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Abstract

Cryogenic characteristics of austenitic stainless steel based on 304 steel with nickel and nitrogen were
investigated at room temperature and —196°C. The alloys were fabricated by vacuum arc furnace and cold
working after homogenization treatment. The addition of nickel and nitrogen decreased the stability of &-
ferrite and induced the stability against the formation of martensite to result significantly in enhancing ductility
at —196°C. Nitrogen reduced Md temperature, which was beneficial to the tensile strength and elongation

at 25°C and -196°C.
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Fig. 1. Configurations of specimens for mechanical

testing.
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Table 1. Composition of selected stainless steels wt.%
Type Fe C Si Mn P S Cu Ni Cr Mo Co N
304 Bal. 0.06 0.87 1.32 0.03 0.02 0.44 7.76 17.83 0.21 0.15
304+2Ni Bal. 0.06 0.84 1.25 0.03 0.01 043 9.58 17.46 0.20 0.14

304+0.2N Bal. 0.05 0.86 1.20 0.04

0.01 0.46 7.74 18.09 | 0.21 0.17 0.19

304+2Ni+0.2N | Bal. 0.05 0.85 1.24 0.03

0.01 0.43 9.64 17714 { 0.21 0.18 02




66 HAY ]/ H-F 8k 37 (2004) 64-70
16
054 -196 r
LL' 0,
l— o L .. =196 C
2 / ' : 14 7N
i / hY
0.4 - ! %
E . o 1.2 ; .
< s 7 / Y
10k 4
% 03+ s I i 3
2 = 5 %
;('—3“ £ o8 / \
g 02 2 - y
0 2 oebk ! 3
E . o |g r ] K
= 0.1 i Y
5 e o4r N e 0%
g et 25 i 3 / ,}( s e
00+ —y 4 e 02p / TN 25°C
00 02 04 06 08 10 L/ / A =
INELASTIC STRAIN 0.0 i —
0.0 0.2 0.4 0.6 0.8 1.0

Fig. 2. Volume fraction of deformation induced martensite
as a function of inelastic strain.
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Fig. 3. Relationship between transformation rate df/de
and inelastic strain at the various test temperatures
in 304N+0.2N stainless steel.
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Fig. 4. X-ray diffraction analysis of tension specimens at —-196°C.
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Table 3. Yield strength, Tensile strength, Rockwell hardness, and Charpy impact value of alloys at 25°C and ~196°C

Temp 25°C -196°C

Type | 304 304+2Ni | 304+0.2N |304+2Ni+0.2N| 304 304+2Ni | 304+0.2N | 304+2Ni+0.2N
Yield strength(MPa) 262 232 378 334 545 436 553 523
Tensile strength(MPa) 675 551 611 625 1192 1281 1363 1469
Rockwell hardness(B) 84 90 77 84 97 99 97 103
Charpy impact(J/cm’) 167 157 196 156 38 69 118 78
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(c) 304 + 0.2N at 25 °C (g) 304 + 0.2N at -196 °C
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(d) 304 + 2Ni+ 0.2N at 25°C (h) 304 + 2Ni + 0.2N at -196 °C
Fig. 5. SEM photos of specimens after tensile test at 25°C and -196°C.
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Fig. 6. SEM photos of specimens after impact test at 25°C and -196°C.



T3] 37 (2004) 64-70 69

Interstitially dissoived = |
2 !\ glaments i

t 2 4
2ZF < substitutionatly dissotved
¥ ferrite- forming -
O N ty dissolved |
Zn substitutiona ss0Ive:
8&‘ D \a?.}rm B
55 0 alarments.—
I -4 -
U

ALLOYING ELEMENT, at-*%

Fig. 7. Effect of solid solution hardening in austenite.
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Fig. 8. Stress-strain curve of specimens at (a) 25°C and
(b) —196°C.
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