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High Pressure Hydrogen Vessel for Hydrogen Station, JS°H,ARK™
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Abstract:

To reduce CO, emission, construction of hydrogen stations, which has the purpose of supply hydrogen fuel-cell
vehicles, is underway nationwide. High-pressure hydrogen vessels to store hydrogen have been installed in all station
facilities. High-pressure hydrogen vessels are subjected to high pressure gas, exceeding 80 MPa. However, there are
concerns about fatigue damage due to large pressure variations, caused during supply and re-pressurization of
hydrogen, and hydrogen embrittlement, which is deterioration of steel properties, such as acceleration of crack
growth rate, caused by hydrogen penetration. JFE Steel and JFE Container have developed a pressure vessel with
both excellent fatigue resistance and hydrogen embrittlement resistance by optimizing vessel design and controlling
microstructure, using ultra-thick seamless steel tubes manufactured at the Chita Works. JFE high-pressure hydrogen

vessels have been delivered to hydrogen stations and research facilities nationwide, contributing to the reduction of
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CO, emissions.
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Fig.2 Schematic diagram of high-pressure hydrogen vessel
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Fig.3 Effect of carbide dispersion state on SSRT results in 105 MPa hydrogen gas
SEM image: (a) Homogeneously distributed carbide steel (b) Heterogeneously dispersed carbide steel
Nominal stress-stroke displacement curves: (c); steel of (a), (d); steel of (b)
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Fig.4 Specimens after tensile deformation to true strain ¢ = 0.21 in hydrogen environment

SEM images of cross sections of specimen: (a) Homogeneously distributed carbide steel, (c) Heterogeneously distributed carbide steel®
Schematic diagrams of carbide and hydrogen atom (H) distribution: (b) Homogeneously distributed carbide steel,

(d) Heterogeneously distributed carbide steel®
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Photo 1 Appearance of seamless steel pipe during rapid
cooling

400
=
= 300 5000000000500000000¢
E 200
100
0
. Central .
Inside thickness Outside
M5 s BEERAREOEBEESLUE Y H—X

sl
Fig.5 SEM image of microstructure and Vickers hardness

distribution of actual-machine manufactured SML steel
pipe for high-pressure hydrogen vessel
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Fig. 7 Fatigue test results under air and 105 MPa
high-pressure hydrogen gas
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Fig. 8 Fatigue crack growth test results in Air and 93 MPa
high-pressure hydrogen gas
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Fig. 10 Artificial defect dimensions and defect detectability
using magnetic particle inspection testing
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Fig. 11 Appearance and structure of JFE’s pressure vessel for
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Table 1 JFE's product lineup of pressure vessel
Operating pressure range | Capacity
Type 1 50~87.5 MPa 50~325L
Type 1 — ~
(Low pressure model) 15~45 MPa 0~450 L
Type 2 35~93 MPa 150~200 L
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