressures
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Fig.4 Typical stress-strain curves of FV520B steel after slow strain-
rate tensile tests under different hydrogen blending ratios and

gas pressures
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Table 3 Tensile strength and yield strength of FV520B steel in
slow strain-rate tensile tests under different hydrogen

blending ratios and gas pressures

Testing environment ~ Elongation, 6/% Reduction of area, ¥/%

Testing environment  Tensile strength/ MPa  Yield strength/MPa

Air 12.65 66.12
C,=15%, P, =6.3 MPa 11.38 64.15

H > 7 gas

C,=30%, P,_=12 MPa 8.49 58.97

Air 1174.12 1076.97
C,=15%, P, =6.3 MPa 992.04 974.03
C=30%, P, =12 MPa 908.31 888.28
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Fig.5 SEM fracture morphologies of FV520B steel specimens after slow strain-rate tensile tests under different hydrogen blending ratios and gas
pressures: (a) air; (b) C,;=15% , P, =6.3 MPa; (¢) C,, = 30%, P, = 12 MPa
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Fig.6 Typical crack length-cycle number curves of FV520B steel

under different hydrogen blending ratios and gas pressures
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Fig.7 Typical crack growth rate-stress intensity factor range curves of

FV520B steel under different hydrogen blending ratios and gas

pressures
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Fig.8 SEM fracture morphologies in stable crack growth region and rapid crack growth region of FV520B steel under different hydrogen

blending ratios and gas pressures
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Fig.9 Typical load-crack opening displacement curves of FV520B

steel under different hydrogen blending ratios and gas pressures
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Table 4 Fracture toughness loads and specimen dimensions of FV520B steel under different hydrogen blending ratios and gas pressures
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Testing environment F /KN Fy/kN a,/mm Thickness, B/mm Width, W/mm
Air 12.83 11.84 15.49 15.08 30.1
C,=15%, P, =6.3 MPa 8.70 8.36 15.55 15.02 30.09
C,=30%, P, =12 MPa 7.36 7.04 15.52 14.98 30.04
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Table 5 Fracture toughness K, values and validity criteria of FV520B steel under different hydrogen blending ratios and gas pressures

Testing environment K,/MPa-m"? R,,,/MPa 2.5(K /Ry, ,)"/mm Validity judgment
Air 41.93 860 7.08 Valid
C,=15%, P,,=6.3 MPa 29.76 860 3.60 Valid
C,=30%, P, =12 MPa 25.08 860 2.57 Valid

10 FV520B 8L [R5 S AT i 75 T W PR ) SEML I 51
Fig.10 SEM fracture morphologies of FV520B steel specimens after fracture toughness under different hydrogen blending ratios and gas
pressures: (a) air; (b) C,, = 15%, P, =6.3 MPa; (c) C,, = 30%, P, =12 MPa
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Hydrogen Compatibility of Centrifugal Compressor Impeller Material in Hydrogen-
Blended Natural Gas Environment

Ouyang Xin', Cheng Lei', Man Jianfeng', Yuan Chunming’, Ma Zhiyuan’, Zhang Kexin’,
Luo Hao’, Qin Nana®, Wang Jinhua®, Guo Dagang’
(1. PipeChina Institute of Science and Technology, Tianjin 300457, China)
(2. State Key Laboratory for Mechanical Behavior of Materials, School of Materials and Engineering,
Xi’an Jiaotong University, Xi’an 710049, China)
(3. State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The hydrogen compatibility of FV520B steel immersed in different hydrogen-blended natural gas environments was evaluated through
slow strain-rate tensile testing, fatigue crack propagation testing, and fracture toughness testing and fracture morphology and microstructural
characteristic were analyzed. The results show that as the hydrogen blending ratio and gas pressure increase, both the tensile strength and yield
strength of FV520B steel decrease in different degrees, and the elongation after fracture and the reduction of area also decrease, demonstrating
hydrogen induced plastic loss phenomenon. With increasing hydrogen content and gas pressure, the crack growth rate-stress intensity factor range
curves shift left, leading to earlier crack propagation and faster entry into unstable fracture of the sample. Meanwhile, the fracture toughness K.
value of FV520B steel decreases, and a tendency towards brittleness is observed in the low magnification fracture morphology of the material. The
present study provides an important basis for evaluating the engineering application of centrifugal compressor impeller materials during transport
of hydrogen-blended natural gas.
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