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Abstract: Steel for ultra-low-temperature pressure vessel is steel specifically applied to liquid nitrogen ( -196 °C )
and below, and requiring sufficient mechanical strength and toughness under extreme low-temperature conditions. In
general , the strength and hardness of steels increase as the temperature decreases, but at the same time this is ac-
companied by a significant increase in the risk of brittle fracture and a decrease in plastic deformability , creating sig-
nificant difficulties and challenges in their design and application. Based on the demand for high strength and tough-
ness of ultra-low-temperature pressure vessels at temperature of -196 “C and below , and in response to the bottleneck
problem that it is difficult to combine high toughness and high strength of steel at ultra-low temperatures, the perfor-
mance characteristics of steel in ultra-low-temperature environments are introduced from the classification of steel and
the current status of the research, respectively. In addition, new methods , processes and research and development
progress of steel toughening in ultra-low-temperature environments are summarized , focusing on the analysis of low-
temperature toughness mechanisms and strengthening strategies of several typical ultra-low-temperature steels , as well
as their tough-brittle transition mechanisms, which mainly include martensitic phase transformation , dislocation mo-
tion and twin crystal formation and other micro-mechanisms. The effects of factors such as chemical composition ,
crystal structure and grain size on the low-temperature toughness of steel are summarized. Finally, based on the ex-
isting research results, the preparation and strengthening of steels for ultra-low-temperature pressure vessels are pros-
pected.

Key Words: Ultra-low Temperature Pressure Vessel; Low-temperature Steel; Low Temperature Toughness; Toughness-
ductility Transition; Low Temperature Phase Transition; Mechanical Property
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Fig. 1  Microstructure of tensile specimens before and after EPT : (a) TEM images of cold-rolled specimens ; (b)(¢)EBSD inverse

pole figure ( TPF ) of EPT-7 LN and EPT-7. 5 LN samples ; (d) distribution of lamellar grain thickness ; (e) grain size distribution

of EPT-7. 5 LN sample; (f) grain size distribution of EPT-7 LN sample
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Table1 Tensile mechanical properties of 022Cr17Ni12Mo2

stainless steel samples treated by different electric pulse at

different temperatures

e TAMRRIE GHLRIEL et
Cold-rolled-293 K 1463 - 7.1
EPNT-7 LN-293 K 543 936 19.1
EPNT-7.5 LN-293 K 448 808 38.7
Cold-rolled-293 K 1 665 1816 37.8
EPNT-7 LN-77 K 1184 1 836 55.2
EPNT-7.5 LN-77 K 912 1617 65.5
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Fig. 2 (a) The heat treatment route of Fe—Cr—Ni—Co—Mo maraging stainless steel , (b) microstructure evolution during heat treat-

ment and deformation behavior of core—shell austenite during tensile and impact tests
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change with austenite grain size

The schematic diagram of a ' —martensite nucleation
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Fig. 4 TEM images of low strain deformed 316 LN austenitic stainless steel at (a) 25 K; (b) 30 K; (¢) 77 K, and corresponding

HR-TEM images at (d) 25 K; (e) 30 K; (f) 77K
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Morphology of test steel samples measured by EBSD and load—deflection curves and absorbed energy—deflection curves of

samples with different aluminum contents at 0 K : (a, d) 0 Al steel, (b, e) 3 Al steel and (c, f) 5 Al steel inverse pole figure (IPF)
diagram and grain boundary (GB) diagram ; (g) Load-deflection curves and absorbed energy—deflection curves from 3 Al, 5 Al and
77 Al steel samples at 0 K
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