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Influence of Various Factors on Toughness of 308L-Series Stainless Steel
Deposited Metal for Liquefied Hydrogen Tank
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Abstract

With the purpose of application to liquefied hydrogen tanks made of SUS304L, the stability of the austenitic
phase and ferrite morphology in 308L stainless steel deposited metal, and their influence on the absorbed
energy and lateral expansion at -196°C have been investigated by Charpy impact tests. The results show
that absorbed energy is greatly affected by ferrite morphology, while lateral expansion tends to increase
as the austenitic phase becomes more unstable, suggesting that the influence of strain-induced martensitic
transformation is dominant. On the basis of these results, a range of Cr and Ni that provide suitable absorbed
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energy and lateral expansion at low temperatures has been proposed.
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Table 1 Chemical composition and mechanical properties of deposited metals
Chemical composition (mass%) Mo 0.2%proof Tensile £l . - qre  Lateral
M - . /30 ongation v£-196°C )

“ o s W o we w0 o o M owmn T e s BTG e
1 0.03 0.4 0.9 10.2 19.0 0.065 0.08 3 19.5 135 1.45 -27 389 531 44 42 0.58
2 0.03 0.3 0.9 10.3 18.2 0.017 0.08 3 18.7 12.0 1.55 7 336 497 52 44 0.88
3 0.04 0.3 2.9 10.3 18.3 0.042 0.11 2 18.7 14.0 1.34 -36 382 543 42 48 0.66
4 0.03 0.3 2.5 10.3 18.4 0.040 0.09 2 18.8 13.7 1.38 -29 368 522 47 45 0.64
5 0.03 0.7 1.1 9.5 20.0 - 0.019 0.07 13 21.0 115 1.82 -2 411 598 36 47 0.71
6 0.03 0.3 2.6 10.4 18.4 0.29 0.040 0.09 3 19.2 13.8 1.39 -35 383 528 44 40 0.55
7 0.03 0.7 1.1 9.6 19.9 0.30 0.018 0.08 14 21.2 11.6 1.83 -4 449 646 37 59 0.69
8 0.03 0.3 2.7 10.4 18.3 0.44 0.040 0.10 3 19.2 13.9 1.38 -37 382 527 42 43 0.60
9 0.03 0.6 1.0 9.6 19.8 0.45 0.018 0.07 14 21.2 115 1.84 -2 457 646 31 57 0.72
10 0.02 0.6 0.9 9.2 18.0 - 0.014 0.07 7 19.0 10.8 1.76 35 332 579 47 39 0.88
11 0.03 0.7 0.9 9.2 19.1 0.014 0.07 11 20.1 10.9 1.85 22 395 651 38 55 0.86
12 0.03 0.7 1.0 9.2 20.0 0.015 0.07 16 21.0 10.9 1.93 12 418 658 37 56 0.90
13 0.02 0.7 0.9 9.7 18.0 0.014 0.07 5 19.0 11.2 1.69 23 338 545 51 40 0.93
14 0.02 0.7 0.9 9.6 19.0 0.015 0.07 10 20.0 11.3 1.78 12 358 554 45 40 0.78
15 0.03 0.7 0.9 9.6 19.9 0.015 0.08 13 20.9 11.3 1.86 3 425 642 38 51 0.77
16 0.02 0.7 0.9 10.3 18.0 0.014 0.08 3 19.0 11.8 1.61 10 332 510 50 42 0.87
17 0.02 0.7 0.9 10.2 19.0 0.014 0.08 8 20.0 11.7 1.70 1 363 523 47 34 0.69
18 0.02 0.7 0.9 10.2 19.9 0.014 0.07 11 21.0 11.8 1.78 -9 365 542 47 34 0.63
19 0.02 0.7 0.9 9.2 18.0 0.017 0.11 7 19.0 10.9 1.75 33 346 589 45 40 0.81
20 0.03 0.7 0.9 9.1 20.0 0.017 0.11 16 21.1 10.9 1.93 11 441 656 34 44 0.64
21 0.02 0.7 1.0 10.2 18.1 0.015 0.11 4 19.1 11.9 1.62 8 348 527 48 42 0.83
22 0.03 0.7 1.0 10.2 20.1 0.016 0.11 12 21.2 119 1.79 -13 388 559 39 38 0.57
23 0.03 0.7 0.9 9.6 19.0 - 0.017 0.11 9 20.1 11.4 1.77 10 371 558 43 41 0.76
24 0.02 0.7 0.9 9.6 18.9 0.17 0.015 0.11 10 20.1 11.2 1.79 13 389 577 39 40 0.74
25 0.02 0.7 0.9 9.7 18.9 0.30 0.018 0.11 10 20.2 11.4 1.77 9 395 582 37 44 0.74
26 0.02 0.7 0.9 9.6 18.6 0.39 0.017 0.11 9 20.0 11.3 1.77 14 400 591 34 41 0.74
27 0.03 0.7 0.9 9.7 18.0 2.10 0.018 0.10 13 211 115 1.83 6 468 662 37 47 0.62
28 0.03 0.6 0.9 9.0 21.5 0.34 0.015 0.07 28 22.7 10.8 2.11 -2 467 663 37 43 0.68

*FN: Ferrite number by WRC-1992 diagram , Cr,,=Cr+Mo+1.5Si+0.5Nb , AV7,,=Ni+30C+30N+0.5Mn, Md;,(°C)=483-555C-528N-10.3Si-12.5Mn-10.5Cr-24.0Ni-5.6Mo
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Fig.3 Relationship between lateral expansion and ferrite number
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Table2 Cr equivalent(Cr,)/Ni equivalent(Ni,) and ferrite
morphology of deposited metals

. Ferrite
No. Creg/Nigq morphology
28 211 A
12 1.93 A
20 1.93 A
15 1.86 A
11 1.85 A+L
9 1.84 A+L
7 1.83 A+L
27 1.83 A+L
5 1.82 A+L
24 1.79 L+V
22 1.79 L+V
18 1.78 L+V
14 1.78 L+V
23 1.77 L+V
26 1.77 L+V
25 1.77 \
10 1.76 \
19 1.75 Vv
17 1.70 \
13 1.69 \
21 1.62 \
16 1.61 Vv
2 1.55 vV
1 1.45 Vv
6 1.39 Vv
8 1.38 Vv
4 1.38 V
3 1.34 V

*V : Vermicular ferrite
L : Lacy ferrite
A : Acicular ferrite

Fig.9 Microstructure of vermicular ferrite (No.16)
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