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Abstract The effects of immersion time in the liquid nitrogen and deformation-induced martensitic
transformation on the behavior of austenite stainless steels used for the hydrogen storage tank of auto-mobile
at cryogenic temperature were investigated. With increasing of immersion time in the liquid nitrogen, the
tensile strength of all austenite stainless steels at cryogenic temperature was increased because the martensite
transformation of unstable austenite. The restraint of crack generation and transmission also increased the
tensile strength by the active o’ transformation. The elongation decreasing of 321 steel is not the mechanical
deformation of austenite phase but the stress induced martensite phase during the tensile test.

Key words An extremely low temperature, Austenite stainless steel, mechanical property.
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1A @ (Shimadzu AG-1 10KN, speed: 10 mm/min)
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Table 1. The chemical compositions of austenite stainless
steels.

Chemical Composition (wt%)
Cr Ni C Mn Mo etc.
304 19.00  9.00 0.08
316L  17.00 12.00 0.03 2.50
321 18.00 1020 0.08 Ti5°C
Mn: 2.00% max. S: 0.03% max.P: 0.045% max. Si: 1.00% max.
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Fig. 1. The original microstructures of austenite stainless
steels(’X 200); (a) 304 (b) 316L (c) 321.
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Fig. 2. The microstructures of austenite stainless steels after

immerse liquid nitrogen during 16 weeks(X200); (a) 304 (b)
316L (c) 321.

Fig. 3. The microstructures of 304 stainless steel on the
deformed area after tensile test versus the immersion time in
liquid nitrogen(X200); (a) None (b) 8 week (c) 16 week.
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Fig. 4. The microstructures of 316L stainless steel on the b 2 4 6 &8 W0 12 MU 10
deformed area after tensile test versus the immersion time in Immersion Time in Liquid N, (Week)
liquid nitrogen(’< 200); (a) None (b) 8 week (c) 16 week.
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Fig. 5. The microstructures of 321 stainless steel on the 1000
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Afoltt. Fig. 6. The yield strength, tensile strength and elongation of
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Fig. 7. The fracture photographs of 304 stainless steel versus
the immersion time in liquid nitrogen(>< 3K); (a) None (b) 8
week (¢) 16 week.
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Fig. 8. The fracture photographs of 316L stainless steel versus
the immersion time in liquid nitrogen(X 3K); (a) None (b) 8
week (c) 16 week.

Fig. 9. The fracture photographs of 321 stainless steel versus
the immersion time in liquid nitrogen(X 3K); (a) None (b) 8
week (c) 16 week.
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Fig. 10. The FESEM-EDX results of austenite stainless steels
(X10K); (a) 304, (b) 316L, (c) 321.
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