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Effects of Carbon and Nitrogen on the Tensile Deformation Behavior of

SUS304 and 316 Stainless Steels at Cryogenic Temperatures

Ritsu MIURA, Keizo OHNISHI, Hideo NAKAJIMA and Susumu SHIMAMOTO

Synopsis :

Effects of C and N contents on the tensile properties and deformation behaviors at low temperatures have
been investigated to obtain an alloy design basis on SUS 304 and 316 austenitic stainless steels for cryoge-
nic application.

Increase in C and N contents led to the increase in temperature dependency of 0.2% yield strength for
both SUS 304 and 316 steels. However, SUS 316 steel showed larger temperature dependency than SUS
304 at the same level of (C+N) content, probably due to the solution strengthening effect of Mo.

The results of multiple regression analyses on the effects of C and N contents on the 0.2% yield
strength at each temperature indicated that the contributions of both C and N increase with decreasing
temperature and that the contribution of N is larger than that of C at low temperatures.

The deformation behavior of metastable austenitic steels could be comprehensively explained in relation
to austenite stability. Increase in austenite stability resulted in increase in onset strain at which strain-
induced martensitic transformation occurred. And increase in austenite stability also led to the decrease in
transformation rate which in turn gave rise to lowering strain-hardening exponent. It has been also found
that tensile elongation shows maximum at around M, s, temperature.

Key words: austenitic stainless steel ; carbon content ; nitrogen content; cryogenic temperature; tensile
property ; deformation behavior ; austenite stability.
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Table 1. Chemical composition of the materials (wt%).
Material C Si Mn P S Ni Cr Mo N
Mean value Variable* 0.52 1.18 0.020 0.010 9.97 18.35 — Variable*2
SUS 304
Standard deviation — 0.07 0.09 0.001 0.001 0.14 0.22 — —
Mean value Variable* 0.52 1.18 0.019 0.009 11.87 16.43 2.46 Variable*2
SUS 316
Standard deviation — 0.05 0.05 0.001 0.001 0.13 0.15 0.04 —
% 3 levels in the range from 0.015 to 0.085%
%2 4 levels in the range from 0.05 to 0.18%
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Fig. 1. Configuration of the tensile specimens.
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Fig. 2. Effect of N content on the temperature dependency of 0.2% yield and tensile strengths of SUS 304

and 316 stainless steels containing 0.016%C.
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Fig. 3. Effect of (C + N) content on the 0.2% yield
strength of SUS 304 and 316 stainless steels at low
temperatures.

SUS304 D4, MBS R=ZR T (C+N) &I
FLCTIHEERBUCERT S, TK BLU 4K T
C+N=0.1% fHETHMK I I BEOBELEILEA LN
%. TosLer 52 & Type 304 Iz >V CEBEOEE 252
BDTWA. —F, SUSSI HMTIIVThOREIZBWT
HEERBE L (CHN) EOBICIZITEMRBBEARL L

\

2000

l © a o SUS304
® A ® SUS316

1800

-

o

[@]

o
T

1400

T

Tensile Strength (MPa)

800E

600

400 ' ! —
0 0.1 0.2 0.3

C+N (wt.%)

Fig. 4. Effect of (C+ N) content on the tensile strength
of SUS 304 and 316 stainless steels at low temperatures.
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Fig. 5. Effect of (C+ N) content on the tensile elonga-
tion of SUS 304 and 316 stainless steels at low tempera-
tures.
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Fig. 6. Effect of (C+ N) content on the volume fraction
of @’ martensite at uniformly elongated portion of the
broken specimens at 77 and 4 K.
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Fig. 7. Plots of Cp and ¢4 in eq.(1) against (C+N) con-
tent.
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Table 2. Summary of multiple regression analyses on the
effects of C and N contents on 0.2% yield strength.

Regression coefficients
Steel Temp. Cs/Cy R%*
G Cy (&
RT 154 419 602 1.44 0.97
SUS 304 77K 200 1363 2697 1.98 0.96
4K 197 2611 3366 1.29 0.99
RT 179 328 602 1.84 0.97
SUS 316 77K 356 1445 20% 1.45 0.97
4K 390 2493 2915 1.17 0.98

*  Multiple coefficient of determination
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Fig. 8. Contribution of C and N terms to the 0.2% yield
strength of SUS 304 and 316 stainless steels at low
temperatures.
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Fig. 11. Plots of onset strain €5 at which strain-
induced martensitic transformation occurs and strain-
hardening exponents n; and n, at 77K agaist M3
temperature.
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