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Suitability Evaluation of High-strength 15% Ni Steel for Liquid Hydrogen Tank
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Abstract

This study evaluates the suitability of using high-strength 15% Ni steel in large, liquefied hydrogen
tanks. The allowable stress of the 15% Ni steel was 230 MPa based on the International Maritime
Organization (IMO) Type C formula, which was 1.68 times higher than that of SUS304L. The
required fracture toughness, K, (J), at 20 K was estimated to be 171 MPa\m, and both the base
material and weld joints of the 15% Ni steel exhibited sufficient toughness. The potential application
merit of 15% Ni steel is to reduce the steel weight of a large, liquefied hydrogen tank instead of

using a thicker SUS304L plate.
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Microstructure of 15% Ni steel base metal
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% S5 A 72012, J-R BHAREER % SEhi L 720 15%
Ni $iEAT & 70%Ni EER R 5 % 2 BT 2 IR OB
SAETHYWE L7z WL, BT 140A, B 25V, A
B 12~21kJ/em T 60° X BIFASED S — )V F X F VT — 7 &
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Result of tensile test of 15% Ni steel (dashed lines are es-
timated from the strokes)

1 SUS304L & &L 7= 15%Ni $D4F 4%
Properties of 15% Ni steel compared to SUS304L

Base metal Weld joint
Strength Toughness Toughness
20K 20K 20K
Steel Component (in LH2) (in LH2) (in LH2)
YS TS YS TS K.(J) K.(J)
(MPa) (MPa) (MPa) (MPa) (MPavym) (MPaym)
SUS304L Fe-18%Cr-8%Ni steel Austenite 175— 480— - - 150-200 150-200
Ferrite
15%Ni steel Fe-15%Ni steel (a small amount of | 550-750 700-850 | 850-1350 | 1350-1650 200- 150-200
Austenite)
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Tensile fracture surface under high-pressure hydrogen
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20 K K|, (J) of weld joint of 15% Ni steel
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(o) HAZ2

(c) Base metal; note that scale bar is different from the above two

6 15%Ni $iiAZEMF OBEmD SEM B
SEM images of the fracture surface of 15% Ni steel weld
joint
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(230MPa) & L7z, 70%Ni {EEM OZEIRICBIT5 TS 1£,9%
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Allowable stresses calculated from various standards

Unit: MPa
Material IMO IMO API ASME ASME
T1
BN Type €0 | type B? | 6200 | Div.19 | Div.29
9Ni 230 333 230 197 267
SUS304L 137 171 154 137 137
Strength standard value of each material
Material SMYS | SMTS (O Min_(SMTS/3.0. SMYS/1.3) )
aterials Min_ (SMTS/3.0. SMYS/T.5
[MPa] | [MPa] = " " (SMTS/2.5, SMYS/1.2)
ONi Base metal | 590 690 3) Min. (SMTS/3.0, SMY$S/1.5)
Weld metal| 400 | 690 N <0 135/ st l\sgeé)(s . )
.75 X tainless stee
U304 Basemetal | 205 | 515 5 npy sMTS/35, SMYS/LS)
Weld metal | 360 550 6) Min. (SMTS/2.4, SMYS/1.5)

SMYS (Specified Minimum Yield Strength), SMTS (Specified Minimum Tensile Strength)
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D 0.77 5 (N0.6) &7z o720 MRS, 15%Ni SOVE K,
12 171MPam EHEE Sz, K, OIEZIMHEH L 7-EE R
BITHIZET B0 15%Ni SO & EHET-E, 171 MPavm
Dibas#Zml 3 5150 8% 7R L7z SUS304L 1283 4K
DAL B K, OWINEE 8 127 FEEEIE
DIZOIHEZ L TELWIGEZEZEL, 15%Ni il O
JEIZ X B0 K, () O LE LRtk AkED g TridE L7z,
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UaBA 24 (CTOD) fEIC 3382 HEE L7z (K10 %
ZHH), 15%Ni #i YP (20K) = 1100MPa 75 fFED 72
MELCTOD fHiE, E & 40mm Tid 0.09mm, E & 25mm
TIE 0.06mm & 7% o720 15%Ni SO BH B X VAT O
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Values used for K|, estimation

o  |Thickness Va K.
Steel
(MPa) | (mm) (Vmm) (MPa+m)
SUS304L 137 1.0t Vt 132
132x1.68%0.77
15% Ni steel 230 0.6t [V0.6t=0.774t 171
Ratio to
1.68 0.60 0.77 1.30
SUS304L
200

ximum required K, ?\/ﬂ) %71MPa\/m
allowable stress 230MPa

180 Uses 15% Ni steel

160 ¢ thinning to 0.8 times

140 | Uses SUS304L
uired K;c (J) 132MPay
SME standard )

=]

120

Required Ky (J) [MPaVm]

100 F

1.0 1.5 2.0
Plate thickness ratio to SUS304L

8 WEK, & SUS304L (ZXf T B 1RELLDER

e
S

0.5

Relationship between required K, and plate thickness ratio
to SUS304L
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Seam weld
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FCAW (Flux Cored Arc Welding), SAW (Submerged Arc Welding)
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Two types of defects in the weld
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’ 0 —o—defect (B) t=40mm

600 800 1000 1200

YP (operating temp.) [MPa]

10 YP O#EMALE CTOD EICKIT T FE
Effect of the YP increase on the required CTOD value
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