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Abstract: With the rapid development of the international liquefied natural gas (LNG) industry, the demand for cryogenic
materials for and transportation is increasingly urgent. In order to balance the service performance and manufacturing cost of
materials, high manganese steel for cryogenic temperature has attracted extensive attention. properties of high manganese
steel materials for LNG storage tank, the formation mechanism of hot cracks in the welding process, the burning loss path of
alloy elements, the influencing factors of the performance degradation of welded joints in the cryogenic environment were
detailed discussed, and the preventive measures in the actual welding application process were proposed. the same time, the
application status of common welding process methods for low temperature high manganese steel and its influence law on the
performance are introduced, and the development of new welding methods in the application of low temperature high man-
ganese steel is discussed, in order to provide a reference basis for the high-quality welding application of LNG storage tank.
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Table 1 Chemical composition of low-temperature high-manganese steel (wt. %)
LYy piiess Cl% Mn/% Al a4t HE SR AU
02Mn24 0.016 2435 — — [6][7]
02Mn31 0.016 30.8 — — [7]
04Mn35 0.04 34.5 — — (7]
08Mn28AI2 0.08 28.0 1.6 — (7]
08Mn274 0.085 27.0 4.1 0.05%Nb [7]
10Mn31Cr7MoN 0.10 312 — 7.3%Cr;0.69%Mo; 0.30%N [15]
10Mn24Al4CrMo 0.11 23.9 35 1.0%(Cr+Mo) [8]
40Mn25Cr4CuN 0.40 25.0 — 3.0%~5.0%Cr; (0.40%~0.70%)Cu; (0.04%~0.08% )N [13][16]
45Mn20AI2N 0.45 20.0 2.0 (0.005%~0.11%)N [4][10]
45Mn24Cr4CuNb 0.45 24.0 — 4.0%Cr;0.50%Cu;<0.3%Nb [18]
45Mn24AI2Nb 0.45 24.0 2.0 0.1%Nb [14]
50Mn23Cr4Mo 0.48 23.0 — <6.3%Cr; (0.32%~0.34%) Mo [11]
60Mn24A12V 0.57 23.7 1.92 (0.3%~0.6%)V [12][13]
60Mn18Al5 0.60 18.0 3.0~8.2 — [9]
®2 REEEROERE
Table 2 Mechanical properties of low-temperature high-manganese steel
ek DRI /K WUEE LU SE A i /M Pa HUHLR )%/ MPa W) A %% IRV, /T
Fe-Mn-C 110 470,691 901,1125 54,45 290(4\),210(##%) , 150(4h), 100(f)
Fe-Mn-C-Al 110 410.4,755.7 795.4,1340.4 75,67.6 253,149
Fe-Mn-Cr-N 110 368,883 668,1365 68,62 234,128
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Table 3 Chemical composition of high manganese steel (wt. %)

C Mn Si Cr P S Fe
1.05 12.9 0.5 2.4 0.04 0.008 ey

x4 BRVPADELBEESEBUFERS (RESHE, %)
Table 4 Self-protecting flux-cored wire cladding metal chemical com-

position (wt. %)

c Mn Si Cr Ni P S Fe
<10 6.0 40 240 120 <002 <0.008 ik
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Table 5 Effect of different welding speeds on the manganese content

and mechanical properties of deposited metal

L AR R REEAE Mo HRER shibniliche
s

BNV WA /(mmemin) /% fE/MPa 5KV,
1 30 350 400 2215 718 87
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3 30 350 500 2285 710 86
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Table 6 Impact test of heat-affected zone
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Fig.5 Microstructure of SAW welded seam and heat-affected zone
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