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A Study of Mechanical Properties for Austenite Stainless Steel of Cryogenic

Liquied Nitrogen Storage Tank
Dong-Jun Choi' - Hyung-Wook Park® - Jong-Rae Chot
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Abstract: Austenitic stainless steels of 300 series are widely used as the structural material due to
excellent their cryogenic mechanical properties at cryogenic temperature. There are 316 steel which
molybdenum is added to improve the austenitic stability, 316L which carbon contents is reduced to
decrease the grain boundary precipitation during welding process, and 316LN which nitrogen is added to
improve the austenitic stability and the mechanical strength. But material researches for the welding
conditions and mechanical properties at the cryogenic temperature were insufficient so far. In this paper, the
characteristics of mechanical properties considering the effect of welding conditions and cryogenic
temperature are studied.
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Table 1: Chemical compositions of base metal - STS304 [unit : wt.%]
Material C Mn P S Si Ni Cr Mo N
. Min. - - - - - 8.00 | 18.00 - -
Composition
Max. 0.080 | 2.00 | 0.045 | 0.030 | 1.00 | 10.50 | 20.00 - -
Table 2: Chemical compositions of welding rod - CSF 308L [unit : wt.%]
Material C Mn P S Si Ni Cr
Composition 0.03 1.35 0.025 0.010 0.65 9.6 19.3
Table 3: Mechanical properties of base and welding rod
Material Oyg Ours Elon;gatlon
(MPa) (MPa) (%)
STS304 205 520 40
CSF-308L 430 570 40
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Figure 1: Configuration for welding grove (a)
GTAW, (b) EBW

Table 4} Table 5= F £34H dig &3
Z7& Yerd Zlold, WA GTAW &3¢9 3%
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Table 4: Welding conditions for GTAW
Layer No. Peak current Base current Voltage Welding .speed Wel.d.mg
(A) (A) V) (cm/min) Position
1 185 90 10.3/0 5.6
2 200 140 10.0/9.4 8.9
3 220 140 10.2/9.6 7.1
4 240 160 10.5/10 7.1 2G
5~40 250 200 10.6/10 6.6~8.4(7.9)
41~43 180 160 9.8/9.6 8.9
44~45 150 120 9.8/9.4 9.9
Table 5: Welding conditions for EBW
Beam Focusing Weaving Weaving Weaving Welding Speed
. frequency .
current(mA) current(mA) width(mm) type (H2) (mm/min)
230 725 1 0 800 200
Table 6: Chemical compositions of all materials [unit :wt.%]
Material C Mn P S Si Ni Cr Mo N
Base metal 0.022 1.14 0.026 0.001 0.69 10.10 17.76 2.01 0.132
EBW 0.022 1.35 0.026 0.001 0.69 10.08 17.51 2.12 0.115
GTAW 0.066 5.83 0.011 0.003 0.36 15.92 17.31 2.24 0.033
EBW §39 9% 1387 2§49 2840 & Aok 84 3 dx0 4o 02§33
£ AHESPOm 230mAS] W AR 60kVEl THE PR Ba R B2 E(blowholo)e] WA )5 &
AGe Aesth EH SHSEES Ak 200m  FAL F2AAE A7 A 97 Wl
fmin© 2 WA sl ghilel A SHark F9 NBA S 22 AR AN FAE g
Figwe 25  QUAAEHI  AFAFAFA  clof @b
(compact tension, CT)ell thsle] &30l A ] 4] Table 6> 2A 3 7 &A1 ] &2F & gt
AA L wEs AMHoE vekd Zolw, Fig 3 3R 4 Z2#E UEd Aotk EAle of
© GTAW &3 3 EBW &3 & &A1 A 10.0wt.% ¢ NiZt 17.7wt.%e] Cr, 123 0.13wt.%
= uEhd Zejth °] N& FHrstal e A eI, ASTM A24090A]
AR 71EE =Tk BB 832 S7HAIE AL
22 8RR =2 24 8 2k BN &35l &3 BEAE SHAVIER A AL
2.2.1 88} & B =3 54 wAel A AL A A#rF vEbgteh ey
ZH I 27 STS304= A2 S8kl AF AAmN)e] FF&2 Za 727 &3 Foll o
SWETE AAF Fbsta vk AAE Ml @ 0.02wt% BE SAEJT] el EAR 2HAE
g 732 g 2 ARNA e NAH dEE AR A7dEnh
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