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Development of HYDLIQUID™: Satisfies the High Strength, Hydrogen Embrittlement Resistance,

and Cryogenic Toughness Required for Liquefied Hydrogen from Transport to Gasification
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Abstract

Amid global efforts toward a decarbonized society, there have been remarkable technological
advances in the construction of supply chains utilizing hydrogen. Nippon Steel Corporation has
developed the austenitic stainless steel with good hydrogen embrittlement resistance, high strength,
and good weldability, called HYDREXEL™, for hydrogen gas application. HYDREXEL has already
been applied in many hydrogen gas stations in Japan. On the other hand, hydrogen gas stations
feeding the liquefied hydrogen with better transportation efficiency compared to high pressure
hydrogen gas are increasing because of the increase of Fuel Cell Vehicles. Excellent low-temperature
toughness is required in addition to both high strength and hydrogen embrittlement resistance for
the utilized stainless steel in hydrogen gas application using liquefied hydrogen. Therefore, we have
developed a new austenitic stainless steel containing high nitrogen content with superior hydrogen
gas embrittlement over —253 deg.C and good low-temperature toughness called HYDLIQUID™.
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=1 AL=EES
Nominal composition of materials used
(mass%)
C Si Mn P S Ni Cr Mo \% Nb N Ni equivalent
0.005 | 020 430 1200 | 21.50 1.50 0.10 0.10 0.20
HYDLIQUID | 060 | —100 | —600 | =030 | <0001 1550 | 2350 | 300 | —020 | —020 | —0.40 =3209
40 11.5 205 1.50 0.10 0.10 0.20
ASME XM-19 | <0.06 | <1.00 <0.045 | <0.030 N.A.
-6.0 -135 | 235 | =300 | 030 | —030 | —0.40
0.005 | 020 430 1200 | 2150 1.50 0.15 0.15 0.25
HYDREXEL <0.030 | <0.001 >32.09
—0.060 | -1.00 | —6.00 ~13.50 | —23.50 | -3.00 | -030 | —0.30 | —0.40
BRIBIGEF L — H 7 D E Nb, V & B4 ®2 AROBBINH
o e . - N Mechanical property
D EAZ X AHREL ORI E X2 2 & TR %
W32 = L DS RECHh B L& 2 7219, Tension testing Impact testing
at room temperature at —196 deg.C
(Tensile Strength) (Lateral Expansion)
2.4 HYDLIQUID MIBV R4 & ¥t eI E HYDLIQUID Min 690 MPa Min 0.46 mm
LREEAZIE SV TR L 72 HYDLIQUID D4R ASME XM-19 Min 690 MPa N.A.
AR, BRI ER 2 179, HYDLIQUID DAL 5isr HYDREXEL Min 800 MPa NA.
X XM-19 2§ e LTHB D, HRX19 & Ib#g L TN, &
Nb, 15 VAL L 72L& LT\ %, HYDLIQUID OffE 850
Ni 24 = (3 HRX19 & [ U < 32.09mass% Ll ETH Y, 800
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TREES [HREREE 1 XM-19 L[] L 690MPa L ECTd 575, fik = 650 ofFBLiQUID
N ALIZ & 2 FERE KA A )V F — D8 fiE Nb, V ®mHAI & 600
5 22t O ARALFIHIZ F 1 X > T ASME Section VIII 0.00 0.10 0.20 0.30 0.40
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Low-temperature toughness of welded joints
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