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The study on cryogenic properties of austenitic stainiess steels
by the addition of Nitrogen
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Department of Materials Science and Engineering Dankook University, Anseo, Cheonan 330-714
*Division of Materials, Sunmocon University, Cheonan

Abstract The effects of N i and N addition to 304 stainless steel on mechanical properties and microstructure were
investigated within temperature ranged from -186°C to 26°C The addition of nickel and nitrogen induced the stability
against the formation of martensite to provide significantly enhanced ductility at -196°C and reduce the Md tempera-
ture. Fe-18Cr-10Ni-0.2N alloy showed the y phase in deformed structure which it was beneficial to enhance the ten-

sile strength and elongation at 25°C and -196°C.
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Table 1. Composition of selected stainless steels wt.%

Type Fe Cc Si Mn P S Cu Ni Cr Mo Co N
304 Bal. | 006 | 087 | 132 | 035 | 002 | 044 | 776 | 1783 | 021 | 0.15
304+0.2N Bal. | 005 | 086 | 120 | 004 | 0.01 | 046 | 7.74 | 1809 } 021 | 017 | 019
304+2Ni Bal. { 006 | 0.84 | 125 | 003 | 001 | 043 | 958 | 1746 | 020 | 0.14
304+2Ni+0.2N Bal. | 0.05 | 085 | 124 | 003 | 0.01 | 043 | 964 | 17.74] 021 | 018 0.2
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(b} MPACT SPECIMEN
Fig. 1. Configurations of mechanical testing specimens.
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Fig. 2. Schaeffler constitution diagram for stainless steels.

Table 2. The expected value of Ms and Md30.

Type 304 - {304+0.2N| 304+2Ni [304+2Ni+0.2N
Ms(°C) -43.54 | -271.58 -92.19 -335.58
Md30(°C)] 47.23 -38.03 16.93 -76.09
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Fig. 3. Volume fraction of deformation induced martensite
as a function of inelastic strain.
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(a) 304+0.2N at 25°C

(b) 304+2Ni at 25°C

(c) 304+2Ni+0.2N at 25°C
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(d) 3Q4+0.2N at196°C

(e) 304+2Ni at196°C

(f) 304+2Ni+0.2N at-196°C

Photo. 1. SEM photos of specimens after tensile test at 25°C and -196°C.
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(a) 304 at 25°C

(b) 304+0.2N at 25°C
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(c)304+2Ni at -196°C

(d) 304 at -196°C

() 304+0.2N at -196°C

(f) 304+2Ni+0.2N at -196°C

Photo. 2. SEM photos of specimens after impact test at 25°C and -196°C.
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Fig. 4. X-ray diffraction analysis of tension specimens at -
196°C.
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(b) - 1L968°C

Fig. 5. Stress-strain curves of specimens at (a) 25°C and
(b) -196°C.
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Fig. 6. Yield and tensile strength as a function of
temperature for varying alloy added N and Ni.
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Fig. 7. Hardness (HRC) at 25°C and -196°C.
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Fig. 8. Fracture toughness at 25°C and -196°C.
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